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Permutation and Combination

Introduction
The chapter covers permutation and combination which are efficient methods
of counting numbers.

* Permutations are different ways of arranging things, we will learn to
arrange different objects in different ways in this chapter.

Do you know ?
8 different books can be arranged in 40320 ways!!

e Combination deals with choosing the objects .
Do you know in how many ways , we can select 3 books out of 8 different

books ?
56 ways!!

Learning Objectives

* Fundamental principles of counting
* Permutation - Linear and Geometrical
* Grouping and Distribution

Chapter 1 | 1
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Principal of Counting

Factorial:

Factorial of a natural number is defined as the
product of all the consecutive natural numbers
from 1 to that particular number. For example
factorial of 5is1x2x 3 x4 x5, *Factorial’ word

is represented with a symbol ‘!". or ‘L’. For
example, factorial of 5iswrittenas L5 or 5!.
o,
Example: o
| |
10t _10x9%8! _10x9 =90.
8! 8!

Note: Factorial of zerois1 (0! = 1)

Fundamental Principal of
Counting

I. Product Rule:

In how many different ways can a person reach
Mumbai from Ahmedabad (via Surat) if there are
4 different routes from Ahmedabad to Surat and
3 different routes from Surat to Mumbai?

.
Ahmedabad [ L |
N

Total number of ways=4 x 3= 12 ways.

So according to fundamental principle of
counting, if therearemwaysof doing afirst thing
and for each of them there are n ways of doing a
second thing, then the total number of ways of
doing both the things together ism x n.

Most of the problems are based on the
fundamental principle of counting.

Example: In how many different ways can 3
travellers stay in 4 hotels when each one should
stay in different hotel?

Answer: For first traveller there are 4 choices; for
second traveller 3 choices; for third traveller only
2 choices.

O Total ways=4x 3 x 2 =24 ways.
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All problems of counting are based on
fundamental principle of counting.

Il. Addition rule

If there are 4 different ways from Surat to
Ahmedabad and 3 different ways from Surat to
Mumbai, then in how many different wayscan a
person go to Ahmedabad or Mumbai from Surat?

Theanswer is4 + 3 =7 ways.
The addition rule and Product rules signify the
casesof “or” & “and”.

3@1

Identify and understand clearly when addition
rule is applied and when product rule is
applied. Addition rule is applied when you
take different cases and product rule is
applied for the same case.

Example:

From Surat a person can go either to Mumbai
OR to Ahmedabad. When we have OR it istwo
different cases hence the number of ways is
4 + 3. But to go from Ahmedabad to Mumbai
you have to go from Ahmedabad to Surat AND
from Surat to Mumbai. Hence they constitute
single case. Hence number of ways= 4 x 3 and
not4 + 3.

Example 1.

There are 10 boys and 8 girlsin aclass . For the
post of class monitor, the teacher wants to select
either aboy or agirl. In how many ways can he
do this function?

Solution:

He can select one boy out of 10 boysin 10 ways.
He can select one girl out of 8 girlsin 8 ways.
He can select either aboy or agirl in10+ 8
=18 ways.

Note:

1. If @l the functions are correlated, then
basic principle of multiplication is used

2. If dl the functions are independent, then
basic principle of addition is used.



Example 2:
How many three-digit numbers are there?

Solution:

We know that there are 10 digits 0, 1, 2, 3, 4, 5,
6,7,89

‘0’ cannot be at the hundreds place

So, 100th place can befilled in 9 ways.

Tens place can be filled in 10 ways.

Units place can befilled in 10 ways.

So the total number of three digit numbers
=9x10x10=900

Example 3:
How many three-digit numbers are there in
which al the digits are distinct?

Solution:

100th place can befilled in 9 ways.

10th place can be filled in 9 ways.

Units place can be filled in 8 ways because all
the digits should be distinct.

So, the total number of three digit numbersin
which all digitsare distinct =9 x 9 x 8 = 648

Example 4:

There are 5 multiple choice questions in an
examination. First three questions have

4 choices each and the remaining two
guestions have 5 choices each. How many
sequences of answers are possible?

Solution:

Each one of the first three questions can be
solved in 4 ways, and each one of the last two
guestions can be solved in 5 ways.

So, the total number of different sequences of
answersare4 x 4 x 4 x 5x 5= 43 x 52 = 1600

Example 5:

How many even numbers less than 1000 can be
formed by using the digits 2, 4, 3and 5, if
repetition of the digits is allowed?

Solution:

All the numbers of one digit, two digits and
three digits are less than 1000. So take these
cases one by one

1. Single-digit even numbers are 2 and 4

2. Two-digit even numbers:
Unit's place can befilled in 2 ways, by
2 and 4 because unit’s place digit must be
an even number
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Ten's place can befilled in 4 ways.
So the total number of two-digit even
numbers=2x4=8

3. Three-digit even numbers
Unit’s place can befilled in 2 ways.
Ten’s place can befilled in 4 ways.
Hundred' s place can befilled in 4 ways
So the total number of three-digit even
numbers=2x4x 4=32
Total number of three-digit even numbers
(by using the digits 2, 4, 3 and 5) less then
1000=2+8+32=42

Suppose there are three persons A, B and C
contesting for the post of president and vice
president of an organization and we have to
select two persons. Wecandoitin 3! ways.
For example, (A, B), (B, C), (A, C) (B, A), (C, B)
and (C, A). Here, the first person can be the
president and the second person can be the
vice president, means here we are talking about
the order of arrangement.

The arrangements of a number of things taking
some or al of them at atime are called
permutations.

For example, if there are ‘'n” number of persons
and we haveto select ‘1’ persons at atime, then
the total number of permutations is denoted by

"P, orby P(n, ).

First person can be selected in ‘n’ ways. Second
person can selected in ‘n—1" ways. Third
person can be selected in ‘'n — 2" ways.
Similarly, the r' person can be selected in
‘n—(r-=1) =‘(n—r+1) ways.

0 Total number of ways of arranging these ‘r’
selected persons

=nx(n-1) x(n -2) x....(n —r +1)
_nx(n-)(n-2)x..1 _ n!
- (n-nN(n-r-1x..1 - (n=n)!

n!

0" P=
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Example 6:

Therearefour personsA, B, Cand D and at atime
we can arrange only two persons. Find the total
number of arrangements.

Solution:

Total number of arrangements (per mutations) is
AB,BA,AC,CA,AD,DA,BC,CB,CD,DC,BD
and DB or we can say that out of 4 persons we
haveto arrange only 2 at atime, so thetotal number

of permutationsis 4P, .
A 4 _4x3x2 _

(4-2)1 217 2 .

4P2:

Example 7:

Intheabovequestion, if all the personsare selected
at a time, then how many arrangements are
possible?

Solution:
We have to arrange 4 persons, so this can be

=4x3x2x1 =24

Example 8:

There are 4 flags of different colours. How many
different signals can be given, by taking any
number of flags at atime?

Solution:

Signals can be given either taking all or some of
theflags at atime.

Number of signals that can be given by taking
1flag = 4R

Number of signals that can be given by taking
2flags= *p,

Number of signals that can be given by taking
3flags= *p,

Number of signals that can be given by taking
4flags= *p,

So the total number of signals

=g +'p +t R iR

_ 4 41 41 4!

) !+(4—2) !+(4—3) !+(4—4) !
=4+12+24+24=64
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Example 9:

Find the number of ways in which 5 boys and

5 girls be seated in arow so that:

I.  All the boys sit together and all the girls sit
together.

Il.  Boysand girls sit at aternate positions.
I1l. No two girls sit together.

IV. All the girls dways sit together.

V. All the girls are never together.

Solution:

I.  All theboyscan bearranged in 5! waysand
all the girls can be arranged in 5! ways.
Now we have two groups (boys, girls) and
these 2 groups can be arranged in 2! ways.
[boys—girls and girls—boys]

So total number of arrangementsis
5! x 51 x 21 = 28,800

Il.  Boys and girls sit alternately, this can be
arranged like this
BGBGBGBGBGorGBGBGBGB
GB
In the first case boys can be arranged in
5! and girls can be arranged in 5! ways.

In the second case also, the number of
arrangement is same asfirst case
So the total number of arrangement

=5! x5l +5! x 5l or °py x® By +° By ¥° B

=120 x 120 + 120 x 120
= 14,400 + 14,400 = 28,800 ways

I1l. No two girls sit together - In this case
______ there are 6 spaces
where agirl can find her sest.

5 girls can be arranged in 6P5
6!

(6-5)!

5 boys can be arranged in °P;

=5x4x3x2 x1 =120 ways

Total number of arrangements
=720 x 120 = 86,400

IV. When dl the girls are aways together, then
treat them as one group. So now we have
5 boysand 1 group of 6 girls and this can be
permutated in 6! ways at the same time
5 girls in the group can be permutated in
51 ways, so total number of required waysis
6! x5! =720 x 120 = 86400

=6x5x4x3 %2 =720 ways



V. All the girls are never together
Total number of arrangements of 5 boys
and 5 girlsis 10!
Number of arrangements in which al the
girls are aways together
= By, By, B3, B4, Bg[All 5girlg]
= 6! x 5! =8,64,00
So number of arrangements in which all
the girls are never together = total
arrangement — number of arrangements
when girls are always together.
=10! — (6! x 5!) = 3,54,2400

Example 10:
Find the number of permutation of the letters of
theword FOLDER taking all thelettersat atime?

Solution:
Number of lettersin the word FOLDER is 6
So the number of arrangements

=5p =6l

Alternativemethod:

First place can be filled by any one of the six
letters. The second place can be filled by any
one of the five remaining letters, the third place
can be filled by any one of the four remaining
letters and so on. So the total number of
arrangements is

6x5x4x3x2x1=720.

Example 11:

How many four-digit numbersgreater than 5000
can be formed by using the digits 4, 5, 6 and 7?
(Repetition of the digitsis not allowed.)

Solution:
Total number of arrangements possible is

4
P, =4

Total number of arrangementsby using thedigits

5,6and7is=3!

So the total number of required arrangementsis

41 -31=24-6=18

Alternativemethod:

Thousand' s place can be filled in 3 ways.
Hundred’ s place can befilled in 3 ways.
Ten's place can befilled in 2 ways.
Unit's place can befilled in 1 ways.

So total number of arrangements
=3x3x2x1=18
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Example 12:
In Q. 11, find the number of four-digit numbers that
can be formed if the repetition of digitsis allowed.

Solution:

If the repetition is allowed, then the total number of
arrangements is

4 x4 x4x4=256ways

Because on thefirst place any one of the four number
can come, similarly on the 2nd, 3rd and 4th place
also.

Total number of arrangements beginning with 4 is
4x4x4=64

So, total number of required arrangements
=256 —-64 =192

Alternativemethod:

Thousand' s place can be filled in 3 ways
Hundred' s place can befilled in 4 ways.
Ten's place can befilled in 4 ways.
Unit’'s place can befilled in 4 ways.

So the total number of arrangements
=3%x4x4%x4=192

Example 13:

Thereare5friends: A, B, C, D and E. They wanted
to take a group photograph of al of them sitting
inasingle row.

a. How many distinctly different photographs
can be clicked?

b. Inhow many of these photographs would A
be sitting in the middie?

c. In how many of these photographs would
A and B be sitting next to each other?

Solution:

a. Thereare5friends. A,B,C,DandE. The
total number of photographs that can be
taken each of which is distinctly different
from the other is same as the total number of
ways A, B, C, D and E can be permuted taken
al at atime.

Hence, the total number of photographs
=5p, =51 =120

b. If wefix the position of A in the middle, then
the other 4 can be seated in 4! ways. Hence, the
number of ways in which A is in the middle
=4,

Chapter 1 | 5
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c. TakeA and B as one unit.
Thenthereare 4 unitsthat haveto be arranged
(A B) CDE. They can bearranged in 4! ways.
A and B among themselves can be arranged
in 2! ways. Hence, by the fundamental
principle of counting we have 4! x 2! ways of
arrangement.

»;‘a

n~ ___nt
Y (n=r)!
But a simpler way to look at

10C 10x9x8

1x2x3

=
numerator has 3 numbers starting from 10 and
denominator has 3 numbers starting from 1.

n!
(n=r)!
This helps in faster calculation.

Smilary,"P; = 10p, =10x9x8

Example 14:

A letter lock contains 4 rings, each ring containing
5 letters. In how many different ways can the

4 rings be combined? If the lock opens in only
one arrangement of 4 letters, how many
unsuccessful events are possible?

Solution:

Each ring contains 5 letters. Therefore, for each
of the ring we have 5 different ways of bringing a
letter to the opening position.

0 The number of ways in which the 4 rings can
be combined = 5x5x5x5=625

But of these attempts to open the lock, only one
will be successful.

Hence, the possible number of unsuccessful
events= 625 -1 = 624

<Q>
If certain objects have to appear together, we
can treat thejm asa sing/easpet n ce??ain
problems

Example 15:

A group of 6 students comprised of 3 boys and
3 girls. In how many ways could they be arranged
in a straight line such that

6 | Fundamentals of Modern Maths

a. the girls and the boys occupy alternate
positions?
b. no two boys were sitting together?

Solution:

a ThepositionscouldbeBGBGBG or GB GB
GB
Hence, the number of arrangements is
I x3+3x31=2x3! x 3

b. Firstof al wewill arrange 3 girlsin 3! ways.
|GGGyl
Now we have 4 positions for 3 boys that can
be filled in 4P, ways.
Hence, the total number of arrangements
=4 P, x 3!

%, % 3!

Example 16:

The letters of the word FIGMENT are to be
arranged in the following manner.

a. Thereisno restriction.

b. StartwithF.

c. All vowels together

d. Vowesat first and last positions

Solution:
a. Thereare 7 letters which can be arranged at
7 positionsin 7! ways = 5040 ways.

b. Starting with F, remaining 6 letters can be
arranged in 6! ways = 720 ways.

c. Tyingall vowelswith astring, wehaveF, G,
M, N, T and (I, E), i.e. 6 sets. These can be
arranged in 6! ways and the 2 vowels can
exchange their positions in 2! ways.

Total number of ways=6! x 2! = 1440 ways.

d. For vowels at first and last positions, first
place can betaken by | and last by E, or vice
versa. Remaining 5 positions can be filled
by 5 lettersin 5! ways.

So total wordsformed = 5! x 2! = 240 words.

Suppose three persons A, B and C are contesting
for the post of president and vice president of an
organization and we have to select two persons.
We can select either (g, b) or (b, c) or (a,¢) =3
ways because here we are talking about the



selection, not about the order. Whether ‘a is a
president or ‘b’ is avice president or vice-versa,
doesn’t matter.

Suppose there are 10 personsin class and we have
to select any 3 persons at a point regardless of the
order, it is a case of combination.

If there are n number of things and we have to
select someor al of themit iscalled combinations.
If out of n things we have to select r things
(1= r < n), then the number of combinations is

n!

(n=r)r

We already know that the number of
arrangements of ‘r’ things out of the ‘n’ thingsis

denoted by "C, =

n!

(n=r)!

Combination does not deal with the arrangements
of the selected things.

O ‘r selected things can be arranged in r! ways.

0( (e} "R

n
P n!

rt ri(n-n)!

givenby "B =

0" cr

Difference between permutations and
combinations

Supposethat there arefive persons A, B, C, D and
E and we have to choose two persons at a time
then in

Permutation Combinations
Number of required ways | _ 5l
__" 2! (5-2)!
(5-2)! _ 5 _5x4
5 “aa 2 ¢
= § =5x4=20 O

Soitisclear that in permutations (rearrangement)
order matters but in combinations (selections)
order does not matter.

Example 17:

In a class there 5 boys and 6 girls. How many
different committees of 3 boys and 2 girls can be
formed?
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Solution:
Out of 5 boyswe haveto select 3 boys, this can be

donein °C, ways.
Out of 6 girlswe haveto select 2 girls, this can be
donein éc, ways.
So, selection of 3 boys and 2 girls can be donein
5 6
(eox(°c2) was
[Basic rule of multiplication]
o s 00 6 U
*BE-9HH2 -2k

E5><4D>ﬁ6><5]

“H2HH 28

Example 18:

If there are 10 personsin aparty, and each person
shake hands with all the personsin the party, then
how many hand shakes took place in the party?

=10 x15=150 ways

Solution:

It is very obvious that when two persons shake
hands, it is counted as one handshake. So we can
say that there are 10 hands and every combination
of 2 hands will gives us one handshake.

So, the number of handshakes

10!

— 10~ _
2! (10-2)!

C, =

|
:10><9><8. _45
2! x 8l

Example 19:

For the post of Maths faculty in Career Launcher
thereare 6 vacant seats. Exactly 2 seatsarereserved
for MBA's. There are 10 applicants out of which
4areMBA'’s. In how many waysthe selection can
be made?

Solution:

There are 4 MBA'’s and 6 other candidates.

So we have to select 2 candidates out of the
4 MBA'’s and the rest 4 candidates out of 6 other
candidates.

So the total number of ways of selection

RRSRES

Chapter 1 | 7
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O

41
ﬁzlx 4- 2 ﬁﬁm 6
=D4><3><2!D 6 x5 x4
HZMXZ!E% 41x2 XIH

=6x15 =90 ways

Bl

Example 20:

There are 10 points out of which no three are
collinear. How many straight lines can be formed
using these 10 points?

Solution:
By joining any two points we will get one line.
So the total number of lines formed

_10 _ 10x9x8! _10x9x8! _
272x(10-2) 1 2x8l
Example 21:

Find the number of diagonals that can be drawn
by joining the vertices of a decagon.

Solution:

In decagon there are 10 vertices and by joining
any two vertices we will get one line.

So in a decagon total number of lines formed

10¢, = 10! _10x9x8! _
= 2 =
21 (10-2)!  2ix8!
But out of these 45 lines, 10 lineswill be the sides

of the decagon. So total humber of diagonals
=45-10=35

Example 22
In the above question how many triangles can be
formed?

Solution:

We know that in atriangle there are three vertices
and by joining any three points we will get a
triangle.

So number of triangles formed

10 10x9x8x7! 10 x9 x8 x7!
= C3 = =
31x(10-3)! 3! x7!
=120
Example 23:

There are 5 boys and 6 girls. A committee of 4 is
to be selected so that it must consist at least one
boy and at least one girl?
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Solution:

The different possibilities are

I.  1boy and 3 girls

II.  2boysand 2 girls

lll. 3 boysand 1 girl

Inthefirst possibility total number of combinations
is °C;x 8¢y

In the second possibility total number of
combinationsis °C, x 8C,

In the third possibility total number of
combinations is °Cyx 8¢,

So the total number of combinations are
>C;x ¢y + °C, x C, +2C3 x ¢y =310

Permutation of things when some

are identical

Above was the case when all letters in the word
were different. What if some letters are identical ?

O If out of nthings, p are exactly alike of one
kind, q exactly alike of second kind and r
exactly alike of third kind and the rest are
different, then the number of permutations of n

thingstaken al at atime =
pl ql rl

Example 24:

How many different words can be formed using

theletter of “HALLUCINATION”

i. Usingal the letters.

ii. If al vowels are together?
There are 6 vowels: two As, two Is, one U,
one O.

iii. All vowels occupy odd places only.

Solution:

i. Totad lettersin the word are 13 and the iden-
tical lettersare 2L, 2A, 21, 2N.
So total number of arrangements possible

13!
T 2121212
ii. Tieal vowels together and considering as a

single letter, now we have 8 letters, out of
these 8 letters 2L and 2N areidentical. These

8!

8 letters can be arranged in —— 2120

ways .



‘,@,

In group of 6 vowels, 6 |etters can be arranged
.o
themselvesin 1ol ways.

So total number of words formed
8! 6!
= —4m8M X —@—
2121 2121

Out of 7 odd places (1, 3, 5, 7, 9, 11, 13),
6 odd places for 6 vowels can be selected in

7C, ways. Onthese 6 places, 6 |etters can be

. 6!
arranged in 212 ways.

Remaining 7 letters can be arranged in 7 re-

- T
maining placesmﬁ ways.

6! 7!

X

2121 2121

Total wordsformed = 7, x

Note that you would apply the formula for
arrangement of objects some of which are
identical, only if all the objects are permuted. If
“r” objects are selected, we will apply the rule
to those “r” objects that are selected.

Example 25:

In how many ways can the letters of the word
SUCCESSFUL bearranged? In how many of them
will (i) al Ss come together, (ii) al Ss not come
together, (iii) the Ss come together and Us also
come together?

Solution:
The word contains 10 letters of which 3 are Ss,
2areCs, and 2 areUsand therest all aredifferent.

U The letters of the word SUCCESSFUL can be

arranged in

31212l

Sincethe Ssareto cometogether, treat 3 Ssas
oneletter. Now with this restriction there will
be 8 letters of which 2 areCsand 2 are Usand
therest al are different.

=151200 ways.

~ 2 CAREER  |MBA
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O The arrangement in which Ss will come

together = 8 = 10080
212!

ii. The arrangements in which all Ss will not
come together
= Total number of arrangements — The
number of arrangements in which al the Ss
will come together
= 151200 — 10080 = 141120

iii. Since the Ss and Us are to come together,
treat 3 Ssasoneletter and 2 Us asoneletter.
Now therewill be 7 |etters of which 2 are Cs
and therest al are different.

O Thearrangementsinwhich Ssand Uswill

7!
come together = 2 =2520

- @ -
Note that in the case of repetition of digits all

those cases where no digits are repeated are
also included.

Example 26:

There are 10 digits from 0 to 9 in the decimal

system. Find the following using this data.

a. How many 5-digit numbers can be formed,
such that no 2 digits are the same?

b. How many 4-digit numbers can be formed
using these 10 digits?

¢. How many numbers more than 1,000 and
lessthan 10,000 can beformed such that they
are divisible by 5 and no 2 digits are the
same?

d. What isthe number of arrangementsinwhich
3 appears exactly twice in part (b)?

Solution:

a. Thetotal number of digits that can occupy
the 1st place = 9 (zero cannot occupy the
first place).

Consequently, the number of digits that can
fill the 2nd, 3rd, 4th and 5th placesare 9, 8,
7 and 6 respectively.

So total number of 5-digit numbers with
digtinctly different digits is
I9x9x8x7x6=27216
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b. Thenumber of digitsthat can occupy thefirst
place=9
For the 2nd, 3rd and 4th places any of the
10 digits can occupy the distinct places.
Hence, thetotal number of 4-digit numbersis
9 x 10 x 10 x 10 = 9000
Note: Repetition of digits occur in these
arrangements.

€. Thenumber hasto bea4-digit number. Since
the number is divisible by 5. It hasto end in
eithera5or a0.
Take each of these cases separately.

Case 1. If it ends in a 5, the 1st, 2nd, 3rd
places could befilledin 8, 8 and 7 ways
respectively.

Hence, the number of 4-digit humbers with
distinctly different digitsand endingina5is
8x8x7=448

Case 2: If the number ends in a O, the 1<,
2nd, 3rd places could be filled in 9, 8 and 7
way's respectively.Hence, the total number of
such numbers possibleis9 x 8 x 7 =504
So total number of 4-digit numbers divisible
by 5 and having distinctly different digitsis
448 + 504 = 952

d. Out of the 4-digit numbers formed with
repetition we need to find how many of them
have two 3s.
The cases are:
(i) When one of the 3sisin thefirst place.
(i) When none of the 3sisin thefirst place.

Cas=e(i)

If we fix a 3 in the first position, then the total
number of ways of forming the remaining 3 digits
is9x 9x3C, =243

[The second 3 can occupy 3 possible position.]

Case(ii)

If we let the first digit be anything other than 3,
then the number of arrangements = 8 x 9 x 302
=216

Total such numbers = 243 + 216 = 459

3@",
In(2+ 3+ 4+5+6)(1111) (4!)
(2+ 3+ 4+ 5+ 6) 0 Sumofthedigits

10 | Fundamentals of Modern Maths

(11111) o Asmany 1'sasthere are digitsin the
number.

(4!) o Indicates number of times any digit
appears in any place.

Example 27:

Using thedigits 2, 3, 4, 5 and 6, find the following.

a. Sumof al 5-digit numbersthat can be formed
such that no 2 digits are the same.

b. Sumof al 4-digit numbersthat can be formed
such that no 2 digits are the same.

c. Sumof all 4-digit numbersthat can be formed
such that digits can be repeated.

Solution:

a. Each of the numbers would be in any place
4! times.
Hence, their contribution when in the ten
thousand's placeis (2 + 3 + 4 + 5 + 6)(10000)
x 4
Similarly, when in thousand's place they
contribute (2 + 3+ 4 + 5+ 6)(1000) x 4!.
For hundred's, ten's and unit's places the
contributions are
(2+3+4+5+6)(100) x 4!,
(2+3+4+5+6)(10) x 4!,
(2+3+4+5+6)(1) x 4! respectively.
Hence, the total contribution to the sum is
(2+3+4+5+6)(11111)(4)).

b. The method is similar as in the previous
question.
Each of these digits would be in any place
in*p, times.
Hence, the sum of al 4-digit numbers, with
no repetitions, is
(2+3+4+5+6)(1111)(*R,)

c. Each of these digits would appear in the
thousand's place 5° times.
Hence, their total contribution when in that
positionis (2 + 3 + 4 + 5+ 6)(1000)(5%)
Extending the same principle to the rest of
the problem, we get the sum of all such
numbers with repetitions is
(2+3+4+5+6)(1111)55.



Example 28:

Using the digits 0, 1, 2 and 4, find the sum of all
four-digit numbersthat can beformed. (Repetition
of digitsis not allowed.)

Solution:

Using the principle asin # 8 (b), we would have
sum of al 4-digit numbers
=(0+1+2+4)(1111)(3!)

But some of these numbers will have

0 in the thousand's place and such cases are to be
taken away. Such numbers would be same as the
3-digit numbers formed using digits 1, 2 and 4.
Hence, the sum of all such 3-digit nhumbers are
(1+2+4)(111)(2).

Total sum = (0 + 1 + 2 + 4)(1111)(3!)
—(A+2+ 4)(111) (21

Example 29:

Find the total nhumber of triangles that can be
formed by joining the vertices of the polygon of n
sides. If the polygon has the same number of
diagonasasitssides, find the number of triangles?

Solution:

Thetriangleisformed by joining any 3 vertices of
the polygon of n vertices.

0 The number of triangles formed by n vertices
=NC

The number of diagonals ="C, —n

If a polygon with n sides has the same number of
diagonals as sides, we have n = "C, — n Solving
forn,wegetn=0or5.

Since N # 0, n=5. Hence, the number of triangles
=5C;=10

Example 30:

There are 10 pointsin aplane. Except for 4 points

which are collinear no three pointsarein astraight

line. Find

(i) the number of straight lines obtained by
joining these points,

(if) number of triangles that can be formed with
the vertices as these points.

Solution:
i. Two pointsform astraight line.

O Number of lines formed by joining
10 points = 10C,
10.9

=7 =45
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Number of straight lines formed by joining
4 points=4C, =6
But 4 collinear points give only one line.
So these lines should be excluded.
U Required number of straight lines
=45-6+1=40

ii. Number of triangles formed by joining the
points taking 3 at atime

10.9.8

=10¢c, =2 =120
3!

Number of triangles formed by 4 points

= 4C3 =4

But 4 collinear points cannot form any
triangle.

O Required number of triangles = 120 — 4
=116

The number of different relative arrangement
for n different things arranged on a circle is
(n-21)!

Example 31:

In how many ways can the letters of the word
‘PROPORTION’ bearranged without changing the
relative positions of the vowels and consonants.

Solution:

Intheword PROPORTION, thereare 6 consonants
of which 2 arePs, 2 areRsand therest are different
and there are 4 vowels of which 3 are Os and one
I. The positions originally occupied by vowels
must be occupied by vowels and those occupied
by consonants, by consonants only. The vowels
must be permuted among themsel vesand similarly
the consonants.

O The consonants can be permuted among

|
themselvesin % ways and the vowels can be

4!
permuted among themselves in R

Since the two operations are independent, the
6! 4l
X

required number of waysis PRI
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Geometrical Arrangements

Sittinginacircleisnot sameassittinginastraight
line. A circle has no straight point and no ending
point. We will also talk about relative
arrangements in a circle, which means the
positions of others relative to a point being the
same or different. The moment we label the
positions on a circle the relative arrangements
though same canyield “n” circular arrangements.

Circular Permutation: Number of circular
permutation of n different things taken all at a
time = (n — 1)! ways. Fix any one as reference
point, other (n — 1) things can be arranged in
(n — 1)! ways. Three persons around a circular
table can be arranged in 2 ways, i.e. (3—1)! ways

A A

B C C B

Necklace: In case of the necklace or garland,
anticlockwise and clockwise arrangements are
same. So total number of arrangements of n beads

1
for forming anecklace is E(n =-1)!

Example 32:

In how many ways can 7 boys be seated at around
table so that 2 particular boys are

i. next to each ather,

ii. separated.

Solution:

Number of boys=7

i. Letthe2 particular boys be taken together as
one unit.
Then the number of unitswill be 6. They can
sit around the table in 5! ways. For each of
this arrangement, the 2 can be interchanged
in 2! ways.
O Thetotal number of arrangements = 5! 2!

ii. The arrangements that the 2 persons are
separated = 6! — 5! 2!
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Example 33:

There are 25 gangsters including 2 brothers,

‘MunnaMobile’ and ‘ Pappu Pager’. In how many

ways can they be arranged around the circular

table if

a. there is exactly one person between these
2 brothers,

b. the 2 brothers are always separated?

Solution:

a. One person between 2 brothers can be
selected in 23 ways.
Remaining 22 persons can be arranged in 22!
ways.
2 brothers can interchange their positions.
So total number of ways =2x23x22!
=2 x 23! ways

b. Total ways of arranging 25 people = 24!
Subtract those ways in which 2 brothers are
together = 2 x 23!
O Number of wayswhen 2 brothersareadways
separated = 24! —2 x 23!

Arrangement around a regular polygon:

If N people are to be arranged around a K sided

regular polygon, such that each side of that

polygon contains same number of people, then
NI

the number of arrangementswill be ?

For example, 24 people areto be arranged around a
sguare table having six people on each side of the
41

24!
table, number of arrangementswill be -

Please remember if the polygonisnot regular, i.e.,
if the sides of that polygon are uneven in length,
then the number of arrangements will be just N!,
whatever be the number of sides of that polygon.

Special case of a rectangular table:

If N people are to be arranged around a
rectangular table, such that there are 6 people on
each side of the table, then total number of

N!
arrangements will be - Here ‘2’ signifies the

degree of symmetry of arectangle.



Example 34:

A group of 11 people went to a party. There were

5 girls and 6 boys. They were seated on a

rectangular table with 6 chairs on either side of

the longer edge.

a. What is the total number of ways the group
could be seated?
[Sides are indistinguishable.]

b. Whatisthenumber of waysthey can be seated
so that all the 5 girls were sitting on the same
side?

Solution:
a The total number of ways we can form

2 groups of 6 and 5is *C, or ' Cy. The
total number of ways these 2 groups can be

seated on either sideis *'Cy x6! x°R;.
b. Therewill be 2 cases here.

Case(i)

When there are 5 girls, and aguy is sitting on one
side and the remaining 5 guys are on the other
side:

Thisis possiblein 6C, x 6! x 6! ways.

Case(ii) When thereare 5 girlson onesideand all
the guys are on the other side:

Thisis possiblein 6P, x 6P; = 6! x 6! ways.

O Total number of required arrangement
=6x6! x6! +6!x6!

=7x6! x 6!

Grouping and Distribution

This is another very important concept of
permutation and combination. To distribute
something, first grouping is done. Then permute
these groups if required.

To illustrate the difference take the example of a
case where you have 2 items | 4, |, of you haveto
split into 2 groups there is only 1 way of
doing it. I, goes into one group and I, into
another group. If you have to distribute among
2 people A, B then these 2 groups can be permuted
in 2! ways. Similarly if there are 3items|, I, I3
the number of ways of splitting into 2 groups is
3C2 ie (I, 15), (1914, 13), (1,)(0r) (15, 13), (1)
They can be distributed among 2 people in
2! ways. So it isimportant to distinguish between
grouping and distribution.
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Important pointsfor grouping:

(i) The number of waysinwhich (m + n) things
can be divided into two groups containing

] ) _ (m+n)!
m and n things respectively = "
(ii) If the numbers of things are equal, say
(2m!)

m = n, total ways of grouping =

ays or grouping 21(mD)?
It meansdivideby p! if therearep groupshaving
same number of things or in other words,
p groupsareidentical.

Example 35:

. Inhow many ways can 15 soldiers be
divided into 3 groups equally?

|
Answer: 15 5 - Hereweare dividing by
31(5hH
3! because 3 groups are having same number
of persons.

Il. Butif the question is, in how many ways
can 15 soldiers be drafted into 3 regiments
(JAT, SIKH, GORKHA)?

: 19t x 3l = 15! i.e.the

(=) N ) R
concept is same. Dividing or grouping first,
then permutating if groups are named, i.e. if
groups are different.  All questions of
distributions can be solved easily if you are
very clear about grouping.

Answer

Example 36:

In how many different ways can 5 different balls
be distributed to 3 different boxes, when each
box can hold any number of balls?

Solution:

Every ball has 3 ways of distribution. It can go
to any of 3 boxes. So applying fundamental
principle of counti n%, we get
3x3x3x3x%x3=3>ways.

Note: We cannot say every box has 5 ways of
chosing a ball. So 53 is wrong.
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Example 37:

In how many different ways can 5 identical balls
be distributed to 3 different boxes, when each
box can have any number of balls?

Solution:

In this question, now the balls are identical. So
number of ballsin each box will matter. This
question is exactly same as find non-negative
integral solution of the equation

X+ Xy, +X3=5

These 3 variables are representing the number
of balsin 3 different boxes. Insert 2 partitions
in between these 5 balls.

00000

These 2 partitions will divide these 5 ballsin
3 groups. Total number of ways of arranging
L (5+2)!
these (5 + 2) thingsis = =

(Because 2 partitions are dike, 5 balls are

identical.) = 'C,
So, distributing ‘n’ identical thingsin‘r’ different

boxes= """ 'C, _,

The number of ways of picking up any number
of items from n different items is 2. Here the
case of not picking up any itemis also
considered

Example 38:
If x +y +2z=12, then what is the total number of
positive integral solutions?

Solution:

The difference in this question from above
question is that it is asking for positive integral
solution. It means how none of the variables can
take 0 value. So giving one ball to each of 3
boxes initially will ensure positive integral
solution of x +y + z = 12. Total non-negative
integral solutions of x + y + z = 9 is

9+3-1 1
C3—1 - C2

- @ -
Note that from 10 identical items the number of

distinct ways of choosing r items is not 1°C, but
just 1. The key word here is distinct.

Example 39:
What is the total nhumber of ways of selecting at
least one object from 2 sets of

i. 10 distinctly different objects?

ii. 10 identica objects?

iii. 10distinctly different objects picking at least
one from each set?

iv. 10 identical objects picking at least one
from each set?

Solution:

i.  Number of ways of selecting an item from
10 distinctly different items of one set

_10 Co 410 o 410 C, + 410 C, =(1 +1)10
= lo

Since there are 2 sets, the total number of
sdlections = (210)x(210) =22

Since at least one has to be selected, deduct

the case where none has been sdlected from
either sets, i.e. 220 — 1 cases.

ii. If all the objects are identical, then the
number of waysis11. (SelectOor 1 or 2 or
3 ... or 10. Each one of these selections can
be madein only 1 way.)

Since there are 2 setsthere would be 11 x 11
=121 cases. One of these caseswould involve
0 selections from either of the sets. Hence,
the total number of ways=121—-1 =120

iii. If we have to pick at least 1 from each set,
there are
(20 C, 410 Cp+e- 40 Cy) (o C, 410 C,
+40Cy) =(2° -1)?
cases.

iv. If at least one item has to be selected from
either of the sets, the total number of ways
=10x 10=100
[The case of 0 selection from each of the
setsis not considered.]
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Probability

Introduction

*  Probability is concerned with random outcomes, such as flipping coins or
rolling dice.

e Probabilty is used to determine the possible outcome of a coin toss or a
genetic sequence

Learning Objectives
* Probability
* Conditional Probability
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Probability

Probability is the measure of the likelihood of
occurrence of an event. Now we may define the
probability of an event as follows:

Probability of an event
_ Number of favourable outcomes
"~ Number of all possible outcomes

An event is any outcome or a set of outcomes
from an experiment.

1. If anevent Eissureto occur, we say that the
probability of the event E is equal to 1 and
wewrite P (E) = 1. Such events are known as
certain events.

2. If anevent E is sure not to occur, we say that
the probability of the event E is equal to
0 and we write P (E) = 0. Such events are
known as impossible events.

Therefore, for any event E, 0< P(E) <1.

For example, if wetossacoin, isit morelikely
for a‘head' or a‘tail’ to come up?If the coin
is unbiased, we find that there is an equal
chance for a ‘head’ or a ‘tail’ to come up.
Thus, the chance for a‘head’ (or a‘tail’) to

1
comeupis > An aternative word used for

‘chance’ is ‘probability’ and it is generally
represented by 'P'.

Mathematical definition of probability:

A. If the outcome of an operation can occur in n
equally likely, mutually exclusive and
exhaustive ways, and if m of these ways are
favourable to an event E, then probability of

E, denoted by P (E), is given by P(E) =
n

B. As 0<m<n, therefore for any event E, we
have 0<P(E)<1.
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C. The probability of E not occuring, denoted
by P (not E), isgiven by P (not E) or P (E)
=1-P(E)

D. Oddsin favour

_ Number of favourable cases
~ Number of unfavourable cases
E. Odds against

Number of unfavourable cases
Number of favourable cases

Mutually exclusive events and

addition law

(A) Mutually exclusive events:
If two events are said to be mutually
exclusive then if one happens, the other
cannot happen and vice versa. In other
words, the events have no simultaneous
occurence. For example,

1. Inrolling adie
E : — The event that the number is odd
F : — The event that the number is even
G : — The event that the number is a
multiple of three.

2. Indrawing acard from adeck of 52 cards:
E : —The event that it is a spade.
F : —The event that it isa club.
G : —Theevent that it isaking.

Ingeneral P(Aor B) = P(A) + P(B)—P(AnB)
If A, B are mutually exclusive then P(A n B)=0
If A, B are independent then

P(A n B) = P(A)[P(B)

In the above 2 cases events E and F are
mutually exclusivebut theeventsE and G are
not mutually exclusive or dioint since they
may have common outcomes.

(B) Additional law of probability:
If Eand F aretwo mutually exclusive events,
then the probability that either event E or
event F will occur inasingletrial is given
by:



P(E or F)=P(E) + P(F)
If the events are not mutually exclusive, then
P(Eor F)=P(E) + P(F)-P(Eand F
together).
Note: Compare thiswith of set theory.
Similarly, P (neither E nor F) =1-P(E or F).

Independent Events And Multiplication
Law
(A) Two events are independent if the
occurence of one has no effect on the
occurence of the other.
For example,
1. Onrolling adie and tossing a coin together:
E : — The event that number 6 turns up.
F : — The event that head turns up.
2. In shooting a target:
E : — Event that the first trial is missed.
F : — Event that the second trial is missed.
In both these cases events E and F are
independent.
3. Indrawing acard from awell-shuffled pack:
E : — Event that first card isdrawn.
F : — Event that second card is drawn without
replacing the first .
G : — Event that second card is drawn after
replacing the first.
In this case, E and F are not independent but
E and G are independent.

(B) Multiplication law of probability:
If the events E and F are independent, then
P(EandF)=P(E)xP(F)

Example 1:

In asinglethrow of afair dice what isthe
probability that the number the appearing on
the top face of the dice is more than 2?

Solution:

In adicethere are 6 facesnumbered 1, 2, 3,4, 5
and 6.

So, the total number of possible events are 1, 2,
3,4, 5 and 6 = 6 and the total number of
favourable eventsare 3, 4,5and 6 = 4

So, the required probability is % :%
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Example 2:

If two fair dice are thrown simultaneously, then
what is the probability that the sum of the
numbers appearing on the top faces of the dice
is less than 4?

Solution:

Total number of possible events = (1, 1), (1, 2),
(1,3),(1,4),(1,5),(1,6),(2,1),(2,2) ....ands0
on. There will be 6 x 6 = 36 possible events.
Number of favourable events

=(1,1), (1,2 and (2, 1) = 3events

So, the required probability

3.1
T3 12
Example 3:

If out of the first 20 natural numbers Mr. X
selects anumber at random, then what is the
probability that this number will be a multiple
of 4?

Solution:

Total number of possibleevents=1, 2, 3, ...,
20 = 20 such numbers

Total number of favourable events

= 4, 8,12, 16 and 20 = 5 such numbers

5_1
So, the required probability = 0 ==

Example 4:
Inthe example 3, what is the probability that
this number will be amultiple of 4 or 7?

Solution:

Total number of possible events

=1, 2... 20 = 20 such numbers
Numbersdivisibleby 4=4, 8, 12, 16,20=5
such numbers

Number divisibleby 7 = 7 and 14 = 2 such
numbers

Since from 1 to 20 there is no number which is
divisible by both 4 and 7. It is a case of
mutually exclusive events.

So number of possible outcomes

=5+2=7

So, the required probability is = 20
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Example 5:
In the example 3, what is the probability that
the selected number is divisible by 2 and 47

Solution:

The total number of possible events

= 20 such numbers

Number divisible by 2 and 4 means the number
should be divisible by 4 (LCM of 2 and 4 is 4)
=4, 8, 12, 16, 20 = 5 such numbers

5 1
So, the required probability is — =
e required pro ity 1S 20 4

Example 6:
In the example 3, what is the probability that
this number is divisible by 2 or 4?

Solution:

The total number of possible outcomes = 20 in
number

Number divisibleby 2 =2, 4, 6, 8, 10, 12, 14,
16, 18, 20 = 10 such numbers

Number divisibleby 4=4, 8,12, 16 and 20=5
such numbers

There are certain numbers which are divisible
by both 2 and 4, so it is case of non mutually
exclusive events.

Number divisible by both 2 and 4 are 4, 8, 12,
16 and 20 = 5 such number

So, the required probability= P(A) + P(B) — P(C)

10, 5 5 _10_1
- Y, _YV_

20 20 20 20 2

Conditional Probability

Let A and B are two dependent events, then
probability of occurence of event A when B has

already occurred is given by P(A |B)

_ P(A n B)
GG)

Example 7:

From a pack of 52 cards, 4 cards were picked

oneat atime.

a. If the card picked is not replaced, find the
probability that al the cards were aces.

b. If the card picked was replaced, what is the
probability that all the 4 pickings were aces?
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c. If thecardswere picked all at atime, find
the probability that all the 4 cards were
aces.

Solution:
a. Probability that the first card isan aceis

401
52 C1 ’

Probabilities that the 2nd, 3rd and 4th
cardsare all aces are

3 2 1
51C1 ! 50Cl and 49C1
Cl Cl Cl

Hence, the total probability is

respectively.

KA I~ A
52 Cl 51C1 50 Cl 49C1

_ 4x3x2x1 1
52x51 x50 x49 52(;4'

b. With replacement, the probability is

0¢c, 0 1
el T

c. If al the 4 cards were picked
simultaneously, then the required

‘c, 1
probability is 57~ "5~ -
52C4 52C4

Comparethecases(a) and (c). Youwould
note that they are one and the same.

Example 8: One card is drawn from a pack of
52 cards, each of the 52 cards being equally
likely to be drawn. Find the probability that
the card drawn is

i. aking,

ii. either red or king,

iii. red and aking.

Solution:
Out of 52 cards, one card can be drawn in %2C;
ways. Therefore, exhaustive number of cases
=%C, =52

1



i. Thereare4 kingsin apack of cards, out of
which one can be drawn in 4C,. Therefore,

favourable number of cases = 4C, = 4.

i . 4 _ 1
So, the required probability = 52 13
ii. Thereare 28 cardsin apack of cardswhich
are either ared or aking. Therefore, one
can be drawn in 28C, ways. Therefore,
favourable number of cases = %6C, = 28

28 7
So the required probability = 5> 13
iii. Thereare 2 cardswhich arered and king,
i.e. red kings. Therefore, favourable
number of cases=2C, = 2.
. . 2 _1
So, the required probability = 52 ==
Example 9:
Three unbiased coins are tossed. What is the
probability of getting the following?
i. All heads
ii. 2heads
iii. Exactly 1 head
Solution:
If 3 coins are tossed together, we can obtain any
one of the following as an outcome.
HHH, HHT,HTH, THH, TTH, THT,HTT, TTT
So exhaustive number of cases=8
i. All heads can be obtained in only one way,
i.e HHH.
So, the favourable number of cases=1

1
Thus, the required probability = 3

ii. Two heads can be obtained in any one of
thefollowing ways: HHT, THH, HTH. So
favourable number of cases = 3. Thus,

required probability :g

3
iii. Required probability = R The probability

of exactly 1 head is same as probability of
exactly 1 tail (or 2 heads) since the coin is
unbiased.
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Example 10:

An urn contains 9 red, 7 white and 4 black
balls. If 2 balls are drawn at random, find the
probability that

i. both the balls are red,

ii. oneball iswhite.

Solution:

There are 20 balls in the bag out of which 2

balls can be drawn in 2°C, ways. So the

exhaustive number of cases = 2°C, = 190

i. Thereare9red ballsout of which 2 ballscan
bedrawnin 9C2 ways. Therefore, favourable
number of cases = °C, = 36.

. - 36 _ 18
S0, the required probability = 190 = 95

ii. Thereare7whiteballsout of which onewhite
canbedrawnin 7C1 ways. One ball from the
remaining 13 balls can be drawn in 3C;
ways. Therefore, one white and one other
colour ball can bedrawnin ’C, x 13C, ways.
So the favourable number of cases
='c,xBc =01

So, the required probability = o

Let p be the probability of getting a head, q be
the probability of not gettinga head (i.e. a
tail).If n coins are tossed simultaneously or one

coin is tossed n times, ”cr pr """ givesthe
probability of having r heads and (n —r) tails.

Example 11:

Four coins were tossed. What is the probability

that

a. all the 4 coins showed a head?

b. exactly 3 coins showed ahead and the fourth
showed atail?
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Solution:
The problem is based on binomial distribution
of probabilities.

If p+q=1,thentheterm"C.. p'. " inthe
expansion (p + q)" gives the probability that
when n such experiments are conducted r events

are favourable and n— events are unfavourable.
a. The probability that 4 heads occur when a

coin istossed 4 timesis “C,. %ﬁ ﬁ%

b. The probability that there are 3 heads and

1 tail correspondsto ‘c ﬁﬁﬁ% L
5 ==
4

Example 12:

Two dice were thrown. What is the probability
that

a. both of them showed a 6?

b. the sum of the numbers on the dice was 10?

Solution:
a  The probability that 1 die shows a6 is % .

The probability that both the dice show a

6 lxl—i
5676 36°

b. Thetotal number of casesin the sample
Space=6 % 6 =36
The cases satisfying asum of 10is{(4, 6)
(5,5)(6, 4)}, i.e. 3 events. Hence, the

3
probability of having a sum of 3 i S35

1

12

Example 13:

Ramesh and Geeta were in the same class. The
probability of Ramesh attending the class is 0.6.
The probability of Geeta attending the class is
0.4. (Assume they behave independent of each
other)
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a.  What is the probability that both of them
attended the class?

b. What is the probability that at least one of
them attended the class?

Solution:

a. Since the 2 events happen independent of
each other, the probability of both Ramesh
and Geeta attending the class
simultaneously is0. 6 x 0. 4 =0.24

b. The probability of at least one of them
attending the class is
P (Ramesh attends) + P (Geeta attends) —

P (Both attend)
O 06+04-0.24=0.76

Example 14:

Two machines A and B produce 100 and

200 items every day. Machine A produce

10 defective items and machine B produces
40 defective items. On one particular day the
supervisor of the shop floor picked up an item
and found that it was defective. Find the
probability that it came from machine A.

Solution:

Method 1: The total number of defective items
produced on any single day = 50

The number of defective items from machine
A=10

Hence, probability of that item having come

from machine A = 2 = l
50

5

Method 2: Probability of finding a defective
item = Probability that it is from machine A and
is defective + Probability that it is from
machine B and is defective

100 10 200 40_ 50_ 1

300 100 300 200 300 6

Hence, probability that the defective item is
from machine

100, 10

A= 3001100 _

6

1
5



Method 2, Example 14

This illustrates Bay's theorem.
P (finding defective) = P (Def fromA) + P
(DeffromB) = y+ z (say)

If given that you have found a defective the
probability that it is produced by

y

machineA = .
y+z

Example 15:

Three black marketers A, B and C were selling
the tickets of Jerry Maguire. The odds in favour
of their selling all the ticketswas1: 4, 2: 3and
4 : 1 respectively. What is the probability that
at least one of them could sell &l his tickets?

Solution:
Probabilities of the three selling all their tickets
1 2 4

_’_and_
are55 5"

Hence, probability that at least one of them
sells al the ticket is equal to 1 — (None of them
sells al his tickets)

_ 4 3.1 12 113
=]-—Xx—%x-—=1-— ="

5 5 5 125 125
Example 16:

A drawer contains 50 bolts and 150 nuts. Half
of the bolts and half of the nuts are rusted.

If one item is chosen at random, what is the
probability that it is rusted or a bolt?

Solution:

Let A be the event that the item chosen is rusted
and B be the event that the item chosen is a
bolt.

Clearly, there are 200 itemsiin all, out of which
100 are rusted.

N Z £ CAREER MBA
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OO 50 25

, PBf —and P(An B —

(BF 200 ( 4 200
Required probablllty

= P(AOBE P(A} P(Bf P(An B)
000 0 500 O

= ool Haot _OE 8

0 P(A¥

Example 17: An urn contains 5 white and

8 black balls. Two successive drawingsof 3 balls
at a time are made such that the balls are not
replaced before the second draw. Find the
probability that thefirst draw gives 3 white balls
and second draw gives 3 black balls.

Solution:

Consider the following events.

A = Drawing 3 white ballsin first draw,

B = Drawing 3 black balls in the second draw
Required probability

= P(AnB)=P(A) P(B|A) ...())

C; _10 _ 5
Bc, 286 143

After drawing 3 white balsin first draw,
10 balls are left in the bag, out of which 8 are
black bals.

Now P(A) =

°C;_ 56_ 7
0c, 120 15
Hence, the required probability =

OP(BIAF

P(AnB)=P(A) P(B|A)
050070 _ 7

" HiasHH15] " 220

Example 18:

A dart isthrown at a dart board whose
dimensionsare 5 m x 5 m. If the probability of
missing the dart board 0.25, find the
probability of hitting the board at a point that
isat amaximum distance of 2 m from the
centre of the board.
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Solution:

Probability of hitting the dart board = 1 — 0.25
=0.75

If the dart hits, then probability of hitting
within the circle of radius2 m

Hence, the resultant probability

=075 x AM_3M

25 25

Example 18 is a case of infinistic probability,
we cannot count the number of favourable
outcomes because they are infinite. Hence, we
take the ratio of favourable area to total area.

Example 19:

If n persons are seated on around table, what is
the probability that 2 of them are always
together?

Solution:

Total number of ways in which n persons can sit
on around tableis (n—1)! Therefore, exhaustive
number of cases = (n — 1)!. Considering
2 individuals as one persons there are (n — 1)
persons who can sit on a round table in (n — 2)!
ways. But the 2 individual s can be seated together
in2! ways. Therefore, favourable number of cases
=(n-2)! x2!

(n=2)!x2! _ 2

So required probability = (n-1)! n-1

Example 20:

Three different prizes have to be distributed

among 4 different students. Each student could

get 0to 3 prizes. If adl the prizes were

distributed, find

a. thenumber of waysthe prizesare
distributed,

b. the probability that exactly 2 students did
not receive a prize.

Solution:

a. Each of the prizes could have been given
to any of the 4 students.
Hence, the total number of ways of
distributing the prizes= 43

Note: Thiswill include all the cases when the

prizes are distributed among 3 or 2 or only 1

student.

b. Thetotal number of ways of distributing
the prizes among exactly 2 students is

(“c;) 2°-2) ways

*C, gives the selection of 2 boys.

23 — 2 gives the total number of ways of
distributing 3 prizes among those 2
students. The subtraction of the 2 cases is
to take care of those cases when all the
prizes are distributed to only one among
the two.

U The required probability = 36_9

64 16
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Introduction

A few disconnected topics make their appearances in the management entrance
examinations. Usually, afew questions only are asked from these topics. Among
these, set theory is an important topic to study. It is also not very complicated
and alot of day-to-day applications of set theory are there.

The treatment of trigonometry given here is elementary as, usually, problems
related to only height and distance are known to be asked in these
examinations.

Learning Objectives

At the end of this chapter you would have learnt:
* Basic definitions in set theory
 Venn diagram representation of sets
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Miscellaneous Topics

Wewill cover the following topicsin this chapter.
1 Set theory

2. Trigonometry

3. Stocks and shares

Set Theory

Definition: A set is awell-defined collection of
objects.

If Aisasetand'a isan element of this set, we say
that 'a belongsto A oralJA . A set ‘A’ which has
only afinite number of elementsis called afinite
set. Thenumber of elementsin afinite setisdenoted
by n(A).

The universal set is the set containing all the
elements under consideration.

The empty set or null set (¢) isthe set which hasno
element.

S, @d

Ifaisan element of set A, then we write agA
(read a belongsto A or a isa member of set A). If
a does not belong to A, then we write anA . Itis

assumed that either a0 A or ald A and the two
possibilities are mutually exclusive.

Someimportant definitions:

Subset: If every element of A isan element of
B, then A is called a subset of B and we write

A 0 B. Every setisasubset of itself and the
empty set is a subset of every set. A subset A of
set B iscalled a proper subset of B if A #B and
wewrite A [0 B. If aset hasn elements, then
number of its subsets = 2",

Superset: If A isasubset of B, then B is known
as the superset of A and wewrite B 0 A.

24 | Fundamentals of Modern Maths

Power set: Let A be aset. Then the
collection or family of all subsets of A iscalled
the power set of A and is denoted by P(A).

Example LetA={1,2, 3}

Thenthe subsetsof A are @, {1},{2},{3},{1,
2} {1,3},{2,3} and{1,2,3}.
HenceP(A)={¢,{1}.{2}.{1.2} {1,3}.{2 3}
{1,2,3}}

Universal set: A set that contains al the sets
in agiven context is called the universal s, i.e.
It is the super set of all the sets under
consideration e.g.

ifA= {1,2,3} andB={2,4,5, 6}, then aset of
all natural numbers (N) can be taken as a
universal set.

Introduction to Venn diagrams

The sets can be illustrated by means of Venn

diagrams. A universal set U is represented by a

rectangle and a subset by a circle within it.
Complement of a set

7

g

Let U and A be 2 sets such that AU, then
(U —-A) issimply called the complement of A.

Itisdenoted by A or A'.

e.g. U is the set of natural numbers, the
complement of odd numberswill be aset of even
numbers.

te

Q’Q =

The following letter sets are standard
notations:

N: &t of natural numbers

Z &t of integers
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| 1Q) St of all rational numbers.

/ S or ail rea! numbers.

of all conplex nimisers. ||| \\ \

0
—

T

=
P
e

ple 1: \\ \ m\gh \
,2,3,4}, A={3}. What isthe comp! t

Remembe
DU'=q ¢
i) (A’) = A

Union of Sets

/

1/
f A and B are 2 sets, the union ," d B,
denotedby A (1B, isthesst o Iel ts ich
are either in A or in B\or in\botR\A ,; B.
|

¢ N
—grdl .
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Solution:
A-B={1,2,5}

»i(

ISA—B=B-A?
Find out for the sets A and B given in the
example.

eg.A={12 34,5 andB={3,4,6,7},
find A —B.

Venn Diagrams

For three sets, the following diagram is valid.
/, (AnBNnC)

nNAOB] & n&) nB) nE nA C)
-N(AnB)-n(BnC)+n(AnBnC)

‘,@,

n(AOBFE n(A¥ n(By n(A B) If n(AOB)
is not given and n(A n B) is to be found, then

we get a range of values for both in general. In
specific cases, it might be a unique answer.

Example 4:

In agroup of 800 persons, 600 can speak English
and 400 can speak Telugu. If all the people speak
at least one of the two languages, then find

a how many can speak both the languages?
b. how many can speak exactly one language?
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Solution:
a n(ECTF n(Ey n(Tr n(en T)
800 =600 +400 -n(E nT) o n(E nT) =200

b. People speaking exactly one language is
equal to n(EO Ty n(En T) =800-200
=600

Example 5:

A survey shows that 63% of the Americans like

apples whereas 76% like guns. What percentage
of Americans like both apples and guns?

Solution:

The solution for the question cannot be
determined. This is because we do not have the
information whether al Americans like at least
one of these.

(If we assume that 100% Americans like at least
one of these)

Thenn(A)=63,n(G) =76

andn(A OGF 100

O n(AnG)=n(A)+n(G)-n(A 0OG)
=63+76-100 =39

Thus, 39% Americans like both guns and
apples.

Example 6: In a certain city only 2 newspapers
A and B are published. It is known that 25% of
the city population reads A and 20% reads B,
while 8% read both A and B. It isalso known that
30% of those who read A but not B, look into
advertisements 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 percentage of the
population look into an advertisement?

Solution: Let A and B denote sets of people who
read newspaper A and newspaper B respectively.
Then

n(A)=25,n(B)=20,n(A n B) =8;
n(A-B)=n(A)-n(AnB) =25-8=17;
n(B-A)=n(B)-n(AnB) =20-8=12
Percentage of people reading an advertisement

= [(30% of 17) + (40% of 12) + (50% of 8)]%
= 13.9%



Concept of maximum or minimum

Typel:

Example 7:

In a school there are 200 students. 100 play

cricket, 50 play hockey and 60 play basketball.

30 students play both cricket and hockey,

35 play both hockey and basketball, and

45 play both basketball and cricket.

a. What is the maximum possible number of
students who play at least one game?

b. What is the maximum possible number of
students who play all the 3 games?

c. What is the minimum possible number of
students playing at least one game?

d. What is the minimum possible number of
students playing al the 3 games?

Solution:

Cricket = 100 Hockey = 50

fo)
ava

Baseket ball = 60

Let x be the number of students playing al
the 3 games.

Converting al valuesin terms of variable x,
the number of students cannot be negative in
any cell.

0O x-20=20

O For minimum possible number of students
playing al three games, i.e. x = 20

For maximum possible value of x, again none
of the categories should have negative
number of students.

030-x>0

X < 30

~ 2 CAREER  |MBA
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If x is more than 30, (30 — x) would be negative
which is not possible.

0 20<x<30

Total number of students playing at least one
game.

=100 + (x —15) + (35 —x) + (x —20) =100 + X

O Minimum possible number of students playing
at least one game =100 + 20 = 120

Maximum possible number of students playing at
least one game

=100 + 30=130

3@",
Alternatively (for Example 8) the minimum value
can be found by:

(78 + 69 + 87) — 200 = 34%
Typell:

Example 8:

In an office, where working in at least one
department is mandatory, 78% of the employees
are in operations, 69% are in finance and 87% are
in HR. What are the maximum and minimum
percentages of employees that could have been
working in al three departments?

Solution:
HR Operations
87% 78%
Finance
69%

Let the total number of employees in the office be
100.
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Lets assume that x, y and z number of people are
in exactly one, two and three departments of the
office respectively.

Therefore, x + 2y + 3z=78+ 69 + 87 =234 and
X+y+z=100

= (X+2y+32)-(x+y+2) =134

= y+22=134.

Maximum possible value of z isl%4 =67

Therefore, maximum possible percentage of
employees who could be working in al the
three departments is 67%.

To minimize the value of z, we need to
maximize the value of y, keeping in mind that
X +y+z=100.

Maximum possible value of y could be 66 and
for thisvalueof y,z=34and x = 0.

If wetakeavalue of y greater than 66, |ets say 68,
then value of z comes out be 33, but here
X +y + zisgetting greater than 100, which is not
possible.

Therefore, minimum possible percentage of
employees who could be working in all the
three departments is 34%.

Alternativemethod:

Minimum: 87% arein HR, it means at least
13% are in operations or finance or operations
and finance both. In the same way, 78% are in
operations.

So at least 22% are in HR or finance or HR and
finance both.

Similarly, 31% are in HR, or operations or HR
and operations.

Adding all three, 13% + 22% + 31% = 66%

It means that if there is no intersection among
these three sets, 66% would be maximum
number of employeesin A, B, C alone or

(AnB), (BNnC),(Cnh A).

This gives that at least 34% would bein all 3
departments.

Theformulais (K +B +E)
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Typelll:

Example 9:

There are 3 electives offered to the students in
class of 92 (the students have a choice of not
choosing any electives).

60 students opted for marketing, 80 for finance
and 50 for systems, 40 students opted for both
marketing and systems, 50 for both marketing
and finance and 45 for both finance and
systems. What is the maximum and the
minimum possible number of students who
opted for all 3 electives?

Solution:

S=50

Total number of students= 60+ x —5=55+x
The minimum possible value of x, so that none of
the categories becomes negative = 35

Now applying the same concept, maximum
possible value of x = 40. For this value of x,
total number of students =55 + 40 = 95

Which exceeds the total number of students, i.e.
92 by 3, which is not possible.

So to make it equal to 92 the maximum possible
value of x = 37

03s x 37
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Practice Exercises

I ntroduction

There are 5 practice exercises out of which 2 are of level-1, 2 are of level 2and 1 is
of level 3 apart from the non MCQ to strengthen you fundamentals. While solving
the exercises make sure that each and every concept is understood properly.
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Problems for Practice (Non MCQ)

10.

Levd -1

(a) Findr if

(i) %P =720

(b) Find nand r if
(i) "P,. = 1680

(i) °P, = 3024
(i) nPr =5040

(@ Findnif "P.:"P,=2:1
(b) Findrif 9P, +5 7%p, = 10p.

In how many ways can 3 scholarships of
unegual value be awarded to 17 candidates,
such that no candidate gets more than one
scholarship?

A man has 4 sons. There are 6 schools near
his house. In how many ways can he send
his sons to schooal, if no 2 of his sons are to
study in the same school ?

How many different 7-digit numbers can be
formedfromO, 1, 2, 3,4,5,6,7,8,9?

There are 15 railway stations between
Bangalore and Hyderabad. How many
different kinds of second class tickets must
be printed so as to enable a passenger to
travel from every placeintherouteto other?

In how many ways can 7 letters be posted in
4 |etter boxes?

How many natural numbers can be formed
by using any number of digitsfrom 0, 1, 2,
3, 4? (Repetition is not allowed.)

Five persons are to address a meeting. If a
specified speaker isto speak before another
specified speaker, find the number of ways
in which this can be scheduled.

In how many permutations of 10 thingstaken
4 at atimewill one particular thing (i) aways
occur and (ii) never occur?
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11.

12.

13.

14.

15.

16.

17.

The letters of the word LABOUR are
permuted in all possible ways and the words
thus formed are arranged asin a dictionary.
What is the rank of the word LABOUR?

In how many ways can 17 hilliard balls be
arranged in a row if 7 of them are black,
6 red and 4 white?

A round table conference is to be held
between 20 del egates of 20 countries. In how
many ways can they be seated if 2 particular
delegates always sit together?

In how many ways can a committee of
6 men and 3 women be formed from agroup
of 10 men and 7 women?

Out of 8 gentlemen and 5 ladiesacommittee
of 5 isto be formed. Find the number of
ways in which this can be done so as to
include at least 3 ladies.

There are 20 pointsin a plane. Five of them

are collinear.

i.  How many triangles can be made using
these points as the vertices?

ii. How many straight lines can be drawn
passing through at least 2 of these
points?

What isthe total number of 4-digit numbers
that can be formed using the digits O to 5
without repetition, such that the number is
divisible by 9?

Directions for questions 18 to 29: Answer the
questions based on the information given below.
There are 5 different boxes B1, B2, B3, B4, B5,
and 5 different hatsH1, H2, H3, H4, H5. The hats
are to be distributed among the different boxes.
Each box can accomodate al the hats.

18.

If any box can have any number of hats, in
how many ways can all the hats be
distributed?



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

If adl the hatsareidentical, in how many ways
can the hats be arranged in the different
boxes such that no box is without a hat?

If dl the hats have different coloursand each
box can have only one hat, in how many
ways can you arrange al the hats among the
different boxes?

If the hats have to be arranged such that any
box can have amaximum of one hat only, in
how many ways can you arrange the hats
among the 5 boxes? (At least one hat has to
be distributed.)

If hats H1 and H2 are similar in all aspects,
in how many ways can you arrange the hats
in such a way that al the boxes have one
hat?

If B1 can keep only hat H1 or H2, in how
many ways can you arrange the hats such
that all boxes have one hat?

What is the probability that B1 has either
H1or H2?

If B1and B2 havethehatsH1 and H2 among
themselves, in how many ways can you
arrange the hats among the 5 boxes?

In how many arrangements does B3 have
hat H3?

If another hat H6 is also there, such that H6
has a different colour in comparison to all
the other hats, in how many ways can you
arrange the hats such that all the boxes have
only one hat?

In question 30, if hat H6 has the same colour
as H5, how many arrangements are there?

If itisknown that hat H6 hasthe same colour
as one of the other 5 hats, how many
arrangements are possible in question 30?

In how many ways can 3 prizes be given to
4 contestants, if any contestant can receive
any number of prizes?

3L

32.

33.

34.

35.

36.

37.

38.

39.
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m parallel linesin aplane are intersected by
a family of n parallel lines. How many
paralelograms are formed in the network
thus formed?

In how many ways can 100 scouts be
divided into squads of 50, 30 and 20
respectively?

There are 10 identical mangoes. In how
many ways can you divide them among
3 brothers?

A person has to climb 10 steps. He climbs
either a single step or 2 steps at a time.
In how many ways can he do it?

Theoddsin favour of Indiawinning amatch
against Englandis4 : 3 and the odds against
South Africa winning a match against
Pakistan is 7: 5. Find the probability that at
least one of them will win their respective
matches.

A problem in mathematics is given to
3 students whose chance of solving it are

11,41
2 3 4
probability that the problem is solved?

respectively. What is the

A bag contains 3 red and 5 black ballsand a
second bag contains 6 red and 4 black balls.
A ball is drawn from each bag. Find the
probability that both are (i) red, and (ii)
black.

In a group there are 30 guys. 10 of them
wear earrings, 15 of them wear ponytails. If
the percentage of guys who wear neither is
30%, how many guyswear both earringsand
ponytails?

Theratio of the par value of 2 shares X and
Y is2: 1. Their market pricesisintheratio
3: 1. If apersoninvestsinthemintheratio
4: 1, what istheratio of the incomesif the
dividends (in percentage terms) are in the
ratio5: 1?
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40.

41.

42.

43.

45.

46.

A person bought ashare (par value = Rs. 50)
at the rate of Rs. 150 from the market. If it
yields a dividend of 20%, what is his
effective return on investment?

Par values of two kinds of shareswereRs. 10
and Rs. 20 respectively. The market values
are Rs. 150 and Rs. 200 respectively. Find
the ratio in which the shares have to be
purchased such that the profit from selling
the shares in the market value is the same.

Leve —2

How many 5-digit numbers exist having
exactly two 4sin them?

What isthe sum of all 5-digit numbersformed
using the digits 0, 2, 3, 4, 57

There are 9 books of different subjects.

i. What is the total nhumber of selections
of 3 books that can be made?

ii. What isthe total number of ways can 3
of these books be arranged on
ashelf?

iii. What is the total number of ways of
dividing them into groups of
3 each?

What is the probability that when 2 dice and
4 coins are thrown simultaneoudly, thereisa
sum of 9 on the dice and at least 2 heads on
the coins?

The probabilities of A, B, C solving a

37
all the three try to solve the problem
simultaneously, find the probability that
exactly one of them will solveit.

3
problem are and 8 respectively. If

47.

48.

49,

50.

51.

52.

A gangster fires 4 bullets at the police
inspector. The probability that the inspector
will be killed by a bullet is 0.4. What isthe
probability that the inspector survives?

Two integers are selected at random from
first 11 natural numbers. If the sumiseven,
find the probability that both the numbers
are odd.

Twenty friends, including the host decide
to party on afestive Saturday night in abar.
The host knows that 15 of them can have
whisky and 10 of them can have rum. He
also knows that each of them have 4 pegs of
any drink. None of them has both whisky
and rum simultaneously. Every peg of
whisky costs Rs. 60 and every peg of rum
costs Rs. 30. What is the maximum and the
minimum budget that the host would have
planned for? [Assume that atmost 5 people
can go without drink in that party]

In aclass of 50 students, atest for 2 subjects

was conducted. 30 passed in the first subject

and 40 passed in the second subject.

(@ What isthemaximum number of people
who passed in both the subjects?

(b) What is minimum number of people

who passed in both the subjects?

Level —3

A survey was conducted on a car brand
KHATARA. It was found that 60% of
vehicles had a problem with their engines,
60% of vehicles had a problem with the
doors, 50% of vehicles had a problem with
the tyres. 20% of the vehicles had no
problem. What is the minimum percentage
of vehicles which had all the 3 problems?

In question 51, what is the maximum
percentage of vehicleswhich could have had
al the problems?
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Find the value of 8P,

a 33425 b. 20160 c. 18972
d. 6625 e. 6620

Find the value of 8¢

a 33 bh.32 ¢30 d28 e35

Find the number of waysinwhich theletters
of the word BIHAR can be rearranged.
a9 b129 c 119 d 125 e 130

Find the number of waysinwhich theletters
of theword AMERICA can be rearranged.
a 2519 b. 2620 c. 1250 d. 2500 e. 2000

Find the number of waysinwhich theletters
of theword CALCUTTA can be rearranged.
a 3000 b. 5009 c. 5029 d. 5039 e. 5150

In how many wayscan you arrange theletters
of the word AKSHAY such that vowels do
not start the words?

ag_l b.g—z c.2x 5l
2! 2!
d. 248 e. 120

In how many ways can 2 cardsbe drawn from
a full pack of 52 cards such that both the
cardsarered?

a275 b.325 ¢ 30 d 375 e 300

How many four-digit numbers each
consisting of 4 different digits can beformed
with the digits 0, 1, 2, 3?
ald0 b12 c¢18 d20 el6

In a tournament 7 teams are participating.
Each team plays with every other
participating team once and the winner is
decided by the total points accumulated by
the teams at the end of al these matches.

10.

11.

12,

13.

14,
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Practice Exercise 1 - Level 1

Find the total number of matches in the
tournament.

a’ b.77-1c.20 d.21 e?25
Ram buys 7 novels from abook fair. Shyam
buys 8 novelsfrom thefair, none of whichis
common with those bought by Ram. They
decide to exchange their books one for one.
In how many ways can they exchange their
books for the first time?
a7 x8l b. 7 x 8!

d. 56 e. None of these

C.7'x8

In an Olympic 100 m race, 7 athletes are
participating. Then the number of ways in
which the first 3 prizes can be won is

a7l b7 c¢3 d20 e320

After group discussion and interview
6 candidates were selected for admission in
a college. But unfortunately the number of
seats left is 2. So it was |eft to the principal
to select 2 candidates out of them. In how
many ways can he select 2 candidates?

6!

a‘p bE d20 e18

2

c. 15

In an examination 10 questions are to be
answered choosing at least 4 from each of
part A and part B. If there are 6 questionsin
part A and 7 in part B, in how many ways
can 10 questions be answered?

a212 b.280 c 272 d. 312 e 266

There are 2 paralle line segments AB and
CD inaplane. AB contains 12 marked points
whereas CD contains 8 marked points. How
many triangle can be formed by using these
marked points as vertices?

a 12! x 28 + 8! x 66 b. 12! x 8!
c. 8¢, d. 864
e. 1024
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15.

16.

17.

18.

In a box there are 5 distinct white and
6 distinct black balls. A person has to pick
up 2 ballsfrom the box such that thereisone
each of both the colours. In how many ways
can he pick up the balls?
a25 b30 ¢35 d4 ed5
The product of any r consecutive positive
integers must be divisible by

ar? b. r! c.(r=1)!

d "1c ., e. None of these

Two cards are drawn together from apack of
52 cards at random. What is the probability
that both the cards are spades?

4 13
a_C2 b, _C2
52 52

G, C,
26 8
C. Ca d Co
52 c, 52 c,
13 C2
€ 51 C,

In question number 17, what is the
probability that both the cards are kings?

8 13
a 22 b. C
52¢, 52¢,
26 4
. G, G,
52¢, 52¢,
. 10 C2
52 C2

19.

20.

In question number 17, what is the
probability that one card is a spade and one
card is aheart?

13 26
a SCxBc, | CGx e

. 13 13 BeyxBe
TSRS 52
52 52 c,
13 C2 x 13C
52 C2

In question number 17, what is the
probability that exactly one card is a
king ?
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Practice Exercise 2 - Level 1

A telegraph has 5 arms and each arm is
capable of 4 distinct positions including the
position of rest. What is the total number of
signals that can be made?
a 1,024 b. 1,021
d. 1,022 e. 1,023

c. 1,020

If A and B are 2 independent events and
. CAO
A)=0.5andP(B) =04, find P .
P(A) and P(B) in HeH

a 05
d. 0.6

b. 0.4
e 0.74

c.0.88

A set of cards bearing the numbers 100-199
isusedinagame. If acardisdrawn at random,
what is the probability that it is divisible by
3?

32
c. =

b. 0.33 '
99

)
gk, wiN

o

e. None of these

A box contain 6 red balls, 7 green balls and
5 blue balls. Each ball is of a different size.
The probability that the red ball being
selected is the smallest red ball, is

a.i b.} c.l
18 3 6
d.g e.1
3 5

A flagpost of 2J3m long casts a shadow of
2 mlong at some point of time. What is the
angle of elevation of sun with respect to the
pole at that point of time?

a 25° b. 45° c. 60°

d. 75° e. None of these

10.

In a shooting competition a shooter has to
hit any point on the target board in his last
shot towin the tournament. His gun
deviates by 30° in left or right when he
shoots. If heisstanding15maway f r o m
the board and direction of his gunis normal
to the centre of the target board, what should
be the diameter of the board so that he surely
wins?

b. 10\/5 m C. 11J§ m
d 153 m e 123m

al0m

If 8 and a are complementary angles and

p

sin@ == and cosa = é,thenwhichof the
q

following gives the relation between p, g, r
and s?

apr=gs b.pr+gs=0
c.ps=gr d.p+qgq+r+s=0
e.pq=rs

tan 1° tan 2° tan 3° .... tan 87° tan 88° tan 89°

a. tan 90°
d2

b.0 cl
e. None of these

If sinB+cos6 =g,then singcosp =

a i b. E C. E d. E e E
25 45 25 19 25
5
If secop= 2 then coseco=0
a ﬂ b § C. § d ﬂ e §
5 5 7 9 3
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Directions for questions 11 to 13: Read the
passage given below and answer the questions.
In aclass of 33 students, 20 play cricket, 25 play
football and 18 play table tennis. 15 play both
cricket and football, 12 play football and table
tennis, 10 play table tennis and cricket. Each
student plays at least one game. Find the number
of students.

11. How many students play only cricket?
ab b. 6 c.2 d.3 e’
12. How any students play all the 3 games?
ab b.7 c.2 d.3 e4
13. How many students play only 2 games?
alée b18 c20 d22 e?24
14. In a group of 500 students, selected for
admission in a business school, 64% opted
for finance and 56% for operations as
specialisations. If dual specialisation is
allowed, how many have opted for both?
Each student opts for at least one of the two
specialisations.
a200 b.100 c. 150 d. 125 e 140

Directions for questions 15 to 17: Read the
passage given below and answer the questions.
Inalocality, 30% of theresidentsread The Times
of India and 75% read The Hindustan Times.
3 people read neither of the papers and 6 read
both. Only The Times of Indiaand The Hindustan
Times newspapers are available.

15. How many people are there in the locality?
a60 b120 c 126 d. 130 e 90

16. What is the percentage of people who read
only The Times of India?
a 15% b.20% c.25%

d. 30% e 35%

17. What percentage of residents read only one
newspaper?

a 11% b.43% Oc. 85% d. 20% e. 60%
Directionsfor questions 18 and 19: Answer the
guestions based on the following information.
In a sports centre 70 students play cricket, 50%
play hockey, 25% play both hockey and cricket
and 5% play none.

18. How many students are there in the class?
a80 b8 c9 d100 e 110

19. How many students play only one game?
a6s b7 c¢7 d8 e90

Directions for questions 20 and 21: Read the
following information and answer the questions.
In an examination there are 150 candidates. 40
candidates passed in papers A and B; 40
candidates passed in papers B and C; 30
candidates passed in papers C and A ; and 10
candidates passed in all the 3 papers.

20. How many students passed in paper B only?
a 40 b. 20 c. 15
d. 25 e. Cannot be determined
21. If nostudentsfailedinall the 3 subjects, what
isthetotal number of studentswho passedin
exactly one paper?
a25 b4 c60

d.50 eb55
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How many distinct 4 letter words can be
formed by using the letters a, b, ¢ and d?
(Repetition of the letters is allowed).
a2% b.346 c 440 d. 256 e 361

How many four digit numbers can beformed
by using the digits 2, 3, 4 and 5?

a 58 b. 512 c. 64

d. 256 e. None of these

How many numbers greater than 4000 can
be made by using the digits 2, 3, 4 and 5?
(Repetition of the digits is not allowed).
alz bil4 c20 d24 e30

How many numbers greater than 4000 can
be made by using the digits 2, 3, 4 and 5?
(Repetition of digits is allowed).

al1l20 b.128 ¢ 138 d. 130 e 125

If 4 dices and 3 coins are tossed
simultaneously, then find the number of
elements in the sample space.

a 2% x6° c. 2156
d 42x3°

b. 6% x23
e 46x 32

Thereare 3roadsfrom A to B, 4 roadsfrom
B to C, and 1 road from C to D. How many
combinations of roads are there from A to
D?

all bi15 cl14

d12 e10

There are 5 questionsin aquestion paper. In
how many ways a candidate can attempt at
least 1 question?
a30 b34 c32

d31 e20

In how many ways can the lettersof the word
‘POSSESS' be arranged so that the four Ss
are in aternate positions only?

a8 b. 6 c.12 d10 el6

In how many ways can acommittee of 3men
and 2 women be formed out of a total of
4 men and 4 women?

als5 b16 ¢c20

d28 e?24

10.

11.

12.

13.

14.

15.

16.

MBA

2 / CAREER

Practice Exercise 3 - Level 2

A six-face die, an eight-face die and a ten-
face die are thrown together. What is the
probable number of outcomes?

a 286 b.320 c 480 d. 492 e 360

In an entrance test, acandidate isrequired to
attempt a total of 4 questions which are to
be attempted from 2 sections each containing
5 questions. The maximum number of
questions that he can attempt from any
sectionis3. In how many ways can he answer
in the test?

al150 b. 175 ¢ 200 d. 250 e 240

Inacultural festival, 6 programmes areto be
staged, 3 on aday for 2 days. In how many
ways could the programmes be arranged?
a 320 b. 360 c. 675

d. 720 e. None of these

All the odd numbers from 1 to 9 are written
in every possible order. How many numbers
can be formed if repetition is not allowed?
a60 b 120 c. 150 d. 180 e 90

How many numberslying between 3000 and
4000 and made with the digits 3, 4, 5, 6, 7

and 8 are  divisible by 5?7 Repetitions are
not allowed.
a bl b. 4! c1l2 d6 e 20

Five persons A, B, C, D and E occupy seats
in arow such that A and B sit next to each
other. In how many possible ways can these
5 people sit?

a24 b.48 c72

d9% e40

Ten distinguishable balls are distributed
into 4 distinct boxes such that a specified
box contains exactly 2 balls. Find the
number of such distributions.

a3 b. 310 c. 3

d.45x 3% e Noneof these
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17.

18.

19.

20.

21.

22,

23.

Five speakers A, B, C, D and E are to be
scheduled to speak such that A must speak
immediately before B. In how many ways
can their speeches be scheduled?
a32 b48 c¢c72 d9% e24

A production unit produces 10 articles of
which 4 are defective. A quality inspector
alowsrelease of the productsif hefindsnone
out of the 3 articles he chooses at random to
be defective. In how many ways can he pick
up the 3 articles such that he clears the
release?
al0 b6 c.20

d18 e?24

R :ie, where i is an integer. Then
1+1Fi +2P2 +3P3 + +nPn =
an b.(n+1)! c(n+2)!
(n+2)!
d.
n-1

e. None of these

Fromaclassof 12 students, 5 areto be chosen
for an excursion. But 3 very close friends
decide among themselvesthat either all 3 of
them will go or none of them will go. In how
many ways can the excursion party be
chosen?

al50 b. 156 c.162 d. 169 e 184

How many different words can be madefrom
the word ‘EDUCATION’ so that all the
vowels are aways together? (Do not bother
about many meaningless words.)

a 12,320 bh. 13460 c. 14,400

d. 16,200 e. 18,400

How many numbers are there between
100 and 1000 such that every digit is either
4or5?
al b. 6 c.5

d 4 e8

A tea-expert claims that he can easily find
out whether milk or tea leaves were added
first to water just by tasting the cup of tea. In
order to check this claim 10 cups of tea are
prepared, 5 in one way and 5 in the other.
Find the different possible ways of
presenting these 10 cups to the expert.

24,

25,

26.

27.

28.

29.

10!
C.——

a. 100 (5!)2

b. 10!

d. 300 e. 240

In how many ways can a leap year have
53 Sundays?
a 365¢,
d.2

b.7 c.4
e. None of these

Ontheir 10th wedding anniversary aBengali
couple bought 10 different sweets and then
distributed it between 2 of their family
friends such that both of them got 5 sweets
each. Find the number of different waysin
which this distribution can be done.

a 126 b. 252 c. 350

d. 729 €. None of these

In the country Utopia, the language contains
only 4 letters. Find the maximum number of
words that can exist in the Utopian
dictionary if no letter can be repeated in a
word.
a2 b4 c.40 d.64 e80
A company could advertise about its new
product in 4 magazines, 3 newspapers and
2 television channels. But in alater move it
decided to give advertisementsin only 2 of
the magazines, one of the newspapers and
one of the TV channels. In how many ways
can they advertise their product?
a30 b3 c44 d40 e4d8
The first 5 odd natural numbers are written
in every possible order. How many numbers
can beformed if no repetition isallowed and
what istheir sum?

a 5!, 6666600 b. °C;, 10° c.51, 55555

d. 50, 666660 €. None of these

In how many ways one or more than one
fruit can be selected from 6 varieties of fruits,
given that there are 5 fruits of each variety?
(All the fruits of one variety are identical.)

b. 56 c. 60 -1
e. None of these

a gb
d. 58
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1

In astaircase there are 4 steps. A person can
jump one step, 2 steps, 3 steps or all 4 steps.
In how many ways can he reach the top?
a2 b. 4 c.6 d. 8 e 10

Kapil wishes to pay Rs. 255 with hundred
notes. In how many ways can this task be
performed if Kapil had hundred notes of
value Re 1 and Rs. 5 only?

a More than 100

b. More than 50 but less than 100

c. 50

d. 10

e 0

A committee is to be formed comprising of
7 members such that there is a mgjority of
men and at least 1 woman in the committee.
The shortlisting for the committee is done
out of 9 men and 6 women. In how many
ways can this be done?
a 3,724 b. 3,630

d. 4914 e. 4312

c. 3,526

A committee is to be formed comprising
7 members such that there is a simple
majority of men and at least 1 woman. The
shortlist consists of 9 men and 6 women. In
how many ways can this committee be
formed?
a 3,724
d. 5,670

b. 3,630
e 3,824

c. 4914

For the BCCI, a selection committeeisto be
chosen consisting of 5 ex-cricketers. Now
there are 12 representatives from four zones.
It has further been decided that if Srikanthis
selected, Mohinder Amarnath will not be
selected and vice versa. In how many ways
can this be done?

ab72 b.372 c.672 d 472 e 362

How many five-digit positive integers have
the product of their digits equal to 2000?
al5 b20 c22 d30 e36

10.

A bag contains 6 white balls and 4 red balls.
Three balls are drawn one by one with
replacement. What is the probability that all
the 3 balls are red?

a i b. i C. i
125 20 30
d. i e l
120 20

In the above question, if 3 balls are drawn
one by one with replacement, then what is
the probability that 2 balls are white and 1
ball is red?

a E b E (o }
125 4 3
d. l e 5—3
2 125

In question 7, if the balls are drawn without
replacement. What is the probability that 2
balls are red and 1 ball is white?

a 0.1 b. 0.2 c.0.3

d. 04 e. 0.5

The probability that A will pass the

oo 1
examination is

3 and the probability that

1
B will pass the examination is > What is

the probability that both A and B will pass
the examination?

1L 2
a_g " C.3
1 1
d3 G.E
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11.

12.

13.

14,

15.

In Q. No. 10, what is the probability that
only one person [either A or B] will passthe
examination?

ai b.l c.}
6 2 3
1
d.g e —
3 4

In Q. No. 10, what is the probability that at
least one person will pass the examination?

al b.i c.}
2 3
1
d.g e —
3 4

In Q. No. 10, what is the probability that no
one will pass the examination?

ag b.l c.i
3 2 4
1
d.l e.g

3

When 2 fair dice are thrown simultaneously,
what isthe probability that one diewill show
more value than the other?

a i b. i C. §
6 16 6
d. E e E
2 16

A basket contains 20 apples and 10 oranges
out of which 2 oranges and 5 apples are
defective. If aperson takes out 2 at random,
what is the probability that either both are
apples, or both are good?

19 b 28
a 435 " 435
841 ey
¢ 870 * 870

e. None of these
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16.

17.

18.

19.

What is the probability of getting a2 in the
roll of 2 fair dice, given that the sumis 7?

2 b 2 u
a3 " 36 ¢ 36
e 1
4 e.3

Inan urnthereare 6 red, 4 black and 3 white
balls. 3 balls are drawn out of it
simultaneously. What isthe probability that
al the three are of the same colour?

e b 2 25
a %0 a4 C 286
g2 21

© 286 & m

When 3 fair coins are tossed together, what
is the probability of getting at least 2 tails?

a

(AR

1
b. E C.

e. None of these

wIin AP

The probability that a bullet fired from a

1
5 . Three such

bullets are fired simultaneously towards the
target from that very point. What is the
probability that the target will be hit?

point will hit the target is

1 b L 19
a 57 "8 Y
62 7
"7 :



20. Inamanagement entrance examination there
are 200 questionswith four aternatives each.
A student marks first alternative as the
answer to all the questions. What is his
probable net score if each right answer
fetches +1 and each wrong answer fetches

—i marks?
4

ao
d. 125

b. 10 c. 125
e. None of these

21. There are 2 positive integers a and b. What

is the probability that a + b is odd?

1

b. =
“32

a

glkr NP
WIN Wik

22. A 5-digit number is formed by the digits 1,
2, 3, 4 and 5 without repetition. What is the
probability that the number formed is a

multiple of 4?
1 3 2
2 b. 5 C. 5
4 1

d. 5 e 5

23. If nis any positive integer greater than 1,

then (23” -7n —1) must be divisible by

b.5
e 40

az2 c. 36

d. 49
24. Inaclass of 60 boys, there are 45 boys who
play cards and 30 boys play carrom. Find
how many boys play both the games.
(assuming that every boy plays either cards
or carrom or both)
a 15 b. 17
d. 21 e 16

c.20

25,

26.

27.

28.

29.

30.

~ 2 CAREER  |MBA
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In question number 24, find the number of
boys who only play cards.
a 27 b. 30
d. 25 e 35

c.32

In question number 24, find the number of
boys who only play carrom.

a 10 b. 12 c. 15

d. 20 e l4

Each student in a class of 40, studies at least
one of the subjects namely English,
Mathematics and Economics. 16 study
English, 22 study Economics and 26 study
Mathematics, 5 study English and
Economics, 14 study Mathematics and
Economics and 2 study English, Economics
and Mathematics. Find the number of
students who study English and
Mathematics.
a 10

d. 27

b.7 c. 17
e. None of these

In question number 27, find the number of
students who study English and
Mathematics but not Economics.

a8 b. 12 c.7

d>5 e6

If tanB+cot®6=2 and 0<B<90° then
sinB +cosecH =

3 1
al b. — c. —
V2 V2
3
d. E e. None of these

If sing and cos@ are 2 roots of the equation
ax2 + bx + ¢ = 0, then which of the following
istrue?

b.a+b=c

da+b=2c

a a’+b%=2c

c. a2 -b%+2ac =0
e. None of these
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Practice Exercise 5 - Level 3

MBA

A garlandisto be prepared with 10 different
flowers such that 2 particular flowerswill be
next to each other. Find the number of
different garlands that can be formed.

a8
c. 26,880

b. 80,640
d. 40,000 e None of these
In how many ways can 6 identical rings be
worn in 4 fingers of one hand assuming any
number of rings can be worn in one finger?
a 6% b. 48 c. 4 x 6!

d. 84 e 196

Inaglobal conference there are 16 delegates
who are to be seated along 2 sides of along
table with 8 chairs on each side. Four
delegates having same views wish to sit on
one particular side whereas 2 delegates
having views opposite to them wish to sit
on the other side of the table. In how many
ways can these 16 delegates be seated?

a 8c, x 8c, x 10!

b. 8P, x &P, x 10!

c. (8)*x(101)?

d. 48
€. None of these

In how many wayscan 3 childrenin afamily
have all different birthdays in aleap year?
a 365C3

b. 365C2 -1

c. 3652 x 364 x 363

d. 364 x 363 x 362

e. None of these

A box contains 20 tickets of identical
appearance, the tickets being numbered 1,
2,3, ..., 20. In how many ways can 3 tickets
be chosen such that the numbers on the
drawn tickets are in arithmetic progression?
ald b33 c¢c5 d9o edd
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10.

An intelligence agency decide on a code of
2 digits selected from 0, 1, 2, ..., 9. But the
slip onwhich the codeis handwritten, allows
confusion between the top and the bottom,
because these are indistinguishable. Thus,
for example, the code 81 could be confused
with 18. How many codes are there such that
there is no possibility of any confusion?

a 25 b. 75 c. 80

d. 70 e. None of these

For the BCCl, a selection committeeisto be
chosen consisting of 5 ex-cricketers. Now
there are 10 representatives from various
zones. It has further been decided that if
Kapil Dev is selected, Sunil Gavaskar will
not be selected and vice versa. In how many
ways can this be done?

al140 b. 112 ¢ 19 d.56 €80
An executive wrote 5 letters to 5 people A,
B, C, D and E and asked his secretary to place
themin 5 envelopes also marked A, B, C, D
and E. The secretary, however, placed the
letters at random into the envelopes such
that each envelope received exactly one
letter. Then the number of arrangements in
which exactly 2 letters are placed in correct
envelopes is
ald0 b15 ¢30 d25 e?20
From a pack of 52 playing cards, 4 cards are
removed at random. In how many ways can
the 1st place and 3rd place cards be drawn
out such that both are black?
a 64,974 b. 62,252
d. 15,92,500 e. 64,256

c. 69,447

If the vowels A, E, |, O and U are given by
Othe symbols !, @, #, $ and % respectively,
then the message given by the defence code
2%%8!5@ will be

aYOUVASE b.YOUSAVE
c.YIU SAFE d.YIU SAVE
e YIUVASE



11. The following diagram shows the road map
of acity. Thelines through the city indicate
roads but there is no road through the park.
All the roads are either parallel or
perpendicular to each other. Peter wants to
go from X to Y travelling the minimum
possible distance. In how many ways can he
make his journey?

Y
7
 PARK 7
o
X
ab5 b 100 c 166 d. 220 e 110

12 How many five-digit numberscan beformed
such that it has the following properties:

I. It has at least one zero and at most three

Zeros.
[I. The non-zero digits are non-repeating.
a. 9962 b. 17378  c. 12570

d. 14398 e 15408

13. If two dices are thrown simultaneously, then
what is the probability that the product of
the numbers appearing on the top faces of
the dice is less than 36?

c. 2

36

34

d.g e 2=
36

36 6 36
14. Two urns contain 3 white and 4 black balls,
and 2 white and 5 black balls. One ball is
transferred to the second urn and then one
ball is drawn from the second urn. Find the
probability that the first ball transferred is

black, given that the ball drawn is black.
15 39 8 10 5

a_@ b.% C'E d.@ e'E

15. In apack of cards having numbers between
100 and 999 (both inclusive), what is the
probability of drawing a multiple of 3, the
number should comprises of digits 1, 0, 2, 3,

47
24
2 900

T
900 30

16.

17.

18.

19.

20.

~ 2 CAREER  |MBA
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20
d ——

900 e. None of these

If we pick a number between 1 and 999
s(both inclusive) randomly, what is the
probability that the number is an even
number with no digit repeated?
662 631 337 320

a@ b.@ C.@ d.@ e

373
999

>nis written for n =1 to n = 99 on cards.

Wheat is the probability of drawing a card

with an even number written on it?
1 49 49 50

a = b. — c — —

2
2 %100 “99 %90 ©3

In the previous question, what is the
probability that the number is more than
100?

13
& 99

86
" 99

14

14 8
100

" 100

73
e —
99

Thereare 1001 red ballsand 1001 black balls
in a box. Two balls are drawn without
replacement one after the other. Let ‘P;’ be
the probability that two balls drawn at
random from the box are of the same colour,
and let ‘P4 be the probability that they are
of different colours. The difference between
Psand Pyis

0 b, —_ 1
a 2002 & 2001
4 2 1

2001 & 1001

Sudip thought of a two-digit number and
divided the number by the sum of the digits
of the number. He found that the remainder
is 3. Sonal also thought of a two-digit
number and divided the number by the sum
of the digits of the number. She also found
that the remainder is 3. Find the probability
that the two-digit number thought by Sudip
and Sonal is same.
1 1 1 1 1

a.ﬂ b.E C.
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Answers Key

Practice Exercise (Non MCQ)

28, 5!+§><4c3 29. 5!+%><4c3 x5
Level -1 ' :

1L@@)3 (4 30. 43 ways 3L "C,x"C,
(b) (i) 8,4 (i) 10and 4
32. 100 C5o X 50C30 X 20C20

2@5 ®m5 3.1p, 4.%p,
3
5.9 x 106 6. 17|:>2 7. 47 33. 66 ways 34. 89 35. 2
8. 260 0.2 (5) oy O o
2 - 2 . () 20 (i) 1
10. (i) 4x°p, (i) °P, 11. 242 20
38. 4 30.40:3 '?%
12 17 13. 18! x 2 9
7! 6! 4 41. -
2
14.19C, xC, 15. 321 Lewe =2
42. 9400

16. () °C,-°C, (i) ®C,-°C, +1
0 =C s (076, 2 43. 625(2+ 3 + 4+ 5) (10000) + 500 (2 + 3 + 4 + 5)
(1111) = 95277000

17. 36 18. 5° 19. 1
20. 5p, 44. () °C, (i) °P,
01 0
9 6 8
C X C P%e C
21. 5C, x 5P, +°C, x°P, +°C, x°P, +°C, (i) ( ° S 9%%
X °P, +°C4 x°Ry 11 25 3
L = L= 47. 0.1296 48. —
45 144 46 56 48 5
5! 9
22, o 23. 2x 4l 24. o 49, Rs. 4200, Rs. 2400  50.(a)30 (b) 20
Level —3
25. 4x5° 26. 5 27. °P,
51. 10% 52. 45%
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Chapter 4
Practice Exercise 1 — Level 1

o
=
o

o

c|4] a|5]|d
141 d |15 b | 16| b | 17| b

1] bf2]d]| 3
11] d | 12| c | 13| e

Practice Exercise 2 — Level 1
10| e
18 d[19] b [20] e

1]lel|l 2| al| 3
11| el12] b3 al14a] b|1s| al16]| b|17] ¢
21| c
Practice Exercise 3 — Level 2
1|ldl2|d|[3]lal4a4]b|5]b]6]d|l7]d]8]b|lo]e]1] ¢
11| cl12] d|13[ b|14a] c|15| b |16 d|17| e|18] c |19 b|20] ¢
21 c |22l e[| 23] c |24 d |25 b |26 d |27] b | 28] a|29] ¢
Practice Exercise 4 — Level 2
1|]d| 2| e|3|d|l]4]lc|5]c|6|d|7|al8]al9]c|l0| a
11| bl12] d|13[d|14] c |15 b|16] e| 27| c|18] b|19| c|20] ¢
21 c |22l e| 23| d|24] a|25[ b |26 c|[27] b | 28] d |29 b |30] ¢

Practice Exercise 5 — Level 3

16| e

al|14]| c | 15| b

11| e | 12| e | 13

Answer Key | 45



