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Answer all questions in the spaces provided.

1 In this question use g = 10ms—2
A particle of mass 2kg is attached to one end of a light elastic string of natural length
0.5 metres and modulus of elasticity 100N. The other end of the string is attached to
the point O.

Find the extension of the elastic string when the particle hangs in equilibrium vertically
below O.

Circle your answer.
PP PP DYDY [1 mark]

0.01m 0.2m 0.4m

\?/23 F-‘_k =W\3

J
100X = 2x/0 = x=0.l n
o.5 _—
2 An object moves under the action of a single force F' newtons.

It is given that F = 6x2, where x represents the displacement in metres from the
initial position of the object.

Find the work done by F' in moving the object from x =1 to x =2

Circle your answer.

12J 18J 424

[1 mark]
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3
Do not write
. i i outside the
3 The time taken for the moon to make one complete orbit around Earth is box

approximately 27.3 days.
Model this orbit as circular, with a radius of 3.84 x 108 metres.

Find the approximate speed of the moon relative to Earth, in metres per second.
[3 marks]

Perioo\ =T =072 x 24 x Zeos
= 2358700

Uz tor = A g
T

= 2w x 3.84 x!og
2358720

= lo22. .903s14...

~ 020 ¢!

—

Turn over for the next question
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A particle P, of mass m kg, collides with a particle Q, of mass 2kg

Immediately before the collision the velocity of P is {

5]
is ms
5

As a result of the collision the particles coalesce into a single particle which moves

4
2] ms~1 and the velocity of Q

k
with velocity {0} ms~', where k is a constant.

Find the value of %.
[4 marks]

Bg consServaktion 07(: JQ.Gvne_ar Mmu\ium .

Initiod Momestum = Final  Momestum
—_

-
P +p = 7D
D IPY [ Cu2)f

m () + 2(2) = e (%)

(—L;n:‘—-'.ﬁ - (k M°42k>

FVom U- com;oongi S,

—2m+lo =0

M:S

——

From x- Comiponenis‘,

4(s\-6 = Ck+ 2k

4 = Tk

k=2

p——
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A train consisting of an engine and eight carriages moves on a straight
horizontal track.

A constant resistive force of 2400 N acts on the engine.

A constant resistive force of 300N acts on each of the eight carriages.
The maximum speed of the train on the track is 120 km h—1

Find the maximum power output of the engine.

Fully justify your answer.
[5 marks]

7]

T ‘ -
000000 EXIZ elonlioioniioronliiore (OO0

Lhen the {vain  tvavels of max. Speed,

-\ Re sishve
Fovces

= 2406 + g(zes) = Y4860ON

M o 'powc.f ou;&rui,
P= Fu
= 406 N x  120x10°m
3600 s

= |60 ooo W
= [bo kW
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6 The magnitude of the gravitational force F' between two planets of masses m4 and m,
with centres at a distance d apart is given by

Gm1m2
F = 72
where G is a constant.
6 (a) Show that G must have dimensions L3M ~1T7-2, where L represents length,

M represents mass and T represents time.

F=GCGmme o = F&
A?. M,Mz
[G‘D = [Fl[a¥] . Cohere 2] re_lpVerthr Fhe
Em,] [m2) uns e meaqued in
ng aQe’l[fm%}m, [m]=[m) = M
(4= (Qfd)=t-L =¢*

[2 marks]

gj Neuston's 2 law, EFj: Ay
=M L T

= | 6])= MLT™ . L®
M M
=L3M-l_r-2
—
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6 (b) The lifetime ¢ of a planet is thought to depend on its mass m, its radius r, the constant
G and a dimensionless constant & such that

t = kmbGe
where a, b and ¢ are constants.

Determine the values of @, b and c.
[3 marks]

USIMCP OQIM&U\SIM‘A aMaqulr
(=7 [ =
(K] = Nene  [Oi)= 1 *M T
[M’j =M

Covnlpamngq unts on  edher ade,

T=m" (" L °T"2°
MDLOT’ - Ma- L +3c
Equmifmq) eXponents St time,
1 O ‘ 7
|= -2¢
= c="/.’l4
—_—
Ea{udimg eJt,Done«iT st Mmass,
(= a&-c
o= C= —Vz_
Eacgaimep aoenadr of /(e«(%ﬂ

O = b43c

b: —3< = 3/&
—

=-0.5 b=";, C="O.5
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7 (a)

In this question use g = 9.8 ms 2
As part of a competition, Jo-Jo makes a small pop-up rocket.

It is operated by pressing the rocket vertically downwards to compress a light spring,
which is positioned underneath the rocket.

The rocket is released from rest and moves vertically upwards.

The mass of the rocket is 18 grams and the stiffness constant of the spring
is 60Nm~"

Initially the spring is compressed by 3cm

Find the speed of the rocket when the spring first reaches its natural length.
[4 marks]

¢ ok hanie. y:

astie PE sprne = Owov. PE gmg.LLj_Long_.)(- —+

kE Qauned Iol-l Yocke*
J Y

N|—

2
<

kx? = meX + - myt
U

-.—2,—7: 60 x 0.031 -.—.0.0lgxq.gx 0.03 + E’-x 0.01& s V’L

0.027 =0.005292 4+ p.ooay*

vi=s 2.412

u

v= |.5630¢ru...

~ 1.6 ms' ({-e 2 s'F)

——
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7 (b) By considering energy find the distance that the rocket rises.
[2 marks]

Initiadd EPE = GPE o 'oeak of 'fnbr'eei'orj
! kx? = YV\C?’N
2 d

E"‘éo" 603 = 0.0l x 9.¢ .

h= 0©0.027 _ O.I63p¢122...
O.176¢
~ O.1C (7;2.9‘/:)
——
7 (c) In order to win a prize in the competition, the rocket must reach a point which is 15cm

vertically above its starting position.

With reference to the assumptions you have made, determine if Jo-Jo wins
a prize or not.

Fully justify your answer.
[3 marks]

- Accoroqma Yo ocur colcadations cohile Jo -To's yocket
theorets caﬂy IDa.cr'e.r |Sem in kecapM‘ oir _resistance
tas  not accomdcd\ '{';9( ond i qud lowe  the

: L\&gf\* Yeacied

— The rocket was modelled ar o 'oa,r'b'cle. The actual

Mmax. ’ne.g,l/d' eooeld. )&ef)eno(z en (ls  dimencons.

['E Xy UMMA, 'FO( To -0 B win ar the Hheydical
Max ['\e«ob\* lj‘ So  clese 4o 'é‘b\O- 'Dne- CUfO'H

EUen wﬂ- e added  dimengions n+ the  rockek
Our  yesistonee otierkehon  and ea?vw'mcnfai extor  woeld

Aikely ppevest  the  yocleat 'me L\f'('fc}w [Scm.
A 0
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8 (a)

Two smooth spheres A and B have the same radius and are free to move on a
smooth horizontal surface.

The masses of A and B are 2m and m respectively.
Both A and B are initially at rest.

The sphere A is set in motion directly towards B with speed 3u and at the same time
B is set in motion directly towards A with speed 2u.

Subsequently A and B collide directly. Ua g

3u 2u

OBRORICAS

A B

The coefficient of restitution between the spheres is e.

Show that the speed of B after the collision is given by

2u(2 + 5e)

3
[4 marks]

B:l conSeyyakion o‘Y /Qima.r Mowmdu.m:

‘Nq'ia)t Momu*uh = Fmﬂ\ Mow\edum

D (3\0 + m(F) = 2mU, + Vg

QUA-I'\)B’-'-‘ L"’l& — @

B:[ Newrons j\ow o'F gesfl.fuifon.'

e = S‘eparaf-'on s'pee& = Vg-Va
O—FFV‘MJA s‘reedl 3u42¢

= \Ug-Vp-= Ceuw —> @

@ + 2x @ - 3\JQ = L/‘u-l- |Oeu

Vg = 2w (245

3
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Question 8 continues on the next page
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8 (b)

Given that the direction of the velocity of A is reversed during the collision, find the
range of possible values of e.

Fully justify your answer.
[4 marks]

@:—Jt dc‘ffni'(wbn' Loe. l<how-‘ Oz e<|

\] = 2‘&(2"’ gg) » VA= Vﬂ,—' SCu

n 4
> => V"':L"U-"Scu

3

th(‘e Va €O C revesred. J"r“ﬁo,b

th— gef—( < O

3
U -5 zo
e >4
> “> j.e, the collision must be
ai_;—_ east  this bouv\icf for
A b yewerre  divechion
4 2 e <
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8 (c)

Given that the magnitude of the impulse that A exerts on B is

value of e.

Chahge in  Momesdun o'F 2

19mu
3

, find the

[4 marks]
= MmVp - m(-2w)

= v (Vg+2w

= 19mu G'Mlodlc- on B>

3
=> Vg + 2u = Hu
=2
Qu(fl—"ge) +2u = u
32 =
Y4 1ope +2 =1%
2 3
H410e + ¢ =119
|6e = 9
c- 1
| O
=

END OF QUESTIONS

13

Jun20/7366/2M

Do not write
outside the
box



PhysicsAndMathsTutor.com

14

There are no questions printed on this page
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