Transformations Lesson #1 :
Horizontal and Vertical Translations - Part One

5 Overview

is unit we will develop an understanding of the effects of transformations (operations

ve (or map) a figure from an original position to a new position) on the graphs of

functions their related equations. The transformations we will consider are translations,
eflections, stretches, and combinations of these. ﬁ

A. . \ In particular, we will consider replacements for x and/or y in the function y = f{x) and
investigate how the function y - k = af|[b(x - h)] + k is related to y = f(x). . ’1|
2 Y8 Posa 0N

Translations

A_translation is a transformation which slides each point of a figure the same distance in the
same direction.

verhe

Comparing the Graphs of y = f(x) andfy - k= f(x) [or y = f(x) + k]

Part 1
(=3 ,
a) Complete the table of values. The first one has been gompleted. y Y‘ X
y=x? y-3=x? y+3=x? 5'3 A
x|y x|y x|y ko
3|9 STz 31l \
2| 2| F -2 ¢
111 -1 14 -1 -2 \\ s
oo 0 0 ’3
111 1 1 (=2 \
2 | 4 2 21\ - N
3 ]9 3 112 30 b T i
b) Use the table of values in a) to graph and label each of the )
functions on the grid. P
A |

¢) In the second table, y has been replaced by y — 3.
What is the effect of this replacement on the graph of y = x%?

\Rﬁ""‘"M- \If ;JAZB

d) In the third table ihas been replaced by y + 3.
. . A 2
What is the effect of this replacement on the graph oj; =x"?

\’”“- "7‘15- JOM 3.)»&
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Part 2 K: -3
K=2 4= 443

a) Use a graphing calculator to graph the followmg functions:
i) y=|x| i) oo | x| +2

4

| J'z i) y=|x|-3 *}-(__3)

b) The equation y = |x| + 2 can be rewrittenas y - 2 = | x]|.
How does the replacement of y by y — 2 affect the graph of y = |x|?

vk bres. 2 i

¢) The equationy = |x| — 3 can be rewrittenas y + 3 = |x
How does the replacement of y by y + 3 affect ﬂa graph = |x|?

y[vl-; M s um dv’ﬂ- .

d) Using the results of Parts 1 and 2, answer the following questions
based on the graph of y = f(x).

i) What is the effect of the parameter k on the graph of the function y = f{x) + k?
LC (f -

ii) What is the effect of the parameter k on the graph of the function y — k = f{x)?

\/C/Azal ‘/‘/l-d'- b’ ( o/d.lk %vf%wn

e) Complete the following statements:

* Compared to the graph of y = f(x), the graph of y — k = f{x) results in a (¥4 Ju Q ‘

translation of k units.

e If k>0, the graph moves UP . If k <0, the graph moves day/f\ o

The notation y — k = f{x) is often used instead of y = f{x) + k to emphasize that this is a

transformation on y. The concept of replacing y by y — k will be very important in this course.
a— -
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Comparing the Graphs of y = f(x) and y = f(x - |

h)
hor.
Part 1 ‘l‘3 3 or hﬁh‘

a) Complete the table of values. K= (‘a )

The first one has been complete & v
i) y=x2 ii) y=(x-3) i) y = (x + 3)° N
o ™ e A
4 | 16 1__* 716 \\ ‘ze
3| 9 0 -6 3
2| % 1| Y 5 \
a1 1 2| | 4 | ] \
0| o0 310 310 \ \
1|1 41 W 2010 \
2| % 5 -1 - -
31 9 6 ;‘ 0
4| 16 7 1 (b g M

b) Use the table of values in a) to graph and label each of the functions on the same grid.

¢) In the second table, x has been replaced by x — 3.
What is the effect of this replacement on the graph of y x

hor. 478-s. 30
d) In the third table, x has been replaced by x + 3.

What is the effect of this replacement on the graph of y = x? C F

Lor 47&45. ?Un: ,‘3

se a graphing calculator to graph the following functions, observing the effects of L = 1
replacing xby x —4,and xby x + 2. A=) o | R=2 “..,Z
@Fﬁ i) y=/x “ ” i) y=+/x+2

b) Based on the graph of y = f{x), and using the results of Parts 1 and 2, describe the effect

of the parameter / on the graph f the fungtion y = f()(( ). F L
h o/ E T‘ , o / J ‘t ’.

¢) Complete the following statements:

* Compared to the graph of y = = f{x), the graph of y = fix — h) results in a 1' hcb I

translation of /4 units.

e If A > 0, the graph moves C\ah klf h <0 the graph moves kif
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Replacements For Translations

Given the function y = f(x) :

* replacing y withy -k, (i.e. y—=>y—-k) describes a vertical translation.
y—k=f(x) or y=f(x)+k describes a vertical translation.

* replacing x withx - h, (i.e. x = x-h) describes a horizontal translation.
y=f(x — h) describes a horizontal translation.

In general, if k> 0 the graph moves up

y Z)rk =flx—h) k <0 the graph moves down |,

y=flx=h)+k then h> 0 the graph moves right —

h <0 the graph moves left <—

Class Ex. #1 What happens to the graph of the function y = f{x) if the following changes are

made to its equation? g
a) replace x with x + 2 " == b) replace y withy — 8 (. ?

ht 2eniks lebt V.t Tunke cf

Class Ex. #2 Describe how the graphs of the following functions relate to the graph of y = f{x).
y=flx-3) b) y= f(x)+4 .y c) y-1= J‘(X+10) X=3 X+ID
RP" K= :*i? x) ht 0423
bonsomebin * hit H: f J ¢ q, . I.m?l' (e
" s - Jp-

ClassEx.#3 | The poies on the graph of y = (). State the coordinates of the image of this point

under the folfowing transformgations.
¥ -5 = f(»-3
a) y+8=fl) d {j gdthOWn b) y=fx-7)+5 3 __))‘)4

.m.'ts ht Fbsr
(X.d) - (x ;-P) [ %7?**7>4f) /J

) H ’ -3) (9
Class Ex.#4 | Write the equation of the image of y = f{x) after each transformatioit. )¢ )
a) A horizontal translatlon of 5 unit left b) A translatlon of 3 units up.

_L‘(H'S) y-3 - ﬁ) ora””de

¢) A translation of m un1ts r1ght and p units down.
P =
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Class Ex. #5
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Given the graph of the fungtion y = f{x), sketch the graph of the indicated function. X2 xpd
K=7 (x-2 g+ ¥

hy )
{
(x;/Z,a)

-‘) .
D) y=fx=2 p\ b 2uads poget b) y+2=ﬂx+3>“3.4= zmh“* /sz'h

I
=
—

(g9 D —>(x-3, ¢-2)

Replacment Notation and Mapping Notation

Class Ex. #6

Do not confuse mapping notation with the notation we have used for replacements.

Consider the example where the graph of y = f{x) is transformed to the graph
of y =2 =flx - 3).

In this example, the replacements for x and y may be written asx = x—3and y — y — 2.
Under this transformation, all points on the graph of y = f{x) will move 3 units to the right and
2 units up. The point with coordinates (4, 6) will be translated to the point (7, 8). In general
the point with coordinates (x, y) is translated to the point (x + 3,y + 2).

The mapping notation for this translation may be written as (x, y) — (x + 3,y + 2), implying
that the point with coordinates (x, y) is translated to the point (x + 3,y + 2).

Notice that the mapping notation (x,y) — (x + 3,y + 2), is NOT the same as
the replacement notation x = x+3andy — y + 2.

The mapping notation (x, y) = (x + 3,y + 2) is equivalent to
the replacement notation x —x—-3andy — y—2.

a) State the coordinates of the image of the point (-3, 5) under the translation described
by (x,y) = (x-7,y+4).

b) Write the equation of the image of y = f{(x) after the translation (x,y) = (x -6,y + 1).

Complete Assignment Questions #1 - #10
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Assignment %\ (ae...), 2-10

1. Describe how the graphs of the following functions relate to the graph of y = f{x).

a) y=fix+9) b) y=flx)+7 ¢) y=fix-4)+4

d) y-6=£x) e) y=3+fx-5) f) y+2=fix+3)-10

2. Write the equation of the image of y = f{x) after each transformation.
a) a vertical translation of 10 units down

b) ahorizontal translation of 8 units right and a vertical translation of 9 units up

¢) a translation of 7 units up and s units left

3. The function y = f{x) is transformed to y = f{x — &) + k. Find the values of 4 and k for the
following translations.

a) 7 units right b) 4 units up and 2 units left ¢) a units right and b units down.

4. The point (-3, 5) lies on the graph of y = f{x). State the coordinates of the image of this
point under the following transformations.

a) y=flx)+3 b) y+5=f(x+2) ¢) (x,y) = x-7,y-1)

5. What happens to the graph of the function y = f{x) if you make these changes to its
equation?

a) replace x with x - 8 b) replace y withy +2

¢) replace x withx +4,and y withy -7
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