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When is Cheryl’s Birthday?
You may have seen this problem floating around on the internet before. Taken from Singa-
pore, the problem asks Cheryl’s new friends Albert & Bernard, to determine when Cheryl’s
birthday is.

Cheryl gives the pair the following possible dates that her birthday could be:

May 15 June 17 July 14 August 14
May 16 June 18 July 16 August 15
May 19 August 17

In addition to this, Cheryl tells Albert the month - and only the month - of her birthday.
She then tells Bernard the day of the month she was born - but only the day.

After this, the following conversation ensues:

“Can you figure it out now?”Cheryl asked Albert.

Albert: “I don’t know when your birthday is, but I know Bernard doesn’t know, either.”

Bernard: “I didn’t know originally, but now I do.”

Albert: “Well, now I know, too!”

When is Cheryl’s birthday?

Take some time to see if you can figure out when Cheryl’s birthday is.

Hint: Try eliminating certain dates first, based on what you know.
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Solving Cheryl’s Birthday Problem
While it may seem difficult to start, we actually have everything we need to determine when
Cheryl’s birthday is. The only tool we need is logic and deductive reasoning. But before we
dive into that topic for this lesson, let’s walk through how to find out when Cheryl’s birthday
is.

• The first thing we need to realize is that initially, Albert does not know when Cheryl’s
birthday is, and that Bernard doesn’t know either!.

• The fact that Albert doesn’t know when her birthday is just tells us it is in a month
with at least 2 possible dates in it. This isn’t all that helpful since every month has at
least 2 dates

• What is more important is that Albert knows that Bernard does not know. Remember,
Bernard only knows the day of the month Cheryl was born, and Albert only knows the
month. At this point, if Bernard knew when Cheryl’s birthday was, he would have to
have been told a date that is only present in one month.

• There are 2 of these: the 18th (which is only an option in June) and the 19th (which
is only an option in May). Since Bernard doesn’t know when Cheryl’s birthday is, we
know that it cannot be June 18th or May 19th.

• But we actually know more than that. Remember, Albert know that Bernard does not
know, and Albert only knows the month. Since Albert knows Bernard doesn’t know,
then he can be sure that Bernard hasn’t been told 18 or 19. But how does Albert know
this? He only knows the month.

• Since Albert knows that Bernard was not given 18 or 19, he must know that Cheryl’s
birth month does not have 18 or 19 as an option. Since these dates occur in May and
June, Cheryl must not have her birthday in either of these months.

• This leaves the following possible dates:

July 14 August 14
July 16 August 15

August 17

• After Albert says this, we know that Cheryl must have been born in July or August.
But if we know this, then so does Bernard! This is why he says “I didn’t know originally,
but now I do.”This means that from this table of 5 dates, Bernard knows the exact
date. This can only happen if there is only one possible date with the same number -
since Bernard only knows the number.
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• This means Cheryl could not have been born on the 14th - because if Bernard were told
14, he still wouldn’t know Cheryl’s birthdate. This eliminates 2 more dates leaving us
with:

July 16 August 15
August 17

• From here, Albert claims that he too knows Cheryl’s birthdate. Since he only knows
which month is correct, then Cheryl must have been born in the month with only one
remaining possible date.

• Thus, Cheryl was born on July 16th.

Building Knowledge in Mathematics
How do logic and puzzles tie into our mathematics? The truth is, new developments in math
are based on logic, and sound logical arguments are the only accepted standard of proof.
But to understand how mathematicians use logic, we first need to discuss some foundations
of logic and reasoning.

Axioms
Axioms are things that we accept as true without any sort of proof. Often these are things
that are deemed so obvious that nobody should question their validity. When we are making
a logical argument, we can always rely on axioms as true pieces of information.

Deductive Reasoning
This type of reasoning is one where we use axioms to show other results that must be true.
For example, we could begin with the two axioms A & B and logically conclude that C must
be true:
A: All humans are mortal
B: You are human
C: You are mortal.

In this case, we have concluded that a statement C must be true - this is a new piece of
knowledge that we can use in later arguments to continue developing new knowledge.

This type of reasoning is known as deductive reasoning. We take facts we already know to
be true and combine to draw conclusions about what else must be true.

This type of reasoning is ironclad in the sense that if the axioms are true, then of the
conclusions reached in this manner will be guaranteed to be true - there is no wiggle room.
In mathematics, this is the level of proof required for something to be accepted by the
community at large.

Of course this method of reasoning depends on having accurate premises (axioms or previ-
ously proven facts). If these are not true, then the entire argument falls apart.
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Introductory looks into mathematical proofs are phrased as implications. In other words, if
A is true then B is also true.

Applications in puzzles
Logic can also be used in a variety of puzzles and problems in our lives.

Think back to Cheryl’s birthday problem. That was an example of deductive reasoning. Our
premises/axioms were:
A: Cheryl’s birthday was one of the dates provided
B: Albert knew only the month, and Bernard knew only the date
C: Initially, Albert does not know when Cheryl’s birthday is, and he knows that Bernard
does not know either
D: After that announcement, Bernard knows when Cheryl’s birthday is
E: Once Bernard knows, so too does Albert

From here, we made a number of conclusions that only relied on the statements A-E which
we had assumed to be true. These conclusions allowed us to determine with certainty when
Cheryl’s birthday is.

We can also use deductive reasoning to solve puzzles such as Sudoku and KenKen (see
problem set). In each of these types of puzzles, we can use the rules of the game to determine
what numbers fit into which squares. The given information works like our premises or
axioms, and each square we fill in is a new conclusion.

We can also use deductive reasoning to solve more complex puzzles. With some puzzles we
can use grids to help us organize our thinking.

Using grid for problem solving
Suppose there are 5 sisters. Each sister has their birthday in a different month (February,
March, June, July, or December), and each was born on a different day of the week (Sunday,
Monday, Wednesday, Friday, or Saturday). We can use the following grid to organize what
we know can and cannot be true.

The rows and columns correspond to different combinations of the sisters and their birthdays.
We can put an x into the squares that represent combinations that cannot be true, and a
checkmark into combinations we know are true.
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Problem Set

1. Paul, Quincy, Rochelle, Surinder, and Tony are sitting around a table. Quincy sits in
the chair between Paul and Surinder. Tony is not beside Surinder. Who is sitting on
either side of Tony?

2. Using the following clues, complete the logic grid problem from earlier:

(i) Paula was born in March but not on Saturday. Abigail’s birthday was not on
Friday or Wednesday.

(ii) The girl whose birthday is on Monday was born earlier in the year than Brenda
and Mary.

(iii) Tara wasn’t born in February and her birthday was on the weekend.

(iv) Mary was not born in December nor was her birthday on a weekday.

(v) The girl whose birthday was in June was born on Sunday.

(vi) Tara was born before Brenda, whose birthday wasn’t on Friday.

(vii) Mary wasn’t born in July.

3. On the new game show “Implied to Win”, you see three boxes on stage labeled A, B,
and C. You are told that one box contains $10,000, one contains $100 and the final
box contains $1. You are also told the two following statements are true:

(i) If box B contains $100 or box A contains $1, then box C contains more money
than box B

(ii) Box C contains less money than box B

Determine the contents of all three boxes

4. KenKen is a type of puzzle that combines both math and logic. The game consists of
a square grid, and this grid is divided into ‘cages’. These cages are the bolded edges.
Your goal is to use the numbers 1 to n (where n is the number of rows in the grid)
in each row and column without repeating. In addition, in each cage there is a target
number and an operation. The numbers within the cage must combine to reach the
target using the operation provided. Numbers within a cage can repeat themselves,
provided they are not in the same row/column. A complete grid is below. Note that
cages with only one number in should be filled with the target number.
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(i) 3x3 KenKen

(ii) 4x4 KenKen

(iii) 5x5 KenKen
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5. All-Star Team
The Situation: This year’s All-Star team has been picked. Players from around the
nation have been chosen to participate. Your task is to help find some information out
about 5 of the players that have been selected. Specifically, you need to find out which
team they play for, how many goals they scored, and their jersey number. Clues and
a grid are included below to assist you.

(i) Mahoney is either the person who wears number 26 or the player from the Icers

(ii) Quill doesn’t wear number 26

(iii) Nates scored 2 more goals than Pilgrim

(iv) The player from the Red Boots scored 1 goal more than the person from the
Warriors

(v) The player who wears number 25 plays for the Warriors

(vi) The player who wears number 4 scored 1 goal less than the player who wears
number 26

(vii) The person with 8 goals is from the Warriors

(viii) Douglas scored 1 more goal than the player who wears number 25

(ix) Of the person from the Cougars and the person with 11 goals, one is Quill and
the other wears number 22

(x) The player who wears number 7 scored fewer goals than the player who wears
number 4
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6. The Brit Lives in the Red House
This is one of Einstein’s riddle, and people believe that he said 98% of people would
not be able to solve it.
The Situation: There are 5 people who live in 5 houses in a row. Each person is of a
different nationality (British, Swedish, Danish, Norwegian, and German), and each of
their houses are a different colour (Green, White, Red, Yellow, and Blue). Additionally,
each person eats one type of candy (Snickers, Starburst, Skittles, Caramilk, or Mike &
Ike) and each raises a different type of pet (cats, birds, horses, dogs, and fish). Finally,
each owner drinks a different beverage (milk, coffee, tea, water, or Red Bull)

Using the clue provided, determine who raises the fish.

(i) The Brit Lives in the Red House

(ii) The Swede keeps dogs as pets

(iii) The Dane drinks tea

(iv) The green house is on the left of the white house

(v) The green house owner drinks coffee

(vi) The person who eats Snickers rears birds

(vii) The owner of the yellow house eats Skittles

(viii) The man living in the centre house drinks milk

(ix) The Norwegian lives in the first house

(x) The man who eats Starburst lives next door to the one who keeps cats

(xi) The man who keeps a horse lives next to the man who eats Skittles

(xii) The owner who eats Caramilk drinks Red Bull

(xiii) The German eats Mike & Ike

(xiv) The Norwegian lives next to the blue house

(xv) The man who eats Starburst has a neighbour who drinks water
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Challenge Problems

1. Three mathematicians decide to attend a game show as contestants. Before the show
begins, the host hands each of the three contestants a sealed envelope. During the
show, the host announces that there is either a black or a red card (not both) in each
envelop. Moreover, he tells the contestants that the total number of black cards is
less than three, and the screen in front of each contestant shows the cards that their
opponents have.

The host then asks each contestant whether the know what colour of card is in their
envelope. The first contestant says he doesn’t know. The second contestant thinks for
a while and then admits that she doesn’t know her card either. Hearing the response
from the first two contestants, the third person immediately tells the host the colour
of their card.

What is the colour of the third contestant’s card?

2. How many people do you need to guarantee that two of them have the same birthday?
Why?

3. Kakuro is another number puzzle similar to both Sudoku and crosswords. Each ‘word’
contains only numbers between 1 and 9, and the numbers in each word must add up
to the number above or to the left of the word. Each word can uses each digit at most
once.

Each Kakuro puzzle has exactly one solution, and you will not need to guess - each
move can be completely determined by logic.
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