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e Do all rough work in this book. Cross through any work you do not want to be marked.
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When answering questions 02, 12 and 13.4 you need to make sure that your answer:
— is clear, logical, sensibly structured

— fully meets the requirements of the question

— shows that each separate point or step supports the overall answer.
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e In all calculations, show clearly how you work out your answer.

ﬁease write clearly, in block capitals.
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Figure 1 shows a balloon filled with helium gas.
Figure 1

1] Describe the movement of the particles of helium gas inside the balloon.
[2 marks]
MW"‘@ walb oo NONL %, ¥paecls,
N L JW ﬁmm .

] IZ| What name is given to the total kinetic energy and potential energy of all the
particles of helium gas in the balloon? |

Tick one box. WMO&W .
s Trkeuk omesen = bbak erargy ¥

[1 mark]

X External energy [:I De \K.L nakve f/“‘"ﬁ’,‘: L L
v Internal energy [z/ sord. pIrEul .anN
Da W#\ u
% Movement energy ] 8— S b~ -
\ This <=
K oelic. enengp
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.[3] Write down the equation which links density, mass and volume.

/> 1 mark]
T - |
M -~ Ve “ass RVM

>5f
.[4] The helium in the balloon has a mass of 0.00254 kg.

The balloon has a volume of 0.0141 m®.

Calculate the density of helium. Choose the correct unit from the box.
[3 marks]

3

m®/ kg kg / m? kg m

dorwly = \—‘;&gl : -
O OOASHkg - O.180IHI¥ ---
O.0I4Im? 2 Kg/m?

>
Densiy= O . 1RO v Unit |@ /m?3

Turn over for the next question
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There are no questions printed on this page
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Scientists sometimes replace one scientific model with a different model.

For example, in the early 20th Century the plum pudding model of the atom was
replaced by the nuclear model of the atom.

Explain what led to the plum pudding model of the atom being replaced by the

nuclear model of the atom.
[6 marks]

|h.m._p\u-~.wdot@ mm,mu‘{s“a»‘f&a.
oregpread. Dnrugreut Lreabomn . Rubwgevd.’s
olgra s calisdng Gugariment smeont Lol e plum
Jpudalang umodel sas replaced. - Hejured algha,
pofcickes ol HAd goul Mot L2 olgro.
PolBcles Jpassed. Morandht” Urough -2 gold gl .
%W‘ﬁajz Mt G O koM LS Y
Apocn . Soma pofiicas Siace dagtiend. jaming
Jrat Onece .LQ/WM - Rduu‘fo.md.
JPak ) shouiney Nuataas Jms‘.a/.J..orsg AFOSS .
Thase _dosarvedaons <ontvodictid plon Jpuddingy
Jnodel so i Jhad 4o Joe_sreploced. -
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The National Grid ensures that the supply of electricity always meets the demand of
the consumers.

Figure 13 shows how the output from fossil fuel power stations in the UK varied over
a 24-hour period.

Figure 13

30 000}~ %
Total power

output in MW 20 0001

10 000+

12.00 §16.00¥ 2000 00.00 04.00 08.00
Monday Tuesday

. IIl Suggest one reason for the shape of the graph between 15.00 and 18.00 on
Monday.

[1 mark]
Thoee oo Forpircreane Lalle tckal Posaraurput )

] @ Gas fired power stations reduce their output when demand for electricity is low.

Suggest one time on Figure 13 when the demand for electricity was low.

00:00 midnidht

[1 mark]

e O0:00-04:00 gebs Lhe mark
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. E The National Grid ensures that fossil fuel power stations in the UK only produce
about 33% of the total electricity they could produce when operating at a maximum
output.

Suggest two reasons why.
[2 marks]

1 Producgcey me-e wm«@%w nmd/
Mhhnecn.sw domoses e %wmw\t‘
2 WW-«& < pwmzwn
HAhut doasn .
+ cpr\mw NS

& $MM bww
Lunrduolbis. rUnUUAalols MSourTaS

Turn over for the next question
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A student investigated how much energy from the Sun was incident on the Earth’'s
surface at her location.

She put an insulated pan of water in direct sunlight and measured the time it took for
the temperature of the water to increase by 0.6 °C.

The apparatus she used is shown in Figure 14.

Figure 14

Incident solar
radiation

Transparent lid

Thermometer

Insulation Water

. m Choose the most appropriate resolution for the thermometer used by the student.

\a smallsC crurel <n 0w 1 mark]
Tick one box. NolmeLrot ot cleb

010 o XMW o€t

o 0% o)
0.5°C ] 1 | i }
1.0°C ] Q g
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The energy transferred to the water was 1050 J.

The time taken for the water temperature to increase by 0.6 °C was 5 minutes.

M o Dhe
The specific heat capacity of water is 4200 J/kg °C. TD;%, o S

& Lo dona.
. [2]] Write down the equation which links energy transferred, power and time.
ond L) h’mM [1 mark]
o™ tume

.[3] Calculate the mean power supplied by the Sun to the water in the pan.

[2 marks]
IQSQJ
fousar = gy — 300
Sminats =Sx60= 30O0s = 3.9
60sin a _
MUk Average power = a.9 w
.[4] Calculate the mass of water the student used in her investigation.
Use the correct equation from the Physics Equation Sheet.
Mmass E t 09 ¢ b [3 marks]
OreA bronggamed =Mc AG
naE \0 60 I .

avV.E £
c DO 42007k °c *O-6°C >

vass= O.41F V3 g

] @ lhe student’s results can only be used as an estimate of the mean power at her

other poinks > location. N°+ a}} on W Lo awwaloe .
+b u\m‘* xo CGive one reason why.
M 1 mark
et e
+ on ot Selor
r&uﬁmw Some anacgy Mw‘h"b'/w"%““d- Lo Lne
+ (nlercil ; Hpon Lrad a,mq.uwr
Sdor rocdiation
-n\shuu.wn'.od- whot She _ &NV D h"‘::d oy
alanc+ 5 S B e s
teme EzmcDO e Turn over »
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A student investigated the efficiency of a motor using the equipment in Figure 15.

Figure 15

Pulley @ Motor

\_/

20m

!
| Easn

He used the motor to lift a weight of 2.5 N a height of 2.0 m.

He measured the speed at which the weight was lifted and calculated the efficiency
of the energy transfer.

He repeated the experiment to gain two sets of data.

ﬂ v
.[1] Give one variable that the student controlled in his investigation.

NV (' A

[1 mark]

+hegnk

.[2] Give two reasons for taking repeat readings in an investigation.
[2 marks]

1 'd’hhb Jourormolaes -
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Figure 5 shows a graph of the student’s results.

Figure 5

.[3] Give two conclusions that could be made from the data in Figure 16.
[2 marks]

A syped aroreanes ShLlusrn (NUes S
Grodn Jonds Yoweds .o Comdonk ValL-//ooy)
(‘ Because iy il wrsre o gtlaagnt” ire

s would. gt it 21007, wdniedn L nat

ov>ele .
.[4] Give the main way that the motor is likely to waste energy.

[1 mark]

. E When the total power input to the motor was 5 W the motor could not lift the

2.5 N weight.

State the efficiency of the motor. [1 mark]
w=Fd d-ow=0 _ )
% - !f‘;!' -6 Efficiency = o %

%corg(z\=mfxm X100 %xloo=o
Turn over »
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Figure 6 shows a Van de Graaff generator that is used to investigate static electricity.
Before it is switched on, the metal dome has no net charge.

After it is switched on, the metal dome becomes positively charged.

Figure 6

Metal dome

|oses —ve

/ tlecteons

.[1] Explain how an uncharged object may become positively charged.

Neéa-‘I" Ve \3 C}\ar l-o( l/¢Iec‘llror\5 are 'l—fﬁl\\(;ef( eo( /

f’rom ol:d GC"' /

[3 marks]
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. [2] Figure 7 shows a plan view of the positively charged metal dome of a Van de Graaff
generator.

Draw the electric field pattern around the metal dome when it is isolated from its
surroundings.

Use arrows to show the direction of the electric field.

[2 marks]
—Vte
Figure 7
E\tc}(ic J:\clA
m'\'+"“$ N}'\‘I\ e)’()
¢ 0{ ) lof
'\so‘ﬁ*‘ lnp‘.c“
Pt(() ;“L‘ 0”
fve sw( JO’“‘
/
S
1 < >
Turn over »
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. @ Another positively charged object is placed in the electric field.

Look at Figure 8.

Figure 8

& c/os“‘f so fge/;
The mos T

rtfu );i on

In which position would the object experience the greatest force?

Tick one box.
[1 mark]

DDB\D

w 21 O
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0[7] A student set up the electrical circuit shown in Figure 9.

Figure 9

0 10A

. |I| The ammeter displays a reading of 0.10 A.

Calculate the potential difference across the 45 Q resistor.

[2 marks]
—
V=TR = 0-10x k5= 4.5 «
Potential difference = L. S \Y
. |Z| Calculate the resistance of the resistor labelled R.
[3 marks]
T 12 e o L
R == :m = |20 120 - 60 -% §= |sa
Resistance = \ 5 Q
| 0]7 ].[3] State what happens to the total resistance of the circuit and the current through the

circuit when switch S is closed.

PMT

/ [2 marks]
/

Qe&is’l’dr\ce olecru\ se s ﬂu\o( curr¢A+ lancreases

L)’fo'fa/ R ia f”“//l/< R o8 lowest

Ces, S'J’or

Turn over »
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A student investigated how current varies with potential difference for two
different lamps.

Her results are shown in Figure 10.

Figure 10

O

. |I| Complete the circuit diagram for the circuit that the student could have used to obtain
the results shown in Figure 10.

[3 marks]
@ e—-ammultf - +“_,__,“ \
@ e— VoH’M‘ {'zf
2
A) secies
y
/7? uar{nl/l— ‘\

7 re s.stor @

v P,d J7La $ SAme I IOél-fa//g/ AM—7L CA@/I&¢J {’a_,-,‘”t(

IN Series,

Ocurrt'\‘)' S7L4..‘s Same /A Serres é.lvz &Xa//\uje.; /n loaf‘a//e/
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. [2]] which lamp will be brighter at any potential difference?

Explain your answer.

Use Figure 10 to aid your explanation
[2 marks]

L—AMP A as ]71' '(AJ A /(J 4/¢f qu/‘txl‘f /
So A Af(j‘ér fo.,;er o«.{'ou. f /

. @ Lamp B has the higher resistance at any potential difference.

Explain how Figure 10 shows this.
[2 marks]

Lﬂm‘) B /\lLJ A /Owef cr ren 1‘ 71'}‘41\ /ﬂ./\»\’a

A cpor 7L'{¢ Same fa}ln Fia | diFbecen ce, ra
ﬁtnﬂ( /ﬂmf 8 AaJ a Sma //1/ (j/‘q aé.en 7‘ —

.[4] Both lamps behave like ohmic conductors through a range of values of
potential difference.

Use Figure 10 to determine the range for these lamps.

Explain your answer.
[3 marks]

6&+“4lf‘ 0 Al\ﬂl ZV‘)/ &Lcs.u.‘u 'Eor OArv\.‘c.

LO’\JM{NS ) errlf\‘l' 18 ﬁ{/'r‘cc '/‘/j fro/of fona /
e

¢

v .
7lo Fa( ) SO <y /0’7l4/l ce (< Cof\r/u\

Turn over »
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He rolls the dice and removes any that land with the number 6 facing upwards.

He rolls the remaining dice again.

The student repeats this process a number of times.

Table 1 shows his results.

Table 1
Roll number Number of dice remaining
0 100
1 84
2 70
3 59
4 46
5 40
6 32
7 27
8 23

.[1] Give two reasons why this is a good model for the random nature of radioactive

decay.

1 U(, cannot lOrw(icf u‘\(c/\ 0[[c¢ u(// ,o/e(a(})

[2 marks]

2 Uc Canno+ fraolic% ul\tl\ e,a([ oac N,‘// (/ccza’
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The student’s results are shown in Figure 11.

Figure 11

. |Z| Use Figure 11 to determine the half-life for these dice using this model.

Show on Figure 11 how you work out your answer.
[2 marks]

Half-life = 24 rolls

Half = [ibe = 4de Hime it Fakes Foc halt ot

7"14 &’/DMJ’ in A ra,a/.‘oAc A'\/(, -Sa,mf /4

o dlca.d.

Turn over »
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A teacher uses a protactinium (Pa) generator to produce a sample of radioactive
material that has a half-life of 70 seconds.

In the first stage in the protactinium generator, uranium (U) decays into thorium (Th)
and alpha (a) radiation is emitted.

The decay can be represented by the equation shown in Figure 12. H&ltw'l'\ 5
/ nwcle w
Figure 12 . DL
9%
74 234 + %
238 234 a
+ A
U — = Th+a 4y -
14 > 7o+ - 10

Determine the atomic number of thorium (Th) 234.
[1 mark]
Atomic number = ﬂ 0

When protactinium decays, a new element is formed and radiation is emitted.

The decay can be represented by the equation shown in Figure 13.

. El When protactinium decays, a new element, X, is formed.

a+0mic Aumber is
Figure 13 wnique Fo each element

J
l'f An 41‘0:\»\ /m,.s an

23%Pa — 233X + radiation

atomic no. oF A1
(/fkc element k)
H’ Mu‘s‘{' LC

wrancum .

L Same «§ wrapium in

Fn'ﬁun, 12

Use information from Figure 12 and Figure 13 to determine the name of element X.

[1 mark]
Urm\i N
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. @ Determine the type of radiation emitted as protactinium decays into a new element.

Give a reason for your answer. atomic be

/ nwm [2 marks]
6&4« oltca.o (/a.é ‘}/(L ‘ora‘llar\ numéer Aa\s

//\ ir\crcaua( A{J One . '/

MASS ob  nuclews remains Same, but 4 Newtron

AQCDng a Pro*o/\ So atom:c No, Increa ey é

(j ane,

. @ The teacher wears polythene gloves as a safety precaution when handling
radioactive materials.

The polythene gloves do not stop the teacher’s hands from being irradiated.

Explain why the teacher wears polythene gloves.

/

To f)r(.u:\‘l Lon ')Lam}nmLfor\ uLick uauu tanse

[2 marks]

Dln.ma L ouer a /or\ er aiool of 1‘;,.%,
0 a° f =

i(‘raJ"al’\o" . +€mporﬁr; }O At‘}’ I)a raa(fa 1ll’0/\

Lon')LLMina’lioz\ = Lor\‘h,\u\(b 51{/\0 U«J:/ LO f‘ow/ia tion
0(“4 to rgg;{('oazf{um Ma '/er;‘a/ on Oo«-.,,
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Electricity is generated in a nuclear power station.

Fission is the process by which energy is released in the nuclear reactor.

. Iil Figure 14 shows the first part of the nuclear fission reaction.

Complete Figure 14 to show how the fission process starts a chain reaction.
[3 marks]

Figure 14

9
— @ rxeu,‘}‘ro’\

O
™~ @ rentron /
/\ \\O \ _ @ neatron

UJM” ranium ~~ @ ne~froa

1\ \
! " O
bcco:u,s exfreme 10
w\sh.uc wkt"
it qaing =« neatfron
50 sdo/"}s into
two ﬂ{ﬁw.(j"flf

nucle;
£ r(,/m;cj mofl¢

newt fons.
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Figure 15 shows the inside of a nuclear reactor in a nuclear power station.

Figure 15

.[2] Inanuclear reactor a chain reaction occurs, which causes neutrons to be released.

The control rods absorb neutrons, «— The nentrons acc given
Mmos t o Fde
The control rods can be moved up and down. ,,\,,a g

Explain how the energy released by the chain reaction is affected by moving the

control rods.
[2 marks]

Loutr],\o ’I’A‘ co/\'}ro/ roa(s Increase s 7”: AumLer
& atron ab or»é d o released
o ne s S S e/ Ry e/\ezj(j eaqy e
Aecrta;cs,
OQ ka}sir\& 'l'kt con Jrro/ rods redaceg ‘/"{4 nam ber
oF nzm'ILMM aéwr Atp( 56 &aesz ~e /ta;ea(

INCreasts.,
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Figure 16 shows how the power output of the nuclear reactor would change if the
control rods were removed.

Figure 16

raw &
O ’(o{'lu\sl"+ A+
+

phe 007
— h" e
/ whef |D"""As

o unit

Fime

. El Calculate the rate of increase of power output at 10 minutes.

[2 marks]
Cnd the By = 2000 = 150
m)im\* — Agc Q
0L
o¥ ¥ v
Fange
Rate of increase of power output = 2 S ®) MW / minute
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Turn over for the next question
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|I|I| Figure 17 shows a student before and after a bungee jump.
The bungee cord has an unstretched length of 20.0 m.

Figure 17

The mass of the student is 50.0 kg.
The gravitational field strength is 9.8 N/kg.

[1]1].[1] Write down the equation which links gravitational field strength, gravitational potential
energy, height and mass.

Ee = f"dk [1 mark]

FAJC‘\%HDM«I Po’l’tl\‘“al ENnLlgy = MasS ¥ raa['l'a?l/'orm/ Az/o/
'j aa 6 .$7L/‘:,\37l/L % Ah‘alf

|I|I| . @ Calculate the change in gravitational potential energy from the position where the
student jumps to the point 20.0 m below.

Ah [2 marks]
AEf = MSL < /
AEP - S0x¥4:-$%20:0 = 4%00
Change in gravitational potential energy = 4 300 J
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|I|I| . 80% of this change in gravitational potential energy has been transferred to the
student’s kinetic energy store.

How much has the student’s kinetic energy store increased after falling 20.0 m?
4900T »O0 % = T840 [1 mark]

Kinetic energy gained = 7940 J

[1]1].[4] Calculate the speed of the student after falling 20.0 m.

Give your answer to two significant figures.

/ [4 marks]

/
7%#03:%\0( Ek: l/.\' My !l"/"'h v — 51)‘7%&0 - 17 7...
1E, :va\/“ §0 AN R SV
(= -
e -
~

Speed = | ¢ m/s

|I|I| . E At the lowest point in the jump, the energy stored by the stretched bungee cord
is 24.5 kJ.

The bungee cord behaves like a spring.
Calculate the spring constant of the bungee cord.

Use the correct equation from the Physics Equation Sheet.

[3 marks] /
o E, - O0sche ., - ¢= 550 - 200 =(3§"0K
) L L L D,‘Os
” lEc - l"—
e” iy
11.; 1“1‘500XQ— g ‘I'('O
35.0"

/

Spring constant = L O N/m
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A student wants to calculate the density of the two objects shown in Figure 18.

Figure 18 A
ns )fa

,v\o.Ss

voluml

-

Metal cube Small statue

Describe the methods that the student should use to calculate the densities of the

two objects.
[6 marks]

Mt‘l'a-' L‘ij:)t‘.
¢ USl- A cu 'lf "’o meas wle ’l"l. }t/\a']l/\ ot 7LX¢

cube.

'C'«Ju ’HL ,1/\3#\ to f;np( ‘“c UO/L(ML,

Small  stafue:

° Jmmcrsc S‘)’A‘}ui A

Mta.s ure 'i'*c vo‘mc ok +l¢ p(;.s//acco( uq,‘fe/‘.
T)\.',s 1§ 'H\l- volumc. of 7L/\L S’I’A'Flul.

water.

FOf LO'/')\?

’ Usc. a l)alanu 'l'o ﬂifw( ‘”c mas§,

. USL J’J\L ea\luoul-[ot\ ale/\.r,'{) = u':a;:fme ‘ILO at*

ﬂltnsl' ‘}".‘)

PMT
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IIE An electrician is replacing an old electric shower with a new one.

The inside of the old shower is shown in Figure 19.

Figure 19

[1]3].[1] Ifthe electrician touches the live wire he will receive an electric shock.

Explain why.
[4 marks]

ﬂc, foJrzm}ia( ob  Hhe e uire 230V. &«
The Pa‘}tn‘ha( ob  He  eledrician is OV /50
’Huc s & /ArJL ﬂchLeA‘/:'a/ o/ifhrenu leturen
dhe  five wice oaad  Fhe ehmlricim\‘/ama( So

curcent fﬂ—&:cg ’)'l\rou‘j l l\l“ Loa/a, t/

Turn over »
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Different electrical wires need to have a cross-sectional area that is suitable for the
power output.

Figure 20 shows the recommended maximum power input to wires of different
cross-sectional areas.

Figure 20

Q‘$~u\t

II@ . |Z| The new electric shower has a power input of 13.8 kW.

Determine the minimum diameter of wire that should be used for the new shower.

The diameter, d, can be calculated using th tion: _ _ d \~
e diameter, d, can be calculated using the equation A,ﬂr"' - ({5
4A A = ﬂﬁ{”
d= [— —_
T i
| | | A= =0
A is the cross-sectional area of the wire. - f
[2 marks]
— Y4 4'% — .
d=\*% - 353
Tr
Minimum diameter = 2.89% mm
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The new electric shower has a power of 13.8 kW.

Calculate the resistance of the heating element in the new shower.

Write down any equations you use.

v _—

_a _ 1vo00 -
1= = —/ bO A
L/
P 13400 _
= - 2393
R I O~ 3%

Resistance = 243

END OF QUESTIONS

[5 marks]
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Figure 6: Photograph © Michael Priest
Figure 18: Photograph © Thinkstock
Figure 19: Photograph © Michael Priest
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