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1. A van of mass 1200kg is moving up a straight road that is inclined at an angle 6 to the

horizontal, where sinf = ﬁ

The engine of the van is working at a constant rate of 20000 W.

The resistance to motion of the van from non-gravitational forces is modelled as a s\
constant force of magnitude R newtons. g\
m\

At the instant when the acceleration of the van is 0.75ms, the speed of the van is Ams™' e
and R = 26 1 where A is a non-zero constant. _2:\
(a) Show that R = 260 S
) m

Later on, the van is moving down the same straight road. The model for the resistance
to motion of the van still has magnitude 260 N.

The engine of the van is now working at a constant rate of P watts.
At the instant when the speed of the van is 12ms ', the acceleration of the van is 1.8ms

(b) Find the value of P
“4)
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Question 1 continued
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Figure 1

The uniform lamina ABCDE shown shaded in Figure 1 is formed by joining a rectangle
to a right-angled triangle.

The right-angled triangle ABE has AB = 2a and BE = 12a
The rectangle BCDE has BE = CD = 12a and BC=ED =d
The distance of the centre of mass of the lamina from AC is ¥

(a) Show that

2a(2a + 3d)
(a+d)

X =

)
The lamina has weight .

A particle of weight % is attached to the lamina at D.

The lamina is free to rotate in a vertical plane about a smooth horizontal axis through A.
The axis is perpendicular to the plane of the lamina.

When a horizontal force of magnitude F is applied to the lamina at C towards D, the
lamina rests in equilibrium with the line CD horizontal.

Given that d = 4a,

(b) find F in terms of .
“4)
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Figure 2

A uniform rod 4B has mass m and length 10a.

The end 4 is on smooth horizontal ground and the end B is against a smooth
vertical wall.

To prevent the rod from slipping, one end of a light inextensible string is attached to the
rod at the point C, where AC = 2a

The other end of the string is attached to the wall at the point D.
The string is parallel to the ground and in the same vertical plane as the rod.
The rod is in equilibrium in a vertical plane perpendicular to the wall.

The rod is inclined at an angle 6 to the horizontal, as shown in Figure 2,
where 0 < 6 < 90°

The tension in the string is 7.

(a) Show that
Smg

A particle of mass 3m is now attached to a point £ on the rod and the rod remains
in equilibrium.

Given that the maximum tension in the string before breaking is 2mg and tan6 =

W~

(b) find the maximum distance AE.

p 7 8 9 1 3 A 0 1 0 3 2

C))

C))

EEmC

YIHV SIHLNI LM LON Od V3IHVY SIHL NI ILIHM 1ON Od

V34V SIHLNI LM LON Od



oo "
é’s” X
RRXXKS

GSIRRKS
KRR
096%0%6%%%%

SRR

3?
100
RLS

%
oS
ébs
0.0
0.0

%
X
XX

X5
A
RS
5 050008
SRS
SRR

3

e
v

C
%
L] <
K
55

SRR
X
S
0“'}’“
120 o tote
2002000

S
&
bote!
2

QOO
QYRR
QIR
qu%ﬁp
L,

K

é%&

3R
o

3RS
K5
SRS

y

4)0
o
&

'S
8%
%~ &
bo%%,
4&;(’
&

N
Tetotetereretete’s
FAR
oo
IRKK

00000,
s
NO;

oo
R

OO
QISRKLLKKK,
N N
doetess.
deSote%es
R
LR

33

RS

%
K5
09583
RS

oo
S
KK
R

’QQO o
00000
S

25
29588
S
%%
botete!

55
KK
R

D ’00\. ¢00«

&
0ol
XS
000.
KRS

to%

SRR
SRRARXRS
0{ 255

:§0

BB
T
3&“””&

%% %
o 5’0)0.0

~ \
Question 3 continued
\. J
11
. DT R R .
P 7 8 9 1 3 A 0 1 1 3 2 Turn over



7

Question 3 continued
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4. [In this question i and j are perpendicular horizontal unit vectors and position vectors
are given relative to a fixed point O.]

The velocity of a particle P at time ¢ seconds, ¢ > 0, is given by

[(& — 2541 +14)i + (8¢ - 3047 + 7)j}ns‘1

(a) Find the value of # when P is at instantaneous rest.

(&)

(b) Find the value of # when the acceleration of P is perpendicular to (2i — j)
“)

1
When ¢ =1, P is at the point with position vector (gl -7 ]jm

(c) Find the distance OP when ¢ = 4
(6)

" J g5
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Question 4 continued
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5. Attime =0, a stone S is projected from a point 4 on the top of a cliff.

The point 4 is 120 m above horizontal ground.

The stone S is projected with speed 25ms " at an angle of 60° above the horizontal.

The stone S is modelled as a particle moving freely under gravity.

For the motion of S from A4 until it first hits the ground

(a) find the maximum height above the ground reached by S,
“)

(b) find the direction of motion of S when ¢ = 5 seconds,

C))

(c) find the length of time for which S is moving at a speed greater than 25ms "'

&)

" yE:

NN 0 0 O A mor
P 7 8 9 1 3 A o 1 8 3 2




oo "
é’s” X
RRXXKS

GSIRRKS
KRR
096%0%6%%%%

SRR

3?
100
RLS

%
oS
ébs
0.0
0.0

%
X
XX

X5
A
RS
5 050008
SRS
SRR

3

e
v

C
%
L] <
K
55

SRR
X
S
0“'}’“
120 o tote
2002000

S
&
bote!
2

QOO
QYRR
QIR
qu%ﬁp
L,

K

é%&

3R
o

3RS
K5
SRS

y

4)0
o
&

'S
8%
%~ &
bo%%,
4&;(’
&

N
Tetotetereretete’s
FAR
oo
IRKK

00000,
s
NO;

oo
R

OO
QISRKLLKKK,
N N
doetess.
deSote%es
R
LR

33

RS

%
K5
09583
RS

oo
S
KK
R

’QQO o
00000
S

25
29588
S
%%
botete!

55
KK
R

D ’00\. ¢00«

&
0ol
XS
000.
KRS

to%

SRR
SRRARXRS
0{ 255

:§0

BB
T
3&“””&

%% %
o 5’0)0.0

~ \
Question 5 continued
\, J
19
. DT R R .
P78 91 3 A1 9 3 2 Turn over



7

Question 5 continued
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6. Two particles, P and Q, lie at rest on a smooth horizontal surface.

The mass of P is Sm and the mass of Q is 3m.
Particle P is projected towards Q with speed 3u and the particles collide.
The coefficient of restitution between P and Q is e, where e > 0

(a) Show that the speed of Q immediately after the collision is

15u

—(+e
2 (1+e)
3)
(b) Show that, after the collision, P and Q move in the same direction.
3)
After the collision, Q collides with a smooth fixed vertical wall which is perpendicular
to the direction of motion of Q.
The coefficient of restitution between Q and the wall is %
.. . . . . 45mu
In the collision with the wall, O receives an impulse of magnitude
(c) Find the value of e.
C)
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A (2m) B (5m)
d
a
Figure 3
5
Figure 3 shows a rough plane inclined at an angle « to the horizontal, where tana = Ity
The plane is fixed to horizontal ground.
A small smooth pulley is fixed at the top of the plane.
One end of a light inextensible string is attached to a particle A that is held at rest on
the plane.
The string passes over the pulley and the other end of the string is attached to a
particle B that hangs vertically below the pulley.
The string from A4 to the pulley lies along a line of greatest slope of the plane.
Particle 4 has mass 2m and particle B has mass 5m.
The distance from B to the ground is d.
When the system is released from rest with the string taut, 4 begins to move up the
plane and in the subsequent motion 4 never reaches the pulley.
The coefficient of friction between A and the plane is .
. _y . . 3mgd

The work done against friction as 4 moves a distance d up the plane is
(a) Find the value of u.

“4)
The speed of B as it hits the ground is V.
(b) Use the work-energy principle to find an expression for 7> in terms of g and d.

(3)
(c) Find the speed of 4 when it has moved a total distance of 2d up the plane, giving

your answer in terms of g and d.
4)
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(Total for Question 7 is 13 marks)
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