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ThinkingCap
Give your brain a workout with this month’s testing puzzles, 
with the chance of a prize for the correct answer.

by David Sandham

Puzzle 3 FooTball geomeTry

Puzzle 2 Prime generaTor?Puzzle 1 esCaPe From mars

Puzzle 4  True or False?
A strychnine-producing tree found on 
the island of Java is so poisonous that it 
kills everything within a 10-mile radius. 

One reader who sends the correct answer to the prize 
puzzle to engtechmag@theiet.org with ‘December 
Thinking Cap’ by 7 December 2018 will win two books 
from The MIT Press’s Essential Knowledge Series 
(below). The winner will appear in the April issue of E&T. 
For solutions, go to bit.ly/eandt-thinking-cap after the 
closing date. Full terms and conditions at bit.ly/eandt-
competitions. The July issue winner was Fu-Howe Lee.

PRIZe
PuZZle

You are on the first manned 
mission to land and live on 
Mars, and it has run into 
trouble.

A massive storm arose 
unexpectedly, and has lasted 
for days. It has blotted out the 
sun, rendering all your solar 
panels useless, and forcing 
you to drain precious battery 
power. Fortunately, your fear 
that the storm would blow 
over the Ascent Vehicle, your 
only means of getting off the 
planet, damaging its precious 
tanks of propellant, proves unfounded. The Martian atmosphere is 
only about 1 per cent as dense as on Earth, so even intense 
storms here are far less forceful than hurricanes on Earth. 

Unfortunately, the storm bristled with electricity, and has caused 
multiple short-circuits in your computers and communications 
equipment. Lightning has melted wiring and fried components. 
When the storm finally abates, electrostatically charged dust 
thickly coats every surface, and penetrates into gears and other 
moving parts. You are left without communications and the Ascent 
Vehicle has lost automatic flight mode. You will have to launch and 
steer it manually to rendezvous and dock with the habitat in Mars 
orbit.

Reverting to pen and pad, you begin manual calculations to 
prepare for launch. You remember from your training that the 
radius of Mars (for your location) is 3,390km, and that the planet’s 
mass is 6.42 x 1023kg (10 to the power of 23). From that you can 
estimate (ignoring atmospheric resistance) the escape velocity, i.e. 
the minimum initial speed the Ascent Vehicle will need to reach, 
without considering any additional push while under way, to 
escape from the gravitational attraction of Mars.

What is the escape velocity at the surface of Mars?

A prime number is a positive 
whole number greater than 1 
that cannot be formed by 
multiplying together two 
smaller positive whole 
numbers, except for 1 and 
itself.

Prime numbers are 
valuable. Prizes of between 
several thousand and more 
than a hundred thousand 
pounds have been offered for 
finding new large primes with 
millions of digits. 

A student, on first learning 
about primes and their 
importance, invented the 
following method for 
generating them. He had 
noticed that 31 is prime, and 
also that 331 is prime. 
Working on a hunch, to his 
delight he found that all these 

The Telstar, made by Adidas, is 
the kind of football popularised in 
the 1970 World Cup in Mexico. It 
approximates to a polyhedron 
with 20 hexagons and 12 
pentagons, with 90 edges.
Given that information alone, 
calculate how many vertices (i.e. 
corners or nodes) it has.

HINT: g is different on Mars and Earth but G is constant at 6.67 x 
10-11 m3 kg-1 s-2. that disproves his conjecture? 

HINT: Trial division may be used as the test.

HINT: Thanks to Euler, you do not 
need to sketch and count them.

are prime: 

         31       
       331
    3,331 
  33,331 

333,331
The next morning before class, he excitedly told his professor 

about his discovery. “All we have to do to generate large primes 
is keep on adding 3s to the front of the number,” he said.

Was the student right, and if not, what is the lowest number 


