Math 2200

7.4A ReciErocal Functions - Linear

Recall from arithmetic, the product of a number and it’s reciprocal is always equal 1. For

3. . 4 3 4 12
example, L is the reciprocal of 3 and (Z) . (g) =5 = 1

: 1 : :
So for any non-zero, real number a, the reciprocal of a is - For a function, f(x), its

—L_ where f(x)=#0.

reciprocal is ,
P 0

We will be graphing these functions by hand, but [ encourage you to use Desmos graphing
to verify your work and to become more familiar with the concept of reciprocal functions.

Example 1:
What is the reciprocal of f(x) = 2x + 3? jck) — L = _\
o
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The Graphs of Linear Functions and their Reciprocals

We will investigate graphing reciprocal functions by looking at the table of values and the

graphs of the function f(x) = x and its reciprocal, (x) = i
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What happens to the value of the
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What are Asymptotes? https://www.youtube.com/watch?v=oBmnt5tXRws

asymptote: a line whose distance from a given curve approaches zero.

vertical asymptote: for reciprocal functions, occurs at the non-permissible values of the
function.

horizontal asymptote: describes the behavior of a graph when |x| is very large.

The horizontal asymptote will be y = 0 for all reciprocal graphs discussed in this course.
To find horizontal asymptotes: If the degree, or the largest exponent, of the denominator
is bigger than the degree of the numerator, the horizontal asymptote is the x - axis, or the

liney = 0.

If the degree of the numerator is bigger than the denominator, there is no horizontal
asymptote. vA

104
Graph of f(x) = xand g(x) = %;
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Summary

Characteristic Y=X — %

Domain {x|xeR} {x|x+ 0, xeR}

Range vlyeR} vly+0yeR}

* If x> 0and |x| is very large, = If x > Oand |x| is very large, then

then y > 0 and is very large. y>0andis closeto 0.

End behaviour * If x < 0Oand |x| is very large,  *If x < Oand |x| is very large, then
then y < 0 and |y| is very y¥<0and yis close to 0.
large.

Behaviourat x=0 y=0 undefined,

vertical asymptote at x =0
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Invariant points (=1, —-1)and (1, 1)


https://www.youtube.com/watch?v=oBmnt5tXRws

Example 2:

When graphing a function and its reciprocal, there are invariant points that remain
unchanged. Let’s look at the following table to highlight the invariant points using the

function f(x) = 2x + 1.

X flx) L

1 3 1

0.5 2 1

ik J— :
(Ao ian 1 1)

PDM«\S - -0.5 0 undefined

(-1 1 1)
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Notice that the invariant points can be located by setting f(x) = £1. These points will help
you graph reciprocal functions, as these will be common to both functions and are

therefore the points of intersection.

As you explore linear and quadratic reciprocal functions, there are certain characteristics
that should be addressed. Let’s look at the graph of f(x) = 2x + 1.
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(A) Ifthe point (x,y) is on the graph y = f(x), what do you notice about the point on
the graph of the reciprocal function?
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(B)  Isthe sign of the reciprocal function the same as the sign of the original function?

\[69.

(C)  What do you notice about the x-intercept of the linear function, the non-permissible
value of the reciprocal function, and the location of the vertical asymptote?

The Sema.

(D)  What is the horizontal asymptote?
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(E)  What are the invariant points?
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(F)  Why do the intervals of decrease on the original function become intervals of
increase on the reciprocal function?
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(G)  Why do the intervals of increase on the original function become intervals of
decrease on the reciprocal function?
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(H)  What do you notice about the behavior of the reciprocal function as it approaches
the asymptotes?
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Example 3:
Consider the function f(x) = 2x + 6

(A) Determine the reciprocal of the function.
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(B) Determine the Vergical asymptote of the reciprocal function.
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(C) Determine the invariant points of the function and its reciprocal. \\: —
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(E) Graph the function

and its reciprocal. y
3 /’ﬂ — D<€
/“‘*/
/ ,
/ 2 J = \
1T 9X
. -—
-8 ——d -2 4 ¢

I N
N
)

4
e




Example 4:
Algebraically determine the invariant points, equations of asymptotes, and x- and

y-intercepts for the functions f(x) = —2x + 6 and y = % Sketch both graphs on the

same set of axes. R
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Example 5:

Consider the function
1
x‘ =
J() 3 —4

True

False

Why I (we) think so

(1) There is a vertical
asymptote at x =+
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(2) There is a horizontal
asymptote at y = 0.
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(3) f(0)=1
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(4) The point (4, 8) is on
the graph of y = 3x -4 and

the point (4, -8) is on the

graph of J=3.7.
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Textbook Questions: page 403 - 405 #1a,b, 2a,b, 3a,b, 5a,b, 63, 7, 103, 17



