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UNIT 4 — Graphing Radical and Rational Functions

WHAT ARE YOU LEARNING?

Henry County Graduate Learner Qutcomes:

e AsaHenry County graduate, | will be able to create, interpret, use, and analyze patterns of algebraic
structures to make sense of problems.

e AsaHenry County graduate, | will be able to use functions to interpret and analyze a variety of
contexts.

Georgia Standards of Excellence:

Lesson 4-1 — Graphing Radical Functions

MGSES-12.F.IF.7 Graph functions expressed algebraically and show key features of the graph both by hand and
by using technology.

MGSES-12.F.IF.7b Graph square root, cube root, and piecewise-defined functions, including step functions and
absolute value functions.

Lesson 4-2 — Sclving Radical Equations

MGSES-12.A.REL.2 Solve simple rational and radical equations in one variable, and give examples showing how
extranecus solutions may arise.

Lesson 4-3 - Graphing Rational Functions

MGSES-12.F.IF.7d Graph rational functions, identifying zeros and asymptotes when suitable factorizations are
available, and showing end behavior.

MGSES-12.F.IF.4 Using tables, graphs, and verbal descriptions, interpret the key characteristics of a function
which models the relationship between two quantities. Sketch a graph showing key features.

MGSES-12.F.IF.5 Relate the domain of a function to its graph and, where applicable, to the quantitative
relationship it describes.

Lesson 4-4 ~ Simplifying, Multiplying, and Dividing Rational Expressions
Lesson 4-5 — Adding and Subtracting Rational Expressions

MGSES-12.A.APR.7 Understand that rational expressions form a system analogous to the rational numbers,
closed under addition, subtraction, multiplication, and division by a nonzerc rational expression; add, subtract,
multiply, and divide rational expressions.

Lesson 4-6 — Solving Rational Equations

MGSES-12.A.REL2 Solve simple rational and radical equations in one variable, and give examples showing how
extraneous solutions may arise.

MGSES-12.A.CED.1 Create equations and inequalities in one variable and use them to solve problems. include
equations arising from simple rational functicns.



UNIT 4 — Graphing Radical and Rational Functions

Level 3 Performance Task:

Students will create their own rational equation and identify all characteristics studied in this unit.

_WHAT IS YOUR GOAL FOR THIS UNIT? -

Unit Goal:
I scored a on my pretest.
My goal is to score a or higher on the end of unit test.

To achieve this goal | will

_HOW WILL YOU KNOW WHEN YOU'VE MASTERED THIS? SHOW ME THE EVIDENCEL -

Data Analysis: Pre-Test Score Post-Test Score

Pre-Test Quiz Post-Test

Learning Targets:
s 1arg Score Score Score

R1:Ican graph square root functions and identify characteristics of the graph. (F.IF.7h)

R2: I can graph cube root functions and identify characteristics of the graph.. (F.IF.7h)

R3: I can solve simple radical equations. {A.REL.2)

R8: | can graph rational functions. (F.IF.7d, F.iF.4, F.IF. 5)

RS: | can identify characteristics of a rational function. (F.IF.7d, F.IF .4, F.IF.5)

R5: | can simplify, multiply, and divide rational expressions. (A.APR.7)

Ré: I can add and subtract rational expressions, (A.APR.7)

R7: I can solve simple rational equations, (A.REI.2)




UNIT 4 — Graphing Radical and Rational Functions

LEARNINGACTIVITIES

Lesson 4-1 — Graphing Radical Functions
R1: | can graph square root functions and identify characteristics of the graph.. (F.IF.7b)
R2: | can graph cube root functions and identify characteristics of the graph.. (F.IF.7h)

Complete guided notes with teacher OR  Watch video lesson and take notes
Complete 4-1 practice

Lesson 4-2 — Solving Radical Equations
R3:1 can solve simple radical equations. (A.REL2)}

Complete guided notes with teacher OR  Watch video lesson and take notes
Complete 4-2 practice

Lesson 4-3 — Graphing Rational Functions
R&: | can graph rational functions. (F.IF.7d, F.IF.4, F.IF. 5}
RS: | can identify characteristics of a rational function. (F.IF.7d, F.IF.4, F.IF.5)

Cornplete guided notes with teacher OR  Waftch video lesson and take notes
Complete 4-3 practice

Lesson 4-4 - Simplifying, Multiplying, and Dividing Rational Expressions
R5: | can simpiify, multiply, and divide rational expressions. (A.APR.7)

Complete guided notes with teacher OR  Watch video lesson and take notes
Complete 4-4 practice

Lesson 4-5 ~ Adding and Subtracting Rational Expressions
R6: | can add and subtract rational expressions. (A.APR.7)

Complete guided notes with teacher OR  Watch video lesson and take notes
Complete 4-5 practice

Lesson 4-6 - Solving Rational Equations
R7: 1 car solve simple rational equations. {AREI.2}

Complete guided notes with teacher OR  Watch video lesson and take notes
Complete 4-6 practice

UNIT 4 Assessments

Complete Unit 4 Performance Task
Complete Unit 4 Review Guide
Complete Unit 4 Test

Complete Unit 4 Reflection




Lesson 4-1: Graphs of Radical Functions

Learning Target: R1:

RZ:

Consider the following EQUATIONS, make a table, plot the points, and graph what you think the

graph looks like.
L f(x)=vx 2. f{x)=2Jx 3. £(x)=05vx 4. f(x)=—24x
X y X y Y X ¥
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5. What happens to the graph as the number in front of Jx gets Larger? Close to Zero? Negative?
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Take Aways... What did you notice?

Positive Square Roots:

f(x) = 4vx fx)=4vx + 3 fix)=4vx -5
D: 10, o0) D:[3, o0) D: [0, o)
R: [0, c0) R: [0, co} R: [-5, o)
Rule: Domain —

Range —

Negative Square Roots:

f(x) = 4x fx)=—4vx +3 f{x) = —4yx -5
D: [0, c0) D:[-3, ) D: {0, co0)
R: (~oo, 0] R: (-0, 0] R: (~oo, 5]
Rule: Domain —

Range —
Cubed Roots:
Rule: Domain — (-0, o0)

Range — (-0, )



You Try:

1. f(x) = 4/x

X fx) Pomain:

1 Range:

2. fx) =4vx+3

X fx) Domain:

-1 Range:

3. f(x) =4Vx -5

X 1{69] Domain:

—

Range:

ol B wl | =] oo




4, f(x)=—-2vx+3+5

X fx) Domain:

I Range:

5 f(x)y=VYx—1+4

X f(x) Domain:
-4

-3

-2

] Range:
0

1

2

3

4

6. f(x)=3Vx.

X f(x) Domain:
-4

-3

-2

] Range:

R S =




7. f(x) =3Vx+2
X (%)
-4
-3
-2
-1
0
1
2
3
4
8. f(x)=3Vx—2
X (x)
-4
3
2
-1
0
1
2
3
4
9. fx) =—Vx—1+4
f(x)

N R I N N IR S N N

Domain;

Range:

Domain:

Range:

Domain:

Range:




Lesson 4-2: Solving Radical Equations and Inequalities

Learning Target: R3:

R4

Find the value for the variable that makes the statement true. (SHOW WORK NEATLY) / One Radical Basic
1

. Isclate the Radical if possible
1. 8§2x+3-10=30 2. 2Nx+4+9=1

Wxt2+4=19

.

3. 3Wda-5=13 4.12=22(x+1)-4

IV. Must Verify the Solution
{This iz not optionalsome
solations sre exiraneous. }

5. Y2x+142=5 6. Y2x-10=—6




Find the value for the variable that makes the statement true. (SHOW WORK NEATLY) / Two Radical Basic Eauation

7. \/5x+2 x\/3x+12 8. 2\/x—52\/3x+2 I Square Both Sides

VBxt2=3Vx-2

T T

EE b ST ot

9. 2/5x—4=3Jx+8 10. 23/5x-3=435x+6

. Movevariablesto one side
and constanis to the other
Sx44+2 =— 8x—18
- dx - E
i — 1§B

re M
1!

20 = 4x

St e

. Divideboth sides by the
coefticient

11, x+3= J15+x

Lt

I

+ :

It

i
| N -
by ¥ b

|
dd .

R,

V. Must Verify the Solution
{Thizisnotopiipnzlsome
solutions sre exfransony.}

B R DN b

e e

Find the value for the variable that makes the statement true. (SHOW WORK NEATLY)

12, x~1=45x-9 13, 2x+1=+11-2x



You Try: Be sure to check each solution.

1. V4 ¥ 3x =10 2. V2x+1=7 3. YVax~1=3
4, ¥8xf3-5=-2 5. V2x +4 =23 —x 6. V7x — 8 = V5«

7. V3x ¥ 5 = Vx + 15 8. Vix+16=36x+8 9 V3x+1+7 =3



Unit 4 — QUIZ REVIEW —Radicals Functions Name:

Graph the following and identify the domain and range for each:

1. f(x)=vx—-3-2 |G

o

SUIE N PRI Y o5
1
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-
o
L
T
1
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Domain: NN

Range:

b
=]

Domain:

Range:

10O



Domain: 00 T R I O

Range:

4. f)= f(x) = 3Vx -2

-10

-6

H B H H H
B i 3 PPRAR - P PSR ISP T AP Y
2 : : H :

1

2

3 -19 =

6

10

Domain:

Range:

Identify the domain and range algebraically:
5 f(x)=+Vx—-18+4 6. f(x)= Vx—8+7

Domain: Domain:

Range: Range:

7. fxy=~+x+1-7 8. flx)= Vx+3-11

Domain: Domain:

Range: Range:

H



Solve each of the following equations. Show organized work to support your answers.
Be sure to check for extraneous solutions.

17. Vv +4—3 =8 18. V4n =+vb6x — 4

19. V2x + 15 = v5x — 9 20. Jp+8=1

21, Y3x+2 =V2x+7 22. V2x+1=%10

23 2Vx+5+11=1 24. Y3x+5+3=6
25 42x + 3~ 6 =22 26. 21 —4x+5=7

VA



Lesson 4-3: Graphing Rational Expressions

Learning Target: R3:

R9:

Hole
{Point Discontinuity}

A hole usually occurs in the
graph of a rational function
when a linear factor in the
numerator and denominator
“divide out”. The resultis
the same as the graph of the
simplified function but with
a missing point in the graph.

Hala e iins
by 21400

Vertical Asymptote
(Infinite Discontinuity)

A vertical asymptote ocecurs
any time a linear factor of

the denominator doesn’t Graph: f(x) = —2—2 Vaaympler L C
[ - » - . -+ e o
divide out” with a factor in EETETE | hematxs -2
the numerator. Gerty TR

ixﬂjiﬁml}

- hessabysl

¥ asymplet

Vertical Asympiote  To have both a hole and a ™
& Hole vertical asymptote the R _ Hefa otours
rational function must have Graph: f(x) =" n " spmate VL] e s i
<2 1

at least one linear factor that
divides out and one linear
factor that does not.

héfe ai s -¥

13



Sketch a graph of the following rational functions. Label any holes or vertical asymptotes. Use your
calculator for additional assistance.

x*+2x-3 x*+3x—4
L of =" 2./ =T
AY Y

WK B B M o g
Wkl B Bt ey W

¥

x2+x-6 x* -4
4 f0) = x24+6x+8

LY

>
¥

14



Case #1:

A rational function that
has a numerator
polynomial with the
same degree as the
polynomial in the
denominator creates a
horizontal asymptote
that passes through the
y-axis at the quotient of
the leading coefficients.

The degrae of the numarsior &
3 or Bre the game

Analyze: f(x) =

Haapnsiot
B Ml y=3

&
Asymiptote: y = gi./-/ ory=3

Case #2:

A rational function that
has a polynomial in the
numerator thathasa
smaller degree than the
degree of the polynomial
in the denominator
creates a horizontal
asymptote at y =0.

The dzgres of the numerator is

7| smalier than dencrineior.

2242 41

Graph: f(x)= e e st |

Asyvmptote: y=0

Case #3:

A rational function that
has a polynomial in the
numerator thathasa
larger degree than the
degree of the polynomial
in the denominator does
not have a horizontal
asymptote.

|the degree of the numerator is

£ )| larger then denomingior.

i / :
Graphe () = Zoot

Asymptlote: No Horizontal
Asympiote

15



Sketch a graph of the following rational functions. Label any vertical asymptotes, horizontal
asymptotes, or holes. Use your calculator for additional assistance.

5. fla) = 22 6. f(x) = 222

x2-2x-8 12 4+x~6

h ¥

; LU S
LI I - - ]

i
]

O R T A S
*
H

i
by %
4

¥

! 8 -7 B -5 -4 -3 -2 -4 2 34 56 7 8
e oo e g ]

Let’s put it all together....

1) ) =% T

- Vertical -
_ Asymptote(s) |

16



_oxf43x7-10x  x(x+5){(x—2)
2) f=—FF = P 5

- Vertical = -} - Horizontal.:

| -Asymptote(s) -

3) S0 =550

jortial | Horizantal | 1
Asymptote(s) Asymptate Sl Lo p L

| Hokely

17




4) fo=

x3+4xi-21x
x?+4x—21

ns

1
-
=}
]

- Vertieal | Horizontal: |

Asymptote(s) |

_Asymptote'. - xmtercept(s) ereept.

5) flo)=

(x—5){x—N{x+1)
{(x—9(x+1)

- Vertical -}
| Asymptote(s) 1|

Horizontal |

‘Asymptote [ 7

-~ yeintercept- |- " Domain

18



6) f(x)= x24x-2

{(x+2)(x2-2x-15)

. Verfieal | Horizontal |
~Asvmptote(s) - - ASymptoté

_ 2 4+x—6 _ (x+3)(x-2)
7y f= (x=2)(x2+5x-36)  (x—2)(x+9)(x~4)

~ Vertical | Horizontal T Lo T ot
CAsympiote(s) o Asymptote: | o p G y i p

19



3x?
¥ 2wy

8) flx}=

.y
£
Wt

T Verticar
| Asymptote(s) -

- Horizontal [
- Asymptote

[ e [ merent | pomas

x% 4+ 7x+12
x2+11x+28

9) fl)=

| Asymptote(s) |-

:| ' Horizontal . |
Asymptote |-

X-interce

y-ntercept | -

20



10) f) =

x2-6x—-7 _ {x=7)(x+1)

x2+3x—4  {(x+4)(x—1)

Asympfote(s)

T~ Torizontal |
_Asymptote |’

11) f(x) =

x+8

x%45x—24

Asymptote(s) |

 Horizoutal
‘Asymptote

intereeptty

 yeintercept

21




Lesson 4-3: Graphing Absolute, Step, and Partial Functions

Learning Target: R10:

R11:

R12:

&7 &7

b el

— b3 I Ln

Lobny
i
+——

b

22



1. £ (x)=[ ] 2. f@) =lxlor ) =[xl 13 f(5)=[oscls1 14 f(x) = 2[x - 1]
x X y X y X y
- 0.5 -05 - 0.5 -05
0 0 0 0
0.5 0.5 0.5 0.5
1 1 1 1
1.2 1.2 1.2 1.2
2 2 2 2
24 2.4 2.4 2.4
AT AT
g
o I
2 iy
2
- % = - o o i
| 12345 54302 ] 45 "

15. Graph the following partial functions (piece-wise).

a. b. C.

x2—3 if x<1

f(x):{——2x+3 if x>1

_{—x+5 if x<2
f(x)“{Zx—i if x>2

&y &F Y
g h-.... s ; " S b e
: 7 ke
i & g
- i - e, d o
B e St T T et S 0% TR IOE SIS S SRS SR 03 ot S IS NS SSSSS s Scuvus Vit HE VO0SNVAN N s m g
] <2t
. .,f L - VPV NS SO SR PUNPR: PRI W S NS PR SO PP U SR SRS S PP SRR SO, PP Y \,f .
-:ﬁ.f -8 -F -B & 4 -3 2;’_1
21 Tied
3  STEE SOPL O PRS- S SN Do N A 0RO TS PP [ POVRIN AR NUORS S B RVOUN SOV RPN, SVPIDE (O S Appupy- sy S AP SRR _3 -

oy

Ba 4y A
'
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Nome: Date:
Find the verical & horizontal asymptlotes, x & y ints, and holes:
] x?—x-12 x*—5x+6
1. fix)=——r 2. flx)=-—= 3. f{x)= St
X—=2 ( ) X ¥ X? — Ax +3
hole: hole: hole:
VA VA V.A:
H.A: H.A: H.A:
x-Int.: x-Int.: x-Int.:
y-int: y-int: y-int:
2 2
2x° —4x
4. fg=22% 5. f(x)=—
X +1 X°=2x-3
hole: hole:
VA VAL
H.A: H.A: .
x-Int.: x-int.
y-int: y-int:
4 E
X+ y:
6. Fx) = g ) &
{ ) 3% 4 Hole:
V.A: H.A: 4
x-Int.: yAint: 2
D: R: D Y L 4 5
=2
=&
L 1

2500




_2x-1

S 2. Graph f{x) =
. Graph f(x)mx+3 t X+ 3
N I g L 2 1
a5 &
x—int HA X—int__ HA
y—int VA y—int__ VA
2
Graph f(x):m%i{_?’ig.g 4. Graph flx) = > =
-105-8 18 14 Z It WO -8 |-k . 1
X —int HA X —int HA
y —int VA y-int_____ VA



Unit 4 — QUIZ REVIEW - Graphing Rationals Name:

R8: i can graph rational functions.
R9: 1 can identify characteristics of a rational function.

Graph the following and identify the characteristics:

1) The graph of p(x)= X -3x-4 (=Dt =
X —4x7-9x+36  (x—4)(x+3)(x~3)

i
o]

Lo

| Vertical: - o0 -
| Asymptote(s)....| Asym;

24



2) Let r(x) =

Po2x—8_ G-HE+2 _

xex—12

(x—H(x+3)

Vertical

" i Asymptote(s).

Horlzonta[ : '-'.'::f.".:':':.:::5..15“:'%::":' :_‘.;.:_ s
sAsymptote i PR TR ER R S e TR

2D



3) Let

rx)=

x*—x=12 _ x-HEx+3)

x—4

(=4

i
]

o

[ ]

<o



DON’T FORGET RADICAL FUNCTIONS...

R2: | can graph cube root functions.
R3: | can solve radical functions.

Graph the following and identify the domain and range for each:

1. f(x)=+vx—3-2
- x ) FA S TS OO S SO S SO ;‘”
1 Y Pivot Point: : _ = L
2 Pomain:
3 13, g
4 Range:
7
o 1 el N

2. f(x)= Vx+2-4

6 Pivot Point:

Domain: *

Range:

10

3. fix)= f(x) = 3¥Vx -2

Pivot Point:

1 Domain: T

3 Range:

Identify the domain and range algebraically:

R1: I can graph square root functions.

4. f(x) =x—18+4 5. f(x) = Yx—8+7 6. F(X)=vx+1-7
Domain; Domain: Domain:
Range: Range: Range:

21



Solve each of the following equations. Show organized work to support your answers.
Be sure to check for extraneous solutions.

7. Jv+7-3=3 8. Vax =6x —2
9. Jp+10=2 10. Vax + 1= V17
1. 3Wx+4+13=1 12. 5y3x+3-9=16



Learning Target: R5:

Basic Simplifying:

x%+x~20
x2-25

xZ42x-15
———— e s
x2-9

You Try:

xZ—15x+54
x*—81

Multiplying and Dividing:

X2 x*-36
x2—4x-12 x—2

x%-36

T x?2-3x—18

4x+36

T x24+13x+ 36

x2-2x-24

T x?4+10x+ 24

x%4+x-2 x4+6

" x245x—6  x+5

29



9

1 3

3m+6 m+3

yi-2y-15 y®-4y+3
yZ-3y-10 y2-9

x?+3x—-10 | x*+x-6
x2-2x-15  x2+6x+9
m2 me+5m

m+5  m2+10m+25

2a+4  12a

8a?  a+2

2x2%-3x-2 6x
3x—6 4x2-1

x+5 | x+5

2x 8
pZ42p-3 p2-1

T p242p-8 p—2

30



x* —4x b+3

e T 1 TS
11. x*—-8x+16 172. b +6b+9
12 b+2.
2x—8 p -9
You Try:
x—1 x24x-20 x+9 14x
13. " 14, —— =
x+5 x%—8x+7 7x3  4x+36
s x?+1x~30 | x%+12x+36 x-2 _ (x—2)?

16. :
x—7 7—x (4x+3)2 4x+3



Lesson 4-5: Adding and Subtracting Rational Expressions

Learning Target: R6:

5y 12 3y 93 6a
4y2  4y? 4y? " 322 3a?
3 2t 8 4 w? 2w-15
312 3t-12 " wi-9 wZ—9
5 a®+10 7a y?-13 3(1-v)
az-4 a?—4 T y2--25 y2-25
2 1 5 x%-12 2
—_—t-— — 8. —
vy 3 62 x%—4 x-2



9. —_
J2-1 a-1
2
1, - m
m+2 m2—4
You Try:
3 5
13, — s
x—1 x+1
2x+1 x+5
15. _ —
x—4 x4

10, = 4 B
x+1 x—2

12— 2

a?-2a-35 az+9a+20

x x
xZ-2x~-3 xZ+5x+4

14.

6 1
5x+15 x+3

16.

33



Lesson 4-6: Solving Rational Expressions

Learning Target: R7:

1 t t+4
1. —=- D e
x2 9 t—2 t—2
b+2  3b—4 w? 8 2w
3. —= 4. —_— =
b—3 b—3 w—4 w—4 w—4
5 2 4412
5, = 6. Le=

7
o
21
=3
+
o]
i~
-+
N]



4g2—9 x2-3x+4
9 8 — =

= . —4
2a—3 x—4
2 1 1 x x+10
9, —— = L~ 10, — =
3x2 x 3 x—4 x—2
p—1 2 7—3p X 2 3x+4
11. — = 12. + =
p+3 p--3 p2—9 X2 x+3  x24x-~6

35



You Try:

13, ¢

6x°

15. x4+ . =8
X



UNIT 4 TEST REVIEW Name:

Graphing Rational and Radical Functions and their characteristics:

1 _ x+5 _ i(x+D)
YT vae1s (x=3)(x+5)

A. Holes:

B. Vertical Asymptote(s):
C. Horizontal Asymptote(s):
D. y-intercept:

x243x— 18 (x-3)(x+6)

2. y= *¥242x-15 (x=3)(x+5)

A. Holes:

=

Vertical Asymptote(s):

Horizontal Asymptote(s):

o 0

y-intercept:

e

x-intercept(s):

Use the Graphs to the right to graph the functions if you need to:

3. f(x)=vVx+5+2 4. fx)=Yx+7 -5
A. Domain: A. Domain:
B. Range: B. Range:

37



5. Use the graph to the right to identify the following:

6. Simplify the following:

N x> =13x +30

7. Solve the following:

A 7Vv3x+4~5=30

D.

A. Domain;

B. Range:

xP—-x—-6

X+

12
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x2=9 X' +4x+43 c x+2 x’+6x+8

x+3 2x-6 " x+5 x+5

E. X 2
xP=3x—-10 x-5

B. V3x+5+10 =12 C.V8x+2=+v2x+20

T x+3 x—4



UNIT 4 — Graphing Radical and Rational Functions

UNIT 4 Reflection Name:

What about this unit did you find to be the easiest?

What about this unit did you find to be the most difficult?

Are you on track to pass this course? If not, what is your game plan? What are you going to do to help
yourself master this course?

What are your plans after high school? Do you plan to go to college? Go into the work force, etc? Do you feel
prepared? Have you taken the SAT/ACT or are you scheduled to take it?

Where do you see yourself in the next 10 years? What are your goals?




