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Activity 

Practice-for-exam questions 
Alex Weatherall 

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. 

Gyroscopes explained 
1 a Explain what is meant by the terms couple and torque. 

b Imagine holding a flywheel directly in front of you where its axis is horizontal and the wheel is 
rotating clockwise. Describe the direction of the angular momentum vector. 

2 In a demonstration of the anti-gravity effect, a gyroscope flywheel with a mass of 19 kg and a 
radius of 30 cm is made to spin about its axis at 1000 rpm (revolutions per minute). 

a Using information in Box 1 in the article, write an equation for the kinetic energy, Er, 
associated with an object’s rotation.  

b Assuming that the wheel’s material is concentrated around its rim so that all the mass is 30 cm 
from the rotation axis, and using other information from the article, calculate the wheel’s rotational 
kinetic energy, Er. 

c In reality, the wheel is a solid disc and its material is not all at the rim.  

Suggest and explain how this would affect your answer to b if the wheel’s mass, radius and rotation 
speed are unchanged. 

The uncertainty principle 
1 a Show how the de Broglie wavelength of a tennis ball with a mass of 60 g moving with 
a speed of 10 ms–1 is approximately 10–33 m 

b Calculate the kinetic energy of the tennis ball. 

c Suppose the tennis ball is photographed with an exposure time of 0.01 seconds. Calculate the 
minimum uncertainty in its kinetic energy according to the Heisenberg uncertainty principle (HUP). 

d Explain whether quantum mechanical effects are important when studying the tennis ball’s 
motion. 

2 a One of the bright yellow lines in the sodium spectrum has a wavelength of 589.0 nm. 
Calculate the following:  

i the frequency of this light 
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ii the photon energy in J and in eV 

b Supposing that the excited state responsible for the line has a lifetime, Dt, of 16.2 ns 

Calculate the spread in the radiation frequency.  

Exploring air 
1 Mount Everest is 8.8 km high. At its summit, the atmospheric pressure is 30 kPa. 

a Using information and equations from the article, calculate the average density of the 
atmosphere between sea level and the top of Mount Everest. 

b A mountaineer climbs to the top of Mount Everest. At the summit, she opens an empty 2 litre 
plastic drinks bottle and fastens the lid tightly shut.  

Explain what happens to the plastic bottle as she descends back to sea level. 

2 An offshore wind turbine has blades that sweep round in a circle with a radius of 85 m. When 
the wind speed is 12 m s–1, the turbine has an electrical power output of 9.5 MW. 

a Show that the blades sweep area is 2.3 ´ 104 m2 

b Calculate the volume of air passing through the blades each second when the wind speed is 
12 m s–1. 

c The density of air is 1.2 kg m–3. For a wind speed of 12 m s–1, calculate the following: 

i the mass of air that would pass through the blades each second 

ii the kinetic energy of the air passing through the turbine each second 

iii the percentage efficiency of the turbine 

3 a Using information from the article, estimate the following: 

i the mass of air in a typical hurricane 

ii the linear kinetic energy of a typical hurricane if it travels at 7 m s–1 

(Give your answers to one significant figure.) 

b Suppose a hurricane had a wind speed of 60 m s–1 at its edges. 

Suggest and explain how its rotational kinetic energy would compare with the value listed in Table 1 in 
the article. 
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