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1 One end of a light elastic string of natural length a and modulus of elasticity 3mg is attached to a fixed point O
on a rough horizontal surface. The other end of the string is attached to a particle P of mass m. The coefficient
of friction between P and the surface is 3

4 .

The particle P is pulled away from O until the distance OP is 2a, and is then released from rest.

Find the total distance moved by P before it first comes to instantaneous rest. [5]
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2 A particle P of mass m is projected with speed U along a horizontal surface. P moves in a straight horizontal
line. At time t, P has displacement x from its point of projection and its speed is v. The only horizontal force
acting on P is a resistive force of magnitude mcv3, where c is a positive constant.

(a) Find an expression for v in terms of x, c and U . [3]
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(b) Find an expression for the time T taken for the speed of P to halve, giving your answer in terms of c and
U . [3]
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3 Two uniform smooth spheres A and B of equal radii have masses m and km respectively, where k > 1. The
spheres are moving on a smooth horizontal surface. Sphere A is moving with speed u when it collides with
sphere B which is at rest. Immediately before the collision, A’s direction of motion makes an angle α with the
line of centres (see diagram).

A B

m km

u
α

Immediately after the collision, A’s direction of motion is perpendicular to its original direction of motion. The
coefficient of restitution between the spheres is e.

(a) Show that tan2 α = ke−1
k+1 . [4]
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(b) It is given that e = 0.5 and that, immediately after the collision, the kinetic energy of B is equal to the
kinetic energy of A.

Find the value of k and the exact value of α . [3]
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4 Identical particles P and Q move freely under gravity in the same vertical plane. Particle P is projected from a
point O on a horizontal plane with speed u at an angle α above the horizontal.

When P is at its maximum height, Q is projected from O with speed v at an angle β above the horizontal. The
particles hit the plane at the same point and at the same time.

O

Path of P

Path of Q

u

v

α β

(a) Show that tanβ = 1
4 tanα . [4]
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(b) Find an expression for v2

u2 in terms of α . [2]
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(c) It is given further that the initial kinetic energy of Q is equal to the initial kinetic energy of P.

Find the value of tanα . [2]
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5 Two identical beads, P and Q, each of mass m, are threaded on a fixed smooth circular wire of radius a and
centre O in a vertical plane. Bead Q is initially at rest at the lowest point B. The beads are sufficiently small
that they can be treated as particles colliding exactly at B.

O

Q

A

P

L

θ

(a) In the first case, P is released from rest at the point A on the right side of the wire, where OA is horizontal.
At B, P collides with Q. The coefficient of restitution between the beads is e =

√
2

2 .

Find the exact height above B reached by Q in its subsequent motion, and deduce whether Q reaches the
point on the left side of the wire level with O. [4]
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(b) In a second case, P is released from rest at a point C on the upper right side of the wire, where OC makes
an angle θ with the upward vertical. At B, P again collides with Q. The coefficient of restitution is now
e = 1

2 .

After the collision, Q exactly reaches the point on the left side of the wire level with O before coming to
instantaneous rest. Find the exact value of cosθ . [4]
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6

C

A

B

a
θ

A uniform rod AB of length 2a and weight W rests in equilibrium. The end A rests on a rough horizontal plane.
The rod rests against a fixed smooth horizontal peg C. The point C is at a vertical height a above the plane.
The rod lies in a vertical plane perpendicular to the peg. The rod makes an angle θ with the horizontal, where
0 < θ < π

2 .

(a) Show that the normal reaction exerted by the peg on the rod is W sinθ cosθ . [3]
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(b) Find an expression for the coefficient of friction µ between the rod and the plane, given that the rod is on
the point of slipping. [3]
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(c) It is given that θ = 45◦ and a particle of weight kW is now attached to the rod at B. The rod is again on
the point of slipping. Find the exact value of k given that µ = 1. [3]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

© NEWLH 2026 9231/32/M/J/26 12 [Turn over



D
O

N
O

T
W

R
IT

E
IN

TH
IS

M
A

R
G

IN
D

O
N

O
T

W
R

IT
E

IN
TH

IS
M

A
R

G
IN

D
O

N
O

T
W

R
IT

E
IN

TH
IS

M
A

R
G

IN
D

O
N

O
T

W
R

ITE
IN

TH
IS

M
A

R
G

IN
D

O
N

O
T

W
R

ITE
IN

TH
IS

M
A

R
G

IN
D

O
N

O
T

W
R

ITE
IN

TH
IS

M
A

R
G

IN

7 An object is formed by attaching the circular base of a uniform solid cone, of radius r and height kr, to the
flat face of a uniform solid hemisphere of radius r. Both the cone and the hemisphere are made from the same
material. The axes of symmetry of the cone and hemisphere coincide (see diagram).

r

kr

(a) Show that the distance of the centre of mass of the object from the common flat face is r(k2−3)
4(k+2) , taking the

direction towards the vertex of the cone as positive. [3]
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(b) The object is placed with its flat circular face in contact with a rough plane which is inclined at an angle θ
to the horizontal. The plane is sufficiently rough to prevent sliding. The object is on the point of toppling.

Given that tanθ = 10
3 , find the value of k. [2]
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(c) In a different case, the object is placed with its curved hemispherical surface on a horizontal plane. It is
observed that the object can rest in equilibrium with any point of the spherical surface in contact with the
plane.

Deduce the exact value of k. [2]
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BLANK PAGE
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Additional page

If you use the following page to complete the answer to any question, the question number must be clearly shown.
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