
1.1 - Graphs

The rectangular coordinate system (or Cartesian coordinate system)
is the only coordinate system we use in this course.

Rectangular coordinates are always in the format (x,y), which is
to say an ordered pair with the x value 1st and the y value 2nd.
So a point with coordinates (-2,-5) is located at x=-2 and y=-5.



List the quadrant(s) satisfying the condition



1.2 - Linear & Rational Equations

A linear equation in one variable x has the standard form Ax+B=0, 
where A and B are constants, and A=0.

1)  Simplify each side:  eliminate grouping symbols and combine
     like terms.

2)  Move all terms with x to the left side, and all terms without x to
     the right side.

3)  Divide by the coefficient of x (i.e. the number that x is being
     multiplied by).

4)  State the solution set of the equation.

In a rational equation, both sides of the equation is a rational
expression (remember that 0 is a rational expression).  A rational
expression is a ratio of polynomials (i.e. a fraction with a polynomial
in the numerator and denominator).



1)  Multiply both sides by the LCM of the denominators.

2)  Solve the resultant linear equation.

3)  Check for extraneous solutions, which are values of x that result
     in a division by 0 in the original equation.

The only values for x that would yield a division by 0 are 2 and 
-3.  So this means x=-8 is a valid solution.

4)  State the solution set.

Solution set is  {-8}



3)  Check:  letting x=2 in the original equation results in a division
     by 0, so the "solution" x=2 is extraneous.  This is to say 2 is not
     a solution at all.  Since there is no other value of x that could be
     a solution, there is no solution.

4)  Since there is no solution, the solution set is the empty set, 
     denoted by ∅

An equation with variable x is conditional if the equation is a true
statement for some values of x, and false for other values.

An equation is inconsistent if it is false for all values of x; that is,
the solution set is the empty set.



An equation is an identity if it is true for all values of x for which
both sides of the equation are defined as real numbers.

So now both sides of the equation look identical, which means
the equation is an identity.  Since both sides are defined for all
real values of x, the solution set consists of all real numbers.



1.3 - Models and Applications

18    Including a 17.4% hotel tax, your room in Chicago cost $287.63
per night.  Find the nightly cost before the tax was added.

The idea is to model the situation with an algebraic equation, using
a variable like x, and then solving the equation to get the answer to
the problem.

Define a variable:  Let x = nightly cost before the tax was added.

Construct an equation involving x:

Solve the equation:

Give the answer to the problem:

The nightly cost before tax is  $245.

      Things did not quite go as planned.  You invested $15,000, part
of it in a stock that realized a 15% gain.  However, the rest of the 
money suffered a 7% loss.  If you had an overall gain of $1590,
how much was invested at each rate?

Let x = Amount invested in stock that gained 15%.

Then 15,000 - x was invested at a 7% loss.

Construct an equation...



       A rectangular swimming pool measures 40 feet by 60 feet, and
is surrounded by a rectangular path of uniform width.  The perimeter
of the rectangle formed by the pool and the path is 248 feet.  What
is the width of the path?

Let x = Width of the path.



A formula (sometimes called a "literal equation") is an equation that
has some particular application.  It will consist of two or more vari-
ables, usually denoted by letters.

To solve a formula for an indicated variable means to isolate that 
variable on one side of the equation.



Solution set is  {5}



1.4 - Complex Numbers

Definition    We define the imaginary unit to be the number i for 
which i2 = −1

Another symbol for i is 
√
−1

An imaginary number is a number of the form bi, where b is a real
number.

Examples:  2+3i,  -2+i,  5i = 0+5i, 7 = 7+0i,  etc.

In general a+bi is imaginary if a=0, and real if b=0.  As a result, 
the complex number system contains all real and imaginary numbers.
In this sense the complex number system is an extension of the real
number system.

Fact:  Two complex numbers a+bi and c+di are equal if and only if
a=c and b=d.  (Note that a, b, c, and d are all intended to be real
numbers.)

A complex number is a number of the form a+bi, where a and b 
are real numbers.  We call a+bi the standard form of a complex 
number.



Much of this section is devoted to developing the rules of complex
number arithmetic (addition, subtraction, multiplication, division,
and exponentiation).

Let a, b, c, and d be real numbers.  

Addition:  (a+bi) + (c+di) = (a+c) + (b+d)i.

Subtraction:  (a+bi) - (c+di) = (a-c) + (b-d)i

Multiplication:  (a+bi)(c+di) = (ac-bd) + (bc+ad)i

One could memorize this formula, but all that's happening is a 
FOIL procedure...



Standard form!

The conjugate of a complex number a+bi is a-bi, and the conjugate
of a-bi is a+bi.

The product of a complex number and its conjugate is always a 
real number:

It might be worth remembering, but FOIL always delivers this:

(a+ bi)(a− bi) = a2 + b2

Now we turn to complex number division.  This is largely an 
exercise in rationalizing a denominator.



Start by multiplying the numerator and denominator by the 
conjugate of the denominator.  Conjugate of 1-2i is 1+2i, so...

Definition   If b>0 is a real number, then we define√
−b = i

√
b



Write in standard form a+bi:  

Integer Powers of i:

As indicated in the powers of i listed above, the only possible 
answers are 1, i, -1, or -i.

We need to know how many 4's fit into 319, and what's left over.
This calls for a simple long division...





1.5 - Quadratic Equations

A quadratic equation is an equation of the form ax2 + bx+ c = 0

for constants a, b, c, where a = 0.

ax2 + bx+ c = 0We call                                the standard form of a quadratic equation.

We solve these equations one of four ways:  factoring, the square root
property, completing the square, and the quadratic formula.

To solve by factoring, the equation is put into standard form, then the
polynomial is factored, and then the zero-product principle is used.

1st get the equation in standard form.

Both are in standard form, so I tend to 
pick the form with a positive coefficient
for 



To solve by the square root property requires having an equation
of the form (Ax+B)2 = C

Solve using the SRP:

1)  Apply the SRP with u=x+2 and d=-49.

3)  State the solution set.

2)  Solve the resultant equation.

The most important way to solve a quadratic equation is by using
the "complete the square" procedure.

Solve by completing the square:  

1)  With the equation in standard form, first move the constant 
term to the other side of the equation.

2)  Divide both sides of the equation by the coefficient of 



3)  Add the square of half the coefficient of x to both sides.

4)  Factor the perfect square trinomial that results from step 3, 
and solve the resultant equation using the SRP.

5)  State the solution set.

A fuller description of the completing the square procedure for



Optional but still important:  Rewrite the RHS so that it is an
expression consisting of a single fraction.

So there is really on one outcome, regardless of whether a>0 or a<0:

This is the quadratic formula, which we will be looking at shortly.



Solve by completing the square:





This is a rational equation, so to solve it we multiply by the LCM 
of the denominators as in section 1.2.  LCM = 4x(x+3).

We'll solve this using the quadratic formula:  

Neither of these values of x result in division by 0 in the original
rational equation, so they are valid solutions.  Solution set:



1.5.152               A machine produces open-topped boxes using square sheets
of metal.  The machine cuts equal-sized squares measuring 3 inches
on a side from the corners and then shapes the metal into an open-
topped box by turning up the sides.  If each box must have a volume
of 75 cubic inches, find the length and width of the box.

Folding up the flaps creates an open-topped box with dimensions

So the length and width of the box will be 5 inches.



1.6 - Other Types of Equations

A polynomial equation is an equation having a polynomial on each
side (recall that 0 is considered a polynomial).  Linear and quad-
ratic equations are polynomial equations.

We solve polynomial equations by factoring and using the zero-
product principle.

Solve the polynomial equation

1)  Move everything to one side and get 0 on the other side.

2)  Fully factor the polynomial.  This requires factoring by grouping.

3)  Use the zero-product principle...

4)  Solve the linear equations and get the solution set.

A2 −B2 = (A+B)(A−B)



A radical equation has at least one radical in it.  Here we consider
radical equations that have one, two, or even three square root
radicals.

Square both sides.

There are no radicals left, so we skip this step.

Solve the quadratic equation.

To solve a square root radical equation:

1)  If there is one radical in the equation, isolate it on one side; and
if there's two, get them on opposite sides.

2)  Square both sides of the equation.

3)  If any radical remains, isolate it and square again.

4)  Solve the resultant polynomial equation.

5)  Check for extraneous solutions, and state the solution set.



Check for extraneous solutions using the ORIGINAL EQUATION
and state solution set.

1)  There are two radicals, so get them on opposite sides.

2)  Square both sides.



3)  One radical remains, so we isolate it and square again.

4)  Solve the polynomial equation for x.

5)  Check to see if the "solution" is valid, and state solution set.

Recall that am/n = n
√
am = ( n

√
a)m

To solve an equation with a rational exponent, we use a procedure 
that is very similar to the steps in solving a radical equation.  Only
difference:  if an equation with a rational exponent is equivalent to 
an nth-root radical equation, then instead of squaring in the proc-
edure (steps 2 & 3), we raise to the nth power.

1)  Isolate the term with the rational exponent.

2)  Cube both sides.



3)  No term with a rational exponent remains to isolate, so we
     skip this step.

4)  Solve the polynomial equation.

5)  Check for extraneous solutions, state solution set.

Suppose an equation has variable x in it.  Let u=f(x).  If we substitute
u for f(x) in the equation, and the resultant equation (with variable u)
is quadratic, then we say the original equation (with variable x) has a
quadratic form.

has a quadratic form:  letting u=x  ,



An absolute value equation is an equation that has at least one
absolute value containing the variable.

If there is one absolute value term in an equation, isolate it first,
then use the fact that |z|=c implies z=   c.

If there are two absolute value terms in an equation, get them on 
opposite sides.  Fact: |a|=|b| means that a and b are the same distance
from 0 on the real number line, and so either a=b or a=-b.

1)  Get absolute values on opposite sides.

2)  Use that fact that |a|=|b| implies a=b or a=-b.

3)  Solve the polynomial equations.



4)  State solution set.

Absolute values are never negative!



1.7 - Linear and Absolute Value Inequalities

The solution set of a linear inequality usually consists of one or more
intervals of real numbers.  These can be nicely expressed using what's
called interval notation.

{x | a < x < b}
The set of real numbers x for which x>a and x<b, usually written
a<x<b, we express in set-builder notation as                       .  In 
interval notation we write (a,b).  That is,

Brackets are used to denote inclusion:

Infinity and negative infinity denote an unbounded interval:

(a, b) ∪ (c, d)The union of two intervals (a,b) and (c,d), written                   ,
is the set of real numbers that lie in one interval or the other...



(a, b) ∪ (c, d)

(a, b) ∩ (c, d)The intersection of two intervals (a,b) and (c,d), written                   ,
is the set of real numbers that lie in both intervals...

(a, b) ∩ (c, d)

The union of the two intervals consists of all numbers that are 
shaded either red or blue (or both), so that

The intersection of the two intervals consists of all numbers that are 
shaded both red and blue, so that

Note that the union (-2,3]   (4,19] cannot be expressed as a single 
interval:  they are "disjoint" intervals, meaning they have no real
number in common.

and state the solution set in interval 
notation.

Solve like the linear equation  5(3-x) = 3x-1, only recall that if the
two sides of the inequality are multiplied or divided by a negative
number, then the inequality sign must reverse direction:

1<2         -1>-2



So the solution set is {x | x > 2}, which in interval notation is:

The inequality has no solution.  Solution set is 

Yes, inequalities can have no solution.  This has no solution:  x+1<x.

A compound inequality is a statement consisting of two or more
inequalities joined one to another by "or" or "and."

A compound inequality:

To find the solution to the compound inequality, we first find the
solution to each of the inequalities that comprise it.



For any real number z, |z| denotes the distance between z and 0 
on the real number line.

By the meaning of "or", x satisfies the compound inequality if it
satisfies either one of the inequalities in the compound inequality.
The first inequality is satisfied by any x in interval (
and the second inequality is satisfied by any x in the interval

So the solution set consists of both intervals.  The solution set is:

a < x < b is another compound inequality.  It translates as follows:

For this kind of compound inequality the strategy is to isolate x
in the middle part.

An absolute value inequality is an inequality in which the variable
is between absolute value bars somewhere.



So for any c > 0, to write |z|<c means to say "The distance between
z and 0 on the number line is less than c units."

To write |z|>c means to say "The distance between z and 0 on 
the number line is greater than c units."

First simplify what's inside the absolute value bars.

Next, use (1) in the theorem above, with z = 3x-1 and c = 20: 

�
−19

3
, 7

�



There's nothing to simplify between the absolute value bars, but
the absolute value term is not isolated.  So first we isolate it...

Next, use (2) in the theorem above with z = 2x+1 and c = 12/5. 

Multiply both sides by
              1/2

Solution set:  
�
−∞,−17

10

�
∪
�
7

10
,∞

�

We cannot use (1) in the theorem because here c=-4, so c<0, and
the theorem requires c>0.

BUT we should remember that an absolute value can never be
less than 0, and so having |5-2x| be less than -4 is impossible, no
matter what x is.  Solution set is the empty set:  ∅



1.5.149   A pool measuring 10 meters by 20 meters is surrounded by
a path of uniform width.  If the area of the pool and the path com-
bined is 600 square meters, what is the width of the path?

Width of the path is  5 meters

Should know:  Area of rectangle formula, area of circle formula,
Pythagorean theorem, quadratic formula, how to find the perimeter
of a polygon (such as a rectangle or triangle), volume of a box,
circumference of a circle formula, area of a triangle.  See the table 
on page 133 of the textbook.



Don't need to know the volume of a sphere or cone or cylinder
formulas, or the area of a trapezoid.

Know the interval notation:  you'll be asked to give solution sets
for inequalities in interval notation.

1.3.9   You are choosing between two gyms.  One gym offers 
membership for a fee of $40 plus a monthly fee of $25.  The other
gym offers membership for a fee of $15 plus a monthly fee of $30.
After how many months will the total cost at each gym be the same?
What will be the total cost for each gym at that point?

Let x = # of months until the cost of each gym is the same.

Cost of 1st gym after x months:

Cost of 2nd gym after x months:

We want x such that:  40+25x = 15+30x.

Total cost after 5 months is:  40+25(5) =  $165

1)  There are two radical terms, and they're already on opposite 
     sides.

2)  Square both sides...

3)  There is a radical remaining, so isolate it and square again.



4)  Solve the quadratic equation.

Let's solve this using the quadratic formula...

5)  Check for extraneous solutions.

Using a calculator, we find that it is true, and so the solution
is valid.

Solution set is   


