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   It is an experiment which we know in advance all its 

                                             Chapter Four  

                                            The probability

Dif:1 The random experiment

possible outcomes

but we cannot predict which of these outcomes will occure when the

experiment. carried on

It is the set of all possible outcomes of the random experiment. and 

deno

Dif:2 The Sample space

1

ted by S.

In the following exp. write down the sample space:

i) Tossing a coin one time.

ii) Tossing a coin two times.

iii) Tossing a coin three times.

 

i) S = { (H,T) }  ,   n(s) = 2

Example.1

Solution

 = 2
2

3

ii) S = { (H,H) , (H,T) , (T,T) , (T,H) }  ,   n(s) = 2

S = { (H,H,H) , (H,H,T) , (H,T,H) , (H,T,T),

              (T,H,H) , (T,H,T) , (T,T,H) , (T,T,T) }  ,   n(s) = 2

 = 4

iii) 

 = 8
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T
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1

2

In the following exp. write down the sample space:

i) Tossing a die one time.

ii) Tossing a die two times.

 

i) S = { 1 , 2 , 3 , 4 , 5 , 6 }   , n(s) = 2  

ii)     

       ,  n(s) = 6

Example.2

Solution

= 2

 
 

                                                     

= 36
                                                                                                              

Types of events

1) The certain ev     

 It is the event which must occure when we do the experiment

    

 It is the event which is impossile to occure 

    

 It is the set which contain one el

ent

2) The impossible event 

3) The simple event



                                                                                                                                            

ement

4) mutually exclusive

 They cannot occure simultaneously
                          

In the following exp. write down the sample space:

i) Tossing a coin then a die one time.

 

i) S = { (H,1) , (H,2) , (H,3) , (H,4) , (H,5) , (H,6) ,

           (

Example.3

Solution

T,1) , (T,2) , (T,3) , (T,4) , (T,5) , (T,6) }

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 5 4 3 2 1  

(1,6) (1,5) (1,4) (1,3) (1,2) (1,1) 1 

(2,6) (2,5) (2,4) (2,3) (2,2) (2,1) 2 

(3,6) (3,5) (3,4) (3,3) (3,2) (3,1) 3 

(4,6) (4,5) (4,4) (4,3) (4,2) (4,1) 4 

(5,6) (5,5) (5,4) (5,3) (5,2) (5,1) 5 

(6,6) (6,5) (6,4) (6,3) (6,2) (6,1) 6 
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In the following exp. write down the sample space:

Selection of two cards one after the other with replacement from a box

containing 4 cards numbered from 1 to 4   

 " with replacement"

 

Example.4

Solution

S = { (1,1) , (1,2) , (1,3) , (1,4) , (2,1) , (2,2) , (2,3) , (2,4) ,

           (3,1) , (3,2) , (3,3) , (3,4) , (4,1) , (4,2) , (4,3) , (4,4)  }

                 " without replacement"

 S = { (1,2) , (1

                                                                                                         

,3) , (1,4) , (2,1) , (2,3) , (2,4) ,

           (3,1) , (3,2) , (3,4) , (4,1) , (4,2) , (4,3) }

                                                             

The numbers of elements of A ( )
(1) P(A) =        ( )

The number of elements of S ( )

(2) 0 P(A) 1

(3) P( ) = 0     

 Axioms of probability  

n A
P A

n S
 

 



                                                                                                                                                                      

  ,  P(S) = 1

If A , B are 

Rule. 1  

two mutually exclusive events then P(A B) = 0

If A  B ,  then P(A B) = P(A)  , and P(A B) = P(B)

Rule. 2  

                                     Operations on events  

(1) Occ. of A or  B 

     Occ. of one of



  

\ 

 them at least

P(A B) = P(A) + P(B) - P(A B)

(2) Occ. of A and  B together

P(A B) = P(A) + P(B) - P(A B)

(3) Non occ. of A

 P(A ) = 1 - P(A)

 

 

A
B

S

A
B

S

A\

A

S
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\ 

(4) Occ. of A and non B

 Occ. of A only 

 P(A-B) = P(A B )

               = P(A) - P(A B)

                                                                                                              

(5)





\ \ \

                      = 1 - P(A B) 

(6) Non

 Non occ. of neither A nor B

  P(A B ) = P(A B)

                                                                                                              



 

\ \ \

 occ. of A and B together

  at most one of them 

                      = 1 - P(A B)

  P(A B ) = P(A B)

                                                                                                   



 

(7) Occ. of only one of A or B

    P[(A-B) (B-A)] = p(A) + P(B) - 2P(A B)

(8) Occ

           

                                                                                                              

 

\

\ \

. of A or non occ. of B

  P(A B ) = 1 - P(B-A)

(9) P(A -B ) = P(B-A) = P(B) - P(A B)

                                                                                                              

        





\(10) P(A-B ) = P(A B)

                                                                                                      

                                                                             



\ \ \

\

(11) P(A -B) = P(A B ) = 1 - P(A B)

(12) P(A-B)  = 1 - P(

                                 

                                                                                                              



A-B)

     

                                                                                                              

A
B

S

A
B

S

A
B

S

A
B

S

A
B

S
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One card is drawn randomly from a box containing 9 cards numbered from

1 to 9. describe the sample space of this exp. and then calculate the peob. of

the following events:

  A: The event of the

Example.1

 occ. of an odd number on the selected card

  B: The event of the occ. of a prime number on the selected card

  C: The event of the occ. of A or B

  D: The event of the occ. of A and B

  E: The event of t

5
P(A) = 

9

he occ. of only A 

  F: The event of non occ. of neither A nor B

  S = { 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 }

  A = { 1 , 3 , 5 , 7 , 9 }                                         

  B = { 

Solution:

4
P(B) = 

9

6 2
P(A B) = 

9 3

2 , 3 , 5 , 7 }                                              

  C = A B =  { 1 , 2 , 3 , 5 , 7 , 9 }                     

  D = A B =  { 3 , 5 }                                   

 



\\

3 1
P(A B) = 

9 3

2
P(A B) = 

9

3 1
P((A B) ) = 

9 3

     

  E = A-B =  { 1 , 9 }                                          

  F = (A B)  =  { 4 , 6 , 8 }                              

                              

 



 

 

 A die is tossed twice, and the upper face is observed in each time, 

 Find the probability of each of the followi

                                                                             

Example.2

ng events:

   A: The event of the occ. of two numbers whose sum is 8. 

   B: The event of the occ. of two numbers whose difference is 3. 

   C: The event of the occ. of two numbers whose sum divisable by 3. 

   D: The event of the occ. of two numbers whose sum divisable by 5. 
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   E: The event of the occ. of two numbers whose sum divisable by 3 and 5. 

   F: The event of the occ. of two numbers whose sum divisable by 3 or 5.  

  A = { (2,6) , (3,5) , (4,4) , (6,2) , (

Solution:

5
P(A) = 

36

6
P(B) = 

36

5,3) }                          

  B = { (1,4) , (2,5) , (3,6) , (4,1) , (5,2) , (6,3) }                

  C = { (1,2) , (1,5) , (2,1) , (2,4) , (3,3) , (3,6) , (4,2) , (4,5) , (5,1)

12 1
P(C) = 

36 3

7
P(C) = 

36

 , (5,4) , 

           (6,3) , (6,6) }                                                          

  D = { (1,4) , (2,3) , (3,2) , (4,1) , (4,6) , (5,5) , (6,4) }      

  E = E C = 





19
0

36

1 7
 
3 36

                                                                P(E) = P( ) = 0

  F = C D  P(F) = P(C D) = P(C) + P(D) - P(C D)

                                                   = 

     

  

 

   

 

A coin is tossed three consecutive times, and the upper face is observed in

 each tim

                                                                                                          

Example.3

e, find the probability of each of the following events:

  A: The event of the occ. of at least one head

  B: The event of the occ. of at most one head

  C: The event of the occ. of exactly one head

  D: 

 S = { (H,H,H) , (H,H,T) , (H,T,H) , (H,T,T) , (T,H,H) , (T,H,T) , (T,T,H) , (T,T,T) }

 A = { (H,H,H) , (H,H,T) , (H,T,H) , (H,T,T) , (T,H,H) , (T

The event of the occ. of two consecutive heads

Solution:

7

8

4 1

8 2

3

8

,H,T) , (T,T,H) }

                P(A) = 

 B = { (H,T,T) , (T,H,T) , (T,T,H) , (T,T,T) }                P(B) = 

 C = { (T,H,T) , (T,T,H) , (H,T,T) }                                P(B) = 

 D = { 



3

8
(H,H,H) , (H,H,T) , (T,H,H) }                              P(B) = 
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A box containing 3 balls one red, one white and one black, two balls are

selected at random one after the other with replacement.

calculate the probability of:

    i: The two selected balles h

Example.4

ave the same color. 

   ii: At least one red ball.

  iii: At most one red ball.  

  S = { (b,b) , (b,w) , (b,r) , (r,w) , (r,b) , (r,r) , (w,r) , (w,b) , (w,w) }

i:  A = { (b,b) , (r,r) , (w,w) }

Solution:

3 1
P(B) = 

9 3

5
P(B) = 

9

                                                        

ii: B = { (b,r) , (r,w) , (r,b) , (r,r) , (w,r) }                                       

iii: C = { (b,b) , (b,w) , (b,r) , 



8
P(B) = 

9
(r,w) , (r,b) (w,r) , (w,b) , (w,w)}      

 

The prob. that Mohamed succe

                                                                                                               

Example.5

eds in math's exam is 0.75, and the prob. 

that he succeeds in physics is 0.65, and the prob. that he succeeds in both

of them is 0.45, Find

  i: The prob. that he succeeds in at least one of them.

 ii: The prob. that he fails in both.

iii: The prob. that he succeeds only in maths.

iv: The prob. that he succeeds in at most one of them.

 let P(maths) = P(A) = 0.75     ,     P(physics) = P(B) = 0.

Solution:

\

\

65

  P(both) = P(A B) = 0.45

i)P(A B) = P(A) + P(B) - P(A B) = 0.75 + 0.65 - 0.45 = 0.95

ii) P(A B)  = 1 - P(A B) = 1 - 0.95 = 0.05

iii) P(A - B) = P(A) - P(A B) = 0.75 - 0.45 = 0.3

iv) P(A B)  = 1 - P(A B



 

 



  ) = 1 - 0.45 = 0.55
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\ \ \

\

 Example.6

If A, B are two events in S, P(A) = 0.7 , P(B) = 0.6 , P(A B) = 0.4,

 Find: P(A B) , P(A B ) , P(A B )

Solution:

P(A B) = P(A) + P(B) - P(A B) =0.7 + 0.6 - 0.4 = 0.9

P(A B ) = P(A) - P(A B) = 0



 

 

 



\ \ \

.7 - 0.4 = 0.3 

P(A B ) = P(A B)  = 1 - P(A B) = 1 - 0.9 = 0.1

 Example.7

If A, B are two e

                                                                                                               
 

\ \ \

\ \ \

\

\ \ \

vents in S, P(A) = 0.6 , P(B ) = 0.6 , P(A B ) = 0.7,

 Find: P(A-B) , P(A B ) , P(A B)

Solution:

 P(B) = 1 - P(B ) = 1 - 0.6 = 0.4   and,

P(A B ) =P(A B)  = 1 - P(A B) = 0.7 

 P(A B) = 1 - 0.7 = 0.3

1)



 

 







\ \

\ \ \

 P(A-B) = P(A) - P(A B) = 0.6 - 0.3 = 0.3

 

 P(A B) = P(A) + P(B) - P(A B) =0.6 + 0.4 - 0.3 = 0.7

2) P(A B ) = 1 - P(A B) = 1 - 0.7 = 0.3 

3) P(A B ) = P(A B)  = 1 - P(A B) = 1 - 0.9 = 0.1

              



 

 

 

\

\ \

 Example.8

If A, B are two events in S, P(A) = 0.7 , P(A-B) = 0.3 , P(B ) = 0.4,

 Find: P(A B) , P(A B )

                                                                                                 

  \

\

 , P(A B)

Solution:

P(B) = 1 - P(B ) = 1 - 0.4 = 0.6

P(A-B) = P(A) - P(A B) 

    0.3    = 0.7 - P(A B)   P(A B) = 0.7 - 0.3 = 0.4

P(A B) = P(A) + P(B) - P(A B) = 0.7 + 0.6 - 0.4 = 0.9



  

 


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\ \ \

\

P(A B ) = P(A B)  = 1 - P(A B) = 1 - 0.9 = 0.1

P(A B) = P(B) - P(A B) = 0.6 - 0.4 = 0.2

 

                                                                                                               

 







Example.9

 A class contains 50 students, 25 of them study chemistry, 20 of them study

history and 15 study both. A student is chosen at random. find the pro. that

i) The student studies chemistry or hist

25

50

20

50

15

50

1

2

2

5

3

10

ory

ii) The student does not study either of these subjects

iii) The student studies only history

Solution:

 chemistry = A P(A) = 

 history = B  P(B) = 

 Both = A B  P(A B) = 

i) The











  

\ \

1 2 3 3

2 5 10 5

3 2

5 5

 student studies chemistry  history

P(A B) = P(A) + P(B) - P(A B) =  +  -  = 

ii) The student does  study either of these subjects

P(A B ) = 1 - P(A B) = 1 -  = 

iii) The student studies

or

not

 

 

2 3 1

5 10 10

  history 

P(B-A) = P(B) - P(A B) =  -  = 

 Example.10  Two students try to solv

only

                                                                                                               



st

nd

e a problem if the prob. that 1  student

only solve it is 0.3 and the prob. that the 2  solve it is o.6 and the prob. that

the both of them solve it is 0.4. calculate the prob. that the problem is solvrd

by only one of them

Solution:

 P(A B) = 0.4   ,  P(B) = 0.6

P(A-B) = P(A) - P(A B)      0.3 = P(A) - 0.4  P(A) = 0.7

 P(A-B) P(B-A) = P(A) + P(B) - 2P(A B) 

                             = 0.7 + 0.6 



  

 

- 2 0.4 = 0.5

A
B

S

1510 5

20

another solution
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 Example.11

 Three players A, B, C associated in a swimming race, if the prob. that A 

wins equals double the prob. that B wins, and the prob. that B wins equals

the prob. that C wins. Find the prob. tha

1

4

1 1 1

4 2 4

1 1 1
0

4 4 2

t B or C wins

Solution:

 P(B) = P(C) = x     , P(A) = 2x

 x + x + 2x = 1    4x = 1     x = 

 P(A) = 2       and     P(B) = P(C) = x =

 P(B C) = P(B) + P(C) - P(B C) = 

               



  

 



 

 Example.12  A die is designed such that the prob. of occurrence of the 

 numbers 1,2,3,4,5 are equal, and

                                                                                                

 the prob. of occ. of the number 6 is double

 the prob. of occ. of the number one, if this die is tossed one time. 

Calculate the prob. of occ. of an even number.

Solution:

 P(1) + P(2) + P(3) + P(4) + P(

1

7

1

7

5) + P(6) = 1

 x + x + x + x + x + 2x = 1        7x = 1    x = 

 A = Even numbers = { 2 , 4 , 6 }       P(A) = 

                                                                                    

 

\ \ \ \ \

 Example.13  If A,B are two mutually exclusive events, P(A - B ) = o.7 

P(A B) = 0.9 Find : P(B ) , P(A B ) , P(A B )     

Solution:

 P(A B) = 0 

 P(A - B) = P(A) - P(A B)     

                           







 

\ \ \

\ \

\ \

   0.7 = P(A) - 0       P(A) = 0.7

1] P(B ) = 0.9 - 0. 7 = 0.2            P(B ) = 1 - 0.2       P(B ) = 0.7

2] P(A B ) = 1 - P(A B) = 1 - 0 = 1

3] P(A B ) = 1 - P(A B) = 1 - 0.9  = 0.1

         

 

 








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\ \

\ \

\ \

 Example.14

 If A, B are two events in S, P(A) = 0.5 , P(B) = 0.4 , Find P(A B ) in each

 of the following cases:

  i. P(A B ) = 0.8

 ii. A , B are mutually exclusive events

iii. B A

Solution:

i. P(A B ) 









\ \

= 1 - P(A B)   

           0.8     = 1 - P(A B)   

           P(A B) = 0.2

   P(A B) = P(A) + P(B) - P(A B) = 0.5 + 0.4 - 0.2 = 0.7

   P(A B ) = 1 - (A B) = 1 - 0.7 = 0.3

ii.    P(A B) = P(A) + P(B) - P(A







 

 



\ \

\ \

B) = 0.5 + 0.4 = 0.9

   P(A B ) = 1 - (A B) = 1 - 0.9 = 0.1

iii. B A     P(A B) = P(A) = 0.5 

         P(A B ) = 1 - (A B) = 1 - 0.5 = 0.5

 

                                                           



 

  

 

 Example.15  If A,B are two events in S, A B , given that P(A) = 0.5 and

the prob. that only B occurrence = 0.2

Find the prob. that B does not occurred

                                                    



   

Solution:

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

the prob. that only B occurrence = 0.2   P(B-A) = 0.2

P(B-A) = P(A) - P(B)   

     0.2   = P(B) - 0.5      P(B) = o.2 + 0.5 = 0.7

the prob. 

    





\

\

that B does not occurred = P(B ) 

P(B ) = 1 - P(B) = 1 - 0.7 = 0.3 
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\

P(A) 3
=  , and P(B) = 0.7,

\
2P(A )

\ \ \    P(A-B) = 0.3 Find P(A B ) , P(A-B ) 

 Example.16  If A,B are two events in S, 

Solution:

 2P(A) = 3 P(A )      2P(A) = 3[1-P(A)] = 3 - 3 P(A) 

 5P(A) = 3       P(A) = 3/



\

5 = 0.6   and     P(B) = 0.7  

 P(A-B) = P(A) - P(A B)     

       0.3  =  0.6  - P(A B)   P(A B) = 0.3

P(A B) = P(A) + P(B) - P(A B) = O.6 + 0.7 - 0.4 = 0.9

\ \P(A B ) = 1 = P(A B) = 1 - 0.9 = 0.1 

P(A-B



  

 

 

\

) = P(A B) = 0.3 

 Example.17  If A,B are two events, in S P(A) = 2P(A ) , and P(B) = 0.5 ,

                                                                                                               


\ \ \ \

\ \ \

\ \

 

 P(A B) = 0.25, find P(A B) , P(A B ) , P(A-B ) , P(A    

Solution:

 P(A) = 1 - P(A )  2P(A ) = 1 - P(A )   

 3P(A ) = 1       P(A ) =1/3    and P(A) = 2/3

 

i) P(A B) = P(A) + P(B) - P(A B) = (2/

-B )  





 

\

\ \ \

3) + (1/2) - (1/4) = 11/12

ii) P(A B ) = P(A) - P(A B) = (2/3) - (1/4) = 5/12

iii) P(A-B ) = P(A ) - P(A B ) = (2/3) - (5/12) = 1/4

\ \iv) P(A -B ) = P(B-A) = P(B) - P(A B) = 0.5 - 0.25 = 0.25

              

 




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