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Section A

Answer all questions in this section.

When light of frequency 9.1 x 10'* Hz is incident on a metal surface, electrons are
emitted. The stopping potential for these electrons is 1.65 V.

|I| State what is meant by the threshold frequency for a metal.
[1 mark]

The threshold frequency is the minimum frequency of electromagnetic

radiation that results in electrons being emitted from the metal surface.

@ Calculate the threshold frequency for this metal.

[3 marks]
Eximan = €Vs = 1.60 x 1077 x 1.65 = 2.64 x 1077 7
hf = 6.63 x 1039 x 9.) x 10" = 6.03 x 1077 7
hf = @ + Extma), S0 @ = 6.03 x 10717 — 2,64 x 1077 = 339 x 1077 7
¢ =hfy,sofy=0¢/h=339x10"/663x103
fy =512 x 10" Hz
threshold frequency = S x 10" Hz
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Laser light of wavelength 6.94 x 107 m is incident normally on a diffraction grating.
The grating has 280 lines per millimetre.
Bright spots appear on a semicircular screen, as shown in Figure 1.

Figure 1

screen

diffraction
grating

Calculate the total number of bright spots that appear on the screen.
[3 marks]

d=1x102%/280=357x10°m

d sin 8 = n\, maximum 6 = 90° s0 Ny = d / A

Nax = 3.57 x 10/ 6.99 x 107 = S0, so n = S (whole number)
spots: S on each side plus the central (zero order) spot

total =2 xS+ 1 =1

number = /

Do not write
outside the
box

0 3

Turn over »

stemup.co.uk 1B/G/Jun25/PH02


https://stemup.co.uk

A wave on the surface of water is used to model the behaviour of light waves.

Figure 2 shows the wave travelling on the surface of water, as viewed from above.
The boundary between a deep region D and a shallow region S is shown.

Figure 2
trough
not to scale
Peak\ region D
direction of
wave travel
_—
53°
boundary
direction of
wave travel

region S
The wave travels more slowly in shallow water than in deep water.

|I| Explain why the wavelength of the wave is greater in region D than in region S.
[1 mark]

v = fA and the frequency stays the same when the wave crosses the

boundary, so N « v: the wave is faster in D, so its wavelength is

greater in D,

IB/G/Jun25/PH02
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@ The speed of the wave in region D is v,. The speed of the wave in region S is vy.

The ratio of the speeds is given by:

vy sinfg

vy sinf,

where 6, is the wave’s angle of incidence in region D
0O is the wave’s angle of refraction in region S.

N
Calculate v—D

S

[1 mark]
By = $3° 65 = 90° — §9° = 3/°

vp / vs = sin $3° / sin 31° = 0.799 / 0.51S = 1.5S

Vs 1.6

Turn over for the next question
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This question is about a child moving on a swing.

C is the centre of mass of the child and seat.
h is the height of C above the ground.

Figure 3 shows C at two different values of 4.

Figure 3

suspension point

not to scale

h

At time ¢ = 0 the child starts swinging.
Figure 4 shows the variation of 4 with z.

Figure 4
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[o]a][4]

[0]4][2]

Determine the time period of the oscillation.

Go on to explain how you used Figure 4 to determine your answer.

[2 marks]
h is a maximum at both ends of each swing, so there are two
peaks of h in one period of the swing.
peaks of hat t = 0,125s, 285s: T=2x125s
time period = 2.5 S

Adjacent peaks of h in Figure 4 are 1.25 s apart (four intervals in S.0

s). There are two maxima of height in one oscillation, so T = 2 x .28

= 2.8 s.

L is the distance from C to the suspension point of the swing.

Assume that the time period of the swing is the same as the time period for a simple
pendulum of length L.

Estimate L.
[2 marks]
T=2n/L /g), so L =gT*/4mn?
L =93 x25°/ (4m°)
L=155wm
L= 1.6 m

Question 4 continues on the next page
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El Suggest one reason why the swing does not behave in exactly the same way as a box
simple pendulum.
[1 mark]

The motion js damped: there s air resistance and friction at the

suspension point, so the amplitude decreases (also the angle of swing is

not small).

El Sketch, on Figure 5, the variation of the child’s kinetic energy with ¢ for the first 2.5 s
of the motion.
Do not add values to the kinetic energy axis.
[3 marks]
Figure 5
M\
[\
kinetic / \ / /\\
energy / \ / \
/ [\
/ / \
0
0 0.5 1.0 1.5 20 2.5 T
t/s
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|I| Explain why longitudinal waves cannot be polarised but transverse waves can be

polarised.
[2 marks]

Polarisation means the oscillations are restricted to one plane only

(pervendicular to the direction of propagation).

In a transverse wave the oscillations are perpendicular to the direction of

travel, so they can be in many planes and can be restricted to one. In

a longitudinal wave the oscillations are parallel to the direction of travel,

with no perpendicular oscillations to restrict.

@ Figure 6 shows an early form of mobile phone. The antenna on this mobile phone
was a long thin metal rod that received microwave signals.

Figure 6

antenna

Explain why the microwaves transmitted to the mobile phone must not be polarised in

a single plane.
[2 marks]

The rod antenna only receives the signal well when it is aligned with

the plane of polarisation (plane of oscillation of the electric field) of the

microwaves.

A mobile phone can be held in any orientation, so if the waves were

polarised in a single plane the antenna could be perpendicular to that

plane and receive little or no signal.
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This question is about two electrical cells A and B. box
Figure 7 shows the variation of terminal pd V" with current 7 for cell A.
Figure 7
2.00
1.50 1N
V/v 1.00 ]
0.50 N
0 N
0 2 4 6 8 10
I/A
|I| Determine the emf of A.
[1 mark]
emf = 1.60 Vv
@ Determine the internal resistance of A.
[3 marks]
V =€ = Ir, so the gradient of the graph = —r
using the intercepts (0 A, 1.60 V) and (3.6 A, 0 V):
gradient = (0 — 1.60) / (8.6 — 0) = =0.186 Q
r = —gradient = 0.186 Q
internal resistance = 0.19 Q

170
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E Cell B has the same emf as cell A. box

B has a much smaller internal resistance than A.

A is connected across a lamp.
B is connected across an identical lamp.

Explain any difference between the brightness of the lamps.

Calculations are not required.
[2 marks]

The lamp connected to B s brighter.

B has a smaller internal resistance, so the total resistance of the circuit

is less and the current is greater.

There are fewer lost volts (Ir) in B, so the terminal pd across the lamp

is higher; P = IV is greater, so the lamp is brighter.

Turn over for the next question
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12

laser

table

Figure 8 shows apparatus used to demonstrate refraction.

A glass measuring cylinder has a small hole on one side, at height 4.

The teacher shines red laser light horizontally at height / through the wall of the

empty cylinder.

The light passes through the hole and a red spot appears on a screen at height 4.

Figure 8

empty cylinder

hole

screen

red spot

12
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The hole is covered and the cylinder is filled with water.
The hole is then uncovered and a jet of water comes out of the hole.

The red spot disappears from the screen and appears on the table as shown in
Figure 9.

not to scale

laser

Figure 9

cylinder

water

water jet

screen

|I| Sketch, on Figure 9, the path of the light through the water jet.

Question 7 continues on the next page

red spot

[1 mark]
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Figure 10 shows the water jet when there is less water in the cylinder. box

At a particular water level, the red spot disappears from the table and reappears on
the screen.

Figure 10

laser

J L

@ Draw, on Figure 10, the new path of the light from the hole to the screen.
[1 mark]

@ Explain why the spot disappears from the table and reappears in the position you
drew on Figure 10.
[3 marks]

With less water the jet is less curved near the hole, so the angle of

incidence of the light at the water to air boundary decreases and

becomes less than the critical angle.

So the light is no longer totally internally reflected along the jet to the

table; instead it refracts out of the water at the boundary.

Water has a greater refractive index than air (light speeds up in air), so

the light bends away from the normal: the angle of refraction is greater

than the angle of incidence, and it travels in a straight line to the

screen.

1 4
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E State one safety measure when using a laser in a school laboratory.
[1 mark]

Never point the laser at anyone and keep the beam below eye level,

directing it only at a non-reflective screen; put a laser warning sign on

the door.

Do not write
outside the
box

|I| Describe two differences between the properties of a stationary wave and the
properties of a progressive wave.
[2 marks]

1 A progressive wave transfers energy along the wave, but a stationary

wave stores energy and does not transfer it.

2 A stationary wave has nodes and antinodes, so its amplitude varies

along the wave; a progressive wave has the same amplitude at all points

and no nodes.

Question 8 continues on the next page
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[o]8][2]

Figure 11 shows the apparatus that a student uses to investigate stationary waves on
a string.

Figure 11

L

¥ S

dv___

vibration generator

masses ?

signal generator

The string is attached to a vibration generator at one end and hangs over a pulley at
the other end. A selection of different masses is available to change the tension in
the string.

The vibrating length L of the string cannot be changed.

The frequency of the vibration generator is increased from zero until the first-harmonic
stationary wave is observed on the string.

Describe a suitable method to determine the mass per unit length x of the string using
this apparatus.

In your answer, include:
¢ the measurements to be taken, including details of the measuring instruments used
¢ techniques to reduce the uncertainty in the experiment
e how u is determined using a graphical method.
[6 marks]

Measure the vibrating length L from the vibration generator to the top

of the pulley with a metre ruler, with the eye level with the marks to

avoid parallax.

16
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Measure the hanging mass m with a mass balance and calculate the

tension T = mg. Use a pulley with low friction so the tension in the

string equals mg.

Increase the frequency on the signal generator slowly from zero until the

first harmonic (one loop of maximum amplitude) is seen, and read f

from the signal generator. Go slowly past the maximum and back again

to find f precisely.

Repeat each frequency reading three times, remove anomalies and take

the mean. Repeat for at least 6 different masses (tensions).

f= UL2LLTI), so > =T /[ (4L%). Plot £ (y-axis) against T

(x-axis): a straight line through the origin.

Gradient = | / (4L%u), so u =1 / (4L° x gradient).

@ When the student repeats the experiment, his measurements of the first-harmonic
frequency vary at each tension. This is partly due to a random error in identifying the
first harmonic.

Explain why using the second harmonic would reduce the random error.
[1 mark]

The second harmonic has a node in the centre of the string, and it is

easier to see exactly when a node forms (zero amplitude) than to judge

the maximum amplitude of an antinode. 9

Turn over »
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|I| Explain how line spectra provide evidence that gas atoms have discrete energy levels.
[3 marks]

When an atom de-excites from a higher to a lower energy level it emits

a photon (or absorbs a photon to be excited).

The photon energy equals the energy difference of that transition, and E

= hf = he/\, so each transition gives one particular frequency and

wavelength.

A line spectrum shows only specific, certain wavelengths (frequencies),

not a continuous range, so only certain energy differences exist: the

energy levels are discrete.

Figure 12 shows the lowest energy levels of atomic hydrogen.

—-0.54 eV
—-0.85eV

—-1.51eV

-3.39eV

—-13.6eV

Figure 12

level 5
level 4

level 3

level 2

level 1
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@ Determine the transition that emits light with a wavelength of 656 nm.

[4 marks]
E=hc/\N=6.63x103 x3.00x10%/ 656 x10°
E=303x10"7
E=2303x10"/160x10"=1)9¢ev
level 3 to level 2: —=1.51 — (-3.39) = .88 eV % 1.9 eV
so the transition is from level 3 to level 2
transition from level 3 to level 2

A beam of photons, each of energy 12.75 eV, is incident on hydrogen atoms that are
in level 1.

Determine the number of different photon energies that are emitted by the

hydrogen atoms.
[1 mark]

—13.6 + 12.75 = —0.3S eV: excited to level 4

transitions from level §: -3, §—2 G| 3-2, 3-| 2-|

number = 6

Do not write
outside the
box
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Section B

Answer all questions in this section.

A student is asked to determine the volume of a wire that has a circular cross-section.
Iil She makes six measurements of the diameter d of the wire.
Table 1 shows the measurements of d obtained by the student.

Table 1

d/ mm 0.17 0.17 0.16 0.18 0.26 0.16

Suggest a suitable measuring instrument to measure d.
[1 mark]

A micrometer (screw gauge).

IZ| Describe how to minimise the systematic error when making these measurements.
[1 mark]

Fully close the micrometer and check the reading for a zero error, then

zero it (or subtract the zero error from every reading).

E Explain why the student makes measurements of d in more than one position along
the wire.

[1 mark]

To check whether the wire has a uniform thickness and circular

cross-section along its length (diameter may vary).

2 0
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E The student uses Table 1 to determine an accurate value for the cross-sectional area
of the wire.

Calculate the percentage uncertainty in the cross-sectional area of the wire.

[3 marks]
ignore the anomaly 0.26 mm
mean d = (0.7 + 017 + 016 + 018 + 0.16) / S = 0.168 = 0.17 mm
uncertainty in d = Y range = ¥ (018 — 0.16) = 0.0l mm
% uncertainty in d = 0.0l / 0.17 x 100 = §.9 %

A=T10d°/9,50 % in A=2x859=1.3%

percentage uncertainty = 12 %

E The length of the wire is measured as 8.3 cm + 0.1 cm.

Calculate the percentage uncertainty in the volume of the wire.
[2 marks]

% uncertainty in L = 0. / 83 x 100 = 1.2 %

% iMV=%inA+%inl=138+12=I13%

percentage uncertainty = 13 %

Do not write
outside the
box

Turn over for the next question
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|I|I| A student designs a circuit to indicate the water temperature for a child’s bath. A light box
in the circuit turns on when the bath water is above a certain temperature.

The student puts the circuit inside a floating toy as shown in Figure 13.

Figure 13

0
indicator Iight\.

= floating toy

~thermistor

Figure 14 shows part of the circuit. This part contains a battery, a thermistor and a
variable resistor R.

The battery has an emf of 3.0 V and negligible internal resistance.
Figure 14

30V
-

] % l

A B
The part of the circuit containing the indicator light is connected between A and B.
This part of the circuit is not shown and does not affect the voltage V,; between A

and B.

Whenever Vg is greater than 0.65 V, the indicator light turns on.

2 2
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Figure 15 shows the variation of resistance with temperature for the thermistor. box

Figure 15

30

25

pd
/

20

resistance
/ kQ

15

/

10 ™

20 24 28 32 36 40
temperature / °C

Emm The resistance of R is set so that Vg is 0.65 V when the temperature is 37 °C.

Calculate the resistance of R at this setting.

[3 marks]
from Figure 1S at 37 °C: Ry, = 7.8 kQ = 7800 Q
Vg is across R: Vg = 065 V, Vy, = 3.0 — 0.65S = 2.35 V
| =235/ 7800 = 3.0 x 10 A
R=Ve/1=06S5/30x10%=2160Q
resistance = 2.2 x 10? Q

Question 11 continues on the next page
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|I|I||Z| The student increases the resistance of R.

Explain the effect on the temperature at which the indicator light turns on.
[3 marks]

Increasing R means R takes a larger share of the 3.0 V for any

particular thermistor resistance (and the current decreases).

For Vug to equal 0.65 V, the thermistor pd must stay at 2.35 V, so the

thermistor resistance must be higher to keep the same ratio.

The thermistor resistance is higher at a lower temperature, so the

threshold voltage is reached and the light turns on at a lower

temperature.

IIIIIEI Explain the benefit of using R in the circuit instead of a resistor of fixed resistance.
[1 mark]

The resistance can be adjusted, so a different threshold (bath water)

temperature can be chosen for the light to turn on.

EEE Explain whether the part of the circuit between A and B must have a very high
resistance or a very low resistance.

[1 mark]

Very high resistance, so that it draws negligible current and does not

change the resistance of the parallel section, so it does not affect V,p.

Do not write
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Section C
Each of the questions in this section is followed by four responses, A, B, C and D.

For each question select the best response.

Knly 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 Qﬁ ‘

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

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.

Qlot use additional pages for this working. /

II@ When two resistors are connected together, the total resistance of the combination
is 10 Q.

One resistor has a resistance of 12 Q.

What is the resistance of the other resistor?
[1 mark]

A20Q
B 55Q
C17Q

D 60 Q

o] [o] [o] o]

Turn over »
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Elzl The graph shows the /-V characteristic of a filament lamp L.

200
150 -
current -
/ mA BLl
50  —
/
0
0 2 4 6 8 10 12
voltage / V
An identical lamp is connected in parallel with L.
The voltage across the parallel combination is 6.0 V.
What is the total power dissipated by the two lamps?
[1 mark]

A0a2wW [=]
BO065W [=]
cC 090w [=]
DI3W [@]

2 6
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A superconducting component S is placed in series with a resistor of resistance R.
The voltage across the combination is V.

Which row is correct?

[1 mark]
Currentin S Voltage across S | Voltage across the resistor

A 4 0 4 (=]

R

V V V
B z z z

- . . (=]
c infinite 0 v [=]
D infinite EV EV El

IIEI Two resistors R; and R, are connected in series.

The resistor values are:

R, =14 Q+20%
R,=30Q+ 10%

What is the absolute uncertainty of the total resistance of the series combination?
[1 mark]

A 13Q
B 9Q

C7Q

o] [o] [o] o]

D 6Q

Turn over »

1B/G/Jun25/PH02

2 7

stemup.co.uk


https://stemup.co.uk

28

A potential difference is applied across a variable resistor.

The current in the variable resistor is 1. The power dissipated by the variable resistor is P.

The resistance of the variable resistor is increased by 15%. The same potential difference
is applied.

Which row shows the new current and the new power?

[1 mark]
Current Power
A 0.871 0.87P (@]
B 0.871 1.15P [=]
c 0.851 0.85P [=]
D 0.857 1.15P [=]

An oscillating system consists of an object of mass M suspended from a spring of
stiffness k.

The object is displaced vertically and released. The system oscillates freely with a
frequency f.

An object of mass 2M is suspended from a spring of stiffness 3k.

What is the frequency of oscillation of this system?
[1 mark]

A 1.5 [=]

B 1.2

(]
c 082 [=]
[=]

D 0.67f

2 8
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A transverse wave travels along a string.

The transverse wave has a frequency of 2.0 Hz, a wavelength of 4.0 cm and an amplitude
of 3.0 cm.

What is the total distance travelled by a point on the string in one second?
[1 mark]

A 6.0 cm
B 8.0 cm

C 12cm

o] [o] [o] o]

D 24 cm

Two aerials A, and A, receive radio waves from the same distant transmitter T.

The distance between A, and T is d,.
The distance between A, and T is d,.

The waves have a frequency of 104 MHz.
The phase difference between the waves received by A, and A, is 1.4 rad.

What is the minimum value for d, — d,?
[1 mark]

A 032m [<=]
B 064m |@]
Cl3m |[o]
D13m [=]

Turn over »
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Light from a single monochromatic source is incident on a Young’s double-slit apparatus.

Fringes with spacing y are observed on a screen.

The slit separation and the distance between the slits and the screen are both doubled.

What is the new fringe spacing?

A 4y

o [ L] [o]

NI<

Elil Ultraviolet light is incident on a metal surface.
N electrons per second are emitted from the surface.

The maximum kinetic energy of the emitted electrons is Ej .-

[1 mark]

The frequency of the light is now increased while the power of the light is kept the same.

What happens to N and E,,,?

N Ek(max)
A decreases increases
B decreases stays the same
C increases increases
D increases stays the same

o] [of [of [0

[1 mark]

30
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IZ@ Light travels with a speed v in the core of an optical fibre of length L.

The longest path is at an angle 6 to the central axis of the fibre.
The shortest path is along the central axis of the fibre.

L

longest path

0 pd

shortest path

central axis

not to scale

core of optical fibre

What is the difference between the times taken for the light to travel along the longest path

and along the shortest path?

st =

v

L
B —(1-siné)
"

v \cos ¢

[=]
cf(1 1) (@]
[=]

L
D ;(1 —cosb)

[1 mark]

Turn over for the next question
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IZE' The refractive indices of some materials are given below.

Material Refractive index
Teflon 1.4
acrylic 1.5
sapphire 1.7

Materials are chosen for the core and cladding of a step-index optical fibre.

Which combination results in the least modal dispersion?

Core Cladding
A Teflon sapphire
B sapphire Teflon
C acrylic Teflon
D Teflon acrylic

o] (o) D] [o

[1 mark]

The purpose of the powder coating in a fluorescent tube is to absorb one type of particle

and emit another type of particle.

Which row is correct?

Particle absorbed
by the powder

Particle emitted
by the powder

A ultraviolet photons

electrons

B ultraviolet photons visible photons
C electrons visible photons
D electrons ultraviolet photons

o] [o] [o] [o

[1 mark]
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E@ A beam of electrons is diffracted, creating a diffraction pattern consisting of bright circles.

The momentum of each electron is then decreased.

The number of electrons emitted per second in the beam stays the same.

Which row shows what happens to the de Broglie wavelength of the electrons and the

diameter of the bright circles?

de Broglie wavelength Diameter
A increases decreases
B increases increases
C decreases decreases
D decreases increases

END OF QUESTIONS

o] o] [o] [0

[1 mark]
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There are no questions printed on this page
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