Stretching Graphs of Functions

1. Comparing the graphs of y = f(X) and ‘Gﬁ‘&) Ej e ‘ch)

a) Complete the following tables of values by first rewriting the equation with the indicated substitution and then
solving the equation for y. The first one is completed for you.
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=X =2X 1.2
y y y=1x
Xy Xy Xy
319 -3 18 -3 |45
-2 |4 -2 |8 -2 |2
-1]1 -1 |z -1 1.5
0|0 0 |o 0 |O
1]1 112 1.5
2 |4 2|8 2 |2
319 3|18 3 |4.5
b) Use the tables of values to graph and label each of the 3 functions on the grid below.
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c¢) How can each of the following graphs be obtained from the graph of y = x%?
i) y =2x° V. streldn bj a ‘Fo.d-or of 2
(W \-coordindes ave x2)
, 1
)y =3%" \. skeln by o fodor of 3
(e \i-toords oxe X‘E )
d) In general, how is the graph of ¥ = ax’ obtained from the graph of y = X’
i) when a>1? iijwhen 0 <a<1?
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Summary:

« If @> 1, the graph of y = af (X) is obtained when the graph of Y = f(X) undergoes a
\ e.rjﬁ cod stcedOn (mnaioﬂ\' by a factor of a.
«1f 0 <a<1, the graph of y = af (X) is obtained \}vhen the graph of y = f(X) undergoes  a
\exn cal Sheekdn (com?ftgs{or\}uy a factor of a.

Remember that the y—values of y = af (X) are obtained by multiplying each y—value of Y = f(X) by the factor a.

2
What happens if a< 07? (ne 0.*\\!&3 €y M= - 2%
In general, ifa< 0, the graph of Y= af (X) is obtained when the graph of ¥ = f(X) undergoes a

vedh o S)rre,\()/\ by a factor of a, along with a \JQ(\';CC& F'e‘@\ed":cf\
NB: mulbiply every \-oord btj -2 Yo fnd new N ~ceod

Note: The notation E = f(X) isalso used instead of y = af (X) to emphasize that the parameter a involves a

stretch in the y—direction: i.e., a vertical stretch.
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Example 1:

Sketch the graph of ¥ = —3| X |

We can obtain the graph of y = —3| X | from the graph of ¥ = | X | through two transformations:
a) redlechon

H__ M. sheekdn by a fodor of 3
d (2,2) — (2,-¢)

(‘1') - (11'3)
(6,6) =(0,0)
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2. Comparing the graphs of y = f(X) and y = f(ax)

a) Complete the following tables of values. The first one is completed for you.

~Vx y=y@X)  y=y05x) or y- [ix

y
Xy Xy Xl y
16 | 4 8 |4 32 |4
913 45 |3 18 |3
41 2 2 | % 8 |2
1)1 05! 2 |
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c¢) How can each of the following graphs be obtained from the graph of y = \& ?

i)y=\/(2_x) \’\Oﬁéov\‘}o-\ shrekdn bx.‘ G {'\O-C\'D\’ 0{. —;‘

ii) y = 4/(0.5x 2

d (‘ ) 1. sheeldn by a fdor of =
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d) In general, how is the graph of ¥ = /(bX) obtained from the graph of y = \&

i) when b >1?

1
. ompession by & fadoe of
(S\‘ve\'c%\

iijwhen 0 <b<1?

h. Streekdn (eﬁ)amim\ \DU 7 -Cacl(b*( of J{;
Summary: '

«1f b >1, the graph of y = f(bX) is obtained when the graph of Y = f(X) undergoes a

\f\.S\'H‘ f)((J\A C(;Qm?xgsaigﬂ} by a factor of _\5 .‘H\Q C EC‘\?(OCG,\

«1f 0 <b <1, the graph of y = f(bX) is obtained when the graph of y = f(X) undergoes  a

. sheeldn (,{)q‘)ar\smy\) by a factor of _‘lj_ the Yeu\:(bcg,\

eq b2 N= {:(bc) Shreldn b:j %.
CEEEY %:ﬁ(iﬂ Steetdh by %



Notice from your tables that for y = ,[(ZX) to have the same y—values as Y = \& , the corresponding x—values of

y = /(2x) must be divided by the factor 2.

Thus in general, for Y = f(bX) to have the same y-values as y = f(X), the corresponding x-values of
y = f(bx) must be divided by the factor b.

In other words, if b >1, it takes “less x” to do the job of building the function y = f(bX), so we have a horizontal

compressionof y = f(X). ‘jou' rneed o sheelda % (_on-\Te(\SCu\& 'FD(’
e coobficient Yo o .

Also, if 0 <b <1, it takes “more x” to do the job of building the function y = f(bX), so we have a horizontal
expansion of y = f(X).

What happens if b <07?

In general, ifb <0, the graph of Y = f(bX) is obtained when the graph of y = f(X) undergoes a hO‘(‘\ 20X \'\fa‘-‘\
CA"({\_-(S{'\ by a factor of % along with a VC—@\{C\‘\ OnN N "\N\Q \{ -OX\S .
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\’\36036\1& \‘ecj’\?f ocol .

Example 2:
. . . 1
The grid below contains the graph of a function y = f(X) . Sketch the graph of y = f(—§ X). .
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Example 3:
The graph of Y = 49 — x? is shown to the right.

Sketch the graph of 2y =v9—X° .
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