
MAT 226 Instructor: M. Keindl Pigeon-hole Practice worksheet

1. Show that there are at least 4 people in California (population: 25 million) with the same 3 initials who
were born on the same day of the year (not necessarily in the same year).

Solution:
There are 263 ·366 = 6, 432, 816 different possibilities for the 3 initials and the birthdays. By the generalized
pigeon-hole principle, there are at least d25, 000, 000/6, 432, 816e = 4 people who share the same initials and
birthday.

2. There are 38 different time periods during which classes at a university can be scheduled. If there are 677
different classes, how many different rooms will be needed?

Solution: The pigeon-holes are the time periods and the pigeons are the 677 different classes. By the
generalized pigeon-hole principle there need to be at least d677/38e classrooms to accomodate all classes.

3. An arm wrestler is the champion for a period of 75 hours. The arm wrestler had at least one match an
hour, but no more than 125 total matches. Show that there is a period of consecutive hours during wich the
arm wrestler had exactly 24 matches.

Solution: Let ai be the number of matches completed by the ith hour. Then 1 ≤ a1 < a2 < · · · < a75 ≤ 125.
Also 25 ≤ a1 +24 < a2 +24 < · · · < a75 +24 ≤ 149. There are 150 numbers a1, . . . , a75, a1 +24, . . . , a75 +24.
By the pigeon-hole principle, at least 2 are equal. Since all the ai’s are distinct and all the (ai + 24)’s are
distinct, it follows that ai = aj + 24 for some i > j. Thus, in the period from the (j + 1)st to the ith hour,
there are exactly 24 matches.

4. Triangle ACE is equilateral with AC = 1. If five points are selected from the interior of the triangle ,
show that there are at least two whose distance apart is less than 1/2.

Solution:
Subdivide the triangle into 4 equilateral triangles with sides of length 1/2. By the pigeon-hole principle, at
least 2 of the five chosen points must lie in, or on the boundary of the same smaller triangle. But these
points are at most 1/2 apart.

5. a. Show that if any 14 integers are selected from the set S = {1, 2, 3, . . . , 25}, there are at least two whose
sum is 26.

Solution:
Here the pigeons are the integers 1, 2, 3, . . . , 25 and the pigeonholes are the 13 sets
{1, 25}, {2, 24}, . . . , {11, 15}, {12, 14}, {13}. In selecting 14 integers, we get the elements in at least one
two-element subset, and these sum to 26.

b. Can you generalize this result?

Solution:
Let n be a positive integer. If n + 2 integers are selected from the set S = {1, 2, 3, . . . , 2n + 1}, there are at
least 2 whose sum is 2n + 2.

6. Wilma operates a computer with a magnetic tape drive. One day she is given a tape that contains
500,000 ”words” of four or fewer lowercase letters (consecutive words on the tape are separated by a blank
character). Could all 500,000 words be different?

Solution:
The total number of different possible words is 264 + 263 + 262 + 26 = 475, 254. With these words as the
pigeonholes, and the 500,000 words on the tape as the pigeons, it follows that at least one word is repeated
on the tape.


