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SECTION A

Y ou should spend a maximum of 20 minutes on this section.

Answerall the questions.

To find the density of a metal wire, a student makes the following measurements:

length | =100 £ 1 mm
diameter d = 2.50 £ 0.05 mm
mass m=4.00 £0.02 g

4m

The equationp = 7] is used to calculate the density of the metal.

What is the percentage uncertainty in the answer?

A *£25%
B +3.5%
C *45%
D +55%

Your answer

[1]

A copper wire is connected across a cell. The conduction electrons within the woppe
move.

Which statement is correct about these electrons?

A They drift towards the negative end of the cell.
B They have random speeds because of collisions with other electrons.
C They travel through the wire at the speed of light.

D They collide with vibrating copper ions.

Your answer

[1]
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A resistorR, an ammeter and a switch are connected in series to a battery.

©

(&) trmes AN

The switchSis open. The voltmeter reading is 9.0 V and the ammeter reading is zero.
With S closed, the voltmeter reading is 6.0 V and ammeter reading is 2.0 A.

What is the internal resistance of the battery?

A 1.5Q
B 3.0Q
C 450
D 6.0Q

Your answer

[1]

Which of the following statements is/are true about photons?

=

All photons travel at the same speed in a vacuum.
2 Photons have no charge.

3 The energy of a photon depends only on its frequency.

A 1,2and 3

B Only 2 and 3
C Onlyland?2
D Only2

Your answer

[1]
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Electrons travelling through a thin layer of polycrystalline metal are diédact

electrons
.

diffraction rings

Which statement is correct about these electrons?

o O W >

The electrons travel as photons through the metal.
The electrons have a wavelength of about’i@.
The electrons are diffracted by holes in the metal.

The electrons repel each other to produce the diffraction.

Your answer D

A sodium lamp is rated at 40 W. About 12% of the power is emitted as yellow light of
wavelength 5.% 107 m.

[1]

How many photons of yellow light are emitted per second from this lamp?

A

B

Your answer

1.4x 10°s?
1.2x 10°s?
3.6x 107’ s?

1.0x 10¥s?

[1]
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A 14 V d.c. supply is used to charge a 12 V car battery of internal resistance 0.80 Q for
6.0 hours. The current in the circuit is 2.5 A.

2.5A
i

b = -y

14V

0.80 ©

[ ————
B o o o

How much electrical energy is provided by the charging supply?

A 13 kJ

B 110 kJ
C 650kJ
D 760 kJ

Your answer

[1]

The electric potential is1.2x 10*J C! at a point 1. 10° m from an isolated electron.
An a-particle 3 He passes through this point.

What is the magnitude of the electric potential at the poidt between the a-particle and the
electron at this instant?

A -72x10%JC*?
B +2.4x 104 J Ct
C +4.8x 104J C?
D

+7.2x 104J C?

Your answer

[1]
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9 A coil with three turns of wire is used in an experiment.
The graph shows the variation of magnetic flux linkage with time t for this coil.

A
8
A4
flux linkage /10" *wb
0 =
1.0 2.0 3.0 4.0

4 t/ms
—8

What is the e.m.f. induced across the ends of the coil?

A oV

B 0.20V
C 0.40V
D 12V

Your answer

[1]

10 A graph of binding energy per nucleon against nucleon number is shown below.

binding energy pt‘
nucleon

-
nucleon number

Which nucleusA, B, C, orD, shown on the graph has the largest magnitude of binding en

Your answer

[1]
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11 A radiographer in a hospital directs a parallel beam of X-rays at the leg bapatent.
The attenuation (absorption) coefficient of bone is 0.7cm

The answers below are given to one significant figure.
What is the percentage intensity of X-rays transmitted through bone of thickness?0.7 cn

A

B
C
D

Your answer

0%

40 %

50 %

60 %

[1]

12 When a nucleus of uranium-238 absorbs a neutron, one combination of fission product:
tin-126 and a nucleus of elemefit 13 neutrons are also emitted.

238 1 126
U + on — X + 28n + 13n

How many neutrons are there in the nucleus of eleXent

o O W >r

Your answer

© OCR 2016

30

42

58

100

[1]
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The potential difference across the cathode and the anode of an X-ray tubeasWnifhum
wavelength of the X-ray photons emitted from the tub&.is

Which of the following statements is/are correct?

1

2

Your answer

Ao is halved whew is doubled.
Ao IS unchanged when the temperature of the cathode is increased.

Ao is independent of the cathode material.

1,2and 3
Only 2 and 3
Only 1 and 2

Only 2

[1]

Two leptons are emitted when a down quark decays into an up quark.

Which of the following is correct about this decay?

Your answer

forceresponsiblefor the decay leptons emitted
A | strong nuclear positron and antineutrino
B | weak nuclear positron and neutrino
C | strong nuclear electron and neutrino
D | weak nuclear electron and antineutrino

[1]
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A rigid loop of insulated wire is placed in a uniform magnetic fieldwf flensity 80 mT. The
current in this loop is 0.50 A and the angle between the wire andrdotiah of the magneti
field is 30.

>
N
0\_,,/5—,/ loop of wire
30 -~
N 0.50 A
X -
-
AN
-
magnetic

field lines

What is the magnitude of the force experienced by a 1.0 cm section of the loop?

A ON
B 2.0x 10*N
C 3.5x 10*N

D 4.0x10*N

Your answer

[1]
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SECTION B

Answerall the questions.

16 A student uses the circuit shownRig. 16.1 to determine the resistivity of a metal in the form of a wire

crocodile clip

\metal wire

The length L of the wire is changed with the help of a crocodile clip. The cunrdrd wire is |, the p.d.
across the wire is V and the wire has resistance R.
The table irFig. 16.2 shows the results recorded by the student from the experiment.

L/m VIV /A R/Q

0.050 0.40 0.160 2.50

0.200 0.40 0.140 2.86

0.400 0.40 0.072

0.800 0.40 0.036 11.1

1.000 0.40 0.029 13.8
Fig. 16.2

Fig. 16.3 shows the graph of R agaitstor this wire.

15
10
R/Q
5
0
0 0.2 0.4 0.6 0.8 1.0
L/m
Fig. 16.3
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(a) Complete the table by calculating the resistance of the wire of length 0.400fig.Q6.3 plot
the data point corresponding to this length.

[1]
(b) The student observed that the wire was significantly hotter when the shemtghtL = 0.050 m was
used.
The cross-sectional area of the wire is>8108m?,
UseFig. 16.3 to determine the resistivity of the metal.
FeSISHIVILY =..ooviiiieirieeeeeniees Qm [3]
(c) The voltmeter used in the experiment had a zero error. The potential differesrciedein the
experiment was larger than it should have been.
Discuss how the actual value of the resistivity of the metal would differ thherwalue calculated
in (b).
............................................................................................................. [3]
© OCR 2016
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17 (@) Fig. 17.1 shows a resistor and a diode connected in series to a cell.

1.50V

120Q2

Fig. 17.1

The resistor has resistance 120 Q. The cell has e.m.f. 1.50 V and negligible internal resistance. The
potential difference across the diode is 0.62 V.

Calculate the total power dissipated in the circuit.

(b) A student designs a circuit to vary the brightness of a filament lamp. The circuit is shown in
Fig. 17.2.

Fig. 17.2

The circuit is set up. Moving the slider from A to B changes the voltmeter reading from 0 V to
6.0 V but the lamp stays off. The lamp is not faulty.

Explain the observations above and refine the circuit design so that the brightness of the lamp can be
varied as the slider is moved from A to B.

© OCR 2016 H556/02
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(c)* Fig. 17.3 shows how the resistance of a thermistor varies with temperature.

400
300
\\
resistance / Q 200

100 N

™ —
0 -
0 100 200 300
temperature / °C
Fig. 17.3

Fig. 17.4 shows a potential divider circuit which uses this thermistor. The circuit is designed to
monitor the changes in the temperature of an oven in the range 200 °C to 300°C.

1
| 6V f£s.d
_I_ \\
S
battery 1 500Q
em.f=6.0V
E——
Fig. 17.4

The voltmeter has very high resistance and has a full scale deflection (f.s.d.) of 6.0 V.

Explain how the circuit works and use calculations to discuss a significant limitation of this design.

[6]

© OCR 2016 H556/02 Turn over
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18 A guitar manufacturer wants to investigate the quality of sound produced from a new uniforrarpolyr
string.Fig. 18.1 shows the string which is kept in tension between a clamp and a pulley. The freque!
the mechanical oscillator close to one end is varied so that a stationarysveat up on the string.

0.54m

clamp

oscillator ‘ masses

Fig. 18.1

(a) Explain how the stationary wave is formed on this stretched string.

(b) The frequency of the oscillator is 60 Hz.

Use Fig.18.1 to calculate the speed of the transverse waves on the string.

© OCR 2016 H556/02
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(C) The speed of the transverse waves on the string is directly proportiondl'tavhereT is the

tension in the string.
The tension T in the string is increased by 14 %. The frequesfdpe oscillator is adjusted to get the

same stationary wave patternrag. 18.1.

Calculate the percentage increase in the frequency f.

© OCR 2016 H556/02 Turn over
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19 (a) State what is meant by the photoelectric effect.

............................................................................................................ [1]

(b) The photoelectric effect cannot be explained in terms of the wave-model obmlaghetic waves.

Discuss how the new knowledge of the particulate nature of radiation was usedioysfhio
validate the photon model.

.......................................................................................................... [3]
(c) A metal plate is placed in an evacuated chamber. Electromagnetitaadif wavelength
380 nm is incident on the plate. The work function of the metal is 1.1 eV.
(i) Calculate the maximum speed of the photoelectrons emitted from the plate.
speed S, mst [3]

(ii) State the change, if any, to the maximum speed of the emitted photoeledtesnthes intensity of
the incident electromagnetic radiation on the metal plate is doubled.

© OCR 2016 H556/02
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20 (a) Fig. 20.1 shows a capacitor and a switch connected in series to a cell.

Fig. 20.1
The switchS s closed.

Describe and explain how the capacitor pl#emdB acquire opposite charges.

(b) Fig. 20.2 shows an arrangement of capacitors connected to a battery.

12V

—

100 uF 220 puF

HHF

500 uF

Fig. 20.2

The e.m.f. of the battery is 12 V.

Calculate the total enerdystored by the capacitors in this circuit.

© OCR 2016 H556/02 Turn over
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(c) Fig. 20.3 shows a capacitor-resistor circuit.

Fig. 20.3
Describe how the time constant of this circuit can be determined expélinén the laboratory.

.................................................................................................................. [3]

21 (a) Describe the similarities and the differences between the gravitdfieldadf a point mass and the
electric field of a point charge.

© OCR 2016 H556/02
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(b) Fig. 21.1 shows two identical negatively charged conducting spheres.

not to scale

thread

charged sphere

T 2.0cm
l—P|

Fig. 21.1

The spheres are tiny and each is suspended from a nylon thread. Each sphere haxrhask§.0
and charge -4.8 10° C. The separation between the centres of the spheres is 2.0 cm.

(i) Explain why the spheres are separated as showig.i21.1.

(i) Calculate the anglé@ made by each thread with the vertical.

© OCR 2016 H556/02 Turn over
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(c) Fig. 21.2 shows two parallel vertical metal plates connected to a battery.

plate\ / plate
electron X Y
+
+ —_

Fig. 21.2
The plates are placed in a vacuum and have a separation of 1.2 cm. The uniforafieldcstrength
between the plates is 1500 V'mAn electron travels through hol¥sandY in the plates. The electro

has a horizontal velocity of 5:010° m s* when it enters holX.

(i) Draw five lines orFig. 21.2 to represent the electric field between the parallel plates.

[2]

(ii) Calculate the final speed of the electron as it leavesYole

speed S....cceveeeeernnne, ms! [3]

© OCR 2016 H556/02
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22 Fig. 22.1 shows the circular track of a positron moving in a uniform magnetic field.

A

path of
positron

Fig. 22.1

The magnetic field is perpendicular to the plan€igf 22.1.
The speed of the positron is @0 m s* and the radius of the track is 0.018 m.

(a) State the direction of the force acting on the positron when atfa@nt explain why this force does
not change the speed of the positron.

(b) Calculate the magnitude of the magnetic flux density of the magnédic fie

© OCR 2016 H556/02
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(c) At pointB the positron interacts with a stationary electron and they annihilate eaclrogher.
annihilation process produces two identical gamma photons travelling in oppositeods.

Calculate the wavelength of the gamma photons. Assume the kinetic endrgypositron is
negligible.

© OCR 2016 H556/02 Turn over
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23 (a)* Lead of different thicknesses can be used to investigate the absorption of ghotores from a

radioactive source.
Fig. 23.1 shows a graph of gamma photon energy against the half-thickness of leatlidhakds of

lead is the thickness of lead which will reduce the original count-rate by half.

A
12
A
| | 2 | LA
8 o
I O INEENENENEEENEENEEE” JENERE _
photon energy / Me\
| =
4 | -
1
1 1]
0 | e >
0 2 4 6 8 10
half-thickness / mm
Fig. 23.1

Describe an experiment that can be carried out to determine the half-thioktesss$ and
how you would use your results wihg. 23.1 to determine the energy of a gamma photon from a
radioactive gamma source in your laboratory.

Include the equipment used, any safety precautions necessary and how the qualitysoithenay
be improved. [6]

© OCR 2016 H556/02
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(b) Fluorodeoxyglucose (FDG) is a radioactive tracer often used for PET scans. It ccadeiastive
fluorine-18, which is a positron-emitter. Some information about FDG and fluoriregldein below.

e 9.9% of the mass of FDG is fluorine-18.
e The half-life of fluorine-18 is 6600 s.
e The molar mass of fluorine-18 is 0.018 kg ol
A patient is injected with FDG. The initial activity of FDG is 400 MBq.

Use the information given to calculate the initial mass of FDGngioghe patient.

(c) PET scanners are expensive because they require a near-by or on-siteggadlelator that
produces fluorine-18. Discuss the ethical issues this raises in the treatmereri$ pa

[2]

© OCR 2016 H556/02



29

BLANK PAGE

Question 24 begins on page 30

© OCR 2016 H556/02 Turn over



30

24 (a) State what is meant by the piezoelectric effect.

(b) In an experiment, a beam of ultrasound is directed at the boundary between twdswatendB.
Fig. 24.1 shows the beam incident at right angtethe boundary between these two materials

A B

N

ultrasound

-

Fig. 24.1

The materialA is unchanged. The acoustic impedance of matrial2.5x 1 kg m?s™. The
materialB is varied. The acoustic impedanceBois Z.

Fig. 24.2 shows the variation with Z of the percentage of reflected intensity of tasauind at the
boundary.

30 - ’ - - 5] A il efdend] .
reflected
intensity/ %
20 A
\ P .
10 -
0 = =
0 1 2 3 4 5 6 7
Z/1CPkgm2st
Fig. 24.2

Explain why the curve shown Fig. 24.2 has a dip.
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(c) Describe and explain a method using ultrasound to determine the speed of blood in amamtery
arm. State one major advantage of this technique for the patient.

END OF QUESTION PAPER
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