
Math Circle: Probability October 18, 2014

I. Outcomes and Probabilities

Rolling a 6-sided die gives six possible outcomes. Flipping a coin gives two possible outcomes.
Drawing a card from a 52-card deck gives 52 possible outcomes. Flipping a coin twice gives
four outcomes:

heads-heads heads-tails tails-heads tails-tails

Let A represent some of those outcomes. Then we can say the probability of A, written as
P (A), is given by

P (A) =
number of outcomes in A

total number of outcomes

For example, A could be the outcome of drawing a king from the deck of cards. There are
four kings in a 52 card deck, so

P (king) =
4

52
=

1

13
.

1. Find these probabilities:

(a) Rolling a die and getting a 6. Rolling a die and getting a number that starts with
the letter ‘t’.

(b) Drawing a card and getting a ♠.

(c) Flipping a coin twice and getting ‘heads’ at least once.

2. How many outcomes are there when rolling two dice? What is the probability of rolling
a 7? Rolling a 5? Rolling doubles?

II. Adding Probabilities

If A and B each represent some outcomes, and there is no overlap between them, then A
and B are mutually exclusive. In this case the probability of A or B is found by adding the
individual probabilities:

P (A or B) = P (A) + P (B)

3. Draw a single card from a deck. Are the outcomes of drawing a king and drawing a
queen mutually exclusive? Drawing a king and drawing a heart?

4. Find the probability of drawing either a king or an even numbered card.

5. Find the probability of rolling a pair of dice and getting a total of 10 or higher.
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III. Multiplying Probabilities

The probability of A and B both happening, if they are independent events, is given by
multiplying the individual probabilities:

P (A and B) = P (A)× P (B)

If we roll a die once and then roll it again, the outcomes are independent. If we draw a card
from a deck and then draw a second card without replacing the first card, the outcomes are
not independent.

6. Find these probabilities:

(a) Rolling snake eyes (two 1’s).

(b) Flip a coin and roll a die and get heads and a 6.

(c) Roll a pair of dice and get no 6’s.

IV. Complements

The complement of A, which is written Ā, is all the possible outcomes that are not A. If A
is drawing a ♥, then Ā would be drawing a ♠, ♣, or a ♦. The complementary probability
obeys

P (A) = 1− P (A)

7. What is the probability of rolling at least one 6 when you roll a pair of dice? When
you roll three dice? Roll four dice?

V. More problems

8. How many times must you roll a die before you have a probability greater than 1
2

of
rolling a six?

9. Draw 2 cards from a deck. What is the probability of neither card being a ♥?

10. Draw five cards from a deck. What is the probability of getting at least one pair?

11. Scrabble is a game with 100 tiles, each with a letter. There is only one tile with a Q.
The first player draws 7 tiles, and has a 7/100 chance of drawing the Q. The second
player then draws 7 tiles. The Q may already be taken, or may still be available. Show
that these mutually exclusive outcomes result in the second player having the same
7/100 chance of obtaining the Q.

12. Three cards are dealt face down. One them is the A♠, and your goal is to guess which
one it is. You pick a card but do not flip it over. The dealer says they will show you
one of the other two cards that is not the A♠, and flips it over. What is the probability
that the remaining face down card you did not pick is the A♠?

13. A person says, “I have two children.” You ask “Is one of them a girl?” The answer is
yes. What is the probability that the other child is a girl?
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