
 

 

6CHAPTER

GRAPHS OF TRIGONOMETRIC

FUNCTIONS

6.1 INTRODUCTION

In the previous chapters, we have learnt that all trigonometric functions are periodic functions.
We have also learnt that sine, cosine, cosecant and secant functions are periodic with period 2 k

whereas tangent and cotangent functions are periodic with period k. We also know that if a

function/(x) is periodic with period T, then /{ax + b) is periodic with period T/\a\. Therefore,
sm{ax + b),cos{ax + b),cosec{ax+b) and sec(flx + i?) are periodic with period 2n/\a\ and

tan {ax + b) and cot {ax + b) are periodic with period n/\a\. For example, sin 2x and cos 3kx are

periodic functions with periods k and 2/3 respectively.

If the graph of a periodic function with period T is to be drawn in a given interval, then it is

sufficient to draw its graph only in an interval of length T. Because, once it is drawn in one such

interval, it can-easily be drawn completely by repeating it over the intervals of lengths T. As

mentioned in the above paragraph all trigonometric functions are periodic functions. So, we will

draw their graphs on the intervals of lengths equal to their periods.

6.2 GRAPH OF SINE FUNCTION

We know that f{x) = sin x is a periodic function with period 2tt. Therefore, it is sufficient to

know the graph of /(x) = sin x in the interval [0, 2n]. Using the periodicity of the function, we
can draw the graph of/(x) = sin x in other intervals such as [~2k, 0], [2ti, 4k] etc.

In order to draw the graph of /(x) = sin x in the interval [0, 2k], we require the values of sin x at
some points in [0, 2k]. These values are listed in the following table.

2tz 3n 5 n 7n 5jt 4k 3 K 5 7t 7k 2kllKK K K K

0X K
6 4 3 2 3 4 6 6 4 3 2 3 4 6

V3 ^/3 V31 1 1 1 1 11 1y = sinx
0 1 0 -1 0

V2 ^/2 V2 V22 2 2 22 2 2 2

-0.5y = sinx
-Q860 05 071 0.86 1 0.86 0.71 0.5 0 -0.5 -0.71 -1 -0.86 -0.71 0

On suitable scale we plot the points (0,0)(k/6, 0.5),(k/4, 0.71),(k/3, 0.86) (k/2, 1),(2k/3, 0.86),

(3k/4, 0.71), (5k/6,03, (k,0), (7k/6,-05), (5k/4,-0.71), (4k/3,-0.86) (3k/2,-1),

(5k/3, -0.86), (7k/4, -071), (11k/6, -0.5) and (2k, O) in the xy-plane and join them by a free

hand curve to obtain the curve y = sin x i.e. the graph of /(x) = sin x in the interval [0, 2k] as

shown in Fig. 6.1.
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(0,1)

t/ = sinx
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O Tti ^ ^ 5tc / 2tc
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(0,-1)

t Y

Fig. 6.1 Graph of/(x) = siniin [0, 2ji)

As /(x) = sin X is a periodic function with period 2 k. The graph of /(x) = sin x in the interval
[-271, 0] is identical to its graph in [0, 2ti] as shown in Fig. 6.2.

y = smx

Fig. 6.2 Graph of/(x) = sinxin[-27t,2n]

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 Sketch the graph of the function f{x) = 3 sin 2x.

SOLUTION We know that ^(x)=sinx is periodic function with period 2;i. Therefore,
/(x) = 3 sin 2x is periodic function with period TL So, we will draw the graph of/(x) = 3 sin 2xin
the interval [0, er] and to draw (or know) its graph in other intervals such as [-re 0],[re, 2re]etc, we
may use the periodicity of the function. The values of/(x) = 3 sin 2x at various points in [0, er]
are listed in the following table.

7ji lljt2jt 3t 5rt5?i 7n nKTt 7t 7tn n

0X
123 4 6 812 2 1212 8 6 4 3

5jt 7n lln7n 5ji 4ti 3n 2k2k 3nK K K K

2x 0 7t
2 3 4 66 4 34 3 2 3 46

-3n/3 -3-3 -3/3 -33/3 3/33 _3
2 /2

3 3 3

/2/2 /2 222 2222y= 3sin2ar -3 000 3
= -2.58 =-2.1 =-1.5= -1.5= 1.5= 15 = 2.1 = 2.1 = -2.1 = -2.58= 2.58 = 2.58
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The points (0,0) (tc/12,1.5), (rc/8, 2.1), (tc/6,258), (k/4, 3), (j:/3, 2.58), (3tc/8, 2.13),

(5ti:/12,1.5), (tt/2, 0)X7ti:/12,-1.5), (5n/8,-2.13), (27r/3,-2.58)(3ti/4,-3), (Sti/ 6,-2.58),

(77i/8, -2.13), (11 n/12, -1.5) and {n, 0) are plotted on a suitable scale in the A:y-plane and joined
by a free hand curve to obtain the graph of the function f{x) = 3 sin 2x1.6., the curve y = 3 sin 2x
as shown in Fig. 6.3

(0,3>t y

(0,2)

(0,1)

X X’
<■

6 4 3 21
2n 3ti 5rt

3 4 6

O

(0,-1)

(0,-2)

(0,-3)| y'
Fig. 6.3 Graph of/(.r) = 3 sin 2x in [0, n]

EXAMPLE 2 Sketch the curves y = sin x and y = siii 2x on the same scale and same axes.

SOLUTION We observe that the functions /(x) = sin x and g(x) = sin 2x are periodic functions

with periods In and n respectively. The values of these functions are tabulated below.

Values of/(x) = sin x in (0,2rt]

In 3k 5k 7k 5k 4k 3k 5k 7k 11kK K K K

2k0X n
6 4 3 2 3 4 6 6 4 3 2 3 4 6

1 V3 ^/3 V31 1 1 V3 11 1 1
10sinx 1 0 0

V2 V2 ■J22 2 2 22 2 2 2

Values of g (x) = sin 2.y in {0, rt)

3k 5k 5k 7k7k 2k 3k 5k llKK K K K K K

2k0X
12 8 6 4 3 8 12 2 12 3 4 6 88

sin2t -11 V3 1 V3 V31 1 1 1 1 1
0 1 0 0

V2 V2 V22 2 2 22 2 2 2

In order to draw the curves y = sin x and y = sin 2x, we plot the points given in the above tables

and join them by free hand curves as shown in Fig. 6.4.
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tv

t/ = sin2j;y = smA;
(0,1)

o 2k

3n 7n5n 3-K
x' X

4 2 4 44 2

(0, -1)'
j/ = sin2x y = sm X

Y

Fig. 6.4 Graph of y = sin x and y = sin 2x in [0,2 n]

/ 71

Sketch the graph of the function f{x) = 3 sm 2x— .
V 4y

SOLUTION We know that if f(x) is a periodic function with period T, then/(ax + b) is periodic

with period —. As sin x is periodic with period 2rt. Therefore,/(x) = 3 sin 2x-^ is periodic
|fl| V 4,^

with period i.e. k. The values of/(3:) for different values of x are listed in the following table.

EXAMPLES

2k
5k Ik Un5n 7k 5n 4ti 3it3n 2kn 7t jtK 7t K

2x-~ 30
2 66 3 3 46 4 3 2 4 6 44

9k5jt3rt 17kllJi
25k19k3tc 7k 23k5it 7n 13jiKTl

2424 88 JtX
24 2424 4 244 224 24

3>/3 3V3 3It

-3V3-3V3 -3-3 -33 sin 2x — 3 3 33
4J 0-33 2 00 2

>/2vl ^/2 22 22 2

In the xy-plane, let us plot the points having x-coordinates given in the second row of the above
table and y-coordinate as the corresponding value in the third row. By joining the points

f 7T I
obtained by a free hand curve, we obtain the curve y = 3sin 2x— i.e. the graph of the

V 4 y

f ^
function f{x) = 3 sin 2x — as shown in Fig. 6.5.

V 4 y

so

A y

XX'
■><■

4

 

 



 

 

GRAPHS OFTRIGONOMETRIC FUNCTIONS 6.5

EXERCISE 6.1

BASIC

1. Sketch the graphs of the following functions;

(i) f{x) = 2 sin a:, 0 < a: < 71
5tin

(ii) e(AT) = 3 sin a:— ,0<a:<
” 44j'

2tc 7n
(iv) (|>(A:)=2sin 2a:-— ,

V 3y

(vi) 0(A')=sin — ,0<a:<47i
2 4

(iii) h{x) = 2 sin 3a:, 0 < a: < —
3

(v) (a:) = 4 sin 3 x- —
V 4

0<a:< —
5

, 0 < a: < 2tc

(vii) w(a:) =sin^A:, 0 < a: <2ti u(a:) =[sin a:!, 0 ^a: ^27T

(viii) f{x) = 2sin kx, 0 <x <2.

2. Sketch the graphs of the following pairs of functions on the same axes:
(

(i) fix) = smx, g{x) = sm x +
n'

(ii) / (a:) = sin x, g{x) - sin 2a:
4:J

(iv) / (a:) = sin I, g (a:) = sin a:(iii) fix) - sin 2a‘, g (a:) = 2 sin a:

6.3 GRAPH OF COSINE FUNCTION

In earlier chapters, we have learnt that fix) =cos A:is a periodic function with period 2 Ttln order
to draw the graph of fix) = cos x it is sufficient to know its graph in [0, 2ii\. The values of
fix) = cos X at various points in [0, 2ti] are given in the following table.

3ti 7jr 5ti 7n4jt 3n 5n liren 71 JT

In0X 71
6 4 3 2 3 4 6 6 4 3 2 3 4 6

●/3 1 V3 ^/31 1 1 \ 11 1
-11cos j: 0 0 1

V2 ■Jl -.'2 V22 2 2 22 2 2 2

On a suitable scale, let us plot the points (0,1), (n/6, V3/2),(n/4, 1/V2),(tt/3, 1/2),(tc/2, 0),
(2;r/3,-l/2), (3:c/4,-1/V2), (57t/6,-V3/2), (ti,-1), (77t/6,-V3/2), (57t/4,-1/V2),
(4ti/3, -1/2), (3ti/2, 0), (5tu/3, 1/2), (7tc/4, 1/%/2), (11ti/6, V3/2), and (2tu,l)in the Ari/-plane.
Now join these points by a free hand cur\'e to obtain the graph of the function fix) = cos x i.e. the
curve y = cos x as shown in Fig. 6.6.

(0,1)

X’

o

(0,-1)

Fig. 6.6 Graphof/(A) = cosx,0<xS2jc

TlAe cosine function i.e. fix) - cos a: is an even function and the graph of an even function is
symmetric about y-axis. So the graph of fix) = cos x in [-2n, 2n] is as shown in Fig. 6.7.
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Fig. 6.7 Graph oif{x) = cosa;,-2n^x^2n.

ILLUSTRATIVE EXAMPLES

BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE 1 Draw the graph off{x) = 3 cos 2x.

SOLUTION We know that cos x is a periodic function with period 2 n. Therefore,/(x) = 3 cos 2x
is periodic with period n. So, it is sufficient to draw the graph of f{x) = 3 cos 2x in the interval
[0, rtJ.The values of 3cos 2.\-for different values of xin[0,7i]are listed below.

7k llji7k 2r 3rt3n 5jt n7t It nJt 71

0 rtX
128 3 4 6 812 2 128 6 4 3 812

3V33 -3-J3 3^/3
-3 3333</3 3 3 3

3cos2jt V2 2 V5 30 23 -30 V2>/2■12 222 22

Now, plot the points whose ^-coordinates are points in the first row of the above table and the
corresponding values in the second row as ^-coordinates. By joining these points by a free hand
curve, we obtain the graph of f{x) = 3 cos 2x as shown in Fig. 6.8.

X’
<●

y = 3 cos 2x

0^x<n

EXAMPLE 2 Sketch the graph off (x) = cos^ x.
9 1

SOLUTION We have,/(x) = cos x = — (1 + cos 2x)

We know that cos x is a periodic function with period 2n. Therefore, /(x) =

periodic function with period ^

1
— cos 2x is also+

2 2

So, it is sufficient to draw the graph of /(x) = cos x in the
2 71

= 71.
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interval [0, jr]. In other intervals like [it, 2it], [-it, 0], [2it, 3it] etc. the graph of/(at) is identical to its
in graph in [0, it]. The values of y (or /(x)) at some standard points are listed in the following
table.

2n Sn 7n Stc 47t 3n Sir 7it llirn IT It It

0 2iiX It
6 4 3 2 3 4 6 6 4 3 2 3 4 6

3 1 1 1 1 3 3 1 1 1 31

y = cos^ X 1 0 1 0 1
24 4 4 2 4 4 2 4 4 2 4

By plotting the points having x-coordinates as points in the first now and y coordinates as the
corresponding values in tlie second row and joining them by a free hand cun'^e, we obtain the

graph of the function /(x) = cos^ x or the curve y = cos^ x as shown in Fig. 6.9.

(0,1)

X'
<■

o

''Y'

Fig. 6.9 Graph of/(A:) = cos^x,0 <x<27t

Draw the graphs off{x) = cos 2x and ^(x) = cos 2x -—
V 4

on the same axes and the sameEXAMPLES

scale.

SOLUTION We know that cos x is a periodic function with period 2n. Therefore, /(x) = cos 2x
f

and g(x) = cos 2x — are periodic fimctions with period re. So, to know about their graphs, it is
V 4/

sufficient to draw their graphs in an interval of length il Let us choose the interval [0,n]. The
f It')

values of /(x) = cos 2x and g(x) = cos 2x — at various points in [0, ii] are listed below.
V 4/

3it Sir 7it Sir 2it 3n 5i Til llnIt It It It It It

0X It
12 8 6 4 3 28 12 12 8 3 4 6 8 12

1 1 1

ftx) V3 -V3 73 731 1 11 1
72 72 721 0 -1 0 1

722 2 2 22 2 22

1
ys+i 1 -1-75 75+1 75-1 1

75-1 1-751 1-751
>12 s/22^^ 272 272 272 2721 0 -1 072 72 72272 272 2s/2

By plotting the points having their x-coordinates as points in the first row of the above table and
y-coordinates as the corresponding values of /(x) in the second row, we obtain the graph of/(x)
i.e. the curve y = cos 2x.

f 7l'\
Similarly, we draw the graph of g{x) = cos 2x — as shown in Fig. 6.10.

\ 4,/
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( ^
Fig. 6.10 Graphs of/(x) = cos 2x and^(a:) = cos 2ar- —

\ 4

EXERCISE 6.2

BASIC

1. Sketch the graphs of the following trigonometric functions:
( rr'l (

(i) /(x)=cos X-- (ii)g(x) = cos x + -
\ 4/ V 4

(v) \}/{x)=cos3x

(hi) /j(x)=cos^2x

(vi) h(x) = cos^^(iv) 4i(x)=2cos X-—
\

(vih) g{x) = cos 2n x(vii) /(x)=cos7tx

2. Sketch the graphs of the following curves on the same scale and the same axes:

(ii) y = cos 2x and y = cos 2

(iv) y = cos^ X and y = cos x

71

(i) y - cos X and y = cos x —
4J

X

(iii) y = cos X and y = cos —
2

6.4 GRAPH OF TANGENT FUNCTION

We have learnt in the earlier chapters that the tangent function i.e. /(x) = tan x is a periodic
function with period ti. So, it is sufficient to know the graph of /(x) = tan x over an interval of
length n, in particular the interval (-7t/2, tc/2). The values of /(x) = tan x at some standard
values of x are listed in the following table. As the tangent function is an odd function so the
values of/(x) = tan x at standard points in (-71/2, 0) are negative of the corresponding values in
(0, ti/2) and are also listed in the following table.

5nSit 7tn !T nII71 jt 7171

0X
4 212 6 3 123 4 6 122 12

.V3+1,

'V3+r

.V3-1.

^/3+l●/3-1 11 0/(ar)= tan x -V3 V31-1— GO

V3V3 V3-1V3 + 1

We also obser\'e that tanx is an increasing function in (0, tc/2) and as x ^ from the left the
values of /(x) = tan x tend to infinity. So, the curve y = tan x gets closer and closer to the line
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a: = ^ as ^ from the left but it never touches the line ^ graph of /(x) = tan x is
symmetric in opposite quadrants as the function is an add function. By plotting the points
(-71/3, --v/3), (-7c/4, -1), {-ji/6, -l/VS), (0, 0), (7t/6, 1/-/3), (k/4, 1), (ti/3, V3) and joining
them by a free hand curve, we obtain the sketch of the curve j/ = tan a: as shown in Fig. 6.11.

y = tan AT

X' X

<■

O £-n -n -n 7t jr

6 3 22 3

I I 4.y'

Fig. 6.11 Graph of/(x) = tanx,--^<Ar< —

The function /(x) = tan x is a periodic function with period k. So, the graph of /(x) = tan x on
(n/2, 3n/2) and (-3rr/2, -ti/2) is same as its graph on(-7c/2, k/2) as shown in Fig. 6.12.

71

2

/^y

X' X

<■ + +
-3n 3tin-7C 0-Tt n

2 22 2

''

3n 3rt

Fig. 6.12 Graph of/(x) = tanx,- — <x< —
2

6.5 GRAPH OF COSECANT FUNCTION

In chapter 5, we have learnt that the cosecant function is the reciprocal of the sine function which

is periodic with period 2ti.So,/(x) = cosec xis periodic with period 2tc. Also,/(x) is defined for
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all X 6 K - {?! 7t: 71 € Z }. In order to know about the graph of f{x) = cosec x, it is sufficient to draw
it on an interval of length 2n. Let us choose [0,2 ti] as interval. The values of f{x) = cosec x at some

standard points in [0, 2;:] are listed in the following table. We observe that when x is close to zero

or K in (0/ n) the values of f{x) tend to infinity. When x ^ 7c or x ^ 27t in (tt, 27c) the values of

/(x)^-a,.

3ti7n 5ji 4jt5:t2n 3njt n n K

0*
+

n JtX 24 32 6 66 4 3 3 4

2 2
-V2V2V2 -1.15/(x)^ cosecj: ^oo

^3V3 -2 -121 CO2 -»-co

= -1.41= 1.41= L41
= 1.15= 1.5

By plotting points {ii/6,2), (jt/4,V2), (tt/3,2/V3), (7t/2,l) (2tu/3, 2/V3), (37t/4,V2),
(5ti/6, 2),(7ti/6,-2),(5Tt/4,-V2),(47r/3,-2/V3),(371/2,-1), (5ti/3,-2/V3),{7tu/4,-V2),

(ll7t/6, -2) and following these observations, we obtain the graph of the function/(x) = cosec x

i.e. the curve y = cosec x as shown in Fig. 6.13.

r /N

(0,1)

X' X

■><■

o n 5 7£ 2jt 5n
6 3 2 3 6

(0,-1)

,,y'

= cosec x,-n<x<K,xpi0

The function/(x) = cosec xis a periodic function with period 2tl So, the graph of /(x) = cosec xin
the interval [-27t, 2ti] is as shown in Fig. 6.14.
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4 » 4 i

3nTt

X'TX' T
<

2nO-2n 3tc -7t

f'T

4, y' I

Fig. 6.14 Graph of y = cosec x,- 2n<i<2;i

6.6 GRAPH OF COTANGENT FUNCTIONS

In chapter 5, we have learnt that the cotangent function i.e. f{x) - cot x is a periodic function with
period n. So, it is sufficient to know the graph of f{x) =cotx over an interval of length n, in
particular the interval (0, K).The values of/(x) =cotxat some standard values of xin(0, re) are
listed in the following table. We also observe that cotx is decreasing function in (0, n) and as
X -> O'^, the values of cotx -» + co. So, the curve i/ = cotx gets closer and closer to the line x = 0

i.e. y-axis as x —» 0^. We also observe that cotx - oo as x —> 7t which means that the curve

y = cotx gets closer and closer to the line x =as x ti from left hand side.

By plotting the values of /(x) = cotx at various points in (0, n) and keeping in mind the above
observations, we obtain the graph of /(x) = cotx in (0, k) as shown in Fig. 6.15. As f{x) = cotx is
periodicfunction with period 71 so the graphs of/(x) = cotx in (-27t, - tt), (-ti, 0) and (n, 2k) are
similar to the curve y = cotx in (0, k) as shown in Fig. 6.15.

Y ' ‘

3rtIt3n XX' "T 2"T
<■ t

jt 2kKO-2 K -K

T

'V Y'

Fig. 6.15 Graph of y = cot X,-2k<x<2k
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n * 27t”7n 5n2n 3n 5n in 3n 5rt 7k lljin K n n

0-^X n
66 4 3 2 3 4 6 6 4 3 2 3 4

>/3 -V3y = cot I + 00 — «
1 1 1 1

V3 -11->Q0 0 -1 1 0- 00

V3 V3 V3 V3

6.7 GRAPH OF SECANT FUNCTION

Similar to the other trigonometric functions the secant function is also a periodic function with

period tl In order to known that graph of the secant function i.e. /(x) = seca:, it is sufficient to

draw it in an interval of length n, in particular the interval (~n/2, k/2). We observe that the

values of /(x) tend to infinity as a: -n/2 from right hand side. So, the graph of /(x) = seca:
comes closer and closer to x = -nl2 and x = k!2 but it never touches them. The values of

f{x) = secar at some standard points in {-7t/2, nf 2) are listed in the following table.

n* Tt'*’ 3n 5n2rtII It n It II

0X n
3 4 6 6 34 32 4 62 2

/(;c)“ secar 2 2 2
-V2V2 V2 -2 -12 1 2 - 0000

43 43 43

By plotting the points given by the above table and joining them by a free hand curve. We obtain

the graph of f{x) = seca: i.e. the curve y = sec;c as shown in Fig. 6.16.

It
X' T X
<■

T
O- n 37171

2

● -(0-1)

▼ y’

371
16 Graph of y = sec x, - — <
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EXERCISE 6.2

BASIC

Sketch the graphs of the following fitnctions:

1. f(x) = 2 cosec KX

4. f{x) =2 sec nx

7. /(:c)=cot^
10. f{x) =tan 2x

3. fix) = cot 2x

6. /(x)=cot^x

9. fix) =cosec^ X

2. fix) = 3 sec a:

5. /(x) =tan^j»:

8. fix) = sec^ X

 

 


