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Radical Functions and
Transformations

radical function

Focus on... * a function that involves
. L . . a radical with a variable
* investigating the function y = v/ using a table of values in the radicand
and a graph
. : . . . * y=V3xand
* graphing radical functions using transformations v=4 V5 x are

* identifying the domain and range of radical functions radical functions.
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Example 1 YT=
Graph Radical Functions Using Tables of Values 9 =0 b "\'D "'“

Use a table of values to sketch the graph of each function.
Then, state the domain and range of each function.

a) v=+vX b) y=vx—2 ) v=+% -3
(ose Runthan)

a) For the function y = VX, the radicand x musy be greater }
than or equal to zero, x = 0. (mﬁd m ‘ﬁ. q.dl ‘d‘ GGO *“'

Xy
0 0
1 1 How can you choose values ?«n m
4 2 of x that allow you to —_— ‘m
complete the table without
9 3 using a calculator?
16 4
25 5
iZ ]
4 |
2 — ly=x
T
-0 ] 101214 16|18 20 22|24 26 28%
Y

The graph has an endpoint at (0, 0) and continues up and
to the right. The domain is {x | x = 0, x € R}. The range is
lvlv=0yeRL

b) For the function y = vx — 2, the value of the radicand must be greater

than or equal to zero. “‘3
X ;2( : Z Trm\q‘d o \MII*S '\9 *\\t "\3\\-

x|y

-

<

2 0 How is this table related to the table for
3 1 v =vxinparta)?
6 2
11 3
18 4 How does the graph of y = Vx — 2
compare to the graph of y = v/x7
27 5 P: graph ot y
VA
4 ]
T o5
— y= c
- L
< -
-0 1 | 6 10121416 182022 24 265 28X
A 4

The domain is {x | x = 2, x € R}. Therange is {y | y= 0, y € R}

¢) The radicand of y = vX — 3 must be non-negative.
x=0 - K
=3
X v .‘-s
0o s Warslted 3 units dauan

1 -2
4 -1
9 0
16 1 How does the graph of y = vx — 3
compare to the graph of y = vx?
»c > p graph of y
IZ N
2 =Nx-3 Ll -
) 2 _6— 8 |10 12|14 16| 18] 20| 22 24 | 26 | 28%
- -
A4

The domain is {x | x = 0, x € R} and the range is {y | y = =3, y € R].
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Graphing Radical Functions Using Transformations

You can graph a radical function of the form y = ayb(x — h) + k by

transforming the graph of y = /X based on the values of a, b, h, and k.

The effects of changing parameters in radical functions are the same as

the effects of changing parameters in other types of functions.

* Parameter g results in a vertical stretch of the graph of y = vX by a
factor o‘f_|ci1f a < 0, the graph of y = /X is reflected in the x-axis.

¢ Parameter_b results in a horizontal stretch of the graph of y = vX by a
factor o % If b < 0, the graph of y = VX is reflected in the y-axis.

—_—

* Parameter h determines the horizontal franslation. If i > 0, the graph
of y = VX is translated to the right h units. If h < 0, the graph is

translated to the left |h| units.

» Parameter k determines the yertical translation. If k > 0, the graph of
—
Vv = VX is translated up k units. If k < 0, the graph is translated down
|k| units.
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Example 2

Graph Radical Functions Using Transformation53=O\Sb(x-\\) + K

Sketch the graph of each function using transformations. Compare the
domain and range to those of y = vX and identify any changes.

a) y=3y—-(x—-1) b) vy —3=—-V2x
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X v ..LL
e —. Y __,[—&4-\\534-0] Lo
= 31 S
16 4 -_g ?a
25 5 ‘a" ‘6
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b) v— 3=—V2x
3:- ax +3
Q= =\ b=2 \\"0 K-‘S
X v _ 5_‘_‘5.
S a3y o
4 2 05 a
9 3 9 ‘
s us| ©
< |-
RA -9

J:~ 'Daw\o:m.. 1 ?\m\su
NG {x\xzo,xee\"_( {3\3%,3%}

0
\ &
Al
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2.1 Radical Functions and Transformations,
pages 721077

a3 [ v L L 2.3) a= 7 — vertical stretch by a factor of 7
2l Ve \J: LT [ (03 h = 0 — horizontal translation 9 units right
21 e f domain [x | x> 9, x € Rl range [y | y= 0, vy € R}
< oln0) T & & b i b) b= —1— reflected in y-axis
¥ T | k = 8 — vertical translation up 8 units
domain [x | x = 1, x € R}, range [y | y= 0, y € R} domain [x | x = 0, x € Rl range {y | y = 8, v€ R}
b) VA Em——— ) a= —1— reflected in x-axis
=2 -‘f"""‘ 33)] W=Vx 486 b= % —+ horizontal stretch factor of 5
T
5 1) domain [x | x = 0, x € R}, range {v | ¥y = 0, v £ R}
> 14 i
MR NEEN 4 5 X d) a= %—r vertical stretch factor nf%
—6. 0 . . .
;umaijn x|x= -5 x‘; R), range [y | y= 0,y € R} h = —6 — horizontal translation 6 units left
a - ! i;k y=uy k= —4 — vertical translation 4 units down
) % domain {x | x = —6, x € R},
vyEB A —5r e range {y | y = —4, y € R}
—_ 2T 3.a) B b) A 0 D d C
P (3/0) 4.3) r=4x+6 b) v=+8x—5
=10 | 8|6 -4 D" 4 4 | x 0 y=y-x—4)+Mory=v—x+4+11
domain [x | x =3, x € Rl,range [v| y= 0, vy € R} d) y=—-025v01xory= —% %X
d) VA
W=N—2x =5 P
~—_ 73 [ 9 [
™ lL ki 2 5 LY
=B AP
NEE R x
L 4

domain {x |x= —g.x € R}.
range [y | y= 0, v € R}
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5. @) Iy domain d) 7 domain
L Fix) =h=x 4 3 .| x|x=0,xeR B I x|x=2,xeR}
=g | 14| 2 [0 "y| range MEEER Ly Tange
R yly=-3,veR] S vly=1yeR}
e
Y P
b) 7Y . domain -""f_u:-— . ] 2y
_ x| x=-1,xe R}, h 4
- d range e) 7y domain
A Fixi=3k+1] Wvlyz0,yeR} & I+ Ix|x=0x€R}
4 —
|/ P o range
Ymixy=[xk+4 | vlyz=4.yeR}
2
Clol 2] 4| 6x P .
h 4 o] 2[4 6x
4] 7y domain v
p px)=|—x + 2 > x|x=2 xeR} fy VA | domain
0 1 ] -| range P x| x= -2, xR}
- ~__[ | Wlr=0yeR] £ a7 o :i rangs
h T X ¥|ly=-1LreR}
vk 21
- ¥
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Example 3

Determine a Radical Function From a Graph

Mayleen is designing a symmetrical pattern. She sketches the curve
shown and wants to determine its equation and the equation of
its reflection in each quadrant. The graph is a transformation of

the graph of § = /X. What are the equations of the four functions
Mayleen needs to work with?

m P ad A radical function that involves a stretch can be obtained from either a
4 vertical stretch or a horizontal stretch. Use an equation of the form
W ¥ = avX or y = V bx to represent the image function for each type of stretch.

2 o‘\ (\ i

/ .
NI BRI Vert o) MRA“\
V Shidan

Method 1: Compare Vertical or Horizontal Distances
Superimpose the graph of y = VX and compare corresponding distances
to determine the factor by which the function has been stretched.

View as a Vertical Stretch (y = ov'X) View as a Horizontal Stretch (y = Vv bx)
Each vertical distance is 2 times the Each horizontal distance is % the
corresponding distance for y = v/X.
P e V=X corresponding distance for y = VX.
7 N P
. L~ & YA o
4 - A *
e o -
i - .-—-r—( \5 1 o~ / = &
2 e i net
o) 2 =
. il . S -.iga / = L - b= q
v | 0 2 | 4 | ¢
h 4
This represents a vertical stretch by a factor _ .
of 2. which means g = E The equation This repre_lsents a horizontal stretch by a
v = 2+/X represents the function. factor of e which means %The equation
e— Y= +/4x represents the function.

Express the equation of the function as either y = 2v/X or y = vV4x.

Qud 1) | Gwddl | w3 | Quau
y=a% | y=aTK | yAx | y=-R

S 1o R IV ) IEVE
|

10
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Example 4 —
Model the Speed of Sound

Justin’s physics textbook states that the speed, s, in metres per second, of
sound in dry air is related to the air temperature, T, in degrees Celsius,

. _ / T
by the function s = 331.34/1 + 27315 "

a) Determine the domain and range in this context.

b) On the Internet, Justin finds another formula for the speed of sound,
s = 20V T + 273. Use algebra to show that the two functions are
approximately equivalent.

¢) How is the graph of this function related to the graph of the base
square root function? Which transformation do you predict will
be the most noticeable on a graph?

Graph the function s = 331.34/1 + WTIS using technology.

Determine the speed of sound, to the nearest metre per second,
at each of the following temperatures.
i) 20 °C (normal room temperature)
ii) 0 °C (freezing point of water)
iii) —63 °C (coldest temperature ever recorded in Canada)
iv) —89 °C (coldest temperature ever recorded on Earth)

0 Downewn. WI 20 Rorge. {slszozer}

s€ [0, a)

d

e

[ —

.'I_ -\
E

T=-FRS’

T2 Teky

Tefan.B, ®)

B s= s\:smim‘; o) 5= 0V T+71>
o= 230 (Y"\\«x\ St o '%
=W meg be | (No Fotceo)
5= 3 FRET K= 3R (L& #B)
i k= 0 (N NT)
S= W3 FREAT
[Z=)

S 2004 JFRBIT = 0T
J) a.R @q[‘a ’QOA 3.308 'Q‘.‘B

-2 |O
o1e ap |80
ARy 264 |40
al3 = |

Are your answers
1o part c) confirmed
by the graph?

Tormpersenre (')

150)

e) \ i Q) i Sp::: of Sound (m/s) J_-§ " Mﬁa—
ii) 0 331
o = <= 30720 FT>
S= 30("\ A )

S= IR m/s

May 14, 2014
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Homework

H6-12

May 14, 2014
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6. a)

b)

0

d)

7. )
b)

b)

8
9. a)
b)

May 14, 2014

a= 1, vertical stretch factor Df% 10.a) v=—Vx¥3+4 b) v= %\m _3

-
b = 5 — horizontal stretch factor of%

A5 5 11.

Y=g YRy=

a= % — vertical stretch factor of%

b= % — horizontal stretch factor of 1—56

EX

VA Y

\."5 by

=11
INES

2} 2] Y

W
[l
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\'e
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/ gt
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po 2

P
B

o
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i

=

v 5 VE KR
© I

Y
All graphs are

Pl
L.
o

the same.

n
Ny
AR

rF 3
o

¥ N

=
=

0

A=A

06 e

M

A

ol |2 46| 8 |A

1.0

0
1
2 08
3
4 1.1
b = 1.50 — horizontal stretch factor of

1 2
150 '3
d = 1.22vh Example: T prefer the original
function because the values are exact.
approximately 5.5 miles
domain {x|x= 0, x€ R}, range [y | y = —13, y € R}
h = 0 — no horizontal translation

k = 13 — vertical translation down 13 units

12.

¢ yv=2y-(x—5)—-1lory=2v—x+5-1
d) yv=-4v—-(x—4) +50ry=—-4/—x+4+5
Examples:
a) y—1=vVx—6ory=vVx—6+1
b y=—vx+7-9 € y=2v—x+4-3
d y=—V—[x+5 +8
a) a= 760 — vertical stretch factor of 760

k = 2000 — vertical translation up 2000

b) YA ¢) domain
- i {n|n=0,neR
5000 L range
{Y| Y= 2000, YER}
40004~
Vd
2000 (
~¥(n) =[760vn + 2000,
~[ lol [10]20 !
Y

d) The minimum yield is 2000 kg/hectare. Example:
The domain and range imply that the more
nitrogen added, the greater the yield without end.
This is not realistic.

13
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0 Asec-\-of - @
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