Trigonometric Functions

If in a circle of radius 7, an arc of length / subtends an angle of # radians, then / = r6.

T
. ——xDegree measure
Radian measure =120 g

150 .
TxRad:l an measure

e Degree measure =

A degree is divided into 60 minutes and a minute is divided into 60 seconds. One sixtieth of a degree
is called a minute, written as 1', and one sixtieth of a minute is called a second, written as1".

Thus, 1°=60"and 1' = 60"

e Signs of trigonometric functions in different quadrants:

Trigonometric uadrant uadrant uadrant
function NE o Quadrant {1l N
sin x + ve (Increases + ve (Decreases | —ve (Decreases —ve (Increases
from 0 to 1) from 1 to 0) from 0 to —1) from —1 to 0)
oS x + ve (Decreases —ve (Decreases —ve (Increases + ve (Increases
from 1 to 0) from 0 to —1) from —1 to 0) from 0 to 1)
tan x + ve (Increases —ve (Increases + ve (Increases —ve (Increases
from 0 to o) from —oo to 0) from 0 to o) from —oo to 0)
cot x + ve (Decreases —ve(Decreases | + ve (Decreases | —ve (Decreases
from oo to 0) from 0 to —o0) from oo to 0) from 0 to —o0)
sec x + ve (Increases —ve (Increases —ve (Decreases | + ve (Decreases
from 1 to o) from —o to —1) | from —1 to —o) from oo to 1)
cosec x + ve (Decreases | + ve (Increases —ve (Increases —ve (Decreases
from o to 1) from 1 to o) from —oo to —1) from —1 to —o0)
Example 1:
if sin@=—-L, where 7 <8<3T e find the value of 3 tan6—y/3sect

ﬁ [
Solution:
Since 4 lies in the third quadrant, therefor tan € is positive and cos € (or sec 0) is negative.
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Example 2: Find the value of cos 390° cos 510° + sin 390° cos (—660°).
Solution:



cos 390°=cos (2x180°+ 30°) = CDS3O°=E

cos510°=cos(3x180°-30% = —cos30°= —

2

™[

sin 390°=sin (Zx180%+ 30°]=5iﬂ30°=%

cos(—660%)=cos 660°=cos (4x180°—-60° = CDS@O":%

ccos 390°cos 510° + sin 390° cos ([ — 6609
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¢ Domain and Range of trigonometric functions:

Trigonometric function Domain Range

sin x R [-1, 1]

COS X R [-1, 1]
2n+l)m

tan x R_{K:X=%,HEZ} R

cot x R-{x:x=nm,n€Zl} R
(2n+ 1)

sec x R_{X!X=TJHEE} R-[-1,1]

cosec x R-{x:x=nm,n€Z} R-[-1,1]

e Trigonometric identities and formulas:

1

COsSeC ¥ = —
sin x
_ 1
o SECX=Tgrxw
_ sinx
o taﬂx——msx
cot ¥ = 1 — COS X
o tan x Sin x
o cosZx+sinx=1

1+ tan®x = secsx

o




1+ cot?x = cosec3x

COsS(2NT+ X)=cosx,nEe”s
sin(Znm+ x)=sinx,Nn&E<
sin(—x)= —sin x

cos (—x) = cos x

cos (x +y)=cosx cosy—sinxsiny
cos (x —y) =cos x cos y + sin x sin y

cos[g—x)= sin x

. siﬁ[g—x)=cosx

O O 0O 0O 0O 0O O

(o]

o sin (x +y)=sinx cos y + cos x sin y
o sin(x—y)=sinxcosy—cosxsiny
cos(3 + X)= —sinx

o

Siﬁ{g+)<)=CDSX

cos (T—x)=—cosx
sin (T —x) =sinx
cos (m+x)=—cosx
sin (m +x) =—sin x
cos (2m—x) =cos x
sin (2w —x) =—sin x

O 0O 0O O 0O 0 ©°O

T
If none of the angles x, y and (x + y) is an odd multiple of 2, then

o

tan x+tan v
1-tan x tan v

tan x—tan v

taﬂ[;ﬁ+1{]= 1+tan xtan v

, and tan (x —y) =

o Ifnone of the angles x, y and (x £ y) 1s a multiple of &, then
cot xcot w—1 cot (X —y)= cot xcot w+1
cot wt+cos x " gnd V)= cot w—cot x

Cot(x + ) =

_ 2
cos?x =cos2x —sin®x =2cos?x —1=1—2sin®x = 1=t taﬂzx
° 1+tan® x
1-tan® X
. _ ) -,
o In particular, COS X = €05° £ — gj X =2%0s2% =1=1-2sin° % = ——2
2 2 ‘ 2 l4tant X
o 5iﬁ2x=25iﬁxcosx=m—”§‘
I+tan x

N N Ztang
o Inparticular, Sin x =2sin% coss = ———
b 2 2 l4tan’ X
o tan 2x =—2tanx_
1-tan“x

o In particular,



¢ General solutions of some trigonometric equations:
o SINX=0=Xx=nNT, wheren€Z

o r:osx=D:=x=|j2n+l]g,wheren€Z
o sinx=siny=>x=nn+(—1)"y, wheren € Z
O COS X =C0s)y = x=2nn=+y, wheren € Z

o tanx=tany = x=nn+y, where n € Z

2

Example 1: Solve cot x cos“ x =2 cotx
Solution:

cot x cos?® x =2 cot x

=cot x cos®x — 2cot x =0

=cot x(cos?x —2)=0

2

=cotx=00r cos“x==2

COS X
:;_—_ =
Sin 0 or cosx * 1;'2

=cosx=00r cosx= *y2
MNowy, CDSX=D=}<=[2H+1}|§J whereneZ
and cosx = + 2

But this is not possible as—1 <cos x < 1

x=(2n+1)3

Thus, the solution of the given trigonometric equation is where n € Z.

Example 2: Solve sin 2x + sin 4x + sin 6x = 0.
Solution:



sindx + (sinZx + sinbx) =0
2x+Ex

==5ir*|4,k:+25ir‘|[ Jcos[

2
=sindx + Zsindx coszZx =0
=sindx(l+ 2cos2x)=0

=sindx=00r 1 + 2cosZx

=sindx =0 or cos Zx = —

| -

sindx =0
=24dy=nmT.nE’s
==)<=”T:T,HEZ

COS 2x = —%

2m
3

==2x=2mJT12T”,mEZ

= C0S 2% = CO0S

==x=mrrtg,mEE

X:.’??T

= + T
Thus, g Of X=mim=g,

2x—6x J =0

2

=0

, where m,n € Z.



