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16.1

3

6

1

2
1, 2, 3, 4, 5 6 

2, 4 6

Classical

Statistical approach

1933 A.N.

Kolmogorov 1933

Random Experiment Sample Space Events

v Where a mathematical reasoning can be had, it is as great a folly to make

use of any other, as to grope for a thing in the dark, when you have a candle

in your hand. - JOHN ARBUTHNOT v

Kolmogorov
(1903-1987)

(PROBABILITY)
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16.2 Random Experiments

180
o

Toss

Heads Tails

i

ii

16.2.1 Outcomes and Sample Space

outcome

1,2,3,4,5 6

Sample Space

Sample Point

1

H T

(H, H) = HH

(H, T) = HT

(T, H) = TH

(T, T) = TT

S {HH, HT,TH,TT}=

A H T
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2

1 2

1,2 3 5

3,5

(x,y) x

y

S x y x={( , ): y }

6 6 36´ =

3

i Q H R 

Q H

QH H

Q HQ

H Q RH RQ

S {QH,QR,HQ, HR,RH,RQ}=

0

1 2

S = { , , , , , . . . . . . . . . . . . . . .}0 1 2 3 4

 4 3 4

B
1
,B

2
,B

3
W

1
,W

2
,W

3
,W

4

S {HB ,HB ,HB ,HW ,HW ,HW , HW ,T1,T2,T3,T4,T5,T6}1 2 3 1 2 3 4=

HB
i

B
i

HW
i
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W T
i

i

5

S={H, TH, TTH, TTTH..........}

16.1

1  7 

1.

2.

3

4

5

6 X 2 2 Y 1 3

7

8

9 1 3

Replacement

10

11 3 D

Defective N Non-Defective

12
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13 1,2,3 4

14

15 2 3 

16 6

16.3 Events

S = {HH,HT,TH,TT}

S HT TH E

E = {HT,TH}

E S S

S 

2 A = {TT}

1 B = {HT,TH,TT}

1 C = {HT,TH,TT}

D = {HT,TT}

2 S = {HH, HT,TH,TT}

 2 f

S E 

16.3.1

 4 E 

1 ‘E ’ 2 3

E
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S E

w ÎE wÏE E

16.3.2 Types of Events

1. Impossible and Certain Events f S 

f S

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

7 E E

S 

E

f E S 

7 

E = f

F 

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

F = S

2 Simple Event E

n n

S = {HH, HT, TH, TT}

E
1

= {HH},  E
2

= {HT}, E
3

= {TH}  E
4

= {TT}

3. Compound Event

E:

F:

G:
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S 

E = {HTT, THT, TTH}
F = {HTT, THT, TTH, HHT, HTH, THH,HHH}

G = {TTT, THT, HTT, TTH}

16.3.3 Algebra of Events

 A,B,C S

1. Complementary Event A ¢A A 

A

S = {HHH, HHT, HTH, THH, HTT,THT, TTH, TTT}

A = {HTH, HHT,THH}

HTT A A

A A 

A A 

¢A  =  {HHH, HTT,THT,  TTH,TTT}

¢ ÎA = {   :    Sw w w Ï = -A} S A

2. A B The Event ‘A or B’ A B AÈ

B A B

A B A BÈ

A B  A B AÈ A B

A B = A BÈ

= { w :ÎA w B}Î

3. A B The Event ‘A and B’ A B A BÇ

A B A B

A B A BÇ A B

A BÇ = Î{ :w w A w ÎB}

A 6

B 11

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

A BÇ = {(6,5), (6,6)}

6 11

4. A B The Event ‘A but not B’ A - B

A B A- B A B

A - B = A BÇ ¢

6 A

B

(i) A B ii A B iii A, B iv A

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

A B = AÈ ={1, 2, 3, 5}

A B = A BÇ = {3, 5}

A B =A - B = {2}

A = ¢A = {1, 4, 6}

16.3.4 Mutually Exclusive Events

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

A : B :

A  B

A B A = {1,3,5}

B = {2, 4, 6}. A B=Ç A B Disjoint

A B

occurrence A B

A 4

B

A = {1,3,5} B = {1,2,3}

3ÎA 3ÎB

  A B
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16.3.5 Exhaustive Events S

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

A 4

B 2 5

C 4

A = {1, 2, 3}, B = {3, 4} C = {5, 6}.

A B C  4 S.È È = È È ={ , , } { , } { , }1 2 3 3 5 6

A, B C S n E
1
,

E
2
 ........,E

n

E E E E S1 2
1

È È È = È =
=

........... n
i

n

i

E
1
, E

2
 .............E

n
E

1
, E

2
,......., E

n

i j¹ E Ei jÇ = f E
i È =

=i

n

i
1
E S

E
1
,E

2
........,E

n

7

A 

B 3 

C 4

D 11

S = {(x,y): x,y = 1, 2, 3, 4, 5, 6} 36

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

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

C = {(1,1), (1,2), (2,1)}  D = {(6,6)}

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

A B

A C , A D ,B CÇ ¹ Ç ¹ Ç ¹f f B DÇ ¹ f
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(A,C), (A,D), (B,C), (B,D) C D =Ç f

C D

8

A B C

S = {HHH,HHT, HTH, THH, HTT, THT, TTH, TTT}

A = {TTT}, B = {HTT, THT, TTH},   C = {HHT, HTH, THH, HHH}

A B C {TTT,  HTT,  THT,  TTH,  HHT,HTH, THH,HHH} SÈ È = =

A, B, C 

A B ,A CÇ Ç= =f f B C =Ç f

A,B C

16.2

1 4 E

F E F

2

i  A: 7 ii  B: 7 

iii  C: 3 iv  D: 4

v  E: 4

vi F: 3 

A B, A B, B C, E F, D E, A C  D E, E FÈ Ç È Ç Ç - - Ç ¢, ¢F

3

A 8

B 2

C 7 3 

4 A B

C D 

i ii iii

5
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i

ii

iii

iv

v

6 C

A 

B 

C 5 

i A' ii  B iii B

iv A B v  A C vi B C

vii B C A B CÇ ¢Ç ¢

7 6

A B

A B

A = B¢
A C

A ¢B

¢ ¢A ,B ,C

16.4 

Chance Occurrence

Non- Occurrence Chance

S S [0,1]

P

i E P(E) 0³ ii P (S) = 1

iii E F P(E F) P(E) P(F)È = +
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iii P( ) 0f =. F = E

iii

P(E ) = P(E) + P( )Èf f P(E) = P(E) + P( )f P( ) = 0f

S w w w1 2, ..........., n

S { , ............. ,= w w w1 2 n}

(i)    0 P(£ £w i ) 1 w i SÎ

(ii)    P P P( ) ( ) .......... ( )w w w1 2 1+ + =n

iii A P(A) = P(  Ai iå Îw w),

A { }w i

P({ iw })  P( iw )

H T
1

2

P(H)
1

2
=   P(T)

1

2
                                     (1)=

0 1

P(H) P(T)
1

2
+ = + =

1

2
1

H =
1

2
T =

1

2

P(H)
1

4
= P(T)

3

4
                                               (2)=

H =
1

4
T =

3

4

H T 1 2

p 1
_

p 0 1£ £p

P(H) + P(T) = +p p( )1 1- =
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9 S ={ 1w w w, , ....................... }2 6

w w w w w w1 2 3 4 5 6

(a)
1

6

1

6

1

6

1

6

1

6

1

6

(b)   1         0          0             0           0  0

(c)   
1

8

2

3

1

3

1

3

1

4

1

3
- -

(d)  
1

12

1

12

1

6

1

6

1

6

3

2

(e)  0.1       0.2       0.3          0.4        0.5         0.6

i P( )w i 1 

ii

= + + + + + =
1

6

1

6

1

6

1

6

1

6

1

6
1

b i P   0( )w i 1 

ii = 1+0+0+0+0+0=1

c i P( )w 5 P( 6w )

P( )w 6

3

2
1= >

e = 0.1+ 0.2 + 0.3 + 0.4+ 0.5 + 0.6 = 2.1

16.4.1

S 0,1,2 3

S = {BBB,BBG, BGB, GBB, BGG, GBG, GGB,GGG}

B G
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BBB   BBG   BGB    GBB   BGG   GBG     GGB   GGG

1

8

1

8

1

8

1

8

1

8

1

8

1

8

1

8

A B 

, A = {BGG, GBG, GGB}    B = {BBG, BGB, GBB, BBB}

P(A)  P( A

        P(BGG) P(GBG) P(GGB)
1

8

= " Î

= + + = + + =

å w wi i),

1

8

1

8

3

8

P(B)  P(

       P(BBG) P(BGB) P(GBB) P(BBB)

1

8

=

+ + +

=

w wi i
B)," Î

=

+ + + = =

å

1

8

1

8

1

8

4

8

1

2

S = {HH, HT, TH, TT}

P(HH)
1

4
P(HT)

1

7
P(TH)

2

7
P(TT)

9

28
= = =, , , =

 E

E = {HH, TT}

P(E) P( E

       P(HH) P(TT)
1

4

=

= + =

w wi i)," Î

+ =
9

28

4

7

F F = {HH}

P(F) = P(HH) =
1

4

16.4.2 Probabilities of equally likely outcomes

S = { 1w w w, ,..........., }2 n

S
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P( Siw w) = " Îp i 0 1£ £p

P( iw ) ,=
=

å 1
1i

n

p + p +......+ p n =1

np =1 p
n

=
1

S E n(S) = n n (E) = m.

16.4.3 A B Probability of the Event ‘A or B’ A B

P(A B)È

A = {HHT, HTH, THH} B = {HTH, THH,HHH} 

A B {HHT,  HTH,  THH,  HHH}È =

P(A B) P(HHT) P(HTH) P(THH) P(HHH)È = + + +

P(A B) 
1

8
È + + + = ==

1

8

1

8

1

8

4

8

1

2

P(A) P(HHT) P(HTH) P(THH)
3

8
= + + =

P(B) P(HTH) P(THH) P(HHH)
3

8
= + + =

P(A) P(B)
3

8
+ = + = =

3

8

6

8

3

4

P(A B) P(A) + P(B)È ¹

HTH THH A B P(A)+P(B) HTH

THH A BÇ P(A B)È

P(A)+P(B) A BÇ

P(A B) P(A) P(B) P( A B

              P(A) P(B) P(A B)

iÈ - " Î Ç

= - Ç

å= +

+

w w), i

P(A B) = P(A) + P(B) P(A B)È - Ç

A B
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P(A P( A B.È = " Î ÈåB i i) ),w w

 A B (A B) (A B) (B A)È - È Ç È -=

P (A B) P( A B P( A B

P( B A                                                           (1)

È = " Î - + " Î Ç

+ " Î -

å å

å

w w w w

w w

i i i i

i i

), ),

),

A B A B B A- Ç -, ,

P(A)+P(B)

= " Î + " Î

= " Î - È Ç + " Î - È Ç

= " Î - + " Î Ç

+ " Î - + " Î Ç

å å

å å

å å

å å

P( A P( B

P( A B A B P B A A B

P A B P A B

   P B A P A B

w w w w

w w w w

w w w w

w w w w

i i i i

i i i i

i i i i

i i i i

) )

) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) (

( ) ( ) ( ) ( )

= È + " Î ÇåP A B P A B)( ) ( ) (w wi i 1

= È + ÇP A B P A B( ) ( )

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

A B A B AÈ = È -( ) A B
_

A

B A B B A= Ç È -( ) ( ) A BÇ B
_

A iii

P A B P A P B A                                        ...  (2)

P(B) P(A B P B A                                         ...  (3)

( ) ( ) ( )

) ( )

È = + -

= Ç + -

2 3

P A B P B P A P A B

P A B P A P B P A B

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

È - = - Ç

È = + - Ç

16.1
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A B A BÇ = f

P A B P( ) ( )Ç = =f 0

A B 

P A B P A P B( ) ( ) ( )È = +

iii

16.4.4 A Probability of Event ‘not A’ 1 10

10 A = {2, 4, 6, 8}

S = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}

1, 2, 3,............,10
1

10

P(A) = P(2) + P(4) + P(6) + P(8)

= + + + = =
1

10

1

10

1

10

1

10

4

10

2

5

A ¢A {1,  3,  5,  7,  9,  10}=

P A P P P P P P( ) ( ) ( ) ( ) ( ) ( ) ( )¢ = + + + + +1 3 5 7 9 10

= =
6

10

3

5

P A P A( ) ( )¢ = = - = -
3

5
1

2

5
1

¢A A

A AÇ ¢ = A A SÈ ¢ =

P A A ) P(S)( È ¢ =

P A P A( ) ( )+ ¢ = 1 ii iii

P A P A( ) (¢ = = 1
_

P (A)

16.1
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10 52

Diamond Ace

Club Spade ]

v

52

52

A A 13.

P A( ) = =
13

52

1

4

1

4

Ace B. ¢B

P(B ) 1 P(B) 1
4

52
¢ - - = - == = 1

1

13

12

13
iii C C 26

P C( ) = =
26

52

1

2
1

2

i A 

¢A A

P(A = =1 P(A) 1
1

4
- - =

3

4
v ¢C C

 P C = - = - =1 1
1

2

1

2
P C( )

=
1

2

11 9 Discs 4 3 2 

i ii iii iv v
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9 9.

A, B C

A :

B :

C :

= 4 n (A) = 4

P A( ) =
4

9

= 2 n (B) = 2

P B( ) =
2

9

= 3 n (C) = 3

P C( ) = =
3

9

1

3

C

P C =1
_ 

P(C)

P C = - =1
1

3

2

3

A C A C

P(A C) P(A C) P(A) P(C)
4

9
= = + =È + =

1

3

7

9

12

0.05 0.10

0.02.

b

c

E F

P(E) = 0.05, P(F) = 0.10 P E F( ) .Ç = 0 02

¢ Ç ¢E F
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¢E E ¢F F

¢ Ç ¢ ÈE F = (E F)'

P E F P E P F P E F( ) ( ) ( ) ( )È = + - Ç

P E F( ) . . . .È = + - =0 05 010 0 02 013

(b) P 

= 1 
_
 P

= 1
_

0.02 = 0.98

c

E FÇ ¢ ¢ÇE F

E FÇ ¢ ¢ÇE F

P

= Ç ¢P E F( ¢ ÇE F)

= Ç ¢ + ¢ Ç = - Ç + - ÇP E F P E F P E E F P F P E F( ) ( ) ( ) ( ) ( ) ( )

= - + - =0 05 0 02 010 0 02 011. . . . .

13

a b c

= 2 + 2 = 4 4
2C

2
2 1C =

P = =
´ ´

´
=

2
2

4
2

1 2 1

4 3

1

6

C

C

b 2 1
2

1C

1
2

1C 2
1

2
1C C´

P =
´

=
´

´
=

2
1

2
1

4
2

2 2

2 3

2

3

C C

C

c 2 2 2
2C

P 2 = =
´

=
2

2
4

2

1

2 3

1

6

C

C
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16.3

1 S = { , , , , , , }w w w w w w w1 2 3 4 5 6 7

w w w w w w w1 2 3 4 5 6 7, , , , , ,

(a)  01.     0.01   0.05   0.03    0.01   0.2    0.6

(b)  1 7    1 7      1 7    1 7      1 7    1 7    1 7

(c)  0.1      0.2       0.3     0.4        0.5      0.6     0.7
(d)           - -0.1    0.2     0.3    0.4   0.2    0.1  0.3

(e)  1

14

2

14

3

14

4

14

5

14

6

14

15

14

2

3

3 3 

1 1 

6 

6

4 52

b Ace of Spade

c i ii

5 1 6 

i  3 ii 12

6 4 6

7 4 1

1.50 4 

8

i 3 ii 2 iii 2 

iv 2 v vi 3 

vii 2 viii ix 2 

9 A 
7

11
A 
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10 ASSASSINATION i

ii

11 1 20

[

]

12 P(A) P(B)

( ) ( ) . , ) . , .

) . , . , ) .

i      P A  P(B  P(A B)

(ii)    P(A  P(B)  P(P B

= = Ç =

= = È =

0 5 0 7 0 6

0 5 0 4 0 8

13

(i)        
1

3

1

5

1

15
                   ..

ii        0.35        ..               0.25                 0.6

iii       0.5         0.35            ...                     0.7

P(A) P(B) P(A B) P(A B)Ç È

.

( ) .

( )

14 P(A) = 3 5 P(B) = 1 5  P A B A B

15 E F P(E)    P(F= =
1

4

1

2
, ) P E F = 1 8 i P E F ii

P E F

16 E F P E F = 0.25. E F

17 A B P(A) = 0.42, P(B) = 0.48 P(A B) = 0.16 (i) P(A

(ii) P(B  (iii) P(A B

18 40% 30% 10% 

19

0.8 0.7

0.95

20 0.5

0.1 0.75

21 60 30 NCC,  32 NSS 24 NCC NSS
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NCC NSS

NCC NSS 

NSS NCC

14 A, B, C D i B

A ii B A C B (iii) A B iv A v

B A 

A, B, C D 4! 24

n (S) = 24

24,

S = {ABCD, ABDC, ACBD, ACDB, ADBC, ADCB.
BACD, BADC, BDAC, BDCA, BCAD, BCDA,
CABD, CADB. CBDA, CBAD, CDAB, CDBA,

DABC, DACB,  DBCA, DBAC, DCAB, DCBA}

i B A E 

 E = {ABCD, CABD, DABC, ABDC, CADB, DACB,

ACBD, ACDB, ADBC, CDAB, DCAB, ADCB}

P(E)
(E)

(S)
= = =

n

n

12

24

1

2

ii B A C B F F = {ABCD,

DABC, ABDC, ADBC}

P(F)
F

S
= = =

n

n

( )

( )

4

24

1

6

iii iv v

15 52 7

7 i ii  3 iii 3

52 7 
52

7C

4 = ´4
4

48
3C C 48

P 4 =
´

=
4

4
48

3
52

7

1

7735

C C

C
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ii 3 4 7 = ´4
3

48
4C C

   P 3 =
´

=
4

3
48

4
52

7

9

1547

C C

C

iii P 3 

= P 3 4 

= P 3 + P 4

= + =
9

1547

1

7735

56

7735

16 A,B,C

P(A B C P A) P(B P(C P(A B) P(B C

P(A C P(A B C

È È = + + - Ç - Ç

- Ç + Ç Ç

) ( ) ) )

) )

E = ÈB C

P(A B C) P(A E

                      P(A P(E) P(A E)                                  (1)

È È = È

= + - Ç

)

)

P(E P(B C)

       P(B P(C P(B C                                                       (2)

)

) ) )

= È

= + - Ç

A E A B C) (A B) A CÇ = Ç È = Ç È Ç( ( )

P(A E) P(A B) P(A C P A B A C

              P(A B) P(A C) P(A B C)                              (3)

Ç = Ç + Ç - Ç Ç Ç

= Ç + Ç - Ç Ç

) [( ) ( )]

(1) 2 3

P A B C P A P B P C P B C

                      P(A B P(A C P A B C

È È = + + - Ç

- Ç - Ç + Ç Ç
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