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Schedule:
Web Assign assignment (Chapter 4.1) due on Tuesday, October 22 by 6:00 pm.
Web Assign assignment (Chapter 6.1 and 6.2) due on Friday, October 25 by
6:00 pm.
Exam 2 on Monday, October 28, 5:00 pm to 7:00 pm.
Today we begin Chapter 6. Chapter 6 introduces advanced methods for counting.

6.1: Life before sets
We are going to be doing some hard counting problems.
To make it easier, we need to be able to talk about the things we
are counting.
When we counted money, or hours of labor, or short sleeve shirts,
we had variables to denote the number. x = 5 hours, or y = 10
shirts.
If you had $5 in one bank account and $10 in another, you had
$5 + $10 = $15 total. The numbers were all that mattered.
Unfortunately life rarely divides nicely into separate accounts, and
numbers cannot describe many of these aspects.

6.1: More than numbers can say
We are going to be counting more complicated things now.

If your friend Jimmy says you can borrow their car Monday,
Tuesday, and Wednesday, then that is 3 days you’ve got a car.

If your friend Timmy says you can borrow their car Tuesday,
Thursday, and Friday, then that is 3 days you’ve got a car.

How many days total can you borrow a car?

6.1: Sets to name the things we are counting
If we let J be the days Jimmy lets us have the car, then
J = { Monday, Tuesday, Wednesday }
If we let T be the days Timmy lets us have the car, then
T = { Tuesday, Thursday, Friday }
The days when at least one of them let us use the car is the union
of the two sets
J ∪ T = { Monday, Tuesday, Wednesday, Thursday, Friday }
The days when both of them let use the car is the intersection of
the two sets
J ∩ T = { Tuesday }

6.1: More sets
We can have sets of numbers A = {1, 2, 3} and B = {3, 4, 5}, then:
A ∪ B = {1, 2, 3, 4, 5}
A ∩ B = {3}
A − B = {1, 2} is the difference, the things in A that are not in B
We can write down sets in funny ways:
A = {3, 2, 1} = {1, 1, 1, 1, 1, 2, 2, 3}
We can describe them in words, “A is the set of positive integers
whose square is a one digit number.”
More than one way to describe: “A is the set of the first three
positive integers.”

6.1: Equality drill
Two sets are equal if they have the same elements.
?

{1, 2, 3} = {1, 2, 3}
?

{1, 2, 3} = {1, 2}
?

{1, 2, 3} = {3, 1, 2}
?

{1, 2, 3} = {1, 2, 2, 3, 3, 3}
?

{1, 2, 3} = { positive integers whose square has one digit }
?

{1, 2, 3} = { odd numbers less than 4 }

6.1: Union and intersection drill
S

The union includes anything in either, and is big.

S

T

The intersection includes only those in both, and is small.

T

{1, 2, 3} ∪ {3, 4, 5} =
{1, 2, 3} ∩ {3, 4, 5} =
{1, 2, 3} ∪ {1} =
{1, 2, 3} ∩ {1} =

6.1: Difference drill
−

The difference keeps the first, but not in the second.

{1, 2, 3} − {1} =
{1, 2, 3} − {2, 3} =
{1, 2, 3} − {3, 4, 5} =
{1, 2, 3} − {4, 5, 6} =
{1, 2, 3} − {1, 2, 3} =

−

6.1: Complement drill
c

The complement takes everything that is not in the set.

{1, 2, 3}c provided the universal set is {1, 2, 3, 4, 5, 6, 7}

{1, 2, 3}c provided the universal set is {1, 2, 3, 10, 11}

{1, 3, 5}c provided the universal set is {1, 2, 3, 4, 5, 6, 7}

Notice that Ac is the same as U − A, where U is the universal set.

−

6.1: Laws of sets
{1, 2, 3} ∪ {3, 4, 5} = {1, 2, 3, 4, 5}, but what about
{3, 4, 5} ∪ {1, 2, 3}?
Order of union does not matter
What about {1, 2, 3} ∩ {3, 4, 5} versus {3, 4, 5} ∩ {1, 2, 3}?
Both are {3}.
A = {1, 2, 3}, and B = {3, 4, 5}. Compare A ∩ B and A − B.
A ∩ B = {3} and A − B = {1, 2}
A = (A ∩ B) ∪ (A − B)

6.1: Counting cards
Five friends are playing cards with a standard 52 card deck
Didi

Cephus

Eve
Bob
Abe
The deck has the following cards:
A♥ 2♥ 3♥ 4♥ 5♥ 6♥ 7♥ 8♥ 9♥
A♦ 2♦ 3♦ 4♦ 5♦ 6♦ 7♦ 8♦ 9♦
A♣ 2♣ 3♣ 4♣ 5♣ 6♣ 7♣ 8♣ 9♣
A♠ 2♠ 3♠ 4♠ 5♠ 6♠ 7♠ 8♠ 9♠

10♥
10♦
10♣
10♠

J♥
J♦
J♣
J♠

Q♥
Q♦
Q♣
Q♠

K♥
K♦
K♣
K♠

50 cards have been dealt out, 10 to each person
Why must one of the suits (♥, ♦, ♣, ♠) be completely dealt out?

6.1: Some answers
There are 52 cards, but 50 have been dealt out, leaving two
undealt. If no suit was dealt out completely, then each suit is
missing one card. That is four cards missing, but only two cards
undealt. Impossible.

A
B
C
D
E

♥
A♥
B♥
C♥
D♥
E♥

♦
A♦
B♦
C♦
D♦
E♦

♣
A♣
B♣
C♣
D♣
E♣

♠
A♠
B♠
C♠
D♠
E♠

Total
= 10
= 10
= 10
= 10
= 10

Total ≤ 12 ≤ 12 ≤ 12 ≤ 12 ≤ 48 \ =50
In other words, if we avoid finishing suits, we only deal 48 cards,
not 50.

6.1: Counting
Five friends are playing cards with a standard 52 card deck

50 cards have been dealt out, 10 each

(b) At least two people have at least one club ♣

(c) At least one person has at least two clubs ♣

(d) Every player has at least 3 of the same suit

6.1: Some answers
(b) At least 11 clubs dealt. No one person can get them all, so at
least two people.

(c) At least 11 clubs dealt. If nobody has even two clubs, that is
only 5 clubs dealt.

(d) Otherwise, each player has at most two of each suit, only eight
cards each, not ten

