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Activity 

Practice-for-exam questions 

Ian Lovat 

Use the questions below either in class or for individual work after you have read the articles in the 

magazine. Some of the questions require additional data. Either make reasonable estimates of 

quantities, or look up values using a data book or websites. Suggested outline answers to questions 

are provided in a separate document. 

The Nobel prize 100 years on 
1 The author states that ‘warming a steel pendulum by 1°C causes a clock to lose half a second 

per day’. 

Assuming that the clock pendulum can be modelled as a simple pendulum with a steel wire of length 

L, use information from Box 1 to show that this statement is correct. 

2 The author states that ‘In practice, the rails are held firmly in place, so they do not really 

change length.’ This requires some considerable force from the rail mountings and that force can be 

calculated by considering the force required to compress or stretch the rails by the amount they would 

have expanded or contracted. 

a Use the equation in Box 1 to show that, when warmed by 20°C, a steel rail that is not clamped 

in place has a fractional change ln length (ΔL/L) of about 2 × 10–4 

The Young modulus, E, of steel is 1.9 × 1011 Pa.  The cross-sectional area, A, of a typical rail is about 

7.0 × 10–3 m2 

b Calculate the force required to produce a strain in a steel rail of 2.0 × 10–4 

c Explain why this force is independent of the length of the rail. 

At a glance: Nanotechnology 
1 The article states that ‘STEM instruments typically accelerate electrons through about 100 kV, 

giving them kinetic energies of about 100 keV'. 

a Use the electron mass, me, and charge, e, to calculate the kinetic energy, Ek, of a 100 keV 

electron in J. 

b Assuming we can ignore relativistic effects, calculate the speed of a 100 keV electron in m s–1. 

2 A STEM microscope may have a magnet with a flux density, B, of 3.0 Tesla. 

a Using your answers to Question 1, calculate the force on a 100 keV electron travelling at right 

angles to this field. 

b Explain why this force will cause the electron to travel in a circular path. 
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c Assuming that the electron stays in the field, calculate the radius of the circular path followed 

by the electron. 

3 Box 5 states that the de Broglie wavelength of a 100 keV electron is approximately 4 × 10-12m. 

Show that this figure is correct. 

Natural convection 
1 The author states that ‘For a lake of depth 10 m and a temperature difference of 5°C, Ra is 

about 7 × 1013’. 

Use data from the article to show that this value is correct. 

2 The article explains that the insulating properties of glass fibre insulation are because the 

pockets of air are too small for convection to occur within them. 

a Use data from the table below to calculate an approximate value of Ra for a typical air pocket. 

b Suggest why convection does not occur in such an air pocket. 

Data for calculating a value of Ra for air 

Quantity Symbol Value 

Gravitational field g 9.8 N kg–1 

Coefficient of thermal 

expansion 

α 3.4 × 10–3 K–1 

Density ρ 1.2 kg m–3 

Specific heating capacity C 1012 J kg–1 K–1 

Temperature difference 

(across an air pocket) 

ΔT 1 K 

Depth (size of air pocket) l 1.0 × 10–3 m 

Coefficient of thermal 

conductivity 

λ 0.024 W m–1 K–1 

Viscosity η 1.81 × 10–5 Pa s 

 

3 If the air did not circulate in the International Space Station (ISS), the astronauts would quickly 

overheat and would also suffocate in their own exhaled carbon dioxide. Fans are used to circulate the 

air. 

Use the information in the article to explain why the fans are necessary. 
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