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' TRIGONOMETRIC RATIOS & IDENTITIES |

dsall
1. RELATION BETWEEN SYSTEM OF MEASUREMENT OF
ANGLES :
D_G _2¢
90 100 =
. 180 i) " -
1 Radian = degree ~ 57°17'15" (approximately)

n

1 degree = 1—;0‘ radian =~ 0.0175 radian

2. BASIC TRIGONOMETRIC IDENTITIES :
(@ sinf0+cos?B=1 orsinf@=1-cos?’0 orcos?’®=1-5sin?0
(b) sec’0-tan’0=1 orsec*0=1+tan’0 ortan® 0 =sec? 01

1
(c) I secO + tan@ =k = sech —tanb = = 2sec0=k+%
(d) cosec’ll —cot?® =1 or cosec’ =1 + cot’0 or cot?d = cosec?® 1
1
{e) If cosectl + cotth =k = cosech — coth = % = 2cosecB=k +é

3. SIGNS OF TRIGONOMETRIC FUNCTIONS IN DIFFERENT

QUADRANTS :
90°, n/2
@ Il quadrant I quadrant ®
' only sine All + ve
& cosec + ve
180°, 0°, 360°, 2
; only tan & cot | only cos A
+ ve & sec + ve
@ NI quadrant IV quadrant ©
270°, 3n/2

2



TRIGONOMETRIC FUNCTIONS OF ALLIED ANGLES :

(a) sin (2n7m + 0) = sin 0, cos (2nw + ) = cos 6, wheren € |

(b) sin(-8) =-sinB cos {-8) = cos 8
sin(90° - 6) = cosh cos(90° - ) = sinf
sin(90° + 0) = cosb cos(90° + B) = —sin0
sin(180° - B_) = sinf cos(180°-8) = —cosB
sin(180° + B8) = —sin@ cos(180° + 8) = —cosh
sin(270° - 6) = —cosO cos(270°- ) = —sinf
sin(270° + 8) = —cosh cos(270° + B) = sind

Note :

(i) sinnn=0;cosnn=(-1); tannn = 0 wheren e |
() sin(2n+1)% = (1) cos(2n+1) 5 O where n ¢ I

IMPORTANT TRIGONOMETRIC FORMULAE :
i sin (A + B) = sin A cos B + cos A sin B.
(ii) sin (A — B) = sin A cos B - cos A sin B.
(iii) cos(A+B)=cosAcosB-sinAsinB
(iv) cos(A-B)=cosAcosB+sinAsinB

(v} tan(A+B)= {%
(vil)  cot (A +B) =%
(v cot (A~ B) - SABCtA+1

(ix) 2 sinAcos B =sin (A+ B) + sin (A - B).
(®) 2 cosAsinB =sin (A + B)—sin (A - B).
(xi) 2cosAcosB=cos(A+B)+cos(A-B)
(xii) 2sinAsinB=cos(A-B)-cos(A+B)




C+D C-D
(dii) sinC +sinD = 2sin {chos (—2'—}

(xiv) sinC—sinD-Zcos[C;D] sin [C;D]

C+D C
(xv) cosC+cosD=2cos( 2 )cos(—"]

-D

2
C+D D-C

(xvi) cosC-—cosD-Esin( 2 )sln( 3 )

2tan®

1+tan?0

(xvii) sin20=2sin0cosO =

1-tan?0
1+tan®0

(xvill) ©0s20 = cos?0—sin’0 = 2cos?0 -1 =1-2sin’0=

1+cos20

(xix) 1+ cos26=2cos’Borcosb==% >

1-cos20
2

(xx) 1-cos20=2sin?Bor sin® ==

_1-cos2 _ sin2 & 1-cos20

tan = =
) ¢ sin 20 1400520 1+cos20
2tanb
tan20 = —————
s 1-tan?0

(xxiil) sin 36 = 3 sin 8 —4 sin® 6.
(xxiv) cos 30 = 4 cos® 6 - 3 cosh.
3tan@-tan® 0
1-3tan’@
(ocvi) sin? A ~ sin? B = sin (A+B). sin (A-B) = cos? B - cos? A,
{xxvii) cos’ A-sin? B = cos (A+B). cos (A - B).

(xxv) tan30=




(xxviii) sin (A + B + C)
= sinAcosBcosC + sinBcosAcosC + sinCcosAcosB
- sinAsinBsinC
= ¥sinA cosB cosC — I1sin A
= cosA cosB cosC [tanA + tanB + tanC ~ tanA tanB tanC]
(xxix) cosA+B+C)
= cosA cosB cosC - sinA sinB cosC —sinA cosB sinC
— cosA sinB sinC
=IIcos A —EZsin Asin Bcos C
= cosA cosB cosC [1 - tanA tanB - tanB tanC - tanC tanA]
(xx)tan (A + B + C)

_ tanA+tanB+ tanC—tanAtanBtanC _ S; -S4
1-tanAtanB - tenBtanC—tanCtanA  1-S,

(o) sin o + sin (o+B) + sin (@+2p) +... sin (@ +n—1 B
s ("5 ()
{3)
(roodi) cos a + cos (a+B) + cos (& + 2B) + ... +coslo + n— 1p)
e (T p(3)
«(3)

VALUES OF SOME T-RATIOS FOR ANGLES 18°, 36°, 15°,

22.5° 67.5° etc.
J5-1_ k3
4

= sin
cos 72 10

J5+1 T
2

= s °® =C0S—
sin54 5

(a) sinl8°=

(b) cos36°=

e, HO=] . T
(c) sinlb ——2:{'—2—-—0375 —ﬁnE




Vv3+1 n
15°= =sin75° = i
(d) cos X5 sin7 00512

(e) tan——2 Y3 = V3- i tlg

® tn _2 J——ﬁtl t1
3n n

(@) tan(225°)=v2-1=cot(675°) = cot = tang
(h) tan(67.5°) = V2 + 1= cot(225°)

MAXIMUM & MINIMUM VALUES OF TRIGONOMETRIC
EXPRESSIONS :

(@) a cos 8 + b sin 6 will always lie in the interval

[—Ja2+b2_Ja2+b2] i.e. the maximum and minimum

values are /a2 1 b2 _.[a2 .2 respectively.

(b) Minimum value of a?tan?6 + b? cot? 8 = 2ab, wherea, b >0

(<) —Ja2+b2+ﬂaboos(a—|3) < acos (o +0) + bcos(p+6)

< Jaz +b% + 2abcos{a — B) where o and p are known angles.

(d) Minimum value of a’cos?8 + b? sec’d is either 2ab or a? + b?,
if for some real @ equation acos® = bsec is true or not true
{a,b>0)

{e) Minimum value of a%sin’@ + b*cosec?8 is either 2ab or a? + b?,
if for some real 6 equation asin® = bcosec8 is true or not true
fa,b> 0}

IMPORTANT RESULTS :

(a) sin 6 sin (60°-0) sin (60°+ ) = %5&1136

(b) cos 6. cos (60° - 0) cos (60° + 6) =lcos36




" (©) tan 6 tan (60°- 8) tan (60° + 8) - tan 30

(d) cot 0 cot (60°-6) cot (60° + 0) = cot 36

(e) (i) sin’ 8 + sin? (60° + 6) + sin? (60°-6) -"2“

3
(ii) cos? 0 + cos? (60° + 6) + cos? (60°-0) = >
(f) () Iftan A +tan B + tan C = tan A tan B tan C,

then A+B+C=nn,nel
(i) ftan Atan B +tan Btan C+tan Ctan A = 1,

then A+ B+ C=(2n + l}g,n el

sin(2"0)
n-1 = —
(@) cos b cos 20 cos 48 .... cos (2"~1 6) 2% ond
(h) cotA -tanA = 2cot2A

CONDITIONAL IDENTITIES :
IfA+B+C=180° then’

(@) tanA+tanB+tanC=tan Atan Btan C

(b) cot AcotB+cotBeotC+cotCeotA=1
(c) tan%tan%Han%tan% +tan%tan% =1

A B G a B C
e = S e —cot—
(d}oot2+cot2+00t2 ootzootzc 5

(e) sin 2A + sin 2B + sin 2C =4 sinA sinB sinC
(f) cos 2A + cos 2B + cos 2C =—1-4 cosA cosB cosC

A
(g) sin A+ sinB +sin C =4 cos Ecos%cos-:—g-

(h) cosA+cosB+cosC=1+4 sin%singsin%




10. DOMAINS, RANGES AND PERIODICITY OF TRIGONOMETRIC

11.

FUNCTIONS :
T-RatioDomain Range Period
sin X R [-1,1] 27
cos X R [-1,1] 2n
tan x R-{(2n+1)n/2 ; nel} R b
cot x Rinn:nel R n
sec X R-{(2n+1)x/2:n¢el) (~o0,~1] L[1,0) 2n
cosec x R-{nm:nel} (~o0,~1] U[1,) 2n
GRAPH OF TRIGONOMETRIC FUNCTIONS :
(a) v = sinx i
1
-3 -n/2 3r/2
X -2r -x o n 2n X
-1
vY
(b) y = cosx ™
1
5 X
=3n/2\% /25 o\ B n/2

(¢) y=tanx




12,

(d) v = cotx

@ y=secx L \J

{-n,~1) (x-1)

AlNANES

wY

® v= “
SR /I /I
&
X' € o T—>X
] I [ I
aNA

IMPORTANT NOTE :

(a) The sum of interior angles of a polygon of n-sides
=(n-2) x180° = (n- 2.

(b) Each interior angle of a regular polygon of n sides

P [1_—21X180°=[n—_2]'ft_
n n

(c) Sum of exterior angles of a polygon of any number of sides
= 360° = 27,




