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1. A particle of mass 0.5kg is moving with velocity (2i + 4j)ms™ when it receives an

impulse of (—4i + 6j)Ns.

(a) Find the speed of the particle immediately after it receives the impulse.

©)

(b) Find the size of the angle between the direction of motion of the particle immediately
before it receives the impulse and the direction of motion of the particle immediately
after it receives the impulse.

(©)
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A car of mass 600kg tows a trailer of mass 200kg up a hill along a straight road that is
1
inclined at angle 6 to the horizontal, where sinf = 0" The trailer is attached to the car by

a light inextensible towbar. The resistance to the motion of the car from non-gravitational
forces is modelled as a constant force of magnitude 150 N. The resistance to the motion of
the trailer from non-gravitational forces is modelled as a constant force of magnitude 300 N.

When the engine of the car is working at a constant rate of PkW the car and the trailer
have a constant speed of 15ms™

(a) Find the value of P.
3)

Later, at the instant when the car and the trailer are travelling up the hill with a speed
of 20ms™', the towbar breaks. When the towbar breaks the trailer is at the point X. The
trailer continues to travel up the hill before coming to instantaneous rest at the point Y.
The resistance to the motion of the trailer from non-gravitational forces is again modelled
as a constant force of magnitude 300 N.

(b) Use the work-energy principle to find the distance XY.
4)
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3. Aparticle P of mass 0.25 kg is moving on a smooth horizontal surface under the action of
a single force, F newtons.
At time ¢ seconds (¢ > 0), the velocity vims™ of P is given by
v=(6sin3¢)i+ (1 +2cost)j

(a) Find F in terms of .
3)

At time ¢ = 0, the position vector of P relative to a fixed point O is (4i - \/§J)m

(b) Find the position vector of P relative to O when P is first moving parallel to the
vector i.
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Question 3 continued
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4. Two small balls, 4 and B, are moving in opposite directions along the same straight line

on smooth horizontal ground. The mass of 4 is 2m and the mass of B is 3m.
The balls collide directly. Immediately before the collision, the speed of 4 is 2u and the
speed of B is u. The coefficient of restitution between 4 and B is e, where e > 0

By modelling the balls as particles,

1
(a) show that the speed of B immediately after the collision is 3 u(1+ 6e).
(6)

After the collision with ball A4, ball B hits a smooth fixed vertical wall which is
perpendicular to the direction of motion of B.

5
The coefficient of restitution between B and the wall is —
Ball B rebounds from the wall and there is a second direct collision between 4 and B.

(b) Find the range of possible values of e.
“)
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Question 4 continued
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5.
C 4a B
12a 54
4 7
0
Figure 1

A smooth solid hemisphere is fixed with its flat surface in contact with rough horizontal
ground. The hemisphere has centre O and radius 5a.
A uniform rod 4B, of length 16a and weight W, rests in equilibrium on the hemisphere
with end 4 on the ground. The rod rests on the hemisphere at the point C, where AC = 12a
and angle CAO = a, as shown in Figure 1.
Points 4, C, B and O all lie in the same vertical plane.
(a) Explain why 40 = 13a

Oy
The normal reaction on the rod at C has magnitude kW
(b) Show that k= %

3)
The resultant force acting on the rod at 4 has magnitude R and acts upwards at 6° to
the horizontal.
(¢) Find

(i) an expression for R in terms of W
(i1) the value of
®)
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Question 5 continued
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2
6. [The centre of mass of a semicircular arc of radius r is =L from the centre.]
T
A
A
24a
D B
5 C
4+—>
Ta
Figure 2

Uniform wire is used to form the framework shown in Figure 2.
In the framework,

*  ABC is straight and has length 254

*  ADE is straight and has length 24a

*  ABD is a semicircular arc of radius 7a

e EC=7a

* angle AEC = 90°

* the points 4, B, C, D and E all lie in the same plane

The distance of the centre of mass of the framework from AE is d.

53

(a) Show that d = ma

Q)

The framework is freely suspended from A4 and hangs in equilibrium with AC at angle a°
to the downward vertical.

(b) Find the value of a.
)
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Question 6 continued
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7. A particle P is projected from a fixed point O on horizontal ground. The particle is

24

projected with speed u at an angle o above the horizontal. At the instant when the
horizontal distance of P from O is x, the vertical distance of P above the ground is y.
The motion of P is modelled as that of a particle moving freely under gravity.

2

(a) Show that y=xtana — % (1 + tan’a)
u

(6)
A small ball is projected from the fixed point O on horizontal ground. The ball is projected

with speed 20ms™' at angle 6° above the horizontal. A vertical pole 4B, of height 2m,
stands on the ground with O4 = 10m, as shown in Figure 3.

B
I2m

20ms™!

90
0
< 10m >A

Figure 3

The ball is modelled as a particle moving freely under gravity and the pole is modelled as
a rod.
The path of the ball lies in the vertical plane containing O, 4 and B.

Using the model,
(b) find the range of values of 6 for which the ball will pass over the pole.

3
Given that § =40 and that the ball first hits the ground at the point C
(c) find the speed of the ball at the instant it passes over the pole,

6))
(d) find the distance OC.

2
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Question 7 continued

Leave
blank

26

P 6 9 2 8 9 A0 2 6 2 8

ELEm

XRXXKS

%
o

55
SEEEBBBB5
Sgososetetese’s’
Sasotetoress
XX

bt
%%
28

<5
S
5
55
%
%
0
%

X
25
2
%
5%
55
5
2
o008
25
5

boses
2K
b9%es

0:':::

00 %% %%

X IRKRKRK KK

SIS

<
0%

KRR
IR

S lototototete!
QRIKKK,
09%0%s

X
X

IR IHKK
XX

%%
0%



Leave
blank

Q38

XX
K XK
SRR

XX X XK
RIS
XX

XXX

25
X5
QL

RRLRLLLS

Question 7 continued

255,
%

%S

255

QR
‘0.0‘0‘0‘000 XX

o

e
XX
bt

r
)
o0

predece
1930300
1% %!

IR
IgOOSeetesetereeetetetotetes
=N
&

0009 %%
696%%%%
A

0,000
2288

o
%

XX
SoZogetege
S0

RRKS

000

2%
XXX
SRR

o20te%e%e
200
hoe% &
02
K

%
X
b0t
%5
13
55

OO0

p959%s
S
KK
RRKS

%% %%
QU
<5
0K

%
X
5
X XK
R

%%
5
000

000,
<

XX X

‘*“:&t

27

acom R A Tum over v
P 6 9 2 8 9 A0 2 7 2 8



Question 7 continued

(Total 16 marks)

LeaveN
blank

Q7

TOTAL FOR PAPER IS 75 MARKS

END

.

28

P 6 9 2 8 9 A0 2 8 2 8

ELEm

SRS
Doger =08
0% % %%
SSRGS
Bototvar 0%

QRLLEKL
oo
oo %%

<
38
29588
o900
<

AL
LIRSS
o190
| 4] 0totetetatetetototetesetetotototeseosteds
B RRRRIIIIIIILLLLLLE
RRRIRIIIIIIILLLLLLLLL

QG
-
oot

NN
RBLS
et
F O
5%
2

%

<

> %
< <
S
PO st
ooeTciods

Pee%%%
QL
QRARKKL



