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Section A

Answer all questions in this section.

A simple pendulum completes 39 oscillations in 1.0 minute.

Calculate the length of the pendulum.
[2 marks]

T=60/39=154s
T=2n//g), so | =gT*/ 4m?

| =98 x 1.54% /] 41° = 0.588 m

length = 0.59 m

Do not write
outside the
box

Monochromatic light is incident on a clean metal surface and photoelectrons
are emitted from the surface.

A photon of this light has energy of 4.5 x 107! J.
The stopping potential of the electrons is 1.1 V.

Calculate, in eV, the work function of the metal.
[2 marks]

photon energy = 4.5 x 1077 / 1.60 x 107" = 2.3] eV
Extmax) = €Vs = Ll eV

hf = @ + Exmay), S0 @ = 2.8l = Il = 1.7] eV

work function = 1.7 eV
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n Figure 1 shows a cell in a series circuit with a load resistor. box
The cell has an internal resistance r.
Figure 1
e :
| 7 |
| I:I |
| |
Iy
R
The emf ¢ of the cell is given by
e=IR+1Ir
where [ is the current in the circuit and R is the load resistance.
Explain how this equation is consistent with the law of conservation of energy.
[2 marks]
Each term is energy transferred per unit charge (J C™').
£ Is the energy supplied per coulomb by the cell; IR is the work done
per unit charge in the load and Ir is the work done per unit charge in
the internal resistance.
So energy in = energy out: energy is conserved.
2
Turn over for the next question
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Figure 2 shows the [~V characteristic for a component. box
Figure 2
12.0
10.0
8.0 /
1/104A 6.0 /
/V
4.0
2.0 -
0 e
0 0.05 0.10 V=0194 V 0.15
VIV
Calculate the resistance of the component when the current in it is 0.80 mA.
[2 marks]
at | = 0.80 mA = 3.0 x 1079 A, read off V = 0.149 V
R=V/1=0144/0.30 x 103
R =180 Q
resistance = 130 Q 2

0 4
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An electrical toy normally needs six cells.

Figure 3a shows the inside of the cell compartment of the toy. The markings show

how the cells A to F should be arranged.

Figure 3b shows the circuit diagram of the cells when they are placed correctly into

the compartment.

Figure 3a Figure 3b
RS T = A B
® 1 0@ } I
| |
| |
U | D | D Xo—¢ +——oY
© 1 ® 1 O
é T : [———1 : \ \é’—v } I
= | =
S | @ | © D E
iRNERI
| |
| |
® 5 O ®
/= l T é T l =\
|I| Draw lines on Figure 4 to show how the cells should be connected in the
compartment.
[1 mark]

Figure 4

Question 5 continues on the next page
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Each cell has an emf of 1.50 V and an internal resistance of 0.25 Q.

El On one occasion, a child fits five cells into the toy but leaves out cell B.

Suggest and explain the consequences of leaving out cell B.
[2 marks]

The total emf stays the same (4.5 V from D, E, F).

No current flows in A and C, so the current in D, E and F increases:

they run down more quickly.

Total internal resistance doubles (0.375 Q to 0.75 Q), so the current

drawn by the toy and the terminal pd decrease.

0 6 IB/M/Jun24/PH02
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. On another occasion, a fault occurs that causes a connection between X and Y as box
shown in Figure 5. All six cells are fitted correctly.
The connection has zero resistance.

Figure 5

B C

>

|

Calculate the current in the connection between X and Y.
[3 marks]

emf of each branch = 3 x 1.50 = 4.5 V; in parallel, so total emf = 4.5 V
internal resistance of each branch = 3 x 0.25 = 0.75 Q
total resistance = 0.75 / 2 = 0.37S Q (connection XY has zero resistance)

I=V/R=45/0375=12 A

current = 12 A 6

Turn over for the next question
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A sodium lamp contains low-pressure sodium gas. box

An electric current in the sodium gas causes the sodium atoms to emit light.

|I| Explain how the sodium atoms become excited.

[2 marks]

Free electrons in the current are accelerated by the pd and collide with

the sodium atoms.

In the collisions the electrons transfer energy to the atoms (to their

orbital electrons), so the atoms move up to higher energy levels: they

become excited.

0 8
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Figure 6 shows part of the line spectrum for the light emitted from the sodium lamp.

Figure 6

560 565 570 575 580 585 590
wavelength / nm

El Explain why the spectrum produced by the sodium lamp has light of only certain
wavelengths.
[3 marks]

The energy levels in a sodium atom are discrete (quantised): only

certain fixed energies are allowed.

Excited atoms de-excite when electrons move down to lower energy

levels, emitting a photon.

The photon energy equals the difference between the two energy levels,

so only certain photon energies are possible.

Since E = he/M, each specific energy gives a specific (discrete)

wavelength, so only certain wavelengths are emitted.

El Calculate, in J, the energy of the least energetic photon that corresponds to a spectral
line in Figure 6.
[3 marks]

least energetic photon = longest wavelength line = §89.6 nm
E=hc/\=663x103x300x10%/589.6 x 107

E=337x10"7

photon energy = 3.37 x 1077 J

Do not write
outside the
box
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10

Figure 7 shows apparatus used to investigate stationary waves in a column of air
inside a cylindrical tube.

A loudspeaker, connected to a frequency generator, emits a sound wave with a single
frequency into the open end of the tube.

Figure 7
loudspeaker
connected to
frequency generator

Qs o

1l
cylindrical tube—{ | L
Pl.| |
——— water

The sound wave from the loudspeaker travels through the air in the tube and reflects
at the surface of the water.

The frequency of the sound is increased from zero. At a certain frequency f, the
loudness of the sound in the tube increases significantly.

Explain, with reference to resonance, why the sound is loud at this frequency.
[1 mark]

The driving frequency of the loudspeaker matches the natural frequency

of the air column in the tube, so resonance occurs: maximum energy

transfer, so maximum amplitude.

170
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There is an increase in loudness when a stationary wave forms in the air in the tube.
This stationary wave corresponds to the first harmonic.

Figure 7 shows:

¢ the position P of a node at the surface of the water
¢ the position Q of an antinode.

Q is a constant distance x above the top of the tube.

Describe the motion of the air molecules at P and at Q due to the stationary wave.
[2 marks]

atP P is a node: the air molecules there are stationary (zero amplitude),

they do not oscillate.

atQ @ /s an antinode: the air molecules oscillate with maximum

amplitude, vertically (parallel to PQ, along the tube).

The length L of the column of air is varied.
The frequency f of the first harmonic is recorded for each value of L.

When a stationary wave of the first harmonic is formed, the distance PQ is equal

to % where A is the wavelength of the stationary wave.

Show that f'is given by 1 = £+ﬂ
f v v

where v is the speed of sound in air.
[1 mark]

PQ=L+x=A/64 so A=4(L +x)
v="F\=4f(L +x)

1/f=6(L+x)/v=4L/v+4x /v

Question 7 continues on the next page

11
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Figure 8 shows the variation of l with L. The best-fit line has been drawn.

Figure 8
4.0 I
35
X
3.0 v
//
1 /
—/107%s //’ I 10 s
/SK
25 7
/
/
¥
//
2.0 v
0.)S

1.5
0.10 0.12 0.14 0.16 0.18 0.20 0.22 024 026 028 0.30
L/m

E Determine v using Figure 8.

[3 marks]
gradient = A(I/f) / AL = (3.90 — 2.00) x 102 / (0.28 — 0.13)
gradient = 1.90 x 102 / 0.1 = 1.27 x 107 s m™!
I/f = Lv + ax/v, so gradient = 4 /v
v=24/127x102%= 316 ms’
v= 316 ms!

12
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E Explain how you would use Figure 8 to determine x. box
Calculations are not required.
[2 marks]

x is found from the intercept: when I/f = 0, L = —x, so x is the size

of the intercept on the L axis (or x = y-intercept x v/4).

Find the intercept mathematically, not by extending the graph:

substitute one point on the line, e.q. (013 m, 2.00 x 102 s), and the

gradient into I/f = GLNv + 4x/v and solve for x. 9

Turn over for the next question
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|I| Explain what is meant by modal dispersion in an optical fibre.
[2 marks]

Modal dispersion is the spreading (broadening) of a pulse, because parts

of the pulse take different times to travel through the fibre.

This is because the light enters the fibre at different angles, so it

travels along different paths (of different lengths) through the core.

The speed of light in the glass core of an optical fibre is 1.97 x 108 m s™".

IZ| Calculate the refractive index of the glass.

[1 mark]

n=c/v=300x10%/197 x 10 = 1,523

refractive index = 1.52

A pulse of light is passed along the optical fibre and experiences modal dispersion.
The fibre is straight and has a length of 10.0 km.

The longest path of light along the fibre is at an angle 6, to the central axis as
shown in Figure 9.

The shortest path of light along the fibre is along the central axis.

Figure 9

not to scale

cladding — —] central axis

air Ai" _______________________________

core of optical fibre

1 4
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There is a time delay of 13.7 us between the arrival of the pulse when it follows the box
longest path and when it follows the shortest path.

. Show that the length of the longest path is approximately 12.7 km.

[2 marks]
extra path length Ax = vAt = 1.97 x 10% x 13.7 x 107
Ax = 2699 m = 2.70 km
longest path = 10.0 + 2.70 = 12.70 km = 12.7 km

E Calculate 6,,,,.

[1 mark]

€0s 0, = 10.0 / 12.7 = 0.787
Hmax = 38 °

Question 8 continues on the next page

Turn over »
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A laser sends a signal along the optical fibre. The signal is made up of a series of box
repeated pulses as shown in Figure 10.

Figure 10 shows the signal as it enters the fibre.

Figure 10
. HIIH HIH HI::::
! ulse ulse ulse -
10t p p p .
amplitude .
/ arbitrary 0.5+
units :
0+
. T=0.80 x 101
0 1.0 2.0
time /10~ s

E Calculate the frequency of repetition of the pulses.

[2 marks]
time period T (start of one pulse to start of the next) = 0.80 x 10 s
f=1/T=1/030x10"

=125 x 10° Hz

frequency = 1.25 x 104 Hz

@ Calculate the maximum duration of each pulse that is received at the end of

this fibre.
[2 marks]
duration of each pulse entering the fibre = 0.24 x 1079 s
each pulse is broadened by the time delay of 13.7 x 107 s
=026 x 107+ 137 x10° = 377 x 10 s
maximum duraton= 3.8 x /0~ s

IB/M/Jun24/PH02
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. Explain how pulse broadening limits the frequency at which pulses in a signal can be box
received through this optical fibre.
[1 mark]
Pulses broaden as they travel; if they are sent too often (frequency too
high) the broadened pulses overlap and cannot be distinguished.
11

Turn over for the next question
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In an experiment, a beam of electrons is accelerated from rest through a

potential difference.
The beam is split into two coherent beams by a device that acts as a double slit. The
two electron beams interfere to form an interference pattern as shown in Figure 11.

The path from the centre of the double slit to the n™ bright fringe makes an angle 0,
with the path to the central fringe.

The fringe separation is w.
The distance between the double slit and the interference pattern is D.
D is much larger than w.

Figure 11

not to scale

77777777777 gy central fringe n =0
| 4 1st fringe n =1

double slit
4t fringe n = 4

III Explain why @, in radians is approximately equal to %
[1 mark]

Angle in radians = arc length /[ radius. As D > w, the distance nw is

approximately an arc of a circle of radius D, so 6, ~ nw/D.

IB/M/Jun24/PH02
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Figure 12 shows the interference pattern from this experiment. box
The scale of the image is shown.

Figure 12

1.0 x 10*rad

27.6 mm

10 spacings = 60.0 mm

The slit separation of the double slit is 496 nm.

@ Show that the de Broglie wavelength of the electrons is approximately 1 x 10! m.
In your answer:

¢ annotate Figure 12 to show how you made your measurements
¢ use the relationship given in Question 09.1.
[4 marks]

measured on Figure 12, centre of Ist to centre of llth bright fringe:

10 fringe spacings = 60.0 mm; scale line 1.0 x 107 rad = 27.6 mm

angular fringe separation 8, = (60.0 / 10) / 27.6 x 1.0 x 10°% = 2.17 x 10 rad
w=AD/s, so 6,=nw/D=n\/s so A=s8, (n=1)

A =696 x 10 x 2.7 x 1075

A=108x10" m=1x10"m

Question 9 continues on the next page

Turn over »
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Do not write
El Calculate the accelerating potential difference for the electrons. Mo

Ignore relativistic effects.

[3 marks]

p=h/\N=663x103/108x10" =614 x 1023 kg m s

v=p/m=619x10% /91 x 103 =674 x 10" m s

eV = Yomv?, so V=mv?/ 2e

V=44 x103 x (6.79 x 107)? / (2 x 1.60 x 107'?)

V=129 x10°V

accelerating potential difference = 1.3 x 109 A% 8

END OF SECTION A

2 0
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Section B

Answer all questions in this section.

Figure 13 shows a diagram of an electric kettle.

Figure 13

heating filament

insulated power
cord containing
copper wires

——  to plug

\ N coiled
nichrome wire

water

electrical insulator

magnified
section

This kettle contains a heating filament that consists of coiled nichrome wire

surrounded by an electrical insulator.

The heating filament is connected to the plug by a power cord that is made from

copper wires surrounded by an electrical insulator.

When the kettle is switched on, energy is transferred from the filament to the water.

|I| The resistance of the nichrome wire is 18 Q at its operating temperature.
The voltage across the nichrome wire is 230 V.

Calculate the power transferred by the nichrome wire.

P=V>/R=230%°/138 =29490 W

power = 2900

[1 mark]

Question 10 continues on the next page

2 1

stemup.co.uk

Turn over »

1B/M/Jun24/PH02

Do not write
outside the
box


https://stemup.co.uk

22

The resistance of the copper wire in the power cord must be much less than the
resistance of the nichrome wire.

@ Explain why.

[3 marks]

The copper wires and the nichrome wire are in series, so the current s

the same in both.

P = I°R, so the power dissipated in each is proportional to its

resistance.

The power dissipated in the nichrome (heating the water) must be

much greater than in the copper, so the copper resistance must be

much smaller.

The pd is shared in the ratio of the resistances, so almost all 230 V s

across the nichrome, wasting little energy in the cord.

El The resistivity of nichrome is 1.12 x 107® Q m at its operating temperature.
The resistance of the nichrome wire is 18 Q at this temperature.
The radius of the nichrome wire is 0.16 mm.

Calculate the length of the nichrome wire.

[2 marks]
A=1r =1 x (016 x103)? = 8.04 x 10% m?
R=pL/A so L=RA/p=18x804x10%/112x]0°
L=129wm
length = 1.29 m

IB/M/Jun24/PH02
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E When the kettle is switched on, the temperature of the nichrome wire increases
rapidly for about 5 ms, until the nichrome wire reaches its operating temperature.
The temperature then remains constant.

Explain how the power consumption of the kettle varies for the first 10 ms.
Calculations are not required.

[3 marks]

For the first S ms the temperature of the nichrome increases, so its

resistance increases (the ions vibrate more, so the electrons collide with

them wmore often).

The voltage across it stays the same (230 V) and P = V?/R, so the

power consumption decreases during the first S ms, from its highest

value at switch-on.

From S ms to 10 ms the temperature is constant, so the resistance is

constant and the power stays constant (about 2900 W).

Do not write
outside the
box

Turn over for the next question
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|I|I| Figure 14 shows an arrangement used to determine the wavelength of laser light.
The light is incident normally on a diffraction grating.
The diffraction pattern is viewed on a screen a distance D from the diffraction grating.

Figure 14
not to scale
second-order maximum
diffraction \____
grating
|
| zero-order maximum *
|
} — i X
. |
laser light | D
| ®
|
‘7777
| screen

The distance between the two second-order maxima is x.

A student uses a metre ruler to measure x, as shown in Figure 15.

Figure 15

I""|“"I""|'T“I“ I“I"“l""l“"""‘l
18cm 19cm 7lcm 72cm

|I|I||I| Determine x using Figure 15.

State an appropriate unit for your answer.
[1 mark]

x=7.5 —19.2 = 52.3 em

x= $2.3

unit = m

2 4
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IIIIHE' Calculate the percentage uncertainty in your value of x.
[1 mark]

uncertainty in x = £ | mm = 0. em (£ 0.0S em in each of two readings)

% uncertainty = 0.1 / §2.3 x 100 = 0.19 %

percentage uncertainty = 0.2 %

|I|I|. The student measures D as 200.0 cm.

The diffraction grating has 100 lines per mm.

Calculate, in nm, the wavelength A of the laser light.

[3 marks]
d=1/000x10%) =10 x 103 m
tan® =(x/2)/D=2615/2000 =013, 6 =745°
dsin® =nkwithn =2
A=10x107°xsin 745 /2 =648 x 107 m = 648 nm
A= 64% nm

IIIIHII The diffraction grating is now replaced with a grating that has a larger number of lines
per mm. The uncertainty in the grating spacing is negligible.

Discuss how this will affect the percentage uncertainty in the measured value of A.
[2 marks]

More lines per mm means a smaller d, so © is larger and the maxima

are further apart: x increases.

The uncertainty in x (£ | mm) is unchanged, so the % uncertainty in x

and © decreases, so the % uncertainty in A decreases.

Do not write
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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 ‘ X 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.
Wot use additional pages for this working. /

E@ What is the unit for resistivity in SI fundamental (base) units?
[1 mark]

A kgmPs? A
B kgm’s> A™!

C kgm’s?2A™?

o] [o] [o] o]

D kgm’s> A

IB/M/Jun24/PH02
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n The circuit shown contains a battery of emf 12 V with negligible internal resistance. box

12V
||____ |
| |

10Q p 200
—— F———1

100 10Q q
— L 1 "

What is the potential difference between P and Q?
[1 mark]

A4V
Bo6V

cCg8V

o] [o] [o] o]

D12V

Turn over for the next question
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A potential difference is applied across a neon gas-discharge tube. box

In the tube, neon ions (Ne*) with a charge of +e travel from the anode to the cathode.
Free electrons move in the opposite direction.

In 3.0 minutes, 4.4 x 10%° Ne" ions arrive at the cathode and 4.4 x 10%° free electrons
reach the anode.

What is the total current between the cathode and the anode?
[1 mark]

B 039A

C 0.78 A

o] [0 [o] o]

D 23A

2 8
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IIEl In the circuit shown, the cell has negligible internal resistance.
T is a negative temperature coefficient thermistor.

The temperature of the thermistor changes, causing an increase in the current.

Which row shows the change in temperature and the effect this change has on the
voltmeter reading?

[1 mark]
Change in Effect on
temperature voltmeter reading
A increase increase E
B increase decrease E|
C decrease increase E
D decrease decrease E

Turn over for the next question
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Questions 16 and 17 are about the following experiment. box
A student uses a stopwatch to investigate the time period of a pendulum.

There is an absolute uncertainty of 0.2 s at the beginning and the end of each timing.

The student measures ten oscillations of the pendulum. The stopwatch records the time
for ten oscillations to be 15.07 s.

What is the best estimate for the percentage uncertainty of the time period of
the pendulum?
[1 mark]

A 2.7% (& ]
B 1.3% [=]
C 0.27% [=]
D 0.13% [=]

n The student repeats the measurement three more times. His four measurements of the
time for ten oscillations are:

15.07 s 15.35s 15.02's 14.92 s

What is the best estimate for the percentage uncertainty in this set of measurements?
[1 mark]

A 0.14%
B 1.4%

C 2.7%

o] [o] [o] o]

D 2.8%

30
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An oscillating mass—spring system has a time period 7. box
The graph shows the variation with time of the displacement of the oscillating mass.

displacement \/\

|

T time

Which graph shows the variation with time of potential energy £ for the system?

SN =

T time

[1 mark]

55 =]
0
0 T time
) [=]
0 °® -
0 T time

T time

Turn over for the next question
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A transverse wave is created by oscillating a string of beads.

Graph 1 shows the variation of the displacement of each bead with the distance measured

from a fixed point along the wave.
Graph 1

displacement

0 /N

K

Graph 2 shows the variation of the displacement of a particular bead with time.

Graph 2

displacement

distance

H

Which row gives the wavelength and frequency of the wave?

Wavelength Frequency
A K H [=]
B K % [=]
c 2K H [=]
D 2K % (=]

time

[1 mark]
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Sound travels at a speed v in air and at a speed 4.5v in water.

A sound wave with a wavelength A is produced in air. The wave passes from air
into water.

Which row shows the wavelength and the nature of the wave in water?

Wavelength Nature
A 4.5\ longitudinal El
B A longitudinal E
c 4.5) transverse E
D A transverse E

IZIII The frequency of the first harmonic of a violin string is 440 Hz.

The tension in the string is increased by 8%. The length and mass of the string
do not change.

What is the new frequency of the first harmonic of the string?

A 475 Hz
B 457 Hz

C 452 Hz

o] [o] [o] o]

D 422 Hz

[1 mark]

[1 mark]

Turn over »
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IZ@ Monochromatic light is incident normally on a diffraction grating. box
The first-order maximum is observed at an angle of 18° to the zero-order maximum.

What is the largest angle at which a maximum can be found?
[1 mark]

A 90° [=]
B 72° [=]
C 68° (& ]
D 54° [=]

E Light is incident on a Perspex—air boundary and is partially reflected and partially refracted.
The incident and reflected rays are shown. The refracted ray is not shown.

not to scale

o reflected ray
incident ray

36°

Perspex

air

The reflected ray is deflected by a total angle of 36° from the incident ray.
The refractive index of Perspex is 1.5

What is the angle of refraction in air for the refracted ray?
[1 mark]

A 12°
B 23°
C 28°

D 62°

o] [o] [o] o]
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A monochromatic light source X produces N, photons per second, each with energy E,. box

A monochromatic light source Y has the same power as X and emits light with a smaller
frequency than X.
Y produces N, photons per second, each with energy E..

Which row shows how N, compares with NV, and how E, compares with E\?
[1 mark]

o
Z
=
S
\%
=
o) b [

Turn over for the next question

Turn over »
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E@ Radiation of wavelength X is incident on a metal surface. Photoelectrons are emitted with box
maximum kinetic energy E,.
The graph shows how % varies with £, .
L
A
Ly
What is the gradient of the graph?
[1 mark]
A [=]
B he [=]
1
c - [=]
h
o [=] e
he

END OF QUESTIONS
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There are no questions printed on this page
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