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Permutations and Combinations
hHTY 3R 999

Count choices without listing everything

6 concepts 6 worked examples 12 practice questions
B8 & IFTYRUMY BE el fehy IaTeur IRE 3T U

Learning targets / i & @ga

* Decide whether order matters.
* Handle restrictions without overcounting.

* Count distributions and circular arrangements.

Before you start: Factorials and basic set operations.

Concept map & question links / sfauRom g

Concept Learn + explain / r@erRom Practice

Cc1 Choose the counting operation Q01, Q12

p.2 SIERIKIUIG

c2 Order makes a permutation Q02, Q03, Q05
p.2 hH T Hgd

c3 Selection ignores order Q04, Q11

p.3 TI9 # oA el

c4 Build restrictions into the model QO06, Q07, Q08
p.3 gfasier &t o

c5 Remove rotational duplicates Q09

p.4 eI HaRITY

cé6 Distribute identical objects Q10

p.4 AT a3 ot faavor

Read C1-C6 — attempt Q01-Q12 — check solutions - complete the extension.

Ugat 3GYRUN g, fOhe foFT 81 G U & | TTeAclt 811 IR U & C-ahis ¥ Gafed UTS SIaRT g |

Green panels: key formulas and conditions. Amber panels: common errors. Each lesson has an English explanation, a Hindi
explanation and a worked example.
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LEARN e« g#Hs

Concepts 1 & 2

C1/ KEY CONCEPT
Choose the counting operation / SitS a1 7o &3?

Use addition for disjoint alternatives and multiplication for consecutive choices. If cases overlap, separate
them or subtract the overlap. A careful definition of one outcome is the most important step: decide what
makes two outcomes different before selecting a formula.

STeT-31elT faehedl # & Ueh 1T 81 af SIS | IR hg TRUT QR &hv 8l af JUIT & | IGTE0T A Ao S o
foIq 7= geham, W1 T Ueha™ 3R U7 il G- €, $Afclg e 4 x 3 x 2 = 24 |

m alternatives OR n disjoint alternatives: m + n; m choices THEN n choices: mn.

WORKED EXAMPLE 1 / g« faar Iarezor
A meal uses one of 4 mains, one of 3 sides and one of 2 drinks. How many meals?

Solution: There are 4 x 3 x 2 = 24 meals. Each complete choice gives a different ordered selection of
components.

WATCH OUT: Multiplication does not require numerical probabilities or statistical independence.

C2 /| KEY CONCEPT
Order makes a permutation / sFH &l Agd

An ordered selection of r distinct objects from n uses n choices for the first position, n - 1 for the second,
and so on. If repetition is allowed at every position, the count is n" instead. Leading-zero restrictions must
be handled separately in numbers.

¥ dqct- § URUTH SGeldT g af ShATd IUINT & | fa-T §RIgHRT 8% R IR 3ueteyl fdehed ged €1 IaTexor
TR 3ihl St G&ATh felT 6 x 5 x 4 x 3 = 360 fAhed 81 YT IU gl dt Uget VI hI el S1d B

P(n,r)=n!'/(n-r)’; 0! =1.

WORKED EXAMPLE 2 / g« forar Sergror
How many four-digit numbers use 1,2,3,4,5,6 without repetition?

Solution: All six digits can be first because none is zero. The countis 6 x 5 x 4 x 3 = 360.

WATCH OUT: A code may begin with zero; a four-digit number cannot.
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LEARN e« g#Hs

Concepts 3 &4
C3 / KEY CONCEPT
Selection ignores order [ =g+ & &d gl

When only membership matters, each r-element selection has r! internal orders. Divide the ordered count
by r! to avoid counting the same group repeatedly. If roles such as captain are later assigned, make that a
separate stage.

g & TS| ohl ShH HEal ol dl Tad TN e | 1S | i< &l THg 56 a8 J §d1 81 & g H St
& i faeed 8, 39feiY t 168 TR &1 Tg AT 3fR AT ST 37T TRUT § |

C(n,r) =n!/[rY(n - r)']; C(n,r) =C(n,n - r).

WORKED EXAMPLE 3 / g« faar Iarezor
Choose a team of 3 from 8 learners and then select its captain.

Solution: There are C(8,3) = 56 teams and 3 captain choices per team: 168 outcomes.

WATCH OUT: Do not divide by r! when the positions or roles are distinct.

C4 [ KEY CONCEPT
Build restrictions into the model / ufasier <l morT

For objects that must remain together, treat the group as one block, then arrange within it. For objects
that must be separated, first place the other objects and choose available gaps. Identical repeated objects
require division by factorials of their multiplicities.

T Y@ el a¥g 3l i Uk slch A SR Ih 3iaR ol FawTy ot i | 9 a¥gsi & siem-ue™ & =
aRur gl fAerdn) LEVEL # &Y L 3R &t E §, 3|feig 5! &t 2! x 2! & HHT aa 30 fireran g1

Arrangements of n objects with repeats ni,nz,...: n!/(n1!n2!...).

WORKED EXAMPLE 4 / g fora Sargwor
How many distinct arrangements does LEVEL have?

Solution: There are five letters, with two Ls and two Es. The count is 5!/(2!2!) = 30.

WATCH OUT: A block still has internal orders unless its members are identical.
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LEARN e« g#Hs

Concepts 5 & 6
C5 / KEY CONCEPT
Remove rotational duplicates / g=fta sgeawnd

For n distinct people around a round table, rotations describe the same seating. Fix one person and
arrange the remaining n - 1. Reflections are still different unless the problem explicitly identifies them, as
in some necklace settings.

il A% IR hdel G ¥ 5 96k el §-d! | Geh Ak IR T@h A ht AR he | 331801 H A 3R B &l
AT T TR UTd 3HISAT &, Fuiid AGRATY 4! 37R &feh b e 2 oA &, Pt 48|

Round-table arrangements = (n - 1)! forn = 1.

WORKED EXAMPLE 5 / g<t faar Sergeor
Seat 6 people around a round table with A and B adjacent.

Solution: Treat A,B as a block. Five circular units give 4! orders; the pair has 2 internal orders. Total = 48.

WATCH OUT: Do not use n! if rotating every person gives the same arrangement.

C6 / KEY CONCEPT
Distribute identical objects / ¥# a¥gaif o1 fAazor

Stars and bars counts nonnegative integer solutions by placing separators among identical objects. If
each recipient must receive at least one, first allocate one each. Upper bounds can require subtraction of
forbidden cases through inclusion-exclusion.

G g3l el AHifohd fSeait # dfet & ol ari ofR fATSTen! a1 aienT SUATT ¢ | @refl fesst H1=T 8 af =
ff TR 81 331801 7 7 a¥qU 3R 2 fawrsiah 8, gafeg C(9,2) = 36 faavur €

Xi+..+Xr=n,Xi =0:C(n+r-1,r-1).

WORKED EXAMPLE 6 / g<1 faar Iergzor
Distribute 7 identical counters among 3 labelled boxes, allowing empty boxes.

Solution: Seven stars and two separators give C(9,2) = 36 distributions. The labels matter, so different box
totals are distinct.

WATCH OUT: This formula is not for distributing distinct objects.
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PRACTISE * 3119 &3

Practice A

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

Q01 -.c1
A shop has 5 notebooks and 4 pens. How many choices of one of each?

Geh H 5 31T SHIfUAT 3R 4 37eTT U §1 Ueh ohidl 3R Ueh O G o foha=t aich 872

Q02 .c2
How many 3-letter codes can use A,B,C,D with repetition?

A,B,C,D & grigf afgd i+ 31ert & fohdA ahig s=d?

Q03 -.c2
How many 3-digit numbers use 0,1,2,3,4 without repetition?

0,1,2,3,4 & fom1 gRigf¥ i1 siepl <t fopait T s=et?

Q04 .c3
Choose 4 books from 9 different books.

9 37T G&dchl A ¥ 4 T & fohat aXieh €72

Q05 - c2
Select president and secretary from 7 people.

7 aferal | & sregel 3R Afe g o b ik 82

Q06 - c4
Count distinct arrangements of BANANA.

BANANA & 37&R} &Y fohd=t 31eiT gy 8?2
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PRACTISE * 3119 &3

Practice B

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.
hael IR g, fafd oft ford | siraegenar gt dt Heifdd C-eplg arer urs add|

Q07 - ca
Arrange 5 distinct books in a row with two specified books together.

5 3TelTT GRdeh! | &l fAfAd gede! ol a1 3@d gu dfea # fohaet caamt &2

Q08 - ca
Arrange 5 distinct books with two specified books not adjacent.

351 5 gEden! | &t AfSd geadh 9rg-ure 7 &1 af foha-t sgaemy §?

Q09 -.cs5
Seat 7 distinct people at a round table, identifying rotations only.

7 T Al i el AsT IR v axia! & So14H, Al Shadt gATE THE A S18?

Q10-c6
Distribute 8 identical tokens among 3 labelled boxes with at least one in each.

8 YU cteh 3 AMHIfhd fEsal | aifeu| g f3sst A H-T-3H e 8 at foha faawur &2

Q11-.c3
Choose 3 from 5 women and 4 men with at least one woman.

5 Hfeof ok 4 QW H & 3 9T H-R-aH T ARReT 8 At e g &2

Q12 -.c1
Find the number of shortest right/up grid paths from (0,0) to (4,3).

(0,0) & (4,3) d Fad Y AT FHUR ST fehd= Jad B fs-ur &2
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CHECK ¢ ga wiftd

Solutions A

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q01 / C1 * Choose the counting operation
5x4=20.
Pt & 5 3R U & 4 fdehed €1 G g b 20 aich &

Q02 / C2 * Order makes a permutation
43 =64.
& WM | 4 [ddhed 81 FeT 43 = 64 S &

Q03 / C2 * Order makes a permutation

4 choices for the hundreds place, then 4 and 3: 48.
Ugol I UR g sl gh, 3feig 4 faehed €1 fi 4 3R 3 faemed: et 481

Q04 / C3 ¢ Selection ignores order
C(9,4) = 126.
%Y Agas &, 3afeg C(9,4) = 126 T 81

Q05 / C2 * Order makes a permutation
Distinct roles: P(7,2) =7 x 6 = 42.
&l feRTd orenT &1 ugat 7 iR fiR 6 faehed 8, et 421

Q06 / C4 ¢ Build restrictions into the model
6!/(312!) = 60.
AT A SRS NIHEFEI6!/(312!) = 60 TTRATY &1

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

el 89 TR hRUT GHSTY | TTeAd 811 UR Ugett TTeTd fehal Ugam SR IR 8l he |
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CHECK ¢ ga wiftd

Solutions B

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q07 / C4 « Build restrictions into the model
Treat the pair as one unit: 4! x 2 = 48.
Gl Q&iehl Bl sclich ST TR TR ShISAl 81 4! x 2 = 48 FaRITY g

Q08 / C4 ¢ Build restrictions into the model
All 5! orders minus 48 adjacent orders gives 72.

el 120 | & T1Y g dreit 48 geTd| AW 72 &

Q09 / C5 « Remove rotational duplicates
(7-1)!=720.
AT 99 g, i Gop Ao fRR @1 AW 6! = 720 81

Q10 / C6 ¢ Distribute identical objects

Allocate one each; distribute 5 remaining: C(7,2) = 21.

Uga ol f3sal § Tep-Uah o | AW 5 &1 faaror C(7,2) = 21 81

Q11 / C3  Selection ignores order
C(9,3)-C(4,3)=84-4=80.
goft Tggl & ¥ haer goul aret "gerd: €(9,3) - C(4,3) = 801

Q12 / C1 * Choose the counting operation
Arrange 4 right and 3 up steps: C(7,3) = 35.
IR GIU 3R A SWR Sadi ol A g1 C(7,3) = 35 I 8l

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

gl 811 IR hRUT GHSATY | TTeAd g1 UR Ugelt TTeld fohdl Ugdm 3iR SIaRT 8l e |
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CONNECT ¢« §dy g

Visual review & extension

Order matters ]

/ [Use permutations \
Apply restrictions
Check duplicates

\ [Only membership] /

Use combinations

[Define one outcome}

C1-C4: define the outcome before choosing a counting formula.

Derangements

A derangement has no object in its original position. Inclusion-exclusion gives Dn=n! 2 fromk=0ton
of (-1)</k!. For four distinct objects, Da=24-24+12-4+1=09.

Prime exponents in factorials

The exponent of a prime p in n! is floor(n/p) + floor(n/p2) + ... . In 20!, the exponent of 5 is 4 and that
of 2 is 18, so there are 4 trailing zeros.

Challenge

Split 6 distinct students into two unlabelled groups of 3. Choosing one group gives C(6,3), but each
split is counted twice. Answer: C(6,3)/2 = 10.

faemas & g avg 31U QR RIF W A8l &t HIsd § 37Ty i 11d e & ol 39es a1di & T 3
quifeh AT STiSd & | YAl § &f GHg! & 1 gl 5, $H@Q C(6,3) i 2 & AT 3ehe 10 fAetdr 31

Can you explain in one sentence why you multiplied or divided at each step?

AT 31T &I G <hl 2Td 3R Teh AT Tt 70 Qa1 H THSIT Tehd 62
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