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Concept:  
If n+1 pigeons occupy n pigeonholes, then 

at least 1 pigeonhole is occupied by more 

than one pigeon.
The Pigeonhole Principle:

A function from one finite set to a smaller finite set cannot be one-to-one.  There must be a least two elements in the domain that have the same image in the co-domain.

The Pigeonhole Principle Restated:

For any function f from a finite set X to a finite set Y, if 
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, then f is not one-to-one.

Example:
In a group of 13 people, must there be at least 2 who were born in the same month?



What represents the “pigeons” here and what are the “pigeonholes”?

The Generalized Pigeonhole Principle:

For any function f from a finite set X with n elements to a finite set Y with m elements and for positive integer k,   if k < n/m  then there is some y 
[image: image2.wmf]Y such that y is the image of at least k + 1 distinct elements of X.

The Generalized Pigeonhole Principle (Restated):

For any function f from a finite set X to a finite set Y and for some positive integer k,   

if 
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[image: image4.wmf]Y such that y is the image of at least k + 1 distinct elements of X.

Example:
A teacher has a box of 92 pencils of five different colors (red, orange, yellow, green, 

blue).  Why are there at least 19 pencils of the same color?  What are n, m, and k here?
More Pigeonhole Principle problems

1. You have 10 white socks, 10 black socks and 10 brown socks.  You reach in and pull some out without looking at them.  What is the least number of socks you must pull out to be sure you have a matching pair?

2. If 6 integers are chosen from the set
       S = {3, 4, 5, 6, 7, 8, 9, 10, 11, 12}
prove that there must be two whose sum is 15.

3. Find the minimum number of students in a class to be sure that 3 of them were born in the same month.

4. How many integers from 100 through 999 must be chosen in order to guarantee at least two of them have a digit in common?

5. If  n + 1 integers are chosen from the set
              {1, 2, 3, ∙∙∙ , 2n}
prove that one of them must be odd.
6. Show that within any set of 13 integers chosen from the set {2, 3, 4, ∙∙∙, 40}, at least two of them have a common divisor bigger than 1.
7. Choose any five points from the interior of an equilateral triangle having sides of length 1.  Show that the distance between some pair of these points does not exceed ½ .

8. In a group of 2000 people, must at least 6 people have the same birthday? Why or why not?

9. Let L be a list (not necessarily in alphabetical order) of the 26 letters in the English alphabet (which consists of 5 vowels, A,E,I,O,U, and 21 consonants).  

a. Show that the list, L has a sublist consisting of 4 or more consecutive consonants.

b. Assuming that the list L begins with a vowel, say A, show that L has a sublist consisting of five or more consecutive consonants.
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