or: 2 —2<0AN2+2<0 = 2<2ANzx< -2 = (—o0,—2]
Hence, Dy = (—o0, —2] U [2,00) =R\ (-2, 2)
To find Ry:
Since, 4> >0 = y e Rt = R; =RT
Example 2 : Let g(z) = —/2z — 1, find D, and R,?

To find Dy:

1

20 -1>0 = 22>1 = 2>3 = D, =[3,00)

y=—V2r-1= y’=2v-1 = 20=y"+1 = zv="54-
To find R,:

y<0 = yeR™ = R,=R = (—00,0]

Definition: The function that is defined by more than one formula
(e.g., the function are written using the brace {}, signum function

absolute value function) is) called Piecewise function.

Remark (3): The domain of the Piecewise function are the restrictions

of the functions.

T ifz>0

Example 1 : Let f(z) = |z|[=vV22 =<0  ifzr =0

—x ifx<0

\

find Dy and R;?

Df =R and Ry = R*
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—1 ifzx<2

Example 2 : Let g(z) = , find D, and R,?
3 ifx>2

D, =R

R, ={-1,3}

Example 3 : Let h(z) =y = |z + 3|, find D, and R},?
(

T+ 3 frz+3>0—=a2> -3
since, |z + 3|= < @ ifr+3=0—>2=-3

—(x+3) fr+3<0—=2<-3

\

D, =R

R, =R* (
T it x < =2

Example 4 : Let f(v) =4 4+1 if -2 <z <1, find Dy and Ry?

22 ifz>1

\
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r<—-2V-2<zx<1Vz>1

— (—00,-2)U[-2,1]U(1,00) =R

= D;=R

Ry =7

r<=2V-1<zz<2Vze>1

— (—o0,—2)U[-1,2]U(1,00) =R\ [-2,—1)

— R; =R\ [-2,-1)

Example 5 : Let w(t) = |t — 2|, find D, and R,?
(

t—9 ift>2
t—2]=<0 ift =2

—(t—2) ift<?2

Remark (4): The domain of the Rational function is all the real num-

ber values except the value of x which makes the denominator equal to
Zero.

Example 1 : Let f(z) = =%, find Dy and R;?

To find Dy:

P —140 = 2241 = Val#1 = |z|#1 = z# Tl
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Df =R \ {_17 1}
To find Ry:

y=fla)=p5 = a=y’ -y = y’—2w—y=0

r2—1

194/ 1+42
_— I = —y

—b}\/b2—4bc)
2y

(Using = = o
Since 2y # 0 = y # 0,
and 1+4y° >0 = y? > = y» >0 = yeR
Hence, Ry =R\ {0}
1
Example 2 : Let h(z) = ¢ :c_—l—27 find Dj, and R;?

:U_

To find Dy,:

Vi—2#40 = 2-2#0 = z#2
Hence, D, = R\ {2}

To find Ry,:

Y= = (-2t =r+1

+

w N

— 1y -2 -2 —-1=0
— (- Dz =2°+1
2341
— Z’—#
Let 2 —1#0 = > #1 = y#1

Hence, R, =R\ {1}
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Problems 2.1: Find the domains

——
tions?
L f(z) =4/ -2
2. hiz) = L]
3. l(z) = ﬁfé'
4. g(x) = 3=~

and ranges for the following func-

5. f() = =i

6. w(t) = Va2 +25

+3

1 ifx>0

7. g(x)

2 ifz<0

Algebraic of function:-

Let f and g be two functions, then:-

1. Equality of functions:

f and g are equality <= D; = D, and f(z) = g(z)

2. The Sum of functions:

The sum of f and g is: (f + g)(z) = f(x) + g(x)

with the domain: Dy, = Dy N D,

3. The Difference of functions:

The difference between f and g is: (f — g)(z) = f(z) — g(z)

with the domain: D¢y = Dy N D,

4. The Product of functions:

The product of f ~~d gis: (f.g)(z) = f(x).g9(x)
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with the domain: Dy, = Dy N D,

5. The Division of functions:

The division of f and g is: (f|g)(x) = ((

x)
)
with the domain: Dy, = Dy N Dy \{z € R: g(x) =0}

Similarly,

(91)(x) = 43

Dg‘f:DgﬂDf\{IUGRIQ(:C):O}

~—|

Example 1 : Which of the following functions are equal to the function

fla) = =327

Lglx)=1—-2x
Solution:- D, = R; Dy =R\ {0}

Since, Dy # D, = f(x) # g(x)

2. h(z) = T3

x2

Solution:- D), =R\ {0}; Dy =R\ {0}
W) = £33 = M2 = 228 = f(q)

2 T.T

Since, Dy, = Dy and h(x) = f(x) = h(x) = f(x)

3. I(z) = V1 — dx + 422
Solution:-

V1—dz +42? = /(1 — 22)(1 — 2z) = /(1 — 2x)?
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=|1—25€’:> DZZR

Since, D; # Dy = () # f(z)

4. w(z) = 2

Solution:-
r(1+2%) #0 = x # 0vV1+2? # 0 (i.g. ,2* # 0 which is always true )
— D, =R\ {0}

2342)(1-22 x(z? —2z x—2z2
wla) = S = S = 2 = @)

Since, D,, = Dy and w(z) = f(z) = w(z) = f(z)

Example 2 : If f(z) = vz +1 and g(z) = V4 —z, find
f(@) +9(x), f(x) = g(2), f(x).g(x), f(z)/g(x), and g(z)/f(z)
with domain for all.
Solution:-
Since, f(z) = vz + 1,
r+1>0 — x> —1
= Dy =[-1,00)
Since, g(x) = V4 — 22,
4—22>0 = 2°<4 = |z|<2 = —2<2<2
— D, =[-2,2]
Now,

(f+9)(x) = flz)+g(z) = Vo + 1+ V4 —a?
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(F ~ 0)a) = £(z) — 9la) = VET T~ VI~
(f.9)(@) = f(x).9(z) = Vo +1V4—22 = \/(z + 1)(4 — 22)
Do) = 4 - 7% -
(hiw) =55 = Yo = Vi
Also,
Dyrg=Dyy= Dyyg=DsNDy=[-1oo)N[=2,2] = [-1,2]

DgZDfﬂDg\{xER:g(I):O}
=[-1,2]\{z eR:v4—22=0}
= [_172]\{_272}

:[_192)

Ds =D;ND,\ {x eR: f(z) =0}

[—1,2]\{r eR: vz +1=0}
= [=L2\ {~1}

(_172]

Problems 2.2:

1. Check whether each of the following two functions equal or not?

(a) f(.fl?) — 2332;—24337 g(x) — 6333(;!:—6132332
_ ol _ Va?-1

(b) via) = EE,  w(a) = Y

(0) hla) = 225502 i(g) = 20eae!

2. Find each of f +g¢, f — g, f.9, f/g, g/f, then find the domain of
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each of them?
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Composition Functions:-

Let f(x) and g(z) be two functions such that R,y C Dy, then

there exist a function (f o g)(z) define in the following formula:

(fog)z)= f(g(z))

Dijog)a) = {2 : 9(2) € D@y Aw € Dy(ay }
Similarly, we can define (g o f)(x) as follows:

(go f)lz)=g(f(z))

Dgopya) ={z : f(z) € Dy) N € Dy}

Example 1: Let f(z) = /x and g(x) = 2?> + 1, find fog and go f?
Solution:-

First, we are going to find the domain and range for f(x) and g(z),

f@) = vF — Dy =R* = 0,00)

y=+vr = y*=1z = Ry =R"=0,00)

Also,

g(z)=2*+1 = D, =R =10, 00)

y=24+1 = y=2’4+1 = 2’=y—1 = 2=Fy—1

So,y—1>0 = y>1 = R, =][1,00)
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To find f o ¢: Since R, = [1,00) C [0,00) = Dy, so f o g exist.

(fog)(x) = flg(x)) = \g(x) = Va2 +1

Doy ={x:2 € D, and g(x) € Dy}
={r:zc€Rand 22+ 1R}
={z:zeRAzeR} =R

(Since 22+1>0 = 22 > —1 which is always true, and hence z € R)

To find g o f: Since Ry = [0,00) C [0,00) = D, so g o f exist.

(go flz) =g(f(2) = (Vo) +1=a+1

Dy ={z:2€ Dy A f(x) € Dy}
={z:zeR" ANz eR}

={z:xeR* Az eR"} =R" [Since, x > 0 — x € R" |

Example 2: Let f(z) = v — 4 and g(z) = %, find fogand go f?
Solution:-

First, we are going to find the domain and range for f(z) and g(z),
To find Dy:

t—4>0 = >4 = Dy=[4,00)

To find Ry:

y=vr—4 = yzzx—ﬁl — x=y2+4 — Rf:R+
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Also,
To find Dy:
3—2x#0 = 2#3 = D,=R\ {3}
To find Ry:
y:g(x):% — x4+ 1=3y—ay = r+axy=3y—1
— ==
CY+1#0 = y=-1
Hence, R, =R\ {—1}

To find fog:

Ry, =R\ {-1} € [4,00) = Dy = [ o g does not exist.

To find g o f:

Ry =Rt ¢ R\ {3} =D, = go f does not exist.

Problems 2.3: Find f o g and g o f for the following functions:-
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The Greatest Integer Function:-

The function whose value at any number x is the greatest integer less

than or equal to x is called the greatest integer function. It is denoted

by “[ 1”7 such that [z] < x.
Examples:

(2] =2

[1.5] =1

—1.5] = —2

[3.4]=3

Example 1: Sketch a graph for the following function:
f(ZU) = fa:],Va: < [_273)

x y = [x] | closed point | open point
<z<-1| -2 (—2,-2) | (-1,-2)
1<z<0 | -1 (—1,-1) | (0,-1)
0<z<l1 0 (0,0) (1,0)
I<z<2 I (1,1) (2.1)
9<z<3 2 2,2) (3,2)

From the above table, we can see that:

Dy =[-2,3) and Ry = {—2,—1,0,1,2}
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Note: In general, f(z) = [z] =n, Vn € ,Vz € [n,n+ 1) is called
“Step Function”.

Example 2: Sketch a graph for the following function:
flx) = —[z], Vo € [=3,3].

x [x] | y =2 — [z] | closed point | open point
3<z<-2| 3| 213 (=3,0) (—2,1)
D<z<-1|-2| z+2 (—2,0) (—1,1)

1<z<0 | 1| =z+1 (—1,0) 0,1)

0<z<1 0 x (0,0) (1,1)

I<z<2 | I z—1 (1,0) 2.1)

2<z<3 2 x—2 (2,0) (3,1)
3==x 3 x—3 (3,0)

From the above table, we can see that:

Df=[-3,3] and Ry = {-3,-2,—1,0,1,2,3}
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Example 3: Sketch a graph for the following function:

f(z) =[3+z],Vx € [-3,1).

x 3+ y = [3+ ] | closed point | open point
—B3<r<-2|0<34+zx<1 0 (—3,0) (—2,0)
2<r<—-1[1<34+x<?2 1 (—2,1) (—1,1)
—1<xr<0 |2<34+2x<3 2 (—1,2) (0,2)
0<xr<1 3<3+zx<4 3 (0,3) (1,3)

From the above table, we can see that:

D =[-3,1] and Ry = {0,1,2,3}

Slgnum Function:-

We denoted to the signum function by “Sgn(z)

follows:

Sgn(z)

35
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if <0

ifzx=0

ifz>0

7

, and it is defined as




D;=R

Rf{—l, 0, 1}

Example 1: Find the Domain and Range and Sketch a graph for the

following function:

F(t) = Sgn(t® + 1)

Solution:- p
1 f2+1>0 = ?’>-1 = >0 = teR

f(t)=Sgn(t*+1) =0  if2+1=0 — > = —1, Contradiction

—1 ift?+1<0 = t* < —1, Contradiction

\
Hence, Sgn(t* +1) =1,Vt € R

Df:Randezl
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Example 2: Find the Domain and Range and Sketch a graph for the

following function:

g(t) = tSgn(t)

Solution:- . )
1 ift>0 t ift>0

g(x) =tSgn(t) =t*xq0 ift=0 =30 ift=0=lt|

—1 ift<O —t ift<0

\ \

Hence, g(t) = tSgn(t) = [t|,Vt € R

Dy =R and Ry =R*
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Odd Function:-

A function f(z) is called an odd function if f(—z) = —f(x)

Examples:

v f(=x) = (=)} = —2® = —f(x) = f(x) is an odd function.

g(—x) = (=)t = 2t £ —g(x) = g(z) is NOT an odd

function.

Note: For odd function, Dy = Ry = R

Even Function:-

A function f(z) is called an Even function if f(—z) = f(x)

Examples:
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h(—z) = (—2)? = 22 = h(z) = h(z) is an even function.
o t(x) = 0
ct(—x) = (—2)° = —2° # t(vr) = t(z) is NOT an even
function.

Note: For even function, Dy = R, but Ry = R*
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Shifting Function:-

Let y = f(z) s.t. € R, and let ¢ € R, then:

1. g(z) = f(x)+ ¢ [ Shifting to the top c¢ unit]

2. g(x) = f(z) — ¢ [ Shifting to the bottom ¢ unit]
3. g(x) = f(z + ¢ [ Shifting to the left ¢ unit]

4. g(z) = f(z —¢) [ Shifting to the right ¢ unit]

5. g(x) = —f(x) [ reflect around x-axes]

6. g(z) = f(—x) [reflect around y-axes]
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CHAPTER THREE: Limits and Continuity

Definition: If the values of f(x) approaches the value L as z ap-
proaches ¢, we say that f has limit equal to L as x approaches ¢, and

we write 1t as:

lim f(z) = L

Tr—C

Example: Let f(x) = 2>+ 3, find the limit of f(z) as x approaches 2.

r— 2% x 312523 |21 201 |2.001]|2.0001
(from the right) | f(z) | 12 | 9.25 | 8.25 | 7.4 | 7.040 | 7.004 | 7.0007 | =~ 7

x— 27 x 17121415 ] 19 | 1.99 | 1.999
(from the left) | f(x)| 4 | 4.44]4.96 |5.95| 5.98 | 6.98 | 6.999 | ~7

From the table, we notice that:

e When x approaches 2 from the right, f(z) approaches 7
(ie., lim f(z)=7).

r—27F

e When x approaches 2 from the left, f(z) approaches 7

(i.e., mhj?_ flz)=T17).

Properties of Limits: Let lim fi(z) = L; and lim fo(x) = Ly
Tr—C

Tr—C

where ¢, K, L1, Ly € R, then:

L lim[fi(2) F f2(2)] = L1 F Lo
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2. im[fi(x) % fo(x)] = Ly % Ly

Tr—C

3. lim K x fi(x)] = K = L1

Tr—C

4. lim 28 = L where Ly # 0

T—C fa(z)

Examples: Evaluate the following limits:

1. lim

n—5 n

Vaidn—=2 _ 445-2 __
= 7 = 5

2 2
crt2x4+4 _ 2°42.2+4 12
2. iﬂ% 42 242 4 =13

2?25 i (@45)(@=5) i w45 545
3. 3151_{% 3(x—b) _}}E}) 3(x—5) —5315 33
4 lim (2+h)2—4 _ lig 44hth® =4 _ 15, AAER)
NG h h—0 h h—0 h
= lim4+h=4+0=0
h—0

5 hm \/4—|—n—2 — hm \/4+n—2 \/4—|—n—2

" n—0 n n—0 n VA+n—2

— lim —-&n=4 _ |jjy —

n—0 n(Van+2) 0 n(Vatnt2)

: 1
n—o (V44n+2)  V4+0+2 242 A

%)




Right and Left Hand-Side Limits:

Sometimes the value of a function f(x) lend to different limits as x
approaches ¢ from different sides.

Theorem: Suppose f(x) is defined on an open interval that containing
c. Then il_{ré f(z) is defined if and only if xli}rg f(z) and Ilggl_ f(z) are

both defined and equal.

i.e.,

lim f(z) = L <= lim f(x) = lim f(z) =L

T—cC r—ct r—Cc—

[Note|If lim f(z) # lim f(z) = lim f(z) “DOES NOT EXIST”
r—c r—C—

Tr—C

Example 1: Evaluate the following, where f(z) is defined as shown

below.
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. 1(6) =2 . /(1) =1
. xhj?- f(z)=5 ) xli)nlq_ flz)=4
i )= - i )= 2

— lim f(z) =5

r—6

2> —4 ifx<3

Example 2: Let f(z) =

5 of >3

Find lim f(x),

x—371 x—3

xhj?- f(z), and lim f(x)

Solution:-
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2> —4 ifx<3
e lim f(z) = lim

r—37+ r—37t
5 iof © >3
= lim5=5
r—3+

22 —4 ifx<3
e lim f(z) = lim
r—3" r—3~

5 if x>3
= lim2?—-4=3>-4=9—-4=5
T3~
o lim f(x) =7
T—3
o lim f(z)= lim f(zr) =5= lim f(x) =5
x—3t x—3~ x—3
(
ve+4—1 1f x <0
Example 3: Lef g(x) = ¢ _9 ifr=0
\x%s if >0

Find lim g(z), lim g(z), and lim g(x)

z—0t x—0~ z—0
Solution:-

p

ve+4—1 if <0

o lim g(z) = lim 9 if 2=0
\33%3 of >0
. zx _ 0 _
= lm =5 =55 =0
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p

Vi+td—1 ifz<0

li =5 _ ; _
o lim g(z) = lim § 9 if =0
2 if ©>0
\
= lm+ver+4-1=0+4-1=2-1=1
r—0~

o limg(x) =7
=0

©lim g(z) = 0 # 1 = lim g(z) = lir%g(a:) “DOES NOT
T—

z—0t x—0~

EXISTS”

Example 4: Evaluate lin}) |z|?

T—
Solution:-
x 1fr >0
lim|z|= lim
z—0 z—0
—x ifr<0
e lim|z| = lim (z) =0
x—07t x—0*t
e lim|z| = lim (—z) =0
z—0~ z—0~

o lim |z = lim |z|= 0= lim|z|= 0
x—07T x—0~ x—0
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Infinite (Foo) Limits : Let f(z) be defined as follows, then:

In (a): lim, ,.+ f(z) = +o0 and lim, .. f(z) = —o¢
— lim,_. f(z) “DOES NOT EXIST”
In (b): lim, ,.+ f(z) = +o0 and lim, . f(z) = +o0

— lim, . f(z) = 400

In (c): lim, .+ f(z) = —c0 and lim, . f(z) = —0
— lim,,. f(z) = —0
Remark:
0 (+)value (—)value
S — LI \7jvalue
(F) value 0 oo 0 >

Example 1: Evaluate lim -7
r—0 %Y

Solution:-
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CHAPTER ONE: The Real Numbers R

The subsets of R:

1. Natural Numbers (denoted by N) such that:

N={1,2,3,4,...}

2. Intager Numbers (denote by I or Z) such that:

TorZ={...,—4,-3,-2,—-1,0,1,2,3,4,...}

3. Rational Numbers (denoted by Q): it is all numbers of the form

g, such that p and q are integers and ¢ # 0:

Q:{.fER:I:]—Q, where p,q € Z and ¢ # 0}
q

50

.15
Example: 3, 3, 0, 35,

Note: The rational Numbers can be written as decimal from

(5=0.333, ;1 =0.25,...).

4. Irrational Numbers (denoted by Q): A number which is not
rational is said to be irrational.
Example: {v/2,v/3,v5,V7,m=3.14,...}
Note: ) CNCZcQcCRand QUQ =R




Properties of Real Numbers with Addition: (R, +)

Let a, b, ¢ € R, then:

l.a+beR (Closure)

2.a+b=0b+a (Commutative)
3.a+(b+c)=(a+b)+c (Associative)
4.a+0=0+a=0 (Identity Element)

5. 3(—a) € Rsuch that a+(—a) = (—a)+a =0 (Additive Inverse)

Properties of Real Numbers with Multiplication: (R, .)

Let a, b, ¢ € R, then:

l.abeR (Closure)

2. a.b=b.a (Commutative)

3. a.(b.c) = (a.b).c (Associative)

4. l.a =a.l (Multiplicative Identity)
5. a.(b+c¢) =ab+a.c (Distributive)

(b+c¢).a=ba+ca

6. 3o~ € R such that a.a* =a.2 =1  (Multiplication Inverse)




Intervals:-

1. Finite intervals:- Let a,b € R such that a < b then:
(a) Open Interval = {r € R:a <z < b} = (a,b)
( Note: a ¢ (a,b) and b ¢ (a,b))

(b) Closed Interval = {r e R:a < x < b} = [a,b]

( Note: a € [a,b] and b € [a, b))

(c) The Half Open Interval = {r e R:a <z < b} = (a,]
( Note: b € (a,b] and a ¢ (a, b))
OR:
The Half Open Interval = {r e R:a <z < b} = [a,b)
( Note: b ¢ [a,b) and a € [a, b))

2. Infinite intervals:- Let each of a,b € R such that a < b then:

(a) {z € R such that a < x < o0 (or z > a) } = (a,00)
(b) {x € R such that a <z < 0o (or z > a) } = [a,00)
(¢) {x € Rsuch that —co <z <a (orx <a) } = (—o0,a)
(d) {x € R such that —oo <z <a (orz <a) } = (—00,q]

(e) {x € R such that —oo < z < 00} = (—00,0) =R

Inequalities:-

Let a,b € R, b is greater than a and denoted by b > a if b —a > 0.




Solving Inequalities:-
Solving the inequalities means obtaining all values of x for which the

inequality is true.

Properties of Inequalities:-

Let a,b,c € R, then:
l.ifa<b, thena+c<b+c
2. if a < band ¢ > 0, then a.c < b.c
3. if a < band c <0, then a.c > b.c

Note :- In general, we have linear and non-linear inequalities.

Linear Inequalities Examples:-

Example 1: Solve the following inequality: 3(x + 2) < 57

solution:-

3x+2) <5 —3@r+2) <5 —3r<5-6—<F

Hence, the solution set ={z € R: z < 3} = (o0, 3}).

Example 2: Solve the following inequality: 7 < 2z + 3 < 117
solution:-

7T<2r+3<1l — 3+7<2r<-3+11 —4<2r <8 —2<

r <4



Hence, the solution set ={z e R:2 <z <4} = (2,4).

Non-Linear Inequalities Examples:-

Example 1: Solve the following inequality: z? < 257
solution:- 22 < 25 = 22 —-25 <0 = (x = 5)(x +5) <0
Since the result is negative, then there are two possibilities:
Either:

(x4+5)>0and (z—5) <0 — x> —-5and x <5

So, the solution set is (=5, 5)

Or:

(x+5),0and (x —5) >0 — x < —Handz >5

So, the solution set is ()

Therefore, the solution set for the inequality is

(=5,5)Ud = (-5,5)

Example 2: Solve the following inequality: 2% — 5x > 67?
solution:-

22 —5r>6—>2>—52—-6>0— (z—6)(x+1) >0
Since the result is Positive, then there are two possibilities:
Either:

(x—6)>0and (z+1) >0 — 2z >6and x > —1

So, the solution set: S ={z € R: 2 > 6} = (6, 00)



Or:
(r—6)<0and (r+1),0 — x<6and z < —1
So, the solution set: Sy = {r € R: 2 < -1} = (—o0,—1)

Therefore, the solution set for the inequality is:

stlLJSQ:(6,00)U(—OO,—1):R\[—1,6]

Absolute Value:-

The absolute value of a real number x is denoted by |z| and defined as

follows:

T ifz>0

Z|= V22 =<0  ifz=0

—x fx<0

\

Examples: |—8|=38, |Z%|=%, |9|=9, |0|=0, etc.

Properties of Absolute Value:-

L. |=a|=|al

proof: |—a|= +/(—a)? = Va2 = |a

2. ||al|=al
proof: |lal|= +/|a]* = Va® = [q]
3. |a.b|= |a].|b]

proof: |a.b|= /(a.b)? = Va2.b2 = Va2 Vb2 = |a.|b|



4 |2=ld: b £ 0

proof: [¢|=,/(§)? \/g %

5. |a+ b|< |a|+]|b)|

Solving Absolute Value Inequalities:-

The absolute value of z can be written as follows:

T if x>0

o}=Va? =

—x fx<0

The above definition means the absolute value of any real number is a

real non-negative number.

Geometrically, the absolute value of unmber x is the distance point

C( 7

between and the origin point “0”. In general, |a — b| is the distance

between a and b on the real number line “R”.

Remarks:

1. To solve the inequality |z|< a where a,x € R.

Case (1): If > 0 = |z|= =,

but |z|< e =z <a. = S =(—0,a)

Case (2): If x < 0 = |z|= —



but z|<a= —r<a= 12> —a. = Sy = (—a,0)

Since, S = 51N S,

—{zeR:|z|l<a}={reR:—a<x<a} =(—a,a)

Similarly,

— {reR:|z|<a}={reR: —a <z <a}=][—a,d
2. To solve the inequality |z|> a where a,z € R.

Case (1): If x > 0 = |z|= =,

but |z|>a =z >a. = 5] = (a,0)

Case (2): If x < 0 = |z|= —=,

but |z|>a = —2r>a= 1< —a. = Sy = (—00, —a)

Since, S = 51U Sy

— {z eR:|z|>a} = (a,00) U(—00,—a) =R\ [—a,d]

Similarly,

— {z e R:|z|>a} = [a,00) U (—00, —a] =R\ (—a,a)

Examples:- Find the solution set for the following inequalities?

o z|>3
solution:-
{reR:|z|>3}={reR:x>30rz< -3} =
(3,00) U (—00,—-3) =R\ [-3, 3]



o |2|< 4

solution:-

{reR:|z|<4}={reR: -4 <z <4} =[-4,4]

o |x—4|<5
solution:-
{reR:|zx—4|<b}={zeR: -5<xr—-4<5}

={zeR:-1<x2<9}=(-1,9)

o |7T—4x|>1

solution:-

{reR: |z —4[>1}={reR:7T—4dzx>1or7—4x < -1}
={reR:—4x>—-6o0or —4zr < -8}
={zeR:z<3orz>2}

= (=00, 5] U [2,00)

=R\ (},2)

Problems 1.1:

]
1. Write the following sets equivalent interval, and test of these in-

tervals whether they are Open, Close or Half Open Intervals:

(a) {z:—-20 <x < —12} (c¢) {z: -1 <2 <10}

(b) {z: -3 <z <4} (d) {x: —2<2<0}
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. Give a description of the following intervals as sets:

(a) (37 5) (C) [27 7] (e) (_4? 4)

(b) (=3,0) (d) [=5,=1) (f) (=0,7]

. Find the solution set of the following inequalities:

(a) z(z —3) >4 (h) 6z —4 > Tz +2
(b) 2<1;2#0 (i) 22 < 16

(c) #* > 25 (j) 322 > 2z +5
(d) 22 — 22 —24 < 0 (k) 2* > 52+ 6

() =7< —3z+5< 14 () &2 <5

(f) -5 <4 (m)$>x%3

(&) =252 >0 (m) 555 <3

. Find the solution set of the following inequalities:

2—2|
(a) |z]2 5 (8) 5 =1
b 2
(o) fel< (h) [2322]< 1
(c) |3z +3|> 2
. (i) |x—1/>6

(d) 1< i< 2

o i) 12 —22|<T7
(e) %‘24 (i) | |
(€) [0 + 1)< |32+ 4 19 |l < 3

11
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CHAPTER TWO: The Functions

Definition: Let A and B be two non-empty sets, the relation that
assigns to every element x € A, with a unique value y € B is called a

function. i.e.,

f:A— B; Vo € Adly € B such that f(y) =y

Notes:

1. A= Domain = Dy

B = Co —domain = Co — Dy

2. The set of all images f(x) = y,Vax € Dy is called the Range of f.

ie,|Ry={f(x)=y; v € Dy}

Functions and Non-functions Examples:-

e Example(1):
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f is not a function because f(z) =a and f(z) =b

(i.e., z has two images).

e Example(2):

g is a function and R, = {1, 3,4}.

e Example(3):
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h is not a function because @ € A and « has not image.

e Example(4): y =z is a Linear function.

y=fr)=z, f:R—R
Di=R={reR:—o00 <z < o0}

Ri=R={yeR:—-oco<y<oo}

2

e Example(5): y = 2° is a Non-linear function.
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y=f(z)=2% f: R — [0, 0]
D; =R

Ri=R*={yeR:y>0}=[0,00)

e Example(6): Is 3> = 2 a function?

=1 — =V — [yl=FVx

Vo € Dy, 3F 1/ (i.e., there are two images for each x).
Hence, “y? = 2” is not a function.

However, y; = ++/2 is a function.
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Also, yo = —+/x is a function.

e Example(7): Is 2y +3x = 5 a function?

5—3x

2y+3x=0—2y=5—-3r —y ="

Since for each value of x there exits only one value of y, it is a

function.
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e Example(8): Is { = 2 a function?

T __ _ 1

Since for each value of x there exits only one value of y, it is a

function.
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e Example(9): Is 22 +y? = 1 a function?

2+t =1—y=TV1—22

Since Vo € Dy, 3F 1 — 22 (i.e., the are two images for each value

of ), “a® + y?> = 1”7 is not a function.

However, i1 = f1(z) = +v1 — 2?2 is a function.
1—22>0—22<1—-1<z<1

Dy, =[—1,1] and Ry, = [0,1]

Also, y2 = fo(x) = —v/1 — 22 is a function.
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1—22>0—22<1— —1 <2 <1 (same the above)

Df1 = [—1, 1] and Rf1 = [—1,0]

How to Find the Domain and the Rang of a Function?

Remark (1): The domain of all polynomials or odd roots is all real

numbers.
Example: Find the domain and the rang of the following functions?
L. f(z) =2 +22°+ 32 -5 2. g(z) = VT — 1

Dy =R; Ry =R D,=R; R,=R

Remark (2): The domain of even root is all the real numbers such

that the expression under the radical is greater than or equal to zero.
Example 1 : Let f(r) = Va2 — 4, find Dy and R;?

To find Dy:

X?2—4>0 = (z—2)(z+2)>0

either: t —2>0A2x4+2>0 = z>2A N2> -2 = [2,00)
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