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Here is a list of units.
JC
Which is the correct unit for

(a) elecirical potential

(b) eleciric field strangth?

2

Answer all the questions.

Sectlon A

NCT Nm Wb

The Einsteln mass-energy relationship is E= mc2.

What is meant by the energy £ in the relationship?

[1]

Strontium-80 decays into an isotope of yttrium, emitting a beta particle and an antineutrino.

Complete the nuclear equation for the decay.

80 0 0_
338!’—} e 4+ ov + Y

[l

Strontium-20 has a hall-life of 8.2 x 10° seconds.

Calculate the number of strontium-80 nuclei required for a sample to have an activity of

500 Ba.

NUMbBEr of NUCIEI = ..vvvveerrereerersessssererens [2]
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Here are the first five lines of a poem which dascribes a particla. The name of the particle

has been replaced by a spacs.

(a) The table summarises the properties of four different particles.

veannnananne s HNBY A8 vEIYy sSmall.
They have no charge and have no mass,

3

And do not inferact at all.
The Earth is just a silly bail

To them, through which they simply pass, ...

From Cesmic Gall by John Updike (1963)

particle has negligible has zero charge interacts very
mass weakly with matter

electron no

neutrino yes

neutron no

photon yes

Complete the tabla with tha words yes or no.

(b) Select from the table the particle which the poem best describes.

Write it in the space in the poem.

EERATN undd

[2]

[1]
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6

4

An alpha particle is scattered by 80° as it passes close to a gold nucleus.
(a) Fig. 6.1 shows four different paths for the alpha particle.

: .-...__--__-,

A

Fig. 6.1

Which one of the paths (A, B, C or D) could be correct?

282341 SundE




7

B

5 Exa
(b) Here are some statements about the alpha particle when it scatters ofl the nucleus.

A The potential energy of the alpha particle decreases as it approaches the nucleus.

B The kinetic energy of the alpha particle is about the same before and after
scallering.

C The kinetic energy of the alpha particle decreases as it moves away from the
nucleus.

Which one of the statements (A, B or C) is trug?

The risk of developing cancer from expasure to radicactive materials is 3% Sv'.

A physics teacher demonstrates the properties of radioactive sources many times during a
forty year career. The exira dose equivalent for the teacher due to this activity is 0.1mSv per

year.

Estimate the extra risk of cancer for the teacher due to handling the radioactive sources.

28601 Junixi [Turn over



Fig. 8.1 shows a simple generator.

permanent magnet

Iron core
= 4

coil of wire
Fig. 8.1

When the magnet is rotated at 3000r.p.m., the emf across the coil has an amplitude of 12V.

(a) What is the amplitude of the emf when the magnet is rotated at 9000r.p.m.?

emf=...ccoervcrssemerrsninnnns ¥ [1]

(b) Suggest two other modifications which will increase the emf induced across the coil.

2]
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Examinersz

8  The graph in Fig. 9.1 shows the variation of binding enargy per nucleon with nucleon number.

i nucleon number

binding energy
per nucleon

-8.8 MaV -

Fig. 8.1

(a) Three regions of the graph have been labelled.

| Which one of the regions P, Q or R contains the nuclei which are the most stabla?

(b) Here ara four stages of an explanation of why binding energy is always negative.

A The colliding nucleons bind to each other, losing energy as photons.
B Separated nucleons are unbound, so have an energy of zero.

C Nucleons are attracted to each other by the strong nuclear force.

D Sothey accelerate towards sach other, gaining kinetic anergy.

The first stage is B. Complete the boxes to show the best order of the othar stages of
the explanation.

(]-[-(J-1]

[2]
[Section A Total: 20]
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2]
Examiners
Use

Section B

In this section, four marks are available for the quality of written communication.

10 The apparatus shown in Fig, 10.1 is used to collect the isotopes uranium-238 and lead-206
in a sample of rock.

electrodes
source
of ions %
uniform
magnetic field
region
200V ov

lead-206 uranium-238
collector =22 —_J collector
Fig. 10.1

lans from the sample of rock emerge from the source towa rds an electrode at 200V.

(a) lons pass through a hole in the 200V electrode with negligible velocity. They are
acceleraled towards another electrode at OV.

(i) On Fig.10.2, draw four arrowed lines 1o represent the electric field between the
electrodes.

electrodes

+200V oV

Fig. 10,2
(2]
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9

(ii) By considering the energy changes of the ions in the electric field region, show that
the momentum gained by a lead-208 ion is about 5 x 1021 Ns.

mass of lead-206 jon = 3.5 x 1025k
charge of ion = 1.6 x 107'%¢C

(3]
(b) The accelerated lead-206 ions enter a region of uniform magnetic field 8 acting at right

angles to the plane of Fig.10.1. They follow a circular path in this region and end up
being trapped in a collector.

(i) Draw an arrow through the point labelled X to show the direction of the magnetic

force on the ions at that point. [1]
(i) By considering the magnetic force as a centripetal force, calculate the radius of the
circular path.
B=012T

(¢} lons of lead-206 and uranium-238 have the same charge and kinetic energy when they
enter the region of uniform magnetic field.

Expiain why the uranium-238 lons follow a path of greater radius than the lead-206 ions.

[2]
[Total: 11]

Ekamiriars
kg
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10

11 The age of the Solar System can be estimated by measuring the ratio of the isotopes
lead-206 and uranium-238 in rock samples. The method assumes that all of the lead-206 in
the sample is due to the decay of uranium-238 which was present when the solar system was
formed. Lead-206 is a stable isotope.

(a) Uranium-238 decays into lead-206 by several stages.

The overall decay can be reprasented with this equation.

*%U — *BPb + decay products

It is suggested that all of the decay products are alpha particles.

Use the equation to show that this cannot be correct.

[4]

(b) Describe and explain how the number of lead-208 nuclei changes with tima after the
creation of the uranium-238 nuclel, during two half lives of the decay sequence.

[2]

FEEAI0 Junld
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11
() (I} On the axes of Fig. 11.1, sketch a graph to show how the ratio

g = _number of lead-206 nuclei
number of uranium-238 nuclei

In a sample of rock will change with time 1. Take =0 to be the instant of creation of
the uranium-238. The half life of the decay sequence is 5 x 107 years.

5

A

0 1 2 3 4 5 6 7 B g 10
t=x10% years

Fig. 11.1
[3]

(i) Use the equation N= N,e~# to show that A= e 1.

[2]
(iiiy A sample of rock which is analysed has a value of A= 0.81.
Use A=e -1 localculate the age of the rock.
A=48x107'8g7"
B = st s [2]
[Total; 13]
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12

12 Some people carry a rechargeable battery inside their body. The baltery is used lo power a
surgical implant, such as a heart pacemaker or artificial heart. The battery can be charged at
regular intervals by coils on either side of the skin, as shown in Fig. 12.1.

primary coll of 180 turns secondary coil of 600 turns

. et
= G
s
ac suppl = battery [rechargeable
wY e charger battery
—k || I
oulside the skin under the skin

Fig. 12.1
The secondary coil is implanted under the skin. When the battery is to be charged, a primary

coil connacted to an ac supply is placed on the skin over the secondary coil, making a
transformer.

(a) Explain how an alternating emf across the primary coil results in an allernating emf across
the secondary coil.

1]

(b) In normal use, the emf across the secondary coil has an amplitude of 5.0V

(i) Calculate the amplitude of the emf across the primary coil, assuming ideal transformer
behaviour. Use data from Fig. 12.1.

206201 i



13 For

(i} Suggest one reason why, in practice, the amplitude of the emf across the primary
coil needs to be much greater than the value calculated in (b)(i).

(1

{c) The graph of Fig. 12.2 shows the variation of the emf across the secondary coll with time.

6 , - ; — :
- ] — =1 1
amn"».af4 = : —— = A
; - : 17
FRES % 5 —
E — L1 I'f 3. 1'\ /_.
BE: [ === :
0 \ 4 - b ; time /s
0= | 20 —¢——F40-| | \—603=/1_|80
-2 i fil Nt
s \ J"r- \i. / —
4 \ t . 7
= N 7
-6 ’ ! =
Fig. 12.2

(i) OnFig. 12.2, sketch the variation of the flux linkage in the secondary coil with time.
[2]

(i) Use the graph fo estimate the amplitude of the flux linkage in the secondary coil.

18]
[Total: 10)
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LA
13 A long molecule in a purple food dye absorbs green light. Photons are absorbed by the ¥
molecule, causing one of its electrons to move up to an excited state. The electron is free o

move along the length of the molecule, so it can be modelled as a particle in a long narrow
box.

'

L = o
Fig. 13.1

(a) (i) Inthe box of Fig. 13.1, skeich a standing wave representing the electron in its lowast
energy state. [2]

2
(i) Use the relationship kinelic energy E= ;—m to show that the energy E, of the
he

electron of mass m in Iis lowest energy state is given by E = Bm2 '

where L is the length of the box.

[2]

ZHELUD Jumdd



15 For

(b) When photons of green light are absorbed by the dye molecule, the electron jumps from
the lowest energy state to the second excited state. The energy levels for the electron
are shown in Fig. 13.2.

(i) OnFig. 13.2, draw an arrow 1o represent the absorption of green light.

[

energy
QEQ second excited stale

8E; -
7Eg
6Ep
5Ep -
4E - first excited slale
36y -

2E;

Eﬂ lowest energy state

Fig. 13.2
(1]

(i) The green light has a wavelength of 5.1 x 10~7m.
Use Fig. 13.2 fo show that E, is about 5 x 10720,

h=6.6x10"Js
c=30x105mg-

[3]
(i) Calculate the length L of the molecule required by this model.

m=8.1x10"3"kg

Queetion 13 continued over the page
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(c) Suggest and explain why the energy absorbed by the dye molecule is not all re-emitted
as photons of green light.

[2]
[Total: 12)
Quality of Written Communication [4]

[Section B Total: 50]
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