Chapter 14: More about Chance

Listing the Ways
Sometimes you can figure chances by listing all the ways

an event can happen and counting or adding up the
individual chances.

Example 1.

Roll 2 dice. Find the chance the total number of spots is 7.
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Roll 2 dice. Find the chance the total number of spotsis 7.
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Each of the 36 possibilities has chance 1/36. The chance of
rolling a “7” is 6/36 or 1/6.




Example 2. Draw 2 tickets at random W!’[h replacement
from the box:

a) What is the chance that the tickets show the same
number? | -

b) What is the chance the first number is smaller than the
second number?

c) What is the chance that the sum of the numbers is
odd?




Example 3. Draw 2 tickets at random without replacement
from the box:

a) What is the chance that the tickets show the same
number? -

b) What is the chance the first number is smaller than the
second number?

¢) What is the chance that the sum of the numbers is
odd?




Example 3. Draw 2 tickets at random without replacement
from the box:

a) What is the chance that the tickets show the same
number?

b) What is the chance the first number is smaller than the
second number?

c) What is the chance that the sum of the numbers is
odd? |




- Gamblers in 17 century Italy bet on the total number of
spots that showed up when rolling 3 dice. They reasoned
as follows:

The chance of gettmg 9 spots is the same as the chance of
getting 10 spots because

the ways of getting “9” are: |
126 135 144 234 225 333
the ways of getting “10” are:
145 136 226 235 244 334

BUT they knew from experience that “10" was more likely
“than “9” so they called in Galileo to help. Can you see their
mistake?




Galileo (Italy, 1564 — 1642)




Galileo: There is only one way to get 3 3 3:

and 3 ways to get 3 3 4:
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Triplets Number of ways to Tr:plets Number of ways to
Jor9  yoll each triplet - for 10 roll each triplet
1 26 6 - 1 45 6

1 35 6 1 36 6

I 4 4 3 2.2:6 3

2 3 4 6 2 35 6
225 3 244 3
333 1 33 4 3

Total @ Total @
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Mutually Exclusive

Two things are mutually exclusive if they cannot both
happen (at the same time).

Examples: _
Toss a coin. Heads and Tails are mutually exclusive.

Toss 2 coins. Each of the following are mutually exclusive: HH,
HT, TH, TT.

Roll a die. Getting a “6” and getting an odd number are mutually
exclusive. Getting a “6” and an even number are NOT mutually
exclusive, because “6” is even,

In a family of 4 children, getting exactly 2 boys and getting exactly
3 boys are mutually exclusive.

Toss 3 coins. Getting HHH and getting TTT are mutually
exclusive.

. Toss 3 coins. Getting TTT and getting af least one H are mutuélly
exclusive.

Toss 3 coins. Getting HHH and getting at least one H are NOT
mutually exclusive.




The Addition Rule

The chance that one thing OR another thing
happens is the SUM of the individual chances, IF
the things are mutually exclusive.
Examples: - . |
- Draw a card from a pack of 52 cards:
chance of ACE is 4/52
- chance of QUEEN is 4/52
- so the chance of ACE or QUEEN is 8/52
- Toss 3 coins: -
chance of TTH is 1/8
chance of THT is 1/8
chance of HTT is 1/8
so the chance of exactly 1 H is 3/8




Example 4. Toss 2 coins.
a) Find the chance that you get at least one H.

b)  Find the chance that the first coin lands H or the
second coin lands H.




Example 5. Roll 2 dice.
a) Find the chance that you get (&

b) Find the chance that you DON'T get &




Example 5. Roll 2 dice.
a)  Find the chance that both of the dice show

b) Find the chance that neither of the dice show

¢)  Find the chance that the dice are not both

d) Find the chance that at least one of the dice shows |

e) Find the chance that exactly one of the dice shows




Dice : Sample Space




0 - tails:

1-tail:

2 - tails:

3 - tails:

4 - tails:

COIN TOSSING:

HHHH

THHH

TTHH

HTTH

 HTTIT

TTTT

THTH

HTHT

THTT

SAMPLE SPACE, N=4

HHTH

THHT

HHTT

TTHT

HHHT

TTTH



GENERAL ADDITION RULE

Qutcome Space

n equally likely outcomes

Probability of 4= LJ;—J Probability of B= l;_k

Probability of 4 and B :%

Probability of 4 orB = Stk _itj o j+k _j
. n H n A

Probability of 4or B = Probability of 4 + Probability of B — Probability of A and B
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PROBABILITY RULES (The World )

Definition: The probability [chance] of event A is the proportion [percentage] of the
time A is expected to happen when the random process is repeated over and over again.

Opposite Event Rule: The probability that event A happens is equal to one minus the
probability that A doesn't happen.

Multiplication Rule: The probability that events A and B both happen is equal to the
probability that A happens times the probability that B happens given that event A
has occurred.

Definition: Two events are mutually exclusive when the occurrence of one prevents the
occurrence of the other.

Addition Rule: The probability that event A or event B happens is equal to the
probability that A happens plus the probability that B happens minus the probability
that both happen. Ifevents A and B are mutually exclusive, then the probability that
event A or B happens is simply the sum of the probabilities.

Definition: Two events are independent if when one happens, the probability that the
other happens is unchanged.

Fundamental Counting Principle: If event A can occurin m ways and after A
occurs event B can occur in n ways, then the number of ways both events A and B
canoccuris mx n .

The number of ways k objects can be selected from n objects without regard to order is

(z)zk!(nn—!k)!

Repeated Trials: Suppose we have » independent trials, and the probability that event
E occurs in any given trial is p. Then the probability that E will ocour exactly & times
il _ : _

n!

ki (n—k)! pa-py



