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Answer all the questions.
Section A

1 Hereis alist of units.
A Cc Jc! T
Choose the correct unit for
(a) electric potential

(b) magnetic flux density.

2 The typical dose equivalent for a single dental X-ray is 5x107° Sv.
A dose equivalent of 1 Sv gives a person a 3% probability of developing cancer.

Calculate the probability of a person developing cancer from two dental X-rays per year for
40 years.

probability = ................... [2]

3 The equation shows a possible neutron-induced fission for a nucleus of uranium-238.

ZSSU + E)n —> %Mo + 1§88n + neutrons

How many neutrons are emitted?

number of neutrons = ................... [11

© OCR 2010
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4 The graphs of Fig.4.1 show how the electrical potential V around an object depends on the
distance d from its centre.

4 74
+ +
0 > 0 >
d d
A B
4 74
+ +
0 - 0 -
d d
C D
Fig. 4.1

(@) Which graph best shows the variation of potential with distance from a negatively charged
particle, such as an electron?
ANSWEr ..ovvuiieeeaaeees [1]1

(b) Calculate the potential at a distance of 1.2 x 10~2m from the centre of an electron.
e=-1.6x10719C
k=9.0x 109Nm2C2

potential = .................. V [2]

©OCR 2010 Turn over
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5 Fig. 5.1 shows the directions of the current 7 and flux density B for a wire.

D
G
B C E
H
wire F
Fig. 5.1
The current interacts with the flux density to exert a force on the wire.
The directions of the current and flux density are at right angles to each other.
(a) Along which direction (DF, CE or GH) is the force on the wire? ANSWET ...ccovvvvveeeeeee. [1]
(b) The piece of wire is 25cm long and the flux density is 340mT.
Calculate the force on the wire when the current in it is 680 uA.
force = e N [2]

6 Strontium-90 is a radioisotope with a half-life of 8.8 x 108s.

(a) Show that the decay constant of strontium-90 is about 1 x 102s7".

1]
(b) A sample of pure strontium-90 has an activity of 5.6 x 103Bq.
Calculate the mass of the sample.

1u=1.7x10%"kg

MASS = cooeeeeeieeee e, kg [2]

© OCR 2010
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7 Under the right circumstances, a single high energy photon can convert into a proton and an
anti-proton, each of mass 1.7 x 10727 kg.

(@) Complete the nuclear equation to show this process.

]

(b) Calculate the minimum energy, in GeV, for a photon to be able to do this.
c=3.0x108ms™

1eV=1.6x10"19yJ

photon energy = ...........cc.... GeV [3]

8 Fig. 8.1 shows the electric field between a metal sphere at —340V held above a metal plate at OV.

sphere at —340V

plate at 0V

Fig. 8.1

On Fig. 8.1, sketch the equipotential surface for —170V in the region between the sphere and the
plate. [2]

[Section A Total: 20]
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In this section, four marks are available for the quality of written communication.

This question is about transformers.

Fig. 9.1 shows the construction of a typical transformer.

primary coil

6

Section B

iron core

Fig. 9.1

secondary caoll

(a) Explain why an alternating current in the primary coil induces an emf in the secondary coil.

© OCR 2010
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Fig. 9.2 shows how the current in the primary coil varies with time.

There is no current in the secondary coil.

| |
current

// \<\ // \\

time

\\ // N

Fig. 9.2

(b) On Fig. 9.2, sketch a graph to show how the flux in the secondary coil varies with time.
Label the graph flux. [1]

(c¢) On Fig. 9.2, sketch a graph to show how the emf induced in the secondary coil varies with time.
Label the graph emf. [1]

(d) The emfinduced in the secondary coil has a peak emf of 300V and a frequency of 60 Hz.

(i) Show that the maximum flux linkage of the secondary coil is about 1Wb.

[3]
(ii) The maximum flux density in the transformer core is 1.27T.
The secondary coil has 400 turns.
Calculate the cross-sectional area of the core.
area = ......ccoen.... m2 [2]
[Total: 10]
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10 This question is about forces in electric fields.

Fig. 10.1 shows two conducting parallel plates connected to a power supply.

top plate

| d) + power supply

| Q-

bottom plate
Fig. 10.1
(@) On Fig. 10.1, sketch five lines to represent the electric field between the plates. [2]

(b) A small metal sphere is placed between the plates as shown in Fig. 10.2.

top plate

sphere m

| d) + power supply

| Q-

bottom plate
Fig. 10.2
Both plates are horizontal and the sphere is charged.
(i) The sphere does not move when the electric field is present.

What sign of charge does the sphere have? Give reasons for your answer.

[3]
(ii) The magnitude of the charge on the sphere is 3.2 x 1074 C.

How many electrons had to be removed or added to give the sphere this charge?

e=1.6x10"19C

number of electrons = ................... [1]1

© OCR 2010
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(iii) The mass of the sphere is 6.2 x 10~2kg. The separation of the plates is 14mm.

1 Show that, for the sphere not to move, the electric field strength must be about
2 x108vm1.

g=9.8Nkg™

[3]

2 Calculate the potential difference across the plates required for the sphere not to
move.

potential difference = .................. V [2]

(iv) The magnitude of the charge on the sphere can be changed by exposing the air between
the plates to radiation from a beta source.

Explain how this can alter the charge on the sphere.

[2]

[Total: 13]
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11 This question is about the motion of charged particles in magnetic fields.

Fig. 11.1 shows the path of a beam of ions in a vacuum as they pass though a magnetic field.

ion beam I > I
k _ /I magnetic
slits field region
360mm
shielding
detector \§
D ‘

Fig. 11.1
(a) The beam consists of singly ionized chlorine-35 atoms, all with the same speed.
They are accelerated by an electric field as they pass through a pair of slits.

The ions enter the first slit with a speed of 3.0 x 102ms~' and are accelerated to a speed of
4.0 x 105ms™1 by the time they leave the second slit.

(i) Show that each ion gains about 5 x 107'°J of kinetic energy as it passes between the slits.

mass of a chlorine-35 ion = 6.0 x 10726kg

[2]
(ii) Calculate the required potential difference between the slits.

e=1.6x10"19C

potential difference = .................. VvV [2]

© OCR 2010
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(b) After passing through the second slit, the ions enter a region of uniform magnetic field at right
angles to the plane of the diagram. As each ion passes through the magnetic field it follows a
circular path of radius 0.18 m.

(i) Explain why the path is a part of a circle.

[2]

(i) Each chlorine-35 ion has a speed of 4.0 x 10°ms™" in the magnetic field and a mass of
6.0 x 10726kg.

Show that the centripetal force on the ion is about 5 x 10~'4 N.

[2]

(iii) By considering the magnetic force on a chlorine-35 ion, calculate a value for the magnetic
flux density.

flux density = ......cccccvvevvviiiiinnnnns [2]

(c) On one occasion the beam of chlorine-35 ions is contaminated with a small amount of
chlorine-37 ions.

Explain why none of the chlorine-37 ions arrive at the detector.

[2]

[Total: 12]
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12 This equation is about the elastic scattering of alpha particles from a nucleus.

Fig. 12.1 shows the path A followed by an alpha particle as it is scattered by a nucleus of

uranium-238.
P
A
B nucleus of uranium-238
Fig. 12.1

(a) At point P the alpha particle on path A is a distance of 4.2 x 10~*m from the centre of the
nucleus. A uranium nucleus contains 92 protons.

(i) Calculate the force on the alpha particle at point P.
e=1.6x1071°9C
k=9.0x 10°NmM2C2

(ii) On Fig. 12.1, draw an arrow to show the direction of the force on the alpha particle when
it is at point P. [1]

© OCR 2010
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(b) Fig. 12.1 shows part of the path B followed by another alpha particle with the same initial
energy but aimed closer to the nucleus.

(i) On Fig. 12.1, sketch the rest of the path B. [3]

(ii) The alpha particles following paths A and B are deflected by different amounts.
Explain why.

[2]
(c) The alpha particle following path A is scattered through 90°.

When a thin foil of uranium is bombarded with a beam of monoenergetic alpha particles, one
alpha particle in every 100 million is scattered by more than 90°.

Explain the effect on this fraction of decreasing the energy of the alpha particles in the beam.

[2]
[Total: 11]
Quality of Written Communication [4]

[Section B Total: 50]

END OF QUESTION PAPER
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