Section 3.5

Graphing Technigues;

Transformations



OBJECTIVE 1

1 Graph Functions Using Vertical and Horizontal Shifts



Exploration

On the same screen, graph each of the following functions:

s
=X+ 2
=X
17— Jfl + 2
] = xl — 2
If a positive real number k is added to the outputs of a function y = f(x).the

graph of the new function y
k units.

f(x) + kis the graph of f shifted vertically up

If a positive real number k is subtracted from the outputs of a function
y = f(x),the graph of the new function y = f(x) — k is the graph of f shifted
vertically down & units.



EXAMPLE| Vertical Shift

Use the graph of f (x) = x“to obtain the graph of the following:

(@ g(x)=x*+2
(b) h(x)=x*-2




Exploration

On the same screen, graph each of the following functions:

Y, = x?

Y, = (x — 3)°
| Y; = (x + 2)?
o2 Ty = e 3y

If the argument x of a function f 1s replaced by x — A, h > 0, the graph of the
new function y = f(x — &) is the graph of f shifted horizontally right / units.
If the argument x of a function f is repaced by x + h, h > 0, the graph of the
new function y = f(x + h) is the graph of f shifted horizontally left /2 units..




EXAMPLE

Combining Vertical and Horizontal Shifts

Graph the function f (x) = (x— 2)2 -3



OBJECTIVE 2

2 Graph Functions Using Compressions and Stretches
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On the same screen, graph each of the following functions
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Exploration
On the same screen, graph each of the following functions:

= 3}
Y1=|,'5i T Y’I — |.1f|
=2 |
- 6 \ L Y, = 2|x]
o : 1
3 = E|?‘f|
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When the right side of a function y = f(x) is multiplied by a positive number 4,
the graph of the new function y = af(x) is obtained by multiplying each
y-coordinate on the graph of y = f(x) by a. The new graph is a vertically com-
pressed (if 0 < a < 1) or a vertically stretched (if a > 1) version of the graph of

Yy S
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On the same screen, graph each of the following functions:
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Exploration

On the same screen, graph each of the following functions:
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If the argument x of a function y = f(x) is multiplied by a positive number a,
the graph of the new function y = f(ax) is obtained by multiplying each

1
x-coordinate of y = f(x) by = A horizontal compression resultsif a > 1, and

a horizontal stretch occurs if 0 < g < 1.




EXAMPLE

Graphing Using Stretches and Compressions

The graph of y =

Use this graph to find the graphs of

(@) y = 2f(x)
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OBJECTIVE 3

3 Graph Functions Using Reflections about

the x-Axis or y-Axis
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Reflection about the x-ax

Graph Y; = x2, followed by Y, =
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() Graph Y, = x> — 4, followed by Y, = —(x! — 4) = —x* + 4.
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When the right side of the function y

f(x) is the reflection about the x-axis of the graph of

the new function y =

f(x)-

the function y
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Reflection about the y

x, followed by Y, = VvV —x.

(a) Graph Y,
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(b) Graph Y; = x + 1, followed by Y;
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(x) is known, the graph of the new func-
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() Graph Y; = x* + x, followed by Y, = (—x)* + (—x) = x*

When the graph of the function y =

tion y = f(

) 1s the reflection about the y-axis of the graph of the function

f(x).
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Summary of Graphing Techmques

Td-Gr.aplj: . Draw the Graph of and Functlonal Change to f(x)

Jhd.-l}nmd.n

Vertical shifts | o r .
e gtk k>0 Ralse the graph aﬁf bykumt& ' 'Add kto f{x).
e k., k=01 Lowerthe graph of f by k units} Subtract k from f(x).

Hnrlznntaishifts | e Lol e
y=fixth), h > 0 | Shift the graph of f to the left h units. [Replace xby x + h.
¥y = flx = h), h > 0 |Shift the graph of f to the right h units.f Replace x by x — h.




Summary of Graphing Techniques

To Graph: Draw the Graph of f and: Functional Change to f(x)

e R L o, ey P L P A oA P

Cﬂmpressmg or stretching L _
= aflx), a>0 | Multiply eachymordmate ofy = fi)bya Mult e

o tipl by a.

' | Stretch the graph of f vertlcally ifa > 1. . _ P by o

| ~ Compress the graph aff 1n.rerl:n:all)( focqe | |

¥ = flax), a: ‘}0 . Multlply each x-coordinate of y = fx) by— Replan:e'x by ox

Stretch the graph of f hoﬂzontally if 0 < a < l L
Cnmpress the oraph of f horizontally ifa > 1.




Summary of Graphing Techmques

Bt e e

To-Gr.ai:il'i: i Draw the Graph of f and: Functional Change to f(x)

Reﬂactmnabuutthexam e e
P —)‘(x} .. 'Reﬂect_the_graph'gff about the x-axi_s

Reﬂectmn abuuttheyms . r:_r'_-_:':: _:','3'5: |
y= ﬂ_— e Reflect the graph of f about the y-axis.

l‘1u|1I:|pl;-r ﬂx) by —l

: Répiacé x'b}f —'x:.:




EXAMPLE

Determining the Function Obtained from a Series
of Transformations

Find the function that is finally graphed after the following three
transformations are applied to the graph of y = Jx

1. Shift right 1 unit.
2. Shift down 3 units.

3. Reflect about the x-axis.



EXAMPLE| Combining Graphing Procedures

Graph the function f (x) =-2|x+1-3.
Find the domain and the range of f.



EXAMPLE| Combining Graphing Procedures

Graph the function f (x) = 2 +4,

X+3
Find the domain and the range of f.
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