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First, visualize the small circles as being constructed at the vertices of a decagon: 

 

 

From the graphic above, we know that the radius of the decagon + 1 is the same as the radius 
of the larger circle. 

From polygon geometry, we know that: 

𝑟𝑎𝑑𝑖𝑢𝑠 =
𝑎𝑝𝑜𝑡ℎ𝑒𝑚

cos𝜋𝑛
 

and: 

𝑎𝑝𝑜𝑡ℎ𝑒𝑚 =
𝑠

2 tan𝜋𝑛
 

Where s is the length of each side of a polygon, and n is the number of sides of the polygon. We 
also know that: 

We know that there are 10 sides and that each side of the decagon is 2. By using this 
information and combining the two equations above, we get: 
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𝑟𝑎𝑑𝑖𝑢𝑠 =  
1

tan( 𝜋10) cos( 𝜋10)
≈ 3.23607 

The radius of the decagon is 3.23607 which means the radius of the large green circle is 
4.23607. From geometry, we know that the circumference of a circle is: 

𝐶 = 2𝜋𝑟 

Putting in what we found above, we find that the circumference of the large green circle is: 

𝐶 = 2𝜋 ∗ 4.23607 = 26.61601 

But what happens when we add another small circle – expanding the larger green circle? Well 
instead of dealing with a 10-sided regular polygon, we will be dealing with an 11-sided regular 
polygon. 

Once again we return to our equations for the radius and apothem of polygons but this time n = 
11 instead of 10. All else remains the same. Our new equation for the radius of the polygon is: 

𝑟𝑎𝑑𝑖𝑢𝑠 =  
1

tan( 𝜋11) cos( 𝜋11)
≈ 3.54947 

This means the new radius for our large green circle is 4.54947 which makes the new 
circumference 28.58516, a difference of 1.969. 

So our answer is: 1.969 

For me, this is a counter-intuitive result because I would have expected the circumference 
change to be slightly more than 2 given that the diameter of each small circle is 2 and given that 
the circles are inside of the one whose circumference is being measured. 

Our answer, however, is correct because: 

When a small circle is added to the initial figure, the perimeter of the polygon that has a vertex 
at the center of the circle, is increased by 2 but the circumference of the circle that passes 
through its center is only increased by 1.969 and when the size of concentric circles is 
increased while the distance between them is held constant, the change in circumference of the 
larger circle will equal the change in circumference of the smaller circle.  

For more information about this phenomenon, please visit: 

http://www.leonhostetler.com/puzzles/concentric-circles-puzzle.pdf 

 

 


