
18_06 THINKING CAP ANSWERS 

Puzzle 1. [PRIZE PUZZLE] Alien atmosphere 

The air on the planet is not breathable because it contains about 94% mole percent of Nitrogen and 

only 6% mole percent of Oxygen, which would be fatal.  

The density of air on Earth at standard temperature and pressure (ie O degrees C and 1 atm) is 1.29 

g/L, heavier than in the puzzle, because it contains more oxygen, which has a higher molecular 

weight than Nitrogen. On Earth air is 79% nitrogen and 21% oxygen.  

The atomic weight of Nitrogen is 14 and of Oxygen is 16, so their molar mass is 28 g/mol for N2 and 

32g/mol for O2. 

Let the proportion of Nitrogen in the sampled planetary atmosphere be x. Therefore the proportion 

of oxygen is 1-x. 

28x +  32(1-x) = Molecular mass of the sampled atmosphere (M) 

From the ideal gas law, M = (density * R * Temperature)/Pressure 

Where R is the gas constant, which is 0.08205 L atm / mol·K 

and where * means multiply 

The question states that Temperature is 0 Celsius, which is 273 Kelvin. 

M = (1.26 g/L *  0.08205 L atm / mol·K * 273K)/1 atm 

M = 28.2  

Substituting into the proportions equation above, 

28x +  32(1-x) = 28.2 

28x – 32x = 28.22 – 32 

-4x = 3.77 

x = 3.77/4 = 0.94 or 94% Nitrogen in the atmosphere (and only 100%-94% = 6% oxygen)  

 

Puzzle 2. A calculating machine 

It converts decimal numbers (or numbers with other bases) to their equivalents in binary, i.e. 0s and 

1s. 

 

Puzzle 3. A suspension bridge 

5.72 metres is the height of the cable above the road 20 metres from the centre of the bridge. 



 

Let the origin be the centre of the bridge, with horizontal coordinates x and vertical coordinates y. 

The equation of a parabola is y = a(x^2) + b 

where ^2 means squared. 

At the origin y = 3 and x = 0, therefore b = 3. 

We are told that the top of the towers are 20 metres high, so y = 20 at that point, which we shall call 

P. We also know that the towers are 100 metres apart, so at P, x = 50.  

20 = (a * 50^2) + 3 

where * means multiply 

Therefore a = 0.0068 

We are asked to find y when x is 20: 

y = 0.0068 * (20^2) + 3 = 5.72 

 

Puzzle 4. True or False? 

False.  

According to the WISE Campaign, in 2017, only 11% of UK professional engineers were women, 

though this was up from 2016 (8%).  

See  https://www.wisecampaign.org.uk/resources/2017/10/women-in-stem-workforce-2017  

 

 

 

 


