The Pigeonhole Principle

If k +1 or more objects are placed into k boxes, then there is at least on box containing two or more objects.

Example of the Pigeon Principle (after The Heart of Mathematics by E.B. Burger and M. Starbird. 2nd Ed. 2005. Key College Publishing).

Question. Do there exist two nonbold people on the planet who have exactly the same number of hairs on their bodies? If the answer is yes, can you name these two people? 
Assume that a person who measures the number of hairs on a 1/4‑inch by 1/4-inch square area on his scalp counts about100 hairs—that's roughly 1600 hairs per square inch.  From this result, we can confidently say that no person on Earth has as many as 16,000 hairs in any square inch anywhere on his or her body (Assumption 1).
If the person is about 72 inches tall, 32 inches around and he or she is assumed to be a perfect cylinder, he/she would have 72-inch by 32-inch or about 2,300 square inches of skin on the sides, about another 200 square inches for the top of his head and soles of his feet, for a total of 2,500 square inches of skin. 

Since nobody is a perfect cylinder (people have a neck), 2500 square inches is an overestimate of his skin area. If we assume that no one on Earth has 10 times as much skin as this person, 25,000 square inches seems a reasonable upper limit for the amount of skin a person can have (Assumption 2).

Using these two premises we can safely assume that no person can have more than 400,000,000 hairs on his or her body.
The 2005 World Almanac reports that, as of 2004, the U.S. Census Bureau projects that the world population is about 6, 377,641,642. That is, about 6 billion people.
Exercises

a) If you have a birthday party with 370 guests, will there be a person in that group that is also celebrating his or her birthday?

b) If you have a group of 27 English words, will there be two words that begin with the same letter?

c) If you are in a meeting with thirteen friends, would two of them be born on the same month?

The Product Rule. Suppose that a procedure can be broken down into a sequence of two tasks. If there are n1 ways to do the first and n2 ways to do the second task after the first has been done, there are n1*n2 ways to do the procedure. This principle can be generalized to n different tasks.






