Trigonometric Identities

The Six Trigonometric Functions

opp Yy

sinf = —==
hyp r
adj «x

cosf =—=-—
hyp r
0

tanf = ﬂ =2
adj «x

Pythagorean Identities

sin®? 8@ + cos?0 =1

hyp r
cg=—=—
opp Yy

h
sec@ =LP=I
adj x
adj x
cotf =—]=—
opp Yy

sec2 =1 +tan?0
csc?0 =1+ cot? 0

Sum or Difference of Two Angles

sin(a + B) = sina cosf + cosasinpf
cos(a £ B) = cosacosf Fsinasinf

tan(a + B) =

Double Angle Formulas

sin 260 = 2sin @ cos @

Half-Angle Formulas

) 9_+ 1—cos@
sino =+ >

tanE = cscl — cotb

6 1 —cos@
tanzzi 1+ cos@

0 sin @
tan2 1 + cos@

6 1-—cosf
tanE— sin

Complex Numbers

e™ = cosf +isinf
e = cosf +isinf

e =jcosh —isind

Law of Sines

sinA sinB sinC

a b ¢

tana + tanf
1+tanatanf

cos 26 = cos? 6 — sin? 6
cos26 = 2cos?0 —1
cos26 =1—-2sin%6

9_+ 1+ cosé@
cosz—_ >

6
cotz = cscl + cotf

0 1+ cos@
tanzzi 1—-cos@

0 sin 6
ta“i T1- cos 6

6 1+cosH
tanzz sin 6

cosf = %(e"e +e710)
. 1 i —i
sing = (e —e™*)

ei@ _ e—i@

tanf = ————
(et + =)

Reciprocal Identities

1
inf = 6=

sl csco ese sin @

0= 1 0= 1
cosv = secH secy = cos 6
tan@ = m cotf = m

Quotient Identities
sin 8 cos 6
tan @ = cotf = —

cos @ sin 8

Product to Sum Formulas

COS a CoS ﬂ = %(cos(a—ﬁ)+cos(a+ﬁ))
sina sinﬁ = %(cos(a—ﬁ)—cos(o&ﬁ))
sina cosff = %(sin(a+ﬁ)+sin(a—ﬁ))

cosasinff = %(sin(a+ﬁ)—sin(a—ﬁ))
Sum to Product Formulas

sina + sin f = 2sin (#) cos (ﬂTﬁ)
cosa + cosf§ = 2 cos (#) cos (#)

cosa—cosf3 = —2sin (#) sin (#)

Co-Function Identities

sin (g—e) = cos 6 csc (g—e) =secH

cos (g—e) =sinf sec (g—e) =cscH
tan (g—e) = cotf cot (g—e) =tanf

Even-Odd Identities
sin(—0) = —sin @
cos(—6) = cos @
tan(—6@) = —tan @

csc(—60) = —cscO
sec(—0) = secd
cot(—60) = —cot @

Expansions
. x3 x5 X7 1, x  7x3 31x5
smx=x——+——— cscx =-+-4+—
ETRRTRT x 6 360 15120

x% | x* xS
cosx=1—-"+"—"—"+.-
2l 4 el

2x% | 17x7
15 315

x3 1
tanx =x ——+ +o cotx=_—3

3 45

Law of Cosines

c?=a*+b%*—2abcosC

x? | 5x*
secx =1+=>+=—+
2 24

x  1x3 2xS
945

or C= cos_l(

61x°
720

a?+b2—c?
2ab
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Each trigonometric function in terms of the others

In terms of sin 6 cos 0 tan 6 cscO secO cotf
R e A e
tan @ = + \/1?;5101129 + 1 C_Ogo;z 4 tan 6 + —ﬁ +/secz0 —1 colt 7

Vi+tanz 6 0
csch = ﬁ + ﬁ + 1 ;Itlaenz 4 csc + —% im
seco= | o 57 v | e sec? o
i 0 1 1
cotf = %2129 i—\/lc—o(szm and ++/csc26 —1 i—m cot@
Geometric Constructions of Trig Functions
Unit Circle

DF —sine
CA — cosecant

A

Circle with radius CD

DE — cosine

DB - tangent
DA — cotan gent

Trigonometric Values for Common Angles

Degrees Radians sin 6 cos 6 tan @ csc sect cotd
0° Om 0 1 0 undefined 1 undefined
30° n/6 1/2 V3/2 V3/3 2 2v3/3 V3
45° n/4 V2/2 V2/2 1 V2 V2 1
60° n/3 V3/2 1/2 V3 2v3/3 2 V3/3
90° /2 1 0 undefined 0 undefined 1
120° 2n/3 V3/2 -1/2 -3 2v3/3 -2 —/3/3
135° 3n/4 \2/2 —2/2 -1 V2 -2 -1
150° 5m/6 1/2 —V3/2 —V3/3 2 -2v3/3 -3
180° T 0 -1 0 undefined -1 undefined
210° /6 -1/2 —V3/2 V3/3 -2 -2vV3/3 V3
225° S5t/4 —2/2 —2/2 1 2 2 1
240° 4m/3 —V/3/2 -1/2 V3 —2v3/3 -2 V3/3
270° /2 -1 0 undefined 0 undefined -1
300° 5m/3 —\/3/2 1/2 -3 —2v/3/3 2 —/3/3
315° /4 —2/2 V2/2 -1 2 V2 -1
330° 11m/6 -1/2 \3/2 —/3/3 -2 2v/3/3 -3
360° 2 0 1 0 undefined 1 undefined
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