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5-A-Day

The Sun emits energy at a rate of 3.8x1026W. The radius of the sun is 7x108m. For this exercise, 
assume that 10% of the Sun's total power output is emitted as photons with a wavelength of 500 
nm.

1. Calculate the energy of a single photon with a wavelength of 500 nm.
2. Calculate the number of 500 nm photons emitted by the Sun each second.
3. Light takes approximately 8.3 minutes to travel from the Sun to the Earth. Calculate the 

distance between the Sun and the Earth.
4. State Kepler's third law, describing the relationship between orbital period and orbital size.
5. Pluto takes 248 Earth years to complete one orbit of the Sun. Using your answer to Question 3 

and Kepler's third law, calculate the semi-major axis of Pluto's orbit.
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5-A-Day

1. State the lifecycle of a low mass star.
2. Explain how the surface temperature of a high mass star changes as it evolves from a 

main sequence star to a red supergiant.
3. Name the process of creating elements in stars.
4. Describe the characteristics of a neutron star and black hole.
5. The ‘event horizon’ of a black hole is the point at which light cannot escape. Calculate 

the radius of the event horizon if we were to compress the Earth into a point dense 
enough to be a black hole.
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5-A-Day

1. Sketch a Hertzsprung–Russell (H–R) diagram, correctly labelling both axes and showing the region occupied by 
main-sequence stars.

2. On your H–R diagram, mark the approximate positions of the Sun during its main-sequence, red giant and white 
dwarf stages. Use arrows to indicate its approximate evolutionary path.

3. Explain how the surface temperature and luminosity of the Sun change as it evolves from a main-sequence star 
into a red giant and eventually a white dwarf.

4. Draw a flow diagram showing the evolution of a high-mass star whose core becomes too massive to be supported 
by electron degeneracy pressure. Include the Chandrasekhar limit, the main stages of evolution and the two 
possible stellar remnants.

5. The Sun has a mass of 2.0 × 10³⁰ kg and a radius of 7.0 × 10⁸ m. Calculate the gravitational field strength at the 
surface of the Sun.
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5-A-Day
1. An electron in a hydrogen atom makes a transition from n = 3 to n = 1. Calculate the energy released 

during this transition in joules.
2. Calculate the frequency and wavelength of the photon emitted in Question 1.
3. A hydrogen atom in its ground state is exposed to a photon of wavelength 180 nm. Determine whether 

the photon can be absorbed, explaining your answer using the energy levels.
4. Calculate the minimum energy required to ionise a hydrogen atom from its ground state. Give your 

answer in eV and joules.
5. A hydrogen atom in its ground state absorbs a photon of frequency 3.6 × 10¹⁵ Hz, causing ionisation. 

Calculate the speed of the emitted electron, assuming the excess photon energy is transferred entirely 
to its kinetic energy.
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5-A-Day

1. Explain how an absorption line spectrum is produced when continuous light from a hot source 
passes through a cooler gas.

2. Explain how an emission line spectrum is produced by a hot, low-density gas.
3. A diffraction grating contains 500 lines per millimetre. Calculate the grating spacing, d, in 

metres.
4. Monochromatic light of wavelength 700 nm is incident normally on the diffraction grating.
5. Calculate the highest possible diffraction order and hence the total number of principal 

maxima that could be observed, including the central maximum.
6. Calculate the angular separation between the first-order and second-order maxima on the 

same side of the central maximum.
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5-A-Day
1. State Wien's displacement law and the Stefan–Boltzmann law, including their equations.
2. A star with a peak emission wavelength of 450 nm has a surface temperature of approximately 

6440 K. Calculate the peak wavelength of a second star with a surface temperature of 4500°C.
3. Two stars have the same radius. Star A has a surface temperature of 5000 K and Star B has a 

surface temperature of 7500 K. Calculate the ratio of their luminosities, A.
4. A star has a surface temperature of 5000 K and a radius of 4.2 × 10⁸ m. Assuming the star 

radiates as a black body, calculate its total luminosity.
5. A square solar panel with sides of length 30 cm receives 120 W of solar radiation when 

positioned perpendicular to the Sun's rays just outside Earth's atmosphere. Assuming the Sun 
emits radiation uniformly in all directions, estimate its total luminosity.
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5-A-Day

1. Arrange the following distances in ascending order, from smallest to largest. 
 1.2 × 10⁹ m, 1 AU, 380 × 10³ km, 2.7 Mm
2. Define the term parsec (pc), referring to the parallax angle and the Earth–Sun 

distance.
3. A star has a measured annual parallax angle of 0.040 arcseconds. Calculate its 

distance from Earth in parsecs.
4. Convert the distance calculated in Question 3 into light-years (ly).
5. Calculate the time taken, in seconds, for light from this star to reach Earth.
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5-A-Day

1. State the Doppler shift equation for light and define each variable.
2. An ambulance travels directly away from a stationary observer. The speed of sound is 340 m 

s⁻¹. The observed frequency of the siren is 4.0% lower than its emitted frequency. Calculate the 
speed of the ambulance.

3. A spectral line has a wavelength of 500 nm when measured in a laboratory. The same spectral 
line is observed at 506 nm in light from a distant star. Explain whether this is a redshift or 
blueshift and what it tells us about the motion of the star.

4. Calculate the radial velocity of the star in Question 3.
5. Calculate the change in frequency of the light between emission and observation. State 

whether the frequency has increased or decreased.
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5-A-Day

1. State Hubble's law and sketch a graph of recessional velocity against distance for distant 
galaxies. Explain what the gradient represents.

2. Hubble's constant has a measured value of 80 km s⁻¹ Mpc⁻¹. Convert this value into SI units of 
s⁻¹.

3. Use this value of Hubble's constant to estimate the age of the Universe in billions of years. 
Assume that galaxies have moved apart at constant speeds since the expansion began.

4. A spectral line from a distant galaxy is observed at a wavelength 0.14% greater than its 
laboratory wavelength. Assuming the redshift is entirely due to the expansion of the Universe, 
calculate the distance to the galaxy in metres.

5. A second galaxy is observed at half the distance of the galaxy in Question 4. Explain how its 
percentage change in spectral wavelength would compare and calculate the expected 
percentage change.
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5-A-Day

1. What is meant by the term cosmic microwave background radiation (CMBR)? 
Explain where this radiation originated.

2. Explain how observations of the CMBR provide evidence for the Big Bang model 
of the Universe.

3. State the approximate temperature of the CMBR today, in kelvin.
4. Most of the Universe's total mass–energy content is not ordinary matter. Name 

the two poorly understood components believed to make up most of it.
5. State the cosmological principle, referring to the distribution of matter and the 

appearance of the Universe on sufficiently large scales.
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