2014		Precalc 12
Chapter 9 Review – RATIONAL FUNCTIONS
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9.1 Exploring Rational Functions Using Transformations, pages 297-304
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9.2 Analysing Rational Functions, pages 305-313

3. Match the graph of each rational function with the most appropriate equation. Give
reasons for each choice.

Sx+ 6
-3

=x-_
x

C h(x)
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4. For each function, predict the location of any points of discontinuity, vertical asymptotes,

and intercepts.

x2—-8x + 12

a) flx) = 244 b flx) = X=551

9.3 Connecting Graphs and Rational Equations, pages 314-320

5. Solve each rational equation algebraically.

3 6 1 x-2 2x-4
)X x-2"34 b) 5= = =5
)x+1=x+4 l))x+2 2x+4
 Xx+3 " x+5 x—2 x+1

6. Use technology to solve each rational equation graphically. Sketch and label a graph of the
solution. Provide answers to the nearest tenth.
3x—-1 3= 6

b)
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a)
c)

a)

vertical asymptotes at x = -3 and x = 2,
no points of discontinuity, x-intercept of 0; D

vertical asymptote at x = 6, point of
discontinuity (-4, 0.7), x-intercept of 3; A

point of discontinuity at (3, 1), no vertical
asymptotes, x-intercept of 2; C

vertical asymptotes at x = | and x = 2, no points
of discontinuity, x-intercepts of -3 and 4; B

no points of discontinuity; vertical asymptote:

x = =5; x-intercept: —l; y-intercept: %

point of discontinuity: (2, —4); no vertical
asymptotes; x-intercept: 6; y-intercept: —6

x=-4,x=-6 b) x=2,x=6
x=-=7 d) x=-2,x=5
x=-0.6,x = 13.6
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9.1 Exploring Rational Functions Using Transformations

 Rational functions are functions of the form y = pgx; , where p(x) and ¢(x) are polynomial

expressions and g(x) # 0.

You can graph a rational function by creating a table of values and then graphing the

points in the table. To create a table of values,

— identify the non-permissible value(s)

— write the non-permissible value in the middle row of the table

— enter positive values above the non-permissible value and negative values below the
non-permissible value

— choose small and large values of x to give you a spread of values

You can use what you know about the base function T T[T

y= % and transformations to graph equations of

theformy— h+k

Example:

Fory = ~+a7 5, the values of the

parameters are

a = 3, representing a vertical stretch by a factor of 3
h = 4, representing a horizontal translation 4 units
to the left

k = 5, representing a vertical translation 5 units up
vertical asymptote: x = -4

horizontal asymptotes: y = 5

Some equations of rational functions can be manipulated algebraically into the form
y=7 f 7t k by creating a common factor in the numerator and the denominator.

Example:
3x+6
Y= "x-4

_3x-12+12+6
x-4

3x - 12 + 18
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9.2 Analysing Rational Functions

Determining Asymptotes and Points of Discontinuity
The graph of a rational function may have an asymptote, a point of discontinuity, or both.
To establish these important characteristics of a graph, begin by factoring the numerator and

denominator fully.

* Asymptotes: No Common Factors

If the numerator and denominator do not
have a common factor, the function has an

asymptote.

— The vertical asymptotes are identified
by the non-permissible values of the
function.

— For a function that can be rewritten in
the form y = 3 f 7 k, the k parameter

identifies the horizontal asymptote.

* Points of Discontinuity: At Least One
Common Factor

If the numerator and denominator have at
least one common factor, there is at least one
point of discontinuity in the graph.

— Equate the common factor(s) to zero and
solve for x to determine the x-coordinate of
the point of discontinuity.

— Substitute the x-value in the simplified
expression to find the y-coordinate of the
point of discontinuity.

Both Asymptote(s) and Point(s) of
Discontinuity
If a rational expression remains after

removing the common factor(s), there may be
both a point of discontinuity and asymptotes.

x+4

x-3

Since the non-permissible value is x = 3, the
vertical asymptote is at x = 3.

Example: y =

(x—4)(x + 2)
x+2

x + 2 = 0: the x-coordinate of the point of
discontinuity is —2.

Example: y =

Substitute x = -2 into the simplified equation:
y=x-4

y=-6

point of discontinuity: (-2, —6)

Example:
_(x—4)(x +2)

Y= Gx+2x-1)
_(x-4)

YT

— common factor: x + 2, so there is a point
of discontinuity at (=2, 2)

- non-permissible value: x = 1, so the

vertical asymptote is at x = 1
- simplified function can be rewritten as
y= —% + 1, so the horizontal

asymptoteisat y = |
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9.3 Connecting Graphs and Rational Equations

KEYIDEAS )

Solving Rational Equations
You can solve rational equations algebraically or graphically.

* Algebraically Example:

Solving algebraically determines the 16

exact solution and any extraneous x+6"

roots. To solve algebraically, 16

— Equate to zero and list the Xty 4=0,x#-6
restrictions.

— Factor the numerator and (oot 6)(x + ,_\‘1_:6—6_ 4) = (x + 6)(0)
denominator fully (if possible).

— Multiply each term by the
lowest common denominator to | ¥ T 0)(¥) + (M) M) ~(x+6)@4) =0
eliminate the fractions. 1

— Solve for x. X’ +6x+16-4x-24=0

— Check the solution(s) against the X +2x-8=0
restrictions. (x+4)(x-2)=0

— Check the solution(s) in the
original equation. roots: x = -4 and x = 2

16

¢ Graphically Example: 16
There are two methods for solving x+6

equations graphically. Graph y =

Method 1: Use a System of Two

Functions

— Graph each side of the equation
on the same set of axes.

— The solution(s) will be the
x-coordinate(s) of any point(s) of
intersection.

=4-x

and y = 4 on the same axes.

16
x+6

Method 2: Use a Single Function The points of intersection are (=4, 8) and (2, 2), so the
— Rearrange the equation so that roots are x = —4 and x = 2.

one side is equal to zero. Gl =5 & 16 4
— Graph the corresponding T

function.
— The solution(s) will be the
x-intercept(s).

5 -6.67

x-intercepts: x = -4 and x = 2





