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SECTION A
Answer ALL questions.

For questions 1-10 select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box £¢ and then
mark your new answer with a cross [X.

1 Waves can be represented on graphs of displacement against distance and displacement
against time.

Which of the following properties can only be determined by combining information
from both graphs?

L] A amplitude
[] B frequency
] C speed

[] D wavelength

(Total for Question 1 = 1 mark)

. . ) . 34 .
2 Two waves from the same source arrive at a point with a path difference of 3 where 4 is

the wavelength.

Which of the following is the phase difference of the waves at this point?

] A 34°
[J] B 68°
[J C 135°
] D 270°
(Total for Question 2 = 1 mark)
2
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3 A diffraction grating has 300 lines per mm. When laser light is directed towards the
diffraction grating, a diffraction pattern is observed on a screen. The position of a first
order maximum on the screen is shown in the diagram.

Screen

diffraction grating Not to scale

laser

DO NOTWRITE IN THISAREA DO'NOTWRITE IN- THIS AREA

DONOTWRITEIN THIS AREA

first order maximum

0.40m

Which of the following calculations should be used to determine the wavelength, in mm,
of the laser light used?

O A 300sin0  where 0= sin” | 2o
in T = ln
; WhETe ; 2 00
[0 B 300sinf where 6 = tan™ (—
i 0.40
] C 5313:)9 where 0 = sin™! (m
' 0
1D 5313:)9 where 6 = tan™! (2—

(Total for Question 3 = 1 mark)

4 Which of the following statements about physical quantities or units is correct?

[J A Current is a derived quantity.

[ B Power is a derived quantity.

[] C The coulomb is a base unit.

[J] D The volt is a base unit.

(Total for Question 4 = 1 mark)
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5 Ultrasound has a number of different uses in medicine.

Which of the following is the main reason why ultrasound is not used to perform scans of
the chest and lungs?

O

L]
L]
L]

A The air in the lungs causes most of the ultrasound to be reflected back.
B The duration of the pulses of ultrasound limits the amount of detail that can be seen.
C The wavelength of the ultrasound is too long.

D Ultrasound can damage the lungs.

(Total for Question 5 =1 mark)

6 Which electrical component has the current-potential difference graph shown?

1

A diode
B filament lamp
C resistor

D thermistor

(Total for Question 6 = 1 mark)
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7 A small metal cube, with sides of length x, is connected in a circuit. The current through
the cube, between opposite faces, is / and the potential difference across the cube is V.

Which of the following gives the resistivity of the metal?
A —
0B —
JC —

0D —

(Total for Question 7 = 1 mark)

8 Which of the following statements about waves is correct?
[0 A Both longitudinal and transverse waves can be polarised.
[0 B Neither longitudinal nor transverse waves can be polarised.
[0 C Only longitudinal waves can be polarised.

[0 D Only transverse waves can be polarised.

(Total for Question 8 = 1 mark)

5
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9

10

Two copper wires are placed in series in a complete circuit. The electrons in the two
wires have different values of drift velocity.

Which of the following must be different for the two wires?

[] A charge carrier density

[J B cross-sectional area
[] C current
[J D length
(Total for Question 9 =1 mark)
The circuit shows a potential divider, including a battery of negligible internal resistance

and a light dependent resistor (LDR). The potential difference (p.d.) across the fixed
resistor is measured using a voltmeter.

O

Which of the following statements about this circuit is correct?

[ A If the resistance of the LDR halves, the voltmeter reading halves.

[] B Increasing the light intensity would decrease the voltmeter reading.

[J C Increasing the light intensity would have no effect on the voltmeter reading.

[J D The voltmeter reading added to the p.d. across the LDR will always be 12.0 V.

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions.

11 A block of glass is submerged in a container of water. A ray of light travelling in the
water is directed towards the glass surface as shown.

air

water

glass

refractive index of water = 1.33
refractive index of glass = 1.52

(a) Calculate the angle of refraction within the glass block when 6 = 43.0°.

Angle of refraction = ...

(b) Determine the critical angle for light at a glass-water boundary.

Critical angle = ...,

(Total for Question 11 = 4 marks)
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( )
12 A student is given the circuit diagram shown.
1.5V cell
I
| I
12kQ X 55kQ T
(V)
N
(a) Calculate a value for the voltmeter reading.
(2)
Voltmeter reading = ...
(b) The student sets up the circuit and observes that the reading on the voltmeter is lower
than the value calculated in (a).
Explain two reasons for the lower voltmeter reading.
4)
(Total for Question 12 = 6 marks)
. J
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13 Active Noise Reduction (ANR) is a system used to reduce unwanted noise. In ANR a
second sound wave is produced that cancels the first. ANR is used in aircraft to reduce
the noise heard from the engine.

(a) On a particular flight, the noise from the engine has a frequency of 0.85kHz.
The graph shows a possible second wave.

A

=

(0]

5

9 T T T T T T T Distance/m
T% 0.5 1.0

[

Determine whether this wave could be suitable to cancel the noise from the engine.

speed of sound in air = 340ms!

10
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*(b) For a particular passenger in an aircraft, the noise from the engine travels as a wave
towards the passenger from the front. An ANR system creates a second sound wave
that is directed towards the passenger from the side, as shown.

noise from engine

PLAN VIEW

sound from ANR system

Explain how this can lead to the sound being cancelled for one ear but louder for the
other ear.

(Total for Question 13 = 9 marks)

J
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14 The work functions of four metals are shown in the table.

Metal Work function / J 8
potassium 3.62 x 1071 s
post|
magnesium 5.89 x 107" s
-]
tungsten 7.18 x 1071 =
iron 7.41 x 1077 2
-
&
(a) State what is meant by work function. :
(1) =
>
(b) When light with a frequency of 6.32 x 10" Hz is incident on a metal, photoelectrons
are released with a maximum kinetic energy of 3.60 x 1078].
Determine which of the four metals the light is incident on.
3)

12
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(c) Ultraviolet radiation is incident on a potassium plate. If the radiation behaved as a
wave, there would be a time delay before electrons were emitted from the plate.

(1) Calculate the time taken for a potassium atom to absorb enough energy to release
an electron.

intensity of ultraviolet radiation = 38.0mWm™

area over which a potassium atom absorbs energy = 8.10 x 10™2°m?

Time taken = ...

(i1) In practice, electrons are emitted from the plate as soon as the ultraviolet radiation
is incident on the plate.

Explain how this provides evidence for the particle nature of
electromagnetic radiation.

(Total for Question 14 = 9 marks)
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15 Niels Bohr developed an early model of the atom where electrons could only exist in
fixed orbits around a nucleus.

=)
When an atom is ionised, an electron moves from its orbit around the nucleus to be o}
free of the atom. Bohr derived an expression for the ionisation energy E, in joules, for a g
hydrogen atom: ;
2 E
2 =
R m
kh 8 2
-
L
n
where >
o
m = mass of electron =
e = charge of electron
k=8.85%x10"2CV'im!
h = Planck constant
(a) Calculate E for a hydrogen atom, in eV.
3)
95
.................................................................................................................................................................................................................................................. o
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(b) The Bohr model can also be used to predict an approximate radius for an atom.
The equation for the radius » of the hydrogen atom is:

h*k
me

=
2

where
m = mass of electron

A student suggests that, for a speed of 1.4 x 10’ms™!, neutrons would have a
wavelength similar to the radius of a hydrogen atom.

Determine whether the student is correct.

mass of neutron = 1.67 x 10"kg

(Total for Question 15 = 8 marks)

J
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16 The speed of sound in sea water varies with depth as shown in diagram A.

1520
1515k
1510

N

1505 \
1500 AN

1495
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Speed / ms™!
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1475
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0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Depth / m

Diagram A

Sound produced at a depth of 900 m initially travels towards the water surface. As the
sound approaches a depth of 700 m it changes direction and follows the path shown to the

point P in diagram B.

600
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Depth / m

1000
1100

1200
0
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800
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Diagram B

\
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‘DO NOTWRITEIN THIS AREA:

( )
(a) Explain why the sound follows the path shown in diagram B.
Your answer should refer to refraction and diagram A.
()
(b) Sound that travels in a straight line from the source to point P takes longer to arrive
than sound that travels along the path shown in diagram B.
Suggest why.
(2)
(c) Suggest two factors that might cause the speed of sound to vary with the depth of
the sea.
(2)
(Total for Question 16 = 9 marks)
. J
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( )

17 A student investigated how the frequency of vibration of a string varies with the tension
in the string. The student connected masses to one end of the string and attached the
other end to a vibrator as shown.

vibrator L pulley

hanging masses

(Source: http://www.schoolphysics.co.uk/age16-19/Sound/text/Vibrating_strings/index.html)

A signal generator was connected to the vibrator. The signal generator was adjusted until
a stationary wave was produced on the string. The stationary wave had nodes at both
ends of the vibrating length of the string, L, and an antinode in the middle.

(a) Explain how nodes and antinodes are created on a string.

: L y
19
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(b) The student changed the weight W applied to the string and adjusted the frequency f
of the signal generator until the same stationary wave was set up on the string.

The student plotted a graph of /2 against .

Explain why the graph was a straight line through the origin.

(c) Describe a method that can be used to confirm that the frequency value stated on the
signal generator is correct.
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(d) When W'is 80.0N, f'is 659 Hz.
Calculate the mass per unit length of the string.

length L = 0.328m

Mass per unit length =

(Total for Question 17 = 13 marks)

J
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18 Four identical resistors, A, B, C and D, are placed in a circuit as shown.

10V
F--

(a) Determine the power dissipated in each of the resistors.

resistance of each resistor = 2.0Q

22
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‘DO NOTWRITEIN THIS AREA:

(b) Explain, without further calculation, what would happen to the power dissipated by
resistor A if resistor D were disconnected from the circuit.

(c) If the resistors in the circuit used in (a) were replaced with filament lamps, the
resistance of each lamp would be different depending on the potential difference
across it.

Explain, in terms of particles, why the resistance of a filament lamp increases as the
potential difference across the filament increases.

(Total for Question 18 = 12 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER =80 MARKS

J
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Acceleration of free fall
Electron charge

Electron mass
Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum

List of data, formulae and relationships

g=9.81ms? (close to Earth’s surface)

e=-1.60 x 107°C
m,=9.11 x 10°'kg
1eV=1.60x10"J

2=9.81Nkg! (close to Earth’s surface)

h=6.63x10%*]Js
c=3.00x10ms™

Unit 1
Mechanics
. . . . (u+ vt
Kinematic equations of motion s = S
v=u+ at
s=ut+ -a
vi=u?+ 2as
Forces 2XF=ma
F
&=
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

Efficiency

24

moment = Fx

AW = FAs
E = L
Kk E my
AE'grav - mg Ah
E
p==
t
w
p=-
t
efficiency = useful energy 'OUtput
total energy input
efficiency = useful power output

total power input
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Materials

Density p==

Stokes’ law F=6nnrv
Hooke’s law AF = kAx

o
N | =

Elastic strain energy AE =
Young modulus E= — where

Stress 0 =

DO'NOT WRITE IN THIS AREA

> o9

=

Strain ¢ =

= |

DO NOTWRITE INTHIS AREA

DONOTWRITEINTHISAREA =

= J
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Unit 2
Waves
Wave speed v =/
T
Speed of a transverse wave v=,[—
on a string K
. - P
Intensity of radiation 1= Y]
Refractive index n sinf = n,sind,
c
n= —
v
.. . 1
Critical angle sinC= —
n
Diffraction grating ni=dsiné
Electricity
o /4
Potential difference V= E
) V
Resistance = —
1
Electrical power, energy P=7I
P=1IR
VZ
R
W= Vit
. pl
Resistivit = —
esistivity v
A
Current = A9
At
I =ngvA
Resistors in series R=R +R, +R,
Resistors i llel L 1 + ! + !
istors in par. —=—+—+—
esistors in paralle R R R R
Quantum physics
Photon model E=hf
Einstein’s photoelectric hf =g+ %mvﬁm
equation
_ h
de Broglie wavelength A= ;

26
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