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The Standards for Mathematical Practice outlined in the
Common Core State Standards for Mathematics describe varieties of
expertise that mathematics educators at all levels should seek to develop

in their students.

These are:

1) Make sense of problems and persevere in solving them.

2) Reason abstractly and quantitatively.

3) Construct viable arguments and critique the reasoning of others.
4) Model with mathematics.

5) Use appropriate tools strategically.

6) Attend to precision.

7) Look for and make use of structure.

8) Look for and express regularity in repeated reasoning.

’ This icon indicates that the slide . Ihis icon indicates

contains activities created in Flash. teacher’s notes in
These activities are not editable. =7 " the Notes field.
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Rational functions @

e

P(x) where P(x) and Q(x) are

rational function: f(x) = O(x) polynomials and O(x) # 0.

The graphs of rational functions vary greatly, for example:

J‘L\* !‘,\)\ 7(.,\*
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o) = x2+ 16 h(x)=(x_1)(x_2)

x2+4 x—1®
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Discontinuity of rational funct

A function is discontinuous if it has jumps, breaks or holes.
You could not draw the function without lifting your pencil.

If a is a real number for which YN

the denominator of a rational = 1) =2)
function A(x) is zero, then a is a /x_ 1
discontinuity and not in the < >
domain of 4(x). / X

A function is continuous if /V

It has no discontinuities.

x2+ 16
x2+4

If the denominator has no real zeros, then f(x) has

@ no discontinuities.
=
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Why is the function f(x) = continuous?

&




Continuous or discontinuous?

Drag the correct description of continuity into place
1) = ; : [ ] continuous
1 eriscnntinunus 1
2 oy [ )
2)(x — 2
g) T8 )
4) x2+2x+1 | )
A4

&
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Expanded form B @

In expanded form, the polynomials of the numerator and
denominator are written in standard form.

4 N\
"] | - _1
rational function in ax"ta, X"+ . *taxtag

expanded form: fix) = bx"+b . x"1+ .. +b,x+b,
\. J

Expanded form shows the order of the polynomials: m is the
order of the numerator, and » is the order of the denominator.

Relate the function to the _ 33+ 16x2+4
general expanded form: f) = —zei_9

The order is m = 3.

NUMETAIon The coefficients are ag=4,a,=0,a,=16,a3=3.

The orderis n = 2.

@ denominator: e coefficients are by = —9, by = 1, by = 1. @
\&
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Factored form @*’ @

In factored form, the polynomials are fully factored.
p

<
rational function in a, (x —c P (x —cp)e..(x —c,, P

factored form: (x) = b, (x —d,)(x — dy)...(x — d, )4
\ /

It shows the zeros (c;) and multiplicities (p;) of the numerator,
and zeros (d,) and multiplicities (g,) of the denominator.

Relate the function to the (x) = 5x2(x — 9)(x + 2)4
general factored form: fix) = —4(x —9)3(x + 2)4(x - 2)

The zeros are ¢, =0, ¢, =9, and ¢; = -2 with
numerator: multiplicities p, = 2, p, = 1 and p; = 4.
The order is m = 7, and the coefficient a, = 5.

The zeros are d, =9, d, = -2, and d; = 2 with

denominator:  multiplicities ¢, = 3, g, =4 and ¢; = 1.
L@ The order is n = 8, and the coefficient b5 = —4. @
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Finding vertical asymptotes

Vertical asymptotes of rational functions depend on the
multiplicities of the zeros of the numerator and denominator.

To study vertical asymptotes, it is easiest to use factored form.

4 N\
rational function in _a, (x—cqPrx = cpfe(x — ¢, P

factored form: )= b (v~ d)i(x— dy) (= d )0
\. .

To find vertical asymptotes, use these criteria:

e If the numerator and denominator have no common
zeros, then there is a vertical asymptote at every zero
of the denominator: x =d,, x=d,, ... x =d.

e If the numerator and denominator have a common
zero, c; = d,, then there is a vertical asymptote at d,

@ if and only if g, > p.. @
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Holes NN E[IGED

Holes occur when the numerator and denominator have a
common zero and the multiplicities are equal.

The common terms can be reduced, so they do not affect the
shape of the graph; however the function is still undefined at
that point.

Find the vertical asymptotes and __ (x=1)(x-2)
holes of the following function: Y (x = 1)(x — 2)%(x — 3)

The function is undefined atx =1, x =2 and x = 3.
Thereis a hole atx=1.

There is a vertical asymptote at x = 3, and also at
x = 2 since the multiplicity of the zero at 2 is
higher in the denominator than in the numerator.

@ &
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Vertical asymptotes and holes

Sort the functions by the features of their graphs
vert. asymptote




Finding horizontal asymptotes

Horizontal asymptotes of rational functions depend on the
degree of the numerator (m) and denominator (»).

To study horizontal asymptotes, use expanded form.

( rational function in _ax"+a, xm L+ agx +ag \
5 expanded form: fx) = bx"+b x"1+. . +bx+h, )
To find horizontal asymptotes, use these criteria:

e If m < n, the graph has a horizontal asymptote at y = 0.

e If m > n, the graph has no horizontal asymptote.

e If m = n, the graph has a horizontal asymptote at y = Z—’:.

\s,

11 of 14
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Horizontal asymptotes

Sort the functions by horizontal asymptotes

(x TR+ 2)

r(x) =

(x—1)(x—2)

W/ 00 96

&
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Match functions to features @

Match the functions to the features of their graphs
. x—1) vertical  horizontal , .
¥ (x — 1)(x — 2) asymptotes ' asymptotes !
T 2(r—1)(x + 2) it I D s T A
2x(x — 1) none : none : ="
1
y = (x— 1)(x—2) npne: ! p=0 ¥ e
x—=1)x + 2 x=1x= : - ' none
_ =1 +2) 1,x=21 y=0
(x —1)(x* + 4) : :
- x=2 + none '+ x=1
- Xx—1) | {
= A \' =0 M
ANV 9\0@

= &
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Match functions to graphs

\ 1
N
"4
i
_ x=1 i : x*
YT 2 +2 Y T B+ 1) | L 213 |
7 00 06
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