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Materials

For this paper you must have:

X aruler

X a calculator

x the Physics Equation Sheet (enclosed).

Instructions

x Answer all questions in the spaces provided.
x Do all rough work in this book. Cross through any work you do not want to be marked.

Information

X There are 100 marks available on this paper.

x The marks for questions are shown in brackets.

x You are expected to use a calculator where appropriate.

x You are reminded of the need for good English and clear presentation in your answers.
x 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.

Advice )
x In all calculations, show clearly how you work out your answer.
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101 Figure 1 shows a balloon filled with helium gas.

Figure 1
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Turn over for the next question
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Total power
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Figure 2
Figure 13
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Gas fired power stations reduce their output when demand for electricity is low.

Gas fired power stations reduce their output when demand for electricity is low.
Suggest one time on Figure 2 when the demand for electricity was low.

Suggest one time on Figure 13 when the demand for electricity was low. [1 mark]
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A student investigated how much energy from tifne Sun was incident on the Earth’s
stifaee at her lseatien.
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The apparatus she used is shown in .

The apparatus she used is shown in IHgb:Fg §4.
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0 4 . 4 Calculate the mass of water the student used in her investigation.
.[4] Calculate the mass of water the student used in her investigation.

Use the correct equation from the Physics Equation Sheet.

Use the correct equation from the Physics Equation Sheet. [3 marks]
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Figure 5 shows a graph of the student’s results.

Figure 5
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, Give twe conclusions that could be made from the data in Figure 5@
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. 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]
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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

loses - we

f/ plpctianss

. Explain how an uncharged object may become positively charged.
[3 marks]
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) 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]
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Question 6 continues on the next page g g
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. Another positively charged object is placed in the electric field.

Look at Figure 8.

Figure 8
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In which position would the object experience the greatest force?

Tick one box.
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[1 mark]
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A student set up the electrical circuit shown in _.
0l7] Figure 9.

Figure 9

. The ammeter displays a reading of 0.10 A.

Calculate the potential difference across th‘esistor.

V R [2 marks]
_ x45=4.5v
- i 7. (b 10%45=4.
Potential difference = . § Vv
. Calculate the resistance of the resistor labelled R.
[3 marks]

VIR TR

2, =¥ =37F 5205120560045 .0

Resistance = |SS 0)

| 0 | 7 | ) | 3 | State what happens to the total resistance of the circuit and the current through the
circuit when switch S'is closed.

[2 marks]

: e
met%qe“&gg@?é decreasé (anchCurrents
L) +o¥a/ R ia lfmm//e/ < R 585 lowest

total R | |
Parallel<Roslowest cesistor

resistor
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A student investigated how current varies with-potentiabtdifference fo“
Her results are shown in .
Figure 10
Figure 10

0‘8__...._ R _._..i_._ ey

Current
in amps

5 4 6 @4 T 8 9 A0
Potential difference in volts

. Complete the circuit diagram for the circuit that the student could have used to obtain
the results shown in Figure 10.
[3 marks]
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1
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Which lamp will be brighter at any potential difference?
Explain your answer. ‘Q: Vi L

Use Figure 10 to aid your explanation

[2 marks]
L‘Emﬁ) Anas it higsﬁ\l a ﬁjghercwem% —
0o A Aigher pouec oufpu?t. L
higherpower

Lamp B has the higher resistance at any potential difference.

Explain how Figure 10 shows this.
[2 marks]

Llanpp Bhaga lower/love, ewernt  thdua g
A (FDF ‘/’At Sam e fo}‘ln J‘ia/ dffﬁfg'}% ce, e

A for the same
o ntifdne 8 A 4 smallec gradiehts—
an

lamp B has a smaller

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]

Between Qiangd2because g

wctors wrrent 1§ ﬁ{,'rgc'// 1
fopctos, /s p'r{}p()f/’t”mﬂél

. i V.

co#w?j.uctorfc'uor(reﬁt is °° e fance o constan ‘/
,directly

to

p.ITsoresistanceisconstant.
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A student models the random nature of radioactive decay using 100 dice.
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

. Give tworeasons why this is a good model for the random nature of radioactive
decay.

[2 marks]

1 Mg gaonos 4 mvédcitt which  dleee  will] 'd‘egéy

2 We eannef m«e‘c‘lciét when  sachl  oae Wil (dle‘\‘@'y
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The student’s results are shown in _.
Figure 11.

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

Show on FigurlegoWl you work out your answer.
[2 marks]

6 Half-life = 2.4 rolls

- H=t-thfe-etfimtagittak

decaye. 4. "
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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 () radiation is emitted.

The decay can be represented by the equation shown in Figure 12.

o Audieus

. 4
Figure 12
. K
4 284« 4
U — ‘o
— +
i 2 2 = 49 =22
2 — 7 42 = 40

i Determine the atomic number of thorium (Th) 234.

[1 mark]

Atomic number = QCO

When protactinium decays, a new element is formed and radiation is emitted.
The decay can be represented by the equation shown in Figure 13.

atlomic Rumider iss
Figure 13 WM g e to eadh glemant

’

i an afom Ras an
AORNIC np, oF 2
(like elbment k)

L">Sam(, s Wrniwm A
e

1 Prgore i+ mudt be
. When protactinium decays, a new element, | is formed. weanin m .
Use information from Figure 12and  Figyre 13 to determine the name of element X.
[1 mark]
Vratdiinm
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Determine the type of radiation emitted as protactinium decays into a new element.

Giye a reason for your answer. atom Ahmic
mucmber / J " [2 marks]
’[ 6&4« 0(¢ca as ‘}Ac J ‘lor\ num£¢r AM
I

detayasthe rotgl)sn¢ Floang»
u increasedby \/oﬁe
MA.S! o, nrug (tuJ /Eemm/kf

meautSroSn of I’]UC eus emams saJme ZE)L,It

Bjes 4 pmf@n S  aAdONCc Mo,  incwmesessey bymee,

Ney ‘%fa/\

0 § . a D The teacher wears polythene gloves as a safety precaution when handling
radioactive materials.

The polythene glove do not stop the teach&r’s hands from being |rrad|ated

Expla.nWhytheteacherweosgyzE {2 mar S]

cause Tq’D (‘Ldl-l\'} Lon ’l’am,na‘lLvoA ULlC)\ uawlol Caanse

e, PERNENE contaminatiqnieh would o fine,
Vv
danfageoveralongerperiodof

”F‘&dlt&ﬂ‘%@dﬂn = ﬂmpepdyll¢lu Qy F&(ﬂaHOh'o,\

eontaminatTioury o“vesr friforg th-e

D(M-t ‘}D f‘a.p( oa( fcu( Ma 7¢¢r:4 on 06 @,
d&ﬁto radioactive material on
you.
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m Electricity is generated in a nuclear power station.

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

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

Complete Figure 14 to show how the fission process starts a chain reaction.

Nucleus

Neutron @ ——» Q

¢ releagas moce

Rutamsn § .

S @ rewtron
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Figure 15 shows the inside of a nuclear reactor in a nuclear power station.

Figure 15

//7\

-p Hot water out

Fuel rods

= (Cold water in

e TN I

. In a nuclear reactor a chain reaction occurs, which causes neutrons to be released.

The control rods absorb neufronﬁ/\*—théﬁé‘m‘roﬂé‘&regr\féh

mostofthe most of  fhe

The control rods can be moved up and down. eulf() a

energy.

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

control rods. [2 marks]

L%wejung*theﬁahtm% r et mcfea%“%the

n¢u+r01\5 AA$or (J So enegg re Ca.lt

" of neutrons a bed so released
daergy;.

decreases (/
.V

OR ﬁaﬂs@ N g"'et gontiob | postdy  redlices  d.  Awwbbe
oF  pauiromas abbddd w0 gheéj‘é)/ reldasedd

inzeasese s
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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
2400 5 r |
gl |
5000 Pt Arge AHl""
P EREm .huﬁ ¢
powGroutput I8 ] T ‘}LL e
in MW 1600 | 4| HH N\”‘ qr,m\ms
| K9
| |0~
1200 |
ao0 fE b A
0
time in minutes D
Ritt
per
fime
¢
_ Calculate the rate of increase of power output at 10 minutes.
[2 marks]

fy tth. gera-diefnt TO#=2000---2
tajg’réent

Rate of increase of power output = 2 SCD MW / minute
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Turn over for the next question
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Figure 17 shows a student before and after a bungee jump.

The bungee cord has an unstretched length of 20.0 m.

Figure 17
Before After
Student

1

Bridge L = .
d Bungee
o | Extended
|bungee

l icord

v ﬁ; Stationary

fJU\ student

River A A A A AN AN

Thefffiasslof the student iSBOIOKED

The gravitational field strength is 9.8 N/kg.

. Write down the equation which links gravitational field strength, gravitational potential

energy, height and mass.
Fp - g tn [1 mark]

gffa\ﬁfa*m'o pleetitlakgpas moss - gfﬂavﬁaorrg il
[1]7].[2] Ccalculatethe change in gravitational potential energy from the posmon where ’[h{!»]le@gl%it

student jumps to the pomt 20.0 m below.

. [2 marks]
AEp-BighQ”
A€, %0 - % 833?%0 00"
Change in gravitational potential energy = %(m) J
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E 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?

A0 T » 0837847 g4 O [1 mark]
Kinetic energy gained = BIKO J
|

. Calculate the speed of the student after falling 20.0 m.

Give your answer to two significant figures.

/ [4 marks]

—w( F,- =< O/""»" Vi @ - 17.7“/
gq%rgéﬁ{lr S

E:v

Speed = I'q m/s

) At the lowest point in the jump, the energy stored by the stretched bungee cord
is 24.5 k3J.

Calculate thelSpring constant'of the bungee cord.

Use the correct equation from the Physics Equation Sheet.

[3 marks]
. el EE_@'@"*‘@""‘QS) 6355.0-26.85 .0 - 200 g F
| eE+=
MX’ vo=70
35.0

gThe bungee cord behaves like a spring.

35.02

Spring constant = 400 N/m
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112 A student wants to calculate the density of the two objects shown in Figure 18.

Figure 18 deﬂ@tﬁi

s
\ |
o SR

Metal cube Small statue

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

two objects.
[6 marks]
et [cubés, .
Pesgéhrbq;er 5 e‘g%ur"é“"t‘h‘”ée the }"‘3“ of e
ugb\eL(_ + e ,1/\ 7L1\ to firml ‘}lt uo/umc,
fe tﬁtoflnglthevolume.

Sml'lﬁtaws Fue:

IFane%é‘statU)@‘FLm?vatér‘ water.
Mluéun ’H\ Vo‘umt of ’/’lz ﬂli.sf/acca( Uaﬂé‘ﬁ

ﬁﬁgstlre th& vol me of the
\Iolumg of ’f/tc sl—mluc.

This is the volume of the statue.

Fg?ﬁothgw th

»' US(. ~ l)a.‘a'u\u, 'l'o ﬂinpl ’IL'( mass,

Usgighalgnge toéf'e?éjaﬁ’o%ﬂmasaen@tyma_v:&;;e, Yo et W
densjty
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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

i

-

- e ] e st e e e b e
b B ="

it

) If the electrician touches the live wire he will receive an electric shock.

Explain why.
[4 marks]

e potendial ob  Hhe e wire ¢ 2BOV.
ﬁgten}olﬁlli@ltt(helL\tewwelse/lc‘l’flccﬁ/\ 'S @UKO
pdiential of the elé&aniciaﬂM&Jm/ Hiferenspce  behueen

Yifdeisoteittiapnd e ehclricianwdd
theqrgeml?;emmhe clddrivigt  Aic body.

current

passes through his bodyV.
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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

20—
18- _

144

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Cross sectional areainmm2 Q. Bt

1 3.2 The new electric shower has a power input of 13.8 kW.

1)

A
=
%

Determine the minimum diameter of wire that should be used for the new slA\ﬁeﬂ r™

>
0

3

o
(4

The diameter, d, can be calculated using the equation:

na
A--

Or=# H 5
4AA A is the cross-sectional area of the wire. ’( = T\'/

D=5¥ ¢/EY¥ = ss
\f 1

[2 marks]
' Minimum diameter = 3.89% mm
=3 S3 —
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The charge that flows through the new shower in 300 seconds is 18 .000.C.
The new electric shower has a power of
Calculate the resistance of the heating element in the new shower.

Write down any equations you use.

[ =¥ 5,J0080¥%= 60nF-

I 300

Y4
PI '= R
I’)—
PR 0sE=3.83°
3.83
Resistance = 2493 Q
END OF QUESTIONS
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