Permutations and Combinations Basics

FUNDAMENTAL PRINCIPLE OF COUNTING

If an operation can be performed in ‘m’ different ways and another
operation in ‘n’ different ways then these two operations can be
performed one after the other in ‘mn’ ways.

If an operation can be performed in ‘m’ different ways and another
operation in ‘n’ different ways then either ofthese two operations can
be performed in ‘m+n’ ways.(provided only one has to be done)
This principle can be extended to any number of operations

FACTORIAL 'n’

The continuous product of the first ‘n’ natural numbers is called
factorial n and is deonoted by n! i.e, n!=1x2x3x.....x(n-1)xn.

PERMUTATION

An arrangement that can be formed by taking some or all of a finite
set of things (or objects) is called a Permutation.

Order of the things is very important in case of permutation.

A permutation is said to be a Linear Permutation if the objects are
arranged in a line. A linear permutation is simply called as a
permutation.

A permutation is said to be a Circular Permutation if the objects are
arranged in the form of a circle.

The number of (linear) permutations that can be formed by taking r

things at a time from a set of n distinct things {"<mlis denoted by
"P.oor Pln.r),

"P.o=nln—1){n—2)rn-3)..... n—r+1)= "2

(n—r)l

NUMBER OF PERMUTATIONS UNDER CERTAIN CONDITIONS



1. Number of permutations of n different things, taken r at a time,

when ? particular thng is to be always included in each arrangement ,
is T{" T Py,

2. Number of permutations of n different things, taken r at a time,
when a particular thing is never taken in each arrangement is "' F,.

3. Number of permutations of n different things, taken all at a time,
when m specified things always come together is m!(n —m + 1)!,

4. Number of permutations of n different things, taken all at a time,
when m specified never come together is ! — [m!{n —m + 1)]

5. The number of permutations of n dissimilar thﬂngs taken r at a time
when k(< r) particular things always occur is ["~ Fr—k]-[ P,

6. The number of permutations of n dissimilar things taken r at a time
when k particular things never occur is " " F..

7. The number of permutations of n dissimilar things taken r at a time
when repetition of things is allowed any number of times is n".

8. The number of permutations of n different things, taken not more
than r at a time, when each thing may occur any number of times is
n+n+ndi4 ... +n =20

n—1

9. The number of permutations of n different things taken not more
than ratatime "1 " B+ B+ 0 5

PERMUTATIONS OF SIMILAR THINGS

The number of permutations of n things taken all tat a time when p of

nl

them are all alike and the rest are all different is .

If p things are alike of one type, q things are alike of other type, r

things are alike of another type, then the number of permutations with
(p+g+v)!
p+q+r things is #lalrl .

CIRCULAR PERMUTATIONS

1. The nu_mber of circular permutations of n dissimilar things taken r at
a time is &



2. The number of circular permutations of n dissimilar things taken all
at a time is [ — 1)1,

3. The number Qlﬁ?circular permutations of n things taken r at a time in
one direction is .

4. The number of circular permutations of n dissimilar things in clock-
wise direction = Number of permutations in anticlock-wise direction =
(n—1}!

a

COMBINATION

A selection that can be formed by taking some or all of a finite set of
things( or objects) is called a Combination.

The number of combinations of n dissimilar things taken r at a time is
C. or Cln.r) or (”j

n

denoted by rl,
e — !

1. 7 rl{n—vr)!

2.” I‘(-_‘r' =" I*(-_‘r'—]

3.”(_-\?_ _'_r.l (-_‘r'—] =r.l+] (-_‘r'

glf "C.=0C,=r=s5 or n=r-+s

5. The number of combinations of n things taken r at a time in which
a)s particular things will always occuris ™ "C_..

b)s particular things will never occur is “ "C,

c)s particular things always occurs and p particular things never occur
N r.l—_r:-—s(_—\
is r—a.

DISTRIBUTION OF THINGS INTO GROUPS

1.Number of ways in which (m+n) items can be divided into two
M+ - [m4n)!

m mlnl .

unequal groups containing m and n items is



2.The number of ways in which mn different items can be divided
equally into m groups, each containing n objects and the order of the

(mn)il 1

groups is not important is [.;”!-;-n- wl,

3.The number of ways in which mn different items can be divided
equally into m groups, each containing n objects and the order of the

(mn)!

groups is important is (=™,

4.The number of ways in which (m+n+p) things can be divided into
[m+n+p)!
three different groups of m,n, an p things respectively is = miuly!

5.The required number of ways of dividing 3n things into three groups
(3n)!
of n each =%—ni.”!.”!.When the order of groups has importance then the
{3m)!

required number of ways=i=l}*,
DIVISION OF IDENTICAL OBJECTS INTO GROUPS

The total number of ways of dividing n identical items among r

persons, each one of whom, can receive 0,1,2 or more items (=nlis
r.l+r'—](_'w
r—1

The number of non-negative integral solutions of the equation
Ty + g g +r,=n is "TlC,_,

The total number of ways of dividing n identical items among r
. . . —1
persons, each one of whom receives at least one item is * €1

The number of positive integral solutions of the equation
Iyt dn A+ dg o +r,=n is ”_](‘r._]_

The number of ways of choosing r objects from p objects of one kind,
g objects of second kind, and so on is the coefficient of ="in the
expansion

(I4+a+a® 4.+ a?) I+ + a2+ 2%,

he number of ways of choosing r objects from p objects of one kind, q
objects of second kind, and so on, such that one object of each kind
may be included is the coefficient of x"is the coefficient of x"in the
expansion

(x4 + P+t )



TOTAL NUMBER OF COMBINATIONS

1.The total number of combinations of (p1 +p2 + ----+m-}things taken
any number at a time when Pithings are alike of one kind, razthings are
alike of second kind....tthings are alike of k"kind, is

(pr +1)(pa +1).....(pr + 1),

2.The total number of combinations of (r1 +p2 +....+ bk things taken
one or more at a time when Pithings are alike of one kind, Pzthings are
alike of second kind....Ptthings are alike of k'"kind, is

(pr + Uips + 1)+ 1) — 1
SUM OF THE NUMBERS

Sum of the numbers formed by taking all the given n digits (excluding
0) is (Sum of all the n digits)(n— 1)1{111..n times)

Sum of the numbers formed by taking all the given n digits (including
0) is [Sum of all the n digits)(n — 1)I(111..n  times)—

(Sum of all the n digits)n—2)l{111..(n—1) times)

Sum of all the r-digit numbers formed by taking the given n
digits(excluding 0) is
(Sum of all the n r.?:'_f;s'#.ﬁ-}”_lﬂ._] (11111....... r times)

Sum of all the r-digit numbers formed by taking the given n
digits(including 0) is
(Sum of all the n digits)" 'P._(11111....... r times)—

(Sum of all the n r.fj_f]r:'#.‘.-:l”_fﬂ._g[11111 ....... (r—1) times)
DE-ARRANGEMENT:

The number of ways in which exactly r letters can be placed in wrongly
addressed envelopes when n letters are placed in n addressed

n 1 1 1 (1% 1
envelopes is "l =+ o — g+ =175,

The number of ways in which n different letters can be placed in their
n addressed enveIoPes so that al the letters are in the wrong

1 1 1 nl
envelopes is "![1 —m+ g — g+ + (=175

!

IMPORTANT RESULTS TO REMEBER



In a plane if there are n points of which no three are collinear, then

1. The number of straight lines that can be formed by joining them is

”(__‘j_
2. The number of triangles that can be formed by joining them is “C3,

3. The number of polygons with k sides that can be formed by joining
them is "Ci.

In a plane if there are n points out of which m points are collinear,
then

1. The number of straight lines that can be formed by joining them is
r.l['\j __m 'f-_‘j + 1

2. The number of triangles that can be formed by joining them is
T ﬁ_‘_'ﬂ _m {"!3.

3. The number of polygons with k sides that can be formed by joining
them is "Cy =" Cy,

. . noo3
Number of rectangles of any size in a square of n x n is 2 =17

T 2

Number of squares of any size in a square of n x n is 2 et

In a rectangle of p x g (p < q) number of rectangles of any size is
Blp+1){g+1)

In a rectangle of p X g (p < q) number of squares of any size is
S dp+l—rllg+1—r)

n straight lines are drawn in the plane such that no two lines are

parallel and no three lines three lines are concurrent. Then the number
nf 1)
of parts into which these lines divide the plane is equal to L+ =5
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