ALGEBRA Il NOTES
Lecture 1 Notes

ALG2001-01

Lecture 1; Real Mumbers and Operations

Aot of Algebra |l is based upon
Algebra |. Keep a vocabulary list to
keep track of new terms.

M - Matural numbers
{Counting numbers)

W - Whole numbers
(Matural numbers plus 0)

Addition and multiplication have
closure in the set of whole numbers,
(If you add or multiply whole numbers,

you gel a whole number answer.}
3B
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Integers - Whole numbers plus their
opposites.

Opposites - Same number but
opposite sign.

Addition, multiplication, and subtraction

all have closure in the set of integers.

8B
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Rationals

4 |ea

Rationals - Natural numbers, whole
numbers, and integers, as well
as fractions, and terminating
and repeating decimals,

=1-3
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Some numbers cannot be written as
a rational number. = never stops and
never repeats, = cannot be written as
a rational number. Other examples of
irrational numbers include ¥2 and 3.
There are lots of numbers that cannot
be written as a fraction. These are all

irrational numbers.
Rationals

3 lerationals
7

i

=1-3
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Irrational means not rational.

If vou take all the rationals and the
irrationals and put them into one big
set, then they totally fill up a number
line. Ewvery number on the number line
exists, This is the set of real numbers,
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Real numbers include all rational
and all irrational numbers.

Rational numbers are all those
numbers that can be written as
fractions.

A fraction is really a division problem.

If you have eight marbles and want
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8
RO
We have 4 groups of two marbles.

% means the same thing. It's like
dividing 3 pizzas among 4 people.

3 ARYAR
s DO
Each person gets % of a pizza.

3 +4and 3 are exactly the same.
4

Rationals 3 |rrationals to divide them among four students,
! m how many marbles does each student
2 get? 2
“1'? E =2
4
=3| 77 We have & marbles that we want to
divide into four groups,
Real numbers
3B 3B
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We cannot divide by 0. How can
you divide something by 07

4
24 §l24 4x6=24

&

0
0 80 o0x6=0
6

s 2
% 06 0x?7=8

Division by zero is undefined.

=1
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Every number on the number line
has an opposite.

=2 2 1 0 1 :'IZ 3

The absolute value of x, | x|, is x's
distance from zero.
Example: [3|=3

|-3]=3
3 3
A A
-~ T =
—t—t—t—t—1+—
-3 -2 -1 0o 1 2 3
Absolute values are always positive
numbers,

3B
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Lecture 2; Multiplication and Division of
Real Numbers

Addition Multiplication
a+0=a a-1=a
a-b=a+-b 8 =3.1
C ; b b
ommutative
a+h=h+a a-b=hb-a
Associative
(a+b)+c=a+(b+c)| albe) =(ablc

Zero is the additive identity. When

you add zero to a number, you get it
back,

3B
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One is the multiplicative identity. If
you multiply a number by 1, you get
it back.

Subtraction is adding the opposite:
3--4=3+4

Division is multiplying by the reciprocal.

Addition is a commutative aperation
as is multiplication. Addition and
multiplication have associative
properties as wall,

=1
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Addition and multiplication are
analogous to each other,; they have a
lot of the same properties.

Always remember:
When subtracting, add the opposite.
When dividing, multiply by the
reciprocal.
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Lecture 3: Algebraic Expressions and
Properties of Numbers

I How do you find
T the perimeter?

Perimeter is the distance around the
rectangle,
Perimeter=2.3+2 -4

17
3 |

To find the perimeter of this rectangle,
we would proceed as above,

3B
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For any rectangle:
Perimeter = 2w + 2|

2w + 2| is a variable expression.

Variable expression - Expression
including variables.

Any sort of an expression that has
operations (like addition, subtraction,
multiplication, and division), numbers
{like 2), and variables is called a
variable expression.

=1
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Example 1: Evaluate 2x + 3 at x = -7,

Using substitution, we can replace x
with -7:
2-7)+3=-14+3=-11

Remember Order of Operations!
Parentheses
Exponents
Multiplication/Division
Addition/Subtraction

3B
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Commutative Property
a+b=b+a
ab = ba

Associative Property
at{b+tc)=(a+tbj+c
albc) = (ab)c

Additive ldentity
a+l=a

Multiplicative |dentity
a-1=a

=1
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Lecture 4; The Distributive Property

Suppose you were in charge of
buying carpet for your bedroom.
12 g

|
|

How many square feet of carpet
should you buy? What is the area
of your badroom and closet?

10"

Area =12-10+8-10
=120 + 80
=200

=124
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Another way we can do this problem
is as follows:

Area = 10(12 + 8) = 10(20) = 200

This is the distributive property.

Distributive Property
alb+c)=ab+ac

This property is very important to
know forward and backward.

=121
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Example 1. Distribute the 3.
3(x + 4)
3% +4) = 3x + 12

Example 2. Factor the following:
2+ 8
2x+8=2(x+4)

Example 3: Distribute the 5.
S5(3x+ Ty -4)
5(3x + Ty -4) = 15x + 35y - 20

=124
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Example 4. Factor the following;
9x + 21y -3
Ox +21y-3=3(3Ax+Ty-1)

Know the distributive property
forward and backward!

=121




Lecture 5 Notes

ALG2005-01

Lecture 5: One-Step Equations

Example 1: 2x +6=2(x + 3)
Evaluate the left-hand side of this
equation if x = 2;
2(2)+6=10
Evaluate the right-hand side of this
equation if x = 2;
2(2+3) =10
The left-hand side and the right-hand
side of this equation gave us the same
answer for x = 2. What if x = 57
2x+ 6 =2{x+3)
2(5)+6 2 2(5 + 3)
16 =16

53
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Example 2; 2x+6=4x + 2

Evaluate the left-hand side of this
equation when x = 3:
2(3)+6=12

Evaluate the right-hand side of this
equation at x = 3;
4(3)+2=14
12 # 14

This equation is not true,
This equation is not an identity.
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The equation 2x + 6 = 2({x + 3) is true
when x = 2 and also when x=5. Is it
true for all values of x? What if x = -77

2x+6=2(x+3)
2(-7) + 6 2 2(-T + 3)
-14 +6 2 2(-4)
-H=-8 true

Mo matter what x is, this equation
is always true. This equation is an
identity. An identity is an equation
that is always true for any value of
the variable.

=121
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In algebra, we solve equations. What
values of x make the equation true?

If all of these cups have the same
number of ball bearings in them, what

would happen? The right side would
be heavier.

=121
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What would happen if we added
some loose ball bearings to the pans?

MNow, conceivably, this could still be
in balance because we have more

loose ball bearings on the left than on
the right side,

3B
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Each cup has the same number of
ball bearings in it. How many ara in
each cup?

We could begin by removing two
cups from both sides and keep the
scale balanced. Then we can remove
two ball bearings from both sides.

r]a

=1
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El

We know that two cups balances
with 4 ball bearings. So there must
be 2 ball bearings in each cup,

As long as we do the same thing to
both sides, we stay balanced.

3B
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2x+6 = dx + 2

m =

2X+E=4x+ 2

-2% -2%
B=2x+2
-2 -2
4=

2 R

2

X

=1
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Key to solving equations;
Do the same thing to both sides.

Example 3. x+7=4

-F_ -7
Xx=-3
Example 4. X =3
5
B.X=3.5 x=15

1

The Golden Rule of Algebra:
Do unto one side of the equation
what you do to the other.

=124
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Example 5;: 2x=8
3

How do you divide by %? You
multiply by the reciprocal.

4

. Zy=g5.3

2 ¥ 2
¥ =12

These are called one-step equations.

One-step equations either have
something added, subtracted,
multiplied, or divided into your
variable and you can get rid of them

in one step.
=121
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Example 6: Vx+9=3x-8
Find the value of x that makes this
equation true.

fx+9=3x-8

-3x -3x

4x+9= -8
-9 -8
=17, x=-17
& 4 4

Be sure you write down everything
from both sides!

Leave your answers as improper
fractions.

=124
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Lecture 6; Writing Equations

Algebra can be used to solve real
world problems.

Suppose you purchase an item and
pay $44.94 for it, which includes a 7%
tax. What is the cost of the item?

¥ = cost of the item
07x =tax on the item
(7% of x) (of — times)

%+ 0Tx = 544,94
1.07x = $44.04

=124
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1.07x = $44.94
1.07 1.07

x = §42

Thus, the item itself sold for $42.

We have to be able to translate
English into algebra.

Key Words
+ . SUM, more
—: difference, less
¥ ! product
+ . quotient
=:is

=121
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Example 1; Write an algebraic
equation that represents the
following statement:

Five more than the product of two
and a number is 17.

+ =

5 4 2 =17

5 more product is 17
of twa

To solve for x, you would just
— subtract 5 from both sides, and then
— divide both sides by 2.

=124
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Example 2: Write an algebraic
equation that represents the
following statement:

Five less than the product of two
and a number is 17.

2x-5=17
Ta solve for ®, you would just

— add 5 to both sides, and then
— divide both sides by 2,

=121
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Example 3: Write an algebraic
equation that represents the
following statement:

Twelve less than the quotient of a
number and 7 is 3.

b-12=3
=
To solve for b, you would just
— add 12 to both sides, and then
— multiply both sides by 7.

=124
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Lecture 7: Exponential Notation

Anather thing you are going to need
to be really good at are exponents,

23 ¢— exponent

1

hase
23=2.2.2=8§

Properties of Exponents
1) ®2 e 3 = w000

=Nﬁ

Ixm,xn:xm+n|

AH
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2} 3:’._5 = xltx?{ﬂ = xa
x* 8

3) X =1=x°

Any number to the zero power is one.

4) 2%=125=2"=1=1= 125
23 2% 8
xn=1
x"

AH
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When you see a negative exponent,
just push it to the bottom and you
have a positive exponent,

5) 1 —yn
x-l'l

If you have a negative exponent in
the denominator, just push it to the top
and it becomes a positive exponant.

MNegative exponents in the numerator
mean positive exponents in the
denominator and negative exponents
in the denominator mean positive
exponents in the numerator.

AH
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Properties of Exponents

1} xm-x":xm+”
2) X7 =xm-n

xl‘l

3) x"=1
4) x"=1
xl‘l
§) 1 =xn
%

AH
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Example: Simplify the following:

16x%y®
2xoyd

16x%y° = 8x3y or 8Y
2x5y2 ik

You always want to clear your
answer of negative exponents!

AH
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Femember:

—when you are multiplying, add the
exponents.

—when you are dividing, subtract
the exponents.

—when the exponent is 0, the
answer is always 1.

— push a negative exponent from
the numerator to the denominator
and it becomes positive.

— push a negative exponent in the
denominator to the numerator and it
becomes a positive.

AH
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Lecture &; Properies of Exponents

In the last lecture, we talked about
five rules of exponents:
— whan multiplying, add the exponents,
— when dividing, subtract the
exponents.
—-x0=1,
— when you have a negative exponant
in the numerator, push it to the
denominator and it becomes positive.
— when you have a negative exponant
in the denominator, push it to the
numerator and it becomes positive.
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In this lecture, we will talk about three
more properties of exponents.

Example 1: (2x)?
Motice that the base is 2x,
(2x)° = 2%« 2% - 2x
=22«
= Bx?

Example 2: 2x°
Motice that this time the base is x.
257 = Zoex

ALG2008-03
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