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Q1.           

The diagram shows a circuit containing three identical resistors, A, B and C. The cell has
negligible internal resistance.

*(a)  Explain how measurements of current and potential difference could be used to
demonstrate that charge and energy are both conserved in this circuit. Your answer should refer
to resistors A, B and C.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  (i)  Calculate the total resistance of the circuit.

resistance of each resistor = 12.5 Ω

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

Total resistance = .........................................................

(ii)  The resistors are connected to a different cell, with e.m.f. , as shown. The cell has an
internal resistance.

Describe how a single ammeter reading can be used to determine the internal resistance of the
cell. You should add to the diagram to show the position of this ammeter.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 12 marks)

 

 

Q2.           

The photograph shows a thin, coiled, tungsten wire used in a filament light bulb.
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(a)  Complete the sketch graph to show how current varies with potential difference for a
filament bulb.

(2)

(b)  The tungsten wire has a diameter of 0.046 mm and a length of 580 mm. When emitting
light, there is a current of 0.44 A in the filament and a potential difference of 140 V across the
filament.

(i)  Calculate the drift velocity v of the electrons in the tungsten wire.

number of charge carriers per m3 in tungsten = 1.26 × 1029

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

v = .........................................................

(ii)  When the potential difference across the tungsten filament is 140 V the current in the
filament is 0.44 A.

The table shows typical resistivity values for tungsten at different temperatures.
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Deduce the temperature of the filament.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 8 marks)

 

 

Q3.           

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–1 Mpc–1.

(a)(i)  Show that 72 km s–1 Mpc–1 is equivalent to a Hubble constant of about 2.3 × 10–18 s–1.

1 Mpc = 3.09 × 1022 m

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

1 year = 3.16 × 107 s

(2)

.............................................................................................................................................

.............................................................................................................................................
S T E M U P . C O . U K

https://stemup.co.uk


.............................................................................................................................................

.............................................................................................................................................

Age of universe = ........................................................... 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.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q4.           

In the 17th 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 2 = KR3

where K is a constant.

(a)  The table shows data for Earth and Mars.

Show that, for Earth and for Mars, K has a value of about 3.0 ×× 10–19 s2 m–3.

(3)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(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 × 1030 kg

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

K = ........................................................... s2 m–3

(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 × 109 m and an
orbital period of 172 hours.

Another moon, Io, has an orbital radius of 4.22 × 108 m.

Calculate the orbital period TI of Io about Jupiter.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

TI = ...........................................................

 

(Total for question = 8 marks)

 

 

Q5.           

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 × 10–7 rad.

The variable star Alpha Cephei is 4.6 × 1017 m from the Earth.

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

distance from Earth to Sun = 1.5 × 1011 m

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  Cepheids are a type of standard candle.

Describe how standard candles can be used to determine distances to stars.
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(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(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.

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

(3)

(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.

(3)
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*(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.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 18 marks)
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Q6.           

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 × 1019 mercury atoms in a volume of 1.50 × 10–5 m3. The pressure
of the mercury vapour is 4.25 × 104 Pa.

Calculate the mean kinetic energy of the mercury atoms.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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 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–1.

Deduce whether the student's conclusions are correct.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

(1)

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 8 marks)

 

 

Q7.           

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

(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

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.
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Explain how the expression gives the variation of v with r shown in the graph.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

Suggest why the 'observed' velocity varies as shown.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 7 marks)

 

 

Q8.           

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:

T2  ∝  r3

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(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.
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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 × 1011 m
mean distance from Jupiter to Sun = 7.8 × 1011 m
TEarth = 12 months

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  The distance of Jupiter from the Sun varies from 7.4 × 1011 m to 8.2 × 1011 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 × 1030 kg
mass of Jupiter = 1.9 × 1027 kg

(3)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Change in gravitational potential energy = ...........................................................

 

(Total for question = 11 marks)

 

 

Q9.           

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 × 10–6 rad.

Calculate the distance, in metres, of Wolf 359 from Earth.

mean distance from Earth to Sun = 1.50 × 1011 m

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Distance of Wolf 359 from Earth = ........................................................... m

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

(2)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

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

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

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

It is claimed that the luminosity of Wolf 359 is less than 0.1% of the luminosity of the Sun, LSun.

Deduce whether this claim is correct.

RSun = 6.96 × 108 m
LSun = 3.83 × 1026 W
T = 2700 K

(3)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 10 marks)

 

 

Q10.           

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

A website states that Procyon has twice the diameter of the Sun.

Assess the accuracy of this statement.

luminosity of Procyon = 2.65 × 1027 W
diameter of Sun = 6.96 × 108 m

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 5 marks)

 

 

Q11.           

A nichrome wire of length 0.45 m has a cross-sectional area of 2.5 × 10–7 m2.
The resistance of the wire is 2.0 Ω.

(a)  Calculate the resistivity of nichrome.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Resistivity = ...........................................................

(b)  A potential difference of 3.0 V is applied across the nichrome wire.

Calculate the drift velocity of the conduction electrons in the nichrome wire.

number of conduction electrons per m3 = 9.0 × 1028 m–3

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Drift velocity = ...........................................................

(c)  A student suggests that the drift velocity will double if the length of wire used in the circuit is
halved.
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Comment on this suggestion.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 8 marks)

 

 

Q12.           

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 × 10–17 W m–2.

LSun = 3.83 × 1026W

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Distance of M81 from Earth = ...........................................................

 

(Total for question = 3 marks)
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Q13.           

A student set up the circuit shown.

(a)  Calculate the number of electrons passing point X each second.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Number of electrons in one second = ...........................................................

(b)  Another resistor, Y, is added to the circuit as shown.
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The student wrote the following statement.

Evaluate the student's statement.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 10 marks)

 

 

Q14.           

A student set up the circuit shown. The battery had a negligible internal resistance.

The resistance of the thermistor varies with temperature, as shown by the graph.
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(a)  Determine the milliammeter reading when the temperature of the thermistor is 54 °C.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Milliammeter reading = .........................................................mA

(b)  (i)  Explain how decreasing the temperature of the thermistor affects the voltmeter reading.
Do not include calculations in your answer.

(2)
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Explain how decreasing the temperature of the thermistor affects the power dissipated by
the 2.0 kΩ resistor. Do not include calculations in your answer.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 8 marks)

 

 

Q15.           

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

The number of conduction electrons in a light dependent resistor changes as light intensity
increases.

Which of the following best explains how the number of conduction electrons changes?

   A    It decreases because the lattice ions vibrate with a larger amplitude.

   B    It increases because the lattice ions vibrate with a larger amplitude.

   C    It increases because the electrons gain energy from the photons of light.

   D    It decreases because electrons are released due to the photoelectric effect.

 

(Total for question = 1 mark)
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Q16.           

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

The diagram shows a cell of e.m.f. ε and internal resistance r. The cell is connected in series with
two resistors of resistance R1 and R2. The potential difference across R1 is V1. The current in the
circuit is I.

Which of the following expressions is correct?

   A    ε = V1 + Ir

   B    ε = IR1 + Ir

   C    ε = IR2 + Ir

   D    ε = V1 + IR2 + Ir

 

(Total for question = 1 mark)

 

 

Q17.           

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

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?
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(Total for question = 1 mark)

 

 

Q18.           

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

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

   A    0 N

   B    570 N

   C    2300 N

   D    9200 N

 

(Total for question = 1 mark)

 

 

Q19.           

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

Which of the following does not have the base unit s–1?

   A    angular velocity
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   B    frequency

   C    redshift

   D    rate of decay

 

(Total for question = 1 mark)

 

 

Q20.           

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

At a point in a circuit there is a current of 3.0 A.

Which of the following gives the total charge passing this point in 2.0 minutes?

   A    0.025 C

   B    1.5 C

   C    6.0 C

   D    360 C

 

(Total for question = 1 mark)

 

 

Q21.           

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

A battery is connected to identical, uniform, nichrome wires, PQ and RS. A voltmeter is
connected to the wires as shown. The battery has negligible internal resistance.
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Which of the following is the reading on the voltmeter?

   A    1.0 V

   B    2.0 V

   C    3.0 V

   D    4.0 V

 

(Total for question = 1 mark)

 

 

Q22.           

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

As temperature increases, the resistance of a negative temperature coefficient thermistor
changes.

Which of the following describes the reason for this change?

   A    Collisions between electrons and ions occur less frequently.

   B    More conduction electrons are released.

   C    The ions in the thermistor vibrate less.

   D    The ions in the thermistor vibrate more.

 

(Total for question = 1 mark)
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Q23.           

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

The graph shows how current I varies with potential difference V for an electrical component.

Which component is represented by this graph?

   A    Diode

   B    Filament lamp

   C    Ohmic conductor

   D    Thermistor

 

(Total for question = 1 mark)

 

 

Q24.           

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

A light dependent resistor (LDR) and a fixed resistor are connected in a circuit, as shown.
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The intensity of the light incident on the LDR is increased.

Which of the following does not take place as the light intensity is increased?

   A    The current in the circuit increases.

   B    The potential difference across the fixed resistor increases.

   C    The total power dissipated in the circuit decreases.

   D    The resistance of the LDR decreases.

 

(Total for question = 1 mark)

 

 

Q25.           

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

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?

   A    All the lines are in the red part of the spectrum.

   B    All the lines are observed to have longer wavelengths than expected.

   C    Lines with wavelengths at the red end of the spectrum are the most intense.

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

 

(Total for question = 1 mark)
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Q26.           

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

Sirius and α-Centauri are two of our closest stars. Sirius has a luminosity about 16 times greater
than the luminosity of α-Centauri. Sirius is twice as far away from the Earth as α-Centauri.

The intensity of light from Sirius is Is and the intensity of light from α-Centauri is Iα.

Which of the following is the value of 

 ?

 

(Total for question = 1 mark)

 

 

Q27.           

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

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.

   B    Dark matter has been detected in the universe.

   C    All distant stars are observed to be increasing in size.

   D    The further a galaxy is from the Earth, the faster it recedes.
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(Total for question = 1 mark)

 

 

Q28.           

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

Which of the following units is equivalent to the volt?

   A    J s–1

   B    W s–1

   C    J C–1

   D    W C–1

 

(Total for question = 1 mark)

 

 

Q29.           

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

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

Which of the following is the reason for this?

   A    Stars all have very large luminosities.

   B    The range of luminosities of stars is very large.

   C    The range of distances to stars is very large.

   D    The temperature axis has a logarithmic scale.

 

(Total for question = 1 mark)
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