ECE 130 - COUNTING - INVESTIGATION 14
PERMUTATIONS AND COMBINATIONS

WINTER 2004 A.P. FELZER

To do "well" on thisinvestigation you must not only get the right answers but must also do neat,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. You aso need to include appropriate graphs and tables.

In the last two Investigations we used a number of results including the counting rule and
inclusion-exclusion to count various quantities. The objective of this Investigation is to count
permutations and combinations.

1. Given aset Sof three elementsasfollows S={a,b,¢
a. Completethefollowing list of the per mutations of S

a,bc acb bac ...

b. Verify that the total number of permutations of Sis P(3) = 3!
c. Explainin words why the total number of permutations of Sis 3!

2. Explainin words what we mean by the permutations of a set Swith n distinct elements

3. Generdlizing on the result in Problem (1) we have that if aset S has n distinct elements then it
has P(n) =n! permutations. Memorize thisresult. Then do an exampletoillustrateit

4. Again supposethat Sistheset S={a,b,¢
a. Complete thefollowing list of permutations of size 2

ab ba bc -

b. Verify that the total number of permutations of Sof size2is P(3,2) =3x
c. Explaininwordswhy P(3,2) =3x2

5. Generaizing on Problem (4) we have that if S has n distinct elementsthen it has
P(n,r)=n(n-1)---(n- r +1)
permutations of sizer. Do an exampletoillustrate thisresult with n=4 and r=2
n
(n-r)!

7. Suppose you want to visit five cities during Spring Break. How many different ways can you
plan your trip

6. Make use of the result in Problem (5) to show that P(n,r) =

8. Suppose aleague has 10 teams. What are all the ways we can have a 1st place team, 2nd place
team and 3rd place team

9. When we calculate permutations as we've been doing we're counting or der ed lists. For
example a,b and b,a count astwo permutations even though they both have exactly the
same elements. Combinations on the other hand count just the number of lists with different
elements. Order does not matter. For our set S={a,b,¢

a. Completethefollowing list of combinations C(3,2) of size 2



10.

11.
12.
13.

14.

15.

ab ac -
b. Verify that the number of combinations of size 2 isequal to
C(3,2) = PB2
P(2,2)

c. Explain in words why the expression in part (b) produces C(3,2)

Generalizing on Problem (9) we have that if S has n distinct elements then it has

_P(nr)

cnn P(r,r)

combinations of sizer.

a. Do an exampleto illustrate thisresult with n=4 and r=2
b. Explain why the equation for C(n, r) istrue

Do an exampletoillustrate that C(n,r) =C(n,n- r)
Explaininwordswhy C(n,r) =C(n,n- r)

Suppose we want to form a subcommittee of size 3 from a group of 10 professors. How
many possibilities are there

Up to now all our calculations of permutations and combinations have been for setswith
distinct elements. The objective of this problem is to see what happens when some of the
elements are indistinguishable

a. Find al the binary numbers with three 1's and two O's

!
b. Verify that your result in part (a) isequal to 3%,

Generalize on the result of Problem (14) to explain why the number of permutations P of a set
of nelementsis asfollows

_ P _ n
P(n)P(n,)  n'ny!
when n, of the elementsand n, of the elements are indistinguishable




