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(b) Find a polynomial q(r) so that we have q(r) ≤ Am,n(r) for all
positive integers n. Choose q so that the degree of q is the same
as that of p in part (a).

12. Use a combinatorial argument to characterize the nonnegative in-
tegers r for which Hn(r) is odd for all nonnegative integers n.

13. Let Mn(r) denote the number of n×n magic squares with line sum
r in which the sum of entries in each of the two main diagonals is
also r. Find an explicit formula for M3(r).

14. Let n be a fixed positive integer, and let us place n nonattacking
white rooks on an n × n chessboard, then s n nonattacking black
rooks on the same chessboard. Let A be the set of 2n squares where
we placed a rook. Now let MA(r) be the number of magic squares of
size n× n in which all entries are 0, except possibly for the entries
in squares that belong to A. Describe the function MA(r).

15. How is Supplementary Exercise 24 of Chapter 8 connected to magic
squares?

16. Recall that Pn(2) denotes the number of n × n magic squares of
line sum 2 that are symmetric to their main diagonal. Find the
exponential generating function of the sequence Pn(2), where n =
1, 2 · · · .

Appendix

The method of mathematical induction

This appendix is meant to provide first aid for students who have not seen
proofs with the method of mathematical induction before. While this method
is based on a simple idea, it takes practice to be able to successfully apply
it. Therefore, after reading our quick review of the method, the reader should
consult any textbook on the transition to higher mathematics, such as [78] for
a more detailed treatment of the method or [12] for a chapter on combinatorial
applications of the method.

A.1 Weak induction

If a statement is true today, and from the fact that it is true on one day
follows the fact that it will be true the following day, then we can conclude
that the statement will be true every day from now on. An example of this is
the statement “the 2004 football season is over.”

This idea is the centerpiece of a very powerful, and very often used, tool in
proving mathematical statements, that of mathematical induction. A straight-
forward translation of the above idea to a more mathematical context is as
follows: Let us assume that a statement involving the variable n is true for
n = 1, and from the fact that it is true for n = k follows the fact that it is
also true for n = k + 1. Then the statement is true for all positive integers n.

In practice, it is usually easy to prove that the statement is true for n = 1
(the initial step), but it is somewhat harder to prove that the fact that the
statement is true for n = k implies the fact that it is also true for n =
k + 1. Once we succeed in proving these two “local” statements, the method
of induction will imply that the original “global” statement is true for all
positive integers n.

Example A.1 For all positive integers n,

n∑
i=1

i(i− 1) =
(n+ 1)n(n− 1)

3
. (A.1)

Proof: We prove our statement by induction on n.
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