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(Intervals)<Yladl

Notation Set description Picture
a b

la, b] x|a=x<=0b} - . >
a b

[a, b) {x | a=x<b : - >
a b

(a, b] {x | a<x=b} 5 >
a b

(a, =) {x|x>a} o
a

la, =) {x|x=a} . ,
a

{_3‘3, b) {I | X < b} ; >

(—oe, b] {I | X = b} E} -

(—oe, =) R (set of all real numbers) ,
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(Inequalities) iaal yill

Rules for Inequalities

1.

RIS

Ifa<b.thena+c<b+ c.
Ifa<bandc < d.thena + c < b + d.
Ifa < band ¢ > 0. then ac < bc.

Ifa < band ¢ < 0, then ac > bc.

5. If 0 < a < b.then 1/a > 1/b.

IE¥YINE] | Solve the inequality 1 + x < 7x + 5.
IE¥YTITF] | Solve the inequality x*> — 5x + 6 < 0.

BEOYTINE] | Solve x* + 3x% > 4x.
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C =2 (F-32) Alsleally culgi saill s &y siall 5l sal) i 5 (oulbe Cp A8 JLaws -1, Jlia
Cule edlls Fs 4 siall 3 all 4 jo 8 C s
§ B0<F <95 xa (38 ¢ (o2l 4 5hall An all ulie Ao el L

20<C <30 8l da )3 Glatl Jiaall Cules yed Lulie o Jlaall Le 2
:Jad)
.C=%F-32) = F=20+432S050<F<9 = 50<20+432<95 = 18<2C<63 =

10 < C < 35. So the interval is [10, 35].

. Since 20 < C < 30and C = 2(F —32), wehave 20 < 2(F —32) <30 = 36<F-32<54 = €8<F <S86.

So the interval is [68, 86].
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(Absolute Value) 4illadll ol

m | Express | 3x — 2| without using the absolute-value symbol.

SOLUTION la|=a ifa=0
|2r_j|:;3x—2 if 3x —2=0 la|=—a ifa<0
T [-Bx =2 if3x—-2<0
_[3x -2 ifx=3
2 -3 ifx<3 lal=0 for every number a
Va? = lal
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Properties of Absolute Values Suppose a and b are any real numbers and

n 1s an integer. Then

1. |ab| = |al|b] 2. % :% (b # 0) 3. |a"| = |a|"
Suppose a = (. Then
4. |x|=a iandonlyif x= *a

S.|lx|<a ifandonlyif —a<x<a

6. |x| =a ifandonlyif x>a or x < —a

ETXTE] | solve [2x — 5] =3.

SOLUTION By Property 4 of absolute values,

2x — 5| = 3 is equivalent to

2x — 5 =23 or 2x — 5= —3

So2yx =8 or2x = 2. Thusx = dorx = 1.
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BTN | solve [x — 5] < 2. %‘\7

FETNE S Lo

—2<x—-—5<2

Therefore, adding 5 to each side, we have

3 <x<7

and the solution set is the open interval (3. 7).

FOVLINF] | Solve |3x + 2| = 4.

SOLUTION By Properties 4 and 6 of absolute values,

3x + 2| = 4 is equivalent to

Ix+2=4 or 3x+2=—4

In the first case 3x = 2, which gives x = % In the second case 3x = —6, which gives
x = —2. So the solution set 18

{x|x£§ —2 or x;%}z(—w.—Z]U [%.x]
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(Circle) 53l

Equation of a Circle An equation of the circle with center (h. k) and radius r
18

P(x,y)
(x —h?+ (y —k?=r
In particular, if the center is the origin (0, 0). the equation is

2 g
y .

X2+ yi=r

=y

For instance an equation of the circle with radius 3 and center (2, —5) is

x—=24+(vy+5*=9
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Definition The slope of a nonvertical line that passes through the points
Pi(x1. v1) and Pa(x2.y2) 1s

Ay — y»—y

. m =
piliasa Jsa Ax  x, — x

The slope of a vertical line is not defined. Coyma e ALE aihine Jae

Point-Slope Form of the Equation of a Line An equation of the line pass-
(X1,y1) Al jaism Alie afices Alslas ing through the point Py(x;. y;) and having slope m is

y =y =mx—Xx)
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(Trigonometry) <l

Angles Lis3d

Degrees 0° | 30° | 45° | 60° | 90° | 120° | 135° | 150° | 180° | 270° | 360°
. m T | T ™ 27 3w S 37 _ o
Radians 0 6 1 3 5 ; 1 . T > 2 7r rad 180
0 ™ ™ T m 27 37 S5 3
0 6 4 32 3 4 6 L e
1 1 £) 3 1 1
ing || 0| L | L |, |3 — — 0| =110
2 V2 2 2 V2
J3 | 1 1 1 NG
08 f | ~ — — 0 — —— | =] -1 0 1
cos 5 NG > > 7 5

https://manara.edu.sy/


https://manara.edu.sy/

[

&jliall

R A, T

sin’® + cos’® = 1

tan’d + 1 = sec’d

1 + cot’® = csc’O

(Trigonometric Identities) 4Akall cid il

2 sIn x COS X

sin 2.x

3 s 9
cos 2x = Ccos"x — sIn“x

sin x cos y = 3[sin(x + y) + sin(x — y)] csc B = ‘] sec ) = : cot =
sin 6 cos 6 tan 6
cos x cos y = 3[cos(x + y) + cos(x — y)] ‘
0 = sin 6 0 = cos 0
sin x sin y = 3[cos(x — y) — cos(x + y)] tan ¢ = cos 0 cotb = sin 0
cosly = I + cos 2x sin(x — y) = sin x cos y — COS X Sin y
‘ 2 : :
cos(x — y¥) = cos x cos y + sin x sin y
o, 1 — cos 2x
sl X =
2 & [l -
sin(x + y) = sin x cos y + cos x sin y

cos(x + y)

COS X COSY — sIn x siny
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(a) f(x)=sin x

VA
 SINC T SN

(b) g(x) = cos x
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(Functions) s sil

Wiwall 400 de ganall

E

R ojimas R IR (3o dsja de gane atlhia ali g 1 Adal) alil)

e il Jaad Sl x ad 8 : domain( <l de gaaa) lhaiall 1 ¢ aull) Sl gSe
R &l -2
y=f(x) : a2 A 2c18 -3
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SEVINE] | A function f is defined by

) = {12— x if x=<—1

X if x> —1
Evaluate f(—2), f(—1), and f(0) and sketch the graph.

SOLUTION Remember that a function is a rule. For this particular function the rule is
the following: First look at the value of the input x. If it happens that x = —1, then the
value of f(x)is 1 — x. On the other hand, if x = —1, then the value of f(x) is x".

Since —2 = —1, we have f(—2) =1 — (—2) = 3.
Since —1 = —1,we have f(—1)=1—(—1) = 2.
Since 0 = —1, we have f(0) = 0> = 0.
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8)Liol b de B wli ga ol o
BTYTINE] | Sketch the graph of the absolute value function f(x) = |x|. I : f: R = R
(Asd> dde alu>
SOLUTION From the preceding discussion we know that Y - a
Id:R - R : @allall t._\ﬁ.ﬂ 2

1] x ifx=0
x| =
—x if x <0
X=X

y=|x]

Sl 2l

(i) al
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ot
Bl ol il (mad oy jaill de gang
Dr =Rabidesene f(X)=a X" +a X"+ +@ X+, S oe gl S 1
Dy =X F(X) 20} wiyuitcsme  gx)=/F(X) IS cn 3 1 o il a0 i f 2 plosall ol i) 22

D =R 4 nide s0ns g(x) =3/ (x) JRE (a9 ¢ (easil jdad) al- i

p(x)

Dy ={X:q(X) # 0} iy yide pone 3508 5,8 p(x), q(x) s T(X) ) JSall e a1 Ay pul) ) 53l -3
| Find the domain of each function.
— 1
@ f(x)=x+2 ®) g9 = ——
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@ pb S

t 490l — &33yall - g1 g3l

gy

oSy (Rl [—a,al si [—a,a] S200 e €1 gl) < aall ) il hlas R e Yl T oS
4 foeda f: I — R

D aane 3] (ay @
VYx e U, f(—x) = f(x)

@A 13 o @
VxeU, f(—x) = —f(x)

T:!.lLu

-

il Al sgma Jl il Tlalize dil o6 13) Jadig 13] Jlimgs f aalil 0sSs @

ldlusy Tae J) dlly lalize il o8 13] Lazig 15) Lsyd f ullll 0sSs @
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| \ s dlial
(1, m [’r""lj":"l“]

I =5 VREN ;x - X" G pall pEN @

&8 VNEN ;x> x?™ aIL aall w1 @

3,3 SINR — R ulily (295C05: R — R 2l @
¥ :dLh
T [-5»"[.1.'] =1 + cos .'l'] .T:HJJ j-l L:J-J-' EE-" ":"'E ljl >

V4

7 f(x)=x*—-x, g(x)=1+cosx
| ;-H 'l..gp_u g EEJ]_, ‘@"".J"'f EL_LTl i "Jq"

L f(=x)=(x) —(=x)=—x*+x=—-(x*—x) = —f(x)
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EXAMPLE 2 If f(x) = Vxand g(x) = x + 1, find sl s
@ (feo)) ) @Hw)  © FoNHw @ @og). Ghall GBI py il £, o
@l

Solution i (feg)x) = f(g(x)

Composition Domain N Ciipal Aegamas f 9 G Canildl
(@) (fog)x) = f(g(x)) = Vgx) = Vx + | -1, 00) 8 X yoliall degema 2 fog
() (g°Hx) = g(f(x) = fx) + 1 = Vx + | 0, 00) 5 J(X) Zum § iupal degoms
(© (foHx) = f(f(x) = Vf(x) = VVx = x'/A 0, 00) S ol i degema ]
d) (geg)x)=glgx)=g)+1=x+DH+1=x+2 (—00, 00)
To see why the domain of f o g is [—1, 00), notice that g(x) = x + 1 is defined for all real $ /
x but g(x) belongs to the domain of f only if x + 1 = 0, that is to say, when x = —1. W e @ @
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Vx,yeU; x<y = f(x)<f() i 3axs 3 U e Wl pi ) f @
V,yEU ; x<y = f(X)<f(y) =Bl kbluliopsdf o
Vx,yeEU ; x<y = f(x)=f(y) toixi 13 U de jadlize i & f @

VX,yEU ; x<y = f(x)> f(y) :si=13lU debols ailiza g i) f @

(Lobai allita f Ll 3 Fia) miliia 5f ol e (1S 13) (Ll 2 yae) 2 ke f il (o UG
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dc > clhac) @ 13) A aS) wguzdl SLLAN E)hJ ‘Li_}-_g-*.“ Slalall PRE S iSoedl slall dc > 1 Jlis
J33 1319 A(x) =8xl(x + 8)mg (psaall pe sl I Luoliaial ez HI 2uesd Ol Azad ‘L_,,.u X mg

L FY 1 .
_-gsug‘iﬁsn.g(x)zzx P S 8 Lrudias @i @ (&) eSO o pzad (ggadl Lyl J) x mg

P el g ] Juas (1 23S ol azad c xmg (A ST 8 Lasdias @55 o () e
() =0 06Ss U3 M9 x> 1 of Hlael f(x)=x—1 mg

Al Aloladl el (e AeSIL geall dc el das s S AN e Jggazell Jlgudl iS55 ool Yol
P, | 1T

eloll eSS A yodl Lou s (S W) aa gl Auds> 3oyl (ye s3llac] @3 Soumdl sbiall o Lo iaud Lol
szl oz I Juolyll
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el g ) Alialgd) eSO Zids 3oy ye eloll ellac @3 13):Lals

.f(g(h(x)))=f{ = J 2 X8

:J=
P S G Lm0 o 1 el 2eaS

3(*’4(1?)):%!4(3;):%( 8x J: 2x

x+8) x+8

2x
x+8
Rl g I s @l elgudl S ola x > 8 o 13] Ll

>l 2x>x+8&x>8 ;¥ e

x+8) x+8 x+8

el el dlslell sl Lo f(g(h(x)))= 0 o Jl> 33
x—8

f(g(h(xm-{m ix>8
0 ifx<8
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EXERCISES Ja T
1-10 Rewrite the expression without using the absolute-value 33-40 Solve the inequality.
symbol.
33. [x| <3 34. [x| =3
. — 23 . -
1|5 - 23] 2. |m—2] 35, [x—4| <1 36. |x — 6] < 0.1
3. |V - 5] 4. || =2 = [=3]] 37. |[x+ 5| =2 38. [x+ 1] =3
5. |x —2| ifx<2 6. |x —2] ifx>2
39. |[2x — 3| =04 40. |5x — 2| <6
7. |x+ 1| 8. |2x — 1|
9. |x*+ 1| 10. |1 — 2x7]

11-26 Solve the inequality in terms of intervals and illustrate the
solution set on the real number line.

M 2x+7>=3 12. 4 — 3x =6
B.1—-—x=2 14. 1 +5x =5 — 3x
15.0=1—-—x<1 16. 1 <3x+4=16
17. (x — 1)(x—2) =0 18. x* <2x + 8
19. x2 <3 20. x’ =5
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1. |5=23|=|-18| =18 d|x=2|=m—=2becausew =2 > 0.
3. |V —5|=— (v5 —5) =5 — v/ becanse /5 — 5 < 0. 4.!|—2|—|—3|!=|2—3|=|—1|=1
S <2 z-2<lso|lz -2 ==(z-2)=2—-=. \
b lfx>2,z-2>0s0|x-2|=x -2
T ifx+1>0 41 ife > =1
Llz+1= =
—(x+1) ifx4+1<0 =r=1 ife<c=1
2r =1 if 20 =120 2r =1 1f.1:2%
8 |2x=1| = =
—(22-=1) if2x-1<0 1-2z ifz<$
5. |IH+1|:II-+1 [sin:::e::"'+12[lfnrall.r].
10. Determine when 1 — 22" <0 & 1<2z° & >3 & Vai> /3 & |z]>,/3 &
1 = 22" if ——m < -
Iﬁ—:!pﬂt;i:}-!p.‘l’hll.&.ll—l:ﬂ: . Ve Ve
= v | |f‘.‘i:-i—1_£::|r.r}ﬁ
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MN2r47>3 © 2xr>-4 & r>-=2,s0x¢€ (-2 x) .
-2 i
12 4-3r>=6 & =3r>2 & IE—%,S&IE{—UD-—%]. _.:ﬂ-
3
B1-z<2 & —-zr<l & zz-=lsoxze|=100) .
e
W1+5c>5-3c & Br>4 & z>g.80zc€ (3 00). M
BO0<1l-z2<1 & =-1€-x<0 & 1Z>z>0s0zc(01].
1] |
16 1 <3x4+4<16 & -3<3c<12 & -l<z<4soxc (14 St —
-1 0 4
M (z=1){zx-=2) >0

Case [ (both factors are positive, so their product 1s positive) t =1 >0 <& = > 1,

andzr—-2>0 & z=>2sox€ (2 00a)

Case 2: (both factors are negative, so their product is positive) r =1 <0 < x <1,

andxr —=2<0 & z<2soxeE(—o0l)

Thus, the solution set is (=00, 1) U (2, o).
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B.r° <2r+8 & F=-2r-8<0 & (r=4)(z+2)<0. T
Case I: x > 4and x < —2, which is impossible.
Case2: r < dand r > =2

Thus, the solution set is (-2, 4). -2 0 4

19.r°<3 & 22-3<0 & (z-v3)(z++3) <0
Case I: = > +3and z < —/3, which is impossible.
Case2: r < +3and z = —/3.

Thus, the solution set is {—ﬁ ﬁ} o ' s
Another method: z* <3 & |z] <3 & —V3<z< i

W25 & 22-520 & (z2—+5)(z+v5) =0
Case I: x> +/Sandr > —/5,s0x € [5, ).

Case 2: = < v5andr < —/5,50x € (=00, =5 .
Thus, the solution set is (—oe, —/5 | LU [/, 00).

L |
=
L
Y |

Another method: x* =5 & |x|=+v5 & x> Borr < =/

https://manara.edu.sy/
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A, T

33. By Property 5 of absolute values, |z| <3 & -3<z< 3. soxe(-33).

3. By Properties 4 and 6 of absolute values, |z| >3 < < —3orz > 3.s0x € (—oo, 3] U [3, 00).

3B. lr=4[<l & =l<r=-4<1 & J<zx<bsoxe(35)

¥ -6 <0l & -Dl<r-6G<0]l o 59<z<blsore (59.61).

M |c+5>22 & z2z4+5>22x4+5<=2 & z2>-3orz< =T, 80z € (=00, =T|U[=3,00).
B |z+1>3 & z4+1>300x4+1<=3 & z>20rzx < 4,30z € (—o0, —4|U|[2,00).

0. 2r-3 <04 & -04<2r-3<04 = 26<2r<34 o 13<r<lTsoxre[lL3 LT

).

4. 50 -2/ <b & -6<br-2<6 & -4<br<B & -—-s<r<e.s0re(-

frfda
W=

https://manara.edu.sy/
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3232-39 Find the domain of the function.
x+ 4 2x° — 5
33. x) = 34, x) =
f[} Il_g f[} II+I_E'
35. f(1)= /2t — 1 36. g(t) =3 —1t—J2+1

u + 1

1
g 38. flu) = o ]

u-+1

37. hix) =

https://manara.edu.sy/
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6)li_all

LILEE PSS et

33, f(x) = (x 4+ 4)/(2* = 9) is defined for all = exceptwhen0 =z =9 & 0=(x+3)x=3) & =x==3or3,sothe
domain is {z € R | z # —3,3} = (—00, —3) U (—3, 3) U (3, 0.

3. fix) = (20 = 5)/(x* + x — 6) is defined forall x exceptwhen 0 =" 4+ =6 & 0=(r+3)(r-2) <«

z==3or2, sothedomainis {r E R | £ # =3,2} = (=00, =3) U (=3,2) U(2, ).

35 f(t) = /2t — 1 is defined for all real numbers. In fact /p(t), where p(t) is a polynomial, is defined for all real numbers.

Thus, the domain is B, or (=oo, 00).

B g(t)=vI-t—v24tisdefinedwhen3 -1 >0 < (<3and241t>0 <« = —2 Thus, the domain is
—2<t<3o0r[-23]
W hiz)=1 I,."1..‘,.-"1'-’3 = 6 is defined when 2 — 5z > 0 & z(x — 5) > 0. Note that % — 5z # 0 since that would result in

division by zero. The expression z(x — 5) is positive if £ < 0 or x > 5. (See Appendix A for methods for solving
inequalities.) Thus, the domain is {—oo, 0) U (5, og).

38 flu) = lll+'11 Edﬁﬁﬂﬁi“'hm“+l?£0[“#—1]3ﬂdl+—il#D.Sim:el.{. il:D
L u
1+t£-+-1
-li-lz_l = l=-u-1 = u=-2thedomainis{u|u# -2, u# =1} = (—o0,-2)U (-2, -1)U(=1,00).
u

3. Flp)= /2 JPisdefinedwhenp > 0and2 — F = 0. Since2 - /F=0 = 2= ,F = F=2 =
0 < p < 4, the domain is [0, 4].
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