1.1 Translating Graphs of Functions

[L. Comparing the graphs of y = f(x) and y= f(x)+k [ory —k = f(x)]|

(a) Complete the following tables of values. Graph and label each of the functions on the grid

y =|x]| y =|x|+3 y =|x|-3 ’
X |y x|y x|y 5 5
373 36 30 ¥lxl
2| 2 2§ 2 |-
11 1) 1 -2
0|0 03 01|-3 5 x
1|1 1|4 1|-2
2| 2 2|5 2 |-
3 3 306 3|0

b) How are each of the following graphs obtained from the graph of y =|x| ?

i) y=|x|+3 moved wp i) y =|x|-3
3 un‘*s moved Cb\a)l‘\ 3

c) In general, how is the graph of y =|x |+ k obtained from the graph of y =|x|

i) when k >0? i) when k < 0?
¢y k:5 eq k= -2

\”'l"""s Y= Ix| + -2  oe \,""l"'l
d) The graph of y = f(x) +k [or y—k= f(x)] is obtained when the graph of y = f(x) undergoes a
vechcal shift (or translation) of k units. Yean slation = move
If k > 0, the graph of y = f(x) istranslated __ QP to obtain the
graphof y= f(x)+k[ory—k=f(x)]. Ifk< d, the graph of y = f(x) is translated
dpwn to obtain the graph of y = f(x) +k[or y—k= f(x)].
& V= -F(x) + 3 wmovesvp \I‘-‘-'F(.x) -3 "moves

Note: The notation y — k= f(x) is often used instead of y = f(x) + k to emphasize that the &:\%ﬁﬁ'eﬁr k
involves a translation in the y-direction only. For example, instead of y =|x |+ 3, we could write

y—3=|x|. .
V-3:f0) s same as  y:fin)+3
both  show o Franslathion vp



2. Comparing the graphs of y = f(x) and y= f(x— h)|

(a) Complete the following tables of values. Use the table of values to graph and label each of the
functions on the grid.

y=x’ y=(x-3  y=(x+3’ ; .( t : .
x|y X |y X |y ; \;I =X
[ 16 T 7 le | IJ
-39 014G -6 19 , 2
2| 4 1|y 5|y \/ [ \,l'= (}-3)
11 2 | -4 | \ f
00 3|0 3o \ |
11 4 |\ -2 |\
2| 4 5 |4 =M \
3| 9 6| 0 |q \
416 7 6 116 \\ \ /
\ \
- \/ \J >
b) How are each of the following graphs obtained from the graph of y = x* ?
i) y=(x-3)’ i) y =(x+3)°
}ranslation 2 unis r'Lc,h{'. translated 3 unds lef €
c) Ingeneral, how is the graph of y = (x —h)? obtained from the graph of y = x° h
i) when h > 0? h=4 i) whenh <07 . -% 2
fransladion % esulis in  y: (x --4)
o ht N E (x-w) or
d) The graph of y = f(x— h) is obtained when the graph of y = f(x) undergoes a \,?' (x‘“")
n‘kb\ shift (or translation) of h units. If h > 0, the graph of y = f(x) is
translated ‘o +he f\ ) to obtain the graph of of y = f(x—h).
If h <0, the graph of y = f(x) is translated 1o -H'\e le to obtain the

graphof y = f(x—h).

Note that the equation y = (x + 3)* can be written in the form y = (x —h)* as y = (x —=3)%. So in this
case, h = —3 and the translation of y = x” is 3 units to the left.



3. Horizontal and vertical translations|

~ Y z=lxe2] 4

By translating the graph of y =|x| , sketch the graph of y—3=|x +2|. —— S
To obtain the graph of y — 3=|x + 2|, all points on the graph of y =|x| will be translated left 2 0?3

horizontally: \e ck 2
vertically: VP 3

Thus the point (0, 0) of y =|x | will become the poin‘-z ,3) of y—-3=|x+2|.

Likewise, the point (1, 1) of y =|x| will become the point(-l ,'-l' of y—3=|x +2|, and the point (-1,

1) of y =|x| will become the point ‘-3,'-}) of y—3=|x +2|. »*hoel Oﬂ'\‘al
3‘“‘“3”. Lo
affeck "%




Example 1:

Given the function y = f(x), write the equation of the transformed function after each of the following
translations.

a) a vertical translation 4 units down. y: 'F( p .3 ) - "l'
b) a horizontal translation 5 units to the right. VE .F(x -5 )
¢) ahorizontal translation 3 units to the left and a vertical translation 6
units up.
Example 2: Y B ‘F (X+ 3) + 6
Describe how the graphs of the following functions can be obtained from the graph of y = f(x).
a)y=f(x+4) b) y=f(x)-5 c) y=1f(x-2)+3

~
\ef} Y down 5 il 3?\'*)‘ vp3

Example 3:

In each case below, the given point is transformed into a second point by a certain translation. Find the
coordinates of the second point.

a) a horizontal translation 3 units to the left

@,-6->(1 , —6)

b) a vertical translation 5 units down

(-3.-5) > =3 .~l0)

c) a horizontal translation 4 units to the right and a vertical translation 6 units up

(7.9>(-3 . 8 )

Example 4:
In each case below, describe the translation that transforms the first point onto the second point.

a) (5,-2)—>(5,4) vp 6 b f0+6
b) (=6,-3) > (5,-3) r'\g\’h‘\’ W \!':--F(x-ll)
¢) (4,-7)—(-2,-5) 6 left 2vp \;:f(xa-é) r2




Example 5:

In each case below, a graph of y = f(x) is shown. Sketch the graph of the translated function whose
equation is given.

a) y="f(x)-2 b) y=f(x+3)
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c)y-5=1f(x+3)
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Example 6:

Use the graph of y = Vx Dbelow to sketch the graph of y +5=+x+ 3.




Example 7:

The function y = f(x)has x-intercepts of —6 and 10, y-intercept of -9, domain {x>-8} and
range {y < 2}

Give the same information for the functions defined below

x-intercepts y-intercept domain range
a) y=f(x-2) rig\ﬁ\l 4,12 LANKNoWN X2-6 —‘ﬁél

b) y = f(x)+3 vp 3 unknOwn -6 X 2-% 54.5
c) y=f(x+1) -4 x| LA%&F\ un\cno\pn K2 “CI gﬁ—l
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