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1 A particle P of mass 0.3 kg moves in a circle with centre O on a smooth horizontal surface. P is

attached to O by a light elastic string of modulus of elasticity 12N and natural length lm. The speed

of P is 4m s−1, and the radius of the circle in which it moves is 2lm. Calculate l. [4]

2

A B
C

0.6m 0.6m

A uniform wire is bent to form an object which has a semicircular arc with diameter AB of length

1.2m, with a smaller semicircular arc with diameter BC of length 0.6m. The end C of the smaller arc

is at the centre of the larger arc (see diagram). The two semicircular arcs of the wire are in the same

plane.

(i) Show that the distance of the centre of mass of the object from the line ACB is 0.191m, correct

to 3 significant figures. [3]

The object is freely suspended at A and hangs in equilibrium.

(ii) Find the angle between ACB and the vertical. [4]

3 A small block B of mass 0.25 kg is released from rest at a point O on a smooth horizontal surface.

After its release the velocity of B is vms−1 when its displacement is xm fromO. The force acting on

B has magnitude �2 + 0.3x2�N and is directed horizontally away from O.

(i) Show that v
dv

dx
= 1.2x2 + 8. [2]

(ii) Find the velocity of B when x = 1.5. [3]

An extra force acts on B after x = 1.5. It is given that, when x > 1.5,

v
dv

dx
= 1.2x2 + 6 − 3x.

(iii) Find the magnitude of this extra force and state the direction in which it acts. [2]
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A

B C

D

0.9m

am

2am

The diagram shows the cross-section ABCD through the centre of mass of a uniform solid prism.

AB = 0.9m, BC = 2am, AD = am and angle ABC = angle BAD = 90Å.

(i) Calculate the distance of the centre of mass of the prism from AD. [2]

(ii) Express the distance of the centre of mass of the prism from AB in terms of a. [2]

The prism has weight 18N and rests in equilibrium on a rough horizontal surface, with AD in contact

with the surface. A horizontal force of magnitude 6N is applied to the prism. This force acts through

the centre of mass in the direction BC.

(iii) Given that the prism is on the point of toppling, calculate a. [3]

5 A small ball B of mass 0.4 kg moves in a horizontal circle with centreO and radius 0.6m on a smooth

horizontal surface. One end of a light inextensible string is attached to B; the other end of the string

is attached to a fixed point 0.45m vertically above O.

(i) Given that the tension in the string is 5N, calculate the speed of B. [3]

(ii) Find the greatest possible tension in the string for the motion, and the corresponding angular

speed of B. [4]

6

P

O

A

0.9m

The diagram shows a smooth narrow tube formed into a fixed vertical circle with centre O and radius

0.9m. A light elastic string with modulus of elasticity 8N and natural length 1.2m has one end

attached to the highest point A on the inside of the tube. The other end of the string is attached to a

particle P of mass 0.2 kg. The particle is released from rest at the lowest point on the inside of the

tube. By considering energy, calculate

(i) the speed of P when it is at the same horizontal level as O, [4]

(ii) the speed of P at the instant when the string becomes slack. [3]
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7 A particle P is projected with speed 35ms−1 from a point O on a horizontal plane. In the subsequent

motion, the horizontal and vertically upwards displacements of P fromO are xm and ym respectively.

The equation of the trajectory of P is

y = kx −
�1 + k2�x2

245
,

where k is a constant. P passes through the points A �14, a� and B �42, 2a�, where a is a constant.

(i) Calculate the two possible values of k and hence show that the larger of the two possible angles

of projection is 63.435Å, correct to 3 decimal places. [5]

For the larger angle of projection, calculate

(ii) the time after projection when P passes through A, [2]

(iii) the speed and direction of motion of P when it passes through B. [4]
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1 A stone S is thrown horizontally from the top T of a high tower. At the instant 1.6 s after S is thrown,

the line ST makes an angle of 30Å below the horizontal. Find the speed with which S is thrown. [3]

2 A particle P of mass 0.5 kg is attached to one end of a light elastic string with modulus of elasticity

24N and natural length 0.6m. The other end of the string is attached to a fixed point A. The particle

P hangs in equilibrium vertically below A.

(i) Find the distance AP. [2]

The particle P is raised to A and released from rest.

(ii) Calculate the greatest speed of P in the subsequent motion. [3]

3
10N

FN

60Å

45Å

30ÅA

B

0.5m

A non-uniform rod AB of length 0.5m is freely hinged to a fixed point at A. The rod is in equilibrium

at an angle of 30Å with the horizontal with B below the level of A. Equilibrium is maintained by a

force of magnitude FN applied at B acting at 45Å above the horizontal in the vertical plane containing

AB. The force exerted by the hinge on the rod has magnitude 10N and acts at an angle of 60Å above

the horizontal (see diagram).

(i) By resolving horizontally and vertically, calculate F and the weight of the rod. [4]

(ii) Find the distance of the centre of mass of the rod from A. [3]

4 A particle P is projected with speed 20ms−1 at an angle of 30Å above the horizontal from a point O

on horizontal ground. P subsequently bounces when it first strikes the ground at the point A.

(i) Find the time after projection when P first strikes the ground, and the distance OA. [3]

When P bounces at A the horizontal component of the velocity of P is unchanged. The vertical

component of velocity is 8m s−1 immediately after bouncing. P strikes the ground for the second

time at B where it remains at rest.

(ii) Calculate the first and last times after projection at which the speed of P is 18ms−1. [5]
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5 A particle P of mass 0.4 kg is released from rest at a point O on a smooth plane inclined at 30Å to the

horizontal. A force of magnitude 3e−tN directed up a line of greatest slope acts on P, where t s is the

time after release.

(i) Show that
dv

dt
= 7.5e−t − 5, where vms−1 is the velocity of P up the plane at time t s. [2]

(ii) Express v in terms of t. [3]

(iii) Find the distance of P from O when v has its maximum value. [3]

6

AB

C D

E

F

1.8m

0.4m

rm

The diagram shows the cross-section ABCDEF through the centre of mass of a uniform prism

which rests with AB on rough horizontal ground. ABCD is a rectangle with AB = CD = 0.4m and

BC = AD = 1.8m. The other part of the cross-section is a semicircle with diameter DF and radius

rm.

(i) Given that the prism is on the point of toppling, show that r = 0.6. [3]

A force of magnitude PN is applied to the prism, acting at 60Å to the upwards vertical along a tangent

to the semicircle at a point between D and E. The prism has weight 15N and is in equilibrium on the

point of toppling about B.

(ii) Show that P = 3.26, correct to 3 significant figures. [4]

(iii) Find the smallest possible value of the coefficient of friction between the prism and the ground.

[2]

[Question 7 is printed on the next page.]
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7

60Å

B
O

0.4m

A small ball B of mass 0.5 kg moves in a horizontal circle with centre O and radius 0.4m on the

smooth inner surface of a hollow cone fixed with its vertex down. The axis of the cone is vertical and

the semi-vertical angle is 60Å (see diagram).

(i) Show that the magnitude of the force exerted by the cone on B is 5.77N, correct to 3 significant

figures, and calculate the angular speed of B. [4]

One end of a light elastic string of natural length 0.45m and modulus of elasticity 36N is attached to

B. The other end of the string is attached to the point on the axis 0.3m above O. The ball B again

moves on the surface of the cone in the same horizontal circle as before.

(ii) Calculate the speed of B. [6]
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2

1 A particle P of mass 0.3 kg moves in a circle with centre O on a smooth horizontal surface. P is

attached to O by a light elastic string of modulus of elasticity 12N and natural length lm. The speed

of P is 4m s−1, and the radius of the circle in which it moves is 2lm. Calculate l. [4]

2

A B
C

0.6m 0.6m

A uniform wire is bent to form an object which has a semicircular arc with diameter AB of length

1.2m, with a smaller semicircular arc with diameter BC of length 0.6m. The end C of the smaller arc

is at the centre of the larger arc (see diagram). The two semicircular arcs of the wire are in the same

plane.

(i) Show that the distance of the centre of mass of the object from the line ACB is 0.191m, correct

to 3 significant figures. [3]

The object is freely suspended at A and hangs in equilibrium.

(ii) Find the angle between ACB and the vertical. [4]

3 A small block B of mass 0.25 kg is released from rest at a point O on a smooth horizontal surface.

After its release the velocity of B is vms−1 when its displacement is xm fromO. The force acting on

B has magnitude �2 + 0.3x2�N and is directed horizontally away from O.

(i) Show that v
dv

dx
= 1.2x2 + 8. [2]

(ii) Find the velocity of B when x = 1.5. [3]

An extra force acts on B after x = 1.5. It is given that, when x > 1.5,

v
dv

dx
= 1.2x2 + 6 − 3x.

(iii) Find the magnitude of this extra force and state the direction in which it acts. [2]
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The diagram shows the cross-section ABCD through the centre of mass of a uniform solid prism.

AB = 0.9m, BC = 2am, AD = am and angle ABC = angle BAD = 90Å.

(i) Calculate the distance of the centre of mass of the prism from AD. [2]

(ii) Express the distance of the centre of mass of the prism from AB in terms of a. [2]

The prism has weight 18N and rests in equilibrium on a rough horizontal surface, with AD in contact

with the surface. A horizontal force of magnitude 6N is applied to the prism. This force acts through

the centre of mass in the direction BC.

(iii) Given that the prism is on the point of toppling, calculate a. [3]

5 A small ball B of mass 0.4 kg moves in a horizontal circle with centreO and radius 0.6m on a smooth

horizontal surface. One end of a light inextensible string is attached to B; the other end of the string

is attached to a fixed point 0.45m vertically above O.

(i) Given that the tension in the string is 5N, calculate the speed of B. [3]

(ii) Find the greatest possible tension in the string for the motion, and the corresponding angular

speed of B. [4]

6

P

O

A

0.9m

The diagram shows a smooth narrow tube formed into a fixed vertical circle with centre O and radius

0.9m. A light elastic string with modulus of elasticity 8N and natural length 1.2m has one end

attached to the highest point A on the inside of the tube. The other end of the string is attached to a

particle P of mass 0.2 kg. The particle is released from rest at the lowest point on the inside of the

tube. By considering energy, calculate

(i) the speed of P when it is at the same horizontal level as O, [4]

(ii) the speed of P at the instant when the string becomes slack. [3]
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7 A particle P is projected with speed 35ms−1 from a point O on a horizontal plane. In the subsequent

motion, the horizontal and vertically upwards displacements of P fromO are xm and ym respectively.

The equation of the trajectory of P is

y = kx −
�1 + k2�x2

245
,

where k is a constant. P passes through the points A �14, a� and B �42, 2a�, where a is a constant.

(i) Calculate the two possible values of k and hence show that the larger of the two possible angles

of projection is 63.435Å, correct to 3 decimal places. [5]

For the larger angle of projection, calculate

(ii) the time after projection when P passes through A, [2]

(iii) the speed and direction of motion of P when it passes through B. [4]
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