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In the image above, the inner circle has a circumference of 10 and the distance between the 
inner and outer circles is 3. If the circumference of the inner circle is increased to 11, and the 
distance between the circles is maintained at 3, what will be the increase in the circumference of 
the outer circle? 

Answer is two pages down. 
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[ answer on next page ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Concentric Circles Puzzle 

© 2011, Leon Hostetler, www.leonhostetler.com 

 

We know that the circumference of a circle is 2𝜋𝑟 so the radius of the inner circle must be 10 
divided by 2𝜋. This comes out to 1.59155 which means the radius of the outer circle is 4.59155 
and therefore, has a circumference of 28.84956. 

If we increase the circumference of the inner circle to 11, we get a radius of 1.75070, which 
means the outer circle has a new radius of 4.75070, and therefore, has a new circumference of 
29.84953. The difference between the old and new radii of the outer circle is 1 (0.9997 with 
rounding errors). 

Answer: 1 

This answer is completely counter-intuitive because it means the circumference of the outer 
circle has increased by the same amount as the circumference of the inner circle. We would 
have expected the circumference of the outer circle to increase by quite a bit more than the 
circumference of the inner circle. This is because we visualize the problem as the image below: 

 

We visualize the increase of the circumference of the inner circle as adding a “slice” to the pie. 
Since we are adding 1/10th of the inner circle to the inner circle, we should also be adding 1/10th 
of the outer circle to the outer circle. Instead what seems to have happened is this: 
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What we overlook however, is that the distance between the circles is being held steady. This 
means the proportion between the inner circle and outer circle has changed.  

Let’s see what happens if we hold the proportion steady instead of the distance. The starting 
circumference of the outer circle is 28.84956 and the starting circumference of the inner circle is 
10 which puts the ratio of outer circle to inner circle at 2.884956. 

Now if we increase the inner circle to 11 and hold the ratio steady, the new circumference of the 
outer circle is 31.73452. This puts the radius of the inner circle at 1.75070 and the radius of the 
outer circle at 5.05071 – a change in distance from 3.00000 to 3.30001. 

As the image below shows, if you increase the size of the circles while constraining the distance 
between them, then the proportion will change. If you increase the size of the circles while 
constraining the proportion, then the distance will change. 

 

If you increase the size of concentric circles, you cannot keep both the distance between them 
and the proportion the same, as we seem to intuitively believe. If the distance between 
concentric circles is held steady, the change in the circumference of the outer circle will always 
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equal the change in the circumference of the inner circle. This is because the ratio between the 
circumferences of the circles is changing. While both circles increase in circumference, the 
increase of the larger circle is proportionately less than the increase of the smaller circle. This is 
where the “missing” circumference disappears to. 

This is one puzzle where the answer is more puzzling than the process of finding it. It is a great 
example of the difference between doing mathematics and understanding mathematics. 

On another note: 

When we’re dealing with small circles, the difference in the circumference of the two circles is 
large. If we deal with larger and larger circles, the difference in circumference between them 
becomes less and less. As the circumference of the small circle approaches infinity, the circles 
become equal to each other: 

lim𝑥 → ∞
𝑥+3
𝑥

= 1, x is the radius of the smaller circle and x + 3 is the radius of the larger circle 

 


