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1. A particle 4 of mass 3m and a particle B of mass m are moving along the same straight
line on a smooth horizontal surface. The particles are moving in opposite directions

towards each other when they collide directly. 5
Immediately before the collision, the speed of 4 is ku and the speed of B is u. :7% 5
Immediately after the collision, the speed of 4 is v and the speed of B is 2v. :;;
3 o
The magnitude of the impulse received by B in the collision is 5 mu. E'-;'
) »\.\
(a) Find v in terms of u only. :igi’\;
(3) m ;
(b) Find the two possible values of k. S
(5) %
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Question 1 continued
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Question 1 continued
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Question 1 continued
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Figure 1
A van of mass 600kg is moving up a straight road which is inclined at an angle a to the
1
horizontal, where sina = Th The van is towing a trailer of mass 150kg. The van is

attached to the trailer by a towbar which is parallel to the direction of motion of the van
and the trailer, as shown in Figure 1.

The resistance to the motion of the van from non-gravitational forces is modelled as a
constant force of magnitude 200 N.

The resistance to the motion of the trailer from non-gravitational forces is modelled as a
constant force of magnitude 100 N.

The towbar is modelled as a light rod.
The engine of the van is working at a constant rate of 12kW.

Find the tension in the towbar at the instant when the speed of the van is 9ms™!
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Question 2 continued
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Question 2 continued
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Question 2 continued
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2.8ms™!

3Ns

Figure 2

A particle P of mass 0.5kg is moving in a straight line with speed 2.8 ms™' when it
receives an impulse of magnitude 3 N's.
The angle between the direction of motion of P immediately before receiving the

VAUV SIHLNI JLIMM LON.O

: . . : : 4
impulse and the line of action of the impulse is @, where tana = 3’ as shown

in Figure 2.

Find the speed of P immediately after receiving the impulse.
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Question 3 continued

~Method 2 - use cosine rule

- Diagram

UIEINTHISARER

35353
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48 Formulo. for cosine yule

, // c*z 0% b*- 2abcosc  EMY

7( 6 v Qubst ituke:

)‘74(“ v? :6‘+2-8l-2(ﬂlzj)ms(11-a)

Litllsg(_-‘ov'\l M1
- 36+

- 0

Nz 343.84- 35.5| costrcosox + %’;zﬁ;s'mg'] = Cosacoc +snasin8

N1z 36+3.84-33.6(- %)

Nz 36 ¢3.54+20.16

vi= 64

v= Bms’  Speed after A1

(Total for Question 3 is 5 marks)
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Figure 3

Two smooth uniform spheres, 4 and B, have equal radii. The mass of 4 is 3m and the
mass of B is 4m. The spheres are moving on a smooth horizontal plane when they
collide obliquely. Immediately before they collide, 4 is moving with speed 3u at 30°
to the line of centres of the spheres and B is moving with speed 2u at 30° to the line of
centres of the spheres. The direction of motion of B is turned through an angle of 90°
by the collision, as shown in Figure 3.

(i) Find the size of the angle through which the direction of motion of 4 is turned as a
result of the collision.

(i1) Find, in terms of m and u, the magnitude of the impulse received by B in
the collision.
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Question 4 continued

G) Diagram
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draw a diagram to visualize the deflection:
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Question 4 continued
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Question 4 continued
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r

5. Two particles, P and Q, are moving in opposite directions along the same straight line
on a smooth horizontal surface when they collide directly.
The mass of P is 3m and the mass of Q is 4m.
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 O immediately after the collision is %(9e + 2)

After the collision with P, particle Q collides directly with a fixed vertical wall and
rebounds. The wall is perpendicular to the direction of motion of Q.

The coefficient of restitution between O and the wall is %

(b) Find the complete range of possible values of e for which there is a second collision
between P and Q.

(6)
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Question 5 continued
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Question 5 continued

(b) Dingroum
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Question 5 continued
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3m

Figure 4

Two blocks, 4 and B, of masses 2 kg and 4 kg respectively are attached to the ends of a
light inextensible string.

Initially A4 is held on a fixed rough plane. The plane is inclined to horizontal ground at
3
an angle 6, where tanf = "

The string passes over a small smooth light pulley P that is fixed at the top of the plane.
The part of the string from A to P is parallel to a line of greatest slope of the plane.

Block 4 is held on the plane with the distance AP greater than 3 m.
Block B hangs freely below P at a distance of 3 m above the ground, as shown in
Figure 4.

The coefficient of friction between 4 and the plane is u
Block 4 is released from rest with the string taut.
By modelling the blocks as particles,

(a) find the potential energy lost by the whole system as a result of B falling 3 m.
3)

Given that the speed of B at the instant it hits the ground is 4.5ms™' and ignoring
air resistance,

(b) use the work-energy principle to find the value of u
(6)

After B hits the ground, 4 continues to move up the plane but does not reach the pulley
in the subsequent motion.

Block 4 comes to instantaneous rest after moving a total distance of (3 + d)m from its
point of release.

Ignoring air resistance,

(¢) use the work-energy principle to find the value of d
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Question 6 continued

o 15: PE | -
P =9 Formula for GPE )
h - Ve cal height
J ;
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Question 6 continued

VAN SIHL NI SLEM ION G,

potentiod Qlﬂ.Sth

potentiod
potentiaatis Sine it leaye:
for K=, ‘ ' hange in ( o elasticity
-1 2 - . __change | = I :

LRI

I ‘i‘>‘~ RIS
VIV SHINIILEMIONOD

Z l ) L - ZI.

Diagram e
R=lgcoc0 2 A% twn_ﬂ-. 3 S / 2
h 4 /{ o

-------

- the total KE gained on both go from et (Omf') to 4.5ms'"
OKE= 4 (6) (4.5)" = 60357

2t4kaq B1
J

from (a), @PE lost= B2.37
.10 ouy gq“g;jm- GPE lost - WD b!j [mhm' KE 9qingd M1
82.3 - %pg_eus—')moshm—

82.3-6035= 4%.04p A1
w=0.452 % 3sf A

vavswvammioves
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Question 6 continued

A1
$°a ' o
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(S C X

0:=4.03m to 3sf{ /1

(Total for Question 6 is 13 marks)
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7. A spring of natural length a has one end attached to a fixed point A. The other end of
the spring is attached to a package P of mass m.
The package P is held at rest at the point B, which is vertically below 4 such that
AB = 3a.
After being released from rest at B, the package P first comes to instantaneous rest at A.
Air resistance is modelled as being negligible.

By modelling the spring as being light and modelling P as a particle,

(a) show that the modulus of elasticity of the spring is 2mg

(b) (i) Show that P attains its maximum speed when the extension of the spring is 5 a

(i) Use the principle of conservation of mechanical energy to find the maximum
speed, giving your answer in terms of @ and g.

In reality, the spring is not light.

(c) State one way in which this would affect your energy equation in part (b).

C))

(6)

(D
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Question 7 continued

potentiol elastic potentiod

potentiol fina) grav. potential

potentiod  elastic o potentiol

(
KE=1 way? veloity GPE- mgh — et = 2% —ext
2 | 2l

cdl\?in

potentios
0 r E: modulus of elasticity

mass massj - %:‘\.Bm'sl natural length ~/ String/spring

Dic.gram 0f the String/spring

-1t moves {rom vest tovest .. AKE=0

Subsiitute:

Jo

2 Al %MD-:_"‘_“)I_ngﬂn) solve (or o (M1A1
ot 20 L 26 ) )
& L . J

1 GPE=0 at B at-A

2 4o%a_pa M1AY
26

- AQ
2a’a._3.z_1-3mga.

3dr=3mgd  cancela's
z

AS
4

3 x3mg
z2mg hence shown (A%

W
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Question 7 continued

(b) At equilibrium the speed is maximum gnd ZFy:0.

) G
1l=o. * . %
. =mg i =
[}
2 : : 2mgx =
F for T: vpg = cancel my :_gl
8 m; GPE=0 when speed o= X I'Eﬂ
=2m9% M) is moximum 2z 2 oxtension —
Y 2 X
M :
Now we can use the WE principle fo get the maximum speed (occurs ax equiliorium). =
>
Rlook at WE - formuuloe and explanaktion above in part ().
Substitute: it Sed
I3
*‘ 209% +mglaayx) + fmV* - 2maCad [y
distance_moved
from 8 o eq\uhbr ok B
|
' ]
o @)
o 2
Now solve Lev V: x=F O
e 4«’ =
qu + zmgu qu+-mV m :Eu
m (— ...zmso,+_'.m\l = 4anig+ mg(—) cancel m's ,.:'..,
a‘q +209*L iyt = 4oq +~o,9 E
ek -us«-Zag-»'Vl a 509 A\ %
L lag-Lag i
T =
s ‘l 8
z Each “'“9
- 9
] \' qqe
'I.
*lag
vz 31_; ms' mox Speed A4
(0) Wowd need to: g
= consider GPE o SPring in the energy equation Z
= consider KE Of spring in the energy equakion ;
=2 the extengion ok equiibrium will be diggerent B1 ’_—°|
I
Z
]
T
7
>
X
T
>
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igure 5

Figure 5 represents the plan view of part of a smooth horizontal floor, where RS and ST
are smooth fixed vertical walls. The vector RS is in the direction of i and the vector ST
is in the direction of (2i + j).

A small ball B is projected across the floor towards RS. Immediately before the impact
with RS, the velocity of B is (6i — 8j)ms'. The ball bounces off RS and then hits ST.

The ball is modelled as a particle.
Given that the coefficient of restitution between B and RS is e,
(a) find the full range of possible values of e.
3)

1 . 1
It is now given that e = 1 and that the coefficient of restitution between B and ST is 5

(b) Find, in terms of i and j, the velocity of B immediately after its impact with S7.
(7)

(a) For the ball to collide with ST, the vector v must have O SmaMer 3:v vatio with s
components than the wal ST.

For the waM ST the ratio is: ’_l =2
For B:
Diagram Perpendicutor 10 the wall wse  NLe and change diection:

xex-4= Be |-component B
- B's veloaty after colliding with RS:

6
v = (se)
- povaslel to the waut The ratio is: ’—l = g';
01 theveis mochange  (ompore The vaties:
\ R A 3
. \_tomponent 6‘6’('7'._’ e

As e \s o Coefficient of wstturion it Meeds to e \awger than Q.

o<g<% Bgm}p&m'?- B1
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Question 8 continued

0 1]
W w = Vi w2 paraller vector to wall
N)N NN
e o0 ! L‘.l d
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T wam vectors
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Question 8 continued
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Question 8 continued

(Total for Question 8 is 10 marks)

TOTAL FOR PAPER IS 7S MARKS
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