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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 GaPs in The searChliGhTs

Puzzle 2 
seeinG Colours

Puzzle 1 ProbinG a blaCk hole

Puzzle 4   
True or 
False?

Arctic reindeer 
can see 
ultraviolet, a 
colour invisible  
to humans.

One reader who sends the correct answer 
to the prize puzzle to engtechmag@theiet.
org with ‘October Thinking Cap’ by 12 October 
2018 will win two books from The MIT Press’s 
Essential Knowledge Series (below). The 
winner will appear in the February 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 May issue winner was James Catmur. 

Captain Kirk was 
engaged on the 
scientific survey of a 
black hole. While 
boldly setting out on 
this new mission, he 
nevertheless did not 
wish to risk the 
Starship Enterprise 
falling into the 
gravitational clutches 
of such a profoundly 
dense object, and so 
he kept the ship a safe distance away, instructing Spock to launch 
toward it a small, sturdy, yet expendable robotic probe. 

The probe was equipped to beam back a strong blue light to 
the Enterprise. The wavelength of the blue light, when measured 
on the probe stationary aboard the Enterprise, was precisely 
466.5 nanometres.

After the probe was launched, it began to accelerate toward the 
black hole, dragged downward by its gravitational power. At first 
the probe’s velocity was gentle, but it soon increased. After a few 
minutes, as it drew nearer to the black hole, the probe was 
travelling at an appreciable proportion of the speed of light. The 
crew of the Enterprise was then impressed to see the light from the 
probe rapidly – in a fraction of a second – change through the 
colours of a rainbow: from blue to green to yellow to orange to red. 

Spock announced the light’s wavelength had increased to 700 
nanometres. Well before he had finished speaking, the probe’s 
light had disappeared, its wavelength having lengthened outside 
the visible spectrum. The probe itself also disappeared. 

Can you calculate, at the time of Spock’s measurement of the 
probe’s light at 700 nanometres, the probe’s approximate velocity 
relative to the Enterprise?  

Consider only the effect on the probe’s light of its velocity 
relative to the Starship, and ignore other gravitational effects on 
the light.

Stare at the upper white 
dot for a while. Then stare 
at the lower white dot. 
You should see a ghostly 
red square on the lower 
right and a ghostly green 
square on the lower left. 

Briefly explain why this 
is. 

You are planning an 
escape from a prisoner of 
war camp. The fence is 
illuminated for some of the 
time by two automatic 
searchlights. You time 
them using the second 
hand on your aviator’s 
watch. 

Searchlight A shines on 
the fence for seven 
seconds, before pointing 
away for the next seven 
seconds. When you begin 
observing, as soon as 
Searchlight A begins to 
point away, Searchlight B 
shines on the fence, with 
no gap.

However, B shines on 
the fence for slightly longer 
– eight seconds – before 
pointing away for a further 
eight seconds. 

By the time B has 
started to sweep away, A 
has already returned and 
has been shining on the 
fence for one second 
(since it had pointed away 
for seven seconds). A 
continues shining at the 
fence for a further six 
seconds (so, again, seven 
in total), before pointing away for a further seven seconds.

The two searchlights continue in this way, with A always shining at 
the fence for seven seconds before pointing away for seven 
seconds; and B always shining at the fence for eight seconds before 
pointing away for eight seconds. You see your chance in the 
discrepancy. There are gaps when the fence is in darkness (the best 
time for your escape). 

Calculate the durations of time when the fence is not illuminated 
by either of the two searchlights. That is, you are looking for the 
correct sequence of the durations of the gaps, for example, 1 

HINT: Compare an ambulance’s siren as it speeds away from you.

HINT: If you do not see the 
effect, stare at the upper 
dot for a longer time.

second, 3 seconds, 5 seconds.
HINT: The gaps are a repeating cycle.
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