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In this question you must show all stages of your working.
Solutions relying entirely on calculator technology are not acceptable.

A particle P moves on the x-axis.
At time ¢ seconds, 0 < ¢ < 3, the displacement of P relative to the origin is
x metres where

x =2t — 148 + %ﬁ +14¢

(a) Verify that P is at instantaneous rest when ¢ = 2

3

Given that this is the only value of 7, in the interval 0 < ¢ < 3, for which P is at rest,

(b) find the total distance travelled by P in the interval 0 <7< 3
2

(c) Find the magnitude of the acceleration of P when ¢ = 1.5
3
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2.

[In this question you may use, without proof, the formula for the centre of mass of a
uniform sector of a circle.]

Figure 1

A uniform square lamina ABCD has side 2a.
A semicircular lamina, with diameter 4B, is removed from the square lamina.

The semicircular lamina is then attached to BC to form the uniform lamina L shown
shaded in Figure 1.

The centre of mass of L is a distance x from AD.

(a) Show that

The lamina L has weight W.
A particle of weight kW is attached to L at D to form a loaded lamina.

The loaded lamina is now suspended by two light vertical strings with the first string
attached at 4 and the second string attached at B.

The loaded lamina hangs freely in equilibrium with DC horizontal.

Given that the tension in the string attached at 4 is 47 and the tension in the string
attached at Bis T’

(b) find the exact value of k.
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Question 2 continued
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3.

[In this question, the unit vectors i and j are in a vertical plane, i being horizontal and
j being vertically upwards.]

The point 4 is on horizontal ground.
A ball is projected from 4 with velocity (8i + 14j)ms’’
The motion of the ball is modelled as that of a particle moving freely under gravity.

(a) Find the maximum possible height of the ball above the ground.
(2)

(b) Find the speed of the ball 2.4s after leaving 4.
3)

The point B is also on the horizontal ground.
The point C is 3m vertically above B.
After the ball reaches its maximum height, the ball passes through the point C.

(c) Find the distance AB.
3)
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4. The combined mass of a cyclist and her cycle is 70kg.

The cyclist travels on a straight horizontal road with constant acceleration 0.4ms
The resistance to the motion is modelled as a constant force of magnitude 30 N.

(a) Using this model, find the rate at which the cyclist is working, at the instant when
her speed is 5ms’

The cyclist travels in a straight line down a hill from a point 4 to a point B,
where AB =250m

« at the instant she passes 4, her speed is Sms ™' and she stops pedalling
- at the instant she passes B, her speed is 8§ms'
+ the resistance to the motion is modelled as a constant force of magnitude 30N

(b) Use this model with the work-energy principle to find the change in vertical height
from A4 to B.

The cyclist travels up a hill from a point C to a point D, where CD = 200m.
« she travels from C to D with constant speed, 8ms"'
» she travels in a straight line at 5° to the horizontal

 the resistance to the motion from non-gravitational forces is modelled as a constant
force of magnitude 30N

(c) Use this model to find the total work done by the cyclist as she moves from C to D.
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5. A particle P of mass 0.5kg is moving with velocity 6ims ™' in the xy plane.
The particle receives an impulse (ai + bj)N's, where a and b are constants.

As a result of the impulse, the direction of motion of P is deflected through 45°
The impulse has magnitude ﬂ Ns.

Find the two possible impulses, giving your answers in terms of i and j.
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0.8d

2d

Figure 2

A uniform rod 4B has mass m and length 2d.

The rod is held in equilibrium in a horizontal position, with the end 4 against a rough
vertical wall, by a light inextensible string.

One end of the string is attached to the rod at B.

The other end of the string is attached to the wall at the point C, where AC = 0.8d and C
is vertically above 4, as shown in Figure 2.

A particle of mass km is attached at B and the rod 4B remains in equilibrium in a
horizontal position.

The particle, rod and string are in a vertical plane perpendicular to the wall.
(a) Show that the tension in the string is

mg29

4

(2k +1)

The resultant force acting on the rod at 4 makes an angle 6 with the horizontal.

(b) Given that tanf = — , find the exact value of £.

0| —
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P 0 R

Figure 3

Three particles, P, O and R, lie at rest on a smooth horizontal surface.

The particles are in a straight line with QO between P and R, as shown in Figure 3.

The mass of P is 2m, the mass of Q is 3m and the mass of R is 5m.
The coefficient of restitution between each pair of particles is e.
Particle P is projected with speed 2u towards Q and they collide.

(a) Show that the speed of O immediately after the collision is

4?”(e+1)

In the collision, the direction of motion of P is reversed.

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

In the collision, the magnitude of the impulse exerted on Q by P is % mu

(c) Show that e =

v |

(d) Determine, with clear reasoning, whether there will be a second collision between

P and Q.

P 7 9 5 06 7 A 0 2 4 2 8

C))

3

&)

(6)

L]

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od



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

=
2
%
6%

QL

O
0%

%
ote%e%

::g e\0e
< m——
S

<
0.0‘::0’0

S5
SRS

SEERXRKS

SRR

0 00000, .0 00009999,
0.0.0.’.0‘00 KX ‘2.0‘0 b
NOT-W

\

080 vertd

X KKK

S

X
ptetoetetel
<N
o
55

< X
®
e
X
o%!

RS
002008 s
K
)
RS
RIS

255
0::.0
5

8

R oot
TS
ts 1 € 0
S

~ \
Question 7 continued
\, J
25
e DA R 0 .
P79 506 7A@ 25 2 8 Turn over



7

Question 7 continued

26

P 7 9 5 0 7 A 0 2 6 2 8

L]

QXHXXK
KRR
CHRXRS
GRRXRS
RRRS
KRRHES
HRKS
poososetees
CHRXRS
GHRXRS
RRRS
XK
QRRRS
KK
RS
CHHXRS
KLRRES
RKLRHES
ZHXRA

555
boss vz
9>

¢
<55
&’

et
%S

%
%
X ;:‘;
5

0% %%

2% %

SRXSM
SRR

000009000 %000 0% 0
030%%% %% v
RIS
ISR

9
0
(0.0 00000000,
SRR
O 00000090,

IS
XX KKK
KKK KX
(00,000,
R8BS
S5,

.Y
0% %
Dose%0%
Joss & Js

<X
NS

%
o5

%
XK
o%

GG

potetototototototoroseseseses

2959593 ettty
ooteh Vot e b
oSetetoreds
0RERTRRD

dtetoete%!
LR
o20teteloete%e%

ol ot tetetetetese!

(%
0908
295959

OO
RS
030!
XX
5

0
%
4@@%
55
35S

6%
o208
5
oS etotetotetetotetotetetote!

X8
RRRRRKKS

o%
%% %%
SRR

X
55
X5
35
3RS

PO 4
00029 9208
-

o
S
QX 5

X
X%



2

%
35
doss

2 M

0
bo%es
R
2
o0’

850 coconcec
.~ DONOTV
St

XX
0%

o96%% %%
0902090002090 %0%6%9%4%%
Jototetotototoretet s te’

oY
o9e%
o5
%
%

0.0....
0.0‘0.0
Satosetets

S8
S

¢
%
5

9.0
SRKL
35555
XS

w&&%&
RRRKKS

%%
%%
0% %
‘ﬁ%

o%

%
0%
0ed%

o5
3353

Y088

XXX
B
AR

XX
0“0

0.0 0%

RREXK
o
%!

D

o
%
RRRKKS

%%
K
XX
ol

35S
]
)

oS

095 < W
SIS
SRS
LXK
BO%8 V' 008

0 00009999,
$9:0.0.0,9.9.9.9.9, XX
e

2NN
CXIHK I I K
SRR

0>
%!
J
*
039

ol

RN
ORI
3 %

A
000

oo%%
D
3

OO0
S8
oSoteteteted
RKEL
SRR

oo
LY

X XXX

SRS

P6%6%%!

XX
335
X XK
XX

XS
8%

% ﬁ%&
o

Question 7 continued

e

P 7 9 5 0 7 A 0 2 7 2 8

27

Turn over »



~ ~
Question 7 continued
(Total for Question 7 is 17 marks)
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