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Objectives:
* Evaluate expressions that result in complex numbers.

* Add, subtract, multiply, and divide complex numbers.




 Imaginary Number (imaginary unit)’ « /=9
°
ci=v-1
«i2=-1

* Complex Number
*a+bi

* aisreal part
* bi is imaginary part

* Any number with i is called
imaginary

Vov—1 =3i
VaV3vV=1 > 2V3i



* Adding and Subtracting Complex Numbers
* Add the same way you add (x + 4) + (2x - 3) = 3x+1
* Combine like terms

 Simplify
* (-1+20)+(3+3i)

« (2-3i)-(3-70)

e 2i-(3+10)+(2-30)

2+5i
-1+4i
-1-2i



 FOIL
« Remember i? = -1

* Multiply
* -i(3+1)

* Multiplying complex numbers | (2+ i) (-6 - 2i)

o (1+20)(1-2i)

-3i-i2=-3i—(-1)=1-3i
-12-4i-18i-6i2=-12-22i-6(-1) = -6 —22i

1-2i+2i-47=1-4(-1)=5




* Notice on the last example that the answer was just real

* Complex conjugate - same numbers just opposite sign on the imaginary part
* When you multiply complex conjugates, the product is real

* Dividing Complex Numbers

1. To divide, multiply the numerator and denominator by the complex conjugate
of the denominator

2. No imaginary numbers are allowed in the denominator when simplified




2-71 -70(1 -1 2-2i—7i+7i> 2-9i+7(-1) —5-09i

1+i A+) Q-9 1-i+i—-iz  1-(-1) 2
5 9

2 2"
20 _ 2@+ M+2P 442D 244 2 4
2—1 (2-0@+10) 4+20—-20i—i® 4-(-) 5 _ 5'5'



Objectives:
* Factor quadratic expressions.

Solve quadratic equations by factoring.

o ==




3 02 39@@ Qumdmﬂw _

M ionp by l"cwforwu(,

* Factoring is the opposite of FOILing |
* Factoring undoes multiplication

s (x+2)(x+5)=x*+7x+10
* x + 2 called binomial
e X2+ 7x + 10 called trinomial

10
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* Factor a Quadratic in the form of ax? + bx + C,
1.
2.
3.

[/

Factor out any common terms first, then factor what’s left
Write two sets of parentheses like ( )( ).

Guess: Find two expressions whose product is ax? and put them at the beginning
of each set of parentheses.

Guess: Find two expressions whose product is ¢ and put them at the end of each
set of parentheses. Pay attention + and - signs.

Check: Calculate the outers + inners and compare it to the middle bx.

a. Ifthe outers + inners = bx, then the factoring is correct.

b. Ifthe outers + inners = -bx (the correct number but wrong sign), then change
the signs in the parentheses.
Otherwise, retry with new guesses.
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3-02 Sofye €

37—

waiTagliic €

e Factor
e x2-3x-18

*n2-3n+9

(x—6)(x +3)
Cannot be factored

(r+9)(r-7)
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3-02 Solve Cugiliglict

37—

» Factor | e 3x% - 18
e 14x%2+2x-12

2(72 + x—6) > 2(7x - 6)(x + 1)

3x(x —6)
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3-02 Solve Qugidigliic EM o by F«wforwu(,

o

e Factor
e 2x2-32

2(x2—16) > 2(x — 4)(x + 4)
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* Zero Product Property

= — ——

\

cEquations by Factoring

\

* Ifa-b =0, then eithera or b is 0.

* Solve a Quadratic Equation by Factoring

v W e

Make the quadratic expression equal 0.

Factor the quadratic expression.

Set each factor equal to zero as two separate equations.
Solve each equation.

Check your solutions

15



3-02 Solie CuglEGliGE grontions-by Factoring

O — N
* Solve - |

*x?-x-42=0

XX=-x—-42=02> (x-7)(x+6)=0->
x-7=0>x=7
X+6=02>x=-6
Solutions are x=-6, 7
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qawdwm by Fucforwu(,

» Solve
e Ot2 - 12t+4=0

(3t—=2)2=0>3t-2=0>3t=2>t=2/3

Put in standard form
x2=3x—4=0
(x—4)(x+1)=0
Xx—4=0>x=4
X+1=02>x=-1
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Objectives:
» Solve quadratic equations by graphing.

* Solve quadratlc equations using square roots.
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3-03 Solve Cugiligiic .

alion) by Gmpﬁmg

At Fusdineg o0 78 @ Rooky-€3:1)

* Solving Quadratic Equatlons by * Square Roots
* Graphing 1.

1. Make the equation equal zero. 2.
2. Graph the equation.
3. Find the x-values of the x-intercepts.

> W

Solve for the squared expression.

Take a square root. Remember to put
+

Finish solving for x.

Check your solutions.
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3 03 Soﬁ/e Quadial '

* Solve by graphing
ex?—2x-3=0

__m
3 .\

quutwm by Grapium{,

Graph
Solutions are x-intercepts
x=3,x=-1

WM‘(*S-’I )
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_3 (3 Solve Quadigiic, Equahom by Grapﬁmg

and Furiting SRR oo -€3-1)

* Solve by using square roots. . 4x2+20 =16
* 2x>+14=70
2x2+14 =170
2x%2 =56
x? =128

x=1V28=4V4-7 =427

4x% +20 = 16
4x?% = —4
x%=-1

x=+V-1=+i
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3-03 Solve Quialiaiiic. guations by Grap

ahl Firuitirgs SRNE

2+ 1)?=10

57 €3:1)

e 2x2 = 5x2 + 24

3 x4+ 1)? = 10
4\ =

22



3 (3 Solve Cuadiglic, [quuhoh/) by Grafﬁihg

anil Fuvdings ;S* ardiiooty-(3-1)

* A fruit stand charges $3 per pound ofapples and sells 20 pounds each day. They try
dropping the price by $0.50 and sell 5 more pounds a day. How much should the
fruit stand charge to maximize their daily revenue? What is their maximum daily
revenue?

Revenue is price x number sold

R=pXs
p=(2-0.1x)
s = (20 + 5x)

Where x is the number of times the price is dropped.
R =(3-0.5x)(20 + 5x) = 60 + 5x — 2.5x%2 = —2.5x% + 5x + 60
Maximum at vertex

_b
x= 2a

X= 525 ¢

R =-2.5(1)? +5(1) + 60 = 62.50
They should lower the price one time to $2.50 per pound to get a revenue of $62.50



Objectives:
* Solve quadratic equations by completing the square.

Rewrite a general form quadratic in standard (vertex) form.

A
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3 04 50&/@ Quadigliic Equations b
mpletirg Thais@ise (3:3) R

The Perfect Square o (x + k)2 = x?+ 2kx + k?
e (x +3)? e=ax?’+bx+c
« In a perfect square,

=(x +3)(x + 3)
=x2+ 2(3x) + 32
=x2+6x+9

25



3-04 Solve Cugiliglic Equationy by

Conpletirig HigmNE 3-3)
* Complete the square and then factor.
« x% + 8x

2
Add (g) = 4? = 16 to get a perfect square or (x + 4)?

26



3 04 Solve Quadi@lite Eqruations by

nplek i’ﬁt‘{‘," We (33)-
Solve by Completing the Square e x% + 6x = 16

1. Rewrite the quadratic so x terms on
one side and constant on other.

2. lIftheleading coefficientis not 1,
divide everything by it.

b\ 2
3. Complete the square: add (E) to
both sides.

4. Rewrite the left hand side as a square
(factor)

5. Square root both sides
Solve

It already is
2 2
x2+6x+(g) =16+(§)
x>+ 6x+32=16+9
(x+3)2=25
x+3 =45
x=-3%5
x=2,—8
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3-04 Solve Quigdi@liic, Eqroationy by
Compleling Thaisdie (-3:3) -

*Solvex? —18x+5=0

x2—-18x+5=0

x?>—18x = -5

x? —18x + 92 = —5 + 92
(x—9)>=176
x—9=+V76

x =9+ 219



3 04 50&/@ Quadigliic Equations b
mpletirg Thais@ise (3:3) R

Solve 2x% —11x+12=0

11
2 _ = = _—6
X Zx
11 ( 11) (E)Z (£>2 11\* 121
2 _ 2~ _2 | __ __2 _2 | _(_ZZ) &
R 6+\72) 2\ (4) 16
11\* 25
T4 ) T 16
11_,5
T T,
_1,5_11%5_ 3
YT T Ty T
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3 04 Solye Quiadia

i

pleting Thaigadie (3:3)

* Writing quadratic functions in

Standard Form

cy=alx—h)?*+k

1.
2.
3.

* (h, k) is the vertex

Start with general form

Group the terms with the x

F?ctor out any number in front of the
X .

Add (5) to both sides (inside the
group on the right)

Rewrite as a perfect square

Subtract to get the y by itself

@livc. [Mwm by

ey =2x%+12x+ 16

2.y = (2x% + 12x) + 16
3.y =2(x% + 6x) + 16
4.y+209)=2(x>+6x+9)+16
5.y+18=2(x+3)?+ 16
6.y =2(x+3)%-2
Vertex is at (-3, -2)
-2 is the minimum for this function
Find the max or min by completing the square to find the vertex

30



Objectives:

* Use the discriminant to classify solutions to quadratic equations.

Use the quadratic formula to solve quadratic equations.

A

31



3 0% Solve Qum&-fwwm uJ)M ﬂw

CuatFatic Fory MRS 1) —

Work with a Partner:
Solveax? +bx+c=0

ax® + bx = —c
b c
x*+-x=—=
a a
2 2
b b b c
ke (8 = (2 -
2a 2a a
2 2
b b 4ac
(x+5) =5 -2
2a 4a?  4a2

-2 2
b b“—-4ac
o(x_l__) — >
2a 4a

b bZ—4ac
.x _=+
+Za - 4q2
b vbZ—-4ac
XxX=——=
2a 2a

__ —bxVb%-4ac

2a

ax’+bx+c=0

4 (D)x+ ()
2+ () =-(; 2
z:r:_ec(tgs?quare( ) () (Za)
(s + (@) =2+

_ 2
x+(£)=i 4ac+b
2a

4q2

0

N——

N

b b%2—4ac
xX=—-——=x
2a 4q2

_ (-b+Vb2-4ac)

2a

Dividebyatogeta=1
Add —(c/a) to get x’s by self

Add the square of half of middle to get

Factor left
Square root

Subtract

Simplify
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3-09 Solve Qumdrmiw[wm wh ﬂw
Cuanttatic For s A\

\_

* This is called the quadratic formula and always works for quadratic equations.

* The part under the square root, discriminant, tells you what kind of solutions you
are going to have.

* b>-4ac>0 - two distinct real solutions
* b2 -4ac=0 > exactly one real solution (a double solution)
* b>-4ac <0 - two distinct imaginary solutions

33



3-09 Solve Quadialic. EMWM uJ)M ﬂw

CuantFatic Fory@Mies -4)—

« What types of solutions to * Solve 5x +3x =4
5x2+3x—4=0?

b? — 4ac = 32 — 4(5)(—4) = 9 + 80 = 89 > two distinct real roots

Putin standard form 2> 5x2 +3x —4 =0
(—31 32—4(5)(—4))
2(5)

Quadratic formula 2 x =

Simplify 2> 3+r
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305 Sclie Coiigigtpations wing e

Cuadralic Torpasien 3"'4 &

*Solve4x? —6x+3=0

4x2 —6x+3=0

6+ /(=6)% — 4(4)(3)
- 2(4)
6 +/36 — 48

8
6 +V—12
8
6 + 2/3i

8

X =

X =

X =

3 +/3i
4

x = (reduce top and bottom by 2)



3-09 Solve Quadr i e [%afwm uAM ﬂw

Cuadralic Torpasien 3"4 o

* Find a possible pair of integer values * b. two 1mag1nary solutions
for a and c so that the equation
ax? — 12x + ¢ = 0 has the given
number and type of solution(s). Then
write the equation.

¢ a. one real solution

2 _12x+c=0
Discriminant with 1 real solution

b? —4ac=0
(=12)2 —4ac =0
144 = 4ac
36 = ac

Sample Answer:a =9,c =4 > 9x?> —12x+4 =0

Discriminant with two imaginary solutions
b? —4ac <0
(-12)2 —4ac <0
144 < 4ac
36 <ac
Sample Answer:a = 10,c =5 - 10x> —12x +5=10

36



3-09 Solve Quwh’ vc. [%afwm uAM ﬂw ‘

CuuatFatic Fouu@eEs ) — —

* Real life problems
* The height of an object that is hit or thrown up or down can be modeled by
* h(t) = —16t% + vyt + s,
» where v, is the initial velocity (up +, down -), and s, is the initial height

37



Objectives:
* Choose the best method to solve quadratic equations.

Solve quadratic equations without a method given.

A

38



3-06 Sofvmf, Cradigatic [quahow) Y %lm,

ettt (R TN

* Choose the Best Method to Solve a Quadratlc Equation
To most efficiently solve a quadratic equation,
1. Ifxappears only once and it is squared—either x? or (x - k)>— solve by taking
square roots.
2. Ifboth x? and x appear, make the equation equal to zero and...
a. Try solving by factoring.
b. Ifitcannot be factored quickly, solve by completing the square or the
quadratic formula.
c. Graphingis usually only as a last resort for complicated problems.

39



3-06 Solyiny Eigalimtic Equationsby-Any

Method (Revieng BT R
* Solve | e 3x2 — 12 = 5x 7

cx?+6x+5=0

x24+6x+5=0

Factor
x+5)x+1)=0
x+5=00rx+1=0
x=-50r—1
3x% —12 = 5x
3x2-5x—12=0
Factor

Bx+4)(x-3)=0
3x+4=00rx—3=0

=——or3
X 307'
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3-(€ Sotku(, @uudraiw [quuhow) by ﬂm,

etfici, CReviciUANE—
. 4x2 = 375 — x  ex245x—-7=0

4x? = 375 — x?

5x% = 375
Square roots

2

H— II

\/_

x2+5x—-7=0
Try factoring (doesn’t work)

Use quadratic formula

—b + Vb2 — 4ac
2a
—5 4 /52 — 4(1)(=7)
2(1)
—5++/53
2

X =

X =

X =

41



3-06 Solving mw B'uaﬁow) by flm,

Tetfic CRevici AN

s 3x?% = 54x
3x% = 54x
Factor
3x2 —54x =0
3x(x—18) =0
x=00rx—18=0
x=0o0r18

42
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3-07 So(v\ei@uﬁuﬁraf Leg,

Objectives:

* Solve quadratic inequalities in one variable algebraically.

. Solve quadratlc 1nequa11t1es in one variable graphlcally

43



K- - C.?_SOCW.Ou, lruf‘lhcl'uafﬂhm (3.6)~.

* Solve inequalities in one variable. . p%-4p < 5
1. Make=0

2. Factor or use the quadratic formula
to find the zeros

3. Graph the zeros on a number line
(notice it cuts the line into three “
parts) 0

4. Pick a numberin each of the three
parts as test points

5. Testthe points in the original
inequality to see true or false

6. Write inequalities for the regions that
were true

1.p2-4p-5<0
2.(p=-5)(p+1)<0

Zeros are 5, -1

4. test points=-2,0, 6

-2 2> 4-4(-2)<5->12<5false
0>0-4(0)<5->0<5true
6> 36-4(6)<5-> 12 <5 false
6. middle regiontrueso-1<p<5

44
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* Solve x? — 4x > 45

Incqualifior (3:6)5,

x?% — 4x > 45
x?>—4x—45>0
Factor
x+5)(x—-9 >0
Zeros
x+5=00rx—9=0
x=-50r9
Graph and pick test points (-6, 0, 10)
Test points

-6: (—6)? — 4(—6) > 45 — 60 > 45 true
0: (0)? — 4(0) > 45 — 0 > 45 false
10: (10)? — 4(10) > 45 — 60 > 45 true
Solution
x<-—-5o0rx>9

45
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* Or you could also solve the quadratic inequality in one variable by graphing the
quadratic
1. Make the inequality = 0
2. Plot points on a number line
3. Quick graph |
a. When the graph is below the x-axis; < 0
b. When the graph is above the x-axis; 2 0

2x2+4x—-6<0when-3<x<1
2x2+4x—-620whenx<-3orx2>1

46



307 Sofue. QBB ¢ g..cfificn (3E)N,

* Solve using a graph.
x24+x—-20>0

x> +x—-20>0

Factor
(x+5)(x—-4)>0
Zeros
x+5=00rx—4=0

x=-50orx=4
Plot the zeros
Sketch quick graph of x2 + x — 20

Opens up

Because > 0, choose the x-values where the graph is above the x-axis.

x<—-5o0rx>4

47
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* Solve using a graph.
—2x*—9x—4>0

—2x?>—9x—4>0
Factor
Rx+1)(—x—-4)=0
Zeros
2x+1=00r —x—4=0

xX=—sorx=-—4
2

Plot the zeros
Sketch quick graph of —2x2 — 9x — 4
Opens down
Because 2 0, choose the x-values where the graph is above the x-axis.

4<<1
_x_2

48



