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C?uming rules help us to know about the number of all possible results of
an eXxperiment without actually writing them. A few of the commonly used
: * G e counting rules to solve the probability problems are:
r—T el Tillik balia e v
= "’"E;l}"__,‘-z_u: ;‘ '-ﬂlfl-*{l':y""‘ﬁ.'l. ,.. L bl L= e =) ; £ . Factorial
] H_-‘ 'L‘- PEE—— ct of first n t .
= .-t. f;ct - 1131.] has the notation 10 express the product of fi natural | " The product of first n natural numbers is called factorial and is denoted by
+  Know n! (n facto e symbol n! (read n factorial). Thus
pplicte inles of counting andillustrateitusingtree diagram. | SR
+ Describe fundamental princip andinterpretthe number of permutations of Sl
+ Explainthemeaning of permutation '
tob ectstakenratatime. o 31=321=6
::;::mtl am}eaning of combination and interpret the number of combinations P
[ n the mean 2 P
tatime.
ofndiﬁereﬂtubledstakenl': cample space, sample point, event, simple and 51=54321=120
+ Define random “‘:ﬂima;‘b;e 3ndp <ure events, complementary events, equally .
compound events, imposs )
Iikelvfevent&.exhaustlveewents,mutualhrexciuslve events . AR 551
, through classical definition, relative frequency . ] .
4+ Elaborate the term 'probability’ throug This can simply be writtea as
definition. Axiomatic definition. . :
+ Remgnlmthaiumulﬂurprubabi!lb,'of occurrence of an eventA . ni=n(n-1) (n-2)!
+  Applytheformulaand using Venn diagrams to find the probability in simple cases - 1)
forthe occurrence of an event. Remember that the quantity 01 = 1 arbiiras
P= itrarily defined.,
*  Describe probability of non-occurrence of an event, odds for the occurrence and _ ¥ defined
oddsagainstthe occurrence foranevent. + Rule of permutation
*  Recognizethe lawof probability of complementation. The groups which can be ‘
made from a giv . .
+ State the laws of probability under addition and apply them to solve real life together some or all of the objects at a time with r:g“a:d'-':ﬂb;" Ot'jhjecfw *zes
problems, are called permutations, F 0 the order of the objects
) or ExamP]e‘ if there are 5
¢ Differentiatebetweendependentand independent events. permulations of size two will be AB, BA, AC CA ‘;1;: ggji;ls A.m ? and C, then
+ Define the conditional Proha'hm and b bili undﬂf gt Dbjects, i - ] s : = ¥ . - Lener Ys if we havg
multiplication. 50 stake the. e o probablity fobtala otal number of permutations of size “r" can be obtained by the
4
: :!;I:n'ﬂt:lamh:lplmhabﬂtqundermultlplicaﬁnntgsg,m real life problems. ; |
ro | "
mb::;mz“e“i ities for rﬂl "iﬁ problems hWol\r[ng Cﬂunﬂng tEChﬂ'ques an er = n

®
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. ize), therefore
ot of objects), r=2 (group §
Consider the above example, n=3 (rmm!:er 0 Sa1 321,
a1 1

the number of permutations is equal to =775y =)

. igits 3,
How many different three digit numbers can be formed from the digi

4,5,6,7,8.

n= 6 r =73, the number of permutations is given by

6! _E=6-5'4'3’-=ﬁ.5.4=1?.ﬂ
3t

i ail bjects are faken at a ime (without repetition)
el s - s il - - f 3nun Df
When n objects are considered at anume in the form

i =P=n!
groups i.e. r =n then the total number of permutations n

How :.r different permutations can be made from the letters of the
word “BOXER"?

Here r = n = 5, therefore, total number of permutations= 5!=5-4:3-2:1=120

When all of the gie objects are considered at a time in the formation of

groups and out of them my are of one kind, nz are of second kind... nx are of the o
kind, then the total number of permutations is given by

L B ]:-—"l—,wheren|+m+...+m=n
Moy | om i been, | -

How many different permutations can be made from the letters of the
word "STATISTICS™?

: [P e, A e NOT ENAD.CALE

Frnbllli'?#; .‘-2—"__' >

== =< LT A ey o ol
Statistics - XI| O .t L~_,-;?~'-‘ Unit-1:

Here n = 10 (total number of letters), my =

3 (number of §'s), my = 3
(number of T's),

3 = 2 (number of I's), ns = 1 (number of A’s) and ns = 1
(number of C's). Therefore, the required number of permutations is given by

[ A ]=__ﬂf_
PPy Mgy Rt | gty Ing iy Ing!

10 ) 100  109-8.7-6-5-3-2:]
[3,3.11,1}3!3:211!1!‘3-2-1-3-2-1-2-1-1-1'sm ‘

The groups which can be made from a given number of objects by taking
together some or all of the objects at a time without regard the order of the

objects are called combinations. For example, if there are three objects A, B
and C then combinations of size two will be AB, AC, and BC.

Generally if there
are “n"" objects then the total number of combinations of size “F" is given by the
formula &z—i!—-

o (n=r)lrl

By formuila the number of combinations for above example is equal to

3
?z 3! =f‘l+2-l=3

(3-2)21" 121
O-@-1
(ﬁ)=(n5r)
(1)=(,24)=n
0)+(2)=(+)

In how many ways a committee of three men can be selected from seven

(9

e A et ., BEAAT ST M B B s it

men?



the total number of combinations is

=3, thcrefon‘.’-.
o %
(7-3)31 43-2:1

operations having m and n results

utually exclusive
have (m + 1) results.

1f there are two m
respectively, then the two operations combined

If an experiment has m results
results, then the compound experiment
Introduction to probability

In everyday life, we face two

and another independent experiment has n
has exactly (mn) results.

situations either we may be sure about the
occurrence of an event or not sure (uncertain). If sure, then there is no need of
probability but if not sure, then probability is used, which is defined as “the
numerical evaluation of occurrence of an event is called prnbability“.

Originally, it was known as “science of gamblers” because its foundation
was laid by two French mathematicians Pascal and Fermat in connection with
gambling problems but nowadays probability theory has wider applications in
almost all areas of learning. It is a base for inferential statistics.

For leaming the probability technique, it is necessary to understand the
following key terms.

The dictionary meaning of random is “unexpected” or “unpredictable”,
chosen by chance rather than according to a plan.

An ear.?eriment whose results cannot be predicted in advance is called
random experiment. For example; toss of a coin, roll of a die, ete.

s

f all b}e results of a rand . !
; om
sample space and is denoted by S. experiment is called

The sample space for tossing a coinis S = (H, T)

®
e i =T AN o o pl

Tl

Bl -
Unit-1: Pmbm
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The sample space for rolling adieis S={1,2,3, 4,5, 6).
The SBI:I1]J[B space for an ordinary deck of playing cards is

K
atl
J:Ek ]Ih 10 o
l v Jack Jack . :
e e Qum]“?am-gr |
i

4 bfi'fniﬂnn of outcome i -.
| 1-2'3 El;i:l] :csuit of the sample space is called an outcome or sample point.
— i;‘;‘;{;gizczi:::i ia::u;ahle outcomes to a happening from the sample
denoted by Ej, Ex Es...or A, l;l, gt ff the-smplo spact it calledamovenk. Ibik
52 II!WIJIE event
An event which has no favourable outcome is called an impossible or null

event and is denoted by ¢. For example, A = observing “7" when a die is rolled

once. Surely “A" is impossible eve
. nt because the n
an ordinary die is rolled once. N e

¢ Simple event

An event having exact] int i
y one sample point is called simple or element
event. For example, event A = {5} when a die is rolled, is a simple event, x

(Z)
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& d
An event which contains more than one outcome is called compoun

v ; di
event. For example, event A = (4, 6] or event A = {1, 3,5} etc. in rolling of a die
are examples of compound event.

i ed sure or
- : f the sample space is call
event which contains all results o o .
certain :-:m For example, event A= (1,2, 3,4, 5, 6] when a die is rolled once, is
a sure event,

A is sai event “A” in
An event, denoted by * A " is said to be complementary Lo an

a sample space, if A consists of all those sample points which are not cznt:n;e]d
in A. For example, if we roll a die, then S = {1, 2,3, 4,5, 6). Let A= {1, 3, 5],

then A = {2, 4, 6}.
Remember that AUA =S,

Events are said to be equally likely if they have the same chance of
occurrence. For example, if we toss a fair coin, then head (H) and tail (T) have
same chance of occurrence. So head and tail are equally likely events.

If two events cannot occur simultaneously then they are called mutually
exclusive events. For example, if we toss a coin, H and T cannot occur together so

they are mutually exclusive events. Similarly, success and failure, male and
female births etc, are mutually exclusive events,

Events are called exhaustive if (i) they are mutually exclusive events and

(i) their union makes again the entire sample space,

o n_.- A e - Fryt
'+ Axiomatic definition

— . P s a,
- Statistics - X|| "

If the occurrence of an event does not affect
of any other event, then they are said to be indepe
sampling is an example of independent events.

the probability of occurrence
ndent events. With replacement

Similarly, results of two fair coins
Or examination results of students are independent of each other.

If a sample space has “p” equaiy likely and mutually exclusive outcomes
and if “m" outcomes of them are favourable to the occurrence of an event “AT,

then the probability of the event A, denoted by P(A), is given by

n(A) m
Alz—m—t =
A n(§) n

Since events in practical life may not always be equally likely that is why this
definition has the shortcoming that it can only be applied to pattern experiments
like tossing of a coin, rolling of a die, drawing of a playing card. This definition

was given by Laplace. It is also called mathematical or priori definition of
probability.

n uses the relative frequency of the occurrence of an event A,
overa very large number of trials, that is,

P(A)= lim 2

ﬂ—iﬂln

This definition, given by Von Mises, has the shortcoming that the
experiment needs to be performed a large number of times which is practically
time consuming and expensive. It is also called statistical or posterion definition
of probability because it is calculated after conducting the actual experiment,

S
AL

Axiom means a rule or pripl matauy Ppeople accept as true, To avoid
different shortcoming  and compute probability,
Kolmogorov imposed some axioms on the probability of

Axiom (1)  0<PE)< 1, where E s any event.

B U - 1 T o

Russian  mathematician
an event given below:
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Note that:

(i) If P(E) = 0, the event E is said to be null event.

(ii) If P(E) = 1, the event E is said to be sure event.
P(S)=1

If E; and E; are mutually exclusive events, then
P(EUE2) = P(E1) + P(Ez2)

¥ a coin i tossed, what is the chance of a head?
| Solution:
nS)=2=2'=2
S={HT)
£t A Serit Begare

A= {H]}
n(A)=1

i A fair coin is tossed twice. What is the probability that exactly one head

(8)=2"=2=4
S = (HH, HT, TH, TT)
Let A: exactly one head
A= (HT, TH)
nAy=2

4

tatistics - X1|

Unit-1: ;r;bnﬁm

Pay="4 _2_1_

Example 1.7
Three fair coins are tossed once. Find the probability of

(i) exactly two tails (i) at least two tails  (iii) at most 2 heads.
Solution:

ns)=2"=2"=8

S = (HHH, HHT, HTH, HTT, THH, THT, TTH, TTT)
(i) Let A: exactly two tails
A= (HTT, THT, TTH}
n{A)=3

(ii) Let B: at least two tails

B = (HTT, THT, TTH, TTT}
n(B) =4

p(a]="_(§1=4= ==

(i)  Let C: at most 2 heads
C = {HHT, HTH, HTT, THH, THT, TTH, TTT}

nC)=7
ney_7_
(C) n(s) 8 0.875

If a die is rolled, what is the probability that the number appearing on top
is (i) anodd number (ii) an even number less than 5.

]

e T e
For die n(S) = 6"
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Here n(S)=6'=6
§=(1,2,3,4,56]
(i) Let A:an odd number
A=1(1,3,5]
n(A) =3

_nA)_3 _os
ns) 6

(ii) Let B: aneven number less than 5
B=(2.4]
n(B)=2

P(A)

Two dice are thrown once, what is the probability that (i) the total score is 8
(i) score is at least 10 (iii) 5 occurs on the second die.

For two dice n(S) = 6"=6"=36

Ly, @2, @3) (14), (@5, (16)
2 (22, @3 @8 @5 (26
G1, (G2, (33, 6o (35 (36
$=1(1), (42, 3), (44, 5, (46
1), G2, (3, GA, 65 (56)
GO, (62, (63, (64, (65, (66)

(i)  Let A: the total score is 8
A=((2,6),(3,5),(4,4),(5,3),(6,2))
n(A)=5

LA S
n(S) ~ 36

(i)  LetB: score is at least 10
B= [(4| 6]0 (5, 5}1 (ﬁ, 4}1 {sl 6]1 ':61 5:'| (6, 6)}

(@

R L

P(A)

s, b s Bp

Statistics - Xl Unit -1: Probability

n(B)=6
P 0
n(s) 36 6
(iii) Let C: 5 occurs on the second die
C=1{(1,5),(2,5),(3,5), (4 5).(5,5), (6,5))
H{C] =6
piey-26) .6 1
n(S) 36 6

_52:511

L a2 ]
(S 0= Gt =52

P (s2-nm- sm
(i) Let A: card is heart

13

1

n(A)= C=13 (As there are 13 heart cards in an ordinary pack)

(4) 13 1
Pl 22 L 5
n(§) 52 4 L
(ii) Let B: card is red
X
u(B}:fi.‘=26(Aslherem26redca:dsinapack)

PipyB) 26 1 e
Lo 0.5=50%

A bag contains 12 identical balls of which 5 white 4 red and 3 black

bal!s. Two balls are drawn. What is the probability that (i) both are red (ii) one
white ball and one black ball?

. (12
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Unit -1 Probability
e (ii) Let B: at least one Samsung set
The bag contains (SW-+4R+3B) = 12 balls B = ISamsung or 2 Samsung sets
12 12! = (1 Samsung and | i-Phone) or 2 Samsung sets
n(S)=C =T I T
& ':12'2]‘ 5 nlfB):{?‘x (:.‘}+5;'=[10><5)+t35=50+45=95
12:11110!_
=0 Pca)=%=%=n.9o
: : drawn are red "
W g Z?a]]s i (iii) Let C: one Samsung and one i-Phone set
A= =5, n(C)=i§x¢=mxs=su
A _6 _1 .
PA= I 6 11

n(C) 50
=——=—=048
il n(S) 105
(i)  Let B: one white ball and one black ball ~

n(B]=£T‘x(IEJ=5X3=15

Statement:
n(B) 15 5 = :
p(3)=—=—6—g=§ _ If A is the complement of an event A in the sample space then
. P(A) =1- P(A)
lell2 Proof:
retailer wishes to buy two mobile sets from a shop having only 10

As we see from the Venn diagram that event A and A are mutually
exclusive and exhaustive so AUA = §. Taking probability on both sides
P(AUA) = P(S)
-2

e P(A) + P(A )= | (Using axiom I and 1)
There are (10 Samsung + 5 i-Phone) = 15 sets = :
5 or P(A)=1-p(A), S=|
n(8) ‘:-E =105
(i) Let A: 2 Samsung sets e
n(A)= " - Example.-!.i‘.!__. .
: Five fair coins were tossed once. What is the probability that at least one
P(A u:ﬂé:.’..:ﬁ:n‘a head oceurs?
ns) 105

14
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N i -i;_'ﬁfﬁﬁohﬁahlﬁtffo?mﬁ_mnlly exclusive events
@) =2"=2" =3 Statement:
Liet A at least one head. : If A and B are two mutually exclusive events, then the probability that any
Tt will be tedious to list the sample space and pick out the favourable one of them happens is equal to the sum of individual probabilities of A and B. In
results for at least 'one head. Alternatively, symbol, P(A or B) = P(AUB ) = P(A) + P(B)
A : No head o -
ry Let n be the total number of sample points in the sample space. Let n be
=({TTTTT)
. the favourable cases to the occurrence of an event A, then P(A) = Let ma be
rnﬁ(.fh ) = 1, n
P(A)= ni(A) 3 the favourable cases to B, so P(B) = —=. Since A and B are mutually exclusive
- LA _ n =
LR ity of A Uy withg Ié of events, therefore, favourable cases to (A or B) are equal to m;+m. I
Finally, we can obtain the required probabili : w S=|
ol Hence P(A or B) = P(A U B) =ﬂlﬂ=%+f‘:—’ =PA)+P®)
PAY=1 ,,,p(.,at}:y_é ~_—§=0}9? Example 1.15

A card is drawn from an ordinary deck of playing cards. What is the
3 ' ' plmbahility that the card will be either a King or a jack?

What is the probability that a randomly selected family of four children Solutions .
will have at least one boy? Let the event king be denoted by A and the event jack be denoted by B.
m These are mutually exclusive events as both cannot occur at a time. Thus we use
e oo ; addition law fu; mutually exclusive events i.e. P(A or B) = P(A) + P(B)
Vet B: at least one boy in the family - Now n($)= C=52
”IhcmE=mboyL&a!lgiﬂs Let  A:cardis king
E =g g
igfalﬂl . i n(A) = (I:=4
E ------- e [
3 TR P(Ay=MA) _ 4
Moo bk, n(S) 52
"quired probability of E by complementation law is given by G
: Let B: card is
PO\ pEy=y- L _ IS s
“PE)=1-— =2 _gqy 4
n(B) = ? =4

€
3
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n(B) 4
PB)=——=—
(B) n(§) 52 )
s P(A or B) = P(A) + P(B)
4 4 8 _.%.
=-_+-_h= T

1

e i
tion: ,_;g!

Let A: Sum of dots is 6 and B: sum of dots is 9. The events are mutually
exclusive because they cannot oceur together. Hence we use addition rule for

mutually exclusive evenis i.e. P(A or B) = P(A) + P(B)

Now n(5)=6"=36

(L), (12, @3), @4, (@@s) (1Le)
@n, @2, @3, @4 (@25 @6
s @1, (G2, (3, G4 (G5, (6
(41, (42, (43), (44, (45, (46)
G1, (52, (53, (G4, (55, (6)
(61). (62, (63), (64), (65), (66)
S A= {(1. s)l {2| 4]1 (3| 3}- ':45 2}1- (51 1]]
n(A) =5, ~
pay="A)_5
n(sy 36
B =(3,6).(4.5), (5.4), (6, 3))
n(B) =4,
P(B)= E.‘:El_zi
n(§) 36
:.P(AurB)=PiAUB}=—§-.{.._4_._i‘_l
36 36—35 "E'

Tmm&mﬂm% Pl
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1:3:2 Addition law of probability for not-mutually exclusive events

Statement:

If A and B are two not-mutually exclusive events, then the probability that
at least one of the two events A and B occurs is equal to the probability that A
occurs plus the probability that B occurs minus the probability that both events A
and B occur together. In symbol, P(A or B) =P(AUB) = P(A) + P(B) - P(AnB)

Proof:
From the Venn diagram we see that

AuB=[{AUANB)}
P(AUB)=P{AU(ANB))
=P(A)+ P(ANB) as A and (ANB)

are mutually exclusive

Again see the diagram, the set B is given by
B=(AnB) u (AnB)

P(B)=P[(ArB)u (ANB)]
= P(AnB) + P(ANB) l(as (AnB) and (ANB) are mutually exclusive

events)

or P(ANB) = P(B) - P(A B ), put in equation (i) we get,

P(AUB)=P(A) + P(B) - P(ArB ).
(et

A fair die is thrown once. What is the chance that either an even number

or a number greater than 3 will turn up?
0 ﬂup:a
Let A: an even number occur and B: a number greater than 3 occurs. The
events are not mutually exclusive because A may happen, B may happen or both
A and B happen. So we use addition law for not-mutually exclusive events:
P(Aor B)=P(A) + P(B) - P(A~B)

ey
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Now n(g)=6"=6'=6
§=11,2,3,4,5,6}
Let  A:an even number OCCUrs
A=1{2,4,6)
n(A)

3
= A= — =~
oA =3, P& n(s) 6

et B:number is greater than 3

B=14,56) -
n(B) _3
= Bls=——=7
n(B)=3, PB) 5) 6
AnB=(4,6}
_H(Aﬁﬁ}=3
nAnB)=2, PANB)= 2(5) 6
B_3 1 _1—.:__3+3—2+i=3
Hence P(AorB)= 6+6_6— 6 =% 3

| Example 1.18
" Ahsan appeared in the annual examination. The probability that he will
pass (i) Mathematics is 0.60 (ii) Statistics is 0.50 and (iii) both Mathematics and
Satistics is 0.30. What is the probability that Ahsan will pass either Mathematics
or Statistics?

Let M: Ahsan will pass Mathematics S: Ahsan will pass Statistics

Here the events are not mutually exclusive as Ahsan may pass Mathematics OF
Statistics or both. So we use addition law for not-mutually exclusive events.
Given that P(M) = 0.60

P(8)=0.50
P(M NS)=0.30
% P(Mor 8) = P(M) + P(S) - PM 1 §)
=0.60+05-030=080

1,33 Multiplication

| Solution: ,

Statistics - X1I . Unit -1z Probability

aw.forindependentevents

Statement:

If A and B are two independent events, then the probability of their
simultaneous happening is equal to the product of their separate probabilities.
Symbolically, P(A and B) =P(A N B) = P(A) F(B)

Proof:
Let “m™ and “n” be the favourable and possible outcomes respectively for

m
an event “A”, then P(A) =: .
Let M and N be the favourable and possible outcomes respectively for an event
B”, then P(B) o
*B", then = —
N

Since A and B are independent events, therefore, mM, nN be the favourable and
possible outcomes respectively for event (A and B).Thus,

mM
P(A and B) =P(A B) = —= m M pap®)
nN n N

. Example 119

Suppose that a bag contains 10 balls of which 4 are red balls and 6 are
green balls. Find the probability of drawing two green balls in succession if the
ball that is drawn first is replaced.

e
Let A: first ball drawn is green, B: second ball drawn is green, The events

are independent because the ball drawn first is replaced before the next draw, s0
probability of both green balls will remain the same.

The bag contains (4R + 6G) = 10 balls

[ ]

C 6
PA)=+=—
WEw=10

I
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]
P(B)= Ji:‘—- 8 ‘Therefore required probability of both green bajjs ;
FEan 10

1
PAand B) = P(A) P(B)

. __6_)(2,—_- E-:'[:I 36
10 10 100

134 Conditional'probability
Many times probability of an event is asked that is conditioned op SOme
available information. For example (i) what is the probability that 4 person
selected at random has diabetes given that he has a family history of diabetes, (ii)
What is the probability that 3 occurs on a die given that an odd number hg
occurred. The given information reduces the original sample space by excluding
Some outcomes as being impossible which before receiving the information were
believed possible. This reduced sample space is called conditional sample space
and probabilities associated to it are called conditional probabilities.
+

‘

‘ given that another event B has
dlready oceurred is denoted by P(A/B) and is defined as;

A
P(M}=ﬂﬁ%ﬂ . PB)w0

E a3
A r

e 1.1:1‘-1,7!-
HI:S:I‘_- M= 21= 4

S={HH, Hr, TH, TT)
Let A: 2 tajy appear
A= ['I'T}

least one 145 appears

Let B: gt

Statistics - X|I Unit -1: Probability

B = [HT, TH, TT}
n(B)=3

P(AnB) 1/4 1_4 1

ERATBYy= P(B) 3/4 43 3

ST35H Multipli{'a_ﬁnn law for dependent events
Statement:

If A and B are two dependent events then the probability that both A and
B occur is equal to the probability that A occurs multiplied by the conditional
probability of B given that A has a]ready_r occurred. Symbolically,

P(A and B) = PIAnB)= P(A) P(B/A)
Proof:

The conditional probability of B given that A has already occurred is

P(BIA) = ﬂ%’ﬂ

Multiplying both sides by P(A),we get
P(A) P(B/A) = P(B ~ A)
or P(ANB)=P(A) P(B/A) (=P(A B)=P(BnA)
Example 1.21
o 'Suﬁpose- that a bag contains 10 balls of which 3 are white balls and 7 are

green balls. If two balls are drawn at random one after another without
replacement, find the probability that both balls drawn are green,

(22)




‘Statistics = All

aEmeaetam |
— " Let A: first ballis green, B second ball is green
Since the first ball drawn is o
s0 we use multiplication law of probability

P(A and B) = P(A) P(B/A)
The bag contains (3W +7G) =

7

()

PR = L=
”'g 10

i
Since green ball drawn is not replaced, so new position of the bag is (3W+6G) =9

balls, s0

for dependent events i.e.

10 balls

&

C 6
P(BIA) = L=~

¢ 9

Hence P(A and'B) = P(A N B) = P(A) P(B/A)= —X—=— = —
109 90 15

)

1 P(A)=0.60, P(B) = 0,40, P(A  B) = 0,24, (i) What is the relation between A
and BY Also find (i) P (&) (i) P(A U B) (iv) P(A/B).

i"‘.—%‘-?ﬁ.’-‘.—::-.-._e«n._. .

o 4,
t-’.—_' el mbuirs: Lol

() Here P_(A} P(B) = (0.60) (0.40) = .24

independent SVeNts is satisfied. Thys, A = P(AnB). Multiplication law for

(@ By complementation law s PSR
PE):I-—P{A}:!-—U.GGz[M{]
i) PAUR)= PiA)+ PB)~P(A A B)
=060+ 040~ 0.24= 0.76

Sl = ey @

not replaced, therefore, the events are dependent apq .

Statistics - X1 Unit -1: Probabllity

iy Poamy="ANE) %:n.&n:pm)

P(B)
(This statement also shnws]/\@vems A and B are independent).

gy e g —F

B
136 Odids:

The term “odds” refers to the ratio of two probabilities; the ratio of
probability of success to the probability of fai]ure. Any kind of probability can be

expressed as odds, defined as d = l—p— where d = odds and p = Probability of
-P
success. For example; in throwing a die the probability of 3 is one in six that is p

p U6 _16_1

=%.'I‘he odds of getting a 3 are d = ——= ———=_——=_" Thatis, odds for

3 are 1 to 5, 0dds are used by researchers in different fields.

Example 1.23

A card is drawn from a deck of 52 cards. Find (i) the probability and
(i) the odds that the card drawn will be (a) a diamond? (b)a red card?
(c)a king?

Solution:
3
n(S) = ‘1: =52
E‘
13
a Pl
(a) p=5 ©

_p _ 13152 _13/52_13
I-p 1-13/52 39/52 39

=139 or 113

;;'\
st

[ BF o e I-.‘ﬂlﬂ ™ R § . e
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!CE:
26
® p=g=_
c 52
__p __26/52 _26/52_,
T 1-p 1-26/52 26/52
4
C 4
© p=yu=z
¢ 52
de 2
I-p

=il rrobability

Statistics - Xl
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Remember that the quantity 0! = 1 arbitrarily defined and 1!=1

n!
(n=r)tr!
An experiment whose results cannot be predicted in advance is called
random experiment
The collection of all possible results of a random experiment is called
sample space
The collection of favourable outcomes to a happening from the sample
space is called an event.
If two events cannot occur together, then they are called mutually exclusive
events.
If the occurrence of an event affects the probability of occurrence of
another event they are called dependent events.
If the occurrence of an event does not affect the probability of occurrence
of any other event, they are said to be independent events.
Lol
n(s) n
0< P(E) <1, where E is any event.

M2

P(A)=

If A is the complement of an event A in the sample space then P( K]
=1—-P(A)

P(AorB)=P(A) + P(B) if A and B are mutually exclusive events.

P(A or B) = P(A) + P(B) - P(ANB), if A and B are not- mutually
exclusive events.

P(A and B) = P(A n B) = P(A) P(B), if A and B are independent

P(AnB
P(A/B) :_H(F(‘W)' If A and B are dependent.

Unit -1: Probability
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(i)  Probability is expressed as
(a) ratio {b} proportion
W ¢ ) (c) percentage (d) all of the above
i. The range of probability is from zero to one. (i)~ When two events cannot happen simultaneously in a single trial, the
ii. An event which contains only one sample point is called compound event. events are said to be
iii. Events which cannot oceur at a time are called not mutually exclusive events. (a) dependent (b) equally likely
iv. When a die is rolled four time, the number of sample points in the sample space (c) mutually Exclusive (d) independent
will be 1296. e } (iv)  Anevent consisting of those elements, which are not in A is called
v. ‘Two events are mutually exclusive if they have no outcomes in common. . b) derived .
vi. A and B are mutually exclusive events if P(A and B) = P(A) P(B) = pimary event (b) derived even ;
vii. When two evenls are independent, the occurrence of one event will not change (c) simple event (d) complementary event
the probability of the second event. (v)  If Aisan event, the conditional probability of A given A is equal to
viii. The probability of drawing a red card form pack of 52 cards is 26 . (a) zero (b) one
52
ix. Probability of an event will never be negative. ; f (.C] = ; S08 - 5
% ‘The complementacy events e always not-mutually exclusive i vi) Ifa clom is tossed three times, then the probability of getting at most one head is
2 Fillin the suitable sord inthe blanks, > R equal to
() Anevent which cannot occur is known as event, oy i
(i) Totality of all possible outcomes of random experiment is L Ehb )19
(i) cﬂgﬂ v (vii)  The probability of throwing an even sum with two fair dice is
i, o :
orderly arrangements of r distinct things out of 1 are called (a)1/4 b 1/16
(i¥)  The limits of probabili ' (€)1 (dy1/2
v) The e
) need for probability was originally felt in ; : (viii)  The probability of six on a fair die is1/6. The probability of not six is
(M) - P(AUB) can be ex sed A
5 pressed by the | - (a) 2/6 (b) 5/6
(vii) If two events A and B ialy AW bfprnbﬂb‘lllt)'.
) IEPOA By = pay ey o e PAUB) () 1/2 ) 6/6
2 -P{ﬂ}P{B].llmnevenuAmdBm . =i
ix)y 1f Ais the compliment of K e b (ix)  P(A)+P(A) isequalto
®  The probebitity o e Probability of A s equal to
ty ﬂblnmingal“t&] nr?iﬂ!'ﬂlgle : —_— {a)0 (b) e
throw of two dice is R (d) 0.5
. (x) A fair dic and a fair coin are thros i ombi
%@} - : win at a time. The number of combined
& probability of ap event A lies between outcomes is
=Ly (b)~i @6
(€©)0and | "ia
(d) +1 and =1

(b) 12
(c)2 (@8
27

i

24 s g, L ;‘ '.' [
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d ombinations 120 Of 10 eggs in a refrigerator, 2 are bad. From these 4 eggs are chosen at random.
o C "

Write short notes on factorials, Pﬂm'ﬂlla“"“s o

14 rite sho! .

Find the probabilities that (i) all are good (ii) 2 are bad.
20
] s M (i) E ) C 121 (a) State and prove addition law of probability for not mutually exclusive
4 the values of (i) P+ (i) p. (i) g ' * i events.
by PRlE ; s . pinations of 2 letters chosen from Abid lve 60% probl d Ali can solve 80% i
iy ! ions and (ii) com i (b) Abid can solve problems anc 50 ve problems in a book. A
16  Findall possible () PE”B“W problem is chosen at random from this book. What is the probability that Abid or
i g B: s 5 Ll =
{he four litters A . e made of the letter of the word “TRIANGLE™? Ali can solve? -
1.7 How many permutations i::ﬂ with T and end with E? 1.22 A pair of fair dice is rolled. Find the probability of a sum of either 7 or 11.
ill begin S X
How many of these wflls £ le be seated 0n sofa if there are only three seats 1.23  State and prove multiplication laws of probability for independent and dependent
18  Inhow many wayscan pecp events.
available? ' be formed from the letters of the words? 1.24  Two coins are tossed at a time. What is the probability of getting a head on the
19  How many permutations can first coin and a tail on second coin?
" INTERMEDIATE )
(iy MATHEMATICS  (ii) MISSISSIPPLANS (iii) 125  From a well-shuffled deck of 52 playing cards, two cards are drawn randomly.
(iv) EXAMINATION (v) ABBOTTABAD What is the probability that both are queens if the first card is (i) replaced, (ii) not
110 Outof 12 books in how many ways can a selection of 5 are made when one

replaced.

specified book is always included. 1.26  (a) What is conditional probability?

L1l Give in brief the concept of probability. (b) If two balanced dice are rolled. Find the conditional probability that sum of
112 Explain the following terms. dots will be 7, given that it is odd.

(i) Random experiment (ii) sample space (i) outcomes (iv) event (v) impossible 1.27 S}lpposc that A and B are independent events, with P(A) =0.6 and P(B)=0.2 :
event (vi) sire event. Find (i) P(A and B) (ii) P(A/B) (iii) P(A or B).

13  Differentiate between: 1.28 A problem of statistics is given to 3 students A, B and C whose chances of

. H e ! ‘ T =
iy Mutwally exclusive events and not mutually exclusive events. ;:ﬂi’:,:f;:i}viﬁ PRSI R e
(i)  Independent events and dependent events.

. 1.29  Inan interview 3 A B ] i
A shaily persons and C attended. The chances of being selected for

el o that post is, for A=1/6, for B=1/5and for C=1/7.
.I. . Fc :;:qua b:b-reiy events, compound events, and exhaustive events. (i) What is the probability of being selected all the three persons A, B and C.
; [.;:1 2 probability that an even number appears when a perfect cubical die is (ii) What is the probability of being not selected A, B and C respectively.
; o 130 Two coins are tossed. What are th babili
iz ki . . e prof ty and the odds that (a) exactly one
i mmnh < pm: air dice is 1.hrcwa. Find the prubahﬂity that the sum of § appears: head occur? (b) Tail occurs on both coing? ’
; g ar coin is tossed three times. Find (he Probability that (; urs
(i1} exactly two head occurs (i) at least one head TR Ehop el o
1.18  Froma pack of 52 cards, twq cards are (r. e
that they are king? L

1.19  From adeck of 52 cards yoy are dealy

: one
card will tum out 1o be (i) aclypy {i:;':“::atn what is the chance that the
AWK card?

(iii) an ace?
r{qw e -ﬂ;t‘;_-'-'-;_l_‘ W U o8
29] - e i AR EOQO RS AN



