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Answers 

Questions for learning and 
discussion topics 
Mary Whitehouse  

These are answers to the questions for learning for this issue of the magazine and a summary of 
relevant points for the discussion topics.   

Forecasting space weather 
1 Surface area of sphere radius R, centred on Sun: A = 4 πR2  

At the position of Earth's orbit, energy of a solar flare is spread over this area: 

A = 4 × π ×  (1.5 × 108 km)2 = 2.8 × 1017 km2 

Area of Earth that intercepts solar radiation is 

πr2 = π × (6.4 ×103 km)2 = 1.3 × 108 km2 

Fraction of energy from flare reaching the Earth = 1.3 x 108 km2/2.8 x 1017 km2 = 4.6 x 10–10 

Energy of solar flare reaching Earth is equivalent to 4.6 × 10–10 × 1.5 × 109 megatonne  

 =  0.7 megatonne = 700 kilotonne 

Energy of Hiroshima bomb is equivalent to 15 kilotonnes. 700/15 ≈ 50. So the energy of the solar flare 
is about 50 times greater than the Hiroshima bomb, but spread across the sunlit side of the Earth (half 
its surface area), rather than concentrated on a small area of Japan. 

2 Geosynchronous means that the satellite orbits the Earth at the same rate that the Earth 
rotates, and in the same direction, therefore it remains in the same position relative to the Earth. 

Advantages include:  

• it can receive from the same satellite stations on Earth all the time as it is always in the same 
position in the sky 

• satellite dishes (e.g. television receivers) set to receive signals can remain in fixed position — 
they don’t need to track 

Disadvantages include:  

• its view away from Earth is constantly changing, so it cannot collect real time data from a 
particular object 

• it always has the same view of the Earth, so is not suitable for monitoring systems across the 
Earth 
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3 The field lines of the Earth’s magnetic field are much closer further north (see Figure 2 on 
page 11), signifying that the field is stronger further north, so there is a stronger interaction between 
the CME and the Earth’s magnetic field. 

Animal electricity 
1 1 mV  cm-1= 10–3 V/10–2 m 

  = 10–3 J C-1/10–2 m  

  = 10–3 Nm C–1/10–2 m  

  = 10–3 N C–1/10–2 

  = 0.1 N C–1 

2 The strength of the electric field decreases with distance from the point charge, according to 
the inverse square law. The diagram shows that the field lines get further apart as the distance from 
the centre increases; the more spread out the field lines the smaller the force.   

At a glance: nuclear fusion  
1 238

92U →  234
90Th + 42He 

2 Uranium-238 is unstable because it has a large number of positively charged protons that 
repel one another; the larger a nucleus the more likely the repulsive electrostatic force is to overcome 
the attractive, but short-range strong nuclear force. Thorium-234 has a higher binding energy per 
nucleon (from the graph, Figure 2) so is more stable than uranium. 

Time's arrow 
At room temperature the molecules in the liquid state will have a range of energies; a bromine 
molecule at the surface of the liquid with sufficient energy can leave the surface — evaporate; the 
boiling point of bromine is much lower than water (100˚C) and closer to room temperature, therefore 
bromine will evaporate much more readily than water. 

In the gas state bromine molecules will collide with other molecules in air and move randomly. Initially 
there will be a heavy concentration of molecules close to the container, however there are far more 
ways for the molecules to be arranged randomly so it is more likely that they will become spread out 
than remain concentrated. 
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