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1.1 Introduction

Probability is the branch of mathematics that deals with measuring or determining quantitatively the likelihood that an event or experiment will have a particular outcome.
Probability Theory was first used primarily to solve problems in gambling. An Italian, Girolamo Cardano (16th century), wrote a gambler’s manual which make use of the theory.

17th-century thinker Blaise Pascal is best known in mathematics for formulating the theory of probability, on which he worked with fellow Frenchman Pierre de Fermat. 

Directly or indirectly, probability or chance plays a role in all activities. We often make statements each of which involves the likelihood or the chance of occurrence of an event.
a) ‘It will probably rain today.’ 

The event is: It will rain today

b) ‘Though we are sending the national team, we cannot confidently predict that we shall be in the finals again.’

The event is: We shall be in the finals

c) There is a 50:50 chance of our school winning the National School Basketball Championship.’

The event is: Our school wins the National School Basketball Championship

However, terms like ‘probably’ and ‘most likely’ are too vague for many purposes and so ways of measuring probability have been devised.
1.2 Classical Definition of Probability
Consider the following

Tossing a coin:

If we assume that the experiments are fair, i.e. balanced or unbiased, then each of the possible outcomes is equally likely.
The possible outcomes are: _____________ or ____________.

Therefore, in one toss, the chance that a head will appear is 1 in 2. 

We say that the probability of tossing a head is ____________.

Rolling a dice:
The possible outcomes are: ________________________________________.

Say we are only interested in Square Numbers. We refer to the square numbers 1 and 4 as _____________________ outcomes.

‘A square number turns up’ is the ________________.

Therefore the probability of the event that a square number turns up is
---------------------------------------------------------- =                = 

We can also refer to ‘a square number turns up’ as a _________________ outcome. When the _____________ outcome occurs, we say that it is a ______________.
Therefore we can also say that the probability of a success is 
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Picking a card
A pack of cards were numbered 11 to 20.

Event is ‘a prime number is picked’.

Therefore, the favourable outcomes are: _____________________________________________.

The total possible outcomes are: ___________________________________________________.

The probability of selecting a card bearing a prime number is _____________________________.

What would be the probability that a card NOT bearing a prime number would be selected?
Remember this:
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Practice 1
Ex 1:

Each of the letters of the word MATHEMATICS is written on a card. All the eleven cards are well-shuffled and placed down on a table. If a card is turned over, what is the probability that the card bears

a. The letter ‘M’?

b. The letter ‘P’?

c. A vowel?

Ex 2:
A card is drawn from a pack of 52 playing cards (well-shuffled so that drawing is random).

a) What is the total number of possible outcomes of this experiment?

b) Write down the probability of each of the following event:

i. A black card

ii. A red ace

iii. A diamond

iv. A card which is not a diamond

Ex 3:

A bag contains 15 balls of which x are red. Write an expression for the probability that a ball drawn at random from the bag is red.
When 5 more red balls are added to the bag, the probability becomes 
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. Find the value of x.

1.3 Sample Space and Events

The collection of all the possible outcomes is called _____________________________ or the _____________________________________ and is usually denoted by _________.

Example:

Tossing a coin: 
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Throwing a dice: 
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Let A denote the event ‘getting an even number on the die’
Therefore 
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. Thus A is part of S.

If n(A) denotes the number of outcomes in the event A and n(S) denotes the number of all possible outcomes in the sample space, then
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In general, an event E contains some or all of the outcomes of the sample space S that favours the occurrence of E and the probability of an event E occurring is given by
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where n(E) is the number of outcomes in E and n(S) is the total number of possible outcomes in the sample space S.

Some properties of Probability:

(i)
If A is an impossible event, then P(A) = 0

(ii)
If A is a sure event, then P(A) = 1

(iii)
If A is any event, then 0 ( P(A) ( 1 

(iv)
If A is any event, then P(A) = 1 – P(A’)  (complementary events),



where P(A’) is the probability that event A does not occur

Homework:

Practice 5A (Sec 4 textbook 4B) Pg 38

Q3, 6, 8, 9 and 10. 

Question 10 do on 1 piece of graph paper.

1.4 Probability in Different Situations

Consider the following:
Throwing a dice

What is the probability of getting

a) An even number,

b) A number greater than 2,

c) A number which is even and greater than 2,

d) A number which is either even or greater than 2.

Picking a ball

A bag contains 60 balls, some of which are red, some blue and the rest yellow. The probabilities of drawing a red ball and a blue ball are 
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 respectively. Find
a) The number of yellow balls,

b) The number of yellow balls to be removed so that the probability of drawing a yellow ball from the remaining balls in the bag is 
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Practice 2

Ex 1:

From a box containing 10 cards numbered 1, 2, 3, ….. , 10, a card is drawn at random. Find the probability of getting
a) A square number,

b) A triangular number,

c) A number which is a square number and a triangular number,

d) A number which is a square number or a triangular number.

Ex 2:

Liverpool is playing a football match against Arsenal. If the probability that Liverpool will win is 
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 and the probability that Arsenal will win is 
[image: image13.wmf]11

2

. Find the probability that the match will be a draw.
Ex 3:

A bag contains a number of balls, 24 of which are green and the remainder blue. If a ball is chosen at random, the probability that it is green is 0.8. Find the number of blue balls in the bag.
Ex 4:

Find the probability that a three-digit number chosen at random can be divisible by 5.
Homework

Practice 5B (Sec 4 textbook 4B) Pg 42

Q3, 11, 12, 16 and 17.

Question 16 do on 1 piece of graph paper.

1.5 Possibility Diagram

Consider the following:
Throwing a dice:

Two dice are thrown together. Find the probability that the sum of the resulting number is
a) Odd, 

b) Even, 

c) A prime number, 

d) A multiple of 4, 

e) At least 7.

Consider the following:

Two unbiased dice are rolled together. Find the probability that
a) The difference between the two numbers is 2,

b) At least one of the two numbers is a ‘3’,

c) The product of the two numbers is an even number.

Practice 3:

Ex 1:

A die is first thrown and a coin is then tossed. List all the possible outcomes of the experiment using a possibility diagram.
With the help of the possibility diagram, find the probability of the following:

a) Getting a prime number on the die and the coin showing head,

b) Getting an even number on the die and the coin showing tail,

c) Getting a number greater than 4 on the die,

d) Getting a number less than 5 on the die.

Ex 2:

There are two boxes each containing five tickets numbered from 1 to 5. Two tickets are drawn at random, one from each box. Calculate the probability that

a) The sum of the numbers on the two tickets will be 6 or more,

b) The product of these numbers will be 7 or more.

Homework
Practice 5C (Sec 4 textbook 4B) Pg 56

Q9, 12 and 13.

Question 13 do on 1 piece of graph paper.

1.6 Tree Diagram

Consider the experiment of tossing two fair coins:

[image: image14]
P(getting two heads) = P(1st head and 2nd head) 
                                  = P(1st head) x P(2nd head) 
                                  = 

P(getting two tails)    = P(1st tail and 2nd tail)

                                  = P(1st tail) x P(2nd Tail) 
                                  = 
The above are called ____________________________________________.

Independent events are events that do no affect each other.

Generally,

If A, B and C are independent events, then

P(A and B and C) = P(A) x P(B) x P(C)

P(getting only one head) = P(1st head 2nd tail or 1st tail 2nd head)

                                        = P(1st head 2nd tail) + P(1st tail 2nd head)



                = 

The above are called ____________________________________________.

Mutually exclusive events are events that cannot happen at the same time.

Generally,

If A, B and C are mutually exclusive events, then

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

Consider another example:

Two beads are drawn on at a time from a box containing 5 red beads and 2 blue beads without replacing them.

Draw a tree diagram that represents the two draws.

P(getting two red beads) = 

P(getting 1st red followed by 2nd blue) = 

P(getting 1st blue followed by 2nd red) = 

P(getting two blue beads) = 

Notice that adding up all four probabilities, we have

Notice that the probability of the 2nd draw is affected by the 1st draw. In other words, these are not independent events.
We say that they are _______________________________________________.

Practice 4

Ex 1:

The probability of three teams L, M and N, winning a football competition are 
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 respectively. Calculate the probability that
a) Either L or M wins, 

b) Either L or N wins

c) Neither L nor N wins.

Ex 2:

A card is drawn at random from an ordinary pack of 52 playing cards. Find the probability that the card is
a) An ace or king

b) A heart or diamond

c) Neither a king nor a queen

Ex 3:

A bag contains 4 cards numbered 1, 3, 5, 7. A second bag contains 3 cards numbered 1, 2, 7. One card is drawn at random from each bag. Draw a tree diagram for the experiment.
With the help of your tree diagram, calculate the probability that the two numbers obtained

a) Have the same value,

b) Are both odd,

c) Are both prime,

d) Have a sum greater than 4,

e) Have a sum that is even.

Ex 4:

A bag containing 7 red, 5 green and 3 blue balls. A ball is selected at random from the bag. Find the probability of selecting

a) A red ball, 

b) A green ball,

c) Either a red or a green ball,

d) Neither a red nor green ball.

Homework

Practice 5C (Sec 4 textbook 4B) Pg 56

Q7, 14 and 15.

Question 14 do on 1 piece of graph paper.

Summary

Probability

A random experiment can result in several possible outcomes. 

The set of possible outcomes, usually denoted by S, is known as the sample space or probability space.

For example:
Random Experiment
Sample Space


a) Tossing a coin
S = {Head, Tail} 



b) Tossing a die

S = {1, 2, 3, 4, 5, 6}

If we assume that the experiments are fair, i.e. balanced or unbiased, then each of the possible outcomes is equally likely.
Definition of Probability:
If an event A can happen in m ways out of n equally likely ways, then the probability or chance of it happening, denoted by P(A), is defined as 

P(A) =  
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Alternatively,  the probability that event A occurs = P(A) = 
[image: image19.wmf]n

m

S

n

A

n

=

)

(

)

(

  , 


where n(A) is the no. of ways event A can happen, 


and n(S) is the total no. of possible outcomes.

Therefore, when tossing an unbiased coin,

P(getting a Head) = P(getting a Tail) =
1/2

And, when tossing an unbiased die,

P(getting a ‘1’) = P(getting a ‘2’) = P(getting any number) =
1/6

Properties of Probability:

(i)
If A is an impossible event, then P(A) = 0

(ii)
If A is a sure event, then P(A) = 1

(iii)
If A is any event, then 0 ( P(A) ( 1 



Since 0 ( m ( n, therefore 0 (   
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(iv)
If A is any event, then P(A) = 1 – P(A’)  (complementary events),



where P(A’) is the probability that event A does not occur

(v) If A and B are any two events, then 

P(A or B) = P(A) + P(B) - P(A and B)
(vi) If A and B are two mutually exclusive events, then 

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



If A and B are mutually exclusive events, then they cannot happen at the same time.  As such, P(A and B) = 0 and the formula follows from (v).

(vii) If A and B are independent events, then 

P(A and B) = P(A) ( P(B)

Two events are independent when they bear no relation to each other, i.e. the happening of one event has no effect on the other

Possibility Diagram
The Possibility Diagram is a useful tool for solving problems.

Example:

A red die and a blue die are thrown at the same time.  Show all the possible outcomes.  Find the probability that 


(a)  the total score is more than 8

(b)  a ‘3’ appear on the red die or a ‘5’ appear on the blue or a ‘3’ appear on the red die and a ‘5’ appear on the blue die

Solution: 






  
(a) 
Construct the Possibility Diagram.


Out of the 36 possible outcomes, 


there are 10 outcomes where the total score 


is more than 8.
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Therefore, P(total score > 8) = 10/36 = 5/18 

(b)
Similarly, to find the probability that a ‘3’ appear on the red die or a ‘5’ appear on the blue or a ‘3’ appear on the red die and a ‘5’ appear on the blue die


Construct the Possibility Diagram.


Out of the 36 possible outcomes, 


there are 11 such outcomes, by counting the 


squares.


Therefore, P(a ‘3’ appear on the red die or a ‘5’ appear on the blue or a ‘3’ appear on the red die and a ‘5’ appear on the blue die)




 = 11/36
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Probability Tree Diagrams
In Probability Tree Diagrams, outcomes are written at the ends of the branches, and probabilities by the sides of the branches.

Example:

In a group of 11 students, 7 support Home United and 4 support SAFFC Warriors.

(i)
A student is chosen at random from the group.  State, as a fraction, the probability that he supports the Warriors.

(ii)
On another occasion two of the eleven students are chosen at random.  Calculate the probability that they both support the Warriors.

(iii) 
On yet another occasion two students are chosen at random.  Find the probability that one student supports Home United while the other supports the Warriors.

Solution:

First, construct a tree diagram, as shown below

(i) 
P(the student supports the Warriors) 
= 4/11 

(ii)
P(both students support the Warriors) 
= 4/11 ( 3/10 

(iii) P(one support United and the other Warriors) 

= (7/11 ( 4/10) + (4/11 ( 7/10)






= 28/55 


Mutually Exclusive Events

Mutually exclusive events are events that cannot happen at the same time.

For example,



a) getting a 5 or 6 with one throw of the die



b) getting a King or Ace when drawing one card from a pack

To find the probability of either one or the other of these happening, we add the respective probabilities, i.e. P(A or B) = P(A) + P(B)

Also, for three events,



P(A or B or C) = P(A) + P(B) + P(C) etc.

In the above examples,



a) P(getting a 5 or 6) = 1/6 + 1/6 = 2/6 = 1/3


b) P(getting a King or Ace) = 4/52 + 4/52 = 8/52 = 2/13

Independent events
Independent events are events that do not affect each other.

Example,


tossing a coin and throwing a die

To find the probability that two independent events will happen, we multiply the respective probabilities, i.e. P(A and B) = P(A) ( P(B)

Also, for three events,



P(A and B and C) = P(A) ( P(B) ( P(C) etc.

In the above example,


P(getting a head from the coin and a 3 from the die) 

= 1/2 ( 1/6 = 1/12
Complementary events:


P(not getting a 3 when a die is thrown) = 1 - 1/6 = 5/6

(i.e. probability of getting a 1, 2, 4, 5, or 6)
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