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Transformations Lesson #3:
Horizontal and Vertical Translations Part 1

Transformations

A transformation is an operation which moves (or maps) a figure from an original position
to a new position. Transformations we will consider are translations, reflections, expansions
and compressions, reciprocal transformations, and absolute value transformations.

Warm-Up #1 | Comparing the Graphs of y =f(x) and y - k =f(x) lor y =fix) + k|

a) Complete the table of values. The first one has been completed.

Part 1
y=x? y-3=x?
x |y x |y
3|9 3z
2| 4 217
S -1 |4
0o 0 (3
1|1 By
2 | # 2 |7
319 312

b) Use the table of values in a) to graph and label each of the -

functions on the grid.

¢) What is the effect of the parameter k on the graph of the

A Vertieal shift of Kunibs oF

parabolay - k= x2?

Part 2

y+3=x°
x |y : v = x2
310 A kA
-1 -Z
VI \ f
L |-2 \ 5 [
2 |1
3 |6 \ /
h’l’
_ 5.

a) Use a graphing calculator to graph the following functions:

i) v=|x i) y=|x| +2

iii) v=|x|-3

b) What is the effect of the parameter k on the graph of y= |x| + k?

A \)erlflMJ ohifk o8 Kuniks

¢) What is the effect of the parameter & on the graph of the function y = f{x) + k?

Mueskieal shifé of Kuniks

d) What is the effect of the parameter k on the graph of the function v — k = f{x)?
b verriead stk o K umis
e) Compared to the graph of y = f{x), the graph of v — k = f{x) results in a \JQV\S;(M(
shift of k units. If k > 0,the graph moves up . If k <0, the graph moves dﬂWY\ .

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 v by v — k will be very important in this course.
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14  Transformations Lesson #3: Horizontal and Vertical Translations Part 1

Warm-Up #2 | Comparing the Graphs of y = f(x) and y = f(x - h)

Part 1

a) Complete the table of values. The first one has been completed.

i) y=x> i) y=(x-37 i)y =(x+3) o
ol P x |y x |y ¥ UREEN
a |16 Ty o T i W
3| 9 0 |g 6 |4 [T
21 % I S5 |4 il
-1 1 2 1 4 |1 |
0| o0 3 (0 3|0 ]
1|1 4 | 2 | -
2 |« 5 z I
31 9 6 0 |9 T
4| 16 7 |l tly TS |
HH

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

¢) What is the effect of the parameter /i on the graph of the parabola y = (x - h)%?

horzontel st | Yo e r\3h4 't h 2o
Yo Yhe bt} hio

Part 2

a) Use a graphing calculator to graph the following functions:

e

i) v=1/x ii) y=+/x-4 iii) y=+/x+2

b) What is the effect of the parameter 1 on the graph of y=+/x-h?

hoe, Shibt | Yo Lhe r15h+ & hoo
I the lebt i 2o
¢) What is the effect of the parameter /i on the graph of the function y = f{x =h)?

hmm.l s\t £ N unis,

d) Compared to the graph of y = f{x), the graph of y = flx — /) results in a th lonw

shift of /1 units. If h > 0, the graph moves mﬁh-l_— . If i <0 the graph moves |£L .
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Transformations Lesson #3: Horizontal and Vertical Transtations Part 1 15

Translations

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

q @ Given the function y = f{x):
- * replacing y with y = k, (i.e. y=>y=£k) describes a vertical translation.

yv=k=flx) or y=flx)+k describes a vertical translation.

* replacing x with x = h, (i.e. x—=>x=h) describes a horizontal translation.
v =flx = 1) describes a horizontal translation.

In general, if k > 0 the graph moves up 1

y ;:c =fx—-h) k < 0 the graph moves down |

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

h <0 the graph moves left <

If the graph of y = flx) is transformed to the graph of y — 2 = f{x — 3), the replacements
forx and y are x — x— 3 and y — y— 2. Under this transformation, all points on the graph
of y = flx) 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, v) is
translated to the point (x + 3, v + 2). This translation can be represented in mapping
notation by (x,y) —= (x + 3,y + 2).

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

%

Class Ex. #1

£3

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

a) y=flx-3) b) y=flx)+4 ¢) y=1=fx+10)
: Yz Plaurs) + 1
}\b(' -\-mh-,,\n,l-mn \jcr‘\‘ ')'Mnslal-lm Verk -\—rams / Mh)-/u.p
Y umbs NSH’ U unils wp hov trans 10 uniks \efH

Class Ex. #2

£

The point (2, -3) lies on the graph of y = fix). State the coordinates of the image of this point
under the following transformations.

a) y+8=/x) 'j:'p('-’-)'s Vertirans §unitdown (2)-3—8>—_>) <2‘)_'/>

b) y=filx-7)+5 ho~ Yrans 7rUth Caﬂ -3+5’> Q> (9 z>
VerkHun S wp

¢) (,y)—=(x+2,vy+3) INcrease X bj 7 [2_/2/_343> = (é// c>
mcrm.StﬂbjS
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16 Transformations Lesson #3: Horizontal and Vertical Transiations Part 1

ClassEx.#3 || Write the equation of the image of y = f(x) after each transformation.

2
g 'n"

a) A horizontal translation of 5 units left. b) A translation of 3 units up.
Y=Ll y=P2) +3 or y-3 = LD

¢) A translation of m units right and p units down. d) (x,y)— (x - 6,y + 1).

clecrease 2by ¢
5;#()64?1)—? ls:_ ‘C(Xv-f—&)*/ INcreas e jb:jj/

ClassEx.#4 || The graph of f{x) is shown. Sketch; v )C [Z /‘3) %)
’é} . — / 67‘ . ’ _ BMH//’/r‘p‘pL ikn,fa/dwﬂ
J:I /’EL} ‘1} J,_ﬂ_{_Z) 2“”/ ) ﬂj b} y +2—ﬂ.¥+3)
g
A A 2
,/// L1IA ,/ \ 1.
Bk \3\ v . e N

[ Class Ex. #5 What happens to the graph of the function y = f{x) if the following changes are
made to its equation?

a) replace x with x + 2 j:p/ﬂzb hor tran T lefFL

b) replace y withy -8 v —§ _—_-E(Z.) ver+ +rans 8 «f

‘j: ‘C(QD +8

Complete Assignment Questions #1 - #9

Assignment

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 ¢) v=flx-4)+4

d) v—6=f({x) e) y=3+flx-35) £y y+2=flx+3)-10
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Transformations Lesson #3: Horizontal and Vertical Translations Part { 17

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

b) A horizontal translation of 8 units right and a vertical translation of 9 units up.

¢) A translation of ¢ units up and s units left.

3. The function y = flx) is transformed to v = fix - i) + k. Find the values of h and & for the
following translations.

a) 7 units right b) 4 units up and 2 units left ¢) aunits right and & 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=fix+2) ¢) (,y)—>@x-7,y-1)

5. Given the graph of the function y = f{x) sketch the graph of the indicated function.

a) v=flx-4) b) ¥-3 =)
Vi i Y
N N
7 N, Fi N,
= N = = N =
to g =1 i tr - =1 T
Y Y
¢) v=flx+2)-3 d) v+2=f{x-35)
i Y o Y
/ : /
b (1] g =TT T by =TT T
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I8  Transformations Lesson #3: Horizontal and Vertical Translations Part 1

6. 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 with y + 2

¢) replace x withx + 4 and y with y -7

JYMGTIEY7. The function y = f{x) is transformed to y = flx + 2) + 4. If the point (3, —1) lies on the graph
of v = f{x), which of the following points must lie on the graph of y = flx + 2) + 47
A. (5.3)
B. (1,3)
C. (7.1)
D. (7,-3)

8. The function v = f{x) is transformed to v — 3 = flx - 1). If the point (=2, 4) lies on the graph
of y — 3 = f{x — 1), which of the following points must lie on the graph of v = f{x)?

A. (-1.7)
B. (-1.1)
C. (-3.7)
D. (-3.1)

9. The graph of ¥ = g(x) was transformed to the graph of v = g(x - 7) + 2. Which of the
following statements describes the transformation?

A. The graph of vy = g(x) has been translated 2 units to the right and 7 units upward.

B. The graph of v = g(x) has been translated 7 units to the left and 2 units downward.
C. The point (x,y) on the graph y = g(x) has been translated to point (x + 7,y + 2).
D. The point (x, v) on the graph y = g(x) has been translated to point (x - 7,y - 2).
Answer Key
L. a) horizontal translation 9 units left b} wertical translation 7 units up

¢) translation 4 units right and 4 unitsup ~ d) vertical translation 6 units up
e} ftranslation 5 units right and 3 units up ) translation 3 units left and 12 units down

2. a) y=flx)-10 b) y=flx-8)+9 <) y=filx+s)+1

3. a) h=T7k=0 b) h=-2,k=4 c) h=ak=-b

4. a) (-3.8) b) (-5,0) c) (-10.4)

5. a) the graph is translated 4 units right b) the graph is translated 3 units up

¢} the graph is translated 2 units left and 3 units down
d) the graph is translated 5 units right and 2 units down

6. a) horizontal translation 8 units right b) wertical translation 2 units down
¢) translation 4 units left and 7 units up
7. B 8. D 9. C
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