30. PERMUTATIONS AND COMBINATIONS

IMPORTANT FACTS AND FORMULAE

Factorial Notation : Let n be a positive integer. Then, factorial n, dencted by £ or
al is defined ae :

nl=nia=-N{a-8 .. 321
Examples : (N 5= (5 xd 23 w2 w 1i=120: GO A = (4 23 x 2« 1) = 24 ate
We define, 0 ! = ]
Permutations : The difftrent arrangements of a given number of things by laking somo
or all at o ime, gre callod permutations, :

Ex. 1. All permutations (or arrangementis) made with the letters &, b, ¢ by taking two
wt a time are (a b, ba, ac, ca, be, cb).
Ex 2 All permutations made with the letters a, b, ¢, taking all at a time are ;
tabe ach, bac bea, cah, cha).
Number af Permutations : Number of all permutations of o things, taken rat o
time, iz given by :
(]
P =nin-Hin=B..0-r+D = —0
{fm=ril
Exzamples : (i) *F, = (6x5) = 30. (i P, - (T=6x5 = 210,
Cor. Number of all permutstions of n things, taken all at a time = n |

An Important Result : If there are n obfects of which p, arc ulike of one kind: Py dre
alike of anether ifnd: By are alike of third kind and <0 on and pare alike of rth kind,
such that (py + po+ ...+ pl=n

Then, aumber of permutations of these n ohjects is .
n!l
Py Nipy oo (pp I
Combinations : Esch of the different groups or selections which ean be formed by taling
fome or all of 3 number of ohiects, i called a combination.

Ex. 1. Suppose we want o seleet two out of three boys A, B, C. Then, pessible
selections are AB, BC and CA

MNote that AB and BA represent the same selection.
Ex. 2. All the combinations formed by &, b, ¢, taking two at a time are ab, be, ca.
Ex. 3. The only combination that can be formed of throe letters a, b, ¢ taken all at
a time is abe,
Ex. 4. Various groups of 2 out of four persons A, B, C, D are :

AB, AC, AD, BC, BD, CD.

Ex. 5. Note that aband ba are two different permutations but they represent the same
combination,
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Number of Combinatione ; The number of all combinations of n things, taken r at
a4 time is :
"o = m [ _nla-0in-2)...to r faciors

rhin=r)! r
Mote that : "Cy = T and "Cy = 1.
An Important Result : "C, - "G, ..

(1l w1029« 8
p Moy s ————
. b Mxd=x2x=1)

168 = 16w 14 18=156=14
iy o o Wasto o MRe e = -
(i) 11 AE- 11 5] a3l FxZul

Example : = 330,

‘DA

SOLVED EXAMPLES

]
Ex. 1. Evaluste ; PE%-‘

30! A0=29x(28 1)

Sol. Wo have, — Eon = (30 % 28} = B70.
AT T 28 1
Ex. 2. Find the value of (i) P, (i *P,
60 ! 60! 60 x59x58x% (5T
Sol. (i) P = e———r — = - (60 x 59 x 58) = 206320,
0 Fy (B0-3)! &7 57 !

(i) "P, =d!=(4x3x2xl) =24

Ex. 3. Find the value of (i) ™y (i) "™y (i) Mgy

0= 9= 8 10=59»3

» 10 .
Sal. e = = 120,
L 1 ! R |

(i) MO0, - W9 o oo - 100 [1':“3!55] . 4950,
w1l
(i) ¥Cp w L [ *C, = 1]
Ex. 4. How many words can be formed by usiog all letiers of the word ‘BIHAR 7
Sol. The word BIHAR contains 5 dafferont letters.

Hequired number of words = “F = 5! = (Sxdx3x2x1) = 120.
Ex. 5. How many words can be formed by wsing all the letters of the word
UGHTER so that the vowels always come together ?

Bol. Given word contains B different lettors. When the vowels AUE are nlways together,
we may suppase them to form an entity, trested as one letter.

Then, the letters to be arranged are DGHTR (AUE)L

These & letters can be arranged in "’ig = f = T2 ways,

The vowels in the group (ATTE) may be arranged in 3 | = & ways.
Required number of words = [T20 » &) = 4320.
E: 6. How many words can be formed from the letters of the word "EXTRA', so that

the vowels are never together ?
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Bol. The given word contains & different lettors,

Taking the vowels EA together, we treat them as one letter.

Then, the letiers to be arranged are XTE [EA)

These letters can be arranged in 4 | = 24 ways.

The vowels EA may be srranged amongst Lhemeelves in 21 = 2 waye

Number of words, each having vowels together = (24 x 2) = 48.

Total number of words formed by using all the letters of the given words
=(xdx3x2xl)=130

Number of words, esch having vowels never together = (120 — 48) « T2

Ex. 7. How many werds can be formed from the letters of the word 'NEECTOR so
that the vowels are ahways together ?

Sol. In the given word, we treat the vowels TEO as one leiter
Thus, we have DRCTR ([EQ).
This group has 6 letters of which R oecurs 2 times and others are different.

Number of ways of arranging these letters = % = BB0.

Now 3 vowels ean be arranged among themselves in 3 ! = 6 ways.
Required number of ways = (380 = 6} = 2160.
EI.E..IuMwmu,rrm enn & cricket eleven be chosen out of & batch of 15 players?

Sol. Required number of ways = BCh = gz = ey
_ lEx 14w 13w 13
dudndul

E:.i.Inhmmn;wmammiﬁmnfﬁmnbﬂamhufﬁwdﬁwmsmmd
& ladies, congisting of 8 men and 2 ladiea 7

Sal. (3 men out 6 and (2 ladies out of 5) are to be chosen.

A - TN Gabnd hxd]
Required number of ways = ("Cq x Cy) = ["—Exinlﬁﬂxi]

—  — R  —— —— —— — T —— i — —— — e [R— — = T

= 1365

(OBJECTIVE TYPE QUESTIONS)

Directions : Mark () against the correct answer :
1. The value of "B, is:

{u) 2775 (b 150 (c) 5550 {d) None of these
2. How many 4-letter words with or without meaning, can be formed out of the letters
of the werd, 'LOGARITHMS', if repetition of letters is not allowed ?
() 410 (1) 400 (e} S040 (d} ZH20
3. How many words with or without meaning, can be formed by using all the letters of
the word, ‘DELHI', using each lettor exactly once 7
ial 10 k) 25 () 6O (dh 120
4. In how many waye can the letters of the word ‘"APPLE’ be arranged 7
{a) T20 by 120 e &0 () 180 (&) MNone of these
5. In how many ways can the letters of the word LEADER' be arranged ¥
{ah T2 (B 144 (e} 60 (d) 720 (&) None of thase
Aank PO 2003)
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In how many difforent ways can the letiers of the word ‘RUMOUR® be arranged T

{a) 180 (B 30 {ed &0 idi T2 (e} Mone of these
(Bank P.O. 2003)
. How many words can be formed by using all the letters of the word, "ALLAHABAD #
[a) FTBO (b} 1ES (el THEO il 2520 (&l Mane of these
How many arrangements can be made out of the letlers of the word ‘ENGINEERING' ?
{a) 277200 (1 SZ400 el B0 (d) 23100 &) None of these
How many words can be formed from the letters of the word ‘SIGNATURE' so Lhat
the vowels always come together 7 (Bank PO, 20:03)
ta) 720 (b} 1440 (e] ZEE0 (d) 3600 {e} 17280
In how many different ways can the letters of the word ‘OPTICAL be arranged so that
the vowels always come together ? (M.B.A. 2002)
fa) 120 (5 720 {ch 4320 Cly 2160 ied None of thess
In how many different ways can the letters of the word ‘SOFTWARE” be arranged in
such u way that the vowels always come together 7 (Bank PO, 2003)
(al 120 (b)Y 360 e) 1440 () 13440 (¢l 720
In how muany difforent ways can the lettere of the word ‘TEADING' be arranged in such
a way that the vowels always come wgether 7 {Bank PO. 2002)
(a) 380 (b} 480 (ct T20 (d} 5040 (e} None of these
In how many different ways can the letters of the word ‘JTTDGE’ e arranged in such
a way that the vowels abways come together ? (8.B.L.LFO. 2001)
{a) 48 ik 120 ich 124 (dl 160 (& Mone of theae
In how many different ways ean tho lotters of the ward 'AUCTION' be arra nged i such
a way that the vowels always come together 7 (S E.LEDQ. 2000)
L) S0 th) 48 (el 144 (dy 576 (&) Mone of these
In how many different ways ean the letters of the word BANKING' be arranged so that
the vowels always come together 7 (Bank P.O. 2008)
(@) 120 (& 240 tel 280 idl 5S40 (e T20
In how many different ways can the letters of the word ‘CORPORATION' be arranged
s0 that the vowels always come together 7 (LR.LPO. 2003)
[a) B1O bl 1440 [el 2880 () S0400 (gl 5TED

In how many different ways can the letters of the word MATHEMATICS' be arranged
g0 that the vowels always come together ?

(&} 10080 [B) 4580600 (el 12060 (dl Mane of these
In how many different ways can the letters of the ward DETAIL he arranged in such
a way that the vowels accupy only the odd positions ? {Bank PO, 2002)
(a) 32 ib) 4B () 38 (el B0 (el 120

In how many different ways can the letters of the word "MACHINE® be arranged so
that the vowels may cccupy only the odd positions 7

la) 210 (b 576 ie) 144 id) 1728 ie) 3456

In how many ways can a group of 5 men and 2 women be made out of a total of 7
men and 3 women 7 (Bank PO, 2003)
(a) 63 LB 90 (e} 128 (d) 45 (a) 135

In how many ways a committee, congisting of 5 men and § women can be formed from
& men and 10 women ? (Bank F.O. 2003)
(o) 266 (k) 5040 (gl 11760 (d) 86400 (&) None of these

From a group of 7 men and 6 women, five persons are to be selected to form o
committes g0 that at least 3 men are there on the eommittes. [n how MANY WAYS CAN
it be done 7 (M.B.A. 2002)
(a) 564 (b} B45 (ch 735 id TE& (e None of these
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3.

In a group of & boys and 4 girls, four children are to bo selectad. In how many different

wuye can they be selected such that at least one bay should be there ?

(b 169 (h) 184 {c} 305 (e 205 (& Mone of these
(S.B.ILPO. 2000)

A box contains 2 white balls, 3 black balls and 4 red balls. In bow many ways can
4 ballz be drawn from the box, if at least one Black ball is to be inchoded in the draw ?

{a) 32 b 48 (el G4 (d) S8 e Noune of these

(Bank P.O. 1008)
Hew many 3-digit numbers can be formed from the digils 2, 3, 5, 6, 7 and 9, which
ary divigible by 5 and none of the digits is repeated ? (8.8.C. 20001
Lal B (by 10 (ch 15 (d} 20

In how many ways can 21 beoks on English and 18 books on Hindi be placed in o row
on a shelfl s0 that two books on Hindi may nct be together 7

(at 305 [ 1540 e 1995 el 3672 (ed None of theas

27 Ot of T consenants and 4 vowels, how many words of 3 consonants and 2 vowels can
be formed 7
(a) 210 (b 1050 (¢l 28300 et 2YL00 (¢ Mone of thesa
ANSWERS
L (el 2 (o i (d) & (o) B (& B, (a)
T. (&} B. (a) 3. (e 10, (& 1L (& 12, {8
13. (&) 14. (dl 16, (e 16. () 17. (c) 18. (c}
18, (b B0. i(am) 21. & 22 {dh 2 id 2. ()
25, (d) . [ 27. (e
SOLUTIONS

=5 Ta ! 751 ToxTd=(78 ")
= Te-21 T -
TOGARITHM® contains 10 different letters.
Required number of words = Number of arrangemenis of 10 letters, taking 4 at a time
Wp - (10x9x8=T) = 5040,
The word ‘DELHI" containg 5 different letiers.
Regquired number of words = Number of arrangements of 5 letters, taken all at a time

=P =51=Gudx3u2=T= 120

= (T8 = T4} = BOGD,

. The word ‘APPLE’ containg 5 letters, 14, 2P, 1L and 1E,

5!
ired number = ——— = A}
Sy of ways = AnE DI DD
The word ‘LEADER" contains 6 letters, namely 1L, 2E, 1A, 1D and 1R
5!
Redqul . = 360
uired mimber of ways = CemrEEEE
The word ‘RUMOUR' contains 6 letlers, namely 2R, 2U, 1M and 11U
6 | . ¥nl
ENEa 00

Heguired number of waye =
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The word ‘ALLAHABAD' contains © letters, namely 44, ZL, 1H, 1B and 1D.
91
= TG0,
4nEneEnanah
The word ‘ENGINEERING' contains 11 letters, namely 3E, 3N, 2G, 21 and 1R
1!
= 277200.

Reguized momber o Arranpements . @ I D DD

The word ‘SIGNATURE' contains 9 different leticrs,

When the vowels IAUE are taken together, they ean be suppesed to form an entity,
treated as one letter.

Then, the letters to be arranged are SGNTR (IAUE).

These & letters can be arranged in "Py = 6! = 720 ways.

The vowels in the group (IAUE) can be arranged amongst themnselves in

‘P, = 4! = 24 ways.

Roguisite number of words =

Reqquired number of words = (720 = 24} = 17280
'l'J:uu word ‘OPTICAL' contuins 7 different Jetlers.
When the vowels OlA are always together, they can be supposed to form one letter.
Then, we have to arranges the illtm".li PTCL {QLAD.

Mow, 5 letters can be arranged in 5 ! = 130 ways,
The wowels (OIA) can be arranged among themselves in 3 ! = 6 ways.
5 Required number of ways = (120 = &) = .
The word ‘SOFTWARE' contains 8 different lefiers.
When the vowels OAE are shways together, they can be supposed Lo form one letter.
Thus, we have to arrange the lattors SFTWE (DAE),
Mow, 5 letters can be arranged mn 6 ! = 720 ways.
The vowels (DAE) can be arranged among themselves in 3 ! = & ways.
Reguired number of ways = {T20 = &} = 4320,

. The word ‘LEADING® has 7 different letiers.

When the vowels EAT are always together, they can be supposed to form one letter.
Then, we have to arrange the letters LDNG (EAL,
HNow, 5 letters can be arranged in 5 ' = 120 ways
The vowels (EAT) can be arranged among themselves in 3 ! = 6 ways.
Reguired mumber of ways = (130 « 6} = T20.

R Thu word ‘JUDGE' has 5 different letters.

When the vowels UE are always together, they ¢an be supposed to form one letier
Then, we have to arrunge Lhe letters JDG (UE)

Now, 4 letters can be arranged in 4 | = 24 ways.

The vowels (UE) can be arranged among themselves in 2 ! = 2 ways.

; Required number of ways = (24 = 2) = 48

The word “AUCTION has 7 different letters.

When the vowels AUTO are alwave together, they can be supposed to form one letter.
Then, we have to arrange the letters CTH (ALTTIO)

Now, 4 letters can be arranged in 4 | = 24 ways.

The vowels (AUID) can be arranged among themselves in 4 1 = 24 ways,

~ Required number of ways = (24 = M} = 576

In the ward BANKING, we treat the two vowels Al as one letter. Thas, we have
BNENG (Al

Thiz has & letters of which N occurs 2 times and Lhe rest are dji'ﬁ:rl:nt
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Now, 2 vowels Al ean be arrenged in 2 ! = 2 waye.

Bequired number of waye = (360 x 2) = T20.
In the word CORPORATION, we treat the vowels QOALQ as opie letter. Thus,
we have CHPRTN (OOAIO)
Thizs has 7 lettere of which B accurs 2 times and the rest are differant

Number of ways of arranging these lotters =

Number of ways of arranging these letters = £2 2 2520,

Z!

Now, 5 vowels in which O ceurs 3 times and the rest are different, can be arranged
£
in ﬁ = 2} ways.
.~ Reguired nuomber of ways = (2530 = 201 = S0400.
In the word ‘MATHEMATICS' we treat the vowels AEAT as one letter, Thus, we have
MTHMTCS (AEAL.
Noaw, we have to arrange 8 letlers, out of which M ocours twice, T ocours twice and the
rest are different.
[

, 8
Mumber of ways of arranging these letters = EnEn = 10080,

Now, AEAT hae 4 letters in which A occurs 2 times and the rest are different.
Mumber of waye of arranging these letters = % =12

Bequired number of words = (10080 = 12) = 120960,
Thare are 6 letters in the given word, out of which there are 3 vowels and 3 consonants.
Let us mark these positions as under :

(G000 0
Mow, 3 wowels can h-epial:e;i al any nft:uunuptnm oot of 4, marked 1, 3, 5.
Number of ways of arranging the vowels = Py = 3! = 6.
Alan, the 3 consonants can be arranged i the remaining 3 positions.
Number of ways of these arrangements = 'F; = 3! = 8.
Total number of wayes = (6 » #) = 38,

There are T letters in the given word, out of which there are 3 vowels and 4 conssnants.
Let us mark the positions to be filled up as follows -

AN :1’| 4) (5) (s {?]
B0 G001
Now, 8 vowels can be placed at any of the three places, out of the four marked 1, 3,
5, 7.
Number of ways of arranging the vowels = *Py = (4= 3x2) = 24,
Alsa, the 4 consonants st the remaining 4 positions may be arranged in
= = 41= 24 waps
Required number of ways = (234 = 24) = 576

Required number of ways = ("Cgx *Cq) = (7Cy x 'Cyp) =[;;f:~s} = 53
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21. Required number of waye = (PC; = ()
L Wpy [BXTXE lﬂiﬂwﬂxﬂ_
oy x 100y,) (3:2“ ) 11760,

22, We may have (3 men and 2 women) or {4 men and 1 woman} or (5 men only)
Required number of ways = ('Cy = 900 + (70 = "0 +('Cy)
I"T:rExE x5
Lﬂxﬂxl Exl] “; e L‘j”%?
Txéx5 ) [naJ
=6+
2x1

=5ﬂ5+[3u2ﬂ ]

= (525 + B10 + 21) = THE.
28. We may have (1 boy and 3 girls) or (2 boys and 2 garls) or (3 bovs and 1 girl) or (4 boys),

Required number of ways = (%0 x YCq) + (50 = *Cy) + (°Cy x ') + (7Cy)
= {50y x 40 + (50 w ")+ (BCy x O + By

x Bx5 4x3 G hoed Gxb
= iﬁx4]+[2]“ ] Ent)+{3:2x1 ”4]-'-[_31:1]
= (24 + 00+ BO + 15) = 200,

24. We may have (1 black and 2 non-black) or (2 black and 1 non-black} ar (3 black),

Required number of waye - (20, = 30+ (00, » Y0y + 'IEE';}

x5 e
= [3:‘- 2x1J+[2H ::El-]-r] = {45+ 18 + 1} = .

25, Since each desired number is divisible by 5, so we must have 8 at the unit place. Bo,
there iz 1 way of doing it.
Tens place con be filled by any of the remaining 5 numbers,
S0, there are 5 ways of filling the tens place.
The hundreds place can now be filled by any of the remaining 4 digits. So, there are
4 ways of filling it
* Hequired number of pumbers = (1 = 5 x 4) = 20,

26. In order that two books on Hindi are never together, we must place all these books
as under ;

XEXEXEX..XEX
where E denotes the position of an English beok and X that of a Hindi boak.
Since there are 21 books on English, the number of places marked X are therefore, 22
Now, 19 places out of 22 can be chosen in 20y = 2, = i“i’:‘;T"f“ = 1540 ways.
Henee, the required mamber of wavs = 1540,
27. Number of ways of selecting (3 consonants sut of T) and (2 vowels sut of 4)
TxBxb 4x3)
=1 i) =
i [Exﬂxlxﬂxlj.zlﬂ
Number of groups, each having 3 consonants and 2 vewels = 210.
Each group contains 5 letlers.
Kumber of ways of arranging 5 letters among themselves
=5l=(524%x3x2x1)=120
Required number of words = (210 = 120) = 25200

A S S . S S . S eei—— p— — —— T T T S S S T T . S S S S S



