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1. A railway truck S of mass 20 tonnes is moving along a straight horizontal track when
it collides with another railway truck T of mass 30 tonnes which is at rest. Immediately
before the collision the speed of S is 4ms™
As a result of the collision, the two railway trucks join together.
Find
(@) the common speed of the railway trucks immediately after the collision,
(2)
(b) the magnitude of the impulse exerted on S in the collision, stating the units of
your answer.
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2.
3
—a -a
5
«—> «—>
A C D B
< >
2a
Figure 1
A uniform rod AB has length 2a and mass M. The rod is held in equilibrium in a horizontal
position by two vertical light strings which are attached to the rod at C and D,
2 3 -
where AC = E aand DB = ga, as shown in Figure 1.
A particle P is placed on the rod at B.
The rod remains horizontal and in equilibrium.
(@) Find, in terms of M, the largest possible mass of the particle P
3)
1
Given that the mass of P is 5 M
(b) find, in terms of M and g, the tension in the string that is attached to the rod at C.
3)
J
4

EECE

PMT!

SLRRK
LR
Joteotetess

SRS
SEma e
X A
PO o 1598
[Oetivis %
KX
ek




PMT

<

R
RSB
000

%%

Leave
blank

KRS
Satetest

SRS

IS

25

RRKAKARA KN

Question 2 continued

0%

IR
X
K
29

%%
KR

<
QL

0
SRS
=

S,
RS
s
K&K
00K

%

o%

4
KL
odeseteteted

R

%

ot
255
8

O O
s
X XXX

S
2K
X

X

K5
55
CKKS

<535
S
Sogoteseset
totetetets

¢
X
5
L5

QO
I
A0S
PN RRLK
LKL
Sotetee

SR
otetes

KD
SSEIGEIRK

S
poteteselotets?
<

o &)

%
35

S Al
‘0

£
1

XA
GBS

2R
bl
XA

0%

svavy
-

XA

R
AT AR
JBY

0%
£
{
Q

5
o
»
X
<X

QR
>
oo

P
)

o209
¥
CTERE
RS

GRS
%
%
KRRKAKARRAKARARA AR

QI

OG0
2
58
%

5
SRBKE
IR

IR

2%
XS
g%
‘0”‘::

<5

%
¢S
2K

6K
230500030
Sodetetetele!
2L
258

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

<
o008
S5

KL

55
el

&
5

SR
%

5

2o

8
XL

008
bo%e!
RN
A
R
P00

£

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

o%
%

%% %%
CRRLAKL
CRIRR

0K

0992

SHERES

CSRRKAL
CRRX
CREALRXKL
ORARRARKAKA

K

O

%

28
55
95

%
0%
o%
X2
%
<

VAL YD AU 0 R A L,
[ [ Turn over »
P 7 21 51 A 0 5 3 2



Question 2 continued

Leave
blank

p 7 2 1 5 1 A 0 6 3 2

EECE

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
SSERES
S
b2,

:o,o
Sl S
GRS
oNTets
PO o 1598

dosorese

9

S S
PLe

%9,

0%
X

oo % el
SIS,
0% 1155
0.4-0 X

SRR
(90950509
o



PMT

GO0
CRERLA:
505

<5

0000
GRS
0.‘0’.0
K55

QKL

Leave
blank

&
R
SRR

S ot setotedetese!

X

Question 2 continued

posetetetes
Seototoress
st
s
2o

b43o%

o0
%!
2L

AR AARA KA

%

<K
<X
5

%%
<X

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
“0.‘0'.0
K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

OO
RERRRLIRKS

0%
0%e%6%%

CRA
*‘A&tgA

2R

<
SRSLERLLERE
AINOTX
2ANLIEY
ARSI
K85

EARK

N5
5!

P
5

2

00

0%
.‘0‘
03
%
KR

%

s
oo
s

L

QI

OG0
2
58
%

55,

RS

SRLS
SSRGS
RIS,

2%
0%
oK
5858

%

X
%%
9%
%0%
X
<X
KR

%
0%}
o
55
25

2
58
090
X
%
2K
S

XXX
Rasesess
S
9%
RS

<
o008
S5

KL

55
el

&
RRE

SR
%

5

2o

N
SRR
LR
k<o
R
58

0
<
=R
2
S

RS

Q2

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

(Total 6 marks)

VAL YD A0 0 R T
[ [ Turn over »
P 7 21 5 1 A 0 7 3 2

0K

0992
SRS

CSRRKAL
ORARRARKAKA

K

O

%

28
55
95

%
0%
o%
X2
%
<




Leavew
blank
3.
P
XN
(¢4
Figure 2
. . 3
A rough plane is inclined to the horizontal at an angle «, where tan a = 2
A particle P of mass 2kg is held in equilibrium on the plane by a horizontal force of
magnitude X newtons, as shown in Figure 2. The force acts in a vertical plane which
contains a line of greatest slope of the inclined plane.
(@) Show that when X = 14.7 there is no frictional force acting on P
@)
The coefficient of friction between P and the plane is 0.5
(b) Find the smallest possible value of X.
(8)
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4.
Figure 3

Two children, Alan and Bhavana, are standing on the horizontal floor of a lift, as shown in
Figure 3.
The lift has mass 250kg. The lift is raised vertically upwards with constant acceleration by
a vertical cable which is attached to the top of the lift. The cable is modelled as being light
and inextensible. While the lift is accelerating upwards, the tension in the cable is 3616 N.
As the lift accelerates upwards, the floor of the lift exerts a force of magnitude 565N on
Alan and a force of magnitude 226 N on Bhavana.
Air resistance is modelled as being negligible and Alan and Bhavana are modelled
as particles.
(a) By considering the forces acting on the lift only, find the acceleration of the lift.

@)
(b) Find the mass of Alan.

®)

J
12
M O A D O AR 0 -
P72 1 51 A0 1 2 3 2

PMT!

SLRRK
LR
Joteotetess

%o
QA
QUL
Ko

> ~ 08
T
oo‘o:::::
K ICIGIRAX
R
KK,
R
KK,
SRS
RIS



<

R
RSB
000

6
Sototelel
otetete?
S
IR

25

RRKAKARA KN

0%

IR
X
K
29

%%
KR

<
QL

0
SRS
=

S,
RS
s
K&K
00K

%

o%

4

KL
QLK
R

ot
255
8

O O
s
X XXX

S
2K
X

X

K5
55
CKKS

<535
S
Sogoteseset
totetetets

¢
X
5
L5

290
d%%’

K.

<X

<
X8

!
A
Noleleds
XK

SR
otetes

KD
SSEIGEIRK

S
poteteselotets?
<

o &)

%
35

S Al
‘0

£
1

XA
GBS

2R
bl
XA

0%

svavy
-

XA

SR
RPAK
By

QO
QOIS
KT
AN
(AN
0%

P
)

o209
¥
CTERE
RS

GRS
%
%
KRRKAKARRAKARARA AR

QI

OG0
2
58
%

5
SRBKE
IR

IR

2%
XS
g%
‘0”‘::

<5

%
¢S
2K

6K
230500030
Sodetetetele!
2L
258

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

<
o008
S5

KL

55
el

&
5

SR
%

5

2o

8
XL

008
bo%e!
RN
A
R
P00

£

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

DR
XX
0.0 0.0,

0992

SHERES

0%

oo sasatesetet

SRS
CERLILI
55
05%6%5%4%5%4% %

%
<

Leave\
blank
Question 4 continued
J
13
am o A0 D O 0 O Turn over »
P 7 2 1 51 A0 1 3 3 2

PMT



Question 4 continued

Leave
blank

14

p 7 21 5 1 A 0 1 4 3 2

EECE

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
SSERES
S
b2,

:o,o
Sl S
GRS
oNTets
PO o 1598

dosorese

9

S S
PLe

%9,

0%
X

oo % el
SIS,
0% 1155
0.4-0 X

SRR
(90950509
o



00057
XKL,
pSetetetels
SERRRE
RS

CRRLRKR

QXXX

SRR

s
K

5

KEERKS

L5
<

<
%

bosesess
<5

0%

IR
X

XL
< SRRIKIIGIKRA

RARRAKARKARA KN

%%
KR
<
&L

<2

<1

S
5 S000%S
LRAHLK

(>
betetetets
q . r

Pe0:s
‘I:“.

1%

9%

WX
b S
XK

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
d%%’

K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

OG0
DRI
S
A
o%
R

QX
2

0093

OO
SRR
K
Al

%%
<
<
0%t
HS-Al
04&5
AR

SRR
FLAY
%

<
SRSLERLLERE
AINOTX
2ANLIEY
ARSI
K85

EARK

N5
5!

P
5

2

00

0%
f‘
03
%
KR

%!
S
e
S

%%
%

QIR
L

RSIRELIK,

OG0
2
58
%

55,

oot
Sotetete!

SR

0%

SSoetetetodetes
PRIZRKLLRRS

o%

2%
XS
o

G0
%55

fotes
055
&

hoses
9%

>
<
<
=
X
<
}v

<>

<
LR
po%e

e
5

&5

5
X
%8
$9%0%9
28

<
%
25
e
5
&5

&

5
5

%
2o

X
5

00

R
2355
XS
55
8

O
S5
5%
k<o
R
58

0
<
=R
2
S

RS

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

0K

0992

SHERES

<
S
2K
boos
&5
o

%
<

<
CRRRLK
000 %
RLARKS
CRRSKRS

o%
o%

é Leave\
blank
Question 4 continued
Q4
(Total 6 marks)
& S
15
mnco VD AT 0 O 0 Turn over »
P72 1 51 A0 15 3 2 urhove

PMT



Leavew
blank
5. Asmall ball is projected vertically upwards with speed 29.4ms™ from a point A which is
19.6 m above horizontal ground.
The ball is modelled as a particle moving freely under gravity until it hits the ground. It is
assumed that the ball does not rebound.
(a) Find the distance travelled by the ball while its speed is less than 14.7ms™
3)
(b) Find the time for which the ball is moving with a speed of more than 29.4ms™
3)
(c) Sketch a speed-time graph for the motion of the ball from the instant when it is
projected from A to the instant when it hits the ground. Show clearly where your graph
meets the axes.
3)
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6. [In this question, i and j are horizontal unit vectors.]
A particle A of mass 0.5kg is at rest on a smooth horizontal plane.
Attime t=0, two forces, F, = (-3i + 2j)N and F, = (pi + qj) N, where p and q are constants,
are applied to A.
Given that A moves in the direction of the vector (i — 2j),
(@) showthat2p+q-4=0
4)
Giventhatp =5
(b) find the speed of A at time t = 4 seconds.
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Q (m)
. O
P (m) ®
Figure 4

A particle P of mass m is attached to one end of a light inextensible string. Another
particle Q, also of mass m, is attached to the other end of the string. The string passes over
a small smooth pulley which is fixed at the edge of a rough horizontal table. Particle Q is
held at rest on the table and particle P hangs vertically below the pulley with the string taut,
as shown in Figure 4.
The pulley, P and Q all lie in the same vertical plane.
The coefficient of friction between Q and the table is x, where u < 1
Particle Q is released from rest.
The tension in the string before Q hits the pulley is kmg, where K is a constant.
(@) Find k in terms of 4.

(7
Given that Q is initially a distance d from the pulley,
(b) find, in terms of d, g and , the time taken by Q, after release, to reach the pulley.

4)
(c) Describe what would happen if © > 1, giving a reason for your answer.

(2)
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8. [In this question, i and j are horizontal unit vectors directed due east and due north
respectively and position vectors are given relative to a fixed origin O.]

Two ships, A and B, are moving with constant velocities.
The velocity of A is (3i + 12j)kmh™ and the velocity of B is (pi + gj)kmh™
(@) Find the speed of A.

)
The ships are modelled as particles.
At 12 noon, A is at the point with position vector (-9i + 6j) km and B is at the point with
position vector (16i + 6j) km.
At time t hours after 12 noon,

AB =[(25 - 12t)i - 9tj]km

(b) Find the value of p and the value of g.

()
(c) Find the bearing of A from B when the ships are 15km apart, giving your answer to the

nearest degree.
()
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