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1. A particle P moves in a straight line with simple harmonic motion between two fixed

points A and B. The particle performs 2 complete oscillations per second. The midpoint
of 4B is O and the midpoint of OA4 is C

The length of 4B is 0.6 m.

(a) Find the maximum speed of P

(C))

(b) Find the time taken by P to move directly from O to C
(2)

.
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Question 1 continued
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2.

Figure 1

A hemispherical bowl of internal radius 6 is fixed with its circular rim horizontal. The
centre of the circular rim is O and the point 4 on the surface of the bowl is vertically
below O. A particle P moves in a horizontal circle, with centre C, on the smooth inner

surface of the bowl. The particle moves with constant angular speed 45 . The point C
r

lies on OA, as shown in Figure 1.

Find, in terms of r, the distance OC
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Question 2 continued
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3.

In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A particle P is moving along a straight line.

At time ¢ seconds, P is a distance x metres from a fixed point O on the line and is

5
moving away from O with speed ——— ms'
2x+3

(a) Find the deceleration of P when x = 12
3)
Given that x =4 when =1

(b) find the value of # when x = 12
3)

J

p 7 3 56 7 5 A 0 8 2 8

O




Mathematics - 2022 - May/Jun - M3 - QP

oo T
KA AKX
S
SOER

XX

XX
XX
AR
XX
.0

e
K
KISAED
LRLRKS

<3
%
R

&L

X
0
"Ly

<

S
‘\;::’ %

1%%%

R

9 %

-4
X X

&

090%%6% %%
ofetes

<]

o%%

X

%%

<
0202 %0 0%e%
A

"zi;.‘i.'. X

LR

>
20000%s

REeY
RS

XX
2
10
4
o
‘0

%5
%"

SRS
Pose, & 9%
NS
PoSY e (08
Prost. e %o

00
KK
b9%es
%8

0%0%8:;
RRKS

XXX
30985
]
005

oo’

023
oSeSototedodet
SEEEEES
&

&

bt
%
2
S

62
0K
293059
QL
55

s
ool
KK
05
’0’0‘0

SO 0000
X8
28
2R
%!
S5
RS

X
5
K
XX

53
%5 dﬁk
Sotoes

%!

%

XX
:*‘

GradeMax

[
~ \
Question 3 continued
\. J
)R DD 000 S
(N [ Turn over »
P 7 3 5 7 5 A 0 9 2 8



Mathematics - 2022 - May/Jun - M3 - QP
I

eoteototet
( ) K

Question 3 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

10

— R0 100 A
O
p 7 3 5§ 7 5 A 01 0 2 8



GradeMax
Mathematics - 2022 - May/Jun - M3 - QP
a4 )

Question 3 continued

KK

RIKK
$RXKS
8"13;’ :

X
10003

doded
5
o

OO
55
0%
5

9%

R

55
%%

XX KK
ootededs
ooods
S
R

%

&

00000.0.00’000
0%
003!
2L
ﬁﬂ%
SR

K
K
= 1%
%
R

ol

R

X
X
RS

00
5
A

P
X

XXX
0059303
(&5
[ A
RS
RS

X
3
4

<>
%
0903

X
2

¥
5
KX

e
QRBRRKL
%! e to¥]

5

o202
0029308
% o)
boser
SRS
SERRFS
Dot ¥ & 0%
Joo% ekl
podea-tod
S PSS
0%

care

o,

~

—avg

=
002708
LMK
SRERK
Bos e
b @ o8

0000,
0. 0.0.9
N

N

ZRILE

SRR,

XXX
12020392,
YY)
LR
otete’e!

O
K
<]

$96%%%
GERREE

<
K

00

SRR
Sotodetelet

S Sototetetote!
KIREE
LIBEELEE

potetetotode!
QRS
s
0%6e%

X
S teotetete!
R0RIRK
oo totetetete!
oSotetelotete
SRR

o

o
%5

55

5555
95%%
TS
XXX

(Total for Question 3 is 10 marks)

11

VA0 RO 0000 O O 0 —
[ [ Turn over »
P 7 3 5 7 5 A 0 1 1 2 8



GradeMax

Mathematics - 2022 - May/Jun - M3 - QP
I

4.
@,
o
=
o
=}
=
=
oo |
m
2
=
Figure 2 =
A
b
One end of a light elastic string, of natural length / and modulus of elasticity 4, is fixed =
to a point 4 on a smooth plane. The plane is inclined at 30° to the horizontal. 2
A small ball B of mass m is attached to the other end of the elastic string. Initially, B
is held at rest at the point C on the plane with the elastic string lying along a line of
greatest slope of the plane.
The point C is below 4 and AC =/, as shown in Figure 2.
The ball is released and comes to instantaneous rest at a point D on the plane. 8
51 =
The points 4, C and D all lie along a line of greatest slope of the plane and AD = 1 3
:
The ball is modelled as a particle and air resistance is modelled as being negligible. r?:
Using the model, E
o
(a) show that A =4mg A
C)) &
m
(b) find, in terms of g and /, the greatest speed of B as it moves from C to D o
(7
)
Q
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S.

(a) Use algebraic integration to show that the centre of mass of a uniform solid

. : . . 3 :
hemisphere of radius 7 is at a distance 3 r from the centre of its plane face.

[ You may assume that the volume of a sphere of radius r is §m’3]

C))

« kr >

Figure 3

A uniform solid hemisphere of radius 7 is joined to a uniform solid right circular cone
made of the same material to form a toy. The cone has base radius » and height kr. The
centre of the base of the cone is O. The plane face of the cone coincides with the plane
face of the hemisphere, as shown in Figure 3.

The toy can rest in equilibrium on a horizontal plane with any point of the curved
surface of the hemisphere in contact with the plane.

(b) Find the exact value of k
3

16
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Figure 4 3
A particle P of mass m is attached to one end of a light inextensible string of length a.
The other end of the string is attached to a fixed point O. The particle is held at the
point 4, where OA = a and OA is horizontal, as shown in Figure 4.
S . . . 9ag
The particle is projected vertically downwards with speed ,|—=
5 g
When the string makes an angle 8 with the downward vertical through O and the string =
is still taut, the tension in the string is S. 3
3 =
(a) Show that S= —mg(5cosf + 3) )
5 3
(6) m
=<
At the instant when the string becomes slack, the speed of P is v &
3a i
(b) Show that v= \| =2 B
5 m
3) o
(c) Find the maximum height of P above the horizontal level of O
“4)
)
Q
2
o
=
=
2
=]
m
Z
=]
-
7
P
o
m
o
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7.
< Sm >
P (1.25k 0
| L ( g) | g
A 0 B Z
o
—'
Figure 5 =
=
—'
Figure 5 shows two fixed points, 4 and B, which are 5m apart on a smooth o
horizontal floor. 3
s
A particle P of mass 1.25kg is attached to one end of a light elastic string, of natural A
length 2m and modulus of elasticity 20N. The other end of the string is attached to 4 ;:3
m
A second light elastic string, of natural length 1.2m and modulus of elasticity 4 newtons, =
has one end attached to P and the other end attached to B
Initially P rests in equilibrium at the point O, where A0 =3 m
(a) Show that 1 =15
3)
The particle is now projected along the floor towards B 8
=
At time ¢ seconds, P is a displacement x metres from O in the direction OB 9|
(b) Show that, while both strings are taut, P moves with simple harmonic motion §
where X =—18x o
“) 2
-~
The initial speed of P is 10ms™ %
. ) , P
(c) Find the speed of P at the instant when the string PB becomes slack. -
3) >
Both strings are taut for 7 seconds during one complete oscillation.
(d) Find the value of T
(6)
)
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Question 7 continued
(Total for Question 7 is 16 marks)
TOTAL FOR PAPER IS 75 MARKS
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