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1.1 Definition A setis collection of distinct objects. These objects are called the elements,

or members.

Important Sets of Real Numbers

The set N of natural numbers is define by
N={1,23,..}

The set Z of integers is define by
Z={.,-2,-1,0,1,2, ..}

The set Q of rational numbers is define by
Q={a/b:a,b€eZ,b+ 0}

Non-periodic decimal fractions are called irrational numbers and denoted by Irr.

For example, 2,3,

Real numbers

Real Numbers are made up of rational numbers and irrational numbers and
denoted by R.

The Number Line

We may use the number line to represent all the real numbers graphically; each
real number corresponds to exactly one point on the number line. c0 and -c0 are not real
numbers because there is no point on the number line corresponding to either of them.

C, denoting the set of all complex numbers: C = {a + bi:a,b € R}.

For example, 1 + 2i € C.

Intervals

A subset of the real line is called an interval if it contains at least two numbers and
also contains all real numbers between any two of its elements.


http://en.wikipedia.org/wiki/Complex_number
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Types of intervals

TABLE 1.1 Types of intervals

Finite:

Infinite:

Notation
(a, b)

[a, ]

[a, b)

(a, b]

(a, o0)
[a, o)
(=00, b)

(_OO! b]

(—00, 00)

Set description
{x|a < x < b}
{x|a = x = b}
{x|a = x < b}
{x|]a < x = b}
{x|x > a}
{x|x = a}
{x|x < b}
{x|x = b}

R (set of all real
numbers)

Type Picture

Open o ol >
a b

Closed & » 5
a b

Half-open & 5 5
a b

Half-open c < >
a b

Open 5
a

Closed S
a

Open — 0

Closed - o

b

Both open <=
and closed
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Absolute value

1.11 Definition The absolute value of a number x, denoted by is defined by the
formula

||_{x if x=0
S if x<0

1.12 Example |2| =2, | —5|=—(-5) =5.

Some properties of the absolute value

Let a, b and x be any real numbers then:

1) |x| = Vx?
2) |ab| = |al|b|

3) |a+ b| < |al + |b]
4) |a—b| = [lal — |bl]|
5) |x] <a ifandonlyif x<a and x=—-a (or —a<x<a)

6) |x| = a ifandonlyif x >a or x < —a
Cartesian product

Definition Let A and B be any two non empty sets, the Cartesian product of A with B
denoted by A X B is defined by

AxB ={(a,b):a€A and b € B}

BXxA={(ab):a €B and b € A}

Remark

1) AXB#BXxA

2) AXB=BXAiff A=B

3) If A contains m elements and B contains n elements, then A X B contains
m X n elements.

4) AxB=¢ iff A=¢ or B=¢

5) The Cartesian product of R with itselfis R x R denoted by R?,
R? = {(x,y):x,y € R}, R? denotes the Cartesian plane.
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Quadrantlil 8 Quadrant |
X<0,y>0 & X>0, y>0

The Function

Definition Let A and B be any two non empty sets then a function (denoted by f) from
A to B isarelation from A to B provided that for each x € A there exist only aunique y €
B such that (x,y) € f and fcan be written as:

fiA->B, y=f(x)or y£> X.

X e — f(X)
Input ! Output f

(domain) (range)

A diagram showing a
function as a kind of machine.

Example Let f:R — R. Does the following f are functions or not?

1) f(x) =+Vx 2) f(x) = x* 3) f(x) =3

Solution:
1. Is not a function because v—1 is undefined.

2. Is a function since for all x there exist y such that (x,y) € f.
3. is a function since for all x there exist y such that (x,y) € f.
Example Let f:R* - R, x = y2.Is not a function because
(4,-2)ef and (4,2) € f

Example Let f:R* - R*, x = y2.Is a function
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Definitions
1) The set A of all possible input values is called the domain of the function.

That means Dy = {x:x € Aand y = f(x) for a unique y € B}

2) The set of all values of f(x) as x varies throughout 4 is called the range of the

function, i.e. Ry = {y:y € Band y = f(x) for atleast one x € A}

The range may not include every element in the set Y.

Examples Find the domains and ranges of these functions.

Function Domain (x) Range (y)

= i (—o0, ) [0, o0)

y=lix (—00,0) U (0, o0) (—00,0) U (0, 20)
y=Vx [0, o0) [0, o)
y=Va—x (—o0,4] [0, 20)
y=V1-x’ [—1, 1] [0, 1]

Solution The formula y = x? gives a real y-value for any real number x, so the domain
is (—o0, 0c). The range of y = x? is [0, 00) because the square of any real number is
nonnegative and every nonnegative number y is the square of its own square root,
y= (\/y)2 fory = 0.

The formula y = 1/x gives a real y-value for every x except x = 0. We cannot divide
any number by zero. The range of y = 1/x, the set of reciprocals of all nonzero real num-
bers, is the set of all nonzero real numbers, since y = 1/(1/y).

The formula y = Vx gives a real y-value only if x = 0. The range of y = Vxis
[0, o©) because every nonnegative number is some number’s square root (namely, it is the
square root of its own square).

In y = V4 — x, the quantity 4 — x cannot be negative. That is, 4 — x = 0, or
x = 4. The formula gives real y-values for all x = 4. The range of V4 — x is [0, 00),
the set of all nonnegative numbers.

The formula y = \/1 — x? gives a real y-value for every x in the closed interval
from —1 to 1. Outside this domain, 1 — x2is negative and its square root is not a real
number. The values of | — x? vary from 0 to | on the given domain, and the square roots
of these values do the same. The range of \/'1 — x%is [0, 1]. =]
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H.W. Find the domains and ranges of these functions.

Dy=f@=52 2 y=fw= 2

Definition (The Graph of Function)

The graph of the function y = f(x) is the set of all points (x, y) in the Cartesian plane X X
Y such that (x, y) satisfies the function y = f(x).

That means the graph is {(x,y):y = f(x)}.
Example Find the graph of this function y = f(x) = x

Solution:

y=f(x) 1 2 3 0 -1 -2 -3

xy) @11 ] 22)] 33| 00| (-1,-1) (—-2,-2] (-3,-3)
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1.34 Example : Graph this function= f (x) = /»

Solution:
AY
x | y=f(x) (%)
o, o0 (0,0)
1 1 (1,1)
2 | 14 | (21.4)
4 2 (4,2)
6 | 2.44 | (6,2.44) i 1P
—+3
9 3 (9,3) N
o, o0 (0,0)
1.35 Example : graph of this function ==
Solution:
X y=Ff(x) (%, y) ,y‘
1 1 (1,1) S 0 E—
2 2 (2,2) g 21:: .......
> FE
T o Too] =~ .l
-1 1 (-1,1) +
2 2 (-2,2) = .
-3 3 (-3,3)
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Note Let f(x) and g(x) be two functions having Dy and D, as a domain respectively.
Then

1) Dfyg = Dy—g = Dyxg = Dy N Dy

2) Df/g = Df N Dy — {x: g(x) = 0}

x+1
[x]-1

Example Find the domain for the function K(x) =

Solution: Let f(x)=x+1 and g(x) =[x] -1

D =R and D; =R

=Dk=RNR—-—{x:[x] -1=0}=R—-{x:[x] =1} =R —-[1,2)

Definition Type of Functions
1) Constant function y = f(x) = ¢ where c € Ris called the constant function.
2) Identity function y = f(x) = x is called the identity function.
3) Polynomial functiony = f(x) = apx™ + a;x" ' + -+ a,_,x + a, where q; € R,
i=0,1,..,n.For ay # 0and n > 0 an integer is called a polynomial of degree n.

For example y = f(x) = x® 4+ x — 6.

4) Definition 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, or the integer floor function. It is denoted |x |, or, in
some books, [x] or [[x]].
5) Even function Thefu.....___, , ., ...

fex)=fx)Vxel

For example y = f(x) = x? + 1 is an even function.

6) 0dd function The function y = f(x) is called an even function if
f(=x) =—f(x) Vx € Dy.

For example y = f(x) = x3 is an odd function.

7) Injective function (1-1 one to one) The function y = f(x) is said to be a one to one
function if forany x1,x; € Dy, f(x1) = f(x2) = %1 =X, or x; # x, = f(x1) # f(x3)
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Forexample y = f(x) = x + 1 is one to one function. Since for any x,,x, € R, if

f(xl):f(xz):>X1+1:x2+1:> x1:x2.

Remark (Horizontal Line Test) A function is one-to-one if and only if no horizontal line
intersects its graph more than once.

Example Is the function y = x? from Rto R one-to-one?
Solution!: This function is not one-to-one because, for instance,

g =1=g9(-1)
and so 1 and -1 have the same output.

Solution?: From Figure 1.21 we see that there are horizontal lines that intersect the graph
of more than once. Therefore, by the Horizontal Line Test, is not one-to-one.

| Fa f

Figure 1.21

8) Surjective function (onto) The function y = f(x) is said to be an on to function if for
any y € Ry there exist at least one value of x € Dy such thaty = f(x).

For example y = f(x) = x + 1is one to one function. Since if we put
x=y-1=fX)=f-D=y-1+1=y

9) bijective function The function y = f(x) is said to be bijective function if f are both
Surjective and Injective function.

For example y = f(x) = x + 1.

10) Inverse function Let f: A — B be a bijective function, the inverse function of
f(x) denoted by f~1(x) is defined by f~1: B - A satisfying f(f~1(x)) = f1(f(x)) = x.

i.e. The composition of any function with its inverse is the identity function and if (x, y) €
f then (y,x) €f.
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Note 1) [T #75 2 (@)™ =f()

3) Any function is symmetric with its inverse about line y = x.

Example T f(1) =5, f(3) = 7, and £(8) = —10, find £~'(7). £~'(5), and £~(—10).
SOLUTION From the definition of f ' we have

f =3  because f(3)=7
8= because f(H)=S5
f(—-10)=38 because f(8) =—-10

The diagram in Figure 6 makes it clear how f ' reverses the effect of f in this case. kuu
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