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1. A car of mass 1000 kg moves along a straight horizontal road at a constant S5
speed U ms™'. The engine of the car is working at a rate of 20 kW.
The total resistance to the motion of the car is modelled as a constant force of \
magnitude 1600 N. e
. 52
Using the model, B
\E\\\
=
(a) find the value of U. m
©) 52
S
Later on, the car moves down a straight road which is inclined to the horizontal at an \%
1 i
angle a, where sin a = — gx%;g
The total resistance to the motion of the car is again modelled as a constant s
force of magnitude 1600 N.
At the instant when the engine of the car is working at a rate of 20 kW and the speed of
the car is 8 m s, the acceleration of the car is a m s~
Using the model,
(b) find the value of a.
)
(c) State one improvement to the model that would make it more realistic.
ey
- J &%
NP OO 00 A .
P 7 4 0 7 3 A 0 2 1 6



S
QS
SIS
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
)
%
6%

QL

O
0%

%%
ote%e%

i s
S 02
B0y o wiets

<
0.0‘::0’0

S5
SIBRLS

SRS

SRR

0 00000, .0 00009999,
SRRRXXIIRERLLLRRIKK,
NOT-W

A\

080 v ertd

X KKK

S

OO
RIS
<N
o
%

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
4g¢
5

8

R oot
TS
ts 1 € 0
S

e N
Question 1 continued
. J
3
e VY YOO Turn over »
P 7 4 0 7 3 A 0O 3 1 6 urnove



7

Question 1 continued

P 7 4 0 7 3 A 0 4 1 6

L]

I
R
oot etetetotetotetete!
R85
ool otetetetetotetetete!

3
%
<
oS
o

o~
%%
X
A S phes
5
XS

<CJ
&

S
S5
ot
S
o5

2555

%%
0':000. o

0900090009000 %000 %% %:% %%

XX
XX
5

o%

oo asasssssesesatetetetototols

0.0
e ¥ G e
4 i
o

X XXX

X KK &
(90,000,

e

e oo totetetete st tototototote?
S RRRRsISE
KKK,

oo et e oot totetetatetotetetotete!

0% %
3%

vt

SRS
o Y
v:‘ -
2%

000K
Sootetoloteteteles
..' %

.

OO
SIBIZES,
oodesetotetetek

466>
IR
295959

SSoteteetetotel
LI

O

RS
s erorete s

R RIIIIIIIIIIRKK

:$§35%%§$0

ototelotetetetess

ototelotetotete!
28

S
X

<.
CUEELL
B
I

QL

>
&
%0
R
355

¢
(ot
S
0.0
o
<

OO
SRS
X KKK
XX
Satosoteses
QLRI

<

3K
%55

0%0.:.
555

<K
RS
355
boses



S
QS
SIS
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
)
%
6%

QL

O
0%

%%
ote%e%

i s
S 02
B0y o wiets

<
0.0‘::0’0

S5
SIBRLS

SRS

SRR

0 00000, .0 00009999,
SRRRXXIIRERLLLRRIKK,
NOT-W

A\

080 v ertd

X KKK

S

OO
RIS
<N
o
%

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
4g¢
5

8

R oot
TS
ts 1 € 0
S

7

Question 1 continued

(Total for Question 1 is 8 marks)

e

5

R0 P A Turnover »
P 7 4 0 7 3 A 0 5 1 6 urhove



r

2. Aparticle Q of mass 3m is at rest on a smooth horizontal plane. A particle P of mass m

is moving along the plane when it collides directly with Q.
The speed of P immediately before the collision is u.
The direction of motion of P is reversed by the collision.

The coefficient of restitution between P and Q is e.

3e -1

(a) Show that the speed of P immediately after the collision is uBe —1)

(6)
(b) State the full range of possible values of e.

ey

. 1
Given that e = 5
(c¢) find, in terms of m and u, the magnitude of the impulse exerted by P on Q in the
collision.
3)

o =
it

oo 8t
S

X
A
\}
N
o

Jogosoress
55
S5

5555
SRR

o4
Soo0se%s
%08
0K

5558

J &

P 7 4 0 7 3 A 0 6 1 6

L]



S
QS
SIS
KK

X
R
&é&
SeSotodes
%
QLRI

o202

0

XXX

0.0‘0

X
KKK AR AKX A

&
:’:’
5

%
2
2L
25555

%
5
4 Y%
0%
X
ote%s

=
)
%
6%

QL

O
0%

%%
ote%e%

i s
S 02
B0y o wiets

<
0.0‘::0’0

S5
SIBRLS

SRS

SRR

0 00000, .0 00009999,
SRRRXXIIRERLLLRRIKK,
NOT-W

A\

080 v ertd

X KKK

S

OO
RIS
<N
o
%

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
4g¢
5

8

R oot
TS
ts 1 € 0
S

7

Question 2 continued

(Total for Question 2 is 10 marks)
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3. Aplane is inclined to the horizontal at an angle a, where tan & = — . A small block of \
mass m is held at a point 4 on the plane and released from rest. g\
Initially the block is modelled as a particle, air resistance is modelled as being negligible Zi
and the plane is modelled as being smooth. : 3
(a) Using the model and the principle of conservation of mechanical energy, find the B
distance of the block from 4 at the instant when the speed of the block is 7ms™ -':Q;\
3) 2
.':/.-/if\
In a refined model, the block is again modelled as a particle and air resistance is %
modelled as being negligible, but the plane is modelled as being rough with the >\
a
coefficient of friction between the block and the plane being 3 :
Using the refined model,
(b) find, in terms of m and g, the magnitude of the frictional force acting on the block as
it slides down the plane,
3)
(c) find, using the work-energy principle, the distance of the block from A4 at the instant
when the speed of the block is 7ms™!
“4)
. ) &3
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Figure 1

A particle 4 of mass m is moving on a smooth horizontal plane when it collides directly
with a fixed vertical wall which is perpendicular to the direction of motion of 4.
Immediately after the collision, the speed of 4 is 4u, directly away from the wall, as
shown in Figure 1.

The coefficient of restitution between 4 and the wall is e.
Given that the magnitude of the impulse exerted on 4 by the wall in the collision is 9mu,

(a) find the value of e.
)

u
e
B
Figure 2

At the instant when A rebounds from the wall, a particle B of mass 2m is projected
along the plane towards 4, as shown in Figure 2.

The particles are moving in opposite directions along the same straight line when they
collide directly.

Immediately before the collision, the speed of A is 4u and the speed of B is u.
Immediately after the collision, the total kinetic energy of the two particles is mu?

(b) Determine, showing your method clearly, whether there are any further collisions
between 4 and the wall.

(7

p 7 4 0 7 3 A 01 2 1 6
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Question 4 continued
(Total for Question 4 is 12 marks)
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