Probability

B Séfr‘ié Definitions
> Algebra of Events
> leferent Types of Events
2 Ax;omatlc Approach to Probablhty
> Mathematlcal or CIassncaI Definition of Probability
> Addition Theorem of Probability
» Independent Events

» Compound and Conditional Probability
> Bmomlal Tnals and Binomial Distribution

> Problems on’ Condltlonal Probablhty

> Bayes s Theorem

' » Problems on Total Probability Theorem

» Problems on Bayes’s Theorem




9.2 Algebra

SO IME DEFINITIONS

Expreriment

An operation which results in some well-defined outcomes is
called an experiment.

Rarndom Experlment

An experiment whose outcome cannot be predicted with cer-
tainty is called a random experiment. In other words, if an
“experiment is performed many times under similar conditions
and the outcome each time is not the same, then th1s experlment
is called a random experiment.

Aun experiment whose outcome can be foretold before is not
a random experiment. For example, when a stone is thrown
upwards it is sure that the stone will fall downward. Therefore;,
throwing a stone upward is not a random experiment.

Examples:

(i) “Tossing a fair coin’ is a random experiment because if we
toss a coin either a head or a tail will come up. But if we toss
a coin again and again the outcome each time will not be the
same.

(ii) ‘Throwing an unbiased die’ is a random experiment because
when a die is thrown we cannot say with certainty which one
of the numbers 1, 2, 3, 4, 5 and 6 will come up.

Sample Space

The set of all possible outcomes of a random experiment
is called the sample space for that experiment. It is usually
denoted by S.

Examples:

(i)  When a coin is tossed either a head or a tail will come
up. If H denotes the occurrence of head and T denotes the
occurrence of tail, then sample space is S = {H, T}.

(ii) When two coins are tossed, sample Space is given by
={(H, H), (H,T), (T, H), (T, T)}, where (H, H) denotes
the occurrence of head on the first coin and occurrence of
head on the second coin. Similarly, (H, T) denotes the
occurrence of head on the first coin and occurrence of tail

on the second coin.

(iii) When a die is thrown any one of the numbers 1, 2, 3, 4, 5
and 6 will come up. Therefore, sample space is S = {1, 2,
3,4, 5,6}. Here, 1 denotes the occurrence of 1, 2 denotes
the occurrence of 2 and so on.

(iv) When two balls are drawn from a bag containing three red
and two black balls, the sample space is given by
§={(R,R,),(R,R), (R, R),(B,B,). (R, B), (R,,B)
(R, B) (R, B)), (R, B)), (R, B,)}.

Event

Consider the experiment of tossing a coin two times. An associ-
ated Sample space is S = {HH, HT, TH, TT}.

Now suppose that we are interested in those outcomes which
correspond to the occurrence of exactly one head. We find that
HT and TH are the only elements of S corresponding to the
occurrence of this happening (event). These two elements form
the set E = {HT, TH). '

We know that the set E is a subset of the sample space S.
Similarly, we find the following correspondence between events
and subsets of S.

" Description of events

Corresponding subset of ‘S’

Number of tails is exactly 2

{rr}

{HT, TH, TT} |

Number of tails is at least 1
Number of heads is at most 1 {HT, TH, 1T}
Second toss is not head {HT, TT}

Number of tails is at most 2

{HH, HT, TH, TT}

Number of tails is more than 2 [

When a die is thrown, sample space is § = {1, 2, 3, 4, 5, 6}.
LetA = {1, 3, 5}, where A is the event of occurrence of an odd
number; B = {5, 6}, where B is the event of the occurrence of
a number greater than 4; C = {2, 3, 5}, where C is the event of
occurrence of a prime number. '

Note:

*» Sample space § plays the same role as the universal set for all
problems related to the particular experiment.

* ¢ is also a subset of S which is called an impossible event.

* § is also a subset of S which is called a sure event or a certain
event. :

The above discussion suggests that a subset of sample space
is associated with an event and an event is associated with a
subset of sample space. In the light of this we define an event
as follows.

Simple Event or Elementary Event

If an event £ has only one sample point of a sample space, it is
called a simple (or elementary) event.

Examples:

(i) When a coin is tossed, sample space is § = {H, T}. Let A
= {H} be the event of occurrence of head and B = {T} be
the event of occurrence of tail. Here, A and B are simple
events.

(ii) When a die is thrown, sample space is S = {1, 2, 3, 4, 5, 6}.
Let A = {5} be the event of occurrence of 5 and B = {2}
be the event of occurrence of 2. Here, A and B are simple
events. '



Mixed Event or Compound Event or
Composite Event '

"A subset of the sample space S which contains more than one

element is called a mixed event. For example, in the experiment

of ‘tossin g a coin thrice,’ the events
E: ‘Exactly one head appeared’
F: ‘At least one head appeared’

G: ‘At most one head appeared’, etc.
are all compound events.

The subsets of S associated with these events are
E = {HTT, THT, TTH} _
F = {HTT, THT, TTH, HHT, HTH, THH, HHH}
G ={TTT, THT, HTT, TTH}

Each of the above subsets contains more than one sample
point, hence they are all compound events.

Trial

When an experiment is repeated under similar conditions and
it does not give the same result each time but may result in any
one of the several possible outcomes, the experiment is called
a trial and the outcomes are called cases. The number of times
the experiment is repeated is called the number of trials. For
example, one toss of a coin is a trial when the coin is tossed 5
times and one throw of a die is a trial when the die is thrown
4 times.

ALGEBRA OF EVENTS

Complementary Event

For every event A, there corresponds another event A’ called the
complementary event to A. It is also called the event ‘not A’.
For example, take the experiment ‘of tossing three coins’. An
associated sample space is S = {HHH, HHT, HTH, THH, HTT,
- THT, TTH, TTT)}. Let A = {HTH, HHT, THH} be the event
‘only one tail appears’.

Clearly for the outcome HTT, the event A has not occurred.
But we may say that the event ‘not A’ has occurred. Thus, with
every outcome which is not in A, we say that ‘not A” occurs.

Thus, the complementary event ‘not A’ to the event A is

A'=(HHH, HTT, THT, TTH, TTT}
or
A'={o:weSandwgA}=S-A

The Event ‘Aor B’

Recall that union of two sets A and B denoted by A U B contains
all those elements which are either in A or in B or in both. When
the sets A and B are two events associated with a sample space,
then ‘A U B’ is the event ‘either A or B or both’. This event
‘AU B’ isalso called ‘A or B’.

Probability 9.3

The Event ‘A and B’

" We know that intersection of two sets A N B is the set of those

elements which are common to both A and B, i.e., which belong
to both ‘A and B’. If A and B are two events, then the set A N B
denotes the event ‘A and B’.

The Event ‘A but not B’

~ We know that A — B is the set of all those elements which are in

A but not in B. Therefore, the set A — B may denote the event ‘A
but not B’. We know that A~ B=A—-ANB.

DIFFERENT TYPES OF EVENTS
Equally Likely Events

Cases (outcomes) are said to be equally likely when we have no
reason to believe that one is more likely to occur than the other.
Thus, when an unbiased die is thrown all the six faces 1, 2, 3,
4, 5 and 6 are equally likely to come up. Similarly, when an
unbiased coin is tossed occurrence of head and tail are equally
likely cases.

Exhaustive Cases (Events)

Consider the experiment of throwing a die. We have S = {1, 2,
3,4, 5, 6}. Let us define the following events:

A: ‘a number less than 4 appears’
B: ‘a number greater than 2 but less than 5 appears’,
C: ‘anumber greater than 4 appears’ o
ThenA ={1,2,3},B={3,4} and C = {5, 6}. We observe that
AuBuUC=1{1,2,3}uU{3,4} U{5,6}=S.

Such events A, B and C are called exhaustive events. In gen-
eral, if E, E,, ..., E_are n events of a sample space S and if

S=E U E, 0.y E = UE, then E,E, .., E_ are called

i=1

exhaustive events. In other words, events E » By s E are said

to be exhaustive if at least one of them necessarily occurs when-
ever the experiment is performed.

Mutually Exclusive Events

In the experiment of rolling a die, the sample space is given by
§=1{1,2,3,4,5, 6}.

Consider events, A ‘an odd number appears’ and B ‘an even
number appears’.

Clearly the event A excludes the event B and vice versa.

In other words, there is no outcome which ensures the occur-
rence of events A and B simultaneously.

Here,A={1,3,5} and B={2,4,6}.Clearly AnB=g,i.e.,
A and B are disjoint sets.

In general, two events A and B are called mutually
exclusive events if the occurrence of any one of them excludes
the occurrence of the other event, i.e., if they can not occur
simultaneously. ‘
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Im this case, the sets A and B are disjoint.

Asgain in the experiment of rolling a die, consider the events
A ‘an odd number appears’ and event B ‘a number less than 4
appears’.

Obviously, A= {1,3,5}and B={1, 2, 3}. Therefofe, A and
B are not mutually exclusive events.

- Example 9.1

B A coin is tossed three times; consider the
following events. ' '
A ‘no head appears’
B: ‘exactly one head appears’
C: “at least two heads appear”’
Do they form a set of mutually exclusive and exhaustive
events?
Sol. The sample space of the experiment is
S={HHH, HHT, HTH, THH, HTT, THT, TTH, TTT}
Events A, B and C are given by
A= (TTT}
B={HTT, THT, TTH}
‘C={HHT, HTH, THH, HHH}
Now,
AUBUC={TITT,HTT, THT,TTH,HHT,HTH,THH,HHH }
=S
Therefore, A, B.-and C are exhaustive events. Also, A N B
= ¢, AN C=¢and BN C = ¢. Therefore, the events are pair-wise

disjoint, i.e., they are mutually exclusive. Hence, A, Band C form
a set of mutually exclusive and exhaustive events.

AXIOMATIC APPROACH TO PROBABILITY

Axiomatic approach is another way of describing probability of
an event. In this approach, some axioms or rules are depicted to
assign probabilities.

Let S be the sample space of a random experiment. The prob-
ability P is a real valued function whose domain is the power
set of S and range is the interval [0,1] satisfying the following
axioms:

(i) For any event E, P(E) =0
(i1) P(S) =1
(iii) If E and F are mutually exclusive events, then
P(EVw F)=P(E) + P(F)
It follows from (iii) that P(¢) = 0.
Let S be a sample space containing outcomes @, @,, ..., @,
ie,S={o,w, .., o}
It follows from the axiomatic definition of probability that
()0<P(w)<1foreachw,eS
(i) P(@,) + P(@,) + -+ + P(w) = 1
(iii) For any event A, P(A) = LP(»), w-€ A.

MATHEMATICAL OR CLASSICAL DEFINITION OF
PROBABILITY ‘ "

Let S be the sample space. Then the probaBility of occurrence

. of an event E is denoted by P(E) and is defined as

n(E) _ number of elements in £

P(E)=—"== :
n(S) number of elements in S
_ number of cases favourable to event E
total number of cases '
Examples:

1. When a die is rolled, sample space is S = {1, 2,3, 4, 5, 6}.

Let A be the event of occurrence of an odd number, i.e.,
{1, 3,5} and B be the event of occurrence of a number greater

than 4, i.e., {5, 6}. Then,

pay="A) 3 _1
ns) 6 2
Py =B _2_1
ns 6 3

2. When one ball is drawn at fandom from a bag containing 3
black balls and 4 red balls (balls of the same colour being
identical or different), then sample space is given by

S={B,B, B,R,R,,R,R,}

n(S) =17
Here, the three black balls may be denoted by B, B, and B,
even if they are identical because while finding probabil-
ity only number of black and red balls are to be taken into

account. Let E be the event of occurrence of a red ball. Then,
E={R,R,R, R}

~nE)=4
Now,
p(Ey =B _4

n(S) 7

3. When two coins are tossed, sample space is given by

S={HH, HT, TH, TT}. Let E be the event of occurrence of

one head and one tail. Then E = {HT, TH}. Now,
n(E) 2 1

E)= =—=—
PE) n(sy 4 2

Value of Probability of Occurrence of an Event
Let S be the sample space and E be an event. Then
ocECS
n(¢) < n(E) < n(S)
= 0<n(E)<n(S)



o __nE)  nS)

——< < Dividing by n(S
S S s s [Dividing by n(S)]

= 0< P(E)<1 {vﬂm:nm)

Thus, if ¢ is the impossible event, then

P = ns) n(s)
and if S is the sure event, then
n(S)
= —_—= 1
P n(S)

If Ebe Any Event and E' be the Complement of Event £,
thenP(E) +P(E) =1. .

Proof:
Let S be the sample space. Then
' S
®
Fig. 9.1

n(E) + n(E") = n(S)
n(E) N nE")
n(S) n(S)

=lor P(E) + P(E) =1

Odds in Favour and Odds Against an Event
Let S be the sample space and E be an event. Let E’ denote the
complement of event E. Then
(i) odds in favour of event £ is
n(E) _ number of cases favourable to event E

n(E"

number of cases against event E

(ii) odds against an event E is

n(E’) _ number of cases against the event E

n(E) " number of cases favourable to event £

Note:
 Odds in favour of event E is given by

n(E) _ n(E)/ n(S) _ P(E)
aEY n(ENnS) PE)

and odds against event E is

n(E’) _ P(E)
n(E) P(BE)
* If any one of P(E), odds in favour of E, and odds against E is
given, then other two can be determined.

Probability 9.5

Examples:

(i) If P(E) = 2/7, then odds in favour of E is 2/5 and odds
against E is 5/2.

(ii) If odds against E is 3/11, then odds in favour of E'1s 11/3
ar_ld P(E)is 11/4.

(iii) If odds in favour of E is 3/8, then odds égainst Eis 8/3 and
P(E)=3/11.

=cl P Find the probability of getting more than

7 when two dice are rolled.

Sol. | Sum of Result on two dice Number of
two dice | o cases
8 4.4), 3,5, (5.3), (2.6), (62) | 5
9 @5), (54), 3,6),(63) - |4
10, (55, 46), 64 3
1 (5,6), (6,5) 2
12 6,6) 1

Required probability is
P(8) + P(9) + P(10) + P(11) + P(12)

5 4 3 2 1 _15_5

F—+
36 36 36 36 36 36 12

- EERR A card is drawn at random from a pack of
cards. What is the probability that the drawn card is neither

a heart nor a king.

Sol. There are 13 heart cards and 4 king cards of which one is
heart king. Therefore, the required probability is

1 — P(drawn card is either a heart or a king)

_16_36_9
52 52 13
ECICER I A determinant is chosen at random from

the set of all determinant of order 2 with elements § or 1
only. Find the probability that the determinant chosen is
non-zero.

Sol. A determinant of order 2 is of the form
a b

c d

It is equal to ad — bc.
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Th e total number of ways of choosing a, b, ¢ and d is
2x2x2x2=16.
Now,' A #0if and only if eitherad =1, bc =0 or

acd=0,bc=1.Butad=1,bc=0ifa=d =1 and one of b,
c is zero. Therefore, ad = 1, bc = 0 in three cases. Similarly, ad
=0, Hc =1 in three cases.

Therefore, the required probability is 6/16 = 3/8.

j A dice is rolled three times, find the

Example 9.5
probability of getting a _larger’number than the previous -
number each time. '

Sol. Exhaustive number of cases is 6°= 216. Now if a larger
number appears than the previous number each time, all the
three numbers are distinct. Now three numbers can be selected
from six numbers in °C, ways and there is only one way in
which three selected numbers can appear. Hence, probability is
20/216 =5/54.

BaGIUICESE An integer is chosen at random and

squared. Find the probability that the last digit of the
squareis 1 or 5.

Sol. The last digit of square will be 1 or 5 only when the integer
is 1, 5 or 9. Therefore, required probability is 3/10.

2ETUIEENAE 1f a coin be tossed n times then find the
probability that the head comes odd times.

Sol. Total number of cases is 2.

If head comes odd times (1, 3, 5, ..., n times), then favourable
number of ways is "C, +"C, + "C + -+-) = 2", Therefore, the
required probability is - '

2n—1 3 l
2" 2
) Example98 j Find the probability that a leap year will

have 53 Fridays or 53 Saturdays.

Sol. Thére are 366 days in a leap year, in which there are 52
weeks and two days. The combination of 2 days can be

Sunday-Monday
Monday—Tuesday
Tuesdav—Wednesday
Wednesday-Thursday
Thursday—Friday
Friday—Saturday
Saturday—Sunday

P(53 Fridays) = % ; P(53 Saturdays) = %

P(53 Fridays and 53 Saturdays) :%
P(53 Fridays or Saturdays)

= P(53 Fridays) + P(53 Saturdays)
—P(53 Fridays and Saturdays)

B2 dEEREIR A mapping is selected at random from
the set of all the mqppings of the set A = {1, 2, ..., n} into
itself. Find the probability that the mapping selected is an

injection.
Sol. Total number of functions from A to itself is n*. Out of these
functions, r! functions are injective mappings (one—one and
onto). So, required probability is

nt (n=-1!

n n-l1

n

Twoi'integers x and y are chosen with

replacement out of the set {0, 1, 2, 3, ..., 10}. Then find the
probability that x — y| > 5.

Sol. Since x and y each can take values from 0 to 10, so the total
number of ways of selecting x and yis 11 x 11 =121, Now,

k-yI>5=x-y<-Sorx—-y>5
When
x—y> 35, we have following cases:

Value of x Value of y - Number of cases
6 0 - , 1.
7 10,1 2
3 0,1,2 3
9 0,1,2,3 , 4
10 0,1,2,3,4 5
' Total number of béses‘ 15

Similarly, we have 15 cases for x —y <-5. There are 30 pairs
of values of x and y satisfying these two inequalities. So,
favourable number of ways is 30. Hence, required probability
is 30/121.

of six different persons will fall in exactly two calendar

Find the probability that the birthdays

months.



‘Sol. Since anyone’s birthday can fall in one of 12 months, so
total number of ways is 12°.

Now, any two months can be chosen in 2C, ways. The six
birthdays can fall in these two months in 2° ways. Out of these
26 ways thiere are two ways when all the six birthdays fall in one
month. So, favourable number of ways is '>C, x (2° - 2). Hence,
required probability is

2C,x(2°-2) 12x11x2°-1) _341
12° ' 12° 12°

) If 10 objects are distributed at random
among 10 persons, then find the probability that at least one
of them will not get anything.

Sol. Since each object can be given to any one of 10 persons.

So, 10 objects can be distributed among 10 persons in 10" ways.
Thus, the total number of ways is 10'°.

The number of ways of distribution in which each one getvs
only one thing is 10!

So, the number of ways of distribution in which at least one
of them does not get anything is 10" — 10!.

Hence, required probability is 10'° — 101/10'.

Twelve balls are distributed among

hree boxes. Find the probability that the first box will con-

tain three balls.

Sol. Since each ball can be put into any one of the three boxes.
So, the total number of ways in which 12 balls can be put into
three boxes is 3'2. Out of 12 balls, 3 balls can be chosen in "*C,
ways for first box. Now, remaining 9 balls can be put in the
remaining 2 boxes.in 2° ways. So, the total number of ways in
which 3 balls are put in the first box and the remaining balls in
other two boxes is '>C, x 2°. Hence, required probability is "*C,
x 29/3'2,

w Two numbers a and b are chosen at

rand(fm from thé set of first 30 natural numbers. Find the
probability that a® - b? is divisible by 3.

Sol. The total number of ways of choosing two numbers out of
1,2,3,...,301s 30C2 = 435. So, exhaustive number of cases is
435.

Since a* — b* is divisible by 3 if either a or » or both are
divisible by 3 or none of @ and b is divisible by 3. Thus, favourable
number of cases is '°C, + **C, = 235. Hence, the required
probability is 235/435 = 47/87.

Probability 9.7

BRCIIEEAE  Find the probability that the 3 N’s come

consecutively in the arrangement of the letters of the word

- ‘CONSTANTINOPLE’.

Sol. The total number of arrangement is of the letters of the word
‘CONSTANTINOPLE’ is (14)!/3! 21 2!

Since 3 N’s are consecutive, then considering all the

3 N’s as single letter, the total number of arrangements is

a2t 2

Therefore, required probability is

au@lzy 31 3
(14)Y(3!12!12)) 14x13 91

_ Out of 3n consecutive integers, three are
selected at random. Find the probability that their sum is
divisible by 3.

Sol. Let the 3n consecutive integers be x, x + I, x + 2, ..., x
+ 3n — 1, where x is the starting integer. These 3n integers can
be classified as

x,x+3,x+6,...,x+3n-3
x+1L,x+4,x+7, .., x+3n-2

x+2,x+5x+8,..,x+3n-1

Each of these three rows contains ‘n’ numbers. If we take three
numbers out of 3z numbers, obviously their sum shall be divisible
by 3 only if either all the three numbers are from the same row
or all the three numbers are from different rows.

The number of ways that the three numbers are from the same
row is *C, "C, = 3"C, and the number of ways the three numbers
are from different rows is n x n X n =.n°. Hence, favourable
number of ways that the sum of the three numbers is divisible
by 3 is 3 "C, + n’. Also the total number of ways of selecting
three numbers out of 3z numbers is 3”C3~ Therefore, the required
probability is

Ix"Cy+ n _ 3n° - 3n+2
e, GBn-HGBn-2)
SEINICENVAR A die is loaded so that the probability of

a face i is proportional to i, i = 1, 2, ..., 6. Then find the
probability of an even number occurring when the die is
rolled.

Sol. Since the probabilities of the faces are proportional to the
numbers on them, we can take the probabilities of faces 1, 2,...,
6 ask, 2k, ..., 6k, respectively. Since one of the faces must occur,
we have

k+2k+3k+4k+5k+6k=1ork=1/21
Therefore, the probability of occurence of an even number is 2k
+ 4k + 6k =12k =12/21 = 4/7.
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i A card is drawn from a pack of 52 cards.
A gambler bets that it is a spade or an ace. What are the
odds against his winning this bet?

Sol. Probability of the card being a spade or an ace is 16/52
= 4/13. Hence, odds in favour are 4:9. So odds against his
winning are 9:4.

————-{ Concept Application Exercise 9.1 I—

1. There are n letters and » addressed envelopes. Find the prob-
ability that all the letters are not kept in the right envelope.

2. Find the probability of getting a total of 5 or 6 in a single throw
of two dice.

3. Two integers are chosen at random and multiplied. Find the
probability that the product is an even integer.

4. If out of 20 consecutive whole numbers two are chosen at
random, then find the probability that their sum is odd.

5. A bag contains 3 red, 7 white and 4 black balls. If three balls
are drawn from the bag, then find the probability that all of
them are of the same colour.

6. An ordinary cube has four blank faces, one face marked 2 and
one face marked 3. Then find the probability of obtaining a
total of exactly 12 in 5 throws.

7. If the letters of the word ‘REGULATIONS’ be arranged at
random, find the probability that there will be exactly, four
letters between the R and the E.

8.- A five digit number is formed by the digits 1, 2, 3, 4, 5 with-
out repetition. Find the probability that the number formed is
divisible by 4.

9. Five persons entered the lift cabin on the ground floor of an
8-floor house. Suppose that each of them, independently and
with equal probability, can leave the cabin at any floor begin-
ning with the first. Find out the probability of all five persons
leaving at different floors.

10. Two friends A and B have equal number of daughters. There
are three cinema tickets which are to be distributed among the
daughters of A and B. The probability that all the tickets go to
the daughters of A is 1/20. Find the number of daughters each
of them have.

11. A bag contains 12 pairs of socks. Four socks are picked up at
random. Find the probability that there is at least one pair.

12. There are eight girls among whom two are sisters, all of them
~ are to sit on a round table. Find the probability that the two
sisters do not sit together.

13. A bag contains 50 tickets numbered 1, 2, 3, ..., 50 of which
five are drawn at random and arranged in ascending order of
magnitude (x, < x, < x, < x, < x,). Find the probability that
x, = 30.

14. A pack of 52 cards is divided at random into two equal parts.
Find the probability that both parts will have an equal number
of black and red cards.

ADDITION THEOREM OF PROBABILITY

If A and B be any two events in a sample space S, then the
probability of occurrence of at least one of the events A and B is
given by P(A U B) = P(A) + P(B) — P(A N B).
Proof:
From set theory, we know that

n(A U B) = n(A) + n(B) - n(A N B)

Dividing both sides by #(S), we get

n(AUB)
n(S)

_ n(A)

_ + n(B)
n(S)

n(S)

3 n(ANB)
n(S)

or PAUB)=PA)+ P(B) —-P(ANnB)

Note: _
e IfA and B are mutually exclusive events, then
AN B=¢andhence PANB)=0.
- P(AUB) = P(A) + P(B)
* Two events A and B are mutually exclusive
if and only if P(A UB) = P(A)+ P(B).

s 1=P(S)=P(AUA’) = P(A)+ P(A) [
orP(A)=1-P(A)
If A, B and C are any three events ina sample space S, then
P(A UBuUC)=P(A)+ P(B) + P(C)
—P(ANB)-P(BNC)—P(AN C)
+P(ANBNC)
e IfA, B, C are mutually exclusive events, then
ANB=¢$, BNC=¢AnC=$ ANnBNC=¢
L PAAUBUC)=PA)+ P(B) + P(C)
¢ IfA and B are any two events, then
(A-B)n{ANB)=¢
andA=(A-B)N(ANB)
.. P(A)=P(A-B)+ P(ANB)
=P(ANB)+P(ANB)
or P(A)— P(ANB)=P(A-B)=P(ANB)
[*"A-B=AnNB]

ANA’= ¢l

Similarly, P(B)— P(ANB)=P(B-A)
=P(BNA’)

General Form of Addition. Theorem of Probability

PA VA, V- UA)—ZP(A) > P(A, NA)-

i<j

t > P(ANANA)-

i<j<k

A (=D)"TPA NA N NA))

Note: For any number of (finite or infinite) mitually exclusive events
E.E,E, .. E,

"

P(E VE, U uE)—P(E)+P(E)+ -+ P(E)



Examp|e919 g The probability that at least one of the
_events A and B occurs is 0.6. If A and B occur simultane-
ously withs probability 0.2, then find P(4) + P(B).

Sel. It is given that P(A U B) = 0.6 and P(A N B) = 0.2.
Therefore ,

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

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

P(A) + P(B) = 0.8

1-— P(A)+ 1-P(B)=0.38

P(A) + P(B)=1.2

guud

B The probabilities of three events A, B

and C are(A) 0.6, P(B) = 0.4 and P(C) = 0.5. If P(A L B)
=0.8,PA " C)=03,PANBNC)= 02and PAUBU(O)
> 0.85, then find the range of P(B N C).

Sol. We have,
P(ANB)=PA)+PB)-PA v B)=06+04-08=02
Also,

P(AUBUC)=P@A)+PB)+PC)-PANC)+PA

NBNCO-PANB)-PBNC)

= PBNC)=12-PAVBUL() (D
Now,

0.85<PAUBUO)<I1
Eq. (1) = 02 <P(B N () <0.35

Given two events A and B. If odds
against A are as 2:1 and those in favour of A U B are as 3:1,
then find the range of P(B).
Sol. Clearly P(A) = 1/3, AU B) =
P(B)<P(AU B)
= P(B)<3/4 ' e))
Also,
P(B)=P(A UV B)-P(A) + P(ANB)
>3/4-1/3

_Example 9.21

3/4. Now,

_ —55 [P(A A B)>0]

i If A and B are two events, then which of
the following does not represent the probability of at most
one of A, B occurs
a.1-PANDB)
b. P(A) + P(B) - P(A + B)
¢.PA)+P@B)+PANB) -1
d. P(A ~ B)+ P(A nB)-P(A N B)
Sol. Required probability is
P(AUB)=P(ANB)=1-P(ANB)
So, OpthIl (a) is correct. Agam
P(AUB)=PA+PB- P(A N B) [by addition theorem]

So, option (b) is correct. Again,

Probability 9.9

Again,
P(AUB) = PA + PB - P(A M B)

= P(A) + P(B) - P(A N B)
=P(A) + P(B) - {1 - P(AU B)}
=P(A)+ P(B) + PAUB) -1
So, option (c) is correct. Finally,
P(AUB)=P[(ANB)U(ANB)+(ANB)]
=PANB)+PANB)+P(ANB)
[+ AnB,AnBand AN B are
mutually exclusive events]

| A box contains 6 nails and 10 nuts. Half
of the nails and half of the nuts are rusted. If one item is
chosen at random, then find the probablhty that it is rusted
or is a nail.

Sol. The total number of nails and nuts is 6 + 10 = 16.

1
PR)= ~ (R stands for rusted)

P(N) = (N stands for na1ls)

P(RNN)= % [ 3 nails are rusted out of 6 nails]

P(RU N)=P{R)+ P(N) —P(R'ﬁN)

1 6 3

=4 ———

2 16 16
_8+6-3 _11
16 16

Example 9. s If PA L B) = 3/4 and P(A) =

find the value of P(A M B).

Sol. Since A n B and A are mutually exclusive events such that
AUB=(ANB)UA

= P UB)=P(ANB)+ PA)

2/3, then

= 3:P(KmB)+1—z
4 3

= P(ANB)=-—

RECHI WL Let A, B, C be three events. If the prob-
ability of occurring exactly one event out of A and B is 1 - a,
out of B and C is 1 — 2a, eut of C and A is 1 — a and that of
occurring three events simultaneously is a’, then prove that
probability that at least one out of A, B, C will occur greater
than 1/2.

Sol. P(exactly one event out of A and B occurs)
=P{AN B U (A" N B)]
=P(AUB)-P(ANBE)
= P(A) + P(B) - 2P(A N B)

P(A)+P(B)-2PANB)=1~a (N
Similarly,

PB) + P(C)-2PBNC)=1-2a 2)

P(C)+ P(A)-2P(CnA)=1-a 3

PANBNCO)=a* @
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Now,
PALUBUC)=P(A)+P(B)+P(C)—PANB)-P(BC)
—P(CNA)+PANBNC

= % [P(A) + P(B) - 2P(B N C) + P(B) + P(C)

-2P(B N C)+ P(C)+ P(A) - 2P(C N A)]
+PANBNC)

l[1—a+ 1-2a+1—a]l+a?
2 [Using Egs. (1), (2), (3) and (4)]

3 ara
2

—l+(a—1)2>l
2 2

- Three students A and B and C are in a swimming race. A and
B have the same probability of winning and each is twice
as likely to win as C. Find the probability that B or C wins.
Assume no two reach the winning point simultaneousty.

2. If A and B are events such that P(A U B) = 3/4, P(A N B)
= 1/4 and P(A®) = 2/3, then find
(@) P(A)
(b) P(B)
(c) P(A N BY)
(d) P(A° B)

3. fPANB) = %,P(Z NB)= % P(A) = p, P(B) = 2p, then
find the value of p.

4. The probabilities of three mutually exclusive events are 2/3,
1/4 and 1/6. Is this statement correct?

5. The probability that at least one of A and B occurs is 0.6. If A
and B occur simultaneously with probability 0.3, then find the
value of P(A") + P(B’).

6. In a class of 125 students 70 passed in Mathematics, 55 in
Statistics and 30 in both. Then find the probability that a stu-
dent selected at random from the class has passed in only one
subject.

7. In a certain population, 10% of the people are rich, 5% are
famous and 3% are rich and famous. Then find the probability
that a person picked at random from the population is either
famous or rich but not both.

—-——LConcept Application Exercise 9.2 l——

INDEPENDENT EVENTS

Two or more events are said to be independent if occurrence or
non-occurrence of any of them does not affect the probability of
occurrence or non-occurrence of other events.

In other words, two or more events are said to be indepen-
dent if occurrence or non-occurrence of any of them does not
influence the occurrence or non-occurrence of other events.

Examples:

(i) When acoin is tossed twice, the event of occurrence of head
in the first throw and the event of occurrence of head in the
second throw are independent events.

(i) When two cards are drawn out of a full pack of 52 playing
cards with replacement (the first card drawn is put back in
the pack and then the second card is drawn), then the even_t'
of occurrence of a king in the first draw and the event of
occurrence of a king in the second draw are independent
events because the probability of drawing a king in the
second draw is 4/52 whether a king is drawn in the first draw
or not. But if the two cards are drawn without replacement,
then the two events are not independent.

(iif) Let a bag contain 3 red and 2 black balls. Two balls are
drawn one by one with replacement. Let A be the event
of drawing a red ball in first draw and B be the event
of drawing a black ball in the second draw. Then, P(A)
= 2/5 when a red bal is drawn in the first draw and P(B)
= 2/5 when a black ball is drawn. in the first draw. Here
probability of occurrence of event B is not affected by
occurrence or non-occurrence of event A. Hence, A and B
are independent events. But if the two balls are drawn one
by one without replacement, then probability of occurrence
of a black ball in the second draw when a red ball has been
drawn in the first draw is 2/4. Probability of occurrence
of a black ball in the second draw when a red ball is not
drawn in the first draw is 1/4 (after a black ball is drawn
there are only four balls in the bag out of which one is a
black ball). Here, the events of drawing a ball in the first
draw and the event of drawing a black ball in the second
draw are not independent.

COMPOUND AND CONDITIONAL PROBABILITY

Compound Events

When two or more events occur together their joint occurrence
is called a compound event.

Examples:

Drawing a red and black ball from a bag containing 5 red and 6
black balls when two balls are drawn from the bag is a compound
event. Compound events are of two types (i) independent events
and (ii) dependent events.

Conditional Probability

Let A and B be any two events and B # ¢. Then P(A/B) denotes
the conditional probability of occurrence of event A when B has
already occurred.

Examples:

(i) Let a bag contain 2 red balls and 3 black balls. One ball is
drawn from the bag and this ball is not replaced in the bag. Then,
a second ball is drawn from the bag.

Fig. 9.2



Let B denote the events of occurrence of a red ball in the first
draw and A denote the event of occurrence of a black ball in the
second draw. When a red ball has been drawn in the first draw,
the num ber of balls left is 4 and out of these four balls one is a
red ball and three are black balls. Therefore, the probability of
occurrennce of a black ball in the second draw when a red ball
has beenn drawn in the first draw is P(A4/B) = 3/4.

{1,2,3,4,5,6).
Let the event of occurrence of a number greater than 4 be
{5, 6}. The event of occurrence of an odd numberis B= {1, 3, 5}.
Then P(A/B) is the probability of occurrence of a number greater
than 4, when an odd number has occurred. Here it is known that
an odd number has occurred, i.e., one of 1, 3 and 5 has occurred.
Out of these three numbers 1, 3 and 5, only 5 is greater than 4.
Hence, here when an odd number has occurred, total number
of cases is only 3 (not 6) and favourable number of cases is 1
(because outof 1, 3, 5, only 5 is greater than 4).

(ii) When a die is thrown, sample space is § =

P =L tAon

Clearly, while finding P(A/B), B works as the sample space and

A N B works as the event.

In the example given above, the probability of occurrence of an
odd number when a number greater than 4 has occurred is

B
P(BIA) nEnd) 1
n(d) 2
Here, A = {5, 6}, B ™ A = {5}. Therefore, n(A) = 2 and n(B N
A)=1

Note: P(A/B) may or may not be equal to P(B/A).

Multiplication of Probability (Theorem of
Compound Probability)

If A and B are any two events, then P(A'N B) = P(B). P(%)
. A
where B # ¢ and P(E] denotes the probability of occurrence

of event A when B has already occurred.

Proof: _
Let § be the sample space. In case of occurrence of event A when
B has already occurred, B works as the sample space and A N B
works as the event. Therefore,

n(A N B)
_mMANB) S _ P(ANB)
PlATB) = n(B) ~ n(B) P(B)
n(S)
P(A N B) = P(B) P(A/B) (1)

If A and B are independent events, then probability of occur-
rence of event A is not affected by occurrence or nor occurrence
of event B. Therefore,

A
P(EJ—P(A)

Probability 9.11

Hence from Eq. (1), P(A " B) = P(B) P(A)
Thus, P(A N B) = P(A) P(B) where A and B are mdependent
events.

Note::. : . ;
1..If A and B are two events associated with a random
experiment, then P(A N B'= P(A). P(B/A), if P(A)# 0 or
.o P(A mB) P(B).P(A/B), if P(B) # 0.

2. I Extension of multzplzcatzon theorem.: If ; A, A, L s A,
. aren events related to a random experlmenz then P(A
NA, mA M. OA)=PA )P(A/A JP(A/A, N A,)

P(A /A e A . m A )
where P(A, /A M A oIl e) A ) represents the condz-
tional probabzlzty of the eventA ‘given that the events
A; A, . A, have already happened
3. Two events A and ‘B are -independent if and only if
P(ANB)or P(AB) P(A) P(B).
4. IfA, Band C are any three independent events, then
"PANBNC)= P((AN(BNC)] = P(A) X P(BNC)
= P(A) P(B) P(C).
5. General case: th . A be. any n events none of
o whlch isan zmposszble events then
P(A NA;N-NA )= P(A ) P(A/A )P(A3/A
P(A/AA, A 2
IfALA, .. A are ma’ependent events, then
VVP(A mA m ~NA)=PA)PA,) P(A)

"6, .Probabzlzty of at least one of the n mdependent events: If p,,
Dy Py s D, be the probabilities of happening of n indepen-
dentevents A, A, A, - A respectively, then
(i) Probability of hap_pening none of them

=P(A,NA,NA, .. .NA,)
=P(A,).P(4,).P(A,)... P(A)
=(1=p)1-p,1-p;)...(I-p,)
(if) Probability of happening"at least one of them .
=P(A/UA,UA; ..UA))
- =1-P(A,)P(A,)P(A,) ... P(A,)
=I=(I=p, J(1=p,)(I-p,)..(I-p,)

(iii) Probability of happening of first event and not happening
of the remaining

= P(A)P(A;)P(A,)...P(A,)
=p,(1=p, )(I-p;)..(I-p,)

Complementation Rule

If A and B are two independent events, then
PAUB)=1-PA") P(B)
Proof:
PAUB)=1-PAUBY
=1-P(A" " B’) [by De Morgan’s law]
=1-PAYxP(B)
[Since A, B are independent events, therefore A’ and B are
independent events. Hence, P(A” N B’) = P(A”") P(B).]
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(AUB)=P(A)+P(B)=P(ANB) [always valid]
2. P(AUB)=1-P(A’)P(B)

‘ [valid only-when A and B-are indepéndent]
IfA, A, ..., A, are independent events, then P(A, VA,
U UA) = 1-P(A})xPAY) - P(A])

Theoremson Independent Events

1. The events A and ¢ are independent.
2. The events A and $ (sample space) are independent.
3. If A and B are independent events, then

(i) A and B’ are independent events
(ii) A’ and B are independent events
(iii) A’ and B’ are indeépendent events

Proof: Given, A and B are independent events, therefore

P(A N B) = P(A) P(B) (D
)
A B
Fig. 9.3
Now,A =(ANB)U{ANB)

PA =PANB +PANB)["AnBandANF
are mutually exclusive events]
= P(A) P(B) + PANB)
= P(A N B) = P(A) — P(A)P(B) = P(A) [1 - P(B)]
=P(A) P(B)) [+ 1 - P(B) = P(B")]

Hence, A and B’ are independent events.
(i)
: A B

Fig. 9.4

A’ N B and A N B are mutually exclusive events and
A N"BUANB) =B
P[(A"B) U (AN B)]=P(B)

= P(A’NB)+ P(ANB)=P(B)
= PA'NB)=P(B)-P(ANB)
= P(B) - P(A) P(B)
= P(B)(1 — P(A))
= P(B) P(A")
= P(A") P(B)
Hence, A and B are independent events.
(iii) P(A'n B") = P(A U BY
=1-PAUB)
=1-[P(A) + P(B)— P(A " B)]
[By addition theorem of probability]
=1- P(A) - P(B) + P(A) P(B)"
[From Eq. (1)]

[From Eq. (1)]
[ P(A)=1-PA)]

=1-P(A) - P(B)[1 - P(A)]
=[1 - PA)][1 - P(B)]
= P(A") P(B")
Hence, A’ and B’ are mutually exclusive events.
4. If A and B are two events such that B # ¢, then P(A/B)
+ P(A/B) = 1.
Proof: P(A/B) + P(A’/B)
- P(AnB) 4 P(A" N B)
P(B) P(B)
_P(AnB)+P(A'nB)
P(B)

_PB [ (AmB)U(A’mB)zBandA N B and
P(B)

A’ N B are mutually exclusive]

5. If A and B be two events such that A # ¢, then
P(B) = P(A)P(B/A) + P(A"YP(BIA").
Proof: P(A)P(B/A) + P(A") P(B/A’)
=P(ANB)+PA NB)
=P[ANBYU{A"'NB)

=P[ANB)U A NB)
[*- A Band A’ " B are mutually exclusive]

= P(B)[*(ANB)U (4’ " B)=B]

B2l PR A fair coin is tossed repeatedly. If tail
appears on first four tosses, then find the probability of
head appearing on fifth toss.

Sol. Since the trials are independent so the probability that head
appears on the fifth toss does not depend upon previous results
of the tosses. Hence, required probability is equal to probability
of getting head, i.e., 1/2.

RCIICEPYEE If a dice is thrown twice, then find the
probability of getting 1 in the first throw only.

Sol. Probability of getting 1 in first throw, P(A) = 1/6. Probability
of not getting 1 in second throw, P(B) = 5/6.

Both are independent events, so the required probability is

1.5 5
P(A N B)=PA) P(B)=—x—=—
(AN B)=P(A) P(B) 6X6 36

_Example 9.28 |
one tail in 4 tosses of a coin.

Find the probability of getting at least

Sol. Probability of getting head in each toss of coin is 1/2.
Then, probability of getting 4 heads in 4 tosses is

11 11 1]4
—X—X=X—=|—
2 2 2 2 \2

Therefore, required probability is

1Y 1s
1 — P(no coin shows tail) =1- [—j =—
2 16



_Exam ple929 y Three persons work independently on a

problemm. If the respective probabilities that they will solve
it are 1./3, 1/4 and 1/5, then find the probability that none
can solve it.

Sol. Required probability is
1L [l_l 1_l] 2,342
3 4 5 3 4 5 5

i The probability of hitting a target by

three marksmen are 1/2, 1/3 and 1/4. Then find the prob-

ability that one and only one of them will hit the target when
they fire simultaneously.

Sol. Here, P(A) = 1/2, P(B) = 1/3, P(C) = 1/4. Hence, required
probability is

P(AP(B)P(C)+ P(A)P(B)P(C) + P(A)P(B)P(C)

(R EIEEGIEL

S
— 5

A SZ S3 B
L ;|
Fig 9.5

The switches operate independently of one another and the
current will flow from A to B either if S| is closed or if both
S, and S, are closed. If P(S,) = P(S,) = P(S) = 1/2, then find
the probability that the circuit will work.
Sol. P(S)) = P(S,) = P(S,) = 172
Let E be the event that the current will flow. Then,
P(E) = P((S,n S,) or S))
=P(S,NS,) + P(S) - P(S, NS, NS,)

1 1 1 5

+
4 2 8 8

A bag contains 3 white, 3 black and 2 red
balls. One by one three balls are drawn without replacing
them, then find the probability that the third ball is red.

Sol. Let R stand for drawing red ball, B for drawing black ball and
W for drawing white ball. Then, the required probability is

Probability 9.13

P(WWR) + P(BBR) + P(WBR) + P(BWR) + P(WRR)
+ P(BRR) + P(RWR) + P(RBR)
=3><2><2_|_3><2><2+3><3><2 3x3x2
8xTx6 BxTxE 8x7x6 8xXTX6
+3><2><1+3><2><1 2><3><1+2><3><1
IxTx6 8xTx6 8XTx6 8XTX6
2 2 3 3 1 1 1 1
=t —t—+—F+—+—=t_=
56 56 56 56 56 56 56 56
1

4

The unbiased dice is tossed until a

number greater than 4 appears. What is the probability
that an even number of tosses is needed?
Sol. Probability of success is 2/6 = 1/3 =p. Probability of failure

is 1 — 1/3 = 2/3 = q. Probability that success occurs in even
number of tosses is

P(FS) + P(FFFS) + P(FFFFFS) + -+
pq _2

=pg+qp+gpt - S5
-4

_Example 9.34 B ‘X speaks truth in 60% and ‘Y’ in 50%
of the cases. Find the probability that they contradict each
other narrating the same incident.

Sol. Here, P(X) =3/5, P(Y)=1/2. Therefore, required probability

1S
P(X)PX)+P(X)P(Y) = @)[1 - %}[1 - %)[%)

301 2 1 1
=IX—+=oX—==
5 2 5 2 2

- Example 9.35 The odds against a certain event are 5:2
and the odds in favour of other event, independent of the
former, are 6:5. Then find the probability that at least of the
events will happen.

. 5 5
Sol.  P{First event does not happen} = 5127
P{Second event does not happen} = S L3
PP 5+6 11
P{Both the events fail to happen}= % x % = %

Therefore, the probability that at least one of the events will
happen is
2552

1-P of two happens) =1—-—=
(none ppens) =7

Example 936 If four whole numbers taken at random
are multiplied together, then find the probability that the
last digit in the product is 1, 3, 7 or 9.

Sol. There are 10 digits 0, 1, 2, ..., 9 any of which can occur in
any number at the last place, i.e., at the unit place. It is obvious
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that if the last digit in any of the four numbers is 0,2,4,5,6,
8, then the product of any of such four numbers will not give a
numbex having its last digit as 1, 3, 7, 9. Hence, it is necessary
that the last digit in each of the four numbers must be any of the
four digits 1, 3,7, 9. ’

Thus, for each of the four numbers, the number of ways of

selection of the last digit is 10. Favourable number of ways of
selection of the last digit is 4.

Therefore, the probability that the last digit be any of the four
numbers 1, 3,7, 9 is 4/10 = 2/5.

Hence, the required probability that the last digitin each of the

four nurmbers is 1, 3, 7, 9 so that the last digit in their productis -

1,3,7, 9is (2/5)* = 16/625.

N2CUTICERYA A rifleman is firing at a distance target

and henxce only 10% chance of hitting it. Find the number

of rounds, he must fire in order to have more than 50%

chance of hitting it at least once.

Sol. We have,

101

77100 " 10

9

=70 |

By the given condition,

"~ q

1
1—qg'>—
75

= qn< 5

= —9_j <l
10 2

which is possible if 1 is at least 7.
n=7

One of 10 keys open the door. If we try

the keys one after another, then find the following:

a. the probability that the door is opened on the first
attempt. '

Example 9.38

b. the probability that the door is opened on the second
attempt.

c. the probability that the door is opened on the 10®
attempt.

Sol. Since out of 10 keys only one can open the door, so the door
will open in first attempt with probability 1/10.

Now if he fails in first attempt which has the probability
9/10, then he will attempt next time with a different key. So, the
probability that the door will open in second attempt is 9/10 x
1/9 =1/10.

Probability that door will open only in 10® attempt is equal to
the probability that the door will not open in first nine attempts
which is equal to

9 8 7 2.1 1
X e X — X ==
3 2 10
as each time he tries with new key and keeps away the key which
does not open the door.

R2GISEERTIE A bag contains ‘W’ white and 3 black

balls. Balls are drawn one by one without replacement till
all the black balls are drawn. Then find the probability that
this procedure for drawing the balls will come to an end at
the r'* draw.

Sol. Procedure of drawing the balls has to end at the 7" draw.

Exactly 2 black balls must have been drawn up to (r — 1)
draw. Now probability of drawing exactly 2 black balls up to
(r- " draw is

31 w!
GV 211 )W = r13)
e T (W +3)!

=1

(r=DYW —r+4)

3 =-Dr-2)W~-r+4)
(W)W +2)(W 1)

Atthe end of (r— 1)* draw, we would be left with | black and
(W — r + 3) white balls. Hence, the probability of drawing
the black ball at the " draw is 1/(W - r + 4). Therefore, the
probability of required event is
3(r=Dr—2)W —r+4)
(W+DW +2)(W +1)(W ~r +4)

O 3r=1)(r-2)
T (W)W +2)W 1)

NGV If A and B are two independent events,
the probability that both A and B occur is 1/8 and the prob-
ability that neither of them occurs is 3/8. Find the probabil-
ity of the occurrence of A.

Sol. We have,
P(ANB) = é andP(ZmE):%
P(A)P(B) = % and P(A)P(B) = %

[ AandB are independent]

Now,

P(KF\E):%:H—P(A uB):%
= 1-(P(A)+P(B)- P(A " B)) = %
= 1-(P(A) + P(B)) + é=§

= P(A)+P(B)= %
The quadratic equation whose roots are P(A) and P(B) is
x*~x{P(A) + P(B)} + P(A) P(B) = 0
1

= x’- éx+—=0
4 8 .



BINOMIAL TRIALS AND BINOMIAL
DISTRIBUTION

Consider a random experiment whose outcomes can be classified
as success or failure. It means that experiment resulis in only
two outcormes E (success) or E ,(failure). Further assume that
experiment can be repeated several times, probability of success
or failure in any trialare p and g(p +g=1) and do not vary from
trial to trial and finally different trials are independent. Such a,

experiment is called binomial experiment and trials are said to be
‘binomial trials. For instance, tossing of a fair coin several times,

each time outcome would be either a success (say occurrence of
head) or failure (say occurrence of tail).

A probability distribution representing the binomial trials is
said to binomial distribution. Let us consider a binomial experi-
ment which has been repeated ‘n’ times. Let the probability
of success and failure in any trial be p and g, respectively in
these n-trials. Now number of ways of choosing ‘r’ success is

n’ trials is "C . Probability of ‘r* successes and (n — r) fail-
ures is p’g™". Thus, probability of having exactly r successes is
”C'_ pr anr.

Let ‘X” be arandom variable representing the number of suc-

cesses. Then,

PX=r="Cp g7 (r=0,1,2,..,n)

| Remark [[

« Probability of utmost ‘r’ successes in n trials is

znc plqu A .

+ Probability of at least ‘r’ successes in n trials is
i ne pl qn l
A=r

« Probability of having first success at the r" trial is p ¢™'. |

_Exar A die is thrown 7 times. What is the
chance that an odd number turns up (i) exactly 4 times,

(ii) at least 4 times?
Sol. Probability of success is 3/6=1/2.
1 1
= — dg= =
p > and g 5
(i) For exactly 4 successes, the required probability is
4 3
c [L) (1 _35
“2)\2) 128

(it) For at least 4 successes, the required probability is

EBIORCGIOREY GRS

Probability

35 21 7 1

=+
128 128 128 128

_ 6
128

RECTUCEEYIE A and B play a series of games which
cannot be drawn and p, g are their respective chances of
winning a single game. What is the chance that A wins m

games before B wins n games.

Sol. For this to happen, A must win at Jeast m out of the first m
+ n— 1 games. Therefore, the required probability is
mn-| m -1 m+n-1 m+l -2 mn-1 mn—1

E A C Pt C.pg >+ + A P

n m+n—

BcludEREN An experiment succeeds twice as often

as it fails. Then ﬁnd the probability that in the next 6 trials,

there will be at least 4 successes.

Sol. Let p be its probability of success and g that of failure. Then
p=2q.Also,p+qg=1.Ttgivesp=2/3and g = 1/3.

P{4 successes in the 6 trials}

' 2Y (1Y
=8C p*gi=95¢c | 2| | = 1
P “(3] (aj ‘ M
2V (1
P{5 successes in the 6 trials}= ¢C; (Ej (5] )
; 27 (1Y
P{6 successes in the 6 trials}= ¢, (3] (5) 3)

Therefore, the probability that there are at least 4 successes
is
P {either 4 or 5 or 6 successes}

e l2J(3] e Il

_496
729

Example 9.44 4
rectly at least 8 out of 10 answers on a true-false examina-

What is the probability of guessing cor-

tion?

8 2 9 1 10
. szonel3] (] et (2

1 10 .
= (5) ['°C, +'°C, + °C}]
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2.16

1 10 )
= (Ej [45+10+1]

ility that the sum of the numbers appearing on the two
dice is 11, if 5 appears on the first?
Sol. Since we are given that 5 appears on first die, so to get

sum of 11, 6 must be one on the second and hence, the required
probability is 1/6.

B2CIUCERIIE Three coins are tossed. If one of them
shows tail, then find the probability that all three coins show
tail.

Sol. Let E be the event in which all three coins show tail and F
be the event in which a coin shows tail. Therefore, F = {HHT,
HTH, THH, HTT, THT, TTH, TTT} and E = {TTT}. Hence, the
required probability is

PER=PEOH) 1
P(E) 7

. One dice is thrown three times and the

seopmater e

_Example 9.47_
sum of the thrown numbers is 15. Find the probability for
which number 4 appears in first throw.

Sol. We have to find the bounded probability to get sum of 15
when 4 appears first. Let the event of getting a sum of 15 of three
thrown number is A and the event of appearing 4 is B. So, we
have to find P(A/B). But
(AN B)

n(B)

Where n(A N B) and n(B), respectively, denote the number of
digits in A N B and B. Now n(B) = 36, because first throw is of
4. So another two throws stop by 6 x 6 = 36 types. Three dice

have only two throws which starts from 4 and give a sum of 15,
i.e., (4,5, 6). So, n(A N B) =2, n(B) =36.

[ .
B) 36 18

_Example 9.48 |

P(A/B) =

: A box contains 10 mangoes out of which
4 are rotten. T'wo mangoes are taken out together. If one of
them is found to be good, then find the probability that the
other is also good.

Sol. Let A be the event that the first mango is good and B be the
event that the second one is good. Then, required probability is
P(ANB)

P(BIA) = o

Now, probability that both mangoes are good is

6

C
P(ANB) = —2
¢,

Probability that first mango is good is

6C2 6Cl>< 4 C
P(A) = IOC + lOC
2 2
Hence,
e 15 5
P(B/A) = R 2 —

G+ SCx *C, 15+24 13

_Example 9.49 |
=0.3, P(B) = 0.4 and P(AN B*) = 0.5, then find the value of
P[B/(A U B%)].

If two events A and B are such that P(A°)

P(BN (AU B%))
P(AU BY)
~ P(A N B)
~ P(A)+ P(B°) — P(A N B°)

Sol. P[B/(A U B9 =

_ P(A)-P(ANB)
"~ P(A) + P(B°) — P(A M BY)
_07-05 1

0.8 4

———| Concept Appli_cation Ekercise 9.3 ’———

1. A coin is tossed three times.

Event A: two heads appear
Event B: last should be head
Then identify events A and B: independent or dependent.

2. Two cards are drawn one by one randomly from a pack of 52
cards. Then find the probability that both of them are king.

3. A coin is tossed and a dice is rolled. Find the probability that
the coin shows the head and the dice shows 6.

4. The probability of happening an event A in one trial is 0.4.
Find the probability that the event A happens at least once in
three independent trials.

5. A fair coin is tossed n times. If the probability that head occurs
6 times is equal to the probability that head occurs 8 times,
then find the value of n.

6. A, B, C in order cut a pack of cards replacing them after each
cut on the condition that the first who cuts a spade shall win

the prize. Find their respective chances.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Irx a bag, here are 6 balls of which 3 are white and 3 are black.
They are drawn successively (i) without replacement, (ii) with
replacement. What is the chance that the colours are alternate?
It has been supposed that the number of balls drawn remains
the same, i.e., six even with replacement.

The odds against a certain event is 5:2 and the odds in favour
of another event is 6:5. If both the events are independent, then
find the probability that at least one of the events will happen.

A pair of unbiased dice are rolled together till a sum of ‘either
5 or 7’ is obtained. Then find the probability that 5 comes
before 7.

A man and a woman appear in an interview for two vacancies
in the same post. The probability of man’s selection is 1/4 and
that of the woman’s selection is 1/3. What is the probability
that none of them will be selected?

A bag contains 5 white and 3 black balls. 4 balls are succes-
sively drawn out and not replaced. What is the probability that
they are alternately of different colors. '

The probability that Krishna will be alive 10 years hence is
7/15 and that Hari will be alive is 7/10. What is the probability
that both Krishna and Hari will be dead 10 years hence?

A binary number is made up of 8 digits. Suppose that the prob-
ability of an incorrect digit appearing is p and that the errors
in different digits are independent of each other. Then find the
probability of forming an incorrect number.

A bag contains a white and b black balls. Two players, A and
B alternately draw a ball from the bag, replacing the ball each
time after the draw till one of them draws a white ball and wins
the game. A begins the game. If the probability of A winning
the game is three times that of B, then find the ratio a:b.

The probability of India winning a test match against West
Indies is 1/2. Assuming independence from match to match
find the probability that in a match series India’s second win
occurs at the third test.

In a single throw of two dice what is the probability of obtain-
ing a number greater 7, if 4 appears on the first dice?

A coin is tossed three times in succession. If E is the event that
there are at least two heads and F is the event in which first
throw is a head, then find P(E/F).

A die is thrown 4 times. Find the probability of getting at most
two 6.

The probability that a student is not a swimmer is 1/5. Then
find the probability that out of 5 students exactly 4 are swim-
mer.

A and B are two candidates secking admission in IIT. The
probability that A is selected is 0.5 and the probability that A
and B are selected is at most 0.3. Is it possible that the prob-
ability of B getting selected is 0.97

Probability 9.17

BAYES’'S THEOREM
Partition of a Set

Consider a sample space ‘S’. Let A, A,, ..., A be the set of

_ mutually exclusive and exhaustive events of sample space S.

A3
Az

Fig. 9.6

These events A, A,, ..., A, are said to partition the sample
space S. We have,

Air‘\AJ_:q)fori;ﬁj,lSi,an

and i P(4) =1
i=1
Bayes's Theorem
A3
‘. z
. .l .
Fig. 9.7

IfA,AA, ..., A be n mutually exclusive and exhaustive events
and A is an event which occurs together (in conjunction) with
either of A, i.e.,if A, A,, ..., A, form a partition of the sample
space S and A be any event, then

P(A,) P(AIA,)

P(A,JA)= .
P(A)P(A/A)+P(A,)) P(AJA))+---+ P(A)) P(A/A,)

Proof:
Since A, A,, ..., A, form a partition of S, therefore
(YA, A, ..., A are non-empty
(ii)AimAj= pfori#j
(i) S=A VA, U---UA

Now, .
A=ANS=AnA VAU - VA)

=ANA)UANA)U-—-UVMANA) N

Since A, A,, ..., A, are disjoint sets, therefore A MA,ANA,,

..., A N A, are also disjoint. Therefore, from (1), by addition
theorem,

PAY=PANA)+PANA)+ - +PANA) 2)
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Now,

P(A, N A)

P(AJA) = o)

~ P(A, N A)
~ P(A N A)+P(A, N A) + -

+P(A, N A)

P(A,)P(A/A,)

" P(A)P(AIA)+ P(A,)P(A A+ P(A YP(AJA )

[~ P(A N B)= P(A)P(BIA) = P(B)P(A/B)]

Noté:

1.

IfA, A, ..., A form a partition of S and A be ‘any event
then from Eq. (2),
P(A) = P(A) P(A/A|) + P(A,) P(A/A)) + -
+ P(A ) P(A/A )
["P(A,nA)=P(A) P(A/A)]
IfP(A) = P(A) = --- = P(A)), then by Bayes’s theorem,
P(A/A)

PAIA) =5 JA) + P(AJA) + -+ P(A/A )

The probabilities P(A)), P(A,), ..., P(A ) which are
known before the experiment takes place are called a
priori probabilities and P(A/A) are called a posteriori
probabilities.

Special case of Bayes’s theorem:

IfA, A, ..., A form a partition of an event A, then
P(A,
P(A, /A) = (4)
. P(A)+ P(A)+---+ P(A,)
Proof:
Since AI', A, .., A, form a partition of A, therefore
(i)A, A, .., A are non-empty

(ii) they are pairwise disjoint, i.e., no two of A, A,,
A, have any common element

(i) A=A UA,U - UA,

From (i), (ii) and (iii), it is clear that ANA , A N A,,

- AMA_ are non-empty pair-wise disjoint (they are
mutually exclusive) and

A=(ANA)UANA)U - UANA)
Hence by addition theorem of probability,
PA)=PANA)+PANA)+--+PANA) (3)
Now, |

piaja)= LD

P(AN B)
P(A)

[ P(A/B)= 5B

- P4, N A) [From Eq. (1)]
P(ANA)+P(ANA)+-+P(ANA,)

= ' P(Ak)P(A/Ak .
PAP(AIA) +P(A) P(A/A) +-+ P(A, )P(A/A )

e

-*P(A A B) = P(A) P(BIA)]
_ P(A)
P(A,)+ P@A,)+-+P(A,)

‘A, A, ..., A are subsets of A .. P(A/A) = lfor
, 2, 3, n]

PROBLEMS ON TOTAL PROBABILITY THEOREM
_Example 9.50 ¢

The probability that certain electronic
component falls when first used is 0.10. If it does not fail
immediately, the probability that it lasts for one year is 0.99.
Find the probability that a new component will last for one
year.
Sol. Probability that the electronic component fails when first

used is P(F) = 0.10. Therefore,

P(F)=1-P(F)=0.90
Let E be the event that a new component will last for one year.

Then,
E
Fl

[total probability theorem]
=0.10x0+0.90 x0.99 =0.891

P(E) = P(F)P(%JJr P(F’)P(

_Example 9.51 |

There are two bags, one of which con-
tains 3 black and 4 white balls while the other contains 4
black and 3 white balls. A die is cast. If the face 1 or 3 turns
up, a ball is taken from the first bag, and if any other face
turn up, a ball is-chosen from the second bag. Find the prob-
ability of choosing a black ball.

Sol. Let E| be the event that a ball is drawn from first bag, £, the
event that a ball is drawn from the second bag and E the event a
black ball is drawn. Then we have

P(E) = P(E)) P(EIE)) + P(E,) P(EIE,)

132411

3°7°3%7™

A bag contains n# + 1 coins. It is known
that one of these coins shows heads on both sides, whereas
the other coins are fair. One coin is selected at random and
tossed. If the probability that toss results in heads is 7/12,
then find the value of n.

Sol. Let E, denote an event when a coin with two heads is

selected and E, an event when a fair coin is selected. Let A be
the event when the toss results in heads. Then, P(E))



=1/(n+ 1), P(E)=1/(n+1), P(A/E)) =1 and
P(A/E) =1/2.
P(A) =P(E)PAIE) + P(E)P(A/E,)
71 x1+-2 ><l
12 nxl n+l 2
= 124+6n=7n+7

= n=2>5

PRCIISERERE An urn contains 6 white and 4 black
balls. A fair die is rolled and that number of balls are chosen
from the urn. Find the probability that the balls selected are
white.

Sol. Let A, denote the event that the number i appears on the die

and let E denote the event that only white balls are drawn.
Then,

P(A) = ¢ fori=1,2,..6
6c
PEIA)= it i=1,2,....6

Then, the required probability is

6
PE) = P(_L_JI(EGA,-)J
6
= YP(ENA)
i=l
6
= Y P(A)P(E/A)
i=1
16 15 20 15 6 17 1
=ttt ==
6[10 45 120 210 252 210 3

PROBLEMS ON BAYES’S THEOREM

DEILIERE A pack of playing cards was found to
contain only 51 cards. If the first 13 cards, which are exam-
ined, are all red, what is the probability that the missing
card is black?

Sol. LetA, be the event that black card is lost, A, be the event that
red card is lost and let A denote occurrence of ﬁrst 13 cards which
are examined and are found to be all red. Then, we have to find
P(A [A). We have P(A))=P(A) =1/2. Also, P(A/A) = 6CI3/5‘CI3
and P(A/A ,)=72C /5’C Then by Bayes’s rule,

P(A) P(AJA)

P(afa) = P(A)P(AIA)) + P(A,) P(A/A,)

l %
51C13
1 25C13
2 SICB

_lzscl3
2°%¢,

26C13 B 2 _2
®C,+%¥C, 2+1 3

Probability 9.19

SCUNSCEEEIE The chances of defective screws in three
boxes A, B, C are 1/5, 1/6, 1/7, respectively. A box is selected
at random and a screw drawn from it at random is found
to be defective. Then, find the probability that it came from
box A.

Sol. Let E, E, and E, denote the events of selecting boxes A,
B, C, respectlvely, and A be the event that a screw selected at
random is defective. Then,

P(E)=P(E) = PE)=1/3"

1

1 1
PAJE) = <, PAIE) = o TAE) =~

By Bayes’s rule, the required probability is
P(E)P(A/E)

P(EI/A) = P(El)P(A/El)+P(E2)P(A/E2)+P(E3)P(A/E3)
1.1
_ 35 4
Ll L T T 07
35 3 6 3 7
RACUNYETI In an entrance test, there are multiple

choice questlons There are four possible answers to each
question, of which one is correct. The probability that a stu-
dent knows the answer to a question is 90%. If he gets the
correct answer to a question, then find the probability that
he was guessing.

Sol. We define the following events:
A |: He knows the answer
A,: He does not know the answer

E: He gets the correct answer

Then, P(A|) =9/10, P(A,) =1 - 9/10 = 1/10, P(E/A) =1, P(E/
A) =1/4,

Therefore, the required probability is

P(A,)P(E/ A,)
P(A)P(E/A)+P(A,)P(E]A,)

P(AJE) =

RCINERYEE Each of the ‘n’ urns contains 4 white
and 6 black balls. The (n + 1)™ urn contains 5 white and
5 black balls. One of the # + 1 urns is chosen at random
and two balls are drawn from it without replacement. Both
the balls turn out to be black. If the probability that the
(n + 1)" urn was chosen to draw the balls is 1/16, then find
the value of n.

Sol. Let E , denote the event that one of the first # urns is chosen
and E, denote the event that (n + 1) urn is selected. A denotes
the event that two balls drawn are black. Then,



920 Algebra
P(E)=nl(n+1), p(E,) = H(n+ 1), PAAIE) = °C,/ '°C,
" = 1/3and P(A/E,) = °C,/"°C, = 219.
Using Bayes’s theorem, the required probability is

P(E,)P(A/E,)
P(EI)P(A/E1)+ P(EZ)P(A/EZ)

PR o R
* FEGHEE

ELJ DieA has4redand 2 white faces whereas
B has 2 red and 4 white faces. A coin is flipped once. If
it shows a head, the game continues by throwing die A; if it
shows tail, then die B is to be used. If the probability that
die A is used is 32/33 when it is given that red turns up every

P(EJA) =

ey

time in first » throws, then find the value of n.

Sol. Let R be the event that a red face appears in each of the
first n throws.

E: Die A is used when head has already fallen

E,: Die B is used when tail has already fallen

P(R/E,)) 2(2) and P[—R—Jz(l)
3 E, 3

As per the given condition,

P(E,)P(RIE)) _32
P(E,)P(R/E)+P(E,))P(R/E,) 33

1/2(2/3" 32
1 2 n 1 1 n 33
_ — +_ —
2\3 2\3

2" 32
= ——=_—
2"+1 33

= n=5

A bag contain r balls out of which some
palls are white. If probability that a bag contains exactly i
white ball is proportional to .. A ball is drawn at random

from the bag and found to be white, then find the probabil-

ity that bag contains exactly 2 white balls.
" Sol. We have,

P(A) = ki?
= 1=kZn?

B 6i”
n(n+1) (2n+1)
Let event B denote that the ball drawn is white. Then,

PA)

P(B) = __—___l: 21+22_2L+...+n2£
(B) = nn+D)Cn+) n n n
_ 3(n+l)
T 202n+)
6 \(2
nn+) )\ n
P(A,/B) =
3(n+1)

————(a)ncept Application Exercise 9.4 }-———-—

1. An unbiased coin is tossed. If the result is a head, a pair of
unbiased dice is rolled and the number obtained by adding the
numbers on the two faces is noted. If the resuit is a tail, a card
from a well-shuffled pack of 11 cards numbered 2, 3, 4, ...,
12 is picked and the number on the card is noted. What is the
probability that the noted number is either 7 or 8?

2. A number is selected at random from the first twenty-five nat-
ural numbers. If it is a composite number then it is divided by
5. But if it is not a composite number, it is divided by 2. Find
the probability that there will be no remainder in the division.
3. A real estate man has eight master keys to open several new
homes. Only one master key will open any given house. If 40%
of these homes are usually left unlocked, what is the probabil-
ity that the real estate man can get into a specific home if he
selects three master keys at random before leaving the office?

4. A card from a pack of 52 cards is lost. From the remaining
cards, two cards are drawn and are found to be spades. Find
the probability that missing card is also a spade.

5. Consider a sample space ‘S* representing the adults in a

" small town who have completed the requirements for a col-
lage degree. They have been categorized according to sex and
employment as follows:

, Employed Unemployed .
Male | |- . 460 N 40
Female 140 260

An employed person is selected at random. Find the probabil-
ity that chosen one is male.

6. A man has coins A, B, C. A is unbiased; the probability that a
head will result when B is tossed is 2/3; and the probability that
a head will result when C is tossed is 1/3. If one of the coins
chosen at random, is tossed three times, giving two heads and
one tail, then find the probability that the chosen coin was A.

7. A and B are two independent witnesses (i.e., there is no col-
lusion between them) in a case. The probability that A will
speak the truth is x and the probability that B will speak the
truth is y. A and B agree in a certain statement. Find the prob-
ability that the statement is true.

8. An urn contains five balls. Two balls are drawn and are found
to be white. Find the probability that all the balls are white.
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o Solutioﬁ_& on ﬁa‘gek 9.42-

Let A ={0,5,10,15, ..., 195}. Let B be any subset of A with
atleast 15 elements. What is the probability that B has at least
one pair of elements whose sum is divisible by 157

A bag contains rn white and 7 black balls, all of equal size.
Balls are drawn at random. Find the probability that there are
both white and black balls in the draw and that the number of
whi te balls is greater than that of black balls by 1.

There are two bags each containing 10 books all having differ-
ent titles but of the same size. A student draws out books from
first bag as well as from the second bag. Find the probability
that the different between the books drawn from the two bags
does not exceed 2.

Suppose A and B shoot independently until each hits his target.
They have probabilities 3.5 and 5/7 of hitting the targets at each
shot. Find the probability that B will require more shots than A.

From an urn containing a white and b black balls, k balls are
drawn and laid aside, their colour unnoted. Then one more ball
is drawn. Find the probability that it is white assuming that
k< a,b.

Of three independent events, the chance that only the first
occurs is a, the chance that only the second occurs is b and the
chance of only third is ¢. Show that the chances of three events
are, respectively, a/(a + x), bi(b +x), c/(c + x), where x is aroot
of the equation (a +x) (b +x) (c + x) =x%

Two natural numbers x and y are chosen at random. What is
the probability that X2+ y?is divisible by (i) 5 and (ii) 7.

If m things are distributed among a men and b women, show
that the chance that the number of things received by man is

—1_ (b+a)m _(b_a)m
2 B+a)” ’

8n players P, Py, Py, ... Py, play a knock out tournament. It
is known that all the players are of equal strength. The tourna-
ment is held in three rounds where the players are paired at
random in each round. If it is given that P, wins in the third
round. Find the probability that P, loses in the second round.

A tennis match of best of 5 sets is played by two players ‘A’
and ‘B’. The probability that first set is won by A is 1/2 and if
he loses the first, then probability of his winning the next set is
1/4 otherwise it remains same. Find the probability that A wins
the match.

A and B participate in a tournament of ‘best of 7 games’. It is
equally likely that either A wins or B wins or the game ends in
a draw. What is the probability that A wins the tournament.
Fourteen numbered balls (i.e., 1, 2.3, ..., 14) are divided in
three groups randomly. Find the probability that sum of the
numbers on the balls, in each group, is odd.

Let P(x) denote the probability of the occurrence of event x.
Plot all those point (x, ¥) = (P(A), P(B)) in a plane which satis-
fies the conditions,

EXERCISES =

14.

15.
16.
17.

18.

Objéctive Type

Probability 9.21

P(AuB)Z3/.4and1/8SP(A(\B)S3/8

Two players P, and P, are playing the final of a chess cham-
pionship, which consists of a series of matches. Probability
of P, winning a match is 2/3 and that of P, is 1/3. The winner
will be the one who is ahead by 2 games as compared to the
other player and wins at least 6 games. Now, if the player P,
wins first four matches, find the probability of P, wining the
championship.

Consider a game played by 10 people in which each flips a fair
coin at the same time. If all but one of the coins comes up the
same then the odd persons wins (e.8. if there are nine tails and
one head then head wins). If such a situation does not occur,
the players flips again. Find the probability that game is settled
on or after n"" toss.

A bag contains ‘n’ balls, one of which is white. The probabil-
ity that A and B speak truth are P and P, respectively. One
ball is drawn from the bag and A and B both assert that it is
white. Find the probability that drawn ball is actually white.

A bag coritains a total of 20 books on physics and mathemat-
ics. Any possible combination of books is equally likely. Ten
books are chosen from the bag and it is found that it contains
6 books of mathematics. Find out the probability that the
remaining books in the bag contains 2 books on mathematics.

A coin is tossed (m + n) times (m > n). Show that the prob-

ability of at least m consecutive heads is n+2/2™".

Solitions on page 9.45

Each question has four choices a, b, ¢ and d, out of which only
one is correct. Find the correct answer.

1.

2.

3.

Given two events A and B. If odds against A are as 2:1 and
those in favour of A U B are as 3:1, then

b. 5/12< P(B)<3/4

d. none of these

a. ]/2< P(B)<3/4
c. 1/4<P(BY<3/5

The probability that a marksman will hit a target is given as
1/5 . Then the probability that at least once hit in 10 shots is

a. 1-(4/5" b. 1/5"

¢ 1-(1/5') d. (4/5)"°

A six-faced dice is so biased that it is twice as likely to show
an even number as an odd number when thrown. It is thrown
twice, the probability that the sum of two numbers thrown is
even is '

a. 1/12 b. 1/6
e 137 d. 5/9
A draws a card from a pack of n cards marked 1,2, ..., n. The

card is replaced in the pack and B draws a card. Then the prob-
ability that A draws a higher card than B is
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11.

12,

13.

Algebra
a. (n+1)2n b. 1/2
C. (n—1)2n d. none of these
A student appears for tests I, I and III. The student is success-

ful if he passes either in tests T and II or tests I and III. The

probabilities of the student passing in tests I, I and III are,

respectively, p, g and 1/2. If the probability that the student is
successful is 1/2, then p(1 + g) =

a. 12 b.1
c. 372 d.3/4

A problem in mathematics is given to three students A, B, C

and their respective probability of solving the problem is 1/2,
1/3 and 1/4. Probability that the problem is solved is

a.3/4 b. 1/2
c.2/3 d. 1/3

The probability that in a family of 5 members, exactly two
members have birthday on Sunday is

a. (12x5%)7° b. (10x6%) 7°

c.2/5 d. qox6*7°

Three houses are available in a locality. Three persons apply

for the houses. Each applies for one houses without consulting
others. The probability that all three apply for the same houses is

a. 1/9 b. 2/9
c.7/9 d. 8/9
The numbers 1, 2, 3, ..., n are arrange in random order. The

probability that the digits 1,2, 3, ..., k (k< n) appear as neigh-

‘bours in that order is

b. k!/n!
d. (n-k+Dint

a. l/n!
€. (n—k)!'n!

A die is thrown a fixed number of times. If probability of get-
ting even number 3 times is same as the probability of getting
even number 4 times, then probability of getting even number
exactly once is
a. 1/6

c. 5/36

b. 1/9
d. 7/128

A pair of four dice is thrown independently three times. The
probability of getting a score of exactly 9 twice is

a. 8/9 b. 8/729
c. 8/243 d. 1/729

Five horses are in a race. Mr. A selects two of the horses at
random and bets on them. The probability that Mr. A selected
the winning horse is
a. 3/5

c.2/5

b. 1/5
d. 4/5

Let A and B be two events such that P(AUB)=1/6,

P(A~ B)=1/4and P(A) =1/4 where A stands for complment

of eveﬁt A. Then events A and B are

a. equally likely but not independent
b. equally likely and mutually exclusive

14.

15.

16.

17.

18.

19.

- 20.

21.

22,

¢. mutually exclusive and independent
d. independent but not equally likely

Words from the letters of the word PROBABILITY are formed
by taking all letters at a time. The probability that both B’s are
not together and both /’s are not together is

a. 52/55 b. 53/55

¢. 54/55 d. none of these

A class consists of 80 students, 25 of them are girls and 55 are
boys. If 10 of them are rich and the remaining are poor and
also 20 of them are intelligent, then the probability of selecting
an intelligent rich girl is
a.5/128
c. 5/512

b. 25/128
d. none of these

Let A, B, C, D be independent events such that P(A)=1/2,
P(B) = 1/3, P(C) = 1/5 and P(D) = 1/6. Then the probability
that none of A, B, C and D occurs
a. 1/180

c. 1/18

b. 1/45
d. none of these

A sample space consists of 3 sample points with associated
probabilities given as 2p, p?, 4p — 1. Then the value of p is

a.p=+11-3 b. V10 -3

C.l<p<l d. none

4 2

.South African cricket captain lost the toss of a coin 13 times

out of 14. The chance of this happening was
a. 7/2" b. 172
¢. 13/2" d. 13/2"

Events A and C are independent. If the probabilities relating A,
B and C are P(A) = 1/5, P(B) = 1/6; P(A " C) = 1/20; P(B U
C) =3/8. Then

a. events B and C are independent

b. events B and C are mutually exclusive

¢. events B and C are neither independent nor mutually
exclusive

d. events B and C are equiprobable

There are only two women among 20 persons taking part in a
pleasure trip. The 20 persons are divided into two groups, each
group consisting of 10 persons. Then the probability that the
two women will be in the same group is

a. 9/19 b. 9/38

¢. 9/35 d. none

Let A and B be two events. Suppose P(A) = 0.4, P(B) = p and
P(A v B) =0.7. The value of p for which A and B are indepen-
dent is
a. 1/3

c. 172

b. 1/4
d. 1/5

A man has 3 pairs of black socks and 2 pairs of brown socks
kept together in a box. If he dressed hurriedly in the dark, the
probability that after he has put on a black sock, he will then
put on another black sock is



23.

24,

25.

26.

27.

28.

29.

30.

31.

a. 1/3
c. 3/5

b. 2/3
d. 2/15

Fiwve different games are to be distributed among 4 children
ranndomly. The probability that each child get atleast one game
is

a. 1/4
c. 21/64

b. 15/64

d. none of these

A drawer contains 5 brown socks and 4 blue socks well mixed.
A mman reaches the drawer and pulls out socks at random. What
is the probability that they match?

a..4/9 b. 5/8
c. 5/9 d. 7/12

Two dices are rolled one after the other. The probability that
the number on the first is smaller than the number on the
second is
a. 172

c. 3/4

b. 7/18
d. 5/12

A natural number is chosen at random from the first 100 natu-

ral numbers. The probability that x + @ >50is

x
a. 1/10 b. 11/50
c. 11/20 d. none of these

A four figure number is formed of the figures 1, 2, 3, 5 with
no repetitions. The probability that the number is divisible by
Sis
a. 3/4
c. 1/8

b. 1/4

d. none of these

Twelve balls are distributed among three boxes. The probabil-
ity that the first box contains three balls is

1‘10[2)“’ 9 (2)°
a —| = b. 2| =2
9 (3 1104 3
_ngzg

C. 123 . 312

A box contains 2 black, 4 white and 3 red balls. One ball
is drawn at random from the box and kept aside. From the
remaining balls in the box, another ball is drawn at random
and kept aside the first. This process is repeated till all the balls
are drawn from the box. The probability that the balls drawn
are in the sequence of 2 black, 4 white and 3 red is

a. 1/1260 b. 1/7560
c. 1/126 d. none of these

A cricket club has 15 members, of whom only 5 can bowl. If
the names of 15 members are put into a box and 11 are drawn
at random, then the probability of getting an eleven containing
at least 3 bowlers is
a. 713

c. 11/15

b. 6/13
d. 12/13

A speaks truth in 60% cases and B speaks truth in 70% cases.
The probability that they will say the same thing while describ-
ing a single event is

32.

33.

34.

35.

36.

37.

38.

39.

40.

Probability 9.23

a.0.56
¢.0.38

b. 0.54
d.0.94

Three integers are chosen at random from the first 20 integers.
The probability that their product is even is
a. 2/19 b. 3/29

c. 17/19 d. 4/29

There are 20 cards. Ten of these cards have the letter ‘I’ printed
on them and the other 10 have the letter ‘7" printed on them. If
three cards are picked up at random and kept in the same order,
the probability of making word IIT is

a. 4/27 - b.5/38
c. 1/8 d. 9/80

The chance of an event happening is the square of the chance
of a second event but the odds against the first are the cube of
the odds against the second. The chances of the events are

a. 1/9, 1/3 b. 1/16, 1/4
c. 1/4, 172 d. none of these

If a party of n persons sit at a round table, then the odds against
two specified individuals sitting next to each other are

a.2:(n—3) b. (n — 3):2
c.(n—2)2 d.2:(n — 2)
The sum of two positive quantities is equal to 2n. The prob-

ability that their product is not less than 3/4 times their greatest
product is

a. 3/4
c. 1/4

b. 172

d. none of these

A bag contains an assortment of blue and red balls. If two bails
are drawn at random, the probability of drawing two red balls
is five times the probability of drawing two blue balls. Further-
more, the probability of drawing one ball of each colour is six
times the probability of drawing two blue balls. The number of
red and blue balls in the bag is

a.6,3 b.3,6
c.2,7 d. none of these
Dialing a telephone number an old man forgets the last two

digits remembering only that these are different dialed at
random. The probability that the number is dialed correctly is

a. 1/45 b. 1/90
c. 1/100 d. none of these

The probability that a teacher will give an unannounced test
during any class meeting is 1/5. If a student is absent twice,
then the probability that the student will miss at least one test
is

a. 4/5 b. 2/5

c. 7125 d. 9/25

A box contains tickets numbered from 1 to 20. Three tickets
are drawn from the box with replacement. The probability that
the largest number on the tickets is 7 is

a.2/19 b. 7/20
€ 1—(7/20)° d. none of these
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Allgebra

A unbiased coin is tossed » times. If the probability that head
occurs 6 times is equal to the probability that head occurs 8
times, then n =

b. 14

d. 19

a.’7
c. 16

One ticket is selected at random from 100 tickets numbered 00,
01,02, ...,98,99.If x, and x, denotes the sum and product of
the digits on the tickets, then P(x, = 9/x, = 0) is equal to

2. 2/19 b. 19/100

c- 1/50 d. none of these

Let A and B be two events such that P(A N B") = 0.20,
P(A'nB)=0.15, P(A'n B') = 0.1, then P(A/B) is equal to
a. 11/14 b. 2/11

c. 27 d. 1/7

A and B toss a fair coin each simultaneously 50 times. The prob-
ability that both of them will not get tail at the same toss is

a. (3/4)* b. (2/7)°
c. (1/8)® d. (7/8)*

Cards are drawn one-by-one at random from a well-shuffled
pack of 52 playing cards until 2 aces are obtained from the first
time. The probability that 18 draws are required for this is

a. 3/34 b. 17/455
c. 561/15925 d. none of these

A father has 3 children with at least one boy. The probability
that he has 2 boys and 1 girl is

a. /4
c.2/3

b. 1/3
d. None of these

Two players toss 4 coins each. The probability that they both
obtain the same number of heads is

a. 5/256 b. 1/16

c. 35/128 d. none of these

In a game called ‘odd man out’ m {1 > 2) persons toss a coin
to determine who will buy refreshments for the entire group.
A person who gets an outcome different from that of the rest
of the members of the group is called the odd man out. The
probability that there is a loser in any game is

a. 12m b. m/2m !
c. 2/m d. none of these

If a is an integer lying in {— 5, 30], then the probability that
the graph of y = x* + 2 (a + 4) x — 5a + 64 is strictly above the
x-axis is
a. 1/6
c. 29

b. 7/36
d. 3/5

2n boys are randomly divided into two subgroups containing
n boys each. The probability that the two tallest boys are in
different groups is

a.n/(2n-1)
c. (n—- 1)/4n?

b.(n-1)/(2n-1)

d. none of these

A bag contains some white and some black balls, all combina-
tions of balls being equally likely. The total number of balls

52.

53.

54,

55.

56.

57.

58.

59.

in the bag is 10. If three balls are drawn at random without
replacement and all of them are found to be black, the prob-
ability that the bag contains 1 white and 9 black balls is

a. 14/55 b. 12/55

c. 2/11 d. 8/55

Three ships 4, B and C sail from England to India. If the ratio
of their arriving safely are 2:5, 3:7 and 6:11, respectively, then
the probability of all the ships for arriving safely is

a, 18/595 b. 6/17
¢. 3/10 d. 2/7

The probability of solving a question by three students are 1/2,
1/4, 1/6, respectively. Probability of question being solved
will be

a.33/48
c. 31/48

b. 35/48
d. 37/48

Let A, B, C be three mutually independent events. Consider the
two statements S, and S,.
S,: A and B L C are independent.
S,: A and B C are independent.
Then
a.both S, and S, are true b. only §, is true

c. only S, is true d. neither S, nor S, is true

If the papers of 4 students can be checked by any one of the 7
teachers, then the probability that all the 4 papers are checked
by exactly 2 teachers is
a. 2/7

c. 32/343

b. 12/49
d. none of these

A and B play a game of tennis. The situation of the game is as
follows: if one scores two consecutive points after a deuce, he
wins, if loss of a point is followed by win of a point, it is deuce.
The chance of a server to win a point is 2/3. The game is at
deuce and A is serving. Probability that A will win the match is
(serves are changed after each game)

a.3/5 b. 2/5
c. 172 d. 4/5

A coin is tossed 2n times. The chance that the number of times
one gets head is not equal to the number of times one gets tails
is

a 20 (1Y" b. 1
nH*\2)

@nh 1

- = —

(nh)? 4"

B 2nYH)
(n)?

d. none of these

The probability that a bulb produced by a factory will fuse
after 150 days if used is 0.50. What is the probability that out
of 5 such bulbs none will fuse after 150 days of use

a. 1 — (1920 b. (19/20)°
c. (3/4)° d. 90 (1/4)°

If E and F are the complementary events of events E and F,
respectively, and if 0 < P(F) < 1, then
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65.

66.

67.

68.

a. PCEIF) + P(EIF)=1/2
c. P(EIF)+PEIF)=1

b. P(E/F) + P(EIF) =1
d. P(EIFY +P(EIF) =1

Ina certain town, 40% of the people have brown hair, 25%
have brown eyes and 15% have both brown hair and brown
eyes. If a person selected at random from the town, has brown
hair, the probability that he also has brown eyes is

a. /5 b. 3/8
¢ 1/3 d.273

Aletter is known to have come either from LONDON or CLIF-
TON; on the postmark only the two consecutive letters ON are
legible. The probability that it came from LONDON is

a. 1/17 b. 12/17

c. 17/30 d. 3/5
In a game a coin is tossed 2n + m times and a piayer wins if he

does not get any two consecutive outcomes same for atleast 2n
times in a row. The probability that player wins the game is

m+2 b, 2n+2

2211 +1 2211

2n+2 o +2
c. 22n+l ‘ 22,;

Words from the fetters of the word PROBABIHTY are formed
by taking all letters at a time. The probability that both B’s are
not together and both I’s are not together is

a.52/55 b. 53/55
c. 54/55 d. none of these

The probabilities of winning a race by three persons A, B and C
are 1/2, 1/4, and 1/4, respectively. They run two races. The prob-
ability of A winning the second race when B wins the first race
is

a. 1/3
c. 1/4

b. 172
d.2/3

A die is rolled 4 times. The probability of getting a larger
number than the previous number each time is

a. 17/216 b. 5/432
c. 15/432 d. none of these

Four die are thrown simultaneously. The probability that 4 and
3 appear on two of the die given that 5 and 6 have appeared on
other two die is

a. 1/6
c. 12/151

b. 1/36

d. none of these

A fair coin is tossed 5 times. then the probability that no two
consecutive heads occur is

a. 11/32
c. 13/32

b. 15/32

d. none of these

A 2n digit number starts with 2 and all its digits are prime, then
the probability that the sum of all 2 consecutive digits of the
number is prime is
a.4x 2"

c 23:1

b. 4 x 27
d. none of these

69.

70.

71.

72.

73.

74.

75.

76.

77.

Probability 9.25

The numbers (a, b, ¢) are selected by throwing a dice thrice,
then the probability that (a, b, ¢) are in A.P. is

a. 1/12 b. 1/6
c. 1/4 d. none of these

In a n-sided regular polygon, the prdbability that the two diag-
onal chosen at random will intersect inside the polygon is

n n(n-1)
a 2"C, c,
*Cy-n) ("Cz—n) )
e, G
n
C .
L d. none of these
("Ca—n)
CZ

A three-digit number is selected at random from the set of all
three-digit numbers. The probability that the number selected
has all the three digits same is

a. /9
¢. 1/50

b. 1/10
d. 1/100

Two numbers a, b are chosen from the set of integers 1,72, 3,
..., 39. Then probability that the equation 7a —9b = 0 is satis-
fied is

a. 1/247
c. 4/741

b. 27247
d. 5/741

Two numbers x and y are chosen at random (without replace-
ment) from amongst the numbers 1, 2, 3, ..., 2004. The prob-
ability that x* + y* is divisible by 3 is

a. 1/3 b. 2/3

c. 1/6 d. 1/4

One mapping is selected at random from all mappings of the
set $ = {1, 2,3, ..., n} into itself. If the probability that the
mapping is one-one is 3/32, then the value of n is

a.2 b.3

c. 4 d. none of these

A bag contains 20 coins. If the probability that thebag contains
exactly 4 biased coin is 1/3 and that of exactly 5 biased coin is
2/3, then the probability that all the biased coin are sorted -out
from the bag in exactly 10 draws is

5 16C6 1 lSC5 b 2 16C6+515C5
a. E 20C H ZOC . 3—3— T
9 9 o
16 15
: = 20C7 = 20C6 d. none of these
33 %¢c, 11 ¢,

Cards are drawn one by one without replacement from a pack
of 52 cards. The probability that 10 cards will precede the
first ace is
a. 241/1456
¢.451/884

b. 164/4165

d. none of these

If any four numbers are selected and they are multiplied, then
the probability that the last digit will be 1, 3,5 or 7 is

a. 4/625 b. 18/625
¢. 16/625 d. none of these
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"a.31/56

Algebra

Four numbers are multiplied together. Then the probability
that the product will be divisible by 5 or 10 is

a. 369/625 b. 399/625
c. 123/625 d. 133/625

A coin is tossed 7 times. Then the probability that at least 4
consecutive heads appear is

a.3/16 b. 5/32
c. 3/16 d. 1/8
If odds against solving a question by three students are 2:1,

5:2 and 5:3, respectively, then probability that the question is
solved only by one student is
b. 24/56

c. 25/56 " d. none of these

An unbiased coin is tossed 6 times. The probability that third
head appears on the sixth trial is

a.5/16 b. 5/32
c. 5/8 d. 5/64
There are two urns A and B. Urn A contains 5 red, 3 blue and 2

white balls, urn B contains 4 red, 3 blue and 3 white balls. An
urn is choosen at random and a ball is drawn. Probability that
the ball drawn is red is

a.9/10 b.1/2
c. 11/20 d. 9/20
Three critics review a book. Odds in favour of the book are

5:2, 4:3 and 3:4, respectively, for the three critics. The prob-
ability that majority are in favour of the book is

a. 35/49 b. 125/343
c. 164/343 d. 209/343

Let A and B are events of an experiment and P(A) = 1/4,
P(A U B) = 1/2, then value of P(B/A°) is

a.2/3 b. 1/3
c. 5/6 d.1/2
The probability that an automobile will be stolen and found

within one week is 0.0006. The probability that an automobile
will be stolen is 0.0015. The probability that a stolen automo-
bile will be found in one week is
a.0.3
c. 05

b.0.4
d. 0.6

A pair of numbers is picked up randomly (without replace-
ment) from the set {1,2,3,5,7, 11, 12,13, 17, 19}. The prob-
ability that the number 11 was picked given that the sum of the
numbers was even is nearly
a. 0.1

c. 0.24

b.0.125.

d.0.18

An unbiased cubic die marked with 1, 2, 2, 3, 3, 3 is rolled 3
times. The probability of getting a total score of 4 or 6 is

a. 16/216 b. 50/216 )

c. 60/216 d. none of these

A bag contains 3 red and 3 green balls and a person draws out
3 at random. He then drops 3 blue balls into the bag and again

89.

90.

o1

92.

93.

94.

95.

e 5/6

draws out 3 at random. The chance that the 3 later balls being
all of different colours is

a. 15%
¢.27% -

b. 20%
d. 40%

A bag contains 20 coins. If the probability that bag contains
exactly 4 biased coin is 1/3 and that of exactly 5-biased coin is
2/3, then the probability that all the biased coin are sorted out
from the bag in exactly 10 draws is

16 15
__5_16C6 +LISCS b.i Ce+5 7 Cy
33 2¢, 117G, 33 2¢,

._5_16C7 i15(:6
3320¢, 117¢,

d. none of these

A doctor is called to see a sick child. The doctor knows (prior
to the visit) that 90% of the sick children in that neighbour-
hood are sick with the flu, denoted by F, while 10% are sick
with the measles, denoted by M. A well-known symptom of
measles is a rash, denoted by R. The probability of having a
rash for a child sick with the measles is 0.95. However, occa-
sionally children with the flu also develop a rash, with condi-
tional probability 0.08. Upon examination the child, the doctor
finds a rash. Then what is the probability that the child has the
measles?

a. 91/165
c. 82/161

b. 90/163
d. 95/167

A dice is thrown six times, it being known that each time a
different digit is shown. The probability that a sum of 12 will
be obtained in the first three throws is

a. 5/24 b. 25/216
c. 320 d. 1/12

A composite number is selected at random from the first 30
natural numbers and it is divided by 5. The probability that
there will be a remainder is

a. 14/19 b. 5/19

d.7/15

Let E be an event which is neither a certainty nor an impos-
sibility. If probability is such that P(E) = 1 + A + 2* and
P(E") = (1 + )% in terms of an unknown 4. Then P(E) is equal to

a. 1 b. 3/4

c. 1/4 d. none of these

A student can solve 2 out of 4 problems of mathematics, 3 out
of 5 problem of physics and 4 out of 5 problems of chemistry.
There are equal number of books of math, physics and chem-
istry in his shelf. He selects one book randomly and attempts
10 problems from it. If he solves the first problem, then the
probability that he will be able to solve the second problem is

a. 2/3 b. 25/38
c. 13721 d. 14/23

A fair die is tossed repeatedly. A wins if it is 1 or 2 on two
consecutive tosses and B wins if it is 3, 4, 5 or 6 on two con-
secutive tosses. The probability that A wins if the die is tossed
indefinitely is
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b. 5/21
d. 2/5

a. /3
c. 1/

Whemnever horses a, b, ¢ race together, their respectivé prob-
abilities of winning the race are 0.3, 0.5 and 0.2, respectively.
If they race three times the probability that ‘the same horse
wins all the three races, and the probability that a, b, ¢ each
wins one race are, respectively

a. 8/50, 9/50
¢. 12/50, 15/50

b. 16/100, 3/100
d. 10/50, 8/50

Five different games are to be distributed among 4 children
randomly. The probability that each child get atleast one game
is :

" b. 15/64

d. none of these

a. 1/4
c.21/64

Forty teams play a tournament. Each team plays every other
team just once. Each game results in a win for one team. If
each team has a 50% chance of winning each game, the prob-
ability that at the end of the tournament, every team has won a
different number of games is

a. 1/780
c. 401/3™0

b. 401/2™

d. none of these

If three squares are selected at random from chessboard, then
the probability that they form the letter ‘L’ is

a. 196/“C, b. 49/C,
c. 36/4C, d. 98/%C,

A bag has 10 balls. Six balls are drawn in-an attempt and

replaced. Then another draw of 5 balls is made from the bag.
The probability that exactly two balls are common to both the
draw is

a. 5/21
c.7/21

b. 2/21
d. 3/21

There are 3 bags. Bag 1 contains 2 red and o* — 4a + 8 black
balls, bag 2 contains 1 red and @? — 4a + 9 black balls and bag
3 containa 3 red and a® — 4a + 7 black balls. A ball is drawn at
random from at random chosen bag. Then the maximum value
of probability that it is a red ball is

b. 172
d. 4/9

a. 1/3
c. 2/9
The probability that a random chosen three-digit number has
exactly 3 factors is
a. 2/225
c. 1/800

b. 7/900

d. none of these

Let p, ¢ be chosen one by one from the set {1, \/5, \/5, 2,e, )
with replacement. Now a circle is drawn taking (p, ¢) as its
cenire. Then the probability that at the most two rational points

exist on the circle is (rational points are those points whose
both the coordinates are rational)

a.2/3
c. 8/9

b. 7/8

d. none of these

An event X can take place in conjuction with any one of the
mutually exclusive and exhaustive events A, B and C. If A,

105.

106.

107.

108.

109.

110.

111.

a. 1/4

Probability 9.27

B, C are equiprobable and the probability of X is 5/12, and
the probability of X taking place when A has happened is 3/8,
while it is 1/4 when B has taken place, then the probability of
X taking place in conjuction with C is

a.5/8 b. 3/8
c. 5/24 d. none of these -

On a Saturday night, 20% of all drivers in U.S.A. are under
the influence of alcohol. The probability that a driver under
the influence of alcohol will have an accident is 0.001. The
probability that a sober driver will have an accident is 0.0001.
If a car on a Saturday night smashed into a tree, the probability
that the driver was under the influence of alcohol is ’

a. 3/7 b. 4/7
c. 57 d. 6/7

A purse contains 2 six-sided dice. One is a normal fair die,
while the other has two 1's, two 3's, and two 5's. A die is
picked up and rolled. Because of some secret magnetic attrac-
tion of the unfair die, there is 75% chance of picking the unfair
die and a 25% chance of picking a fair die. The die is rolled
and.shows up the face 3. The probability that a fair die was
picked up is :
a. 1/7

c. 1/6

b. 1/4
d. 1/24

Five different marbles are placed in 5 different boxes ran-
domly. Then the probability that exactly two boxes remain
empty is (each box can hold any number of marbles)

a.2/5 b. 12/25
c. 3/5 d. none of these

There are 10 prizes, five A’s, three B’s and two C’s, placed in
identical sealed envelopes for the top 10 contestanis in a math-
ematics contest. The prizes are awarded by allowing winners
to select an envelope at random from those remaining. When
the 8% contestant goes to select the prize, the probability that
the remaining three prizes are one A, one B and one C is

b. 1/3

c. 1/12 d. 1/10

Thirty-two players ranked 1 to 32 are playing in a knockout
tournament. Assume that in every match between any two
players, the better-ranked player wins, the probability that
ranked 1 and ranked 2 players are winner and runner up,
respectively, is '

a. 16/31 b. 1/2
¢ 17/31 d. none of these
Three integers are chosen at random from the set of first 20

natural numbers. The chance that their product is a multiple of
3is

a. 194/285 b. 1/57
c. 13/19 "d.3/4
A car is parked among N cars standing in a row, but not at

either end. On his return, the owner finds that exactly ‘7" of
the N places are still occupied. The probability that the places
neighouring his car are empty is
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One tiéket is selected at random from 100 tickets numbered
00, 01, 02, ..., 99. Suppose A and B are the sum and product of

the digit found on the ticket. Then P((A = DI(B = 0)) is given

by
a.2/13 b. 2/19
c. 1/50 d. none of these

A fair coin is tossed 100 times. The probability of getting
tails 1, 3, ..., 49 times is

a. 1/2
c. 1/8

b. 1/4
d. 1/16

A pair of unbiased dice is rolled together till a sum of either 5
or 7 is obtained. The probability that 5 comes before 7 is

a. 2/5 b. 3/5
c. 415 d. none of these

If # integers taken at random are multiplied together, then the
probability that the last digit of the product is1,3,70r9is

b. 47— 2//5"

c. 4 5" d. none of these

If A and B each toss three coins. The probability that both get
the same number of heads is

a. 1/9
¢. 5/16

b. 3/16
d. 3/8

Let A be a set containing n elements. A subset P of the set A is
chosen at random. The set A is reconstructed by replacing the ele-
merits of P, and another subset Q of A is chosen at random. The
probability that P M O contains exactly m(m < n) elements is

a. 3i4r b."C, x 3"/4"

c."C X 3y d. none of these

A fair die is thrown 20 times. The probability that on the 10"
throw, the fourth six appears is

a. 20C,, x5°/6"

. 84%5°/6'

b. 120x57 /6"

d. none of these

If p is the probability that a man aged x will die in a year, then
the probability that out of n men A, A,, ..., A eachaged x, A4,
will die in an year and be the first to die is

al—-({-pr-: b. (1 —py

e l/nl-0-p"1 d. 1/n(1-p)

A bag contains n white and r black balls. Pairs of balls are drawn
without replacement until the bag is empty. The probability that
each pair consists of one white and one black ball is

a. 1/%"C, b. 2n/*"C,

¢. 2n/n! d. 2n/(2n")

121.

122.

123.

124.

125.

126.

127.

128,

129.

A man alternately tosses a coin and throws a die beginning
with the coin. The probability that he gets a head in the coin

“before he getsa 5 or 6 in the dice is

b. 172
d. none of these

a. 3/4
c. 1/3

There are 3 bags which are known to contain 2 white and 3
black, 4 white and 1 black, and 3 white and 7 black balls,
respectively. A ball is drawn at random from one of the bags
and found to be a black ball. Then the probability that it was
drawn from the bag containing the most black ball is

a.7/15 b. 5/19
c. 3/4 d. None of these

Consider f(x) = x> + ax® + bx + ¢. Parameters a, b, ¢ are chosen,
respectively, by throwing a die three times. Then the probabil-
ity that f{x) is an increasing function is

a. 5/36 b. 8/36

c. 4/9 d. 173

A fair coin is tossed 10 times. Then the probability that two
heads do not occur consecutively is

a. 7/64 b. 1/8
c. 9/16 d. 9/64

If a and b are cHosen randomly from the set consisting of num-
bers 1,2, 3, 4, 5, 6 with replacement. Then the probability that
lim [(a* +b) /217" =61s
x>0

a. 1/3

c. 1/9

c. 1/4
d. 2/9

An artillery target may be either at point I with probability 8/9
or at point IT with probability 1/9. We have 55 shells, each of
which can be fired either rat point 1 or II. Each shell may hit
the target, independent of the other shells, with probability 1/2.
Maximum number of shells must be fired at point 1 to have
maximum probability is ‘

a. 20 b. 25

c.29 . d. 35

An urn contains 3 red balls and n white balls. Mr. A draws two
balls together from the umn. The probability that they have the
same colour is 1/2. Mr. B draws one balls form the urn, notes
its colour and replaces it. He then draws a second ball from the
urn and finds that both balls have the same colour is 5/8. The
possible value of 17 is

a.9 b.6
c.S d. 1

A hat contains a number of cards with 30% white on both sides,
50% black on one side and white on the other side, 20% black
on both sides. The cards are mixed up, and a single card is
drawn at random and placed on the table. Its upper side shows
up black. The probability that its other side is also black is

a. 2/9 b. 4/9
c.2/3 d.2/7

All the jacks, queens, kings and aces of a regular 52 cards deck
are taken out. The 16 cards are thoroughly shuffled and my



130.

opponent, a person who always tells the truth, simultaneously
dravws two cards at random and says, ‘I hold at least one ace’.

- The probability that he holds two aces is

b. 4/9
d. 1/9

a.2/8
c.2/3

Mr. A lives at origin on the Cartesian plane and has his office
at (4, 5). His friend lives at (2, 3) on the same plane. Mr. A
can go to his office travelling one block at a time either in the
+y or +x direction. If all possible paths are equally likely then
the probability that Mr. A passed his friends house is (shortest
path for any event must be considered) :

a.l/2 - b. 10/21
c. 1/4 d. 11721

MultiplefCoi‘réét;A\risWé_r"s Type Solutions on page 9.60

Each question has four choices a, b, ¢ and d, out of which one or
more answers are correct.

1.

If A and B are two independent events such that
P(A)=1/2and P(B)=1/5, then
a. PAUB)=3/5

¢. P(A/IA v B)=5/6

b. P(A/B) = /4
d.PANBIAUB)=0

Let A and B be two events such that P(A N B) = 0.20,
P(A'n B)=0.15 and P(A and B both fail) = 0.10. Then

a. P(A/IB)=2/17 b. P(A) =0.3

c. P(AUB)=0.55 d. P(B/A)=1/2

If A and B are two events such that P(A4) = 3/4 and P(B) = 5/8,
then

a. P(AuB)=3/4
c. 3/8<P(ANB)<5/8

b. P(A’"B)<1/4
d. 3/8<P(ANB)<5/8

If A and B are two mutually exclusive events, then
a. P(A)S P (B) b. P(A) > P(B)
c. P(B) < P(A) d. P(A) > P(B)

The probability that a married man watches a certain TV show
is 0.4 and the probability that a married woman watches the
show is 0.5. The probability that a man watches the show,
given that his wife does, is 0.7. Then

a. the probability that married couple watchs the show is 0.35

b. the probability that a wife watches the show given that her
husband does is 7/8

¢. the probability that atleat one person of a married couple
will watch the show is 0.55

d. none of these

A and B are two events defined as follows:

A: It rains today with P(A) = 40%

B: It rains tomorrow with P(B) = 50%

Also, P(it rains today and tomorrow) = 30%

Also, E: P((A N B)(A U B)) and E,; P({(A N B)or

(Bw Z)}/(A U B)). Then which of the following is/are true?

10.

Probability 9.29

-a. A and B are independent

b. P(A/B) < P(B/A)
¢ E, and E, are equiprobable
d. P(A/(A U B)) = P(BI(A L B))

. Two numbers are randomly selected and multiplied. Consider

two events E, and E, defined as
E: Their product is divisible by 5

,Ez: Unit's places in their product is 5

Which of the following statement is/are correct?
a. E is twice as likely to occur as E,

b.E, and E, are disjoint

c. P(EJE,) = 1/4

d. P(EJE,))=1
. Probability if  heads in 2 tosses of a fair coin can be given
by

n(2r—1 ' nln+r
a. : b.
E( 2r ) g( 2r j

2 < nC )2
n "C z( r

c. — r=0

, E{)( on ]

d. 2n .
( z 2n C,-)
r=0

The probability that a 50-year-old man will be alive at 60 is
0.83 and the probability that a 45-year-old woman will be
alive at 55 is 0.87. Then

a. the probability that both will be alive is 0.7221
b. at least one of them will alive is 0.9779
¢. at least one of them will alive is 0.8230
d. the probability that both will be alive is 0.6320

Which of the following statement is/are correct?

a. Three coins are tossed once. At least two of them must land -
the same way. No mater whether they land heads or tails,
the third coin is equally likely to land either the same way
or oppositely. So, the chance that all the three coins land the
same way is 1/2.

b. Let 0 < P(B) < 1 and P(A/B) = P(A/B). Then A and B are
independent. :

¢. Suppose an urn contains ‘w’ white and ‘b’ black balls and
a ball is drawn from it and is replaced along with ‘4" addi-
tional balls of the same colour. Now a second ball is drawn
from it. The probability that the second drawn ball is white
is independent of the value of ‘d".

d. A, B, C simultaneously satisfy
P(ABC) = P(A) P(B) P(C)
P(ABC) = P(A) P(B) P(C)
P(ABC) = P(A) P(B) P(C)
P(A-BC) = P(A) P(B) P(C)
Then A, B, C are independent.
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16.
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19.
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A bag initially contains 1 red and 2 blue balls. An experiment
consisting of selecting a ball at random, noting its colour and
replacing it together with an additional ball of the same colour.
If three such trials are made, then

a. probability that at least one blue ball is drawn is 0.9

b. probability that exactly one blue ball is drawn is 0.2

¢. probability that all the drawn balls are red given that all the
drawn balls are of same colour is 0.2

d. probability that atleast one red ball is drawn is 0.6

P(A) = 3/8; P(B) =1/2; P(A U B) = 5/8, which of the follow-
ing do/does hold good?

a. P(A°/B) = 2P(A/B)

c. 15 P(AY/BC) = 8P(B/A®)

b. P(B) = P(A/B)
d. P(A/B)=(A N B)
The chance of an event happening is the square of the chance

of a second event but the odds against the first are the cube of
the odds against the second. The chances of the events are

b.p, = /16
d.p,= /4

a.p =1/9
c.p,=1/3

A bag contains b blue balls and r red balls. If two balls are
drawn at random, the probability of drawing two red balls is
five times the probability of drawing two blue balls. Further-
more, the probability of drawing one ball of each colour is six
times the probability of drawing two blue balls. Then

a.b+r=9 b. br=18
c.lb-r=4 d. bir=2

In a precision bombing attack, there is a 50% chance that any
one bomb will strike the target. Two direct hits are required
to destroy the target completely. The number of bombs which
should be dropped to give a 99% chance or better of com-
pletely destroying the target can be

a. 12 b. 11
c 10 d. 13

If A and B are two events, the probability that exactly one of
them occurs is given by '

a. P(A) + P(B) —2P(AN B)
¢. PLA U B) — P(ANB)

b. PA N B)+ PANB)

d. P(A) + P(B) — 2P(A N\B)
If A and B are two events, then which one of thé following is/
are always true?

a.PANB)>=PA+PB) -1

b. P(A N B) < P(A)

c.PA'NBY>PAY+P(B)— 1

d. P(A " B) = P(A) P(B)

If A and B are two independent events such that P(A) = 1/2,

P(B) = 1/5, then
A
P -2
AUB 6

d. none of these

a. P(A/B)=1/2
P ANB -0
A'UB

IfA and B are two independent events such that
P(A ™ B) =2/15 and P(A n B) = 1/6, then P(B) is

a. 1/5 b. 1/6
c. 4/5 d.5/6

20. Two buses A and B are scheduled to arrive at a town central
bus station at noon. The probability that bus A will be late is
1/5. The probability that bus B will be late is 7/25. The prob-
ability that the bus B is late given that bus A is late is 9/10.
Then,

a, probability that neither bus will be late on a particular day
is 7/10

b. probability that bus A is late given that bus B is late is 18/28
¢. probability that at least one bus is late is 3/10
d. probability that at least one bus is in time is 4/5

21. If p and q are chosen randomly from the set {1, 2, 3,4, 5, 6, 7,
8,9, 10} with replacement, then the probability that the roots

of the equation x>+ px + ¢ =0
a. are real is 33/50 b. are imaginary is 19/50

¢. are real and equal is 3/50 d. are real and distinct is 3/5

22. Two numbers are chosen from {1, 2, 3, 4, 5, 6, 7, 8} one after
another without replacement. Then the probability that’

a. the smaller value of two is less than 3 is 13/28
b. the bigger value of two is more than 5 is 9/14
¢. product of two number is even is 11/14

d. none of these

23. A fair coin is tossed 99 times. Let X be the number of times
heads occurs. Then P(X = r) is maximum when r is

a.49 b. 52
¢ 51 d. 50

24. If the probability of choosing an integer ‘4’ out of 2m integers
1,2,3, ..., 2m is inversely proportional to &* (I <k <m). If x,
is the probability that chosen number is odd and x, is the prob-
ability that chosen number is even, then

a.x >1/2 b. x, > 2/3
cx,<1/2 d.x,<2/3
Reasoning Type  Solutions on page 9.64

Each question has four choices a, b, ¢, and d, out of which only one is
correct. Each question contains STATEMENT 1 and STATEMENT
2. .

a. Both the statements are TRUE and STATEMENT 2 is the correct
explanation of STATEMENT 1.

b. Both the statements are TRUE but STATEMENT 2 is NOT the
correct explanation of STATEMENT 1.

¢. STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

d. STATEMENT 1 is FALSE and STATEMENT 2 is TRUE.
1. Statement 1: For events A and B of sample space if

P (%] 2 P(A), then P [g) = P(B).

Statement 2: P [%j

_P(ANB)

P(B)#0).
P(B) (P(B)=0)
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11.

A fair die is rolled once.

Statemnent 1: The probability of getting a composite number
is 1/3. ‘

Statement 2: There are three possibilities for the obtained
number: (i) the number is a prime number, (ii) the number is a
comyposite number and (iii) the numberis 1. Hence probability
of getting a prime number is 1/3.

Statement 1: If P(A) = 0.25, P(B) = 0.50 and P(A N B) =0.14,
then the probability that neither A nor B occurs is 0.39.

Statement 2: (AU B)=AUBRB.

Let A and B be two events such that P(A) = 3/5 and P(B) =2/3.
Then

Statement 1: 4/15< P(ANB)<3/5.

Statement 2: 2/5< P(A/B)) £9/10.

Statement 1: If A, B, C be three mutually-independent events,
then A and B L C are also independent events.

Statement 2: Two events A and B are independent if and only
if P(A N B) = P(A) P(B).

Statement 1: Out of 5 tickets consecutively numbered, three
are drawn at random. The chance that the numbers on them are
in A.P. is 2/15.

Statement 2: Out of 2n + 1 tickets consecutively numbered,
three are drawn at random, the chance that the numbers on

them are in A.P. is 31 /(4n* - 1)

Let A and B be two event such that P(A U B) > 3/4 and
1/8 < P(ANB)<3/8.

Statement 1: P(A) + P(B) > 7/8.

Statement 2: P(A) + P(B) < 11/8.

Statement 1: The probability of drawing either an ace or a
king from a pack of card in a single draw is 2/13.

Statement 2: For two events A and B which are not mutually
exclusive, P(A U B) = P(A) + P(B) — P(A N B).

Let A and B be two independent events.

Statement 1: If P(A) = 0.4 and then P(A U B) = 0.9, then
P(B) is 1/6. .
Statement 2: If A and B are independent, then P(A N B)
= P(A)P(B).

Consider an event for which probability of success is 12.
Statement 1: Probability that in # trials, there are r successes
where » =4k and k is an integer is

I I (nm
7t T €08
4 2 4

Statement 2: *C, +"C, + "Cot o = 22 sin(ﬂj.

4
Statement 1: If A and B are two events such that 0 < P(4),
P(B) < 1, then P(A/B) + P(A/B) = 3/2..

Statement 2: If A and B are two events such that 0 < P(A), P(B)
<1, then

P(A/B)=P(A~B)/P(B)and P(B)=P(ANB)+ P(An B)

12.

13.

14.
- each one of them. The probability that no letter is mailed in its

15.

Probability 9.31

Statement 1: If a fair coin is tossed 15 times, then the prob-
ability of getting head as many times in the first ten throws as
in the last five is 3003/32768.

Statement 2: Sum of the series "CrCy+"C _"C 4 +"CC,
- m+nCr.

Statement 1: If A = {2, 4,6}, B={1,2, 3} where A and B are the
events of numbers occurring on a dice, then P(A) + P(B) = 1. -

Statement 2: If A, A, A, ..., A, are all mutually exclusive
events, then P(A)) + P(A,) + -+ P(A)) =1.

Statement 1: There are 4 addressed envelopes and 4 letters for

correct envelops is 3/8. »
Statement 2: The probability that all letters are not mailed in
their correct envelope is 23/24.

Let A and B be two independent events.

Statement 1: If P(A) = 0.3 and P(A U B) = 0.8, then P(B) is
2/7.

Statement 2: P(E) = 1 — P(E), where E is any event.

Linked Comprehension Type I page 9.66

Based upon each paragraph, three multiple choice questions have
to be answered. Each question has four choices a, b, c and d, out of
which only one is correct.

For Problems 1-3

In a class of 10 students, probability of exactly i students passing an
examination is directly proportional to i2. Then answer the following
questions:

1.

The probability that exactly 5 students passing an examina-
tion is
a. /11
€. 25/77

b. 5/77
d. 10/77

If a student is selected at random, then the probability that he
has passed the examination is

a. 1/7
c. 11/14

b. 11/35
d. none of these

If a students selected at random is found to have passed the
examination, then the probability that he was the only student
who has passed the examination is

a. 1/3025 b. 1/605
c. 1/275 d. 17121

For Problems 4-6

A shoping mall is running a scheme: ‘Each packet of detergent “SURF”
contains a coupon which bears letter of the word “SURF”, if a person
buys at least four packets of detergent “SURF”, and produce all the letters
of the word “SURF”, then he gets one free packet of detergent.

4.

If a person buys 8 such packets at a time, then number of dif-
ferent combinations of coupon he has

a. 48 b. 8
¢ ''C, d. c,
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5. If person buys 8 such packets, then the probability that he
gets exactly one free packets is
a.7/33
c. 13/55

b. 102/495

d. none of these

6- If a person buys 8 such packets, then the probability that he
gets two free packets is

a. 1/7
c. 1/42

b. 1/5
d. 1/165

For Problems 7-9

In an objective paper, there are two sections of 10 quéstions each. For

‘section 1’, each question has 5 options and only one option is correct

and “section 2’ has 4 options with multiple answers and marks for a

question in this section is awarded only if he ticks all correct answers.

Marks for each question in ‘section 1" is 1 and in ‘section 2’ is 3. (There

is no negative marking.)

7. If a candidate attempts only two questions by guessing, one

from ‘section 1’ and one from ‘section 2’, the probability that
he scores in both questions is

a. 74/75
¢ 1/15

b. 1/25
d. 1775

8. If a candidate in total attempts 4 questions all by guessing,
then the probability of scoring 10 marks is
a. 1/15(1/15) b. 4/5(1/15)
c. 1/5(14/15)* d. none of these

9. The probability of getting a score less than 40 by answering all
the questions by guessing in this paper is
a. (1/75)" b. 1 - (1/75)"°
c. (74/75)"° d. none of these

For Problems 10-12

There are two die A and B both having six faces. Die A has three faces
marked with 1, two faces marked with 2 and one face marked with 3.
Die B has one face marked with 1, two faces marked with 2 and three
faces marked with 3. Both dices are thrown randomly once. If E be the
event of getting sum of the numbers appearing on top faces equal to x
and let P(F) be the probability of even E, then

10. P(F) is maximum when x equal to

a.5 b.3

c.4 d. 6
11. P(F) is minimum when x equals to

a.3 b.4

c.5 d. 6
12. When x =4, then P(E) is equal to

a.5/9 b. 6/7

c.7/18 d. 8/19

For Problems 13-15

A JEE aspirant estimates that she will be successful with an 80% chance
if she studies 10 hours per day, with a 60% chance if she studies 7 hours
per day and with a 40% chance if she studies 4 hours per day. She further

believes that she will study [0 hours, 7 hours and 4 hours per day with
probabilities 0.1, 0.2 and 0.7, respectively.

13. The chance she will be successful is

a.0.28 b. 0.38
c. 0.48 d. 0.58
14. Given that she is successful, the chance that she studied for 4
hours is
a. 6/12 b. 7/12
c. 8/12 d. 9/12

15. Given that she does not achieve success, the chance she stud-
ied for 4 hour is

a. 18/26
c. 20/26

b. 19/26
d. 21/26

For Problems 16-18
Let S and T are two events defined on a sample space with probabilities
P(S)=0.5, P(T) = 0.69, P(S/T) = 0.5 :
16. Events S and T are
a. mutually exclusive
b. independent
c. mutually exclusive and independent

d. neither mutually exclusive nor independent

17. The value of P(S and T) is

a. 0.3450 b. 0.2500

¢. 0.6900 d. 0.350
18. The value of P(Sor 7) is

a. 0.6900 b. 1.19

¢. 0.8450 d.0

For Problems 19-21

An amoeba either splits jnto two or remains the same or eventually dies
out immediately after completion of every second with probabilities,
respecti\)ely, 1/2, 1/4 and 1/4. Let the initial amoeba be called as mother
amoeba and after every second, the amoeba, if it is distinct from the
previous one, be called as 2™, 3, ... generations.

19. The probability that immediately after completion of 2 s all the
amoeba population dies out is

a. 9/32 b. 11/32
c. 12 d. 3/32
20. The probability that after 2 s exactly 4 amoeba are alive is
a. 1/16 b. 1/8
c. 1/4 d. 12

21. The probability that amoeba population will be maximum
after completion of 3 s is

a. 1/27 b. 1/2¢
c. 1/2% d. none of these
For Problems 22-24

A cube having all of its sides painted is cut by two horizontal, two
vertical and other two planes so as to form 27 cubes all having the same
dimensions. Of these cubes, a cube is selected at random.



22. The probability that the cube selected has none of its sides

painted is
a. 1/9 b. 1/27
c. 1/18 d. 5/54

- 23, The probability that the cube selected has two sides painted is

a. 1/9 b. 4/9
c. 8/27 d. none of these
24. The total number of cubes having at least one of its sides
painted is
a. 8 b. 53
c. 49 d. 26

For Problems 25-27

There are some experiments in which the outcomes cannot be identified
discretely. For example, an ellipse of eccentricity 2\/5 /3 isinscribed in
a circle and a point within the circle is chosen at random. Now, we want

to find the probability that this point lies outside the ellipse. Then, the .

point must lie in the shaded region shown in Fig. 9.8. Let the radius of the
circle be a and length of minor axis of the ellipse be 2b. Given that
¥ 8 b

1-S=—=—=

1
aZ 9 a2§

%C
Fig. 9.8

Then, the area of circle serves as sample space and area of the shaded region
represents the area for favourable cases. Then, required probability is

__ area of shaded region
area of circle *
_ na® — wab

77:a2

=]-—

a

=]-—

a

=]—=

Now answer the following questions.

25. A point is selected at random inside a circle. The probability
that the point is closer to the centre of the circle than to its
circumference is

a. /4
e 13

b. 1/2

d /2

Probability 9.33

26. Two persons A and B agree to meet at a place between 5 and
6 pm. The first one to arrive waits for 20 min and then leave.
If the time of their arrival be independent and at random, then
the probability that A and B meet is

a. 1/3 b. 173
¢.2/3 d. 5/9

27. If points x, y are chosen randomly from the intervals [0, 2] and
[0, 1], respectively, then the probability that y < x*is

a. 1/2 b. 2/3
c. 3/4 d.1/4
For Problems 28-30

If the squares of a 8 x 8 chessboard are painted either red or black at
random.

28. The probability that not all the squares in any column are alter-
nating in colour is

a. (1-1/27
c.1-1/2

b. 1/2%

. d. none of these

29. The probability that the chessboard contains equal number of
red and black squares is

a —Cu b, S
2% 32254
32

c. —2‘3—1 d. none of these
2

30. The probability that all the squares in any column are of same
colour and that of a row are of alternating colour is

a. 1/2% b. 1/2%

c. 172 d. none of these

For Problems 31-33
Two fair dice are rolled. Let P(A) > 0 denote the event that the sum of
the faces of the dice is divisible by i. )

31. Which one of the following events is most probable?
aA, ’ b.A,

C. A, d. A,

32. For which one of the following bairs (i, ) are the events A, and
A, independent?
a.(3,4)
c.(2,3)

b. (4, 6)
d. (4,2)

33. The number of all possible ordered pairs (i, j) for which the
events A, and A, are independent is

a.6 b. 12
c. I3 d. 25
For Problems 34-36

A player tosses a coin and scores one point for every head and two points
for every tail that turns up. He plays on until his score reaches or passes
n. P_denotes the probability of getting a score of exactly n.

34. The value of P is equal to
a. 1/2)[P_ +P,_,]
c. V2)[F,+2F, ;]

b. (1/2)[2P,, +P,_,]

n-1

d. none of these
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35.

36.

Algebra
“The value of F, +(1/2) P,_, is equal to
a. 172 b. 2/3
c. 1 d. none of these
“Which of the following is not true? v
a.p,>23 b. P, <2/3
c. P, P, >23 d. none of these

100°

For Problems 37-39

The probability that a family has exactly » children is ap”, n> 1.
All sex distributions of n children in a family have the same
probability.

37.

38.

"The probability that a family contains exactly k boys
is (where k > 1)

- py+!
<. 20p"2 — pr*

b. 20p*(2 — py™!
d. 2apF-12 — p)*!

a. ap(l

"The probability that a family includes at least one boy is
2

a P R
2-pQd-p) 2-p)X1-p)
ap 2op

c. ——+ 4 ——£
2-p1-p) 2-p)1-p)

39, Given that a family includes at least one boy, show that the
probability that there are two or more boys is
a.p/(2-p) b. p/(1 - p)
c. p/(2 —p)* d. p/(1 —p)*
Matrix-Match Type Solutions on page 9.69 -

Each question contains statements given in two columns which have
to be matched. Statements a, b, ¢, d in column I have to be matched
with statements p, q, 1, s in column II. If the correct matches are
a—p, a—s, b—q, b—r, c—p, c—q and d—s, then the correctly
bubbled 4 x 4 matrix should be as follows:

1.

1 ®OOO
v OO
1 OOOE
I ®OOG

An urn contains four black and eight white balls. Three balls
are drawn from the urn without replacement. Three events are
defined on this experiment.

A: Exactly one black ball is drawn.
B: All balls are drawn are of the same colour.

C: Third drawn ball is black.

Match the entries of column I with none, one or more entries of
column II.-

Column I

Column II

a. The events A and B are

p- mutually exclusivé :

b. The evenits B and C-are

q. independent

¢, The events C and A aré

mutually exclusive

r. neither mdependent nor

d. The events A, B and C are

s. exhaustive

2.

: Colﬁmn I

= ‘C(()‘l" =

a. If the probabxhty of getting at least one head i is at?

least 0.8 is x trials then value of 7 can be .

b.One mappmg is selected atfrandom from all mappings

of the set s = {1, 2, 3, ..., n} into itself. If the
probability that the mapping being one-one is 3/32,
then find the value of n is |

q.3

. If m is selected at random from set {1, 2,'.'. .

© 22+ 2mx + m + 1.=°0 has real roots is k, then value'

10}
and the probability that the quadratic equation

of 5k'is more than

r4

A man fiting at & distant target as 20% chance of
hitting the target in one shoot. If P be the probability. |
of hitting the targetin ‘n’ attempts, where 20P>— 13P |

+ 2 <0, then the ratio of maximum and. minimum
value of » is less than

3.

‘Column I

| Column

a. The probability of a bomb hlttmg a bndge is 1/2 ,
Two direct hits are needed to destroy it. The number

of bombs required so:that the probablhty of the
bridge being destroyed is greater than 0.9 can be

b. A bag contains 2 red, 3 white and 5 black balls, a ball

. getting ated ball for the first time is at least 1/2- .

is drawn its colour is noted and replaced. The number
of times, a ball can be drawn so that the probability of

q. 6

¢. A drawer contains a mixture “of :red’ socks and bhié
socks, at most 17 in all. It so happens that when two | -

socks -are selected Tandomly without replacement,
there is a  probability of exactly 1/2 that both are red
or both are blue. Then number of red socks in the
drawer can be

. There are two red, two blue, two white and certain

number (greater than 0) of green socks in a drawer. If
two socks are taken at random from the drawer without
replacement, the probability that they are of the same.

colour is 1/5, then the number of green socks are

4.LetAand B én'e two independent events such that P(A) = 1/3 and

P(B) = 1/4.
Column I Column I
a. P(A u B)is equal to p. 1/12
b. P(A/A U B) is equal to q. 12
c. P(BIA’n B isequal to - r.2/3
d. P(A"/B) is equal to ' s. 0




5. A bag contains some white and some black balls, all combinations
beingequally likely. The total number of balls in the bag is 12. Four balls
are-drawn At random from the bag at random without replacement

| Cotumn 11

ity that all the four balls are black is | p:14/33.

;contams 10 black and 2 white balls q;'il/_‘3 S
ability that all four balls are black" S

Y ’r;-t70/429 .

5. 13/165

Probability

8. ‘n’ whole numbers are randomly chosen and multiplied,

9.35

Columol - |ColumnIl

A, The probablhty that the last d1g1t g
__115137or9ts - _ P 10"

. The_probability that the last digit | 5" —4"
i's.2,4','6,,8is‘\‘_ : t o0

c The probabrhty that the last digit | 4"
is 5 s : 10"

d. The probabthty that the last d1g1ti Co10% -8 -5 447

| is zero is v , 10"

Integer Type -

ColumnII

ferent ba]ls are put 1n _three- dlfferent‘ p- 20/27
nome, bemg empty The probabthty of

TS, ‘are' posted in three letter boxes The o 1/6 o

0 persons A and B thr'ow two dice each. If | r. 173
S A SUm of 9; then. the probabrltty of B; \' D

-d. If A"and. B'are\mdependent and'P(A) 03 and $.207
= P(A,uB): 0.8, then P(B) is equal to :

7. An urn contains r red balls and & black balls.

) Column II

plO

in g3

ﬁrst‘two draws (w1thout replacement) is 1/2
» -and b i isan evennumber then r can be

c If the probability of getting exactly two red | r.8
balls in four draws (with replacement) from
the um 1s 3/8 and b = 10, then r can be

4. If the probability of getting exactly n red balls | 5. 2
in.2n draw (with replacement) is equal to
probabrhty of getting exactly n black balls in
2n draws (wrth replacement) then the ratio r/b
can be

Solutions on page 9.72

. If the probability of a six-digit number N whose six digits are -

1,2, 3,4, 5,6 written as random order is divisible by 6 is p,
then the value of 1/p is.

. If the probability that the product of the outcomes of three

rolls of a fair dice is a prime number is p, then the value of
1/(4p) is.

. If two loaded dice each have the property that 2 or 4 is three

times as likely to appear as 1, 3, 5 or 6 on each roll. When two
such dice are rolled, the probability of obtaining a total of 7 is
p, then the value of [1/p] is, where [x] represents the greatest
integer less than or equal to x.

. An urn contains three red balls and n white balls Mr. A draws

two balls together from the urn. The probability that they have
the same colour is 1/2. Mr. B draws one balls from the urn,
notes its colour and replaces it. He then draws a second ball
from the urn and finds that both balls have the same colour is.
5/8. The possible value of 7 is.

. Suppose A and B are two events with P(A) = 0.5 and P(A U B)

=0.8. Let P(B) = p if A and B are mutually exclusive and P(B)
= g if A and B are independent events, then the value of g/p is.

. There are two red, two blue, two white and certain number

(greater than 0) of green socks in a drawer. If two socks are
taken at random from the drawer without replacement, the
probability that they are of the same colour is 1/5, then the
number of green socks are.

. A drawer contains a mixture of red socks and blue socks, at

most 17 in all. It so happens that when two socks are selected
randomly without replacement, there is a probability of exactly
1/2 that both are red or both are blue. The largest possible
number of red socks in the drawer that is consistent with this
data is.

. Two different numbers are taken from the set {0, 1, 2, 3, 4,

5,6,7,809, 10). The probability that their sum and positive
difference are both multiple of 4 is x/55, then x equals.

. Thirty-two players ranked 1 to 32 are playing in a knockout

tournament. Assume that in every match between any two
players the better ranked player wins, the probability that
ranked | and ranked 2 players are winner and runner up
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12.

13.

14.

15.

Algebra

respectively is p, then the value of [2/p] is, where [.] represents
the greatest integer function

Five different games are to be distributed among four children
randomly. The probability that each child get at least one game
is p, then the value of [1/p] is, where [.] represents the greatest
integer function

A die is weighted such that the probability of rolling the face
numbered # is proportional to n? (n = 1, 2, 3, 4, 5, 6). The die
is rolled twice, yielding the numbers @ and b. The probability
that a < b is p, then the value of [2/p] is, where [ . ] represents
the greatest integer function.

A bag contains 10 different balls. Five balls are drawn simul-
taneously and then replaced and then seven balls are drawn.
The probability that exactly three balls are common to the two
drawn is p, then the value of 12p is.

If A and B are two events such that P(A) = 0.6 and P(B) = 0.8,
if the greatest value that P(A/B) can have is p, then the value
of 8p is.

A dieis thrown three times. The chance that the highest number
shown on the die is 4 is p, then the value of [1/p] is where [.]
represents greatest integer function is.

Two cards are drawn from a well shuffled pack of 52 cards.
The probability that one is a heart card and the other is a king
is p, then the value of 104p is.

Solutions on page 9.73

Subjective Type

1.

Balls are drawn one-by-one without replacement from a box
containing 2 black, 4 white and 3 red balls till all the balls
are drawn. Find the probability that the balls drawn are in the
order 2 black, 4 white and 3 red. (IIT-JEE, 1978)

Six boys and six girls sit in a row randomly. Find the prob-
ability that (i) the six girls sit together, (ii) the boys and girls
sit alternately. (IT-JEE, 1979)

An anti-aircraft gun can take a maximum of four shots at an
enemy plane moving away from it. The probabilities of hitting
the plane at the first, second, third and fourth shot are 0.4, 0.3,
0.2 and 0.1, respectively. What is the probability that the gun
hits the plane? (IIT-JEE, 1981)

A and B are two candidates seeking admission in IIT. The
probability that A is selected is 0.5 and the probability that A
and B are selected is at most 0.3. Is it possible that the prob-
ability of B getting selected is 0.97 (IIT-JEE, 1982)

Cards are drawn one at random from a well-shuffled full pack
of 52 playing cards until 2 aces are obtained for the first time.
If N is the number of cards required to the drawn, then show

that

(n=1)(52—n) (51~ n)
50x 49 x 17 x 13

, where 2 < n <50 '

P{N=n)=

(IIT-JEE, 1983)

10.

11.

12.

13.

14.

15.

. Let A, B, C be three events such that P(A) = 0.3, P(B) = 0.4,

P(C)=08,PANB)=088, PANC)=028, PANBNC)

. =0.09. If P(A w B U C) = 0.75, then show that 0.23 < P(B .

C) <0.48.

. A and B are two independent events. The probability that both

A and B occur is 1/6 and the probability that neither of them
occurs is 1/3. Find the probability of the occurrence of A.

(IIT-JEE, 1984)

. In a certain city, only 2 newspapers A and B are published. It

is known that 25% of the city population read A and 20% read
B while 8% reads both A and B. It is also known that 30% of
those who read A but not B look into advertisement and 40%
of those who read B but not A look into advertisements while
50% of those who read both A and B look into advertisements.
What is the percentage of the population who read an adver-
tisement? (IIT-JEE, 1984)

. Inamultiple choice question, there are tour alternative answers

of which one or more than one is correct. A candidate will get
marks on the question only if he ticks the correct answer. The
candidate decides to tick answers at random. If he is allowed
up to three chances to answer the question, then find the prob-
ability that he will get marks on it. (IIT-JEE, 1985)

A lot contains 20 articles. The probability that the lot contains
exactly two defective articles is 0.4 and the probability that it
contains exactly 3 defective articles is 0.6. Articles are drawn
from the lot at random one by one without replacement and are
tested till all defective articles are found. Then find the prob-
ability that the testing procedure ends at the twelfth testing.

s (IIT-JEE, 1985)

A man takes a step forward with probability 0.4 and backward
with probability 0.6. Then find the probability that at the end
of eleven steps he is one step away from the starting point.

(IIT-JEE, 1987)

An urn contains 2 white and 2 black balls. A ball is drawn at
random. If it is white, it is not replaced into urn otherwise it
is replaced along with another ball of the same colour. The
process is repeated. Then find the probability that the third ball
drawn is black. (IIT-JEE, 1987)

A box contains two 50-paise coins, five 25-paise coins and
a certain fixed number N(>2) of 10 and 5-paise coins. Five
coins are taken out of the box at random. Find the probability
that the total value of these 5 coins is less than 1 rupee and 50
paise. (IIT-JEE, 1988)

Suppose the probability for A to win a game against B is 0.4. If
A has an option of playing either a ‘best of 3 games’ or a ‘best
of 5 games’ match against B, which option should be chosen
so that the probability of his winning the match is higher?
(No game ends in a draw.) (IIT-JEE, 1989)

A is a set containing n elements. A subset P of A is chosen at
random. The set A is reconstructed by replacing the elements
of P. A subset  of A is again chosen at random. Find the prob-
ability that P and Q have no common elements.

(IIT-JEE, 1990)



16.

17.

18.

19.

20.

21.

22.

23.

In a test, an examinee either guesses or copies or knows the
answer to a multiple choice question with four choices. The
probability that he makes a guess is 1/3 and the probability that
he coppies the answer is 1/6. The probability that his answer is
correct given that he copied it is 1/8. Find the probability that
he knew the answer to the question, given that he correctly
answered it.

A lot contains 50 defective and 50 non-defective bulbs. Two
bulbs are drawn at random, one at a time, with replacement.
The events A, B, C are defined as follows:

A: the first bulb is detective

B: the second bulb is non-defective

C: the two bulbs are both defective or both non-defective
Determine whether

(i) A, B, C are pair-wise independent
(if) A, B, C are independent (IT-JEE, 1992)
Numbers are selected at random, one at a time, from the two-
digit numbers 00, 01, 02 ..., 99 with replacement. An event
E occurs if the only product of the two digits of a selected

number is 18. If four numbers are selected, find the probability
that the event E occurs at least 3 times. (IIT-JEE, 1993)

An unbiased coin is tossed. If the result is a head, a pair of
unbiased dice is rolled and the number obtained by adding the
numbers on the two faces is noted. If the result is a tail, a card
from a well-shuffled pack of 11 cards numbered 2, 3,4,...,12
is picked and the number on the card is noted. What is the
probability that the noted number is either 7 or 8?

(IIT-JEE, 1994)

In how many ways three girls and nine boys can be seated in
two vans, each having numbered seats, 3 in the front and 4 at
the back? How many seating arrangements are possible if 3
girls should sit together in a back row on adjacent seats? Now,
if all the seating arrangements are equally likely, what is the
probability of 3 girls sitting together in a back row on adjacent
seats? (AIT-JEE, 1996)

Sixteen players S|, S,, ..., S, play in a tournament. They are
divided into eight pairs at random. From each pair a winner is
decided on the basis of a game played between the two players
of the pair. Assume that all the players are of equal strength.
(IIT-JEE, 1997)

a. Find the probability that the player S, is among the eight
winners. )

b. Find the probability that exactly one of the two players S,
and S, is among the eight winners.

If p and g are chosen randomly from the set {1, 2, 3,4,5,6,7,
8, 9, 10} with replacement, determine the probability that the
roots of the equation x? + px + ¢ = 0 are real.

(IIT-JEE, 1997)

Three players, A, B and C, toss a coin cyclically in that order

(ie,isA, B,C, A B, C, A B, ...) till a head shows. Let p be -

the probability that the coin shows a head. Let a, f and y be,
respectively, the probabilities that A, B and C gets the first

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Probability 9.37

head. Prove that # = (1 — p)a. Determine o, § and y (in terms
of p). (IIT-JEE, 1998)

Eight players P,, P,, .... Py play a knock-out tournament. It
is known that whenever the players P, and P, play, the player
P, will win if i < j. Assuming that the players are paired at

_ random in each round, what is the probability that the player

(IIT-JEE, 1999)
A coin has probability p of showing head when tossed. It is
tossed n times. Let P, denote the probability that no two (or
more) consecutive heads occur. Prove that p, = Lp,=1-p?
andp =(l-p)p,_, +p(l-p)p,_,for all n>3.

(IIT-JEE, 2000)

P, reaches the final?

An urn contains 7 white and n black balls. A ball is drawn at
random and is put back into the urn along with k additional
balls of the same colour as that of the ball drawn. A ball is
again drawn at random. What is the probability that the ball
drawn now is white? (IIT-JEE, 2001)

An unbiased die, with faces numbered 1, 2, 3, 4,5, 6is thrown
1 times and the list of n numbers showing up is noted. What is
the probability that, among the numbers 1,2,3,4,5, 6, only
three numbers appear in this list? (II'T-JEE, 2001)

A box contains N coins, m of which are fair and the rest are
biased. The probability of getting a head when a fair coin is
tossed is 1/2, while it is 2/3 when a biased coin is tossed. A
coin is drawn from the box at random and is tossed twice. The
first time it shows head and the second time it shows tail. What
is the probability that the coin drawn is fair?

(II'T-JEE, 2002)

For a student to qualify, he must pass at least two out of three
exams. The probability that he will pass the first exam is p. If
he fails in one of the exams then the probability of his passing
in the next exam is p/2, otherwise it remains the same. Find the
probability that he will qualify. (LIT-JEE, 2003)

A is targeting to B, B and C are targeting to A. Probability of
hitting the target by A, B and C are 2/3, 1.2 and 1/3, respec-
tively. If A is hit, then find the probability that B hits the target
and C does not. (IIT-JEE, 2003)

A and B are two independent events. C is an event in which
exactly one of A or B occurs. Prove that P(C) > P(A v B)
P(A N B). (IIT-JEE, 2004)

A box contains 12 red and 6 white balls. Balls are drawn from
the bag one at a time without replacement. If in 6 draws, there
are at least 4 white balls, find the probability that exactly one
white ball is drawn in the next two draws. (Binomial coeffi-
cients can be left as such.) (IIT-JEE, 2004)

A person goes to office either by car, scooter, bus or train, the
probability of which being 1/7, 3/7, 2/7 and 1/7, respectively.
Probability that he reaches office late, if he takes car, scooter,
bus or train is 2/9, 1/9, 4/9 and 1/9 respectively. Given that
he reached office in time, then what is the probability that he
travelled by a car. (OT-JEE, 2005)
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Objective Type

Fill ir1 the blanks

1.

10.

For a biased die, the probability for the different face to turn up
are given below:

‘Face r 2391 41516
Probability | 0.1 | 032 [0.21 015 [0.05 017

This die is tossed and you are told that either face 1 or face 2
has turned up. Then the probability that it is face 1 is .
(IIT-JEE, 1981)

P(A U B) = P(A n B) if and only if the relation between P(A)

and P(B) is (IIT-JEE, 1985)

A box contains 100 tickets numbered 1, 2, ..., 100. Two tick-
ets are chosen at random. It is given that the maximum number
on the two chosen tickets is not more than 10. The minimum
number on them is 5 with probability

(IT-JEE, 1985)

If (1 + 3p)/3, (1 — p)/4 and (1 -2p)/2 are the probabilities of
three mutually exclusive events, then the set of all values of p
is . (IIT-JEE, 1986)

Urn A contains 6 red and 4 black balls and urn B contains 4 red
and 6 black balls. One ball is drawn at random from urn P and
placed in urn Q. Then one ball is drawn at random from urn Q
and placed in urn A. If one ball is now drawn at random from
urn P, the probability that it is found to be red is .

(IIT-JEE, 1988)

A pair of fair dice is rolled together till a sum of eithér 5 or
7 is obtained. Then the probability that 5 comes before 7 is
(IIT-JEE, 1989)

Let A and B be two events such that P(A) = 0.3 and
P(A L B) =0.8.If A and B are independent events, then
P(B) = . (IIT-JEE, 1990)

Three faces of a fair die are yellow, two faces red and one blue.
The die is tossed three times. The probability that the colours,
yellow, red and blue, appear in the first, second and the third
tosses, respectively, is (IIT-JEE, 1992)

If two events A and B are such that P(A%) = 0.3, P(B) =0.4 and
P(A N BY) = 0.5, then P(B/(A W BY)] =

(IIT-JEE, 1994)
Three numbers are chosen at random without replacement

from {1, 2, ..., 10}. The probability that the minimum of the
chosen numbers is 3, or their maximum is 7, is

(IIT-JEE, 1997)

True or false

1.

2.

If the letters of the word ‘ASSASSIN’ are written down at
random in a row, the probability that no two S’s occur together
is 1/35. (IIT-JEE, 1983)
If the probability for A to fail in an examination is 0.2 and that
for B is 0.3, then the probability that either A or B fails is 0.5.

(IIT-JEE, 1989)

Multiple choice questions with one correct answer
1. Two fair dice are tossed. Let x be the event that the first die

shows an even number and y be the event that the second die
shows an odd number. The two events x and y are

a. mutually exclusive
b. independent and mutually exclusive
¢. dependent

d. none of these (IIT-JEE, 1979)

2. Two events A and B have probabilities 0.25 and 0.50, respec-

tively. The probability that both A and B occur simultaneously
is 0.14. Then the probability that neither A nor B occurs is
a.0.39 b. 0.25
¢.0.11 d. none of these

(IIT-JEE, 1980)

. The probability that an event A happens in one trial of an

experiment is 0.4. Three independent trials of the experiment
are performed. The probability that the event A happens at
least once is
a.0.936
¢. 0.904

b. 0.784
d. none of these
(IIT-JEE, 1980)

. If A and B are two events such that P(A) >0 and P(B) # 1,

then P(A/B)isequal to

(Here A and B are complements of A and B, respectively.)

~[3) (i)

o I=PAUB) o PA
P(B) P(B)
(IIT-JEE, 1982)
. Fifteen coupons are numbered 1, 2, 3, ..., 15. Seven coupons

are selected at random one at a time with replacement. The
probability that the largest number appearing on selected
coupon is 9 is :
a. (9/16)° b. (8/15)
c. (3/5)7 d. none of these

(IIT-JEE, 1983)

. One-hundred identical coins, each with probability, p, of

showing up heads are tossed once. If 0 < p < 1 and the prob-
ability of heads showing on 50 coins is equal to that of heads
showing on 51 coins, then the value of p is
a. 1/2 b. 49/101

c. 50/101 d. 51/101
(IIT-JEE, 1988)

. India plays two matches each with West Indies and Australia.

In any match, the probabilities of India getting points 0, 1 and
2 are 0.45, 0.05 and 0.50, respectively. Assuming that the out-
comes are independent, the probability of India getting at least
7 points is
a. 0.8750
c. 0.0625

b. 0.0875
d.0.0250 (HT-JEE, 1982)



10.

11.

12.

13.

14.

15.

An unbiased die with faced marked 1, 2, 3, 4, 5 and 6 is rolled
fowrr times. Out of four face values obtained, the probability
that the minimum face value is not less than 2 and the maxi-
mum face value is not greater than five is then

a. 16/81 b. 1/81

c. 80/81 - d.65/81 (IT-JEE, 1993)
The probability of India winning a test match against West
Indies is 1/2. Assuming independence from match to maich,
the probability that in a five match series India’s second win
occurs at third test is

a. 1/8
c. 12

b. 1/4

d.2/3 (IIT-JEE, 1995)

Three of the six vertices of a regular hexagon are chosen at
random. The probability that the triangle with three vertices is
equilateral is
a. 1/2

c. 1/10

b. 1/5
d. 1/20

For the three events A, B and C, P(exactly one of the events A
or B occurs) = P(exactly one of the two events B or C occurs)
= P(exactly one of the events C or A occurs) = p and P(all the
three events occur simultaneously) = p?, where 0 < p < 1/2.
Then the probability of at least one of the three events A, B and
C occurring is

3p+2p2 b p+3p2
2 -4

2 2

c. p+3p . d. 3p+2p
2 : 4

(II'T-JEE, 1996)

If the integers m and n are chosen at random between | and
100, then the probability that a number of the form 7"+ 7"is
divisible by 5 equals
a. 1/4
c. 1/8

b. 1/7

d.1/49  (IIT-JEE, 1999)

Two numbers are selected randomly from the set S = {1, 2, 3,
4, 5, 6} without replacement one by one. The probability that
minimum of the two numbers is less than 4 is

a. 1/15 b. 14/15

c. 1/5 d. 4/5 (ITT-JEE, 2003)

If P(B)=3/4, PAANBAC)=1/3and PANBNC)=1/3,

then P(B N C) is
a. /12 b. 1/6
c. /15 d. 1/9 (IT-JEE, 2003)

If three distinct numbers are chosen randomly from the first
100 natural numbers, then the probability that all three of them
are divisible by both 2 and 3 is

a. 4/25
c.4/33

b. 4/35

d. 4/1155
(ITT-JEE, 2004)

(IIT-JEE, 1995) .

16.

17.

18.

19.

20.

21.

22.

23.

Probability 9.39

A six-faced fair dice is shown until 1 comes. Then the prob-
ability that I comes in even number of trials is
a. 5/11 b. 5/6

c. 6/11 d. 1/6 (IIT-JEE, 2005)

Three identical dice are rolled. The probability that the same
number will appear on each of them is

a. 1/6 b. 1/36
c. 1/18 d. 3/28 (IIT-JEE, 1984)
A box containé 24 identical balls of which 12 are white and 12 .

are black. The balls are drawn at random from the box one at
a time with replacement. The probability that a white ball is
drawn for the 4* time on the 7" draw is

a. 5/64 b. 27/32

c. 5/32 d. 172 (IIT-JEE, 1984)

Let A, B, C be three mutually independent events. Consider the

two statements S, and S,,.

S,: A and B'L C are independent
S,: A and B n C are independent
Then,

a.both S, and §, are true b. only §, is true
c.only S, is true d. neither S, nor S, is true

(IIT-JEE, 1994)

One Indian and four American men and their wives are to be
seated randomly around a circular table. Then, the conditional
probability that the Indian man is seated adjacent to his wife
given that each American man is seated adjacent to his wife is

a. 1/2 b. 1/3

c. 2/5 d. 1/5 (IIT-JEE, 2007)

Let E¢ denote the complement.of an event E. Let E, F, G be
pairwise independent events with P(G) > 0 and P(E N F M G)
= (. Then P(E€ M FY/G) equals

a. P(ES) + P(F9)
¢. P(ES) — P(F)

b. P(E€) — P(F©)
d. P(E) — P(F)
(IIT-JEE, 2007)

f . L2 1
A signal which can be green or red with probability 3 and —

respeclively, is received by station A and then transmitted to
station B. The probability of each station receiving the signal

3 . . . .
correctly is =-, If the signal received at station B is green, then
4
the probability that the original signal was green is

3 6
i b) —
(a)5 ()7

20 9
— d)y — 1IT-JEE, 2010
© 2 @, W1 )

Let @ be a complex cube root of unity with @# 1. A fair die is
thrown three times. If r,, r, and r, are the numbers obtained on
the die, then the probability that @" + @7 +®" =0 is
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Multiple choice questions with one or more than one correct answer

1.

b. 1/9
d. 1/36

a. 1/18

c- 29 (IIT-JEE, 2010)

If M and N are any two events, the probability that exactly one
of them occurs is

a. P(M)+ P(N) — 2P(M N N)
b. P(M}+ P(N) — P(M N N)
c. P(MS) + P(N©) — 2P(M°® NY

d. P(M NN + P(MC N N) (IIT-JEE, 1984)

A student appears for tests I, II and IIL. The student is success-
ful if he passes either in tests I and II or tests I and IIL. The
probabilities of the student passing in tests I, Il and Il are p, ¢
and 1/2, respectively. The probability that the student is suc-
cessful is then

b.p=g=112
d. none of these
(IIT-JEE, 1986)

a.p=qg=1
c.p=1,9g=0

The probability that at least one of the events A and B occurs is
0.6. If A and B occur simultaneously with probability 0.2, then

P(A)+ P(B) is
(Here A and B are complements of A and B, respectively.)
a. 04 b.0.8

c. 1.2 d. none
(IIT-JEE, 1987)

For two given events 4 and B, P(A N B) is
a. not less than P(A) + P(B) — 1
b. not greater than P(A) + P(B)
c. equal to P(A) + P(B) — P(A U B)
d. equal to P(A) + P(B) + P(A U B)
(IIT-JEE, 1988)

If E and F are independent events such that 0 < P(E) < 1 and
0 < P(F) < 1, then

a. B and F are mutually exclusive
b. E and F* (the complement of the event F) are independent
c. E¢ and F€ are independent

d. P(E|F) + P(EYF) = | (IIT-JEE, 1989)

. For any two events A and B in a sample space,

P(A)+ P(B)—1
P(B)

b. P(A N B) = P(A) — P(A " B) does not hold

a. P(A/B) > (P(B) #0) is always true

c.PAUB) =1-— P(Z) P(B), if A and B are independent
d.P(AUB)=1- P(A) P(B), if A and B are disjoint
(IIT-JEE, 1997)

10.

11..

12,

13.

14.

. d. P(E/F)+ P(EIF) =1

. Eand F are two independent events. The probability that both

E and F happen is 1/12 and the probability that neither E nor F
happens is 1/2. Then,

" a.P(E)=1/3, P(F) = 1/4

b. P(E) = 1/4, P(F) = 1/3
¢. P(E) = 1/6, P(F) = 112

d. P(E)=1/2, P(F) = 1/6 (IIT-JEE, 1993)

. If from each of the three boxes containing 3 white and 1 black,

2 white and 2 black, 1 white and 3 black balls, one ball is
drawn at random, then the probability that 2 white and 1 black
ball will be drawn is '
a. 13/32

c. 1/32

b. 1/4

d.3/16  (IIT-JEE, 1998)

., If Eand F are the complementary events of events E and F,

respectively, and if 0 < P(F) < 1, then

a. P(E/F) + P(E/F) =1

b. P(EIF) + P(E/F)=1

c. P(EIF) + P(EIF) =1

(ITT-JEE, 1998)

There are four machines and it is known that exactly two of
them are faulty. They are tested, one by one, in a random order
till both the faulty machines are identified. Then the probabil-

ity that only two tests are needed is
a. 1/3 b. 1/6 v
c. 12 d. 1/4 (IIT-JEE, 1998)

If E and F are events with P(E) < P(F) and P(E N\ F) > 0,
then

a. occurrence of E = occurrence of F
b. occurrence of F = occurrence of E
¢. non-occurrence of £ = non-occurrence of F

d. none of the above impliéations holds (IIT-JEE, 1998)

A fair coin is tossed repeatedly. If the tail appears on first four
tosses, then the probability of the head appearing on the fifth
toss equals
a. 172

c. 31/32

b. 1/32

d. 1/5 (IIT-JEE, 1998)

The probabilities that a student passes in Mathematics, Physics
and Chemistry are m, p and ¢, respectively. Of these subjects,
the student has a 75% chance of passing in at least one, a 50%
chance of passing in at least two and a 40% chance of passing
in exactly two. Which of the following relations are true?
a.p+m+c=19/20 b.p+m+c¢=27/20
d. pmc = 1/4

(IIT-JEE, 1999)

¢. pmc = 1/10

‘Seven white balls and three black balls are randomly placed

in a row. The probability that no two black balls are placed
adjacently equals



a, 172 b. 7/15
c. 2/15 d. 1/3 (IIT-JEE, 1998)

15. Let 0<P(A) < 1, .O < P(B)< 1 and P(A U B) = P(A) + P(B)
— P(A) P(B). Then

a. P(B/A)=P(B) — P(A)

b. P(A'-B"Y=P(A) — P(B"

c. P(AUB) =PA") P(B)

d. P(A/B)=P(A) ~ (IIT-JEE, 1995)

'16. Let E and F be two independent events. The probability that

Lo 11
exactly one of them occurs is > and the probability of none

2 .
of them occurring is > If P(T) denotes the probability of

occurrence of the event 7, then

4 3
(a) P(E)= g,P(F)— 5
1 2
(b) P(E) = g,P(F)— 3
2 1.
(©) P(E)= g,P(F)— 3
3 4
(d) P(E)= 3 P(F) = 3 (IIT-JEE, 2011)

Comprehension

Read the passage given below and answer the questions that
follow.

For Problems 1-3

There are n umns, each of these contain n + 1 balls. The i* urn contains
i white balls and n + 1 — i red balls. Let u, be the event of selecting i"
umn, i = 1,2, 3, ..., n and w be the event of getting a white ball.

1. If P(ui) o j, wherei= 1,2, 3, ..., n, then lim P(w) equals to

a.l . b.2/3 .
c. 3/4 d. 1/4 (IIT-JEE, 2005)

2. If P(u) = c (a constant), then P(u,/w) equals to
a.2/(n+1) b. l/(n+1)
c.nf(n+1) d. 1/2 (IIT-JEE, 2006)

3. Let P(u)= I/n. If n is even and E denotes the event of choos-
ing even numbered urn then the value of P(W/E) is

n+2 n+2
a. 2n +1 '2(n+1)
2 1
C. d. (IIT-JEE, 2006)
n+1 n+l
For Problems 4-6

A fair die is tossed repeatedly until a 6 is obtained. Let X denote the
number of tosses required.

4. The probability that X = 3 equals
a. 25/216 b. 25/36

Probability 9.41

c. 5/36 d. 125/216
(IIT-JEE, 2009)

5. The probability that X > 3 equals

a. 125/216 b. 25/36

c. 5/36 ' "d. 25/216
6. The conditional probability that X > 6 given X > 3 equals

a. 125/216 b. 25/36

“¢. 5/36 d. 25/216

For Problems 7-8

Let U, and U, be two urns such that U, contains 3 white and 2 red balls,
and U, contains only I white ball. A fair coin is tossed. If head appears
then 1 ball is drawn at random for U, and put into U,. However, if tail
appears then 2 balls are drawn at random from U, and put into U,,. Now
I ball is drawn at random from U,

(IT-JEE, 2011)
7. The probability of the drawn ball from U, being white is

a. 2 b. 2
30 30
[ 1—9— : d. H
30 30

8. Given. that the drawn ball from U_is white, the probability
that head appeared on the coin is

a L b, L
23 23
o 2 a2
23 23

Assertion and reason

Each question has four choices a, b, ¢ and d, out of which only one is
correct. Each question contains STATEMENT 1 and STATEMENT 2.

a. Both the statements are TRUE and Statement 2 is the correct
explanation of Statement 1.

b. Both the statements are TRUE but Statement 2 is NOT the
correct explanation of Statement 1.

¢. Statements 1 is TRUE and Statement 2 is FALSE.
" d. Statements 1 is FALSE and Statement 2 is TRUE.

1. LetH.H, ..., H be mutually exclusive and exhaustive events
with P(H)>0,i=1,2, ..., n Let E be any other event with
O0<PE)<I.

Statement 1:
P(H/E) > P(E/H)x P(H) fori=1,2,...,n

Statement 2 : iP(H D=L (IIT-JEE, 2007)
i=|

2. Consider the system of equations ax + by =0, cx + dy =0,
where a, b, ¢, d € {0, 1}.

Statement 1: The probability that the system of equations has
a unique solution is 3/8.

Statement 2: The probability that the system of equations
has a solution is 1. (IIT-JEE, 2008)
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1. The elements of A are all’ multiples of 5. Sum of every pair of

elements of A is divisible by 5. Therefore, we have to find the prob-
ability that B has two distinct elements whose sum is divisible by 3.

Let A, be the set of elements of A of the form 3%, ie., {0,
15, 30, ..., 195}; A, be the set of elements of A of the form 3k
+ 1, i.e., {10, 25, ..., 190}; A, be the set of elements of A of the
form 3k + 2, ie, {5, 20, 35, 185}. Then n(A,)) = 14, n(A)
= n(Az) =13. ’

If B has at least two elements from A, then we are done.

If B contains at most one element of A, then it must have at least
one element from each of A, and A, for which the sum of these two
elements will be divisible by 3. So, the required probability is 1.

2.Let S be the sample space consisting of elements representing
balls that can be drawn from the bag containing 2n balls (n white
+ n black). Let £, be the event representing drawing balls such that
number of white balls is greater than that of black balls by one.

Then,
E=E, VE,u- - UVE

noan-1

m(S) = ZnC] + 2nC2 + -+ ZHCZ" = 2211 — 1
m(E) =m(E,) + m(E )+ - + m(E, . )
= ”Cz ncl + n(j3 nC‘2 o "C,, nC"_

= chn_l - "C| nCo
= ZHC,.— T
Hence,
2n
C,,—n
P(E) — n-1
2211 1

3.Let ‘S’ be the sample space, A, be the event that books
drawn from two bags are equal in number, A, be the event that
number of books drawn from one bag exceed those drawn
from another bag by one, and A, be the event that number of
books drawn from one bag exceed those drawn from other
bag by two. Total number of ways is (°C, + "°C, + --- + 1°C, )?
= (2' — 1Y% Favourable number of ways for A, is (C)?
+ ('0C2)2 Foe gt (|0C[O)2 - 20Clo_ 1.

_Favourable number of ways for A is
2(°C, 1°C, + °C, 1°C, + - + °C, 1°C, )
=2(*C,-"°C"°C))
=2(*C, - 10) v
Favourable number of ways for A, is
2(°C, °C, +1°C, °C, + - + 1°C, 1°C, )
=2(°C, - °C, "°C,)

=2(2C, - 45)

ANSWERS AND SOLUTIONS

Therefore, the required probability is
2°°C; +2 2°Cy + ¢y 111
Q" 12
4. Let X be the number of times A shoots at the target to hit it for

the first time and Y be the number of times B shoots at the target to
hit for the first time. Then,

m—1 n-1
w3 e 3

We have,

Pysx=3 3 P(X =m) P(Y =n)

m=l n=m+1

{~~Xand Y are independent]

el e

> (2
_n12=‘l g g 1_3
7
o 2 m—1 3 2 m
-2 B)6)
m—1
6 (4
-6 1 _6
35,_4 31
35

5. Let E, denote the event that out of the first & balls drawn, i balls are
white and A be the event that (k + 1)™ ball drawn is also white. We
have to find P(A). Now ways of selecting / white balls from ¢ white
balls and k — i black balls from b black balls is “C, ”Ck_,. 0<i<k).
Ways to select & balls from a + b balls is 2**C .

P(E)=("C*C,_)I(***C),0<i<k

Also,
“ic a—i
PQAIE)= L=
( ') a+b—kC] (l+b—k

By the theorem of total probability, we have

k
PA)= g)P(E,-)P(A/E,-)

0<i<k)

aC_ bCk ; a—i

a+b-k
k [(a-D)°C, 1%, ,

> @+b-k)y""*C,., .

a—l b
__a i Cooiei Cui
- a+b-1
a+bio Corvicn

a-1 b
__a i G "G

(l+bi=0 a+b—le



a

k
a-1 b
= C °C,_;
a +b<““’“ck>,-§o ¢

a a+b-1
a +b(a+b—lck)
_a
Ta+b

k

6.Let A, B, C be the three independe;lt events having probability p,
g, and r, respectively. Then according to the hypothesis, we have

P —(-nN=a0-pg-r=band(1-p)1-gr=c
par [(1-p) (1 -q) (1 -r)PP=abcor

abc

rqr
Then,

[A-p -g)1-n] ~1=x* (say) )

P

= l_p

= a-ap=px

a
X

= p=alla+x

Similarly, g = b/(b + x) and r = ¢/(c + x). Then from Eq. (1), clearly
(@+x) (b+ x) (c+x)=x% ie., x is a root of the equation (g + x) (b
+x) (c+x) =x%

7. (i) Let 7 and s be the remainders when x and y are divided by 5,
0

x=5p+r,y=5q+5p,qeN,05r<4,0<5<4
X+ Y =25+ @) + 10(pr+gs) + P+ 2 =5k + (P + 5%, keN

Thus, x2 + y* will be divisible by 5 if  + s? is divisible by 5. There-
fore, total number of ways is equal to the number of ways of selecting
rand s, which is 5* = 25.

For favourable ways, we should have r? + s? is divisible by 5 and
0<r+s2<32s0r”7+s52=0, 5, 10, 20, 25 or 30. Thus

So number of favourable ways is 9. Hence, the probability is 9/25.

(ii)  Similarly, following the above steps, we can find the
required result.

8. Suppose that p and g, respectively, denote the probability that a
thing goes to a man and to a woman, respectively. Then,

— a and —_
p a+b 1 a+b

Now, the probabilities of 0, 1, 2, 3, ... things going to man are the
first, second, third terms, etc., in the following binomial expansion.

(q +p)m = qm + mClam-lp + mczam-ZPZ 4o +pm (1)

But men are to receive an odd number of things. Hence, the
required probability is the sum of even terms in Eq. (1). To obtain
the sum of even terms, we write the expansion

(q +p)m = qm + mclam—lp + mcza:n—ZpZ o (_l)mpm (2)

Probability 9.43

Taking the difference of Eq. (2) from Eq. (1), we obtain
(g + p)y" — (g — py" = sum of even terms in Eq. (1). Hence, the
required probability is

L+ —(g-pr™
2

) _l 1—(b_ajm
2 b_+a

1G+a)"(b-a)"

2 b+a)™

9. Let A be the event of P, winning in third round and B be the event
of P, winning in first round but loosing in second round. We have

8!1—1Cn_l 1

c, 8

n

PA) =

P(BNA)

= Probability of both P, and P, winning in first round .

X probability of P, winning and P, losing in second round
x probability of P winning in third round -

_ 3";%_2 o “":Cz,,_, N 2"2‘:Cn_1
'C4n C2n Cn
n

= 4G8n-1)

Hence,
B P(BNA)
(Z] T P(A)
T 8n—1

Alternative Solution:
Probability that P, wins in first round given P wins is

811—2C4n_2 _ 4n—-1
8n-1 C4n—1 8n—1

In second round, probability that P, loses in second round given
P, wins is
2n—-1_ 2n
4n-1 4n-1
Hence, probability that P, loses in second round, given P, wins
in third round is 2n/(8% — 1).

10. In the tennis match of best of 5 sets, A can win the match, if
score of A against the score of B is (3, 0), (3, 1) or (3, 2).
The probability of A’s doing the score of (3, 0) is -;— X % X % = % .
The probability of A’s winning by the score of (3, 1) is
P(A wins the first III sets)
+ P(A wins I, loses II and wins III, IV sets)

+ P(A wins sets I, 11, loses III and wins set IV) 2

(1Y 1/t 1yi1y 1 1 1 1 3
=== +=| === |[+=X=X=X—=—
4\2) 22 \a)\2) 2727274 =

The probability of A’s winning by the score of (3, 2) is
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P(A looses I and II sets)

+ P(A looses I and I1I sets)
+ P(A looses I and IV sets)
+ P(A looses II and III sets)
+ P(A looses II and IV sets)
+ P(A looses ITI and IV sets)

SIS ()3
SR
SN

oe
R

g
3

Fl )k
3 l 1 3 1 3
=t —t—t—t—+——
128 128 128 128 128 128
12
128

The probability that A wins the match is
l+i+i2__l6+12+12_ﬂ_~_§_
8 32 128 128 128 16
11. Let the probability that A wins the tournament be x and the

probability that B wins the tournament be x. Also let the probability
that the game ends in a draw be y so that
-y

2

Case I: The probability that the game ends in 1 draw, 3 wins and
3 losses is

7Y
313103

Case II: The probability that the game ends in 3 draws, 2 wins
and 2 losses is

7 (1Y
31212! [3 ]
Case I1I: The probability that the game ends in 5 draws, 1 win
and 1 losses is

7(1y
513
Case IV: The probability that the game ends in all draws is
g
3
1{ 7 7! 7! 131
ve =ttt ot E o
373131 312121 5! 729

1[ 1mj 299
= x=—|1- —_—

2x+y=1l=x=

2 729 ) 729

12. Each group should have odd number of odd numbered balls.

Case I: Two groups have three odd-numbered balls and the third
group has only one odd-numbered ball. The number of such cases
is

7
(3n2!

x 37 (each even numbered ball has three possibilities)

Case H: Two groups have one odd-numbered ball and the third
group has five odd-numbered balls.

The number of such cases is

!
7! <37
S5ix 2!

The total number of cases for dividing 14 balls into three non-
empty groups is (3" —*C,2" + 3C,)/3! Hence, the required prob-
ability is .

713! 71X 3!
(mfm+5um
x 37

(31— 3C1214 n 3C2)

13.
] 7/8 11/8
Fig. 9.9
3. .1 3
PAUB)> —and—<P(ANnB)<-—
4 8 8
Hence,
P(A)+P(B)—P(AmB)2%
31
= P(A)+P(B)>+P(Ar‘\B)>Z g——
= x+y>Z
R
_Weknowthat
PANB)<1

PA+PBY<1+PANB)<1 + %:%

11
= x+y< —
8

The shaded part in the figure is the required region.

14. P, can win in the following mutually exclusive ways:

a. P, wins the next six matches.

b. P, wins five out of next six matches, so that after next six matches
scores of P, and P, are tied up. This tie continues up to next 2w
matches (n > 0) and finally P, wins 2 consecutive matches. Now, for
case (a), probability is given by (2/3)° and probability of tie after 6
matches [in case (b)] is

5 5 6
()5
“\3 3 3 3

Now probability that scores are still tied up after another next two
matches is
2 1 1 2 4
—X—F—X—=—
33 3 3 9
[First match won by P, and second by P, or first by P, and second
by P.]
Similarly, probability that scores are still tied up after another n
matches is (4/9)".

Therefore, the total probability of P, winning the championship is



BEHEIE!
(405

4
. 9
_17(2) _ 1088
T 513) 3645
15. (i) The probability that one gets tail and nine get head is
9
11
ol
2 2
(i) The probability that one gets head and nine get tail is
9
o, 11
2 2
Hence, probability that the game is settled is
(1Y 5
2% IOCI =5l =%
282 2

If the game is not seitled ‘in First toss, its probability is

1 — 5/28, If the game is not settled in Second toss, its probability is

.(1 — 5/28)2. Similarly, the probability that game is not settled in first

n—1toss is (1 — 5/28~', which is equal to the probability that the
game is settled on or after the n™ toss. o

16. Let A (A) be the event that drawn ball is white (non-white)
and ‘E’ be the event that A and B claim that drawn ball is white.
Clearly, :

| -1
P(A)= —, P(4;) =2
n n

P(E/A)=PP,
P(EIA)=(1-P)(1-P)(n—1)"

[As n — 1 balls remain in the bag and one of them is white, the
chance that ‘A’ should choose this ball and wrongly assert that it was
drawn from the bag is (1 - P )/(n—1).]

P(E) =P(A) P(EIA)+ P(A) P(EIA,)

_ AP, (=D A-R)I=P)
(n—1)*

n n
- (n—-DRP+(1-RB)1-PB)
n(n=1)

P(A) P(E/A)
P(E)

= P(A/E)=

_ (n—DPP,
(n=DRP+(-R)1-F)

17. Let E, (i=0,1,2, ..., 20) be the event that the bag contains {
books on mathematics. Since all these events are equally likely and
mutually exclusive and exhaustive, so P(E]) =1213(=0,1,2, ...,
20) and let A be the event that a draw of 10 books contains 6 books
on mathematics. Then,

P(A)= §P(E,-)-P(A/E,-)

i=0

Probability 9.45

1 20P /
-EI_[E) (A Ei)jl

=L ﬁ'CGX 20—i C,
21}z 2Oclo

Now, we want that the bag should contain 2 more books on
mathematics, i.e., E, must occur.

P(Eg)P(A/Ey)

P(Es/ A)= =25 5

8 12
Cx “C,
20
ClO

16 iCXZO—iC
4 > Gy

2
*Cy

8¢, x 2¢,

16 R
2(1C6 X 20—1C4) )
i=6

18. Let H and T denote turning up of the head and tail and X denote
the turning of head or tail. Then

P(H)=P(T)= % and P(X)=1
P(HH ... mtimes) (XXX ... n times)

1.1 .
=—X—-.-.mtimes
2 2

= 2"1

P[T{HHH ... mtimes}{XX ... n— | times}]
= P(T) P(H) + --- + m times.

P(XX ... n—1'times) =

2m+1

If the sequence of heads starts with (» + 1)® throw, then the first
r - | throws may be head or tail but /" throw must be tail and we
have

(XX ...(r—1)times) T (HH ... mti‘mes) (XX ...

(n —m—r) times) = F

Since all the above cases are mutually exclusive, the required
probability is

1 1 1 .
57+|:2’"+' +W +o4n tlmes}

1 n n+2

2m + 2m+] + 2m+l

Objective Type
3

1
Lb.  P(A)=—,P(AUB)==
(A) 3 ( ) Py
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‘NoVV,
P(A-u B) = P(A) + P(B) - P(A N B) < P(A) + P(B)

= isl+P(15e)
473

5
= —<P&B
D (B)

A gain we have BC AU B.
A P(B)SP(AUB)= %
Hence, 5/12 <P(B) <3/4.

2.a. The probability of hitting a target is p = 1/5. Therefore, the
probability of not hitting a target is g = 1 — 1/5 = 4/5. Hence, the
requrired probability is 1 — (4/5)".

3. d. Let the probability for getting an odd number be p. Therefore,
the probability for getting an even number is 2p.

p+2p:l=>3p=1=>p=%

Suimn of two nunbers is even means either both are odd or both are
even. Therefore, the required probability is

1 1 2 2 1 4 5

—X ==X~ =—F— =—

3333 9 9 9
4. ¢. If A draws card higher than B, then number of favourable cases
is(m—D+@n—-2)+-+3+2+1 (as when B draws card number
1, then A can draw any card from 2 to n and so on). Therefore, the
required probability is

n(n-1)
2 n-—l1
n’ 2n

5.b. IfA, B, C represent events that the student is successful in tests
L 11, 111, respectively, Then the probability tha the student is success-
ful is

PIANBNCYUANB NCOU@AnNBNO)
=PANBNCY+PANB NCO)+PANBNC)

= P(A) P(B) P(C") + P(A) P(B") P(C) + P(A) P(B) P(C)
[...A, B, C are independent events]

1 1 1
= 1—=|+pll—gqg)=—+pg—
pq( 2) p( q)2 Pa>

gL, L
Pa+—p=>pa

1
=— +
2(.vq p)

1 1
—pl+qg)==
2p( D=7

= pl+qg)=1

1 1 1
.a. P(A)=—,P(B)=—, P(C)=—
6.2 (A=3 (B)=3 ©=7

- I 1 = 12
(4 ") (B) 373

— 1 3
PC)=l-—=—
©) 173

Therefore, the required probability is

1— P () PB) PE) =1-x 22
— P (A) P(B) P(C) =1—o X ox7

7.d. A person can have his/her birthday on any one of the seven
days of the week. So 5 persons can have their birthdays in 7° ways.
Qut of 5, three persons can have their birthdays on days other than
Sundays in 6® ways and other 2 on Sundays. Hence, the required
probability is i

5C,x6°  10x6°
75 - 75

(Note that 2 persons can be selected out of 5 in °C, ways.)

No. of favourable cases

8.a. Required probability = -
Total no. of exhaustive cases

.3 1
3x3x3 9

9.d. The number of ways of arranging » numbers is n! In each order
obtained, we must now arrange the digits 1,2, ..., k as group and the
n — k remaining digits. This can be done in (n — k + 1)! ways. There-
fore, the probability for the required event is (n — k + Di/n!

10. d. According to the given condition

1 n 1 n
n C _ = HC -
3[2j 4(2]

where 7 is the number of times die is thrown.

"C,="C,=»n=1

Thus, the required probability is

,

e (LY 1 7
15| T A7 1he
2) 27 128

11. ¢. Possibilities of getting 9 are (5, 4), (4, 5), (6. 3), (3, 6).

4 1 18
_ A L dg=1-222
P=367 917 797y

Therefore, the required probability is

Y1) 8
3C ! 2: — —_ = e—
AP (3)(9)(9j 243

12. ¢. Out of 5 horses, only one is the wining horse. The probabil-
ity that Mr. A selected that losing horse is 4/5 x 3/4. Therefore, the
required probability is

4 3 3 2
—SixZ=1-2=2
54 55



13.d. We have,

— 1. 1
AUB=—,P(ANnB)=—
P (AuB) 2 (AN B) 2
-1 1 3
PA)===PA)=1-—==
W= @ 4 4.

P(AuB) =1-PAUB)

= 1-[PA) + P(B)- P(ANB)]

1 3 1
S =1-Z-PB)+-
~ 6 g POy
1 _3_
2 6 6 6 3

Since P(A N B) = P(A)P(B) and P(A) # P(B), therefore A and B
are independent but not equally likely.

14. b. The total number of cases is 111/2! x 2!. The number of
favourable cases is [111/(2! x 21)] — 9! Therefore, the required prob-
ability is

_9x4 53
155

15.¢. Total number of the students is 80. Total number of girls is
25. Total number of boys is 55. There are 10 rich, 70 poor, 20 intel-
ligent students in the class. Therefore, required probability is

17.a. p>+2p+4p—1=1 (Exhaustive)
p*+6p-2=0
= p=-3 +4/11
= p=A11-3
18.a. L and W can be filled at 14 places in 2'* ways.
n(S)=2"
Now 13 L’s and 1 W can be arranged at 14 places in 14 ways.

Hence, n(A) = 14.

14 7

pzszaﬁ

Probability 9.47

19.a. P(ANn C)=PA) PO

1 1

= 3 =57@
= P(C)—l
T4

Now,
1 1
P(BuC)=g+Z—P(BmC)

31 1 1 .
= P(BuU)==—-—=—=—=P(B)P(C
B 8 3 24 24 BYP(C)

Therefore, B and C are independent.

20. a. The number of ways in which 20 people can be divided into
two equal groups is

20!

") = Tor 101 21

The number of ways in which 18 people can be divided into groups
of 10 and 8 is

18!
A= ——
"= e
! ! 1
p(py- 18L 1011012 _10x9x2 _ 9

10181 20! 20%19 19

21.c. P(A U B)=PA)+P(B)=-P(A)x P(B)

= 07=04+p-04p
1
0.6p=0.3:>p=—2—

_%c 6
==

22.a. P(B)

3
c, 10 5

P(B,/B)= % (B, = black)

1
P(B, A B,) = P(B)) P(BZIBI):%xg -1

23. b. Total number of ways of distribution is 4°.
n(S) = 4°

Total number of ways of distribution so that each child gets at
least one game is

4 -4C, 35+4C225—4C3=1024—4><243+6x32—4
=240

n(E) =240

Therefore, the required probability is

n(E) 240 _15

as) 4 64
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24, a. Out of 9 socks, 2 can be drawn in 9C2 ways. Therefore, the
total namber of cases is 9CZ. Two socks drawn from the drawer will
match if either both are brown or both are blue. Therefore, favour-

able nurmber of cases is °C, + “C,. Hence, the required probability is

°C,+%, 4
°c, 9

25.d. Consider two events as follows:

A, getting number i on first die

B getting a number more than i on second die

The required probability is
PA NB )+P(A N B,)+ PA, mB)+P(A NB)
+ PA;,NB) = 2 P(A;,NB)= ZP(A)P(B)

i=1 i=]

[+ A, B, are independent]

1
_—_-6-[P(B,)+P(B2)+---

1{5 4 3 2 1 5

=—| T+t +S+=|==

616 6 6 6 6 12
26.d. We have,
100

x+—>50
X

+ P(Bs)]

= x2+ 100> 50x

= (x-25)7>525

=  x-25<+/525 or x—25>+/525
= x<25—x/-52_50r25+\/%

As x is a positive integer and /525 =22.91, we must have x< 2 or
x >48. Thus, the favourable number of cases is 2 + 53 = 55. Hence,
the required probability is 55/100 = 11/20.

27.b. The total number of ways in which four-figure numbers can
be formed is 4! = 24. A number is divisible by 5 if at unit’s place
we have 5. Therefore, unit’s place can be filled in one way and the
remaining 3 places can be filled with the other digits in 3! ways.
Hence, total number of numbers divisible by 5 is 3! = 6. So, the
required probability is 6/24 = 1/4.

28.a. Since each ball can be placed in any one of the 3 boxes,
therefore there are 3 ways in which a ball can be placed in any one
of the three boxes. Thus, there are 3'? ways in which 12 balls can be
placed in 3 boxes. The number of ways in which 3 balls out of 12
can be put in the box is '*C,. The remaining 9 balls can be placed in
2 boxes in 2° ways. So, requlred probability is

%, o _110(2)"

3‘2 9 {3

29, a. The required probability is
21 4 3 2

—-x—><—><—><—><-l><l><l><1=L
9 8 7 6 5 4 1260

30.d. The total number of ways of choosing 11 players out of 15
is ’C,|. A team of 11 players containing at least 3 bowlers can be
chosen in the following mutually exclusive ways:

(I) Three bowlers out of 5 bowlers and 8 other players out of the
remaining 10 players.

(II) Four bowlers out of 5 bowlers and 7 other players out of the
remaining 10 players.

(T11) Five bowlers out of 5 bowlers and 6 other players out of the
remaining 10 players.

So, required probability is

G x G fc,xc,  Cix°c
P(I) + PAD) + PAIN) = — 2 §
ISC“ ISCll lSC“
_1260 12
1365 13

31. b. Consider the following events:
A, A speaks truth
A,: B speaks truth

Then, P(A ) = 60/100 = 3/5, P(A2)>= 70/100 = 7/10.

For the required event, either both of them should speak the truth
or both of them should tell a lie. Thus, the required probability is

P((A N A) U (A N Ay) = P(A| N Ay) + P(A N A,)

= P(A) P (A)+ P(A) (A4;)

3T i23[1- L) =054
5710 5 10

32. c. The total number of ways in which 3 integers can be chosen
from first 20 integers is *C,. The product of three integers will be
even if at least one of the integers is even. Therefore, the required
probability is

1 — Probability that none of the three integers is even
e, _ 2 17

:1— = —_—
o 19 19

33.b. Consider the following events:
A: getting a card with mark I in first draw
B: getting a card with mark I in second draw
C: getting a card with mark T in this draw
Then, the required probability is
P(A BN C)y=P(A) P(B/A) P(C/A N B)
10 9 10 S

"7 1978 38

34.a. Let p and p, be the chances of happening of the first and
second events, respectively, then according to the given conditions,
we have

3
1- -
P :Pg and . 2[ P_z__j
P

1 2]
3
o lop (I_-_Pz_]
I 12}

= pll+p)=>1-p)



1
= PZ:E
and so

1

h=7y

35.b. The total number of ways in which n persons can sit at a
round table is (n — 1)! So, total number of cases is (n — 1)!.

Let A and B be two specified persons. Considering these
two as one person, the total number of ways in which n — 1 per-
sons, n — 2 other persons and one AB can sit at a round table is
(n — 2)! So, favourable number of cases is 2!(n — 2)! Thus, the
required probability is

_ 2= 2
T (=D -1
Hence, the required odds are (1 — p):p or (n - 3):2.

36.b. Let one of the quantities be x. Then the other is 2z — x. Their
product will be greatest when they are equal, i.e., each is n in which
case the product is n*. According to the proposition,

3 3
2n—x)2—n

x( ) 2
= 4x? - 8nx+3n*<0
= (2x-3n2x-n)=<0
o Tox<3,

2 2
So, favourable number of cases is 3/2n — n — 2 = n. Hence, the

required probability is n/2n = 1/2.

37.a. Let the number of red and blue balls be r and b, respectively.
Then, the probability of drawing two red balls is

C, r(r-1)
™hC,  (r+b)r+b-1)

p,=

The probability of drawing two blue balls is

P = *C,  b(b-1)
2T, b (r+b-1)

The probability of drawing one red and one blue ball is

C,°C, 2br
he,  (r+b)(r+b-1)

Py =

By hypothesis, p, = 5p, and p, = 6p,.
r(r—1)=5b(b—1) and 2br = 6b(b — 1)
= r=6,b=3
38.b. There are 10 digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. The last two

digits can be dialled in P, = 90 ways out of which only one way is
favourabile, thus, the required probability is 1/90.

39.d. The probability that one test is held is 2 x (1 x 5) x (4 x 5)
= 8/25. The probability that test is held on both days is (1 x 5) x (1 x 5)
=1/25.

Probability = 9.49

Therefore, the probability that the student misses at least one test
is 8/25 + 1/25 = 9/25.

40.d. Let X denote the largest number on the 3 tickets drawn.

Then, P(X <7) = (7/20)* and P(X < 6) = (6/20)°. Then, the
required probability is

3 3
PX=7)= Iy (L
10 20
41.b. Let X denote the numiber of heads in # trials. Then X is a
binomial variant with p = g = 1/2. Therefore,

e (1Y
P(X—r)b— C’(z)

Now,
P(X=6)=P(X=28)

Y Y

= "C|=]| ="c|=
6[2) 8[2)

= ”C6="C8¢n=14

42. a. Let the number selected be xy. Then
x+y=9,0<xy<9
and
xy=0=>x=0,y=9

or
y=0,x=9

P(x=9Mx,=0)

P =915, = 0) = —~—
=

Now,

19
P(x, =0) = ——
®=9=15

and

2
Plx,=9Nx,=0)=—
x % =0) 100

2/100 2

~19/100 19

= P(x,=9x,=0)

43.a. PANB)Y=PA)-PANB)=0.20
Also,
PA’nB)=P(B)-P(ANB)=0.15
= P(A)+ P(B)-2PA - B)-= 0.35
Néw,
PA'nB)=1-PAUB)
= 01=1-PA)-PB)+PANB)
= PA)+PB)~-PANB)=09
= PANB)=09-035=0.55

and
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P(A)=0.75,P(B) =0.70
Now,

P(A/B)=P(AmB)=O.55

P(B) 070

44. a. For each toss, there are four choices:
(i) A gets head, B gets head
(ii) A gets tail, B gets head
(iii) A gets head, B gets tail
(iv) A gets tail, B gets tail

Thus, exhaustive number of ways is 4. Out of the four choices
listed above, (iv) is not favourable to the required event in a toss.
Therefore, favourable number of cases is 3%. Hence, the required
probability is (3/4)*.

45, ¢. 18 draws are required for 2 aces means in the first 17 draws,
there is one ace and 16 other cards and 18" draw produces an ace. So,
the required probability is

BeexiC, 3 561
el 2 D
2Chy 35 15925

46. b. Consider the following events:
A: Father has at least one boy
B: Father has 2 boys and one girl
Then,
A = one boy and 2 girls, 2 boys and one girl, 3 boys and no girl

A M B =2 boys and one girl

Now, the required probability is

P(AmB)=l

P(A/B)= PA) 3

& QT =@6)]
LT =6
Ll 6]

48.b. Let A denote the event that there is an odd man out in a game.

The total number of possible cases is 2”. A person is odd man out if
he is alone in getting a head or a tail.

The number of ways in which there is exactly one tail (head) and
~ the rest are heads (tails) is "C| = m. Thus, the number of favourable
ways is m + m = 2m. Therefore,

49.c. X*+2(a+4)x-5a+64>0

If D <0, then '
(a+4y —(-5a+64)<0

= a’+13a-48<0

= (a+16)a-3)<0

= -16<a<3e-5<ax<?

Then, the favorable cases is equal to the number of integers in
the interval [-5, 2], i.e., 8. :

Total number of cases is equal to the number of integers in the
interval [ -5, 30}, i.e., 36. :

Hence, the required probability is 8/36 = 2/9.

50. a. The total number of ways in which 2 boys can be divided
into two equal groups is
2n)!
(n1)*2!

Now, the number of ways in which 2xn — 2 boys other than the two
tallest boys can be divided into two equal groups is
(2n-2)! ’
((n—DhH*2!

Two tallest boys can be put in different groups in *C, ways. Hence,
the required probability is

(2n-2)!

(n-pHh*2!  n
em! " 2n-1
(n))*2!

51.a. Let E, denote the event that the bag contains i black and
(10~-i) white balls (i =0, 1, 2, ..., 10). Let A denote the event that the
three balls drawn at random from the bag are black. We have,

P(E) =%(i =0,1,2,..,10)
P(AIE))=0fori=0,1,2 and P(A/E;)=iC,/"C, for i 23

= P(A)=—Lx

3 4 10
1T [C3+ Cy+-- 4+ Cz}
3

But
3 4 5 10 —4 4, 5 . 10
(3+(3+(3+...+ (3 ( +(3+(3+ + (3

=3C, +°C,+°C, + -+ °C,

=1C,

1 1
= p(A):HXw x ¢,
11x10x9x8
11)(10><9><8 4
3



P(E,) P (AIE,)
P(A)
1,06

11 ¢,

P(EyA) =

1

4
4
755

52.a. We have ratio of the ships A, B and C for arriving safely are
2:5, 3:7 and 6:11, respectively. Therefore, the probability of ship A
for arriving safely is 2/(2 + 5) = 2/7.

Similarly, for B the probability is 3/(3 + 7) = 3/10 and for C the
probability is C=6/(6 + 11) = 6/17.

Therefore, the probability of all the ships for arriving safely is (2/7) x
(3/10) x (6/17) 18/595.

53.a. (i)This question can also be solved by one student.
(i1) This question can be solved by two students simultaneously.
(iif) This question can be solved by three students all together.

1 1 1
P(A)=2. PB)=, PO =

P(AUBUC)=P(A)+ P(B)+ P(C) - [P(A) P(B)
+ P(B) P(C) + P(C) P(A)] + [P(A) P(B) P(C)]

1 1 1 1 1 1 .1 1 1 1 1 1
=t ——[ =X =X—X=X=X— [+ =X—=X=
2 4 6 |2 4 4 6 6 2 2 4 6
_»
48
Alternative solution:
We have,

- 1 - 3 - 5
PA)=3,PB)=7,PO) =%

Then the probability that the problem is not solved is

_ _ — (13335 5
e {331

Hence probability that problem is solved is 1 — 5/16 = 11/16.

54.a. We are given that
P(A N B)=P(A) P(B)
P(B N C)=PBP(C)
P(C n A) = P(C)P(A)
P(AN BN C)=PA)B)PC)
We have,

PAN(BNC)=PANBNC)=PAPBPC)
' =PA)PBNC)
= A and B~ C are indepedent

Therefore, S, is true. Also,

Probability 9.51

PIANBUOI=PIANB)VANO)]
=PANB)+PANC)-PI(ANBYNnANO)]
=PANB)+PANC)-PANBNO)

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

= P(A)IP(B) + P(C) - P(B)P(C)]

= P(A)[P(B) + P(C)-P(BN ()]

= P(A)P(B U C)

Therefore, A and B U C are independent.

55.d. The total number of ways in which papers of 4 students can
be checked by seven teachers is 74. The number of ways of choosing
two teachers out of 7 is 'C,. The number of ways in which they can
check four papers is 2. But this includes two ways in which all the
papers will be checked by a single teacher. Therefore, the number of
ways in which 4 papers can be checked by exactly two teachers is
2¢— 2 = 14. Therefore, the number of favourable ways is ('C,) (14) =
(21) (14). Thus, the required probability is (21)(14)/7* = 6/49.

56.c. Let us assume that A wins after »n deuces, n = 0, 1, 2,
3, .... The probability of a deuce is (2/3) x (2/3) + (1/3) x (1/3)
=(5/9). {A wins his serve, then B wins his serve or A loses his serve.]
So, the probability that ‘A’ wiris game after r deuces is (5/9)" x (2/3)
x (1/3). [After n* deuce, A serves and wins, then B serves and loses.]
Therefore, the required probability of ‘A’ winning the game is

=(5Y_2_1_ 1 2 1
Yo XxX=Xo=—oX—==
2=0 \ 9 3 3 1_2 9 2

9

57.¢. The required probability is

1 — Probability of getting equal number of heads and tails

_l—znc (l)n(ljh—n
- "\2)\2
1<_2_>(1)

T a4

@ent 1
(nH? 4"

58.b. Here p = 19/20, g =1/20, n =5, r = 5. The required prob-
ability is

(/-

P(ENF)+P(ENF)
P(F)

59.d. P(E/F)+ P(E/F)=

_ PHENF) U (EN F))
P(F)
[~ En Fand E N F are disjoint]

_P{EVE)NF) _P(F)_,
- P(F) ~ P(F)
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Similarly, we can show that (b) and (c) are not true while (d) is
true.

1=

A(£)+s[E)-2EpD 2ECD._ 2P
P(F) P(F) P(F)

60.b. We have,

40 25 15
PA) =X p(By="2and P(ANB)= —
W=1op° B =15 M P(AN B =155

So,

p[B)_P(ANB) _15/100 3
A)  P(A)  40/100 8

61.b. We define the following events:

A,: Selecting a pair of consecutive letters from the word
LONDON

A,: Selecting a pair of consecutive letters from the word
CLIFTON

E: Selectin g a pair of letters ‘ON’

Then, P(A; N E) =2/5 as there are 5 pairs of consecutive letters
out of which 2 are ON and P(A, N E) = 1/6 as there are 6 pairs of
consecutive letters of which 1 is ON. Therefore, the required prob-
ability is

2
A P(A NE) 5 12
E) PANE)+P(4,nE) 2 1 17
5 6
62.d. Player should get (HT, HT, HT, ...)or (TH, TH, ...) at least 2n
times. If the sequence starts from first place, then the probability is

1/2% and if starts from any other place, then the probability is 1/2*".
Hence, required probability is

1 m \ m+2
2 527+2211+1 - 2271

63.b. The total number of cases is 11!/2! x 2! The number of
favourable cases is 111/(2! x 2!) — 9! Therefore, required probability
is
91x4 53

155

64. b. The probability of winning of A the second race is 1/2 (since
both events are iridependent).

65. b. Given that n(S) = 6 x 6 X 6 x 6 = 6*. The number of favour-
able ways is °C, = 6 x 5/2 = 15. Therefore, the required probability
is

15 5 5

6x216 2x216 432

66. c¢. Given that 5 and 6 have appeared on two of the dice, the
sample space reduces to 6* — 2 x 5* + 4* (inclusion—exclusion
principle). Also, the number of favourable cases are 4! = 24. So, the
required probability is 24/302 = 12/151.

67.c. Leta, be the number of strings of H and T of length n with
no two adjacent H's. Then a, =2, a, = 3. Also,

a,=a, +a,  (since the string must begin with Tor HT)

n+2 n+l
So,
a,=5a,=8,a,=8+5=13

Therefore, the required probability is 13/2° = 13/32.

68. b.

T 1 [ I [ ]

The prime digits are 2, 3, 5, 7. If we fix 2 at ﬁrét_place, then other
2n — 1 places are filled by all four digits. So the total number of
cases is 4>, '

Now, sum of 2 consecutive digits is prime when consecutive digits
are (2, 3) or (2, 5). Then 2 will be fixed at all alternative places.

So favourable number of cases is 2". Therefore, probability is

_—2“ 2 -3n 4
PE =r2m=rr= P

69.d. Since g, b, c are in A.P., therefore, 2b = a + ¢. The possible
cases are tabulated as follows.

} "¢ -] /Number of ways
2 2 2 1
2 1 3 6
3 3 3 1
3 1 5 6
3 2 4 6

Total number of ways is 21. So, required probability is 21/216
=7/72. '

70. c. When 4 points are selected, we get one intersecting point.
So, probability is
"C4
( Cz—n)c2
71.d. Three-digit numbers are 100, 101, ..., 999. Total number
of such numbers is 900. The three-digit numbers (which have
all same digits) are 111, 222, 333, ...,- 999. Favorable number

of cases is 9. Therefore, the required probability is 9/900
=1/100.

72.¢. Given,
7
Ta-9%=0=b= aa

Hence, number of pairs (a, b) can be (9, 7); (18, 14); (27, 21); (36,
28). Hence, the required probability is 4/°C, = 4/741.

73.a. LetE =1,4,7, ... (neach)
E,=2,5,8, ... (neach)



E.=3 6,9, ... (neach)
xand y belong to (E,, E,), (E,, E) or (E,, E). So, the required
probability is
n+"C, 1
3n C2 3

74. ¢. The total number of mapping is #". The number of one-one
mapping is "C,"~'C, --- 'C, = n! Hence, the probability is

ni_3_4
nn 32 44
Comparing, we get n = 4.

75.b. P(4 biased coin) =

P(5 biased coin) =

Bl— W] —

Hence, the required probability is

14, "%c, 2°c,"C; 1

—3' zoc9 3 20C9 uCl

_i 16C6+5 |5C5
33 2¢,

76.b. Letevent A be drawing 9 cards which are not ace and B be
drawing an ace card. Therefore, the required probability is
P(A" B) = P(A) x P(B) )

Now, there are four aces and 48 other cards. Hence,

After having drawn 9 non-ace cards, the 10" card must be ace.
Hence,

4
C 4
P(B) = IR
) 2, 42
Hence,
48
PANB)= — G 4
C, 42

“77.c. The total number of digits in any number at the unit’s
place is 10.

n(s) =10

If the last digit in product is 1, 3, 5 or 7, then it is necessary that
the last digit in each number must be 1,3, 5 or 7.

n(A) =4

4 2
PA)= —==
W=1753

Hence, the required probability is (2/5)* = 16/625.

78.a. The divisibility of the product of four numbers depends upon
the value of the last digit of each number. The last digit of a number
can be any one of the 10 digits 0, 1, 2, ..., 9. So, the total number
of ways of selecting last digits of four numbers is 10 x 10 x 10 x 10

Probability 9.53

= 10% If the product of the 4 numbers is not divisible by 5 or 10,
then the number of choices for the last digit of each number is 8
(excluding O or 5). So, favourable number of ways is 8* Therefore,
the probability that the product is not divisible by 5 or 10 is (8/10)".
Hence, the required probability is 1 — (8/10)* = 369/625.

79.b. Let H denote the bead, T the tail and * any of the head or tail.
Then, P(H) = 1/2, P(T) = 1/2 and P(*) = 1. For at least four consecu-
tive heads, we should have any of the following patterns:

(W **THHHH

lanryp=132 =

Since all the above cases are mutually exclusive, the probability
of getting at least four consecutive heads (on adding) is 1/16 + 3/32
=5/32.

80. c. The probabilities of solving the question by these three stu-
dents are 1/3, 2/7 and 3/8, respectively.

1.
3

P(B) = %; P(C)=2

PA) = g

Then probability of question solved by only one student is

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

P(B) P(C) + P(A) P(B) P(C)
5 3

2 p—
3 778

1. 55 2 5 2
ZoXTX+=X=XZ=+—X
37 8 7 8 3
25420430 25
168 56

81. b. Probability of getting 2 heads in the first 5 trials is

2 3
se (LY (LY 210 5
*l2)\2) 32 16
Therefore, the probability that third head appears on the sixth
trial is 5/16 x 1/2 = 5/32.

82.d. LetA and B, respectively, be the events that urn A and urn B
are selected. Let R be the event that the selected ball is red. Since the
urn is chosen at random, Therefore,

1
P(A) = =—
(4)=PB) =

and
PRR) = P(A)P(BLA){% P(B)P(R/B)
5 1 4

= —X—+ —X—
10 2 10

1

2

-2
20
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83.d. The probability that the first critic favours the book is

5 5
PE)=3.377

The probability that the second critic favours the book is

4 4
PE)= ——=—
(&) 4+3 7

The probability that the third critic favours the book is
PE)= =2
E)=3737"7

Majority will be in favour of the book if at least two critics
favour the book. Hence, the probability is

P(E,nE,nE)+PE NE,NE)
+P(E,NE,NE)+PE NE,NE)

P(E)P(E,)P(E,) + P(E)P(E,) P(E,)
+P(E, N E, N E,) + P(E)P(E)P(E,)

i

|
X

=N
X
VY
—t
|

~ | w
——’
+

| v
X
N
b
|

~3 &
N—
X

=W

84.b.

1 1
= —, A = —
P(A) 2 PA VU B) 2

P(£J= P (BN AS)
A€ P(AS)

(LA PA) L pao B+ PB) - PANB)

1-P(A)
11
_2 4 1 4.1
L 47373
4

85.b. P(S F)=0.0006, where S is the event that the motor cycle
is stolen and F is the event that the moter cycle is found. Therefore,

P(S) =0.0015

—4
PFIS) = P(FNS) _6x107" 2
P(S) 15x10™* . 5

86. c. Let A be the event that 11 is picked and B be the event that
sum is even. The number of ways of selecting 11 along with one
more odd number is n(A N B) ="C,.

The number of ways of selecting either two even numbers or
selecting two odd numbers is #(B) = 1 +°C,.

P(ANB)
P(B)

~ 7 _024
29

P(A/B)=

87.b. Die marked with 1, 2, 2, 3, 3, 3 is thrown 3 times.
1 2 3

P()= —, P(2)=—,P3)=—
.() 5 (2) o 3) ;

P(S)=P4 or6)

= P(112(3 cases) or 123 (6 cases) qr 222)

IX—X—X—+6—%X—
6 6 6

1 1.2 1.2 3 2 2 2
X=+ X=X =
6 6 6 6 6

6+36+8 _ 50 _ 25
216 216 108

88.c.
1R+2G -
2R+1G -
3R »>[3G+3B] 210,
3G >[3R+3B} 20,

Fig. 9.12

The required probability is

3¢, 2¢,'c,’c N 3¢,’c ¢ ’c ey

6C3 6C3 6C3 GC3
:2.&)(.6_
20 20
_
100

89. ¢. P(4 biased coins) =

P(5 biased coins) =



The required probability is

16
1°C°Cg 1 2°¢, ¢ 1

3_’2@ e, + 3 20C9 nc,
_3[‘606 +5 1505]
"33 2¢,
90.d. A: Doctor finds a rash
B,: Child has measles
S: Sick children
P(S/F)=09
B,: Child has flu = P(B,) = 9/10
P(S/M)=010
P(A/B))=095
P(R/M) =095

P(A/B,)=0.08

P(R/F)=0.08
P(B, 14)= 0.1x 0.95
0.1% 0.95+0.9 x 0.08
_0.095
" 0.095 +0.072
_0.095 95
T 0167 167

91.c. The sumis 12 in the first three throws if they are (1, 5, 6) in
any order or (2, 4, 6) in any order or (3, 4, 5) in any order, Therefore,
the required probability is

1 1 1 1 1 1 1 1 1 3
—X=X—=X3H—-X=X=-XIH—=-X=-x=-x3I=—
6 5 4 6 5 4 6 5 4 20

(because after throwing 1, in the next throw 1 cannot come, etc.)

92. a. The number of composite numbers in 1 to 30 is n(S) = 19.

The number of composite number when divided by 5 leaves a .
remainder is n(E) = 14. Therefore, the required probability is 14/19.

93.b. PEY+PEN=1=1+2+2+(1+A)?
= 2A2+31+1=0
= I+1DUA+D=0

= A=-1, —l
2

Then,

P(E)=1+(-1) + (-1)* = 1 (not possible)

, .
1 1 1 1 3

P(E)=1+|-= — =t —=Z
= P(E) +( 2J+( 2) 2+4 2

Probability 9.55

94.b. Let P(m), P(p), P(c) be the probability of selecting a book
of maths, physics and chemistry, respectively. Clearly,

Pl = Pp) = P() =

Again let P(s ) and P(s,) be the probability that he solves the first
as well as second problem, respectively. Then,

P(s,) =P(m) xP(s—l) +P(p) xp(ij +P(c) x P(ﬂ]
m p C

= P(sl)=lxl+lx§+lxi=£
. 32 3 5 3 5 30
Similarly,
2 2 SN2
P(S2)=l>< _1.. +.l_x 3 +l i =12_5
3 (2 3 45 3 15 300
125
= p[S2]2300_25
S 19 38
30
95.b. Let,

P(S)=P(lor2)=1/3

P(F)y=P(3or4or5or6)=2/3

PAwins)=P[(SSorSFSSorSFSFSSor...)
or (FSSorFSFSSor..)]

5 16
P(A winning) = —, P(B winning) = —
(A winning) X ( g) T
96.a. P(a)=0.3, P(b) =0.5, P(c) =0.2. Hence, a, b, ¢ are exhaus-
tive.

P(same horse wins all the three races) = P(aaa or bbb or ccc)

=(0.3)* + (0.5)* + (0.2)°

_27+125+8 160
T 1000 1000

P(each horse wins exactly one race)

= P(abc or acb or bca or bac or cab or cba)

=03x05%x02x6=0.18= i
50

97.b. The total number of ways of distribution is 4°,

n(s) =4’
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T he total number of ways of distribution so that each child gets
at lesast one game is 4° — *C, 3° +*C, 2° —*C,.

~-- nE)=240

Hence, the required probability is
n(E) 240 15
n(S) 45 64

08. b. Team totals mustbe 0, 1,2, ...,39. Let the teams be T\ T, ...,

152
T, sothatT, loses to T fori<j.In other words, this order uniquely
determines the result of every game. There are 40! such orders and
780 games, so 2% possible outcomes for the games. Hence, the

probability is 401/27%.

99, a. We have,
n(s) =
Let ‘E’ be the event of selecting 3 squares which form the letter
€.
The number of ways of selecting squares consisting of 4 unit

squares is 7 x 7 =49.

Each square with 4 unit squares form 4 L-shapes consisting of 3
unit squares.

s o n(BY=7x7x4=196
196
“c,

s P(E)=

100.a. The total number of ways of making the second draw is
IOC

The number of draws of 5 balls contalmng 2 balls common with
first draw of 6 balls is °C, *C,. Therefore, the probability is

GCZ 4(?3 __S_
IOCS 21

101. a. The required probability is

P(A) = l__i__
3a*-4a+10

1 6 1

P(A = —X—=—
(P(AN, . 35673

102. b. A number has exactly 3 factors if the number is squares of a
prime number. Squares of 11, 13, 17, 19, 23,29, 31 are 3-digit num-
bers. Hence, the required probability is 7/900.

103. c. Suppose, there exist three rational points or more on the circle
X2+ y* +2gx + 2fy + ¢ = 0. Therefore, if (xl, ¥, (x,, ¥,) and (x,, y,) be
those three points, then

x4y +2gx +2f +c=0 ()
x4y, +28x,+2fy +¢c=0 2)
x4y +2gx, +2fp,+c=0 3)

Solving Egs. (1), (2) and (3), we will get g, £, ¢ as rational. Thus,
centre of the circle (-g, —f) is a rational point. Therefore, both the
coordinates of the centre are rational numbers. Obviously, the pos-
sible values of p are 1, 2. Similarly, the possible values of g are 1, 2.
Thus for this case, (p, ¢) may be chosen in 2 x 2, i.e., 4 ways. Now,
(p. ¢) can be, without restriction, chosen in 6 x 6, i.e., 36 ways.

Hence, the probability that at the most two rational points exist on
the circle is (36 — 4)/36 = 32/36 = 8/9.

104. a. P(A) = P(B) = P(C) and P(A) + P(B) + P(C) =1

1
P(A):P(B):P(C):g
Also,
P(X)——S PX/A —313 X/B =1
12’ ¢ )_8’ ¢ )_4

We have,
P(X) = P(A) P(X/A) + P(B) P(X/B) + P(C) P(X/C)

ERE 3+1+P(X/C)
12 3|8 4

= PX/(O)= %

105. c.A: car met with an accident
B,: driver was alcoholic, P(B)=1/5
B,: driver was sober, P(B,) =4/5
P(A/B)) = 0.001; P(A/B,) = 0.0001

P(B/A) = (0.2) (0.001) _
(0.2) (0.001) + (0.8)(0.0001)
106. a.
N M
Fig. 9.12

Let N be the event of picking up a normal die; P(N) = 1/4. Let M
be the event of picking up a magnetic die; P(M) = 3/4. Let A be the
event that die shows up 3.

P@A) =PANN)+PANM)
" = P(N)P(AIN) + P(M) P(AIM)

1.1 3.2 7
= —X—t+xXZ
4 6 4 3 T4

paviay = FNOA) _/HUAE 1
: B P(A) - 7/24 7

107. c. We have,
n(S) =5
For computing favourable outcomes, 2 boxes which are to remain
empty, can be selected in °C, ways and 5 marbles can be placed in
the remaining 3 boxes in groups of 221 or 311 in

51 51
3{2!2!2' 3@] 150 ways = n(A) =°C, x 150
Hence,
150 _ 60 12
P(E)=°C,x

5125 25



108. a. n(S) = "°C, =120
n(A) =°C,xC,xC,

5x3x2 _l

P(E) =
=0 "4

109. a. For ranked 1 and 2 players to be winners and runners
up, respectively, they should not be paired with each other in
any round. Therefore, the required probability is 30/31 x 14/15
x 6/7%x2/3 =16/31.

110. a. The total number of ways of selecting 3 integers from 20 nat-
ural numbers is *°C, = 1140. Their product is a multiple of 3 means at
least one number is divisible by 3. The numbers which are divisible
by 3 are 3, 6,9, 12, 15, 18 and the number of ways of selecting at
least one of them is °C, x "C, + °C, x "“C, + °C, = 776. Hence, the
required probability is 776/1140 = 194/285.

111. d. Since there are r cars in N places, total number of selection of

places out of N — 1 places for r — 1 cars (excepting the owner’s car) is

_ (N-D!
T (r=DUN =)

N-1

If neighbouring places are empty, then r — 1 cars must be parked
in N -3 places. So, the favourab]e number of cases is

N-30 = (n-3)!
=17
r-DIN-r-2)!
Therefore, the required probability is
(N -=3)! X(r—l)!(N—r)!
r—DUN-r-2)! (N-1!

_(N=DWN-r-1) _"7"C,
TOWN-DWV-2)  Vlg,

112. b. The sum of the digits can be 7 in the following ways: 07, 16,
25, 34, 43, 52, 61, 70.

(A=7)y={07, 16,25, 34, 43, 52,61, 70}
Similarly,

(B =0)= (00,01, 02, ..., 10; 20, 30, ..., 90}
Thus,

A=Tyn(B=0)={09, 70}

2 19
P(A=7 B=0)= —,P(B= = —.
((A=T) A (B=0)= == PB=0) = 1o
Hence,
P(a=71B=0) = LA=DN(B=0)
P(B=0)
2
_l00_2
19 19
100

113. b. Let the probability of getting a tail in a single trial be p = 1/2.
The number of trials be n = 100 and the number of trials in 100 trials
be X. We have,

Probability 9.57

P(X= r) = lOOC’prqn—r
r 100-r
1 1
— 100, — —
-c3) 5
100
= lOOC l
"\2

PX=1)+PX=3)+--+PX=49) -

1 100 1 100 1 100
100 100
e 5] +ea(3) +orvea()

100
1
=(0C, +'%C, + - + ‘°°C49)(5j

Now,

But

‘°°C] + 100C3 + ot '°6C99 =29
Also,
moc99 = 10C

|
WCy, = 1%C,, ... 1WCyy = NC,y
Thus,
2(100(-;1 + 100C3 +oe 1°°C49) =%
= 100CI + looc3 + et 100C49 =098
Therefore, probability of required event is
98
221W =% 298/2“’? =1/4

114. a. Let A denote the event that a sum of 5 occurs, B the event that
a sum of 7 occurs and C the event that neither a sum of 5 nor a sum
of 7 occurs. We have,

' 4 1 6 1

P(A)= —=—,P(B)=——==

W=3"9"P=5%"%
26 13

P = —=—

©= 318

Thus, probability that A occurs before B is
P[Aor (CNnA)or (CNnCNA)or..]
=PA)+P(CNA)+ PCNCNA)+ -
= P(A) + P(C)P(A) + P(C)*P(A) + ---

1 (13} 1 (13)1
= x =] = =+
9 (18) 9 (18) 9

1/9 2

1-13/18 5
115. a. In any number the last digits canbe 0, 1,2, 3,4, 5,6,7,8,9.
Therefore, last digit of each number can be chosen in 10 ways. Thus,

exhaustive number of ways is 107. If the last digit be 1,3, 7 or 9, then
none of the numbers can be even or end in 0 or 5. Thus, we have a
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choice of 4 digits, viz., 1, 3, 7 or 9 with Which each of n numbers

should end. So favourable number of ways is 4". Hence, the required
probability is

4" ~ ( E "
10" \S
116. c. The probability that A gets r heads in three tosses of a coin is

r 3-r 3
e -l
2)1\2 2

The probability that A and B both get r heads in three tosses of a

coin is
3 3 6
e (3) e{3) -eer(3)
2 2 2

Hence, the required probability is

3 0 (1Y) 20 5
el = =| =] 1+9+9+}====
Eo( 13 2) ! =516

117. ¢. We know that the number of subsets of a set containing n
elements is 2. Therefore, the-number of ways of choosing P and Q
is

o x Y6 =2t X2 =4

Out of n elements, m elements are chosen and then from the

remaining n — m elements either an element belongs to PorQ.
But not both P and Q. Suppose P contains r elements from the
remaining n — m elements. Then, 0 may contain-any number of ele-
ments from the remaining (n — m) — r elements Therefore, P and Q
can be chosen in “"C 2" ways.

But r can vary from 0 to n — m. So, in general the number of

ways in which P and Q can be chosen is

( i n—mcrz(n—m)—rJ nCm — (1 + z)n—m ”Cm - ncm 3n—m
r=0

Hence, the required probability is "C 3" /4",

118. ¢. In the first 9 throws, we should have three sixes and six non-
sixes; and a six in the 10" throw, and thereafter it does not matter
whatever face appears. So, the required probability is

3 6
°C, 1 X 3 xlxlxlxlx---xl
6 6 6 10 times
_ 84x5°
T

119. c. Let the probability that a man aged x dies in a year p.
Thus the probability that a man aged x does not die in a year = 1

— p. The probability that all n men aged x do not die in a year is -

(1- p)". Therefore, the probability that at least one man dies in a year
is 1 — (1 — p)". The probability that out of n men, A, dies first is 1/n.
Since this event is independent of the event that at least one man dies
in a year, hence, the probability that A, dies in the year and he is first one

todieis 1/n{1-(1- p)"1.

120. b. The required probability is
o =D (-2 2 1
2n Cz 2n-2 CZ 2n-4 CZ 4C2 2C2

_ (1X2X3X4X-..x(n_1)n)2 _,2"(n!)2 _ "

2n)! @n)!  ¥C,
2Il

121. a. The probability of getting a head in a single toss of a coin is
p = 1/2 (say). The probability of getting 5 or 6 in a single throw of a
die is g = 2/6 = 1/3 (say). Therefore, the required probability is
p+(1-p)l-gp+1-p1 -1 -p)X1-gp+ -
=p+(1-p)A-@p+1-pP(1-gPp+-

- pr

I-(1-pXl-q)
23
T1-1/2%x2/3 4

122. a. Consider the following events.
A: ball drawn is black
E : bag Iis chosen
E,: bag Il is chosen '
E,:bag HI is chosen
Then,

PE)=(B) =P(E) = 5

P@IE) =2 P@IE) =1, PAIE) = L
5 5 10

Therefore, the required probability is

P(EJA)
P(E;)P(A/Ey) 7

- P(E)P(A/E))+ P(E,)P(A/E,)+ P(Ey)P(A/E;) B 15
123.¢. f/(x)=3x*+2ax+9
y = f(x) is increasing
= f'(x) 20, ¥ x and for f’(x) = 0 should not form an interval
= (CaP-4x3xb<0=a-3b<0

This is true for exactly 16 ordered pairs (a, b), | <a, b < 6, namely
(1, 1), (1,2), (1, 3), (1,4, (1, 5), (1, 6), (2, 2), (2, 3). (2, 4), 2, 5),
(2,6), (3,3), (3,4, (3, 6) and (4, 6). Thus, the required probability is
16/36 = 4/9

124. d. Let p, denote the probability that out of 10 tosses, head
occurs i times and no two heads occur consecutively. It is clear that
i>35.
Fori=0,ie., nohead, p, = 1/2".
Fori=1,1e., onehead, p, = "C, (1/2)! 1/2)° =10/2".
Now for i = 2, we have 2 heads and 8 tails. Then, we have 9 pos-
sible places for heads. For example, see the construction:
xTxTxTxTxTxTxTxTx
Here x represents possible places for heads.

2
p,="C, (%J (1/2)% =36/2"°

Similarly,
p,="%C,/2"° = 56/2



p, ='C/J219=3572"
ps =°C/21°=6/2"
p =Py tp tp,+p,+p, +p;
_ 1+10+36+56+35+6 144 9

2'0 T e
125. e. Given limit,
2

lim a*+b* |* :
x{—>0 2 . »

2 Lim a* -1+b" -1

. a® +b" =2 |a*+p¥-21-0 x
= limj 1+ ———
x—0 2

=ett=ab=6

Total number of possible ways in which a, b can take values is
6 x 6 = 36. Total possible ways are (1, 6), (6, 1), (2, 3), (3, 2). The
total number of possible ways is 4. Hence, the required probability
is 4/36 = 1/9.

126. c. Let A denote the event that target is hit when x shells are fired
at point I. Let P, and P, denote the event that the target is at point
I and II, respectively. We have P(P)) = 8/9, P(P,) = 1/9, P(A/P) =
1-(1/2), PAIP,) =1 —(1/2y5>,

Now from total probability theorem,

P(A) = P(Pl) P(A/P) + P(Pz) P(A/Pz)
Ax 55—-x
:1[8_8(1] (4 ]
9 2 2
NS5z
_ 1[9_8[1) _ (1) J
9 2 2
Now,

)

(Note that in this step, it is being assumed that x € R*)

55-x 2x-58
EENEN ) - L
9 202 2
>0ifx<29

<0ifx>29

Therefore, P(A) is maximum at x = 29. Thus, ‘29’ shells must be
fired at point L.

127. d. In the first case, the urn constains 3 red and » white balls.
The probability that colour of both the balls matches is

3C2+uc2 _l
n+3er2 2
6+n(n-1) 1

(n+3)(n+2) 2
= 2(W-n+6)=n*+5n+6

= n-Th+6=0

Probability
= n=1lor6

In the second case,

3 3 n n 5

n+3n+3 n+3 n+3=8

Solving, we get
n-10n+9=0
= n=9%orl.
From Egs. (i) and (2), we have n = 1.

128. b. Let us consider the following events.

A: card shows up black

B,: card with both sides black

B,: card with both sides white

B.: card with one side white and one black

B B,
Bs
Fig. 9.13
2 3 5
P(B)= =, P(B,)=—, P(B,) = —
B 10 (B2) 10 (B5) 10

P(A/B) = 1, P(AIB,) = 0, P(A/B,) = %

—2—><1
P(B,/A) = 0 —= S
— X1+ —=%x(0)+—x= 4+5 9
10 10 10 2
129.d. A: exactly one ace -
B: both aces
E-AuUB
. 4 .
C 6 1
PBIAUB)= ——2——=—=_
‘e, e +4c, 54 9

9!
130. b. n(S) = 51 =126

n(A)=0to Fand Fto P
5! 4

= X =
213! 21x2!
5 0P(4, 5)
4
3 Fi(2,3)
2
1
0234
Fig. 9.14
60 E

= PA)=— =
“) 126 21

9.59

)

2
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Mu ftiple Correct Answers Type e e s~ PANB)=PB)-PA NB) [UsingEq. (1)]
R 3

S 3<p@-PanBd
1.a, c,d. 8 8

. , 1
Sirzce A and B are independent events, therefore, = 0<PA NB)< 1
1
= = —X—=— . .
P(A " B) = P(A) P(B) 2 %5 10 4.a,c

P(A/B) = P(A) ____;_ Given that A and B are mutually exclusive events.

ANnB=¢
Now, - -
P(A U B) =P(A)+ P(B) - P(A " B) = AcBandBca _
1.1 13 : = P(A)<P(B)and P (B)< P(A)
275 10 5
Now, 5.a,b,c.
P[AN (AU B)] P(A) 1/2 5 Let ‘H’ be the event that married man watches the show and ‘W’
PAIAUB)= = =—== - .
P(Au B) P(AUB) 3/5 6 be the probability that married woman watches the show.

.. P(HY=04, P(W)=0.5, P(HW)=0.7
a. PHNW) =P(W)PHW)=05x0.7=035

2.a, b, c b. P(W/H)= P_(I_-I_mi)=9.3_5=l

We are given that P(H) 04 8

P(A ~B)=0.20, P(A’ A B) = 0.15, P(A N B) =0.10 ¢. PHUW) =PH)+PW)-PHNW
=04+05-035=0.55
Now,

P(ANBY/(AUB)}=P(ANBIANB)=0

. 6.b,c.
P(B)=P(A’ " B) + AN B)=0.15+0.20=0.35
P/ B) = P(ANB) _0.10 2
P(B) 035 7
_P(A)=P(ANB)+PANB)=03
P(A U B) = P(A) + P(B) - P(A " B) = 0.55 _
PBIA) = P(BnA) 1 ‘ Fig. 9.15
PA) 3 P(A) =04, P(B)=0.5, (AN B)=03
3.2,b,c,d. = P(AUB)=PA)+PB)-PANB)=06
AcCcAUB
3 Now,
= P(A)SP(AuB):nD(AuB)zZ PE) = P(ANB) _03 1
Also, V7 P(AUB) 06 2
P(A N B)=P(A)+ P(B)- PAU B) P(ANB)+P(ANB) 0.1+02 1
. P(E) = - =1
> P(A) + P(B) 1 P(AU B) 0.6 2
_3,5.,.3 P(A/B):f%;_m=g_'z:%= 0.60;
T4 8 8 ()3 .
Now, P(BIAY = 23 =3 = 075 =075
ANBCB 04 4
= P(AmB)SP(B):—S— P(A/(AuB)):—m—:%:E
8 P(AUB) 06 3
3<pAnBy< ) _PB _05_5
8 8 P(AUB) 06 6
and : 7.¢,d.
P(E)=1— P (unit’s place in both is 1, 2,3,4,6,7,8,9)
P(A " B’) = P(A) — P(A " B) ‘ W
PE =0or5)=1-|2| =—
= i—isp(AmB')sé—é > 25
4 8 4 8 P(E;5)=P(13579)-P(1379)
- Llepunpy<l ' : -1 4
8 8 4 25
25-16 9

100 100



P(E) 9 25 1

P(E) 100 9 4

P(E)=4P(E)

P(E,NE) _ P(E) 1

P(EZ/E[)= =
P(E) P(E) 4
P(E,NE P(E
P By = PENE) PE)
. P(E;)  P(Ey)
8.a,¢,d.
2n
C 2n)!
P(E)y= —t=—"—"7"+—
( ) 22n nln! 211 211
_ 1Ix2X3X---X(2n)
nlnl2"2"
_ IX3X5---x(2n-1)
n! 2"
Now,

nf2r—1) 1x3x5x---X(2n-1)
2r ) 2x4x6X--X(2n)

_1><3><5><-~><(2n—1)
T (Ax2x3x%x---xn)2"

2.
n n 1 n
2 ( Cr J z (n Cr)Z

Sl ) 2 S
_ 1 2n
2:1211 n
Also,
< ”C. 2
,;0( » ) B 2n C”
2n - 22"
Z 2n er
(r=0

9. a, b. The probability that both will be alive for 10 years, hence,
i.e., the probability that the man and his wife both will be alive 10
years hence is 0.83 x 0.87 = 0.7221. The probability that at least one
of them will be alive is

1 — P {That none of them remains alive 10 years hence)

=1-(1-083)(1-087)=1-0.17x0.13

=0.9779

10.b, ¢, d.
a. False.
P(morHHH)=l+l=i
8 8 4
P(ANB) P(ANB) P(A)-P(ANB)
P(B)  1-P(B)  1-P(B)

P(A N B) [1 - P(B)] = P(B) P(A) — P(B) P(A N B)
P(A A B) = P(A) P(B)

Hence, the given statement is true.

Probability 9.61
c. Let E, be the white ball is drawn in first draw; E, be the event

that black ball is drawn in second draw; E be the event that white
ball is drawn in second draw.

P(E) = P(E/E,) P(E,) + P(EIE,) P(E,)
_d+w w + w b
w+b+d\w+b w+b+d\w+b
fw d+w + b
N\ wa+b )\ w+b+d w+b+d

-(7%7)

which is independent of d.

d. To prove that A, B, C are pairwise independent only. N ow,.

PANB) =P(ANBNC)UANBNC)
=PANBNC)+PANBNC)
= P(A) P(B) P(C) + P(A) P(B) P(C)
= P(A) x P(B) [P(C") + P(C)]
= P(A) x P(B)
Similarly, for the other two. Hence, this statement is correct.

(given)

7 11. a,‘b, c, d.

a.  P(E)=1-P(RRR)
1o 1123 200
37475

b.  P(E)=3P(BRR)=3x %xixg =02

e

P(E,) = P(RRR/(RRR U BBB))

_ P(RRR)
" P(RRR) + P(BBB)

1-PBBB)=1- % =0.6

d. P(E,)
12.a,b, ¢, d.

P(A UB)=PA)+ P(B)-P(ANB)
5 3

—=—+i—P(Ar\B)
& 8 8

= PANB)= 3 = l
8 4
Now,
P(A° " B)
P(B)

_ P(B)-P(AN B)
- P(B)

o)

P(A“/B)
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1
2
2P(AN BS)

P(B°)
_2(P(A)-P(AN B))
- 1- P(B)

4321
8 8) 2

Hence option (a) is correct.

2P(AIBY) =

pamy= PACB) 1.2 1_pp
P(B) 4 1 2

Hence (b) is correct. Again,
P(AS N BY)
P(BS)
1-P(AUB)
1- P(B)

2[1_§j=3
g8) 4

P (B N AS)
— P(A)

P(AY/B)

P(BIA°) =

_P(B)-P(ANB)
- 5/8
_1/2-1/4
T

Hence,
8P(A/B°) = 15P(B/A°)

Hence, (c) is not correct. Again,

2P(A/B) = %

= PA/B)= % =P(ANB)
Hence (d) is correct.

13.a,c.

Let p,, p, be the chances of happening of the first and second events,

respectively. Then according to the given conditions, we have

1-p [1 P J
l
Hence,

1—p2 =(1 Pz] (1+P2 y=(1- pz)z

= 3p2—1=:~pz_5

and so
1
= 9
14.a,b.
Let the number of red and blue balls be r and b, respectively.
Then, the probability of drawing two red balls is
C, _ r(r-1)
e, (r+b)r+b-1)
The probability of drawing two blue balls is
bc,  b(b-D
e, (r+b)rt+b-1)
The probability of drawing one red and one blue ball is
e, xC 2br
"he, (r+b)(r+b-1)
By hypothesis, p, = 5p, and p, = 6p,.
r(r—1)=5b(b — 1) and 2br = 6b(b - 1)
= r=6,b=3

p=

p, =

Py =

15.a, b, d. ,

We have, the probability that the bomb strikes the target is p = 1/2.
Let n be the number of bombs which should be dropped to ensure
99% chance or better of completely destroying the target. Then, the
probability that out of n bombs at least two bombs strike the target
is greater than 0.99. Let X denote the number of bombs striking the
target. Then

P(X=r)="Cr l l ="Cr l ,r=0, 1,2,...,n
22 2

We should have
P(X>2)>0.99
= {1-PX<2}>0.99

= 1-{PX=0)+PX=1)}>099

= . 1- {(1+n)21—n}'20.99

1+n

= 0.001 >

= 22>100+100n=>n>11

Thus, the minimum number of bombs is 11.

16.a,b, c,d.

We have, .
P(exactly one of A, B occurs)
=P[(AnB)UA NB)]
=P(ANB)+PANB)
=PA)-P(ANB)+ P(B)- P(ANB)
=P(A) + P(B)-2P(AN B)
=P(AUB)-PANB)

Also,
P(exactly one of A, B occurs)
=[l~ P(ANB)]-[1- P(AUB)]
= P(AU B)- P(AN B)]= P(A)+ P(B)~2P(AN B)



17.a,b, c.
" Option (d) is true if and only if A and B are independent.

18.a,b,c.
PA/B)=PA)=

e | —

[Am(AuB)]
P(AUB)
[“ANn(AUB=ANnA-B-ANB)]
"z=A-ANB-AnB=a)}

- P( A ]_ PA)

P{A/(AUB)} =

AUB) P@AUB)
1 1
2 _2_3
1 1. 1 6 6
2 5 10 10
and similarly,
p ANB
A’UR )™
19. b, c.

Let P(A) = x and P(B) = y. Since A and B are independent events,
therefore,

PA ~ B)=2/15 = P@A)PB) =2/15
= (1 - P(A)) P(B) = 2/15
= (1-x)y=2/15 (1)

and

P(Am§)=l=>1'>(A)P(1§)=l
6 6

1

.1__, -

=x(1-y) B

=>x—xy=% @

Subtracting Eq. (1) from Eq. (2), we get

1 1
—y=— D xXx=—+%+Y
FTYE3 T3 Y

Putting this value of x in Eq. (1), we get
)z

U ETRRG NS

30y —y—-30y*=2/5

30y2-29y+4=0

(6y - I}5y-4H=0

y=1/6o0ry=4/5

L/

— P(B)=1/6 or P(B) = 4/5
20. a, b, c.
1 7 9
.  P(A)= =, P(B)=—, P(B/A)=—
a (14)5()25(/)10
P(ANB)=1-PAUB)
=1-[P(A) + P(B) - P(A " B)]

Probability 9.63

17
=1 |=4—— A
1 [5+25 P(A) P(B/ )]

17 1 77 7
=]l-l—t——"x—|=—
[5 25 5 25} 10
P(ANB)
P(B)
_ P(A) P(BIA)
P(B)
1 9
_X_—_
_5"10

7

%
5,25 9 18

= X ==
50 7 14 28

b. P(A/B) =

e.  P(AUB) =P(A)+ P(B)— P(A N B)
= P(A) + P(B) — P(A)P(BIA)

1.7 1.9
5725 510
_10+14-9
T

3

10

d. P(A"UB)=1-PANB)
=1 - P(A)P(B/IA)
1.9

=]——X—
5 10

=4
50°

21.b, c, d.
Roots of x> + px + g = 0 will be real if p*> > 44.
The possible selections are as follows:

o foo | Do m|aw ||~ |

0
- Total -

Therefore, number of favourable ways is 62 and total number
of ways is 10? = 100. Hence, the required probability is 62/100
=31/50.

The probability that the roots are imaginary is 1 — 31/50 = 19/50.
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Roots aré equal when (p; g) = (2, 1), (4, 4), (9, 6). The probability
that the roots are real and equal is 3/50. Hence, probability that the
roots are real and distinct is 3/5.

22. a,b,c.
Fere total number of cases is °C, = 28.

a. Favourable number of case is 13.
For2 —6 ghoices
For 1 — 7 choices

b. FFor 6 — 5 choices
For 7 — 6 choices
For 8 — 7 choices

¢. For 1 — 4 choices (2,4, 6, 8)
For 2 — 6 choices (3, 4,5, 6,7, 8)
For 3 — 3 choices (4, 6, 8)
For 4 — 4 choices (5, 6, 7, 8)
For 5 — 2 choices (6, 8)
For 6 — 2 choices (7, 8)
For 7 — 1 choice (8)

Alternative solution:

a. ——8C2 - 6C2 = —li
8¢, 28
b 8C2 _ 5C2 ~ i
. A 2o

C, 14
C. ~——8C2 — 4C2 = -1—-1—
¢, 14

23. a, d.

The probability that head appears r times is

r 99—+
we (1 (1
2 2
which is maximum when r = 49 or 50.

24. a, c.
Let one probability of choosing one integer k be P(k) = A/k*. (A is one
constant of proportionality). Then,
2m l

2
ok

2m 1
= A 2 k—4=

Let x, be the probability of choosing the odd number. Then,
5 =3 PA-D=2% =g
k=1 k=1 - 1)

Also,

; (2k—1)
l-x <x
x,>172
= x,<12

Reasoning Type &

L.a. P(A/B)>P(A)
P(ANB)
PB)
PANB) by
P(A)

= P(B/A) > P(B)

b

2 P(A)

2. c. Statement 1 is true as there are six equally likely possibilities of
which only two are favourable (4 and 6)..Hence, probability that the
obtained number is composite) is 2/6 = 1/3.

Statement 2 is not true, as the three possibilities are not equally
likely.

3.c. The required probability is

P(ANB)=1-P(AUB) |
= 1-[P(A) + P(B) - P(A N B)]
=0.39
4.a.--P(ANB)=P(A)+ P(B)— P(AU B)
' > P(A) + P(B) — 1

PANB= 2+ 2 1
53

= P(ANB)2 % . (1)
P(A N B) < P(A)
.=> P(ANnB)< % . )
From Egs. (1) and (2),
% <PANB)< —35— 3)
From (3),

4 _P@AnB 3
15P(B)  P(B) ~ 5P(B)

2, P(é) L2
5 B, 10
5.a. P{ANn(BNO)
. P[AnBuUO)]
=P[(ANBU@ANO)]
=PANB)+ANCO)-P[ANB)NANO)]
=pANB)+PANC)—-PANBNC)
= P(A)P(B) + P(A)P(C) — P(AYP(B)P(C)
= P(A)[P(B) + P(C) - P(BP(C)]
=P(A) PBuU O)
Therefore, A and B w C are independent events.

=P(A N BN C)=PAPBP(C)



6.a. 272+1=5n=2

3n
PE = =—=—
2 an* -1 15 5

Asa, b, carein AP, so
a+c=2b
= g +ciseven
Therefore, a and ¢ are both even or both odd. So, the number of
ways of choosing a and ¢ is "C, + G, =1
n* 3n

PE=———=——
( ) 2r1+1c3 47’12 -1

7.d. PAUB)=PA)+PB)-PANB)
. 1 =PAY+PB)-PANB)>3/4
= P@A)+PB)-1/8=3/4
[since minimum value of P(A N B) is 1/8)
= PA)+PB)<1/8+3/4=T/8
As the maximum value of P(A N B) is 3/8, we get
1 =>P(A)+ P(B)-3/8
= PA+PB)<1+38=1118

8. b. Clearly both are correct but statement 2 is not the correct
explanation for statement 1.

9.b. pAUB)=1-(AUB)=1-(ANB)=1-P(A)P(B)
= 09=1-0.6xP(B)
1
= PB)=—
€:)) 5
Clearly, statement 2 is not correct explanation of statement 1.

10. ¢. According to statement 1, the required probability is

n 4 n—4 8 n-8
1 1 1 1 1
"Col =1 +"Cy| = | | T +"Cel = 1=| +
°(2j “(2] @ 8[2j [zj

n n n 1 !

=("Cy+"Cy+"Cg+--+) )
Now consider the binomial expansion,
(A+x)="C,+"Cx+ "sz2 + e

Putting x + i, where i = v—1, we get

(1 + l')n = ("C() — nC‘2 + HC'4 _ ) + l'(nc‘I _ /1C’3 + 11C5 — )

= l:ﬁ (cos % +1sin %H =("C, - "C, + "Cy= )

+ i(nC"| _uC3 + nc‘5 _\,_.)

nw
= ”CO—"C2+”C4—"':2”/2 COST
Also we know that

nCO + nC‘2 + "C4 + = 211—!

_ nw
= 2('Cy+"Cy+"Cy ) =2"" +2" cos—

Hence, the required probability is

1 1 nw
Z + Q2+ cos T

Probability 9.65

AJ _PANE) 4y definition)

11.d. P[—
B P(B)

= pB)=P(AUA)NB)=P(ANBUANE)

Hence, statement 2 is true. NOW,

P(A/B)+P(A/B)= P(?(E)B) P(?(E)B)
_P(ANB)+P(ANB)

- P(B)

_P®B) _,

-5 -

Therefore, statement 1 is false.

12.a. In binomial theorem, we have proved statement 2. Now,
there may be 0, 1, 2, 3, 4 or 5 heads in the last five throws and the
same can be for the first 10 throws. The number of cases thus may be
given by
m= SCOIOCO + 5C|I0C1 + 5(:210C2 + SC‘3|0C'3 + 5C4IOC4 + 5C5|0C5 ’
= SC'OIOC'10 + 5C110C9+ 5C2!0C8 + SC:*IOC:'7 + 5C4IOC6+ SC‘SIU(:5
— 10+5CI0= 15Cm

=3003

The total number of ways (N) is 2'° = 32768. Hence, the required
probability is m/N = 3003/32768.

13.¢c. P(A)+P(B)=1istrueas A and B are mutually exclusive and
exhaustive events, but statement 2 is false as it is not given that the
eveénts are exhaustive.

14. b. The total number of cases, n(S) = 4!. Let E be the event
that no letter is mailed in its correct envelope. Then the favourable
number of cases is

4![l—l+L——1—+L]=9
o2t 3t 4l

Hence, the required probability is

9 3
PE)=—=—
(E) 24 8
Also, the probability that all the letters are placed in the correct
envelope is 1/24.

- Hence, the probability that all the letters are not placed in the
correct envelope is 23/24.

Hence, statement 2 is correct but does not explain statement 1.
15.a. We have,
P(AUB)=1-(AUB)=1-(AnB)=1-P(A) P(B)
08=1-0.7xP(B)

2
= P(B)==
P()7
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Lirmked Comprehension Type

For Problems 1-3
1.b, 2.¢,3.a.

Sol. Let P(i) be the probability that exactly i students are passing
an examination. Now given that

P(A) = /i (where 4 is constant)

10x11x21

10 10
= Y PA)=2A’=2 =A385=1=> A =1/385
i=1

i=1
Now, P(5) =25/385=5/71.

L.et A represent the event that selected students have passed the
examination.

10
s P(A) = Y P(AIADP(A)
i=1
0 3
/5110385
1 10 a
= —1
38505{
1011211
4x3850 14
Now,

P(ATADP(A)

P(A JA) = )

“T1ix555
1
3025

For Problems 4-6
4.¢,5.b,6.d.

Sol. Letin 8 coupons S, U, R, F appears x, x,, x,, x, times. Then x,
+x, tx,+Hx, = 8, where x,, x,, Xy X, 2 0.

We have to find non-negative integral solutions of the equation.
The total number of such solutions is ***~'C, | ="'C, = 165.

If a person gets at least one free packet, then he must get each
coupon at least once, which is equal to number of positive integral
solutions of the equation. The number of such solutions is *~'C,
=7C, = 35. Then, the probability that he gets exactly one free packet
is

(35 - 1)/165 = 102/495.

The probability that he gets two free packets is 1/''C, = 1/165.

For Problems 7-9

7.4,8.4,9.b.

Sol. 7. Let p, be the probability of being an answer correct from
section 1. Then p, = 1/5. Let p, be the probability of being an answer
correct from section 2. Then p, = 1/15. Hence, the required probabil-
ity is 1/5 x 1/15 = 1/75. '

8. Scoring 10 marks from four questions can be done in 3 +3 + 3
+ 1 =10 ways so as to answer 3 questions from section 2 and 1 ques-
tion from section 1 correctly. Hence the required probability is

IOC:‘IOCI l L 3
®c, s\1s
9. To get 40 marks, he has to answer all questions correctly and its

probability is (1/5)'° (1/15)'°. Hence, probability of getting a score
less than 40 is

10 10 10
I A I L R IR S
5 15 75
For Problems 10-12
10.c., 11.d., 12.c.

Sol. 10. x can be 2, 3, 4, 5, 6. The number of ways in which sum of
2,3, 4,5, 6 can occur is given by the coefficients of x?, x3, x*, x°, x
in

Gx+ 22+ %) (x + 257+ 3x%) = 3x% + 8x* + 14x* + 8x° + 348
This shows that sum that occurs most often is 4.

11. Sum that occurs for minimum times is 2 or 6.

12. The number of ways in which different sums can occur is 3B+
2+ 1) (1 + 2+ 3) = 36. The probability of 4 is 14/36 = 7/18.

For Problems 13-15
13.¢,14. b, 15. d.

Sol.  A: She gets a success
T: She studies 10 h: P(T) = 0.1
S: She studies 7 h: P(§)=0.2
F: She studies 4 h: P(F) =0.7
P(A/T) = 0.8, P(A/S) = 0.6, P(A/F) =04 .
PA)=PANT)+PANS)+ PANF)
= P(T) P(AIT) + P(S) P(AIS) + P(F) P(A/F)
= (0.1)(0.8) + (0.2)(0.6) + (0.7)(0.4)

=0.08+0.12+0.28=048

_ pFray=LEDAD
P(A)

_(07)(04)

T 048

_ 028 7

0.48 12



P(FIA)= PFENA)
P(A)
_ P(F)—P(FNA)
0.52
_(0.7)-0.28
0.52
_042 21
0.52 26
For Problems 16-18
16.b,17.a,18.c.
P(SNT)
Sel. PESIMT=——
o (S/T) P
05= P(SNT)
0.69

= PENT)=05x0.69=P(S) P(T)
Therefore, S and T are independent.
P(S and T) = P(SYP(T)
=0.69 x 0.5=0.345
P(SorT)=P©S) + P -PSNT)
=0.5+0.69-0.345
=0.8450
For Problems 19-21
19.d, 20. b, 21. a.
Sol. 19. Let E be the event that all the amoeba population dies out;
E, be the event that after first second amoeba splits into two;

E, be the event that after first second amoeba remains the
same. Then,

P(E) = P(E)P(EIE,) + P(E,)P(EIE,)

111 11
=+ ——

244 44
-3

32

20. After 2s, exactly 4 amoeba are alive, i.e. initially amoeba
must split into two and in 2" second again amoeba must split into
two. Hence, the required probability is (1/2) x (1/2) x (1/2) = 1/8.

21. In first second, mother amoeba splits into two with the prob-
ability 1/2.
In 2™ second, two amoeba split into two with probability

(1/2) x (1/2) = 1/4.

In 3% second, four amoeba split into two with probability
(1/2) x (1/2) x (1/2) x (1/2) = 1/16.

Hence, the probability that the population is maximum after
3sis (1/2) x (1/4) x (1/16) = 1/2.

Probability 9.67

For Problems 22-24

22.b,23.b, 24.d.
Sol. The number of cubes having at least one side painted is

9+9+3+3+ 1+ 1=26. The number of cubes having two sides
painted is 4 +4 + 1+ 1+1=12.
For Problems 25-27
25. a, 26. d, 27. b.
Sol.
25.  For the favourable cases, the points should lie inside the con-

centric circle of radius #/2. So the desired probability is given by

o)
Area of smaller circle 2 1

Area of larger circle ar? 4
26. 4 C

R(0, 60) Q

' B
(0,20)D

> X
0" A4(20.0) P(60, 0)
Fig. 9.17

Let A and B arrive at the place of their meeting ‘a’ minutes and
‘b’ minutes after 5 pm. Their meeting is possible only if
la- b1 <20 1
Clearly, 0 < a < 60 and 0 < b < 60. Therefore, a and b can be
selected as an ordered pair (a, b) from the set [0, 60] x [0, 601.

Alternatively, it is equivalent to select a point (a, b) from the
square OPQR, where P is (60, 0) and R is (0, 60) in the Cartesian
plane. Now,

la-bl<20=-20<a-b<20

Therefore, points (a, b) satisfy the equation — 20 < x -y < 20.

Hence, favourable condition is equivalent to selecting a point
from the region bounded by y <x + 20 and y > x — 20. Therefore,
the required probability is

Area of OABQCDO [:Ar(OPQR) - 2Ar(A APB)]
Area of square OPQR Ar(OPQR)

60><60—%><40><40

El
60 x 60 9
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27. Picking two points x and y randomly from the intervals [0, 2]

and [O, 1] is equivalent to picking a single point (x, y) randomly from
the resctangle S shown in the following figure, which has vertices at
(0,0) (2,0),(2,1)and (0, 1). So, we take S as our sample space. Now,
the condition y < x? is satisfied if and only if the point (x, y) lies in
the shaded region. It is the portion of the rectangle lying below the
_parabola y = x2. Therefore, the required probability is given by

Area of the shaded region

Area of the rectangle S

Area of rectangle S =2 x 1 = 2. Area of shaded region is

y
y=x
(L) (L1 2,1)
P\
0 ﬁ\o\)\ 2,0) X
Fig. 9.18

l .

fx? drvixi=ied

o -3 3
Hence, required probability is

0w | &

2
3

For Problems 28-30
28. a, 29. a, 30. b.

Sol. 28. The total number of ways of painting first column when
colours are not alternating is 2% — 2. The total number of ways when
no column has alternating colours is (2* — 2)%/2%.

29. The number of ways the square has equal number of red and
black squares is *C,,. Hence, the required probability is *C, /2.

30. This is possible only when the column are alternating red and
black. Hence, the required probability is 2/2% = 1/2%.

For Problems 31-33

31.a,32.¢,33.d.

18
31, P(A)=—
(42) 36

12 1
P(A3)=£=§

9
P(AS):%

6 1
T

Hence, A, is most probable.

1 1 1
32 P(A) ==, P(Ay) ==, P(Ag)=—
(A7) 5 (A3) 3 (Aq) P

P(A, N A,) = P(4,) P(A)

= P(A)=P@A,) P@A)
6_1.1

36 2 3

Hence, A, and A, are independent.

33. Note that A is independent with all events A,, AnALA, ...,
A,,. Now, total number of ordered pairs is 23.

(LD, (1,2),(1,3),..., L, 1D + (1, 12)
2

Also, A,, A, and A,, A, are independent. Hence, there are 25
ordered pairs.

For Problems 34-36
34.a,35. ¢, 36.c.

Sol. The scores of # can be reached in the following two mutually
exlcusive events:

(i) by throwing a head when the score is (n — 1);
(ii) by throwing a tail when the score is (n —2)

Hence,

P,=P,_, X % +P_, X % [+ P(head) = P(tail) = 1/2]

= BB +R) \ 8

+-1-[L—2 .
(adding (1/2) P, _, on both sides)

n-1

1
= P0+51311—1=P

1
=B+ Pi
n=2 2 3

' 1
=P +—=F 2
25 A (_)

Now, a score of 1 can be obtained by throwing a head at a single
toss.

And a score of 2 can be obtained by throwing either a tail at a
single toss or a head at the first toss as well as second toss.

fz = l_+. J_X_L :_3
T2 \2 2, 4

From Egq. (2), we have

1
A e b
2 4 2\2

= Pn:1 —1_Prl4
2
= El 5= 1_.1_[LA1_.2
3 3
1 2
ﬂ P”—2=_— Bl—l_—
3 2 3



For Problems 37-39
37.b, 38. ¢, 39. a.

Sol. 37. If a family of n children contains exactly k boys, then, by
binomial distribution, its probability is

i 1 k 1 n—k
Cl-ll=
2 2

Hence, by total probability law, the probability of a family of n
children having exactly k boys is given by

1 k 1 n—k
ap" "C, (E] [E] (where n > k)

Therefore, the required probability is

& e (Y1)
= zor Ck(ij [5]
k oo n-k
(3] » Ealz] o
lk 2
g e(gele]
2 2 2
1 k . p —(k+0)
-a(5) #(1-5)

= ap* @~ pY

k
2
S 2 RPN
2-p\2-p

I

Probability 9.69

38. Let A denote the event of a family including at least one
boy. Then,

k
P(A)=——
“ 2_Pl\2‘l(2 pJ

_P_
2o A7) (sum of infinite terms of G.P.)

op . )
= " 1
@2-pd-p @

39. Let B denote the event of a family including at least two or
more boys. Then,

- 82

ap’
) AN )
(2-p)*(-p)
p(B) = P(ANB) _P(B)
~ P4 PA)

(Since BC A)

__P [From Egs. (1) and (2)]

Matrix-Match Type |E

1. a—>p;b—rjc—q;d—p.

‘c ®c, _428 112 _28

P(A) = =
“ 2T 220 220 55

‘C,+°%C, 4+56 60 3

e, T 2200 220 11

P(B)=

P(C) = P(WBB or BWB or WWB or BBE)

X X—=X—=X—X—X—X
12 11 10 12 11 10 12 11 10 12 11 10

96+96+224+24 440 1
12x110 12><110 3

A M B=¢= A and B are mutually exclusive

’ 4 2 1
P(BAC)=P(BBB) = 23X 2 L
12x110 55
Also,
311
P(B)P(C) =2 x~=—
BYPO) =137

Hence, B and C are neither independent nor mutually exclusive.

8x7x4 28
12x11x10  3x55

P(C A A) = P(WWB)

1 2
P(C) P(A)=—x E 5
3 220 3x55

=> C and A are independent
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AlsO, A, B, C are mutually exclusive as A and B are mutually
exclusive.
2.a—¢q,5,s5b—ric—p,g;d—p,q,r,s.

a. Swuppose the coin is tossed n times. The probability of getting
head ox tail is 1/2. The probability of not getting any head in n tosses
is (1/2)". The probability of getting at least one head is 1 - (1/2)".
Now given that

1-(1/2y">0.8

= l <0.2
2
= 2"25

Therefore, the least value of 7 is 3.

b. The total number of mappings is »". The number of one-one
mappings isn! Hence the probability is

n_3_6_3_4
n 32 64 4 4
Comparing, we get n = 4.
¢. Given equation is
2 +2mx+m+1=0
D=4m>~8m+1)=0
m*-2m-22>0
m-12-320
= m=3,4,56,7,89,10
Also, the number of ways of choosing m is 10. Thefefore, the

required probability is 4/5.

Sk=4

d. 20P*-13P+2<0
= @P-1)(5P-2)<0

= lSPSz
4 5
2 n-1
= _l.sl+l i +l i +...+l i Sg
4 5 545 S\S 515 5
= n=2

Hence, maximum as well as minimum value of n is 2.
3.a—r,s; b—>p,qrs;c—p,qrs; d—op.

a. P(success ) = 1/2; P(failure) = 1/2

Suppose ‘n’ bombs are to dropped. Let E be the event that the
bridge is destroyed. Then,

P(E) =1~ P(0or 1 success)

n n =l
=1- [l wre, L[ L SO LIRS PP
2 2 2 2” 2”
I _n+l 2" :

— > o —2 1
107 2" 10(n+1)

b. The bag contains 2 red, 3 white and 5 black balls. Hence
P(S)=1/5; P(F)=4/5; Let E be the even of getting a red ball.

P(Ey=P(Sor FSor FFSor...] >

P(F)"sl; LAIPR
2°\5) "2

The value of n consistent is 4.

N —

¢. Let there be x red socks and y blue socks and x > y. Then

G+’ 1

x +y
c, 2
or

x(x-D+ypy-h _1
(x+y)(x+y-1 T2

Multiplying both sides by 2(x + y)(x + y — 1) and expanding, we
get

2020 -2+ 22— 2y=X+2xy+ vV —-x-y
Rearranging, we have
X-2xy+y*=x+y
= (x-yP=x+y
= |x—-yl=x+y
Now,
x+y<17
x-y< \/1_7- ‘
As x — y must be an integer, so
x-y=4
x+y=16
Adding both together and dividing by 2 yields x < 10.

d. Let the number of green socks be x > 0. Let E: be the event that
two socks drawn are of the same colour.

P(E) = P(RR or BB or WW or GG)

:-—3—+ ICZ

6+,\'Cv2 6+xC2

_ 6 + x(x—-1D
(x+6)(x+5) (x+6)(x+95)
1

~s

= 5*-x+6)=x>+11x+30
= 4-16x =0

= x=4
4a->qb—orjcos;d—r.
We have,
1
PA ﬁB):P(A)P(B):E

a. P(AuB):P(A)+P(B)—P(AmB)=l+l——l—=—l—'

3 4 12 2
S (R
AUB P(AUWUB) 3

B ) P(Br;(A' NB)) P
« (C)P(A’ B’)‘ P(A’nB) ~P(ANB)




A PAAB ., 2
d. P(Bj———P(B) —1"(:4)—3

5.a—>qs3b—picor;d—q.

Let E, denote the event that the bag contains i black and
(12 - )y white balls /=0, 1,2, ..., 12) and A denote the event that the
four balls drawn are all black. Then ’

P(E]_):%(i:O,l,Z,...,lZ)

p(-A—]-—-Ofori=0,L2,3
E.

P A =12C4 fori=4
E; c,

a. P(A) = EP(E,.)P[gj

i=0

1 4 5
=—X C,+7Cyt---
04[ en

b. Clearly,

A "c, 14
Pl— "G, "33
Ej c, 33

c. By Bayer’s theorem,

A
P(E )(——]
P(-E‘—Oj': ___m Eio

A P(A)
114
_13°33_70
1 429
5

b. Let B denote the probability of drawing 2 white and 2 black
balls. Then

P[£)=Oifi=0,lorll,12
E

i

. B iC ]2~iC
Pl =2 ——2fori=2,3,...,10
E, c,

12 B
B)=Y P(E)P| =
P(B) (E) EEJ

i=0 i

SN R
13 "¢,

2EC, x"°C, +3C, +---+°C, x ’C,)

1

1
=— x = [2{*C, '°C, +°C, °C, 4+ +°C,y ¥ C,}
137 ¢, :

+9C, x°C,]

Probability 9.71

Lt sy
13~ 495

=1

5

6.a—>qbopcoqd—s.

a. When no box remain empty, then
n(S)=38-3C2°+°C,=3(243 - 64 + 1)

=540
When each box contains equal number of balls, then

6!
n(E)= ——31 =90
213!
Therefore, the required probability is 90/540 = 1/6.

b. The required probability is

3°-3c2%+°C, 20

36 27

¢. Let A be the event that A is throwing sum of 9 and B be the
event that B throws a number greater than that thrown by A. We have
to find P(B/A)=P(AN B)/ P(A)= P(B) (as A and B are indepen-
dent). The probability that is throwing dice so that sum is higher than
Ois
P(B) = P((4, 6) or (6, 4) or (5, 5) or (6, 5) or (5, 6) or (6, 6))
6 1

T3 6
d. P(AuB)=P(A)+P(B)- P(AN B)
= P(A) + P(B) — P(A)P(B)
= 08=03+PB)-0.3P(B)
= 0.5=0.7P®B)
3
7

5 2
= PB)=1->==Z
_ ( 77

= PB)=

7.a—>q,r;b~—>r;c—>p;d_>a,b,c’d.
I'Cz -

. & =—;—2r(r—l)=(r—b)(r+b—l)

r+ b

? 2 r— 1) =(r+ b)(r+b—1)
= 2°2-2r=r+@2b-Dr+b-1
= P2-(1+2b)r+1-b=0 '
= b +2br+r—-r-1=0

po 2t Jart—4r-r =1

2

= —ri\[2r2—r+1

Since b is integer, possible values of r are 3 and 8.
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10 Y 3
. . .
G -
b 2[;~+1o] [r-HOJ 8
‘ 2 2
r oY 1
¢ r+10) \r+10) 16

= r=10

d. Probability of getting exactly » red balls in 2n draws is always
equal to probability of getting exactly n black balls in 2n draws for
any value of r and b, hence the ratio #/b can be 10, 3, 8, 2.

8.a—rb—pjc.—oqd—s.

a. The required event will occur if last digit in all the chosen num-
bers is 1,3, 7 or 9. Therefore, the required probability is (4/10)".

b. The required probability is equal to the probability that the last
digit is 2, 4, 6, 8 and is given by P (last digitis 1,2,3,4,6,7,8,9) -P
8” _ 4” -
10[!

c. P(1,3,5,7,9-PQ1,3,7,9) =

(last digitis 1,3,7,9) =
5" _ 4"

10

d. The required probability is

(10" _ 8") _ (511 _ 4!1)

P(0,5)-P(5)=
10"

10" 8" 5" 4 4

10"
Integer Type

1.(2) Total number of cases = n(S) = 6!

Now sum the given digitsis 1 + 2+ 3+ 4 + 5 + 6 = 21, which is
divisible by 3. :

Now we have to form the number which is divisible by 6, then we
have to ensure that the digit in unit place is even.

—> Favorable cases = n(4) =3 - 5!

Hence, P4) = > = L.

6! 2

2.(6) Total number of cases n(S) = 6> =216

Product is prime only when two outcomes are | and the third is
prime i.e. 2, 3, 5.

If itis 2, 1, 1, then the number of cases is 3.

Similarly, 3 cases for 3, 1, 1 and 5, 1, 1 each

Hence, favorable cases = 9.

Hence, required probability p = 1
] 24
= —=6
4p
3.(7) Let the probability of the faces 1, 3, 5 or 6 be p for each
face. v
Hence, probability of each of the faces 2 or 4 is 3p
Now according to the question 4p + 6p = 1
1
— p = —
10

P(1)=P(3)=P(5)=P6) = %

" and P2) =P(4) = 3

10

=  Required probability
p = P(total of 7 with a draw of dice)

= P(16, 61, 25, 52, 43, 34)

10 10 10 10 10 10
246+6 14 7

100 100 S0
4.(1) There are n white balls in the turn.

= Probability of Mr. A to draw two balls of same color is

°C, +"C,
ne3c,

6+nn-1) 1

n+3)(n+2) 2

= m-Tn+6=0
= n=1lor6 ey
Also required probability for Mr. B according to the question is

3 3 LN n__S

n+3n+3 n+3n+3_8

1., .
=— (given)
> g

(given)

Solving, we get = 10n+9=0;n=10r9 )
From (1) and (2),n=1 '

5.(2). When A and B are mutually exclusive, P(A " B) =0

P(AU B)=P(A)+ P(B) (H
= 08=05+p
= p=03 )]

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

= 08=05+4¢-(05)¢

= 03=g¢g7

= ¢g=06 3
= glp=2

6.(4) Let the number of green socks be x > 0.
E: Two socks drawn are of the same color
= PEY=PRRorBBorWWor GG)

_ 3 . G,
6+.\-C2 6+.rC2
6 . x(x=1) :i
(x+6)(x+5) x+6)(x+5 5
5(2—x+6)=x*+ 11x+30

4x* - 16x=0
x=4

(given)

Lil

~3

«(7) Let there be x red socks and y blue socks. Let x >y
C, +°C, _1
X+ ¥ C2 2
x(x=D+yy-D 1
x+y&x+y-1) 2

Then

2% -2+ 2yt =2y =X+ 2xy+ ¥y —x—y.
X2=2xy+y’=x+y
(x—yP=x+y

Lul



= lx-yl=x+y"

Since x+y< 17,x-y$«/ﬁ.

As x —y must be an integer = x—y =4

x+y=16

Solving, we getx="7.

8.(6) Let the two numbers are ‘a’ and ‘b’

According to the questiona+ b =4p anda—b=4qg where p,ge |

= 2a=4(p+qand2b=4({p—-q)

= a=2[ andb=2I,

Hence, both a and b must be even.

Also if (a — b) is a multiple of 4 then (a + b) will also be a multiple
of 4.

Hence, n(S)="C,

n(A) = (0, 4), (0, 8), (2, 6), (2, 10), (4, 8), (6, 10) 6

6 6

Pa= e, 55
9.(3) For ranked 1 and 2 players to be winners and runners up,

respecti vely, they should not be paired with each other in any round
30 14 6 2 16

X
31157331

10.(4) Total ways of distribution = n(S) = 4°
Total ways of distribution so that each child get at least one game
nE)=4-*C 3*+4C,2°-*C,
=1024-4x243 +6%x32-4=240,
n(E) 240 15
n(S) 4 64

=p=

Required probability p =

11.(5) P(n) = Kn?
Given P(1) = K; P(2) =2°K; P(3) = 3*K; P(4) = 4* K; P(5) = 5°K;

P(6) = 6°K
Total =91 K =1
= K= -1—
91

1
P = s P(2) = % and so on

Let three events A, B, C are deﬁned as
Aa<b
B:a=b
C:a>b
By symmetry, P(A) = P(C). Also P(A) + P(B) + P(C) =1 (1)

6
Since  P(B) = X[PH)I
i=1

_[1+16+81+256+625+1296}

91x91
2275 25
“9191 91
Now 2P(A)+ P(B) =1
= PA)= l [1-P(B)] = 33
2 91

12.(5) The number of ways of drawing 7 balls (second draws) -

= IOC i
Fc7)r each set of 7 balls of the second draw, 3 must be common to
the set of 5 balls of the first draw, i.e., 2 other balls can be drawn in
3C, ways. . ~
Thus for each set of 7 balls of the second draw, there are 'C,x*C,
ways of making the first draw so that there are 3 balls common.

Probability 9.73

Hence, the probability of having three balls in common is

GXG 5
¢, 12
13.(6) P(A/B) = %;)i) - g;g _ %

(Maximum value of P (A N B) = P(A) = 0.6)

14.(5) Highest number in three throws 4
= At least one of the throws must be equal to 4.
Number of ways when three blocks are filled from {1,2,3,4} =
number of ways when filled from {1,2,3} =33
.. required number of ways = 4° — 3°
£-3 37
& 216 .
15.(4) Let event A: Card is of heart but not king (12 cards)
Event B : King but not heart (3 cards) .
Event C: Heart and king (1 card)

Probability p =

required probability
2c.’c+ C.'C +‘c e 2
p = P(E) - 52 5
104 p =4 G

Subjective Type

1. To draw 2 black, 4 white and 3 red balls in order is same as
arranging two balls at first 2 places, 4 white balls at next 4 places, (3"
to 6™ place) and 3 red balls at next 3 places (7* to 9™ place), i.e., B,B,
W W,W,W R R R, which can be done in 2! x.4! x 3! ways. And total
nurnber of ways of arranging all 2 + 4 + 3 = 9 balls is 9! Therefore

the required probability is

20x4tx 3t 1
9! 1260

2. (i) The number of ways in which all the 6 girls sit together
is 6! x 7! (considering all 6 girls as one person). Therefore, the
probability of all girls sitting together is (6! x 7!)/12! = 720/(12
x 11 x 10 x 9 x 8) = (1/132).

(ii) Starting with a boy, boys can sit in 6! ways leaving one place
between every two boys and one at last

These places can be occupied by girls in 6! ways. Therefore, if we
start with a boy, number of ways of boys and girls sitting alternately
is 6! x 6! ’

G_ GG GGG

Thus total number of ways of alternative sitting arrangements is
6! x6!+6!x6!=2x6!x6!

Therefore, the probability of making alternative sitting arrange-
ment for 6 boys and 6 girls is

2% 6!x 6! _ 2720 _ 1
121 12x11x10X9x8x7 462

3.a. Let us define the events as follows:

E, = First shot hits the target plane,
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E, = Second shot hits the target plane
E, = Third shot hits the target plane
E, = Fourth shot hits the target plane
Given
P(E)=04,P(E)=03,PE)=02,PE)=0.1
= P(E)=06,PE,)=07,PE)=08PE)=09

Now the gun hits the plane if at least one of the four shots hit the
plane. Therefore,

P(at least one shot hits the plane)

=1 — P (none of the shots hits the plane)
=1-PE NE,nE,NE)
=1-P(E) P(E,) P(E,) P (E,)
=1-06x07%x08x0.9

=1-0.3024 = 0.6976

4. PA)=05PANB)<03

So,
P(A U B)= P(A) + P(B) - P(A N B)
gives :
P(B) = P(A U B) - P(A) + P(A N B)
<1+03-05

=08 [** PAUB)<1]
Hence, P(B) = 0.9 is not possible.

5. 'We must have one ace in » = 1 attempts and one ace in the a"
attempt. The probability of one ace in first n — 1 attempts is

4C’l X 48Cu—2
% Cn—l
and one ace in the n'™ attempt is
’c, 3
[52-(n-D] 53-n

Hence, the required probability is

4% 48! L (n-DNS3-mt 3
(n-2)1(50 - n)! 521 53—n

_ n=-1)(52-n)(S1-n)
50x49x17x13

6. Since P(A U B U C)>0.75, therefore,

075<PAUBULU(O)Z]

0.75 < P(A) + P(B) + P(C)
-PANB)-PBNCO-PANCO)+PANBNC)L1

075<03+04+0.8-008-PBNC)-0.28+009<1

075<123-PBNO)<1

-0.48<-P(BN(C)<-0.23

0.23<PBNC)<048

U

L e g

7. Given that A and B are independent events.

P (A N B) = P(A) P(B) 1
Also given that
P(A N B) =1 o))
6
and
P(ANB)= % 3)
Also,

P(AnB)=1-PAUB)

= P(ANB)=1-P@A)-PB)+PANB)
= l—1—P(A)—P(B)+l
3 : 6

= PA)+PB)= % 4

FromEgs. (1) and (2), we get
P P(B) = )

Let P(A) = x and P(B) = y. Then Eqs. (4) and (5) becoxﬁe

ry=2
7%

x)’=g

Solving, we get x = 1/2 and y = 1/3 or x = 1/3 and y = 1/2. Thus,
P(A)=1/2or 1/3.

8. Let P(A) and P(B) be the percentage of the population in a
city who read newspapers A and B, respectively. Therefore, P(A)
=25/100 = 1/4, P(B) = 20/100 = 1/5 and P(A n B) = 8/100 = 2/25.

Therefore, percentage of those who read A but not B is
P(A N B)=P(A)-PANB)
=1/4-2/25
=17/100=17%
Similarly,
P(BNA)=P(B)-P(ANB)=3/25=12%
Therefore, percentage of those who read advertisements is

30% of P(A B)+40% of P(B M A)+50% of P(A N B)

_30 17 40 3 50

= X X —+ xi:—l-3—9~=13.9%
100 100 100 *25 100 25 1000
Hence, the percentage of the population who read an advertise-
ment is 13.9%.

9. The total number of ways of ticking one or more alternatives
out of 4 is *C, + *C, + “C, + *C, = 15. Out of these 15 combina-
tions, only one combination is correct. The probability of ticking the
alternative correctly at the first trial is 1/15 that at the second trial is
(14/15)(1/14) = 1/15 and that at the third trial is (14/15)(13/14)(1/13)
=1/15.



Thus, the probability that the candidate will get marks on the ques-
tion if he is allowed up to three trials is 1/15 + 1/15 + 1715 +=1/5.

10. Let £, denote the event that the lot contains 2 defcetive articles
and E, the event that the lot contains 3 defective articles. Suppose
that A denotes the event that all the defective articles are found by the
twelfth testing. we have,

P(E)=04,P(E)= 0.6
Now, -
_P(El) +P(E)=04+06=1

Therefore there can be no other possibility. Now,

Coylicy _1_ 11

P(AIE) =
WE) *cy) 9 190

(Here up to 11" draw, 1 defective and 10 non-defective articles are
drawn and the second (i.e. last) defective article is drawn at twelfth
draw.)

Also,
ic)d’cy) 1011
pajEy=2C9) Lo 20
*c,) 9 128

{Here up to 11* draw, 2 defective and 9 non-defective articles are
drawn and the third (i.e. last) defective articles is drawn at the twelfth
draw.]

We have,
P(A) = P(E,) P(A/E) + P(E,) P(AIE)

=0.4><L1—+0.6><—1—1—=—99—
190 228 1990

11. The man can be one step away from the starting point if (i)
either he is one step ahead or (ii) one step behind the starting point.
Now if at the end of the 11 steps, the man is one step ahead of the
starting point, then out of 11 steps, he must have taken six forward
steps and five backward steps. The probability of this event is

G, x (0.4)° x (0.6)° = 462 x (0.4)° x (0.6)°

Again if at the end of the 11 steps, the man is one step behind the
» starting point, then out of 11 steps, he must have taken six backward
steps and five forward steps. The probability of this event is

e, x (0.6)° x (0.4)° =462 x (0.6)° x (0.4)°

Since the events (i) and (ii) are mutually exclusive, therefore the
required probability that one of these events happens is

[462 x (0.4)° x (0.6)°] + [462 x (0.6)° x 0.4y]
=462 x (0.4)° x (0.6)°* (0.4 + 0.6)

=462 x (0.4 x 0.6)°

=462(0.24)°

12. For the first two draws, following events may occur.

E: Both the balls are white

- First is white and second is black

EZ
E; First is black and second is white
E,: Both the balls are black

Probability 9.75

Let E represent the event that the third ball is black. Then,

2.3 3
PE=7510

The four events E, E,, E; and E, are mutually exclusive and
exhaustive. Using the theorem of total probability,
P(E)=P(E)) P(EIE)) + P(E) P(EIE,) + P(E,) P(EIE})
+ P(E,) P(E/IE,)
1 3 1 3 1.3 3 4 23
S X=Xt =Xt X ==
62 3 4 5 4 10 6 30
13. Here the total number of coins is N + 7. Therefore, the total
number of ways of choosing 5 coins out of N+ 7 is "* C,.

Let E denote the event that the sum of the values of the coins is
less than 1 rupee and 50 paise. Then, E’ denotes the event that the
total values of the five coins is equal to or more than 1 rupee and 50
paise. The number of cases favourable to E is

2C, x°C,x"Cy + °C, x3C, % NC,+2C, % 5C, xMC,

=2x5+10+ 10N

= 10(N + 2)
PeED 10(N +2)
- N+7C5
10(N+2)
= P(E):l—P(E’):l—TTC_—

14. The probability p, of winning the best of three games is equal
to the sum of the probability of winning two games + the probability
of wining three games, which is given by

3C, (0.6) (0.4)° +°C, 0.4

=0.288 + 0.064 = 0.352 [Using binomial distribution]

Similarly, the probability of winning the best five games is
p, = probability of winning three games
+ probability of winning four games
+ probability of winning 5 games
=3C, (0.6 (0.4)* +°C, (0.6) 0.4y +°C, (0.4)
=0.2304 + 0.0768 + 0.01024
=0.31744

Asp >p, therefore A must choose the first offer, i.e., best of three
games.

15. LetA={a, a, -...a,} Let S be the sample space and E be the
event that P N Q = ¢. The number of subsets of A is 2". Each one of
P and Q can be selected in 2" ways. Hence, the total number of ways
of selecting P and Q is 2" 2" = 4".
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Now for P " Q = ¢, element of A either does not belong to any
of suxbsets or it belongs to at most one -of them. Therefore, for each
element, there are 3 choices, namely

(i a¢PaeQ

(i) a¢ Pag Q

(iii) a.¢ P,a,¢ Q

Therefore, the total number of ways of selecting P and Q such

that
PN Q= ¢are (3)" [3 for each element of A].

n(E)y=13"
Hence,
3 (3Y
P = —=| —
®-%-(3)

16. Let G denote the event the examinee gueses, C denote the event
the examinee copies and K the event the examinee knows. Then given
that P(G) = 1/3, P(C) = 1/6 and P(K) = 1 — 1/3 — 1/6 = 1/2. Here, it
has been assumed that the events G, C and K are mutually exclusive
and totally exhaustive. If R denotes the event that the answer is right,

then

P(RI/G) = 1/4, as out of the four choices only one is correct. P(R/C)
= 1/8 (given). Also, P(R/K) = 1 since the probability of answering
correctly when one knows the answer is equal to 1.

Now by Bayes’s theorem, the probability that he knows the

answer, given that he answered correctly is given by

P(K) P(R/K)
P(G) P(R/G) + P(C) P(R/C)+ P(K) P(R/K)

P(K/R)=

1/2)x1 24

(1/3) (/4 +(1/6) (1/8) + (1/2)><1 29

17. Let X = defective and Y = non-defective. Then, all possible
outcomes are {XX, XV, YX, YY}. Also,

50 50 1
PO = 00 % 100~ 3
5050 1
PN = 00 100" 2
50 50 1
P = 100" T00 " 4
0
Fom = 1% 150?) :%
Here,

A =(XX) U (XY); B=(XY) U (YY); C=(XX) U (YY)
11 1

PA)=P PXY)= -3 —-==

(A) = P(XX) + P(XY) 4+4 >

P(B)=P(XY)+P(YX)=%+l:%

N

Now,

1
P(AB)=P(XY)= i P(A) P(B)
Therefore, A and B are independent events.

PBC)=PIX)= i = P(B) P(C)

Therefore, B and C are independent events.
1
P(CA)=P(XY)= ig P(C) P(A)

Therefore, C and A are independent events.
P(A B C) =0 (impossible events)
# P(A) P(B) P(C)

Therefore, A, B, C are dependent events. Thus, we can conclude
that A, B, C are pairwise independent, but A, B, C are dependent.

18. The given numbers are 00, 01, 02, ..., 99. There are total 100
numbers, out of which the numbers, the product of whose digits is
18, are 29, 36, 63 and 92.

41
P —
P=PE=100725
= =]- —E
TP s

From binomial distribution,

P(E occurring 3 times) + P(E
occurring 4 times)

P(E occurring at least 3 times) =

= 4(:'3 p3q + 4C4p4

(5] (555

_ 97
s
19. E, = number noted is 7
" E, = number noted is 8.
H = getting head on coin
T = getting tail on coin

Then, by total probability theorem,
P(E)) = P(H) P(E /H) + P(T) P(E/T)
_ P(E,) = P(H) P(E/H) + P(T) P(ET),
where P(H)=(1/2), P(T)=(1/2) and P(E/H) is the probability of
getting a sum of 7 on two dice.
Here, favourable cases are {(1, 6), (6, 1), (2, 5), (5, 2), (3, 4) (4, 3)}.
6 1
PE/H) = —=—
(E/H) 36 6
Also, P(E|/T) is the probability of getting ‘7
of 11 cards

> numbered card out

P(EJ/T) = U11.

P(E,/H) is the probability of getting a sum of 8 on two dice.
Here, favourable cases are {(2, 6) (6, 2) (4, 4), (5, 3), (3, 5)}.

5
P(EJH) = =

The probability of getting ‘8’ numbered card out of 11 cards is
/11
1 1 1 _11+6 17

111
- ._+_ —_— = —
276 2 11 12 22 132 132

5 11 1[55+36}_ 91

PEy=tx> ply Ll 1 =
2736 2711 2| 39 | 792

P(E) =




Now, E| and E, are mutually exclusive events, therefore
P(E,JE,) =PE)+PE)
17 91
= —F —
132 792

_102+91
T2
=193 0.2436
792
20. We have 14 seats in two vans and there are 9 boys and 3 girls.
The number of ways of arranging 12 people on 14 seats without

restriction 1S

14!
“P,= > =7(131)

Now, the number of ways of choosing a van is 2. The number of
ways of arranging giris on three adjacent seats is 2(31). The number
of ways of arranging 9 boys on the remaining 11 seats is "P,. There-
fore, the required number of ways is

1
2><(2x3!)x“1>9=i'21'i12!

Hence, the probability of the required events is
12! 1

7x13! 91

21. a. The probability of S, to be among the eight winners is equal
to the probability of S, winning in the group, which is given by 1/2.

b.If §,and S, are in the same pair-then exactly one wins.

If S, and S, are in two separate pairs, then for exactly one of S , and
S, to be among the eight winners, §, wins and S, loses or S, loses and
S, wins.

Now the probability of S, S, being in the same pair and one wins
is (Probability of S|, S, being in the same pair) x (Probability of any
one winning in the pair). And the probability of S|, S, being in the
same pair is

n(E)
n(S)

The number of ways 16 players are divided into 8 pairs is
1!

(218 x8!

n(S)

The number of ways in which 16 persons can be divided in 8 pairs
so that S, and S, are in same pair is

14!

nE) = ST

Therefore, the probability of S, and S, being in the same pair is

14!
@N'x7! _ 21x8 1

16 16x15 15
(21)% 8!

The probability of any one winning in the pair of

S, S, is P(certain event) = 1.

Hence, the prbability tha the pair of S, S, being in two pairs sepa-
rately and any one of §|, S, wins is given by the probability of §, 5,
being in two pairs separately and S, wins, S, loses + the probability

Probability 9.77

of §,, §, being in two pairs separately and $, loses, S, wins. Itis given

by
1 1 1 1 P o1
|-—|X=X=4|1l-—|X—X—
5] 2 2 15] 2 2

14 7

_1
2715 15
Therefore, the required probability is (1/15) + (7/15) + (8/15).

22. The required probability is 1 — (probability of the event that
the roots of x + px + g = 0 are non-real). The roots of x* + px +¢
= 0 will be non-real if and only if

PP —4g<0orp’<dq.

We enumerate the possible values of p and ¢, for which this can
happen, in the following table.

q 4 “| Number of pairs of pq

L BT

2. 1,2 ' 2
3 1,23 3
4 1,23 3

5 1,2,3,4 4

6 | 1,234 4
x| 1L2,3,45 5
8 | 123,450 5
9 1,2,3,4,5 s
10| 1,2,3,4,56 6

Thus, the number if possible pairs is 38. Also, the total number of
possible pairs is 10 x 10 = 100. Therefore, the required probability is
1-(38/100)=1-0.38=0.62.

23. Given that p is the probability that the coin shows a head, then
1 — p will be the probability that the coin shows a tail. Now,

a = P(A gets the 1" head in 1* try) + P (A gets the 1" head in
2 try) + -
= a=PH) +P(T) P(T) P(T) P(H) + P(DP(T)
x P(DP(DP(TP(T)P(H)

=p+(l-pl+1A-pPp+--

=pll+(-plP+1-p)+-]

p
= £ 1
1= (=py | v
Similarly,
S = P(B gets the 1* head in 1* try) + P(B gets the 1* head in 2
try) + -+
= P(T)P(H) + P(T) P(T) P(T) P(T) P(H) + -+
=(1-pp+(A-p)p+--
1-—
__a=-p b @
1-(I-p)
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From Egs. (1) and (2), we get

B=01-pl
Also, Egs. (1) and (2) give expressmn for a and f in terms of p.
Also,

a+ f +y=1 (exhaustive events and mutually exclusive
events)

= y=l-a-§

=l-a-(1-pa
=1-(2-pa
=1-(2-pa
=1—a—phjﬁ%;7
_1-0-p’-Qp-p’
l-(-py

1—1+p ++3p(l—p)— 2p+p
1-(-py

_P-2p+p

1-(1-p)’
_pp=2p+])

1-(1-p)
__p-p)

1-(1-p)’

4. B P B P B P P A
0O 0 0 0 O 0 0 O

Given thatif P, , P, play with i < j, then P, will win. For the first
round, P, should be palred with any one from P to P,. It can be done
in *C, ways. Then P, to be the finalist, at least one player from P, to
Py qhould reach in the second round. Therefore, one pair should be
from remaining 3 from P, to P, in *C,. Then favourable pairings in
first round is *C, °C,*C,. Then in the 2 round, we have four players.
Favourable ways is 1. Now total possible pairings is

8¢, x8Cyx*C,x*C, 9 4C, % *C,

41 2! . .
Therefore, the probability is

‘¢, e, ’c, 412! 4

8C7 6C7 4C7 C7 4C2 2C-> 35

25. Given that the probability of showing head by a coin when
tossed is p. Therefore the orobability of coin that no two or more
consecutive heads occur when tossed # times is given as follows.

The probability of getting one or more or no head, i.e., probabil-
ity of getting Hor Tis P,= 1.
Also, the probability of getting one H or number H is
p, = P(HT) + P(TH) + P(IT)
=p(1-p)+p(l-p) P+ (1-p)(1-p)
=1 —pz
Forn >3:

The probability that (0) two or more consecutive heads occur
when tossed n times is

p, = p(last outcome is T) P(two or more consecutive heads
in (n — 1) throws) + P(last outccme is H) P((n — 1)*
throw results in a T) P(number two or more consecutive
heads in (n — 2)n throws)
=(1-pP,_,+p1-p)p,_,
Hence, proved.

26. Let W, (B)) be the event that a white (a black) ball i§ drawn in
the first draw and let W be the event that white ball is drawn in the
second draw. Then,

P(W) = P(B) P(WIB,) + P(W,) P(WIW,)

n m m  m+k
+

m+nm+n+k m+nmi+ntk

_ mn+m+k)
(m+n)(m+n+k)

m

m+n

27. The total number of outcomes is 6". We can choose three num-
bers out of 6 in °C, ways. Now these three numbers must appear at least
once in n throws whxch is equivalent to number of ways of filling 3
boxes with r different objects if no box remains empty which is done in
3"—3C,2" + *C, ways. Hence, favourable number of cases is ¢C, x (3" -
2+ qC - Hence, the required probability is

8¢, 13" —3(2") +3]
6ll
28. Let E, be the event that the coin drawn is fair and E, be the
event that the coin drawn is biased.
N-m

P(E) = %'and P(Ey) =———

A is the event that on tossing the coin, the head appears first and
then appears the tail.

P(A) = P(E, N A) + P(E, N A)
= P(E,) P(AIE)) + P(E,) P(AIE,)

SEEEE o

We have to find the probability that A has happened because of E..

p(EI/A):m
P(A)
fl(lj
- N 2 [Using Eq. (1)]
w35 3)6)
N2 N 33
- m/4 __9m
m/4+2(N9—m) m+ 8N

29. Let us consider the following events.

E: everit of passing I exam
E .

5-

event of passing I exam

E.: event of passing I exam

Then a student can qualify in anyone of following ways.



1. He passes first and second exam.

2. Fle passes first, fails in second but passes third exam.
3. He fails in first, passes second and third exam.
There fore, the required probability is

- P(E)P(E,E,) + P(E)) P(E,E)) P(E,JE,)
+ P(E,) P(E,JE,) P(EJE,)

[as an event is dependent on previous one}

=pp+p(l—p)§+(1—p)§p

P p P p

R 3
=pry—- L 5
=2p’-p*
30. Let us consider the following events:
E:Ahits B; P(E))=2/3
E_: Bhits A; P(E,)=1/2
E.: Chits A; P(E)=1/3
E: Aishit
P(E)=P(E,VE,)
—1-P(E,NEy)

=1- P (E,)-P(E;)

=1-

N | —
Wi

2
3

Now, B
- P(E, NEy)
P((E, » Ey)[E) = —2—3=
(B, ™ Ey)/E) P E)
[ P(E,nENE)=PE,NE),
i.e., B hits A and A is hit = B hits A]

_ P(Ey) P(E;)
P(E)

_12x2/3 1

T3 T2

31. Given that A and B are two independent events. C is the event
in which exactly one of A and B occurs. Let P(A) = x, P(B) = y.
Then, B B

P(C)=P(ANnBY+ P(ANB)
= P(A) P(B) + P(A) P(B) [ if A and B are indepen-
dent so are ‘A and B'and A and B]
= PO =x(1-y+y1-x (1
Now consider,
P(A U B) P(A N B) = [P(A) + P(B) — P(A) P(B)] [P(A) P(B)]
=(x+y-x)(1-x1-y)
=+ (1-0D0-y)-xy(l-x) -y -
x@x+y) (I-x -y
<x(l-x)(f =y +y(1-x -y
<x(1—y)+y(1-x) -1 =)=y (1 =x) + -
+x(l-y)+y(1-x)

[~ x,ye(0, 1]

Probability 9.79

<P(C) [Using Eq. (1)}
Thus P(C) = P(A U B)P(A  B) is proved.

32. Let us define the following events
A: 4 white balls are drawn in first six draws
B: 5 white balls are drawn in first six draws
C: 6 white balls are drawn in first six draws

E: exactly one white ball is drawn in next two draws (i.e. one
white and one red)

Then
P(E) = P(E/A) P(A) + P(E/B) P(B) + P(EIC) P(C)
But
P(E/C) = 0 [as there are only 6 white balls in the bag]
P(E) = P(E/A) P(A) + P(E/B) P(B)
~ e, % 2, 20, 6C,
¢, B¢, ) e,

ne x'c 2¢ % °C

5

33. Letus define the following events ‘
C: person goes by car
S: person goes by scooter
B: person goes by bus
T: person goes by train
L: person reaches late
Then, we are given in the question

1 3 2 1
P(C)==,P(S)=>, P(B)==, P(T)=—
() = ) 7 (B) 7 (€)] 2

2 I 4 1
P(LIC)==, P =— P(LIBy=—,P(LIT)=—
(LIC) =5, PULIS) =5, P(LIB) = 5. PLLIT) = 5

We have to find P(C/Z) [Since reaches in time = not late]. Using
Bayes’s theorem,

P(LIC)PC s
P(L/C) P(C)+ P(LIS) P(S)+ P(L/B) + A(LIT) P(T)

)]

P(CIL) =

Now,

P(LICY=1-

2 ,P(E/S):1—1=§
9 9 9
4

| i NN

- - 1 8
P(L/IB)=15~=>,P(LIT)=1-~=~
(L/B) 5 (LIT) 5° 79

5’
Substituting these values in Eq. (1), we get
7 1

X

P(C/Z)=7 1 3 Z

977 9 9

_ 7 11
7+24+10+8 49

9

3
X=+=X=+—X—

7 .

Objective Type

Fill in the blanks

1. LetE, be the event that face 1 has turned up and E, be the event

that face 1 or 2 has turned up. By the given data,

P(E)=0.1+032=042, P(E, NE)=0.1
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Given that E, has happened and we have to find then the probabil-
ity of happemng of E. Therefore, by conditional probablhty theo-
rem, we have

P(E, N E,)
P(E,)

1

2

1_3(E1/E2) =

<o

"
S s

SRR

2. Given that
PAUBY=PANB)

= PA)Y+PB)-P(ANB)=PANB)

= [PA)-PANB]+[PB)-PANBN=0

But

PAY-PANB)>0and PB)—PANB)>0
. [-- P(A nB) < P(A), P(B)]

= PA-PANB=0 and PB)-PANB)=0
[since sum of two non-negative numbers can
be zero only when these numbers are zeros. ]

= P(A)=P(B)=P(A N B)

which is the required relationship.

3. Let A be the event that maximum number on the two chosen
tickets is not more than 10, and B be the event that minimum number
on them is 5. We have to find P(B/A). We know that

P(BN A)

P(B/A)= PA)

The total ways of selecting two tickets out of 100 is '“C,. The
number of ways favourable to A is the number of ways of select-
ing any 2 numbers from 1 to 10, i.e., '°C, = 45. A N B contains one
number 5 and other greater than 5 and < 10. So, number of ways
favourable to A M B is °C, = 5. Therefore,

45
P(A) =15

’ 5
P(BNA)=P(BNA)= 1~

2
Thus,

5/'%c, 5 1
PBIAy="L_~2 = __
B 45/1%¢c, 45 9

4. Let,

+3p

=2p
A)y=—"5 P(B)=—+ —r
P(A) 3 , P(B)= 2 P(C)

A, B and C are three mutually exclusive events.
P(A)+ PB)+ P(C)< 1

l+3p+1—p
3 4
= 4+12p+3-3p+6-12p<12

= p<In3 ey
Also,
0SPALI=0<

+I—2p<I <1
2

1+3p<1
3

0<1+3p<3
i 2
= -—~<p<Z 2)
3 P73 (

0<PB)<1=0< 4P<1

= -3<p<lI 3)

OSP(C)51:>OS% <1

= —— <p< )

1
2
Combining Egs. (1), (2), (3) and (4), we get

1
2

lgpgl

3 2
5. First draw is from P, second draw is from Q a.nd third draw is
from P. There may be following cases:

Case I:
R—-R—R
The required probability is (6/10) x (5/11) x (6/10) = (18/110).

Case II:
R —B—>R
The required probability is (6/10) x (6/11) x (6/10) = (18/110).

Case III:
B—R—>R
The required probability is (4/10) x (4/11) x (7/10) = (56/550).

Case IV:
B—B—R
The required probability is (4/10) x (7/11) x (6/10) = (84/550).

Therefore, the total probability is

18 18 56 B4 _ 90+90+56+84

110 110 550 550 550
320 _ 32
U550 55

6. Probability of getting a sum of 5 is 4/36 = 1/9 = P(A) as favour-
able cases are {(1,4), (4, 1), (2,3) (3, 2)}. Similarly, favourable cases
of getting a sum of 7 are {(1,6). (6, 1), (2,5),(5,2), (3,4, 4, 3)}.
The total number of such cases is 6. Therefore, the probability of get-
ting a sum of 7 is (6/36) = (1/6). The probability of getting a sum of
5o0r7is (1/6) + (1/) + (5/18) (As events are mutually exclusive).

Hence, the probability of getting neither a sum of 5 nor a sum of
7is1—(1/18) = (13/18).

Now, we get a sum of 5 before a sum of 7 if either we get a sum of
5, in first chance or we get neither a sum of 5 nor a sum of 7 in first
chance and a sum of 5 in second chance and so on. Therefore, the
required probability is
1 13 1 13 13 1

— — 4= — 4 .00

918918189



1/9
1 -13/18
1,182
9 5 5
7. PA wB)=08
P(A UB)=PA)+ PB)-PANB)
= P(A) + P(B) — P(A) P(B)
[as A and B are independent events]
= 0.8 =03+ P(B)-03P(B)
= 0.5 =0.7 P(B)
= P(B)=5/1

8. Sample spaceis {Y, Y, Y, R, R, B}, where Y stands for yellow
colour, R for red and B for blue.

The probability that the colour yellow, red and blue appear in the
first, seconnd and third tosses, respectively, is (3/6) x (2/6) x (1/6) =
(1/36).

9. Given that P(A°) = 0.3, P(B) = 0.4 and P(A N B) =0.5.
Then, )

C
PLBIA LB = LENAVE)]

P(A U B)

_P(BaAUBNEY))
P(AUB)

P(AnB)
P(A)+ (B°)— P(AN B%)

_ P(A)-P(ANB°)
- P(A9) +1~(B)— P(AN B°)

~ 1-03-0.5

T 1-03+1-04-0.5
02 1

08 4

10. Let E, be the event of getting minimum number 3, E, be the
event of getting maximum number 7. Then,
P(E) = P(getting one number 3 and other 2

from numbers 4 to 10)
lex’c 1
e, 40
Similarly,

P(E,) = P(getting one number 7 and other 2
from numbers 1 to 6)
'c,x°Cc, 1

IOC~3 8

P(E, U E,) = P (getting one number 3, second
number 7 and third from numbers 4 to 6)

- P(E,UE,) =P(E,)+P(E,)~PE NE)

Probability 9.81

7 1 1
= —4+———
40 8 40
_7+5-1
T 40
_u

40
True or false

1. Let E be the event ‘no two S’s occur together’. A, A, I, N can
be arranged is 4!/2! = 12 ways.
—A—A—I—N—
In the arrangement shown above there are 5 places for four S.
Out of 5 places, 4 can be selected in °C, = 5 ways. There-
fore, no two S’s occur together in 12 x 5 = 60 ways. Hence, the
total number of arranging all letters of word ASSASSIN is
81/(4! 21) = 840. Therefore, the required probability is (60/840) =
(1/14). Now,
P(A) + P(B) - P(A) P(B)=02+03-02x0.3
=0.5-0.06=044
#0.5
Hence, the statement is false.

2. P(A U B) = P(A) + P(B)— P(A N B)

Multiple choice question with one correct answer

1.d. The two events can happen simultaneously, e.g., 2, 3).
Therefore, they are not mutually exclusive. Also, the two events are
not dependent on each other.

2.a. PAUB) =PA)+PB)-PANB)
=0.25 +0.50-0.14
=0.61
PA' NB) =P(AUB))=1-PAUB)
=1-0.61=039
3.b. p=04,4=06

PX>1)=1-PX=0)
=1- 3C0 (0.4)° (0.6)°
=1-0.216=0.784
P(ANB)
P(B)
P(AUB)
P(B)
1-(AU B)
P(B)

4.¢. P(AIB)=

5.d. Since there are 15 possible cases for selecting a coupon
and seven coupons are selected, the total number of cases of select-
ing seven coupons is 157. It is given that the largest number on the
selected coupon is 9. Therefore the selection is to be made from the
coupons numbered 1 to 9. This can be made in 9’ ways. Out of these
97 cases, 87 cases do not contain the number 9. Thus, the favourable
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nurnber of cases is 97 - 87. Hence, the required probability is (97 — 87)/
(157).

6. d. Let p be the probability of one coin showing head. Then the
probability of one coin showing tail is 1 — p. According to question,
the coinis tossed 100 times and probability of 50 coins showing head
is equal to the probability of 51 coins showing head.

Using binomial probability distribution P(X = r) = "C_p" ¢"~, we
get
lOOCSPSO(l _p)50= 100C51p51(1 _p)49
1-p_ "¢ _ 501501 50
p e, 511491 51
= 51-51p=50p

==

51
= 101p =51 ﬁp:m
7. b. P(atleast 7 points) = P(7 points) + P(8 points)
[~ at most 8 points can be scored]
Now, 7 points can be scored by scoring 2 points in 3 matches and
1 point in one match. Similarly, 8 points can be scored by scoring 2
points in each of 4 matches. Therefore, the required probability. is
*C, x [P(2 points)] P(1 point) + [P(2 points)]* = 4(0.5)
x 0.05 + (0.50)
=0.0250 + 0.0625 = 0.0875

8. a. The minimum face value is not less than 2 and maximum
face value is not greater than 5 if we get any of the members 2, 3, 4,
3, while total possible outcomes are 1, 2, 3, 4, 5 and 6. Therefore, in
one throw of die, probability of getting any number out of 2, 3, 4 and
5is 4/6 =2/3. v

If the die is rolled four times, then all these events being indepen-
dent, the required probability is (2/3)*= 16/81.
9. b. Given that
P(India wins) = p = 1/2
P(India loses) =p" = 1/2
Out of 5 matches, India’s second win occurs at third test. Hence,

India wins third test and simultaneously it has won one match from
first two and lost the other. Therefore, the required probability is

iy (1Y
P(LWW) + POWLW) = (EJ +(E]

4
10. b. Out of 6 vertices, 3 can be chosen in °C, ways. The triangle
will be equilateral if it is AACE or ABDF (2 ways).

E D

A B
Fig. 9.19

Therefore, the required probability is
2 2 1

5. 20 10

11. a. We know that
P(exactly one of A or B occurs) = P(A) + P(B) - 2P(A N B)
Therefore,

P(A)+ P(B)-2P(ANnB)=p €))]
Similarly, :

PBY+ P(C)-2P(BNA)=p )
and

P(C)+ PA)-2P(CNA)=p 3)

Adding Egs. (1), (2) and (3) we get
2[P(A) + P(B) + P(C) - P(A N B)— P(B " C) - P(C N A)]

. =3p
= PA)+PB)Y+P(C)~PANB)-PBNC)-P(CNA)
' =3p/2 (4)
_Itis also given that )
PANBNC)y=p* %)

Now,
P(at least one of A, B and C) = P(A) + P(B) + P(C) ~ P(A N B) - P(B
NC)-P(CNA)+PANBNC)

3p 2
=t 4
> p

[Using Egs. (4) and (5)]
_3p+2 p2
==
12. a. We know that 7' =7, 72 = 49, 7° = 343, 7 = 2401, 7° = 16807.
Therefore, 7 (where k € Z) results in a number whose unit’s digit is
Tor9or3orl.

Now, 7" + 77 will be divisible by 5 if unit’s place digit in the result-
ing number is 5 or 0. Clearly, it can never be 5. But it can be 0 if we
consider values of m and n such that the sum of unit’s place digits
become 0. And this can be done by choosing

m=135 9., 97 (25 options each) [7 + 3 = 10]
n=3 7, iL.., 99

or

m=2, 6, 10,..., 98

25 opti h)[9+3=10
n=4, 8 12,.., 100} (25 options each) ]

Therefore, the total number of selections of m, n such that 7"+ 77
is divisible by 5 is (25 x 25 + 25 x 25) x 2 (since we can interchange
values of m and n). '

Also the number of total possible selections of m and n out of
100 is 100 x 100. Therefore, the required probability is

2(25x25+25x25) 1

100x100 . 4

13. d. The minimum of two numbers will be less than 4 or at least
one of the numbers is less than 4.

P(at least one numbers < 4) = 1 — P(both the numbers > 4)

=1_2X2
5

6

_l___

T30

= :1—l=i
5 5



14. a. Given that P(B) =3/4, PAN B~ C)=1/3
P(/_l A B C) = 1/3. From Venn’s diagram, we have

AdBNC

Fig. 9.20

P(BNC)=P(B)-P(ANBNC)-P(ANBNC)

3 1 1
= P(Br\C)_Z—E_5
_9-4-4
12
1
12

15. d. If a number is to be divisible by both 2 and 3, it should be

divisible by their L.C.M. L.C.M. of 2 and 3 is 6. The numbers are 6,
12,18, ..., 96. The total number is 16. Hence, the probability is

6c, 4
10c, 1155
16. a. In single throw of a dice, probability of getting 1is 1/6 and
probability of not getting 1 is 5/6.

Then, getting 1 in even number of chances is getting 1 in 2m
chance or in 4% chance or in 6% chance and so on. Therefore, the
required probability is

5 1 (s 1 (5Y 1
Ix—t| 2| x=+| 2| Xx=4t00
66 \6) 6 \6) 6

St
T360,_25

36
5 36
= — X —
36 11
>

11
17. b. Favourable cases are {(1, 1, 1), 2, 2, 2), ..., (6, 6, 6)}.
The number of favourable cases is 6. The total number cases
is 6 x 6 x 6 = 216. Therefore, the required probability is 6/216
= 1/36.

18. c. The probability of getting a white ball in a single draw is
p = 12/24 = 1/2. The probability of getting a white ball 4% time in
the 7" draw is

P(getting 3W in 6" draws and W in 7" draw)

Probability 9.83

19.@)PIANBUO]=P[ANB)UANO)]
~PANB)+PANC)-PANBNC)
= P(A) P(B) + P(A) P(C) - P(A) P(B) P(C)
= P(A) [P(B) + P(C) - P(B N O)} = P(A) P(B U C)
Therefore, S, is true.
PAN(BNC)=PA)P(B)P(Cy=PA)PBUO)
Therefore, S, is also true. '
20. c. Let E, be the event that the Indian man is seated adjacent to

his wife and E, be the even that each American man is seated adja-
cent to his wife. Then,

P(E,NE,)

P(Ey)

Now, E, N E, is the evetn that all men are seated adjacent to their
wives.

P(EJE) =

Therefore, we can consider the 5 couples as single—single objects
which can be arranged in a circle in 4! ways. But for each couple,
husband and wife can interchange their places in 2! ways.

Hence, the umber of ways when all men are seated adjacent to
their wives is 4! x (2. Also in all, 10 persons can be seated ina
circle in 9! ways.

! s
P(E,NE) = 4% (21)
- 9!

Similarly, if each American man is seated adjacent to his wife,
considering each American couple as single object and Indian woman
and man as separate objects, there are 6 different objects which can
be arranged in a circle in 5! ways. Also for each American couple,
husband and wife can interchange their places in 2! ways.

So, the number of ways in which each American man is seated
adjacent to his wife is 5! x (21)".

_5ix 2!
P(EZ)_—9!_

Hence,
_(@x@n’yor_2

P(E/E,) = =
(EVE,) B!x2HH19 S

21. ¢. We have,

Fig. 9.21

ENFNG=¢
PE-NF'NG)
P(G)

_PG)-PEENG)-P(GNF)
P(G)

P(E- N FIG) =
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[From Venn diagram,
ENFFNG=G-ENnG-FnG]

_ P(G)-P(E)P(G)~ P(G)P(F)
B P(G)

=1-P(E) - P(F) = P(E) - P(F)

22_ ¢

Even G = original signal is green
E, =Areceives the signal correct
E,= B receives the signal correct
E = Signal received by B is green
P (Signal received by B is green )

= P(GE,E,) + P(GE,E,)+ P(GE,E,) + P(GE,E,)

[ E, F, G are pairwise
independent]

46
PE) =
) 5x16
4 1
P(GIE) = 0/5% 6:§
46/5%x16 23
23. ¢c.

r, rpry€ {123,456}

Fy» Ty T, ATE of the form 3k, 3k+ 1,3k + 2

31X ’C X *C x*C, _6x8 2
6x6x6 216 9

Required probability =

Multiple choice questions with one or more than one correct
answer

1.a, c, d.

a. P(M) + P(N)-2 P(M " N)
=[P(M) + P(N) - P(M " N)] - P(M " N)
=P(MMUN)-PMNN)
= Probability that exactly one of M and N occurs

b. P(M) + P(N) — P(M " N)
=PM UN)
= Probability that at least of M and N occurs

c. P(M*) + P(N°) — 2 P(M° " N°)
=1—P(M) + 1 — P(N) - 2P(M U N}
=2-P(M) - P(N) - 2[1 - PM U N)]
=P(M U N)+ P(M U N)-P(M) - P(N)
=P(M UN)-P(MNN)
= Probability that exactly one of M and N occurs

d. P(M N N)Y+ PIM< N N)
= Probability that M occurs but N does not or probability
that M does not occurs but N occurs
= Probability that exactly one of M and N occurs
Thus, (a), (¢) and (d) are the correct options.

2. c. Let A, B, C be the events that the student passes tests I, II, III,
respectively. Then, according to question, P(A) = p, P(B) = q, P(C)
=1/2.

Now the student is successful if A and B happen or A and C
happen or A, B and C happen.
1

P(ABC) + P(ACB) + P(ABC) = >

AN 1(1 Lol ]
e 3 - —_ bl —_—=—
pq 2 P2 q) P‘Iz 2

o ol Lol
S PatS P PIt o pg=s

= p+pq=l
= p(l+g)=1
which holds forp=1and ¢g=0.

3. ¢. Given that
P(AUB) =0.6; P(4 ~ B) = 0.2
P(A)+ P(B)=1-P(A)+ 1 - P(B)
=2 —(P(A) + P(B))
=2-[P(AUB)+PANB)]

=2-[0.6+0.2]
=2-08
=12
4.a,b,c.
We know that
P(ANB)=PA)+PB)-PAuUB) (H
Also,
PAUB) <1
= —-PAUB)>-1 2 .
.. PANBY>PAY+PB)-1 [Using Egs. (1) and (2)] .
Therefore, option (a) is correct. Again,
P(AUB)=0
= —-PAUB)<O0 : 3)

= PANB)YXPA)+PB) {Using Egs. (1) and (3)]
Therefore, option (b) is also correct. i
From Eq. (1), option (c) is correct and (d) is not correct.

5. b, c, d.
P(ENF) =P(E) K(F)
Now, ) »
P(EAF) =P(E)- P(ENF)=P(E) [1-P(F)]
= A(EP(F)
and
P(EENF) =1-PEUFR)=1-[P(E)+ P(F)-P(ENF)
= [t = P(EY] [1 - P (F)] = P(E¥) P(F)
Also,
P(E/F) = P(E) and P(E“/F*) = P(E")
= P(E/F)+ P(E/F)=1
6.a,c.
a. For any two events A and B,
P(AnB)
P(B)
Now we know that
PAUB)<1
= PA)+PB)-PANB)<1
= PANB=PA)+PB)-1
P(ANB) S P(AY+ P(B)-1

P(A/B) =

[as P(B)#0 . P(B) > 0]

PB) PO
# P(A/B) > PA*PE) 1
P(B)

Therefore, option (a) is correct.



b. From Venn’s diagram, we can clearly conclude that

Fig. 9.22

P(A U B) = P(4)— P(A  B)
Therefore, option (b) is incorrect

c. P(ANB)=PA)+ PB)-PANB)
= 1-P(A)+1-P(B)- PA) P(B)
: [ A and B are independent events]

= 2-P(A)- P(B)-[1-P(A) [1- P(B)]
= 2- P(A)~ P(B)—1+ P(A)+ P(B)— P(A) P(B)
=1-P(ANB) [~ if A and B are independent,
A and B are also independent]
Therefore, option (c) is the correct statement.
d. For disjoint events,

P(A v B) = P(A) + P(B)
Therefore, option (d) is he incorrect.

7.a,b.
Let P(E)=xand P(F)=y. According to the question,
1
P(ENnF)=—
(ENF) 5
As E and F are independent events, we have

P(E N F)=P(E) P(F)

1
= —=x (1)
12 Y

Also,
P(ENF)=P(EUF)
=1-P(EUF)
- %: 1~ [P(E) + P(F) - P(E) P(F)]

7
= x+y=-— (2)
' 12

Solving Egs. (1) and (2), we get either x = 1/3 and y = 1/4 or
x=1/4andy=1/3.

Therefore, options (a) and (b) are correct.

8.a. P(2 white and | black) = P(W, W, B,or W B, W, or B W, W,
=P(W W,B)+ P(W B, W)+ P(B, W, W)
= P(W)) P(W,) P(B,) + P(W,) P(B,) P(W,) + P(B,) (W,) (W,)

323 3 2 1 1 21
T X=X F X=X — XX
4 4 4 4 4 4 4 4 4
1
=—(9+3+1

32( )

13

EY)

Probability 9.85

9.> a,d.
We have, B
PEF) + P(E/F) = DENF)  PEVE)
P(F) P(F)
_P(EnF)+P(ENF)
P(F)
- P
PR
Therefore, option (a) holds. Also,
= _ P(ENF)+P(FNE)
P(E/ P(E/F)=
(EIF) + P(E/F) 0
EACN
P(F)

Therefore option (b) does not hold.

Similarly, we can show that option (c) does not hold but option (d)
holds.

10. a. The probability that only two tests are needed is (probability
that the first machine tested is faulty) x (probability that the second
machine tested is faulty given the first machine tested is faulty),
which is given by (2/4) x (1/3) = 1/6.

11. d. Given that P(E) < P(F) and P(E " F) > 0. It does not neces-
sarily mean that E is the subset of F. Therefore, the choices (a), (b),
(¢) do not hold in general. Hence, option (d) is the right choice here.

12, a. The event that the fifth toss result in a head is independent of
the event that the first four tosses result in tails. Therefore, the prob-
ability of the required event is 1/2.

13. b, c.
According to the problem,
m+p+c—mp—mc~pc+mpc=73/4 (1)
mp (1 —c) +me(l —p) + pc(l —m) =2/5 2)
Also,
mp + pc + mc — 2mpc = 1/2 3)
From Egs. (2) and (3),
ool 21
2 5 10
mp+mc+pc=_2.+i=l
5 10 10

3.7 1 15+14-2 27
m+p+c=—+—— —=—0u———
4 10 10 20 20

14. b. The number of ways of arranging 10 balls without any
restriction is 10!. As for no two black balls are placed adjacently,
first arrange 7 white balls in 7! ways.

—W-W-W-W-W-W-W-

Now white balls must be placed in three of eight gaps created in
*C,3! ways. Hence, number of favorable ways is 3¢, 317L.

Therefore, the required probability is
e 7
10! 15
15.c., d.
PAUBY =1-P(AUB)
=1-[P(A) + P(B) - P(A N B)]
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=1- P(A) — P(B) + P(A) P(B)
=[1-PA)] (1 - P(B)]
= P(A’) P(B)
Also,
P(AUB) =PA)+P(B) - P(A) P(B)

= PANB) =PA)PB)

P(ANB)_PA) PB) _p,

P(AIB) = =
P(B) P@®) -

Also,
P(B/A) = P(B)
P(A'~B) =P(A)-PANB)
=P(A’) - P(A") P(B")
= PA')(1 - P(B")
= P(A)P(B)
16. a, d.
LetP(Ey=eand P(F)=f

P(EuF)—P(EﬁF):£
" 25

= e+f-2ef=—
f-2¢f s

- = 2
P(EmF):z—S' ,
= (I-o-=—

(1-e1-f) Y
= 1—e—f+ef—.—£
25

From (1) and (2)
12 7
=—oande+f= —
of = 35 Mdet/=5

Solving, we get

4 3 3
= —, = —0orée=—,j=
e=51=3 57

[V

Comprehension

1.b. P(u)ei= Pu)=K,
But
TP(u) =1

= Sk=1=kli=1=>K=
! n(n+1)
2i

n(n+1)
By the total probability theorem,

= Pu)=

P(w) = iP(u,—) P(w/u;)

i=1

4 2i i
x

i=1 I’l()’l + 1) n+l

B 2 .n(n +1)(2n+1)
n(n +1)° 6
_2n+l

3n+3

fim P(w) = lim 221 = lim 2+in 2
n—yeo noe 3n+3 n>e3+3/n 3

2.¢ . Plu)=c

Using Bayes’s theorem,

P(w/u,) P(u,)

S P(w/u)) P(u;)
il

P(u/w) = Pu,,/w)

n

_ n+l
i 2 n
c + et
n+l n+l n+l1

n n+l 2
nn+1) n+tl
2

T+l

P(wnNE)
P(E)
2
—X
n n+l

3.b. PWHE)=

4 1 6
+—X ot
n+l n n+l

1
n

n+1

1
n
1 1 1{n .
—+—+-.-+—| — times
n n n\2

(63)

= (n being even)

@

da P<X=3>=[§](§jl=£
6/\6/)6 216

5.b. Given that

P(X52)=l+éx—1—=£
6 6 6 36

Hence, the required probability is 1 — (11/36) = 25/36.

6. d. For X > 6, the probability is

i+i+mwji_L__§f
6 6 6° L 1-5/6 6

For X > 3,

.58 L (3)
6t 6 ¢ 6

Hence, the conditional probability is
5/6)° _25
(5/6 36

7.b. H —> 1 ball form U, to U,
T —> 2 ball form U, to U,



E : 1 ball drawn from U,
P(W from U,)

1 {3 1 (2 1) 1_(°C, 1
= X=X+ =—X|=X—|+—X|5T X7
2 \5 2°\572) 2 \°¢c, 3

8 d. P(Hj _ P (WIH) x P(H)
w P(WIT).P(T) + (W/H) . P(H)

1(3 2.1
=X1+=xX—
_21\2 5 2)_12

23/30 23

Assertion and reason
1.d. We know that
P(H,NE)
P(E)

_ P(E/H))P(H)
B P(E)

= P(H,E) P(E)= P(E/H) P(H)

P(H JE) =

_ P(E)_P(E/H,-)P(H,-)
" P(H,/E)

Probability

Now given that

0<PE)<1

P(E/H)P(H) _,
P(H,/E)

= P(E/H) P(H) < P(H/E)

Butif P(H, ~ E) = 0, then P(H/E) = P(E/H,) = 0. Then P(E/H)

(PH) < P(H/E) is not true. Hence, statement 1 is not always true.

9.87

Also as H,, H,, ..., H, are mutually exclusive and exhaustive

events, therefore

S P(H,) = 1

i=l

Hence, statement 2 is true.

2.b. For unique solution,

a b
c d
where a, b, ¢, d € {0, 1}.

=0

The total number of cases is 16. Favourable number of cases is 6

(eitherad = 1,bc=0orad=0,bc= 1). The probability that system
of equations has unique solution is 6/16 = 3/8. Since x = 0 satisfies
both the equations, the system has at least one solution.



