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INTRODUCTION TO
TRIGNOMETR

it the students will be able to

® Measure an angle in sexagesimal system (degree, minute and second).

® Convertanangle given in D°M'S" form into a decimal formand vice versa.

@ Define a radian (measure of an angle in circular system) and prove the relationship between
radians and degrees. 5 ;

@ Establish the rule £ = rf), where r is the radius of the circle, £ the length of circular arc and 8 the
central angle measured in radians. -

® Prove that the area of a sector of a circle is %r’ﬁ' ;
@ Define and identify:
-« ¢ peneral angle (coterminal angles)
o angle in standard position.
® Recognize quadrants and quadrantal angles. _
® Define trigonometric ratios and their reciprocals with the help of a unit circle.
@ Recall the values of trigonometric ratios for 45°,30°,60°. -
® Recognize signs of trigonometric ratios in different quadrants.
® Find the values of remaining trigonometric ratios if one trigonometric ratio is given.
® Calculate the values of trigonometric ratios for 07, 90°, 180°, 270°,360°.
B Prove the trigonometric identities and apply them to show different trigonometric relations.
¥ Find angle of elevation and depression. :
B Solvereal life problems involving angle of elevation and depression.
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Why it’simportant

Mount Everest is Earih's highest
mountain, peaking at an incredible
29,035_ feet. The heights of
mountains can be found using
trigonometry.

T;isonqmetr}' is used ip
navigation, building, and
engineering. For centurjes
Muslims used trigonc-mcﬁy an(i
the stars to navigate across the
Arabian desert to Mecca, the &
birthplace of the prophet o
Muhammad #, the founder of
[giam~ The ancient Greeks used
:;gunomleny torecord the locati

oon relative to Earth, Ty i i
master molecule that dete?f:ijr{;e?ﬁgnwo:n:w S
developed adult and much more, o

Al:f+ o .!I'a.
JActiv ity s

stars and worked out the motion of the

to study the structure of DN.
: th
m a single cell to g mmplex:kﬁ:]];

How ratios in
In parasailing,

right triangles used in the real world?
atowrapeisused to attach the parachute to the boat

(a). What
form? .

s Wﬁat is the hypotenuse of the triangle.

@) at fyi_ae of angle do the towrope and the water form?

(e)‘ ;’)thh side is opposite this angle?

S ther than the hypotenuse, what is the side adjacent to this angle.

type of triangle do the towrope, water, and height of the person above the water
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IEAWE Scxagesimal system (Degree, minute and second)

i i ith si i igi ith the ancient
Sexagesimal (base 60) is a numeral system with sixty as its base. It originated wit ciel
Sumerians in(Ize 3" m];ll{mnium BC, was passed down to the ancient Babylonians, and is still
used—in a modified form—for measuring time, angles and geographic coordinates.

Unit 7 Introduction to trigonometrg

It is a system of measurement of angles, in which angles are
measured in degrees, minutes and seconds. Ifthe initial ray OA
completes one rotation in anticlock wise direction, then the angle
formed is said to be 360 degree or 360°.

One complete rotation = 360°.
% of complete rotation = 180° is called straight angle.

1 £ i bt
3 of complete rotation = 90° is called right angle. At SR

180°
< m >
terminal side
180
360°

\ terminalside ” %

T C o A
9] initial side A S (0] initic] side 5 r

initial side

Thus one degree is defined as the measure ?lﬂ th of a complete rotation and it is denoted

by [ lu'. e :

A degree is further divided into 60 equal parts called
minutes and each minute is further subdivided into 60 equal
parts called seconds. We denote minute by (') and second

by ().

(& Try This

! (i). Convert 5°42'30" to
decimal degree notation.
Convert 72.18° D°M'S"

(i). to decimal degree

1° = 60 minutes =60" {  notation.

' = 60 seconds =60"

1° = 3600" seconds=3600"

49 degree 25 minutes and 15 seconds are written in symbolic form as 49°25°15"

=38°23'24"
AN Circulsr system-(Radians)

So far we have been using
rotation. However, this value is arb
measurement cannot be convenient]
introduced to describe the- magnity
. }(n{:-wn as circular
mvolve the differe
Aradian is the measure
length o jis radius r of the circle.
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EEAEN Conversion of D°M'S™ form ingg decimal form ang vice versa

I Example 8 Convert 15°3025" 1, decimal form, Activity

: ] 1 U :
olution . since | =[——]ﬂ a w_[ 1 3¢ cooleonversion.com
5 60 nd l = —-____3600 to covert ]42a34r!2u to

decimal degrees. And
oy lsum,?_s.,:[]s T ey _1_T° [ also 142.57° 1o poprsr
=[15+05 +0.00694]°

——

LS

SO Ta ey

=15.50694°
i Example E Convert 38.39° to pepy g

form.

Solution  Since I°= 60’ and 1’ = g0~
therefore, 3839° =38°+(0.39)

38.39°= 38°+(0.39x60)
=38°+(23.4)
=38°+23'+(0.4)
=38°23'+(0.4x60)"

the measurement of 360 to denote the angle for one complete

itrary and in some branches of mathematics, angular
y done in degrees. Thus a new unit called the radian, is
de of an angle. This system of angular measurement,
measure, is applied specially to those branches of mathematics which
ntiation and integration of trigonometric ratios. 54

of the angle subtended at the centre of a circle by an arc £ equal in

In general radians is the ratio of the length of an arc to

z Terminal side
the radius of the circle.
lé, gt
r r
In the fOIlowing figure, the radius of circle is r and ‘
length of an arc AB isalso r then angle subtended at + :
the centre is one radiani.e. Initial side

mZAOB=L=1" radian.
r

il ci“‘-‘ fadian is an angle subtended at the centre by an arc of length equal to radius of
Cirele, :




. 2 - . . Unit 7 Introduction to trigonommg
;> Relation between radians and degrees
If r is radius of circle then number of radians in one complete rotation is given by
circumference of circle
radius of circle
Since circumference of circle = 2nr
Therefore number of radians in one complete rotation = -4 =2n radians but 2%

r
radian=360° because the circumference of a circle subtends an angle of measure 360°,
Hence we establish a relation between angles measure in radians and the angles measure

in degrees as follows.
2m radians=360°
7t radians = 180°.....................(1)

% radians = 90°
: % radians =60°
% radians =30° and so on, TargEt r
180° 180°

" Hence, 1 radian = ~57.296°

% 3.14159 To find equivalents for
radian and degree measure.
umla:ly from (i) we have
180°= nr radians
iy R (R
180 180
17 = 0.0175radians
1°=0.0175
WHAT IS A 'GOOGOL' ? '

Googol is one of the largest numbers that has ever been named. It has been defined as |
' 1 followed by one hundred zeros;

' 10000000000000000000000000000000000000000000000000000000000000000000 |
| 000000000000000000000000000000000

' However, a googol can be expressed using exponents, as 10

—— - e

e =

x—N.T @AILE s NOT FOR S__ﬂ WER o

Unit 7 Introduction to trigonometry : . . e

|_, [:xam@@ Convert %—:E radians to degrees,

Solution  Since 7 radians = 180°

4
Therefore . A -(180°}— 102.85714°

=102°5126" &%
b Example [} Convert 31°45' to radians. | ot
p A ! j ¥ 4
Solution  Since 180°=x radians i
= m}' Iadla.l]S

As 31°45' =31.75°
31°45' =31.75%x—— radi

™ radians

_31.75x3.14159

180
=0.5541 radians

radians

v Exercise 7.1
———

1. Convert the following angles from D°M'S” forms to decimal forms.

(i.  8°15735" (ii).  39°48'55"

(iii).  84°19710" (iv). 18°6'21" 3
L Convert the following angles from decimal forms to D°M'S”.

(). 42950 (ii). 57.325°

(iii).  12.9956° (iv). 32.625°
3. Convert the following radian measures of angles into the measures of degrees.

(- 2 radians (ii). %r_r radians '

(i), T rag (iv). & radians

¢ radians 2

4. Convert the following angles in terms of radians.
(i) 450 (i), 120°
(iii). —210° (iv).  60°35'48"

- J
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_ ' cample 8  Anarcoflen th2.5 i
- Y I Examp Bt 2.5 em of a circle subtends an angle 0 at the centre O of
- S“tﬂr of a circle diameter 6 cm. Find the value ofg.
IEBEW Lcngth of an arc of circle

Solution  Here
Consider a circle with centre '’ and radius r, which subtends an angle 0 radian at the centre

ek mAB = 6cm
O.Let ABis the minorarc of the circle whose length is equal to £ as shown in figure. OB =0C =r= 3em
By the definition of radian, we have B nBC = 2.5cm
i length of an arc AB i}
Radian =
radius of cirlce : Weknowthat  ¢=r@
9=4 . = =< -
r A . . : £
or £=r@

0=2> - 00833 radiom.
Which gives length of an arc in terms of angle (in radian) 3

subtended at the center of a circle.

i Example §# Iflength of anarc ofacircleis 5 cm which subtends an angle of measure
60°, find the radius of the circle.

By 5 Solution £=5cm M——_
of T radians at the centre, 60 x7

- .

I Example E Find the length of an arc of a circle of radius 5 cm which subtends an angle

5 0 =60°=—"" radians In general ,
- Solution r=5cm | 180 The length of an arc
: = 1.047radians =x/360 * circumference
B=§E radians . r="7 The length of an arc
4 We have formula  ¢=rp =x/360 = 2nr
f=7 P 5 The area of a sector 4
we have = [ e =M3QXHe?ofmecmh
f=r6 6 1.047 = x/360 x xr’
I 15¢ r= 4.78cm

P=5xT=—4—=l 1.78 cm Hence radius of circle is 4.78cm.

Hence length of an arc = 11.78 cm. JActivity &

e e ——_ 2 =

. " | How do w i i ﬁand B,on
I Example . By & measure the distance between two points,
Find the distance travelled by a cyclist moving on a | We measure along g circle with a center C, at the center of Earth. The

circle of radius 15m, if he makes 3.5 resolutions,
Solution

ek radius of the circle is equal to the distance from C to the surface. Use
| the fact that Earth is sphere of radius equal to approximately 4000
: miles to solve the following questions.

{ revolution = 2 radlans 1 [ﬁ) Iftwo points Aand B, are 8000 milesapart. ﬂp[ﬁﬂ&ﬂﬂgham radians and m:degn:ﬁ

: (). Iftwo points Aand B, are 10,000 miles apart, express angle @in adians and in degrees.
(€). 1§0=30°, find the distance between Aand B to the nearest mile.
‘ -._(fll'_]E':_lE. find the distance between A and B to the nearest mile.

3.5 revolution=2nx3.5m
Distance travelled = /=10
I=15x2nx3.5= 105t m




- - Unit 7 Introduction to Uigonumm
S Area of sector .
Consider a circle of radius r with centre D,@Q is an arc which subtends an angle 0 radians at
the centre as shown in figure,
By proportion, it is clear that
Area of sector POQ _ Central angle of sector

Area of circle n
Area of sector POQ =_9_
nrt 2n

= Area of sector POQ =2£><ﬂ1‘=
b

=  Area of sector POQ =%f29

Hence, Area of sector of a circle with radius r, whose central angle is 0 radian is given

o
=lrzﬂ
2
I Example [} :

Find the area of sector with central angle of 60° in a circular region whose radius is 5 cm.

Solution
r=>5cm

0 = 60° = 60 x —— radian =1.047 radian
180 :
1
~ Areaofsector = EI’B

= %(5]2 (1.047)

=13.08cm’

' What are digits? . _ ;
' Digits are actually the alphabets of numbers. Just as we use the twenty-six letters of

the alphabet to build words, we use the ten digits 0, 1,2, 3,4, 5, 6, 7, 8, and 9 to
build numerals. d

o

'

. T SerE—
—— 3 E— - — T
e - W -
Unit 7 Intraduction to trigonometry = ., . ey .

¥ Exercise 7.2

1. Find ¢ when

: T
(i). BZE radian, r=2¢m (). 8=30°, r=6cm

a 4

(iit). ﬂz?n radian, r=6cm
2. Find 6 when

(iy. £=5cm, r=2cm

{iii). €=6cm, r=2.87cm
3. Fined r when

(i). £=30cm, r=6cm

(. G:Eradians, £=2cm iy w3l cadions =ty
2 el

(iii). O= % radians, £ =15cm

4. Find the area of sector of a circle whose radius is 4 m. wi i
[ ithcentral angle 12 3
LE Thg arc ofacircle subtends an angle of 30° at mccen,trc. The radius ngf‘circl;?? Sagm. find;
{i}.  Length of the arc (ii).  Area of sector formed.

6. Anarc of a circle subtends an an i rmed
gle of 2 radian at the centre, i
64 cm’, find the radius of the circle. ; iR ety

7- In a circle of radius 10m, find the distance travelled by a point moving on this circle
' (3.5 revolutions =7r). '

8. What is the circular measure of the angle between the hands of the watch at 3 o’clock.

9. What is the length of the arc APB?

ifthe point makes 3.5 revolutions,
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Trigonometric Ratios

Trigonometry is a powerful tool for making indire
plays an important role in the field of surveying,
branches of physical science.

(a) The general angle {Coterminal angles) ' .
Angles having the same initial and terminal sides are called coterminal angles, and they differ
by amultiple of 2r radians or 360°. They arealso called general angles.

If let @ = 30° is a terminal angle, then it coterminal angles are © + 360° and 6 — 360° i.e. 390°
and—330° as shown in the following figures.

B

ot measurements of distance or height, 1y
pavigation, engineering and many other

B

9‘\ 30°
0

Fig.(a)

Combining figures a, b, ¢ we have

To find a positive and negative general angles (coterminal) with a given angle, #

subtract 360°, if the given angle is measured in degrees, or 2r if the given angleis e

inradians. For example

‘B

LS
coterminal angles of — are

3
by A T
(i) §+2n 3
o 5 et L LSl
and (i) 5'2“‘ 3

as shown in figure.

—— ) S =

d and

Unit 7 Intreduction to trigonometry

[ Example @ Find coterminal angle of 60°

Solution  Since  60°+360°= 4200
et ang 60°~360° = —39g0
theretore 420° and —300° e cotermi
term o
Nowi, ‘<slios 3 inal angles of 6(°.

and © -60°-1360° =437
therefore 300° and —42¢° =

(b) Angle in standard position
In XY-plane, an angle is in standard position if
® its vertex is at Ehe origin of a rectangular coordinate s stem and
® its initial side lies along the positive x-axis, ; .
An angle is said to be positive if it is mea
axis and is negative, if it is measured ¢l

terminal side is in anti-clock wise direct
clock wise direction makes an angle of me

and -6(°

are coterminal angles of — gg°.

sured in anticlock wise direction fro iti

_ m positive x-
pckms!: from +ve x-axis. In the t‘oﬂo“?ing ﬁgu?e
10n which makes an angle of measure 45° and in
asure—45°,

g | 30°
—

Of initialside B x

m (a) Quadrants

The Cartesian is divided i
plane is divided into four quadrants and the angle 6 is sai i vadran
; ; issaidt
Where OP lies. In the diagram, 8 is in the first quadrant. x Rheiptieg ;
As shown in figure (b).
Y4 v
Pix.y) Quadrent 1l | Quadrant |
r, Y x<0,¥y>0| x>0,y>0
- i) e
3 8 X X' 0 X
Quadrant 111 | Quadrant [V
x<0,y<0| x>0,y<0
I
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\_' : . . Unit 7 Introduction to trigonometry

7.3.3.1 Trigonometric ratios with the help a unit cirg|
- : : it cire
Consider a circle with centre 0 and radius | :

¥1
{(b) Quadrantal angles (umit ci
e : kes an angle 0 wi >+ \unit circle). P (x, y) is any point on the circl
those angles whose terminal sides Radius OP ma gle Owith the positive x-axi yp n the circle.
Quadrantal angles are those angl Th /805 in radians. Draw a perpcndicularﬁlzm Ixivex axis. B can be measured either in degrees or

coincide with co-ordinate axes i.e. x-axis of y-axis. The : by : neasur ! .
Quadrantal measures of angles are 0°, 90° 180°,270° and ‘% m 2 A=90°as shown in the figure, X1, 5o that OAP is a right triangle in which
S % m, %ﬂ and 2 radians as shown in figure. 0 x : ]I? ikt .UPEitc side of 0 is AP = y, adjacent
: ' side of 0 is OA = x and hypotenuse is OP = | Y
y [Exercise 7.3 : 5 Therefore by definition :
M i 360° y . i)
1. Find coterminal angles of the following angles. ” sinh= opposite side _ AF ¥ P(x,))
e oo, ASO0, : hypotenuse OP 1 °
(). a5t G -48* A T W T \ =
: i i lowi ﬁan les lie? cosﬁ:w_ OA «x _ .
2. State the quadrant in which the fo ?.wmg L S | g : hypotenuse ©OP 1+ X of r A [x
M. 8 G 750 Gy -818° (W) —= ° [ 103 opposite side AP
5 ; and Ian9=p!j—sfer=£=£
EEE] Trigonometric ratios ; G 8 _ adjacent side  OP ~ x
A trigonometric ratio is a ratio of lengths of two sides in a right triangle. Trigonometric ratios Hence trigonometric ratios of a unit circle are :
are used to find the measure of a side or an acute angle in a right triangle. The trigonometric sinB =y (the y co-ordinate of P) Y
ratios forany acute angle 8 ofa right riangle ABCare | cosf =x (the x co-ordinate of P)
sin @ =M fi By (.V cﬂ—nrdl:natc of P
: hypotenuse & x x co—ordinate of P
coid =M .,‘\qﬁ‘c 2 Reciprocal trigonometric ratios
hypotenuse i g = ;
. - o
opposite side of 8 o COSEC 0= me = = e
- KIS OF AP
p9 adjacent side of 0 -\8 r— S sin®
[0) 1
1 hypotenuse secl=m =— =
G=—r= e = sl 7
cosecV="Gn@  opposite site of © oo _(_)i x cosB
sec B= 1 = hY]JDtﬂDLISﬂ : and coth= 2— :f_ = E&B
cos O adjacent - P y sinb
cotB = 1 . adja.ccnt ‘.. Climpor gt points 1o be noted)
; " tan®  opposite L. If O lies in 1" Quadrant, then we can write as O-A:Bﬂ:g- or0<0 <90°.
: . 2. If 0 lies in 2™ X FE A .
Atrick to remember Trigonometric formulas ies in 2™ Quadrant, then we can write as > <f<m or 90°<0<180°
some people have 3. 17 0 lics in 3™ Quadl-'ant. then we can writeas 7@ < 0 <%E or 180°<0 < 270°.
curly brown hair . : 2 n
& - s h N o
through proper brushing ______E ] lies in 4" Quadrant, then we can write as —= <@ <2 or 270° <0 <360°.
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I
m Values of trigenometric ratios for 452, 30° and &0° ' .
: “ SR I Example m Find the signs of the fi i
T X 2 a0 : e o oll i :
_The va'[ue_s t_af tn_gont?r_nemu_: r:auos fo?-f_IS“‘,qu_ m.m 60°are given in the following table. quadrantthey lie? OWing trigonometric ratios and tell in which
SN Nl T 4 T T R 5 al i) tag =5
i l { (i}  sin 105° (i) tan =% :
s o 1 j — It _J__ ._‘ ; 6 (1) sec 1030° {iv) cot710°
. * 5in® 1 sk _3 I Solution
l r 2 | V2 - 2 | (i) 8=105°liesin2" quadrant, th :
TSt NN T (B W ! i) u= duadrant, therefore sin 105° algg [ia i 9
cos [ V3 ! e 1 ! Quadrantand hence sign of sin l{]-'5"iS]Ju:)sitime.a s =105
i, o 2 -
I B O S s _—
tan0 I] ;B _ 1 3 . (i) Since e lies in the 3 quadrant, therefore 3
i J -2 ' 3 | ¥ tan(_—“ =jhp also lies in 3¢ X'
cosecB l I 7 : 5 : 6 5 ies in
(S _r iy — : ; quadrant and it has positive sign. As
! - shown in figure, :
secf 7 2
| V3 %
Lt g - l
cotd [ NE) 1 i (iii) Since 8 = 1030° =720° + 3107, therefore it lies jn 4*

. | f PR i j . quadrant and sec 1030° jn 4" quadrant has positive
sign.

Recognizing signs of trigonomelsic ratios in differeat Quadranis
Signs of trigonometric ratios are different in different quadrants depending upon the terminal

side of the angle 0. : ]
(i). I 8 lies in first quadrant, then x > 0, y > 0 I (1) i‘;‘;ﬁoﬂ = Ii_'m‘j = 360° + 350°, :
therefore sin6, cos@, tanf, cosec, sech, tanf : {.‘c it o s in 47 quadrant and 5 / \ -
areall positive. Quadrant I1 Quadrant I €ot710°in 4" quadrant is negative, - 2N LSl L
aa Trasg od sine and All
(ii). If B lies in 2% quadrant, then x < 0,y>0 it o Ké\ ﬁ
therefore sinB and cosech are positive and the positive positive o
remaining four trigonometric ratios are - ' =X :
negative, Quadrant I | Quadrant IV : r
(iii). If © lies in 3" quadrant, then x < 0, y < 0 tangentand |  cosine and I E!ﬁamll £ 5
therefore tan® and cotB are positive and the cotangent secant —pe [@ Iftan 6 < 0 and cos 6> 0, name the quadrant in which angle 0 lies,
remaining four trigonometric ratios are  Ppositive positive _Solutipp ? : :
negative. ' z ) Try This
(iv). If@lies in4" quadrant, then x>0,y <0 thérefore cosd and sec are positiveand the “;]i]: g B{p, Olies in quadrant IT or IV. When cos >0, @"-“ e l)_:nd 6
remaining trigonometric ratios are negative, (tan:] molillladr\ant I'or IV. When both conditions are met o :m"L the quamn:i‘:;
: i < oy
These four results are summarized in the figure at the right. alnd €05 8>0), 0 mustlie in quadrant IV. which angle 8 lies,




m Finding the values of remaining trigonometric ratios if one trigonomeqyi,
ratiois given

Unit 7 Introduction to trigonumetrg

" Example Iftan 8= 1, find the other trigonometric ratios, when 0 lies in first quadiran;

___Solution ; tanf=]1=2 v
X
= y=land x=1
Hence by Pythagoras theorem;
rr=x'+y* ]
P =) +() =1+1 8
=2

r=+2

P(x, 3)

*
(=]
5.;
B

B

Therefore sinf=2 =

I Example E} Given that tanﬁ:—% and B is in the second quadrant, find the other
function values.

' y
. Solution . tan § = 1=-3=i, t
x 3 3
fy=eand pasd =32 N /i3
Hence by Pythagoras theorem; r‘\?

r=x+ | , s
=3 X

ri=(-3)'+(2)' =9+4=13

r’=13

—
Unit 7 Introduction to trigonometry
x =3 3
cosP="=—S - _
r W3 Ji3
colﬂ=i=:§=_i
¥»o2 2
cosecﬂ:izﬁ
g 2
seu.‘.[-]=£=—""i—§=_""‘E
X = 3

£ _ 4 -
i Example FE If cos 8 = 5 Where 8 lies in 4* quadrant, find the values of other

trigonometric ratios.

Solution Given '
—::'D$9=l-4-=£
5 r
= x=4 and r=5
Hence by Pythagoras theorem;
’_2 = Iz -Ih‘}-'2
YErt =yt =5 + () =25 = 1§ =0
=9 = y=+3
»==3( Blies in 4"quadrant.)
Therefore,
T
rs 5
tan[):f-:-__:;:_i
x 4 4
cot9=£=i=_i
y =3 3
Sﬁce:::i
x 4
cosecH = i.—=;ls--=—£
y =3 3

Yy
X
o ¢ a |¥
e
5
B
g
“Try This

Ifsina=21am 0 lies in
2™ Quadrant, find the other
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BN L . ic ratios 0f 0%, 90°, 180°
s Calcu]atingthc\-'aluesol’irig“““m“"“ra“"ww" i + 2707 and 3690

'lr|gon|mntr1c r atm -:lf'[i"'"

T 0880, 835 Gl o OF ol [0 s e v ox’
Wi

3 OP of the angle 8° coincides with ox.
In XY-plane, the terminal SIdel g Therefore 0P =y =1
Therefore radius O.:~!‘; or x==1 and y=¢ %
or x=1andy= g g e e
50 sinﬂ°=z=T=D A : : K o =
; : coslSO"—x::I_l:._] 1T
cos0P===-=1 b=0° 4 : 0= 180°
P=(1,0
4 L E 4 tan180°=2 -0 _, o f\
thE£=T=0 | % =l 3 ' >
x 1 1
o cosecl8P=L="_ undefined
cmﬂ“z-—=ﬁ= undefined y 0
y g G | :
o sec] 80 L-—.___.—_[
cosec®=— =E = undefined x 1
y o_x _'l
S d cotl80 —;—z_ﬂ_= undefined
secP=—=-=1 ———
x 1 [hl_{.‘lllllllTTt 'l:h v?; oot

In this case, the terminal side EFofangle 270° coincides with OF"

Therefore QP = il

The terminal side O.P of angle 90° coincides with or. :
—_— or = = ¥
Thmfore OP: r=1 » 0 and y_—l i
or x=0 and y=1 ¥y sin270° = _J_’r_:!:_l 1
1
P A ’ i 0=27
Hence sm90"—r-l-—l x=0 y=1 cos270° = -{-—D‘-—-ﬂ I /w—_\
r 1 1 e >
c0s90° =% = E=0 3 s 3 = -1 \ ]' &
r 1 19 P=(1,0) m"'z-"u ; —0— = undefined
YR i
B Ty Y @\asgu“ cosec270°=L = 1 __; i A
cosecg'ﬁ“’-.f._l-—l : - f i Ak - @ @
= % r
N : : sec270° = e Gl_ undefined = ]
L
sec90 o undefined cot270°=% -0 _g
cot90°=2=2 0 n
y 1




Unit 7 Introduction to trigonometry i Unit 7 Introduction to trigonometry . - . ; l
Trigonometric ratio p¥360° E :
2 - - 4 Exercise 7.4
- - . — - - . T -—_._ﬁ
In this case, the terminal side OP of angle 360° coincides with QX i o
: —_— Find the signs of the foll
Theelns: -OP =i 1. Fi g s owing trigonometric ratios and tell in which quadrant they lie?
= d y= ¥y (i). sin (ii).  sin 160° o
or x=1 and y=0 sec 120° (iii).  tamn 200
0 fs (iv). sec (v).  cosec [98° (vi). sin460° ?
sin360°=L =~=0 2. Find the trigonometric ratios of the following angles
o | i). —180° i ' -
] (i). ().  =270° (iii).  720° -
(;05360“:-{:_:[ AN (1,00 (iv). 1470°
r ID —— ’jj—‘—b 3. IfsecO= 2 where B lies in 4" quadrant, find the other values of trigonometric ratjos,
b4 b= 3600 e
tan360° = B 0 360 4 Ifsin O = E and = < 0 < 7 then find other trigonometric ratios,
B9 5 Find the values of
cosec360° = — = — =undefined o s o
y 0 (i).  2sin 45° cos 45° (ii). M (iii). g ICOSTS .
1 I +1an60° tan30° sind5° + tand5°
sec360°=—=-=1 T on
= (iv). tan30° tan60° + tand3° (v). cos 3 -:usa' —sin Eginf
cot360° = = 1 =undefined 6. In which quadrant @ lies? P
P (i). sin@>0, tanB>0 (ii). sin@<0, cot®>0 (iii). sinB>0, cosB <0

Summarizing all the results,wehaveatable - fi\) cosﬂ>0 cosecaﬂﬂ : v). tanB<Q, sece:»ﬂ (vil.

cosB<0, tanB <0

6 6° =TT (O e (ii). (iii).
L b BT 21
: 0 — | = | = 1 E] 3
sin @ l 2 : J2 : 2 | 21
e ———— i e - ‘
cos® S BN I (s T | 0 73 .
_ T I =
CRNN | 1= :' |  not |
tan 8 g 5 R B defined | 8. The §
i | B | el - ¢ Iregular blue shape in the diagram
1 | | rEEresents a lake. The distance across the
V3 1 E | 0 | . ake, a, is unknown. To find this distance,
| SPENC S | : .' f‘ns:“"'?or took the measurements shown
2 I i not | € higure. What is the distance across
V2 ! 2 | ' the lake?
defined |
, |
2 !
|
J:_! ’ E .!

NOHEEORESATER x|

ﬁ‘*‘ :
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Trigonometric identities

Unit 7 Introduiction to trigonometry

For any realnumber® , we have following fundamental trigonometric identities.

: s g
(v cos:@+sin’B=1 iy l+tan’@=sec’ O

Proof Consider a right triangle ABC in which
mZ ACB=90°, m ZBAC=6

mAB=¢,mAC=b and mCB=a

b i
Then we have  sin0= q ,cosB= = (i)
e
tanB:%,secG;% (i)
cotd=2, cosecd=5 (i)
a a
By Pythagoras theorem
& =b'+a (iv)
Dividing both sides by ¢”, we have
& o
S 2 7

2 r |
- {4
c e
' b a ; »
Putting the values of = and = from (i), we g

1= (c—::rs'ii!)1 +(sin0)’
—  l=cos’ 0+sin’0
or |cos’@+sin’0=1 ()
" Now dividing equation (iv) by b?, we have

& B oa
i

2 r
c a
= =14 —
(b] : (b]
Putting values from (ii), we get

(secB)’ = 1+(tan®)’

—  sec’@=1+tan’0

or @ (vi)
T P NOTEORSALE.

=
- =

i1 14 cot® B =cosec’d

B

e

. Unit 7 Intreduction to trigonometry

Again dividing Eq. (iv) bya®, we have

g I
= == +1

a a

™ Putting values from (3), we get

(’COSBCB)Q = (cutg}z i I.
=  cosec’0=cot’0+]

or ll +cot’ @ =cusoc26| (vii)

Solution LH.S = (sin0+cos 9}2

=sin’ 0+ cos’ 0+2 sinfcos O
=1+2sin0cosh in®
“* sin’ O+cos? O =
=RHS J: I]
Hencze (sinB+ccsG)z=1+lsinﬂcosB
b Example ({8 Prove that sin =i—cos?g
Solution  As we know that
cos’ 0+ sin* 0 =1
= sin*0=1-cos’ 0
= sin@=+/1-cos? @
Which is the required result, ey
V1-sin’p
sin@

b Example {3
_‘K.dl_'l_ll[.]h, L“ﬂ =coth

Prove that

| SOlutit}n LIHS:,“_Sinzg i & 15-.

As we know that sinf | e \
cos’ B+ sin* 0 =1 ® 4
= cﬂszg‘:l-—sinze ; X
Hence Lpg=2Y cos’®  cos ' y

snd amg_Clo=RHS

=
®
—.l
-
-
b

- - T
T — . T =
L -



' 5 291t sin” 0
v Example fE] Prove that sec’ 6+ ta:a T
Solution . LHS =sec’0+tan" 0
- 1 +siri‘B
“cos’@ cos’
W oL (i
cos’ ©
As we know that,
cos’B+sin"B=1
—  cos’@=1—sin'0
Putting value of cos 8 in (i), we get
1+ sin’ 0
= - R_H'S
LHS =%
Hence, ;
1+sin° 0
2 3. AR ERL
i sec’O+tan” 0 =0

v Exercise 7.5
—————

siroduction to trigonometry

/5l Angle of Elevation and Depression

Many applications of right triangle trigonometry
involve the angle made with an imaginary horizontal
line. As shown in the figure , an angle formed by a
horizontal line and the line of sight to an object that is
above the horizontal line is called the angle of
elevation. The angle formed by a horizontal line and
the line of sight to an object that is below the -
horizontal line is called the angle of depression. '

Unit 7 Intraduction to trtguncmetrg

I Example Eﬁﬂ An aerial
. = : photographer who photographs a fa
dgzlen‘jd‘]l]ncd rro:?sesxop;r;_ence that the best photo is taken f: a hei gﬁﬁ?}fpﬁlﬁiﬁfﬂ%gaﬁs
and a distance o rom the f: i i
sl m the farmhouse. What is the angle of depression from the planeto

~ Solution
_W hcp parallel lines are cut by a transversal, alternate ---
interior angles are equal. Thus the angle of depression
from the plane to the house,0, is equal to the angle of
elevation from the house to the plane, so we can use
the right triangle shown in the figure. Since we know
the side opposite £B and the hypotenuse, we can find

Prove the following trigonometric identities. {4 sin® ZB by using the sine function,

I (sec’0-1) cos= sin 0 L tan@seche osB sinB=sinB = ;;(5)_? =(0.5588

: 2 i
3, (nm.;i)—sh'lﬂ-)2 =1-2sinfcos® 4, cos’B- sin@=2cos" 01 )
. ]-sin@  cos® Thus the angl i o
ik 6 Te0s0 1+sin® . 1us the angle of depression is approximately 34°,
= 5 I Ex: . ET¥ £
7. sin@y1+tan’ 0 =tan 8. cosf=+1-sin"0 ' Example 7% To measure cloud height at night,

9. (14 c0s0)(1- cosB)=———
CoO

2
P o it vt o he s o
+C0S X , ——— -32% Fin
| :l:o:x i sinx =2cosecx l+cosx  sinx ¢height of the cloud.
y Solution Fromt -
! b L o 2+ 2cot’ a 14. cos'b — sin’b = 1 - 2sin’b IOithe ﬁg;urc. we have tan 67.35
l+cosa l-cosa tan67.35° =
; ! - 135 - :
siny+cosy  cosy-—siny _ Trigonometry helps to find the height of
IS. T TR e ) h=135 tan 67.35° ~ 324 1 buildings and mountains. Clinometer is
_ R The height of the cloud is about 324 ft. mm‘)ﬁ:;aimﬂe ufelevation ;of
16. (sec x—tanx) - 1+—- p il
sin x

17.sin x tan x + cos x = sec x.

o (e
10, cOSX—cosXx sin” x =C0s X

a vertical beam of light is directed on a spot on the

cloud. From a point 135 ft away from the light




- Unit 7 Intreduction to trigonometry -

b Example

A light house is 300 meter above
boats from the top of light house are 30° and 45° respectively.
through the foot of the light house, find the distance between th

same side of the light house.

the sea level. Angles of depression of two
If line juining the boats passes
¢ boats when they are on the

__Solution__| _
Let boats are at point C and D respectively.
Height of light house mAB =300m

Distance between two boats mCD =1
Angles of depression are m £ EBD=30°
m £ EBD=m< BDA and mZEBC = mZBCA

and m £ EBC=45°

But
Therefore  mZBDA= 30° and m 2 BCA=45°
Consider AABC
Ty ' B e e e AR i ST AR RA s bR B i eSS S
tand5° = Eﬂ_i
mAC
o 300m
mAC
or  mAC=300m 0)
Now
Consider A ABD
tan 30° = m—A_i
D
L - mAD = mAC+ mCD

A mAC + mCD

Putting value of mAC from (i).
1 300

B 300+CD
= 300+mCD=300{3
= mCD=30043-300
: mCD =300 (\E—l)m=219‘6m
Hence distance between two boats is 219.6 m.

tn

. A building that is 21 metres tall casts 3 shadow 25 me
tres
. A light house is 150 m above the sea level. Angle of
; 0

- Atree is 50 m high. Find the angle of elevation ofitstoptoa

. A police helicopter is flying at 800 feet. A stolen car j
: is

- A light house is 300 m above the sea level. The angle of

QActivity 9.‘&

e
+ troduction to trigonometry

v Exercise 7.6

———

long. Find the angle of elevation of the sun to the ne
arest N

degree.

depression of a boat from its top j ;
between the boat and the ligh lh;'ll;:: 60°. Find the distance

point, on the ground 100 m away from the footoftree

- From the top of hill 240 m high, measure of the angles of
o

depression of the top and botio, i
respectively. Find theheightofr;;:l{:;:.] S

sighted at an angle of depressio ° Fi

nof72°, i
Lh-: stolen car, to the nearest foot %‘roﬂn: the distance of
elow the helicopter. i Pty

d ;
aﬁgr:s;urr; :; g:; izli;at? irrtclllm }!1e top of light house are 30°
3 ¢ line of joinin
E:::::e ;h;sngl; at:::c E{nnt of light houée, ﬁn%l ?I:-eﬂ:t?s;l:ii
- w i
il en they are on the opposite side of the

B Iheﬁll Iﬂ() eley O o (W) C n‘ .Hh I_kl 2]0]]‘.Iﬂlle

. 1 0 i -

Angle of
. elevation
\l
i

from the point towards

Find ihe erpyr,
7i ;
13 and Rabia are finding the height of the hill,

Zia

sin 15° = X_ in 15°= =%
Stadse 0 | . S 15°
sinl5%) =y 560 (sin15°) = x

150 =y

145 =x
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ven. Fill in the correct circle only.

“Review Exerci

1. At the end of each question, four circles are gi
(i). If an object is above the level of observer then the angle formed between {he

horizontal line and observer's line of sight is call

O angle of depression O angle of elevation
O obtuse angle O none of the above

(ii). cot = ;

sin® 1 C?S 0 o _1
cos@ - cosO sin® sin 0

(iii). 1+ tan’ 0=

O sin?6 O cos’ 6 O cosec’® O sec’0

when 0 lies in 3" quadrant.
1 -1 2 TS
2 s ¥y V2 V2

(v). Sin (-350°) lies in

(.. If tan@ =1 then sinf=

O 4" quadrant

O 1" quadrant O 2" quadrant O 3™ quadrant

i).45% radian.

n
. O % & & 2 2l |
i) Ifthe measure of the hypotenuse of aright triangle s 5 feet and mZB= 58", whatis
the measure of the leg adjacent to ZB? ;
O 4.2402 O 8.0017 O 0.10060 O 2.6496
(viii). Find the value of tan P to the nearest tenth.
0 26 0 05 i -
O 04 0 0.1 N 21em .
(in). RT is equal to TS. What is £5?
0 2J6 023 O#3 O
(x). RT is equal to TS. What is £8?
O 25° O 30° O 45° O 60° 2 3

Unit 7 Introduction to mgﬂﬂﬂmgw :

% e = o~ |

i

Unit 7 Intreduction to "Fggnomﬂrg . S |

2. Convert 45°35'30" into decimal form
3. Convert 216.67° into D°M'S" form,
4. Through how many radians does a mi
- - a m
(i) in 45 minutes I:ll?]tc m,:: docl]: turn through
5. Find coterminal angle of 190° and —250°, e
6. Find trigonometric ratios of :
(). 390° (ii). -
7. Prove that W
1-sin@ _
l+sin|8_s%aq£mB fii). 2cos O secO-tan B cotf=1

8. If sec 0 = 2 and 0 does not lie in fi
et Y st aua -
remaining trigonometric ratios, quadrant. Find

3
{1}

9, Refer to the diagram shown.
What is the height of the building?

10. From a point on level ground 125 feet from the base of a tower,

the angle of elevation is 57.2°. Approxi :
towerto thenearest foot, Pproximate the height of the

The Amazing number 1,&389

1089 + 1 = 1089 1089 - 9 = 9801
1089+ 2 =2178 1089 « 8 = 8712
1089 « 3 = 3267 1089 -7 =7623
1089 - 4 = 4356 1089 « 6 = 6534

A unique property among two digit numbers. -
332=1,089 = 65%- 56 o




