Trigonometry — Part IV ANSWERS

Problem Set #1
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6) a-c) See graphs on Cartesian Geometry Part 11,
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Trigonometry — Part IV ANSWERS

Problem Set #2

1) Answers may vary.
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Trigonometry — Part IV ANSWERS

a) x=13.3
b) 6 =~32.01°
c) Not a possible triangle.
d) x=13.15
e) 6 ~66.29°
f) 6 =65.74°0or
0 ~ 114.26°
g) x=4.1330r
X =~ 9.435
h) 6 =~32.16°

a) (sec B+ 1)(sec6-1)
b) (tan 6 + 4)(tan 6 — 1)
c) 4cos? X (sin X — 2¢0s X)

a) -sinx

b) cos x
C) cscX

Problem Set #3

a) x=7.25

b) 6 ~48.2°
c) 6~5154°
d) x=~124.85
e) Not a possible triangle.
f) 6 =2241°
a) tan(0)

b) -cos(x)

c) sin(x)

d) -sin(x)

e) -tan(x)

f) csc(0)

g) sec(x)

h) cos?(x)

3) @) sin?x — cos? = 2sin? — 1
sin?x — (1 —sin?x) = 2sin?x — 1
sin?x — 1 + sin?x = 2sin’x — 1
2sin?x — 1 = 2sin% — 1

3) b) 2225 = 2sinxcosx
2cotx

o = 2sin X cos X

2cotx 1

1 -m=25|nxcosx

2C0SX Sin® _ .
snx 1 = 25In X COoS X

2C0SXSINX = 2Sin X cos X

3) €) cot? = (csc x — 1)(csc x + 1)
cot’x = csc2x — 1
cot?x = cot?x

CSC X
oo - (tan x)(sec x)

3) d)

(o]

SC X

1 cotx- (tan x)(sec x)
1 tan’x
Sinx. 1 - (tan x)(sec x)

n
Sinx * fanx-tanx=
(tanx)(sec x)

1 sinx tanx =
sinx cosx  anx=

(tan x)(sec x)

1
cosx’ tan x = (tan x)(sec x)

secx - tan x = (tan x)(sec x)



Trigonometry — Part IV ANSWERS

3) e) tan?A—sin?A = sinA-tan’A
tan?A —sin?A = sinAtan’A
%—sinzA = sinA tan?A

sin?A

in2 2 A
2 _SDAA = sin’Atan’A

COS?A

SN a2 2 A
SinA—sin Acos A o AA cos A = sin2Atan?A

in2 _ 2 .
sinA(1 — cos’A) = sin2Atan2A

Cos?A

F2A cin2 A
—s'”cﬁsﬁg‘ A = sin?Atan?A

- on SINPA _ - o 2
sin ACOSZA =sin“Atan-A
sin?Atan?A = sinAtan?A

3) f) secb — cosO = sinb tand

1 cosO .
—— ———=35|n0 tand
cosO 1
10 _ G0 tane
cosO  cos
10080 _ gino tano
Ccos
sin0 _ sind tand
Ccos
sin@ sin® .
—— - ——=5sin0 tand
1 cose

sind tand = sind tand

3) g) tanx + cot X =sec X €sC X

sinx cosx _ 1 1
cosx sinx cosx sinx
sin?x+ cos?x _ 1

cos xsinx cosxsinx

1+cscx
3) h) ——==cos x + cot x
ecx
1 CSCX _
_secx+_secx_COSX+COtX
1
sinx
COSX +—7 = C0S X + cot X
cos X
COSX _
COSX+SinX—COSX+COtX

COS X + cot X = cos X + cot X

4) Using these identities:
sin(uxv) = sinu cosv + cosu sinv
sin2u=2sinu- cos u
cos2u=1-2sin’u
cos’x = 1 — sinu
We then get:
sin(3x) = sin(2x+x)
= sin(2x) cos x + cos(2x) sin X
= [2sinx cos X]cos X +
[1-2sin?x]sinx
= 2sin X cos?X + sin X —2sin®x
= 2sinx [1—sin?x] + sinx — 2sin®x
= 2sin x—2sin®x + sin x — 2sin®x
= 3sin x—4sin®x

5) 1 N 1 1-sin@
1+sin® 1+sin® 1-sin0
1-sin0O 1-sin0
1-sin?0 cos?0
1 sin O
cos20  cos? 0

1 sin 0
2+ sINY
—> sec’o cos6 cosO

— sec’0—secHtan6
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Problem Set #4

1)
a)  -sin(x) f) sec?(x)
b)  -sin(x) g) sec*(x)
c) sini(x) h) -sin®(x)
d) cot(x)
e)  Using the identity:
t +t
tan(u + V) = ——— 2
1 + tanu-tanv
t +1
tan(x + =) = =
4 1-tanx
t t
2) a) tanxcot x =sec X
COosXx
=Ssecx
cosx
_1-sin20
2)b) (1-tan 6) Slrvwers
1-— 2sin® |, sin?0 _ 1-sin20
cos® = cos?®  cos?6
c0s’0 2sinBcosO , sin?0 _ 1-sin20
c0s20 c0s20 cos20~  cos?0
€0s%0 — 2sinfcos0 +sin®0 _ 1—sin20
c0s%0 ~ cos?0
€0s%0 +sin’0 — 2sinBcosO _ 1—sin20
cos%0 cos?0
1-2sin6cosO _ 1-sin20
cos?0 c0s?0
l—sTZO — 1-sin20 because
cos 6 cos?@

sin20 =2sin0cos 0

1 +tanf
2) €) Troor = tand
sin®
1 + oo cos o _ tane
cosO —
1+5ne sin®
cos 6 +sin®
cos O _
sin®+cos® tane
sin®
c0s6O +sind sin6 _
cos®  sin@+cosd tan
Sin® _ tano

cos 6

2) d) 1;ig(:(sx: 1sinx
—COSX

1+cosx _ sinx 1 + cos X
sinx T 1-cosx 1+COSX
1+cosx _ sinx(1+ cosx)
sinx ~  1-cos?x
1+ cosx _ sinx(1+cosx)
sinx sin?x
1+cosx _ 1+cosx
sinx ~ sinx

2) e) (1 - sin®)csc?x = cot?x
cos = cotXx
X

2) f) _sinx_ sinx

1-cosx 1+cosx=20sCX

sinX_ 1+cosx, sinx  1-cosx
1-cosx 1+cosx 1+cosx 1—COsx

=2CcsCX

sinX (1+cosx) +sinx(1—-cosx) _
1-cos?x

2.sin X + COS X Sin X — COS X Sin X
sin?x

= 2cscX

=2CcsCX

c) No solution.

-7 57
d) X=2, 3

e) 2cotxcos’x = cotx
(Don’t divide by cotX)
2.cotx cos’x —cotx = 0
cotx (2cos’>x —1) =0
either cotx =0

solutions: x =7, 37”
or 2cos’x—1=0
cosxzilg
1 - —_n 3t 5m In
solutions: x =7, 5,2, 7
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3)f) 2sin®+ 3cosx =0
2(1 —cos?x) + 3cosx =0
2c0s?x — 3cosx —2 =0
(2cosx + 1)(cosx —2) =0

_2m 4m
ERE)

4) Using these identities:
cos(utv)=cosu-cosv+sinu-sinv
sin2u=2sinu- cos u
cos 2u = 2cos?u — 1
sinu =1 - cos?u

We then get:
c0s(3x) = cos(2x + Xx)
= ¢0s(2x) - cos X — sin(2x) - sinx
= [2c0s?x — 1]cos X — [2sinx-cosx]sin X
= 2€0s%X — COSX — 25in?X-CoSX
= 2¢0s%X — cosx — 2(1 — cos?X)cosx
= 208X — COSX — 2C0SX + 2¢0s°X
= 4¢0s°X — 3c0SX

5) Using the identity:
cos?u = %(1 + C0s 2u)
We get:
cos*(x) = cos?(x)-cos?(x)

= % [1 + cos(2x)] % [1 + cos(2x)]

= i [1 + 2c0s(2X) + cos4(2x)]

= i [1 + 2cos(2x) + %[1 + cos(4x)]] = % + %cos(Zx) + %cos(4x)

6) 6= tan'l(%)
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Problem Set #5

1)
a) -1 e) sin(x)
b) tan(x) f) -tan(x)
c) cos?(x) g) sec*(x)
d) cot(x)

2) a)

(sech +tanB)(sec6 —tanB) = 1
sec’0—tan’0=1
(1+tan?0) —tan’0 =1
1=1

2) b)
(cot x + tan x)? — cot?x = tan?x + 2
cot?x + 2cot X tan X + tan?x — cot?x
=tan® + 2
2 cot x tan x + tan®x = tan®x + 2
2 + tan®> = tan® + 2

2) ) C0S% X+ cotx _ cos®xtanx + 1
cos?x—cotx  cos?xtanx —1

COSZX +S8X  ppg?x SnX 4 1

sinx COS X

2y _ COSX 2y Sinx
COS" X -5 COS™ X cosx 1
cos?XSinX 4 CosX
sinx sinX _ cosxsinx+1
2 i -—-— .
cos’xsinx __ cosx COSXSINX — 1
sinx sinx
cosx(cosxsinx +1)
— S _ cosxsinx+1
cosx (cosxsinx —1) _cosxsinx—l

sinx

cosxsinx+1 _ cosxsinx +1
cosxsinx—1  cosxsinx—1

ino
M7+ cot®=cscH

2) d)

1+cos6

sin®

T+coso T COtO = csco
sin@  1-cosO cosO _
1+cos® 1-cos®  sinB

sin® —sinOcos® = cosO

csco

+—=
1-cos?0 sin® esc o
sin@ —sinBcos O sinecose_csce
sin?0 sinf@
sin@ —sinBcosO +sinBcosO _
— =cscH
sin?0
sin@
sin = CSCO
1 —
Sne=csco
cscO=csch

2) e) cos*x —sin*x = cos(2x)
cos*X — sin*x = cos?X — sinx
(cos?x + sin?x)(cos?x — sin?x)

= C0S?X — Sin°X
€0S%X — SinN®X = c0S?X — Sin?x

2) f) sec x—tan x - sin X = cos x

1 sin?x

=COS X

Cosx CosXx

1 —sin%x
— = COS X
cosx

cos?x

=COS X
cosx

COS X = COS X
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5)
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d x=+2 7«
2
e) x= +1.37

f)  Because -n<X<m

we know that -3nt < 3x < 3.

Quickly we get cos(3x) = -
Y% There are two locations
on the trig unit circle where

. . 2
the cosine is -2 : at ?“ and

Using these identities:

tan(uiv)z tanu t+tanv

2t
tan 2u = ——°2

1 - tan?u

We then get:

1+ tanu-tanv

tan(2x)+tanx _

4?“ . But since 3x can go up

to 3w, we can also add 2r to
these answers. This

leads to 3x=i2?n,i%n, i%n-
Therefore x = i%n,i%n, i%

3)g) sec?(x)—2tan(x) =4
1 + tan?(x) — 2tan(x) = 4
tan?(x) — 2tan(x) -3=0
(tan(x) — 3)(tan(x) + 1) =0
tan(x) = 3 or tan(x) = -1
X ~125,-1.89, - %, =

4) =+ for any integer n.

tan(3x) = tan(2x + x) =

3tanx—tan3x

1—-tan (2x)-tanx - 1—

T 1—_tan?x__ _ 3tanx+ tan3x
T 1-3tan?x T 1-3mn2x
1-tanZx

Another option is using tan(3x) = SN GY) 44 find the same answer.

cos (3x)
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6) f(x) = 4cos> — 2 = 2¢c0s(2x)
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2.
=2

7) V(t)=2.7+0.3cos(t)

2.7 is the average of the maximum and minimum volume so
is therefore the vertical shift of the graph.

0.3 is the amplitude (the difference between the max/min and
the middle).

15 breathes per minute means 1 breathe every 4 seconds

therefore the period is 4 thus we plug in %’T = % .

Henry has fully inhaled at time zero so therefore cosine has
not shifted right or left at all.
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Problem Set #6

a) x=4.114

b) x=6.550rx=5.43
c) x=8l144

d a=67.46°

a) tan(0) d) sin(0)
b)  sin?(x) e) -sin(x)
c)  csc(y) f) -csc(x)

3)a) sinxcosxtanx=1-cos?x

sinx cosxtan x = sin?x
sin X

. SiINX _ i o
smxcosxcosx—sm X
sin?x = sin?x

Cos3X , COSX _ 2Cos’X

3) b) 6 + 2 3

cos 3x + 3cosX _ 2c0s’X
6 6 - 3

c0s3x +3cosx _ 2 cos’X
6 - 3

(cos 3x = 4 cos®x — 3OS X)

4c0s°x—3cosx+3cosx _ 2cos’x
6 - 3
4cos’x _ 2 cos’x
6 ~ 3
2cos®x _ 2 cos’x
3 7 3

3)c) 2% —in(2x)

1+ cot?x

2C0tX _
o = sin(2x)
2(_)OSX
S"l]x =sin(2x)

sin®x

2C0SX Sin® _ .:
smc 1 = Sin(2x)

2sinxcos X = sin(2x)
sin(2x) = sin(2x)

3) d) sinOtan O +cosO _

3)e)

= csco
sinBsecO

H sin®
sin@- =+ coso
T = ¢csco

Sin prrs
sin29+cosze

cos 0 c0s 0
~smo = CscO

1 cosO
——.—— = cscH
cosO sin@

1
—— = ¢sco
sin®
cscO = csco
1 1

- + -
1+sin® 1-sin O

= 2sec?0

1 _1—sin9+ 1
1+sin® 1-sin® 1-sin©

1-sin@+1+sin O
1-sin2 0

= 2sec?0

= 2sec?0

cos? 0

25ec?0 = 2sec?0

3)f) siny+sinycot?y =cscy

Siny | iy, COSZY
siny tsiny sin?y — CcsCy
sin?y + cos?y _
iy = oscy
1 _
siny — csCy
csCy = cscy
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4) Using the identity:

get 5x =sin(0)

tantu = 2L \we get: 5x =0, &, 2w, 3m...
2 1+cosu
T —_ 27 3t 4m 91
1 Ty _ Sln(z) _ X_O!%’?a?a??
@G = s - V-1 If 2sin?(5x)—1=0 then
5) we get 5x =sin? (+2)
_2m 4m _ 3 5 7
a) X—?,? 5X—%,TR,TTE,TT[...
T 5T -7 3n 5w Inm 391
b) x=7.4 2000000 ™
c)  Surprisingly, there are d) x=3 %0443, ~27
30 answers for this! 2
n 2T 4_1'[ 51
If 3sin(5%) =0 then we € X=3. 533
_ T 31
h x=03.3
1“f(x)
6) a) )
4r 3n 2n 4 T 2rn 3n 4n ’
T
6) b)
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n 3nmjZ 2m Sn/l 3n Tny
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~ 10.472 seconds the slower bug is one-third

of the way around and faster bug is two-thirds of the way

around.

ol [t
R

[

S

g

|

m

|
!
U

|

lr'.l+1; f
P

7)

3

After 2% or
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