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ABSTRACT

This article is mainly concerned with the differépes of functions mostly used in calculus at sthod college
level. It focuses on the concept, simple definibod examples of the functions and some basic tdraiscan be used
while sketching the graph of the function. Thidcéet consists of the systematic procedures forcsleg the curve of
Cartesian functions, polar functions atite parametric functions with some illustrationslasome real-life applications of
the given function.
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INTRODUCTION
Concept of Function

The concept of function is one of the fundamentahcepts of modern mathematics. The word or the term
‘function’ was literally introduced by Leibniz in673 to mean any quantity varying from point to padf a curve,
like the length of the tangent or the normal. 114,7he again used the word "function" to mean dgtiastthat depend on a
variable. In 1718, Johann Bernoulli used the fumctiof expression made up of constants and a variabl
At the last of the eighteenth century, Euler cameegard a function as any equation made up oftantssand variables.
Euler introduces and made extensive use of themety important notation 3 f (x) in1734 (Kline, M 1972). The form of
the definition of a function that had been usedilurtll into the twentieth century was formulateg Dirichlet
(1805-1859). He stated that, if two variabkesndy are so related that for each valuexdahere corresponds exactly one
value ofy, theny is said to be a (single-valued) functionxoHe calledx, the variable to which values are assigned at will
the independent variable, agdthe variable whose values depend on the valusgresl tox, the dependent variable.
He called the values assumedxiye domain of the function, and the correspondialges assumed hythe range of the
function.

A function is an action performed by a person, deyvor sector or produces a result. The functiomaias more
or less fixed whereas the purpose (which indicatiehtion or objective) generally changes. For exiamnthe function of a
hammer is to strike something nearby wiasreits purpose may be anything like what to striked why.
A mathematical relationship in which a quantity gdedent variable) depends on or is determined loyhan quantity
(independent variable) or quantities. The depehdariable is said to be a function of the indefemt variable(s).
If something is done, or something happens, toitkdependent variable(s), it is reflected in the etefent variable.

For example, expenditure is a function of incomd for a wage earner; income is a function of twaaldes; per hour
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wage rate and a number of hours worked. So itgsoaess or operation that is performed routinelgaoy out a part ¢

the mission of an organization.

In mathematics, a functiois a relation in which every element in the domeamresponds to one and only ¢
element in the range where a relatisra correspondence that matches up two sets etwsbjThe first set is called t
domain and the set of all cosponding elements is called trange(Raymond et. al, 200¢ A relation or an expression
involving one or more variables is a function. 8eerybody gets functions all around us. For examaléunctiona
relationship between the quantities and costsany goods always exists. We are executing functianshome,
office and public places in a different way. Fuons are important as well necessary for interpmtahe local and wor

demographics and population growth, whichcritical to manage well and for planning and depetent.
Definition of Function

Function is an expression, rule, or law that defiagelationship between one variable (independznble) anc
another variable (dependent variable). For exai the position of a planet is a function of time. Thidatenship is
commonly symbolized ag= f(x). So, it is a relationship between two or more qugesti which is the basic quantitati
tool for describing the relationshigA function is a rule that refes how one quantity depends on other quan
Mathematically, a function of a variakx is a rulef that assigns to each valuexad unique numbef(x) is called the value
of the function ak. i. e.f(x) = 3x + 1; ory = f(x).We read a$ of x. Here variablegy is said to be a function of anott
variablex because they are related such that by giving sevalx we get one and only one valuey. Since the functioy
depends on the value wfthen, variabl y is known as the dependent variable arigl known as an independent varial
The modern definition of function was first givep the German mathematici Peter Dirichle in 1837(Elstrodt, J. 2007).
According to him “If a variablg is so related to a varial x that whenever a numerical value is assignex, there is a

rule according to which a unique valuey is determined, theyis said to be a function of the independent vae x”.

In the 'real-wold,' functions are mathematical representationgnahy inpu-output situationsA function is
simply a “machine” that generates some output lation to the given inputTo understand the function, imagine
“function machine” which is so constructehat if you inputx into the machine it will be automatically doubletteadd 3
So that the result or output of the machine will(hection’ f(x) = 2x+ 3. Sometimes, in place f(x) =2x+ 3, we write
y =2x+ 3, where it is understood that the valuey, the dependent variabldepends on our choice x, the independent
variable(Figure 1).
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Graph of the Function

The graph of the function can be described in tesfnsrdered pairs. The order pairs of the funcéma simply
the points on a graph, which are also described ait ordered pair of numbers. These ordered painwhbers is the
major connection between graphs and functions. yEfarction that has a real-number domain and rarmagea graph,
which is simply a pictorial representation of thelered pairs of real numbers that make up the ifmcihe sketch or
graph of the functions is the visualized or disphjorm of the function. A sketch depicts the intpot parts of a graph, it
does not have to be to scale although it still ttabe labeled correctly and any lines or pointsdnte be correctly
positioned in relation to each other and the a¥éisen functions are graphed, domain values are lysas$ociated with
the horizontal axis and range values with the geftaxis. In this regard, the graph of a functfas the graph of the
equationy = f(x) wherex is the independent variable and the first coordir@t abscissa of a point on the graphf of
(Raymond, A. B., Michael, R. Z., & Karl, E. B., 280 The variabley andf (x) can both be used to represent the

dependent variable, and either one is the secomdlitate or ordinate of a point on the grapl @igure 2).

The graph of the function is the set of all poifxsy) in the plane that satisfies the equatjon f(x). If the
function is defined for only a few input valuesetththe graph of the function is only a few pointbere thex-coordinate
of each point is an input value and theoordinate of each point is the corresponding atplue. It provides a means of
displaying, interpreting and analyzing data in sual form. Graphs can be used to model or descrigithematically

many real-world situations using that helps evedybsee mathematics through its focus on visuatimati

yor fx) v =)

A

Figure 2
OBJECTIVES

This paper aims at reflecting the concept, mearand, definition of the function. Moreover, it prage different
types of functions mostly used in calculus and sbasic terms used in sketching the graph of thetiom. It also consists

of the systematic procedures for sketching thestbfiit curves of common functions and their realdipplications.
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METHODOLOGY

This paper is mainly descriptive in nature followmdqualitative design. In this paper, the researtias adopted
the desk study method to search the secondaryesurbus, this paper has been prepared on thedjdhis review of the

published and unpublished literature from differemtirces through the desk study method.
FINDINGS AND DISCUSSION

Types of Function

We have so many functions in our general practieese, it discusses the various types of functishgh are

commonly used in calculus. They are as follows:

» Constant function

* Linear function

*  Quadratic function

e Polynomial function

* Rational function

* Absolute value function

e The square root function

*  Cube root function

* The reciprocal function

» Trigonometric function

» Logarithmic function (Inverse of exponential furnct)

e Parametric function
Constant Function

The functiony =f(x) is said to be constant yf = ¢ wherec is constant. It is a special case of a linear tionc
where the value ah is zero or the highest power xfs zero. i. ey =0.x #¢, ory =m.X +c=y =m +c wherem andc
both are constants. The graph of the constantiumét always a straight line either parallelxtaxis ory-axis. In Figure

3, the constant function is parallel to x-axis.

»i p—

c flx) =€ (—5.0) . &y (4. 8)
- ————%
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Figure 3(a) Figure 3(b)

Linear Function
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The functiony =f(x) is said to be a linear function if it can be exgsed in the form of =m +c wheremandc
are constant i.g; =2x +5. The graph of the linear function is always a stialge with slopem atx -axis and intercepts
in y-axis from the origin. To find the intercept, wenqautx =0 for y- intercept ang =0 for x- intercept. Then plotting the

points on the axes we can sketch the graph.
Example 1: Identify the slope and they-intercept of each line:
i) y=(2/3)x-1 ii)y=5 iy x=-2 iv) X-3y=9
Solution
y=(2/3)x-1
This line has a slope (2/3) and txntercept is the point (0, -1).
i)y=5
This is a horizontal line. The slope is 0, andytietercept is (0,5).
i) x=-2
This is a vertical line. The slope is undefinedd éine line does not cross thaxis. (Note that this line is not a
function)
iv)y=2/X+3
The slope of this line is 2/3, and théntercept is the point (0, 3).

The graph below in Figure 4 shows these four ltngsther.

Figure 4
Quadratic Function

Any function of the formy =axX +bx + ¢, wherea, bandc are constants aral# 0 is called quadratic function.

This function is also called the square functiorosghequation contains the second powex, &t. For examplef(x) = +
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2x - 4 is the square function. The graph of everyasguunction is a parabola. A parabola has a vemexan axis of

symmetry. The graph below in Figure 5 shows thegeets of the graph gf=x*

Axis of symmetry: x = 0 (y-axis)
A '

L4
-
= J

Y

Figure 5
The techniques for sketching the curve of this fiemcwill be discussed later.
Polynomial Function

Any function of the formy =a, X" +a,4 X" +....... + ao X’ wheren is non-negative integer ar........ ] are
given constant numbers is called a polynomial fiencbf degreen. i.e. i.e.y =4x + 2¥¢ — 3x + 4 is the polynomial
function of degre@. Linear, quadratic and cubic functions are thegpeases of a polynomial function with degre@1,

and 3 respectively. Figure 6 and Figure 7 argotitgnomial functions of degree 4 and 5 respectively
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Figure 7
Rational Function

The rational function is a function which can b@mssed as the quotient of two polynomials. Thif(x) =28

q(x)
wherep(x) andq(x) are polynomials and wheq(x) is not the zero polynomial. The domainf consists of all inputs for

whichg(x)#0.y = % is the rational functiol

Rational functions contain three types of asymtdigrizontal, vertical and oblique, as giin Figure 8 below.
An asymptote is a line that the graph of a functipproaches but never touches the

:i '

Horizontal asymptote

y=mx+c

! .
1 Vertical asymptote
]

Figure 8
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f(x)
24
x f(x)
-2 -0.5
—1 ~1
e x —0.5 -2
1 2 3 4
0.5 2
1
2 0.5
v
Figure 9 Table 1

When x goes to oo, the curve approaches some constant Malise the horizontal asymptote and when
approaches some constant vatfeom the left or right then the curve goes towatdso is the vertical asymptote.
Likewise, wherx goes to *o, then the curve goes towards a ljne mx + c is the oblique asymptote whemeis not zero

as that is a horizontal asymptote.
Absolute Value Function

The function defined for all numbexsyy =|x| is called the absolute value function. The grafotine function is
considered with the graph of the equatios x for x = 0. Let’s first consider the parent of the famiy= |x|. Because
the absolute value of a number is that numbertwdie from zero, all of the function values will then-negative. Ik = 0,
theny = |0| = 0. Ifx is positive, then the function value is equaktd-or example, the graph contains the points (1, 1),
(2, 2), and (3, 3), etc. However, wheis negative, the function value will be the opp®sif the number. For example, the
graph contains the points (-1, 1), (-2, 2), and 88 etc. As you can see in the graph in Figur¢h®,absolute value

function forms a “V” shape.

X f(x)
= 2
* 0 0
- 2
3l
_4_;
Figure 10 Table 2

The Square Root Function

The square root function is slightly more compkcht Consider, for example, the parent of the family

y = +/x. The domain of the function is limited to real numse 0, as the square root of a negative number isanetl

number. Similarly, the range of the function isitead to real numbers 0. This may seem confusing if you think of
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squares having two roots. For example, 9 have bwmtsr 3, and -3. However, fgr= +/x, we have to define the function

value as the principal root, which means the pgsitoot.

The graph of the functiop = +/x is shown in Figure 10.

Table 3

f(x) = Vx

X f(x)

-2 undefined
-1 undefined
0 0
1 1
2 1.4142136
3

4

1.7320508
2

-4 3 -2 1 e 9 z 3 4

-2

¥
Figure 11

Cube Root Function

A square root functiory = Vx is a function with the variable under the squasetr Similarly, a cube root
function is a function with the variable under thébe rooty = i/x is the cube root function under the variakl&Ve can
graph these basic functions by finding some pdimts satisfy each function. The graph of the cdbiwtion is given in

Figure 12.
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31 X f(x)
~q ~1

14
o o o ~0125| -05
-4.-_3’-'2/-%,?( 1 2 3 4 0 0
0125| 05

Figure 12 Table 4

The Reciprocal Function

An important member of the linear family is the= x. The graph of this function is a line that pas$esugh the
origin and has a slope of 1. But what does itsprecial look like? The functiop= 1k has a graph that is very different
from a line. First, the domain cannot include Ottasfraction (1/0) is undefined. The range alsesdnot include 0, as a

fraction can only be zero if the numerator is zand the numerator gf= 1k is always 1.

In order to understand what these limitations migairthe graph, we will consider function values mea 0
andy = 0. First, consider very small valuesxof~or example, consider= 0.01. At thex value,y = 1k = (1/0.01) = 100.
Let's choose am value even closer to 0, suchxas 0.001. Now we have= 1k = (1/0.001) = 1000. As we get closer and
closer tox = 0, the function values grow without bound. Og tither side of the-axis, if we choose values closer and
closer tox = 0, the function values will approackb—We can see this behavior in the graph as a etrigymptote: the
graph is asymptotic to theaxis. We can also see in the graph thak agproachesot or —o, the function values

approach 0. The exclusion pf 0 from the range means that the function is gagtit to thex-axis (Figure 13).

Figure 13
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Trigonometric Function

The functions which can be expressed by usingrigjgriometric ratios cos, sinx, tanx, cotx, cosec, and sex
are called trigonometric functions. Trigonometriendtions are also called circular functions and lafgnctions. In
another word, a function such as a sine, cosargent, cotangent, secant, or cosecant of an aangle most simply
expressed in terms of the ratios of pairs of safesright-angled triangle is called circular fuoet To sketch the graph of

the trigonometric function, it is simply a mathemat function of an angle.

Sin (%) cos (x) L&n (x)
|
1
csc (1) sec {x) cot (x)
|-+ 1
| | | | |
II. |Il ||. |I.
N, i hY
) \‘. \._Il' \‘.,_ B
|| |! II
=
Figure 14

There are three (sine, cosine, and tangent) basprimary trigonometric functions and also threes@cant,
secant, and cotangent) inverse functions. The grapthese functions are given in Figure 14.

Logarithmic Function (Inverse of Exponential Function)

The function is said to be logarithmicxfandy are related such that wheads real constant. The logarithmic

functiona’= x is usually written ag = log & It meansy is the logarithm ok base taa_Since in exponential functiom,is

acting as an index whereas in logarithmic functjois acting as an index. The inverse of exponeffitiattionsy = &

a>0, a#l isy = log, x is the logarithmic function. Thus the logarithrfumction is the inverse of the exponential function

Let the inverse of exponential functign2* is obtained by switching the andy coordinates about the line
y = x. Recall that if(x, y)is a point on the graph of a function, tgnx) will be a point on the graph of its inverse. Tidfi
the inverse algebraically, begin by interchangiramdy and then try to solve for Then the inverse of exponential
functiony = 2“is y = log, x. which is the logarithmic function. The Table lldve demonstrates how theandy values of
the points on the exponential curye=2* can be switched to find the coordinates of the fgoam the logarithmic curve

y = log x in Figure 15.
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Table 5
Point on Exponential Curve Point on Logarithmic Curve
(-3, 1/8) (278, -3)
(-2, Ya) (1/4, -2)
(-1, %) (172, -1)
0, 1) (1,0
1,2 (2,1)
(2,4) 4,2)
(3, 8) 8,3)

Figure 15
Parametric Function

The parametric functions are the functions thatespthe equation of a curve which cannot be repted in the
form of a single equation. Generaliy, physics, suc equations are utilized to denote a change in aactbjposition witt
respect to timeln parametric equations, the two variablesx andy are not expressed in terms of each other, rx and
y are written in terms of another variable, usut. This variable is known as the parameter. In otiands, the parametr
functions are thequations which are related to each other by trensef a parameter. Therefore, they are namedhs

parametric functions or equatioofa curve are expressed in the following genegal:x = f(t); y = ¢t).

The parametric functions are basicalled to describe a curve that we cannot define usiggneral function.
may be a curve that traces around something oli &sd we do not have any particular equation foiSo, we use
parameter to represent its curve. It is a littliffialilt to sketch the graph of the parametric function. The lgrapthe

parametric functiox =2t + 1, y =4t is given inFigure 16.

Impact Factor(JCC): 3.7985 - This article can be downloaded from www.impactjournals.us




Functions and Graphs: Basic Techniques of Sketching 33
the Graph and Some Real Life Applications

Figure 16

Some Basic Terms for Sketching the Graph of the Fuation

The Domain and Range of the Function

The domain of a functioffx) is the set of all input valuesx-¢alues) for the function and the range of a
functionf(x) is the set of all output valueg-¥alues) for the function. The methods for findihg domain and range vary

from problem to problem. The domain of the functierthe set of actable values of the variable whghecessary to

3
specify the function. It is not always necessargpecify the domain of the function. iye= x3+:Tx)3 ,0<x< 1. It means

the domain of the function consists of that x fdrieh 0< x < 1. If the domain is not specified, we can find thtended

domain by assigning the numbers to which the foanudfining the function makes sense. In the functie % X may be

any number except zero.
Intercepts and Points

The point of intersection with coordinate axesafled intercept. To find the points where the cucugs thex-
axis, puty =0 in the equation of the curve. Similarly, to fintetpoints where the curve cuts the y-axis»pet0 in the
equation of the curve. In the functigre (x + 1)%(x — 3) if we puty =0, we getx =-1 & 3and if we putx =0, theny =-3.
So the intercepts are (0, 3), (-1, 0) and (3, B)sTs also known as zeros of the function and se& quadratic and other
harder formula for factorization. To find the pa@nin the polar curve, we make a tablerofind 6 to find their

corresponding points.
The Slope of a Curve at a Point

The line which touches the curve exactly at a pwimalled tangent. The slope of the curve at aigtpsayP is
also the slope of the tangent lineRatThis tangent line &P measures the rate of increase or decrease olthie as it
passes througR. If the equation does not contain any constamb ténen the curve passes through the origin. Ta the
equation of the tangent at the origin is obtaingdequating to zero, the lowest degree termg andy. i.e. the curve
y? = x¥(@® - x%) passes through the origin. The lowest degreestemey” = a* X°. The equations of the tangent at origin are

y =+ ax. To find the equation of the tangent at any poirg,make the first derivative that tends to infiréty the variable

x tends to any point. ff{(x) orj—z —0 asx— athenx + a will be the equation of the tangent at that point.
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The Derivative

Derivative is a mathematical tool used to measueaate of change at any function. The graph ofdhetiony =
f(x at any point is usually possible to obtain a folanthat gives the slope of the curve. This slopenfda is called the
derivative of the function. Let the linear functig= mx+ ¢ where the slope is\. Thus its derivative im. If the slope of

the function is zero, the graph of the function wé a horizontal line. Thus the derivative of astant function is zero.

The properties of the derivativé$§x) andf”(x) will determine the properties of the graph of faaction f(x).
The first derivative of a functiof(x) atx = a is positive iff (@) > 0 thenf(x) is increasing ax = a. If f{(a) < 0 thenf(x) is

decreasing at = a. Likewise, iff (a) > 0 thanf(x) is concave up at= a. If f(a) < 0 thanf(x) is concave down at= a.
Extreme Point (Relative Extrema)

The term relative extrema refers to both relativieimum and relative maximum points on a graph. theo
words, an extreme point of a function is a poinivhich its graph changes from increasing to deangaand decreasing to

increasing. So the minimum and maximum points efftmction at the same interval are known as exrpaints.
e A graph has a relative maximumyat c if f(c) > f(x) for all xin a small enough neighborhoodmf
» A graph has a relative minimumat c if f(c) <f(x) for all x in a small enough neighborhoodmf

* The relative maximgplural of maximumpand minimaplural of minimum)re the “peaks and valleys” of the

graph. There can be many relative maxima and mifinaay given graph.

* Relative extrema occur at points whére&) = 0 orf'(x) does not exist. Use the first derivative testhassify

them.
Inflection Point or Intervals of Concavity

An inflection point of a graph is a point at whitie graph changes from concave up to concave dowice
versa. In other word, the concavity is a measureosf curved the graph of the function is at varipagts. For example,
a linear function has zero concavity at all poibecause a line simply does not curve. An inflecpoint of a functiori(x)

can occur only at a value of for whichf "(x) is zero.

A graph is concave up on an interval if the tandieet falls below the curve at each point in theeiaal. In other

words, the graph curves “upward,” away from itsgemt lines.

A graph is concave down on an interval if the tamidme falls above the curve at each point inititerval. In

other words, the graph curves “downward,” away fitsriangent lines.

Here’'s one way to remember the definitions: “Comrcanp looks like a cup, and concave down looks #ke
frown.”

The second derivative measures concavity:

If 1(x)> 0 orf”x) is positive on an interval, thdnis concave up on that interval andfIf(x) < 0 orfx) is

negative on an interval, théis concave down on that interval.
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Symmetry

Symmetry is a geometric configuration with resptrta point, a line or a plane if for every point thie
configuration there is a corresponding point suwdt it is the midpoint or the perpendicular biseabthe line segment
joining the pairs of points. Such pairs of points ealled symmetry. A graph can display variousikinf symmetry. Three

main symmetries are especially importaven odd, andperiodic symmetry.
« Even symmetry: A function is even if its graph ysmsnetric by reflection over thgaxis.
e 0Odd symmetry: A function is odd if its graph is syetric by 180-degree rotation around the origin.

» Periodicity: A function is periodic if an only iftd values repeat regularly. That is, if there isvaue
p > 0 such that(x + p) = f(x) for all x in its domain.

The algebraic test for even/odd is to plug k) {ato the function.
If f(-x) =f(x), thenf is even.
If f(-x) = (x), thenf is odd.
The conditions for a curve to be symmetry are givelow:
e The curve is symmetrical about the axes if the Bgnaemains unaltered by replacirdy —x andy by -y. The

¥

2
. X
equation- + >

= 1 is symmetrical about the axes.

» The curve is symmetrical about tkeaxis if the equation remains the same by reptagiby x. The equation

y? = 4axis symmetrical about-axis.

* The curve is symmetrical about thieaxis if the equation remains the same by replagiby y. The equation

y? = 4ay is symmetrical aboyt-axis.

 The curve is symmetrical about the lipe= x if the equation remains the same by interchangiagdy. The

equation + y*= 3axyis symmetrical about = x.
* The curve is symmetrical in opposite quadrantféf ¢quation remains the same replacing by-x andy = -y
The equationxy =cis symmetrical in opposite quadrants.

» The curve is symmetrical about the lye -x if the equation is unaltered by interchangiand -y.
* The curve is symmetrical about the initial li®X if the equation is unaltered by puttingforé.

e The curve is symmetrical about the li@¥ if the equation of the curve doesn't change byinpmtt—&for 6.

* The curve is symmetrical about the pole if the ¢éiguacontains only the even powerrobr the equation doesn't

change by puttingr forr
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Asymptotes

If the perpendicular distance of a straight linenira point on the curve tends to zero as the puimtes to
infinity along the curve then the straight lines&d to be a asymptotes. Here we will discuss tirdge asymptotes which

are necessary to trace the curve. There are types bf asymptotes.
» Avertical asymptote for a function is a vertidaklx = k showing where the function becomes unbounded.

e Anhorizontal asymptote for a function is a horizntine that the graph of the function approaches

asx approaches or <.
» Anoblique asymptote for a function is a slanteg lihat the function approaches<approaches or <o.

Both horizontal and oblique asymptotes measureetidebehavior of a function. A graph can have amiief
number of vertical asymptotes, but it can only havenost two horizontal asymptotes. Horizontal gsites describe the
left and right-hand behavior of the graph. A gragh (almost) never touch a vertical asymptote; lewer, a graph may

cross a horizontal asymptote.
The conditions for the curve having asymptotes|fna x -axis andy -axis are given below.

» If x =a be an asymptote to the curye= f(x) parallel to they-axis,y should tend to infinity as x tends to a. i.e.

Ity ..y =o0. Herex =ais an asymptote parallel to theaxis.

e If y =b be an asymptote to the curye= f(x) parallel to thex-axis, theny —b asx-w. i.elt,_, y = b.

y =bis an asymptote parallel to theaxis.

« If the equation is of degre® and the ternx" is absent then the asymptote parallel toxtais is obtained by
equating to zero the coefficient BT If it is also absent then equate the coefficiehibaer degree preceding

terms to zero.

« If the equation is of degree and the termy” is absent, then the asymptote parallel+axis is obtained by
equating to zero to the coefficient of lower degpeeceding terms. i.e?y* - Xy — xy? + x +y + 1 = 0. The curve
is of four degrees theyf —y = 0 & xX* - x = 0 are the asymptotes paralleiktaxis andy-axis respectively.

Region
The entire area where the curve lies is simplyréggon. The region can generally be studied froengtuation of

the curve. Some possible rules to find the regiengéven below:

* If y becomes imaginary wheqis greater than a certain numiaethen no part of the curve lies to the right sifle o
line x = a Likewise whenx is less than a certain numkeand ify becomes imaginary then no part of the curve

lies to the left of linex = a.

 Wheny s greater than any numbeand ifx becomes imaginary then no part of the curve Ilrethe liney = c.
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If r becomes imaginary by the corresponding valué tifien no part of the curve lies in that portion.tie

function r* = a® cos2d when the value o® lies betweer% and%” thenr becomes imaginary. So, no part of the

3m

curve lies betweef = % andé ==

If x becomes imaginary whewy is less than any number then no part of the curve lies below the line
y = c. In the functiony = 4ax,y becomes imaginary wheais negative. So no part of the curve lies in #fe dof

they-axis.

Steps for Sketching the Graph of the Cartesian Furtion

Compute f'(x) and"{x).
Find the maximum and minimum points. Put f6) and solve for x.

= If f"(x) > 0, the curve is concave up at» then f(x) has a minimum point atxa. The minimum point in

the function is (a, f (a))

= Iff"(a)< 0, the curve is concave down ata, so f(x) has a maximum point atxa. The maximum point is
(a, f(a)

= If f"(a) = 0; examine f'(x) to the left and right of=a in order to determine if the function changesir

increasing to decreasing or vice versa.
= Make a partial sketch of the graph near to eachtpdiere f(x) has a horizontal tangent line.
Determine the concavity of f(x).

= Set f(x) = 0 and solve for x. Suppose thégh) = 0.Next test the concavity for x near to b. If d@cavity
changes at x b, then (b, f (b)) is an inflection point. Othesej the concavity at x b is the same as other

nearby points.
Consider other properties of the function and ceteplhe sketch.
= Iff(x) is defined at x= 0 then y-intercept is (0, f (0)).

= Does the partial sketch suggest that there iseréept? If so, it can be found by setting f&0 and solve for

X.

= Observe where f(x) is defined. Sometimes the fomnci$ given only for the restricted value of x. Sdimes

the formula for f(x) is meaningless for certainuabf x.
Check for possible asymptotes.
Check the function either it is symmetrical or not.
Determine the region.

Complete the sketch.
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Steps for Sketching Graph of the Polar Function
» If possible, change the polar equation into Caatesind follow the above steps.
» Determine the curve whether it is symmetrical dr no
«  Find the corresponding valuesroéind &
» Determine the region.
» Determine the tangent at the pole.
» Determine the intersection of the curve with thigahline OXandOY.

«  Find the value of for any real value of; if r =0 for any real value 06’, the curve passes through the origin.

e Complete the sketch.
Steps for Sketching the Graph of the Parametric Fuction

» If possible, change the parametric function intot€dan form and follow the above steps of Cartefam. If it

d dt
dy  dt

is not possible then find = .
dx dt dx

e Find the corresponding value xzfy,‘;—z andWYfor different values of.

» Plot the different values ofandy and find out the slopes of the tangentsg%eat these points.

*  Find the region.
» Check either the curve is symmetrical or not bytipgtt by -t. If it is equal then the curve is symmetrical.
e Complete the sketch.

Some Examples of Sketching the Graph of the Functio
Example -1: Sketch the graph ofy = x> -3x° +5

Solution: f(x) = 3% - 6x. Putf(x) = 0 then we gek = 0 & 2. Thereford(0) = 5 & f(2) = 1.Again,f(X) = 6x — 6 thenf”(0)
=-6 &f12) =6.
Sincef”(0) is negative then the graph is concave dowx at0andf”(2) is positive then the graph is concave up

atx = 2.Hence (0,5) is maximum point and (2,1) is theiimam point. The partial sketch is as shown in Fégli7(a).
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Y
(5,0)
Concave down
Concave up
__Ne(2,1)
o X

Figure 17(a)

o

Figure 17(b)

To find the inflection point, put’(x) =0 then we gek =1 andf(1) = 3, that is (1, 3). Joining these points we can

complete the sketch as in the above Figure 17(b).

x?%(a+x)

Example-2: Sketch the graph of? =

(Strophoid).

(a-x)
Solution

« The curve is symmetrical about thexis (absence of)

* The curve passes throuffh 0)and(-a, 0)(absence of constant term)

» Tangents at origin arg = =x. (coefficient of lowest degree term equated to zero)

* Tangents atHg, 0) isx=-a. (Y- asx- a).

e The asymptote parallel to y-axisxs a. (y » o asx— a).

* ybecomes imaginary ¥>aorx<-a.

The graph of the function is given in Figure 18.
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Figure 18

Example-3: Sketch the graph of? = a sirf.
Solution
Now changing into Cartesian formf,= a® sirf =x* + y* = 2a’xy then,
e The curve is symmetrical about the line x.
e The curve passes through the origin.
* Table ofr and®6.

The graph of the function is given in Figure 19.

Table 6

6=0° | 45° | o0

r=0|+al| O

Y
X VX
///a
e - X

Figure 19
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Some Real Life Application of the Functions
e Many real-world situations can be modeled by florcdi

» Applications of linear functions are estimating tdult height, loss of population, total cost of aroduct or

services, etc.

» The quadratic function helps to maximize and mimirthe value. i.e. Maximizing area and volume, miring

cost, maximizing profit, finding the height of théff, finding a depth of the well, etc.
» Most frequent application of exponential functiasi$o find the interest compounded annually.

« Rational function can be applicable to estimatepenature during illness, to find the average cdsamy
company product (cost-benefit model), populatioavgh in the certain time, determine the total profi the
product, height of the thrown object, and estimaiedical dosage, height of a launched rocket, catioglal

relation: like cholesterol level and the risk ofheattack etc.

* The most important application of logarithmic fupetis to find the walking speed of a person aedain time,
loudness of sound, rate of forgetting of the stidena certain time, spread rate of an epidemiqugation
growth, radioactive decay, effect of advertisingp@y and demand, growth rate and measurementrtifoeeke

magnitude etc.

e The application of trigonometric function is todithe height of any object like a cloud in the sk sound of an

airplane, satellite location, etc.
CONCLUSIONS

In the real world situation, it's very common tbae quantity depends on another quantity calletbls and we
observe that there is a relationship between thiewe find for every value of the first variableette is only one value of
the second variable, then we say the second varigbla function of the first variable. The first riadle is
the independent variable which is usually writtex and the second variable is the dependent vanatiteen asy. It is a
rule that relates how one quantity depends on ajbantities. So, the function is one or more riteg are applied to an
input and yield output. The input is the numberalue put into a function. The output is the numixevalue the function
gives out. The graph of a function is the set bpalnts whose coordinat€s, y) satisfy the functioly = f(x). This means

that for eachx-value there is a correspondipyalue which is obtained when we substitute inegtven function.

Functions are essential in every field of applieathematics as well as real-life situation. Theywaseful to the
statistician to test the significant differencetloé product or to find the observation is significar not. It is necessary to
the climatologist for estimating the temperaturev&nment accountants need the function to estithateevenue under
the current tax policy. Similarly, the computer grammer relies on the functional language of progning as well as a
graphics programmer need the function for makindecd he graph of a function is really useful to elaal real-world
problem of different sector. Sometimes we may maivk an expression for a function but we do know saalues. The

graph can give us a good idea of what function begpplied to the situation to solve the problem.
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