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1. A particle 4 of mass 3m and a particle B of mass m are moving along the same straight
line on a smooth horizontal surface. The particles are moving in opposite directions
towards each other when they collide directly.

Immediately before the collision, the speed of 4 is ku and the speed of B is u.
Immediately after the collision, the speed of 4 is v and the speed of B is 2v.

The magnitude of the impulse received by B in the collision is o .

(a) Find v in terms of « only.

3

(b) Find the two possible values of k.
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600kg
Tk ==

Figure 1

A van of mass 600kg is moving up a straight road which is inclined at an angle « to the
1
horizontal, where sina = 5 The van is towing a trailer of mass 150kg. The van is

attached to the trailer by a towbar which is parallel to the direction of motion of the van
and the trailer, as shown in Figure 1.

The resistance to the motion of the van from non-gravitational forces is modelled as a
constant force of magnitude 200 N.

The resistance to the motion of the trailer from non-gravitational forces is modelled as a
constant force of magnitude 100 N.

The towbar is modelled as a light rod.
The engine of the van is working at a constant rate of 12kW.

Find the tension in the towbar at the instant when the speed of the van is 9ms™!
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2.8ms!

3Ns

Figure 2

A particle P of mass 0.5kg is moving in a straight line with speed 2.8 ms™ when it
receives an impulse of magnitude 3 N's.
The angle between the direction of motion of P immediately before receiving the

: . . : : 4
impulse and the line of action of the impulse is a, where tana = 3 as shown
in Figure 2.

Find the speed of P immediately after receiving the impulse.
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Figure 3 §§ \E
= 2
Two smooth uniform spheres, 4 and B, have equal radii. The mass of 4 is 3m and the ﬁi e
mass of B is 4m. The spheres are moving on a smooth horizontal plane when they ::§;?'i:: §9
collide obliquely. Immediately before they collide, 4 is moving with speed 3u at 30° 53
to the line of centres of the spheres and B is moving with speed 2u at 30° to the line of X 5
centres of the spheres. The direction of motion of B is turned through an angle of 90° \\\(
by the collision, as shown in Figure 3. &
£
(1) Find the size of the angle through which the direction of motion of 4 is turned as a 3
result of the collision.
(i1) Find, in terms of m and u, the magnitude of the impulse received by B in
the collision.
)
.
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5.

Two particles, P and Q, are moving in opposite directions along the same straight line
on a smooth horizontal surface when they collide directly.

The mass of P is 3m and the mass of Q is 4m.

Immediately before the collision the speed of P is 2u and the speed of Q is u.

The coefficient of restitution between P and Q is e.

(a) Show that the speed of Q immediately after the collision is %(96 +2)
(6)

After the collision with P, particle O collides directly with a fixed vertical wall and
rebounds. The wall is perpendicular to the direction of motion of Q.

. _ .1
The coefficient of restitution between Q and the wall is 5

(b) Find the complete range of possible values of e for which there is a second collision
between P and Q.

C))

16

K

VAUV SIHLN

KN

RIS

1Y SIHLNES

5\

Doy

< X
oSt
&5 //
S

% '.v 998
5
BRI
LR

8
&
\



XX Ratotetote ol ¢ \
% SRERKS
S05esesess Bessonatets
SRR KHLRRL
SRLLLS SREKES
SRLXLS SRRRKS
pasesete! SRS
%5 %5
9050505038 SRR i i
SRLLLS 3XXRRS u 1 1mnu
SRLLLS SRLRKS
besesesetes Poseatese
KRR KRR
K5 SRLLRS

555

QL
QL
XXX

K2
X

o
%
5

%
5

5
¢
A

X
o0
= %
»
%
<

,
X
RRKS

K

%
255

X

 C

10ea%0%

o%
RS
;% X0
2355

X
<
5IRIRS

o
oS

be%es
%
0958,
5

X
9%
o

090 % % %% % %%

QRRRR

CRRXRK,
0,:.0.

%

XX
XX

QL

%
3XXXS

0
K
20505008

X X

%
%%
5L

boseseses
355
SRXRRS

19%%
X
o0

%
SRR

196%%%

120500050 %%

XX
XX
SRS

QLK

K IRERKKKK
%

SRERRS
8

o
QR

Sor
9 L@ Nese
Teteel

b%e%

Dotodel
RLKS

0507070705057 % %% % %%
%5
35

pasesestetetotose!
%

QLIRS
K

9

9580 » 1959]
508 ==
O 100
ST
908,81 20%9]
587 % %%
S5
S 0

SETK SR
bose 1588 PN

BELS Sl
SRRRLLS SRS
Sotoreseses botoseses

KK L
SRRRRLS SR
Sotoreseses botosoreses

SR SRS
% oS

KK LK

SRRIIE SRR
botoseseses botosoreses

% 35

SRR S8

SRLLLLS S
bogoseseses botososeses

3% 3559

SIS 3888

5 SRS
botososeses

SR SeSotototel

SRRRRS

KRR

LXK

botososeses

botososesed

SRRRRS

Fatetetetele

RS

botososeses

botosesesed

fotorstoete

DO o

SEREERS

R0 T et

<
0203
S
ode;
e

%
'
X

(X
5
L]
%3
KK
RRKS

%
&
o
KX
' i
.

A
RRLLELEES
EPLICS
DS

S0 % 4 Ko %
o2t o

%%

%%

KKK
XK
IR
KD
20308

00,
X KK
X
ndS
>
%%

St S

QR

DS, ravid
o909

0% % %
QRRKS
g

s, v o
XY
boseseses

q&gv %

LIS

XX
2%

0%

%
%

o
00

KRS

oY% %
QR
2L

0% % %%
QK
RRRRRS:

o5
9

QIR

o otetototetotetel

X
55
b9%e%:

2%%%

0000

S
XX
X XK

o5

17

Turn over »



258 25235555

r D s esssss
R 2RIK

RAILRRRL KRR

KRIRRRL RN

a e

. . SR S8
Question 5 continued TS S
LIRS SRILRKS

Soreosees RRIK

RAILRRRY KLRRLL

KRIRRRL RN

QRKKKK KKK

SRR

RRHLK

KX

PEOS i 305

000
X KK

0020,
X

4
CHLRAHR LR
2 SRKKK,

SIS SIS

KRRHLR ZRALLS
QIR KKK,
e ototete! e Setotetel
2 QKKK
XKL SRS
CRHILLR RILLRS
QRIS KKK,
ool e Setoteel
2 &
RRERK SRS
CRHILLR RILLRS
SRR KKK
R e Setotetel
2 &
XKL SRS
QIR SREKKKL
IR KKK
R o Setotetel
IR &
R8KLRS SR8
5% KRR

DeSototetels
o Setotete!
KRAILHL
prosesetete’
SRLLIX
0% g,
D%l %8
RS
SRERERS
D000 w500
RIS
SRS
0%« a%e?
o 58
dosnsees
KRR
SRS
%%
SRERAIK
ARLS
SRS
o
S 02
SRR
BO%! oreed
5
S5 $252090
KBRS
Do 2%
25
%
%%
AL
Boses rezese
prost feTeres

oS ~ | ol
$REKS S
RS RS
S KKK
oo ootetel S teotetel
RRRRKK LRI
SRR KKK
e ootete! K
SRRUKEK  SKKKK
KRR SRR
SRR SRREL
e tototete! S tetotete!
QRKHKK LK,
SRR SRS
QIR SRIRREL
e Sootete! S Setotete!
QRKHKL LIHKKK
SRRHKK SRS
SEXRKEL KKK
QRKKKK REKKK
o Sototete! dSetotete!
QRKKKL LEKIKK
SRR SRS
SERRKEL KKK
QREKKK KKK
o Sootete! dSetotetel
QKKK 2K
R K
SIREK, XKL
SRR &8
2 g pode’
29 Doses
%
&
%
&
pole:
&
%,
KRR
PO,
&
‘:‘z
&
D% e
Doss
‘:’:’4
R
&3
%
PO
$?r.
0% 7a%%!
S
SO
S

XS

SRS
S a5

XA

T

—

beses—08
OGS
P0Styrars®

SRS

4

OIS

C
2950088

beser—es
2000 7 308
S
KRR
projoseseses
SesssetetsBReto o ote!
batetete XRXXXS
ZIS KKK
SOSOSSoso D SoSootote!
SesssstetsBReto o ote!
XRXRKS RRRXXS

XS %5

XK SRS
SRLRKS LK
CRRXXS XS
SRR CXKLRK

.’.’:
XXX
XXX
do%eds
000!

500
3R
o
botet

18



SR pstatosor ¢ \
2RIKS 25K
SRR RHKK
URALREL RS
RKKKK KKK
2R Sotetotoe!
2RI 3RS
%5
SRALLRS  SLLRS u i i u
ootetels SRKKKK 1 1
2R Sotetotode!
KERREK LKL
URAULRL LR
ORKKKK KKK
2K Sotetotote!
e 3RS
a 55
. e
J e
S 55 ITGKS
KX KWK
o o ¥
SR S
>, s
dogeTetedes
IR
0.0‘4‘0’0
RIS

pfetetotetese’
c

RIKAKAKZ

K
XK
LS

N

o

o
XX
5

000
IO

OO
QR
¥

i
X
& ’VAVA :
U
LR

o
G ITRARKR
G RRRRRIIILLRRS

K
096%%%
03009
9%
K8
IIEL
(00,000,
KRR
IKKEL
9% XX
KRR
SRS
9% XX
KRR
QKL
00,0099
9% <
KRR
KKK

XXX
3
%%
500 (6 N
XX,
55

0% /0:0
&
)&

%
%
%%
SRR
XA
%00 S
%
SRS %
Bo%ai %%
SSRIERK KXW
0SS B
030200 T 020 1% %059
oS S5
KA s
SIS oSt
SRLRL LOPR
SRR SRS
TR oS
@S e R oo %%
N RS
R3S
S
X
SRTRRS
S5558
JRRRKS
SRR

QL

%
%5

%
oot

o2

o2

12052 0%
hodotetels!

%5

S0RREL 28RS
SR SR
2RI 250K
355 25K5
SRR S8
LRI SRR
2GR 250K
<5 255
SIS K
SR SR
SR 255
KERRXK KX
SRS &K
SR 255
KERREK X
SRR Dosoes
RS 255
p0%%08 SRR
>
w
& T
%0 ~0%8} X2
O8NS &
295 @ )59 ]
S !
o%07¢
XSy X D% s
S S
Z e
5 S B ]
QoM SRS
<5 SIS
g & 4%
- N
o ¢
2
3l 9%
o 9% &%
05057 0 o TR o= 0%
<3 XS b5 g,
) -
SIS SRS
QSRS 5 B
S eSS PSS! roa:
gy 5 S
s o 3o S5
gadald
QS %ot
Sl KGR
RS &
%8 TS
5 KRR
SXIIAS bases < & ok
SRPEEES
&
S
P
0 2 oo
oS
SIS
SRS
&8
RHERKS
Bove; ate!

¢
5
1]
]
55
oot

Jo? 0% 4
X
2 KRE
S
(A’A.:‘. :‘:"“‘:’:
o< %8, & o2e)
25 T S XS
P SN
bo%e!
SRXRLKS AT
Sototetels QKKK
e Setoteel Sotetotote!
KIRREK LRI
Sototetels SREEKK
2K Sotetotoe!
KRR RRERIK O .
:::::::2:: ::::::::::: otal for Question S is mar
R Sotetotote!
SRR KRS
Setetee SRRLLRS

19

Turn over »



20

3m

Figure 4

Two blocks, 4 and B, of masses 2kg and 4 kg respectively are attached to the ends of a
light inextensible string.

Initially A4 is held on a fixed rough plane. The plane is inclined to horizontal ground at
3
an angle 6, where tan6 = 2

The string passes over a small smooth light pulley P that is fixed at the top of the plane.
The part of the string from A to P is parallel to a line of greatest slope of the plane.

Block 4 is held on the plane with the distance AP greater than 3 m.
Block B hangs freely below P at a distance of 3 m above the ground, as shown in
Figure 4.

The coefficient of friction between A and the plane is u
Block 4 is released from rest with the string taut.
By modelling the blocks as particles,

(a) find the potential energy lost by the whole system as a result of B falling 3 m.
3)

Given that the speed of B at the instant it hits the ground is 4.5ms™' and ignoring
air resistance,

(b) use the work-energy principle to find the value of u
(6)

After B hits the ground, 4 continues to move up the plane but does not reach the pulley
in the subsequent motion.

Block 4 comes to instantaneous rest after moving a total distance of (3 + d)m from its
point of release.

Ignoring air resistance,

(c) use the work-energy principle to find the value of d

C))
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7.

A spring of natural length a has one end attached to a fixed point 4. The other end of
the spring is attached to a package P of mass m.

The package P is held at rest at the point B, which is vertically below 4 such that

AB = 3a.

After being released from rest at B, the package P first comes to instantaneous rest at 4.
Air resistance is modelled as being negligible.

By modelling the spring as being light and modelling P as a particle,
(a) show that the modulus of elasticity of the spring is 2mg
(3)

1
(b) (i) Show that P attains its maximum speed when the extension of the spring is 5 a

(i) Use the principle of conservation of mechanical energy to find the maximum
speed, giving your answer in terms of ¢ and g.

(6)
In reality, the spring is not light.

(c) State one way in which this would affect your energy equation in part (b).

(1)
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Figure 5

Figure 5 represents the plan view of part of a smooth horizontal floor, where RS and ST

— —>
are smooth fixed vertical walls. The vector RS is in the direction of i and the vector ST
is in the direction of (2i + j).

A small ball B is projected across the floor towards RS. Immediately before the impact
with RS, the velocity of B is (6i — 8j)ms'. The ball bounces off RS and then hits ST.

The ball is modelled as a particle.
Given that the coefficient of restitution between B and RS is e,

(a) find the full range of possible values of e.

1 1
It is now given that e = 2 and that the coefficient of restitution between B and ST is >

(b) Find, in terms of i and j, the velocity of B immediately after its impact with S7.

€))

(7)
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(Total for Question 8 is 10 marks)

TOTAL FOR PAPER IS 75 MARKS
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