Trigonometric Functions
and their Graphs

IN TRODUCTION

In this unit, students will explore key concepts essential for understanding the role of
irigonomeiry in mathemstics and itz real-life applications. We will begin by leaming
how to determine the domain and range of trigonemetric functions to understand their
behavior. Next, we will discuss even and odd functions, slong with their periodicity,
which explains their repeating pafterns.
Students will then learn how to graph and analyze sine, cosine, and tangent fumctions,
following this, we will focus on calculating the mzxdimum and minimum vahies of
minusoidal functions and examining their unique properties such &s amplitude,
frequency, and phase shifts,
Finally, students will apply these trigonometric concepts to solve practical problems in
navigation, engineering, and physics, including caloulating distances, optimizing solar
panel angles, and analyzing forces in structures. Mastering these concepis will enable
students to solve both theoretical and real-world problems using triponometry.
Let us first find domains and ranges of trigonometric functions before drawing their
graphs.
11.1 Domains and Ranges of Sine and Cosine Functions
We have already defined irigonometric functions sin , 4
coe 8, tan &, csc 6, sec @ and cot 8. We know that if
P(x, ¥) 1s any point on unit circle with centre at the
origin O such that m/XOF = @ in standard position,
then x
cos@=x and sinf =y

=> for any real number @ there is ong and only one

value of each x and y i.e., of each cos & and sin 8.
Hence sin # and cos & are the functions of # and their
domain is R, the set of real numbers.
Since P(x, y) is a point on the unit circle with centre at the origin O, therefore

—1<x<1 and -1<y<1
= -1<cowf<1 and -]l <sm@ <1

Thus, the range of sine and cosine functions is [-1, 1].
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11.1.1 Domsins and Ranges of Tangent and Cotangent Functions
From the Figure 11.1.
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function = R = set of real numbers.

(ii) From Figure 11.1
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cot 8= 3 =0
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Domain of cotangent function =R — {x|x=n#z ne Z}
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function = & = set of real numbers.
11.1.2 Domain and Range of Secant Function
From the Figure 11,1
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Domain of secant function=/1 — {x|x=2n +1) %,ne Z}




As 0=x<1 s0, %El,secﬂzl and -1<x<0 so, %5—1,5&065—1
As sec @ attains all real values except those between —1 and |
Range of secant function=R — {x| -1 <x<1}
11,1.3 Domain and Range of Cosecant Function
From the Figure 11.1

1
f=—, y#0
C2C 3y y

U

terminal sideal;should not coincide with QX or OX” (the X—axis)
8% 0,txt2n... '
0 # nn, wherene 2
Domain of cosecant function=R — {x |x =nn, e Z}
As csc Fattains all values except those between —1 and 1
Range of cosecant function =R—'{.x[—l <x<1}
The following table summarizes the domaing and ranges of the trigonometric functions:

§ 4y

y=sinx (—oo, e0)=R [-1.1]

y=coax (~o0, ) =& [-1,1]

VIR | R o), 5 @n)Z ne 2 ()= 8
y=ots R= (-, ), x2nm,ne Z {00, @)= R
y=“c'f ) [—m,m),x#(h+l)%,nez oo, —1] W1, )
y=cosecx | (—w0,00),x+nx, ne Z (~o0, —1] W [1, @)

11.2 Even and Odd Functions

A fimction f is said to be even if f(—x)=f(x), forevery @ L
tumbet x in the domain of £

For example: 7(x) = x*is even function of x. Here
FEX) =% =x"= f(%)
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A function f is said to be odd if f(—x)=—F(%), for every number x in the domain of f .

For example: f{x) = x’ ia an odd funetion of z. Remember!

Here f(=x)=(-2)=—% =—f(3) The graph of odd function is
The function f(F)=cosf for all #e R iz an even ﬁmﬂbﬂﬂﬁ:
function (see figure 11.2).

Here f(—8)=cos{-6) =coad = f(@). *0,1)

Thus, f(#)=cosd is an even function :(x.x},%{wsa,ainﬂ)
Similarly, the function f(F)=sind for all -1,0) ]_i (1, 0)
N

&€ R is an odd function. _' g
Here f(—#)=sin{—F)=—sainf=— (7). K .

Thus, f{#)=sin# is an odd function.

(x5, —¥) = (c08 B, —in 6)

B.-1) Figure 11.2

Tn both the cases; for each x in t]:u:J
domain of f, — tust alse be in the domain of 1
11.3 Period of Trigonometri¢ Functions
All the six trigonometric functions repeat their values for each increase or decrease of
2n in & therefore, the values ofu'igbnomatricﬁmctinns for & and & + 2nn, where
#e R and # e Z, are the same: This behaviour of trigonometric fimctions is called
periodicity.
Period of a frigonometric function is the smallest positive mamber which, when added
to the original citoular measure of the angle, gives the same value of the function. A
function is periodic, if f(8+ p)=f(8), for all &in domain of function and the least
positive value of p is called the peried of the fimction
Now, let us discover the periods of the trigonemetric functions.
Theorsm 11.1: Sine is a periodic function and its period is 2.
Proof: Suppose p is the period of sine function such that
gin (#+ p)=sin fforall fe R (A)

Now put =10, we have

gin (0 +p)=sin 0
simp=10
p=0,+m +in, +3m,...

=
-
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{i) If p=r,then from (A)
gin (¢ +7) =sin & (not true) -+ sinfg+ @) =—sin f
Thus = is not the period of sin &
(i) If p=2n, then from {A)
sin(f+2r) =sin §, whichistue - sin{d+2n)=sind
As 2m ig the smallest positive real number for which
sin {(§+ 2x) =sin §
21t is the period of sin £.
Theorem 11.%: Tangent is a periodic function and itg period is &,
Procf: Suppose p ig the period of tangent function such that

bty —mo fmdlfek O oD
p=0,xn,2x, 3, ... By aclopting ths ey
(i) If p=m=, then from (B) tan{(@ + x) = tan &, ,H;Mngmeﬁmdg
sk 3 tangent, We can prove
WA e B | @ 2nis the period of cos &
As - is the smallest positive number for which | (i) 2x ia the period of cac @

tan (@+ ) =tan & (i) 2 in the period of sec &
Therefore, 7 is the petiod of tan @ (G ssteprindefotd )
ITTTT/] 1] Find the periods of: @) sin2x () 3 +tan§
ok (i) We know that the period of sine is 2
gin (2x + 21) = sin 2x =5 gin 2(x + n) = sin 2x
It means that the value of gin 2x repeats when x is increased by =.
Hence 7 is the period of sin 2x.

x

()  To find the period of 3 + tang, cansider only tan

We know that the period of tangent is n
mn(fﬂr]:tmf => 1;a:1l(x+?w)=t:mE
3 3 3 3
It means that the value of tan g repeats when x is increased by 37.

Hence the period of 3 +tnn§ is 3x. The addition of constant number 3 fo the
tangent fimction does not affect the period.
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PV EXERCISE 11.1 _{

1. Determine whether the following functions are even, odd or neither odd nor even.
(i) sin’x (ii) sinx+cosx (i) sin*x+cos*x

Mameaates (0

. 1 .. Sinx+sin3x

(iv) tanx-+Becx {v) e (vi) s

. 1 1

(vt secx+sec’ x (i) secx+cot’ x

2. Find the periods of the following functions:

() sinSx (i) cosTx (iii) tan 3x i) oot%
. . 2x o 1. (3w

@ win(x) ooe(T) o Jen(T)

(viii) —5—33&c[7::‘x+%]

ix =
(x) 6—4mt[T+ E]

11.4 Values of Trigonometri¢c Functions
We know the values of trigenometric functions for angles of measure 0°, 30°, 45°, 60°,

(ix)-12+101an [i x)
y: 30

(&) 9+30sec (i+EJ

and 90°. We have also established the following identities:

sin (~8) =—sin @ cos (—8) =cos tan (—8) =— tan £
gin(x—8) =sin @, cos(n — 8) =—cos 8 tan (n — §)=—tan 8
gin{z+ ) =—sin & cos(R+8) =—<cos @ tan (% + (7)=tan §

sin2z— 8) =—sin @ cos(2x — @) =cos 8 tan (2x — #) =—tan

By using the ahove identities, we can easily find the values of trigonometric functions
of the angles of the following measures:
—30°, — 45°, — 6P, — 90° + 120°, £ 135°, + 150°, &+ 180°
+ 210°, + 225°, + 24(°, + 270° -+ 300°, + 315°, + 330°, + 360°
11.4.1 Graphs of Trigonomeiric Functions
To plot the graph we shall follow these steps:
(i) Table of ordered pairs (x, ¥) is constructed, when x is the measure of the angle
and y is the value of the trigonometric function for the angle of measure x.
(ii) The measures of the angles are taken along the X-axis,
(iii) The values of the trigonometric functions are taken along the Y-axis,
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(iv) The points cotresponding to the ordered pairs are plotted on the graph paper.
{(v) These points are joined with the help of smooth cnrves.

11.4.2 Graph of y =sin x frem — 2x to 2=

We know that the period of sine function is 21 so, we will first draw the graph for the

interval from 0° to 360° (from 0 to 2x).
To graph the sine fimction, first, recall that —1 <sinx<1 forall xe R.
We know the range of the sine function is [-1, 1], so the graph will be between
the horizontal lines y=-+1 and y=-1

The table of the ordered pairs satisfying y = sin x is as follows:

o | x| = | ® |25 | 78] 4| 3m]se (10m]
. 6 | 3 | 2|36 6 | 3 |2 | 3|6
or o o o1 or T or or or- or ox L1 or
0" | 307 | &0° | 907 | 120° | 150° | 180° | 210° | 240° | 2707 | 300° | 330° | 36(F
Smx| O |05 (087| 1 (087| 05| D [-05]|-087 -1 |-087|-05| ©
To draw the graph:

1 side of big gquare on the y-axizs=1unit
(ii) Draw the coordinate axes.
(i) Plot the points corresponding to-the ordered pairs in the table above
Le., (0, 0), (30°, 0.5), (60°,0.87) and s0 on.
(iv) Join the poinis with the belp of a smooth curve as shown. So, we get the graph of
y = sin x from § to 360° i.c., from 0 to 2,
As we gee that the graphs of trigonometric functions are smooth curves and none of them is
gmm“ha&(ﬁhpmmmorhwhmﬂmthmdmm.ﬁnb:hmuofﬂummmhd

continuity. Itm@:iiﬁltth:tﬂgmmdncﬁmnmmmmnhmmm, wherever they are defined
Morsover, ps the irigonomsiric fimetions sre periodic so their curves repest afier fixed intervals,

& ‘Takeicimini tscﬂle{ls:denfmllsquammﬂ:ex-mus—lﬁ

Graph of p=ginx from 0® t 360
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Inﬂ:lesmﬂarwajr we can draw the graph for the interval from (° to —360°. This will
complete the graph of y = gin x from —360° to 360° (from —2x to 2m), which is given

below:

Graph of y = gin x from — 360° to 360°

The graph in the interval [0, 2x] is called a eyele and the maximum height of the wave

from its mid line is called amplitude. Since the period of gine function is 2x, so the

gine graph can be extended on both sides of x-axis through every interval of 2x.

Properties of graph of gine function ( y = sin x)

(i) The domain is the set of real numbers {—o < x < ).

(ii) The range includes all real mumbers from —1'1o 1, inclusive, [-1, 1].

(iiiy The graph of sine function is continueus for all real numbers,

(iv) The period of sine fimction is 2z, Mathematically, we can express it as
sin(9+2;r)=sinﬂ.

(v} The gine function is an odd fimction. As the graph of sine function is symmetric
about the origin. Mathematically, it can be written as gin(—)=—sinf .

(vi) The maximum value of y=sinxis 1 when x=%+2m;.wh=re ne .

(vii) The minimum value of y=8in xis —1 when x=%+2&n,where neZ,

{viii) The x~intercepis of the sine function occurs at x=an, where ne Z.

(ix) The y-intercept of the sine function is 0.

(x) The amplitude of sine function is 1.

(xi) Inunitcircle sin@ is equal to the y-coordinate of the given point.

11.4.3 Graph of y = cos x from — 2z to 2x

We know that the period of cosine function is 2n so, we will first draw the graph for
the interval from 0° to 360° (from 0 to 2x)

We know the range of the cosine function is [-1, 1], so the graph will be between the
horizontal lines y=+1 and y=—1.
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The graph of y = ¢08 x from 0° to 36(° i& given below:

Graph of y = cos x from F to 360°

Inthesimﬂarway,wecandrawthsmﬁfbr'ﬁe interval from 0° to —360°. This will
complete the graph of y = cos x from =360° to 36(° i.e. from ~2n to 2m, which is given
below:

Graph of p = ¢oa x from — 360° to 360°

As in the case of sine graph, the cosine graph is also extended on both sides of x-axis

through an interval of 2x.

Properties of graph of cosine function (y=cosx)

(i) The domsin is the set of real numbers (—oo < x < o0).

(ii)  The range includes all real mumbers from —1 to 1, inclusive, [-1, 1].

{(iliy The graph of cosine function is continuous for all real mumbers.

(tv)  The period of cosine fimetion 18 2w, Mathematically, we can express it as
cos(8+2x) =cosd.




(v) The cosine function is an even function, 88 the graph of cosine fimction is
symmetric about the y-axis. Mathematically, it can be written as cos(—§) =cos8.

(vi) The maximum value of y=cos xis 1 when x=mn, where n is an even integer.

(vii) The minimurm value of y=cos x is —1 when x=an, where 7 is an odd integer.

(viii) The x-intercepts of the cosine function occurs at x=g+:rn,where ne Z.

(ix) The y-intercept of the cosine function is 1.

(x) The amplitude of cosine function is 1.

{xi) In unitcircle coad is equal to the x-coordinate of the given point:

1144 Graphof y=tan x from-nto x

We know that tan (—) = — tan x and tan (x — x) = — tan x, so the values of

tanx forx= 0°, 30°, 60°, 90° can help us in making the table.

Also, we know that tan x is undefined at x =+ 9%0°, when

(1) xapproaches % from left x—b[%] , tan x decreases indefinitely in Quard 1.

(ii) x@mmh&u%ﬁunﬁgbti.&.,x—)[%) , tam x decreases indefinitely in Quand IV,

(i) xapproachm—%
Quard IL

+

(iv) .rappmach&s-—%ﬁnmrighti.e.,x—}[—%] , tan x decreases indefinitely in

Quard T,
We know that the period of tangent is 7, 3o we ghall first draw the graph for the interval
from 0 to # (from §° to 180°).

The table of ordered pairs satisfying v = tan x is given below:

from-left ie, x—}(—%] , tan x increages indlefinifely in

K x F 4 x 2 S
0 — — | ==0|=40| — | — T
. 6 3 2 2 3 6
o ar or o ar or or
o 3 | 600 | 90°-0 | 90°H0 | 1200 | 150° | 1BO®
tanx| 0 | 058 | 173 | 40 | o | -L73|-05B| ©
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Since the period of tan x is &, s0 we have the following graph of y = tan x from —360°

fo 360°,
4 A t & &

vy Y5+ #
Graph of y=tan x from - 360° to 360°

Properties of graph of tangent fudction ( y = tan x)

(i) The domain is the set of real numbers except the values where function is

undefined domain of tagx = (oo, %), ¥ (2n+1)%, wherene Z
(ii) The range inclodes all real numbers {—co, )

(iii) The graph of tan x is not continuous for ali real mumbers. It breaks at x=(2n+1)%,

wherene Z

(iv) The period of tan function is . Mathematically, we can express it as
tan(8 +x) =tand

(v) The tan function iz an odd function, as the graph of tan fimetion is symmetric
about the origin. Mathematically, it can be written as mn(—ﬂ):—tanﬂ

(vl The x-mtercepts of the tangent function occurs at x=m», where ne £.

(vil) The y-intercept of the tangent function is 0

(viii) The amplitude of tangent function is undefined because it has no maximum or
minimum values.
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EXERCISE 11.2
r 4

1. Draw the graph of cach of the following function for the intervals mentioned
against cach:

(1) _}’=—SinZI,IE[—ZTC,2ﬂ] (11) J-'=ZBDEZI,.IE[—ZTE,2E]

(iii) y=tan 2% , %< [-%, 7] (v} y=tan 3 . < [-2n, 2x]

(v) y=sin %x , ¥= [0, 2r] (vi) y=cos %x 3 e [—m, ]
2. Onthe same axes and to the same scale, draw the graphs of thefaliowing functions

for their complete period: _

(i) y=sinxand y=sin2x (if) y=cosxandy=cos2x

3.  Solve graphically:

(i) sinx=cosx xe|[0, n] (ii) siﬁx=x,xe[0,1:]

11.5 Maximum and Minimum Values of Given Functions of

the Type
o g+bsing o g+bcosf
s a+bsin{cd+d) o a+bcos(cd+d)

¢ The reciprocals of the above, where g, b, ¢ and 4 are real numbers,
Theu:lgonomntmﬁmnﬁons like gine and cosine are periodic function because the
values of thege ﬂmgﬁun-repeal over regular intervals. These functions are fundamental
in mathematics because of the repetition of their values at definite cycles and are used
to model various teal-life situationy, guch as radio waves, light wave, and alternating
current in electricity and are slso known as a specific case of sinusoidal functions.
The functions of the form f(8)=a + b sin 8, glf)=a + b cos 6, £,(8) = a + b sin(cd +d)
and g,(9)=a+bcos{cd +d) are the types of simusoidal functions,
Now consider the general form of sinusoidal function £,{¢)=a+bsin{cf +d)...[)
here “a’ represent the vertical shift refers to the vertical translation of the graph of the
function, achieved by shifting the entire graph upward or downward. This shift, also
known as the vertical displscement, moves the function's position along the y-axis
without altering itz shape or period, Amplitude |b| is the maximum height of a wave
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measured from its midline. The period of (i) is equal to % Phase shift ‘d’ indicates

the horizontal translation of the graph of the function, determining how far the wave is
shifted lefl or right along the x-axis. A positive  shifts the praph to the left, while a

negative & shifis it to the right, aliering A@=1+3sin (28)
the starting point of the wave without S'J' _
changing its shape or period. i P‘?"’d
For Example, comsider the function — Amplimde|

fB)=1+3 ein(29). Hare a = 1 is w“‘“‘-ﬁ

vertical shift, amplitude =[5 = [3| =3 shift ==~

andpeﬁud—%ﬂrasshowninthc 5 %%‘%‘“%?@f’
adjscent figure. N | |
Now, finding the maximum and minimum values of the functions
f(®)=a+bsin(cd +d)and g(8)=a+bcos(cd +d) is not a difficult task. We kmow
ﬂmtthemaxim:mabso]utcvaluusnfsineanﬂ_gnsheam equal to 1, so the maxinmum
value of the product bsing is |B|.
Thus, the maxinmum value of £(8) ‘or g(f) is : M =a-+|b|, whenever sind=1 ot
cosf =1 where M denotes the maxittium value of the fimction.
The minimum velue of f{0) or g(f) function is m:a—|b‘, whenever sinf=-1 or
cos@=—1 and m denotes the minimum value of the function.
The sbsobutz value of b is called the Amplitude of () =a+5sind. The value of the
QSE&(_J S annunvnlue; Minimwm valne
Find the maximurm and minimum values of the following fimetions:
(i) 2+3sinx (i) 5-2cos3x (iii) reciprocal of (ii)

TR ()  Let f(x)=2+3sinx

The mazimum value of f{x) will ocour when sinx=1.Herea=2and b= 3,

Maximurn vahue of the function: M=z + 5| =2+3 =5

The minimum vahue of the function will ocour whensinx=-1 .

Mininmym value of the fimetion: m=a— |bj=2-3=-1

Thus, maxinmm vahse of the function is 5 and the mininmm value is —1




(i) Letf(z)=5—2cos3x
The maximum vaue of f{x) will occur when cos3x=1. Hereq=5and 5=—2 ,

Maximpm valye of the function: M=g + |b|=5+-2|=5+2=7.

The minimym vales of the function will pecurs when cos 3x=-1,

Minimpm value of the fimgtion: m=a- |§|=5-|-2|=3-2=3.

Thys, maximpm value of the fimgtion is 7 and the mimomm value i 3,
(ili}  reciprocal of part (i)

The reciprocal of 5—2cos3x ig

1
5—2c0s3x

1
Let g(x)=————
AT p—

To find the maximum and minimum values of g{x), first we will find the maximum and

minimum values of 5—2¢o83x, which are 7 and 3 respectively;

After finding the maximum and minimum values take their reciprocal. The reciprocal of the

maximym value is the minimum of g{x) and the regiprogal of the
minimum value is the maximum of g(x).

Meaxinmm value of g{x)=

Minimum value of g'(x)=M=—=0.14

11.5.1 Real World Applications

Ferris Wheel Problems

The first Ferris wheel was invented by George W. Ferris. He
bruilt the firat one for 1893 World's Fair. A Fertis wheel is an
important example of periodic motion that can be described
using trigonometric functions, specifically sinuscidal
functions. When we model the height of a rider on a Ferris
wheel over time, we can use these functions to capture the
periodic nature of the motion. The motion of Ferris wheel can
be modeled by f{f)=a+ bsin(ct+d) or f{f)=a+bcos{ct+d).

A Ferris wheel with 3 radius of 45 foet has its lowest point located 5 feet above
the gromnd. Ii completes ome full revolution evary 60 seconds i coumier clock wise direction,
Model an equation that describes the height of a rider on the Ferris wheel as a function of
time £, How high is the rider from the ground after 40 seconds?. Also praph the model equation.
EXITTETY, Since it takes 60 seconds for the Ferris wheel to complete one full revelution
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(one cycle), which is the petiod of the Fetris wheel, that is period = 60

E=¢5‘-El = c=E = c=£

€ 60 30
The amplitude » which is equal to the radius of a ferms wheel (in this case & = 45).
The vertical shift g is the height of the center of the Ferrig wheel above the ground.
Since the lowest point is 5 feet above the ground, soa=35+b=5+45=350,
we can model the height of a rider using (sine or cogine), because it reflects the petiodic
nature of the motion. We usually choose a cosine function if the rider starts at the
maximum or minimum height, or a sine function if the rider starts st the midpoint.
Since the rider starts at the lowest point and goes up, we can easily model the required
equation ag a negative coging fimetion so,
Ht) =—bcos(ct)+a, where ¢ is time and / is height.

Now substituting the above values we pet the function A{f)=—45cos [% t }»— 50,

which 1s the required equation of Ferris wheel.
Next, we find the height of the rider at # =40 seconds,

T
¢)=—45c0s| ¢ |+50
By =—4500s{ 21+
For t=40, we have
h(40) =—45 cns(%.dﬂ] +50'=72.5 feet

Thus, height of rider after 40 second is 72.5 feet.
The graph of the model equation i3 shown below.

Height of 3 rider after 40.ss5001s lm“y I _ .&{!)=—45m[3£ﬂ1)+50
iy m
80
Tﬂ i
k5 ke o ek S e i ot
49 :
30 :
|29 H
[
10 :
: %
5 10 15 20 25 30 35 40 45 50 55 60
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| 5T TR 4| The water level L (in feet) of & tidal river varies throughout the day.
Suppose the level of the tidal mver can be modeled by the equation:
L{#)=B+4sin [%t], where ¢ denotes the time (in hours). The water level oscillales
4 feet above and below an average level of & feet.

(a) Find the water level at ¢ = 3 hours?

(b) What is the minimum water level?

Solution (a) Given equation of water level: L(f)=8+4sin [%s)

To find the water level, substitute = 3 into the equation
L(3)=s+4sin[%-3]=s+4sing]
L(3)=8+4(1)=12

Thus, water level at +=3 hours is 12 feet.

(b) Now, to find the minimum water level, we neéed to determine when the zine
function atfaing its minimum wvalue. We know that the minimum value of

sin ¢ =— 1, substitute the sin(%t)=—lintq the equation

L(:)=s+4sin[%:]=-s__+4t—1)=s-4=4

Thus, minimum water level of the tidal river is 4 feet.

From a point 100'm above the surface of a lake, the angle of elevation of

a peak of a cliff is found to'be 15° and the angle of depression of the image of the peak

is 30°. Find the height of the peak.

FEPITTTT, Let.Abe the top of the peak AM and 4

MB be its image. Let P be the point of

observation and L be the point just below P (on

the surface of the 1ake).

From P, draw PO 1 AM.

Let mPQ =y metres and m AM = h metres.
mAQ =h—mQM =k—mPL =k—100

From the figure,

_ AQ_h-100 . e BO_100+h
PFQ ¥




I <> D
By division, we get

tanl15° _ h—100

tan30° ~ h-+100
By Componendo and Dividendo, we have

ten 15°+tan 30° _ A—100+4+100 _ 2k h

tan 15° —tan 30° k100100 200 100

tam 30° + tan 15° 0.5774+0.2679

"= mu30°—mu15°“1m=[0.5774—0.26?9 0

= k= 273.117%. =D
Hence height of the peak = 273 m. (approximately) N \

P~ EXERCISE 11.3 J

1. Find the maxinum and minimum values of the fg]lnwiug functions:

]xlﬂﬂ

(@ 3-sin3x () 3+sin2x _ - (i) —+sm(5x+x)

e X T ) ‘ ; .

(iv) E+ms[x—z] W) 1—3m2x (vi) 1+231n(x+g)

i) — (i 1—‘(‘ L (ix) =
10—2sin3x " 7+ 300s{—2x) 5—3c0s(3x—1)

2. The temperature T in dem Celsius of 2 certain city varies throughout the day
agcording to the equghan T(r)—— (Et—§)+ls, where ¢ is the time in

hours, with ¢ = ﬁ'currelpnudmgtu midnight.
(a) Fm,d-#lé maximum and minimum temperature during the day.
® - Riﬂdthc temperature at £ =9 hours (9:00 a.m.},

3.  Ameanonthe top of 8 100 m high light-house i8 in line with two ships on the same
pide of it, whose angles of depression from the man are 17° and 19° reapectively.
Find the distance between the ships.

4. P and Q are two points in line with a tree, If the distance between P and ( be
30 m and the angles of elevation of the top of the tree at P and 0 are 12° and 15°
respectively, find the height of the tree.

5. A giani Ferris wheel has 8 diameter of 60 feet. The lowest point of the wheel is located
6 feet shove the ground. The wheel completes ane full revolution every 80 seconds.




{a) Model an equation that represent the height A(%) of a rider on the Ferris wheel
at any given time £,

{b) Find the maximum height of the rider.

{c) Find the height of the rider from the ground after 35 seconds.

A child is playing on a swing in a playground. The height A(f) of the swing seat above the

ground (in metres) at time ¢ (in seconds) is modeled by the function:

A{f) = 1.5 + 1.2 sin(3x)

{2) What is the maximum height reached by the swing seat? “|

L .

(b) 'What is the minimum beight reached by the swing seat? S
{©) Huwlmgdnesﬁhkafﬁrthanmghmmplatemﬂaﬂbmkﬂnﬂfm&mnﬁm
(period)?

(d) Atwhattime(s) doos the swing seat first reach a hﬂ;gliﬂfﬁ.lz metres?

A carnival ride congists of a vertical wheel with g dlanmtcr of 40 feet. The centre
of the wheel is 28 feet above the ground. The whe&fmtataa at a constant speed and
takes 120 seconds to make one complete, {evﬂ’luuun. Mode!l an equation that
describes the height h(t) of e rider on thq whr:\cl as & function of time t. How high
ia the rider from the ground after 99 neconds? At what times will the rider be
36 feet above the ground? -‘-,‘,‘ v

Suppose the tempemmture de:yeeanhmnhcﬂofLah&rccﬂyma manth of
December  throughout the ‘day can be modeled by the equation:

T=64+8 sm[ (f—B}}*whem t ig the time in hours. The temperature oscillstes

8 degrees above mﬂbelnw an average temperature of 64 degrees,

{a) Find th:;:empmture at =9 hours?

(b) At what fime the temperature will be maximum?

(c) Calculate the maximum temperature.

Suppose the populaiion of a coastal city follows a sinusoidal patiern due to
seasonal migration. The population of the city over the course of a year can be

modeled by the equation: P(r)=7ﬂﬂﬂ]+lﬂﬂﬂﬁms[%t—%} Pt is the
population at time ¢ (¢ is the time in months, with { = { comesponding fo
Jamuary 1%). where ¢ denoted the months in a year,

(2) Find the population of the city at # =7 months.
{b) Find the maximum population.




