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Triangle Trigonometry

Right Triangle

Oblique Triangle
All Acute Angles One Obtuse Angle
C
C C
¢ b a a
. )
b
e r & | B
A b B A C B A c B
0° < <90° 0°<x<90° 90° < B < 180°

sindk = alc sink = ? sinf = ?

cosx = b/c cosx = ? cosp = ?

tanx = al/b tanx = ? tanf = ?
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Obligue Triangles Trigonometry

All Acute Angles , , o ,
sinf = sin(180° — &) = +sin«
¢ cosp = cos(180° — &) = — cosa
) tanf = tan(180° — &) = — tan®
a 0°<a<90°, 0°<p <180°
-
] ; 1
c
The Law of Sines
One Obtuse Angle a _ b _
C sin A sin B sinC
The Law of Cosines
a
b a = b>+ c°—2bccosA
b> = ¢+ a°—2cacosB
A c B ¢ = a@+b°—2abcosC
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One Obtuse Angle (1)

C .
The Law of Sines
a a _ b _ _c
b sin A sin B sinC
(0
A c B
C
h
i a . ah h ) h
_A_ = — B - . = - o — o <
Sin b Sin b g b Sin o b sin A sin o
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One Obtuse Angle (2)

C
The Law of Cosines
a
b a = b’ +c’~2bccos A
(0
A o B
cosA = (b°+ c¢°—a’)/ 2bc
¢ b%? = h%+ b2%cos®a C = h*+ (bcosa+ c)’
h| b h
c
A c B
bcosa — h%*—(bcosa+ c) (bcosa+ ¢)
(b*+ ¢*~a’) = K+ b’cos’a + ¢’ - cosA = —2bccosa/2bc

2 2
— h*— (bcosa + ¢) cosA = —cosa
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Trigonometry in the 2" Quadrant Angles (1)

+x, +
y (+x, +y)
b
X
X
sinf = sin(180° — &) = + sin« + (sinodk = y/b)
cosp = cos(180° — ) = — cosa —(cosx = x/b)
tanf = tan(180° — &) = — tan« —(tanx = y/x)
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Trigonometry in the 2" Quadrant Angles (2)

c B
sinf = sin(180° — &) = + sin sinf = (+y)/b
cosp = cos(180° — ) = — cosa cosp = (—x)/b
tanf = tan(180° — &) = — tan® tanfp = (+y)/(—x)
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Trigonometry in the 2" Quadrant Angles (3)

Isosceles Triangle

(X, y) y
a
r
x p
C B X r +r

r = xz—l—y2

sinf = +y/b sinf = (+y)/r

cosp = —x/b cosp = (—x)/r

tanf = — y/x tanp = (+y)/(—x)
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Trigonometry in Quadrant Angles (4)

Unit Circle
-x, ) ’
X, y
(_X’ _Y)
Y
r
X B o« \ P
-X r +r -1 —X +1
r=Vx'+y’ @Z Vx'+ y°
sinf = +y/r sinf = +sina = (+y)
cosB = —x/r cosp = —sinf = (—x)
tanB = —y/x tanf = —tana = (+y)/(—x)
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Negative Angle Trigonometry (1)

1* Quadrant Angle

(+x,+y)
y /

-1 X +1
0O <a<90

4™ Quadrant Angle

(+x, —y)
-90° < -a < 0°
sin(—a) = —sina = (—y)
cos(—a) = +cosa = (+x)
tan(—a) = —tana = (—y)/(+x)
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Negative Angle Trigonometry (2)

2" Quadrant Angle

—X +1

90° < B < 180°

sin 3
cos f3

tan 3

+sina = (+y)
—cosa = (—x)

—tano = (+y)/(—x)
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3" Quadrant Angle

iy YJB /t

(—x, —y) Y

~180° < -8 < -90°

sin(—B) = —sina = (—y)
cos(—p) = —cosa = (—x)
tan(—p) = +tana = (—y)/(—x)
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Reference Angle (1)

1* Quadrant Angle 6 2" Quadrant Angle 6
90° < 6 < 180°

(x, y) (—x, y)

« = 180° — 0
sinx =y sin@ = + sina = (+y)
cosX = X cos® = —cosa = (—x)
tanx = y/x tan0 = —tano = (+ y)/(—x)
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Reference Angle (2)

3" Quadrant Angle 6 4™ Quadrant Angle 6
180° < 0 < 270° 270° < 0 < 360°
0 0
& X
-1 X +1 -1 X +1
_ -y
(—x,—y) J (x,—y)
x = 0—180° x = 360" — 0
sin@ = —sina = (—y) sinf = —sina = (~y)
cosf = —coso = (—x) cos® = + coso = (+ x)
tan® = + tana = (—y)/(—x) tan® = —tano = (—y)/(+x)
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Reference Angle (3)

A Quadrant Angle 6
X = 1 —0 xXx = 0
L . 0 = s only All +
sin® = + sin® SINO0 = sinX sin +
cosO = — cos™ cosO = cosa
(_X’ y) (X’ y)
tan0 = — tano tan®0 = tano l l
sin0 = — sin®x sin@ = — sin® T T
(_X, _.y) (X _y)
cos® = — cosax cos® = + coso l
on
tan0 = + tan tan0 = — tan® Y Only
tan + cos +
X = 00—t X = 21— 0
T : Young Won Lim
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Trigonometric Functions

sin
anfl =
cosf
1 1 cosf
secl = , csct=——, cotf= = —
cosf sin # tanf  sinf
Function sin cos tan sec csc cot
Inverse arcsin arccos arctan|arcsec arccsc arccot

http://en.wikipedia.org/wiki/Derivative
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Radian

/6 3;:;2/) *
L]
am /4 '
T /3 /2 :PFIE
) i [_]-D:I
7n/5 4m/3 Sm/4
/4
2m/5 @;3 I\f}}
3/5 2n/3 3m/4
Degrees 30° 60° 120° 150° 210° 240° 300° 330°
m ™ 27 5w m 47 5w 11w
Radians — —_ — — R — i I
6 3 3 6 6 3 3 6
Grads 33% grad 66% grad 133 grad | 166%: grad 233% grad|266%: grad 333%: grad 3663%: grad
Degrees 45° 90° 135° 180° 225° 270° 315° 360°
Radians m m 37 - 5% 3 T 5
i Y — — — — T
R 2 4 4 2 4
Grads 50 qgrad 100 grad | 150 grad | 200 grad @ 250 grad | 300 grad = 350 grad @ 400 grad
http://en.wikipedia.org/wiki/Derivative
T : t 3A Young Won Lim
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Pythagorean identity

cos’ § +sinf =1

sinf = +vV1 —cos?f and cosf = +v/1 — sin? 9.

1 +tan’f =sec’fd and 1+ cot?f = csc’é.

http://en.wikipedia.org/wiki/Derivative
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Inverse Relations

Each trigonometric function in terms of the other five.!?!

in t::ms sin @ cos tanf csc sec ! cot.f
sinf = el £V1-cos? % \/lt-ﬁ—:ng_ﬂ cst t + Se::ci_ 1 - V1 +1Cﬂt2 6
cosf = +y/1 —sin*# cosf :I:\/l -|-1ta,1123 + cs;::cﬂe— : se{:B :I:chf;—iz_ﬂ
tanf = :I:\/1 E_m;ﬂzﬂ + 1(;:3526 tanf + = 16 — +Vsec? 9 — 1 cnltﬂ
escf = 5i111 7 + ¥ —1(:{]32 5 + 1:&1:2“2 i escd + \/S:ec?% +4/1 4 cot® 8
= \/ﬁ:ﬁ culsﬂ £V1+ tan®0) = c:sc;— 1 sect + 1:{_}:;1;2 6

http://en.wikipedia.org/wiki/Derivative
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Symmetry

Reflected in  — 0[41

Reflected in ) = 77/2

(co-function identities)'”’

Reflected in § = 7

sin(—f) = —sin 6
cos(—0) = + cos¥
tan(—#) = —tan6
cse(—0) = —cscf
sec(—0) = +sect
cot(—f) = —cot d

Em(% — ) =+ cosf
cos(3 — 0) = +sind
ta,n(% — ) =+ cotf
csc(y — ) = + secd
sec(3 — 0) = +cscf
Cﬂt(% — ) = +tanf

sin(m —0) = +sin 6
cos(m — ) = — cosf
tan(m —f) = — tané
ese(m — ) = +cescf
sec(m — 0) = — secl
cot(m —#) = —cotf

http://en.wikipedia.org/wiki/Derivative
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Shifts and periodicity

Shift by w2 Period ::rlita:ya:d cot'®! | Period for ssl:lf::: ::c and sec!”’
sin(f + %) = +cosf| sin(f +7) = —sinf | sin(f + 27) = +sinf
cos(f + 5) = —sinf cos(f + ) = —cos |cos(f + 27) = +cosf
tan(f + 5) = —cotf |tan(f + 7) = +tanf |tan(f + 27) = +tanb
csc(f+ 5) = +secl | csc(f +7) = —cscl | ese(f +27w) = +cscl
sec(f + 5) = —cscl | sec(f + ) = —secl |sec(f + 27) = +secl
cot(f + §) = —tanf cot(f + 1) = +cot@ |cot(f +27) = +cot 8

http://en.wikipedia.org/wiki/Derivative
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Making a Helix

5 . ,'\ ,’Y > Transparent OHP Film
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A Helix and Viewpoints

Top View A
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Sine Wave

YA
A

® 0 y
AT A
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\\ \./ / \\ 4 i \\\ B /
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Cosine Wave

YA
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® 0 J
AT 4
2
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Symmetry in Sinusoid
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Sine and Cosine Waves

1 1 3 5
_ = 0 - = =
Tt 21'( 2Tl' Tt 2Tl' 2T 2Tr 37T
| | |
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J |\
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Sine Wave Symmetry

Sine Wave \ / \ / \
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Cosine Wave Symmetry
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J |\
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Cosine Wave
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