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1. Three particles of masses 2m, 3m and 4m are placed at the points with coordinates
(-2, 5), (2, -3) and (3£, k) respectively, where k is a constant.
The centre of mass of the three particles is at the point (x, y).

2+ 12k
(a) Show that x = SrR

2

The centre of mass of the three particles lies at a point on the straight line with
equation x + 2y =3

(b) Find the value of %.
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2. A car of mass 900kg is moving down a straight road which is inclined at an angle a to
1
the horizontal, where sina = o
The engine of the car is working at a constant rate of 15kW.

The resistance to the motion of the car is modelled as a constant force of
magnitude 400 N.

Find the acceleration of the car at the instant when it is moving at 16ms™'
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3. A particle P of mass 0.2kg is moving with velocity (4i — 3j)ms"’
The particle receives an impulse A(i + j)N's, where 4 is a constant.
Immediately after receiving the impulse, the speed of P is 7ms'

Find the possible values of 1
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4. Attime ¢ seconds (0 < ¢ < 5), a particle P has velocity vms ', where
v=( 5—t)i+(t2 +20-3)]

When ¢ = 4, particle P is moving in a direction parallel to the vector i.

(a) Find the acceleration of P when ¢ = 4

)

The position vector of P is measured relative to the fixed point O
When ¢ = 1, the position vector of P is (-2i + j)m.

Giventhat 1 <7< 5

(b) find, in terms of 7, the position vector of P when ¢t =T
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Figure 1

A uniform rod 4B has length 8a and weight .

The end A4 of the rod is freely hinged to horizontal ground.

The rod rests in equilibrium against a block which is also fixed to the ground.
The block is modelled as a smooth solid hemisphere with radius 2a and centre D.
The point of contact between the rod and the block is C, where AC = 5a

The rod is at an angle 4 to the ground, as shown in Figure 1.

Points 4, B, C and D all lie in the same vertical plane.
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(a) Show that AD = V294

,
(1) o
=z
(b) Show that the magnitude of the normal reaction at C between the rod and the 3
block i 4 w JEU
ock is —— L
J29 3) ~
=
The resultant force acting on the rod at 4 has magnitude £/ and acts at an angle « o}
to the ground. =
b
(c) Find (i) the exact value of k& &
(ii) the exact value of tana >
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6. P 2a 0 ka R
ka i
y U 2a
T S
Figure 2
The uniform lamina PORSTUV shown in Figure 2 is formed from two identical
rectangles, POUV and QRSTU.
The rectangles have sides PQ = RS = 2a and PV = QR = ka.
.. [6+k
(a) Show that the centre of mass of the lamina is a from PV
3)
The lamina is freely suspended from P and hangs in equilibrium with PR at an angle
of a to the downward vertical.
. 7
Given that tano = —
15
(b) find the value of .
(6)
. J
16

EECE



Mathematics - 2022 - Oct/Nov - M2 - QP

GradeMax

IRKRNS 4
KRR
bososesesed

2 XXX
RRERS
020
XXX KK
XK KK
’.’.’.00.0
CRRLLLLS

X%
8
28

K
RRS

Question 6 continued

55

L

R
SRR
2626

Leave
blank

5
o5

RS
A e¥e%

RRAXXS
XXX

‘%
XS
Q%%?

oo
CLT

X

X
830202
CERE
KNS
RN IS,
000‘0’0.
SRR

XX
E
%

oSe%

+96%%

S
i1
23

000
XRAN
N
) |
é}&
L0

X

()

O
%

%%
XX
o
)
’\

o%e%
o5

B

<
5%
55

%@ﬁ?
4&}3&
RRKRS

X

%%
R

o

RRL

X
oS
KRS
000
o008
X X

qgg
% XX
o

%% 0902090000099 %%
e tatetetetesesasatototetetess
RITE

NS

K

Petatarats
)

XX
o200

X

<
o203

e
&
o%!

X
550
Y
Ld ’1
%

oo’

o~
boses
o
r"‘
RRRS
LR

0>

2

S
%
o

&
S

XX
X XK
%S
)
R
o
oot

X
R

R

X
S

%
38
r"(

O
g0
-
%

3382
posesetess
K]

ootete%

2562005

KRR
555

0’
2
%!
KRB
R
00’0 0.0.0.
0‘0 0‘ <X

XX
%!

QR
200050 %%

%%

oo
KRS
Sasoteseses
SRRRKS
XK
SRS

00
%
2
255
%!

2
3%
25

%6e%s

0%~
%
00000
KL
o20te%e%s
RRKS

S
2L
XX
o2e%!

¥

02
o%
RS
=K
KRS

o2e%

ERECE

p 7 21 5 3 A 01 7 2 8

17

Turn over »



Mathematics - 2022 - Oct/Nov - M2 - QP
I

7

Question 6 continued 53555

=%
Do %es
pLosorores
SRLA

S906%%%¢
XGRS
PoSerm—ated
Y
prot & %8
PLogea iies
S

S

06%:9)9

K5
atateds
ST
xms
KPS

B
T4
o% o%
o
QUKL
0T %8

< i
s

o
ROt 1 4
o
NS

S SEEBIBEK,

0
2958
55
55

3RS

%
XX
KL

0:::::::
E&%&%O
0000 %%

5
5%
0202

7
\_
00
dotodess
RRKS
XK
K&
0

18

— R 000 O
EECE
p 7 2 1 5 3 A 0 1 8 2 8



Mathematics - 2022 - Oct/Nov - M2 - QP

SRRRRIIIZRRK
BOSIORON Wi X ¥
- Do

ool
SR

60
%050 %%
KRR

%.f{«&:%

XK
SIS
0GR
S

0%
oot
XX

K%

K%
2R

0000%
X XXX
RS
A‘%
0
0‘0‘.30

XX

R
=]

KR

ol

o5
23

L

XX
222
*
.

&
Y
RS

55

%

Q0
35
o
54
2%

o

&S

&
R ¢

XX
%
S
X
%’

X
%%
Q‘f

0
2:
%

0%
S0

O
Sotetotel

S0, 00000 B

Siekehis

XK,
Setoodes

2RI
0K
B,

X
XX
KL
R
o2e%%
0%6e%%

%
%5

\
35
3
otoks

IR
3 3
255
35

GradeMax

é Leave\

blank

Question 6 continued
Q6
(Total 9 marks)

o J

19
e ) DT 0 0 0 Turn over »

P 7 2 1 5 3 A 0 1 9 2 8



Mathematics - 2022 - Oct/Nov - M2 - QP
I

GradeMax

r

7. Particle 4 has mass m and particle B has mass 2m.

The particles are moving in the same direction along the same straight line on a smooth
horizontal surface.

Particle A collides directly with particle B.

Immediately before the collision, the speed of 4 is 3u and the speed of B is u.

The coefficient of restitution between A4 and B is e.

+ 2e

(a) (i) Show that the speed of B immediately after the collision is > u

(i) Find the speed of 4 immediately after the collision.
(7

After the collision, B hits a smooth fixed vertical wall that is perpendicular to the
direction of motion of B.

1
The coefficient of restitution between B and the wall is 5

Particle B rebounds and there is a second collision between 4 and B.
The first collision between 4 and B occurs at a distance d from the wall.
The time between the two collisions is 7.

1
Given that e = E

(b) find T in terms of d and u.
(6)
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8. [In this question, the unit vectors i and j are in a vertical plane, with i being horizontal
and j being vertically upwards.]

@,
(24i + 7j)ms’ S
i 5
=
=
Ums o
—7 2
4 T
¢ @
Figure 3 ;
m
-

A rough ramp is fixed to horizontal ground.

7
The ramp is inclined to the ground at an angle a, where tana = ey

The point 4 is at the bottom of the ramp and the point B is at the top of the ramp.
The line 4B is a line of greatest slope of the ramp and AB = 15m, as shown in Figure 3.

A particle P of mass 0.3kg is projected with speed U ms ' from A directly towards B. 8
At the instant P reaches the point B, the velocity of P is (24i + 7j)ms "' =
The particle leaves the ramp at B, and moves freely under gravity until it hits the 3
horizontal ground at the point C. =
0
1 =
The coefficient of friction between P and the ramp is g e,
2
-~
(a) Find the work done against friction as P moves from 4 to B. o
v
3) »
(b) Use the work-energy principle to find the value of U. =
“4)
(c) Find the time taken by P to move from B to C.
3)
At the instant immediately before P hits the ground at C, the particle is moving
downwards at 6° to the horizontal.
(d) Find the value of 6 8
=
) =
=
=
2
=]
m
Z
=]
-
7
P
o
m
o
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