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Here is a list of units.

A

Choose the correct unit for

(a) electric potential

(b) magnetic flux density

2

Answer all the questions.

Section A

c  J 9 1 T

t?l

2 Fig. 2.1 shows a loop of flux in an electromagnet.

Fig.2.1

The flux density in the air gap is greater than the flux density in the iron core.

Show this by drawing two more loops of flux for the electromagnet.

Here are some changes to the electromagnet.

A decrease the number of turns in the'coil
B decrease the gap between the poles
C decrease the current in the coil

Which one of these changes will increase the flux density in the gap between
poles?

(a)

l2l

(b)

the
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3 Silicon-31 is an emitter of beta particles. lt has a half life of 9.4 x 103s.

(a) Show that its decay constant ,1. is about 7 x 10-s s-1.

(b) The activity of a radioactive source can be calculated with the relationship

4 {  1 A '
F 

- -^*'

Use the relationship to show that the decay constant has units of s-1.

I 1 l

U

\,

t 1 l

(c) Calculate the number of silicon-31 atoms needed to make a source of activity
3 x 103Bq.

number of  atoms = . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t1 l
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Fig. 4.1 shows some equipotential lines around an electricity power cable at +500V.

power cable
at +500V

Fig.4.1

(a) What feature of the diagram shows that the electric field strength is strongeal naxt to the
power cable?

(b) On Fig. 4.1, draw a line to represent the direction of the electric field at polnl P.

tzl

Here are some facts about the scattering of a beam of high energy electrons frqn a sample
of protons.

A Most of the electrons in the beam are not scattered at all.
B Some electrons are scattered through large angles.
C New particles, other than protons and electrons, are emitted from the sarrpl€.

Which one of these facts provides the best evidence for the presence of quadc h protons?

2864^,1 Ju|03
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The graph shows how the electric field strength, in MVm-l, around an alpha particle,

changes with distance, in nm, from its centre.

I
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(a) Show that the area of one square of the grid represents a potential of 0.5 V.

l1 l

The graph can be used to estimate the electrical potential at a point 1.0 nm from the
centre of an alpha particle.

Shade the correct area on the graph for this estimate.

\

\

\
\
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The typicaldose equivalent for a chest X-ray is 2 x 1O{Sv.
A dose equivalent of 1 Sv gives a person aio/o probability of developing canogr.

Calculate the probability of a person developing cancer from one chest X-nay peryear b( 2syears.

probability E ........,.oo**. % [2]

8 Fig. 8.1 shows the construction of a commercialtransformer.

iron core

secondarycol

primary ol

.F ig.8.1

(a) Here are some facts about the construction of the transformer.

A Both coils are wound on the same part of the core.
ts The wire in the secondary coil is thicker than the wire in the primarycoL
C The iron core is made from thin sheets.

Which one of these facts ensures that the rate of change of magnetic llu h lre fimarycoil is equal to that in the secondary coil?

286/UL1 JurG
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O) The primary coil of the transformer has 1000 turns and the secondary coil has 200
turns. The primary coil is connected to a 400 V 50 Hz supply'

Calculate the voltage across the secondary coil, and state its frequency.

vol tage =. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V

frequency = . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hz
l3l

[Section A Total: 20]
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Section B

In this section, four marks are available for the quality of written communi(nlion'

This questkm is about using changing magnetic flux to control the current in an elecfric circuit'

(a) Fig. 9.1 shows a fluorescent tube'

fluorescent
tube

F ig .9 .1

The tube contains a low pressure gas. The gas is normatly an electrical hefabr- When

an alternating potentiat ditference is applied across the tube, the electic field betuueen

the electrode!hetps to ionise the gas, making it into a conductor'

(i) The maximum potential difference across the electrodes is 325V. Tho dstance

between the electrodes is 1.25 m.
Calculate the maximum electric field strength between the electrodes-

field strength = ..-......-...-.... V m-l [2]

(iD Suggest how the electric field h.elps to ionise the gas'

(b) Fig. 9.2 shows the fluorescent tube in series with a choke.

Fig.9.2
286,$0r Jt'|6
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The choke is a row resistance coir of wire wound on a roop of iron. This controls the

current in the tube when it is conducting. The graph of Fig' 9'3 shows how the flux

fini"g" through the choke coil changes with time when the tube is conducting'
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Fig.9.3

(i) By measuring a suitable gradient on the graph, find the peak voltage across the

coil. Show the gradient clearly on the graph'

peak voltage = .......................... v [2]

(ii) Draw on the graph to show how the voltrage across the coil changes with time. The

vertical scale is not imPortant.

l 1 l

(c) Use ideas about electromagnetism to suggest ho-vv the choke in Fig. 9.2 prevents the

alternating current in the tube from becoming too large'

I2l

Fotal:91
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10 This question is about the elastic scattering of protons from a nucleus of lea&206.

(a) Fig. 10.1 shows the path A followed by a proton, scattered by a nucleus ol lea&206.

nucleus of lead-206

Fig. 10.1

(i) On Fig. 10.1, sketch the path B followed by another proton with the same initial
energy.

(ii) Explain why these protons follow different paths.

B

A

I2l
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O) The distance of closest approach to the nucleus for the proton on path A is
3.4 x 10-14m. A lead nucleus contains 82 protons.

(i) Calculate the force on the proton due to the nucleus at this distance.
k= l l4nen= 9'0 x 19eP 626-2
€  =  1 . 6  x i O - 1 e C

fo rce= . . . . . . . .N t3 ]

(ii) On Fig. 10.1, draw an arrow to show the direction of the force on the proton when it
t1 lis at Point P.

t (c) The proton following path A is scattered through 90'. When lead is bombarded with a
beam of monoenergetic protons, one proton in every 100 million is scattered through
more than 90".

State and explain what will happen to this fraction when the energy of the protons in the
beam is increased.

tzt

[ 'otal: 11]
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11 This question is about risks of radiation from a fission reactor.

It is proposed that a small nuclear reactor should provide electricity br the firsl ssfronauts
who journey to Mars. There is some concern about the hazard due to ionising radaton from
the reactor.

(a) The uranium-23S fuel produces continuous electrical power during the inmoy. Each
fission of a uranium-23S nucleus releases 206 MeV of energy.

(i) State the meaning of the term fission.

' '  [1]

(ii) Use the idea of binding energies to explain why fission releases mcq

Izt

(iii) Each fission of a uranium-23S nucleus releases about three netttur.
Explain how these neutrons can maintrain a steady and corded r*aee of
energy in the reactor.

26Aar{'r J,loo
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It is suggested that the best location for the reactor is at the centre of the astronaut's
ilrirg qlirters. Waste heat from the reactor would ttren help to keep the interior of the
spacecraft at a comfortable temperature.

supplies

Fig.  11.1

The table shows how the energy from a single fission event is typically shared among
the various particles involved.

particle energy / MeV

fission fragments
gamma photons

antineutrinos
betra particles

neutrons

166
1 5
1 2
8
5

(i) The reactor is encased in a water jacket to make it safer.
Explain why the gamma photons from the reactor will be a hazard, but the beta
particles will not.

l 1 l

(ii) The reactor is run at a constant output power of 5 kW. An astronaut who is 5 m from
the centre of the reactor will receive a dose equivalent of about 10 mSv s-1. This is
unacceptrably high.
State and exptiin two modificaUons to this reactor arrangement which would
significantly reduce the hazard to the astronauts.

t4l

[oal :  11]
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12 This question is about energy levels of atoms in a crystal.

(a)Abeamofinfraredradiat ionispassedthroughacrysta|.
The graph of Fig. 12.1 shows the infrared absorption spectrum of the crystal.

transmitted
intensity

so 60 70 80 90 100
wavelength/pm

Fig. 12.1

(i) Show that the-frequency of the infrared photons absorbed by abml hltOOptd is

about 4 x 1O12Hz.
c= 3 .0  x  108ms-1

" - i , .

t3l

(ii) The infrared absorption spectrum suggests that the energy lanb d 6 h the

crystalare evenly spaced, as shown in Fig. 12.2'

energy

0r -
40

iF,

- ^ - 4

t "
Y  n = . 3

l l = 2

l l = 1

Fi1.12.2

The photons are absorbed when atoms move from one enelgy lgld b lhe next

level.

On Fig. 12.2, draw an arrow to show the absorption of an infrared pl$tt by the

atom in the state D =2.
t1 l
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gii) Use your answer !o (i) to calculate a value for e, the separation of the energy levels.
h = 6 . 6 x 1 0 + J s

e= . . . . . . . . . . . . . . . . . . . . . . . . .  J  [2 ]

(b) The oscillating motion ol an atom in the crystal changes when it absorbs or emits an

infrared photon. The bonds between each atom and its neighbours restrict its

movement. This suggests a very simple modelof a particle trapped in a box'
Fig. 12.3 shows a standing wave pattern for an atom in such a box when D = 3.

box

"'"*'1- l l =  4
-4- f l=  3
- � l l = 2
- � l l = 1

Fig. 12.3

(i) On Fig. 12.4 draw the standing wave for an atom when D = 1'

energY L  -n=4
|  - n = 3
|  - n - z
|  - r - n = 1

Fig.12.4

Question 12 continued over the page.

l2l
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(ii) The kinetic energy E of an atom of mass m with momentum p is given by the
formula

E = L
2m

Show that the de Broglie wavelength I of the atom is given by

rn^=  \ z re '

r3i
(iiD When the atom is in its lowest energy state, the energy E is 1.35xldtJ.

Calculate the de Broglie wavelength of the atom in its lowest energy stats.
f i t=5 '1  x19-26kg

wavelength = ........................ m [1]

(c) (D Use your answer to (bXi) and (bXiii) to estimate the length of the bu wttlcfi baps
the particle when fl = 1.

length E ............o........... m [1]

(ii) The model only predicts the correct energy levels if the length of the bot tapping
' the particle increases with increasing energy.

' Show this by calculating the length of the box for fl = 3.

length = ........................ m [2]

ffotal:15]

Quality of Written Corrrurfcaton [A]

Isoction B Total 50]

OGR has made every effofl to trace the copydght holders of ilems used in this Question paper, hl I rc hnr hadvertently
overlooked any, we apologise.
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