Class_22 June 12 - Characteristics of Rational Function Graphs

Plan For Today:

1. Question about anything from last week? 8.2-part of 9.2
% TESTI6 RS 1lHouRrfi5IMIN]

2. Continue Chapter 9: Rational Functions
¢ 9.1: Rational Function Transformations
% 9.2: Analysing Rational Functions (Characteristics of Graphs)

¢ 9.3: Graphs and Solving Rational Functions
5. Work on practice questions from Textbook ‘\

Page 452:
#4-7, 8ac, 11, 14

Calowskshiopoom

1. Finish working through extra practice & textbook questions from 9.3 and
continue working on the Ch. 8 Assignment.
2. You will finish ch9 (9.3) tomorrow and you will start topic 10 on Wednesday.

» CRAPTER © ASSIGNNHENT DUE ON THURSPAY, JUN 18TTH
» TEST 7 O ©.8<90.4 O HONPAY, JUNE 12711
% TOPIC 10 (@) ASSICHNENT DUE ON TUESPAY, JUNE 2071

Please let us know if you have any questions or concerns about your progress in this
course. The notes from today will be posted at egolfmath.weebly.com after class.
Anurita Dhiman = adhiman@sd35.bc.ca

Susana Egolf = segolf@sd35.bc.ca
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http://egolfmath.weebly.com

9.2 Graphing Rational Functions Completed

Pre-Cale 12~ Unit4
Page 9

Key Ideas for Rational Function Graphs

1) Horizontal Asymptotes
Find the degree of the numerator and denominator.

Numerator degree < Denominator degree
horizontal axpmptote equation: ¥=40

Numerator degree = Denominator degree
horizontal asymprote equation:

. leereding cocfficient af mm.
T leading coefficient of denom,

MNumerator degree = Denominator degree
Ciraph will have a slant asymplote

2) NPVs, PODs, and vertical asymptotes
Factor and compl. A
*  Setewch factor of the denominator = 0,10 getall NPVs,
@ lsthere a factor that cancels with a factor in the numerator? It gives
the x-value of a POD.
@ s there a factor that doesn™t cancel with a numerator factor? It gives
the location of & vertical asymptote.

3) Intercepts
«  peintercepts - substitute x = into the function (either the original or the
simplified form) and solve for v
* w-intercepts - set each factor of the simplified numerator = 0 and solve for x

4) Sketch
*  Plot all x-intercepts and y-intercepts
*  Show points of discontinuity (PODs) as “holes”, using an open circle
®  Show all asymptotes as dotted lines.
*  Find more points on the graph. as needed, by substituting into its equation.
*  Make sure graph does not cross any vertical ¢

x-C i<

6uw\ma45 0)_ Clharacteristice Srom Factored form
C (x-a (=<
i NS

=C A-Cr 2-b ( <, 53

Vs tha \ocatim is the
G - wterept ‘g&‘;ﬁ;‘d
(a,0) b
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Page 10
Totry:
Original Factored form of List alCPVS) and for each one ientify if it givesa | Horizontal
Equation equation POD or a verfical asymplote. asymptote
- Find the (x. yJ coordinates of each POD . equation
- Find the equation of each vertical asymptaote. or say “Slant”

2 A2
2 (x D30

-2
9= DowamFac | x#-5,x#3, xS
Rope 24\ Y24, gro yekS

ELiAL NPVs e -2, 24 WA
A 3:(2:«;1;6)/; v Voo Y

o> @ =2
* *=4

v
yodbs
TF fxiwr s weq el

3;;;_( ) fy\y#rE, y#2, yer3
\ -2,%

Y=2c
m%) T 3: (I:ZTZI)-—” NPV e N (':f)fos::f 3
degmn A v SRR
/ Aororivetiv
yoree Zx |2, 363
g=3 £y yzsyas.

Whiteboards -Characteristics of Rational Functions
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* 43—
Without using technology, accurately sketch the function’s graph: y = = —2r 10
X

Give the values of the graph®s:
= NPVs

®  asymplote equations

= coordinates of PODs

o - and y-imercepts

Yz (x+3AzD) j=smasass
D e EE, \X

955

NWs Xgt -2, XFEX
N\ pod
VA @ %= -t

x="2

oordnacte

Example (TE page 453, #7a)
‘Write the equation of the pictured rational function.
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Graph Rational Functions with Holes

If the degree of the numerator < degree of the denominator then horizontalasymptoteis aty = 0.

The vertical asymptotes will accur where the denominator equals zero.

If there is a common factor in the numerator and denominator then the graph of a rational
function will have a hole when a value of x causes both the numerator and the denominator to
equal 0. We can set the commaon factor to zero and solve forx to find the hole.

Example:

o)

holeatx=4

wertical asymplate

aty=2 Holeatx =4

Sketching the Graph of a Rational Function by Hand

Guidelines for Graphing Rational Functions
Write the rational exp ion in simplest form, by factoring the numerator and

denominator and dividing out common factors.

Find the coordinates of any “holes” in the graph.

Find and plot the y-intercept, if any, by evaluating f(0).

s Find and plot the x-i (s)

Find the ical (s)

if any, by finding the zeros of the numerator.

the zeros of the

rand d

vertical asymptote.

if any, by fi

denominator. Sketch these using dashed lines.

8 Find the horizontal asymptote, if any, by comparing the degrees of the

. Sketch these using dashed lines.

Find the oblique asymptote, if any, by dividing the numerator by the
denominator using long division.

= Plot5-10 additional points, including points close to each x-interceptand

Use smooth curves to complete the graph.

Rules for

Togetthe end behavior asymptote (EBA), you want to
compare the degree inthe numerator to the degree in
the denominator. There can be at most 1 EBA and most
of the time, these are horizontal.

# If the degree (largest exponent) on the bottom is
greater than the degree on the top, the EBA (which
is also a horizontal asymptote or HA) is y =0.

x+2
x*—4

y=

Notice that even though we can take out a removable
discontinuity (x+ 2}, the bottom still has a higher degree
than the top, so the HA/EBA is y =0.

v

If the degree on the top is greater than the degree
on the bottom, there is no EBA/HA. However, if the
degree on the top is one more than the degree on
the bottom, than there is a slant (oblique) EBA
asymptote, which is discussed below.

_x+2
x—4

¥

No HA/EBA. Vertical asymptote is still x—4.

v

If the degree is the same on the top and the
bottom, than divide coefficients of the variables
with the highest degree on the top and bottom; this
is the HA/EBA. You can determine this asymptote
even without factoring.

242
3 -4

¥

Since the degree on the top and bottom are both 3, the
HA/EBAis y=}.

25 +x+1
¥ If the degree on the top is one more than the degree =T la
on the bottom, then the function has a slant or 5
" N x +9
oblique EBA inthe form y =mx+b. We have to use
A ) ) . x—4)25 +x+1
long division to find this equation. 2% —8x EBA: y=2x+9
9x+1
We can just ignore or “throw away” the remainder gi—ss
and just use the linear equation. Weird, huh? —}7
- +x
Q: Where does y =— " intersect its EBA?
X +x-12
» (more Advanced) Find the point where any )
horizontal asymptotes cross the function by setting | A: Note that the EBAs y =-1. Now set
the function to the horizontal asymptote, and x
solving for “x”. You already have the "y” (from the pea—rt =-1 and cross multiply:
X tx—

HA equation).

—x er:%l[:xz +X*12:]; x=6.

So the point where the function intersects the EBAs (6,~1).
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Rules for Graphing Rationals

Examples

First factor both the numerator and denominator, and
cross out any factors in both the numerator and
denominator.

¥ If any of these factors contain variables, these are
removable discontinuities, or “holes” and will be
little circles on the graphs. The idea is that if you
cross out a polynomial, you can't forget that it was
in the denominator and can't “legally” be set to 0.
(We will see graph later.)

The domain of a rational function is all real
numbers, except those that make the denominator
equal zero, as we saw earlier.

(Note that if after you cross out factors, you still
have that same factor on the bottom, the "hale”
will turn into a vertical asymptote; follow the rules
below).

©osxrs (802
x—3 15’37

This function reduces to the line y = x —2 with a removable

discontinuity (a little circle on the graph) where x=2 and
y=(2)-2=0 (plug 2 infor y in original or reduced
fraction). So the hole is at (2, 0).

Domain is (—©,3)w(3,), since a 3 would make the

denominator = 0. It's like we have to “skip over” the 3 with
interval notation.

To get vertical asymptotes or VAs:

> After determining if there are any holes in the
graph, factor (if necessary) what's left in the
denominator and set the factors to 0. For any value
of x where these factors could be 0, this creates a
vertical asymptote at “x =" for these values.

Note: There could a multiple number of vertical
asymptotes, or no vertical asymptotes.

Don't forget to include the factors with “x” alone
(x=0is the vertical asymptote).

X =5x+6 _ (x~3](x-2) _ x-2
x(x179) xw(;ﬁ-a) x(x+3)

Vertical asymptotes occur when (x—0)=0 or (x+3)=0,

or x=0or x=-3.

Domain is (—0,—-3)w(-3,0)(0,3) (3,20, since anything
that could make the denominator 0 (even a hole) can’t be
included. So we have to “skip over” -3,0, and 3.

Steps Graph
3¢ -8x-16 EBA/HA: Since the degree is 3
Y= 37 _t6xs16 | the same on the top and x i
bottom (both are 2), we take 1
£ . the coefficients and divide | yH(3x7-8x-16)/(3x7-16x+16)
actor: ROy il
(3x+4) (x~] 35 Al Tl N
e v 4 \
(3x=4) (2~4) | xintercept (root): Sety (or \
top) to 0: \
0 4 (_a
Ramovable Ix+4=0; 3 | !,Dl Wlﬂun) ~
i il orHole: |y pt: Setxto 0: 3 T T ™ T
x =4, plug in 4for xto y=3(0)'4=_1 (0,-1) ymercepn: (0, 1) -
gety=2. RDis(4, 2). 3(0)-4 2 N
VA: Set denominator | Domain: Can'tbe any value of R s
to 0 after removing the | » that makes the bottom zero: JE ‘
hole: 3x-4=0 x=%. | (<o, $)U($,a)(d,x) »
T x-intercept (root): Sety {or =
X +4x—5 top) to 0: x=0. (0,0) 1
2 B yelirsan-5)
Blons y-Intercept: Setxto 0:
[TV, g (0) i
(x+5)(x-1) y=————=0: (0,0)
(0)" +4(0)-5
VA xS
VA: Set denominator 2 a3 . o [
to 0 after factoring; we T-chart”: Try “_’“"" points - T B P 7 I §
have ok thiom: around the vertical 8- I AN A
x=-5, x=1. asymptotes: \i Iitercept <
|
EBA/HA: Since the
degree on the top (1) Is § d
less than the degree on | pgrgin: Can't be any value of "
the M“m‘_ m;'he x that makes the bottom zero: '
EBAorValkay=0: (~=2,~5)U(-5,1)U(1,®).
T Rules for Asymptot
i 1 1 : ules ror Asymptotes
I ]| B ymp
} . L=
1 oo Rt L R (1
T 1T 1 Exponent of highest degree term in denominator [arger than highest
N 1 I degree term in then [
| + - | y=0
2 -
! L5 CEBAJHA: y=1
x-intercept: {-4!.3.0]: | BAHA: 3
x values of of terms in
7 b I ] 13 4 5 & 1 a_ the sama then

y-intercept: (0, -1}

VA x =413

¥ = ratio of their coefficients.
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Fox-2

x=21

=)=

¥y (2, 3) Point of Discantinuity

(0.1)

(-10) /]
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C_23 Characteristics of Rational Functions

Tuesday, November 26, 2019 6:25 PM

f,‘.‘]-j C_23 Characteristics of Rational Functions

(Solutions at right)

Characteristics of Rational Functions

i L . . Characteristics of Rational Functions

For each rational function find: d. horizontal asymptote equation
a the simplified equation e peintercepd

- o For each rational function find:
b. coordinates of any PODs f. eintercepts

a the simplified equation

d.  horizontal asymplote equation
“
I

yeintercept
veintercepls

z

- _2x
(_M,‘)Lx—q

») foxy= 2

IESES)
V) nene
o V-4, x=Th x=0

Lotfom
d) ha. Y= (JS:H; e \
_ 200 - ©o (D,o)

¢, wvertical asympiote equation(s) b ates of any PODs
. © ypiode equation(s)
ILoffe)=ttr2 2
o)== X+ D)
L fix)="5 = (- (X2
T s - 3)
Q) fug = X=L x#-z
=
5 )
L) PoD: w2, y=2toz (23
-2-3
c) M-as»lm#: x=3 (ilguw:&sw— }
o herasump: Y=L y=r1-t ,
) y-mt Y g »3-3 (o 3
£) xoints 0oL 7 xme k0 yo)
)= a1
3 ¥l=—0 Slx
-2 X 3, ”"]=ﬁ

o f) =2

b) ToD nene
g v X2 (g he Sreler o ™ bk
D ha =0 2 9=
[ER
0) j.m{‘ L :j=—93?1: %i (0/ L>
X—‘-} X~k 0~ 2
X2 no_
0 =2 x—o«d—.
ok (,umU«.!

For cach rational function find: d. horizontal asymptote equation
a. the simplified equation e p-intercept
b, coordinates of any PODs . x-intercepts
€, vertical asymplole equation(s)

For each rational function find:
a. the simplified equation
b, coordinates of any PODs
€, vertical asymplole equation(s)

¥ rx-12 X xox-2
A=t 6 fln)=t v s )
FIETEST T ey Crel)
0) Pex)= x+4 x4z
X432 2
b) PoD  x=3 z
5:3#‘/’ =7 (3/ ¢
3tz £
c) Yoo X=-3
N = degee Lot
) ha y= ) (frzime R
N oY -8 bA
Oyt Y —941—3 % lo,%)
() xab 0 =x4% , 0%y, xF
- x+1 . **3 C—J{;D)
ERAS vy 8 flx)= N e+
LA s x
T rx) (h2)
@) £ex) = ;_l—L' 5 %=l
b pop %= Cun
[} = =\
et
e) vea. X=-2
d) ha- y=o ( deseahe Sreler o e 1)

2 9="

e) ;ﬂ.n‘r', 4= =5 [O, ‘lz)
4= 3

Dt : o= L
° r,‘:+ e » 02 ’(""m#
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d.
©
f.

oyt Ceeny=
£) x-mts 0= 2% ==
o= 2x*
= 2x-|
x
None
<) va X=o
D ke 972 [l )
"~ = 2o)-)
<) Y- [ y o~
T
= J
) x-at 0= 24y
X
O =2x-t
N
= ID
x=d )

. horizontal asymptote equation
J-mntercept
F-intercepts

(e F )= D

x~t

) £ex) :(x+\)4x~2\
X—1|

Ly ne PoDs
<) Voo x=1

a 3 descr by BIGGER K desat LotHom
O han stk (gembe FEE T D)

e) y-int: _\j:@rul)_c(rz) Sz

©, %)
P =& I&2) @

—
D =G )oY = (1> and
i (2,07
= (er2 002y
&t DO 3)

X #2

£) ¥-mt:




o+
£) xud = o= L D K-t D= %x+3
X2 -
- xH (—51 D>
O o e 2 x-nke pt © = %t3
x=-3
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