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Section A box
Answer all questions in this section.
Describe the nature of transverse waves.
[2 marks]
The particles (or field) oscillate about their equilibrium positions at right
angles to the direction of travel of the wave,
that is, perpendicular to the direction of energy transfer.
2
Superconductors can be used in the electromagnets in some types of train.
II| Explain what is meant by a superconductor.
[2 marks]
A superconductor is a material whose resistivity (and so resistance)
becomes zero
when it is cooled below its critical temperature.
IZ| Explain why superconductors are used in these electromagnets.
[2 marks]
With zero resistance they can carry very large currents, so they generate
very strong magnetic fields.
There is no heating (no I°R energy loss), so there are no thermal
energy losses and no damage from overheating of the electromagnets.
4
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e
The critical angle for light travelling from diamond to air is 24°. box
The critical angle for light travelling from glass to air is 42°.
Explain what can be deduced about the relative values of the refractive index of
diamond and the refractive index of glass.
[2 marks]
sin € = I/n, so n = lfsin C. Diamond: n = l/sin 24° = 2.46; glass: n =
I/sin 42° = .49,
A smaller critical angle means a larger refractive index, so diamond has
a much larger refractive index than glass.
2
Figure 1 shows sunglasses that have polarising lenses. The sunglasses are sold with
a separate small polarising filter.
Figure 1
polarising
filter
State and explain how the filter can be used to check that the lenses are polarising.
[3 marks]
Hold the small filter in front of one lens of the sunglasses, look
through both, and rotate the filter through 360°.
If the intensity of the light seen varies during the rotation the lenses
are polarising (if there is no variation they are not).
The intensity is reduced when the polarisation planes of filter and lens
are not aligned, and is a minimum when they are crossed (at 90°).
3
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Figure 2 represents a stationary wave. X marks the position of an antinode.

Figure 2

II| Explain how the antinode is produced.

[2 marks]

Two waves of the same frequency travel in opposite directions (the

wave and its reflection) and superpose.

At the antinode the two waves always arrive in phase, so they interfere

constructively and give maximum amplitude.

IZ| A student determines the speed of microwaves in a microwave oven from which the
turntable has been removed. Stationary waves are formed in the oven.

The student has paper that changes colour above a certain temperature. The paper
is placed on the floor of the oven as shown in Figure 3.

Figure 3

% ) oven

| wall
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transmitter _— Pap
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The student switches on the oven for a short time and then removes the paper.

Figure 4 shows the paper at actual size. There are three spots where the paper has
changed colour.

Figure 4

spots

i A =135 mm i

The frequency of the emitted microwaves is 2.45 GHz.

Determine the speed of the microwaves in the oven by taking measurements from

Figure 4.
[3 marks]
adjacent spots are antinodes, N\/2 apart, so first to third spot = A
distance from first to third spot = 135 mm, so A = 0.135 m
c =f\ =245 x10° x 0135
c=330x10°ms’!
speed = 3.3 x 0% ms!
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Figure 5 shows the main parts of an X-ray tube. Electrons are emitted at the cathode box
and accelerated onto the anode.
Figure 5
anode electron beam

cathode

pll

The operating voltage between the anode and the cathode is 80 kV.
The tube current is 100 mA.
The tube is switched on for an operating period of 5.0 ms.

lIl Calculate the number of electrons that reach the anode during this operating period.
[2 marks]

@ =1t=100x103x850x103=580x10°¢C
number of electrons = ® /e = 5.0 x 1079 / 1.60 x 107

= 3. x 10°

number of electrons = 3.0 x 10"
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Energy that is not emitted in the form of photons is transferred to internal energy.
The efficiency of the X-ray tube is 2.0%.

Calculate the increase in internal energy of the anode.

[3 marks]
input energy = QV = 5.0 x 1079 x 80 x 10> = 40 J
energy emitted as X-ray photons = 0.020 x 40 = 0.830 J
increase in internal energy = 0.98 x 40 = 39.2 J
increase in internal energy = 39.2 J

The tube current is now increased. The operating voltage and the operating period
are unchanged.

State and explain any effect that the increased tube current has on the X-rays
produced.
[3 marks]

More electrons are emitted from the cathode and strike the anode per

second,

so more X-ray photons are emitted per second: the intensity of the

X-rays increases.

The maximum energy (maximum frequency) of the X-ray photons stays

the same, because the operating voltage, and so the kinetic energy of

each electron, is unchanged.

Do not write
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n The following equation applies to the photoelectric effect: box

hf: ¢ + Ek(max)

II| State what quantities are represented by the terms /fand Ex(max).

[2 marks]
hf the energy of an (incident) photon
Exmax) the maximum kinetic enerqy of an emitted electron
IZ| State and explain what is represented by the term ¢.
[2 marks]

® is the work function of the metal:

the minimum energy required to remove an electron from the surface of

the metal.

Figure 6 shows a circuit used to investigate the photoelectric effect. The ammeter
can measure very small currents.

Figure 6

incident
.~~~ monochromatic
.-~ .~ light
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E Explain why there is a current with blue light but not with red light.

E The intensity of the monochromatic blue light is increased and the experiment is

Monochromatic red light is incident on the metal surface of the cathode and the
current in the ammeter is zero.

The red light is replaced with monochromatic blue light and there is a current in the
ammeter.

[2 marks]

Blue light has a higher frequency than red light, so each blue photon

has more energy (E = hf).

The frequency of blue light is above the threshold frequency (photon

energy > ¢), so electrons are emitted; the frequency of red light is

below the threshold frequency (photon energy < ¢), so no electrons are

emitted.

repeated.

State and explain any change in the current.
[3 marks]

The current increases.

A greater intensity means more photons are incident on the cathode per

second (each photon has the same energy).

Each photon can release only one electron (one-to-one interaction), so

more electrons are emitted per second and the current increases.

Do not write
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10

Figure 7 shows a circuit used by a student to determine the emf ¢ and internal
resistance r of a cell.

Figure 7

e T

e

el

®)

X Y

An external resistance R can be connected between X and Y. lts value can be
changed by using different combinations of resistors.

She uses a combination of resistors to make a network with resistances
ranging from 1.0 © to 8.0 Q.

Figure 8 shows one of these networks inserted between X and Y in the circuit.

Figure 8

20Q

2.0Q

1
L 1

3.0Q

|I| Calculate the resistance between X and Y in Figure 8.
[2 marks]

parallel: 1/R = 1/2.0 + 1/3.0, so R = (2.0 x 3.0)/(2.0 + 3.0) = 1.2 Q

total R =20 +12 =32 Q

resistance = 3.2 Q
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11

The student measures the current  in the ammeter for each value of R and plots a

graph of %against R.

@ Show that

[1 mark]

e=IQR +7r)
divide both sides by le: 1/l = (R +r)/e

so I/l = R/e + r/e

Question 8 continues on the next page

Turn over »
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Figure 9 shows the student’s graph. box

Figure 9
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El Determine &. box
[3 marks]
gradient = I/ (from /| = Rle + r/e)
gradient = (878 — 0.28) / (7.6 — 0) = 550 / 7.6 = 0.724 A" Q"
e =1/ gradient =1/ 0724 = .38 V
&= .38 \Y
E Determine r.
[3 marks]
y-intercept = rfe = 0.28 A"
r = intercept x € = 0.28 x |.3%
r=1039Q
r= 0.39 Q 9

13
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A screen is placed 3.0 m from a diffraction grating as shown in Figure 10. The screen
and grating are parallel.

Figure 10
not to scale
diffraction screen ¢ A
grating

monochromatic i B

light }
>! O 1.32m

|

| c
|

D

[o]9].[1]

<3 0m———

Monochromatic light of wavelength 540 nm is incident normally on the diffraction
grating. The central maximum appears on the screen at O. The first-order and
second-order maxima on each side of O are seen at positions A, B, C and D.

The distance between A and D is 1.32 m.

Show that the angle between the two second-order maxima is approximately 25°.
[2 marks]

distance from O to the second-order maximum A = 132 / 2 = 0.66 m
tan © = 0.66 / 3.0 = 0.22, so 6 = 12.9°
angle between the two second-order maxima = 26 = 2 x 12.4°

=24.38° % 25°

1 4
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@ Calculate the number of lines per mm on the grating. box
[3 marks]

dsin® =n\ withn=2and 6 =12.49°
d=2x540 x 1077/ sin 12.4° = 5.03 x 10 m
number of lines per m = I/d = 1.99 x 10°

number of lines per mm = 199 ~ 200

number of lines per mm = 200

@ The incident light is now replaced with monochromatic light of a different wavelength.

More maxima are observed on the screen.

State and explain any other change in the appearance of the pattern on the screen.
[3 marks]

The maxima are closer together on the screen (smaller angles, less

diffraction).

More maxima means the new wavelength is shorter, and since sin 6 =

n\/d, a shorter N gives a smaller © for each order.

The colour of the maxima changes towards the blue end of the

spectrum. 8

END OF SECTION A
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Section B box

Answer all questions in this section.

Many cars have headlamps that switch on automatically when light levels become too
low.

Figure 11 is a circuit diagram showing a light dependent resistor (LDR) being used as
a light-detecting sensor. The output voltage V/, from the circuit is used to control the

headlamps.

Figure 11

—
[
|
o o

The resistance of the variable resistor can be adjusted to change the light level at
which the headlamps switch on.

The system is set to switch the headlamps on when the power of the light incident on
the LDR is less than or equal to 12 mW.

|I| The wavelength of the photons incident on the LDR is 550 nm.

Calculate the number of photons incident on the LDR in one second when the
headlamps just switch on.
[3 marks]

E = he/\ = 6.63 x 1039 x 3.00 x 10% / 5§50 x 107
E=362x10"7
P=NE soN=P/E=12x103/362x10"

N = 3.3 x 10"

number of photons in one second = 3.3 x )0'¢

Question 10 continues on the next page

Turn over »
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Figure 12 shows how the resistance R, of the LDR varies with the power of the light

incident on it.
Figure 12
100y
801 \
601 !
R 1kQ N
a0
20 LE \\.\
0
0 5 10 15 20 25 30 35 40
dark power of light / mW very
bright

IZ| V, must be at least 8.0 V for the headlamps to switch on.

Determine the resistance of the variable resistor for the headlamps to switch on when

the power of the lightis 12 mW.
[2 marks]

from Figure 12, at 12 mW: R, = 30 kQ
V, = 8.0 V across the LDR, so 12 — 8.0 = 4.0 V across the variable resistor

R/R =460/380 soR=30/2=1S5kQ

resistance = 1S 000 Q

IB/M/Jan23/PH02
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. An engineer wants to adjust the circuit so that the headlamps switch on when the light box
levels are greater.

State and explain what adjustment is necessary.
[3 marks]

At greater light levels the resistance R, of the LDR is smaller, so the

LDR takes a smaller share of the 12 V and V, falls below 3.0 V.

So the resistance of the variable resistor must be reduced,

so that the ratio of the resistances (R, : Ryaiable) returns to its original

value and V| returns to 8.0 V at the new, greater light level.

Turn over for the next question

Turn over »

19

stemup.co.uk IB/M/Jan23/PH02


https://stemup.co.uk

20

Do not write
outside the

IIE Figure 13 shows the apparatus used in an experiment to measure the speed v of box
sound in wood.

Figure 13

electronic timer

soundproofing « [ ] b

foam ‘ =

wooden bench top

\
o>

A |

hammer

Two microphones A and B, separated by distance d, are firmly clamped face-down to
the wooden bench top.

The microphones are covered with soundproofing foam and connected to an
electronic timer.

The end of the bench top is struck sharply with the hammer to produce a pulse of
sound which travels through the wood. The timer starts when this pulse is detected
by A. The timer stops when the same pulse is detected by B.

The timer records the time ¢ taken by the sound pulse to travel from A to B.

Iilillil Explain why soundproofing foam is used to cover the microphones.
[1 mark]

It stops the microphones picking up background noise or other sounds

through the air, so only the pulse in the wood triggers the timer.

2 0
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The measurement of ¢ is repeated several times. Table 1 shows the recorded values box
of ¢.
Table 1
tlps 174 196 201 179 204
IIE@ Calculate the mean value of ¢.
[1 mark]
mean = (176 + 196 + 201 + 179 + 204) / § =954 / S = 14 MS
mean value of t = 19] us
IIlIlEl Estimate the absolute uncertainty in your mean value of z.
[1 mark]
half the range = (204 — 174) | 2 = 1S us
absolute uncertainty in ¢ = 4Ry us
IIEE The distance d is 0.75 m.
Calculate v.
[1 mark]
v=d/t=075/19 x10° =393 x10°>m s’
v= 3.9 x 10® ms!
Question 11 continues on the next page

Turn over »
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IIEE The absolute uncertainty in d is £ 0.01 m. box
Estimate the percentage uncertainty in v.
[2 marks]
% uncertainty in d = 0.0l / 0.75 x 100 = 1.3 %
% uncertainty in t = 1S /191 x 100 = 7.9 %
% uncertainty inv =13 +79=92 %
percentage uncertainty in v = 9.2 %
IIE@ An increase in the value of d reduces the percentage uncertainty in its measurement.
This increase in d also increases the value of ¢.
Suggest why increasing d may not lead to a more accurate measurement of v.
[2 marks]
The amplitude of the sound pulse gets smaller as it travels further
through the wood, so it may be too weak to trigger microphone B.
Microphone B would then need a high sensitivity, so it might be
triggered by any other noise, giving a wrong value of t.
8
END OF SECTION B
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Section C box
Each of the questions in this section is followed by four responses, A, B, C and D.

For each question select the best response.

@y one answer per question is allowed. \

For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ‘ & H [O) H@ H dﬁ ‘

If you want to change your answer you must cross out your original answer as shown. E

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
@ot use additional pages for this working. /

Iilzl Light of wavelength 480 nm travels as a pulse in air.
The duration of the pulse is 10 ps.

How many complete waves does the pulse contain?
[1 mark]

A 6.25x10°
B 6.25x 10"
C 6.25x 10"

D 6.25x 10"

o] [o] [o] o]

Turn over for the next question

Turn over »
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E@ The diagram shows a battery of emf 12 V and negligible internal resistance connected box
across a network of resistors.

18 Q 12 Q

O

6 Q 3Q

p

X
L
B S

<

When a voltmeter is connected across X and Y the reading is
[1 mark]

A 06V.
B 60V.

C 90V.

o] [o] [o] o]

D 9.6V.

A mass on a spring oscillates freely at frequency f-

What is the frequency when the mass on the spring is doubled?
[1 mark]

A 05f
B 0.7f

C 14f

o] [o] [o] o]

D 2.0f

2 4
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IIE The cladding in optical fibres box
[1 mark]

A has a higher refractive index than the core.

C increases modal dispersion inside the core.

B reduces material dispersion inside the core. El

D increases the critical angle at the surface of the core.

A student notes the readings on the ammeter and voltmeter.

—

1
) |
W, ||

The resistance of the variable resistor is then decreased.

Which row shows the changes to the readings on the ammeter and the voltmeter?

[1 mark]
Ammeter reading Voltmeter reading
A decreases decreases El
B increases increases El
o increases decreases El
D decreases increases El

Turn over »
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A metal wire X has a resistance R. box

A second wire Y of the same metal has twice the length and half the diameter of X.

What is the resistance of Y?
[1 mark]

AR
B 2R
C 4R

D 8R

o] [o] [o] [o]

A heater consists of two resistors, one with a resistance of 50 Q and the other with a
resistance of 100 Q. The resistors are connected in parallel across a 230 V supply.
Each resistor can be switched on or off independently.

I

50 Q

I

100 Q

o o
230V

What is the maximum power available from the heater?
[1 mark]

A 530 W
B 1100 W
C 1600 W

D 2100 W

o] [o] [o] [o

2 6
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The diagram shows wave fronts from two sources S; and S,.
The peaks of the waves are represented by dashed lines -—-—- .
The troughs of the waves are represented by continuous lines

P and Q show two points where the waves superpose.

Which is correct?

A The waves arrive in phase at Q.
B The waves interfere destructively at P.
C The amplitude is a minimum at Q.

D The path difference is an odd number of wavelengths at Q.

o] [o] [o] [o

[1 mark]

2 7
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outside the
A simple pendulum is displaced and allowed to oscillate freely. box
Which graph shows how the potential energy E) varies with displacement d from the
pendulum’s equilibrium position?
[1 mark]
A B
Ly, Ly,
0 d 0 d
Cc D
Ly, Ly,

0 d 0 d
A [=]
B [=]
c [=]
D (=]

IZIIl Which is not a unit for potential difference?
[1 mark]

AJC! (=]
BJs'A™ [=]
C AQ [=]
D CQs =

2 8
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IZ@ Which pair of graphs shows the variation of resistance R with temperature 7 for a metal

wire and for a thermistor?

metal wire

R/Q

S

o

I'/°C

R/Q

N

o

I'/°C

R/Q

N

o

I'/°C

R/Q

N

o

I'/°C

thermistor
R/Q

0

0 T/°C
R/Q

0

0 T/°C
R/Q

0

0 T/°C
R/Q

0

0 T/°C

Turn over for the next question
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IZE The diagram shows how the displacement of a particle in a progressive wave varies with
time.

+4.0 mm

displacement 0 T T T
20 40 60 time / ms

—4.0 mm

Which row gives the amplitude and frequency of the wave?

[1 mark]
Amplitude / mm Frequency / Hz
A 4.0 25 (@]
B 8.0 25 [=]
c 4.0 40 [=]
D 8.0 40 [=]
A pendulum has length L and period T.
When L is increased by 1.5 m the period becomes 2T.
What is L?
[1 mark]
A 030m (=]
B 0.38m [=]
C 0.50 m (& ]
D 0.75m [=]

30
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IZE An alpha particle moving at a speed v has de Broglie wavelength A.

What is the de Broglie wavelength of a proton moving at a speed 2v?

A
4
A
2
24

4

[=]

] o] [o

END OF QUESTIONS

[1 mark]
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