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) = 
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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

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)

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.


Therefore, P(total score > 8) = 10/36 = 5/18 
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(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

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 
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