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24°

A uniform solid cone has vertical height 20 cm and base radius » cm. It is placed with its axis vertical
on a rough horizontal plane. The plane is slowly tilted until the cone topples when the angle of
inclination is 24° (see diagram).

(i) Find r, correct to 1 decimal place. [4]

A uniform solid cone of vertical height 20 cm and base radius 2.5 cm is placed on the plane which is
inclined at an angle of 24°.

(ii) State, with justification, whether this cone will topple. [1]
A particleis projected horizontally with aspeed of 6 ms ™t from a point 10 m above horizontal ground.

The particle moves freely under gravity. Calculate the speed and direction of motion of the particle at
the instant it hits the ground. [6]

Oneend of alight inextensible string of length 1.6 m is attached to apoint P. The other end is attached
to the point Q, vertically below P, where PO = 0.8 m. A small smooth bead B, of mass 0.01kg, is
threaded on the string and moves in a horizontal circle, with centre O and radius 0.6 m. OB rotates
with constant angular speed o rads ™ (see diagram).

(i) Show that thetension in the string is 0.1225 N. [3]
(ii) Find o. [3]

(iii) Calculate the kinetic energy of the bead. [2]
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Three smooth spheres A4, B and C, of equal radius and of masses m kg, 2m kg and 3m kg respectively,
lieinastraight line and are free to move on asmooth horizontal table. Sphere 4 is moving with speed
5ms ! when it collides directly with sphere B which is stationary. Asaresult of the collision B starts
to move with speed 2ms™.

(i) Find the coefficient of restitution between 4 and B. [4]

(i) Find, in terms of m, the magnitude of the impulse that 4 exerts on B, and state the direction of
thisimpulse. [2]

Sphere B subsequently collides with sphere C which is stationary. Asaresult of thisimpact B and C
coal esce.

(iii) Show that there will be another collision. [3]

B

A uniform rod AB of length 60 cm and weight 15N is freely suspended from itsend A. Theend B of
the rod is attached to a light inextensible string of length 80 crm whose other end is fixed to a point C
which is at the same horizontal level as 4. Therod isin equilibrium with the string at right angles to
the rod (see diagram).

(i) Show that thetension in the string is4.5N. [4]
(i) Find the magnitude and direction of the force acting on therod at A. [6]
A car of mass 700kg istravelling up ahill whichisinclined at a constant angle of 5° to the horizontal.

At acertain point P on the hill the car’'s speed is 20ms™. The point Q is 400 m further up the hill
from P, and at Q the car's speed is 15ms™.

(i) Caculate the work done by the car’'s engine as the car moves from P to 0, assuming that any
resistances to the car’s motion may be neglected. [4]

Assumeinstead that the resistanceto the car’ smotion between P and Q isaconstant force of magnitude
200 N.

(ii) Given that the acceleration of the car at Q is zero, show that the power of the engine as the car
passes through Q is 12.0kW, correct to 3 significant figures. [3]

(iii) Given that the power of the car’'s engine at P is the same as at O, calculate the car’s retardation
a P. [3]
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A barrier is modelled as a uniform rectangular plank of wood, ABCD, rigidly joined to a uniform
square metal plate, DEFG. The plank of wood has mass 50 kg and dimensions 4.0m by 0.25m. The
metal plate has mass 80 kg and side 0.5m. The plank and plate are joined in such away that CDE is
astraight line (see diagram). The barrier is smoothly pivoted at the point D. In the closed position,
the barrier restson athin post at H. The distance CH is0.25m.

(i) Caculate the contact force at H when the barrier isin the closed position. [3]

In the open position, the centre of mass of the barrier is vertically above D.

(i) Cadculate the angle between AB and the horizontal when the barrier isin the open position. [8]
A particle is projected with speed 49ms™ at an angle of elevation 6 from a point O on a horizontal
plane, and moves freely under gravity. The horizontal and upward vertical displacements of the
particle from O at time ¢ seconds after projection are x m and y m respectively.

(i) Expressx and y intermsof 6 and ¢, and hence show that

x?(1+tan’0)

y =xtan 0 — 290 . [4]

(70, 30)

» X

0 A A,

The particle passes through the point where x = 70 and y = 30. The two possible values of 6 are 6,
and 6,, and the corresponding points where the particle returnsto the plane are 4, and 4, respectively
(see diagram).

(i) Find 6, and 6,. (4]

(iif) Calculate the distance between 4, and 4,,. [5]
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A uniform rod AB hasweight 20N and length 3m. Theend 4 isfreely hinged to apoint on avertical
wall. Therod is held horizontally and in equilibrium by a light inextensible string. One end of the
string is attached to the rod at B. The other end of the string is attached to a point C, whichis1m
directly above 4 (see diagram). Calculate the tension in the string. [4]

A golfer hits a ball from a point O on horizontal ground with a velocity of 50ms™ at an angle of
25° above the horizontal. The ball first hits the ground at a point 4. Assuming that there is no air
resistance, calculate

(i) thetime taken for the ball to travel from O to 4, [3]
(ii) the distance OA. [2]

A box of mass 50 kg isdragged along a horizontal floor by a constant force of magnitude 400 N acting
at an angle of a above the horizontal. The total resistance to the motion of the box has magnitude
300N. The box starts from rest at the point O, and passes the point P, 25m from O, with a speed of
2ms?,
(i) For the box’s motion from O to P, find
(a) theincreasein kinetic energy of the box, [1]

(b) thework done against the resistance to motion of the box. [1]

(i) Hence calculate a. [3]
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A rectangular frame consists of four uniform metal rods. 4B and CD are vertical and each is 40cm
long and has mass 0.2kg. 4D and BC are horizontal and each is 60cm long. AD has mass 0.7 kg
and BC has mass 0.5kg. The frameisfreely hinged at £ and F', where E is 10cm above 4, and F' is
10cm below B (see diagram).

(i) Sketch adiagram showing the directions of the horizontal components of the forces acting on the
frameat E and F. [2]

(ii) Calculate the magnitude of the horizontal component of the force acting on the frameat £. [3]
(iii) Calculate the distance from 4D of the centre of mass of the frame. [3]
Three smooth spheres 4, B and C, of equal radius and of masses 3m kg, 2m kg and m kg respectively,
are free to move in a straight line on a smooth horizontal table. Spheres B and C are stationary.
Sphere 4 is moving with speed 2ms when it collides directly with sphere B. The collision is
perfectly elastic.

(i) Find the velocities of 4 and B after the collision. [6]

(i) Find, in terms of m, the magnitude of the impulse that 4 exerts on B, and state the direction of
this impul se. [2]

Sphere B continues its motion and hits C. After the collision, B continues in the same direction with
speed 1.0ms ™ and C moves with speed 2.8ms™.

(iii) Find the coefficient of restitution between B and C. [2]
A stoneis projected horizontally with speed 7ms™ from apoint O on the edge of avertical cliff. The
horizontal and upward vertical displacements of the stone from O at any subsequent time, ¢ seconds,
arex m and y m respectively. Assume that thereis no air resistance.

(i) Expressx andy in terms of £, and hence show that y = —x°. [4]
The stone hits the sea at a point which is 20 m below the level of O.

(ii) Find the distance between the foot of the cliff and the point where the stone hits the sea. [2]

(iii) Find the speed and direction of motion of the stone immediately before it hits the sea. [6]
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Marco is riding his bicycle at a constant speed of 12ms™ aong a horizontal road, working at a
constant rate of 300 W. Marco and his bicycle have a combined mass of 75kg.

(i) Caculate the wind resistance acting on Marco and his bicycle. [2]

Nicolasisriding hisbicycle at the same speed as Marco and directly behind him. Nicolas experiences
30% less wind resistance than Marco.

(i) Cadculate the power output of Nicolas. [2]

The two cyclists arrive at the bottom of a hill which is at an angle of 1° to the horizontal. Marco
increases his power output to 500 W.

(iii) Assuming Marco’s wind resistance is unchanged, calculate his instantaneous acceleration
immediately after starting to climb the hill. 5]

Marco reaches the top of the hill at a speed of 13ms™. He then freewheels down a hill of length
200m which is at a constant angle of 10° to the horizontal. He experiences a constant wind resistance
of 120 N.

(iv) Calculate Marco’'s speed at the bottom of this hill. [5]
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Fig. 1

A particle P of mass 0.1kg is moving with constant angular speed o rads ™ in a horizontal circle on
the smooth inner surface of a cone which is fixed with its axis vertical and its vertex A4 at its lowest
point. The semi-vertical angle of the coneis 60° and the distance AP is 0.8 m (see Fig. 1).

(i) Caculate the magnitude of the force exerted by the cone on the particle. [3]

(i) Calculate o. [4]

Fig. 2

The particle P is now attached to one end of alight inextensible string which passes through a small
smooth hole at 4. The lower end of the string is attached to a particle O of mass 0.2kg. Q isin
equilibrium with the string taut and 4P = 0.8 m. P movesin a horizontal circle with constant speed
vms ! (seeFig. 2).

(iii) Statethetension in the string. [1]

(iv) Find v. [6]
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A child of mass 35kg runs up aflight of stairsin 10 seconds. The vertical distance climbed is 4 m.
Assuming that the child's speed is constant, calculate the power output. [4]

A small sphere of mass 0.3kg is dropped from rest at a height of 2m above horizontal ground. It falls
vertically, hits the ground and rebounds vertically upwards, coming to instantaneous rest at a height
of 1.4m above the ground. Ignoring air resistance, calculate the magnitude of the impulse which the
ground exerts on the sphere when it rebounds. [5]

A uniform solid hemisphere of weight 12 N and radius 6 cm is suspended by two vertical strings. One
string is attached to the point O, the centre of the plane face, and the other string is attached to the

point A on the rim of the plane face. The hemisphere hangs in equilibrium and O4 makes an angle of
60° with the vertical (see diagram).

(i) Find the horizontal distance from the centre of mass of the hemisphere to the vertical through O.

[2]
(ii) Calculate thetensionsin the strings. [5]
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A car of mass 900kg is travelling at a constant speed of 30ms™ on alevel road. The total resistance
to motion is450 N.

(i) Calculate the power output of the car’s engine. [1]

A roof box of mass 50kg is mounted on the roof of the car. The total resistance to motion of the
vehicle increases to 500 N.

(i) The car’s engine continues to work at the same rate. Calculate the maximum speed of the car on
the level road. [2]

The power output of the car’s engine increases to 15000 W. The resistance to motion of the car, with
roof box, remains 500 N.

(iii) Calculate the instantaneous acceleration of the car on the level road when its speed is25ms™.

[3]

(iv) The car climbs a hill which is at an angle of 5° to the horizontal. Calculate the instantaneous
retardation of the car when its speed is26 ms™. [3]

B D
18 cm 18 cm
A E

18 cm

A uniform lamina ABCDE consists of a square and an isosceles triangle. The square has sides of
18cmand BC = CD = 15cm (see diagram).

(i) Taking x- and y-axesalong AE and 4B respectively, find the coordinates of the centre of mass of
the lamina. [7]

(ii) Thelaminaisfredy suspended from B. Calculate the angle that BD makes with the vertical.
[2]
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Fig. 1

A light inextensible string of length 1 m passes through a small smooth hole 4 in a fixed smooth
horizontal plane. One end of the string is attached to a particle P, of mass 0.5kg, which hangs in
equilibrium below the plane. The other end of the string is attached to a particle O, of mass 0.3kg,

which rotates with constant angular speed in a circle of radius 0.2 m on the surface of the plane (see
Fig.1).

(i) Calculatethe tension in the string and hence find the angular speed of Q. [4]

Q._(ﬂ/m/7A

0.3 kg /

The particle Q on the plane is now fixed to apoint 0.2m from the hole at 4 and the particle P rotates
in ahorizontal circle of radius 0.2 m (see Fig. 2).

(ii) Calculatethe tension in the string. [4]

(iii) Calculate the speed of P. [3]
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A small ball is projected at an angle of 50° above the horizontal, from a point 4, which is 2m above
ground level. The highest point of the path of the ball is 15 m above the ground, which is horizontal.
Air resistance may be ignored.

(i) Find the speed with which the ball is projected from 4. [3]
The ball hits anet at apoint B when it has travelled a horizontal distance of 45m.

(i) Find the height of B above the ground. [6]
(iii) Find the speed of the ball immediately before it hits the net. [4]
Two uniform smooth spheres, 4 and B, have the same radius. The mass of 4 is 2kg and the mass of
Bismkg. Sphere 4 istravelling in astraight line on a smooth horizontal surface, with speed 5ms™,
when it collidesdirectly with sphere B, whichisat rest. Asaresult of the collision, sphere A continues
in the same direction with a speed of 2ms™.

(i) Find the greatest possible value of m. [3]
Itisgiventhat m = 1.

(ii) Find the coefficient of restitution between 4 and B. [3]

On another occasion 4 and B are travelling towards each other, each with speed 5ms™t, when they
collide directly.

(iii) Find the kinetic energy lost due to the collision. [8]
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1 A uniform solid cylinder has height 20cm and diameter 12cm. It is placed with its axis vertical
on arough horizontal plane. The plane is slowly tilted until the cylinder topples when the angle of
inclinationis c.. Find a. [3]

2  Two smooth spheres 4 and B, of equal radius and of masses 0.2 kg and 0.1 kg respectively, are free to
move on a smooth horizontal table. 4 is moving with speed 4ms™ when it collides directly with B,
which is stationary. The collision is perfectly elastic. Calculate the speed of 4 after theimpact. [4]

3 A small sphere of mass0.2kg is projected vertically downwards with speed 21 ms™ from apoint at a
height of 40 m above horizontal ground. It hits the ground and rebounds vertically upwards, coming
to instantaneous rest at itsinitial point of projection. Ignoring air resistance, calculate

(i) the coefficient of restitution between the sphere and the ground, [6]

(i) the magnitude of the impulse which the ground exerts on the sphere. [2]

4 A skier of mass 80kg is pulled up a slope which makes an angle of 20° with the horizontal. The
skier is subject to a constant frictional force of magnitude 70 N. The speed of the skier increases from
2ms at the point 4 to 5ms™ at the point B, and the distance AB is 25 m.

(i) By modelling the skier asasmall object, calculate the work done by the pulling force asthe skier
moves from A4 to B. [5]

(i)

It is given that the pulling force has constant magnitude P N, and that it acts at a constant angle
of 30° above the slope (see diagram). Calculate P. [3]

© OCR 2007 4729/01 Jan07
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A model train has mass 100kg. When the train is moving with speed vms™ the resistance to its

motion is 3v? N and the power output of thetrain is — W.

(i) Show that the driving force acting on the train is 120N at an instant when the train is moving
with speed 5ms™. [2]

(i) Find the acceleration of the train at an instant when it is moving horizontally with speed 5ms™.

[2]

The train moves with constant speed up a straight hill inclined at an angle o to the horizontal, where

ino = -
sina = g.

(iii) Calculate the speed of the train. [5]

5 3em C 12 cm D

9 cm

A uniform lamina ABCDE of weight 30N consists of a rectangle and a right-angled triangle. The
dimensions are as shown in the diagram.

(i) Taking x- and y-axesalong AE and AB respectively, find the coordinates of the centre of mass of
the lamina. [8]

The laminais freely suspended from ahinge at B.
(ii) Calculate the angle that 4B makes with the vertical. [2]

Thelaminaisnow held in aposition such that BD ishorizontal. Thisis achieved by means of astring
attached to D and to afixed point 15 cm directly above the hinge at B.

(iii) Calculate the tension in the string. [3]

[Questions 7 and 8 are printed overleaf.]
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One end of alight inextensible string of length 0.8 m is attached to a fixed point 4 which lies above a
smooth horizontal table. The other end of the string is attached to a particle P, of mass 0.3 kg, which
moves in a horizontal circle on the table with constant angular speed 2rads™. 4P makes an angle of
30° with the vertical (see diagram).

(i) Calculatethe tension in the string. [4]
(i) Cdculate the normal contact force between the particle and the table. [3]

The particle now moves with constant speed vms™ and is on the point of leaving the surface of the
table.

(iii) Calculatev. [6]

8 A missileisprojected with initial speed 42ms™ at an angle of 30° above the horizontal. Ignoring air
resistance, calculate

(i) the maximum height of the missile above the level of the point of projection, [3]

(ii) thedistance of themissilefrom the point of projection at theinstant whenitismoving downwar ds
at an angle of 10° to the horizontal. [11]
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1 A man drags a sack at constant speed in a straight line along horizontal ground by means of a rope
attached to the sack. The rope makes an angle of 35° with the horizontal and the tension in the rope
is 40 N. Calculate the work done in moving the sack 100 m. [3]

2  Calculate the range on a horizontal plane of a small stone projected from a point on the plane with
speed 12ms™ at an angle of elevation of 27°. [4]

3 Arocket of mass 250 kg is moving in a straight line in space. There is no resistance to motion, and
the mass of the rocket is assumed to be constant. With its motor working at a constant rate of 450 kW
the rocket’s speed increases from 100ms™ to 150 ms™ in a time ¢ seconds.

(i) Calculate the value of +. [4]

(ii) Calculate the acceleration of the rocket at the instant when its speed is 120 ms™2. [4]

4 A ball is projected from a point O on the edge of a vertical cliff. The horizontal and vertically
upward components of the initial velocity are 7ms™ and 21 ms™ respectively. At time ¢ seconds
after projection the ball is at the point (x, y) referred to horizontal and vertically upward axes through
O. Air resistance may be neglected.

(i) Expressxand y in terms of ¢, and hence show that y = 3x — :5x°. [5]

The ball hits the sea at a point which is 25 m below the level of O.

(i) Find the horizontal distance between the cliff and the point where the ball hits the sea. [3]

5 A cyclist and her bicycle have a combined mass of 70kg. The cyclist ascends a straight hill 4B of
constant slope, starting from rest at 4 and reaching a speed of 4 ms™ at B. The level of B is 6 m above
the level of A. For the cyclist’s motion from A4 to B, find

(i) the increase in Kinetic energy, [2]

(ii) the increase in gravitational potential energy. [2]

During the ascent the resistance to motion is constant and has magnitude 60 N. The work done by the
cyclist in moving from A4 to B is 8000 J.

(iii) Calculate the distance AB. [4]
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A particle P of mass 0.3 kg is attached to one end of each of two light inextensible strings. The other
end of the longer string is attached to a fixed point 4 and the other end of the shorter string is attached
to a fixed point B, which is vertically below 4. AP makes an angle of 30° with the vertical and is
0.4m long. PB makes an angle of 60° with the vertical. The particle moves in a horizontal circle with
constant angular speed and with both strings taut (see diagram). The tension in the string AP is 5 N.

Calculate

(i) the tension in the string PB, [3]
(ii) the angular speed of P, [3]
(iii) the Kinetic energy of P. [3]

7  Two small spheres 4 and B, with masses 0.3 kg and m kg respectively, lie at rest on a smooth horizontal
surface. A is projected directly towards B with speed 6ms™! and hits B. The direction of motion
of A is reversed in the collision. The speeds of 4 and B after the collision are 1ms~ and 3ms™
respectively. The coefficient of restitution between 4 and B is e.

(i) Show that m = 0.7. [2]
(ii) Find e. [2]

B continues to move at 3ms™* and strikes a vertical wall at right angles. The coefficient of restitution
between B and the wall is f.

(iii) Find the range of values of /" for which there will be a second collision between 4 and B. [2]
(iv) Find, in terms of £, the magnitude of the impulse that the wall exerts on B. [3]

(v) Giventhatf = %, calculate the final speeds of 4 and B, correct to 1 decimal place. [7]

[Question 8isprinted overleaf.]
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40N

Fig. 1

An object consists of a uniform solid hemisphere of weight 40 N and a uniform solid cylinder of
weight 5 N. The cylinder has height #m. The solids have the same base radius 0.8 m and are joined so
that the hemisphere’s plane face coincides with one of the cylinder’s faces. The centre of the common
face is the point O (see Fig. 1). The centre of mass of the object lies inside the hemisphere and is at a
distance of 0.2m from O.

(i) Show that 4 =1.2. [6]

N

Fig. 2

One end of a light inextensible string is attached to a point on the circumference of the upper face of
the cylinder. The string is horizontal and its other end is tied to a fixed point on a rough plane. The
object rests in equilibrium on the plane with its axis of symmetry vertical. The plane makes an angle
of 30° with the horizontal (see Fig. 2). The tension in the string is 7N and the frictional force acting
on the object is F'N.

(i) By taking moments about O, express £ in terms of 7. [4]

(iii) Find another equation connecting 7" and F. Hence calculate the tension and the frictional force.

[6]
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A ball is projected with speed 12ms™! at an angle of elevation of 55° above the horizontal. At the
instant when the ball reaches its greatest height, it hits a vertical wall, which is perpendicular to the
ball’s path. The coefficient of restitution between the ball and the wall is 0.65. Calculate the speed of
the ball

(i) immediately before its impact with the wall, 2]

(i) immediately after its impact with the wall. [2]

A particle of mass m kg is projected directly up a rough plane with a speed of 5ms™. The plane
makes an angle of 30° with the horizontal and the coefficient of friction is 0.2. Calculate the distance

the particle travels up the plane before coming instantaneously to rest. [6]
B
A/860° 80°

A uniform rod 4B, of weight 25N and length 1.6 m, rests in equilibrium in a vertical plane with the
end A4 in contact with rough horizontal ground and the end B resting against a smooth wall which is
inclined at 80° to the horizontal. The rod is inclined at 60° to the horizontal (see diagram). Calculate
the magnitude of the force acting on the rod at B. [6]

A car of mass 1200 kg has a maximum speed of 30 ms™! when travelling on a horizontal road. The
car experiences a resistance of kv N, where vms™ is the speed of the car and % is a constant. The
maximum power of the car’s engine is 45000 W.

(i) Show that & = 50. [2]

(i) Find the maximum possible acceleration of the car when it is travelling at 20 m s on a horizontal
road. [3]

(iii) The car climbs a hill, which is inclined at an angle of 10° to the horizontal, at a constant speed of

15ms~. Calculate the power of the car’s engine. [3]

A particle P of mass 2m is moving on a smooth horizontal surface with speed « when it collides
directly with a particle O of mass km whose speed is 3u in the opposite direction. As a result of the
collision, the directions of motion of both particles are reversed and the speed of P is halved.

(i) Find, in terms of u« and k, the speed of Q after the collision. Hence write down the range of

possible values of %. [4]
(ii) Calculate the magnitude of the impulse which Q exerts on P. [2]
(iii) Giventhat k= % calculate the coefficient of restitution between P and Q. [3]
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One end of a light inextensible string is attached to a point P. The other end is attached to a
point O, 1.96 m vertically below P. A small smooth bead B, of mass 0.3 kg, is threaded on the
string and moves in a horizontal circle with centre O and radius 1.96 m. B rotates about O with
constant angular speed o rads™* (see Fig. 1).

(@) Show that the tension in the string is 4.16 N, correct to 3 significant figures. [2]

(b) Calculate w. [3]

(i)

Fig. 2

The lower part of the string is now attached to a point R, vertically below P. PB makes an angle
30° with the vertical and RB makes an angle 60° with the vertical. The bead B now moves in a
horizontal circle of radius 1.5 m with constant speed vms™ (see Fig. 2).

(a) Calculate the tension in the string. [3]

(b) Calculate v. [3]
7 A missile is projected from a point O on horizontal ground with speed 175ms™ at an angle of
elevation 6. The horizontal lower surface of a cloud is 650 m above the ground.
(i) Find the value of 6 for which the missile just reaches the cloud. [3]
It is given that 6 = 55°.
(i) Find the length of time for which the missile is above the lower surface of the cloud. [5]

(iii) Find the speed of the missile at the instant it enters the cloud. [4]
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8 (i) A uniform semicircular lamina has radius 4cm. Show that the distance from its centre to its

centre of mass is 1.70 cm, correct to 3 significant figures. [2]
(i)
B 20 cm C
8cm

-« 12cm —»
Fig. 1

A model bridge is made from a uniform rectangular board, ABCD, with a semicircular section,
EFG, removed. O is the mid-point of EG. AB =8cm, BC =20cm, A0 = 12 cm and the radius
of the semicircle is 4 cm (see Fig. 1).

(@) Show that the distance from 4B to the centre of mass of the model is 9.63 cm, correct to
3 significant figures. [5]

(b) Calculate the distance from 4D to the centre of mass of the model. [4]

(iii)

The model bridge is smoothly pivoted at 4 and is supported in equilibrium by a vertical wire
attached to D. The weight of the model is 15 N and 4D makes an angle of 10° with the horizontal
(see Fig. 2). Calculate the tension in the wire. [5]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (OCR) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will be
pleased to make amends at the earliest possible opportunity.

OCRis part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES),
which is itself a department of the University of Cambridge.

© OCR 2008 4729/01 Jan08



June 2008 2

1 Acarispulled at constant speed along a horizontal straight road by aforce of 200N inclined at 35° to
the horizontal. Given that the work done by the force is 5000 J, calculate the distance moved by the
car. [3]

2 A bullet of mass 9 grams passes horizontally through a fixed vertical board of thickness 3cm. The
speed of the bullet is reduced from 250ms™ to 150m s as it passes through the board. The board
exerts a constant resistive force on the bullet. Calculate the magnitude of this resistive force. [4]

3  Theresistance to the motion of acar of mass 600kg is kv N, wherevms isthe car's speed and & is
aconstant. The car ascends a hill of inclination o, wheresino = 1—10. The power exerted by the car's
engine is 12000 W and the car has constant speed 20ms .

(i) Show that & = 0.6. [3]
The power exerted by the car’s engine isincreased to 16 000 W.
(ii) Calculate the maximum speed of the car while ascending the hill. [3]
The car now travels on horizontal ground and the power remains 16 000 W.
(iii) Calculate the acceleration of the car at an instant when its speed is 32ms . [3]
4 A golfer hits aball from a point O on horizonta ground with a velocity of 35ms™ at an angle of 0
above the horizontal. The horizontal range of the ball is R metres and the time of flight is ¢ seconds.
(i) Expresstintermsof 0, and hence show that R = 125sin26. [5]
The golfer hits the ball so that it lands 110 m from O.

(i) Cdculate the two possible values of t. [5]
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001k @

0.02kg |10cm

3cm

0.5 kg

Fig. 1

A toy is constructed by attaching a small ball of mass 0.01 kg to one end of a uniform rod of length
10 cm whose other end is attached to the centre of the plane face of a uniform solid hemisphere with
radius 3cm. The rod has mass 0.02 kg, the hemisphere has mass 0.5 kg and the rod is perpendicular
to the plane face of the hemisphere (see Fig. 1).

(i) Show that thedistance from the ball to the centre of massof thetoy is10.7 cm, correct to 1 decimal
place. [4]

(i)

Fig. 2

The toy lies on horizontal ground in a position such that the ball is touching the ground (see
Fig. 2). Determine whether the toy islying in equilibrium or whether it will move to a position
where therod is vertical. [4]
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A particle P of mass 0.5 kg isattached to points 4 and B on afixed vertical axisby two light inextensible
strings of equal length. Both strings are taut and each isinclined at 60° to the vertical (see diagram).
The particle moves with constant speed 3ms™ in a horizontal circle of radius 0.4 m.

(i) Cdculatethetensionsin thetwo strings. [7]

The particle now moves with constant angular speed o rads™ and the string BP is on the point of
becoming slack.

(ii) Caculate . [5]
A B
_ @ o
2 kg 3 kg
4m

Two small spheres 4 and B of masses 2kg and 3kg respectively lie at rest on a smooth horizontal
platform which is fixed at a height of 4 m above horizontal ground (see diagram). Sphere 4 is given
an impulse of 6 N stowards B, and A4 then strikes B directly. The coefficient of restitution between A
and BisZ.

(i) Show that the speed of B after it has been hitby 4 is2ms™. [6]
Sphere B leaves the platform and follows the path of a projectile.

(ii) Calculate the speed and direction of motion of B at the instant when it hits the ground. [7]
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B 8cm C
[T
6 cm
-
A 17 cm D
Fig. 1

A uniform laminaABCD isin the form of aright-angled trapezium. 4B = 6cm, BC = 8cm and
AD =17 cm (seeFig. 1). Taking x- and y-axesalong 4D and A B respectively, find the coordinates
of the centre of mass of the lamina. [8]

(i)

7cm

30°

Fig. 2

The laminais smoothly pivoted at 4 and it restsin avertical planein equilibrium against afixed
smooth block of height 7cm. The mass of the laminais 3kg. 4D makes an angle of 30° with
the horizontal (see Fig. 2). Calculate the magnitude of the force which the block exerts on the

lamina. [5]
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2

A stone is projected from a point on level ground with speed 20m s~ at an angle of elevation of 6°
above the horizontal. When the stone is at its greatest height it just passes over the top of a tree that is

17 m high. Calculate 6.

12 cm

[4]

15¢cm

9 cm

C

A uniform right-angled triangular lamina ABC with sides AB = 12cm, BC = 9cm and AC = 15¢cm
is freely suspended from a hinge at its vertex 4. The lamina has mass 2 kg and is held in equilibrium
with 4B horizontal by means of a string attached to B. The string is at an angle of 30° to the horizontal
(see diagram). Calculate the tension in the string.

30 cm

140 cm

30 cm

80 cm

[4]

200 cm

E

A door is modelled as a lamina ABCDE consisting of a uniform rectangular section ABDE of weight
60N and a uniform semicircular section BCD of weight 10N and radius 40cm. 4B is 200 cm and
AE is 80 cm. The door is freely hinged at /' and G, where G is 30 cm below B and F'is 30 cm above

A (see diagram).

(i) Find the magnitudes and directions of the horizontal components of the forces on the door at

each of F' and G.

(ii) Calculate the distance from AFE to the centre of mass of the door.
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4 A car of mass 800 kg experiences a resistance of magnitude kv> N, where k is a constant and vm s~
is the car’s speed. The car’s engine is working at a constant rate of P W. At an instant when the car is
travelling on a horizontal road with speed 20 m s~ its acceleration is 0.75 ms™. At an instant when
the car is ascending a hill of constant slope 12° to the horizontal with speed 10ms™" its acceleration
is 0.25ms ™.

1

(i) Show that £ = 0.900, correct to 3 decimal places, and find P. [71
The power is increased to 1.5P W.

(ii) Calculate the maximum steady speed of the car on a horizontal road. [3]

A particle P of mass 0.2 kg is attached to one end of each of two light inextensible strings, one of
length 0.4 m and one of length 0.3 m. The other end of the longer string is attached to a fixed point
A, and the other end of the shorter string is attached to a fixed point B, which is vertically below A.
The particle moves in a horizontal circle of radius 0.24 m at a constant angular speed of 8 rad s7! (see
diagram). Both strings are taut, the tension in AP is SN and the tension in BP is T N.

(i) By resolving vertically, show that 45 =37+ 9.8. (4]

(i) Find another equation connecting S and 7" and hence calculate the tensions, correct to 1 decimal
place. [8]

[Questions 6 and 7 are printed overleaf.]
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6 A particle is projected from a point O with speed vm s™! at an angle of elevation 6 above the horizontal
and it moves freely under gravity. The horizontal and upward vertical displacements of the particle
from O at any subsequent time, ¢ seconds, are x m and y m respectively.

(i) Express x and y in terms of 0 and 7, and hence show that

4.9x*
y=xtan0 — al

2cos26’

\%

A (h, —h)

The particle subsequently passes through the point 4 with coordinates (%, —4) as shown in the diagram.
It is given that v = 14 and 6 = 30°.

(ii) Calculate A. [4]
(iii) Calculate the direction of motion of the particle at 4. [5]
(iv) Calculate the speed of the particle at A. [2]
7
0.4m
P o
0.2 kg 0.3 kg

Two small spheres, P and Q, are free to move on the inside of a smooth hollow cylinder, in such a
way that they remain in contact with both the curved surface and the base of the cylinder. The mass
of Pis 0.2 kg, the mass of Q is 0.3 kg and the radius of the cylinder is 0.4 m. P and Q are stationary
at opposite ends of a diameter of the base of the cylinder (see diagram). The coefficient of restitution
between P and Q is 0.5. P is given an impulse of magnitude 0.8 N s in a tangential direction.

(i) Calculate the speeds of the particles after P’s first impact with Q. [8]
QO subsequently catches up with P and there is a second impact.

(ii) Calculate the speeds of the particles after this second impact. [7]

(iii) Calculate the magnitude of the force exerted on Q by the curved surface of the cylinder after the
second impact. [2]
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1 A boy on a sledge slides down a straight track of length 180 m which descends a vertical distance
of 40 m. The combined mass of the boy and the sledge is 75 kg. The initial speed is 3 m s and the
final speed is 12m s”!. The magnitude, R N, of the resistance to motion is constant. By considering
the change in energy, calculate R. [5]

2 A carof mass 1100 kg has maximum power of 44 000 W. The resistive forces have constant magnitude
1400 N.
(i) Calculate the maximum steady speed of the car on the level. [2]
The car is moving on a hill of constant inclination o to the horizontal, where sin & = 0.05.
(ii) Calculate the maximum steady speed of the car when ascending the hill. [3]

(iii) Calculate the acceleration of the car when it is descending the hill at a speed of 10m s~ working
at half the maximum power. [3]

2.8m

1.3m

A uniform beam 4B has weight 70 N and length 2.8 m. The beam is freely hinged to a wall at 4 and
is supported in a horizontal position by a strut CD of length 1.3 m. One end of the strut is attached to
the beam at C, 0.5 m from A4, and the other end is attached to the wall at D, vertically below 4. The
strut exerts a force on the beam in the direction DC. The beam carries a load of weight SON at its
end B (see diagram).
(i) Calculate the magnitude of the force exerted by the strut on the beam. [4]
(ii) Calculate the magnitude of the force acting on the beam at 4. [6]
4 A light inextensible string of length 0.6 m has one end fixed to a point A on a smooth horizontal plane.
The other end of the string is attached to a particle B, of mass 0.4 kg, which rotates about 4 with
constant angular speed 2rads™! on the surface of the plane.

(i) Calculate the tension in the string. [2]

A particle P of mass 0.1 kg is attached to the mid-point of the string. The line 4APB is straight and
rotation continues at 2rads .

(ii) Calculate the tension in the section of the string 4P. [4]

(iii) Calculate the total kinetic energy of the system. [5]
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5 (i)
C
6 cm
B D

Fig. 1

Fig. 1 shows a uniform lamina BCD in the shape of a quarter circle of radius 6 cm. Show that the
distance of the centre of mass of the lamina from B is 3.60 cm, correct to 3 significant figures.

[2]

A uniform rectangular lamina ABDE has dimensions 4B = 12cm and AE = 6¢cm. A single plane
object is formed by attaching the rectangular lamina to the lamina BCD along BD (see Fig.2). The
mass of ABDE is 3 kg and the mass of BCD is 2 kg.

C
6 cm
B D
12 cm
A E
6 cm
Fig. 2

(ii) Taking x- and y-axes along AE and 4B respectively, find the coordinates of the centre of mass of
the object. [71

The object is freely suspended at C and rests in equilibrium.

(iii) Calculate the angle that AC makes with the vertical. [2]
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6  Two uniform spheres, 4 and B, have the same radius. The mass of 4 is 0.4 kg and the mass of B
is 0.2kg. The spheres 4 and B are travelling in the same direction in a straight line on a smooth
horizontal surface, 4 with speed 5 ms~!, and B with speed vms~!, where v < 5. A4 collides directly
with B and the impulse between them has magnitude 0.9 Ns. Immediately after the collision, the

speed of B is 6m s7!.
(i) Calculate v. [3]

B subsequently collides directly with a stationary sphere C of mass 0.1 kg and the same radius as A
and B. The coefficient of restitution between B and C is 0.6.

(ii) Determine whether there will be a further collision between A and B. [10]

- O —»

A ball is projected with an initial speed of 17 m s™! at an angle of 25° below the horizontal from a
point on the top of a vertical wall. The point of projection is 8 m above horizontal ground. The ball
hits a vertical fence which is at a horizontal distance of 9 m from the wall (see diagram).

(i) Calculate the height above the ground of the point where the ball hits the fence. [5]

(ii) Calculate the direction of motion of the ball immediately before it hits the fence. [5]

(iii) It is given that 30% of the kinetic energy of the ball is lost when it hits the fence. Calculate the
speed of the ball immediately after it hits the fence. [4]
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1  Find the average power exerted by a climber of mass 75 kg when climbing a vertical distance of 40 m
in 2 minutes. [3]

2 A small sphere of mass 0.2 kg is dropped from rest at a height of 3 m above horizontal ground. It falls
vertically, hits the ground and rebounds vertically upwards, coming to instantaneous rest at a height
of 1.8 m above the ground.

(i) Calculate the magnitude of the impulse which the ground exerts on the sphere. [5]
(ii) Calculate the coefficient of restitution between the sphere and the ground. [2]
3
0.3m 0.7m
A\ A
\
|
|
|
} 0.8 m
|
|
|
/
/ Y
0.2 kg 0.3 kg
Fig. 1

A uniform conical shell has mass 0.2 kg, height 0.3 m and base diameter 0.8 m. A uniform hollow
cylinder has mass 0.3 kg, length 0.7 m and diameter 0.8 m. The conical shell is attached to the cylinder,
with the circumference of its base coinciding with one end of the cylinder (see Fig. 1).

(i) Show that the distance of the centre of mass of the combined object from the vertex of the conical
shell is 0.47 m. [4]

80° VN

Fig. 2
The combined object is freely suspended from its vertex and is held with its axis horizontal. This is
achieved by means of a wire attached to a point on the circumference of the base of the conical shell.

The wire makes an angle of 80° with the slant edge of the conical shell (see Fig. 2).

(ii) Calculate the tension in the wire. [4]

© OCR 2010 4729 Jan10



Jan 2010 3

4 A car of mass 700 kg is moving along a horizontal road against a constant resistance to motion of
400 N. At an instant when the car is travelling at 12ms™! its acceleration is 0.5 ms™.

(i) Find the driving force of the car at this instant. [2]

(ii) Find the power at this instant. [2]

The maximum steady speed of the car on a horizontal road is 35 ms™".

(iii) Find the maximum power of the car. [2]

The car now moves at maximum power against the same resistance up a slope of constant angle 6° to

the horizontal. The maximum steady speed up the slope is 12ms™.

(iv) Find 6. [4]

S  Two spheres of the same radius with masses 2kg and 3 kg are moving directly towards each other
on a smooth horizontal plane with speeds 8ms~' and 4ms™! respectively. The spheres collide and
the kinetic energy lost is 81J. Calculate the speed and direction of motion of each sphere after the
collision. [12]

o A

A particle P is projected with speed J/, m s~ at an angle of elevation 0, from a point O on horizontal
ground. When P is vertically above a point 4 on the ground its height is 250 m and its velocity
components are 40 ms~! horizontally and 30 ms~' vertically upwards (see diagram).

(i) Show that V', = 86.0 and 6, = 62.3°, correct to 3 significant figures. [5]

At the instant when P is vertically above A, a second particle Q is projected from O with speed
V,m s~ at an angle of elevation 0,. P and Q hit the ground at the same time and at the same place.

(ii) Calculate the total time of flight of P and the total time of flight of Q. [4]

(iii) Calculate the range of the particles and hence calculate V, and 6,. [8]

©OCR 2010 4729 Jan10 Turn over



Jan 2010

A particle P of mass 0.2 kg is moving on the smooth inner surface of a fixed hollow hemisphere which
has centre O and radius 5 m. P moves with constant angular speed @ in a horizontal circle at a vertical
distance of 3 m below the level of O (see Fig. 1).

(i) Calculate the magnitude of the force exerted by the hemisphere on P. [3]

(ii) Calculate . [4]

0.1kg
Fig. 2

A light inextensible string is now attached to P. The string passes through a small smooth hole at the
lowest point of the hemisphere and a particle of mass 0.1 kg hangs in equilibrium at the end of the
string. P moves in the same horizontal circle as before (see Fig. 2).

(iii) Calculate the new angular speed of P. [8]
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1 A particle is projected horizontally with a speed of 7m s~ from a point 10 m above horizontal ground.
The particle moves freely under gravity. Calculate the speed and direction of motion of the particle

at the instant it hits the ground. [6]
2 (1)
A o) 6 cm C
B
Fig. 1

A uniform piece of wire, ABC, forms a semicircular arc of radius 6 cm. O is the mid-point of
AC (see Fig.1). Show that the distance from O to the centre of mass of the wire is 3.82 cm,
correct to 3 significant figures. [2]

(i)

3 grams

5 grams

C
Fig. 2

Two semicircular pieces of wire, ABC and ADC, are joined together at their ends to form a
circular hoop of radius 6 cm. The mass of ABC is 3 grams and the mass of ADC is 5 grams. The
hoop is freely suspended from A4 (see Fig. 2). Calculate the angle which the diameter 4C makes
with the vertical, giving your answer correct to the nearest degree. [5]

3  The maximum power produced by the engine of a small aeroplane of mass 2 tonnes is 128 kW. Air

resistance opposes the motion directly and the lift force is perpendicular to the direction of motion.

The magnitude of the air resistance is proportional to the square of the speed and the maximum steady
speed in level flight is 80 ms™'.

(i) Calculate the magnitude of the air resistance when the speed is 60 m s7h. [5]

The aeroplane is climbing at a constant angle of 2° to the horizontal.

(if) Find the maximum acceleration at an instant when the speed of the aeroplane is 60 m s7h. (4]
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4

G
°
25m 1.5m

Ao

A non-uniform beam 4B of length 4 m and mass 5 kg has its centre of mass at the point G of the beam
where 4G = 2.5m. The beam is freely suspended from its end 4 and is held in a horizontal position
by means of a wire attached to the end B. The wire makes an angle of 20° with the vertical and the
tension is 7' N (see diagram).

(i) Calculate 7. [3]

(ii) Calculate the magnitude and the direction of the force acting on the beam at 4. [71

One end of a light inextensible string of length / is attached to the vertex of a smooth cone of semi-
vertical angle 45°. The cone is fixed to the ground with its axis vertical. The other end of the string is
attached to a particle of mass m which rotates in a horizontal circle in contact with the outer surface
of the cone. The angular speed of the particle is o (see diagram). The tension in the string is 7" and
the contact force between the cone and the particle is R.

(i) By resolving horizontally and vertically, find two equations involving 7" and R and hence show
that 7 = im(V2g + l0?). [6]

(i) When the string has length 0.8 m, calculate the greatest value of  for which the particle remains
in contact with the cone. [4]

[Questions 6 and 7 are printed overleaf.]
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6

A particle A of mass 2m is moving with speed u# on a smooth horizontal surface when it collides with
a stationary particle B of mass m. After the collision the speed of 4 is v, the speed of B is 3v and the
particles move in the same direction.

(i) Find v in terms of u. [3]

(ii) Show that the coefficient of restitution between 4 and B is %. [2]

B subsequently hits a vertical wall which is perpendicular to the direction of motion. As a result of
the impact, B loses % of its kinetic energy.

(iii) Show that the speed of B after hitting the wall is %u [4]

(iv) B then hits 4. Calculate the speeds of 4 and B, in terms of u, after this collision and state their
directions of motion. [8]

1

A small ball of mass 0.2 kg is projected with speed 11 ms™ up a line of greatest slope of a roof from
a point A4 at the bottom of the roof. The ball remains in contact with the roof and moves up the line
of greatest slope to the top of the roof at B. The roof is rough and the coefficient of friction is % The
distance AB is 5 m and 4B is inclined at 30° to the horizontal (see diagram).

(i) Show that the speed of the ball when it reaches B is 5.44m s7!, correct to 2 decimal places. [6]

The ball leaves the roof at B and moves freely under gravity. The point C is at the lower edge of the
roof. The distance BC is 5 m and BC is inclined at 30° to the horizontal.

(ii) Determine whether or not the ball hits the roof between B and C. [71
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1

A n B
0.6 m
D L

A uniform square frame ABCD has sides of length 0.6 m. The side 4D is removed from the frame,
and the open frame ABCD is attached at A4 to a fixed point (see diagram).

(i) Calculate the distance of the centre of mass of the open frame from 4. [5]
The open frame rotates about A4 in the plane ABCD with angular speed 3rads™'.

(ii) Calculate the speed of the centre of mass of the open frame. [2]

3 . .
The resistance to the motion of a car is kv N, where vms™' is the car’s speed and k is a constant.

The power exerted by the car’s engine is 15000 W, and the car has constant speed 25 ms™! along a
horizontal road.

(i) Show that k = 4.8. [3]

With the engine operating at a much lower power, the car descends a hill of inclination ¢, where
sin o = 11—5 At an instant when the speed of the car is 16 m s7!, its acceleration is 0.3 ms™2.

(ii) Given that the mass of the car is 700 kg, calculate the power of the engine. [5]

P

A particle P of mass 0.4 kg is attached to one end of each of two light inextensible strings which are
both taut. The other end of the longer string is attached to a fixed point 4, and the other end of the
shorter string is attached to a fixed point B, which is vertically below 4. The string AP makes an angle
of 30° with the vertical and is 0.5 m long. The string BP makes an angle of 60° with the vertical. P
moves with constant angular speed in a horizontal circle with centre vertically below B (see diagram).
The tension in the string AP is twice the tension in the string BP. Calculate

(i) the tension in each string, [4]

(ii) the angular speed of P. [4]
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4 A block of mass 25 kg is dragged 30 m up a slope inclined at 5° to the horizontal by a rope inclined
at 20° to the slope. The tension in the rope is 100 N and the resistance to the motion of the block is
70 N. The block is initially at rest. Calculate

(i) the work done by the tension in the rope, [2]
(ii) the change in the potential energy of the block, [2]
(iii) the speed of the block after it has moved 30 m up the slope. [4]

5 A uniform solid is made of a hemisphere with centre O and radius 0.6 m, and a cylinder of radius
0.6 m and height 0.6 m. The plane face of the hemisphere and a plane face of the cylinder coincide.
4

(The formula for the volume of a sphere is §7rr3.)

(i) Show that the distance of the centre of mass of the solid from O is 0.09 m. [5]

(ii)
2N

The solid is placed with the curved surface of the hemisphere on a rough horizontal surface
and the axis inclined at 45° to the horizontal. The equilibrium of the solid is maintained by a
horizontal force of 2 N applied to the highest point on the circumference of its plane face (see
diagram). Calculate

(a) the mass of the solid, [4]

(b) the set of possible values of the coefficient of friction between the surface and the solid.

[3]

[Questions 6 and 7 are printed overleaf.]
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6

1

A small ball B is projected with speed 14ms™ at an angle of elevation 30° from a point O on a

horizontal plane, and moves freely under gravity.
(i) Calculate the height of B above the plane when moving horizontally. [2]

B has mass 0.4 kg. At the instant when B is moving horizontally it receives an impulse of magnitude

INs in its direction of motion which immediately increases the speed of B to 15ms™".

(ii) Calculate /. [3]

For the instant when B returns to the plane, calculate
(iii) the speed and direction of motion of B, [4]

(iv) the time of flight, and the distance of B from O. [5]

Three small smooth spheres 4, B and C of masses 0.2kg, 0.7 kg and m kg respectively are free to
move in a straight line on a smooth horizontal table. Initially B and C are stationary and 4 is moving
with velocity 1.8 ms™! directly towards B. The coefficient of restitution for the collision between A4
and B is e. Immediately after this collision the speed of A is greater than the speed of B.

(i) Calculate the set of possible values of e. [9]

It is now given that the speed of B immediately after the collision with 4 is 0.75ms™". B continues
its motion and strikes C directly in a perfectly elastic collision. B has speed 0.25ms™' immediately

after its collision with C.

(ii) Calculate the two possible values of m. [6]
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A sledge with its load has mass 70 kg. It moves down a slope and the resistance to the motion of the
sledge is 90 N. The speed of the sledge is controlled by the constant tension in a light rope, which is
attached to the sledge and parallel to the slope (see diagram). While travelling 20 m down the slope,
the speed of the sledge decreases from 2.1 ms~' to 1.4ms™" and it descends a vertical distance of 3 m.

(i) Calculate the change in energy of the sledge and its load. [4]

(ii) Calculate the tension in the rope. [3]

2 A car of mass 1250 kg travels along a straight road inclined at 2° to the horizontal. The resistance to

the motion of the car is kv N, where vms™! is the speed of the car and & is a constant. The car travels

at a constant speed of 25 ms~! up the slope and the engine of the car works at a constant rate of 21 kW.

(i) Calculate the value of k. [4]

(ii) Calculate the constant speed of the car on a horizontal road. [3]

3 A uniform lamina ABCDE consists of a square ACDE and an equilateral triangle ABC which are
joined along their common edge A C to form a pentagon whose sides are each 8 cm in length.

(i) Calculate the distance of the centre of mass of the lamina from AC. [5]

(ii) The lamina is freely suspended from A4 and hangs in equilibrium. Calculate the angle that AC

makes with the vertical. [2]

4  Two small spheres 4 and B are moving towards each other along a straight line on a smooth horizontal

surface. A has speed 3ms™' and B has speed 1.5ms™' before they collide directly. The direction of
1

motion of B is reversed in the collision. The speeds of 4 and B after the collision are 2ms™ and
2.9ms™! respectively.
(i) (a) Show that the direction of motion of A4 is unchanged by the collision. [2]
(b) Calculate the coefficient of restitution between 4 and B. [2]
The mass of B is 0.2 kg.
(ii) Find the mass of 4. [3]

B continues to move at 2.9 ms™' and strikes a vertical wall at right angles. The wall exerts an impulse
of magnitude 0.68 Ns on B.

(iii) Calculate the coefficient of restitution between B and the wall. [4]
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5 A particle is projected with speed 7ms™' at an angle of elevation of 30° from a point O and moves
freely under gravity. The horizontal and vertically upwards displacements of the particle from O at

any subsequent time ¢ s are x m and y m respectively.

(i) Express x and y in terms of ¢ and hence find the equation of the trajectory of the particle. [4]
(ii) Calculate the values of x when y = 0.6. (4]
(iii) Find the direction of motion of the particle when y = 0.6 and the particle is rising. [4]

Fig. 1

A container is constructed from a hollow cylindrical shell and a hollow cone which are joined along
their circumferences. The cylindrical shell has radius 0.2 m, and the cone has semi-vertical angle 30°.
Two identical small spheres P and O move independently in horizontal circles on the smooth inner
surface of the container (see Fig. 1). Each sphere has mass 0.3 kg.

(i) P moves in a circle of radius 0.12 m and is in contact with only the conical part of the container.
Calculate the angular speed of P. [5]

(i)

Fig. 2

O moves with speed 2.1 ms™' and is in contact with both the cylindrical and conical surfaces of
the container (see Fig. 2). Calculate the magnitude of the force which the cylindrical shell exerts

on the sphere. [4]

(iii) Calculate the difference between the mechanical energy of P and of Q. [5]
[Question 7 is printed overleaf.]

Turn over
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Fig. 1

A uniform solid cone of height 0.8 m and semi-vertical angle 60° lies with its curved surface on a
horizontal plane. The point P on the circumference of the base is in contact with the plane. V is
the vertex of the cone and PQ is a diameter of its base. The weight of the cone is 550 N. A force of
magnitude F'N and line of action PQ is applied to the base of the cone (see Fig. 1). The cone topples
about V without sliding.

(i) Calculate the least possible value of F. [4]

Fig. 2

The force of magnitude F'N is removed and an increasing force of magnitude 7' N acting upwards in
the vertical plane of symmetry of the cone and perpendicular to PQ is applied to the cone at Q (see
Fig. 2). The coefficient of friction between the cone and the horizontal plane is p.

(ii) Given that the cone slides before it topples about P, calculate the greatest possible value for pu.
[10]
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1 Aparticle P is projected with speed 40mstatan angle of 35° above the horizontal from a point O. For the
instant 3s after projection, calculate the magnitude and direction of the velocity of P. [5]

Fig. 1

A child’s toy is a uniform solid consisting of a hemisphere of radius rcm joined to a cone of base radius
rcm. The curved surface of the cone makes an angle o with its base. The two shapes are joined at the plane
faces with their circumferences coinciding (see Fig. 1). The distance of the centre of mass of the toy above
the common circular plane face is xcm.

. 4 -1
[The volume of a sphere is 3zr° and the volume of a cone is 37r°h.]

r(tan’e — 3)

(i) Show that x = 8+dtang [4]

The toy is placed on a horizontal surface with the hemisphere in contact with the surface. The toy is released
from rest from the position in which the common plane circular face is vertical (see Fig. 2).

Fig. 2

(if) Find the set of values of a such that the toy moves to the upright position. [3]
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1.6m

60°
A

A uniform rod AB of mass 10kg and length 2.4 m rests with A on rough horizontal ground. The rod makes
an angle of 60° with the horizontal and is supported by a fixed smooth peg P. The distance AP is 1.6 m (see
diagram).

(i) Calculate the magnitude of the force exerted by the peg on the rod. [3]
(if) Find the least value of the coefficient of friction between the rod and the ground needed to maintain

equilibrium. [5]

4 Aparticle P of mass 0.2kg is attached to one end of a light inextensible string of length 1.2m. The other end
of the string is fixed at a point A which is 0.6 m above a smooth horizontal table. P moves on the table in a
circular path whose centre O is vertically below A.

(i) Given that the angular speed of P is 2.5rads?, find

(a) the tension in the string, [4]
(b) the normal reaction between the particle and the table. [3]
(ii) Find the greatest possible speed of P, given that the particle remains in contact with the table. [5]

5  Acar of mass 1500kg travels up a line of greatest slope of a straight road inclined at 5° to the horizontal.
The power of the car’s engine is constant and equal to 25kW and the resistance to the motion of the car is
constant and equal to 750 N. The car passes through point A with speed 10m st

(i) Find the acceleration of the car at A. [5]

The car later passes through a point B with speed 20 ms . The car takes 285 to travel from A to B.

(ii) Find the distance AB. [7]

[Questions 6 and 7 are printed overleaf.]
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6  Asmall ball of mass 0.5kg is held at a height of 3.136 m above a horizontal floor. The ball is released from
rest and rebounds from the floor. The coefficient of restitution between the ball and floor is e.

(i) Find in terms of e the speed of the ball immediately after the impact with the floor and the impulse that
the floor exerts on the ball. [4]

The ball continues to bounce until it eventually comes to rest.
(i) Show that the time between the first bounce and the second bounce is 1.6e. [2]
(iii) Write down, in terms of e, the time between
(a) the second bounce and the third bounce,
(b) the third bounce and the fourth bounce. [2]
(iv) Given that the time from the ball being released until it comes to rest is 55, find the value of e. [5]
7 Aparticle P is projected horizontally with speed 15ms™ from the top of a vertical cliff. At the same instant a
particle Q is projected from the bottom of the cliff, with speed 25m statan angle of ° above the horizontal.
P and Q move in the same vertical plane. The height of the cliff is 60m and the ground at the bottom of the

cliff is horizontal.

(i) Given that the particles hit the ground simultaneously, find the value of 8 and find also the distance
between the points of impact with the ground. [6]

(if) Given instead that the particles collide, find the value of 9, and determine whether Q is rising or falling
immediately before this collision. [9]
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A particle, of mass 0.8 kg, moves along a smooth horizontal surface. It hits a vertical wall, which is at right
angles to the direction of motion of the particle, and rebounds. The speed of the particle as it hits the wall is
4ms* and the coefficient of restitution between the particle and the wall is 0.3. Find
(i) the impulse that the wall exerts on the particle, [3]
(ii) the Kkinetic energy lost in the impact. [2]
A car of mass 1600 kg moves along a straight horizontal road. The resistance to the motion of the car has
constant magnitude 800 N and the car’s engine is working at a constant rate of 20 kW.

(i) Find the acceleration of the car at an instant when the car’s speed is 20m st [4]

The car now moves up a hill inclined at 4° to the horizontal. The car’s engine continues to work at 20 kW
and the magnitude of the resistance to motion remains at 800 N.

(if) Find the greatest steady speed at which the car can move up the hill. [4]
- 4m .
A Q B
307 /1.5m
P

A uniform beam AB of mass 15kg and length 4 m is freely hinged to a vertical wall at A. The beam is held in
equilibrium in a horizontal position by a light rod PQ of length 1.5m. P is fixed to the wall vertically below
A and PQ makes an angle of 30° with the vertical (see diagram). The force exerted on the beam at Q by the
rod is in the direction PQ. Find

(i) the magnitude of the force exerted on the beam at Q, [3]

(ii) the magnitude and direction of the force exerted on the beam at A. [6]
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4 Aboy throws a small ball at a vertical wall. The ball is thrown horizontally, from a point O, at a speed of
14.4ms and it hits the wall at a point which is 0.2m below the level of O.

(i) Find the horizontal distance from O to the wall. [4]

The boy now moves so that he is 6m from the wall. He throws the ball at an angle of 15° above the
horizontal. The ball again hits the wall at a point which is 0.2 m below the level from which it was thrown.

(if) Find the speed at which the ball was thrown. [6]
5 Anparticle P, of mass 2kg, is attached to fixed points A and B by light inextensible strings, each of length
2m. A and B are 3.2m apart with A vertically above B. The particle P moves in a horizontal circle with
centre at the mid-point of AB.
(i) Find the tension in each string when the angular speed of P is 4rad st [7]
(if) Find the least possible speed of P. [6]
6  Three particles A, B and C are in a straight line on a smooth horizontal surface. The particles have masses
0.2kg, 0.4kg and 0.6 kg respectively. B is at rest. A is projected towards B with a speed of 1.8ms™ and
collides with B. The coefficient of restitution between A and B is %

(i) Show that the speed of B after the collision is 0.8ms* and find the speed of A after the collision. [6]

C is moving with speed 0.2ms* in the same direction as B. Particle B subsequently collides with C. The
coefficient of restitution between B and C is e.

(if) Find the set of values for e such that B does not collide again with A. [7]

[Question 7 is printed overleaf.]
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D (a+5)cm c

5cm

-
A 5cm B

The diagram shows the cross-section through the centre of mass of a uniform solid prism. The cross-section
is a trapezium ABCD with AB and CD perpendicular to AD. The lengths of AB and AD are each 5cm and the
length of CD is (a + 5)cm.

(i) Show the distance of the centre of mass of the prism from AD is

a’+15a+ 75
3(a + 10)

The prism is placed with the face containing AB in contact with a horizontal surface.

[5]

(il) Find the greatest value of a for which the prism does not topple. [3]

The prism is now placed on an inclined plane which makes an angle 6° with the horizontal. AB lies along a
line of greatest slope with B higher than A.

(iii) Using the value for a found in part (ii), and assuming the prism does not slip down the plane, find the
greatest value of @ for which the prism does not topple. [6]
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1  Ablock is being pushed in a straight line along horizontal ground by a force of 18N inclined at 15° below
the horizontal. The block moves a distance of 6 m in 5s with constant speed. Find

(i) the work done by the force, [3]

(ii) the power with which the force is working. 2]

2 A car of mass 1500kg travels along a straight horizontal road. The resistance to the motion of the car is

vz N, where vms ! is the speed of the car and k is a constant. At the instant when the engine produces a
power of 15000 W, the car has speed 15ms~! and is accelerating at 0.4ms 2.

(i) Find the value of . (4]
It is given that the greatest steady speed of the car on this road is 30ms™!.
(ii) Find the greatest power that the engine can produce. [3]
3 A particle 4 is released from rest from the top of a smooth plane, which makes an angle of 30° with the
horizontal. The particle A4 collides 2s later with a particle B, which is moving up a line of greatest slope of
the plane. The coefficient of restitution between the particles is 0.4 and the speed of B immediately before
the collision is 2ms~!. B has velocity I ms~' down the plane immediately after the collision. Find
(i) the speed of 4 immediately after the collision, 4]

(i) the distance 4 moves up the plane after the collision. [2]

The masses of 4 and B are 0.5 kg and m kg, respectively.

(iii) Find the value of m. [3]
4
D 6cm C
6cm
D B

A uniform square lamina ABCD of side 6 cm has a semicircular piece, with 4B as diameter, removed (see
diagram).

(i) Find the distance of the centre of mass of the remaining shape from CD. [6]
The remaining shape is suspended from a fixed point by a string attached at C and hangs in equilibrium.

(i) Find the angle between CD and the vertical. [2]
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2.5m

60°

A

A uniform rod AB, of mass 3kg and length 4m, is in limiting equilibrium with 4 on rough horizontal
ground. The rod is at an angle of 60° to the horizontal and is supported by a small smooth peg P, such that
the distance AP is 2.5 m (see diagram). Find

(i) the force acting on the rod at P, 3]

(i) the coefficient of friction between the ground and the rod. [5]
A particle of mass 0.5kg is held at rest at a point P, which is at the bottom of an inclined plane. The particle
is given an impulse of 1.8 N's directed up a line of greatest slope of the plane.

(i) Find the speed at which the particle starts to move. 2]
The particle subsequently moves up the plane to a point Q, which is 0.3 m above the level of P.

(ii) Given that the plane is smooth, find the speed of the particle at Q. 4]

It is given instead that the plane is rough. The particle is now projected up the plane from P with initial
speed 3ms~!, and comes to rest at a point R which is 0.2m above the level of P.

(iii) Given that the plane is inclined at 30° to the horizontal, find the magnitude of the frictional force on the
particle. [4]

© OCR 2013 4729/01 Jan13 Turn over



Jan 2013 4

7 A nparticle is projected with speed ums™! at an angle of 6 above the horizontal from a point O. At time ¢ s
after projection, the horizontal and vertically upwards displacements of the particle from O are xm and ym
respectively.

(i) Express x and y in terms of # and 6 and hence obtain the equation of trajectory

gx2 sec’6
2

y = xtan6 — 5 .
" [4]

In a shot put competition, a shot is thrown from a height of 2.1 m above horizontal ground. It has initial
velocity of 14ms™! at an angle of 6 above the horizontal. The shot travels a horizontal distance of 22m
before hitting the ground.

(ii) Show that 12.1tan’6 — 22tan6 + 10 = 0, and find the value of 6. [5]

(iii) Find the time of flight of the shot. 2]

A conical shell has radius 6 m and height 8 m. The shell, with its vertex J downwards, is rotating about its
vertical axis. A particle, of mass 0.4 kg, is in contact with the rough inner surface of the shell. The particle is
4m above the level of V' (see diagram). The particle and shell rotate with the same constant angular speed.
The coefficient of friction between the particle and the shell is 4.

(i) The frictional force on the particle is F'N, and the normal force of the shell on the particle is RN. It is
given that the speed of the particle is 4.5ms™!, which is the smallest possible speed for the particle not

to slip.
(a) By resolving vertically, show that 4F + 3R = 19.6. [2]
(b) By finding another equation connecting F* and R, find the values of F and R and show that
1 = 0.336, correct to 3 significant figures. [6]
(i) Find the largest possible angular speed of the shell for which the particle does not slip. [6]
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1

A and B are two points on a line of greatest slope of a smooth inclined plane, with B a vertical distance of
8m below the level of A. A particle of mass 0.75kg is projected down the plane from A4 with a speed of
2ms . Find
(i) the loss in potential energy of the particle as it moves from 4 to B, [2]
(ii) the speed of the particle when it reaches B. (4]
The power developed by the engine of a car as it travels at a constant speed of 32ms ' on a horizontal road
is 20kW.

(i) Calculate the resistance to the motion of the car. [3]

The car, of mass 1500 kg, now travels down a straight road inclined at 2° to the horizontal. The resistance to
the motion of the car is unchanged.

(i) Find the power produced by the engine of the car when the car has speed 32ms ' and is accelerating at
0.1ms™. [4]

B

A uniform semicircular arc ACB is freely pivoted at 4. The arc has mass 0.3 kg and is held in equilibrium by
a force of magnitude PN applied at B. The line of action of this force lies in the same plane as the arc, and is
perpendicular to AB. The diameter AB has length 4 cm and makes an angle of 6° with the downward vertical
(see diagram).

(i) Given that 6 = 0, find the magnitude of the force acting on the arc at A4. [6]

(ii) Given instead that 6 = 30, find the value of P. [4]
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4 A solid uniform cone has height 8 cm, base radius 5cm and mass 4kg. A uniform conical shell has height
10cm, base radius 5cm and mass 0.4 kg. The two shapes are joined together so that the circumferences of

their circular bases coincide.

(i) Find the distance of the centre of mass of the shape from the common circular base. [4]

8cm 10cm

The object is suspended with a string attached to the vertex of the cone and another string attached to the
vertex of the conical shell. The object is in equilibrium with the strings vertical and the axis of symmetry of
the object horizontal (see diagram).

(i) Find the tension in each string. [4]
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5 A vertical hollow cylinder of radius 0.4m is rotating about its axis. A particle P is in contact with the
rough inner surface of the cylinder. The cylinder and P rotate with the same constant angular speed. The
coefficient of friction between P and the cylinder is u.

(i) Given that the angular speed of the cylinder is 7rad s and P is on the point of moving downwards,
find the value of 4. [5]

The particle is now attached to one end of a light inextensible string of length 0.5 m. The other end is fixed
to a point 4 on the axis of the cylinder (see diagram).

0.4m
(i) Find the angular speed for which the contact force between P and the cylinder becomes zero. [5]
6
4ms” ums '
e e
A B
0.2kg mkg

The masses of two particles 4 and B are 0.2 kg and m kg respectively. The particles are moving with constant
speeds 4ms™ and ums™ in the same horizontal line and in the same direction (see diagram). The two
particles collide and the coefficient of restitution between the particles is e. After the collision, 4 and B
continue in the same direction with speeds 4(1 — e + ¢?) ms ™' and 4ms™' respectively.

(i) Find u and m in terms of e. [6]

(i) Find the value of e for which the speed of A after the collision is least and find, in this case, the total
loss in kinetic energy due to the collision. [5]

(iii) Find the possible values of e for which the magnitude of the impulse that B exerts on 4 is 0.192 Ns.
[4]
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The diagram shows a surface consisting of a horizontal part O4 and a plane AB inclined at an angle of 70°
to the horizontal. A particle is projected from the point O with speed ums at an angle of 6° above the
horizontal OA. The particle hits the plane AB at the point P, with speed 14ms~' and at right angles to the
plane, 1.4s after projection.
(i) Show that the value of u is 15.9, correct to 3 significant figures, and find the value of 6. 17]
(ii) Find the height of P above the level of A. [3]
The particle rebounds with speed vm s The particle next lands at A.

(iii) Find the value of v. [5]

(iv) Find the coefficient of restitution between the particle and the plane at P. 1]
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1  Afootball is kicked from horizontal ground with speed 20ms ' atan angle of 6° above the horizontal. The
greatest height the football reaches above ground level is 2.44 m. By modelling the football as a particle and
ignoring air resistance, find

(i) the value of 6, 2]

(i) the range of the football. [2]

2 A uniform solid cylinder of height 12 cm and radius »cm is in equilibrium on a rough inclined plane with
one of its circular faces in contact with the plane.

(i) The cylinder is on the point of toppling when the angle of inclination of the plane to the horizontal is
21°. Find r. 3]

The cylinder is now placed on a different inclined plane with one of its circular faces in contact with the
plane. This plane is also inclined at 21° to the horizontal. The coefficient of friction between this plane and

the cylinder is g

(ii) The cylinder slides down this plane but does not topple. Find an inequality for z. 2]

8cm

[ ] [
A 10cm E

A uniform lamina ABCDE consists of a rectangle ABDE and an isosceles triangle BCD joined along their
common edge. AB = DE = 8cm, AE = BD = 10cm and BC = CD = 13cm (see diagram).

(i) Find the distance of the centre of mass of the lamina from AE. [5]

(i) The lamina is freely suspended from B and hangs in equilibrium. Calculate the angle that BD makes
with the vertical. [31]
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4
R
] 0
P
6cm 14cm Q
A uniform rod PQ has weight 18N and length 20cm. The end P rests against a rough vertical wall. A
particle of weight 3N is attached to the rod at a point 6 cm from P. The rod is held in a horizontal position,
perpendicular to the wall, by a light inextensible string attached to the rod at O and to a point R on the wall
vertically above P, as shown in the diagram. The string is inclined at an angle 0 to the horizontal, where
sin 6 = % The system is in limiting equilibrium.
(i) Find the tension in the string. 3]
(ii) Find the magnitude of the force exerted by the wall on the rod. [4]
(iii) Find the coefficient of friction between the wall and the rod. [2]
5 (i) A car of mass 800kg is moving at a constant speed of 20ms ' ona straight road down a hill inclined
at an angle «a to the horizontal. The engine of the car works at a constant rate of 10kW and there is a
resistance to motion of 1300 N. Show that sin @ = %. [4]

(i) The car now travels up the same hill and its engine now works at a constant rate of 20 kW. The resistance
to motion remains 1300N. The car starts from rest and its speed is 8 ms | after it has travelled a
distance of 22.1 m. Calculate the time taken by the car to travel this distance. [5]

6  Two small spheres 4 and B, of masses 2mkg and 3mkg respectively, are moving in opposite directions
along the same straight line towards each other on a smooth horizontal surface. 4 has speed 4ms ' and

B has speed 2ms ' before they collide. The coefficient of restitution between 4 and B is 0.4.
(i) Find the speed of each sphere after the collision. [6]

(i) Find, in terms of m, the loss of kinetic energy during the collision. [4]

(iii) Given that the magnitude of the impulse exerted on 4 by B during the collision is 2.52N's, find m. [3]

© OCR 2014 4729/01 Junl4 Turn over



June 2014

A small smooth ring P of mass 0.4kg is threaded onto a light inextensible string fixed at 4 and B as shown
in the diagram, with 4 vertically above B. The string is inclined to the vertical at angles of 30° and 45° at 4
and B respectively. P moves in a horizontal circle of radius 0.5 m about a point C vertically below B.
(i) Calculate the tension in the string. 3]
(ii) Calculate the speed of P. 3]
The end of the string at B is moved so both ends of the string are now fixed at 4.
(iii) Show that, when the string is taut, AP is now 0.854 m correct to 3 significant figures. 2]
P moves in a horizontal circle with angular speed 3.46rad s
(iv) Find the tension in the string and the angle that the string now makes with the vertical. 4]
8 A child is trying to throw a small stone to hit a target painted on a vertical wall. The child and the wall are
on horizontal ground. The child is standing a horizontal distance of 8 m from the base of the wall. The child
throws the stone from a height of 1 m with speed 12m s 'atan angle of 20° above the horizontal.

(i) Find the direction of motion of the stone when it hits the wall. [6]

The child now throws the stone with a speed of /'m s from the same initial position and still at an angle of
20° above the horizontal. This time the stone hits the target which is 2.5 m above the ground.

(i) Find ¥/ [6]

OCR¥

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a
department of the University of Cambridge.

© OCR 2014 4729/01 Junl4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice




