Trigonometry ldentities Il
— Solving and Graphing

Strategies, examples, formulas, and practice questions (with solutions)
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Trig identities, functions, and strategies

Various strategies and trig identities are utilized in the following equations.
Try them yourself. (What approach will you use in each question?)

Then, check out steps and solutions on the following pages...

1) sin(90" - x)
= A8

2) tam2(x+417)=1

for 0°<x < 360

3) sin2x =cosx

0= x=< 2T
2.1
4) cos X=—

x € [-180°, 180°]

5) 2sin(x+ 637) =1
where x is in the interval [0, 3600)

201
6) 2cos (33)—2=2003X

7) 4sinxcosx =1
for x in [0, 360" )

8) 3 — 3sinx — 205~ X =0

9) tanx — 1 = 2tanx



Trig identities, functions, and strategies |

in(90° - x)
D Ea =

2) tam2(x +417)=1

for 0°<x < 360"

3) sin2x = cosx

0= x= 2T

SRR - N3_ cofunction identity
sin x
cotx = —A3 quotient identity
x =150 + n(180Y
k=l
test x = 150 -
| | —N3
sm(901:0(150)) _ sin(-60) _ 2 B
sin(150) (112) an

First, find the inverse tangent of 1...
LetU=2(x+41) substitution
tanU =1

U =-135, 45, 225, 405, 585...

Now, substitute to find x values
between 0 and 360

2(x+41)=45
x+41=225 -18.5 is not

X =,'1'5’-5/ in specified

2Ax + 41) = 225 domain
x+41=1125
x=715

and, x = 161.5, 251.5, 341.5

2sinxcosx =cosx  double angle identity

2sinxcosx —cosx =0 (note: we do not divide both

sides by cosx)

cosx(2sinx —1)=10 factor and solve

cosx =10 X:ﬂ ﬂ
2, 2

2sink —1=0

SJ'IIX=T 6, 6

30-60-90
1 A3 2
— 1
— N3 \1 .
-N3
adjacent side - A3
cotangent = “onnosite side 1

= -30, 150, 330, 510, ...

1
-1
1
-1
_ oppositeside 1
tangent = adjacent side ~ 1
U =45, 225, 405, ...
Quick check:
letx= I]T
sin2( T) = cos( E,))
sin“ Tl = cos( I],T )
0 =047
_ T
letx= T
. ’.|_r— — J —_—
sin2( —6) = cos( )
T _ cos
sin - = cos( —g7)
N3 _ A3 L/



Trig identities, functions, and strategies ‘

4
) coszx=%

x € [-180°, 180°]

! 5
COos~ X =

COSX =

=

s

I\J|i—l

(since we "square rooted

a squared term", the
solutions are +/—)

note:

[+) [s] ] Q
x= 60, -60. 120, -120

cos?x = (cosx)(cosx)

) bl
cos™X f- (cosx™)

. 1
sin(x+ 63) = 5

let U= (x+63)

5) 2sin(x+ 63”) =1
where X is in the
interval [0, 360°)

find U, where sin(U) = ,_])—

U=30-> x=-33

Now, we need to find x:

Since U = (x + 63),

/ not inside [0, 360)

U= arcsjn;— = 30, 150, 390, 510, ... U=150--=x=87
and, -210, -330, ... U =390 > x = 327
U=3510---> x=447
not inside [0, 360)
quick check:
x=87 x =327
2sin((87) + 63) =1 2sin((327 + 63) =1
2sinl50=1 2s5in390 =1
2A12)=1 L~ 201/2)=1 -~
2 ZCOSZ(l X)— 2=2cosx 2(1 1= i i
3 cos” | = COsX recognize (and isolate) half anele identity
the half angle.. = ’
divide both sides of 21 X _+ 1+ cosx
=X = cos = = L =ea
equation by 2 oS (2 ) cosx 1 2 - /\/ 2
1+ cosx multiply both sides by 2
——— =cosx+1
2 1+ cosx

1+ cosx = 2cosx +2

-1 =cosx

x= -+ 2Tk

where k is any integer..

quick check: letx= T

20052(%71' )— 2 = 2cos(TT)

261)
2 7

2(0)2 -2

2 =



Trig identities, functions, and strategies

7) 4sinxcosx =1

. 2(2sinxcosx) =1 double angle identity
forxin [0, 360 ) ,
2(sin2x) =1
recogmize the double aﬂ;ﬂe within Sin2x = 5- take inverse sine of both sides
the left side of the equation!

Then, re-write...

2x =30, 150, 390, 510, 750, 870...

o o o o
x= 15,75 .195 255 }{

check w/calculator:

= (o)
x=15

x =25

4sin15cos15 = 4(.26)(.97) =1 \/ 4sin255¢08255 Z 4(-.97)(-26) =1 |

¥

8) 3 — 3sinx —2cos”x=0 , 2
3—3sinx —2(1 —sin" x)=0

using trig identity, write B clo]lect h%ce terms;
cos?x in terms of sine 2sin” X~ 3sinx +1=10 set equalio zeto..
pythagorean trig identity: (2sinx — 1)(sinx — 1) =0 factor and solve..
] bl . .
sin“x+ cos“x= 1 25inx -1 =0 Ir
sinx = 1/2 B +27Tk
S0, COSZX =1- S"]IIEX XxX= 30: 150: 390. 510... o 5"|‘f ., .
sinx - 1=0 p Tr
sinx =1 T
x =00, 450, ... - +2Trk
check a solution: | 3 - 3sin(30) - 33033(30) -
letx =130 .
N S (xﬁ)‘
J2=2 e - 2 =
3-32-2-(34) = 0 [~
9) tanx — 1 = 2tanx =2 )
-1 = tanx L
o o 1 1 reference angle 45°
Xx=135 or 315 -1 1
Y quadrants IT and IV
-1 -1




Example: Letx=2sin©& where —1IL _ ~ _ L
2 2

Simplify X

4 —.t2
Use substitution: 2SS _ 2sin S 2sine 25in S 2sin <
— 7 — - ——— = - =&
4—(2sine) 4= d4sin” /\/4(1 —sin" ) /‘\'/4( c052@) 2cos ©
Example:  Find cos (& — (;I'S) where cos S = % in Quadrant IV
Use Trig Difference Identity tan(;b = - 43 inQuadrantII
cos3cos QS + sin&sin ()15 Quad II
3 -1 -4 W3 2
5 72 T s T M3
3
3 ) - 0
2 AN 1 e
10 -4
5
% (G+4/3 )
Quad IV

Example: Verify: sin(zi —X) = sin( > +x)

‘Ll — x) Use subtraction/difference trig identity sjn(ll + x) Use addititon/sum trig identity

sin(

—]TTCOSX + cos —]TT sinx

sin —— CcOSX — cos Fl,’l sinx = sin
1 «cosx — 0.sinx =| cosx .
T l.cosx + 0-sinx = cosx
2
X
X
T 0
identical reference angles
and the signs will be the same




3 for y )

Example: 0= < 360

cos(%@) =

1
LetB = 5O

cos(B) = A/_ B = 30
2

7@ 30,

=y 660: 780, etc...

Q
Example: cos(3 =) = — for (; =& < 360

Let A = 38

A = 60, 300, 420, 660, 780, 1020, etc..
1

cos(A) = 5

3 = 60, 300, 420, 660, 780, 1020 . etc..
+120
&y = 20, 100, 140, 220, 260, 340
+120 120
2
Example: sec (253) = tan(2C ) +1

o
for 0 <@ < 360
1+t 25) = @ & ) + 1

o) — R o) -

a2 &) [ tn2 &) — 1]

tan(2 £3) =0 tn2 ) — 1 =0

263 = 0. 180,360, 540... 2&y = 45,225, 405, 585, 765...

& = 0,90, 180, 270 =

=

22.5.112.5, 202.5, 202.5

Example: for 0 < x < 27T

sec(A) = — A2
_ 3 s M B
A 4 4 4
T, _ 30 sy MT BE
4 4 4 4 4
x = 3,5 11,13

. 330, 390, 690, efc...

/@2 -

1

Solving double and fraction angle equations

TN

330, 390, 690, efc...

12

720

\/\/\/\

IETRIE

L

S = 20, 100, 140, 220, 260, 340

ik

3n2




Ye Olde

Trig Homework

"Benny, I think a storm is coming.
Perhaps we should go inside?"

And, I've used 1890 feet of string.

‘ "The angle of elevation is 68 degrees. ‘
Look, we can estimate how high the kite is!"

"Where is the key to the cabin?"

During his math assignment,
Franklin makes another shocking discovery!

More Questions -=2



Solve the following trigonometric equations:
1
D sinxcosx = e

0=<x<2TH

2 cos(%+x)+cos( % -X)= /\/3_

0<x=<2TH

3) cos= cos3 o —sinsin3 =0

0= o <360

4 3tan3 x = tanx

0= o <360



| Trigonometry Equations

Solve algebraically. Then, graph to verify your solutions...

1) cos2& =—cos S 0% = <360°

2) —cos3x =sin3x 0= x < 27T

) IsS=snS+2  0< © <360




| Trigonometry Equations

Solve algebraically. Then, graph to verify your solutions...

4) secresc S+ 2csc S =0 0%« & <360°
5) seex +tanx = 1 0=x <27

. o o
6) 4sinez = cos= — 2 0= &= <360

(with calculator)




Trigonometry Equations

Solve algebraically. Then, graph to verify your solutions...

. 2
7) sin” x+cosx = ~1 0=x <277

o
8) 2sinS +csc ey = 0 0’z & <360

9) 2sec® x+ tan>x —3 = 0 0<x < 2T




Solve the following trigonometric equations:

1
D sinxcosx = e

2sinxcosx = -
0<x<2T sin2x = -
let U=2x:
sin2x = 2sinxcosx . 1 . A ST 13 17T 25 297 .
' 2 6 6 6 6 6 6 -
Therefore| x= 1T 31T 131 171 ) 25TC
' 12 12 12 12 12
four solutions between 0 and 27
2) T —
cos(?+x}+cos(¥—x}= /\/3 T
1 [cos(?+x)+cos( ﬂ—x)]: ; A3
0<x=<2Tl 2 6
M3
COs — cOsx -
6 2
cosxcosy = ,1‘— [cos(x + V) + cos(x — V)]
N3 e N3
2 2
cosx=1  thereforg, x =10

3) cos© cos3 o —sinzsm3e =0

0= <360

cos(X + y) = cosxcosy + sinxsiny

*plug in a value to check:

cos( +3<2)=0
cos(4<=2)=0

4 & = arccos(0)

o k=3 o o [a] o =] o
4 = 90,270, 4507, 630°, 810°, 990, 1170, 1350
112.5:
[+) 0 =] a o o o
cos(112.5)cos3(112.5) - sin(112.5)sin3(112.5) = = 225 ,67.5,112.5,157.5,202.5,292.5, 3375,
c0s(112.5)c0s(337.5) - sin(112.5)sin(337.5) =
(-38) + (.92) — (92) - (-38) =0 L
4) 3.
3tan” x = tanx 3tan® x — tanx = 0
0< & <360 2
tanx(3tan”" x —1)=10
1
tanx = 0 3tan x—1=0 A3
*do not divide both sides by tanx!! " 3 ,’ 1 ‘ -1
(that may eliminate a solution) x=0,180 tan“ x = 3
_ 3
= Vs x=30 150", 210, 330’
1




Trigonometry equations

Solve algebraically. Then, graph to verify your solutions...

1) cos2& =—cos =

Ll [}
0= & <360

, 1 cos2
2c0s = —1=—cos &
2
2cos &+ cos —1=0
(2cos & —1)cos ©+1)=0 20
2c08 = —1=0 cos = +1=0 -1
1
== cos = -1 :
cos © =7 < The graphs intersect at
- [s] _ © =}
& =60 .300 © = 180 60° . 180 . 300
2) —cos3x =sin3x 0=<x < 27T
_y— sin3x
cos3x ! sin3x
—1 =tan3x
If 3x = U, then tanU=-1 | |
| |
po 3T 7T um 157w T 23T _ g 3T 'fT
4 4 4 4 4 4 ) 2
-1 -C0S3x
_ o7 ufr s 1910 231
therefore) x= —= —5— 33 1 12 12
3) 3smS=sinS+2  0< © <360
3sin &S —sine =2 3sin &
2sin S =2 T
sin S = 1 S
singe + 2
o= 90 4
| |
T T
90
1T
3L
The graphs intersect at 90° (and 90” + 3600n)




Trigonometry Equations

Solve algebraically. Then, graph to verify your solutions...

4) secSesc S+ 2es¢S =0 0= & <360°
Must use calculator to

ese (see > +2) = 0 T graph sececscs and -2cse

secS+2 =0 cseo =0 | | | | | |
| 1 | | | 1

. no solution
see S =2 (cosecant must be greater
than 1 or less than -1) e
0 =)
&y = 1200 240

—secx + 1
tanx
5) secx +tanx = 1 0= x < 27T

tanx = secx — 1

2
tan x = (secx — 1)

|
|
|
|
|
tan2X = sec2x —2secx + 1 . !
I
|
|
|

seczx - 1= Seczx —2secx t 1 2 i 277
—2 = —lsecx BB
secx = 1
XxX=0
6) 4sins = cos = —2 0’z & <360 L 4sin

square both sides
.2 2

16sin“ <= = cos & — dcos= + 4
Pythagorean Identity

2 2
16 — 16cos &= = cos & — 4cos > + 4

2
17cos & —4dcos&= — 12 =0

Use Quadradic formula -
_ Y Q
cosCy = =731, .9 O = 223, 345

66
S =>v{: 223" >{53450




Trigonometry Equations

Solve algebraically. Then, graph to verify your solutions...

.2
7) sin” x+cosx = 1

0=x < 2707

1—cos?x +cosx +1 =0 sin X
coszx~cosx~2=0 /\
1' 1' 1'
-2 +1) =0
(cosx )(cosx ) T 21T
cosx — 2 =20 cosx + 1=0 T J
cosx = 2 cosx = -1 —1 — ¢cosx
no solution x= 17 |
| Do 1
. o | intersections | fx
8) 2sin& +cese e =0 0= & <360 csc | |
|
| 1 | |
smées + — =0 1 | I
sin & | |
|
|
.2
2sin" =+ 1 =0 I ]I ]I | |
— 2SS 90 0 3
L2 — 1 |
sin” & 2 | .
T | |
| |
NO SOLUTION!! il | I
2 2 B
9) 2sec” xt+tan " x -3 =0 0=x <27
approach 1: approach 2: Need a calculator to graph
2 2 2 2 T 2sec 2x and 3 — tan 2x
2(1+tan"x) +tan"x — 3 =0 2sec“x + (sec“x—1) ~ 3 =0
2 +2tan?x + tan’x — 3 = 0 3sec2x — 4 = 0 I ]| ]| ]| ]| |
Stan?x = 1 sec zx -4
3 -
_+a.1 2
fanx = — 3 secx= + ——
e
oS T | e S




Thanks for visiting. (Hope it helped!)
If you have questions, suggestions, or requests, let us know.

Good luck!

mathplane.com

Also, at Mathplane Express for mobile at mathplane.ORG

Find the mathplane stores at TES and TeachersPayTeachers



