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1. A particle P is moving in a straight line with simple harmonic motion of period 4s.
The centre of the motion is the point O

At time t = 0, P passes through O

Attime t = 0.5s, P is moving with speed 2ms™!

42

(@) Show that the amplitude of the motion is ——m
T

(4)

(b) Find the maximum speed of P

)
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2. In this question solutions relying on calculator technology are not acceptable.
A particle P of mass 2kg is moving along the positive x-axis.
At time t seconds, where t > 0, P is x metres from the origin O and is moving away from
1
O with speed vms™ where v= ————
(2x+1)
. . . . 1
(@) Find the magnitude of the resultant force acting on P when its speed is 3 ms!
(6)
When t=0, PisatO
(b) Find the value of t when P is 7.5m from O
()
. J
4

P 71 6 6 8 A 0 4 2 8

EUEE

PMT!

SLRRK
LR
Joteotetess

“o%

o= (e BT 1)
SESILBE

L
0%,
QO0RRIRIIIRELKIIKL

R LEIRKLEALIKL

X%
255
S9%t
KL
SRS

Boesoie
G TS
SN
0‘0‘." ‘0’
IR

o
S

SRR
SRR

N
So%etate%et



Mathematics - 2021 - Oct/Nov - M3 - QP

RS

5

6
XK

003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 2 continued

o
2K
boes

RRLRLLRLRARLS

ot
RREK
o%
5

%
9%
bels

RRKS
boes
CKKS

Leave
blank

0
235!
KRS
a&@p
RER
RS,

G5
<

%

5

<
55

¢
R85
C

25
<
X
<

(006
L

T

209,

X
oleteds

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX

1500 %
S

SRR
5K

%
%%
RKK
LKL
<

<
S
bose%s
X
029
8K

S
9%

P!
0

<
25
A
SRR
R,

%
<
2
o4
%
&L

by

%
K

bt ?3
S
S
Boss o

Y
&)
y@

0ot
b
Bo%y

9 9
< < 3
X

%

N
RHRREIRS
%%

2R

AR

SRAEIIKS
S SR ANGE
I RSELRRKESS

o%
KRR ARIAK K ARIRAKAKARRA

<
00%s
S
o
%%

%

%
S
XXX

SN
RS

2R
S0%%0%s

0
X
fote
<

5
Iose

o

5
X

%8
boes
55

&
5

SR
%

5

2o

0’

'
QIS
oot
deseteel

K

67
KKK
hasetes

S5

5K

A
AR
o
e
é

X
%, o ‘?
e IRIE L
LR ARL XK

%
doSete!
2%
X
KEHES
K

KL

LKL
RS,
ZRLRRLRKLLS

bove!

LRKLHEK

ORIICIRIHK

So%es
KLLRS

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

mOEE

P 71 6 6 8 A 0 5 2 8

5

Turn over »

PMT



Mathematics - 2021 - Oct/Nov - M3 - QP

7

Question 2 continued

Leave
blank

P 71 6 6 8 A 0 6 2 8

EUEE

PMT!

HRRK
R
SRR
ALK

006
555
o
s
ORI

O
<
‘Qee
555

%
i )%
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

GEIRRLEEIREEIRLEY

X
X
X >
0
SIS

ORI

0505
CRKLES

<
58
K

K
PeSolannte%s
DoSecozeio%
SO0 0t
o0 05

QK
s 108
<A o%
S5
P
DoSe? o7t
<AL
2

SRR
(90950509
o



PMT
Mathematics - 2021 - Oct/Nov - M3 - QP

RS

(5
5

Leave
blank

XK
003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 2 continued

o
2K
boes

RRLRLLRLRARLS

K OCKIAA
RIS
0%

¥\ O X
o it
KX

¢
%
>
Ky
KA
RRRLKRLRS

<K
<X
5

Sve%
0%
RKS

G5
L
)]

S
&

0% %

s
0

%’
\]
0‘
%

- %

%
1939
A

f

535

%%
a0
S
X

SMEN
S S
oS0 930993
9930 9:4%
S

S

%
o

&
ook

<X
o

X

oleteds
T

255

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX
1500 %
S
SRR
5K

%
%%
RKK
LKL
<

O
SSRGS
RS,
) SR
SRR,

CRRKEEBEE,

S
9%

P!
0

et

A

A
!
IRKK

Rdd-

%
K

bt ?3
S
S
Boss o

IR LRRKLR,
SSELRRKESS

%
CRIIIEARIKIHRK

9
2%
D

0%
A

CERREHAR

KL ’¢

%
X

2R
UK

QLY

R

S
Ko

AR
SR ARKLK

0>
RS
0%l
%!
SR
s
RRRIELRLLRRIERS

(X
5K
XY
0SS
%
<
K

000
53R
BB
SRS
5K
KRR
85

%
<

67
KKK
XX

5

5555
55

25
K
poseds

A
AR
o
e
é

Q2

pote

e
SRXLS N
SXRXILS IS SAN
e aies

%
doSete!
delelele!

s

o2}
o todeteds

KL
KKK

LKL
RS,
ZRLRRLRKLLS

bove!

(Total 11 marks)

LRKLHEK

ORIICIRIHK

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

7

VAL R0 A0 —
[ [ Turn over »
P 7 1 6 6 8 A 0 7 2 8



Mathematics - 2021 - Oct/Nov - M3 - QP

( Leavew
blank
3.
P(m)
E
=1
Figure 1
A particle P of mass m is attached to one end of a light elastic spring of natural length |
and modulus of elasticity kmg, where k is a constant. The other end of the spring is fixed
to horizontal ground.
The particle P rests in equilibrium, with the spring vertical, at the point E.
. . . 3 -
The point E is at a height gl above the ground, as shown in Figure 1.
5
(@) Show that k = 5
)
. . . 1 .
The particle P is now moved a distance ZI vertically downwards from E and released
from rest. Air resistance is modelled as being negligible.
(b) Show that P moves with simple harmonic motion.
(4)
(c) Find the speed of P as it passes through E.
(4)
(d) Find the time from the instant P is released to the first instant it passes through E.
(2)
. J
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4. Alight elastic string has natural length 2a and modulus of elasticity 2mg.
S . ) ) |
One end of the elastic string is attached to a fixed point O. A particle P of mass 5 m is
attached to the other end of the elastic string.
The point A is vertically below O with OA = 4a.
Particle P is held at A and released from rest. The speed of P at the instant when it has
moved a distance a upwards is /3ag
Air resistance to the motion of P is modelled as having magnitude kmg, where k is a
constant.
Using the model and the work-energy principle,
1
(@) show that k = 2
()
Particle P is now held at O and released from rest. As P moves downwards, it reaches its
maximum speed as it passes through the point B.
(b) Find the distance OB.
(4)
. J
12
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A
e 6 7
<. =1
-------- 5 -
R(m)°
Figure 2
A small smooth ring R of mass m is threaded on to a thin smooth fixed vertical pole. One
end of a light inextensible string of length 2l is attached to a point A on the pole. The other
end of the string is attached to R. A particle P of mass m is attached to the midpoint of the
string. The particle P moves with constant angular speed in a horizontal circle, with both
) 6l -
halves of the string taut, and AR = 3 as shown in Figure 2.
It may be assumed that in this motion the string does not wrap itself around the pole and
that at any instant, the triangle APR lies in a vertical plane.
.. . . Smg
(@) Show that the tension in the lower half of the string is EN
®)
(b) Find, in terms of | and g, the time for P to complete one revolution.
(8)
\ y,
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Figure 3

A light rod of length a is free to rotate in a vertical plane about a horizontal axis through
one end O. A particle P of mass m is attached to the other end of the rod. The particle
P is held at rest with the rod making an angle a with the upward vertical through O,

3
where tana = —

4
The particle P is then projected with speed u in a direction which is perpendicular to the
rod. At the instant when the rod makes an angle 8 with the upward vertical through O, the
speed of P is v, as shown in Figure 3.
Air resistance is assumed to be negligible.
(a) Show that v2 = u? + 2%g(4 - 5c0s6)

(4)
. 6ag . . .
It is given that u? = = and P moves in complete vertical circles.
When 6=, the force exerted on P by the rod is zero.
(b) Find the value of cosf
(6)
. J
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. . 1
7. [You may assume that the volume of a cone of height h and base radius r is 3 wrzh.]
A uniform solid right circular cone C, with vertex V, has base radius r and height h.
.3
(@) Show that the centre of mass of C is 2 h fromV
(4)
A solid F, shown below in Figure 4, is formed by removing the solid right circular
1
cone C' from C, where cone C' has height 3 h and vertex V
< >
2
—h
3
Figure 4
(b) Show that the distance of the centre of mass of F from its larger plane face
.3
is —h
13
(5)
The solid F rests in equilibrium with its curved surface in contact with a horizontal plane.
(c) Show that 13r? < 17h?
(®)
. J

24

P 71 6 6 8 A 0 2 4 2 8

EUEE

PMT!

SLRRK
LR
Joteotetess

XK
XX
s
T8
S
0%

S
%!
Ny
Y
253

G
<
n
|
%

15%%
1}
XX

00
=4
b ?
X

SO
9
$<
Eords
x5

O
SRRLKS
% %\
Socotedse:

ISR

J
o’

06
XL
Patee!
ETH
Lot

%
%
f‘
S
030

Ca
>4
IS

R
™1 %7
’ \J-
02019

NSt tete
e

QG ICIIIIIIIHHIIIIAIA

05
505K
X %
et
o

ERLEIKLIKLAL
K RCIKIERIIKIE LI R IR IIRIK KK

R RAIR KKK RLR LK KKAR

o:e 0
%o TN
KIS
PNz 9%
SCPRR




Mathematics - 2021 - Oct/Nov - M3 - QP

RS

5

6
XK

003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 7 continued

o
2K
boes

RRLRLLRLRARLS

ot
RREK
o%
5

%
9%
bels

RRKS
boes
CKKS

Leave
blank

0
235!
KRS
a&@p
RER
RS,

G5
<

%

5

<
55

¢
R85
C

25
<
X
<

(006
L

T

209,

X
oleteds

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX

1500 %
S

SRR
5K

%
%%
RKK
LKL
<

<
S
bose%s
X
029
8K

S
9%

P!
0

<
25
A
SRR
R,

%
<
2
o4
%
&L

by

%
K

bt ?3
S
S
Boss o

OO
Qosetete’s
SETRLNS
CRREI
K AINE A
RERLKRLR,

Q
RS

oY%

0G5
SRS
SRS

06
boses
0%0
53

K

QRLLEIRS

SRR

o%
%

2%
XS
S
RS

55
020!
RIS,

000G
Sressseses
fotetesotet
RS
(G5
S5
Dosede!

5
X

%8
boes
55

&
RRE

SR
%

5

2o

0’

'
QIS
oot
deseteel

K

67
KKK
hasetes

S5

5K

A
AR
o
e
é

X
%, o ‘?
e IRIE L
LR ARL XK

%
doSete!
2%
X
KEHES
K

KL

LKL
RS,
ZRLRRLRKLLS

bove!

LRKLHEK

ORIICIRIHK

So%es
KLLRS

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

mOEE

P 71 6 6 8 A 0 2 5 2 8

25

Turn over »

PMT



Mathematics - 2021 - Oct/Nov - M3 - QP

7

Question 7 continued

Leave
blank

26

P 71 6 6 8 A 0 2 6 2 8

EUEE

PMT!

HRRK
R
SRR
ALK

006
555
o
s
ORI

O
<
‘Qee
555

%
i )%
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

GEIRRLEEIREEIRLEY

X
X
X >
0
SIS

ORI

0505
CRKLES

<
58
K

K
PeSolannte%s
DoSecozeio%
SO0 0t
o0 05

QK
s 108
<A o%
S5
P
DoSe? o7t
<AL
2

SRR
(90950509
o



Mathematics - 2021 - Oct/Nov - M3 - QP

RS

5

6
XK

003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

X
%%

Question 7 continued

o
2K
boes

RRLRLLRLRARLS

ot
RREK
o%
5

%
9%
bels

RRKS
boes
CKKS

Leave
blank

0
235!
KRS
a&@p
RER
RS,

G5
<

%

5

<
55

¢
R85
C

25
<
X
<

(006
L

T

209,

X
oleteds

b
Petele!
X8
030!
%%}

RRELES, &
0f§'0
ZRRRRKLS

X
R
SRS
odesotese!
RSB

25

255
0%l

KX

1500 %
S

SRR
5K

%
%%
RKK
LKL
<

<
S
bose%s
X
029
8K

S
9%

P!
0

<
25
A
SRR
R,

%
<
2
o4
%
&L

by

%
K

bt ?3
S
S
Boss o

OO
Qosetete’s
SETRLNS
CRREI
K AINE A
RERLKRLR,

Q
RS

oY%

0G5
SRS
SRS

06
boses
0%0
53

K

QRLLEIRS

SRR

o%
%

2%
XS
S
RS

55
020!
RIS,

000G
Sressseses
fotetesotet
RS
(G5
S5
Dosede!

5
X

%8
boes
55

&
RRE

SR
%

5

2o

0’

'
QIS
oot
deseteel

K

67
KKK
hasetes

S5

5K

A
AR
o
e
é

X
%, o ‘?
e IRIE L
LR ARL XK

%
doSete!
2%
X
KEHES
K

KL

LKL
RS,
ZRLRRLRKLLS

bove!

LRKLHEK

ORIICIRIHK

So%es
KLLRS

5

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

mOEE

P 71 6 6 8 A 0 2 7 2 8

27

Turn over »

PMT



Mathematics - 2021 - Oct/Nov - M3 - QP

r

Question 7 continued

(Total 14 marks)

Leave |
blank

Q7

END

TOTAL FOR PAPER =75 MARKS

.

28

P 71 6 6 8 A 0 2 8 2 8

EUEE

PMT!

HRRK
R
SRR
ALK

006
555
<A<
s
ORI

O
<
‘Qge
555

%
45
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

s
BRI,
oo oot e tetetotetetetotetete!

<>
s%’
5L
2
K,

<

<
5
20%%%
o
%

S22
pleles %!
Bo%e>” a%e!
2% s
P o
KEIX

e
IS

% » %
< X A
SSHELLS,
[0S0 %%
S8
[959696%%

SRR
(90950509
o





