
Algebra 1
Predicting Patterns & 

Examining Experiments

Unit 7: You Should Probably Change
Section 3: Making Other Arrangements

Permutations with same items and circular permutations



A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

How many different arrangements can be made?

How many arrangements?

  This problem addresses (linear) permutations that contain like items (as the next slide 
makes plain).  Allow students to work through the problem, but make sure they understand 
that switching any duplicate colors does NOT create a new arrangement.



A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

How many different arrangements can be made?

How many arrangements?

Notice:
silver, black, black, black, black, black, red, red

is the same as:
silver, black, black, black, black, black, red, red

  This problem addresses (linear) permutations that contain like items (as the next slide 
makes plain).  Allow students to work through the problem, but make sure they understand 
that switching any duplicate colors does NOT create a new arrangement.



A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

How many different arrangements can be made?

How many arrangements?

8 (different) cars can be arranged:
   8! = 40,320 ways, but...

  Solution process.
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A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

How many different arrangements can be made?

How many arrangements?

8 (different) cars can be arranged:
   8! = 40,320 ways, but... there are duplicate cars.  
Black cars are repeated, and they can be 
arranged 5!=120 ways, while the red: 2!=2 ways

  Solution process.



A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

How many different arrangements can be made?

How many arrangements?

8 (different) cars can be arranged:
   8! = 40,320 ways, but... there are duplicate cars.  
Black cars are repeated, and they can be 
arranged 5!=120 ways, while the red: 2!=2 ways
 The duplicates need to be removed, so there are 
only                               ways to arrange the cars.8!

5!⋅2!
=
40,320
120 ⋅2

= 168

  Solution process.



A car dealer is arranging a line of  new cars for display.  The 
cars are all the same model, but he has 1 silver, 5 black, and 2 red.  

168 different arrangements can be made.

How many arrangements?

8 (different) cars can be arranged:
   8! = 40,320 ways, but... there are duplicate cars.  
Black cars are repeated, and they can be 
arranged 5!=120 ways, while the red: 2!=2 ways
 The duplicates need to be removed, so there are 
only                               ways to arrange the cars.8!

5!⋅2!
=
40,320
120 ⋅2

= 168

  Solution process.



How many different ways could you arrange the letters in each 
of  the words below?

basket     pepper     firecracker     banana

How many arrangements?

  Practice the skills of arrangements with and without duplicates.  Allow students to discuss 
and answer the question above.  Answers on the next slide.
  



How many different ways could you arrange the letters in each 
of  the words below?

basket     pepper     firecracker     banana

basket: 6 different letters:   6! = 720 arrangements

pepper: 6 letters, e and p repeated:                   arrangements

firecracker: 11 letters, c, e, r repeated:                                 arrg.

banana: 6 letters, a and n repeated:                   arrangements 

How many arrangements?

6!
3!⋅2!

=
720
12

= 60

6!
3!⋅2!

=
720
12

= 60

11!
2!
c
⋅2!
e
⋅ 3!
r
⋅
=
39,916,800

24
= 1,663,200

  solutions stated



How many ways could the four students sit in the front row 
arrange themselves?

Student Question #1

  Question 1 is a repeat of permutations.



How many ways could the four students sit in the front row 
arrange themselves?

There are 24 ways for the students to arrange themselves.

Student Question #1

4!= 4 ⋅ 3 ⋅2 ⋅1 = 24

  solution to #1



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

  Question #2 brings up circular permutations, the next slide shows a note on the duplication 
that arises with circles.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

A
D     B

C

D
C     A

B

C
B     D

A

B
A     C

D
= = =

Notice:

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

Notice:  The four arrangements below are equivalent.
A

D     B
C

D
C     A

B

C
B     D

A

B
A     C

D
= = =

Remember:
ABCD ACBD CABD BACD BCAD CBAD
ABDC ACDB CADB BADC BCDA CBDA
ADBC ADCB CDAB BDAC BDCA CDBA
DABC DACB DCAB DBAC DBCA DCBA 

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

Notice:  The four arrangements below are equivalent.
A

D     B
C

D
C     A

B

C
B     D

A

B
A     C

D
= = =

Remember:
ABCD ACBD CABD BACD BCAD CBAD
ABDC ACDB CADB BADC BCDA CBDA
ADBC ADCB CDAB BDAC BDCA CDBA
DABC DACB DCAB DBAC DBCA DCBA 

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

Notice:  There are only six unique arrangements (above).
A

D     B
C

D
C     A

B

C
B     D

A

B
A     C

D
= = =

Remember:
ABCD ACBD CABD BACD BCAD CBAD
ABDC ACDB CADB BADC BCDA CBDA
ADBC ADCB CDAB BDAC BDCA CDBA
DABC DACB DCAB DBAC DBCA DCBA 

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

There are only six unique arrangements of  the students.

Remember:
ABCD ACBD CABD BACD BCAD CBAD
ABDC ACDB CADB BADC BCDA CBDA
ADBC ADCB CDAB BDAC BDCA CDBA
DABC DACB DCAB DBAC DBCA DCBA 

4!
4
=
4 ⋅ 3 ⋅2 ⋅1

4
=
24
4

= 6 n −1( )!

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could the four students sit in the front row 
arrange themselves in a circle?

Student Question #2

There are only six unique arrangements of  the students.

Circular permutations:

4!
4
=
4 ⋅ 3 ⋅2 ⋅1

4
=
24
4

= 6 n −1( )!

n −1( )!

  Note: In a circle, there is no beginning and end, so multiple arrangements are the same.



How many ways could all eleven students sit in a circle?

Student Question #3

  Circle permutation question.



How many ways could all eleven students sit in a circle?

There are 3,628,800 ways for the students to arrange themselves.

Student Question #3

11−1( )!= 10!= 3,628,800

  Solution to #3.



How many ways could the class choose a class leader, helper, 
and secretary?

Student Question #4

  Permutations from a group



How many ways could the class choose a class leader, helper, 
and secretary?

Student Question #4

Out of  the eleven students, we need to choose 
three and arrange them as the officers.

11!
8!

=
11 ⋅10 ⋅9 ⋅8!

8!
= 11 ⋅10 ⋅9 = 990

solution process



How many ways could the class choose a class leader, helper, 
and secretary?

Student Question #4

There are 990 ways to choose three officers 
from the eleven students.

11!
8!

=
11 ⋅10 ⋅9 ⋅8!

8!
= 11 ⋅10 ⋅9 = 990

solution process
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