Unit 8
Radical Functions

Function Operations

Day I Addition: (/' +g)(x)=f(x)+g(x)
Operations with Functions . :
You have seen that functions can be combined by adding, g PEatioN; (f—g) ()=/()~2(x)
subtracting, multiplying and dividing,. G

The domain of the new function consists of the x-values that Multptication: (f-g)(x) =/()-g()

are in the domains of both fand g. There may be additional

restrictions for quotient functions so that the denominator is not 0. | Division: (iJ(x) =%;g(x) #0
g g

Composition of Functions
A composite function is formed when the output from one function (inner) becomes the input for another

function (outer)._The composition of function fwith function g is written as (/- g)(x) or f(g(x))- ,
Domain: 10k ar ingide funchions domain and (ombeine 1F Wit
TR anskwec's  dorroin~.

Examples.
Let f(.\')=3x+8and g(x)=x*-5,

1. Find the new function and the domain: EUE Wi
a. (f+g)x) b. (f-£)®) c. (fog)®) E
=3X4E + 1 S = 2x+% - (x*-9) = (3000 aguese-

B 2
:Lx:’_-'r_?))( +3 | = 2x +8-x*+5 = T(xz-\‘é\. B
2 = S +3x 413 = ELTeE) S 8
2. Find the quantity: ’—'T—"—-J _-“;'_—:::——,— ‘
¥ _ £ 2 5
b O eres b'p({o‘?)(;l)) c. é{.\g)() "
i - 3 -y - . = Cj
. 3(3)+8 e (- o
STy o 4.l 3oV -7 -
= 943 :@ = -(l:l‘("l-ij = ’?f"f’c:b
= o 2w vz =H2se =) = (d0

Let f(x)=x"—4and g(x)=x+3.

3. Find the new function and its domain:

a. (g:/)® b. l% () c. {(goc))\ e sin
_ A | oy =L ((x*=) vz -3
(3=3) +» (x* -4) 2 X3 | C 2 U e
Tl ¥ o id _‘ - X+3 20 = RS TN _,.—,»

4. Find the quantity:

. fg) b. (f+g)(-4) c. (g21)0)
az.ff&‘j—l_*--_é) = £(-w) -‘.—@(-'—Q - %(r\:(},\
= £ (IT) = (-W)2-Y o+ FEER = g (2*—+)

= \\.9"" b v ' :o"\%\
= 0l ; \://j \
: o 4 not (Qas = Y
 Jig ) | 73 = \[5*2 =~f76-"-’5]
-(©)
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5. Two functions fand g are graphed below. Find the following quantities from the graphs:
a. (f+2)=£(=) -%—%(13 b. (g-/)(3)= %(3\ - =)
=2 %3 = o-4
- Gl = &
f J _ _
¢ |=|0)= £) _ 4 _z;q 94 (S8)@=F() gl
[g G}(O) T2 T 2.2
=)
e. (/°8)@=£(q(=) L g(/G)= g (u) () g(x)

== =
= (&)

Assignment 8.1
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Day 2
Inverse Functions

The inverse function of f, symbolized by f~1, is the function containing all of the ordered pairs of f with
the coordinates switched. For example, if (@, b) is contained in £, then (b, a) is contained in f~1.
This means that the domain of f is the range of £, and the range of f is the domain of f~1.

NOTE:
&1 pud
jFeed) i
Example:
1. List the domain and range for the function and its inverse: f(x) {(0,0), (1, 2), (2, 4), (3,6), (4, 8)}
f(x) domain:%o,t.z,z,qg range: ?o,i.q.u I%E
f(x) domain:: 'io,'qu , Lo.‘igg range: ED, Ny T2y ui

In order for the inverse function to exist, / must be one-to-one (no two elements in the domain of Jf can
correspond to the same element in the range of f). A function is one-to-one if its graph passes the horizontal
line test, meaning no horizontal line can be drawn that passes through the graph of # more than once,

To be a function it must pass the vertical line test. To be a function with an inverse it must also pass the
horizontal line test. If it passes BOTH the vertical and horizontal line tests then it’s a one-to-one function.
horizontal line test 501H one-to-one function

Examples. Determine whether each function is one-to one.

If you do not know whether a function is one-to-one, graph it
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Finding an
Inverse

2. Switch x and y.
3. Solve for y.
4. Replace y with f~1(x)

1. Write the function in the form y=

S(x)

Examples. Find the inverse of each of the following one-to-one functions:
5. f(x)=5x-3 6. [ )—2" o
\i = gl 3 \J & Bop —-lr
| x o= c_)U\ = 3 |
= = -l
| X_.\_E; = 5H f‘_\( )= !\f_j....s -TX ?_:j____ .-
— s -] ! * S A ¥ + lp
) ": X +2 '1)(:23-\9 'p(xj:
) o S X+ = 2y
Y= w
)
, 8. f(x)=(x-2) 9. ()= Y2x +5
\I = kx 2) V = 3‘/ 2X + S
(‘j‘ =’ =2 S

\/— v-= ;-‘()(f:"::

Tx +2 =y

Verify Inverses

(b, @) will be on the graph of f~1.

. +2

If two functions are inverses, the following is true: f(f" (x)) =x AND /™ (f(x)=x

Thus, you can verify that two functions are inverses of each other by “composing” them both ways.

Example:
x+2 .
10. Show that f(x)=5x-2 and g(x)= are inverses of each other.
gl g (F(xY)
- L X2 <
=5 (B -—'3(5?*"2\-
- cof X2 . -
= 3(5F) -2 - Lx-2+2
& ¢ S
X+2 "2 = % -
= g 2 = -
The graph of f~1 is the reflection of the graph of f across the line y=

= x. Thus, for (a, b) on the graph of f,

WYY W WY WY W WY W WY W W W W W W e e W W W W W =
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. 99 1.3
Graph f and g in a graphing calculator along with the line y = x to “visually verify” that fl)=5x"+2

and g(x) = 2x — 4 are inverses. 7 L1 [ ,...f.
el
LT
Examples.
I1. Graph f(x) = vx +2. ERnsEEEENE
a. Does f(x) = Vx + 2 pass the horizontal line test? (Is it one-to-one?) | //*7 5y
Yes :
b. Find the domain and range for f(x) = vVx + 2 from the graph. EEER / —
domain: ¥ z -7 range: Yz 0 HEEEEENEEE

c. Find the inverse of f(x) =+vx+2.

N = Vx4 :
e Y2 ’ -
ek BN
d. Do you have to specify a domain for f~*(x)? If so, what is that domain?
Yes, £7' has b b One--0ne o ¥ zD

e. Graph f~?(x) in the same coordinate plane as f(x). What do you notice?

Leflechion pf eath otner

12.  Graph the function f(x) = x? + 1 and find its inverse.

When a function is NOT one-to-one, the domain must be restricted so that the inverse will be a function.
Choose all the x-values to the right of the vertex.

Domain: A = 0 j'-‘ X2+ \
= Y% 4\
A
o | |
tr-r =ly L
(L T
3 {3 =Y e
. P )
oV

§ cdediokal ik PO 0 WL I S O R TN N ! ¢ VR clla S G o |
LINNL I N N N B I SN B N B RO BN N N B SN B | t
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Day 3

Graphing Radical/Absolute Value Functions

Five parent functions are given below. Graph each function.

f=x fx)=x°

f(x)=+x

R

Using these graphs, many other graphs can be produced using shifts, dilations (stretch/compress), and

reflections of the original graph.

A Summary of Graphing Adjustments

Vertical Shifts
LLaY 2

up + < down - <

Horizontal Shifts*
F(x *D

\left xc  fgnt - &

Vertical Stretch/Compression

o £

Ser N3

‘a \ <\ o
o PO

|2\ 21 Shreetcha

Horizontal Stretch/Compression*

Elay)

‘0\\ 71 Sanire ‘O‘\L\ Stretew

Reflection across x-axis
- £
(eflecy awsss X GRS

Reflection across y-axis*
£(-

reflecy acvos< ox\s

“Nf

*Be really careful with adjustments to x-values, as they do the opposite of what they say.

OYACy 0% ATansformations - ¢S5 lect ons Id{\akma

State the transformations and graph each of the following. State the domain and range of each.

Examples.
T L
oown 1 BE | "
EENNEERENE
O %, 5 0 S R
Cout ! _ﬁ
SENREEENSG

-

| LS
e A [ \ A~
Tren Snits

g(x)=\lx-1+2

we 2
“?A'g‘r\‘r |
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3. h(x)=(x-3)

gignt 3

5. f(x)=Vx+3-2 . S

NEELE G

Dowa 2 EERENANEN.
Loty & L

7. h(x)=-x'+4
Yefleck ¥ axs -
ue 4 |

9.  f(x)=-2[x+]|
reflect yaxe =i -
Vo S 9\"9’00«?’*% B
Lkt |

6.

8.

10.

g(x)=—x=2

e
| 1 f W '
reflech ®axe— !—i—ll L‘*'T_u
TIEREERENS
Y Z EERENERNE
e HHHTNL
EEEEEEEER
T N J | 1]
EENER RN
J(x)=2x-3 R
Verkical Seten | |
by 2 ‘*+! A
; EENE
i ‘ |
r\ﬂh = ! : | |+
T
LT [T
[ [ []
fx)=2x-1 ma

Fonzmtal S\m\n‘(ﬂ 5
Cowa

——+++++—+—+ 4+ttt

|||||||||||||||||||

. . .":.. i. -. @ ;A A A A A A & & o - -
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Day 4
Extracting Roots and Rewriting Radicals

Review: Simplify. \

2 o B = TINP 233 _ 9 e 105 (Y 102 _ 102 _
10%-10%= \() (10%)° = |y (10%% = |0 = & 10 == =]
The following properties of exponents work for any base. (The base above is 10.)

xm
1, gl = ymen 2. — =xmn
xn
3. . (x™)t = xR 4. [ﬁ]m =£;
y ¥
g -Tl—i. d_l_._n [ 0; defi d
o XTSCR and TS =X 6. x°=1, x+0 (0°isundefined.)
Examples. Simplify. (Don’t leave answers with zero or negative exponents.)
3
2ab?
1. (=3ab*)(4ab™3) 2. (2xy™%)3 eh (__%
= 2%y -l 6a’b
Q_ -
- "\Q Q b ki = go‘z‘p\"
e b=
v ’/—
Radicals and Rational Exponents =|ab_
2
1 1
Yx =xn \/; = x2
m 2
= am = (VO 643 = V6&Z = (V6E) =42=16
Examples.
4. Write each rational exponent as a radical.
a. 19" b. 117 c. lax” d. x
s \ Y ? a
=AM = {1a = N2 =T\ % SN R
i S
/i3

5. Write each radical as an exponential expression.

o T b. 49
'} =y

= &l =9

.79
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6. Simplify.of_\_(_\

1 .. v
a. 7'!2(71/4) L s B ﬂ}\yi{-l:—;— . (xl/2y3/4)
= ,_7:.. +-—L—\ == -q - 37/3/ =2 > - . —_y3f2/ 3/2
3 ’ -3 = o/t
A o =3 AT o B2 o X
| 75’2 ygh
} 35/3
Simplify Radicals

Simplifying a radical means to remove as much of the quantity as possible from inside the radical (radicand).

The following properties of radicals follow from the properties of exponents:

dp \b

Examples.
7. Simplify.
a. 24 b. 108 c. 6 d. ¥-162 gan)- L
& G 3 7
)1 ;
7’@7\-.4 (’{\21 @g\ l\b* = _\[._i
: N é\q p ?,QO\\ Z\p
7% = 6‘5 2 r,T

8. Multiply or divide first, then simplify.
Iz g
2 33416 b 714 A % ENE-E £
= % - %
3 (% T
el AT

S <

9. Simptify. (Sometimes it helps to write the expression in rational exponent form, apply properties of

exponents and then rewrite in radical fonn): & b =
[ oy af sf am . 8 - i< —L.L T e D
2 56 =) 6 b_ -\/5- 2 qlsy 5“‘ 20 C. X 3 X Z(3) e )

52/} " Q‘_W . 2';‘: - xlh. . )('h.

st

10. Simplify. Assume that all variables are positive.
a. lé6x’ b. ,3/8x4y5 c. —\/32 y’
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6
d. Y207 -f14x’y’ e. {/—3% f: ‘31—”;?
3
= \2%X"y " =
_\— Toy i Mg
\xy GZT Y ¥z Y15
2 S

Assignment 8.4
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Day 5
Operations with Radicals (11.5)

Add/Subtract Radicals
When adding or subtracting radicals, the root index AND the radicands must be the same. Radicals must

often be simplified before they can be combined.

Examples. Simplify and combine (if possible). Assume that all the variables are positive.

;3 JZ?+\/§7 B, 2\/__—\/_+3\/__2—\/§
ETEC “[z 4
Z [pf2 P ’ -[P(‘ ~%@+&6 ={z.

3. 3%/&;\_1+§/§E 4. 5\/§E+4x/§§
vl ',_f*}, lg a. mz ’-—‘J‘:
cayF vy AWTE L - «2BE TR

: th/_ X + 3\/_ 7 6. 72,/}?:;_13\_/__2
= |5 JVx* )

C ot (Ohb\na .
Y
(RcaueR Y aent X

7. x\/16 —\/54x4

@z ?72

- 2x 7% - 2xTTX
= [~ X T 7%
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Rationalize Denominators
Sometimes it’s necessary to remove radicals from denominators of fractions. This process is called
rationalizing. It’s very similar to obtaining a common denominator.
¢ To rationalize a square root denominator, multiply the numerator and denominator of the fraction by
the square root in the denominator,
e If the denominator contains a cube root, you must actually think about what you should multiply by, so
that the denominator is no longer a radical.

Examples. Rationalize the denominators:

S.S.E—:_?,@:__@_L/gj 92,3[_5__,5[_—-?_:
63 ' (3 lo-2 3 5 ys s

2 2
62 _\@f_ - (¥ gx _ M 25 —.\9_[2;“_; Yo [ ko

= i

- 11.
J8x V&t %x Bx N e Yar 2%*
_ | B x2x %

2.

10.

Assignment 8.5
A

Day 6
Solving Radical Equations

To solve radical equations, you need to “undo” the radical. To undo a square root, square both sides; to
undo a cube root, cube both sides; etc.

e Isolate a single radical on one side of the equation first.

e When you square or cube an equation, you square/cube sides, not terms.

e Squaring both sides can create extraneous solutions. Check your solutions in the original equation.

Examples. Solve for x. 3
Z 2 ) i .
l. v2x—-1=3 Cwnecie! 2. Xi1=22 O_f;‘_:_:.‘l
bt 2 2 N
-1 = G =3 _ L L, Loz
= s B . g ? L]
2x = \0 Vit 732 z ’ ) >
= 8 AN e 2 RE
ARF = A = =9 v
5 = 5/ 7
x= -1% g = 2 %
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KW R e e e P e e -_

L

W 1w 1w

5 +3=4-2 PN > 4. (x-3F=vx+3 (p-3 = {pr3
- 3 =
L YFax = 12 2 \olet e B
z SEREY Iy 49 = XD |-z =T
” . . it St XZ-lox + X -5
oy = - - .
i = HE 5 K> -1x +b T 4 i

Solving equations with rational exponents

When x is inside an expression with a rational exponent, you can raise both sides of the equation to a

reciprocal power to get rid of the exponent. Be sure to isolate the expression FIRST.
Examples. 3%}?lve for x.

5. (x+1) 6. (x-1)* 5w
X +1 =%2 _\)é_

2

xai -2 x—\=ﬁ3
M4\ Y 5

x,‘:i‘l

‘ e = é )
7. The speed that a tsunami (tidal wave) can travel is modeled by the equation § = 356Vd where S is the
speed in kilometers per hour and d is the average depth of the water in kilometers.

a. What is the speed of the tsunami when the average water depth is 0.512 kilometers?
S= 25k {32 = (255 e
b. Solve the equation for d.
= S 7755@,(— az o>
> 2557
(&) - G

c. A tsunami is measured traveling at 120 kilometers per hour. What is the average depth of the water?
o g -
2S0*

Assignment 8.6
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Day 7
Unit 8 Review
Assignment 8.7

Day 8
Unit 8 Test All late/absent assignments due for Unit 8
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