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1. [In this question, i and j are horizontal perpendicular unit vectors.|

A particle 4 has mass 2kg and a particle B has mass 3 kg. The particles are moving on a
smooth horizontal plane when they collide.

Immediately before the collision, the velocity of 4 is 5jms ™' and the velocity of B
is 3i—j)ms"

Immediately after the collision, the velocity of 4 is (3i + 2j)ms

(a) Find the total kinetic energy of the two particles before the collision.

3)
(b) Find, in terms of i and j, the impulse received by 4 in the collision.
(2)
Given that, in the collision, the impulse of 4 on B is equal and opposite to the impulse
of B on 4,
(¢) find the velocity of B immediately after the collision.
3)
. J
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2. In this question you must show all stages of your working. §§§§;‘§§§
Solutions relying on calculator technology are not acceptable. e
A particle P is moving in a straight line.
At time ¢ seconds, the speed, vms ', of P is given by the continuous function
Vel 0<t<k
where £ is a constant.
(a) Show that k = 4, explaining your method carefully.
3)
(b) Find the acceleration of P when = 1.5
3)
At time ¢ = 0, P passes through the point O
(c) Find the distance of P from O when ¢ =8
)
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Figure 1

A uniform circular disc C has centre X and radius R.

A disc with centre Y and radius », where 0 <r <R and XY =R — r, is removed from C
to form the template shown shaded in Figure 1.

The centre of mass of the template is a distance k7 from X.

(a) Show that » = LR
1-k
(b) Hence find the range of possible values of £.

The point P is on the outer edge of the template and PX is perpendicular to XY.
The template is freely suspended from P and hangs in equilibrium.

) 4
Given that k = 3

(c) find the angle that XY makes with the vertical.
The mass of the template is M.

(d) Find, in terms of M, the mass of the lightest particle that could be attached to the
template so that it would hang in equilibrium from P with XY horizontal.
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r

4.

A rough plane is inclined to the horizontal at an angle a, where tana :%
A particle P of mass m is held at rest at a point 4 on the plane.

The particle is then projected with speed u up a line of greatest slope of the plane and
comes to instantaneous rest at the point B.

The coefficient of friction between the particle and the plane is 1

3

(a) Show that the magnitude of the frictional force acting on the particle, as it moves

from A to B, is 4&
35

Given that u =./10ag, use the work—energy principle

(b) to find AB in terms of a,

(c) to find, in terms of @ and g, the speed of P when it returns to A.

(2)

C))

(C))
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r

5.

A particle P of mass m and a particle Q of mass 2m are at rest on a smooth
horizontal plane.

Particle P is projected with speed u along the plane towards Q and the particles collide.
The coefficient of restitution between the particles is e.

As a result of the collision, the direction of motion of P is reversed.

(a) Find, in terms of u and e, the speed of P after the collision.

(6)
After the collision, O goes on to hit a vertical wall which is fixed at right angles to the

direction of motion of Q. The coefficient of restitution between Q and the wall is 3
Given that there is a second collision between P and QO

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

J

P 7 5 7 1 9 A 0 1 4 2 4

OO

R
Gl
S

9% %%

SRR
s
SRRBE
KRS
KRS
SRR
DoSetatetets

<

bavatotes
KIS
X
SR
1059, 105

RS
SRKK
SHELRIK



<
%

SRS

X
5%
s

%o
SRR
9
&5

CRERKRAL

K
5L

R RIIIILLLK,
CXELRS
SRRRHALS

PRRLRLLRRS

oSotesotesetetetetet

<X
<X
2

%
%%
K
<
L

RIS
AP
\E  Rotetesesetetes

2
s,
S8

Soderee
K

<

>
RKLLS:

2
%
osees
Doegoses
KR

(LS
K5
9508

S
SRKR

'
258

X
(RS
%&&&p
odedslodel
255

%
BRI

' K&
UGS
LRLRIRRKRIRLRKRRS

0%
RERRK
25
IS
55505

%%
X

<
R

XL

%

<
e S 4 KN
%% e %
% KKK
% RIS

5
00&%%‘
0500 0.0
KHRKK
oolete%e
pteteteds!

2K

(XK
ot

CKKS

X
%!
S
‘gqp XD
0%
KL

S
%

bt
5

0%
XS
o
35S
RS

%

<

%
)
0

OIS
LK, 8

G G
RS <
S

SIS

bS5 B L0 VIR

SR I

SootoeieriteoetuaSeitosserel
RRAHARERRKHRRRARIKKRKK oSS

oo
s %&p %,
Detetoteletetetes
500t ttebetetete!
KL

oo’
pogole!

0%

~ ™~
Question 5 continued
\_ y
15
acoE DD R .
P 7 5 7 1 9 A 0 1 5 2 4 Turn over



~ ~
Question 5 continued
\_ y

16

P 7 5 7 1 9 A 0 1 6 2 4

OO

LSRR

S
S
IR
dtosetees
S
LK
D Setatetes
dtotetees
KRS
SRR
DoSetatetets

SRS
0 k%
KRS

X
s
e "
e

R

y 9%
U
SIS
SRBRL



<
%

SRS

a N

X
5%
s

%o
SRR
9
&5

IR LLIXKL

Question 5 continued

CRERKRAL

ool

PRRLRLLRRS

SLIILILIRY

KA
SRS
R RIIIILLLK,
CXELRS
SRRRHALS

P00
%000 %% %%

=]
R
030300
bo%

%%

KRR
) -

o
kR 0N
bosastetes
CRIOREKS

ptetetele!

(XX
e
E N
<D

2
%
osees
Doegoses
botorote%s

LRIRHRLRLRIRLRLLS,

25
Sodeteletet
Dedetolel
S5

$%e%

RR858
X
0es

<5
o2

%
G
S
S

o9%
K

X
%‘

X
05
X

o020
o ‘0.0‘

éw

s

%

<
e S 4 KN
%% e %
% KKK
otk otototetetsts

5
oS
0500 0.0
KHRKK
G
pteteteds!

2K

(XK
ot

CKKS

X
%!
S
0.0‘0 X
0%
KL

S
%

bt
oo

QLS
XS
o
35S
RS

%

CORAIEKIR

N
»
o

O
KK
S0
IS
XL

‘0‘&' LI ENNTR YN
EERRRELLIRES %5

o5
<5
SR

dodels
S

K
%!
ootelodet

(Total for Question S is 11 marks)

s
XXX,
%

%%
XA

0%
255
ISR
SRS

0%
SR

. J

17
o NN KO D OO0 -
P 7 5 7 1 9 A 0 1 7 2 4 Turn over

oo




A
Figure 2

A uniform rod, 4B, of mass m and length 2a, rests in limiting equilibrium with its end 4
on rough horizontal ground and its end B against a smooth vertical wall.

The vertical plane containing the rod is at right angles to the wall.

The rod is inclined to the wall at an angle a, as shown in Figure 2.

The coefficient of friction between the rod and the ground is %

(a) Show that tana = %

With the rod in the same position, a horizontal force of magnitude kmg is applied to the
rod at A, towards the wall. The line of action of this force is at right angles to the wall.

The rod remains in equilibrium.

(b) Find the largest possible value of .

(6)

C))
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7. [In this question, the unit vectors i and j are in a vertical plane, i being horizontal and 35

KRS
258

. . . $94%
j being vertically upwards.] X

Qui + uj)ms™

K
<
0
K=

RC
80m

SRS

A
v

Figure 3

A golf ball is hit from a point O on horizontal ground and is modelled as a particle
moving freely under gravity. The initial velocity of the ball is (2ui + uj)ms™

The ball first hits the horizontal ground at a point which is 80m from O, as shown
in Figure 3.

Use the model to

(a) show that u = 14

(6)
(b) find the total time, while the ball is in the air, for which the speed of the ball is
greater than 74/17 ms™
(5)
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Question 7 continued
(Total for Question 7 is 11 marks)
TOTAL FOR PAPER IS 75 MARKS
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