1.3. Functions and Their Graphs:-

Functions is a rule that relates inputs with outputs.
Ex.: A=mnr?
r = radius (inputs)

A = Area (outputs)

I[1=3.14 (constant)

EX.: y=x+1
X = inputs
Y = out puts

** %' is called independent variable .

y' is called dependent variable .

Domain and Range:

Domain is a set of allowable inputs.

Range is a set of outputs.

Restrictions in Domain:

1- Never divided by zero.

2- Value of square roots must be not negative.
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EXAMPLE Identifying Domain and Range

Verify the domains and ranges of these functions.

Function Domain (x) Range (y)

y=x’ (—00, 00) [0, o0)

y =1/ (—00,0) U0, 0) (—20,0) U (0, 00)
y=Vax [0, 50) [0, )

y=V4 —x (—o0,4] [0, o0)

y=VI1 -’ [-1,1] [0.1]

Solution  The formula y = x? gives a real y-value for any real number x, so the domain
is (—oo, 00). The range of y = x? is [0, ©0) because the square of any real number is
nonnegative and every nonnegative number y is the square of its own square root,
y= (\-"'21!)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 = \/x gives a real y-value only if x = 0. The range of y = Vx is
[0, o©) because every nonnegative number is some number’s square root (namely, it is the
square root of its own square).

Even and Odd Functions:

**The function is even if f(-x) = f(x)., this function is symmetric about y-axis.

**The function is odd if f(-x) = -f(x)., this function is symmetric about the
origin (0,0).
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y=-x

-3 -2 -1

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

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

EXAMPLE

Piecewise-Defined Functions

Sometimes a function is described by using different formulas on different parts of its do-
main. One example is the absolute value function

| 7{ X, x=10
ol —x, x = 0,

whose graph is given in Figure Here are some other examples.

EXAMPLE
The function

Graphing Piecewise-Defined Functions

—x, x =0
flx) = x2, 0=x=1
1 x =1

H]

is defined on the entire real line but has values given by different formulas depending on
the position of x. The values of f are given by: y = —x when x < 0,y = x* when
0=x=1,and y = 1 when x > 1. The function, however, is just one function whose

domain is the entire set of real numbers (Figure ).

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]] or int x. Figure 1.31 shows the graph. Observe that

124 =2,
12] =2,

119] =1,
102] =0,

|-12] = -2,
|-2] = -2.

0] =0,
| 03] = —1

Shifting a Graph of a Function

To shift the graph of a function y = f(x) straight up, add a positive constant to the right-

hand side of the formula y = f(x).
To shift the graph of a function y = f(x) straight down, add a negative constant to the

right-hand side of the formula y = f(x).
To shift the graph of y = f(x) to the left, add a positive constant to x. To shift the

graph of y = f(x) to the right, add a negative constant to .

Shift Formulas

Vertical Shifts
y=flx) +k

yv=flx+h)

Horizontal Shifts

Shifts the graph of fup k units if &k = 0
Shifts it down | k| units if & < 0

Shifts the graph of fleft hunits it h = 0
Shifts it right | h| units if h < 0
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y EXAMPLE Shifting a Graph

y=x"+2
I (a) Adding 1 to the right-hand side of the formula y = x” to get y = x> + 1 shifts the
graph up 1 unit (Figure ).
2
y=x (b) Adding —2 to the right-hand side of the formula y = x” to get y = x” — 2 shifts the
graph down 2 units (Figure ).
y=x*-2 (¢) Adding3toxiny = x?togety = (x + 3)* shifts the graph 3 units to the left (Figure
).
(d) Adding —2toxiny = |x|, and then adding —1 to the result, gives y = |x — 2| — 1
and shifts the graph 2 units to the right and 1 unit down (Figure ).
| .
Coe
2 units
Add a positive Add a negative
constant to x. constant to x. ¥
- .v -
. 4 y=|x-2[-1
FIGURE To shift the graph y=(x+3)72 y=ix—27

of f(x) = x* up (or down), we add
positive (or negative) constants to
the formula for f (Example a

and b). L
-3 0

1
2

FIGURE To shift the graph of y = x7 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 c).
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FIGURE Shifting the graph of
¥ = |x| 2 units to the right and 1 unit
down (Example d).
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