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Activity 

Practice-for-exam questions 
Ian Lovat  

Use the questions below either in class or for individual work after students have read the articles in 
the magazine. Some of the questions require additional data. Students should either make reasonable 
estimates of quantities or look up values using a data book/website. Suggested outline answers to the 
questions are provided in a separate document. 

Stellar nurseries 
1 When the electron in a hydrogen atom transitions from an energy level n1 to an energy level 
n2, the energy, E, of the photon emitted or absorbed is  
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where the lowest energy level has n = 1 and a negative value for E corresponds to absorption.   

An absorption spectrum from a star shows a dark line at about 660 nm. 

a Show that this dark line could show the presence of hydrogen transitioning from the n = 2 to 
the n = 3 level. 

(1 eV = 1.60 × 10–19 J) 

b Suggest where in the visible spectrum this absorption line will appear. 

2 The author states that the wavelength detected by the Atacama Large Millimetre/submillimetre 
Array (ALMA) is 10 mm and the effective diameter of the telescope is 16 km. 

Calculate the linear distance between features that can be resolved in galaxy NGC 4254, which is 50 
million light years away from Earth. 

Synchrotron radiation  
1 An electron in a synchrotron is accelerated by a p.d. of 3 GV and is injected into a magnetic 
field of 0.8 T. 

Using data from the article, show that the cyclotron frequency for this electron is about 7.5 × 1017 Hz. 

2 Carefully describe the difference between a plane polarised wave and a circularly polarised 
wave. 

Mathskit: vectors  
1 A boat sets off across a river at 3 ms–1 at right angles to the bank. The water is flowing 
towards the left at 5 ms–1. 

The river is 20 m wide. 
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a Calculate the angle at which the boat moves across the river 

b Calculate the distance down the far bank where the boat lands. 

2 A projectile is fired at a velocity of 45 ms–1 at an angle of 30° to the horizontal: 

 

The vertical acceleration due to gravity is g = 9.81 ms–2. 

Assume air resistance is negligible. 

a Calculate the horizontal component of the projectile’s initial velocity. 

b Calculate the vertical component of the projectile’s initial velocity. 

c Calculate the horizontal distance travelled by the projectile when it lands. 

Where does mass come from? 
1 The mass of a neutron is 1.6748 × 10–27 kg. 

a Use Equations 4 and 5 from the article to show that the mass-energy of a neutron is 939.6 
MeV. 

b Using information in the article, suggest two reasons why there is a difference between the 
mass of a proton and a neutron. 

2 Figure 1 in the article shows the arrangement for the Rutherford scattering experiment. This 
experiment needs to be carried out in a vacuum. 

a Explain why a vacuum is necessary for this experiment. 

b Before Rutherford’s experiment, the Thomson ‘plum pudding’ model of the atom was generally 
accepted. 

i Explain how the ‘plum pudding’ model described a neutral atom. 

ii Explain how Rutherford’s experiment showed that the ‘plum-pudding’ model could not 
be correct. 
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