Transformations Lesson #7:
EXpaHSiOHS and Compr essions abour the x- or y- axis Part 1

Warm-Up #1 Comparing the Graphs of y = flx) and y = af(x), where a> ()

The graph of y = f{x) = *-v.-""4 - x? is shown.

a) Write an equation which represents y = 3f{x).

Y=3/4-x" )
b) Use a graphing calculator to sketch v = 3f{x) on the grid. / \
\
¢) Describe how the number 3 in y = 3f{x) affects: V4B ERAN 5
* the general sketch of y = flx) i il
(i.e. whether it expands or compresses y = f{x))
expands yertice //7 ahbout the xexs %/ G /aﬂér,A"
* the x-intercepts of the graph of y = f(x) 5',
Hne change
* the y-intercept of the graph of y = f{x).
Mu ////4//?0/ é/ 3
. . . |
d) Write an equation which represents y = 5{x).
_/ _. 2 Vv
St &
. 1 .
e) Use a graphing calculator to sketch y = f{x) on the grid.
f) Describe how the number — in y = - h-ff“ A g
) Describe how the number S inys= Ef[r) affects: < el
* the general sketch of v = f{x)
(i.e. whether it expands or compresses y = f{x))
(0rm p resses Verticatly about e aaais h G P
* the x-intercepts of the graph of v = f{x) Fachr of 2 Y

ne eA arft
* the y-intercept of the graph of y = f{x).

mu/;‘///’*‘/ %/ %

g) Compared to the graph of v = f{x), the graph of v = afix)
results ina_Vertica/  stretch about the ){_—axis by a factor of a.

* [f a> 1, the stretch is an Cx'paﬂS/M
* IfO<a < 1,thestretch is a_compressiosn
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40  Transformations Lesson #7: Expansions and Compressions (x- or v-axis) Part 1

Warm-Up #2 Comparing the Graphs of y = flx) and y = f(bx), where b > (

The graph of y = fix) = 1/ 4 — x> is shown.
a) Write an equation which represents v = fl4x).

YR Y]yl %
b) Use a graphing calculator to sketch v = f(4x) on the grid.
Vd ™,
¢) Describe how the number 4 in y = f{4x) affects: I A 3 >
= the general sketch of v = flx)
(ie. whether it expands or compresses v = f{x))
(ompresses har!2en /al/j about Hre yax1s é] o lachrd 5
* the x-intercepts of the graph of v = f(x) 7 \j

mul )L////m/ %7 ;‘l
= the y-intercept of the graph of v = flx).
no change

. . . 1
d) Write an equation which represents y =j{§x).

JFGyr ylpt

3

. | .
e) Use a graphing calculator to sketch y =j(—x) on the grid.

. 1. 1 TN TN
f) Describe how the number 3my=/l3x affects: <
* the general sketch of v = f{x)

(i.e. whether it expands or compresses y = flx))

czfano/s hori 2en »4‘/// about /Ac_ fM/J' é/ q ﬂc/dr £3

q(.."l

* the x-intercepts of the graph of y = f{x)

Mu /L///I-(d/ 47 3

s the y-intercept of the graph of y = flx). x, 6447]C
g) Compared to the graph of y = f{x), the graph of y = flbx)
results in a_A#7/220 )4/ stretch about the 7‘{_—11)(]5 by a factor of !—i
* If b> 1, the stretch is a _{/mpressjon. .

o If 0 < b < 1,the stretch is an _EZpgnsren .
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Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part 1

Warm-Up #3

The graph of y = f{x) =x> - 2x*> = Sx + 6 is
shown.

a) Write an equation which represents

v =-3f(x).

J

\

-3/ x 2 22" G +4>

-3x° Lix 2, )5 1§

0\

b) Use a graphing calculator to sketch
y=-3flx).

¢) Describe how the number 3 in y = -3f{x) affects:

* the general sketch of y = flx)

~ exponds vertically by 4 Lechrob 3

- rc?(ed-erj \n bhe ¢ -axis

* the x-intercepts of the graph of y = f{x)
no a/lanjc
» the y-intercept of the graph of y = flx).
mul Fip l1ed ”7 -3

d) Compared to the graph of y = f{x}), the graph of y = af{x), where a <0,

Comparing the Graphs of y = flx) and y = af(x), where a < ()

41

Y

X

20
=

6
=

Ha

i =

P

—
]

e =

§%]

P—

el

=

S e

S ]

results in a IZ(F)LIM./ stretch about the 2 -axis by a factor of | a| together with

areflection in the 2 -axis.
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42 Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part 1

Warm-Up #4 | Comparing the Graphs of y = flx) and y = flbx), where b < 0

The graph of y = fix) = x° — 2x% — S5x + 6 is shown.

I EEEERE
/ /_71‘_ \\\
!\ S " = ‘\ ! . '\
B IRE IE e e WE: R, S A ) S VY S I Ve
][R _ ol f‘, v b J/ N
AREEL :

. . . 1
a) Write an equation which represents y =j(—§x).

y= () -2(4" St4e) +

= "’.__/_ 3,__sz4,___{_2, %6
oZ7 3

. |
b) Use a graphing calculator to sketch v =](—§x).

¢) Describe how the number —% iny =/(—%x) affects:

* the general sketch of y = f(x)

- (Zpaa/ga/ ﬁpf'/Zo'ﬂA/ﬁ é] 4
- pellected 1n e Yars

* the x-intercepts of the graph of v = f(x)

Lycfor +£3

Mu/)él,ﬂ//f/‘j] 3

* the y-intercept of the graph of y = f{x).

ne %m?jd

d) Compared to the graph of v = f{x), the graph of v = flbx), where b <0,

. é . | .
results in a éﬂ?am‘a/ stretch about the ? -axis by a factor of —— together with

b

a reflection in the 2 -dXIs.
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Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part 1

Expansions and Compressions

An expansion or a compression on a graph are transformations which stretch the graph

vertically or horizontally.
The graph of v = f{x) and the graph of y = afix) or y = f{hx) is given.
Fill in the blanks in the table.

43

aorb Expansion or Compression Graph
The graph of y = f{x) will be a
S (’4/;;//!55&:/ l/em‘/'ta/é _
by a factor of _& about — _
the IL-axis. : : :f;()ﬂ
The graph of y = fix) will be
251 e2panded Ve/v#/a/éa - f .
by a factor of 4 about B w _ )
the Z-axis. . : : :fft()ﬂ
The graph of y = fix) will be 4
e reflected in the _ #-4/S _and
expanded or compressed vertically g
about the Z -axis. — /W
Y L — v Nafin)
The graph of y = fix) will be L 4
o<hel | cxpanded  horszantel, ﬁ
b::factnrof Tl about j E / \\ .
the j -axis. v v : : :;::“
The graph of y = fix) will be A 4
b> 1 (ompress o/ /7’}"/20/7% r\ .
by a factor of 5 about = NS g
the \7 -axis.. y v : : Z;E:ﬁ
The graph of y = fix) will be
h<0 reflected in the 7 £)a5 _and
expanded or compressed
horizontally about thcﬂ -axis. y : Z;E:ﬁ
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44  Transformations Lesson #7: Expansions and Compressions (x- or v-axis) Part 1

. |
. @ v = af(x) can be written as E}’ = flx).

Given the function y = f{x):

» replacing x with bx, (ie.x = bx) describes a horizontal stretch about the y-axis.
i.e. y = flbx) describes a horizontal stretch.

1 1
* replacing y with AL (i.e. y—> Ey} describes a vertical stretch about the x-axis.

i.e. P = flx) or y=af(x)describes a vertical stretch.

1
In general, if Pl =flbx) or v=af(bx). then for

a> | there is a vertical expansion

0 < a < 1 there is a vertical compression

a < (0 there is also a reflection in the x-axis
b > 1 there is a horizontal compression

0 < b <1 there is a horizontal expansion

b < 0 there is also a reflection in the y-axis

after each transformation.

CiassEx.#1 | Write the replacement for x or y and write the equation of the image of v = f{x) j: ﬂp/éDc)

a) A horizontal expansion by a factor of 6 about the y-axis. 5 = /

Y= Pl42)

. . 1 .
b) A vertical compression by a factor of - about the x-axis. &4 =
= ? 5

y: —éﬂ/x)

¢) A reflection in the x-axis and a vertical expansion about the x-axis by a factor of 3. g = -3
7 S /’ / z)

. . . 1
d) A horizontal compression about the y-axis by a factor of 5 and b =2

IEN

. . . 1
a vertical compression about the x-axis by a factor of e 4=

y= 4 Flex)

NN
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Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part 1 45

Class Ex. #2 How does the graph of 3y = f{x) compare with the graph of y = f{x)?

2y - ﬁ(x) 4 ;’/- == Vc/;ﬁ/a/ (6 mplress’o”?
5—7 3 ° bya&aférmcé '
Vs '5/7 i) Lhout tHhe -axis

ClassEx.#3 | What happens to the graph of the function y = f{x) if you make these changes?
a) Replace x with 4. /'Mr‘ Comp @ ﬂa&él’ mf é
b= 4 ,ﬂﬁ%fﬁl/

|
b) Replace y with 3V Vgr& W“ﬂd/ };7 G /244!’ Itﬁj
43 fhchr3

- eplace y with 6y and x wi i\f /
4= fFach /pér £ 3
¢x and 4y a fé g
bl Lok 3 00T

ClassEx.#4 | The graph of y = f(x) is shown.

Sketch y = fl—2x).

he-2 backe -1

— hor (omp by 4 ﬂwmﬁfg \
_ rellection |n e Y 4 IR -

Complete Assignment Questions #1 - #7
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46  Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part 1

Assignment

1. Write the replacement for x or v and write the equation of the image of v = flx)
after each transformation.

a) A horizontal expansion by a factor of 3 about the y-axis.

b) A vertical expansion by a factor of 6 about the x-axis.

. . . 5
¢) A horizontal compression about the y-axis by a factor of 7

"

s

d) A vertical compression about the x-axis by a factor of 3

e) A reflection in the y-axis and a horizontal expansion by a factor of 3 about the y-axis.

f) A reflection in the x-axis and a vertical compression by a factor of s about the x-axis.

. . . . , 3
o) A reflection in the y-axis and a horizontal compression about the y-axis by a factor of 1

h) A horizontal expansion about the y-axis by a factor of 4 and a vertical expansion about
the x-axis by a factor of 4.

i) A horizontal compression about the y-axis by a factor of 0.5, a vertical expansion by a
factor of 2 about the x-axis and a reflection in the x-axis.
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Transformations Lesson #7: Expansions and Compressions (x- or v-axis) Part 1 47

The function y = f{x) is transformed to y = af{bx). Determine the values of a and b for:
2

3

a) A horizontal compression by a factor of < about the y-axis.

b) A vertical expansion about the x-axis by a factor of 5.

. . . 5 N .
¢) A horizontal expansion about the y-axis by a factor of 5 and a reflection in the y-axis.

. . . | . .
d) A vertical compression about the x-axis by a factor of 308 horizontal compression

. | . .
about the y-axis by a factor nfm and a reflection in the y-axis.

Consider the function f{x) = x°.

a) Determine the equation of the image of the function if it is expanded vertically
by a factor of 4 about the x-axis.

b) Determine the equation of the image of the function if it is compressed horizontally
1 .
by a factor of - about the y-axis.
¢) What do vou notice?

d) Give an example of a function where the stretches in a) and b) would not result in the
same image.

a) What information about the graph of y = f{kx) does k provide?
b) What information about the graph of kv = f{x) does k provide?
¢) What information about the graph of v — k = f{x) does k provide?
d) What information about the graph of y = flx - k) does k provide?

e) What information about the graph of v = kf{x) does k provide?
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48  Transformations Lesson #7: Fxpansions and Compressions (x- or y-axis) Part 1

5. The graph of y = f{x) is shown. In each case:
i)  sketch the graph of the transformed function
ii) state the domain and range of the transformed function
iii) state the coordinates of any invariant points.

a) y=/2v) b) y=-2f(x) &) y=%}(§x)
v v v

5 5 5

\/ A/ \Vi
3 —Jﬂv‘u 3 —Jﬂﬂ 3 —Jﬂﬂ
5 Y Y
1|1
d) y=f(2x) e) y=-2fx) f) y=§}(5-)
vk vk vik
5 5 5
[\ [T\ [\
- ) > - \ > - \ >
\[/ VI VI
/4= Ax /3= fix /i = fix
Y 4 4
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umerical
Response

6.

Transformations Lesson #7: Expansions and Compressions (x- or y-axis) Part I 49

What happens to the graph of the function y = f{x) if the following replacements are made?

a) Replace x with

c)

X b) Replace y with 4v.

. . _ o]
Replace y with -2y and x with 4x. d) Replace y with v — 4 and x with -7

. . | .
7. The graph of y = fix) is compressed vertically by a factor of = about the x-axis, compressed

Fi

_ 1 _ _ . .
horizontally by a factor of 1 about the y-axis, and reflected in the y-axis. If the equation of

the image is written in the form y = af{bx), the value of a — b, to the nearest tenth, is

Answer Key
1] 7
L. a) -r—-%x. _v=ff§.r] h) _v—-%_v. y = 6flx) c) I—'%x. }'=ffg_r]
2 1] 3
d) _v—'%_v. y= Eﬂx) e) x—» —%.r. ¥ =.f[—§.r) f) y— —%_v. y= —z.f'(-r)

gl

i)

a)

a)
d)

— 3 v i h) x— Lyand y— Ly ._41.
X —31.}—_}‘—31 1) x> gxand y—=> gy, y=4 41

1
x¥—= 2x and y—> -5y, ¥= -2f2x)

a=1 b= b) a=5 b=1 ¢) a=1 b= — d) a= b=-10

b | el
|

L
3

y=4flx)=4x2  h) y=(2xF=4x2 ¢) both ransformations result in the same image
many possible answers including flx) = x, flx) = _r3._f'(_r) =x24 1, ete.
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tn

1.

Transtformations Lesson #7: Expansions and Compressions (x- or v-axis) Part |

H I {
e, L
k.3

Y

a) horizontal stretch about the y-axis by a factor of %
b} wvertical stretch about the x-axis by a t'aclorof%
¢} vertical translation of & units: up if & > 0, down itk <0
d) horizontal translation of & units: right itk > 0, leftif k <0
e) wvertical stretch about the x-axis by a factor of &
a) b) cl
id S { vh | | i S 1
—5 ! N30 G o 5 !
- \ LN - Yy - Xy
y=fR y=p | = 1|
- — ] : . | 5 e 21
1 o4 L [ 1 | |
¥ i ! ¥ . Y !
Domain: {x|0=x =2, xENR]} {x|0=x =4 xENR {x|l0=x=8 xR}
Range: {y|2=y=2,yeR} {y|4=sy=s4yeN} y|-1sy=sl,yeER}
Invariant Points: (0, ) (0,0), (2,0),(4.0) (0, 0)
d) e) £)
}'T i ! & A |
| s sl | UM 1 0 0 ) o 0
| - |

i I
¥
I 1 % s
Domain: {t|—5 =XE 5, E‘.R}
Range: {y|3=y=3, yeR}

Invariant Points: (0, 3)

b)

c)

o

v
{x|-l=x=3,xER}
{y|-6=y=6,yER}
(-1, 0), (1,0), (3,0)

a) horizontal expansion about the y-axis by a factor of 2

. . . . .
vertical compression about the x-axis by a factor of 2

: . Lo .
by a factor of 5 and a reflection in the x-axis.

= 5 r-4
T

R
{x|2=sx=6xER}

-

none

[T

5}'5%.}'6‘3‘?}

horizontal compression about the y-axis by a factor of 2’ vertical compression about the x-axis

d) horizontal expansion about the y-axis by a factor of 4, a reflection in the y-axis,
followed by a vertical translation of 4 units up.

4.5
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