INTRODUCTIONTO
TRIGNOMETR
e the studentswil beableto

® Measure an angle in sexagesimal system (degree, minute and second).
® Convertanangle given in D°M'S" form into a decimal form and vice versa,

@ Define a radian (measure of an angle in circular system) and prove the relationship between

radians and degrees.

@ Establish the rule # = ), 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"l} 3
@ Define and identify:
[ 1 o 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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engineering. For centurjes
Muslims used m‘gonumcrry ané
the stars to navigate across the
Arabian desert to Mecca, the [
birthplace of the prophet i
Muhammad &, the founder of

Islam. The ancient Greeks used
trigonometry to record the locat;
Moon relative to Earth, Today, tri,
master molecule that determin
developed adult and much more.
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Why ii-‘s-irnpurtam-

Mount Everest is Earth's highest
mountain, peaking at an incredibje
29,335‘ feet. The heights of
mountains can be foupd using
trigonometry.
Trigcnqmetry is used jp
navigation, building, apg

How ratios in

right triangles used in t
ol n the real world?

atowrape isused to attach the parachute to the boat

o

(a). : 7

(h; ;‘:1";;1)‘?3 of triangle do the towrope, water, and height of the person above the water
- What is

©). Wh 15 the h

(d). wh

ypotenuse of the triangle.
at ly;_m of angle do the towrope and the water form?
ich side is opposite this angle?

(e). O,
—

er than the hypotenuse, what is the side adjacent to this angle.
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Sexagesimal system (Degree, minute and second)

Sexagesimal (base 60) is a numeral system with sixty as its base. It originated with the ancient
Sumerians in the 3" millennium BC, was passed down to the ancient Babylonians, and is still
used—in a modified form—for measuring time, angles and geographic coordinates.
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It is a system of measurement of angles, in which angles are
measured in degrees, minutes and seconds. Ifthe initial ray, QA
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 ;
— of complete rotation = 90° is called right angle.
4 ) 4 ght ang A complete 360° rotation

180°
m - 90°
< . >
terminal side
360° 150
| terminalside B & "
——— > _ - >
Soc ilidak A terminal side inidial side o A

initial side
Thus one degree is defined as the measure ﬁ th of a complete rotation and it is denoted

by 2 o i PR
R L : {&y Try This

A degree is further divided into 60 equal parts called ‘I) & + 5°42'30" 1o

minutes and each minute is further subdivided into 60 equal (1). Conver =

: decimal degree notation.
parts called seconds. We denote minute by (') and second C‘unlv ot ?gf‘;sa DPM'S"

by (). (ii). to decimal degree
1° = 60 minutes =60" | notation.
I =60 seconds =60"
1° = 3600" seconds=3600"

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

- known as circular measure, is applied specially

length 1o jig radius r of the circle.
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m Conversion of DOM'S"

form intg decimal form ang vice versa
I Example §8 Convert 15°3012 :

5" 10 decimal form,
Solution  since l'=[ I ]ﬂ and |--=( 1 Use coolconversion.com

60 3600 1o covert 142°34'12" 10
600 :
decimal degrees. And

Activity

therefore, I5°30'25",—_[15+30x_1_ +25x—1_ |7 | also 142,57° 1o popprg
60 3600 form,
=[154+05 +0.00694]°

=15.50694°
I Example :::;.E Convert 38.39° 1o DeM’S” fontn

Solution Since 1°= 60" and I'=60"
therefore, 38.39°=38°+(0.39)
38.39°=33°+{ﬂ.39x60]'

=38°+(23.4)

=38°423'+(0.4)

=38°23'+(0.4x60)"

=38°23'24" e2eee

Bl Cireular svstem {Radians)
So t‘a:r we have been t_ming the measurement of 360 to denot
rotation. However, this value js arbitrary and in some
onveniently done in degrees.
he-magnitude of an ang

e the angle for one complete
branches of mathematics, angular
'El'hus anew unit called the radian, is
le. This system of angular measurement,
! r nea to those branches of mathematics whi

nvolve the differentiation and integration of trigonometric ratios, e

Aradian is the Mmeasure 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 are to

the radiys of the circle. N
ie. = £
= T
In the following figure, the radius of circle is r and ‘
length of an arc AB isalso r then angle subtended at [
the centre isone radiani.e. i

mZAOB = =1 radian.
r

:{ ﬂ;nc fadian is an angle subtended at the centre by an arc of length equal to radius of
rcle,




K_/ Googol is one of the largest numbers that has ever been named, It has been defined as |

Relation between radians and degrees
Ift is radlus 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 = b =2n radians but 2n

Unit 7 Introduction to trigonometry

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
indegrees as follows.
2n radians=360°
7 radians = 180° .................... (i)

-
— radians = 90°
2 ans

g radians =60°

Target

E radians =30° and so on.

180° < 180°
. 3.14159

imilarly from (i) we have

180°= radians
m_3.14159
180 180
19 = 0.0175radians

1°=0.0175

" Hence, 1adian= ~57.296°

To find equivalents for

radian and degree measure.

o _

radians

) WHAT IS A 'GOOGOL' #

| 1 followed by one hundred zeros;
10000000000000000000000000000000000000000000000000000000000000000000 |
| 000000000000000000000000000000000

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

sl

qq i ——

* —
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Snlulinn Since m radians = 180°
4n o
Therefore T E(um“ =102.85714° i
=102°51"26" I
|y Example [Z8] Convert 31° 45" to radians, r -
e T ) - ‘ ..1
Solution Since 180°=n radians
®=— radians

lSﬁ
As 31°45' =31.75°

31°45' =31.75x—— radi
x]SU radians

= 31.75x3.14159
180
=0.5541 radians

radians

v Exercise 7.1
m

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

). 815935~ (). 39°48’55"
{iti). B4°19'10" vy 18%6'21" 3
2. Convert the following angles from decimal forms to D°M'S".
(. 429250 (t). 57.325°
(i), 12.9956° {ivi. 32.625°
3. Convert the following radian measures of angles into the measures of degrees.
(i, 9 radians (it). E;-E radians
Gii).  Z radians (iv) ;jjt- radians
4. Convert the following angles in terms of radians.
(. 450 (i), 120°
(ii). —210° (iv ), 60"35'48"

F.R M@Wﬂ WER =]
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: || Example Anarc of length 2.5 cm of a cirg
- 5 Ol acircle subtends an angle 0 at the centre O of
Sector of a circle diameter 6em. Find the value of @,
Length of an arc of circle

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

i mAB = 6cm
O.Let ABis the minor arc of the circle whose length is equal to £ as shown in figure. OB =0C =r= 3em
By the definition of radian, we have mBC = 2.5cm
" length of an arc AB =7
Radian =
sk radius of cirlce : We knowthat f=rp
e___ _{ —7 e = { -
r A i r
or t=ro - =22 5 =033 radion,
Which gives length of an arc in terms of angle (in radian) 3

subtended at the center of a circle.

i Example §% Iflength of an arc of a circle is § em which subtends an angle of measure
60°, find the radius of the circle.

I

| Solution £=5cm m___
| 60

]

I Example B Find the length of an arc of a circle of radius 5 cmwhich subtends an angle

of '?4—“ radians at the centre,

‘Aclivity q#:n:-

0=60°= "L 12 dians In general ,
- Solution r=5m 180 . The length of an arc
i ‘ = 1.047radians = x/360 * circumference
8 = radians . r="? The length of an arc
4 5 Wehave formula  ¢=rp =x/360 = 2nr
=7 : ¢ s The area of a sector
we have = = — = x/360 » area of the circle
f=rf ’ 6 1.047 = %/360 % nT
I 15 r=4.78m
= SxTn = —4—“ =11.78 em x Hence radius of circle is 4.78cm.
Hence length of an arc = | 1.78 ¢m. {
|

EU\; do we measure the distance between two points, A and B, on
arth?

f We measure along a circle with a center C, atthe center of Earth. The
e radius of the circle is equal to the distance from C to the surface, Use

| the fact that Earth js 4 sphere of radius equal to approximately 4000
: miles to solve the following questions.

! (@). Iftwo points Aand B, are 8000 miles apart, expressangle 8 in radians and in degrees.

i (5). Iftwo points Aand B, are 10,000 miles apart, express angle 8 in radians and in degrees.
(€). 178=30°, find the distance between Aand B to the nearest mile.
%) 110= 10, find the distance between Aand B o the nesrest mile.

It Example 6]

Find the distance travelled by a cyclist moving on a
circle of radius 15m, if he makes 3.5 resolutions.

Solution

{ revolution = 2r radians
3.5 revolution=2nx3.5m
Distance travelled = /=g
I=15x% 2% 3.5= 105t m
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s Area of sector : ‘ o ' v Exercise 7.2 .
Consider a circle of radius r with centre O, PQ is an arc which subtends an angle 8 radians at —
the centre as shown in figure. 1. Find £ when
i L 4 n z .
By proportion, it is clear that _ {i). ng radian, r=2¢m (ii). B=30° r=6c
Area of sector POQ _ Central angle of sector 2 4 ' =
Area of circle 2n . {ii:].ﬂz?ﬂ radian, r=6cm
Area ofsec:or POQ _ 6 2, Find & when _
r 2n X (i, ¥€=5c¢m, r=2cm (). £=30em, r=6cm
= Area of sector POQ=ixnr’ i (). =G, p=2inim
2n 3. Fined r when
I. 1 - T s 1
= ’ == = i < 4
s Area of sector POQ 2,9 (. 8 5 radians, £ = 2cm (i1). e=3.§mﬂ,aﬂ3,g=§m
Hence, Area of sector of a circle with radius r, whose central angle is 0 radian is given (iiiy. 0= 3= radians, £ =15¢m
by - 1, L
=E" 8 4. Find the area of sector of a circle wh dius i
. [ trele whose radius is 4 m, with central angle 12 radian,
. 5 Thga:c ofacircle subtends an angle of 30° at the centre. The radius ngf'circleis Sagm. find;
| Example ﬁ (1) Length of the arc (11).  Area of sector formed. :

Find the area of sector with central angle of 60° in a circular region whose radius is 5 cm, 6. Anarc ofa circle subtends an angle of 2 radian at thy i
; 64 cm’, find the radius of the cimﬁe. ) atthe centre. Ifthe area of sector formed is

Solution

* In a circle of radius 10m ﬁ;:d the di
: ; ' stance travelled by a point movi is ci
ifthe point makes 3.5 revolutions, (3.5 rcvolutions=¥n),p e

8. ; :
What fs the circular measure of the angle between the hands of the watch at 3 o’clock.
9. What is the length of the arc APR?

r=>5cm

0 =60°=60x % radian =1.047 radian

1
Areaof sector = Er’ﬂ

= %(5)’ (1.047)
=13.08em’

-

What are digits? . ; f
' Digits are actually the alphabets of numbers. Just as we use the twenty-six letters o
the alphabet to build words, we use the ten digits 0, 1,2,3,4, 5, 6, 7,8, and 9 to

build numerals. =




- 2 metric Ratios : AT—
3 Tng"mﬂ rful tool for making indirect n‘[easpremem;;n%ﬁ ril:g it :yg:él ::

T:'lgﬂmrr}etry E;F:o‘:': in the ficld of surveying, navigation, eng

plays an impo :

branches of physical science. I

_ a) The o 1 angle (Coterminal angles ) '
o h {J'} . I!:ep;s::::niﬁalgand terminal sidesare called cotlclmlil:: angles, and they diffe;

ngles.

:; ag I::m?;::ﬁf 27 radians or 360°. They are also called generaea fﬁﬂ, e

Iflet 8 = 30° is a terminal angle, then it coterminal anglesare 8 + -
etf= (
and —330° as shown in the following figures.

Unit 7 Introduction to lrlgnnumurg

B 5 z
}ql:,“ -;'5’:"“0
/ "—3@3; = I: _\I 3“‘ ."5
B 30 O\ O\T.ﬁ:f A
o A 0N~ g A Fig.(b)
Fig.(a) s "

Combining figures a, b, ¢ we have

; ; add and
. - inal) with a given angle,

itive and negative general angles (coterminal) i is moasured
Tnhﬁmndtggo?jigzc given angle is measured in degrees, or 2r if the given angle ism

su ]

inradians. Forexample

=

w
coterminal angles of 3 are

T = In
(i) ?r 2n= 3
- - —5n
and (i) S-2n=—r

_

Unit 7 Introduction to trigonometry

i Example [T Fing coterminal angle of 6g°

and -6(° 2
Solution  Since  60°+360° = 4900
and  60°-360° = _3900
1hcrcforNe 420° and -300° are coterminal angles of 60°,
oW

=60°+360° = 300°

and © -60°—36(° =—42(P
therefore 300° and —420°

{b) Angle in standard position
In XY-plane, an angle is in standard position if
® its vertex is at the origin of a rectan

gular coordinate system and
® its initial side lies along the positiv

€ 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

are coterminal angles of — 6g°.

sured in anticlock wi
ockwise from +ve x-
ion which makes an
asure—45°,

se direction from positive x-
axis. In the following figure
angle of measure 45° and in

- ——T
Uf initial side B X
m (a4} Quadrants

The Cartesia
where OP lje

nplane is divided into four quadrants and the angle 8 is said to be in the quadrant
s. Inthe diagram, 8 s in the first quadrant.

As shown in figure (b),

v4 v4
Pixy) Quadrant 1l | Quadrant |
: y x<0,y>0| x>0,y>0
e - a8 = e —
T BT x O X
Quadrant 111 | Quadrant [V
x<0y<0)| x>0,¥<0




¥
{b) Quadrantal angles 1

Quadrantal angles are those angles whose terminal sides .
B

. * ot H e
coincide with co-ordinate axes i.e. X-axis Of 5; axis.
Quadrantal measures of angles are 0°, 90° 180°, 270° and

in

360° or 0, %_ 7, 5 and 2 radians as shown in figure.

y Exercise 7.3

1. Find coterminal angles of the follmf'fng azgies. o
(i). §5° (i) —45° (iii) —6— (1v) -
2. Staté the quadrant in which the t‘n]l.cl:-wmg angt:s he‘-]f .] -
(i). 3?“ (i) 75° i, -818° (V) —
m Trigonometric ratins

(v 1035

=l
¥ \i x
2707 360°
3

- . Unit 7 Intraduction to uiganumetrg

ic ratio i i ides in a right triangle. Trigonometric ratios
i & ratio is a ratio of lengths of two sides in anigh _ : )
:remuﬁ?ic:gl;::i the measure of a side or an acute angle in a right triangle. The trigonometric

ratios forany acute angle 8 ofa right triangle ABC are

opposite side of 6

hypotenuse
adjacent side of 0

hypotenuse
opposite side of 0
adjacent side of ©

sin@ =

cos 8=

tan @ =

Opposite

1  hypotenuse
cosec 0= 5= Torrosite site of 0

1 _ hypotenuse

Adjacent

i cos®  adjacent
_ 1 _ _ adjacent
] e~ opposite

A trick to remember Trigonometric formulas
some people have
curly brown hair
through proper brushing

.—-"‘rﬂ_ﬂ_ B

Unit 7 Intreduction 1o trigonomelrg

7.3.2.1 Trigonometric ratios with the help a unit circle
Consider a circle with centre 0 and ragdiys | (unit circl
Radius OP makes an angle 0 with the positive x Ay
in radians. Draw a perpendicular PA on xax;
m £ A=90° as shown in the figure,

In AOAP opposite side of 8 is AP = y, adjacent

side of 8 is OA = x and hypotenuse is OP = |
Therefore by definition

site si AP P(x, 5
Siﬂﬂ=w=i=i=}, ]
hypotenuse QP | 1 i
adjacent side  OA 0 :y
cosf=———— : K A
e

= =X X 0 x
¢!

Y

hypotenuse P

and IanB=M—£h

o

L]

adjacent side QP
Henee trigonomeltric ratios of a unit circle are
sinf =y

(the y co-ordinate of P)
(the x co-ordinate of P)
o ¥y ca—ordtna:e of P
x x co-ordinate of P
Reciprocal trigonometric ratios

-
cosO=x

: ¥) is any point on the circle.
-axis. 0 can be measured either in degrees or
5, 50 that OAP is a right triangle in which

oP 1 1
coseC H=—m——=—=

AP y sinb
secl = O_i = l = L
OA x cosf
and COIG=—'—-D_A :i.i: CGSB
- APy sinf
= Chmpon gl pasins (o be notel)

i . T
If © lies in 1* Quadrant, then we can write as O{B-':—z- or0<8 <90°

b

n a
If © lies in 2 Quadrant, then we can write as = 0<m or 90°<6 <180°

? 3n
I 0 lies in 3" Quadrant. then we can write as 7t < 8 g 180°< 0 < 270°.

If 0 lies in 4" Quadrant, then we ¢

an wrile 4s I < <2n or270° <0 <360°.
7




Vilues of rigonametric valios for 45%, 30° aped Bl
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The "'31“'35 °f‘1180n0metnc ratios ﬁ:-r45° 30° and 60° are given in the following table.

i T-ratio\ 0 i 30° J 45° r
1 1 |
_ “sin@ ‘ 5 ’ TZ_ -
AL
- cos0 ) __2. J 5
tanf F .\LE | 1 .I
. . _1 | i
cosec i 2 | J2
- 2 = _i "
ENEAK
cotf [l Ji 1

Recaognizing signs of trigonomerii

b3 | — le'-ﬂ %:

&

&l

ﬁﬂ[_

e ratios in different Quadranis

Signs of trigonometric ratios are different in different quadrants depending upon the terminal

side of the angle 6.

(i). If 8 lies in first quadrant, then x > 0,y=0
therefore sind, cos, tan@, cosec, sec, tanf

B

areall pusuwe Quadrant IT Quadrant [
i sing and All

(i). If @ lies in 2* quadrant, then x < 0, y > 0 Sodiant i
therefore sinf and cosec® are positive and the positive positive
remaining four trigonometric ratios are X
negative. Quadcant 1t | Qhadrant IV

(iii). If @ lies in 3" quadrant, then x < 0, y < 0 tangentand | cosine and
therefore tan® and cot® are positive and the cotangent secant
remaining four trigonometric ratms are | Ppositive positive
negative.

(iv). If8liesin4” quadrant,then x>0,y <0 thérefore cosb and secf are positive and the

remaining trigonometric ratios are negative,
These four results are summarized in the figure at the right.

I ROT FOR SALE

R = et
'-f Unit 7 Introduction to trigonometry
Il Example IEi Find the signs of the followi i -
| owi ic fat; in which ™=
i Mg trigonometric ratios ang tell in which
{1} sin 105° (ii) tan =% i
- n 3 (i) sec 1030° {iv) cot710°
Solution
(i) B=105°liesin2™ quadrant, therefore sin 105°
] nd
Quadrantand hence sign of sin 105°is posmv.rea ol
i) Si -5 Eaui - Y
(ii) Since g 1es in the 3 quadrant, therefore
=5 _ Sn e “xt
tan | —= |= —tan = also lies in 34 X
quadrant and it has positive sign. As
shownin figure,
(iii) Since 0= 1030°=720° + 310°, therefore it lies in 4*
quadrant and sec 1030° jn 4* Quadrant has positive
sign,
(v} Since 8 = 7100 = 360° + 3507,
therefore it ljes in 4"
quadrant and
Cot710° in4* quadrant is negative. & @:m
' ]"
b Exq D )
thple :
-S--I. hple (fF) Iftan 8 < 0 and cos 0> 0, name the quadrant in which angle 0 lies.
—20lutipn

Try This | |

WI?:n_tan <0, 0 lies in quadrant I or 1V, Whencos8>0, = B:(I_:m[ ici
; 'R quadrant I or IV. When both conditions are met naf::: i quaﬁni‘:i::
":Ualndcosﬂﬂ}),Bmusthemqumdranrw. which angle 8 lies.
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| [ {nit 7 Introduction to trigonometry

m Finding the values of remaining trigonometric ratios if one trigonomeryje | x -3 3
ratio is oj cosB=== i
- 2 ; oo f 71_; 13
I Example 85 ifrane= 1, find the other trigonometric ratios, when 8 lies in first quadran. - -
. Solution ; tanf=1=2 &) . > o R
x
= y=1 and x=1 COSEC‘E'=—'=£
Hence by Pythagoras theorem; -
ri=xt 4yt secB=—=—Ji—§——'JE
P =) () = 1+1 X - 3
rl =3 ') ] X A X I . 4 i)
V2 ' LREGRIE Iy o 5 where  lies in 4" quadrant, find the values of other
r=4y2 ] trigonometric ratios. Ya
Therefore  sinf=2 = - Solution  Given
r
. 4 x
g = ——
cgsB:-{:—]_ cosf e
ro\2 ;
& 4 = x=4 and r=5 X O 4 A |¥
ya
¢0:3=;=T=1 Hence by Pythagoras theorem:; Do
Al 2
O A S _ :
ech=—=—=42 i e 2
= Y =rt—x=(5) 4+ (4 =25~ 16=9 4
” =9 L : -
wob=L a2 o 7= Sty 7
xr 1 »y==3( 0lies in 4" quadrant.)
[t Example Given that tan{i:—% and 8 is in the second quadrant, find the other Therefore,
ﬁm!:hﬂu ‘d'a]ue-s. 4 y SIn B = .‘B = -_—3. -:...E
A
. _Solution . tan 0 = £=—E=£, r " _53 g Try This
X 3 3 tanB=£=—=—— ) 1
~Ly=2and x=-3 oo s x 4 4 Ifsinezgmdﬁljesin
332 13
Hence by Pythagoras theorem; : = com:f:%:_g . 2" Quadrant, find the other
rr=xt+y* b \ > % 5 trigonometric ratios.
2 2 -3 5 sech=L1=2
r’=(-3)"+(2)" =9+4=13 ¥ 4
t =13 o 5 5
' Expressing —2:1.-,' 2 sine 0 is in quadrnt " S ;=3=~3
r=+13 ; s g
Therefore, ; .
N [IOT FORSALE -
- @R =0 /A
o e | P =
? 2 ba! S SRR
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‘: Cnlm]atingt]'u:\‘nluﬁ"'”rig“““mcm‘: ratios of 0°, 207, IRO®, 270 and 36(°

1rl“l_1nl]rmtr1r ratio nfﬂ” - e |
o e e - ‘o PR oTa n this case, the terminal sid - st
In XY-plane, the terminal side OF OP of the angle 8° coincides with OX. - ide OP' of angle 180° coincides ik
- ] Therefore op r=1
Therefore radmls :IJS; :; 5 adte e :
or x= - o | _
0 y B ¥=0 : SlnlED"-_—.Ji:P_:n = . 4
50 singe=2=—-=0 A ror
. l1 003180"_—::'_':__1 | =
cos®= E‘ ¥=[ a=0° - l
; 0 f g tan180°=2 = _0_.__,:.
tan 0% = f 10 -1 x I-1
x 1 cosecl8°="=_= undefined
cot) °===—= undefined ¥y 0
- [1| sec1goe=L=1 _
cosec0® = £=E= undefined x =1
Y
scc0°=£=£=1
x: .1

Trigonometric ratio of 902

In this case, the terminal side OP of angle 270° coincides with 0y

The terminal side OP of angle 90° coincides with oy, Therefore OP =]
s, or = _ :
Therefore OP=r=1 ¥=0 and p=-] lr'
or x=0 and y=1 ¥y sin2?ﬂ°=__=:|_=_1 1
1
=] z ll_ 4 9=2?
Hence sin 90 —r-t-l x=0  y=1 COSE?U":E:_U._G /}3—-\
1
x 0 R ' F——x
cos90°=2=2=0 - o - 1
r 1 14 P=(1,0 tan270 =-;=—0— undefined
1an90° =2 = - = undefined 2 it
x 0 v\anw’ C08ec270°=— = — = _|
m:gm—’-l—l : 1 wani o
y 1 -1 1 sec270° = fzé':“"deﬁ""d
°—£=l=udﬁ d
sec90 ™0 ndefine 0012?[}°=:'£=£=0
cot90°=2=2-0 t
y 1
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In this case, the terminal side OP of angle 360° coincides with OX .

Therefore W——-r:l
or x=1 and y=0 ¥y
sin360°=2 =220
r
cos360°=% =1}
r 1 -
tan360°=2 =20
- S B
nosec.366°=£=l=undeﬁned
y 0
Secaﬁoa::—,:-:l:]
x 1
cot360°=2 = 1 ~undefined
r i
Summarizing all the results, we have a table
8 o° 30° | 30° | 60° I age
Lt 2 F 35
sin@ 0 3 ; N;] ! = i
T . 1 I 1 l 1
1 V3 ‘ S b 4 0
cosB . 2 ) | = |
3 u_u_“—n”_ s f NG | not |
taui0 E RN | defined :
1 |
not ) i
eoth defined | V3 | 75 | |
N e ot |
sec 1 B V2 2 ‘ defined
: K 2 !
2 —= 1
defined V2 28
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Unit 7 Introduction to Lrigcmumetry

*  Exercise 7.4
e e———

1. Find the signs of the following trigonometric ratios and tell in whi

; ch quadrant they lie?
(” sin 98° {Il} sin 160° I:"” tan 200°
(iv). sec120° (v). cosec [98° (vi). sind60°
2. Find the trigonometric ratios of the following angles,
{i). -180° (). =270° (iii). 7200 -
(iv). 1470°

3, If sec® =2 where  lies in 4" quadrant, find the other values of trigonometric ratios
; 4 T '
4. Ifsin 0= 5 and 3% 8 < n then find other trigonometric ratios.
5 Find the values of
(i).  2sin45° cos 45° 1an60° — tan30°
I + tan60° tan30°
; 5 TR .. x
{iv), tan30° tan60° + tand5° (v}, msi cusg —sin Esm_
fi. In which quadrant 0 lies? 6
(i). sin@>0, tan0>0 (i) sinB<0, cotd>0 (1if).
(ivl. cosB>0, cosech <0 (v). tanB<0, sec8>0 (vi)
7. For each triangle, find each missing measure to two decimal places.

(). i . (iii)
[
M

cos45°

(ii). o
sind5° + tanas°

tiii).

sinf>0, cosB<0
cosB<0, tanf<D

20
X
73 i
12

8. The irregular blue shape in the diagram
'?Preser_lts a lake. The distance across the
ake, a, is unknown, To find this distance,
asurveyor took tlye measurements shown

N the figure. What is the distance across
the Tak-:.?

=
oy



: Trigonometric identities

Unit 7 Intrediiction to trigc:;m:u-p,m.,=t

i tal trigonometric identities.
umber® , we have following fundamen
i : 14 cot® B =cosec’d

2
iy cos@+sin’8=1 i l+tan*B=sec’ 0

Proof Consider a right triangle ABC in which
m£ ACB=90°, m£BAC=8

mAB=c,mAC=b and mCB=a
b .
Then we have  sinf= %, cosB = = (i)
tanB:%,sec'Elz-Z- (i)
cotB =—E1, cosech =5 (iii)
a a
By Pythagoras theorem .
A F=b+a (@iv)
Dividing both sides by ¢*, we have
¢ b a
& &

l b ¥ 7 2
" ‘=[ﬂ *(‘5]
i lues of 2 and & from (i), we get
Putting the values = = !

1=(cos0)’ +(sinB)’
=  1=cos' 0+sin’0
or  |cos?@+sin’ 0=1 (v)
* Now dividing equation (iv) by b?, we have

&P
A

1 & 2
c - Lt
(3] ‘“’(b)
Putting values from (1), we get !
(secB)’ =1+(tan®)
—  sec’f=14+1an’0

. 5
NOQT FORSALE
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Unit 7 Introduction to trigonometry . . .ﬂ
Again dividing Eq. (iv) bya®, we have
cl bl‘ ai

a0 5
a & &

HEE] J
=] == +I

a a

" Putting values from (3), we get

(cosecd)’ = (cot0) +1
= cosec’0=cot’B+1

or  [L+cot’=cosecd] (vii)

i Example il Show that (Sin9+cosqf S
Solution

LH.S = (sinB+cos )

=sin’ 0+ cos’ 042 sinBcos 0
=1+2sinfcosh
=RHS

Hence {sinﬂ+cusﬁ}1=[+25in9msﬂ

I_; l_-.x-._m_l_:_l_lc fﬁf_] Prove that sin0 = /1—cos? 0

[ sin? 0.+cos? 0 = 1]

Solution  As we know that
cos’B+sin’f=1
= sin® 0 =1-cos* @
= sin@=+/1-cos’ @

Which is the required result,

I Example B8 Prove that V1-sin’g

2
L
Ly §=Yisin’0 J
As we know that sin0 y )
cos’ B+ sin* 0 =1 s : \
cos” 0= 1-sin’ @ 8§ L
Hence [ g ¥C0s'0 _cos®

: =——=cotl=RHS
sinB sin@

S —ein?
Hence, M1=sin"0
sin

]suer

Solution

=

=cotf

HOT ok SaL K

L.



Uriit 7 Inteaduction to tr':gommgt;u

e .
1 +sin’ 0

In—
i Example Bl Prove that sec’ 0+ tan’ 8= —3
- LHS =sec’ 0+ tan’ 0

_ Solution.. | | i@
G
LSO (i)
cos’ 0
As we know that,

cos’B+sin"B=1
-  cos’@=1—sin'0
Putting value of cos 0 in (i), we get

14 Siﬂi g =RHS

LHS = ]-—siﬂiﬂ
Hence, s
1+sin” 0
2 IB:_____
i sec” O+ tan 1—sin' 6

+ Exercise 7.5 -
e ———

Prove the following trigonometric identities. 1 5in0

1. (sec’0-1)cos’0=sin’ 0 2. wnB+secl= v

3, (msﬁ—s'snﬂ)lzl—isinﬁcosﬁ ) 4. cos’h —sin® 0=2cos” 01
1-sin@ cosfl

5. tanB+cot 8 =secOcosech 6. oh -_—__1+sin y

7. sin6y1+tan’ 6 =tan@ 8. cosB=+1-sin’0

1
1= B o P -
9. (1+cos8)(1- cos0) =

sinx l+cosx x :
— 4 =2cosecx l+cosx sinx

Do R 3
10, ©€osx—cosxsin” x=C0s X
sinx |-cosx
o ——

11. z
l+cosx  sinx

15, 0 i
A -
1+cosa l-cosa
5. siny‘+ cosy | cosy - siny
siny - cos y
I-sin x
1+sinx
17.sin x tan x + cos x = sec x.

e O COR SALE

e e e
- T .‘IL..'}!‘?"*- = R,
e e AR e

=4 e o4 08

=2+2cot’a 14. cos'b —sin'b = 1 — 2sin’b

=secy cosecy

16. (sec x — tan x)’

S
e e

—T .
." ;
ol

niroduction to wrigonometry

5] Angle of Elevation and Depression

Many applications of right triangle tri ! B
involve the angle made with an imaggina:yg}?r?r?;l;:ta i \1\“"{{}‘#?{ -
line. As sh-:_:-wn in the figure , an angle formed bya here % . el

horizontal I:nez_md theliqccfsighl to an object that is ""i\,.nf"fi desle.of Horizonta
above the horizontal line is called the angle of b1 {I ﬁﬁm‘"

elevation. The angle formed by a horizontal line and g P

the line of sight to an object that is below the J"T_T:' Bl
horizontal line is called the angle of depression.

[ T

i g,

h Example Bl Anacrial
. = ‘ photographer who photographs a farm h
de;en:j;‘l ned fron;&xﬂpgr;ence Itlhat the best photo is taken it a hei;nm o?‘is:piz;?;‘mf: ?;:-?af:
and a distance o | from the farmhouse. i i
oioape armhouse. Whatis the angle of depression from the planeto

Solution
_thp parallel lines are cut by a transversal, alternate ="t meeescseeeeaan -
interior angles are equal. Thus the angle of depression
from the plane to the house,, is equal to the angle of :
elevation from the house to the plane, so we can use Sy 4
the right triangle shown in the figure. Since we know T g
the side opposite £B and the hypotenuse, we can find
£B by using the sine function.

\‘ eei' ;

, : 475 i — —

sinfB=sinB=—2_ 2, —— .

5507 5588
6 =34°

Thus the angle of depression is approximately 34°,

| - -y I
' Example . Tomeasure cloud height at night,

alvemcal beam of light is directed on a spot on the
cloud. From a point 135 ft away from the light
Source, the angle of elevation to the spot is found to
be67.35°, Find the height of the cloud,

Solution  From the figure, we have tan 67.35°

tan67.35° = —h—

135 Trigonometry helps to find the height of
h =135 tan 67.35° = 324 fi buildings and mountains. Clinometer is
used to obtain the angle of elevation of

The height of the cloud is about 324 . the top of an object.

T
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Unit 7 Intraduction to trigonometry -

b Example {8

A light house is 300 meter above -
i 2 respectively.

boats from the top of light house are 30° and 45° resp

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 twg
Ifline joining the boats passes
e 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 ZEBD=30
m ZEBD=m£ BDA and mZ£EBC = m£BCA

and m £ EBC=45°

t
ﬁ:ercfore m £ BDA=30° and m £ BCA=45°
m
tand5° = _m._‘!-?
1= EEPL‘-
mAC
or  mAC=300m (i)
| Now

Consider A ABD
mAB

05 —_———
e mAD
:;==—.=3m—== '.'mﬁsz[_C-+ mCD
3 mAC+ mCD
Putting value of mAC from (i).
1 300

B 300+CD
—  300+mCD=3003
=  mCD=30043-300
: mCD =300 (Ji—l]mzw.am
Hence distance between two boats is 219.6 m.

et

4 Activity qa,

- Atreeis S0m high. Find the angle of elevation of jts toptoa

+ A police helicopter is flying at 800 feet. A stolen car is

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

e
+ mtraduction to trigonometry

v Exercise 7.6

—-

. A building that is 21 metres tall casts a sh

! adow 25 metres
long. Find the angle of i 3
o ;%ee. g elevation of the sun to the nearest
A light house is 150 m above lhe. sea |

: : evel. A

depression of a boat from its top is 60°. Find the dl}f::n: :
between the boatand the lighthouse, s

point, on the ground 100 m away from the foot oftree.

. From the top of hill 240 m high, measure of the angles of

depression of the top and bottom of minaret are 30° :
respectively. Find the height of minaret. 30%and 60

sighted atan angle of depression of 72°. Fin dthe di
the stolen car, to the nearest foot ! e distance of
below the helicopter. - from 2 point directly

deprcss;on of two boats from the top of light house are 30°
and 45° respectively. If the line of joining of the boats
passes through the foot of light house, find the distan

between two boats when they are on the opposite side he
light house. AL

+ The angle of elevation of the top ofacliffis 30°, Walking 210 metre fro

the cliff, the angle of, elevation becomes 45°, Find the height of cliff,

m the point towards

Find ike ein

Zia and Rabia are finding the height of the hill.

=
S8 Rabia
M=

sin 15°= -2
560

560 (sin15%) = x
145 =x

sin 15° = %

15°

580
580 (sin15°) = »
150 = x
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2. Convert 45°35'30" into decimal form,
3. Convert 216.67° into D°M'S" form,

4. Through how many radians does a minute of a clock tum through

Review Exercise 7

: i ill in the correct circle only, (1) in 45 minutes G e
ion. four circles are given. Fi : = {i1).  in one hour,
1. At the end of‘eath qu.esu::;rec:hc level of observer then the angle formed between {he 5 [l;'!n:[i C-:?%crmma] a_nglc_of 190° and -250°,
(i). Ifan Obj“l"i‘_ is :r.  pserver's ine of sight iscalled . 6. Find trigonometric ratios of |
horizontal fin¢ i O angle of elevation {i}. 390° (i), —240°
O a“'gle nfdelpres D none Gf th.c abﬂ\rt! 7. Prove thﬂt
(O obtuse angle . 1-sin@
(i =secB-1tan fii)
(ii). cot = cos® 1 1+sinf 0 ! 2¢050 secO~tan  cotd =1
sinf 0 . O = O S0 8. If sec 0 = 2 and 0 does not lie in first quadrant. Find '
) cosf sin o remaining trigonometric ratios.
o g 9, Referto the diagram shown,
(iii). 1+tan*B=______ ; T What is the height of the building? 265
O sin’0 O cos* @ O cosec’® sec Lom T
If tan@ =1 then sinf= when 8 lies in 3" quadrant. :
(e ~
1 1
o i e -1 L5 ] —_xE O '\;—‘2' 10. From a point on level ground 125 feet from the base of a tower,
2 2 the angle of elevation is 57.2°. Approximate the height of the

; t
(v). Sin (=350°) lies in ower to the nearest foot.

th
O 1¥quadrant O 2" guadrant O 39 quadrant O 4 quadrant
f ). 45%= radian. _
X O x Q = O 3
¥ & y i 6 . d 1 /B =58, whatis e . .
{vii) Ifmemcasureofmehypntcnuscufarighttnanglms& feetandn Iﬂ'ﬂe.}mmzlng e 1'
the measure of the leg adjacent to £B7 - m
O 42402 O R.0017 O 0,10060 O 2 - fo
{viii). Find the value of tan P to the nearest tenth. 1089 + 2 : ;[1]89 10‘439 9 =9801
- < *2=2178 1089 « 8 = 8712
o os o N zim P 1089+3=3267 10897 =7623
(in). RT is equal to TS. What is £5?
O 26 023 043 0>

A unique property among two digit numbers. -

(x). RT is equal to TS. What is 287 " 4 332= 1089 = 652- 567 ki
O 25° O 30° O 45 O 60 > . A




