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Section 3.4

Objectives

* Given a function represented by an equation, write an equation that translates the
graph of the function up/down, left/right.

* Given a function represented by an equation, write an equation that reflects the graph
of the function across the x-axis and/or y-axis.

e Given a function represented by an equation, write an equation that expands or
compresses the graph of the function horizontally and/or vertically.

* Given an equation that represents a transformation of a basic function, identify the
transformation(s) involved, and graph the new function. _

e Given a function represented by a table of values, and given a series of transformations
to that function, identify the transformations involved, and determine the table of
values for the new function.

e Given the graph of a transformation of a basic function, find the equation for that
function by analyzing the transformation(s) performed, and the order of the
transformations.

Preliminaries
Given a function y = f(x), complete the statements for the following transformation rules.

If ¢ is a positive real number, then the graph of y = f(x) + ¢ results from:
shifting vp ¢
g . "

If ¢ is a positive real number, then the graph of y = f(x) — c results from:
S ?1L1£|"-;, dowwn ¢

If cis a positive real number, then the graph of y = f(x + c) results from:
shithrng (eft C
174

If ¢ is a positive real number, then the graph of y = f(x — c) results from:
S/\FH-{?/ !‘iﬂﬁ,’*“‘ C.

The graph of y = —f(x) results from:_€ ‘He""h:,‘; Vef"fl\'caf_/?,}_ (‘1((095 X’“x"’f)

The graph of y = f(—x) results from:_r € £ e c‘{"ihj lf\or‘i};oﬁ+a‘;? (ac m”g’f‘“ X"S)
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If a is a positive real number‘,!ﬁ"len the graph of y = af (x) results from:
5+rf {Z(LJF ’},/(Orh/;r'f’.fﬁ'n 9 vertically b o fo ¢ fer ot a
J r 174 4
When a > 1, the graphof y = af(x) isa Vf’fﬁ(&/ )”f‘r‘xﬁ'{‘(lu
When0 < a<1,thegraphofy =af(x)isa__ V€ "‘_ﬁr al comlgrf-.ff [on
I

If @ is a positive real number, then the ]g:aph of y = f(ax) results from:
H‘re-{-*clwinsr/(am FtS5Sing orirentaly, b a 1‘61(1"?,/ o# Qa
J ' 4 7

When a > 1, the graph of y = f(ax) is a hariz ontal (on gressicn
When 0 < a < 1, the graphof y = f(ax) isa hoc@ontul  ctridel

Warm-up

Sketch a graph for each of the following functions.

1. The constant function f(x) = b 2. The idehtity function f(x) = x

3. The square function f(x) = x? 4. The cube function f(x) = x3

5. The absolute value function f(x) = |x]|

o

The square root function f(x) = Vx

7. The cube root function f(x) = Vx 8. The reciprocal function f(x) = -:;
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Class Notes and Examples

3.4.1 Sketch a graph of the following functions:

y = |x] y=|x|—-8 y=Ix|+5
' 7 _ \’\_7
14 ' ¢

|

"
\

. i
L= T
=¥

v
3.4.2 Given the graph of y = f(x) below, determine the following.

(A) Sketch the graph of y = f(x) — 2 on the axes above.

(B) What are the domain and range of f(x)?
Domann ; [}ﬁl/,j)
Qan;e . E—-“l/'):l
(C) What are the domain and range of f(x) — 2?
Doman . [—-?-,ﬂ
Ronge: [, 0)

“ \\
~21-1L 1-1L
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3.4.3  Sketch a graph of the follpwing functions:

y= \/; y=vx - 8

| |

A

I 4 1

1 T >

é—-—-—-—-—‘—‘""‘ ) (‘:'_ Lo 1T
+ Y b o«
v Y
3.4.4  Given the graph of y = f(x) below, determine the following.
T T = 6 1
! - 5 4 _—
. _;__ 4 4+ B —

(A) Sketch the graph of y = f(x + 3) on the axes above.

(B) What are the domain and range of y = f(x + 3)?
DOMG_L B ["" S./ O]
] \
-1-3 3-3

Ram;,e.'. [-Z , 7-]
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3.4.5 Sketch a graph of the following functions:
y=x y=-x*
1 1
=4
‘:-1'
5 1 4 74 D
& t o
v
3.4.6 Sketch a graph of the following functions:
y =& y=Vv=x
A 'y
— > £~ —?
1 “ = -1
W
3.4.7 Assume the graph of y = f(x) is given below. Sketch a graph of the following
functions:
y=-f) y=f(=x)
. 6 T
] 5 I -V T - — —
—4
-.5 5 4 -3 4 5 6
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3.4.8  Sketch a graph of the following functions:

v =Ix| y = 3x| y =zl
M
-t
.fr
—
v J

3.49 Assume the graph of y = f(x) is given below. Sketch a graph of the following
functions:

y = 2f(x) Y= flx

- - - S —
g5 4

A S I I . ..4: |
e I S I

1 2 4

| - 4 ~1 L 4 | N— 1 -
4 5 6 6 5 -4 -3 -2 '.1:.15

._2 -
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3.4.10 Sketch a graph of the following functions:

0 ‘\‘
1‘—/‘/‘9 : 1 ol —-"_—-—“’
& r--"l — , L —t +- =) t—*—'r_ﬁ ’
Ll ’, ¢ 1> M v <679
/
4 v

3.4.11 Assume the graph of y = f(x) is given below. Sketch a graph of the following
functions:

y = f(2x)
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3.4.12 Each of the functions gwen below have been created by performing several
transformations on a base function. List the transformations performed, in order, and
graph each function.

(A) y=2x*-3 (8) y=2(x*-3)

F‘*( V& ‘k(c. ( ’{‘Yﬂf} ﬁ"ﬁ%&’it y-{, g‘_'s ﬂfs(;, l).,- l(
?:?'XL'3 ?:1x1-6
9=z A F(x) +B.

) sheekblcenpress vehealls i" . .
@ P.Q‘F(crl' pc/{\(.\/ t.( - DO 4 ré“((c ‘;W'A‘fa/ ’ +

O jRg 2 v e ";, } B,

([ /{"{'YC LKL ]ﬂ; o \L"‘t‘l!Cr a-g{ 1 @ )/'fre{(!‘ l? “ 'A"‘“l"’ "+ T
E/ Dguf\ 3 @ OOWA 6
(€) y=v-x+1 D) y=y-Gx+1

For Lr/;'tw fel “Y”\AJ%“"—"’.A%% foherr oA

3 J=(x-1) ?:m)
- £t A (x-0))

(D Hﬂ{' L((onfr’ffj L\b/,ipﬂ p/ L, A,

@ R("‘F(v\{‘ qu,h*” /{ 4 - "J—- (“f'cl‘( *l-r,,-t_‘ /l‘/; 71.4

Q) skt Lonye ke {1 1,

@ Ee‘((( ‘ J' L{'F{&u '}A/;,
@ LAt |
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3.4.13 Lety = f(x) be given by the graph below.
N 6

5 4

4 +

3 4+

2+

5 4

-6 l L .

Sketch the graph of each of the following. (Note: the graph of y = f(x) has been
included for reference.)

(A) y=3f(x-1) B8) y=1(5x)+3

-6
€ y=—f(x)+2 (D) y = f(—2x
- - & 6 - . - . — ——
|5 4 I I | 5 4
)
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3.4.14 For each transformation gf-one of our basic graphs, list the basic graph (e.g. y = x?) and

3.4.15

describe the transformations in words. Be certain to describe the transformations in the
appropriate order.

(A) y=(x—-1)°-4

3
Basic Graph: ;' = X

Transformations: \0‘?{/71"’1 ", Do “

(B) y=—(x—2)*+4

_ <L
Basic Graph: 9 = X
7

Transformations: ‘l‘;LL [P p‘e%({(’l s ]{ﬁm&/lé; Urf L/

(€) ¥ =—2lx|+1

Basic Graph:___“.-= x|

/J ‘ | o |
Transformations: j{—rf%l‘ VF"'A(“/‘{/}_L; 1;! p-éﬂqefi W’h("gj/ up}

v

Write an equation for each of the following graphs (assume a basic graph has been
transformed). ’

8
:
4
2
8 -6 -4 -2_2 2/ 4 6 8
-4
-6
. -8 | l
asic L =x Basie 4m =3
B'Leﬂ«i?wv'%c (L 2:_)& - ?{Z-)_ . 8
shof+ down 3 shitt r? /

}“'—-X"*?— 4 (x-4)
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3.4.16 |If the point (2,5) is on the graph of y = g(x), determine a point that MUST be on the
graph of each of the following functions. Determine a way to check your answers.

(A) y=—-gx+4)
j-{fw—"' (1,5)
L{;,‘L{' v (-, 5)
peflet y)
W%—sca
(C) y——3gfi)+6
)’»«L«r»}' {'L,;’)
i W“*’fy (v, 15)
P-f«‘i(% WH‘{} (z,~ 15)
(=)
(E) y-—-g(4x)

Ska b (2,5)
(o~gress Lerizondel (I/ <)

t?u

k(,.hﬂ v {/’L)
(oo fress v (Y,
Gl

(B) ¥y =2g9(-x)
54‘,)( (2,5)
Her -1, 5
e
her fton "(“/[ ( ’
;hc}i% W‘*‘f’;ﬁ (-7, (2)

(D) y= g(x— 2)—-1

;'I'a,f"{" (1' f)
v | (HH)

(F) y=2g +3
S*wé—( ()1 )

stecteh by (1 )
},{-”L(L.L vul»‘ars-’; (10, (0)

7

UF 3 ([O/ 13]
3.4.17 Consider the table of values for some function y = T'(x) given below.
x -2 -1 0 1 2
N :
T(x) 3 - -2 -1 6

Complete the table below for the function y = T(x + 3)

X -§ —Y

-3

-2 -1

T(x+3)| 3 Yy

-

Y

Complete the table below for the function y = —2T(x + 3)

X ,g |

-

-2 | =l

—2T(x+3) | —§

H

i -1
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