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Q1.

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 1078 s,

1 Mpc = 3.09 x 10’ m

(ii) Determine a value for the age of the universe in years.

1 year = 3.16 x 10’ s

Age Of UNIVEISE = ..o 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)
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Q2.
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.

Planet T/s R/m
Earth 3.16 = 107 1.50 = 101
Mars 503 = 107 2.28 = 101

Show that, for Earth and for Mars, K has a value of about 3.0 xx 107'° s> m3.

(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 10°° kg
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(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.

Calculate the orbital period T, of lo about Jupiter.

(Total for question = 8 marks)

Q3.

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.
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(i) Label the x-axis of the HR diagram. You should include approximate values.

(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.
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(Total for question = 18 marks)

Q4.

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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(b) One line in the spectrum of light from Chi Lupi has a wavelength of 576.933 nm.
The equivalent line in a 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)

Q5.

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

. \!G:Lff

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.

(ii) The observed variation of v with r has been added to produce the graph below.
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observed

expected

(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)

Q6.

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.
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(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


https://stemup.co.uk

(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)

Q7.

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.

(a)(i) The parallax angle was 2.01 x 107° rad.

Calculate the distance, in metres, of Wolf 359 from Earth.
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mean distance from Earth to Sun = 1.50 x 10 m

Distance of Wolf 359 from Earth = ..o

(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.

-

Intensity 4

0 I | T .
0 1.0 2.0 3.0 Arpm

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

Rsyn = 6.96 x 108 m

Loy, = 3.83 x 1026 W
T =2700K

(Total for question = 10 marks)

Q8.

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

(Total for question = 5 marks)

Q9.

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
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atmosphere, is 3.64 x 101" W m™.

Leyn = 3.83 x 10%°W

(Total for question = 3 marks)

Q10.
When an increasing force is applied to a steel cable it will eventually reach its elastic limit.

(a) State what is meant by the elastic limit.

(b) The elastic limit of a steel cable was reached when a force of 13.4 x 106 N was applied. The
extension of the cable was 0.126 m.

length of cable = 6.00 m cross-sectional area of cable = 9.60 x 10-3 m?

(i) Calculate the strain of the cable at its elastic limit.
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(ii) Calculate the stress in the cable at its elastic limit.

(Total for question = 5 marks)

Q11.

A Galilean thermometer consists of a closed glass cylinder containing a liquid. In the liquid there

are several identical sealed glass bulbs, as shown. Attached to each bulb is a metal disc labelled
with a temperature. Each disc has a different mass.

- glass bulbs

=

metal discs x
e

liquid __

_glass cylinder

As the temperature increases, the density of the liquid decreases. This can cause the bulbs to
move within the liquid.

Explain why a particular bulb will float until the temperature of the liquid exceeds a certain
value.
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(Total for question = 6 marks)

Ql2.
A hollow brass cylinder with closed ends is floating on the surface of water.

The cylinder has a length of 4.0 cm and an external diameter of 2.1 cm as shown.

brass

cylinder

water

M

4.0cm

W

63% of the volume of the cylinder is submerged. The cylinder contains negligible weight of air.

(a) Explain why the brass cylinder floats.

STEMUP.CO.UK
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(b) The density of water is 1.0 x 10°> kg m~3

(i) Show that the mass of the cylinder is about 9 x 1073 kg.

(ii) Deduce whether an identical hollow cylinder made of gold would also float.
Assume that the volume of gold is the same as the volume of brass.

density of gold = 19.3 x 10° kg m~3
density of brass = 8.7 x 10® kg m™3

(Total for question = 10 marks)
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Q13.

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 sphere falls through a viscous liquid as shown.

|_— sphere

o

Viscous

—1 liquid

Which row of the table describes the upthrust and the viscous drag on the sphere as it
accelerates downwards?

Upthrust Viscous drag
0 A nereasing ncreasing
[l B constant ncreasing
[0 cC increasing constant
0 D constant constant
(Total for question = 1 mark)
Q14.

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 compressed by a force of 50 N, a spring had a length of 12.0 cm.

When compressed by a force of 70 N, the same spring had a length of 7.1 cm.

Which of the following expressions gives the stiffness k of the spring in N cm™?
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Ol

Ll B
0 C
0 D
Q15.

70 50

120 7.1

(70 = 50)

(12.0 -7.1)

50 70

7.1 12.0

(70 = 30)

(12.0 — 4.9)

(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 4 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?

O A
1 B
0 C
[l D

Ql6.

4g

k-
g

o i

+= |

(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.

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

O A ON
1 B 570N
[J € 2300N
[0 D 9200N
(Total for question = 1 mark)
Q17.

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 s7'?
[ A angular velocity

B frequency

X
0 € redshift
X|

D rate of decay

(Total for question = 1 mark)

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 (#) and then mark your new answer with a
cross (X).
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Two arrangements, P and Q, of identical springs are subjected to the same tensile force F as

shown.
Q
P
F F F F
<— 0000000000 —. 0000000000 —>

When one spring is subjected to a tensile force F, the elastic strain energy for the spring is E.

Which row of the table gives the total elastic strain energy for each arrangement?

P Q
O A ViE 2E
O B Y2E VAE
[0 C 2E 2E
[0 D 2E VE

(Total for question = 1 mark)

Q1l19.

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 graph shows the relationship between tensile stress and tensile strain for a material.

4

breaking point

Tensile stress

elastic limit

Tensile strain

Which of the following gives the Young modulus of the material?
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A the area under the line up to the breaking point
B the area under the line up to the elastic limit

C the gradient of the tangent to the line at the origin

O O O O

D the stress divided by the strain at the breaking point

(Total for question = 1 mark)

Q20.

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.

A wire breaks when a tensile force T is applied. A second wire, made of the same material, has
twice the diameter.

Which of the following is the force required to break the second wire?

0 A 4T
0 B 2T

T
O ¢ =

T
L] D :

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

L1 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)

Q22.

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.

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 /s and the intensity of light from a-Centauri is /.

Which of the following is the value of

Ly

O A+

4
] B 4
N C B
0 D 16

(Total for question = 1 mark)

Q23.
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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.

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.

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

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

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

(Total for question = 1 mark)

Q24.

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

Which of the following is the reason for this?

1 A Stars all have very large luminosities.

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

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

[l D The temperature axis has a logarithmic scale.

(Total for question = 1 mark)

Q25.
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The photograph shows a toy pinball machine. The launcher is pulled back, compressing a spring.
The spring obeys Hooke's law. When the launcher is released, the spring returns to its original
length and a small ball is launched horizontally into the machine.

ball

spring

launcher

launcher
(Source: © Valery Voennyy /Alamy Stock Photo)

When the launcher is pulled back, the spring is compressed by 5.0 cm. When the spring is
released, the ball is launched at a speed of 8.0 cm s,

(a) Show that the kinetic energy of the ball just after launching is about 4 x 107> J.

mass of ball =12 g

(c) Determine the stiffness of the spring.
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(d) The spring returns to its original length L.

Sketch a graph, on the axes below, to show how the velocity of the ball varies with the length of
the spring.

velocity

length of spring

(Total for question = 10 marks)

Q26.

The Tyrolean traverse is a technique for crossing a deep valley. The photograph shows a climber
crossing a river using this technique. The climber moves along a rope suspended from the bank
on either side of the river.
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(Source: © Folio Images/Alamy Stock Photo)

(a) The free-body force diagram for the climber is shown below. The weight of the climber is 650
N.

650N

Show that the tension T in the rope is about 1.3 x 10° N.

(b) The rope has an unstretched length of 120 m as shown below.

STEMUP.CO.UK
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120m

climber

v

650N
(i) Determine the strain in the rope while it is supporting the weight of the climber.

You may ignore the weight of the rope.

SErain = L
(ii) The rope has a cross-sectional area of 3.14 x 10™* m?.

Determine the Young modulus of the rope material.

(Total for question = 9 marks)
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Q27.
A small sphere is moving horizontally through a viscous liquid.
(a) Stokes'law can be used to calculate the drag force on an object.

State the conditions that must apply for Stokes' law to be valid.

(b) There is a constant force of 2.3 x 107> N acting horizontally on the sphere.

diameter of sphere = 4.5 x 103 m
viscosity of liquid = 7.1 x 1072 Pa s
(i) At one instant, the speed of the sphereis 5.2 x 10> m s™%,

Calculate the resultant horizontal force on the sphere.
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Maximum horizontal speed = ..o

(c) Alarger diameter sphere in the same liquid is acted upon by the same constant force as in
(b). The liquid is at a lower temperature.

Explain the effect these changes have on the maximum speed of this sphere.

(Total for question = 11 marks)

Q28.

A falling sphere viscometer is a device used to determine the viscosity of a liquid. A sphere falls
through a cylinder containing a liquid, and the terminal velocity of the sphere is measured.

(a) State why the temperature of the liquid should not increase during the measurement.

(b) A scientist measured the terminal velocity of an aluminium sphere as it fell through glycerol.
(i) Show that the weight of the sphere is about 4.8 x 107 N.
density of aluminium = 2.70 x 103 kg m™

diameter of sphere = 7.00 x 10° m


https://stemup.co.uk

(ii) The terminal velocity of the sphere was 4.05 x 102 m s,
Deduce whether Stokes' law applied to the falling sphere.
density of glycerol = 1.26 x 103 kg m™

viscosity of glycerol = 9.50 x 10" Pa s

(c) A scientist used the viscometer to measure the viscosity of blood. The viscosity of blood is
typically in the range 3 x 103 Pasto 4 x 107 Pa s.

Explain why the scientist should use an aluminium sphere with a much smaller diameter than
the sphere used with the glycerol. Do not include calculations in your answer.

viscosity of glycerol = 9.50 x 10" Pa s
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(Total for question = 14 marks)

Q29.

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 graph shows how terminal velocity varies with mass for small spheres of equal diameter

falling through a viscous liquid.

terminal
velocity

-

mass

Which of the following describes the gradient of the graph for a liquid of greater viscosity?
L1 A a greater gradient

[1 B asmaller gradient
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[l € avariable gradient

[0 D the same gradient

(Total for question = 1 mark)

Mark Scheme

Q1.
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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

Q2.
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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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Q3.

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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Q4.

(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
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

Q5.
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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

Q6.
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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 O
AEse =33 x 10°74] M 3
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
(3.2 x10M1m 7.4 x 10! 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%*]
Total for guestion 11
Q7.
(a)(1) Use of trigonometry to calculate distance
Or use of small angle approximation to calculate distance (1)
Distance to Wolf 359 = 7.5 = 10'¢ {(m) ) "
Example of calculation
Earth
11
1.5x10 m
Sun o *
a
6. L50x 10" m
tan(2.01 X 107¢) = —————
1.50 x 10 m :
= =746x10%m
2.01x10°°
(a)(n) | Parallax angle decreases as distance from the Earth increases (1)
Or parallax 1s only suitable for (relatively) close stars
2

As parallax angle 15 too small to measure for distant stars

(1)
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(b)(1)

Amax read from graph (1)
Use of A2T = 2.898 X 10 ° mK (1)
T'=2680 (K) [accept 2635 K — 2760 K] (1)

Example of calculation

_ 2898x107°mK
~ L08X 10 °m

= 2683 K

(b)(i)

Use of L = cAT* (1)
L = 4.70 x 102 W (allow ecf from (b)(1)) (1)

Comparison of calculated value of L with Lgw and appropriate conclusion
Or comparison of calculated L/Lswm percentage with 0.1% and appropriate conclusion (1)

Example of calculation
L =4m(0.16 X 6.96 X 10° m)? x 5,67 x 10 Wm™ K™* (2700 K)*
L=470x 102w

X 100% = 470X 107 W X 100% = 0.12%
Lsun ° T 383x 106 W e

Total for guestion

10

Q8.
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Question | Answer
Number

Mark

Amax read from graph [450 nm — 300 nm]
Use of AT = 2.898 X 10 ° mK

Use of L = gAT*

Use of 4 = 4mr?

Dp=416 % Dy so statement 1s incorrect

Or Do =32 = 10° m. which is more than twice Sun’s diameter. so statement is
incorrect

Example of calculation

2898 x 10 ® mK
T = =6170K
470 ®x 10~ nm

B 2.65 % 10°7 W
567 X 107 Wm—2 K* x (6170 K)*

3.22 ¥ 1019 m?

r= [——————=160%x10"m
."] 4

Dp 2x1.60x10°m
Dgy,  6.96 X 10%m

A =3.22 ¥ 1019 m?

(1
(1
(1
(1
(1

th

Total for question

Q9.

Question

Number Answer

Mark

Use of L = 14800 Lgyy

L

Ts = ——
Use of I o

d=11=10"m

Example of calculation
Leanae=14 800 % 383 = 10" W=567T= 10" W

{ L lr 5.67 ¥ 1030w

d= |—= | = 111X 10%m
,ulxhrf 4T X 3.64 X 107Wm

(1)
(1)
(1)

Total for guestion



https://stemup.co.uk

Q10.

Q11.

g :;:;ﬂ Answer Mark
(a) _ o
It’s the force / stress beyond which the cable does not return to its original length
when the force / stress 1s removed 1) 1
(b)()
Use of e = Axfx 1)
£=0.021 | 2
Example of calculation
e=0126m= 6m=0021
(b)(i)
Useof o= Fld 1)
g=14%10°Pa 1) 2

Example of calculation
6=134=x10°N+96% 107 m* =140 = 10° Pa

Total for question

th
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Question
Number

Answer

Mark

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 indicative content
and hnes of reasoning.

IC pomts | ICmark | Max hinkage Max final
mark avalable mark

(=2

th| Sn

th

=L LS R
L=l o] ] ] PR EVE] S
o S| o) = =] 2] b2
(=1 ] ] R

Marks

Answer shows a coherent and logical structure with linkages and 2
fully sustained lines of reasoming demonstrated throughout.

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

Answer has no linkages between points and 1s unstructured 0

Indicative content:

Upthrust on a bulb 1s equal to weight of liquad displaced.
When upthrust equals/exceeds weight of bulb / disc, bulb floats
*  Weight of a bulb / disc 15 constant

*  As temperature increases the weight of displaced liquid decreases

Or As temperature increases upthrust on bulb decreases
»  Uniil weight of a bulb / disc exceeds the upthrust

* There is a resultant force and bulb will sink

@
@
@

o

@)

Total for question

Q1l12.
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Example of calculation
volume of gold = volume of brass

Question | Answer Mark
Number
(a)
There 1s an upthrust which 1s equal to the weight of water displaced (1)
The upthrust 1s equal to the weight of the cylinder (when it’s partially submerged) (1)
OR 2
The (overall) density (of the cylinder) 1s less than the density of the water. (1)
The weight of water displaced is equal to the weight of the cylinder (1)
®))
Use of Volume = w3/ (1)
Use of 63% with their volume (1)
Useofp=m /¥ (1)
m=8.8x 107 (kg) (1) 4
Example of calculation )
volume of cylinder=m = (1.05 cm)* * 4 cm=1.39 = 107° m’
volume submerged = 0.63 = volume of cylinder
=063%139=107° m* =876 > 10" m’
mass of cylinder = mass of water displaced
=1000kgm™ x 8.76 % 10 m’ =876 x 10" kg
(b)(ii)
Use of p = m [ F"to calculate the volume of brass (1)
Use of p = m / ¥to calculate the mass of the same volume of gold (not volume of (1)
whole cylinder)
Use of p = m / Vto calculate the volume of water needed to float the cylinder
Or
Use of p = m / Vto calculate the maximum mass/weight of water that could be
displaced (1)
Cotrect conclusion from comparison of displaced volume of water required to
float gold (1.9 = 107 m?) with volume of cylinder (1.4 * 107 m?)
Or
Correct conclusion from companson of weight of gold cylinder
(0.19 N) with max weight of water that could be
displaced (0.14 N) (ecf from (b)(1))
Or
Correct conclusion from companison of mass of gold cylinder
(0.019 kg) with max mass‘weight of water that could be
displaced (0.014 kg) (ecf from (b)(1)) (1)

=873%x10%kg+8 7% 10¥ kgm™ = 1.00 x 107" m’? 4
massof gold=1.00% 107" m* % 193 = 1F ke m~ =0.019 3 kg
volume of water required = 0.019 3 kg+ (1.00 * 10° ke m™) =193 = 107 m’
1.93 x 107° m® = 1.39 = 107° m® . sinks
Total for question 10

Q13.
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Q14.

Q15.

Ql6.

Question

Number Answer Mark
The correct answer 15 B 1
A 1s mcorrect because the upthrust 1s constant
C 1s incorrect because the upthrust 1s constant and the viscous drag 1s
Mereasing
D is mcorrect because the viscous drag is increasing

Question | Answer Mark

Number
The correct answer is B 1
A 15 incorrect because the spring constant is AF / Ax
C 1s mcorrect because the spring constant 1s AF /[ Ax
D 1s incorrect because the spring constant 1s AF [ Ax

1estion
?Ilumber Answer Mark
. i M 4 3 (L
B is the correct answer, as g = —and M = FTer
=
1estion
%umber Answer Mark
GMm (1)

B is the correct answer, as F = —
-
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Q17.

Q1s.

Q19.

Q20.

1estion
?\Tlumber Answer Mark
C is the correct answer (1)
A is not the correct answer, as angular velocity has units (rad) s™
B is not the correct answer. as frequency has units Hz=s"
D is not the correct answer, as rate of decay has units Bg=s""
Question | Answer Aark
Number
The correct answer 15 D 1
A 1s mcorrect because springs in senies increase the extension and springs in
parallel decrease the extension for the same force
B 1s incorrect because springs in senes mcrease the extension for the same
force
C 15 incorrect because springs in parallel decrease the extension for the same
force
Question
Number Answer Mark
The correct answer 15 C 1

A 15 incorrect because area represents work done per unit volume
B 1s incorrect because area represents work done per unit volume
D 1s mcorrect because the breaking point 15 outside the linear region
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Question
Number

Answer

Mark

A is the only correct answer

B 1s incorrect because doubling the diameter gives four times the cross section,
requirmg four times the tension for the same stress.

C 1s mcorrect because mcreasing the diameter increases the cross section,
requiring a greater tension for the same stress. not less

D 1s mcormrect because increasing the diameter increases the cross section,
requiring a greater tension for the same stress, not less

Q21.

Question | Answer

Mark
Number
B is the correct answer (1)
A 1s mcorrect, as the lines may be shifted into any region of the spectrum
C 1s mncorrect, as the mtensity of the lines 1s not related to the redshaft
D 1s incorrect. as the wavelengths of the emutted lines 1s not affected
Q22.
Question | Answer Mark
Number
B is the correct answer, as [ = )
4md=
Q23.
Question | Answer Mark

Number

D is the correct answer, as this 1s a statement of Hubble's law

€Y
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Q24.

Q25.

Question i
Number Answer Mark
B is the correct answer (1)
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 mntensity
D is not the correct answer, as the temperature and lununosity scales are independent
Question | Answer Mark
Number
@ 1
Useof Ey =% mv* (1)
E=38=107(]) (1) 2
Example of calculation ]
E=05%12% 107 ke x(8.0= 107 ms )’ =384=1077]
®)
Use of AEy =% F Ax (1)
F=1.5=107 N (allow ecf from (a)) (1)
Example of calculatior_t 2
A =F=384=x 107 T=05=F=x005m
F=384=107°7+0025m=154= 100N
(©)
Useof F=k Ax (1§]
k=003 Nm™ (allow ecf from (b)) (1) 2

Example of calculation
154 =10 N=Fkx=x005m
F=154= 10 N=+005m=0.031Nm
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(d)

Line has mitially decreasing positive gradient

(1
Line starts at v = 0 and a non-zero value of length
) _ (1)
Line levels off to hornizontal at length = L
_ (1
Final velocity marked as 8.0 cm s™
or (1) 4
Oniginal compressed length marked as "L — 5" m cm
Speed / cm 57!
||III.l
0.0 I
0.0 i L
Length of spring
Total for question 10

Q26.
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Question
Number

Answer

Mark

(a)

Vertical component of tension = T cos 76°
Use of 650 N =2 = vertical component of tension
T=1.34=10° (N)

Example of calculation
650N =2 Tcos 76°

I=%=x030N+cos76°=1343 N

(1
(1)
(1)

(b))

Use of sin76° or cos 14° to find new length of cord
Useofe=Ax=x
£=10.03 or 3%

Example of calculation
(x+Ax)+2=60m~sin 76°=61.8m
Ax=(618%2)m—1200m=37m
e=37m=+120m= 0.031

(1)
(1
(1)

(b)(ii)

Use of o = F + 4 with F = tension from (a)
Useof E=g+¢

E =14 % 10°Pa (ecf from (a) and (b)(1))
Example of calculation

=134 % 10° N+314 x 10 m’ = 428 MPa
E=428<10°Pa+0031=138 x 10°Pa

(1)
(1
(1)

Total for question

Q27.
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Question | Answer Mark
Number
(a) Max 2
Object must be a sphere (1)
Low speed/velocity (1)
Laminar flow (1) 2
(b))
Useof F=6myrv (1)
Subtraction of two forces (1)
Resultant force =7 % 10°N (1) 3
Example of calculation
dragforce=6a %71 % 107 Pas®x225% 107 m=*52% 107 ms!
=16x<107°N
Resultant force =23 x 10°N—-16*x 10" N=07 = 107N
(b)(ii) _ i
Useof F=6myrvwith F=23= 107N (1)
v=76=10"ms™ (1) 2
Example of calculation
230%<10° N=6a>7.10x 102 Pas*x225= 10 mx>v
v=230% 10" N+ (6n>7.10% 1077 Pas=225%x 107 m) =764 x 107 m 57!
(<)
Larger diameter gives larger drag force (at given speed) (1)
Or
Larger diameter gives a lower speed (for the same constant force)
(1)
Lower temperature so viscostty is greater
Greater viscosity gives larger drag force (at given speed)
Or
Greater viscosity gives lower speed (for the same constant force) (1)
Maximum speed will decrease (dependent on MP1 and MP3) (1) 4
Total for guestion 11

Q28.
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Question
Number

Answer

Ivlark

(@)

The viscosity decreases (with temperature)

(1)

(b))

Use of V= (4/3)n 7
Useofp=m/ ¥V
Useof W=mg
W=476x10"N

Example of calculation o )
volume = (4#/3)m = (3.5 % 10° m)’ = 1.80 x107" o2’

m=180x*10"m’x2.70 x 10° kg m~> =4.85%10" kg
W=485x10"kg x 9.81 Nkg 1 =476 x 10° N

@)
@)
1)
1)

(b)(i)

Useof F=6mnrv
Use of I7=weight of fluid displaced
Comparison of F with 77— U/ and conclusion consistent with student's values

Example of calculation
D=6n%095Pas=00035mx=x0.0405m=254=10"N
U=180%107 m *x 12610 kgm™> ® 981 Nkg'=222%10°N
W—U=476%10°N—-222x10° N=254% 107N

254 % 107 N=D . Stokes law obeyed

(1)
1)
1@

(b)(iii)

Low speed
01‘

Laminar flow

01‘

Small sphere

[Accept reference to wide cylinder]

@)

Q29.

(©)

WViscosity of blood 1s much lower

Drag will be lower for given velocity (proportional to diameter)

Forces balance at lower speed
01‘

Termunal velocity lower
Lanunar flow needs low speed

Viscosity of blood much lower (1)

So temmunal velocity would be (much) too large for Stokes' law (1)

proportional to 1 (1)
(With smaller sphere) forces will still balance at low speed (1)

Reducing diameter grves less weight (proportional to cube of diameter)

(For the origmal sphere) drag would be (much) lower at same velocity (1)

Reducing r reduces W much more than D OR. W proportional to 13 but D

D
)
@

(1
(1

th

Total for question

14
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Question
Number

Answer

Mark

B is the only correct answer

A 1s mcomect because a greater viscosity would reduce termunal velocity giving a
lower gradient

C 1s incorrect because because a greater viscosity would reduce terminal velocity
giving a lower gradient

D 1s mcomect because because a greater viscosity would reduce termunal velocity
giving a lower gradient
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