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1. Anparticle A 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.

Immediately before the collision, the speed of A is ku and the speed of B is u.
Immediately after the collision, the speed of A is v and the speed of B is 2v.

The magnitude of the impulse received by B in the collision is ) mu.

(@) Find v in terms of u only.

©)
(b) Find the two possible values of k.
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Question 1 continued
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Question 1 continued
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600kg
g ==

Figure 1

A van of mass 600kg is moving up a straight road which is inclined at an angle « to the
. . 1 . : . .
horizontal, where sina = 5 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 12 kW.

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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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 3Ns.

The angle between the direction of motion of P immediately before receiving the

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

SLRRK
) e
Joteotetess

B
X
255

&
< A

AKX

KK

2S5
S
oo 3%

in Figure 2.
Find the speed of P immediately after receiving the impulse.
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Question 3 continued

(Total for Question 3 is 5 marks)
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Figure 3

Two smooth uniform spheres, A and B, have equal radii. The mass of A 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, A 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 A is turned as a
result of the collision.

(if) Find, in terms of m and u, the magnitude of the impulse received by B in
the collision.

(9)
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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.

(@) Show that the speed of Q immediately after the collision is %(9e + 2)

(6)

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 Q 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.

(4)
yAVY V3

O\

o) o ¢
' 4 [ Q y
\ YUm )

\ 3m )

\
N NS

\4 W

& \
\ 4

w

%

(LM: (= +) O

Emu - Ymu = =3my + Ymw ()

n

—2v+Yw

2u (D

NLK:

= Vtw ()

Tut+Wk

Zou=Vvt+w 2 Jew=3v+3w®@ ()

®+@Z -3y + 4w +Bv +8w = Z2u + 9en @

Fw=u(9e+2)

wW=u (Qe+2) ()

7.

b) Method: fnd v , find w' qndl sek w' >y
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23118
A 2kg

3m

Figure 4

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

Initially A is held on a fixed rough plane. The plane is inclined to horizontal ground at
3
an angle 4, where tané = 2

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

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

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

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

(6)

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

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

Ignoring air resistance,

(c) use the work-energy principle to find the value of d

(4)
&) Aond B hove tne same KingHc enecyy, so energy
losk by syskem = GPE (ost by B-GPE gained by A
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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 A 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
(5)

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

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

(6)
In reality, the spring is not light.

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

A

Q) sprny: o 10

(=a a

A="

— N |

EPE ak R: 2@1 =

2L

/

z ,\(0\)1 =

EfcakA: Mx” t i S
R P O e

A

EPEak B + GPE ok B = EPEak A + GPE ax A
0) 0 0

250 +0 = 1 da +mg(3a)

24

p 7 2 0 9 2 R A 0 2 4 3 2

PMT!

SLRRK
SR

XXX
KL

Jatsteteleds
o3 e
o2, Jo&
Bo%et S 90%
D% <% Yo%
SN
SR
S 0%%%!
dotes e

UM
Bo%87 N\
o
DeSo 420 )8
Doovar fo%s
PLaset %t
SRS,




PhysicsAndMathsTutor.com PMT

( )

RS

K
XS

RIS
KK

CRRLRKR

QXXX

SRR

s
K

XX
%%
<1
e
&
XX

<
%
bosesess

5
RKIKRKILR

Question 7 continued

QK5
o0
oot
5
RS

SRS
of
GRS
RS
2555s

KL

%%
X X
XX
A
&)

%
5

DR
RERKS

i 2. 1"Yar

\

KK
X
~
N

5

Q5
355

<
X
KX
NETR
P

Totre

a
A g

5
58

4
ZRRKS

SRR,
qé?hd%%ﬁ'

SIS

IRRKRL

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

QL
T
%

(il
KE loefore + GPE before + EPE before = KE after + GPL ofter +EFE ofker

e
V4
%%

9%
i
\}
N ate
<

7

ORI
£ ootetose
( :
{

7!
NG

X
%)
b

N
3

2

S
¥
Roiet
RRRKRLRE

%%
b
92

S

<]
<
B
Yoo
o2

5555

pelel
P
GE5S
ptetete!

CRRLRAKKL

40X
SRS

CCRICIA

QIR

0%
000
XK
5

(X
55
So%ss
%

G0
ety

0%

, () .
0O+0 + ng(?.&)L ;J_I_. mv £ +ma( 2a- gc) +quIL (
20 2 i 20.

o%
RIRRRKARRAAK AN

X
oo
5555
KL

00
boes
oot
s
ot
ot
5

¢

3
3

0%}

0
o9

S
000}

X

X
5
RS

OIS
RSB
Eottstotetestototets!
B CRGLLRIKS
SN
Sototetatetetete!
KRR

vt o+

>

%

' (JLga (:E)
4

<
2R
b

Yog = _?‘_ag)a-
> 72

L
2

06K
RRERKS
QLS
X
ot
boses
CXX

o
53
RS

RRERS
fotetetotets
5%

0K
Dosetele’

(RS

2
SERREIER
bl

%
<

pososoressset
RS

(KL

LRRRLRS

K

. J
25

AR 0 A R 00 Y0 A —
Turn over »
P 7 2 0 9 2 R A 0 2 5 3 2 urnove

%
o%
o%




PhysicsAndMathsTutor.com

7

Question 7 continued

PMT!

LSRR
KRS,
LRI,
SRR
G,

boteres e8
AL0088
0000:

prosevasiies
SSSITHLS
s

B
o
S5

e
SSERES
S
b2,

:o,o
Sl S
GRS
oNTets
PO o 1598

dosorese

9

S S
PLe

%9,

0%
X

oo % el
SIS,
0% 1155
0.4-0 X

SRR
(90950509
o



00057
XKL,
pSetetetels
SERRRE
RS

CRRLRKR

<
<5

%

55

R
LXK,
5305

oot
5

SREILRLS
fotoses
GRS

25
<
RRRIRLLL L

o

L

s
S

<
0%
36 %6%6%

%
%
o0

<2
<

555
R

(>
betetetets
q . r

Pe0:s
‘I:“.

1%

9%

WX
b S
XK

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

290
“0.‘0'.0
K.

<X

<
RS
EAS
o ete%et
ZRRKS

09
o%

0
CRS
2K

OG0
DRI
S
A
o%
R

QX
2

0093

OO
SRR
K
Al

%%
<
<
0%t
HS-Al
04&5
AR

SRR
FLAY
%

<
SRSLERLLERE
AINOTX
2ANLIEY
ARSI
K85

EARK

N5
5!

P
5

2

00

0%
.‘0‘
03
%
KR

%!
S
e
S

%%
%

QIR
L

RSIRELIK,

OG0
2
58
%

55,

oot
Sotetete!

SR

0%

SSoetetetodetes
PRIZRKLLRRS

o%

2%
XS
o

G0
%55

fotes
055
&

hoses
9%

>
<
<
=
X
<
}v

<>

<
LR
po%e

e
5

&5

5
X
%8
$9%0%9
28

<
%
25
e
5
&5

&

5
5

%
2o

X
5

00

R
2355
XS
55
8

O
S5
5%
k<o
R
58

0
<
=R
2
S

RS

<
58
%
500
S
oSote%

OO %

020!

GO
RIS
XKL

RRERK
fotetetotets
KX

0K

0992

SHERES

<
S
2K
boos
&5
o

%
<

<
CRRRLK
000 %
RLARKS
CRRSKRS

o%
o%

PhysicsAndMathsTutor.com

s

Question 7 continued

(Total for Question 7 is 12 marks)

J

AN 0 A 00 O .
Turn over »
P 7 2 0 9 2 R A 0 2 7 3 2 urnove

PMT



PhysicsAndMathsTutor.com

<

R (i S

Figure 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 R_S) is in the direction of i and the vector S_T)
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 — 8])) 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,

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

. . 1 . I 1
It is now given that e = 2 and that the coefficient of restitution between B and ST is 3

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

0. 06

(3)

(7)

a) W=4-%y so v-=6t+ Bej

v (S Skeeper 2i + e N0
secand collislon B -

el 5 <3 9. N\~

6 2 3

0ce< 2 (i)

3
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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 75 MARKS
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