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1) The polynomial " (x)=3x%—2x + 5 is
linear- quadratic cubic

- [D] quartic
2) The polynomial  f (x)==3x"=2x3 + 5y —~1is
4] linear quadratic cubic'  [p] quartic
3) The polynomial J(x)=2x +51is
linear quadratic cubic  [D] quartic

4) The polynomial f (x)=5x>—2x +1 is
linear quadratic cubic quartic
- 5)The polynomial £ (x)=+/13 is
linear quadratic cubic

©) The zeros of x*—2x —8 are

—4,2

[D] constant

8) The zeros of
2 2

10)  Thezeros of f(x)=x (> =1)*(x +2)° are
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2 2 ~ .2 2
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Find the domain and graph the function.
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MATH110

Funcﬁonl

Four way to represent a function
1-verbally

By adscription in word

2-Numerically

By (table of value)

3-visually
By a graph
4-algebrically
by explicit formula

A function: f‘I

From asset Axto assetB is relation that assigns to
each elengent Xdn.the set A exactly one element in the
set B

afy pait AN s 8 48 gada (0 pais JS G day 5 ABNS A s
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The vertical line test ol 1 Baad) s
Adla Sl ¥ Aadal) (b adali (e JiST A Aadal) adabg el ) Jad Lan ) 13)
et L3 LaS

ally Jiay Aaialld sas) g adadly jay ol HI Jadd) IS

|=
o
G ] 2
t
\
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MATH110

sketch the following graph
Df(x) =2x-1
sol

1- S8y s9aa (e £ ghaiall ¢ 3adl 92 Jaall () 2 Adlall (a

2) f(x) = x*

sol

X -2
F(x) 4
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Example
1-x ifx<-1
x*  ifx>-1

if f0) = {

evaluate f(—1), f(—2), f(0)and sketch it
sol
f-1)=1-(-1)=1+1=2
f(-2)=1-(-2)=1+2=3
£(0) = 02
LA (o 2 gad aw plll

0507017098/0580535304 dgnalal] Als yall plas) g cibadaly ) (O pes taaa




MATH110

Example

find formula of function

0507017098/0580535304

Olasiinia Ll gland Jadl

0 x < 2J5Y

2 <54

Ailalaa 2 g3 g adiiina JS e giaihill A0aS agdinlee Ao
(0,2))(2,0) Js¥

Y¥1 Y27V aiislaa
X—X1 X2—X1

(2,1),(5,0) A

Y7Y1 _ Y27YV1 44tlaa
X—X1 X2—X1

Analall dla jall plaa) g Clualy ) () e d2aaa




MATH110 Ch1

Mathematical model
Type of function

1) polynomial function 3 gaall &l S J) g
f) =a,x" +a,_1x" 1+ e A
We called ay, aq, ... ... ... ... ... ....a@y_1, @, i coefficient of polynomial
Such thata,, # 0 n=0
and n is positive number n is degree of polynomial
Df =R = (—oo,)

Example
f(x) =5x*+4x—-3

a0=.....

Type of poly nominal

Df(x) =a -Polynomial of degree O
—constant function 444 4l

2) f(x) =ax+b -Polynomial of degree 1
—linear function dohad 4Alla

3) f(x) =ax?+ bx+c -Polynomial of degree 2
-quadratic function 4w 5 4l

4)ax3 + bx*+cx+d -polynomial of degree_3
—cubic function daSi Al)y

5) f(x) =x" —power function 5 g8 4l).
n postive  f(x)=x"

1
nnegative f(x) i x "
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MATH110

2) Rational function g puaSYH Ad)al)

Ratio of two polynomial

3 gaal) il S AN G Al Ad)3 A
p(x)
X) =——=
f(x) 000

3) Root function 4 a0 Ay

f(x) ="z

4) Algebraic function Al
Algebraic is a function constructed from polynomial using algebraic
operations (addition-subtraction-multiplication-division)
4 pall claband) aladiialy 3 gaall il S Ga 098 AL A Ay puad) ANl
(feansdll-c yuall- yll-paal)

Example

Dfx)=(x+2)J/x+4—2x
2fe = 2%

vxt+1

DF =

5) exponential function day) Al
f(x) =a* aisconstant

O0<ax<l1

Dy = R = (=,) Ry = (0,00)
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MATH110

6 ) Logarithmic function
f(.X') = log, x
Rf = (—oo, Oo)

7) Trigonometric function A ALY I gl
As sinXx COS X

Rf = [—1,1]
—1<sinx<1
—1<cosx<1
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MATH110

Classify the following function

fx) = 4"

Exponenatioanl

f(x) = x% —x% +2x

Polynomial

Lograthim

Rational

Trigometrig

Power

Algebric

Constant/polynomial

Quadrtic/polynomial

Constant/polynomial

Trigonmetric

Root

f(x)s=2x+

Algebric

flx) =2*

Exponentional

f(x)=207*

Exponentional

X
2

fx) =

X

Rational
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MATH110

Summary of standard function

1

y=ax+b
Rf=R

y=ax+Db
Df=R

y=x"
N is even
positive
numbers
reaia de )
EEX NP XD

0507017098/0580535304
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MATH110

/

A

N is positive
number
Cage e )

AR

Y 0534 (4 padall QB ) 30 LalS JaaY

y =+x
Rf = [0,00)

y = ;_
Reciprocal
function
Dy
=R —1{0}
Ry
=R —{0}

y=Vx

1
0

) n
-1
2

1

0507017098/0580535304
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MATH110

Even and odd function
:\:\J \j%}j\d\jﬂ‘

If f(x) = f(—x) — even function
1

1) Even function

a5 oladl 8 adiall e o)) JaaY
F(x) is an even function if symmetric about y-axis
2 | X Qa3 (o gt L) (o) AT AD)al) cils )y

Ex: f(x)=5

3 [daa ) adla ddllaal) dadl) Ad)a
f(x) = |x + 2]

4 cos x 41

Ex:f(x) =3x6—5x*+x%-3

Odd function I

1 |If f(x) = —f(x) » oddfunction
Crabaia Cpaalad) & dadall Jiles o BaY

/

‘// .

F(x) is an odd function if symmetric about the origin point

438 Jlgssin(x), tan(x) 4

‘QJJQ AAS X o) - culs \.3\
Example
f(x) =5x3 —2x
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MATH110 Ch1
zohllg aandl sacld
b= bk ga
@)= (A E (I
neither odd nor even 438 ¥4 9 Cud = 295+ 538
neither odd nor even 4 3¥ 54 5 Gl =53 A+ 240
deandl) g pall das 18
dipg)= 4 1gl x A
A =490 T 9 X 4yl
A =g d+ gl X 4
A f=dmg)+ gl X 4 8
4z gy Adla GJL;M dandl) g) i pal) gﬁ PR AR
433 8 Al)y ilild dacil) g) cuuall b WEBER )

Determine each function is odd or even.or ‘neither

fx)=x>+x

Odd

f)=1—x*

Even

f(x) = 2x — x?

Neither

f(x) = x2(x* +4)

Even

f(x) = x(x* £4)

Odd

3
f(x)=x6:9

Odd

fxr< ||

Even

x2 ¥ 1
L0\ = ]

Even

£ = x(x3 + x)

Even

flx) = x* — x?

Even

f(x) =x>+x3—3x

Odd

2_1
f(x):i3+1

Neither

f(x) =x>—x*—3x+7

Niether

0507017098/0580535304
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MATH110

]Increasing and decreasing function |

Where ever x; < x,
Then f(x) is increasi

function
d) e Adla

.

/1) if f(x) < f(Xz)\

Chl

When ever x; > x,
ng Then f(x) is
decreasing function
duadliia )

/Z)if f(x1) < f(x2) \

/

Interval

A function that is increasing or decreasing on Interval is called monotonic on

/ Note

Then f(x)
-ifa<o
Then f(x) is

.

u-‘j}!\ :\;JA.“ Al dla gé

f(x)=ax+b
if a >0 cagax Jalas
is increasing in R=(—oo0 , )
by Jalae
decreasing in R =(—oo0, )

~

0507017098/0580535304
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MATH110 Chi

/ PRI PR PUIPUPG \ / ZNE Aaal) 4lls alla, b \

fx) = ax? f@) = 23
a>0 e x? Jalaa (S 13) 3l e AlalE g a3 dalaa IS 1Y)
: ' R = (—oo{oo)

F(x) is decreasing in

(—OO, O]

F(X) is increasing in [0, o)
a<0 e x? Jalaa GlS 1Y)

b it Al s 13 Jabas S 13
R = (—OO, OO)

F(X) is dec'reasinglin [0, )
F(x) is increasing in (—oo, 0]

N A
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MATH110

On which intervals is the function inereasing
3) (=0, =5) U (1, o) AN35, —1] U [1, )

On which Intervals the@function decreasing
1) [1,00) 2) (-5,1)

3) [-5,—1]
Show that if thésfunction increasing or decreasing

1) f(x) =x* 2) f(x) =Vx

Sol Sol

decreasing (—x,0)
increasing(0, )

increasing (0,x)
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MATH110

Domain and range of function I Chl

Df Al Jaa
x LAY <Y CSad ‘_”,:d\ :\3..,\331\ sy AS gana oL

Rf YA P
f(X)psd JS (A

4
3
i
1
0 /\
1 v 1 2 3 1 \/FS
1

In the graph
1- Find the value of<f (1), f (5)?

sol

fy=2 f(5)=0

2- What.are, the domain and rang of F?
Sol

0507017098/0580535304 dazalal) dda jall slaal) g cilualy ; ) a8 dana 17



MATH110 Chi

Domain function

1) polynomial 3 gaal) <l S Al

293l g) gl fpa AR ;\J\.\S\g&

EX
f(x)=3x*-7x+1

f(x)=5
f(x) =3x+2

2) Rational function gyl A3l
Di=R- {e‘“‘ Jum\}

Ex
Find domain

()_x2+2x
fx) = x+1
Sol

0 plall
x+1#0
x#—1
Dp=R—{-1} = (—00,—1) U (—1, )
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MATH110

3) Domain of root function with odd rooti/i,i/i
VIR VI 2 i O kel A1) Yo

bl b
Df — ,‘R, = (—O0,00)

plial

Ex
Find domain

1 f(x) = Va2 +x-1
Sol
R dlae ) A 0S5 Hda

2) f(x) _ 3x+1
- 3\/x— 4
Sol

R — {plia) Jlica) } Allaa'alial) s s
xs4d+0
X% 4

Dy =R~ {41z (—o,4) U (4, )

4) Domain of root function with even root /Il 4\/.
VIR VI 205 Siad dias &) A s

B 3
S SJS@J\ Giadila

aliall b
Dha< ydal) caila

Ex
Find domain

1)f(x) = ¢x 22
Sol
bty a5
x—22=20
x=2
D; 2, )

X
2 =
@) ==

Sol

pliall 2 s 5 jda
x—1>0
x>1

0507017098/0580535304
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MATH110

b sala
AU A all e pdad) cand Adal) cuils 1)
Al ) 3 gi (1
Aac ) Jad u.b Ayl o L) Ly (2
4 gall cl 8l g A Jlaa (3

Ex
Find domain

f(x)=J/x2—5x+6
Sol

x2-5x+6=>0

x2-5x+6=0
x—-2)(x—-3)=0
x—2=0

x=2

x—3=0
x=3

s aal)

=

Rang

A e day

domain Juaal) &k (a sl

Akl gl Agldda (i gail) @il S 1) g
Rang all A dad jpial g dad S o< g
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MATH110

Find domain and rang of the following function

1 f(x) =3x>—4x*+5
Sol
R Wiiag R Lllaa 3 gaald) & s

x+1
x2—-3x+2

fx) =
Sol
R — {pliall Jlial } Lgllaa 4 pusS 4l
x*—3x+2+0
x—2)(x—1)+0

x—2+0 x—1+#0
X+ 2 x#*1

D;=R—{1,2} 2(—%,1DU@,2)U (2 )

fx)=Vx—1
Sol
R adlate Jtlly (eSS jda
Dis R = (—o0,00)

Sol
R — {el.'i.d\ el }MIAA alially sl ol
x+4+0
x+—4
Df=R— {4} = (—,4) U (4,)

sol
R Ll 45, alla
3l
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MATH110

f(x) =vVx+2
Sol
x+2=0
x=-—-2
el Al
f(-2)=vV-2+2=0
f(0) =V + 2 = o

f@)=Jﬂ—2x—8
Sol
x2-2x-8=0
x—4)(x+2)#0

x—4=0 x+2=0
x=4 x=-2

2—x>0

—x>-2 [-1]
x<2
saall

1
V2 = (=)

1 1
—2) = +5=—+5=0+5=w
IO =F=2""%
Ry = (5, )

1
+5=—+45=5
(00)

f(—o0) =
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MATH110

D =Y2,1) U (1,2]

D; =[0,2) U (2,)
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MATH110

11 f(x)=\/%+\/1——x

Sol
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MATH110

13 36 — x?
0 ==—
Sol
x—5#0
X#5
Df=R— {5} = (—,5) U (5,)

x+0
Df=R—{0} = (—0,0) U (0, )
Aithal) daddl) iy i i gaall Aoy
x=0

Rang = Ry = {0, 2}
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MATH110

X 0<x<2
17 f(x):{z—x 2<x<6
Sol

Df = [0, 6]
saall
f(0)=0
f6)=2—-6=—-4
Rang = Ry = [—4,0]

f(x) = |3x - 6]
Sol
Df =R = (—o0,)
g al)
Rang = Ry = R = (—,)

fx)=V3—x+V2+x
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20 o) = e
Sol

D; = R—{-2} = (—%,—2) U (-2, )
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MATH110

22

f(x) =«/2—\/§

Sol

sl

f(0) = /2—\/6=x/5
f(4) = /Z—x/Z=x/f=0

Rang'=R; = [0,V2]

| 00—

f(x) =v1—x2

Sol

1-x2>0
—x? > -1
x% <1 [ Al pial AL
x| <1
-1<x<1
D;=[-1,1]

saall
fCD=Y1-(-1)?=vV1-1=0
f)=y1-12=v1-1=0
fO=vi-0=v1=1
Rang = Ry = [0,1]

0507017098/0580535304
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MATH110

Sol
x2-2>0

x2 > 2 | Al i Aal
x| = V2

xZ\/E xS—\/E

Dy = (—o0,—V2] U[V2,00)
sl

f(V2) = (V22 -2 =y2 -2 20

F(-Z) = (V22 da= VB2 = 0

f(0) =V0 — 2 =32 c e = 0
Rang'=\R;'= [Q, »)

AJAAQU:\:.'\SDf =R = (—oo,oo)
s all
£(80) = 9 — 00? = —co
f(—o0) =9 — (—oo)Z = —00
f(0)=9-0=9
Rang = Ry = (—,9]

x=20 Df= [0, )
f(0O)=2-vVo=2
f(e0) =2 Vo =2 — 00 = —0
Rang = Ry = (—, 2]
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28

) —
x —
| x|
Sol
|x| =0
x#+0
D; =R —{0} = (—,0) U (0,)
Aithal) daddl) iy gl 25 gaall slany
x=0

Raitg = Ry = {—1,1}
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| New function from old function I
Shifting I

A

Up

On x-axis
-right with a units - x-a
- left with a units —»x+a

On y-axis

-up with a units -y+a
-Down with a units -y-a

0507017098/0580535304 dgnalal] Als yall plas) g cibadaly ) (O pes taaa 2l



MO Stretch and compress

Wl horizonatal
=) 5

g |

compress
by ¢ strech by compress

1 1
y=~ f(x) c y:f(z) by
A3 o yea y=Ff(cx)
1. JS Jlagtial X JS Jasiud
w)\ - uﬁ

c 1/c <x c
C e i)

Reflecting

aboyt x-axis about y- axis

y=-f(x) y=f(x)
1- L& Adlall Gl X EX S Jadad
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MATH110

Given the graph of y = Vvx use transformation to graph

1 |y=vx-2
Sol

Shifted down 2 unite

—

v

shifted right 2 unites

Strech vertically 2 units
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4

Reflected about x- axis

Reflected about y = axis

N
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MATH110 Chl

plain how each graph is obtained from the graph y = f(x)
y=f(x)+8
Sol

Shifted up 8 units

y=f(x+8)
Sol
Shifted left 8 units

y =8f(x)
Sol
Strech vertically 8 units

y = f(8x)
Sol
Compress horizonitaly*8 units

y=—fx) -1
Sol
Raflected about x-‘axis anddhen shifted down 1 unit

sy
Sol

Strech harizonitally 8 units and then strech vertically 8 units

0507017098/0580535304 dazalal) dda jall slaal) g cilualy ; ) a8 dana




MATH110

If y = x? given an equation for the new function if
1 | Shifted 3 units up words
Sol

new function = x> + 3

Shifted 2 unites to right
Sol
new function = (x —2)? =x* —4x+ 4
Shifted 3 units to left
Sol

new function = (x +3)> = x> + 6x + 9
Shifted 4 units to down
Sol

new function = x> 4

If y = x* — 1 given an equation for.the hew function if

1 Stretched vertically by a factor 3
Sol

newfunctiot =3(x3—1) =3x* -1
Compress vertically by a fagtor 2
Sol

1

E(xz—l)z x% —

new function =

Stretch horizontally by-aactor 4

Sol
2

X
new function = (Z)2 —1= e~ 1

Cempresses\horizontally by a factor 5
Sol

new function = (5x)2 —1=25x*> -1
Reflect the graph about x-axis
Sol

new function=—(x>*—-1)=—x*+1
Reflect the graph about y-axis
Sol

new function = (—x)> —-1=x*-1
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MATH110 , X 3
Combination of function

Jl sl s

Given two function f(x) and g(x) and their doma&
are Dsand D,

1) (f+9)x) =fx)+gx

2) (f—9)® = f(x) — g(x)
3)(f.9)®) = f(x).g(x)

4) ( )(x) DAL ) such that g(x) + 0

Note
*Dfig=Df g=Dsg=DsN Dy,
*Dygg =Dy N Dy — {pid) Jlial }

w, S i (o Aadlll) AN Jia /
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MATH110

If f(x) =23 +2x* and g(x) = 3x% -1

Find combination and their domain

1) f+ 8
sol
fF+9x)=x3+2x*+3x>-1=x3+5x2-1
Df+g == R

2)(f-9)(x)
Sol
(f —g)(x) =23+ 2x% — (3x2 - 1)
=x34+2x2-3x2+1=x3—-2x%2+1
Df—g = R

3) (f.9)(X)
Sol
(f.9)(x) = (x* + 2x*) (33— 1)
= 3x° — x>% 61— 242
= 3x°@& 6xh— %3 — 2x?
Df.g == R

4) (f/g) (x)
Sol

(f) (x) = x3 + 2x?

g 3x2 -1
a2 alad) gad) Ay
3x2-1+0
3x%2 # 1

1

3x2
_i_
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MATH110

f(x)=Vv3 —x
Find
1) (f+g)(x)
Sol
F+9)@) =VE—x+ /a2 1
Dfig = [3, )

2)(f-q)(x)
Sol
fF-9@ =V3-x—/x2 -1
Df—g = [3, )

3) (f.9)()

sol

(f.9)® = (V3—x) (Va* - 1)
=JB-0(x*-1)
=3x2—-3—x3+x

=—x3+3x2+x—3
Df.g: [3,00)

4) (f/g) (x)
Sol

(5 AN

Dj's [3,')
g
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MATH110 Composite function
Jsdl) Jaaad

ke (FoG) (x) =f(g(x))
- (GoF)(x) =g(f(x) .
Diog = g(x) Al Alall Jne el A3l A1 Jlaa
Dyor = f(x) 43 A Jlaa adalis Aaslill Al Jlana
\ /
Example
If f(x)=x? g(x) = x — 3 find
1) fog(x) 2) gof(x)

And their domain
Sol

D;=R D,=R BAD,<R
Dfog(x) = f(g(x) #L (x5 3) = (x — 3)
= x%=6x 19
Dfsg <\R

CEEEEE——

2)gof (0= g(f(x) = g(x?)
=x2-3
Dgof =R
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MATH110
If f(x) = Vx gx)=V2-x

Find each function and its domain
1)fog 2)gof 3) fof 4)gog
Sol
Df X = 0

D,

—x2=-2
—x<—2 <2
1= 'S

o o

0 2

»
L

| DynDy=[0,2] |

Dfog(x) = f(g(x) = F(V2—x)A V2 “x = V2 —«x
Dfog = [0,2]

2)gof (x) = g(f () = 9(Vx) =4|2 — Vx
Dgof = [O' 2]

Dfof (s fI0) = F(VF) = V& = V=
Dyor = [0, )

4)gog(x) = g(g(x)) =g(V2—x) = \/2 -V2—x
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MATH110
If
f(x) =

Find
1)fohog 2) fogoh

X

T 1 g(x) = x10 h(x) =x+3

Sol

1)fohog = f(h(g))(x) = f (h(x'%)) = f(x1° + 3)
o x%+3 x%+3
Cx104+34+1 x10+4

2)fogoh = f(g(h))(x) = flg(x3))= fl(x + 3)1]
(x + 3)10

T (x+3)1%+1
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MATH110

X

3

F(X)

4

G(X)

2

Use the table to evaluate each expression

1) 1(9(1))=f(6)=5

2) 9(f(1))=9(3)=2

3) 9(9(1))=g(6)=3

4) (9of)(3)=9(f(3))=g(4)=1

5) f(f(1))=f(3)=4

6)(fog)(6)=f(g(6))=f(3)=4

.
5
Sy
.
:
e /
1
o
-1
2

Use the graph of\f'and g to evaluate

Df(g(2)) =fa)=d

2) 9(f(0))=g(0)=2

3) (fog) (M)=f(8(0))=f(2)=-2 4) gof (6)=g(f(6))=g(4)=3
5) (909)(-2)=9(9(-2))=9(0)=2 6) (fof)(4)=f(f(4))=f(1)=-1

0507017098/0580535304
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MATH110

Find fog ,gof , fof and gog
And their domain if
Df(x) =1-3x g(x) = cosx
Sol
Dfj=R Dy,=R D;nD,=R
—fog(x) = f(g(x)) = f(cosx) =1 — 3cosx
Dfoy =R
CEs———

—gof(x) = g (f(x)) = g(1 - 3%) = cos (1 £3)
Dgof - R
)

—fof(x) = f(f(x)) = f(1-3x)=1-31-8x) =1-3 +9x
= -2+ 9x
Df0f=R

—gog(x) =g (g(x)) =.g(cos x) = cos (cosx)

D =R

gog

0507017098/0580535304 dgnalal] Als yall plas) g cibadaly ) (O pes taaa




MATH110

2)f(x) = Vx g(x) = x*
Sol
Df x>0 D;=[0,)
D,=R
Dyn Dy = [0,)
~fog(®) = f(g(x)) = f(x®) = a2 =x
Dgog = [0, )

—gof(x) = g(f(x) = g(Vx ) = (Vx )*
D 405 = [0, )

~fof @ = F(F) = FE) S W Wz
Dgor = [0, 00)

—gog(x) = g@x)h="g(x* = (x*)? = x*

Dgog =R

0507017098/0580535304 dgnalal] Als yall plas) g cibadaly ) (O pes taaa
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1.1

Real Numbers and the Real Line
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Rules for Inequalities

If a, b, and ¢ are real numbers, then:
1. a<b=a+c<b+c

2. a<b=>a-c<b-c

3. a<bandc >0 = ac < bc
4

. a<bandc <0 = bc < ac
Special case:a < b = —b < —a
5. a>0= 1>

6. If a and b are both positive or both negative, thena < b = % < é

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sllde 1-5



TABLE 1.1 Types of intervals
Notation Set description Type Picture
Finite: (a, b) {x|la <x < b} Open - - s
a b
[a, b] {x|a =x = b} Closed .
a b
[a, b) {x|a =x < b} Half-open . o s
b
(a, b] {x|la <x = b} Half-open
a b
Infinite: (a, 00) {x|x > a} Open o >
a
[a, 00) {x|x = a} Closed o
a
(—00,b) {x|x < b} Open o
(—o0, b] {x|x = b} Closed .
(—o0, 00) R (set of all real
numbers) Both open >
and closed
Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Slide 1- 6




> X
0 1 4
(a)
ﬁx
30 1
7
(b)
| el > X
0 1 11

()

FIGURE 1.1 Solution sets for the
inequalities in Example 1.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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«~—|-5|=5 > < 3] >
| | | >
-5 0 3
«~—|4-1l=]1-4|=3—
| | >
1 4

FIGURE 1.2 Absolute values give
distances between points on the number
line.
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p a | a ’I
O s ' o >
—a X 0 a
[<—|x|—=1

FIGURE 1.3 |x| < a means x lies
between —a and a.
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Absolute Values and Intervals
If a 1s any positive number, then

5. |x|=a ifand only if x = *a

6. [x|<a ifandonlyif —a<x<a

7. |x|>a ifandonlyif x > a or x < —a
8. [x|=a ifandonlyif —a=x=a

9. [x|=a ifandonlyif x =a or x = —a

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 10



— > X
1 2
(a)
—_— P X
1 2
(b)

FIGURE 1.4 The solution sets (a) [1, 2]
and (b) (—oo, 17U [2, 00) in Example 6.
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Positive y-axis

\

Negative x-axis

l I\I

|
-3 -2 -1 0 1\2
-1k

Positive x-axis

Negative y-axis 2

-3 F

FIGURE 1.5 Cartesian coordinates in the
plane are based on two perpendicular axes
intersecting at the origin.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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y
A
(1, 3)
30 o
Second First
quadrant 2¢ quadrant
( T + ) (+ » +)
@ 19- °
(1,0)
& ' ® é b—— x
-2 —1 0 | 2
(-2,-1)
® Third I Fourth
quadrant quadrant
(_ s ) (+ ’ _)
—-29- o
(1 ! _2)

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

FIGURE 1.6 Points labeled in the xy-
coordinate or Cartesian plane. The points
on the axes all have coordinate pairs but
are usually labeled with single real
numbers, (so (1, 0) on the x-axis is labeled
as 1). Notice the coordinate sign patterns
of the quadrants.
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y
A C(5, 6)
6 ®

B2.5

oL 2,5)
4+ Ayz_’l,
3k Ax=0
2_

Ay =238
1 ®
\ D@5, 1)
| | | | -

of 1 2 3\4 5 °

_1—

_2—

3 A4, -3)

2,-3)  \
Ax=-2

FIGURE 1.7 Coordinate increments may
be positive, negative, or zero (Example 1).
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DEFINITION Slope
The constant

rises Ay »2—»n
run - Ay X2 T X

is the slope of the nonvertical line P, P;.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 16



FIGURE 1.8 Triangles P, QP, and
P{'Q' P, are similar, so the ratio of their
sides has the same value for any two points
on the line. This common value is the line’s

slope.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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> X
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FIGURE 1.9 The slope of L, is

msz=6—(—2):§
Ax 3—0 3

That is, y increases 8 units every time x

increases 3 units. The slope of L; 1s

Ay 2-5_-3

Ax 4-0 4

That 1s, y decreases 3 units every time x

increases 4 units.

m:

Slide 1- 18



\this this
, > X
/

/ i / .
_7 not this not this

e e

-

FIGURE 1.10 Angles of inclination
are measured counterclockwise from the
x-axis.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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The equation

has slope m.

y=y + mkx— x)

is the point-slope equation of the line that passes through the point (x;, y;) and

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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> =

FIGURE 1.11 The slope of a nonvertical
line is the tangent of its angle of
inclination.
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y
A
Along this line,
6 x =2
5 -
4 Along this line,
=3
3 4
(2, 3)
2 -
1 -
| I | > X
0 1 2 3 4

FIGURE 1.12 The standard equations
for the vertical and horizontal lines
through (2, 3) are x = 2 and y = 3.
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1_

(-2, —1_)

FIGURE 1.13 The line in Example 3.
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o
-

FIGURE 1.14 Line L has x-intercept a
and y-intercept b.
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¢'1:—| /\}x

FIGURE 1.15 AADC is similar to
ACDB . Hence ¢, is also the upper angle
in ACDB . From the sides of ACDB, we

read tan ¢, = a/h.

Slide 1- 25
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Distance Formula for Points in the Plane
The distance between P(x;, y1) and O(x5, y») is

d=V(Ax)? + (Ay)* = V(o — x1)> + (3, — ).

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 26




This distance is

d=\/ |5 + |y,

A ) - 2 2 O(x,, y
_\/(xz_xl) + (¥, =) (2 72)
(Y2 J*’ll
P(x Y )
Vi 1 1\ - [ C(xz, yl)
|x2 _""1|
‘ ' > X
0 X Xy

FIGURE 1.16 To calculate the distance
between P(x;, y1) and Q(x;, y>), apply the
Pythagorean theorem to triangle PCQ.
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P(x, y)

(x —h)?+ (y — k)? =d?

0

FIGURE 1.17 A circle of radius a in the
xy-plane, with center at (4, k).

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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y
T Exterior: (x — 1) + (y — k)2 > a2

On: (x — h)? + (y — k)? = &°

(h, k)

Interior: (x — h)? + (y — k)? < a?

: > X
0 h

FIGURE 1.18 The interior and exterior of
the circle (x — #)* + (y — k)? = a>.
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FIGURE 1.19 The parabola
y = x* (Example 8).
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The Graphof y = ax* + bx+c¢, a# 0
The graph of the equation y = ax® + bx + ¢,a # 0, is a parabola. The para-
bola opens upward if @ > 0 and downward if a < 0. The axis is the line

X =—7. (2)

The vertex of the parabola is the point where the axis and parabola intersect. Its
x-coordinate is x = —b/2a; its y-coordinate is found by substituting x = —b/2a
in the parabola’s equation.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sllde 1- 31




>
B
3]
g
=
>,
7]

-
o
.z
Vertex at 5
origin <

Copyright © 2008 Pearson Education, Inc.

Publishing as Pearson Addison-Wesley

FIGURE 1.20 Besides determining the
direction in which the parabola y = ax?
opens, the number « is a scaling factor.
The parabola widens as a approaches zero
and narrows as |a | becomes large.
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Vertex 1s (—1, %) y

b,
Egl

Point symmetric
with y-intercept

A\

(=2,4)

Intercept at y = 4

/

(0, 4)

| Axsix=-1
I

I
W
I
NS

Intercepts at
x=-4andx =2

FIGURE 1.21 The parabola in Example 9.
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DEFINITION Function

A function from a set D to a set Y is a rule that assigns a unique (single) element
f(x) e Y to each element x € D.
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x > f » f(x)
Input Output

(domain) (range)

FIGURE 1.22 A diagram showing a
function as a kind of machine.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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“—__— 2N

a fla) %)
D = domain set Y = set containing
the range

FIGURE 1.23 A function from a set D to
a set Y assigns a unique element of Y to
each element in D.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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Function Domain (x) Range (y)

y = x* (—o0, 00) [0, o)

y = 1/x (—00,0) U (0, 00) (—00,0)U (0, o0)
y = Vx [0, 00) 0, 00)
y=V4-—x (—00, 4] 0, 00)

y=VI1 — x? [—1, 1] 0, 1]

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 38



> =

y=x+2

/2 0 > X

FIGURE 1.24 The graph of
f(x) = x + 2 is the set of points (x, y) for
which y has the value x + 2.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 39



Ir \
—

FIGURE 1.25 If (x, y) lies on the graph of
£, then the value y = f(x) is the height of
the graph above the point x (or below x 1f
f(x) is negative).

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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350
300 -
250 //
200

150 /
100

50 <
0 —"'="'""/ >t
10 20 30 40 50

Time (days)

FIGURE 1.26 Graph of a fruit fly
population versus time (Example 3).
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TABLE 1.2 Tuning fork data

Time Pressure Time Pressure
0.00091 —0.080 0.00362 0.217
0.00108 0.200 0.00379 0.480
0.00125 0.480 0.00398 0.681
0.00144 0.693 0.00416 0.810
0.00162 0.816 0.00435 0.827
0.00180 0.844 0.00453 0.749
0.00198 0.771 0.00471 0.581
0.00216 0.603 0.00489 0.346
0.00234 0.368 0.00507 0.077
0.00253 0.099 0.00525 —0.164
0.00271 —0.141 0.00543 —0.320
0.00289 —0.309 0.00562 —0.354
0.00307 —0.348 0.00579 —0.248
0.00325 —0.248 0.00598 —0.035
0.00344 —0.041

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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p (pressure)
A
1.0
0.8
0.6 -
04
0.2

® Data

|
0001 0.002 §.003 0.004 0.0

' > ¢ (sec)
0oL 0.006 0.007
~0.4}F

0.6 -

FIGURE 1.27 A smooth curve through the plotted points
gives a graph of the pressure function represented by
Table 1.2.
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Ly
>

> X

(@ x> +y*=1 b y=VI1-x? © y=-V1-x*

FIGURE 1.28 (a) The circle is not the graph of a function; it fails the vertical line test. (b) The upper semicircle is the graph of a function
f(x) = V1 — x2. (c) The lower semicircle is the graph of a function g(x) = —V'1 — x2.
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-3 -2 -1 O 1 2 3

FIGURE 1.29 The absolute value
function has domain (—0c0, 00)
and range [0, 00).
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> X

FIGURE 1.30 To graph the
function y = f(x) shown here,
we apply different formulas to
different parts of its domain
(Example 5).

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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FIGURE 1.31 The graph of the
greatest integer function y = | x |
lies on or below the line y = x, so
it provides an integer floor for x
(Example 6).

Slide 1 - 47
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FIGURE 1.32 The graph of the
least integer function y = | x | lies
on or above the line y = x, so 1t
provides an integer ceiling for x
(Example 7).

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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>

y = fx)
(1, 1) 2, 1)

' > X

FIGURE 1.33 The segment on the

left contains (0, 0) but not (1, 1).
The segment on the right contains

both of its endpoints (Example 8).

Slide 1- 49
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FIGURE 1.34 The collection of lines
y = mx has slope m and all lines pass
through the origin.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 51



y
A
3
2+ }’—5
1_
| | | | | | > X
0 1 2

FIGURE 1.35 A constant function
has slope m = 0.
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" y=x 2 y=x? r o y=4x1 r y=x
I 1 L7\
1 L > ¥ | | > x ] ] > x | |
-1 0 1 -1 0 1 -1/70 | -1 0 1
-1F -1 -1 -1

FIGURE 1.36 Graphs of f(x) = x",n = 1, 2, 3,4, 5 defined for —c0 < x < 00,

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

X y=2°
1_

| |

2170 1 "
1+
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> =

1 L
Domain: x # 0
Range: y # 0 0
Domain: x # 0
Range: y> 0
(a) (b)

FIGURE 1.37 Graphs of the power functions f(x) = x“ for part
(@) a = —1 and for part (b) a = —2.
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=
>

A
y= Vx
3
I y = Vx
1_
| > X ' > X
0 1 0 1
Domain: 0 = x < Domain: —oc < x << o
Range: O0=y<w Range: - <y<w
y
A
Yy
A
y=x¥2
y=x2/3
1 1
: > X ' > X
0 1 0 1
Domain: 0 = x < x Domain: —o < x < ®
Range: O0=y<® Range: O0=y<

FIGURE 1.38 Graphs of the power functions f(x) = x* fora = %, %, %, and % .
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3 2
XXt 1
y= > 2x + 3
y
A
4r y
1 — 4 3
B Xy 8xt— 14x — 022 4 11k — | 16_3’—("—2)(x+1)(x—1)
LT
/N > x
-1 1 2
] | | X V-
-4 4 B ] o |
4 I\ 0 1 2 *
-6
-8}
10}
-1
4+ -12
(a) (b) (c)
FIGURE 1.39 Graphs of three polynomial functions.
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h
y =
h
y 5x* + 8x — 3
4 - y - — - 6 -
YT a2 2
5L /-\ )
_2x* -3 : 5
I A (L[ Liney=3
! ! f/l.’. . \ A | T B ! > X
1§ -2r
2 -4
- NOT TO SCALE
4 - -6
-8
(@) (b) (c)
FIGURE 1.40 Graphs of three rational functions.
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M _ A 2/5
y = x]f3(x —4) -}: y=x(1—-x)
y= %(xz —1)23
2| I
1 -
L > X > X ' > x
-10 0 0 51
—1F 7
-2 1k
3
(a) (b) (c)
FIGURE 1.41 Graphs of three algebraic functions.
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A A

- 7 37 s
ANRANAS NN AS
> X > X
-7 ’ ’”\/2"7 \ \./ OE\./ \./
1k 1k 2

(a) f(x) = sinx (b) f(x) = cosx

FIGURE 1.42 Graphs of the sine and cosine functions.
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y y
y = 10" y=107*
12| 12
10} 10+
8| 8|
6_ y = 24X 6_
4 41
2 P 2
5F=="|'/ [ ] \'I'===’I=‘.
1 05 0 05 1 1 05 0 05 1
(@y=2%y=3%y=10" b)yy=2"%y=3%y=10"

FIGURE 1.43 Graphs of exponential functions.
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FIGURE 1.44 Graphs of four
logarithmic functions.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley Sl |de 1- 61



> X

FIGURE 1.45 Graph of a catenary or
hanging cable. (The Latin word catena
means ‘“chain.”)
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Function Where increasing Where decreasing

y=x2 0=x< @ —0 < x =0

y=x —00 < x < X0 Nowhere

y=1/x Nowhere —00 < x<0and0 < x < o
y=l/x2 —00 < x <0 0<x< @

y = Vx 0=x<o Nowhere

y = x*3 0 =x<x -0 <x=0
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DEFINITIONS Even Function, 0dd Function
A function y = f(x) is an

even function of x if f(—x) = f(x),
odd function of x if f(—x) = —f(x),

for every x in the function’s domain.
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(=x, y) &e

FIGURE 1.46 In part (a) the graph of

y = x? (an even function) is symmetric
about the y-axis. The graph of y = x° (an
(=x, =) odd function) in part (b) is symmetric
about the origin.

(b)
Slide 1- 65
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FIGURE 1.47 (a) When we add the constant term 1 to the function

y = x?, the resulting function y = x? + 1 is still even and its graph is
still symmetric about the y-axis. (b) When we add the constant term 1 to
the function y = x, the resulting function y = x + 1 is no longer odd.

The symmetry about the origin is lost (Example 2).
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FIGURE 1.48 A flow of the modeling process
beginning with an examination of real-world data.
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DEFINITION  Proportionality

Two variables y and x are proportional (to one another) if one is always a con-
stant multiple of the other; that 1s, 1f

y = kx

for some nonzero constant k.

Slide 1- 68

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley



TABLE 1.3 Orbital periods and mean distances of planets
from the sun

T R Mean distance
Planet Period (days) (millions of miles)
Mercury 88.0 36
Venus 224.7 67.25
Earth 365.3 93
Mars 687.0 141.75
Jupiter 4,331.8 483.80
Saturn 10,760.0 887.97
Uranus 30,684.0 1,764.50
Neptune 60,188.3 2,791.05
Pluto 90,466.8 3,653.90
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FIGURE 1.49 Graph of Kepler’s third law as a
proportionality: 7 = 0.410R%? (Example 3).
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Function Formula Domain

f+eg (f + 2@ = Vx+ V1—x [0, 1] = D(f) N D(g)
f-g (f — &) = Vx—-V1-x [0, 1]

g~ f (g - ) =V1-—x— Vx [0, 1]

fg (f-2)x) = flx)gx) = Vx(1 — x) [0, 1]

flg g( ) = g((—i; =T [0, 1) (x = 1 excluded)

(x) —
g/f %(x) i(i) 1 ¥ al (0, 1] (x = 0 excluded)

Copyright © 2008 Pearso
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FIGURE 1.50 Graphical addition of two
functions.
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FIGURE 1.51 The domain of the function f + g is
the intersection of the domains of f and g, the
interval [0, 1] on the x-axis where these domains
overlap. This interval is also the domain of the

function f - g (Example 1).
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DEFINITION  Composition of Functions

If f and g are functions, the composite function f ° g (“f composed with g”) is
defined by

(f ° g)x) = flgx)).

The domain of f © g consists of the numbers x in the domain of g for which g(x)
lies in the domain of f.
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X g g(x) [ — f(g(x))

FIGURE 1.52 Two functions can be composed at
x whenever the value of one function at x lies in the
domain of the other. The composite 1s denoted by

fe°g.
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flg(x))

g(x)

FIGURE 1.53 Arrow diagram for f o g.
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Shift Formulas

Vertical Shifts
y=fx) +k

Horizontal Shifts
y=flx+h)

Shifts the graph of fup kunits if £ > 0
Shifts it down | k| units if k£ < 0

Shifts the graph of fleft h units if 4 > 0
Shifts it right | h|units if A < 0

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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y=x2-2

1 unit

> X
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FIGURE 1.54 To shift the graph
of f(x) = x*up (or down), we add
positive (or negative) constants to
the formula for f (Example 4a
and b).
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FIGURE 1.55 To shift the graph of y = x? to the
left, we add a positive constant to x. To shift the
graph to the right, we add a negative constant to x
(Example 4c¢).
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FIGURE 1.56 Shifting the graph of
¥y = |x| 2 units to the right and 1 unit

down (Example 4d).
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Vertical and Horizontal Scaling and Reflecting Formulas

Forc > 1,

y = cf(x) Stretches the graph of f vertically by a factor of c.

y = % f(x) Compresses the graph of f vertically by a factor of c.

y = f(ex) Compresses the graph of f horizontally by a factor of c.
y = f(x/c) Stretches the graph of f horizontally by a factor of c.
Forc = —1,

y = —f(x) Reflects the graph of f across the x-axis.

y = f(—x) Reflects the graph of f across the y-axis.
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FIGURE 1.57 Vertically stretching and
compressing the graph y = Vx by a
factor of 3 (Example 5a).
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FIGURE 1.58 Horizontally stretching and
compressing the graph y = Vx by a factor of

3 (Example 5b).
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FIGURE 1.59 Reflections of the graph
y = Vx across the coordinate axes
(Example 5c¢).
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3 y=16x*+32x>+10 ¥ y
fx)=x*—4x> +10
20 20 =ty 0x3 o
1ok y 5% + 2x 5
10+
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FIGURE 1.60 (a) The original graph of /. (b) The horizontal compression of y = f(x) in part (a) by a factor of 2, followed
by a reflection across the y-axis. (c¢) The vertical compression of y = f(x) in part (a) by a factor of 2, followed by a reflection

across the x-axis (Example 6).
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(a) circle (b) ellipse, 0 < ¢ < 1 (c) ellipse, ¢ > 1

FIGURE 1.61 Horizontal stretchings or compressions of a circle produce graphs of ellipses.
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y FIGURE 1.62 Graph of the ellipse
1 x?2 Y 2
— +t—=5=1La> b, where the major
a b
axis 1s horizontal.
b
Major axis .
’ Center a m
-b
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FIGURE 1.63 The radian measure of
angle ACB 1s the length 6 of arc AB on the
unit circle centered at C. The value of 6
can be found from any other circle,
however, as the ratio s/r. Thus s = rf is
the length of arc on a circle of radius r
when 6 1s measured in radians.
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Conversion Formulas

— L ~ 1
1 degree = ™ 0.02) radians
T

Degrees to radians: multiply by 130

1 radian = iﬂp(%S?) degrees

Radians to degrees: multiply by 1_1870
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FIGURE 1.64 The angles of two common
triangles, in degrees and radians.
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FIGURE 1.65 Angles in standard position in the xy-plane.

ray
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FIGURE 1.66 Nonzero radian measures can be positive or
negative and can go beyond 2.
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tan 0 = @ cot 6 = 29
adj opp

FIGURE 1.67 Trigonometric
ratios of an acute angle.
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FIGURE 1.68 The trigonometric
functions of a general angle 0 are
defined in terms of x, y, and r.
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FIGURE 1.69 The new and old
definitions agree for acute angles.
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FIGURE 1.70 The CAST rule,
remembered by the statement “All
Students Take Calculus,” tells
which trigonometric functions are
positive in each quadrant.
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FIGURE 1.71 The triangle for
calculating the sine and cosine of 27/3
radians. The side lengths come from the
geometry of right triangles.
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TABLE 1.4 Values of sin 6, cos 6, and tan @ for selected values of €
Degrees —180 -—-135 -90 —45 0 30 45 60 90 120 135 150 180 270 360
. =37 —aT —T T T T T 27 37 57 73
0 (radians) T 4 2 4 0 6 4 3 2 3 4 6 T 2 27
sin @ 0 _—\/E —1 __\/E 0 l ﬁ ﬁ 1 ﬁ \/5 l 0 -1 0
2 2 2 2 2 2 2 2
0 -1 __\/E 0 ﬁ 1 ﬁ ﬁ l 0 _ l — \/E — \/5 —1 0 1
€os 2 2 2 2 2 2 2 2
tan 0 0 1 ~1 0 ? 1 V3 V3 -1 _T\/g 0 0
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FIGURE 1.72 The triangle for
calculating the trigonometric functions in
Example 1.

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

Slide 1- 101



DEFINITION  Periodic Function
A function f(x) i1s periodic if there is a positive number p such that
f(x + p) = f(x) for every value of x. The smallest such value of p is the period

of f.
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Domain: —o0 < x < o0 Domain: —oc < x < % Domain: x #t%,t 3777
Range: -l=y=1 Range: -l=y=1 R ey <o
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Period: 2w
(d) (e) ®

FIGURE 1.73 Graphs of the (a) cosine, (b) sine, (¢) tangent, (d) secant, (e) cosecant, and (f) cotangent
functions using radian measure. The shading for each trigonometric function indicates its periodicity.
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P(cos 0, sin 0)

|sin 6|

/

cos 6|

> ‘=

> X

FIGURE 1.74 The reference
triangle for a general angle 6.
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Even Odd

cos(—x) = cosx sin(—x) = —sinx

sec(—x) = secx tan(—x) = —tanx
csc(—x) = —cscx
cot(—x) = —cotx

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley
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cos’ @ + sin’ @ = 1. (1)
1 + tan® @ = sec? 0.
1 + cot’ @ = csc? 6.
Addition Formulas
cos(4 + B) = cosAcos B — sinAsin B @
sin(4 + B) = sin4 cosB + cosA4sin B
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Double-Angle Formulas

cos 20 = cos’ 0 — sin’ 0

o (3)
sin 20 = 2sinf cos 0
Half-Angle Formulas
cos ) = 1 + gos 20 (4)
sin 0 = +— 5 20 (5)
c?=a*+ b? — 2abcosh. (6)
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B(a cos 0, a sin 0)

C b A(b,0)

FIGURE 1.75 The square of the distance
between 4 and B gives the law of cosines.
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Vertical stretch or compression; Vertical shift
reflection about x-axis if negative

y =af(b(x +c¢)) +d

Horizontal stretch or compression; / \ Horizontal shift

reflection about y-axis if negative
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y=A5in(%’T(x—C))+D

D+ AR
Horizontal

A

~ Amplitude (A
shift (C) mplitude (4) This axis is the
<—>| liney=D
D __________________________________
Vertical
D_ A shift (D) & |
<——This distance 18 —
the period (B).
5 > X

FIGURE 1.76 The general sine curve y = A sin [(27/B)(x — C)] + D,
shown for 4, B, C, and D positive (Example 2).
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FIGURE 1.77 Normal mean air temperatures for Fairbanks, Alaska, plotted as data points
(red). The approximating sine function (blue) 1s

F(x) = 37sin [(27/365)(x — 101)] + 25.
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10 10 60

—lb —56 —6b
@ (b) ©

FIGURE 1.78 The graph of f(x) = x> — 7x* + 28 in different viewing windows (Example 1).
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(a) (b) (©)

FIGURE 1.79 Graphs of the perpendicular lines y = xand y = —x + 3\/5, and the semicircle
y = V9 — x2, in (a) a nonsquare window, and (b) and (c) square windows (Example 2).
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FIGURE 1.80 Graphs of the function y =

Copyright © 2008 Pearson Education, Inc. Publishing as Pearson Addison-Wesley

2 —x

(Example 3).
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FIGURE 1.81 Graphs of the function y = sin 100x in three viewing windows. Because the period is 277/100 ~ 0.063,

the smaller window in (c) best displays the true aspects of this rapidly oscillating function (Example 4).
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1 1.02

FIGURE 1.82 In (b) we see a close-up view of the function

y = cosx + % sin 50x graphed in (a). The term cos x clearly dominates the

second term, % sin 50x, which produces the rapid oscillations along the

cosine curve (Example 5).
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FIGURE 1.83 The graph of y = x!/3 is missing the left branch in (a). In
X

(b) we graph the function f(x) = ]

+|x|'/? obtaining both branches. (See

Example 6.)
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TABLE 1.5 Price of a
U.S. postage stamp
Year x Cost y
1968 0.06
1971 0.08
1974 0.10
1975 0.13
1977 0.15
1981 0.18
1981 0.20
1985 0.22
1987 0.25
1991 0.29
1995 0.32
1998 0.33
2002 0.37
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TABLE 1.6 Price of a U.S postage stamp since 1968

X 0 3 6 7 9 13 17 19 23 27 30 34
6 8 10 13 15 20 22 25 29 32 33 37
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FIGURE 1.84 (a) Scatterplot of (x, y) data in Table 1.6. (b) Using the
regression line to estimate the price of a stamp in 2010. (Example 7).
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FIGURE 1.85 Biomass of a yeast culture versus

elapsed time (Example 8).
(Data from R. Pearl, “The Growth of Population,” Quart. Rev.
Biol., Vol. 2 (1927), pp. 532-548.)
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FIGURE 1.86 Fitting a quadratic to
Pearl’s data gives the equation

y = 6.10x%> — 9.28x + 16.43 and the
prediction y(17) = 1622.65 (Example 8).
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FIGURE 1.87 The rest of Pearl’s data (Example 8).
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Regression Analysis
Regression analysis has four steps:

1. Plot the data (scatterplot).

2. Find a regression equation. For a line, it has the form y = mx + b, and for a
quadratic, the form y = ax? + bx + c.

3. Superimpose the graph of the regression equation on the scatterplot to see the fit.

4. If the fit is satisfactory, use the regression equation to predict y-values for val-
ues of x not in the table.

Slide 1- 125
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Workshop Solutions to Section 2.6

1) The inverse of the function
f = {(013)1 (— 2-1)! (3:4‘); (5: —2), (1;7)} is
f_l = {(3,0), (1, —2), (413)1 ('—215)1 (711)]

2) Find the inverse of the function f(x) =2x+3.
Solution:
let y=2x+3

2x=y-3
-
T2
Now, change x with y (x © y)
x—3
Y=
L x=3
L) =—
3) Find the inverse of the function f(x) =3 —2x. 4) Find the inverse of the function f(x) =3 — 125 .
Solution: Solution:
let y=3-—2x Let y23-£
2x=3-y 2
_3v 2y=6-x
x== x=6—2y
Now, change x with y (x & y) Now, change x with y (x & y)
L 3-x A f)=6-2x
A f (x) = —2—

5) Find the inverse of the function f(x) =v2x —3.
Solution:

Let y =+2x—3 by squaring both sides

6) Find the inverse of the function f(x) = V3 — 2x.
Solution:
Let y = 3/3— 2x by cubing both sides

yi=2x-3 y>=3-2x
2x=y%2+3 2x=3-y3
- i;_q g 3""23'3
Now, change x with y (x & y) Now, change x with y (x & y)
_ x*+3 .. 3—xP
B 2 E 3
x“+3 Bl
s f = s fTH0) ==

7) Find the inverse of the function
f(x) =(2x+3)%x €[0,).

Solution:

let y=(2x+3)?

Take the square root for both sides
ﬁ =2x+3
2x = ﬁq 3
_ V3

2
Now, change x with y (x & y)

8) Find the inverse of the function f(x) = —(x — 3)3.
Solution:
et y=—(x-—3)%
-y = (x—3)
Take the cubic root for both sides
i/—_y =x—3
X = i/-———y +3

Now, change x with y (x & y)

y=VY—x+3

_ ¥x-3
y = f ) =V-x+3
Vx—3
T
9) Find the inverse of the function f(x) = ﬁ—; 10) Find the inverse of the function f(x) = ?
Solution: Solution:
let y= ﬁ let y= 1;—3
yx—-3)=x xy=x—3
xy—3y=x xy—x=-3
xy—x =3y ay—1)=-3
x(y—1) =3y e e s e
=S y-1 y-1 -(-1) 1-y
y-1 Now, change x with y (x & y)
Now, change x with y (x © y) = B
3x Y=1=
T 3 L ) =
= - =
& f_1 (x) = 1—x

x—1




11) Find the inverse of the function f(x) = E—;— ;
Solution:
x+2
Let y= ;‘_—5
y(x—3)=x+2
xy—3y=x+12

xy—x=3y+2
x(y—=1)=3y+2

12) Find the inverse of the function f(x) =vx+5.
Solution:

let y=+vx+5
Vx =y —5 by squaring both sides
x=(y—5)

Now, change x with y (x & y)
y=(x=5?

_ 3y+2
=7
| Now, change x with y (x < ) ~ fx)=(x—-5)?
_ 3x+2
T ox-1
g Sx+2
~ )= o

13) Find the inverse of the function f(x) = Vx5.
Solution:

Let y=Vx5
5

y:x;

2 =2
ys = (xa)s

x =iy

14) Find the inverse of the function f(x) = 2x3 —5.
Solution:
let y=2x*-5

2x3=y+5
3 y+5

take the cubic root for both sides

MI

w
[%2}

+
x = .4

N|

Now, change x withy (x & y)

2[x:5
2
Now, change x with y (x & y)
y =33 O T
.of-1 — 3.3 2
s e =1z
15) Find the inverse of the function f(x) = ’ %—2- 16) Evaluate
Solution: 2log,(5x+3)
3 [x+2 g : Solution:
Let y= = by cubing both sides 21002(55+3) = £ 1 3
y3 =x2
5y3 =x i 2 17) Evaluate
x = 5y3 2 log,25++9) .

Now, change x with y (x & y)
y=5x3-2

2 FYx)=5°—2

Solution:

log,26*+3) =5x +3

64X2

18) log,64 — log,32 + log,2 = lagz—gz—
= log,4 = log, 2>

= 2log,2
=2x1=2
OR
log,64 — log,32 + log,2 = log,2° — log,2° + log,2
=6—-5+1=2

27x3%
19) log;27 — log,81 + 5 logs3 = log, =

= log;81 = log;3*

= 4log;3
=4x1=4
OR
logs27 — logs81 + 5 logs = log;3® — logs3* +5x 1
=3-4+5=4

20) logs54 —log,2 = log352f
= logy27 = log;3® =3

21) if log,(6 +2x) =1, thenx=

Solution:

log,(6+2x)=1
2!092(6+2x) — 21

6+2x=2
2x=2—6=—4
x=-—2
22) If In(x+3)=5, thenx= 23) If In(x) =5, thenx=
Solution: Solution:
Inx+3)=5 In(x) =5
eln(x+3) — eS eln(x) —_ 85
x+3=e¢° x=e°

x=e"—3




24) If ¢@*3) =5 thenx =

Solution:
e(2¥-3) = §
Ine @3 = In5
2x—3 =1In5
2x=In5+3
In5+3

2

In2
25) logz2 = T

26)log 25 +1log 4 =log(25x4)
= log 100 = log 102
=2

27) log;18 — logs6 = logs -1-5-

= log;3
=1

6x20
15

28) log,6 — log,15 + log, 20 = log,
= log,8 = log,23
=3

29) eBI‘RZ e etnf i 23 =8

30) If 32 * =6, thenx=

Solution:
32-—x =6
logs3*™* = logs 6
2—x =log,6

x=2-—log;6 =2~—1log;(3x2)

31) Find the inverse of the function f(x) =5+ Inx.
Solution:
let y=5+Inx

Inx=y-5
elnx — p¥—5
x =gy "

Now, change x with y (x & ¥)
= ex—S

=2 —(logs3 +1og;2) = 2— (1 + log;2) a A=
=2-—1-—log;2
= 1 S 10932

32} Find the domain of the function
f(x) =sin"3(3x +5).

33} Find the domain of the function
f(x) = cos™1(3x—5).

Solution: Solution:
We know that the domain of sin™*(x) is [-1,1]. So, We know that the domain of cos™1(x) is[—1,1]. So,
-1<3x+5=<1 -1 <3x=5x<1
—-6<3x <-4 4<3x<6
2<x< 2 4 <x<
—h =X —5 "?")' <x<2
4 4
b =[-23] b =32

34) Find the domain of the function
f(x) =2sin"}x)+ 1.
Solution:
We know that the domain of sin™*(x) is [-11]. So,
D; = [-1,1]




Before proceeding to the questions 35-55, we should be aware of the following well-known right triangles:

30° — 607 Right Triangle

We know that 30° =§ and 60° = 13[-, so

W@l -2
w@-E )}
tan(5) = = tan(3) =3
ot (5) = V3 cot (3) = 7
see(§)= 5 see(5) = 2

2

30° — 60° Right Triangle

We know that 45° = E , SO

sin (

Cos

| 3
~—
I

—~
Le
]

IR IS TN

tan

L3
T
1]

8
-~

f“'\’—"ﬁ/‘r;:l/"'\
N
Il

sec

o
Il

S

~
I

‘ST

CsC

35) sin?t (?) =

36) sin~t (?) =

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

lopposite|= _[(VI3) —32=vI3—9=vE=2

opp 2

s ta =
naE=2d "3

Solution: Solution:
(3 1 (VF
Let @ = sin (—5—) Let 8 = sin (2)
sing =2 sing =22
Use the 30° — 60° right triangle to find #. Thus, Use the 30° — 607 right triangle to find 6. Thus,
T T
g =— 8 =—
3 3
-1 _}_ _ =1 _1_ —
37) tan ( v’i) = 38) sin ( Jz') =
Solution: Solution:
i ] 2
Let B—tanl (ﬁ) Let t?-sm1 (ﬁ)
tan @ =5 sin@ e
Use the 302 — 60° right triangle to find 6. Thus, Use the 452 — 457 right triangle to find 8. Thus,
T b
= — 0 =—
6 4
39) If @ =cos™t (-\/-%-), then tana = 40) f o =cos? (%) , then csca =
Solution: (:.5 Solution:
= cos—1 (2 ) = cos—1(2
a = cos (\/ﬁ) 2] a = cos (Jﬁ)
3 adj 3 adj
cosa=-—p—=g— oS = — = ——
V13  hyp 3 Vi3 hyp

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

| opposite|= (\/13)2—32 =y13-9=V4=2

1 _hyp__wfl_S

o CSCa =— =
sina opp 2




41) If a =cos™t (g), then csca =

Solution:
a=cos"1(% 5
32
—i‘-—gi*)f AAD
cosa =g = T x

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 — 42 =25 -16 =9 =3
1 hyp 5
sina opr "3

. CSCO =

42) i a = cos™! (i;) , then cota =

Solution:
- -1 (4
o = cos (5)
4 adj
cosa—5 =~ Tp

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite]= V52 — 42 =25 - 16 =19 =3

1 adj 4

tana opp 3

~ ocota =

43) If a =cos™! G) , then tana =

Solution:
— -1(%
o = cos (5)
_ 4 adj
cosa = 5= on

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite]|= V52 — 42 =+/25 — 16 = /9 = 3

44) If a =cos™ ! (-;5) , then sina =

Solution:
a = cos (%)
4 adj
cosa = g = @

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite] = V5% — 42 = /25 — 16 =9 = 3

t ! opp _3 sina wp .3
o o= =—=— - L —
an cota adj 4 hyp 5
: —1 4\ -1 A\ =
45) sin (cos (5)) = 46) tan (cos (5))
Solution: Solution:
Let @ = cos™t G) let @ = cos™! (g)
=i =2l
cosa == P cosa = ¢ o

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

|opposite|= V52 — 42 =25 — 16 = /9 =3

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so

lopposite]= V52 — 42 = /25 — 16 =/9 =3

4 opp 3 ( N (4)) opp 3
i “1{_)] =¢i = —_— == H_)l= =— =
sin (cos (5)) sin(a) hep = 5 tan | cos 5 tan(a) adj _ 4

: =1 T2 = 48) cos(tan™'x) =

47) S,l n (25111 (5)) Solution:
Solution: G 2. “_“—Let 7= tan~tx %
s 2
Lot a=sm 1(3) r 'y tana=x=%

Sy o0
SnE == hyp @
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|= V52 — 22 =25 — 4 = /21

2
sin (Zsin“1 (5)) =sin (2a)
Now, use the identity sin(2x) = 2sin x.cosx . Thus,
2
sin (25in‘1 (—)) =sin(2a) = 2 sin(a )cos (a)

5

2 21 421

WYV Ve )
5 5 25

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so

|hypotenuse|=VxZ2 + 12 =vx2 + 1

adj 1
cos(tan"1 x) = cos(@) = —— = ———
hyp  Vx?+1

49) sin(tan™'x) =

Solution:
let ¢ =tan"'x
(4]
tanag =x = L’?
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
|hypotenuse|= Vx2 + 12 = Vx2 + 1

sin(tan~'x) =sin(a) = e { L
B S hyp V21

50) csc(tan™tx) =

Solution:
let @ =tan"'x
tana=x=ﬂ
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
|hypotenuse|=Vx2 + 12 =/x2 + 1

1  hyp vx*+1

sina opp x

csc(tan™! x) =csc(a) =




51) sec(tan™tx) =

Solution:
Let @ =tan"lx
tang = x = 22
adj

Now, we should find the length of the hypotenuse side
using the Pythagorean Theorem, so
Ihypotenuse|=Vx2 + 12 =+x2 + 1

1 _hyp_\/x2+1_ e

cosa adj 1

sec(tan' x) =sec(a) =

52) sec (sin‘lg) =

Solution:
1 2 ’

let a =sin~ %
'3
sing=2=:%
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so

|adjacent|= V32 — x2 = V9 — x2
1 hyp _ 3
cosa  adj /9_2

sec (sin"1 %) =sec(a) =

53) cot (sin‘1 g—) =

Solution:
PO 4
Let a =sin 1;
& x
sing =2=22
3 hyp

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|= V32 — x2 = V9 — x2

1  adj V9—x?
tana E‘Eﬁ - x

cot (sin‘1 g) = cot(a) =

s ‘1-:\5 ag
54) tan (sm 3)
Solution:
Let a = sin‘lg

sing===2¢%
3  hyp
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so
|adjacent|= V3?2 — x2 = /9 — x2
1 opp _ i

x
= _1
tan (sm —3) =tan(a) = = = _fj = —H--g 5

55) cos (sin*1 g) =

Solution:

Let 13

a =sin =
3

sing = x = onp
3 hyp
Now, we should find the length of the adjacent side using

the Pythagorean Theorem, so
|adjacent|= V32 — x2 = V9 — x2

dj = V9eepd
cos (sin'1 %) = cos(a) = :_y;_' =—




Workshop Solutions to Section 2.5

How to find the domain and range of the exponential function f(x) = a*?

1- If f(x) = c.a*™ + k where c and k are positive constants, then
Df=R and Rf = (tk, )
2- If f(x) = —c.a*™ £+ k where c and k are positive constants, then
D=R and R;=(—o,%tk)
3- If f(x) =c.et* +k where c and k are positive constants, then
Df=R and Ry = (+k, )
4- If f(x) = —c.e*™ + k where c and k are positive constants, then
Df =R and Rf = (—00, ik)

1) Find the domain of the function f(x) = 4*.
Solution:
From Step (1) above, we deduce that

2) Find the range of the function f(x) = 4*.
Solution:
From Step (1) above, we deduce that

Rf = (0, OO)

3) Find the domain of the function f(x) =4* —3.
Solution:
From Step (1) above, we deduce that

4) Find the range of the function f(x) =4* —3.
From Step (1) above, we deduce that
Rf = (=3,0)

5) Find the domain of the function f(x) =5 —3*.
Solution:
From Step (2) above, we deduce that

6) Find the range of the function f(x) =5—3*.
Solution:
From Step (2) above, we deduce that

Rf = (_OO' 5)

7) Find the domain of the function f(x) =37*+1.

Solution:
From Step (1) above, we deduce that

8) Find the range of the function f(x) =37*+1.

Solution:

From Step (1) above, we deduce that
Rf = (1,00)

9) Find the domain of the function f(x) =e”*.
Solution:
From Step (3) above, we deduce that

10) Find the range of the function f(x) = e*.
Solution:
From Step (3) above, we deduce that

Rf = (0,00)

11) Find the domain of the function f(x) =e*—3.

Solution:
From Step (3) above, we deduce that

12) Find the range of the function f(x) =e* —3.
Solution:
From Step (3) above, we deduce that

13) Find the domain of the function f(x) =e*+1.

Solution:
From Step (3) above, we deduce that

1
1-ex’

14) Find the domain of the function f(x) =
Solution:
f(x) is defined when 1—e* #0

& e*+1 © lIne*#In1l
o x#=0




1
1+ex °

15) Find the domain of the function f(x) =

Solution:
f(x) is definedwhen 1+e* #0.
But there is no value of x makes 1 + e* = 0. Therefore,

16) Find the domain of the function f(x) = V1 + 3*.
f(x) is defined when 1+3*>0.
But 1 4+ 3* > 0 always. Therefore,

D; =R Dp=R
17) If 4+ =8 then x = 18) If 4®-1D =8 then x =
Solution: Solution:
4_(x+1) =8 4(x—1) =8
(22)(x+1) =23 (22)(x—1) =23
22(x+1) =23 22(x—1) =23
2x+1)=3 2(x—-1)=3
2x+2=3 2x —2 =73
2x=3-2=1 2x=34+2=5
1 5
. X = E X = E
19) If 9&+1) = 27 then x = 20) If 9%~ =27 then x =
Solution: Solution:
9&x+1) = 27 9&-1) = 27
(32)(x+1) =33 (32)(x—1) =33
32(x+1) =33 32(x—1) =33
2(x+1)=3 2x—-1)=3
2x+2=3 2x —2=3
2x=3-2=1 2x=3+2=5
1 5
Vo= 5 W ox = >
21) If 521 = 125 then x = 22) If 52+ = 125 then x =
Solution: Solution:
521 =125 52+ = 125
52(x—1) =53 52(x+1) =53
2(x—-1)=3 2x+1) =3
2x—2 =3 2x+2=3
2x=34+2=5 2x=3-2=1
5
X = E . X = E




Workshop Solutions to Sections 2.1 and 2.2

1) Find the domain of the function f(x) =9 — x?2.
Solution:
Since f(x) is a polynomial, then

Dy =R = (—00,)

Note: The domain of any polynomial is R .

2) Find the range of the function f(x) =9 —x?2.
Solution:
Rf = (—oo, 9]

3) Find the domain of the function f(x) =6 —2x.
Solution:
Since f(x) is a polynomial, then

Df = R = (=00, )

4) Find the range of the function f(x) =6 — 2x.
Since f(x) is a polynomial of degree one (i. e. is of an odd
degree), then

Rf =R = (—oo, oo)

5) Find the domain of the function f(x) = x? —2x — 3.
Solution:
Since f(x) is a polynomial, then

Dy =R = (—00,)

6) Find the domain of the function f(x) = 1+ 2x3 — x°.
Since f(x) is a polynomial, then
D =R = (—00,m)

7) Find the domain of the function f(x) =5.
Solution:
Since f(x) is a polynomial, then

D =R = (—00,)

8) Find the range of the function f(x) =5.
Solution:

Rf = {5}

9) Find the domain of the function f(x) = |x —1].

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00,)

Note: The domain of an absolute value of any polynomial
isR.

10) Find the domain of the function f(x) = |x + 5] .

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00, )

11) Find the domain of the function f(x) = |x].

Solution:

Since f(x) is an absolute value of a polynomial, then
Df =R = (—0o0,)

12) Find the range of the function f(x) = |x| .
Solution:

Note: The range of an absolute value of any polynomial
is always [0, 00) .

13) Find the domain of the function f(x) = |3x — 6].

Solution:

Since f(x) is an absolute value of a polynomial, then
Dy = R = (—00,)

14) Find the domain of the function f(x) =9 — 3x]|.

Solution:

Since f(x) is an absolute value of a polynomial, then
Df = R = (—o0,m)

15) Find the domain of the function

2
Fo) =

Solution:
f(x)is defined when x —3#0 = x # 3. So,
Df =R\ {3} = (=0,3)U(3, )

16) Find the domain of the function

x—2
f(x)=x+3

Solution:
f(x) is defined when x +3# 0 = x # —3. So,
Dr =R\ {=3} = (=0, =3)U(=3,»)




17) Find the domain of the function

2
)=

Solution:
f(x)isdefinedwhen x2—9# 0= x2#9 = x # 3.
So,

Dy =R\ {-3,3} = (=0, -3)U(-3,3)U(3, »)

18) Find the domain of the function

() = x+2
flx  x2—-5x+6
Solution:

f(x) is defined when x? —5x + 6 # 0
= x—-2)x—3)#0 = x#2 or x # 3. So,

Df = R\ {2,3} = (-0,2)U(2,3)U(3, )

19) Find the domain of the function
() = x+ 2
f) = x2—x—6
Solution:
f(x) is defined when x2 —x — 6 # 0

=S x+2)(x—3)#0 = x# —2 or x # 3. So,

Dy = R\ {=233} = (-, ~2)U(~23)U(3,%)

20) Find the domain of the function
x+2
f® =
Solution:
f(x) is defined when x2? + 9 # 0 but for any value x the
denominator x% + 9 cannot be 0. So,

Df =R = (—O0,00)

21) Find the domain of the function

flx)=3Vx -3

Df =R = (—O0,00)

Solution:

22) Find the domain of the function

fx)=+vx-3
f(x)is definedwhen x =3 >0 = x = 3 because f(x)
is an even root. So,

Note: The domain of an odd root of any polynomial Dy = [3, )
isR.
23) Find the domain of the function 24) Find the domain of the function

f(x)=v3—x
Solution:

f(x)isdefinedwhen 3—x>0 = —x>-3 = x<3
because f(x) is an even root. So,

f(x)=vx+3
f(x)is definedwhen x +3 >0 = x = —3 because
f(x) is an even root. So,

Dy = (—o,3] Dy =[-3,)

25) Find the domain of the function 26) Find the range of the function
flx) =v-x fx) =v—x

Solution: Solution:

f(x) is defined when —x >0 = x < 0 because f(x) is Rf = [0, )

an even root. So,
Dy = (=,0]

Note: The range of an even root is always > 0 .

27) Find the domain of the function

28) Find the domain of the function

Solution: _ Vx =3
f(x)is definedwhen 9 —x?2 >0 = —x2>-9 = Solution:
2<9 = Vi2<V9 = |x| <3 = —3<x<3. |f(x)isdefinedwhen x—-3>0 = x>3. So,
So, Dy = (3, )
Dy =[-3,3]
29) Find the domain of the function 30) Find the domain of the function
FO) =l F) = =9
V9 — x? Solution:

Solution:
f(x) is defined when 9 —x?2 >0 = —x2 > -9
= x2<9= Vx2<V9 = |x|<3 = -3<x<3.
So,
D; = (=3,3)

f(x) is defined when x2 —9>0 = x2>9
= Vx2>v9 = |x| >3 = x>3 or x<-3.
So,
Df = (—o0,—3] U [3,)




31) Find the range of the function

f(x)=+x?2-9

Solution:

32) Find the domain of the function

£00) x+2
X) = ———

Vx2 -9
Solution:

f(x) is defined when x2 -9 >0 = x2>9

= Vx2>v9 = |x|>3 = x>3 or x<-3.
So,

33) Find the domain of the function

f(x) =9+ x?
Solution:

f(x) is defined when 9 + x2 > 0 but it is always true for
any value x . So,

34) Find the domain of the function

flx) = Vx2—25
Solution:

f(x) is defined when x? — 25 >0 = x2 > 25
= Vx2>+25 = |x| =5 = x>5 or x<-5.
So,

35) Find the domain of the function

flx) = Y16 — x2
Solution:

f(x) is defined when 16 —x2 >0 = —x?>-16 =

x2<16 = Vx2<V16 = |x| <4 = —4<x<4.

36) Find the range of the function

f(x) =16 — x?
Solution:

We know that f(x) is defined when 16 —x2 > 0
= —x2>-16 = x2<16 = x2<V16

So, = |x|] <4 = —4<x<4. So,
Df = [—4,4] Dy = [—4,4]
Using Dy we find the outputs vary from 0 to 4. Hence,

Ry =[0,4]
37) Find the domain of the function 38) Find the domain of the function

X+ |x| 1 <0

fe)=— fo={"% *
Solution: X, x=0

f(x) is defined when x # 0. So,
Dy = R\ {0} = (—,0) U (0, 0)

Solution:
It is clear from the definition of the function f(x) that
Df =R = (—oo, OO)

39) Find the domain of the function

Fo =2V

X) = ——
Vx? +1
Solution:
f(x) is defined when
1-x20 = Dg=[0)
2- x> +1 > 0 but this is always true for all x
Hence,
Df=D\/§nD\/m= [0,00)ﬂ]R= [O,OO)

40) Find the domain of the function
fX)=vx—1++vVx+3

Solution:

f(x) is defined when
1-x—-120 =x=21 = Djz=z=[100)
2-x+320 =>x=2-3 = Dpm=[-3x)
Hence,

Df =D 55 N D 775 = [1,0) N [-3,00) = [1, )

41) The function f(x) = 3x* + x2 + 1 is a polynomial
function.

42) The function f(x) = 5x3 + x? + 7 is a cubic function.

43) The function f(x) = —3x2 + 7 is a quadratic
function.

44) The function f(x) = 2x + 3 is a linear function.

45) The function f(x) = x7 is a power function.

2x+3 . . .
1 is a rational function.

46) The function f(x) = o

. -3 . . .
47) The function f(x) = z? is a rational function and we
can say it is an algebraic function as well.

48) The function f(x) = sinx is a trigonometric function.




49) The function f(x) = e* is a natural exponential

50) The function f(x) = 3% is a general exponential

function. function.

51) The function f(x) = x? ++/x — 2 is an algebraic 52) The function f(x) = —3 is a constant function.
function.

53) The function f(x) = logsz x is a general logarithmic 54) The function f(x) = Inx is a natural logarithmic
function. function.

55) The function f(x) = 3x* +x2+ 1 is 56) The function f(x) =9 —x? is

Solution: Solution:

(=) =3=0)*+(—x)?+1=3x"+x*+1=f(x)
Hence,
f(x) is an even function.

fC=x)=9-(-x)?=9-x%=f(x)
Hence,
f(x) is an even function.

57) The function f(x) = x°> —x is

58) The function f(x) =2 — ¥x is

Solution: Solution:
f3) = (0° = () = =2 +x fex)=2-fn=2-Y=x=2+¥x
. = (" =0 =—f() - (-2-%)
' . Hence,
f(x) is an odd function. f(x) is neither even nor odd.
: _ 2. : 3
59) The function f(x) = 3x +\/m is 60) The function f(x) = N
Solution: Solution:
F(=) = 3(=) + —— 35+ —— F(=) = —— -
—X) = —X _— = —35X _— —X) = = = X
J(=x)2+9 Vx2+9 J(Ex)2+9 Vx?2+49
_ (3 2 ) Hence,
- x VX2 +9 f(x) is an even function.
Hence,

f(x) is neither even nor odd.

61) The function f(x) = V4 +x? is
Solution:

f0) =+ (02 =Va+a? = f()

62) The function f(x) =3 is

Solution:

Since the graph of the constant function 3 is symmetric
about the y — axis, then

Hence, . .
f(x) is an even function. f(x) s an even function.
. _9—x?% . . _ x%-4
63) The function f(x) = 5 s 64) The function f(x) = ol
Solution: Solution:
flony =220 _9x S P . e TS
YE -2 T2 Ym0z r1 w1 IV
o (9—x? Hence,
T\ x+2 f(x) is an even function.
Hence,
f(x) is neither even nor odd.
65) The function f(x) = 3|x| is 66) The function f(x) =x72 is
Solution: Solution:
f(=x) =3[(=x)| = 3|x| = f(x) _2_1
Hence, f)=x7"= 2
f(x) is an even function. _ 1

Hence, f(x) isan even function.




67) The function f(x) =x3—2x+5 is

Solution:

f=x)=(—x)3%-2(-x)+5 =—x3+2x+5
=—(x3-2x-5)

Hence,

f(x) is neither even nor odd.

68) The function f(x) = Vx5 —x3 +x is

Solution:
f(=x) = (=205 = (=0)® + (=x) = —Yx5 +x3 —x
—(\/E X +x)=—f(x)

69) The function f(x) =7 is

Solution:

Since the graph of the constant function 7 is symmetric
about the y — axis, then

f(x) is an even function.

Hence,
f(x) is an odd function.
70) The function f(x) = 3: is
Solution:
= (—x)°—4 —x*—-4_  x*+4
A (—0F+1 —x3+1  —x°+1
Hence,

f(x) is neither even nor odd.

-1 .

71) The function f(x) = is

3+3
Solution:
( )_(—x)z—l_ -1 x*-1
f x_(—x)3+3_—x3+3_ x3 -3
Hence,

f(x) is neither even nor odd.

72) The function f(x) = x®—4x? +1 is
f(=x) = (-x)°

Hence,

f(x) is an even function.

—4(—x)?+1=x°—4x’>+1=f(x)

73) The function f(x) = x? is increasing on (0, ©).

74) The function f(x) = x? is decreasing on (—, 0).

75) The function f(x) = x3 is increasing on (—, ).

76) The function f(x) = x3 is not decreasing at all.

77) The function f(x) = v/x is increasing on (0, o).

78) The function f(x) = v/x is not decreasing at all.

79) The function f(x) = % is not increasing at all.

80) The function f(x) = i is decreasing on (—0, ©).




Workshop Solutions to Sections 2.3 and 2.4

1) If f(x) =x?and g(x) =vV4 —x,then (f+9)(x) =
Solution:

F+o) =x>+V4—x

2) If f(x)=x?and g(x) = V4 —x,then Dp,, =
Solution:

g(x)isdefinedwhen 4 —x >0 & x <4.Thus,
Dg == (—-OO, 4']

Dfyy =D 0Dy =RN(—0,4] = (—o,4]

3) If f(x) =x%and g(x) =V4—x,then (f —g)(x) =
Solution:

(f — 96 = x> —VE—x

4) If f(x) =x%and g(x) = V4 —x,then Df_, =
Solution:

g(x)isdefinedwhen 4 —x >0 < x <4.Thus,
Dg = (—0014']

Dr_g =Dy N Dy =RN(—,4] = (—,4]

5) If f(x) =x?and g(x) =4 —x,then (fg)(x) =

Solution:
FPO) =x*V4—x

6) If f(x) =x*and g(x) = V4 —x,then D;y =
Solution:

g(x)isdefinedwhen 4 —x >0 & x < 4.Thus,
Dg - (—OO‘ 4']

Dy =D;ND,=RN (—0,4] = (—,4]

7) If f(x) =x%and g(x) =V4—x,then (fog)(x) =

Solution:
Feg)) = f(g(x)
=f(V4—-x) = (\/4—x)2 =4—x

8) If f(x) =x%and g(x) = V4 —x,then Dy, =
(feg)®) =f(g(x))
=f(V4—x)= (\/4-35)2 =4—x
Dy = (—, 4]

Drgay = R
Dfog = Dy N Dpyixy) = (=0,4] NR = (—0,4]

9) If f(x) =x%and g(x) =+v4—x,then (geof)(x) =
Solution:

(o) =g(f(x)) = gx?) =V4 —x2

10) If f(x) = x%and g(x) = V4 —x, then Dy.r =
G NE) =g(f(x)) = g(x*) = V4 —x2
Dy =R
Dy(reey = [-2,2]
Dguf = Df n Dg(f(x)) =Rn[-22]=[-22]

11) If f(x) =x?,then (fo f)(x) =

Solution:

(f s i) = Ff)) = fl&?) ={&?)P =x*

12) If f(X) = xz ’ then Df°f =
Solution:
FeHE) =) =D =x*)*=x*
Drrapy =R
Dror =Dr NDryy =RNR = R




13) If f(x) = x?and g(x) = V4 — x, then (g) x) =

Solution:
(Go-

2

Vi —x

14) If f(x) =x?and g(x) = V4 —x,then Df =
g

Solution:
2

f x
(g) *) 4—x
Df =R
g(x)isdefinedwhen 4 —x >0 & x <4.Thus,
Dg = (_0014']

Dy = {x € D; n Dy|g(x) # 0}

g
=RN(—2,4) = (—»,4)

15) If f(x) = x?and g(x) = V4 —x, then (%) x)=

Solution:

o=

x2

16) If f(x) = x% and g(x) = V4 —x, then Dg =
7

Solution:

g(x)isdefined when 4 —x >0 & x <4.Thus,
Dy = (—o0,4]

Dg = {x € D; N Dy|f (x) # 0}

=R\ {0} N (—,4] = (—o0,0) U (0,4]

g
f

17) If f(x)=9—x? and g(x) =10, then

18) If f(x) =9 —x? and g(x) =10, then

F+9k) = F-9)x) =
Solution: Solution:
F+PE) =0-x)+10)=9—-x*+10 F-9x)=0O-x*)—-(10)=9—-x*-10
=19 —x? =—x%-1
19) if f(x) =9—2x2 and g(x) =10, then 20) f f(x)=9—x% and g(x) =10, then
(g-Nk) = Fpx) =
Solution: Solution:
(= =010)—(9—x2)=10—-9+x* ) = (9 —x*)(10) = 90 — 10x?
=1+x%
21) If f(x)=9—x? and g(x) =10, then 22) f f(x)=9—x2% and g(x) =10, then
(feg)x) = (g )=
Solution: Solution:

(f e 9)(x) = f(g(x)) = f(10)
=9-102=9—-100=-91

(ge N =g(Ffx)=90O0—-x*)=10

23) If f(x) =9—x2 and g(x) =10, then
Feof)=
Solution:
(fe @) =fUE) =FO—x%)
=9 — (9 —x?)?

24) if f(x)=9—2x2 and g(x) =10, then
(ge X)) =

Solution:
(go9)x) = g(g(x)) = g(10) =10

25) If f(x)=9—x2% g(x) =sinx and h(x) =3x + 2,
then (fogoh)(x) =

f (9(n))
f(gBx+2))
f(sin(3x + 2))

9 — (sin(3x + 2))?
=9 —sin?(3x +2)

Solution:

(fegeh)(x)

26) If f(x) =V25+x2 and g(x) = x3,then
F+g9)x) =

Solution:

F+g9)x) =25+x2+x3




27) if f(x) =V25+x2 and g(x)=x3,then
F—9)x=

Solution:

(f—g9)(x) =25+ x%2—x3

28) If f(x) =V25+x2 and g(x) =x3, then
F9)x) =

Solution:

(Fg)(x) = x3425 + x2

29) Iif f(x) =V25+x2 and g(x)=x3,then

30) If f(x) =Vv25+x2 and g(x) = x3,then

(ﬁ) (x) = Feg)lx)=
chﬂution- Solution:
o JoETeE (f o )(®) = f(g(X)) = f(x3) = /25 + (x3)?
(5)(’5):2_5,(:'—'5_ = /25 + x6
31) If f(x) =V25+x% and g(x) =x3,then 32) If f(x) =+vx and g(x) =x—2,then (fog)(x) =
@GofHlx)= Solution:
solution: , (fo @) = Fla@) = fx—2 =Vx -2
9o N =g = g(V25+22) = (V25 +2?)
= /(25 +x?)°*

33) If f(x) =+x andg(x) =x—2,then (go H(X) =
Solution:

G°NE = gF @) = g(Va) = Vi -2

34) If f(x) =+x andg(x) =x—2,then (gog)(x) =

GegD)=g9g@gx)=9gx—2)=(x-2)—-2

=x—2—2=x-4

35) If f(x)=+x and g(x)=x—2,then (fg)(x) =
Solution:

FP@) = (Vx)(x—2) = (x —2DVx

36) If f(x) =sin5x and g(x) =x?+3,then
Fegdx)=

Solution:

F o) =f(gx) = f(x*+3) =sin5(x*+3)

37) If f(x) =sin5x and g(x) =x%+3,then
(o) =

Solution:

(9 ° ) =g(f(x)) = g(sin5x) = (sin5x)* + 3
= sin?5x + 3

38) If f(x) =sin5x and g(x) =x%+ 3, then
Fpe) =

Solution:
(fg)(x) = (sin5x)(x? + 3) = (x? + 3) sin 5x

39) If f(x) =+/x and g(x) = cosx, then (go f)(x) =

Solution:

(g ° NE) = g(f () = g(Vx) = cosVx

40) If f(x) = x+§ and g(x) =1-—x2%,then
feg)x) =

Solution:

e =f@)=fA-x*)=0-x*)+

1—x2

41) if f(x) =x+-31; and g(x) =1-—x?%,then
(ge°NH)=

Solution:

(g N =g(f(x) =g(x+;1;) = 1"(’”%)

2

2)if fix)= x+% and g(x) =1—2x?2,then
Fox) =

(90 = (x+3) A=)

43) If the graph of the function f(x) = x? is shifted a
distance 2 units upwards , then the new graph
represented the graph of the function is
Solution:

x%+2

44) if the graph of the function f(x) = x? is shifted a
distance 2 units downwards , then the new graph
represented the graph of the function is

x* -2

45) If the graph of the function f(x) = x? is shifted a
distance 2 units to the right , then the new graph
represented the graph of the function is
Solution:

(x—2P=x*—4x+4

46) If the graph of the function f(x) = x? is shifted a
distance 2 units to the left, then the new graph
represented the graph of the function is
Solution:

(x+2)2=x2+4x+4




47) If the graph of the function f(x) = cosx is
stretched vertically by a factor of 2, then the new graph
represented the graph of the function is
Solution:

2cosx

48) If the graph of the function f(x) = cosx is
compressed vertically by a factor of %, then the new graph

represented the graph of the function is

1

=CosX
2

49) If the graph of the function f(x) = cosx is
compressed horizontally by a factor of 2, then the new
graph represented the graph of the function is
Solution:

cos2x

50) If the graph of the function f(x) = cosx is stretched
horizontally by a factor of—;—, then the new graph
represented the graph of the function is

Solution:

X
cos—
2

51) The graph of the function f(x) = vx is reflected
about the x — axis if
Solution:

fx) =—Vx

52) The graph of the function f(x) = +/x is reflected
about the y — axis if
Solution:

fG)=+—=x

53) If the graph of the function f(x) = e* is shifted a
distance 2 units upwards , then the new graph
represented the graph of the function is
Solution:

e*+2

54) If the graph of the function f(x) = e* is shifted a
distance 2 units downwards , then the new graph
represented the graph of the function is

e*—2

55) If the graph of the function f(x) = e* is shifted a
distance 2 units to the right , then the new graph
represented the graph of the function is

56) If the graph of the function f(x) = e* is shifted a
distance 2 units to the left , then the new graph
represented the graph of the function is

Solution: Solution:
ex—z ex+2

57) 2Z rad = Z x 2% = 120° 58) 2 rad = Z x 2% = 150°

3 3 s . 6 6 bid .
59)%”rad=16-75x-1—?—£—=210° 60)-3-2’1rad=%’5x%=270°
61) 120° = 120 X % = -2-31‘- rad 62) 270° = 270 X % = 32’1 rad
63) % rad = % X -1%1 =75 64) S?n rad = S?n X % = 150" (Repeated)
65) 150" = 150 X —— = 5?” rad 66) 210" =210 X —— = 16’3 rad
67) — = COSX 68) -, = sinx
69) = tanx 70) SINX  tanx

cotx COS X
71) 22F = cotx

Sinx

72) If cosx =§ and 0 <x < g,then cotx =
Solution:
adj

e
hyp 3

Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 —32 =25 -9 =16 =4
1 adj 3
tanx opp 4

3
C = —=
0S X 5

Socotx =

73) if cosx=-§ and 0 <x <§,then tanx =

Solution:
3 adj

cosx = 5= o
Now, we should find the length of the opposite side using
the Pythagorean Theorem, so
|opposite]= V52 — 32 =25 -9 =16 =4

1 _opp _ 4
cotx adj 3

s~ tanx =




74) If cosng— and 0<x<-§,then sinx =

Solution:

3 adj
CoSX = o
Now, we should find the length of the opposite side using

the Pythagorean Theorem, so
|opposite]= V52 —32 =25—-9 =16 =4

75) If cosx=§ and 0 <x<§,then cscx =

Solution:

3 ad]
cosx =—=
0sXx = T hyp
Now, we should find the length of the opposite side using

the Pythagorean Theorem, so
|opposite|= V52 — 32 =25 -9 =16 = 4

> sinx—0pp * "~ cscx=———1—— hyp :
hyp 5 sinx opp T4
76) sin (Eg) = 77) cos (i—:) =
Solution: Solution'
——Hrad=5—gx%9:=150° d_S—”xi‘i"——wo

So, we deduce now that sin (56 ) is in the second quarter.
sin (5 ) =sin(150") =sin(180° — 30") = sin(30") =
sinz6=12

So, we deduce now that cos ( S ) is in the second quarter.
57 5 g 0
cos (—6—) =cos(150") = cos(180" — 30")

= —co0s(30°) = —cos (%) = -?

78) tan (%Tf =

Solution'

— rad—zx-l-—g—q-- 150°

So we deduce now that tan ( = ) is in the second
quarter.

5m
tan (=) = tan(150") = tan(180" - 30°)

79) cot (5?”) =

Solution:

5 180° o
22 rad = ”x————— 150
6 6 T

So, we deduce now that cot( ) is in the second quarter.
5 5 o
cot (—g) = cot(150°) = cot(180° — 30°)
. T
= —cot(30") = —cot(—é—) =-3

5 T 1
= —tan(30") = —tan (—6-) = -7
80) If sinx =§ and 0 <x < g,then secx = 81) if sinx =§ and 0 < x <§,then cscx =
Solution: 2 Solution:
. 2 opp 1 . 2 opp
smx=—3—=m smx=§=m

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|=v32—22 =49 —4 =+/5 |adjacent|= V32 =22 =9 —4 =+/5
1 hyp 3 1 hyp 3
. Secx = = = I
cosx adj 5 X = Sinx opp 2
82) If sinx =i— and 0 <x < —E,then cosXx = 83) if sinx =i— and 0 < x <%,then cotx =
Solution: I Solution:
y 3 _opp 3 ) 3 _opp
inx=-= sinx =—
4 hyp x= 4 hyp

?.
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent]|= V42 =32 =16 -9 =7 |adjacent|= V42 =32 =16 —9 =7
adj 7 1 adj 7
s COSX = = = e ~ cotx = = — = —
hyp 4 tanx opp 3




84) If cscx = —g and 3?7[< x < 2m, then cosx =
Solution:

> - i ﬁB,
CSCX == = —— = ——

3 sinx opp 7

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

|adjacent|=V52 =32 =v/25-9 =16 =4

85) If cscx = —% and 37'-211-<x < 2w, then secx =

Solution:

5 1 hyp
CSCX =7 = ——— = —
3 sinx opp

Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so

ladjacent|=V52 =32 =v25-9 =16 =4

adj 4 1 hyp 5
Y COSX = ——— = — . Secx = =——=-
© hyp 5 cosx adj 4
86) If cscx = —-z; and —32£< x < 27, then cotx = 87) If cscx = ——g and %ﬂ < x < 2m,then tanx =
Solution: Solution:
5 1 hyp 5 1 hyp
SCX =0 = —— = —— csCx === =—

3 sinx opp
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so
|adjacent]= V52 — 32 =25 -9 =16 = 4
1 adj 4

. ocotx = = =
tanx opp 3

3 sinx opp
Now, we should find the length of the adjacent side using
the Pythagorean Theorem, so
|adjacent|= V52 — 32 = 25— 9 =16 = 4
1 opp 3

cotx adj 4

~ tanx =

88) If f(x) =sinx,then Dr =

89) If f(x) =cosx,then D, =R

88) If f(x) =sinx,then R, = [-1,1]

88) If f(x) =sinx, then Ry = [-1,1]
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Starting with the graph of y = e*, write the equation of the
graph that results from

(a) shifting 2 units downward

(b) shifting 2 units to the right

(c) reflecting about the x-axis

(d) refiecting about the y-axis
(e) reflécting about the x-axis and then about the y-axis
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Starting with the graph of y = e", *, find the equation of the
graph that results from

(a) reflecting about the line y = 4
(b) reflecting about the line x = 2
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