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Module 1

Quadratic Functions
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What Wil You LeamT ... -1
Graphing Quadratic Functions ... =
Explore Transforming Quadratic Functions
Solving Quadratic Equations by Graphing ... ... ~13
txplore Roots of Quadratic Equations
Complex Numbers. ... . " |
Explore Factoring the Sum of Two Squares
Solving Quadratic Equations by Factoring...........ooooo . 2T
Explore Finding the Solutrons of Quadratic Equations

by Factoring
Solving Quadratic Equations by Completing the Square.._._._. i X
txplore Using Algebra Tiles to Complete the Sguare
Using the Quadratic Formula and the Discriminant ... ~43
Explore The Discriminant
Quadratic Inequaliies ... 5
Explore Graphing Quadratic Inequalities
Solving Linear-Monlinear Systems . . 57

Explore Linear-Oueadratic Systems
Module 1Review . . e _B67



Example 4

Determine the average rate of change of f{x) over the specified interval.

13. fix) = x* — 10x + 5; interval [—4, 4] 14. fix) = 2x* + 4x — 6; interval [—3, 3]

15. flx) = 3x% — 3x + 1; interval [—5, 5] 16. fix) = 4x* + x + 3; interval [—2, 2]

17. fix) = 2x* — 11; interval [—3, 3] 18. flx) = —2x° + 8x + 7; interval [—4, 4]



Example 5
Determine the average rate of change of f{x) over the specified interval.

19. interval [—3, 3] 20. interval [—4, 4] m 21. interval [—2, 2]
O

-3 -4 |—27
-2 | 3 -2 | -3 -1 | -3
e S — g
0 | -3 2 | -3 1] 3
1 4 (27 2 | 9




Example 1

Use the related graph of each equation to determine its solutions.

1.x2+2x+3=0
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Example 1 Solve each equation by graphing.

4. x2—10x+21=0
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-
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Example 1 Solve each equation by graphing.
5 4“+4x+1=0

T




Example 1 Solve each equation by graphing.
6. x°+x—6=0

——
1%y | |




Example 1 Solve each equation by graphing.
7.x2+2x—3=0

=Y
-
x5
——>

—




Example 1

8. x—6x—9=0

> 2
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Solve each equation by graphing.
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Example 1 Solve each equation by graphing.
9. x2{—6x+5=0
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Example 1

10. x* +2x+3=0

>x €

Solve each equation by graphing.
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REGULARITY Use a quadratic equation to find two real numbers that satisfy each
situation, or show that no such numbers exist.

50. Their sum is 4, and their product is —11/.

—5and 17 —9 and 13. Sand —17 9and —13.



REGULARITY Use a quadratic equation to find two real numbers that satisfy each

situation, or show that no such numbers exist.

51. Their sum is 12, and their product is —85.

Let x represent one of the numbers. Then 12 — x will represent the other number. So x(12 — x) = -85

Solve the equation for 0.
=5 0
x(12-x)=-85 Original equation 3 | 40
12x —x*=—85 Distributive Property = —72
—x?==12x -85 Subtract 12x from each side. ; ;9162
0=x*—12x—85 Add x? to each side. 5 _120 The zeros of the function are —5 and 17.
Find the axis of symmetry. 6 _121 x=-S5Sandx=17,s012 —x =17 or 12 — x =-5. Thus, the two
" 7 ~120 numbers with a sum of 12 and a product of -85 are —5 and 17.
X = ™ Equation of the axis of symmetry 9 _112
a
11 —96
—~ 12
x=———— a=1,b=-12 13 | -7
2(1) 15 | —40
x=06 Simplify. 17 0
—5and 17 —9 and 13. 5and —17 9and —13.



REGULARITY Use a quadratic equation to find two real numbers that satisfy each
situation, or show that no such numbers exist.

52. Their sum is —13, and their product is 42.

—19and 11 —7 and -6 19 and —11 7 and 6



REGULARITY Use a quadratic equation to find two real numbers that satisfy each
situation, or show that no such numbers exist.
53. Their sum is —8, and their product is —209.

—19and 11 —7 and —6 19 and —11 7 and 6



Examples 1and 2

Simplify.
1. V—48
4. —24
J=24 =/ —1+22+6
— Py | o\/?o\/g
= 2i/6

2. V—63

5. V—84

J-84 =4/ —1:22:2]

=\/T1.\/7.\/ﬁ

= 2i\/21

3. v—72
6. V—99
J=T2 =4/ —1:6%2



Examples 1and 2

Simplify.

7. V=23 - V=46 8. vV—6-vV—3 9. V=5 - V=10

\/—23 ’\/—46=i\/§‘im \/_5.\/_1()=i\/§.im
=i%+,/1058 =i2e./50
=_1.\/ﬁ.\/§ = _1e4/524y2
= —23./2 =52

10. (3/)(—2i)(5)) . i 12. 4i(—6i)?



Examples 5 and &
Simplify.

25. (6 + i) + (4 — 5i) 26. (8 + 3) — (6 — 2i)

2 =5i 10—4i 2+ 5% 10+ 4 2 =51 10—4i 2+ 5i 10+ 4

oy A O O 28, (-8 4.2 & (6 — 37

(—4+2i)+(6-3i)=(—4+6)+(2i —3i)

(5=i)=(3=2i)=(5-3)+ (=i~ (—2i))
=2-i

=2+




Examples 5 and &

Simplify.
29.6 — 3+ (4 — 2i) 30. (—11 4+ 4) — (1 — 5i)

(6—-3i)+4—-2i)=(6+4)+(—3i—2i)
=10-5;

2-=51 —12+9i 12-9; 10+4i




Examples 5 and 6

Simplify.

JL €+ MN3—1) 32. (5 — 24 — i) 33. (4 — 21 — 2i)
=4(1)+4(=2i)—2i(1)—2i( - 2i)
=4—8i—2i +4i°
=4-10i+4(—-1)
=—10i

T+1i 18 —13i T+i 18—13i T+ 18—13i

-10i  10i —1 -10i  10i —1 -10i  10i —1



34. ELECTRICITY Using the formula V = C, find the voltage V in a circuit when the
current C = 3 — jamps and the impedance [ = 3 + 2j ohms.

11 + 3/ volts 11— 3j volts — 11 + 3; volts 18 + 3j volts



Example 7
Simplify.

2
5. 357

36

7 —13i

21

3. 1
R
13 |
N l
S )

6 — 5i

37. 3i



Examples 5-7
Solve each equation by factoring. Check your solution.

15. x2 = 64 16. x2 —100=0 17. 289 = x?
x> =64 Original equation
x*—64=0  Subtract 64 from each side. . |
x*-8¥=0  Write in the form a?— b>. gma Dl equton
289—x“=0 Subtract x“ from each side.
(x+8)(x—8)=0  Factor the difference of squares. 1P—x2=0  Write in the form a®— b,

(17+x)(17-x)=0 Factor the difference of squares.
17+x=00r17—x=0 Zero Product Property
x=-17 x=17 Solve.

x+8=0o0rx—8=0  Zero Product Property
x=-8 x=8  Solve.

18. x* + 14 =50 19. x? —169 =0 20. 124 =x?+ 3




Examples 5-7
Solve each equation by factoring. Check your solution.
27. ¢ 4+ 12 =13 28. x*+100=0 29, x- = —225

x2+12=-13 Original equation
x*+25=0  Add 13 to each side.

x%- (—25)=0  Write as a difference of squares.

x*=(5i¥=0 /-25=5i

(x+5i)(x=5i)=0 Factor the difference of squares.

T s r=tgi o x=tlIS v=tgi  ¥=EIS
x= +72 x=*10i x= +72j x=210i
30.x24+4=0 31. 36x2 = —25 32. 64x2 = —49
x=i%i x==*15i x=i%i x=*15;




Examples 5-7
Solve each equation by factoring. Check your solution.

21. 4x? —28x+49=0 22. 9x? + 6x = —1 23. 16x° —24x+ 13 =4
4x% =28x+49=0 Original equation 9x2 +6x=-1
2 _ 2 Factor the perfect
(2%) 2(2x)(7)+72 0 square trin?)mial. 9X2 +6x+1=0
(2x=7)"=0  Zero Product Property
7 (3x)*+23x)(1)+12=0
x = Solve.
(Bx+1)*=0
1
b ™
3
__ 10 __8
R s




Examples 5-7
Solve each equation by factoring. Check your solution.

24.81x%2 + 36x = —4 25. 25x2 +80x +64=0
__10 __8 __10 __ 8
YT YT = s e
__2 _3 __ 2 _ 3

x_—j X 4 x_—g X 4

26. 9x2 + 60x + 95 = —5

10 8
3 5




Example 4

Find the value of ¢ that makes each trinomial a perfect square. Then write the
trinomial as a perfect square trinomial.

19. X2 +10x + ¢ 20. x2 —14x + ¢ 21. X2+ 24x + ¢

10 _
2
Step 2 Square the result from Step 1. 52=25

Step 3 Add the result from Step 2 to x>+ 10x. x>+ 10x +25

Step 1 Find one half of 10. 5

The expression x2 + 10x + 25 can be written as (x + 5)%.

81 25

s By s
y 1 49 ; p 144 49
22. x2+ 5x + ¢ 23. x2 — 9 + ¢ 24. x> —x+cC
31 25 31 25
L A P
4 1 49 y ; 144 49




Examples 9 and 10

Write each function in vertex form. Find the axis of symmetry. Then find the vertex,
and determine if it is a maximum or minimum.

44. y=x*+2x—5 45. y = x° + 6x + 1 46. y = —x? + 4x + 2
y=Xx 242x=5 Original equation
y=(x +2x) — Group ax® + bx.
y=(?+2+ 1] 5-1 Complete the square.
y=(x+ 1)* - Simplify.

y=(x-3)-8 y=(x+3)*-8 y=(x-3)*-8 y=(x+3)*-8
y y




e O M8

Examples 9 and 10

Write each function in vertex form. Find the axis of symmetry. Then find the vertex,
and determine if it is a maximum or minimum.

47. y = —x>—8x—5 48. y = 2x? + 4x + 3 49. y =3x2 + 6x — 1

=—x*—8x—5 Original equation

= (-x*-8x)-5 Group ax® + bx.

= —(x*+8x)-5 Factor out — 1.

= —(x*+8x+16)-5—-(—1)16 Complete the square

= —(x+4)+11 Simplify.
y=2x+12+1  y=3kx+1)7*-4 y=20x+1P2+1 y=3(x+1)7>-4
y=2+1P-1  y=3x-12-4| |[y=26+1P-1 y=306-1)7-4




Mixed Exercises
Solve each quadratic inequality by using a graph, a table, or algebraically.

3 _3
21. 2x< + 12x < —15 22 5x2 + x+3>0



Mixed Exercises
Solve each quadratic inequality by using a graph, a table, or algebraically.

23. 11 < 4x2 + 7x 24. x2 — 4x < —7



Mixed Exercises
Solve each quadratic inequality by using a graph, a table, or algebraically.
25. —3x> +10x < 5 26. —1 > —x? — 5x

Solve the related equation. Solve the related equation.

2 , —1=-x*-5x Related equation
—3x"+10x=5 Related equation 5 '
= — —_ -+ ) i = S 1 o
—3x*+10x-5=0 Subtract 5 from each side. ! £ =kl Add] mj SR Bl
x=0.61 orx=2.72 Quadratic Formula =35.19%x0r0.19~x  Quadratic Formula
; : Plot the solutions on a number line
Plot the solutions on a number line :
and test a value from each interval. and test a value from each interval.
Testx =0,x =1, and x =3. Testx=—-6,x=0,and x = 1.
The values that satisfies the original The values that satisfies the original
inequality are x = 0 and x = 3, so the solution set is mequality are x = —6 and x = 1,

I | <061 or x> 2723, so the solution setis {x |x <—5.19 or x > 0.19}.



Mixed Exercises
Solve each quadratic inequality by using a graph, a table, or algebraically.

27. X°+2x+1>0 28. x2 —3x+2<0



Mixed Exercises
Solve each quadratic inequality by using a graph, a table, or algebraically.

29, —x2—4x+3220

T ' ! ' 4
B ! - — ol
24 24 Nk ERE \ © X
B‘ EI .'E.l I 5| !l" \.
E -E BT 3 _ i' \
2 o —8—634—20| 2 M 6 8x \
_ i T, A \ l
—6-4-20| 2 A 6 8x —6-4-20| 2 A 6 8x Sept N/
I Y




