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1.

B (m)

RSB

Figure 1

A light elastic string AB has natural length 4a and modulus of elasticity /.

The end 4 is attached to a fixed point and the end B is attached to a particle of mass m.
The particle is held in equilibrium, with the string stretched, by a horizontal force of
magnitude kmg.

The line of action of the horizontal force lies in the vertical plane containing the
elastic string.

LI RN O

4
The string AB makes an angle a with the vertical, where tana = 3
With the particle in this position, 4B = 5a, as shown in Figure 1.
20mg
(a) Show that A= 3
C))
(b) Find the value of .
C))
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RRRK

X

o9

Figure 2

XS

A thin hemispherical shell, with centre O and radius a, is fixed with its open end
uppermost and horizontal.

A particle P of mass m moves in a horizontal circle on the smooth inner surface of the
shell. The vertical distance of P below the level of O is d, as shown in Figure 2.

(a) Find, in terms of m, g, d and a, the magnitude of the force exerted on P by the inner
surface of the hemisphere.

(©)
The particle moves with constant speed v.

(b) Find v in terms of g, @ and 4.
)
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( )
3. A particle P is moving along the x-axis.
At time ¢ seconds, where ¢ > 0, the displacement of P from the origin O is x metres and
P is moving with velocity vms ™ in the positive x direction.
The acceleration of P is 3—‘:-'_1 ms~ in the positive x direction.
When¢t=0,x=15and v=28
3
(a) Show that v=(x+1)*
“)
(b) Find ¢ in terms of v.
)
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NV R0 RO A "o
P 7 5 7 4 4 A 0 6 2 4

S
s
S »’
oY%
Pt iatel
%
$ —9
S
SR
Soererytes
Ko
S S
ST
S
KBS
50
55
S5
00 %3069
oS
gom=is
SRS
RS
bose™ ~ 3¢
SRS
posatols
XK
XK

OO
o totetetetotelss
};l‘(‘. e
\}
RN
ORI

SRR




Mathematics - 2024 - May/Jun - M3 - QP

GradeMax

R
e

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
X
J
*
039

ol

RN
ORI
3»

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 3 continued

BOEw

P 7 5 7 4 4 A 0 7 2 4

7

Turn over »



Mathematics - 2024 - May/Jun - M3 - QP
I

7

Question 3 continued

P 7 5 7 4 4 A 0 8 2 4

OO

Sa%eritel
(%0 » »
SET
bo% 34
Bogs

S
SIS
LTS
X
Doorerle%s
o emress
ks

X4

‘0::
v%;
N
2%

X%
9%
X
XX

%0 %%
036%6%6%%%

XIHK

3255 %
PO & e €
«

<
696%%%%

O
3RS
LXK

<
IR
SRS
150

55

)
oot totetetotetoted

0
08

o%
%%
otete e e 0%

avi.lo

5
Doct:s @ 98
Q@ww&

R
5



Mathematics - 2024 - May/Jun - M3 - QP

SRS
KRR
203
300%0

s
Bo0R0tes
XXX

o
2
XK
RS

IO
KK

0% ‘%
AR
oSotetetototet
RLRLR

OO
KKK
QIR
5K
SR
ésbo
LRKRKS

%
‘%
KX

OOt
0008
KRS
$2e%%

S

O
Q582
0%}
Youos
Q%
0%’

L5
S
ot -

SRS
CRE
R ¥ o ¥
O
SRRK

X oS
S
oS waraoe

<
%!

OO
I
&&w?@%
A
PN
ool
s

XX
0%
[
Skt

XX
%!

S

G
pre%e
»
)
g

OO
K
%!
do0te%,
doetess,
2L
%6%e%%s

%

555
3
&

o Sototee!
QKKK
LRRLR

%%
0002000202020 %6%0 %% %%

‘<
>K0V 5 ‘{
e oo tototetetetete?

RS

ZRRRRZRRRRLRLRRLRS

%%

S
L
/d%“g/

RIS
3$s§$$&§i? o~
SSSEEE5558

::
::
XX

3
-
£

%
%

35
jodo,

GradeMax

e ~
Question 3 continued
(Total for Question 3 is 9 marks)
o _J

BOEw



Mathematics - 2024 - May/Jun - M3 - QP
I

s

4.

In a harbour, the water level rises and falls with the tides with simple harmonic motion.

On a particular day, the depths of water in the harbour at low and high tide are 4m and
10 m respectively.

Low tide occurs at 12:00 and high tide occurs at 18:20

(a) Find, in mh™', the speed at which the water level is rising on this particular day
at 13:35

A ship can only safely enter the harbour when the depth of water is at least 8.5m.

(b) Find the earliest time after 12:00 on this particular day at which it is safe for the
ship to enter the harbour, giving your answer to the nearest minute.

(6)

(C))
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5. A uniform right solid circular cone C has radius  and height 4r.

(a) Show, using algebraic integration, that the distance of the centre of mass of C from

. . o,
its vertex is 3r. o
4 2
[You may assume that the volume of Cis — 77" ] 9|
: “@ =
o
A uniform solid S, shown below in Figure 3, is formed by removing from C a uniform .
2
solid right circular cylinder of height » and radius % r, where the centre of one end of 3
the cylinder coincides with the centre of the plane face of C and the axis of the cylinder :
coincides with the axis of C. =
B
r
)
o
=
)
-]
=
=
-]
. . =
) 4r g =
-]
=
i n
Figure 3 %
75 m
(b) Show that the distance of the centre of mass of S from the vertex of C'is —r >
A rough plane is inclined at an angle a to the horizontal.
The solid S rests in equilibrium with its plane face in contact with the inclined plane.
Given that S is on the point of toppling,
O
(c) find the exact value of tana (o}
3) =
o]
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Figure 4
A fixed solid sphere has centre O and radius r. 8
A particle P of mass m is held at rest on the smooth surface of the sphere at 4, the =
highest point of the sphere. 2
The particle P is then projected horizontally from 4 with speed # and moves on the =
surface of the sphere. g
At the instant when P reaches the point B on the sphere, where angle AOB = 6, P is 1
moving with speed v, as shown in Figure 4. E
= o
At this instant, P loses contact with the surface of the sphere. n
B
(a) Show that "
2 >
2gr+u
cosf) = ——
3gr
(7)
In the subsequent motion, the particle P crosses the horizontal through O at the point C,
also shown in Figure 4.
At the instant P passes through C, P is moving at an angle a to the horizontal. S
. 2 o
Given that u® ==&~ =
2
(b) find the exact value of tana. <
(6) =
]
m
2
]
£
7
>
o
m
>
16

— NN O D O 20
OO
P 7 5 7 4 4 A 0 1 6 2 4



Mathematics - 2024 - May/Jun - M3 - QP

o%

05
55
%ﬁﬂ’.

4@%% S
RRXK
OeSotetotetetotetotet

<L

53
S

XRRRARKARARAARARK

d‘
0%6%%
o2e%%

5

2
o
<%
%!
Sotess

-

(‘

XXX
%2’

~

¢
%
5
25
5

K
290IILLIIIIKL oo

RO IBEKKBLKKBLLKK,
et otetetetetetatototesetetet
‘%spQé%bgﬁk
OSREISISROSIISKOsHsos

QKA
o
k¢

XS

000,00,
S8tetetets
NOT
Dol

00020200,
QKR

XX
LKL

0

x
<

o8

O
35
'0‘1‘
2,
000

$9%6%%
%ﬂﬁg
XX

o
XX
e

o7

KK

£599%
55
9959,
X
XXX

55
KL
K
RRRL

oS
5%
%
09t

o
2K
SRR
oSotetetoteds
RRRRK

2

350
000
o%!

%
%

X
QL

ZRLRK

SRS
S Sototetete!
SRRRERRS
o2e%s S

XX
XX
s

o96%%

QR

GradeMax

~ \
Question 6 continued
\. J
17
acoE DD R A .
P 7 5 7 4 4 A 0 1 7 2 4 Turn over



Mathematics - 2024 - May/Jun - M3 - QP
I

7

Question 6 continued

18

P 7 5 7 4 4 A 0 1 8 2 4

OO

-eales
o
KL
AR
SIS
KPR
c=

KO

%
S
SRS
[96%7071%
RS
oSS
DosereTLiet
Sme
poovetatetet

B
kS
R
%
5%
X5

(>
o5

RN
e

5L

<)
< XY
%
5

25
%
K5
boses
Doses
Posess
Botees
2%
3K
SRR
3
35
SRR
255
00
355
%
35

dedotetetotetote?

Nave 9
)
SR RIEX
R
7%

SRXXXS
550508




Mathematics - 2024 - May/Jun - M3 - QP

R
X2
QR

OO
'/<<‘<
SRR
QLRI
LRI
25IRRLRILS
Sosssosogesetetetet

o

%0202
35
i

19:9.0.0.0.9.90.9.9.
2900
2505
Toadetetete!
*‘0\\\‘
Q§%0

XX

Lo

9%
0% %%
XX

Y

0:&0
e
K

%

000

ARE
X

35

9%
dels
55
3%
)
XX
%!

s
R
%

%
oS0 %
»

KX

OO
26202020220 %!
Vot & ) )
0
NOSTSS
RS
KKK

OO
KRS
<IN
el ) !
LR
sgtes

X

2 o
Poge %% o)

s
0‘0"‘?0#0‘0

%
9%
<

<]

%

x>

0%}
e
25

%
%%
D

%

2

Yo%

XX
o300
% %
S
20593
2%

SRS
0<ﬁﬂ?§%
(0.0, 0. 00009,
SRR

B,

XX

S
R

28
XXX

XS
o20%%

3
5
%!

\
%

5
55

0%6%%6% %%

S
X X KKKKX
SIS

XX

ol
3
e
RORKS
8

LRLRRLRKRS

5
0%
5%

SRR
SO

338
55

2R
Polelotelel

GradeMax

~ ™
Question 6 continued
(Total for Question 6 is 13 marks)
- v,

BOEw



GradeMax

Mathematics - 2024 - May/Jun - M3 - QP
I

7. A particle P of mass m is attached to one end of a light elastic string of natural length /
and modulus of elasticity 2mg. The other end of the string is attached to a fixed point 4

on a smooth horizontal table. The particle P is at rest at the point B on the table, where o
AB=1. =
(@)
At time ¢ = 0, P is projected along the table with speed U in the direction AB. g
At time ¢ ?.
m
 the elastic string has not gone slack >
—|
- BP=x =
. >
» thespeedof Pisv X
B

(a) Show that

2 2
Vi=U’~ glx
“4)

(b) By differentiating this equation with respect to x, prove that, before the elastic string o
o . . . . 21 o
goes slack, P moves with simple harmonic motion with period 7 \/: o
£ (3 <
Given that U = Ed :EU
2 =
(c) find, in terms of / and g, the exact total time, from the instant it is projected from B, ;
that it takes P to travel a total distance of él along the table. e
4 (6) @
B
)
m
>
O
o
2
()]
=)
=
=
]
m
2
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£
7
>
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m
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