PC12

1.1 - HORIZONTAL AND VERTICAL TRANSLATIONS

Translating a graph means moving it along a straight line. The shape of the graph won’t change (no
distortion), but it will be positioned somewhere else in the plane.

; : o {9 8765 -4-3-2- 10

! ¢ ’ :

. - Lo . 1-3,-2) -2

If you want to translate a graph vertically k units (up or down depending on the sign of k), you need
to replace your « y » variable in the equation by « y — k ».

To translate the graph of y = x? 4 units up, you will graph y —4 = x2,

Example 1:
which is the same as graphing y = x% + 4

('11 5)

1.1

vertical translation k units
»y=f(x)+k

y=fx)

vertical translation k units

— (x,y +k)

Mapping: (x,y)
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Example 2: If (3,—8) ison the graph of y = f(x), what are the coordinates of the corresponding
point when the graph of fis translated 5 units down?

> (2, _13) Y= o) — 3 W= f) -5

(2.9) — (Y -5)

Example 3: What transformation has been applied to y = 2(x — 1)* — 1 when graphing the
function y = 2(x — 1) + 4?

> =Py — s J =0 +5
Y= alx 1) = 3 3:1@-\}2-\ 4+ 5
—t vorkcal Sranalodoon 5 ks up.

If you want to translate a graph horizontally / units (left or right depending on the sign of /), you
need to replace your «x » variable in the equation by « x — h ».

Example 4: To translate the graph of ¥ = x?  to the right 3 units, you will graph y = (x — 3)?,

horizontal translation h units

y=f() y=fx-h
. horizontal translation h units
Mapping:  (x,) (x+hy)
Example 5: What function is a horizontal translation of y = 2x — 5 by 3 units to the right?

> Jﬁ:ﬂx) — Jj"—\c("—-fs)
§= -5 — Ay = Ax-3)-5
FH Collins — Fleur Marsella \3) = O -1l
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Example 6: If (1,3) is on the graph of y = f(x), what are the coordinates of the corresponding
point if the graph of fis translated 5 units to the left?

>y ——— = (x+5)

(1,3) +— —> \—H,B)
(ry) ¥ s (1-S1 )
Example 7: What transformations have been applied to ¥ = x? when graphing y = (x — 1)* + 3?
> yafe) —— y=foe1) 3
. trantbodone | —s and 3 T

Example 8: Describe the transformation applied to /. Give the new equation.

a) o [T T T T

¥ B AT
- —4‘8"‘ c |
I | i f\:/s{ ; \?_—E" |
L 0 O 0 O O Lol . 0 O A O
Lt(—'fl-"*dg‘l’ _:,bnMQo.hbM 4 — and 44

Hwk: p12#3-10, 11, 17, 18.
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1.2 - REFLECTIONS AND STRETCHES

In this section, we want to stretch a graph on both sides of an axis.
Here is an example of a vertical stretch with factor 3.

10 10 /
8 8 / N
i 6
f
4 4 /
N
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S =il [N 7 1 2 3 1 2 e ! 2 H
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-

Here is an example of a horizontal stretch with factor 2.

10 10 }
{

8 8

8 6

S
——N

/4

FH Collins — Fleur Marsella
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If you want to stretch a graph vertically with a factor « (remember that a factor is always a positive
) . . 1
number) you need to replace your « y » variable in the equation by « ~y»

Example 1: Apply a vertical stretch with factor 4 to the function y = (x + 2)°

- Ly = -l'DLz
7Y (ot &)

2
- 4 LX--\' 13
vertical stretch factor a

y=fx) > y = af (x)

vertical stretch factor a

Mapping:  (x,y) — (x,ay)

Example 2: Apply a vertical stretch with factor 3 to the function y = 2x2 —x+1

> Bza(m&;x+0 g = 3£6)

FE 6r*_3x+3

Example 3: If (3,—8) ison the graph of y = f(x), what is the corresponding point if you stretch
the graph vertically with a factor 3?

5 Y= —— Y=3{)
U‘"’b)‘f > t"‘t%\&w
CRE ) — Ra,-zm

If you want to stretch a graph horizontally with a factor  (remember that a factor is always a

s . . 5 1
positive number) you need to replace your «x » variable in the equation by « 3%

Example 4: Apply a horizontal stretch with factor 2 to y = 8x — 3

> Jﬁ:@("{i’x}-3
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horizontal stretch factor b 1
y = () “ y=£(3%)

horizontal stretch factor b

Mapping: (x,y) — (bx,y)

horizontal stretch factor =

You can also see it as: y = f(x) ° y = f(bx)

Example 5: Apply a horizontal stretch with factor g to the graph of f(x) = 5x% + 2x — 1.

5 Jd:S(SX—Y.L 1(3’)(.3 =1
y = 5 () + 6 -\ W:H—?xﬂ 6 _\—J

Example 6: If (10,15) is on the graph of y = f(x), what is the corresponding point on the graph

of y = f(5x)? l

&5 :-(:(_x) .__———————Mm‘—d*x /s \f):{(SL)
L’Xu‘fﬂ —_" ("5‘1‘"}
(10,15) + N

Note that if the factor of a horizontal stretch is greater than 1, then the graph will look wider, but if the
factor is between 0 and 1, the graph will look thinner...

If you want to reflect a graph vertically (about or around the x-axis) you need to replace your «y »
variable in the equation by « —y ».

Example 7:  Apply a vertical reflection to the graph of f(x) = 5x% —5x + 3
5 Y= — - y=-fi)
2
g=-(SxioSx4n)  [4=SCe5H2)

vertical reflection

y=fx) >y =—f(x)

vertical reflection

Mapping: (x,y) (x,—y)

Example 8: Apply a reflection about the x-axis to the graph of f(x) = 2Vx -3 +1

> ‘,Bz——(im +\)
| 4y=-avas - |
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If you want to reflect a graph horizontally (about or around the y-axis) you need to replace your
«x » variable in the equation by « —x ».

Example 9: Apply a horizontal reflection to the graph of f(x) = 5x? — 5x + 3

B j = §[—‘>(.)7; S (_—'L) +3
K\L‘; = S5 +?>\

horizontal reflection

y=f() >y = f(=x)

horizontal reflection

Mapping: (x,y) > (—x,¥)

Example 10: Apply a reflection about the x-axis to the graph of f(x) = 2vx -3 +1

Example 11:  Ifthe point (2,—3) is on the graph of y = f(x), what is the corresponding point on
the graph of y = f(—x)?

> = Hn) | h.relodion 4= +(-)
Gt 4) — ()
(2,-3) s [(-2,-2))

Example 12: Write the equation of each transformed graph:

T

-

I
|
{18 |-40] | 4]

verhcal sorerdh -Y—a_dcor 3
(or Iorizondal Wekch {’a ko '/?:)
3 -3 3\1-—\

Hwk: p28#3,5-7,14, 15
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1.3 — COMBINING TRANSFORMATIONS

If we apply the 6 types of transformations from the previous lessons, we get:
b xS -{:o.d‘::o'ftd.

) y S
/ / : \ N verticoly
- it .

vertical branslakion

SEretdh x |a :
a'ud Or» } ] M .
| K.%(a & ’Or fﬁ@? ) Chiom
If the equation is matching this format, then the transformations are applied from left to right in the order
you see them. -
T (where b us fackoreel euk “unsice" o4, %)

In other words, in this format, the stretches and reflections are performed (in any order) BEFORE
the translations.

If the format doesn’t match, then you@have the wrong horizontal translation.
m

Example 1: What transformations do you apply to y = f(x) to graph y = —2f (x +4) = 3?
BN .,3 = = Q%(i—(k +‘&)‘) -3

. vk ol redle om

. vouneal gbetch fader 2

. herizentkall etde fador 2

. herizenal btosslolion ¥ «—

« Voicol W B\L

Example 2: Which transformations have been applied to the graph of fto get the graph of g?
T Alede for sbekdus fivst !
' &=§(«\) "8 . voun cald gb't'\—d‘ -F_d‘d:br e :

O 2 O 3()(3 » 9.% (‘* (M




PC12

Example 3: What transformations have been applied to y = x? to graph y = 3(10 — 5x)% + 1?2

> = 3010-5%)" 4 |
3(.’:7(‘!.-2.\\2-\- |

7
3 4(-Sbe- M)+ with f6u) =x
_s . vouncol abredch fadec3
horzonal atretde fador ‘s

darizmial refbdion  (about e y-atss)
e tramadaliovy 2 — axd VT

11

)]

Example 4: If (—=2,5) ison the graph of y = f(x) what is the corresponding point on the graph
of y==5f(3x+ 1) -7

> = f — Hy=-s 4 (E) -3

(1.9) — Sty (3 -sy) TR (3e-n -5y -2)

(.—1|5> — - (—‘-r, —-25) \——/—“’AIE~(° , —31)W

Note: - Vertical transformations (“outside” the function) affect the y coordinates.

- Horizontal transformations (“inside™ the function) affect the x coordinates.

Hwk: p38#1,3,4,6-8,9cdf, 10,11, 15-17.

p 72 # lac, 2 — 4, 5ab, 6, 10, 11.

rLl Crlline » RAmvrenilns
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1.4 — INVERSE OF A RELATION

The inverse of a relation is a relation that has the reverse action on the variable.

For example, if f(x) = 2x (the action of fis to double the variable), then g(x) = %x is its inverse.

We can see on a table of values:

X ()
-1 -2
0 0
1 2
2 4

X g(x)
-2 -1
0 0
7 1
4 2

We can see that the the x- values of the function fcorrespond to the y values of g and vice versa.

Example 1: What is the inverse function of y = v/x ? Show how works on the table of values...

- \\,)-:.V’)_(——

p & j__.t
o) (0]
|1 —
l )

y |2
I8 )

uJ‘\VM'SL : \3):‘)(—2—

EEn

o

e
\
-
2

D

{
o
b

I — Determining the equation of an inverse function:

1- Exchange the x and the y variables.
2- Solve for the new y variable.

Remember: The domain of the original function is the Range of the inverse, and vice versa.

Example 2: Determine the inverse of f(x) = 3x + 6. Determine the domain and Range of the inverse.
> x = 5‘3 + b
2-6 = 3\&

IR
R

o
TR
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Example 3: Determine the inverse of f(x) = x* — 4. Determine the domain and Range of the inverse.
> A= \jz-— L D_F - R

x4l = \5‘ R_F: [—L}'+bo>

Y 2 FETT o bus[hen)

R W = R
Example 4: Determine the inverse of f(x) = x? +6x + 8. Determine its domain and Range.
> roortte qu.né,ro.i-‘\c_ fundions an vankex -Fomn
fooy= (x « 3) -1

R.@ = [—-\‘ *\M\

Notes: - Be careful, the inverse of a function is not necessarily one function.

- When the inverse of fis one function, we can name it @ [f it is several functions, you can’t.

- If you have a quadratic function, the vertex form is the way to go...

- If the variables have been chosen because of what they mean, then you don’t exchange them to
start with, but you solve the equation for the other one to get the inverse.

Example:
Here is the equation that relates the temperature in degrees Celsius to the temperature in degrees

Fahrenheit: F = %C + 32

Written that wayi, it is used to convert degrees Celsius to degrees Fahrenheit.
If we solve it for C (instead of F), we will get the inverse function, which would be used to con
vert degrees Fahrenheit to degrees Celsius.

@ F_39.:3§C.
FT(F’”):EX — vvods Favedad te Glsios.

TAVUBE Junchon -




PC12

II — Graph of an inverse

To graph an inverse, you can just use a table of values of the original function and exchange the coordi-
nates.

Example 1: Graph the inverse of y = Vx + 3

- 4 A 3—_ Ax3 Jnyesse

x| Y x| 9
ol o | -3
-2 | 3 \ _2z
) e o8 2t \

L |3 ER A
13| 4 | T I

Notice that there is a symmetry between the 2 curves about the line y = x.
This is always true between to inverse graphs.

I1 — Restricting the domain of a function

Sometimes, in the future, we will need an inverse function.
When the inverse is not one function, we will need to restrict the domain of the original function (keep
only the part that we need) in order to get a single function.

Example 2: Let’s consider the function y = 2(x + 3)% — 2
Let’s graph it as well as its inverse.
\3:2(, *3)‘:2. A

-

— e — —

We can see that the inverse is not a function (if we check with the vertical line test). We could have
looked at the original function and use the corresponding “horizontal line test” to predict it.

The vertical line test tells us if what we are looking for is “y as a function of x™.

The horizontal line test tells us if the inverse of what we are looking for will be a function. It also tells us
how many functions we will need to express the inverse...
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In the previous example, if we only keep half of the parabola, then the corresponding inverse will be a
function.

So if we need to inverse to be a function, we need to restrict the domain to either [—3,00) orto
(—o0,~3]:

Example 3: a) Determine the inverse of y = 2x? —4x +3
b) Graph it.
c) Is the inverse going to be a function? Justify
d) Restrict the domain of the function so that the inverse is a function.
e) Graph the inverse of the restricted function on the same plane.

> o) 3; 2(x-\P-5 (vartex form)

L= 2[‘3—‘3z~§
+S :(3_\)2‘
2 18
!j: £ \)E;TS—
(,) NoD (J\zriml—aLM fert on eﬁ‘%uiaﬁ. %mdwm/
or varticol Ll text om unvasse

A) we cowld tesbrct to D{,f T +5) %G"M
o ) 0 WAL

Hwk: p51#2 -5, 810, 12acf, 13zb, 15, 16, 21.

Review: chapter 1 p 56 =59 and 2.1 p99# 1 -7

FH Collins — Fleur Rarsells
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