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Q1.

A laser, a diffraction grating and a screen are set up as shown. The laser emits monochromatic
light.

laser

diffraction

grating
= = sereen

When the laser is switched on, a series of bright dots is seen on the screen.

(a) The diagram below shows the position of the central dot at O. The next bright dot appears at
position X.

The diffraction grating has 450 lines per mm.

! 0.500m
> O
laser i <

1.690m

diffraction

grating
= = screen

Determine the wavelength of the light from the laser.

Wavelength =

(b) Explain why a series of bright dots is seen on the screen.


https://stemup.co.uk

(c) The laser is replaced by a source producing a parallel beam of bright white light.

Suggest what would now be observed on the screen.

(Total for question = 9 marks)

Q2.

Astronomers often use the unit megaparsec (Mpc) for astronomical distances. In a textbook a
value for the Hubble constant is given as 72 km s™* Mpc™.

(a)(i) Show that 72 km s™* Mpc™! is equivalent to a Hubble constant of about 2.3 x 10718 51,

1 Mpc = 3.09 x 10 m

(ii) Determine a value for the age of the universe in years.
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1 year = 3.16 x 10’ s

Age Of UNIVEISE = ... years

(b) In the 1950s, astronomers realised that they had made an error in their determination of
distances to galaxies. Galaxies are twice as far away as astronomers had previously thought.

Explain how this changed the age of the universe as calculated by astronomers.

(Total for question = 6 marks)

Q3.
In the 17" century, Kepler proposed his 'law of harmonies' for planetary motion. This law
suggested that the ratio of the square of the orbital period T to the cube of the mean radius R
has the same value for all the planets that orbit the Sun.
Mathematically his 'law of harmonies' can be written

T? =KR?
where K is a constant.

(a) The table shows data for Earth and Mars.
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Planet TITis R/m

Earth 3.16 = 107 1.50 = 10U
Mars 5.93 = 107 2.28 = 101

Show that, for Earth and for Mars, K has a value of about 3.0 xx 107*° s> m™3.

(b) Kepler's law of harmonies was derived later by Newton. Newton applied his law of gravitation
to a planet moving in an approximately circular orbit around the Sun.

Determine a value for K by applying Newton's law of gravitation to a planet of mass m moving in
a circular orbit about the Sun.

mass of Sun = 1.99 x 103° kg

(c) Jupiter is the most massive planet in the solar system and has many moons. Kepler's law of
harmonies applies to the orbiting moons. However, the value of K for the moons is not the same
as the value that applies to planets orbiting the Sun.

Ganymede is Jupiter's largest moon. Ganymede has an orbital radius of 1.07 x 10° m and an
orbital period of 172 hours.

Another moon, lo, has an orbital radius of 4.22 x 10% m.
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Calculate the orbital period T, of lo about Jupiter.

(Total for question = 8 marks)

Q4.

The astronomer Hertzsprung used parallax to determine the distances to some of the variable
stars known as Cepheids.

(a) Using parallax measurements, astronomers can determine distances to all stars with a
parallax angle

larger than 2.4 x 107/ rad.

The variable star Alpha Cephei is 4.6 x 10'" m from the Earth.

Deduce whether the distance to Alpha Cephei could be determined from parallax measurements.

distance from Earth to Sun = 1.5 x 10 m
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(b) Cepheids are a type of standard candle.

Describe how standard candles can be used to determine distances to stars.

(c) The Sun is a yellow star with a surface temperature of about 6000 K. In the 20th century,
astronomers discovered a large variety of stars in our galaxy. Hertzsprung and Russell
developed the Hertzsprung-Russell (HR) diagram as a way of classifying stars.

An HR diagram is shown below.

LIL,
108 _
: Zl?\l : . ' N
103 :I."lfl:'".'T
1
10-°
10

(i) Label the x-axis of the HR diagram. You should include approximate values.
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(ii) There are five zones, Z1, Z2, Z3, Z4 and Z5, identified on the HR diagram.

Complete the following table. You should match one zone with each description.

Description Zone
High mass hot stars
Low mass cool stars

Low mass hot stars

*(iii) The position of a star on the HR diagram changes as the star evolves.

Explain how a star like the Sun evolves as it progresses from zone Z3 to its final position on the
HR diagram.

(Total for question = 18 marks)
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Q5.

A student investigated stationary waves on a stretched string. The string was attached to a
vibrator and a mass M, as shown.

vibrator B pulley

bench

(a) Explain how a stationary wave forms on the string.

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

Diagram NOT

to scale
3.600m
0.600m
—
vibrator R
|| ® pulley
bench
M

Determine whether there was a node at point R.
M = 0.300 kg

mass per unit length of string = 2.27 x 10> kg m™*
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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 4 L 4 &
— -

0.200m 0.100m

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

(ii) Explain how the amplitude of vibration of the string at point S compares with the amplitude
of vibration of the string at point T.
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(Total for question = 12 marks)

Q6.

A student investigated stationary waves on a string, using the apparatus shown.

vibrator ~ —\j’

_ pulley

hanging masses .

The frequency f of the vibrator was adjusted until a stationary wave was formed with a node at
each end. This was repeated for various stationary waves on the string. A metre rule was used to
measure the distance d between adjacent nodes on the string.

(a) The resolution of the metre rule was 1 mm, but the measurements were recorded to the
nearest 0.5 cm.

Suggest why.

(b) The student plotted a graph of d against 1/f as shown.

3.0

d/m
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(i) Determine the total mass of the hanging masses used in the investigation.

mass per unit length of string = 4.5 x 10* kg m™

Total mass of hanNgiNg MASSES = ...iviiiiiiiii i
(ii) The string was replaced with one that had twice the mass per unit length.
The length of the string and the mass of the hanging masses did not change.

Add a line to the graph to show how d varied with 1/f for the new string.

(Total for question = 8 marks)

Q7.

The spectrum of light emitted by the star Chi Lupi provides evidence of mercury atoms in the
outer layers of the star. The light emitted from the star is compared with light emitted from a
mercury lamp on Earth.

(a) The lamp contains 1.65 x 10*° mercury atoms in a volume of 1.50 x 10 m?>. The pressure
of the mercury vapour is 4.25 x 10* Pa.

Calculate the mean kinetic energy of the mercury atoms.
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Mean kinetic energy of mercury atoms = ...
(b) One line in the spectrum of light from Chi Lupi has a wavelength of 576.933 nm.
The equivalent line in @ mercury spectrum produced on Earth is 576.959 nm.

A student concluded from this data that Chi Lupi is moving towards the Earth, and that the
relative velocity of Chi Lupi is about 1400 m s,

Deduce whether the student's conclusions are correct.

(c) The surface temperature of Chi Lupi is twice the surface temperature of the Sun.
The radius of Chi Lupi is three times the radius of the Sun.

State where Chi Lupi would be located on the Hertzsprung-Russell diagram.

(Total for question = 8 marks)
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Q8.

The image shown is a representation of our galaxy, the Milky Way.

(Source: © daulon/Shutterstock)

(a) Astronomers think that there is a very large concentration of stars in the central region of
the galaxy. Outside this central region the concentration of stars is very much less. All stars in
the galaxy are rotating about its centre.

It can be shown that the velocity v of a star a distance r from the centre of the galaxy is given by
the expression

. \llc;;iff

where M is the mass of the galaxy contained in a sphere of radius r.

(i) The graph shows how astronomers expect v to vary with r.

v

¥

Explain how the expression gives the variation of v with r shown in the graph.
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(ii) The observed variation of v with r has been added to produce the graph below.

v

h

observed

expected

Suggest why the 'observed' velocity varies as shown.

(b) The ultimate fate of the universe may be a closed universe, but astronomers cannot be sure
what their current models predict.

Explain why astronomers cannot be sure that the universe is closed.

(Total for question = 7 marks)
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Q9.

The planets orbit the Sun in approximately circular orbits. The orbital time T of a planet is related
to the average distance r of the planet from the Sun.

(a)(i) Show that T is related to r by the expression:

(ii) When planets align as they orbit the Sun they are said to be 'in opposition'.

The diagram shows the Earth and Jupiter in opposition.

O <0 NOT TO SCALE

Sun Earth Jupiter

A website states that the Earth and Jupiter are in opposition every 13 months.
Deduce whether this statement is correct.
mean distance from Earth to Sun = 1.5 x 10 m

mean distance from Jupiter to Sun = 7.8 x 10*' m
Tearth = 12 months
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(b) The distance of Jupiter from the Sun varies from 7.4 x 10*' m to 8.2 x 10*' m.

Calculate the change in gravitational potential energy of Jupiter as it moves from its closest
distance to its furthest distance from the Sun.

mass of Sun = 2.0 x 10°° kg
mass of Jupiter = 1.9 x 10’ kg

(Total for question = 11 marks)

Q10.
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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:

G
p

where K and G are constants for a particular material below the Earth's surface.
(i) The density of one material is 2700 kg m™=.

Calculate v, and v; in this material.

K=7.55 x 10'° Pa

G =2.61 x 10 Pa

(ii) The Earth contains layers of liquid. The value of G for liquids is 0.

Explain whether S-waves can travel through liquids.

(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.
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(i) Explain what is meant by coherent.

(ii) 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 = 11 marks)

Q11.
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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.

uvc 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 = 4.30 eV

(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.
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Einstein's photoelectric equation applies to this situation.

1
hf=¢+ 5 mv2

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 = 4.30 eV

(Total for question = 11 marks)

Q1l12.

Wolf 359 is a red dwarf star. The distance of the star from Earth was first determined from
parallax measurements made by the astronomer Max Wolf.
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(a)(i) The parallax angle was 2.01 x 107° rad.
Calculate the distance, in metres, of Wolf 359 from Earth.

mean distance from Earth to Sun = 1.50 x 10'' m

Distance of Wolf 359 from Earth = ..o e

(ii) Explain why parallax measurements can only be used to determine the distances to a
relatively small number of stars.

(b) The graph shows how the intensity of radiation from the star Wolf 359 varies with
wavelength.
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-

Intensity 4

0 I I T .
0 1.0 2.0 3.0 40pum

(i) Show that the surface temperature of Wolf 359 is about 2700 K.

(ii) The radius of the Sun is Rg,,. The radius of Wolf 359 is 0.16 Rg,.

It is claimed that the luminosity of Wolf 359 is less than 0.1% of the luminosity of the Sun, Lg,.
Deduce whether this claim is correct.

Reyn = 6.96 x 10° m

Loy, = 3.83 x 10%° W
T =2700K
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(Total for question = 10 marks)

Q13.

Procyon is the brightest star in the constellation Canis Minor. The graph shows how the radiated
intensity from Procyon varies with wavelength.

Radiated intensity 4

| | | |
0 500 1000 1500 2000
Wavelength/nm
A website states that Procyon has twice the diameter of the Sun.

Assess the accuracy of this statement.

luminosity of Procyon = 2.65 x 10%” W
diameter of Sun = 6.96 x 108 m
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(Total for question = 5 marks)

Q14.

A standard candle in the galaxy M81 has a luminosity 14 800 times the luminosity of the Sun.
The intensity of radiation received from the standard candle, measured at the top of the Earth's
atmosphere, is 3.64 x 10’ W m™2,

Ley, = 3.83 x 10°°W

(Total for question = 3 marks)

Q15.
Light is a transverse wave.

(a) Describe the difference between transverse waves and longitudinal waves.

(b) Two prisms, A and B, made from different types of glass are placed in contact as shown. An
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incident ray of light enters prism A.

air air

incident ray
"

-

(i) State why the incident ray of light does not change direction as it enters prism A.
(1)

(ii) The refractive index of the glass in prism B is greater than the refractive index of the glass in
prism A. When the ray of light reaches the boundary between the prisms, some light is reflected
and some is refracted.

Complete the diagram to show the two paths taken by the reflected and refracted light until they
have returned to the air.

(4)

(iii) Calculate the angle of refraction as this ray of light travels across the boundary between
prism A and prism B.

refractive index of glass in prism A = 1.40
refractive index of glass in prism B = 1.55

(3)

STEMUP.CO.UK
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Angle of refraction = ...
(c) The light emerging from prism B is observed through a polarising filter. The
polarising filter is rotated gradually, and the light transmitted by the filter varies
in intensity.

Explain how this observation demonstrates that light waves are transverse.

(Total for question = 12 marks)

Q1l6.

* In the early 20th century, observations of the photoelectric effect demonstrated that light
behaves as a particle.

Explain how observations from the photoelectric effect demonstrate the particle nature of light.
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(Total for question = 6 marks)

Q17.

Rolled steel joists (RSJs) are used in the construction of buildings, as shown.

(Source: © Jon Kempner/Shutterstock)

The strength of an RS]J is greatly reduced if there are air gaps within the steel.
Ultrasound is used to detect any air gaps in the RS].

Pulses of ultrasound are sent by a transducer into an RS) as shown. Any returning ultrasound is
detected by the transducer.

___—transducer

| steel
ultrasound

——

air gap

(a) Explain how this arrangement can be used to show whether the RSJ contains an air gap.

STEMUP.CO.UK
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(b) Ultrasound is a sound wave with a frequency greater than 20 kHz. The frequency of
ultrasound used by the transducer in this method is 5 MHz.

Explain why a much higher frequency than 20 kHz is needed in this method.

(Total for question = 7 marks)

Q18.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (2) and then mark your new answer with a
cross (X).

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?

[ A Electrons behave as particles.
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[0 B Electrons behave as waves.
[l C Electrons behave as both particles and waves.

[l D Electrons behave as neither particles nor waves.

(Total for question = 1 mark)

Q109.

Sirius A is the brightest star in the night sky and is mostly composed of hydrogen.

(a) When light from Sirius A passes through the hydrogen in the outer layers of the star, some
light is absorbed. This causes electrons in the hydrogen to be excited. The diagram shows an

electron being excited from the -3.40 eV level to the -1.50 eV level.

0eV

] -1.50eV

—3.40eV

Ground state

-13.6eV

The wavelengths of the different colours of visible light are shown in the table below.

violet blue green yellow orange red

380-450nm 450-495nm 495-5T70 nm 570590 nm 500-620nm 620-750nm

Deduce the colour of the visible light that caused the electron transition shown in the diagram.
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(b) A light year is the distance travelled by light in one year.

Sirius A is 8.60 light years from Earth. The intensity of radiation from Sirius A received on Earth
is 1.17 x 1077 wm™.

Calculate the power of Sirius A.

POWET Of SiTUS A = i e e aeneans

(c) When hydrogen gas is excited in the laboratory, only certain wavelengths of light are
emitted.

Explain why.

(Total for question = 10 marks)
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Q20.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (#¢) and then mark your new answer with a

cross ().

A ray 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,.

'}.‘

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

Condition 1 Condition 2
0 A i == critical angle ny = N,
[0 B i = critical angle n. < 1,
0 cC i < critical angle ne = 1,
0] D i < critical angle ne < 1,
(Total for question = 1 mark)
Q21.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box & and then mark your new answer with

a cross [X.

The diagram shows refraction of a ray of light as it passes through three transparent substances,
L, M and N. The speeds of light in the three substances are v, vy and vy, respectively.
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L

L M N

Which of the following shows the relationship between v, vy and vy?
L A vi>vy>vy
LI B v.>vy>vy
[0 C vy>vy>v,

L0 D vy>vy>v,

(Total for question = 1 mark)

Q22.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (#¢) and then mark your new answer with a
cross (X).

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* W m™.

Which of the following expressions gives the power of the Sun?
O A (1.45 =10 (1) (4.60 x 10'%)°
O B (1.45 = 10%) (47) (4.60 = 10'")*

(1.45 > 10%)
(m)(4.60x10")*

(1.45 x 10%)
(4m)(4.60 x 10')?

(Total for question = 1 mark)
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Q23.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (#¢) and then mark your new answer with a

cross ().

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.

2.035m
0.378m

ey
=

90

laser

diffraction
grating

2.000m

SCrecin

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

0 A (300000)

1 B (300000)

[30{} 000

[30[} 000 )

Q24.

l\J

000 )

[xJ
I-\."I

2.000 }

(3%
(5o
oo
< [55)

(Total for question = 1 mark)
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Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross X.

The gravitational field strength at the surface of the Earth is g.

Another planet has the same density as the Earth, but twice the radius of the Earth.

What is the gravitational field strength at the surface of this planet?

0 A 4g
[ B 2g
O ¢ %
O p £
4
(Total for question = 1 mark)
Q25.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.

A communications satellite has a mass of 935 kg. The satellite has an orbital radius four times
the radius of the Earth.

[ A ON

[1 B 570N
0 € 2300N
[l D 9200N

(Total for question = 1 mark)
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Mark Scheme

Q1.
Question | Answer
Number
a Calculates 8 (using tan) (1)
: 1
Calculates d using amber of lnea per 1
Use of nd = dsmnf n
A=63x10"m M
Example of calculation
0.500
tan @ = —m . therefore 8 = 16.5°
1.690 m
d= =222x10°m.
450,000
_ dsinf  (2.22 % 10”°m)(sin 16.5%) -
A= = =631x10"m
n (1)

b (Waves from the different slits meet and) superposition/interference
takes place (1)
(Bright dots are where) waves are in phase (1)
(Superposition/interference) 1s constructive (0

€ White dot at O (1)
Spectra seen (etther side of Q) (1)
Total for guestion

Q2.
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Question

Number Answer Mark
(a)i) | Use of v = Hpd (1)
Hy=233x107! (s71) (1 2
Example of calculation
L T2 10°ms~* )33 % 10-18 o1
© T 300x102m ®
(a)(i) | Use of t = Hi (D
i 1 2
t=136 = 10" (years) ecf from (i) M
Example of calculation
1
t= ——— = 429 x 10¥7 s
233 %107 s
429 x 10%7 s
t= — = 1.36 X 1010 years
3.16 X 107 syear!
(h) Hu 15 halved (for the same recessional velocity) (1)
So the (calculated) age of the universe doubles (1)
(dependent upon MP1)
OR
The umiverse would have taken twice as long to expand to its current size (1)
{assuming it expanded at the same rate)
So the age of the umiverse 15 double what was previously thought (1) 2
{dependent upon MP1)
Allow 1 mark max for Hj 1s lower so universe 1s older than previously thought
Or vmiverse would have taken longer to expand to current size so it 1s older than
previously thought.
Taotal for guestion 6

Q3.
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Question
Number

Answer

()

Useof T? = KR?
K for Earth = 2.96 x 1071? (s? m™)

K for Mars = 2.97 x 107! (s2m™3)

Example of calculation

T?  (3.16x107s)%

_ - _ _ 1n-19 2 -3
=R (150 % 1011 111)3 = 2.959 x 10 s m

K

= T?  (5.93x107s)*
~ R3  (2.28x10'1m)3

=20967 x 1071952 ;3

(1)
(1)

(1 3

(b)

Either
Useof F =

GMm . muy?
—— with F =

r r

: 2 ] . 2m)?
Re-arrangement with v = ? to 1dentify K as EG?:;

K=297x10P (' m™)

Or

Use of F = 2M™ 2

—with F = mw
™

r

. 2w, . . . (2m?t
Re-arrangement with w = 7t identify K as o

K=297x10P (' m™)

Example of calculation
GMm

r2

GM _ 2m\?
=)

= ?T‘LG.JZT

2

_ @m)° 4

=—r
M

TZ

K= 4t
" 16.67%x 1071 Nm?kg~2 x 1.99 x 1030 kg

) =297 x 107! £Zm™3

(1)
(1)

(1)

(1)
(1)

L

(1)

(c) Use of T = KR*
1 =43 hours

Example of calculation
)
Te! \Rg

|r4.22>-<109m 3 .
| 1.07x10%°m X (172 hour)* = 42.6 hours
.'J -

(1)

(1)

Total for guestion
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Q4.

Question | Answer Mark
Number
(a) Use of tngonometry to calculate the parallax angle
Or Use of trigonometry to calculate distance (4]
(Smallest) parallax angle = 3.3 = 107 (rad )
Or max distance = 6.25 = 10'7 (m)
(1)
Comparison of calculated value with corresponding value 1 question with
valid conclusion M| 3
Example of calculation
] 1.5 x 101 m
sing = ———
- d
— (’1.5 x 101 111‘) 326 x 10-7 rad
= —_— = . b4 p
@S 26 x 107 m, e
o fisxiottmy i 7 .
Ora= (m) = 3.26 x 107" rad (small angle approximation)
Earth
d
11
1.5x10 m
Sun O z
(b) The intensity (of radiation from the candle) is measured (1
The luminosity of the standard candle 1s known (0
The mverse square law 1s used to determine the distance X
[Accept reference to J=L/4nd” with symbols defined] ONEE
()i | Axis labelled with T/ K (1)
Reverse loganithmic scale (1)
6000 K in correct position on scale R
Example of graph labelling )
1
w’| @
10°
L] 1 L)
12 000 6000 3000
'K
(c)(i)
Description Zone
High mass hot stars 71 ()
Low mass cool stars Z5 ()
Low mass hot stars 72 (1 3
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Q5.

(c)(iii)

This question assesses a student’s ability to show a coherent and logically structured
answer with linkages and fully-sustained reasomng.

Marks are awarded for indicative content and for how the answer 1s structured and
shows lines of reasoning.

The following table shows how the marks should be awarded for structure and lines of
reasoning.

Number of marks awarded for structure of
answer and sustamned line of reasoning

Answer shows a coherent and logical

structure with linkages and fully sustained 2
lines of reasoning demonstrated throughout

Answer 1s partially structured with some 1
linkages and lines of reasoning

Answer has no linkages between points and 0
1s unstructured

Total marks awarded is the sum of marks for indicative content and the marks for
structure and lines of reasoning

IC points IC mark Max linkage Max final
mark mark
] 4 2 6
3 3 2 5
4 3 1 4
3 2 1 3
2 2 0 2
1 1 ] 1
0 0 0 0

Indicative content
IC1  The star 1s fusing hydrogen 1n its core

IC2 When fusion ceases (the core of the star cools and) the core
collapses/contracts (under gravitational forces)

IC3  The star (moves to Z4 as it expands and) becomes a red giant star
IC4 Temperature (in the core) 15 high enough for helium fusion to begin
IC5 Heliwsm begins to run out and then fusion ceases

IC6  The star becomes a white dwarf (in Z2)

Total for guestion

18
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Question | Answer Mark
Number
a Wave reflected (1)
at the pulley (1)
Superposition/interference (takes place) (1) 3
b Useof W=mg (1)
Use of v="(Tu) (1
Use of v=/1 to find A (1)
A=12 (m) (1)
node to node distance = 4/2. so there 1s a node at B _
Or See /2 =0.6m. so there i1s anode at R (1) s
(MP4 requires evidence of calculation)
Example of calculation
Tension in string = W = mg = (0.300 kg) (9.81 Nkg™") = 2.94N
_ 294N _ 4
k \(T’u) \’22?x1u—3kgn1 =36.0ms
v_(36.0m s 7 ,
A—f —(30 Ho 1.20m
node to node distance = 4/2_ so node to node distance = (.60 m.
ci S and T are in antiphase Or 180° out of phase Or n radians out of phase (1)
S and T are m adjacent node-to-node regions )
Or S and T are m adjacent loops (1 =
cii 5 has a greater amplitude than T (1)
5 1s at an anitinode and T is between a node and antinode
Or 5 1s at an antinode and T 1s not s
Or T is closer to a node than S (1) =
(MP2 dependent on MP1)
Total for question 12

Q6.
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Question
Number

Answer

Mark

Dafficult to judge/measure the exact position of node
Or Ruler 1s not close to the string (so there might be parallax error)

(1

hi

Calculates gradient by best fit or plotted points from graph

Recognises distance between adjacent nodes = 4/2
Or Recognises that speed of waves on the string = 2 * gradient

Use of v= |E to find T
\ H

Use of T=mg with g = 9.81 Nkg™! (accept W =mg)
m=021kg

Example of calculation

. 2.7 _
Gradient = —— = 33.75 ms™
0.080 s

Speed = 2 x gradient = 67.5 ms
— —_
v=T/u, 67.5ms 1= J r

IT=205N

45x10 4 kgm™!

(D

(1)

(1

(1
(1

LF ]

bii

Straight line with shallower gradient drawn, starting from origin
Line has a gradient of around 0.7 * line drawn

(Graph line if continued to the last value for 1/f should be between 1.8 and

2.0m for d).

(1
(D

Total for question

Q7.
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Question
Number

Answer

Mark

(a)

Use of pV = NET (1)
Use of%m{cz} =%kT (1

1 (1)
Em(fz) =58x10720]

Example of calculation

pV  4.25x10% Pa x1.50x10™° m?
T = —_—— — — = 280'0 K
Nk 1.65x10'% x1.38x10 28 TR

1 3
Em(rz) =X 138X 1072 JK! x2800K=5.80 x 10727

(b)

Use of % = %’l with wavelength measured on Earth in denominator 1)

v=13300 m 5™ (D

The student 1s correct to say that the star 15 moving towards the Earth, as the measured
wavelength 1s less than that from the lamp spectrum. n

Comparison of calculated velocity with 1400 m s and appropriate conclusion. (1

Example of calculation

_ AL (576.933-576.959)x10°m
-1 576.959 Xx10° m

5o the star’ s velocity 15 much larger than 1400 m s~

v x3.00x10° ms'=(-)1.35x10* m st

1

(c)

On the main sequence, above the position of the Sun
Or above and to the left of the position of the Sun (1)

Total for question

Q8.



https://stemup.co.uk

Question | Answer Mark
Number
@0) i
v 0
N
Within the central region M changes a lot (so v increases)
Or
Outside the central region M 1s approximately constant (so v decreases)
As rincreases v reaches a peak value as shown on the graph (1)
[A bald description of the graph having a peak value can score MP3] (1) 3
(a)(ii) | There must be more mass (than we can observe) (1)
[Accept statement that there must be a greater gravitational force]
(D 2
There 1s dark matter present (in the galaxy)
(b) (For a closed universe) the density of the universe must be greater than the
critical density (1)
And the (average) density of the universe 1s uncertain 1 2
Or the amount of dark matter 1s uncertain
| Total for guestion 7

Q9.
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Question

Number Answer Mark
(a)(d) Useof F = Gid;m with F = maw?r D
ith o = 2T Loz @21 3
Ee-arrangement with w = - to obtamm T* = o ! (1)
Statement that G, M (and 7) are constants. so T2 o 1° (dependent upon MP2) (1
OR
GMm _ mw?t
Useof F = = with F = . )
Re-arrangement with v = 2; to obtain T2 = %ra (1)
1 3
Statement that G. M (and 1) are constants. so T2 oc +* (dependent upon MP2) M
Example of calculation
GMm 2
s— = mw'r
-
GM  2m°
-
r T
(2m)*
2 _ 4 .3
T M r
2 T2 o p?

(a)(il) | Useof T2 ccr?® (1)
It =142 months (11.9 years) (1)
Useofm=£andw=z—ﬂ (1)

t T
Calculation of time elapsed for planets to be in opposition
Time between opposition 15 13.1 months, with an approprate conclusion 0
(dependent upon MP4) (1)

Example of calculation
® -
Tg TE
2
( T )2 _(78x 10" m
1year/ \1.5x101m

/7.8 % 1011 m\?
;=12 months X | | T 142 months
.,‘| 1.5 %10+ m

At the next opposition Earth will have done one more orbit than Jupiter plus
whatever fraction of an orbit Jupiter has completed.

If 7 1s the time fo next opposition. both planets will have the same angular
displacement. so equating & = 27 #T for both planets where for Earth the time 1s

(r-12).
2nrad (t —12) month  2mradt
12 month " 142 month

&t = 13.1 month
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(b)

Use of V = (—) = (1)

Use of AV X m @

AEoy =33 x 10#] (1)

Example of calculation
1 1

AV = —GM (— ——)
T mn

AV = —6.67 X 10711 N m? kg2 x 2.0 x 103%g

1 1
x _
(3.2 x104m 7.4 x 104 m)
AV = 1.76 X 107 Jkg™!
o AEgray = 1.76 x 107 Jkg™! x 1.9 X 10?7 kg = 3.34 x 10%*]

L

Total for guestion

11

Q1lo0.
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Question | Answer Mark
Number
ai
Use o K+2G
seolVp=
; M
G
Use of v5 = \/: (1)
P
vp = 6400 ms! (1)
vs= 3100 ms™* (Only one unit error applied across both answers) (1) 4
Example of calculation
K+36 (7.55 x 1010Pa) + (261 x 1010pa)
Bp= [—— = = — =6392 ms™!
o (2700 kem™3)
e . 10
Vs = J:= (et io _T:a) =3109 ms™!
g (2700 kgm™=3)
aii (When G=0), v=0 (ms™) (1)
S-waves cannot travel through Liquids (1) 2
(MP2 dependent on MP1 being awarded)
bi Same frequency (1)
Constant phase difference/relationship (| 2
bii There 1s a path difference (for waves travelling from the two sources to
A) (1)
This causes a phase difference of n radians / 180° (at A)
Or waves are m antiphase (at A) (1
Destructive interference/superposition (at A) (1) 3
Total for question 11

Ql1.
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Question
MNumber

Answer

Mark

Minimum energy (required to release electrons from the surface of a metal)

(1)

Useof A=hlpwithi=150 % 107 m
Use of p = mv withm =911 = 107! kg
Converts work function from eV into J
Use of hif = @ + Yamv'mx to find hf

Use of E=hf and v =4 to find A

A =250 nm, so UVC

Example of calculation
A= hipsep=hia="S2x10e)
: psop Y (150 x 10-% m)
sov=—=22x 10 _kgms =485 x 10° ms™!

mo (9.11 x 1072 kg)
KE=Y%m"=%(9.11 x 107 kg) (485 = 10° ms ™)’ =1.07 = 1077 J

@ =(430eV)(1.60 x 107 TeV 1) =688 10777]

E=hf=®+ Yo mx =688 x 107 T+ 1071077 T=795x 1077
E__(795x10 D) _ 15
h (663 x 107345 1.20 < 10~ Hz

j=o=2 - =2.50 x 107 m (250nm) UVC
f (1.20 x 1015Hz)

442 x 10  kgms™

f=E_ (795 =107 ])
_ (2.00x10%ms™1)

(1)
(1)
(1)
(1)
(1)
(1)

MAX 2 for work function

v-intercept of graph should be (negative) work function

v-intercept is approximately (<) 10.0 eV (so cannot be zinc)

Or MAX 2 for threshold frequency

Threshold frequency is the x-intercept / 7.5 x 10" Hz

threshold frequency should be 1.0 = 10'° Hz, (so cannot be zinc)

Or MAX 2 for Planck constant

Gradient of graph should be the Planck constant (allow “gradient =h™)
Calculates that gradient of the graph is approx. 2.1 = 107~ (Js) (so not
correct)

(Alternative for work function pair of marks:
hfo should be the work function Or calculate work function from /(1)
hfo from graph = 3.1eV (so cannot be zinc) (1))

(1)
(1)

(1)
(1)

(1
(1

Total for gquestion

11

Q1l12.
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Question Answer Marl
Number
(a)(1) | Use of ngonometry to calculate distance
Or use of small angle approximation to calculate distance (1)
Distance to Wolf 339 =7.5 = 10" (m) (1 )
Example of calculation
Earth
1
1L.5x10 m
Sumn O =
d
. 150x 10" m
tan(2.01 X 107%) = —
1.50 x 10 m .
= =746x10%m
2.01x10°°
(a)(11) | Parallax angle decreases as distance from the Earth increases (1)
Or parallax 1s only suitable for (relatively) close stars
As parallax angle 15 too small to measure for distant stars (1) 2
(b)(1) | /meread from graph (1)
Use of 12T = 2.898 X 10> mK (1)
T'=2680(K) [accept 2635 K — 2760 K] (1) 3
Example of calculation
2898 X 10 °mK
= — = 2683 K
1.08 x 107°m
(b)(ii) | Use of L = gAT* (1)
L = 4.70 ¥ 1023 W (allow ecf from (b)(1)) (1)
Comparison of calculated value of L with Lgw and appropriate conclusion
Or compansen of calculated L/Lsm percentage with 0.1% and appropriate conclusion (1) 3
Example of calculation
L =4m(0.16 X 6.96 X 10® m)? x 567 x 10" Wm™2 K™* (2700 K)*
L=470x 102w
X 1009 = 70 0w X 100% = 0.12%
Lsun P 383x 100 W e
Total for guestion 10
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Q13.

Q14.

Question | Answer Marlk
Number
Jmax read from graph [450 nm — 500 nm] (1
Use of ApaT = 2.898 X 10> mK (1)
Use of L = gAT* (1
Use of A = 4mr? (1)
Dip=4.6 % Dy 50 statement is incorrect (1) 5
Or Dp=32 = 10° m. which is more than twice Sun’s diamefer, so statement is
incorrect
Example of calculation
2.898 X 10 ° mK
T = ———=6170K
470 ®x 1077 nm
2.65 x 1027 W 9.2
A= B £=322x10%m
567 X 10 °Wm 2 K* x (6170 K)
3.22 % 1019 m? 9
r= | ————=160%x10"m
"J 4m
Dp 2x1.60x10°m e
Dsy,,  6.96 X108m
Total for question 5
%TE;:: Answer Mark
Use of L = 14800 Lgyy, (1)
L
Te == 1
Use of I e (1)
d=11x%10%m (1) 3
Example of calculation
Lemge=14800=383 = 107 W=567x= 10°°W
{ L { 5.67 X 103°W -
d= [—= | 55 — = 111 X 10 m
w' 4nl (4 X 3.64 X 107"Wm
Total for guestion 3
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Q15.

Q1l6.

Question | Answer Mark
Number
a Transverse: vibrations/oscillations are perpendicular to the direction of
(wave) travel (1)
Longitudinal: vibrations/oscillations are parallel to the direction of (wave)
travel (1) 2
i The light 15 (incident on the boundary) along the normal
Or The angle of mcidence 15 0°
Or The hght hits (prism A) at nnght angles (1) 1
hii Normal line correctly drawn at right angles to boundary (by eye) (1)
Reflected ray in correct direction from boundary (by eye) (1)
Refracted ray in correct direction from boundary (by eye) (1)
Correct refraction at the right hand side of the glass block (by eye)
and either TIR or correct direction refraction at the left hand side (by eve) (1) 4
alr glass A / s
;‘i MP4
/
r‘j
. MP1 \‘\ MP2
N N
\
incident ray s - __\‘\
[l o w3
_’.-P_ T mpa
e
AT
\'. glass B
biii Use of nisin 61 = nasin &1 (1)
with 30°, 1.40 and 1.55 substituted correctly (1)
Angle of refraction = 27° (1) 3
Example of caleulation
n1sin 81 =nosin &2 so 1.40 (sin 30%) = 1.55 (sinr), r=26.8°
c Light (emerging) is polarised (D
Only transverse waves can be polarised (D 2
Total for guestion 12
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Question
Number

Answer

This question assesses a student’s ability to show a coherent and logically
structured answer with linkages and fully-sustained reasomng. Marks are
awarded for indicative content and for how the answer 15 structured and shows
lines of reasoning. The followmng table shows how the marks should be awarded
for indicative content.

IC points IC mark Max linkage mark Max final mark
6 4 2 6
3 3 2 3
4 3 1 4
3 2 1 3
2 2 0 2
1 1 0 1
0 0 0 0

The followng table shows how the marks should be awarded for structure and
lines of reasoning.

MNumber of marks awarded for structure
of answer and sustamned line of reasoning

Answer shows a coherent and logical structure with
linkages and fully sustamed lines of reasoming

2

mnstruchmwed

demonstrated throughout

Answer 1s partially structured with some lnkages 1
and lines of reasoning

Answer has no linkages betwesn points and is 0

Indicative content

» Photon energy is related to frequency

* One to one mteraction between photons and electrons

» A minimum energy/frequency 1s required (for electron release)
* Release of electrons is imnstantaneous

» Frequency affects the kinetic energy of the (released) electrons
» Intensity affects the number of electrons (per second)

Total for guestion

Q17.
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Question | Answer Mark
Number

a Either
Ultrasound 1s (partially) reflected (from boundaries) @
(Measure) the tume taken or fume delay (for signal to return) (0
Calculate expected time for pulse to return (1f no air gap) (1
Or Compare to known time for pulse to return
If fime for pulse to refurn < time calculated, air gap 1s present (D
Or
Ultrasound 1s (partially) reflected (from boundaries) (0
(Measure) the fime taken or fime delay (for signal to return) )
Calculate distance for pulse to travel (1
If distance pulse returns from < thickness of RSJ, air gap 1s present
Or If distance pulse refurns from = thickness of RSJ, no air gap (D 4

b (Higher frequency) gives smaller wavelength (1)
(Smaller wavelength leads to) high level of detail/resolution )
(Smaller wavelength) can detect small(er) objects/gaps
Or (With 20kHz) the detail would not be sufficient to identify air gaps
Or (With 20kHz,) air gaps might be smaller than the wavelength (1 3
Taotal for guestion 7

Q1s.
Question | Answer Mark
Number
B is the correct answer as diffraction is a wave property (1)

Q19.

A 15 not the correct answer as diffraction 1s not a particle property.
C 1s not the comect answer as diffraction 1s not a particle property.
D is not the correct answer as diffraction 1s a wave property.
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Question
Number

Answer

Mark

Conversion of eV into J (1
Use of E = hf 1
Use of v =fi with v =3.00 x 10%ms™! (1
4= 654 (nm), so light (for this transition) 1s red (@

Example of calculation
19eV x(1.60 x 1079 Jev)=304%x 10797
E  3.04x107%9]

f_;_ 6.63 X 10~34]s
r 3.00%10°ms™! 6.54 x 16~

— = = _ m
f 459x 10" Hz

=459 x 104 Hz

A=

Converts 8 60 light years into metres (1)
Use of = P/4 1)
Use of 4 = 4m” @
Power of Sirius A =9.73 x 107 W @

Example of calculation
8.60 x 365 x 24 % 60 ¥ 60 % (3.00 x 10°ms™!) =8.14 x 10 m
P=7x4=(1.17 %107 Wm™?) (47) (8.14 x 10¥m)* =973 x 10’ W

Atoms have fixed/certain/discrete energy levels
Or Emuitted photons have discrete energy 1

Only certain fransitions are possible (in a hydrogen atom) )
Or Some transitions are not possible (in a hydrogen atom) M

(For MP2, allow “differences in energy (levels)” for “transitions™)

Total for guestion

10

Q20.

Question | Answer
Number

A is the correct answer as, for total internal reflection to take place, the
angle of incidence should be greater than the critical angle, when
travelling from a substance with a higher refractive index towards a
substance with a lower refractive index.

B 1s not the correct answer as total internal reflection cannot take place if the
light travels towards a boundary beyond which the refractive index increases.
C 15 not the correct answer as total internal reflection cannot take place if the
angle of imncidence 1s less than the crtical angle.
D 1s not the correct answer as total mternal reflection cannot take place if the
ancle of incidence 1s less than the cntical angle.

)
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Q21.

Q22.

Q23.

Q24.

Question | Answer Mark
Number
B is the correct answer as the light bends towards the normal when (1)
travelling from L to M (5o v = var) but bends away from the normal when
travelling from M to N, but there is not as much of a change of direction
as there was from L to M.
A 1s not the correct answer as light bends away from the normal travelling
from M to N so vy must be greater than v
C 1s not the correct answer as light bends towards the normal travelling from L
to M so vr must be greater than vy
D 1s not the correct answer as light bends away from the normal travelling
from M to N, so v must be greater than vy
Question | Answer Mark
Number
B is the correct answer as Power = Intensity = Area where area = 4ar’, (1)
A 15 not the correct answer as the area m this equation 1s not w-.
C 15 not the correct answer as Power 1s not Intensity/Area
D 15 not the correct answer as Power 15 not Intensity/Area
Question | Answer Mark
Number
D is the correct answer as. for a first order maximum, /4 = 4 sinf, where 4 (1)

. 1 . i 0.378
is - and sing =_2PPosite o, | )
number of lines per m hypotenuse {2.035)

A 15 not the correct answer as the distance between adjacent slits 1s not
300.000m.
B 15 not the correct answer as the distance between adjacent slits 1s not
300.000m.

. Lo (0.378)
C 15 not the cormrect answer as sinf 1s not

(2.000)
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%ﬁt‘: Answer Mark
B is the correct answer, as g = G'tf and M = grr,o'.v'3 @)
e
Q25.
%ﬁt‘: Answer Mark
EMm 1)

B is the correct answer, as F =

]
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Q1.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box () and then mark your new answer with a
cross (X).

A ray of unpolarised light is incident on a polarising filter. The polarising filter transmits light of

intensity /, as shown.
\ rotation
e\ ;

-’_’__;-4";
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°7?

] A0
o B L

4
o c?

2
LI DI

(Total for question = 1 mark)

Q2.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (2) and then mark your new answer with a
cross (X).

The diagram shows an electron transition between two energy levels in a hydrogen atom.
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-3.4eV

-13.6eV

Which of the following could not have caused this transition?

A
B

L
Ll c
L

Q3.

The atom absorbing a photon with an energy of 13.6 eV.
The atom absorbing a photon with an energy of 10.2 eV.
An electron with a kinetic energy of 13.6 eV colliding with the atom.

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

(Total for question = 1 mark)

Answer the question with a cross in the box you think is correct [X. If you change your
mind about an answer, put a line through the box & and then mark your new answer
with a cross [X.

Which of the following does not have the base unit s™'?

A

O

O
0

L
O

Q4.

angular velocity
frequency
redshift

rate of decay

(Total for question = 1 mark)
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Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box & and then mark your new answer with
a cross [X.

The diagram shows refraction of a ray of light as it passes through three transparent substances,
L, M and N. The speeds of light in the three substances are v, vy and vy, respectively.

Which of the following could result in a ray of light undergoing total internal reflection?
[1 A light travelling from L to M
[l B light travelling from Lto N
[J € light travelling from M to L
L]

D light travelling from N to M

(Total for question = 1 mark)

Q5.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box % and then mark your new answer with
a cross [X.

The de Broglie wavelength for a moving electron is 5.47 x 107° m.

Which of the following expressions gives the speed of the electron in m s™?
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(6.63 % 107%)

] -
(9.11 x 107")(5.47 x 107'%
(6.63 x 1073%)
D B —149 —10
(1.60 x 10719)(5.47 x 107'")
o« (9.11 % 107')(5.47 x 107"
(6.63 x 107%)
0 o (1.60 % 10717)(5.47 x 107'7)
(6.63 x 107%)
(Total for question = 1 mark)
Q6.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box & and then mark your new answer with
a cross [X.

The spectrum of electromagnetic radiation from a galaxy is observed to have a redshift.

Which of the following is a correct statement about lines in this spectrum?

LI A Allthe lines are in the red part of the spectrum.

[1 B Allthe lines are observed to have longer wavelengths than expected.

[l € Lines with wavelengths at the red end of the spectrum are the most intense.

[l D Light for all the lines was emitted with longer wavelengths than expected.

(Total for question = 1 mark)

Q7.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box % and then mark your new answer with
a cross X.
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Sirius and a-Centauri are two of our closest stars. Sirius has a luminosity about 16 times greater
than the luminosity of a-Centauri. Sirius is twice as far away from the Earth as a-Centauri.

The intensity of light from Sirius is I and the intensity of light from a-Centauri is /.

Which of the following is the value of 1
I ?

1
0 A —

4
0 B 4
J C 8
1 D 16

(Total for question = 1 mark)

Q8.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box % and then mark your new answer with
a cross X.

Two waves with wavelength A are produced by the same source. The waves travel different
distances and then meet.

At the point where they meet, the path difference between the two waves is 4
8.

Which of the following is the phase difference, in radians, between the two waves?

T
D;—\E
)
(1 B —
4
O c =
8
O p =
16

(Total for question = 1 mark)
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Q9.

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box % and then mark your new answer with
a cross X.

Current theory suggests that the universe is expanding.

Which of the following is evidence to support this theory?

[ A All galaxies appear to be rotating in space.

[1 B Dark matter has been detected in the universe.

[ € All distant stars are observed to be increasing in size.

[l D The further a galaxy is from the Earth, the faster it recedes.

(Total for question = 1 mark)

Q10.

Answer the question with a cross in the box you think is correct (X). If you change
your mind, put a line through the box (#¢) and then mark your new answer with a

cross ().

The graph shows how the displacement x of particles in a wave varies with time t. The speed of
the wave is not known.

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

O
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A amplitude
B frequency
C period

D wavelength

Q11.

(Total for question = 1 mark)

Select one answer from A to D and put a cross in the box X. If you change your mind
about an answer, put a line through the box & and then mark your new answer with

a cross X,

The diagram shows how the displacement varies with distance along a stationary wave at two

instants of time.

o

Displacement 4

W X

Which of the following statements is correct?
L] A Points W and X are in antiphase.

[ B Points W and Y are in phase.

[0 € Points X and Y are in phase.

[l D Points X and Z are in antiphase.

Distance
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(Total for question = 1 mark)

Q12.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross X.

The luminosity axis of a Hertzsprung-Russell diagram has a logarithmic scale.

Which of the following is the reason for this?

L1 A Stars all have very large luminosities.

[0 B The range of luminosities of stars is very large.

[1 € The range of distances to stars is very large.

[l D The temperature axis has a logarithmic scale.

(Total for question = 1 mark)

Q13.

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

(b) The speed of light in a different type of glass is 1.96 x 108 m s .

Calculate the value of the critical angle at a boundary between this type of glass and air.
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(Total for question = 8 marks)

Mark Scheme

Q1.

Q2.

Q3.

Question
Number

Answer

D is the correct answer as the intensity transmitted by a single polarising
filter is independent of the angle of rotation of the filter.

A 15 not the correct answer as the intensity transnutted by a single polarising
filter is independent of the angle of rotation of the filter.
B 1s not the correct answer as the intensity transnutted by a single polarising
filter is independent of the angle of rotation of the filter.
C 15 not the correct answer as the mntensity transnutted by a single polansing
filter 1s independent of the angle of rotation of the filter.

@)

Question
Number

Answer

A is the correct answer as a photon cannot be partially absorbed by an
atom.

B 1s not the comrect answer as a photon of 10.2eV would use all of its energy to
transfer an electron from the —13.6eV level to the —3 4V level.

C 1s not the correct answer as an electron of 13.6eV would use 10.2eV to
transfer the electron and retamn 3.4eV as 1ts own kinetic energy.

D 1s not the correct answer as an electron of 10.2eV could give all its energy to
transfer an electron from the —13.6eV level to the —3 4eV level

)
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1estion
%Tlumber Answer Mark
C is the correct answer (1)
A 1s not the correct answer, as angular velocity has units (rad) 5™
B is not the correct answer, as frequency has units Hz = 57!
D 1s not the correct answer, as rate of decay has units Bg =5
Q4.
Question | Answer Mark
Number
C is the correct answer as light travels faster in L than in M (1)
A is not the correct answer as light travels faster in L than in M
B 1s not the correct answer as light travels faster in L than in N
D 15 not the correct answer as light travels faster in N than in M
Q5.
Question | Answer Mark
Number
A is the correct answer as v = li/md (1)
B 1s not the correct answer as v 1s not = J/lgd
C 15 not the correct answer as v 1s not = mA/h
D 1s not the correct answer as v 1s not = gi'h
Q6.
Question | Answer Mark
Number
B is the correct answer (1

A 15 incorrect. as the lines may be shifted into any region of the spectrum
C 1s incorrect, as the mtensity of the lines is not related to the redshift

D 1s incorrect, as the wavelengths of the emutted lines 1s not affected
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Q7.

Q8.

Q9.

Q1lo0.

Question | Answer Mark
Number
. 1
B is the correct answer, as [ = M
: 4md=
Question | Answer Mark
Number
B is the correct answer as #/8 is one eighth of a full wave cycle, and so is (1)
n/4 radians
A 15 not the correct answer as this i1s equivalent to a path difference of 1/4
C 15 not the correct answer as this 1s equivalent to a path difference of 1./16
D is not the correct answer as this 1s equivalent to a path difference of 1/32
Question | Answer Mark
[Number
D is the correct answer, as this 1s a statement of Hubble's law 1)
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Question | Answer Mark
Number

D is the correct answer as wavelength cannot be determined from a graph (1)

of displacement against time (only displacement against distance graphs)

A 1s not the correct answer as amplitude 1s the maximum displacement from

the equilibrium position for a wave.

B 1s not the cormrect answer as the frequency can be calculated from 1/T

C 15 not the correct answer as T 1s the time between two peaks on a

displacement against time graph.

Q11.
Question | Answer Mark
Number
D is the correct answer as X and Z are in two adjacent node to node (1)
sections, which will always be in antiphase with each other
A 1s not the correct answer as W and X are between the same pair of nodes,
between which all pomts are in phase
B 1s not the correct answer as W and Y are in two adjacent node to node
sections, which will always be 1n antiphase with each other
C 15 not the correct answer as X and Y are in two adjacent node to node
sections. which will alwavs be in antiphase with each other
Q1l2.
1estion
Q Answer Mark
Number

B is the correct answer (1)

Q13.

A 1s not the correct answer, as large values could fit on a linear scale
C 15 not the correct answer, as distance from the star only affects the intensity

D 1s not the correct answer, as the temperature and luminosity scales are independent
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Question | Answer Mark
Number

a Angle of incidence measured from diagram in range 54-56(%) (1)
Use of nisind = nasinf? with their measured angle of incidence ()
6= 30-32(%) (1)
Normal line drawn correctly at pomt of incidence (1) _
Ray refracted towards normal (1) &
Example of calculation
Angle of incidence measured as 55°
nisiné) = msinfrso 1.00 = sin 535° =138 = sinfh
91 — Si.Il_l (i.UI} 4 .iin 55‘=:I =1312°

1.58

b Use of n = /v with ¢ = 3.00 x 10 ms™! (1)
Useofsin C= 1/n ()
C=41° (| 3
Example of calculation
n=S= 3.00 :-cwﬁms:l =153

v 196 x10%msg—1

sin™! (€)= —-s0 C=408°
Total for question 8
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