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2016: An Abundant Number

Mathematically speaking, the number 2016 is abundant. Midshipmen in the Class of 2016 will not be
surprised to learn that the numbers 2013, 2014, and 2015 are deficient. The numbers 2017, 2018, and 2019
are also deficient.

Here are the mathematical details. Let Sn denote the sum of the proper divisors of n. If Sn > n, then
n is abundant ; if Sn < n, then n is deficient. For instance, 10 is deficient because 1+2+5 = 7 < 10. Also,
12 is abundant because 1 + 2 + 3 + 4 + 6 = 16 > 12. It is easy to determine Sn if you know the prime
factorization of n. For instance, 12 = 22

· 3 and so

S12 = (1 + 2 + 22)(1 + 3) − 12 = 16,

Reason: When you expand the product, each term corresponds to a factor of 12. From the prime factor-
ization 2016 = 25

· 32
· 7 we find that the sum of the proper divisors of 2016 is

S2016 = (1 + 2 + 22 + 23 + 24 + 25)(1 + 3 + 32)(1 + 7) − 2016 = 4536 > 2016.

By the way, if Sn = n, then n is perfect. The first two perfect numbers are 6 = 1 + 2 + 3 and
28 = 1 + 2 + 4 + 7 + 14. Euclid proved that n = 2p−1(2p

− 1) is an even perfect number whenever p and
2p

− 1 are both prime numbers. The cases p = 2 and 3 give n = 6 and n = 28. Euler showed that the only
even perfect numbers are of the form known to Euclid.

Famous hard research problem. Find an odd perfect number. Or show that there aren’t any odd
perfect numbers.

Here is a more reasonable (and motivational) problem: Everyone knows that 4
√

4 = 16. But what is

4
√

4 + (4 + 4)
√

4 + 44
√

4 ?
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