Permutation & Combination Summary
Formulas:
No. of ways of selecting r objects out of n objects = nCr
No. of ways of arranging n objects = n!

No. of ways of arranging n objects with a identical & b identical =  EQ \f(n!,a! b!) 
No. of ways of arranging r objects out of n objects = n(n–1)(n–2) ... (n – (r – 1)) = nPr = nCr r!

No. of ways of arranging n objects in a circle = (n – 1)!

No. of ways of arranging n objects in a ring =  EQ \f((n – 1)!,2) 
Choosing People

A team of 4 is to be chosen from a group consisting of Anna and Belle and 4 other players. How many ways can this be done if

(i)
there are no restrictions?

(ii)
Anna must be in the team?

(iii)
Anna and Belle must both be in the team?

(iv)
at most one of Anna and Belle in the team?

(v)
at least one of Anna and Belle in the team?

(vi)
either Anna or Belle is in the team but not both?

(i)
No. of ways of choosing 4 players = 6C4 = 15

(ii)
No. of ways of choosing the other 3 players = 5C3 = 10

(iii)
No. of ways of choosing the other 2 players = 4C2 = 6

(iv)
No. of ways = total no. of ways – no. of ways with Anna & Belle both in the team




= 15 – 6 = 9

(v)
No. of ways = total no. of ways – no. of ways with neither Anna nor Belle in the team




= 15 – 4C4 = 14
Method 2:
No. of ways with Anna in the team = 5C3 = 10


No. of ways with Belle in the team = 5C3 = 10


No. of ways with both Anna & Belle in the team = 4C2 = 6


Total no. of ways = 10 + 10 – 6 = 14
(vi)
No. of ways with Anna in the team but not Belle = 4C3 = 4


No. of ways with Belle in the team but not Anna = 4C3 = 4


Total no. of ways = 4 + 4 = 8

A team of 4 is to be chosen from a group of 4 boys and 5 girls. Find the number of ways this can be done if

(i)
there are no restrictions.

(ii)
there must be exactly 1 boy.

(iii)
there must be at least 1 boy.

(iv)
there must be at least 1 boy and at least 1 girl.

(i)
No. of ways of choosing 4 people = 9C4 = 15

(ii)
No. of ways of choosing 1 boy and 3 girls = 4C1 5C3 = 40
(iii)
No. of ways = Total no. of ways – no. of ways with no boys



= 15 – 5C4 = 15 – 5 = 10

(iv)
No. of ways = Total no. of ways – no. of ways with no boys – no. of ways with no girls




= 15 – 5C4  – 4C4



= 15 – 5 – 1 = 9

Find the no. of ways in which 6 people can be divided into 
(i)
two groups consisting of 4 & 2 people, 
(ii)
group 1 and group 2, with 3 people in each group.

(iii)
two groups consisting of 3 people each.
(iv)
group 1, group 2 and group 3, with 2 people in each group.

(v)
three groups consisting of 2 people each.
(i)
No. of ways = 6C4 2C2 = 15

(ii)
No. of ways = 6C3 3C3 = 20

(iii)
No. of ways =  EQ \f(6C3 3C3,2!) = 10

(iv)
No. of ways = 6C2 4C2 2C2 = 90
(v)
No. of ways =  EQ \f(6C2 4C2 2C2,3!) = 15
Choosing Letters, Balls or other Identical Objects

Seven cards each bear a single letter, which together spells the word “MINIMUM”. Three cards are selected. The order of selection is disregarded. Find the number of different selections.
Case 1: No. of ways of choosing 3 identical letters = no. of ways of choosing “MMM” = 1
Case 2: No. of ways of choosing “MM” + 1 other letter = no. of ways of choosing I, N, U = 3C1 = 3

Case 3: No. of ways of choosing “I I” + 1 other letter = no. of ways of choosing M, N, U = 3C1 = 3

Case 4: No. of ways of choosing 3 different letters = no. of ways of choosing M, I, N, U = 4C3 = 4

(total no. of selections = 1 + 3 + 3 + 4 = 11
How many positive integers are factors of 144 = 24 ( 32 ?

Each factor of 144 is of the form 2m ( 3n where m = 0, 1, 2, 3 or 4 and n = 0, 1 or 2.

(no. of factors = 5 ( 3 = 15.

A salad bar has 3 bowls containing lettuce, tomatoes and cucumber respectively. How many different selections can a person make, if he must take from at least 1 bowl?

The person can choose to take or not take lettuce.

He can choose to take or not take tomatoes.

He can choose to take or not take cucumber.

(no. of selections = 2 ( 2 ( 2 – 1 = 8 – 1 = 7

Arranging People

Anna and Belle and 4 other people are to sit in a row. How many ways can this be done if

(i)
there are no restrictions?

(ii)
Anna must sit on the left?

(iii)
Anna must sit on the left and Belle on the right?

(iv)
Anna and Belle must sit together?

(v)
Anna and Belle must be separate?

(i)
No. of ways of arranging 6 people = 6! = 720
(ii)
No. of ways of arranging the other 5 people = 5! = 120

(iii)
No. of ways of arranging the other 4 people = 4! = 24

(iv)
Treat Anna and Belle as 1 item.

No. of ways = 5! 2! = 240

(v)
No. of ways = 720 – 240 = 480
	Method 2: 
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The other 4 people C, D, E, F can sit down in 4! ways.

Choose 2 places for Anna & Belle in 5C2 ways.


Arrange Anna & Belle in 2! ways.

(no. of arrangements = 4! 5C2 2! = 480

In how many ways can 3 boys & 4 girls be arranged in a row if
(i)
there are no restrictions? 
(ii)
the 1st person on the left is a boy? 
(iii)
the person on each end is a boy? 
(iv)
a boy is on the left & a girl is on the right?

(v)
the boys are together?

(vi)
the boys are separate?

(i)
No. of ways of arranging 7 people = 7! = 5040

(ii)
No. of arrangements = 3C1 ( no. of ways of arranging the other 6 people = 3C1 6! = 2160
(iii)
No. of arrangements = 3C2 ( 2! ( no. of ways of arranging the other 5 people





= 3C2 2! 5! = 720
(iv)
No. of arrangements = 3C1 ( 4C1 ( no. of ways of arranging the other 5 people





= 3C1 4C1 5! = 1440
(v)
Treat the 3 boys as 1 item.


No. of ways of arranging 5 items = 5!


The boys can be arranged among themselves in 3! ways


(no. of arrangements = 5! 3! = 720
	(vi) 
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The 4 girls can be arranged in 4! ways.

Choose 3 places for the 3 boys in 5C3 ways.


Arrange the 3 boys in 3! ways. 


(no. of arrangements = 4! 5C3 3! = 1440
Arranging Letters, Balls or other Identical Objects

(a)
Find the number of arrangements of all 7 letters of the word “MINIMUM” in which


(i)
there are no restrictions.


(ii)
the 3 letters M are next to each other


(iii)
the 3 letters M are not next to each other


(iv)
the first letter is M


(v)
the first & last letters are M


(vi)
the first letter is M or the last letter is M or both

(b)
Find the number of 4–letter code–words that can be made from the letters of the word “MINIMUM”.

(ai)
No. of arrangements =  EQ \f(7!,3! 2!) = 420
(ii)
Treat “MMM” as 1 item.


No. of arrangements of “MMM”, I, N, I, U =  EQ \f(5!,2!) = 60
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The letters I, N, I, U can be arranged in  EQ \f(4!,2!) ways


The 3 M’s can be arranged among these 4 other letters in 5C3 ways 


(no. of arrangements =  EQ \f(4!,2!) 5C3 = 120
(iv)
M _ _ _ _ _ _


No. of ways of arranging I, N, I, M, U, M =  EQ \f(6!,2! 2!) = 180

(v)
M _ _ _ _ _ M


No. of ways of arranging I, N, I, M, U =  EQ \f(5!,2!) = 60

(vi)
No. of arrangements = 180 + 180 – 60 = 300
(b)
Case 1: M, M, M & 1 other letter: No. of words = 3C1  EQ \f(4!,3!) = 12

Case 2: M, M, I, I: No. of words =  EQ \f(4!,2! 2!) = 6


Case 3: M, M & 2 different letters: No. of words = 3C2  EQ \f(4!,2!) = 36


Case 4: I, I & 2 different letters: No. of words = 3C2  EQ \f(4!,2!) = 36


Case 5: 4 different letters: No. of words = 4! = 24


Total no. of code–words = 12 + 6 + 36 + 36 + 24 = 114
Arranging People Around a Table
3 men and 2 women are to sit at a round table. Find the number of ways of arranging them if
(i)
there are no restrictions.

(ii)
the 2 women must sit together.

(iii)
the 2 women must be separate.

(iv)
the seats are numbered 1 to 5.

(i)
No. of ways of arranging 5 people around a table = (5 – 1)! = 24
(ii)
Treat the 2 women as 1 item.

No. of ways of arranging 4 items around a table = (4 – 1)!


The 2 women can be arranged among themselves in 2! ways


(no. of arrangements = (4 – 1)! 2! = 12

(iii)
No. of arrangements = 24 – 12 = 12

	Method 2:

Let the 3 men sit down first in (3 – 1)! ways.

Choose places for the 2 women from the 3 gaps in 3C2 ways.
Arrange the 2 women in 2! ways.
(total no. of arrangements = (3 – 1)! 3C2 2! = 12
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(iv)
No. of arrangements = 5! = 120
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