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1.

A motorcyclist and his motorcycle have a combined mass of 480kg.
The motorcyclist drives down a straight road that is inclined at an angle 6 to the horizontal,

1
where sinf = TR with the engine of the motorcycle working at 3.5kW. The motorcycle

is moving at a constant speed of 'ms™'. The resistance to the motion of the motorcycle
is modelled as a constant force with magnitude 207 newtons.

Find the value of V.
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2. Anparticle P of mass 1.5kg moves under the action of a single force F newtons.
At time ¢ seconds, ¢ > 0, P has velocity vms™', where
v=(5¢-1)i+ (2 - 81)j

(a) Find F when ¢ =2
“4)

At time ¢t = 0, P is at the origin O.

(b) Find the position vector of P relative to O at the instant when P is moving in the
direction of the vector j

(C))
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6a da

Figure 1

The uniform lamina ABCD is a square of side 6a. The template 7, shown shaded in
Figure 1, is formed by removing the right-angled triangle EF'G and the circle, centre H

and radius a, from the square lamina.

Triangle EFG has EF = EG = 4a, with EF parallel to AB and EG parallel to AD. The

distance between AB and EF is a and the distance between AD and EG is a.

The point H lies on AC and the distance of A from BC is 2a.

. ) 4(67 — 3m)
(a) Show that the centre of mass of 7 is a distance W)a from AD.
-7

(6

The template 7T is suspended from the ceiling by two light inextensible vertical strings.
One string is attached to 7 at 4 and the other string is attached to 7" at B so that 7 hangs in

equilibrium with AB horizontal.

The weight of T"is W. The tension in the string attached to 7" at B is kW, where k is

a constant.

(b) Find the value of %, giving your answer to 2 decimal places.

(&)

Leave
blank

P 6 5 7 9 4 A 0 6 2 8

SXRIS

G0

eloreteietetes
KA
K

OO
S
q
v
25555

0K
SR8LK
Ny
< AN
oty
55

576 %9
b93v:: i
e

%
<

Jatetetototetaiotete
I €
SR KW
CIIEIEIIIESE

et
X}
o2

%

K AR IR AKX

€

2
o et ete e tetetatetote totetetotete!

SRR IIREIIRLLEK

X5
5%

LRIIELRILELRKLELN,

IR I IR

55
2K
S

X
é$%

@ 103000
I

5
SRR
0%
25

QR
S 0%
o

XXX

CRX
@

X
(02 -

SO
0‘0 K 0‘



RS

(5
5

Leave
blank

XK
003@%&%\
SGEISEELS,

RO
SRR
KRS

S

KRKES
%

>
o0 o0
%!
2L

Question 3 continued

AR AARA KA

CHAHAA
KERLRLSS
ﬂ&? o

NSE %
b

S8

RRKS
boes
CKKS

G5
<

%

5

<
55

%
388
[
-
X
%

IR
S

X
oleteds

e

T

209,

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

<
25
A
SRR
R,

S
9%

P!
0

%
%

]

o4
%%

KKK

by

bt ?3
S
S
Boss o

2

PO
SUXKK I NE R
SR
RERLKRLR,

CRSLRAR

O

S
SERKEHAS
55

SRS

XSO

s

S
Ko

090 %%%

90e%%

SRR

5
258

55
020!
RIS,

000G
Sressseses
fotetesotet
RS
(G5
S5
Dosede!

S35
B
5K
9%
%5

&
RRE

SR
%

5

2o

55
R

67
KKK
hasetes

S5

5K

A
AR
o
e
é

pote

e
SRXLS N
SXRXILS IS SAN
e aies

%
doSete!
delelele!

s

o2}
o todeteds

KL
KKK

LKL
SRS
ZRLRRLRKLLS

LRKLHEK

OIS
oo

80908

S

!

050598

%
0%
o%
X2
0%
%
b

7

R AR A Turn over »
P 6 5 7 9 4 A 0 7 2 8 urhove



Question 3 continued

Leave
blank

P 6 5 7 9 4 A 0 8 2 8

HRRK
R
SRR
ALK

006
555
o
s
ORI

O
<
‘Qfe
555

%
i )%
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

GEIRRLEEIREEIRLEY

X
X
X >
0
SIS

ORI

0505
CRKLES

<
58
5

K
PeSolannte%s
DoSecozeio%
SO0 0t
o0 05

QK
308 0 )30
0% 5 1.10%
0%

P
000 7%
QAR
SRXALK
900

SRR
(90950509
o



6
0L
XK

R
SRR

o9

<

0
5
$KE

9%
XX

>
QK5
%%

otodetotetetet

<
RS
25
5
CRLRLLRLRARLR,

ot
RREK

2K

o%

{1
505%

%%

5
258

Question 3 continued

<

020!

KK

<558

K

5
555
SRS

<

b9t
X

S
o0°

o

Q<

ool
S

N

i

s
S
'@ 4
oo ete
s

(50
&

R
KKy
50X

ZRRRRLRS

%
<3
%

%
%

%
<
]

O
SR
8
.
e

3%
%%

0>
25
<
o
.
9%
KL

<

et
[S
b
25

Q5
e

o
oo

<
R

<
2L
0%
%0l
RLRRKS

p%

oS

<>
5
o

et

B
X XXX
et

0205
eotes

oSS,
5

KL
BSE

S
255

o
0% o%
LKL
S5
CXX
RS

oY%
R

X

XX

XX XX

SIS

S
R

9%
%

ORLES
RS

SORRRR

SRR

S,

<

R
<X

<55

25

S5
oo

<
%

%
BN

25
RS
5
093
IR

polole’
0K

>
o

%%
KKK

XTLRE LI ILR,
SRR AL

%
<

X X

0
dosstetetoiototetotolotels
3"%'
&

%
X
<

SRR
UK

S

0‘0:0‘0’0‘0‘0

22

<
oY%

<>
<

%

%

X
ERIRKLEL

<

<
boses
&
X

SRS

%
X
%%

20!
<5
55

CRIIIEARIKIHRK

23
<K

o%
0%

XA

5

X KKK

SRS

SRR

XA KA AR ARAK A AR A A AN

35
<X
XK
3

o039%s

<
<

b9t
o0

020!

2L
X
é’

el

o2

<>
G
K

%

<
<

5

&‘0@

&
9%

o9
55
'
S

KK
potele’

(558
<

o
<
X
5K
o0°

o

05
s
S

2 ‘f
ok’

35
5

o0°

Q‘O

0%

95
X

%

o%
<

5
%3

%
0%

e
odeleted

55

KRR
KKK

0% %% %
CRIIRK

(Total 8 marks)

<

ORIICIRIHK
%

CRRALRRY
%
<R

5

Leave
blank

Q3

<
295%%

09
0%
55
SERERHRER

.‘0‘0

<
%
%
%
<X

0%

5

o%
<

%
<

9

Turn over »

P 6 5 7 9 4 A 0 9 2 8




Figure 2

A particle P of mass 0.3 kg is moving with speed Sms™' along a straight line on a smooth
horizontal plane. The particle receives a horizontal impulse of magnitude J Ns. The
speed of P immediately after receiving the impulse is 8 ms™'. The angle between the
direction of motion of P before it receives the impulse and the direction of the impulse
is 60°, as shown in Figure 2.

Find the value of J.
(6)
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5a
3a

5a 70°

Figure 3

A uniform rod, of length 8a and mass M, has one end freely hinged to a fixed point 4 on
a vertical wall. One end of a light inextensible string is attached to the rod at the point B,
where AB = 5a. The other end of the string is attached to the wall at the point C, where
AC = 5a and C is vertically above A. The rod rests in equilibrium in a vertical plane

perpendicular to the wall with angle BAC = 70°, as shown in Figure 3.

(a) Find, in terms of M and g, the tension in the string.

The magnitude of the force acting on the rod at 4 is AMg, where 4 is a constant.

(b) Find, to 2 significant figures, the value of 4.

(€))

(6

Leave
blank

12

P 6 5 7 9 4 A 01 2 2 8

SLRRK
S8
RN

OO
et
1131
e

s

%
N
o

%

<y

%

T3

le
RS

KK
e

%
ot

il

5%
SETE
3
oY
%

e

<

ey
)
%

ERRLERLEARRL AR

IR I IHKAKA >
RLEEIRRLEEIRRLEIILRLEALALL

<
258
SR
S
Bat0Nes
25

<

X
S0
o
'8

..vv
TR

%038

K
oo
<
o<
X
Do

K
SR
ety

%
fososeteses
XXX



6
0L
XK

R
SRR

o9

<

0
5
$KE

9%
XX

>
QK5
%%

otodetotetetet

<
RS
25
5
CRLRLLRLRARLR,

ot
RREK

2K

o%

{1
505%

%%

5
258

Question 5 continued

<

020!

KK

<558

K

5
555
SRS

<

b9t
X

S
o0°

o

Q<

ool
S

N

i

s
S
'@ 4
oo ete
s

(50
&

R
KKy
50X

ZRRRRLRS

%
<3
%

%
%

%
<
]

O
SR
8
.
e

3%
%%

0>
25
<
o
.
9%
KL

<

et
[S
b
25

Q5
e

o
oo

<
R

<
2L
0%
%0l
RLRRKS

p%

oS

<>
5
o

et

B
X XXX
et

0205
eotes

oSS,
5

KL
BSE

S
255

o
0% o%
LKL
S5
CXX
RS

oY%
R

X

XX

XX XX

SIS

S
R

9%
%

ORLES
RS

SORRRR

SRR

S,

<

R
<X

<55

25

S5
oo

<
%

%
BN

25
RS
5
093
IR

polole’
0K

>
o

%%
KKK

XTLRE LI ILR,
SRR AL

%
<

X X

0
dosstetetoiototetotolotels
3"%'
&

%
X
<

SRR
UK

S

0‘0:0‘0’0‘0‘0

22

<
oY%

<>
<

%

%

X
ERIRKLEL

<

<
boses
&
X

SRS

%
X
%%

20!
<5
55

CRIIIEARIKIHRK

23
<K

o%
0%

XA

5

X KKK

SRS

SRR

XA KA AR ARAK A AR A A AN

35
<X
XK
3

o039%s

<
<

b9t
o0

020!

2L
X
é’

el

o2

<>
G
K

%

<
<

5

&‘0@

&
9%

o9
55
'
S

KK
potele’

(558
<

o
<
X
5K
o0°

o

05
s
S

2 ‘f
ok’

35
5

o0°

Q‘O

0%

95
X

%

o%
<

5
%3

%
0%

e
odeleted

55

KKK

CRIEIARRL
0% %% %
CRIIRK

ORIICIRIHK
%

SURRLRE

<
<R

%
<

SRR

9%

ORARIARKARARAKH

%

5

<5
25

%
<

<
%
%
%
<X

0%

5

o%
<

%
<

Leave
blank

13

Turn over »

P 6 5 7 9 4 A 01 3 2 8




Question 5 continued

Leave
blank

14

P 6 5 7 9 4 A 0 1 4 2 8

HRRK
R
SRR
ALK

006
555
o
s
ORI

O
<
‘Qfe
555

%
i )%
%9

5
o
X
%o
S0t

KRR IHR

”
b

%

KERRLEARLKEARRLEK

S

GEIRRLEEIREEIRLEY

X
X
X >
0
SIS

ORI

0505
CRKLES

<
58
5

K
PeSolannte%s
DoSecozeio%
SO0 0t
o0 05

QK
308 0 )30
0% 5 1.10%
0%

P
000 7%
QAR
SRXALK
900

SRR
(90950509
o



RS

o5

IR
90
%%’

QKL

Leave
blank

S

%%
<

LR

SERRRKR

X

L
I
X LK AKXLH
S
1200008
R

3
RRSERE
%éﬁv&
58
¢
X5

Question 5 continued

ot
o
RS
ot
2K

<K
<X
5

5
KK
9%
o0
'
S
o

QAN

REELRES
3
1A

X

KGR
o
=y
250

%
o 4
%
]

KA
RS
<SR
4
AEY
55
S

f&
1S
o

S
355
o
¥

05
e

00
IRRLLE
oJodoletetote%
KLk

CISBLILERES

QRS

X

535
TN
2258

0
23953
.0 %%
CRRLK

SRXRKL,
batotoles

:Oé‘
LXK
ﬁ%%%’
XK
ISEKLE
R ARA

<
S
"ﬁ%
0&4&?‘
%

Q0K
295%%
S

<
SRGERS

A

A
RLRKKS

o .
O
RRERKK,

6
X85
RXX5

S

bt ?3
S
S
Boss o

IR LRRKLR,
SSELRRKESS

%
CRIIIEARIKIHRK

9
2%
D

0%
A

%
X

(RIS
SIRARNK

(X
55
So%ss
%

AR

]
CRKLKLEK A

2%
XS
g%
Qﬁ%s

0>
RS
ot
SR
s
RRRIELRLLRRIERS

(X
5K
XY
0SS
%
<
K

000
53R
BB
SRS
5K
KRR
85

%
<

55
R

67
KKK
XX

5:":
K
RS
SSLE
X

<
0% %%
bt
>

Q5

pote

e
SRXLS N
SXRXILS IS SAN
e aies

%
fosstes
X5
LSS
SO
RS

KRR
KKK

0% %% %

bove!
SRR

(Total 9 marks)

LRKLHEK

ORIICIRIHK

5

ORARIARKARARAKH

5>
oo
80908
5%
2%
!

%
0%
o%
X2
0%
%
b

VD OO A 0 .
Turn over »
P 6 5 7 9 4 A 0 1 5 2 8 urnove



(2kg) Y (3kg)
7 X 2m

Figure 4

Two particles, 4 and B, of mass 2kg and 3kg respectively, are connected by a light
inextensible string. Particle 4 is held at rest at the point X on a fixed rough ramp that is

5
inclined at an angle @ to the horizontal, where tan§ = e The string passes over a small

smooth pulley P that is fixed at the top of the ramp. Particle B hangs vertically below P,
2m above the ground, as shown in Figure 4.

The particles are released from rest with the string taut so that 4 moves up the ramp and
the section of the string from A to P is parallel to a line of greatest slope of the ramp.

3
The coefficient of friction between 4 and the ramp is 3
Air resistance is ignored.

(a) Find the potential energy lost by the system as 4 moves 2m up the ramp.
3)

(b) Find the work done against friction as 4 moves 2m up the ramp.

(C))

When B hits the ground, B is brought to rest by the impact and does not rebound and 4
continues to move up the ramp.

(¢) Use the work-energy principle to find the speed of B at the instant before it hits
the ground.

C))
Particle 4 comes to instantaneous rest at the point ¥ on the ramp, where XY = (2 + d)m.

(d) Use the work-energy principle to find the value of d.
(C))
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7.

[In this question, the unit vectors i and j are in a vertical plane, i being horizontal and j
being vertically upwards.]

(6i + 12j)ms"

A B
Figure 5

A small ball is projected with velocity (6i + 12j)ms! from a fixed point 4 on horizontal
ground. The ball hits the ground at the point B, as shown in Figure 5. The motion of the
ball is modelled as a particle moving freely under gravity.

(a) Find the distance AB.
“)

When the height of the ball above the ground is more than /4 metres, the speed of the ball
is less than 10ms™

(b) Find the smallest possible value of 4.
“)

When the ball is at the point C on its path, the direction of motion of the ball is perpendicular
to the direction of motion of the ball at the instant before it hits the ground at B.

(c) Find, in terms of i and j, the velocity of the ball when it is at C.
(&)
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8.

Particles 4, B and C, of masses 2m, m and 3m respectively, lie at rest in a straight line
on a smooth horizontal plane with B between 4 and C. Particle 4 is projected towards
particle B with speed 2u and collides directly with B.

The coefficient of restitution between each pair of particles is e.
(a) (i) Show that the speed of B immediately after the collision with A4 is 3 u(l +e)

(i1) Find the speed of 4 immediately after the collision with B.
Q)

At the instant when 4 collides with B, particle C is projected with speed u towards B so
that B and C collide directly.

(b) Show that there will be a second collision between A4 and B.
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Question 8 continued
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Question 8 continued

(Total 13 marks)
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