Square relations
sinf + cos? 9 = 1

Multiplication
sin 6 = tan 6 cosO
cot® =cos 0O csco

Division
. cosO tano
sSiNf=——=—-—
cotO0 secO
cosO csco
cot=——=——
sin® secO

Complimentary angles
sin (90° - ©) = cos 6
cot (90° - 6) =tan 6

Reciprocal relations
. 1
sing=——
csco
Negative angles
sin (-06) =-sin 0

Radian Measure
0 6 L A
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Trigonometry

tan® 0 + 1 = sec?0

cos O =sinB cot O
secO=tan O cscO

sin® cotO
Cosf=——=——
tan® c¢scO
tan® cscO
seCl=——=—+—
sin@ cot0

cos (90° - 0) =sin 6
sec (90°-6) =csc O

1
cosS0=—
seco

cos (-0) = cos 0

cot’0 + 1 =csc? 0

tan ® =sin 6 sec O
cscO=secOcotO

sin® secO
tan0=—=——
cosO csco
secO coto
csCl=——=——
tan® cosO

tan (90° - 0) =cot 6
csc (90° - 6) =sec O

1
tan@ = ——
coto

tan (-6) = -tan 6

where 6° =angle at center in degrees, 0° = angle at center in radians, r = radius of circle,
L = arc length, A = area of sector.
Sine Law
a b c abc . : .
——=——=——=2R=— sinA:sinB:sinC=a:b:c
sinA sinB sinC 2A

where R is the radius of circum-circle and A is the area of AABC.

Projection Law (First Cosine Law)
a=bcosC+ccosB
b=ccosA+acosC
c=acosB+bcosA

Cosine Law (Second Cosine Law)
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a?=h%+c?-2bccos A b? = ¢? + a®> — 2ca cos B c2=a?+h%*-2abcosC

b? +c?-a’ c?+a’—b? a’ +b?—c?
COsA=———— cosB=——— cosC=—— "
2bc 2ca 2ab

Area of triangle

1. A= 1bcsinA = 1casin B= labsin C
2 2 2

2.  Heron’s formula

A=s(s—a)(s-b)(s-c) wheres :%(a+b+c)

Compound angle

sin(A+B)=sinAcos B+cosAsinB
cos(A+B)=cosAcosBFsin AsinB

tan A ttanB
tan(A+tB)=————
1¥tanAtanB
COt(AiB)zCOtACOtB$1
cotB £ cot A
Double angle
sin2x = 2sin X cos X
cos2x = cos’x—sin’x = 2cos’x-1 =1-2sin’x
2tan x cot’ x —1
tan2x:—2 Cot2X =——
1-tan‘ x 2cot x
. 1-cos2x ) 1+ cos2x
sin X=T cosS X:T

(sin X £ cos x)% = 1 + sin 2x

Half angle

. . X X
Sin X = 2sin—CcoS—
2 2

X . .X X Lo X
CoSX =c0s® ——sin? = =2c0s*—~-1=1-2sin’ =
2 2 2 2

. X 1-cosx X 1+ cosx
sin—==+ coS—==%+ |——
2 2 2 2

X 1-cosx 1-cosx sin x
tan— =+ =— =
2 1+ cosx sin X 1+ cosx

Triple angle
sin 3x = 3 sin x — 4 sin® x
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c0s 3X = 4 ¢cos® x — 3 cos X

3tan x —tan® x cot® x —3cotx
tan3x = > cot3x = >
1-3tan” x 3cot“ x-1
t-formula
X _ 2t 1-t2 2t
t=tan—, SInX = COSX = tanx =——
2 1+t? 1+t? 1-t?

Products as Sums or Differences
2sin Acos B =sin (A+B) +sin (A-B)
2 cos Asin B =sin (A+ B) —sin (A-B)
2 cos Acos B =cos (A+ B) + cos (A-B)
-2 sin Assin B = cos (A + B) — cos (A - B)

Sums or Differences as Products

sinx +siny = Zsin(xgyjcos(xgy)

sinx—siny = Zcos(xgy)sin(xgyj

)

COSX —COSY = —25in(%)sin(x ; yj

X
COSX +COSY = 2003( ;yjcos

Subsidiary Angle Form
asin®+bcosd =+a’+b*cos(6—a), where tana :%

asin0+bcosd=+va’+b?sin(6—p), where tanB:E
a

Sin0+cos0 = ﬁsin(e i%) - iﬁcos(eigj

General solutions

1. sin6=k O =nn+(-1)"sin’k, wherenis an integer.
2. cosO=k 0 =2nm + cosk, where n is an integer.
3. tanb6=k 0 =nn+tank, where n is an integer.

Relation between trigonometric functions
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sin @ = x Cos 0 =x tan 6 = x coto =x sec O = x CSC 0 = X
X 1 2_1 1
sin O X VL * * + X —
1=x 1+ x? V1+ X2 X X
1 X 1 x? -1
oSO | ++1-x2 * x — +
1-x 1+ x2 1+ x? X X
X 1-x2 1 1
tan@ | * X = tAfx? _ +
1—X2 X T X l Xz—l
N 1 1
cotp | +¥1X > ™ X 7= +x% -1
X —X X X° -1
1 . 2 X
sec® | * 2 + 1+ X2 + 1+X X *——
1-x X X" -1
1 N 2 X
csc i > X + 1+ x? t— X
X 1-Xx X X -1
Some Special Angles
o sin a CoS o tan a cot a rad.
. 7T
0 0 1 0 undefined E
«ﬂ§-\ﬁ§ \ﬂg—k\ﬂi 5r
-z A ALRALL 23 2443 =
12 4 4 12
k3 J5-1 J10+245 V5-1 V10+ 25 2n
10 4 4 10+ 2+/5 V5-1 5
m 2-+2 V2 +4/2 3n
—~ NerNe V2 -1 V2 +1 —
8 2 2 8
T 3 1 T
il N9 il J3 it
6 2 NE) 3
T 10-2v5 V541 V10+24/5 V541 3n
5 2 4 J5+1 10-2v5 10
n V2 V2 . . n
4 2 2 4
rad. cos B sin B cot B tan B B
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Solve an oblique triangle

Known conditions Procedures for solving Diagrams
Two angles & 1. C=180°-A-B (ASA) A
included side : s b asinB .o asinC A

A, B, c ' SsinA sinA B _ c
1. c=+a’+b?—2abcosC (SAS)
Two sides & 2 4102_32
. ) 2. A=cos™* u A
included angle : 2bc ] b
a,b,C . : i / B
or if a<b, A:sm{asmc} B C
c a
3. B=180°-A-C
1. a>b, there is one unique solution:
B<90", B= sinl(bsmAj
a
C=180°-A-B, c=23NC
SinA
2. a=h,
(i) A>90°, there is no solution.
Two sides & - asinC
. (i) A<90°,B=A,C=180°-2A, c=
one opposite sinA
angle : 3. a<bh, A>=90°, there is no solution.
a b A A < 90°, there are 3 cases:
(i) a<bsinA, there is no solution.
(i) a=bsinA, there is one solution:
B=90°C=90°-A
(iii) a>bsin A, there are two solutions:
B, = sinl(bsmAj, B, = 180° - B,
a
C1=180°-A-B;, C,=180°-A-B;
_asinC, . = asinC,
sin A * sinA
b2 2 a2
_ Fora>b, A=cos?l— % ~2
Three sides 2bc
. bsinA
a.b.c B:sml( j,c:isoO-A-B
a
Notes on 1. Sine Law may possibly give two solutions. Cosine Law gives one solution.
_ 2. at+b>c, b+c>a c+a>b.
choosing or o .
L 3. Greater angle, greater opposite sides, and vice versa.
rejecting 4

There is at most one obtuse angle in a triangle. The smaller angles are acute.
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