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Answer ALL questions. Write your answers in the spaces provided.

. Alorry of mass 2500kg pulls a trailer of mass 500kg along a straight horizontal road.

The trailer is attached to the lorry by a tow bar that is horizontal and parallel to the
direction of motion. The resistance to the motion of the lorry is 300N and the resistance
to the motion of the trailer is 120N. The tow bar is modelled as a light rod.

At the instant when the speed of the lorry is 20ms™, the lorry is accelerating, the tension
in the tow bar is 200N and the power being developed by the engine of the lorry is PkW.

(a) Find the value of P.
(6)

(b) Explain how you have used the modelling assumption that the tow bar is inextensible
in your solution to part (a).

(1)
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(Total for Question 1 is 7 marks)
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2. Two smooth uniform spheres P and Q, of equal radius, are both moving with speed u on
a smooth horizontal plane. The spheres are moving in opposite directions along the same
straight line when they collide directly. Sphere P has mass 2m and sphere Q has mass 3m.
The coefficient of restitution between the spheres is e.

1
Prove that if e > 1 then the direction of motion of Q is reversed by the collision.
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3. A small ball has mass 0.6kg. The ball is projected vertically upwards with speed

22.4ms™" from a point that is 1.5m above horizontal ground. The ball is modelled as a
particle and air resistance is ignored. The ground is soft and the ball sinks 2.5 cm into
the ground before coming to rest. The resistive force exerted by the ground on the ball is
modelled as a constant force of magnitude F newtons.

Find, using only the work-energy principle, the value of F.
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(Total for Question 3 is 4 marks)
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4. Particle 4, of mass m, is moving with speed u on a smooth horizontal plane towards

an identical particle B, which is at rest on the plane. Particle 4 collides directly with
particle B. The coefficient of restitution between the particles is e.

Given that 42% of the total initial kinetic energy of the two particles is lost in the
collision,

(a) find the value of e.
(10)

If instead e = 0,

(b) describe, as fully as possible, the motion of the particles after the collision.

2
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Question 4 continued
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5. A small ball of mass 0.5kg is moving on a smooth horizontal plane with velocity
(4i — j)ms™" when it strikes a fixed vertical wall. Immediately after the impact the
velocity of the ball is (2i + 3j)ms™'. The ball is modelled as a particle and the wall is
modelled as a smooth plane surface.

(a) Find the magnitude of the impulse of the wall on the ball in the impact.
“4)

(b) Find the loss in kinetic energy of the ball due to its impact with the wall.

(c) Find the coefficient of restitution between the ball and the wall.

V33UV SIHLNIZLIHM LON.OQ
DO NOT WRITE IN THIS AREA

(d) Verify that the component of the momentum of the ball, parallel to the line of
intersection of the wall and the horizontal plane, is unchanged by the impact.

()

(e) State which modelling assumption ensures that the component of the momentum of
the ball, parallel to the line of intersection of the wall and the horizontal plane, is
unchanged by the impact.
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Question 5 continued
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5 continued

Question

(Total for Question 5 is 15 marks)

IR,

R R RIIIIIZRKLS
KRR

S

%

R

N 5.8 LS $RRILS
R R RIXR XL IR LR ARSI RRX K I RIRIILRIRILIRILRIRIREIRIRS

R LRRRRLRRRRERRRILRRRRLRLRRLRLRRLRLRILRLRRLRLRARLK,

<2
<
Q

ol

[

X
o0

%

L%

%%

"%
b

o

et ot etetetetetetetetetetetotete!
IR

b
<2

%,
5
33

5

%

00305

Q

e 00"“““““0“ NNO““NNN“N“““NNN“N“
00 0000000-00000000000000000“0000"0“““0“000“““0“00"“0“0
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

15
Turn over »

3 08 A0 1 5 2 4

6

S



r

6. A light elastic spring, of natural length / and modulus of elasticity mg, has one end
attached to a fixed point 4 on a rough horizontal table. The other end of the spring is
attached to a particle P of mass m. The particle P is held on the table at a distance 2/

from A. The coefficient of friction between P and the table is %
The particle is released from rest.

(a) Find the distance travelled by P before it first comes to rest.
(b) Explain why, when P first comes to rest, it is only at rest for an instant.
(c) Find where P comes to rest for the second time.

(d) Describe what happens to P next, explaining your answer.

(6)

3

)

(2)
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Question 6 continued

<5
S
SO
N
oomam 2%
o %8
poge-o

Ko

Ko<
e
055058
QYL

K
By
doso%es
0XK:
KKK,

09%!
RS
Sasoto%es
X X

%
ototetotetete!

0 00000000000

oY%
K

o5

190%0%6%%:%%
%

RIS
SRS

X

passsatetotototototoss
295050598
XKKX,

20%0%0%6%%%
XX
$96%6%%

000

QIR

R KIRKKKK

XX
X X
555
00000,
s
XX

000
Sototetes
LRRRRKELLLS

09020902090 %%%%
X RRIIRERIKRERIKKKX
X R EIERREIKRKLLIKKRL
0002020000000 %% %0 %6 %626 %6%

K

RORRRRIEEIKS
A8

L

RS

4=
2%
KK,

QKRR KRR KX

o2

R RRRRLLLLZZLZZLS:
XXX XXX

A=

%

NE
Bt
KL

o%

SO 00000
oSosrtorevel
SAR
Soatels

R

X
o %%;
XK,

4
X

¢
<

X
s
e
Jogors’
&
S8
Po%eL.
— oot %%
KR X
BXX X
POt
o5 POt
X &S
S TR
2 25
B %3
NS S
SONTIR !
XS XN
08 - 0SB etoL Jo!
SIBLL SGES
135 %%
RS &S
LTI’ o
S 3K
30—
28 &
RS

<
&
29
<
29
35
000

OIS
odeseteteteteteds

bo%
RXKXKRILKK,

¢
000

¢
55
098
:"
098
XSGR IRRRKK KRR

e

<
%
o%
%
peess
0o

18

S 6 1 3 0 8 A 0 1 8 2 4



7
~
=<

b
<
=
o
e
@»
o
\=
=
=
ﬁ
@»
]
=
o
I
S
—
<
S
[
A d

=

L

=

=

ﬁ

=

=3

[

=

=

=

ﬁ

7

]

=

o

\.

IR,

R R RIIIIIZRKLS
TISAA <K

LS $RRILS
SRR SRR

S
KX
oK AN IR0 22
R LRRRRLRRRRERRRILRRRRLRLRRLRLRRLRLRILRLRRLRLRARLK,

<2
<
Q

ol

[

X
o0

%

L%

1%

P

"%
b

o

et ot etetetetetetetetetetetotete!
IR

b
<2

%,
5
33

5

%

8K

Q

e 00"“““““0“ NNO““NNN“N“““NNN“N“
00 0000000-00000000000000000“0000"0“““0“000“““0“00"“0“0
e e T oSSt iiNatot ot et einiatotote

000200000 000000000000 0000000000 9000%0 9% %%
P

090000022090 % %%
KK,

X

19
Turn over »

3 08 A0 1 9 2 4

6 1

S



Figure 1

Figure 1 shows a plan view of two smooth fixed vertical walls, 4B and BC, which are
fixed to smooth horizontal ground. The angle between the walls is 8, where 6 is an acute
angle. A particle P is moving in a straight line on the ground and hits the wall BC at the
point D.

Immediately before P hits the wall BC, P is moving in a direction that is parallel to the
wall AB, as shown in Figure 1. Particle P bounces off BC and, after one impact with 4B,
P then hits BC for a second time. The coefficient of restitution between P and each wall
is e.

Given that when P hits BC for a second time, P is moving in a direction that is
perpendicular to BC,

(a) show that
e(e +2) tan’6 = 1
(10)

(b) Deduce that, for the motion to be possible, the angle between the walls must be at
least 30°.
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Question 7 continued
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Question 7 continued
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