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SECTION A
Answer ALL questions.

For questions 1-10, in Section A, 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 Aray of light is incident on the boundary between two materials, x and y, as shown. The
refractive index value for material x is n, and for material y is n,.

y

Which row of the table gives the conditions required for total internal reflection to take
place at this boundary?

Condition 1 Condition 2
Ll A i > critical angle n, > n,
1 B i > critical angle n, < n,
b c i < critical angle ne > n,
L1 D i < critical angle n, < n,
(Total for Question 1 = 1 mark)
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2 The graph shows how the displacement x of particles in a wave varies with time .
The speed of the wave is not known.

\\/ t
Which of the following can not be determined from a graph of displacement against
time for the particles in a wave?

[J A amplitude —

[ B frequency —

[J C period —

[ D wavelength —

(Total for Question 2 =1 mark)
3 When the distance between the Sun and the planet Mercury is 4.60 x 10'°m, the

intensity of solar radiation at the surface of Mercury is 1.45 x 10*Wm™.

Which of the following expressions gives the power of the Sun?

0 A (1.45x10% (m) (4.60 x 10')* —

[0 B (1.45x10%) (4m) (4.60 x 10')* —

O (1.45x10%) —
(m)(4.60 x 10'%)?

- (1.45x 10%) L
(4m)(4.60 x 10'°)?

(Total for Question 3 =1 mark)
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4 A ray of unpolarised light is incident on a polarising filter. The polarising filter transmits
light of intensity /, as shown.

rotation

D

1

/

polarising filter

\
"
\

The polarising filter is then rotated in the direction shown on the diagram.

Which of the following gives the intensity of light transmitted after the filter has been
rotated 90°?

O Ao
o B 1L
4
o c !
2
0 DI

(Total for Question 4 = 1 mark)
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15 A laser, diffraction grating and screen are set up as shown. The position of the central
maximum is O and the position of the first order maximum is X.

The diffraction grating has 300 lines per mm.

laser

Which of the following expressions gives the wavelength of the laser light?

0 A (300000) x

0 B (300000) x

X
2.035m
0.378m
00

diffraction 2.000m
grating

screen

(Total for Question 5 =1 mark)

| 6 Atapoint in a circuit there is a current of 3.0A.

Which of the following gives the total charge passing this point in 2.0 minutes?

L] A 0.025C

[J B 15C

[J C 6.0C

[J D 360C
O

(Total for Question 6 = 1 mark)
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7 The diagram shows an electron transition between two energy levels in a

hydrogen atom.

Which of the following could not have caused this transition?

8 A battery is connected to identical, uniform, nichrome wires, PQ and RS. A voltmeter is
connected to the wires as shown. The battery has negligible internal resistance.

The atom absorbing a photon with an energy of 13.6eV.

The atom absorbing a photon with an energy of 10.2¢eV.

(Total for Question 7 =1 mark)

4.0V

-34eV

—-13.6eV

An electron with a kinetic energy of 13.6eV colliding with the atom.

An electron with a kinetic energy of 10.2¢eV colliding with the atom.

F--4)

0.25m 0.75m

0.75m 0.25m

Which of the following is the reading on the voltmeter?

N

(|
(|
(|

A 1.0V
B 2.0V
C 3.0V
D 4.0V

(Total for Question 8 = 1 mark)
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9 The number of conduction electrons in a light dependent resistor changes as light
intensity increases.

Which of the following best explains how the number of conduction electrons changes?

5 ) B O
°c O = »

It decreases because the lattice ions vibrate with a larger amplitude.
It increases because the lattice ions vibrate with a larger amplitude.
It increases because the electrons gain energy from the photons of light.

It decreases because electrons are released due to the photoelectric effect.

(Total for Question 9 = 1 mark)

10 In 1927, G P Thomson first demonstrated that electrons passing through a nickel crystal
produce a diffraction pattern.

Which of the following can be concluded from this observation?

N

0
0
0

O0mm

S a =

Electrons behave as particles.
Electrons behave as waves.
Electrons behave as both particles and waves.

Electrons behave as neither particles nor waves.

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions in the spaces provided.

11 The diagram shows a ray of light incident on a glass block.

air

glass

(a) Complete the diagram to show the path of the ray as it enters the block. Use the
space below for any calculations.

refractive index of glass = 1.58

) AN
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e speed of light 1n a different co assS 18 1. X ms .
(b) The speed of light in a different type of glass is 1.96 x 10°ms™

Calculate the value of the critical angle at a boundary between this type of glass
and air.

Critical angle = ...

(Total for Question 11 = 8 marks)

S U J
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12 A student set up the circuit shown. The battery had a negligible internal resistance.

12V
| |
-
@3
[ 2 0kQ |
2.0kQ
—o
3.0k0 e
()
N
The resistance of the thermistor varies with temperature, as shown by the graph.
6.0 x
5.5
5.0
4.5
4.0
3.5

Resistance / kQ 3.0
2.5+
2.0
1.5 A
1.0

0.5+

0.0

| | |
0 10 20 30 40 50 60 70 80 90 100

Temperature / °C
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~\
(a) Determine the milliammeter reading when the temperature of the thermistor
is 54°C.
4)
Milliammeter reading = ... mA
(b) (i) Explain how decreasing the temperature of the thermistor affects the voltmeter
reading. Do not include calculations in your answer.
(2)
(i) Explain how decreasing the temperature of the thermistor affects the power
dissipated by the 2.0k€ resistor. Do not include calculations in your answer.
(2)
(Total for Question 12 = 8 marks)
- \L J
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13 The photograph shows a thin, coiled, tungsten wire used in a filament light bulb.

(Source: © goran cakmazovic/Shutterstock)

(a) Complete the sketch graph to show how current varies with potential difference for
a filament bulb.

12
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~\
(b) The tungsten wire has a diameter of 0.046 mm and a length of 580 mm. When
emitting light, there is a current of 0.44 A in the filament and a potential difference
of 140V across the filament.
(1) Calculate the drift velocity v of the electrons in the tungsten wire.
number of charge carriers per m’ in tungsten = 1.26 x 10”
3)
VS
(i1)) When the potential difference across the tungsten filament is 140V the current in
the filament is 0.44A.
The table shows typical resistivity values for tungsten at different temperatures.
Temperature / °C 20 700 1700 2700 3200
Resistivity / Qm 0.55x107 | 243x107 | 557x107 | 9.04x 107 | 10.85x 107
Deduce the temperature of the filament.
3)
(Total for Question 13 = 8 marks)
I\ )
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14 When an earthquake occurs, two types of wave travel through the Earth. The two types
of wave are P-waves (longitudinal) and S-waves (transverse).

(a) The velocities of P-waves and S-waves as they travel through the Earth are related
to the density p of the material they are travelling through.

The velocity v, of P-waves and the velocity v, of S-waves are given by the
following equations:

where K and G are constants for a particular material below the Earth’s surface.
(i) The density of one material is 2700kgm .
Calculate v, and v, in this material.

K=17.55%10"Pa
G=2.61 x10"°Pa

“4)
Vo = e
Vg = e
(i1)) The Earth contains layers of liquid. The value of G for liquids is 0.
Explain whether S-waves can travel through liquids.
(2)
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(b) During a single earthquake, S-waves can be produced by more than one source.
If two coherent S-waves meet, interference can take place.

(1) Explain what is meant by coherent.

(i1) A scientist created a model to predict the effect of two coherent S-waves at
different distances from the source. The model predicted the amplitude of the
S-waves at positions A and B shown on the diagram.

position A position B

A A

coherent sources of
waves

The amplitude of the waves at position A was zero. The amplitude of the waves
at position B was greater than zero.

Explain why the amplitude of the waves at position A was zero.

(Total for Question 14 = 11 marks)

\. J
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( )
15 The diagram shows a circuit containing three identical resistors, A, B and C. The cell
has negligible internal resistance.
I
C
A
B
*(a) Explain how measurements of current and potential difference could be used to
demonstrate that charge and energy are both conserved in this circuit. Your answer
should refer to resistors A, B and C.
(6)
\ J B

16
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(b) (1) Calculate the total resistance of the circuit.

resistance of each resistor = 12.5Q

Total resistance =

(i) The resistors are connected to a different cell, with e.m.f. &, as shown. The cell
has an internal resistance.

&

Describe how a single ammeter reading can be used to determine the internal
resistance of the cell. You should add to the diagram to show the position of
this ammeter.

(Total for Question 15 = 12 marks)

J
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( )
16 A student investigated stationary waves on a stretched string. The string was attached to
a vibrator and a mass M, as shown.
vibrator
’J_‘ pulley
bench
M
(a) Explain how a stationary wave forms on the string.
3)
.

18
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(b) The frequency of the stationary wave was 30.0 Hz. The distance between the
vibrator and the pulley was 3.600m. Point R is 0.600m from the pulley, as shown.

Diagram NOT
to scale
3.600m
0.600m
—>
vibrator R
’J_‘ - pulley
bench
M
Determine whether there was a node at point R.
M=10.300kg
mass per unit length of string = 2.27 x 10" kgm™'
(3)
N J

19
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(c) The mass M was changed and the frequency of the vibrator was adjusted, so that a
different stationary wave formed on the string. Adjacent nodes were separated by
0.400 m. The diagram shows two points, S and T, on the string at an instant when
the string was straight.

node S node T node
@ L @ L @

0.200m 0.100m

(i) Explain the phase relationship between points S and T.

(i) Explain how the amplitude of vibration of the string at point S compares with
the amplitude of vibration of the string at point T.

(Total for Question 16 = 12 marks)

20

AR R O O o
P 7 0 96 9 R A0 2 0 2 8

) AN



BLANK PAGE

:k J
21

ormm AR R O S0 0 T over v
p 7 0 96 9 RAO0 2 1 2 8




7

17 Ultraviolet light is incident on a zinc plate. If the photon energy is greater than the work
function of the zinc, electrons are released.

(a) State what is meant by work function.

(b) The ultraviolet (UV) section of the electromagnetic spectrum can be split into three
parts, known as UVA, UVB and UVC. The range of wavelengths of these parts is
given in the table.

UvVC UVB UVA

Range of wavelength / nm 200-280 280-320 320400

The minimum de Broglie wavelength of the released electrons is 1.50 x 10~ m.

Deduce whether the ultraviolet light incident upon the zinc plate is UVA, UVB
or UVC.

work function of zinc = 4.30eV
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(c) A student used a zinc plate and UV light of different frequencies in an experiment.
The student’s graph of maximum kinetic energy of the released electrons against the
frequency of the incident UV light is shown.

10

8 -

1
Emv2 / eV

max

0 | T | | | | | | 1
50 60 7.0 80 90 10.0 11.0 12.0 13.0 14.0 15.0

f/x10"“Hz

Einstein’s photoelectric equation applies to this situation.

1
hf=¢+ 5 mv?

max

Describe two ways that the graph is not consistent with the values known for a zinc
plate. Your answer should include calculations.

work function of zinc = 4.30eV

(Total for Question 17 = 11 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER =80 MARKS
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List of data, formulae and relationships

Acceleration of free fall 2=9.81 ms? (close to Earth’s surface)
Electron charge e=-1.60x10"C
Electron mass m_ =9.11 x 107" kg
Electronvolt 1eV=1.60x10"]
Gravitational field strength g=9.81 Nkg' (close to Earth’s surface)
Planck constant h=6.63x103%]s
Speed of light in a vacuum c=3.00%10*ms!
Unit 1
Mechanics
. ) . . (u+v)t
Kinematic equations of motion $=
v=u+at

_ +l 2
S = ut 2at

v:=u?+ 2as

Forces XF=ma
F
&=
W=mg
Momentum p=my
Moment of force moment = Fx
Work and energy AW = FAs
E = %mv2
AE, . = mgAh
Power P= ?
.
t

) AN
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Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

useful energy output

efficiency = .
total energy input
efficiency = —JSeful power output
total power input
_m
V
F=6nnrv
AF = kAx
1
AEvel - EF AX
o
E= — where
€
St _F
ress o v
. Ax
Strain € = —
X

J
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Unit 2
Waves

Wave speed

Speed of a transverse wave
on a string

Intensity of radiation

Refractive index

Critical angle

Diffraction grating

Electricity

Potential difference

Resistance

Electrical power, energy

Resistivity

Current

Resistors in series

Resistors in parallel
Particle nature of light

Photon model

Einstein’s photoelectric
equation

de Broglie wavelength

v =1
T
y= |—
U
P
A
n, sin 01 =n, sin 02
c
n=—
%
) 1
sinC= —
n
nl=dsiné
S
0
_r
I
P=T7I
P=1IR
VZ
"R
W= VIt
ol
A
_ A0
At
1= ngvA
R=R +R +R,
1 1 1 1
—_— =4 — 4+ —
R R R, R
E=hf
1
hf=p+ ymv,
h
A:_
p
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