5-2 Verifying Trigonometric Identities

Verify each identity.

1. (sec2 & — 1) cos? @ =sin’ 0
SOLUTION:
tscc? g-= I}ms? i

=(tan’ @)cos” @  Pythagorean Identity

cos” @

= [ Sl o Jms: & Quotient Identity

P | i § i
=sin" & Multiply and divide out common factor.

2. sec® @ (1 ~ cos? ) = tan® 0
SOLUTION:
sec” @(1 - cos’ @)

=sec’ ¢ —sec’ @cos’ @ Distributive Property

| ) ; ;
=sec’ ) ————-cos’ @ Reciprocal Identity
cos
=sec’ -1 Multiply and divide out common factor.
=tan” @ Pythagorean ldentity

3.sin 6 sin cos” @ =sin° @
SOLUTION:
sin & —sin &cos” ¢
=sind1 —cos- @) Factor.
=sin@sin” & Pvthagorean Identity

=sin' @ Multiply.

4. csc & —cos & cot # =sin ¢

SOLUTION:
csc ! —cosfeotd

] cosf ) : -
=———cosi?| — Reciprocal and Quotient Identities
sin sindl
| -cos” @ . L . )
= Write as a fraction with a common denominator.
sinf
sin” @ .
=— Pyvthagorean ldentity
sin ¢
=sinf Divide out common Factor of sin @,
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5-2 Verifying Trigonometric Identities

5. cot’@escl @ —cot’ @ = cot”* @

SOLUTION:

cot” @ese” @ —cot” @

=cot’ Blese’ @ -1)

’ g 5
=cot” Heot” @

=cot’ ¢

Factor.
Pyvthagorean Identity

Multiply and add exponenis.

6. tan O csc® @ —tan € = cot 0

SOLUTION:
tan @esc’ @ — tan 6
=tanB(csc” 8 —1)
=tan fcot” &
_sind _1:05:!3'
cosé sin” @
_ sost
sind?
=cot !

sec  sinfl

sinf cos@ -
SOLUTION:

secfd  sind?

sin E cosf
[
_cosfl sind/
sind cost

l sin” &

ot &

Factor

Pvthagorean ldentity

Ouotient ldentities

Multiply and divide common factors,

Quotient ldentity

Reciprocal Identity

Common denominator

" sin@cosd 3 sinécosé

_l=sin’ @
~ sinfcosd
N cos” &
sinflcosd
~ cosf
sing
=¢olf

Write as a fraction with a common denominator,

Pythagoren Identity

Divide out common factor of cosé.

Quotient Identity
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5-2 Verifying Trigonometric Identities

sinf N leose?
lcosd
SOLUTION:
sinf! 1-cosd
|-cos®?  sind
_sind  sind N 1-cosf 1-cosd
| —cosi?
1= 2cosd +cos’ @
sint 1 —cosd)

—— =2csc
sind

 siné 1-cos# sind?
sin” @

E sin@(1 —cos i)

_sin® @+cos’ @ +1-2cosd
" sind(l—cos8)
1+ 1-2cosd
_sinH{l —cost)
;EE{I —cmf}‘,;
_ 2l =cosd)
3 siné(1 —cos)
2

F sind
=2escP

costd
"1+ sing
SOLUTION:

cos?

+tan & =sec

+ tand

I +siné
_cosf) sinfd
Cl+sing  cos@
_cosfl  cosf l+sind sind
" cosf l+singd  l+sind cosé
cos” @ siné +sin’ @

= +
cos@(1 +sin@) (1+sind)cost

~ cos” O +sind +sin” @
- cos@(1 +siné)

_ l+sing
 cosd(1+sind)

o

~ cosd

=secH
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Rewrite 1 using the common denominator.

Mulitply.

Write as a fraction with a common denominator.

Pyvthagorean Identity

Add.

Factor,

Divide out common factor of (1 - cosé&).

Reciprocal ldentity

Quotient Identity

Rewrite | using the common denominator.

Multiply.

Write as a fraction with a common denominator.

Pythagorean Identity

Divide out common lactor of {1 +sin ),

Reciprocal Identity
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5-2 Verifying Trigonometric Identities

sinf? cosd
+

10. =sin & + cos #
leord  lrant
SOLUTION:
sinfd . cos
I-cotd 1—tanf
_ sind cos
- cos i B sind?
sin & cosd
sin cos

== + -
sin?  cosé cosd sind
sinf sind  cosd  cosd

sin cosi?
= sind —cosd g coséd —sind
sin &7 cost?
_ sin” 6 . cos” @
sinf —cosf  cosd-sind
sin” & cos® &

sinf—cos@ sin@ —cosd
o sin’ @ - cos’ @

T sing - cosf

 (sin@ + cos@)sin @ —cos )
- sinf—cosd
=sinf + cosd?
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Quotient Identity

Rewrite 1 using the common denominator.

Write denominators as fractions with common denominators,

Simplify fractions.
Factor out -1.
Write as a fraction with common denominator.

Factor numerator.

Divide out common factor of (sind — cosd).
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5-2 Verifying Trigonometric Identities

el LR
ltean2d  leor26

SOLUTION:
[ 1
¥ ns ¥
l-tan" @ 1-cot” @
| 1
o ) + 5
sin”~ ¢ | cos”
cos’ @ sin” ¢
I 1 ; i ;
= j e s Z Rewrite | using the common denominator,
cos* @ sint @ sint @ cost
cos"# cos'@ sin"@ sinc @
| 1 b : e i .
= < —— +—— < Write denominators as fractions with common denominators,
cos @ —sin"# sin” @ —cos” @
cos” ¢ sin” @
cos® @ sin®
+

11

Quotient ldentity

Simplify fractions.

= = — - »
cos @ =sin” & sin” & =cos

cos” {7 -1 sin” &
— 2 e of; < = Factor out -1,
cos” @ —sin & =1 cos™ H—sin“ 8
3 B
cos” 7 —gin~ ¢ ; :
+ Common denominator

cos @ —sin @ cos’ @—sin’ &
cos’ & —sin’ @ ; : : ;
=— Write as a fraction with a common denominator.
cos” (=sin” &
=1 Divide out commaon factor of [m‘.-:?rT & —sin’ ﬂ).
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5-2 Verifying Trigonometric Identities

12.

13.

14.

1 N 1
csel+1  exedl
SOLUTION:
l |

=2 sec2 & sin &

csc@+1  cscé—1

_csc{?—li [ cs-::i."hll |

= +
csel? =1 cse+1 csed+1 csct =]

_ csef -1 " csed + 1
cse” @-1 esc’@-1

_ 2esed

st @-1

~ 2esed

cot’

i |. *

s ELS'EHHJ

T cost@
sin” &

_ 2 sin’@

siné cos’ @

_ 2sind

cos 7

2
:[ 5 Js[nﬁ
cos™

= 2sec” Osind

(csc & —cot &) (csc & +cot 1) =1
SOLUTION:

(cscf! —cotd)cscdd + cotdd)

=¢sc” f=cot” O

=1

cos* 0 sin* @ = cos? 0 —sin’ @
SOLUTION:

cos' @ —sin' @

=(cos’ @ +sin’ @)cos” & —sin’ @)
=1(cos” & —sin’ &)

=¢os’  —sin’ @
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Common denominator
Multiply.
Write as a fraction with a common denominator.

Pythagorean ldentity

Reciprocal and Quotient Identities

Multiply by the reciprocal of the denominator.
Multiply.
Factor.

Reciprocal Identity

Multiply.

Pythagorean Identity

Factor.
Pythagorean Identity

Multiply.
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5-2 Verifying Trigonometric Identities

15 1+ !

Clsing 1+ sine
SOLUTION:
| I
+
|=siné?  1+sin#
_I+singd 1 +I-sinﬂ‘_ I
l+sin@ l—sin® l-sind l+sinf
_ l+siné : 1-sin@
I-sin@ l-sin’ @
4

-

=2sec’ O

S -
l=sin" &

¥
=2spc

16. cost? N cost 5 sec 8
1+ sinf  lsing

SOLUTION:
cosld . cos
l+sind  1-sind
_ cosf I]—sint9+ cosd  l+siné
l+sind 1—-sm@ l—-sinf l+sind
cos@(1-singd) cosf(1+sin &)

(1+sin@)(1-sind) . (1-sin@)(1+sind)

_ cosd(1-sin@)+cosd(1 +sin )
(1+sin@)(1-sind)

 cost —sinfdcost! + cost! +sinfeosd

| —sin’ &

~ 2cosd
1-sin’@
~ 2cosd
 cos @

2

cosd
= 2sect!
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Common denominator
Multiply.
Write as a fraction with a common denominator.

Pythagorean Identity

Reciprocal Identity

Commaon denominator

Multiply.

Write as a fraction with a common denominator,

Multiply.
Simplify the numerator.
Pythagorean ldentity

Divide out common factor of cosf.

Quotient Identity

Page 7



5-2 Verifying Trigonometric Identities

17.csc* 0 cot® @ =2cot? 0 +1
SOLUTION:
csc' @ —cot' @
= {cst & —cot’ i) se” @ + cot” &) Factor.

=[cse” @ —(ese” @ —1)][ese” @+ (ese’ 1)) Pythagorean Identity

=[ese’ @ —ese’ @ + 1)[ese’ @ + ese’ 1) Multiply.
=[1][2ese” @=1] Add.
=2csc’ -1 Multiply.
=2cot* @ +1)-1 Pythagorean Identity
=2cot’ 8421 Multiply.
=2cot’ 8 +1 Add.
13, cse2f + 2oseld _ cxct? + 3

cse201 eseld +1
SOLUTION:
cse’ @+ 2cscl -3

eset 01

(o0 Aol —1)
{csed + Dcscd —1)
_csef+3

Factor the numerator and denominator.

= Divide out common factor of (esed —1).
cscll + |
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5-2 Verifying Trigonometric Identities

19. FIREWORKS If a rocket is launched from ground level, the maximum height that it reaches is given by h =
v2sin2fl
2g
and g is the acceleration due to gravity, 9.8 meters per second squared.
i

, Where @ is the angle between the ground and the initial path of the rocket, v is the rocket’s initial speed,

. v2sin2d  v2ian20
a. Verify that = o
2y 2esec2d
b. Suppose a second rocket is fired at an angle of 80° from the ground with an initial speed of 110 meters per
second. Find the maximum height of the rocket.
SOLUTION:

a.

o i
sin”

o 3 ¥ ¥
v tan® & | cos” )

§ ! A
2g 5 |
\ cos* &)

=

- Quotient and Reciprocal ldentities
2osec

J v sin® @

= Divide out the common factor :
2z cos” @

. v'sin'@ :
b. Evaluate the expression : :'"- forv=110m, &#=80° andg=9.8 mis’.

F
F

v sin® @ 1107 sin” 80°
2g 2(9.8)
= 5087
The maximum height of the rocket is about 598.7 meters.

eSolutions Manual - Powered by Cognero Page 9



5-2 Verifying Trigonometric Identities

Verify each identity.

20. (csc & +cot €)(1—cos &) =sin #

SOLUTION:
(cscf + cot (1 —cosd)

=esed —esefeosd + cotd —cotfeosdd Multiply binomials.

I [ 1 ] (cnsﬂ
= —| —— [cosH +
sinf? L sind sind

] cos@ cosf cos' @

E sind 3 sind = sinf? - sinét

| ~cosf + cosf - cos” f
B sinf

| —cos” &

Y

" sin’ @

Y

=sinf

21.sin° @ tan® @ =tan> @ —sin® @

SOLUTION:
tan’ @ —sin” @

sin’ @ 3

i

cos
_sin’ @

= ——— —5in° &4l

Cos

_ :‘-u'u::‘? ksl E)[ cos H]

»
cos” cos™

M .l
sin”

= sin@ sin’ dcos” O

T 1
cos” ¢ cos™ 6
. ¥ . 5
sin” #—sin” fcos

cos @
_sin” @(1—cos” )
B cos” @
~ sin” @sin” &

pd
cos”

=sin’ & sin’ 0
cos’ &

=sin” ftan” &
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sin?

] k [-::ust? ]cﬂg ! Reciprocal and Quotient Identities

Multiply.

Write as one fraction with
a common denominator,

Simplify numerator.

Pythagorean Identity

Divide out common factor,

Quotient Identity

Multiply by 1.

Rewrite 1 using the common denominator.

Multiply.

Write as a fraction with a common denominator.

Factor the numerator,

Pyvthagorean ldentity

Factor.

Quotient Identity
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5-2 Verifying Trigonometric Identities

ltan2@ _ cos201

22. =
leor2@  cos20
SOLUTION:
1—tan’ @
1-cot’ @
|- sinz‘ﬂ
_ cns: (2]
i i.!'i.'JS: [
sin~ @

cos” O N sin’ @
_cos’ @ cos’ @
sin" @ cos @
sin®@ sin’ @

cos @ —sin’ @

cos’ @
sin’@—cos’ ¥
sin“ @
_cos’@-sin’d  sin’@
- cos” ¢ sin” @ —cos” @
o mszﬂ—{l—coszﬂ}‘
- cos’ @ (1—cos’ #)—cos @
—1+2cos’ @ 5, ~cos @
 cos'd | -2cos’ @
_—{1-2cos’8) 1-cos’8
cos’d  1-2cos’ O

) —{1-2cos’ ﬁ}(l —cos” EJ)
- cuszﬁ(l—iuusjﬁ}

s cos” ()
. cos’d
~cos 01
 cost
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Reciprocal ldentities

Rewrite | using the common denominator.

Write numerator and denominator as a fraction with a common denon

Multiply by the reciprocal of the denominator,

Pythagorean Identity

Simplify the numerator.

Factor out — | in the numerator.

Multiply.

Divide out the common factor of {1 ~2¢os’ H‘).

Simplify the numerator.
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5-2 Verifying Trigonometric Identities

23 1+ csel?

secld
SOLUTION:
|+ cscdd
sectd
e
sin

|
cosf
sind » |
_sing _sin#
1
cosfd
- siné? +1
~ sind
1
cos i
_sinf+1 cos#
~ sing |
_ sindcosd + cosd
- sind?
_sinflcosf! " cosd

sinf sind
cos (7
sind?

= cosi? + cot

=cos ) +

=cos & +cot &

Reciprocal Identity

Rewrite | using the common denominator.

Write the numerator as a fraction with a common denominator.

Multiply by the reciprocal of the denominator.
Write as a fraction with a common denominator.
Write as two fractions.

Divide out the common factor of sinf,

Quotient Identity
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5-2 Verifying Trigonometric Identities

1=cost
1+ cost?

24. (csc @ — cot 0)% =

SOLUTION:

(cscd —cot8)

= {csc i — cot @) csc ! — cot )
=csc” @ - 2escleotd + cot”

| 2 cosf cos'd

sin@ sing sin@  sin’ @
*
| 2eosd cos
* .l e " . + + p
sin @ sin" & sin &
1—2cosd +cos’ @
s . 1
sin” &

¥
~ 1=2cosf +cos ¢

| —cos’ @
{1-cos@)
z (1+cos@)|—cosd)
| =cosd!

| +cosd
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Rewrite as a product of two binomials.

Multiply binomials.

Reciprocal and Quotient Identities

Multiply fractions.

Write as a fraction with a common denominator.,
Pythagorean ldentity

Factor the numerator and the denominator,

Divide out the common factor of (1 —cosd).
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5-2 Verifying Trigonometric Identities

1+ tan2@ 1
ltan2  2eos201
SOLUTION:

1+ tan” @
I-tan’ @
- :-sir]i-‘?
- Lﬁ Quotient Identity
jiis sin” ¢
cos’ @
cr:s."'. ﬂ. i _sin"'“f?
_cos 8 cos O
 cos @ sin‘?ff

25.

Rewrite | using the common denominator.

cos’# cos’ @
cos® @ +sin @

cos @

R Write the numerator and the denominator as a fraction with a common denomin
cos™ & —sin”

p
cos”
il M 3 3
cos” 4+ sin” & cos® &

5 - — Multiply by the reciprocal of the denominator,
cos” 7 cos @ —sin” @

cos” |!‘f"(-::r::|:33 &+ sin’ ﬂ‘]

B cos” E(cusl & - 5i|t"6‘}

Multiply.

3 .
cos” 0+ sin° - 3
= Divide out the common factor of cos™ &
cos™ @ —sin” &

= : Pvthagorean Identity

cos’ @ -sin @

- |

i cos’ & —(1-cos” &)
B |
cos’@—1+cos’ @

1 Y ;
- Simplify the denominator,

>
2eos -1

Pythagorean ldentity

Muliply in the denominator.
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5-2 Verifying Trigonometric Identities

26. tan2 & cos2 2 =1- cos2 £

SOLUTION:
tan’ dcos’ ¢
= sm'rf:’-‘ -cos’ # Quotient ldentity

cos”
_sin f)rins i Multiply.

cos” £

=sin’ @ Divide out common factor of cos’ &.
=]-cos’ # Pvthagorean ldentity

27.sec #—cos ! =tan ¢ sin

SOLUTION:
secf! —cosd

—cosf! Reciprocal Identity
cost!

¥
1 cos” ; F :
- o Rewrite cos @ using the common denominator.
costl  cosd

| —cos’ @ ;
=" = Add fractions.
cos
sin® @ .
L, Pvthagorean Identity
cosfd
sind? sind . . L.
= " — Rewrite as a procuct of two fractions.
costd |
= tan @sind Quotient Identity

28.1-tan* 9=2sec? 9 sec* 0
SOLUTION:
I —tan' @
=(1—tan’ @)1 + tan’ &) Factor difference of two squares.
=[1—-(sec” & —1)|(sec’ 8) Pythagorean ldentities
=[1-sec’ @+ l}][RL‘C: #)  Distributive Property
=(2 —sec” )(sec’ &) Simplify.

=2sec’ @-sec' @ Distributive Property
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29. (CSC g _ cot 9)2 - Ii‘.'ﬂ."iﬂ'
1+ cost
SOLUTION:
(cscé —cotd)
| cos : ] . B
=[—_ — ] Reciprocal and Quotient Identities
sinf?  sind

Add fractions.

4 [I —cnsﬂ]:
gind

(- costd)’
sin’ @
- L —u:ﬂs._?;i' Pyvthagorean Identity
l=cos ¢

" (1 -cos@)] —cosd) pei
(1+ cos@)] —cosd)

_1-cos0
| + cosd

Power of a Quotient

Divide out common factor.

1+ feni?
—————=3ec
sinl? + cose)
SOLUTION:

| + tan &

30.

sin é + cost!
sin i
|4
_ cos
sind + cosd

cosf!  sind
+

CQuotient Identity

= cosd cosd Rewrite 1 using the common denominator,
siné + cost
cosé +sind
= FCLH Write the numerator as a fraction with a common denominator.
sinfl +cosd?
cosf! +sin 1 ; : ;
= - — Multiply by the reciprocal of the denominator.
cosfl sinf + cosd
cosé +sind ;
= - Multiply.
cosO(sin@ + cosd)
1 e -
- Divide out the common factor of (sin@ + cos#).
cosd
=secd Reciprocal Identity
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5-2 Verifying Trigonometric Identities

31.

32.

33.

- SR i g,
2+ (.‘.L(}'.ELH'J_-" =(sin # +cos & )2
"_‘“'{;.N'{’('ﬁ

SOLUTION:

2+ cscfsect?

csefsecd
2 cscfsecd s S
= + Write as a sum of two fractions,
cscflsecd?  csclsecd
: 2 0l cscfsect
csctsecd csc secd
| 1 ; 2
=2- . i Write as a product.
cseld secd cse P sec

=2sinfcost + (sin” @ + cos’ #) Reciprocal and Pythagorean Identities

=sin’ @+ 2sinfcos@+cos @ Commutative Property of Addition

=(sin & + cos @Y Factor Perfect Square Trinomial.

OPTICS If two prisms of the same power are placed next to each other, their total power can be determined using
z =2p cos &, where z is the combined power of the prisms, p is the power of the individual prisms, and 4 is the
angle between the two prisms. Verify that 20 cos =20 (1 — sin? 1 )sec .

SOLUTION:

2p(l —sin” @)sect = 2pcos” Osectl  Pythagorean Identity

=2pcos” - Reciprocal Identity

cost
=2pcost! Divide out the common factor cosd.

PHOTOGRAPHY The amount of light passing through a polarization filter can be modeled using I =1 cos? 4,
where | is the amount of light passing through the filter, I, is the amount of light shined on the filter, and ¢ is the

. . . . im
angle of rotation between the light source and the filter. Verify that I . cos® 6 = I, — TR
cof 26+
SOLUTION:
i \I
e # =/ | 1- \; | Factor,
cot™ &+ 1 cot"8+1)
' I kY )
= I_.“| | =— Pyvthagorean Identity
Loeset )
=1 (1 —sin" 8) Reciprocal Identity
=1, cos” @ Pythagorean ldentity
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5-2 Verifying Trigonometric Identities

GRAPHING CALCULATOR Test whether each equation is an identity by graphing. If it appears to be
an identity, verify it. If not, find an x-value for which both sides are defined but not equal.

fanx+1 _ 1+cotx

34. =
farxl leotx
SOLUTION:
tan x + | | +cotx
Graph Y= and then graph Y2 =———
tanx = | | =cotx
T+cotx
= fanx+1 ¥ =
Yi= fan ¥ —1

A\ L\
RARRRREN

(~2m, 2z scl: 5 by [~4,4]scl: 1 [—2a, 2m) scl: 5 by [—4, 4] scl: 1

The graphs of the related functions do not coincide for all values of x for which both functions are defined.
Using the CALC feature on the graphing calculator to find that when x = @, Y1 =-1 and Y2 is undefined.
Therefore, the equation is not an identity.
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5-2 Verifying Trigonometric Identities

35.secx+tanx =
AT

SOLUTION:

Graph ¥1=secxy+tanx and then graph Y2 =

Eoxrany

/

i ]

1

secx —tanx

/)|v1 = SEC X + tan x|

[—2m, 27] scl: % by [—4, 4] scl: 1

The equation appears to be an identity because the graphs of the related functions coincide. Verify this

algebraically.
1

[

SeCcy—tany

] sin x

COsY  COsY

l-sinx

C

058X

COs5 X

sinx

cosxy  l+siny

sinx l+sinxy

_ROsX T+ Sinxcosy

| —sin” x

_ROSX T Sinxcosx

cosxY

CoOs™ X

Sin X cos .y

- ]
COs™ X

cos X
sinx

CO5Y CQOs5X
=secy+tanx ¥
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Y2

T secx—tfanx

1

\

.\
|

‘\.,.

‘?‘\

e

[—2m, 2x] scl: 5 by [—4, 4] scl: 1

Reciprocal and Quotient ldentities

Subtract fractions in the denominator.

- l-sinx  cosx

COS X | =sinx

Multiply numerator and denominator

by the conjugate of the denominator.

Multiply.

Pythagorean ldentity

Write as a sum of two fractions.

Divide out the common factor cos x.

Reciprocal and Quotient Identities.
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5-2 Verifying Trigonometric Identities

leosx
36.seczx—ZSecxtanx+tan2x= - .
| + cosx

SOLUTION:

] . I. &
Graph Y1 = sec® x — 2 sec x tan x + tan’ x and then graph Y2 = ——

|+ cosx
Y1 = sec? x — 2 sec xtan x + tan? x|

\
[—2%, 2] scl: % by [—4, 4] scl: 1 [—2%, 2x] scl: ; by [—4, 4] scl: 1

The graphs of the related functions do not coincide for all values of x for which both functions are defined.
Using the CALC feature on the graphing calculator to find that when x =0, Y1 =1 and Y2 = 0. Therefore, the
equation is not an identity.

_1—cosx
V2= 1+c05x

iy
37. cotal =1 2sin’x
1+corlx
SOLUTION:
-
Graph Y1 = -””‘_ll and then graph Y2 =1-2 sin’ .
1+ cor2x
[
2 -
V=SSt [Y2=1— 25sin? x|
N . BN 4, Y.
O S [T N TR T 2 [T A T

[-2%, 2%] scl: ‘2‘ by [—4, 4] scl: 1[=2%, 2x] scl: % by [—4, 4] scl: 1

The equation appears to be an identity because the graphs of the related functions coincide. Verify this
algebraically.

cot’ x—1 cot® x~I

— = . Pvithagorean Identity
l+cot”x  csc x

]

cosT oy |
= ‘“"+ Quotient and Reciprocal Identities
sin” x
cos’x ., 1 .3
=| ——=1|sin" x | +———=sin"x
LEInT X J sm-x
=C0s X-=sin" X Multiply and divide out common factor.

. 2 . .
=(l=sn"x)=s5m"x Pythagorean Identity

=1-2sin’x v Simplify.
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5-2 Verifying Trigonometric Identities

tanxsecx _ tan2xl

38. =
fanx + secx sec2x
SOLUTION:
fanxsecy fen2xl
Graph Y1= and then graph Y2 = .
Felhx + seex sec2x
\I'r - tan x —Sec x
T lan X + Sec x

[ i
AYAY
2=, 2] scl: 7 by [—4, 4] scl: 1

tan? x — 1
[ 2= sace X

SN NN

[—2w, 2] scl: 3 by [—4, 4] scl: 1
The graphs of the related functions do not coincide for all values of x for which both functions are defined.
Using the CALC feature on the graphing calculator to find that when x = ?_: , Y1 = —0.17 and Y2 = 0. Therefore,

the equation is not an identity.
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2

39. cos2 X —sin“ x =

SOLUTION:

Graph Y1= cos® x — sin® x and then graph Y2 =

CONXTany

fahx + colx

¥1 = cos? x — sinax|[
T AR % Tl 1 bR o OO
We WS NS ONS

3

[—2%, 2]

scl: 5 by [—4, 4] scl: 1

T 5, V0P 4 PR 8, T
WeOOows NS

__ cot x—tan x
Y2= tan x < cot x

[—2m, 2x] scl: 5 by [—4, 4] scl: 1

The equation appears to be an identity because the graphs of the related functions coincide. Verify this

algebraically.

cotxy=tanx

cosx SNy

siny  cosx

lanx + <ol x

sinxy Cosx

cosx  sinx

3 . 3
CO5™ X S5 X

SiNXcosY  sinycosy

=2 2
sm x p COs ¥
T

SINXCOSY  SINXYCOSY

cos’ x—sin x
SiNXEOsY

sin® x +cos” x

SINXCOSY
Ccos” X —sin® x

T v o ]
SM- X+ Ch5™ X

=Cos X —sin-x ¥
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COFXIanx

fahix + ool

Quotient Identities

Multiply to change to common denominators,

Addd fractions in numerator and denominator.

Multiply numerator and denominator by (sin x-cos x).

Pythagorean Identity
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Verify each identity.

sinxtanx .
40. II— = sinx
Secx

SOLUTION:

||-3in xtamx
SeCxY

sin~ x

COSX
|

COsY

. W
B ||5|n'.r COs Y
Cosx |
=+/sin” x

= sinx| ¢

|| seex] secxl
41. =
seex+1 |anx]

SOLUTION:

\/su.:c.r—[ _Jﬁcq.:.r—] {scc.r—l
secx+1 secx+1 Vsecx—1
B }{sec.r—lf

15 sec” x—1
[{secx—lf
V otan’ x

secy =1
raftratce S | I 5

tanx

42.In cscx+cotx +In cscx—cotx

SOLUTION:
Infese x + cot x| + Infese x — cot x|

=In

(esex +cotx)(esex —cot x]l
=In |usc! x—cot’ .t|

=In|l|
i) o

eSolutions Manual - Powered by Cognero

Quotient ldentities

Multiply (sin x)Msin x).

Multiply by reciprocal of denominator,

Divide out the common factor of cos x.

Simplifv the square root.

Multiply numerator and denominator by conjugate of the denominator.,

Multiply in the numerator and denominator.

Pythagorean Identity

Simplify the square root of numerator and denominator.

Froduct Property of Logarithms
Multiply.

Pythagorean Identity

Simplify,

Page 23



5-2 Verifying Trigonometric Identities

43.

44,

45.

In cotx +Ih tanxcosx =In cosx

SOLUTION:

In

cot _1'| +In

tan .1.'cusx|

oSy sinx

=In +In CCOS Y Quotient ldentities

sinx COSX

s Y

=In

——|+ Insin x| Divide out common factor cos x.
sin x

COs X

=In -sinx Product Property of Logarithms

5Ny

= In|n:nﬁ .1-| v Divide out common factor sin x.

Verify each identity.
sec? 0 +tan® 6 =sec” 0 —tan” 0
SOLUTION:

Start with the right side of the identity.
sec' @—tan' @

=(sec’ @+ tan’ A)(sec’ & —tan’ @) Factor.

=(sec’ @+ tan” @tan” @ + 1 —tan” &) Pwvthagorean Identity
=(sec’ @ +1tan’ @)1) Combine like terms,
=sec’ f+tan” @ ¥ Multiplicative Identity

—2cos’ 8 =sin” @ —cos® @ —1

SOLUTION:
Start with the right side of the identity.
sin' @ -cos' 81

=(sin” @ +cos’ @)(sin” @ —cos” §)—1 Factor (sin” @ —cos' ).
= (1)1 -cos’ & —cos” @)1 Pythagorean ldentities
=1-cos @ —cos’ 01 Multiply.

=—2cos’§ v Add.
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46. sec’ 0 sin® 0 = sec” — (tan4 0 + sec’ )

SOLUTION:
Start with the right side of the identity.
sec’ @ - (tan” & + sec” @)

=(sec' @ —tan' @) -sec’ @ Distributive and Associative Properties of Addition
= (sec’ & —tan’ @)(sec” @+ tan” §) - sec” O Factor,
= (I)(sec’ @ + tan” &) —sec” & Pythagorean Identity
=sec’ @+ tan” § —sec” & Multiply.
=tan’ @ Add.
= Si"iﬁ Quotient Identity
cos
= iﬂ kL Write as product of two fractions.
cos @ |
=sec’ fsin’ @ v Reciprocal ldentity
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47.3sec’ 6 tan® @ +1=sec® 8 —tan® @

SOLUTION:
Start with the right side of the identity.
sec’ @ —tan" @

=(sec’ @ —tan’ O)(sec’ @+ 1an’ )
=(secd — tan &) sec” &+ secHtan & + tan” &) -

(secd + tan@)(sec” O —secHtan @ + tan” )

Factor difference of squares.

Factor sum and difference of cubes,

=(secH — tan &) secd + tan F)(sec” § + secHtan & + tan” 6)-

(sec’ @ —secOtan O + tan” )

=(sec’ # —tan’ 1+ tan &)+ secd tan & + tan” a1
[(1+ tan” &) — secOtan & + tan” 8]

=11+ 2tan” & + sec&tan &) -
(1+2tan’ @ - secftan )

Commutative Property of Multiplication
Multiply and replace sec’@ with |+ tan” @,

Pvthagorean ldentity and Additon

= [{] +2tan’ r?} +secdtan {?} [{I +2tan’ {?) —secftan {?J Associative Property of Addition

=(1+2tan” @)’ —(secHtan gy’
=l+4tan” 6+ 4tan’ & —sec’ #tan’ ¢
=1 ~:-{4IE|11:H-:—4li|11"€—5&f.'"€lz|n!&]
=1+tan’ 0(4 + 41an’ 0 —sec’ 0)

=1+ tan” G4+ d(sec” & - 1) —sec” )
=1+tan’ (4 + dsec’ @ - 4—sec’ @)
=]-+tan &(3sec’ )

=1+3tan’ Osec’ @

=3sec” ftan’ @ +1 v

48. sec4x= 1+ 2tan2x +tan4x

SOLUTION:
Start with the right side of the identity.
1+ 2tan” x +tan” x

Product of sum and difference of two terms.
Square each expression.

Associative Property of Addition

Factor.

Pythagorean Identity

Distributive Property

Combine like terms.

Multiply.

Commutative Property of Addition

¥ a3 '\l P
=|+2sec” y—D+{sec  x-1y Pythagorean ldentities
2 1 2 .
=l+2sec” x—2+s5ec” x—2s5ec" x+1 Distribute and square,
4 . 5
=sec' x v Combine like terms.
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49, sec2 X csc2 X = sec2 X + c502 X

SOLUTION:
Start with the left side of the identity.
SEL‘: ,\'ESL‘: X

={tan’ x + )esc’ x Pvthagorean ldentity
- I
s x 1 . . ..
:[ — +1 t " } Quotient and Reciprocal Identities
, COS™ X sin” ¥
1 | .
= + Multiply.

- TPl
Cos™ X sinTx
=sec” X+esetx v Reciprocal Identities

50. ENVIRONMENT A biologist studying pollution situates a net across a river and positions instruments at two
different stations on the river bank to collect samples. In the diagram shown, d is the distance between the stations
and w is width of the river.

P————
Qe

a. Determine an equation in terms of tangent o that can be used to find the distance between the stations.
. cos(90°
b. Verify that d = *<250V" %)
oSy
€. Complete the table shown for d = 40 feet.

20 40 60 80 100 120

d. If @ >60° or & <20, the instruments will not function properly. Use the table from part ¢ to determine
whether sites in which the width of the river is 5, 35, or 140 feet could be used for the experiment.

SOLUTION:
a.
opp

lange = —— Tangent ratio
ad

tan e = L) opp =d and adj = w
W
wiano = Multiply each side by w.

o =wtanea Svmmetric Property of Equality

b.
o =wiang
wsina . .
= Quotient Identity
cosa
weos(90° — & e .
ool —a) Cofunction Identity
oS
c.
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o
tan @ = —
w
A
g =tan" |
w !
{ Y !
& = tan '|ﬂ =63.4 o = tan '(ﬂJfom.ﬁ
\ 20 . 80
[ 40 Ao\
a=tan"'| ﬂ =45 & = lan '| ﬂ =218
40 ) L 100 )
(40 40
cz:lzm't } =33.7 c;f:tun'( - =184
al ) 20

20 | 0 | 60 | 80 | 100 | 120
63.4| 45 [33.7|26.6/21.8(18.4

d. Sample answer: If w = 5 then @ will be greater than 63.4° since 5 < 20. If w = 140, then & will be less than

18.47 since 140 > 120. If w =35, then 45° < & <63.4" since 35 is between 20 and 40. The sites with widths of 5
and 140 feet could not be used because & > 60 and & <20“, respectively. The site with a width of 35 feet could

be used because 20° < <60”.
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HYPERBOLIC FUNCTIONS The hyperbolic trigonometric functions are defined in the following ways.

. |
sinhx = = (e —e™)
2

cosh x = ; (€€ +e™)

sinhx
tanh x = -
coshx
1
cschx = — , X # 0
sinhx
sech x = -
coshx
1
cothx = - X #0
tanhx

Verify each identity using the functions shown above.
2 .2
51. cosh”™ x —sinh™ x =1

SOLUTION:

cosh®—sinh?® x Start with the lefi side,
1 y 3 : : g 2

= I{v‘ +e ') - El[v‘ o A Replace cosh and sinh with definitions.
] Ir Iy Iy Ty z 5

= -4-[#' $24e7 =™ =24)] Factor and square each expression.
| =] r =] 1 = i .

=—[e" +2+e e +2-¢"] Distribute the negative,
4

= S (4) Combine like terms.

=] Multiply.

52. sinh (—x) =-sinh x

SOLUTION:
sinh{—x) Start with the left side.
[ : . ; : :
=:[t’ e “] Substitute — x for x in defintion for sinh.
| —X % = '
==l =) Simplify.
= :{ - +e") Commutative Property of Addition
_—E(!:’ —& ") Factor out —1.
=—| ;{v‘ —e }-‘ Associative Property of Multiplication
=—sinhx + Substitute,
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53. sech2 x=1- tanh2 X

SOLUTION:
I —tanh® x Start with the right side.
sinh? x .. sinh
=]- - Replace tanh with ——.
cosh™ x cosh
T . ]
cosh™x  sinh™ x . .
= — - : Change to common denominators.
cosh” x  cosh™ x
cosh® x —sinh” x :
= - Add fractions.
cosh™ x
] " ¥ . ¥
= — From Problem 51, cosh”x =sinh” x=1.
cosh” x
=sech’x Replace with sech x.
cosh x
54. cosh (-x) = cosh x
SOLUTION:
cosh(—x) Start with the left side.
Ir - o ; : . —
= -;;-[:* “ 4 e 9] Substitute — x for x in definition for cosh.
(R _
=;{e +e') Simplify.
 —— " - -
= ;{r' +&7) Commutative Property of Addition
=coshx v Substitute.
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GRAPHING CALCULATOR Graph each side of each equation. If the equation appears to be an

identity, verify it algebraically.

SECX tan xsecx

55. — =
COSY C5CX
SOLUTION:
secx  tanxsecx
Graph Y1 = i ol and Y2 =1.
COSY CsCx
R /L .
[ rf
_ SBC X _ fan XSeC x SEC X tan x Sec x
Y= tosx CSC X Y=Tosx ~ " tscx

(—2m, 2= scl: - by [-4,4lsck 1 [_pm 23] ol = by [—4, 4] sck: 1

The graphs appear to be the same, so the equation appears to be an identity. Verify this algebraically.

SeCy  lan xsecx 2 3 o A T
- Start with the left side of the identity.
COs X [
siny |
I | 6% BOEX : : =
= . ~£O3 €054 Quotient and Reciprocal ldentities
COSX COSX I
sinx
sin x
] g ' —
= — e X Multiply fractions.
cos™ X |
sinx
1 sin” x : ; x :
=—— Multiply by reciprocal of the denominator,
Cos™ ¥ Cos™ X
3 3 . P a
=sec” x—tan” x Reciprocal and Quotient Identity
=] « Pythagorean Identity
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2
56. sec X — €OS~ X CSC X = tan X Sec X

57.

SOLUTION:

a1 1 12

L}-"= SeC X — COSE XCsC X

AT

A

y=tan xsec x

[—27, 27] scl: % by [—4, 4] sc: 1 [—2mw, 27] scl: % by [—4, 4] scl: 1

0052 X CSC X # tan X SECX.

(tan x + sec x)(1 — sin x) = cos X

SOLUTION:

Graphs are not the same so sec X —

y=C0s X
e g o

Y . T
o

gl

|
|y = (tan x + sec (1 — sin x)
| L ]

R

[—2w, 27] scl: % by [—4, 4] scl: 1 [-2x, 27] scl: %by [—4, 4] scl: 1

(tanx +secx )] —sinx)

=lanx —@anxsiny +secx —secxsiny

sinxy . | ]
SSINY +

=tanx—

COsX CORXY  COSXY

sin° x | sinx
=tanx - + —
COS X COS XY COs Y

sin” x

|
+ ——tanx
COSXY COsX

=tanx-—

.
sin- x 1
=~ +
COsS Y COs5 XY

__ 1 osin’x
eosX  cOsX
_l-sin’x

- Cos.x
_cos’x

- Cos.x

=gosx v
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Start with the left side.

Multiply binomials.

-siny Quotient and Reciprocal ldentities

Multiply.

Quotient Identity
tanx=tanx =0
Commutative Property
Add fractions.

Pythagorean ldentity

Divide out common factor.
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58.

59.

SECXCOSY 1

— =-1
cer2x fan2xsin2xtanlx
SOLUTION:
y= SBC XCOS X 1
cot? x tan? x — sin2 xtan? x
¥i :
][ I
= _!f'll — _1
(-2, 2x] scl: 5 by [—4, 4] scl: 1 [—2m, 2x] scl: - by [-4, 4] scl: 1
The graphs are not the same, so ol # -1

cot” x tan” x —sin” xtan” x

MULTIPLE REPRESENTATIONS In this problem, you will investigate methods used to solve trigonometric
equations. Consider 1 = 2 sin x.

a. NUMERICAL lIsolate the trigonometric function in the equation so that sin x is the only expression on one side
of the equation.

b. GRAPHICAL Graph the left and right sides of the equation you found in part a on the same graph over [0, 27).
Locate any points of intersection and express the values in terms of radians.

c. GEOMETRIC Use the unit circle to verify the answers you found in part b.

d. GRAPHICAL Graph the left and right sides of the equation you found in part a on the same graph over —2m < x
< 2. Locate any points of intersection and express the values in terms of radians.

e. VERBAL Make a conjecture as to the solutions of 1 = 2 sin x. Explain your reasoning.

SOLUTION:
a. 2sinx=|
2sinx o |
-
; ]
sinx=—
2
b.
—
i
¥ o \V
N
I}r = sintx‘

[0, 2] scl: - by [-2, 2] scl: 1

. k. ; 5
The graphs ofy =sinx andy = - intersect at : and : over [0,2 7).
2 i )
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c.
Ly
D NG
—t— o E X
d. |
il NN
F AP T b T
)V
[y:sinx_

[—2m, 27] scl: % by [-2, 2] scl: 1

. 1 . llm; Tn = 5n
The graphs ofy =sinx andy = - intersectat ———, ———, — and —
2 6 6 6 6

over (—2m, 2n).

e. Sample answer: Since sine is a periodic function, the solutions of sin x = ., are

T n ) o . R
X = 6 +2nwand x = +2n, where n is an integer.
¥

60. REASONING Can substitution be used to determine whether an equation is an identity? Explain your reasoning.

SOLUTION:

Sample answer: Substitution can be used to determine whether an equation is not an identity. However, this method
cannot be used to determine whether an equation is an identity, because there is no way to prove that the identity is
true for the entire domain.
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61. CHALLENGE Verify that the area A of a triangle is given by
alsinfisiny
2sin(f+ )

A=

where a, b, and c represent the sides of the triangle and ¢, /, and » are the respective opposite angles.

SOLUTION:
Using the Law of Sines, L ,S0b = m.m"{ .
¥ &l Nk
1 . : .
A= = absin y Area of a triangle given SAS
1 (asinf) .
A== a|= ~_.|n /£ sin Substitution
2\ sme |
A= uﬂ.vfﬂlfﬁ'ﬂyf Multiply.
2sinee
A alsinfisiny +f+y=180 180°— (8 +7)
= a = ° s0q= °— .
25in[180°( 5 + 7] ! !
A= Sine Sum Identity
aZsinfsiny :
A= - sin 180° =0, cos 180° =-1
2[0-cos(F+ ) Dsin( fF+ )]
alsinfBsiny N
A= A Simplify.

2sin( fi+y)

62. Writing in Math Use the properties of logarithms to explain why the sum of the natural logarithm of the six basic
trigonometric functions for any angle 6 is 0.

SOLUTION:

Sample answer: According to the Product Property of Logarithms, the sum of the logarithms of the basic
trigonometric functions is equal to the logarithm of the product. Since the product of the absolute values of the
functions is 1, the sum of the logarithms is In 1 or 0.
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63. OPEN ENDED Create identities for sec x and csc x in terms of two or more of the other basic trigonometric
functions.

SOLUTION:
Sample answers: tan x sin x + cos X = sec x and sin X + cot X oS X = €SC X

tan xsinx + cosx = SN X+ COs X

COS X
sin” x
=—— 4COSX
COS Y
l1=cos™ x
=t 05X
COs Y
|
= COSX +Cos5Y
COsX
]
CO5 X
= SeCY
: 5 COE X
SINX+COLXCOSY =s5INY +— G055 X
sin x
. CcOs™ X
=sinx + ——
sinx
) l1-sin"x
=sinx + —
sinx
=siny+———sinx
smmx
]
sin.x
= 50X

64. REASONING If two angles @ and f# are complementary, is cos’ a + oS> B = 1? Explain your reasoning. Justify
your answers.

SOLUTION:
Yes; sample answer: If & and /i are complementary angles, then & + f =90°
cos? @ + cos? fii

= cos® a + 0052(90° — ()

— cos® @ +sin® @=1.

65. Writing in Math Explain how you would verify a trigonometric identity in which both sides of the equation are
equally complex.

SOLUTION:

Sample answer: You could start on the left side of the identity and simplify it as much as possible. Then, you could
move to the right side and simplify until it matches the left side.
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66.

67.

68.

69.

Simplify each expression.
cos & csc ¢

SOLUTION:
]
cosfescld =cost)-——
sind
~cosf
sind?
=cotd
tan f? cot ﬁl
SOLUTION:
tan @ cot & = sin _ cosfd
cosf sind
=1
sin & cot &
SOLUTION:
sin@eotd? =sind - C'.:Eﬁ
sindl
=cosi
cosBcesc?
ferni?
SOLUTION:
cost |
cosfescd | sind
tan ~ sinf
cosfd

_cosd) cosd!
sin@ sind
_cos’ @
sin’ 0
=cot”
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Reciprocal Identity

Multiply.

Quotient ldentity

Quotient Identities

Divide out the common factors,

Quotient ldentity

Divide out the common factors,

Reciprocal and Quotient Identities

Multiply by reciprocal of the denominator.

Multiply fractions.

Quotient ldentity
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0. sinfescd
cord
SOLUTION:
sind? ) I
Ll 1 sind Reciprocal and Quotient ldentities
cotd cost!
sin ¢
| sind .. . .
== Divide out common factor of siné
| cosd
and multiply by reciprocal of denominator.
sind
= Multiply,
cos? P
= tan ¢ Quotient Identity
71 1=cos2
sin26
SOLUTION:
1 - cos’ sin” @+ cos” @) —cos” @ )
_u.rb i = ( - ) Pythagorean Identity
sin” & sin- 5 ¥
= 5!": . Combine like terms.
sin~
=] Divide out the common factor of sin” &,
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72. BALLOONING As a hot-air balloon crosses over a straight portion of interstate highway, its pilot eyes two
consecutive mileposts on the same side of the balloon. When viewing the mileposts, the angles of depression are
64“ and 7°. How high is the balloon to the nearest foot?

SOLUTION:

c 1 mi = 5280 f D E
First, find the measures of .« CAD, 2 BCA, »ACD and + DAE.
mLCAD =647 =77

=57
meBCA =180 = (77 +907)
=83°
mLACH =90 - §3°
=7°
mL DAE =90° - 64°
= 26"
In aACD, use the law of sines to find the length of AD
sin37e : sin 7°

5280  AD
5280sin 7°
AD= & or about 767.3 feat
sin57°
Next, use right triangle ADE and the cosine function to find the length of AL .
cos26° = A5
AD
cos26° = AR
T67.3

AE =T67.3¢c0s26% or about 690 fi
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Locate the vertical asymptotes, and sketch the graph of each function.
1
73.y = — tan X
y 3, tAn

SOLUTION:
1 ?
The graph ofy = 2 tan X is the graph of y = tan x compressed vertically. The period is |T| or 7. Find the location

of two consecutive vertical asymptotes.

hy+o= i .’J.1.'+c'—E
2 2

s T

“}'I.'F” E and |:_|]"l."'”-5
0 -I'r . . J—[
.'I.——'j— .\—'2—

r.rlr.t
|J|ft

- . . I "
Create a table listing the coordinates of key points fory = 2 tan x for one period on ‘

. Inte rmedlate Vertlcal
Pomt As mptote

y =tan x - = 0, 0) 4-|

0,0) s x=1

1 T
y=4tanx X= = i
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74.y = csc 2x
SOLUTION:

| b2
1

| b

The graph of y = csc 2x is the graph of y = csc x compressed horizontally. The period is or . Find the location

of two vertical asymptotes.

fv+ec=-m hyv+c=nm
(2)x+0=-x and (2)x+0=n
b 3 n

x= x=
3 -

Create a table listing the coordinates of key points fory = csc 2x for one period on

t2 | =
t2 ] A

Function Intermediate Intermediate
Asymptote Point Asymptote Point symptote
y = CSC X X = -t i | x=0 :| =
y = CSC 2X X = =% ) X =0 -2 x="

Sketch the curve through the indicated key points for the function. Then repeat the pattern.

U M

-
- -

I

I

I
I ] I | 1 I
i —
Sx e x £ 3 3 ¥
ik ey 2 AT 2
[y=csc2x= it 3
LAt ¥ oy
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1
75.y = - sec 3X

SOLUTION:

I . . .. 27
The graph of v = _sec3x is the graph of y = sec x compressed vertically and horizontally. The period is |TT or
2

LT . . .
— . Find the location of two vertical asymptotes.
. )

T im
bx+c=—— byx+e=—
2 2
3x+ 0= L Jx+0= =
o | ¥
- and i35
; s ? IT
Ix=- Iy =—
2 2
T n
Xx=—— X=—
i) 2
I I
Create a table listing the coordinates of key points for v = —sec 3x for one period on —.;
Function Vertical Intermediate Vertical Intermedlate Vertical
Asymptote Point Asymptote Point Asym tote
= B _ im
y =Ssec x X === {0.1) . !
3 1 m = | m
y=—gecly X = s 0.5 r=— = r=—
-2 § < 3 = 2

T 9

|
el -
- _-a;||;|_-__-____
] |
%]
I
- _-m|=|_-_

Write each degree measure in radians as a multiple of & and each radian measure in degrees.
76. 660 °

SOLUTION:
i . HF .} i HR .
660" =660 it radians Mkl by x radians
. 180° )
- 1“ radians or HT'T Simplify.
3 3
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77.

78.

79.

80.

81.

570

SOLUTION:

{ iane
570'=570° T ra_c_l:am.]
L 180

_19m . 197
=—— radians or —
[ 6

158“

SOLUTION:

x radians 'J

158 =ISE[
180

SOLUTION:
29 29xn :
——=""" radians
4 -+

20n ; | 80
=—— radians| ———
4 w radians

= 1305

177
3]

SOLUTION:

177 17=x :
_=T radians

]

b

17 . ( 180
=—— radians| ——
6 \ T mdlansJ

=510

9
SOLUTION:

9 =9 radians

b
=0 radians[ i

 radians J
={ 1620 J
T

=515.7

eSolutions Manual - Powered by Cognero

Multiply by -
L T

Simplify.

Multiply by =
Py |80

Simplify.

. 180
Multiply by

Simplify.

. 180
Multiply by

Simplify.

Multiply by

Simplify.

Divide.

7 radians

w radians

i radians

i radians

180
7 radians
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82.

83.

84.

Solve each inequality.
x>~ 3x— 18>0
SOLUTION:
Let f{x)=x"=3x-18
=(x+3)x=0)
f(x) has real zeros at x = —3 and x = 6. Set up a sign chart. Substitute an x-value in each test interval into the

polynomial to determine iff (x) is positive or negative at that point.
(+) | (=), (*)

3 5 x

The solutions of x> — 3x — 18 > 0 are x-values such thatf (x) is positive. From the sign chart, you can see that the
solution set is {—=. — 3w (6.2},

x2 +3x — 28<0

SOLUTION:

Let f{x)=x"+3x-28
=(x+THx—=4)

f(x) has real zeros at x = —7 and x = 4. Set up a sign chart. Substitute an x-value in each test interval into the
polynomial to determine iff (x) is positive or negative at that point.

gt} =) . ()

oF f x

The solutions of x° + 3x — 28 < 0 are x-values such thatf (x) is negative. From the sign chart, you can see that the
solution setis (~7.4).

x2—4x§5

SOLUTION:
First, write x2 —4x<5as x2 -4x-5<0.
Let f(x)=x"=4x-5

={x+1)Kx-3)

f(x) has real zeros at x = —1 and x = 5. Set up a sign chart. Substitute an x-value in each test interval into the
polynomial to determine iff (x) is positive or negative at that point.

(+) . (=), (%)

A 5 x

The solutions of x2 — 4x -5 < 0 are x-values such thatf (x) is negative or equal to 0. From the sign chart, you can see
that the solution set is [~1.5].
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85. x% +2x >24
SOLUTION:

First, write X2 +2x > 24 as X2 + 2x — 24> 0.
Let f(x)=x"+2x-24
=(x+6)x-4)

f(x) has real zeros at x = —6 and x = 4. Set up a sign chart. Substitute an x-value in each test interval into the
polynomial to determine iff (x) is positive or negative at that point.

(+) . (=), (%)

6 4 x

The solutions of x2 + 2x — 24 > 0 are x-values such thatf (x) is positive or equal
to 0. From the sign chart, you can see that the solution set is (. — 6] w [4,).

86. —x° —x +12>0

SOLUTION:
First, write — x> — x +12 >0 as x° + x — 12 < 0.
Let f{x)=x"+x-12

=({x+4)x-13)

f(x) has real zeros at x = —4 and x = 3. Set up a sign chart. Substitute an x-value in each test interval into the
polynomial to determine iff (x) is positive or negative at that point.

The solutions of x° + x — 12 < 0 are x-values such thatf (x) is negative or equal
to 0. From the sign chart, you can see that the solution set is [-4.3] .
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87. —x2—6x+7§0
SOLUTION:

First, write — x2 —6x+7<0as x2 +6x—7>0.
Let f(x)=x"+6x-7
={x+THx-1}

f(x) has real zeros at x = —7 and x = 1. Set up a sign chart. Substitute an x-value in each test interval into the
polynomial to determine iff (x) is positive or negative at that point.

i*) =1, =}

7 1 x

The solutions of x? + 6x — 7> 0 are x-values such thatf (x) is positive or equal
to 0. From the sign chart, you can see that the solution set is (-, — 7] [L.ec).

88. FOOD The manager of a bakery is randomly checking slices of cake prepared by employees to ensure that the
correct amount of flavor is in each slice. Each 12-ounce slice should contain half chocolate and half vanilla flavored

1
cream. The amount of chocolate by which each slice varies can be represented by g(x) = : | x — 12|. Describe the

transformations in the function. Then graph the function.
SOLUTION:

. ) E . _ 1
The parent function of g(x) isf (x) = |x|. The factor of = will cause the graph to be compressed since |~/ <1 and

the subtraction of 12 will translate the graph 12 units to the right.
Make a table of values for x and g(x).

X 4 8 12 16 20
9(x) 4 2 0 2 4

Plot the points and draw the graph of g(x).

18
14

10

.r\/
Ol 2 | 6 [ 10 ] 14 ] 18

eSolutions Manual - Powered by Cognero Page 46



5-2 Verifying Trigonometric Identities

89.

90.

SAT/ACT
a,b,a,b,b,a,b,b,b,ab,b,b,b,a,...

If the sequence continues in this manner, how many bs are there between the 44th and 47th appearances of the
letter a?

A9l

B 135

C 138

D 182

E 230

SOLUTION:
The number of bs after each a is the same as the number of a in the list (i.e., after the 44th a there are 44 bs).
Between the 44th and 47th appearances of a the number of bs will be 44 + 45 + 46 or 135.
Therefore, the correct answer choice is B.
Which expression can be used to form an identity with e Fod , when
1+ rant!
tan & # —1?
F sin &
G cos ¢
H tan ¢
Jcsc ¢

SOLUTION:
1 I

sec@+cscl  omed | o ; : o
_ cosf sind Reciprocal and Quotient Identities

sin
1+ tan & g
cosits
sinf! cosi?
- cosfsinf_sindcost) Change fractions to common denominators.

cosf  sind
cosf cosd
sin + cos

_ _cosfsinfl
cosf +sind

cos

Add fractions.

siné+ cosd cosd : : : :
= Multiply by reciprocal of the denominator.

cosdsind : cosf +sind
|
" sing
=cscld Reciprocal Identity
Therefore, the correct answer choice is J.

Divide out the common factors.
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91. REVIEW Which of the following is not equivalent to cos #, when 0 < 6 < g

costd
cos26 + sin26
1=sin2@
cost
C cot & sin
D tan & csc @

A

B

SOLUTION:
: 14;.;1»; FJ- . cost or cost
cos” 1 +sin” @ |
—.'I 2 } - 5:
B, l-sin"¢ o N o =¢osd

cos cosf
cosf

C. cot@sinf = ~ginf = cosd

sin

.~;int’-ﬂl | 1
cosf siné  cosd
Therefore, the correct answer choice is D.

D. tanfescdd = 2 cosd

92. REVIEW Which of the following is equivalent to sin € + cot & cos #?
F2sin &
1

sind
H 0052 i
sint? + cost?
sin2e
SOLUTION:

costd cos i

sinf + cot fcosf =sinid + Reciprocal Identity

sindd |

: 05~ £ :

=sinf + u?\' Multiply.
siné

g -H.“ d | L*Tb £ Multiply siné by H!M ’

sind  sind sind?
= M Add fractions.

sindf

= .] Pythagorean Identity

sinf?

Therefore, the correct answer choice is G.
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