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SECTION 1
INSTRUCTIONS TO CANDIPATES

Please read these instructions caréfully, but do not open this question paper until you are
told that you may do so. This paper. is _Section 1 of 2.

A separate answer sheet is provided for this: paper Please check you have one. You also
require a soft pencil and an eraser.

Please complete the answer sheet with your candidate.number, centre number, date of birth,
and name.

At the end of 60 minutes, your supervisor will collect this question paper and answer sheet
before giving out Section 2.

This paper contains two parts, A and B, and you should attempt béth-' pdrts.

Part A Mathematics and Physics (20 questions)
Part B Advanced Mathematics and Advanced Physics (20 questlons)

You are strongly advised to divide your time equally between the two parts: 30 minutes on
Part A and 30 minutes on Part B. The scores for Part A and Part B are reported separately.

This paper contains 40 multiple-choice questions. There are no penalties for incorrect
responses, only marks for correct answers, so you should attempt all 40 questions. Each
question is worth one mark.

'For'-'each qguestion, choose the one option you consider correct and record your choice on the
separate’answer sheet. If you make a mistake, erase thoroughly and try again.

You musticomplete the answer sheet within the time limit.

You can use theQuestion paper for rough working, but no extra paper is allowed. Only your
responses onthe“answer sheet will be marked.

Dictionaries and calculators are NOT permitted.

Please wait to be told you"ni;iy{ begin before turning this page.

This question papér gbnsists of 35 printed pages and 5 blank pages.
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ch one of the following is a simplification of

+6/~ y Si = [Ax20 ) - Ix2 +‘6

/
@ ©

2 There is a constant current in a conducting wire. A charge of 20 C passes through the wire in
1.5 minutes.

An 18 cm straight section of this wire lies in a uniform magnetic field. This section of wire is
perpendicular to the direction of the field. The magnetic field strength is 0.15T.

at is the magnitude of the magnetic force on this section of wire?

0.0060N F'z._ BIL (since Aivechion o F covvet @ 1 )

C . I:..- AQ 3.9__ (- 2 A ‘6/
D 0.81@ 3 45’<G0 P A

E 36N LQ@

F 49N BIL= 0Asx X x 0,48

G 81N 8\ 3

H 4900N &/_ (O 45"1)( 013)
—-%‘sx 0.02 = 0.006

40/\



ad the complete set of values of x that satisfy the inequality

%(E—x)—%(S—x)—x <0
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Two identical resistors are connected in parallel to a 6.0V battery. The two resistors dissipate a
total power of 0.15W.

One of these resistors is removed from the circuit and connected to a 12V battery.

How much charge passes through this resistor in 6.0 minutes? R

0.025C
® iij P
B’ 0.050C or
ﬁﬂéﬁc, i P=2Uk-‘i=3j"6
5 0'@ 6V R
E 0750?/9,® @ R R‘%‘-g:"‘ 2*165

H 18C \:/"' /-..._\ ' =T{
e = £
As N =V
AL x0 e (3@ T 2 £
N =2 . ~12x0.145




ob keeps a record of what he earns each day.

Monday, he earned 50% less than he earned on Sunday. M = 0.5 S +

sday, he earned 20% more than he earned on Monday. T =43P 6
On sday, he earned 30% less than he earned on Tuesday. W O .1 _]__ s
On Wedl@he earned £84. \)(j 8 4
How much arn on Sunday?

g =

A £15.12 <(\ -
B £35.28 O

C £117.60 kQS =2M

E £210 - . W = __.ﬂ__ by w W

F £300 11 5 0.6x 03 0.42

G £1200 0 - €4 = %06
Q o4 7



asound is used to find a crack inside a cuboid block of metal. An ultrasound probe is'h
ontact with the top surface of the metal block and perpendicular to the surface. A short p

ﬁ.\ur ound is sent into the metal block at time 7 = 0ms and reflects from both the crack and +
t gom surface of the metal block. 6

/}.Q/ ’? ultrasound probe ‘
0@

metal block
|
-\
@ —crack
The times between the emission, of the ultrasound pulse and the return of the reflections to the
probe, and the strengths of cted pulses, are measured. The results are shown on the
. O ('DcvM\c @
4 \,/ 7~ kB\'\'QW
strength of 0
reflected pulse {H, ]

isin

0 L
0 01 02 ﬁ )
time/ /

The speed of ultrasound in the metal is 5000ms™". ®

What is the distance between the bottom surface of the metal block and the crack?

® 0.2m @ cvack A't = 0.0 8 msS

B 0.3m a ! T
0.4m Lotben 20\ =W At
0.5m A = g_(w_\é
. \ —-}-6
E _@. = ‘x 5-000 ® 008)&

% . ’
L9® =i4_x0.‘f :O.2+~/



@ ch one of the following is a simplification of

.+- 5x? —17x -12 . X +x-12 = +
25x2-9 X £

x*—-x—-6

S ’
x4y

R (BB (xS (x4

B ((5J;_—3?,))(x+ (5X-'5)(5x #5) (K Lﬂ(}. 95.)

(x—4)(x+2)
(5x—3)(x+4) O ()(-—-Lﬂ (xx2)
D ((5 X —_ "; ))((x —_ 36)) LQ & Esn——
(x+2) %5) ()(’+L‘)
E 6x+3) ®/’
g ((5xx143)§&f2)) /O
G (x—=3)(x+2) 0

(5x+3)(x+3) Q
2
7,
(04

The motor has an efficiency of 60% and is switched on for half an ho§ Il = O- 6

8 Power is supplied to an electric motor at 0.800 kW.

How much energy is wasted during this time? E =1

A 0.160J

B, 0.240J E = (/\ V\)Pé
160J :quogx»lox%O x 60
‘*Tg :E}cx‘\o ] +6

F 864(
0576002/9 E .
®L|x8x")xé = l x 4 g:

H 864000J <<\ x
B IhxN s

= 53
@/)




Asrectangle PQRS has length (2x — 1) cm and width (x + 1) cm as shown on the diagram:

arger rectangle is made by adding 3 cm to both the length and the width of PQRS, as sho +

ger rectangle has an area of 360 cm?. NGO = (X L4 )(QX +) #

/
Oé sem | i I
® Vi R .

Ix -1

@P sl 30 T A%+ 2X + 8x +8
f)® (2x—1)cm “3cm =9x+lox + 8

@hprotosael 5 _ 9yt 4ox — 352
What is the ratio of PQ to PS? /O & s st

A 1:2 0 |
@4:7 * /|3,£, Q T _51'5.‘2;%4&4%

C 5:8 T .
D 7:11 104 %/Mm‘“
E 10:17 m - X1 _-.~_i4_+i_ M.y

Fo17:31 2% ~ A 229-4 1 3,
V7ag | =
V{81  =%x2=2%

‘*’6,.. e
(o4
“963
<
& .
%




T=0.A3%A

@4.25 :
0

g

o

— I

0 0.1

the current in the lamp, I, is recorded.

0.3 2% 0.4
O current /A

The lamp and the resistor are connected in paral&th @other to a 6.0V power supply and

In a second circuit, the lamp and the resistor are now conne@-series with each other to the

same power supply, and the current in the resistor is 0.18 A.

lamp, V, is recorded.

Wal difference across the

What are the values of I in the first circuit and V in the second circuit;Q

I/A VIV
A 0.25 1.6
0.25 3.0
0.25 44

( 0.35 46
E v/>’0.35 3.0
F % 4.4




S is a trapezium as shown.

.1

e

S ———————

S
S
O [diagram not to scale]

5 ° +ak(‘50-) __Q__ :\_..
tanRSQ~§ @ Y “SI
What is the length of PS, in metres?

atis the length o In metres @@/’ x = Od_f_);‘ h\' ‘//
A 45 .
/, ¥ _ Y
B 65 /b(kRSQ) IR
cC 80
% x 2 =29Sh
D 120 03
e 252003 /Qé
F 40+64\/5
3
@25+40J§
64 + 4043

%

"'6,



ansverse wave on a string has a speed of 500 ms™".

_.T.h izontal distance between two points P and Q on the wave is 4.0 m, as shown in the +
di .
A=T% /
TS .2a
c

4.0m

L

At time = 0ms, point X on the sé@s at its maximum displacement of 6.0 mm above

equilibrium. @

What is the displacement of point X at tin@)}.ﬁ ms? = [’ e :‘) a
”I'/

A 6.0mm above equilibrium O

B between 0 mm and 6.0 mm above equilibriu Q
@ Omm ;

D between 0 mm and 6.0 mm below equilibrium O/

E 6.0mm below equilibrium ®

‘*’6,.. e
(o4



Iid cylinder has radius rcm and height ~cm. @

as side length 3rcm.
The /u:face area of the cylinder is equal to four times the total surface area of the cube. Y/

Which of t@ﬂ:wing is an expression for 4 in terms of »?

A (7 ﬁ9® Se=45n  lartednh =4 x 54
Tr + Th =108

Th = + (108 —1t)

v R= k(-’-’.—;—a- -4)/

m
RS
|
G
o{‘op
o
<
.’.
p=)
3
-

108 1
H (T‘E]"



@ A piece of metal of mass 50g is at thermal equilibrium in a hot liquid at temperature T.

al is removed from the liquid and immediately placed in 100 g of water that is at 20°C

Th is stirred and reaches a final temperature of 26 °C. 6

O/Lg material specific heat capacity | Jkg™' °C™

hot liquid 2000

Q
<<meta| 350

4200

What is the temperature To@ iquid? T Qé

(Assume that heat transfers to or fro urroundings are negligible.)
A 38°C G%
8 sic MaCp (026 ;h% (26-20)
C 150°C —9C+ M Cw@ ;
@ 3 | w Cly\a.kat-a’; uk'(‘-‘)
170°C h\hch_ ‘ ----- Caktdt gu
E 480°C =0¢ v 400x 4200 Q/
5050 ¥
144
=8E + Qx F6x 66 C = 2+ Adixc
iad = 26 + Ay4
= 130 C./

7S, %



variables x and y are related by the equation: @
3
.1L" =i 2y +1 +
1-2y

) /
Which 01’( wing is a rearrangement to make y the subject?

G
A y=g2 48® B=x =QM——
- 1-24°

B 7y o <<\é5—x\ —9«5(5'-«) =1‘5+/\

© =i 4)@ l-x = v (127 2x)

S L—x




A bar magnet is placed at position X close to one end of a coil and on the axis of the coi
shown.

Tiﬁph shows how the velocity of the magnet varies as it is then moved rapidly to position Y 6

ﬂo.position X.
/

velocity away
from coil
0

position Y

2

The magnetic field of the ba%?still affects the coil when the magnet is at position Y.

time

Which graph represents how the indt@ voltage in the coil changes as the magnet moves?

voltage voltage

0 time l; d
C induced @induced ®
voltage voltage 'K‘

(
0 time 0‘ \) \I time

- FI el S“V(,haw c.lusur-’n Jhe "“3"“'

-‘;'dtquc- hehllh'ﬂb\ dv

induced F induced “b“( c.ka\.y. i @ ok |
voltage M voltage [_/II %'l‘b otho dv thie
i 6 0 time O‘ I/"“ time
/-.

A induced /6 induced




e different numbers are chosen at random from J_ \/_ '\/_ J_ J5. @

Wfds the probability that the three numbers form the three sides of a right-angled triangle? + s

NN 5'|
/ e = humbev of conlitions = (g) 311|
B e =2 10
5 LQ®4 +0 --L| -
¢ % ey =5 4
10 P _ =1
D % 2+ 5; /|0 5
®: 52’)@
F = Q/.
¢ /,
¢ 2

0@0.
%
Q



[diagram not to scale]

The spring is compressed b%nd the slider remains in contact with it.

The spring is released and causes er to rise up the slope to a maximum vertical height
of 20cm.

The slider is replaced with one of mass 209/}

The spring is now compressed by 15¢cm, and tr%?;lider remains in contact with it.
To what maximum vertical height does this new slider rise aftér it is released?

(the spring obeys Hooke’s law; assume that air resistance is sfiegligible)

Ak 2 / et Rvev-
A 40cm —i kX~ = IM;)L %oué* ey
B 60cm :
C 90cm O _A{ e go ‘5 QO s C’
D 120cm Q\O ,() H C
180 cm @

270cm d’\u'lh.. @5‘3 @
+6/‘ 45‘\. . %H _H = ’Bo 45: ..-:’50"'\:2-]-:%

7 T 2036 S ’
o/ 5
&



@T point (-1, 5) is translated to the point (3, 2) by two successive translations.
3
Ilie-ﬂ translation is by the vector [ P J -i-
St —4p f
q /
~2¢

RRHEIEANG
- -—/\Q’sbro{ = @) (\)P"“{:‘Ll

A
B
c
?-1 E “LEP% =9 (D thp ¥y =+d

/v .
Z,
Subs Q"“‘*% L‘P -\-‘lo,{ -%- ¢ =%-4
H 14 o = ...f\//
C//.

20 A tall, smooth cylinder contains air at atmospheric pressure of 1.00 X@Pa. The density of the
air in the cylinder is 1.20kgm™.

The seco( anslation is by the vector {

What is the \@& +q7?
-14

A heavy piston is now placed in the top of the cylinder and allowed to fall slowly downwards,
compressing the air until the piston rests in equilibrium.

The mass of the piston is 50.0kg and its cross-sectional area is 0.0200 m?.

hat is the density of the air in the cylinder when the piston rests in equilibrium?

gravitational field strength = 10N kg™"; assume that the air behaves as an ideal gas and t

' f temperature remains constant) =
A ‘69 Po =1 = 46

9akgm” FV =hRT

I~
B 1.20{(@’ m Ll s£=p° i ’
PVﬂ_——RT _ 401; so0x 4o
c 1.25kgrq9 4 =gt 0.02

D 128kgm™ ®<<““ =qRT =4,05x k" h,

4 = Ccobsh
@1.50kgm _é- co
F 480kgm™ (9'/ _gi - 9= i Re

125 Q
ALo ®/§ 8 9424‘25 3’
0 1(/> =/.9s <.
$2° (e =15
AL5 — ~
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a the value of

"’6,, |

j‘ 2°-3 -+‘6

y /
@2 %< % i« BSX dx =
@@ng L
° 3 9\[{@}; _'b[ ) X ]
. o %—[XHJL’ g«»é [' —ObJ o

g Qoly) - (s

. ~05
g - h ‘4 = {\_.
22 The diagram represents a stationary wave in a medium. /. 3// I L
~ /! N,

e transverse waves that are creating the stationary wave travel at a speed of 300ms™
rough the medium.
What is the frequency of the transverse waves? > 5‘ D

Ko 1 wall Ko



@T diagram shows a semicircle of radius 5 units and a triangle.

a!)&(.au\t_ +6

()i

240
ANAD = 13y
(= Hat ey

Q,.
- 37
The triangle has vertices at (0,0), (10,0) and (x, @ X h

(x,y) is a point on the arc of the semicircle. \\AVI‘D e h Ao =X,

Which of the following is an expression in terms of x for the area of this triangle?
@ 5V10x— 22

B 5x/10-x h =X @"0
C 5x/10x—x2-20 W= Sx(ﬁ.-ﬁ
D 15x

25x

S =5h= SQX('\o—x)I

5x(10 —x)



stone is thrown vertically upwards from the surface of the Earth and reaches a maxim
eight /.

Tdéne stone is thrown vertically upwards from the surface of the Moon, with the same initial i 6
spe /-. . 7
What is (@ﬁmum height reached by the stone thrown on the Moon?

(gravitationa&@ ength on the Earth = 10Nkg™"; gravitational field strength on the
4

Moon = 1.6 %nce may be ignored)
ﬁ .3 A

=

)

W
—_ = = ===
NI ol e 1L=]

.
d?
o

J.'J"‘

2= 8z gl Bz
=

>

fI

2R

>

) &ls
e

N\

(=

h

=

o ;oo O »
=]

—
D
=

m
P . S o R e Ve T S T T S
Mo o @ U G
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r mathematically similar solids, W, X, Y and Z, have the following properties: @
_+- he ratio of the lengths of W to the lengths of X is 1:2 +

ratio of the surface area of X to the surface area of Yis 2: 1 6/
e Th of the volume of Y to the volume of Zis 1:2 \< T z

What is the 49@19 solids when arranged in increasing volume? = OVd w ""; La lh““b'\\

A WYXZ <<\S o 9 e A
.WYZX %}Q&g —_— =
WZY X /O ﬂ’x 2
D YWXZ Q ,Q,L 0

¥

E YWZX G/}
F YZWX /) ¢

"ﬂ«x

\\



ay of light is incident on a boundary between a vacuum and medium X at an angle ¢
shown:

TG e 4
mPldent ray reflected ray
7
(@4
vacuu§ <0

medium X @'
/)®

SihO x4 =sin(10-0)xh

smb -]
e & =Jmhe
Sin(10-0) car® Vi

>

@racted ray

The incident ray is partially reflected and partially refract@e angle between the reflected

and refracted rays is 90°. C .

What is the refractive index of medium X? y

A siné ®

B sir11 0
C cosé
1
cos 0
tan 6



ch one of the following expressions is equal to
V20 __(Qflﬁ')l MeX
’%T <\ a8 enm) 14 H4

O e R A

@f &, o4 AR

& ;‘ ~1) ®<<\ Ae\s A-\g"
soi5 -1 & _ 4(1-5) _

£ -22 +10v2 + 115 - 4J10 @

2

¢/
E 22 +10v2 +11V5 - 4410 O
“ &

Q,
%




lectric train is travelling along a straight horizontal track. It passes a point Q on the fr
ime t=0.

Ti@ance x that it then travels away from Q is given by the equation: b i 6

. A
/) x = at + bt? ‘ ( 7/
o
where @ an constants. &
i _q "
Which of the follo&] K{nents is/are correct? ..

1 The speed ? in increases with time at a constant rate. \/ SIH(L X °("{_

2 The resultant for gon the train increases with time™> Sih¢e G = const @ Forime, Y
VGOH'G.R.‘ F
3 The rate at which energﬂ?transferred to the train increases with time. Ve l‘.\.[ FT =

MmoVe Pou-'-v

none of them ® /’ <
1 only /O 1(0 SUSa“aih

2 only 0

3 only Q
1 and 2 only O/‘

@ 1and 3 only %

G 2and 3only

o O m >

H 1,2and3
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30 A length of wire has resistance R. C .
Another length of wire is made from the same material. This wir{ e as long as the first

wire and has half the diameter.

o
- R =0 A A
Both wires have circular cross-sections.
The two wires are connected in parallel. Q =
What is the total resistance of this combination? R /\ = R 2 ) R

2 24 R ~_8Q @
— 8 —




4@

at is the complete set of real values of x for which
4N

x*(x*+4) <21 6
/

@@ . e
. il L v .V R
C x<-+3 0 ®J§ b
- T \1]‘16 4 (-1
D x<-J7 or >V@ U~ 9\_"“"‘2-"'94-5-\/
E -7 ~3

<x<—-+/3 or
F x<—7 o xﬁ%?@>f v ZC("“‘—‘}"?))
-7

2e (33 - X g(g’@

FELEEy % KE [= FB\VO[/
A



Ap‘empty bucket has a mass of 1.20 kg and an internal volume of 0. 0150m The bucket
sed to lift water from a well.

Cﬁket is attached to a light, inextensible rope which winds onto a rotating cylindeér of 6
radi

}0Qm when a handle is turned.

/Q/ handle

To lift a bucket completely full of water at constarc%d, it is necessary to apply a force of
250 N to the handle that acts along the tangent to Cir radius 0.600 m, in which the
handle moves.

The energy required to lift the bucket is wasted energy. O/'
What is the efficiency of the system in lifting water from the well?o/
(gravitational field strength = 10N kg™'; density of water = 1000 kgm™)

A 2.00% 0.2
B 2.16% p

0.6

.

0.0%

21.6%

.0%
?'5’}




34

L i Vakians

=dr+ dy

value of the radius does the sector have the maximum possible area?

L 2

LR O\l'
- . At
-~ (QHM&Y

CH ck L\t““\, Mmax
cK‘A[_ t\' 92V k®/ﬁ’/

A uniform me?e ruler has a mass of 100g and

if m long.
A small object of mass 209 is fixed at the Ocm m ther small object of mass 80g is

fixed at the 100 cm mark.

When the ruler is balanced, what distance is the pivot from the 0%

The ruler is balanced on a pivot.

A 15cm

B 20cm % 4 .8,05
C 25cm D . _’\

35cm ¥/_:9—‘\/A\—Y_/

X Aoo — X .
Poem A, =“L S all bevhg < § ¥ omiHeA
m
K o, 45
65;‘" QOKX = -—X__ 100 ¥ AX = 80!1(4“—3() -[-—'-'-—’ht* i
H 85cm AOO
%X + A X‘L = 000 — 8OX + A (@00\ — Qoex +><L)
Q A~ > ] AR

D\OOQ(;}MKOOO +5000 = 1 coo
= 65Cm~/



curve y =x? - x -6 intersects the x-axis at the points A and B, and has a minimum @

point C
+ 15 vert % (
T tangle ABDE has two of its vertices at A and B. >( —_X - 6- = (X -t-l X

The p@» ies on the edge DE, between D and E. ( 1 A A G 6 25 /
What is the pf the rectangle ABDE? D‘) 2 2L - ’

A O o . TR [N o made
B 625 : i

Cc 30

(™ 3125

E 35

F 36.75
G 42

H 43.75




A eircuit comprising two resistors and two batteries, with negligible i

3 shown in the diagram. The two junctions in the circuit are labelled X and Y.

.Gouss cu ,6&\\“3\@. o0 6.0V T
9 Kivekhotl's w(@kw - _

2 \-¢ +3 'LLD@ sov
@ N I}__l }_‘

+T ®)

A

% +{TAT) S

internal resistance, is's

d IA+IL (k'l VCL Loc fls

L, =% I.,=1-I\=-2A7

What are the magnitude and diretti

£\
magnitude of current | A directio\r'))g@zint
A 1.0 from X toﬁ’/
B 2.0 from X to Y\9_ﬂ
c 2.25 from X to Y O N
D 6.0 from Xto Y /
E 1.0 from Y to X
(F 20 from Y to X
G 225 fromY to X
6.0 from Y to X

(04

c,ulrlu.\{ | *-"’)

in_ the 3.0V battery?

o covheint from V2R

\\



O Asstraight line passes through the points (0, 2a) and (a, 0), where a is a positive constan

%the perpendicular distance of the point P (a, 2a) from this line? +5
-\

A =

5
B Eaf
2
®
—da
5
p 45 _
5
3v10
E Ta

same straight line with speeds 4v and v respectively as

()—n  e—

The spheres collide with each other and coalesce. 3 Cok]-l'-"-[] iheloh collisie

38 Two isolated spheres have masses m and 2m. T?nge @kng towards each other along the
w

What is the loss of kinetic energy during the collision?

X 3™ -ahuh!.u\\ul_: h\l-fv — Unv = qﬂ"\u
5”"’2 S
F& ° ¢

. oy = %h(‘tﬁ\-%lh\vq'— & (L) +‘6

Mzo/ y 5 4 L 9
O~ amv{aa-3] =hi(2-3)
79 — 15'
29 %),
),
2




. the sum of the real solutions to the equation %
\StL =2

+6 x-(ﬁ)x"6+12=0
(\r) @) =2 eta=o

c 24+£r Z- — 82 sl =

q__ Nefy(3)
5 Goummis .
E 1+ llog,3 (Q_{’?‘@ ) X"ﬂ‘? (\F) /Q"BL(C)
2 Xa= QA %)
@ eoms (@ S5 %=

(% x4+ g
40 A steel cable has mass 64 kg and cross-sectional area 2@)‘4 m?.

The Young modulus of steel is 2.0 x 10" Pa. C/ N

When the cable lies on horizontal ground its length is 40 m. O/
What is its extension when it is suspended freely from one end and hangs vertically?
(gravitational field strength = 10N kg™"; assume that the cable obeys Hooke's law)

A Om P=ksg Al= Sfd\k

8.0x10"m

—"'—l-—_

k, A lfOl Qtiﬂl 1:!0

5/;2: = S g 40%

N iy AG»10°
@W%GA;L —Us o S,uu,

H 64x10"*m <<\ -1 &
_..4340 + I:__):,""lqo;-‘l"l" *&AO

6

jL
£=£ E(L) = o ™y _ 64+10

8.0x10°%m
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Part A: Maths & Physics
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art B: Advanced Maths & Physics
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SECTION 2
INSTRUCTIONS TO CANDIPATES

Please read these instructions caréfully, but do not open this question paper until you are
told that you may do so. This paper. is _Section 2 of 2.

A separate answer sheet is provided for this: paper Please check you have one. You also
require a soft pencil and an eraser.

Please complete the answer sheet with your candidate.number, centre number, date of birth,
and name.

This paper contains 20 multiple-choice questions. There ate no penalties for incorrect
responses, only marks for correct answers, so you should att€mpt aII 20 questions. Each
question is worth one mark. :

For each question, choose the one option you consider correct and'rgCerd your choice on the
separate answer sheet. If you make a mistake, erase thoroughly and try again.

You must complete the answer sheet within the time limit.

You can use the question paper for rough working, but no extra paper is allowed. Only your
responses on the answer sheet will be marked.

Dictionaries and calculators are NOT permitted.

Please wait to be told you may begin before turning this page.

This question papér ebnsists of 22 printed pages and 2 blank pages.
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he diagram shows an object of mass 2.4 kg on a smooth horizontal surface.

/ O/ 36N
A force F acts on @t?\at an acute angle ¢ to the horizontal, where tan f = % .

ﬁect towards the right.
The object is in equilibrium.k9'/‘

What is the magnitude of the norm act force exerted on the object by the surface?

A force of 36 N acts on

(gravitational field strength = 10Nkg™) ®
A 24N I

27N

48N Ve

B
G
D 51N
@ 72N
F

75N

+ QA4 + Fsin® — Fg =0

+6/‘ LR LE _qi.c;_esiue =94 + 36 xfan®

|
/O/ : QX + Uag
s :

%



length of a spring when no force acts on it is L. The spring constant of the spring is

D x10°Nm™".
T ﬁing is on the floor of an accelerating lift (elevator), and the spring supports a 30kg i 6
ma /f- . g

i
>
@ .

floor of lift

~7

The lift is accelerating downwards at 2.0ms”7./o

What is the difference between L and the length @' spring when the lift is accelerating
downwards?

(gravitational field strength = 10Nkg™: the spring obeys law)

Lo Fekex (o=




ectrical energy is transmitted at high voltage to a remote farm using an overhead powe

ble. Each of the two wires in the cable has a resistance of 2.5€Q. The step-down transfarme
rm has a voltage ratio of 5.0. The transformer is ideal and 100% efficient. It supplies & +

p f 40 kW to a resistive load at the farm at a voltage of 250V. 6

What |¢y rate at which electrical energy is transferred to thermal energy in the overhead
cable?
LIO < AQ LI ooo *Ao

1.28|<WL9® F = UI ‘I :.5_ = = —

NS0
B 256kW
(®) 5.12kw <<% = J60A

= 1 {)@w 5
F 128KW (J,L—_[ g 160 = KA

» o1

? _-:Z)\TQ'R ::‘:)\*'53\*1.5 @ NodY N1

Sy ~

—




Awave is passing through a medium.

A partiele of the medium has zero displacement from its equilibrium position at 0.12s interval +
a o other times. 6
/

The w 9;9?1 th of the wave is greater than 10.0 m.

Two points m apart along the direction of travel of the wave.
. . , . LT .
The phase di ere@ between the particles at the two points at the same instant is 3 radians.
W

What is the speed of t

A 18ms™ a. T - 93‘0-44‘ = 25 )‘740?\-..

B 36ms” c =2 o 4Ows
* 0.94

C 72ms!

D 625ms’ © /O kGZ

@ e e =% (Qut gk + I
F 250ms™ © 6 i 9 2
: W (/ Tk +T

e S 3
c = om’ 40T
an+%f ‘QMf:}U

4o K ;’

K



hiee light springs, P, Q and R, are identical.

_E_)%i.u P and Q are connected in series as shown. A downwards force T is applied to the +
I 6;1d 6
/7

/).

o
T A
k‘;{' ﬁ';‘i- é;} 1’%‘; @
il
Kz = Gkper ind
Spring R is cut into four equal Iengthsgand ﬂ((?’ﬁ'ur pieces arranged symmetrically as shown.

The two connecting bars have negligible mas wnwards force F is applied to the centre of
the lower bar.

k'!“”(-‘:&"i

%
kraT @
F R %‘

The total extensions of the two systems are equal. The springs obey Hooke's law.

k:t'fky

hich expression gives T in terms of F? F T




nylon cube resting on a horizontal surface has a volume of 64 cm®. @ L} Cnr

F is applied vertically downwards on the top face of the cube so that it compresses + ;
/

QFIN 1507
S < T

-

0 -

0 0.255-/6)50 075 100 125

O x/10-6m

What is the Young modulus of the nylon? 0

(Assume that changes in horizontal cross-sectional area@egligible.)

A 7.7x10°Pa G — ._E__ FQ( i -
4.8 x10°Pa & - B—%— .(;:;

9.6 x10°Pa

12 x10°Pa /50

1.5 x10°Pa

g —£
3.0 x10°Pa Lf A5 1.5 x 10
1.9 x10"Pa
+ - 0 = ,5*404\ e +
0, ;1

Ao

I

m O O W

I




> lampposts alongside a straight road are positioned at uniform intervals of 60 m.

notorbike travelling at a constant velocity passes the first lamppost at time ¢ = 0s. It passe +
6lamppost att=20s. ;’,w_\_/ 6

240 W
A car tra the same direction as the motorbike is aoceleratlng at6.0ms™. Attime r=0s
the car pa he first lamppost at a velocity of 3.0ms™

At what time Ne car overtake the motorbike?

AS 240 A
A 15s - 2 — ’/]Qh\.
% = Ak A0 >

B 20s
/ o»ﬁ

C 25s
@3.03 VM ﬁ
E 35s

F 40s O V(_—VHY%{I: 5\61
G 50s O ﬁ (VC Vh 0

O

£ =% (V) == (12~ '§) S5y

O



Ap-electrical appliance has an input power P which is a function of time 7 during the first
seconds after it is switched on.
Tdi;é.ction is i 6
R P=3+4t

p /
where P i@étts and ¢ is in seconds.

The applian Whed on at time r= 0.

The appliance has a c@t efficiency of 90%.

What is the energy wasted e appliance during the period t =2.0s to ¢ = 3.0s after it is
switched on?

"/ -
A 060J E _O (’551“ -+ Qé)df
B 0.70 T

c 1.9J

(o) 294

E 45J

o %;s f)

H 41J e 2"} =3 +2(‘1 -4) Q\O\J

Em;,u‘- (4—-/7)EM = O.9=18 *-2.‘?f§
@-i' +

8. S

[)
’?
@P
~l>
S

P

r7~.
f—~J

y



A solid cylinder is made of transparent glass of refractive index 73 It is surrounded by a

light travelling in air hits the cylinder at the centre of one circular face at a non-zero 16

;i ’@
ang Ayhe normal, and refracts as it enters the cylinder. /

The ray th@‘(kes the curved surface of the cylinder at an angle of incidence equal to the
critical angle@ [ 2
0. ' — =

What is the value@?é\ ll S “w'{ T /l
A sin‘1£ O SllqoL = &

“ (& :
oL ”

V3

Sin(40~4) = CoSd,

.2
Cc sin'— - 2
76 SO =¢osd =
\S"B
D sin"?3
( \ ) Cosd =\ 1-sits
E sin'1 C X

or TW-2 -]



neobject of mass 20kg is acted on by a force that varies in magnitude during the time i r\o
Ostor=1.0s.

Tdﬁe causes the object’s displacement x to change with time ¢ according to the i 6

rela ;h/ip. Y/
O/ x=—1_32+4

where x is intQ@nd tis in seconds.

What is the magnitude&h\lki@u)lfs_a)on the object over this time interval?

A 28kgms™ olv-\(.v\.'l"-’ he
B 9.0kgms™ Z,

% "
C 55kgms” d_(;_o@é“%é B
D 80kgms™ _/» . = ~1
E 100kgms™ NQ) h é-—-é’ == A5
() 180kgms™ A io) =

/NP =AY = D\6<Qér/430 )Lb»-\s
@



0 small hard spheres of mass m and 2m are suspended side by side from light vertical
ings of length /. The more massive sphere is raised so that its string is horizontal, and th
aj

@ It swings through 90° and strikes the smaller sphere. The two spheres stick togehe - + 5

to a maximum height  as shown in the diagram.

[dia%ﬂ to scale]

melastre collision
Which expression gives the height / in terms of 1(9' 4 A [ JI‘“’ ¢

(Assume that air resistance is negligible.) @"‘ Lo, =2 f’“+ th
4/ st “
Ay 4. Am U = ImV 7%,

g & Q
@f V=ilgh' U =lt’
> 2 SA\EPTURROR T

9 AL =3\h
Gé/“ A _-(_’L_)" by +‘6/

/?/9 5 /Q---;\-- /



hiee resistance wires X, Y and Z, made from the same metal, are connected to each othe

ahd to a circular plastic ring as shown. +
14
V] =\12*~ ixI*

‘“‘ﬁs":_ e

= \225- 144

= M:G]C/w

cted across a diameter of the ring.

2
[@ not to scale]
)

Wires X and Y each have twice the diamet ire Z.
Wire X is 12cm long. Wire Zis 15¢cm long and i

A power supply is connected to the two corners of the tr@that lie on the diameter.

What is the value of the ratio . ,(,
> )
current in X , A

currentinZ ®
', o 0 i}
Rx= 7 AR Be=2 <R g7 15K
Ix(‘zx*Q\-)—“ILRZ

5 T—x £2 45?{
"‘6,}. T

—
—

|
W
=
)
+|s
>s
\
12
ON

L5 K)(“‘RY




Jight rope has cross-sectional area 6.0 x 10°m? and unstretched length 0.24 m.

__*.r is fixed horizontally between two supports that are 0.24 m apart. +
i, 6

94‘0 kg mass is suspended from the middle of the rope, the vertical displacement of the
midd| f)he rope from its original position is 0.050 m. /

The rope o \‘gooke’s law. Assume that changes in cross-sectional area are negligible.
n

What is the @)dul:s of the material from which the rope is made?

(gravitational field strefigth = 10N kg™) 4494 -15 445

A 52x10°Nm™
B 8.0x10°Nm™
C 1.0x10°Nm™
D 1.3x10°Nm™
E 20x10°Nm™

@ 2.6 x 10°Nm™2
G

5.2 x10°Nm™

LA U S T (0%
= i’f SAL : A
_ 130144 L b sk
- ::/IG)KQJ('\O .:

+6 Gwd\-l;‘ K0.0/\ "
/)O/ = Q6% Nh\/ 4'—9-)- /
LQ@



e

/) .
bta OLS&rvihD Mg\é
N Q

O o
AE ’

_AR
Q“a\e

R = b
A

hence £° Kisp -

R=vl.
Q 2 e

P

three graphs show the displacement, velocity and acceleration against time for an ob
pving in a straight line.

axis is shown to the same scale on all three graphs.

Which graph represents which quantity?

graph P graph Q graph R

A acceleration displacement velocity
acceleration velocity displacement

) displacement acceleration velocity
6 displacement velocity acceleration
E /Velocity acceleration displacement

o

F w y displacement acceleration



A system of light springs that does not obey Hooke's law has an unstretched length of 2

nsion x of the system is related to the force F applied to it by _+. ;

7 i 7

where p |s@(stant.
A force of ZQQ@eases the length of the system to 2.2m.

How much work is dor@hcreasing the length of the system from 3.0m to 4.0m?

A 1.2k ﬁ )(’L _ L » 9 40O —=C0 00 Wi

B 60kJ GFO o+ (O-Z)'L

C 70k Q
)

D 120k

G Wnp S xidonp [40
p G’I‘gx @J"gg[sxl\




. [
A glf A 0\\'\)\ KWCL‘ L\bﬁ'g S I(.‘Vtk./
@T diagram shows a circuit that includes two batteries, each with negligible internal
istanoe.

+ 18V
42 6/‘) 5| —— 4

+48 + L0 T.’\"‘ L’l%@

).+ 41, ~20 +3(IT,) =0y

‘\0

What is the reading on the ammeter? @

A 0.0029A A 40% 9T, = —9

B 0.0071A
C 0.063A B 8:[-4 e @ = 20
D 0.083A 0/*

F 0654 GAFD: GOL,~IaT, ~3T, T =
G 1.2A _—5_(1 fg\o
H 2.0A



upper diagram shows the equilibrium positions of nine equally spaced particles in a
edium.

}.[h[ough the medium. The wave is shown at time 7 = 0, travelling to the right.

@4+++++++
' 211113111141 1118111161 =

ﬁer diagram shows the positions of the same nine particles when a longitudinal wave is 16
trav /

3 8

Y A% 5 distance/cm

™~ = i -

v o AN P PSP T e
) 0 T3 4 5 6 7 8

distance/cm

7 "
Q11 -
Os The frequency of the wave i$+0. b T—'—'-' f = Q S

Which graph represents the displacen@ls of the particles at a later time 1 = 0.5s?

(On the graphs, positive displacement va /vresent particle displacements to the right.)

o

' S

TN,

[

5 Pl
mE P L2003 L A T SHH B HH 70 ’é:::

=

T o203 :::zE':;: 5067 :;z"g .
ol | |

| |

distance/cm

displacemen;
o P
‘\
M
¥
7
t
%

displace

distance/cm

Lebo L g Lol Bl )

“f‘ u o —
C E P i D g . .
E_:,! O 2O 34 50 60 7 8::’5 § 011 :;:Pf‘:’ T340 5:::\6'5%;: y unn 8::’:
< - 7 |
o i a i
5 distance/cm s distance/cm
E . v . % i > E i r
_42’.{]— 1 B 3 A T SHH ONTH 74801 8( L 2 0 3 e AN S /B O 7 .
4] | o |
T , e HHS 1 6
: distance/cm 2 distance/cm
U:ﬁ 1 T T = T /

G *E-J.f % . Li i F i H -'g/\ ¥ .
8 oo N2 348 ONH 6/ 7 8::‘5 2 0041 B0 H 3 40 S 6 E 78 8::‘:
E [l I E |
% 3 T % T
5 L distance/cm 5 distance/cm

L



power dissipated by external resistor
total power supplied by cell

efficiency =

Which grapr@s how the efficiency varies with the resistance of the external resistor?

h M B b
efficiency 1t--—€-%-—-—------------- efficiency 11

S as = g /)

0.51 /
7 Iow H fvst l O O@ 0

TL\ with T 8 0 r resis?% . g r resistance
¢
&

efficiency 1+ efficien 1

0.5

0.5

resistance resistance

efficiency 11 F

%, [\ e

0 r 0 r

(y resistance resistance

efficiency 11




+10 kg projectile is launched from ground level at an angle of 60° above the horizontal, Wi h@
tial speed of 12ms™". The horizontal component of its velocity is to the right.

AJ@t during its flight when the vertical component of its velocity is zero, the projectile 16
/7

spli two pieces, P and Q, each of mass 5kg.
lmmedia{@ér the projectile splits, piece P has velocity 14ms™ to the right.
What is the @ piece Q immediately before it hits the ground?

(Assume that air resis@ds negligible, and that the ground is horizontal.)

A 2ms™

- of Mmomunbon
B 31ms™ /7
C 6V3ms™ Z% G—O O’_ﬁ-q
() /7 ms" 6ns Q. Vi 44 s
E 2/43ms” QX@ 4 =V

—~A
F 4/13ms™ @{l ™~

-1
G 4J/19ms VX=CO V:ﬁ.d'z:él’h.s
H 2127 ms™ 60 €A

gl




> density p of a sphere varies from its centre to its surface according to the equation @

+6 p=r(1-2%)

wherexi(@y&tance from its centre, R is its radius and py is the density at its centre.

What is the T@bf the sphere?

(the surface area of a s of radius x is equal to 4mx?)

n R x@r /)30\\[ SLer

51R°p,

6

c 8::!:3;)0 S§$’h S 2, (/\ ) X (}\ X

D 7nR’p
¢ SARCIEN

= 197R°p, g
15
AT N AR
e 4R, —-% ( R 4 )
3

H 21R%p, - A A G
d -"LHTSK 75'"‘-3-3:.5“3?{
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Date of birth (DD MM g
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Use a soft pencil. If
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, ABCDEF ; ABCDEFG
00000 (SD 000000
9 ABCDE 1 BCDEFGH
O0000 0000
, ABCDEF 13 AB@EFG
000000 0000000
” ABCDEF 14 ABCDEF
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5 ABCDEFGH 15 ABCDEF
00000000 000000
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F 0000000 00000000
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/} 0000000 00000000
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000000 000000
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[o]e)] 00000000
10 ABCDEFGH
00000000
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