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Whenever a numerical value of g is required, take g = 9.8 ms™ and give your answer to
either 2 significant figures or 3 significant figures.

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

1. A small ball of mass 0.3 kg is released from rest from a point 3.6 m above horizontal ground.
The ball falls freely under gravity, hits the ground and rebounds vertically upwards.

In the first impact with the ground, the ball receives an impulse of magnitude 4.2 Ns.
The ball is modelled as a particle.

(a) Find the speed of the ball immediately after it first hits the ground.

(3)
(b) Find the kinetic energy lost by the ball as a result of the impact with the ground.
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Question 1 continued
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Figure 1 shows a ramp inclined at an angle € to the horizontal, where sin 6 = 2 5:' =
= =
s 20
A parcel of mass 4kg is projected, with speed Sms™, from a point 4 on the ramp. ; 2
The parcel moves up a line of greatest slope of the ramp and first comes to instantaneous T 8
rest at the point B, where 4B = 2.5m.
The parcel is modelled as a particle.
The total resistance to the motion of the parcel from non-gravitational forces is modelled
as a constant force of magnitude R newtons.
(a) Use the work-energy principle to show that R = .8 5 %
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After coming to instantaneous rest at B, the parcel slides back down the ramp. The total
resistance to the motion of the particle is modelled as a constant force of magnitude 8.8 N.

(b) Find the speed of the parcel at the instant it returns to 4.
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(c) Suggest two improvements that could be made to the model. /
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Question 2 continued
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P 6 0 2 0 6 A0 6 1 6

V3UY SIHL NI ILIYM 1ON 0d

[
%

o%

H3
o

A\

%
0%
N

38

.\
S
LR
% e
Tk
LK,
58K

XX
XX

B

3
S
X

Sodotese
.0

% i
S
W<SK
SN
RIS

DO NOT WRITE IN THIS AREA

CRRRIRRE

0%
%%
o2

o

,.
%
o
0R
oodele!

5

XXX
NS
SO

<
oE |
=7
K
%%

X
>
s

0
%
]

25
3
o

5%

2
3
%5

%%
(555
255
0ol
0%

%
&

X
3553
XX
X
s
X

00
20508
XXX
0o %%

XX
0%0%¢
\‘,0
oo
X



www.mymathscloud.com

e

Question 2 continued
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3. A van of mass 750kg is moving along a straight horizontal road. At the instant when the
van is moving at vms ', the resistance to the motion of the van is modelled as a force of
magnitude Av N, where 4 is a constant.

The engine of the van is working at a constant rate of 18kW.
At the instant when v = 15, the acceleration of the van is 0.6 ms?

(a) Show that A =50

The van now moves up a straight road inclined at an angle to the horizontal, where

- 1
sina = —
15

At the instant when the van is moving at vms™, the resistance to the motion of the van
from non-gravitational forces is modelled as a force of magnitude 50v N.

When the engine of the van is working at a constant rate of 12kW, the van is moving at a
constant speed V'ms™!

(b) Find the value of V.

C))

(o) Diogrom To ger D we will use Pouor
0.6pi'15ms’

1295 Formulo. for Power-.

— Power (w) ~ P= Dy 81

\ ol en

¥ /
¥50q Driving force(n) ~ velocity(mi)
P=1Bkw — 1050 - 19 000w

V= (5ms' 18000 = 15D

D=D D=1200N

D=1 = ¥50(0.6) ) Solue for o WA

1200 - 15. = 450 A1

15 = 350

=250 hence showwn A1
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Question 3 continued
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Question 3 continued
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Question 3 continued

(Total for Question 3 is 9 marks)
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4. A particle P of mass 3m is moving in a straight line on a smooth horizontal floor. A particle O

of mass 5m is moving in the opposite direction to P along the same straight line.
The particles collide directly.

Immediately before the collision, the speed of P is 2u and the speed of Q is u.
The coefficient of restitution between P and Q is e.

(a) Show that the speed of Q immediately after the collision is %(9.9 +1)

(b) Find the range of values of e for which the direction of motion of P is not changed as
a result of the collision.

When P and Q collide they are at a distance d from a smooth fixed vertical wall, which is
perpendicular to their direction of motion. After the collision with P, particle Q collides
directly with the wall and rebounds so that there is a second collision between P and Q.
This second collision takes place at a distance x from the wall.

1 . _ 1
Given that e = 3 and the coefficient of restitution between Q and the wall is 3

(c) find x in terms of d.

(6)

2

(6)
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Question 4 continued

(a) Diogram e
Before 5 After
M ¥, Y,
m Sm Im 5m

We con use the consevvakion of Lnear momentus to Qet tims.
consevvokion of Lnear momentum paeans: the totol mMomemkuwm befove the
colision s the same as the total momentum ofter. M

Substitute 3+ TMEU = 3mvpt Sm\g
M = 3yptSUqg €41 M
We con wuse Newton's Low of Resvtunion %0 get an equation.
Newton's Low of Restitunon stakes thak: when two objects collide, theirspeedsatter
the collision depend on (1) Speeds Defore the collision and (2) the mokeriak fvom whichthey’re made.
M1

Substitute : e(2u-(-W)=Vq-Vp
Jew= Vg-Vp €q2 M
Solve sicwnkomeously  Eqi omd Eq2:  (we've looking for VUg)
M = 3\ptSUq
em= Vg-vp x3l Gew=3Vg-3vp © elimination matnod
Gew+u = BUg
U(de +) = 8Vgq
=M (qe+1) heunce shown M1A1

(b) Llet's get Vp: Vp=Vq - 3ew
Vp = %Lqem-%w.
Vp = q_%&. -3eu~_'§l—7 Vp z %.u-\se)
For it tonot changedirection, Vp > 0:
1-15¢ >0 — ec<L
As eis o coegficient of restitution, it must be \agger thano.
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Question 4 continued

(¢) Dingramn < 4, P does aok change directionas 0tec<y3
co‘:\‘n’ col.2 v@ * VP4
e, ol-2_va Vo= 5‘%
3@ @m Get Wgq: '3 X 3|_6 z _l‘lz (and it changen direction)
m
‘V\_‘_Q WQ s %—6 81
Lagter wou .
: : . . _ distance
We wil ute time to get distance as  time= ‘;W

for Q, to wall and back:

v w
6 16 A1
For P, wp to pot x.
distance = d-x ]—Subm\uxe: tz 9% - ‘%”‘): t time for P toget t 2™ collision
= M 4%
speed = 25 B

Equate the timen for Pand G (O those ave the timgs taken +o reach the same point
(the Spot Of collision 2) they must \oe equiat).

16d b x . 48(d-x)
T S
164 » 48 x- 144(d-x)
160 + 48x = \a4d - W4x
Q%= 128d
x=_128 d
192 )
x=2d %0 ‘evms of.d
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Question 4 continued
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Question 4 continued

(Total for Question 4 is 14 marks)

TOTAL FOR FURTHER MECHANICS 1 IS 40 MARKS
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