10-4 Trigonometry

Express each ratio as a fraction and as a
decimal to the nearest hundredth.

- A
L7 i
4{ 3 SRS . D
C 16 B

.SINA

SOLUTION:
The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. So,

sind= ﬂ — E = (), 810,
AC 20

.tanC

SOLUTION:
The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side. So,

A8 12
tanl = —=—=1075,
B 16

.COsA

SOLUTION:
The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse. So,

_AB 12

cos A= = — = {60,
AC 20
.tanA
SOLUTION:

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side. So,

tanA:E:Eﬂ 33,
AB 12
.cosC
SOLUTION:

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse. So,
._BC _16

cos( = — = 80,
AC 20
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6.sinC

SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. So,

-
L
AC 20

=

7. Use a special right triangle to express sin 6(°as a
fraction and as a decimal to the nearest hundredth.

SOLUTION:
Draw and label the side lengths of a 30°-60°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x+/3 and the
hypotenuse has a measure 2x.

The side opposite the 60° angle has a measure of
x+/3 and the hypotenuse is 2x units long.

Opp.

Hyvp.

Jix

C 2%

sin 60 =

3
T 9
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10-4 Trigonometry

Find x. Round to the nearest hundredth.

13 _ x .
ﬁﬁ'/ o 24
X / 5
/ =
b 9, i
8. V SOLUTION:
e sihe ot srle s eiad s et of e
The tangent of an angle is defined as the ratio of the PP ypotenuse.
opposite side to the adjacent side. _ 54
siN61° =—
X
; X
tan 52% = — . .
3 Multiply both sides by x.
Multiply both sides by 13. x-5in6l%=24
13- tan32°=x Divide both sides by sin 61°.
Use a calculator to find the value of x. Make sure 24
the mode of the calculator is in degrees. " an6l°
13tancS2 Use a calculator to find the value of x. Make sure
16.63924122 the mode of the calculator is in degrees.
245106l )
27 44843763
x=16.64
x=2744
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10-4 Trigonometry

10.

SOLUTION:

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

527° = -
COs 19

Multiply both sides by 19.
19-¢cos27°=x

Use a calculator to find the value of x. Make sure
the mode of the calculator is in degrees.

19cos 27
16. 92912396

r= 693
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11. SPORTS David is building a bike ramp. He wants

the angle that the ramp makes with the ground to
be 207, If the board he wants to use for his ramp is

| .
o feet long, about how tall will the ramp need to be

at the highest point?

SOLUTION:
Let x be the height of the ramp. The length of the

. i ;
ramp is 5 ft or 42 in.

- opp X
o a0r = £ —
51 y 3
Multiply both sides by 42.

42.5m20°=x

Use a calculator to find the value of x. Make sure
your calculator is in degree mode.

d2z1nC2A2
14. 3ed546802

x=14361in orl.2fi
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10-4 Trigonometry

12.

CCSS TOOLS Use a calculator to find the
measure of .~ Z to the nearest tenth.

SOLUTION:

The measures given are those of the leg opposite
£Z and the hypotenuse, so write an equation using
the sine ratio.

;"
Sil’]z: = —
9

Xz

5 s
Psing — 2 fhgiz (—)
S 9, 1211 S 9

Use a calculator to solve for the measure of angle Z.

Make sure your calculator is in degree mode.

S1n 10590
33. FdE9EEE

mss

3.7°

Lad
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z
1
/.-“’
L7
.-"-f. |
13. X Y

SOLUTION:

The measures given are those of the leg adjacent to
ZZ and the hypotenuse, so write an equation using
the cosine ratio.

ZY 10
cos L = =—
X2 |4

_10 s I
IfcosZ_M,thenZ_cos (14).

Use a calculator to solve for the measure of angle Z.
Make sure your calculator is in degree mode.

cos- 118142
4d ., 4153856

msZ =44 40
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10-4 Trigonometry

14.

15.

SOLUTION:
The measures given are those of the leg opposite

ZZ and the hypotenuse, so write an equation using
the sine ratio.

sin 2 :X—:E—j:
AL 25

tahy | tad

Ifsinz = %, thenZ =sin _IE) :

Use a calculator to solve for the measure of angle Z.

Make sure your calculator is in degree mode.

S1n 10322
aE. BR9897ED

msE 36 90

Solve the right triangle. Round side measures to the
nearest tenth and angle measures to the nearest

degree.
A 5
g“ ] f
T
SOLUTION:

In a right triangle, the sum of the squares of the

lengths of the legs is equal to the square of the length

of the hypotenuse.

eSolutions Manual - Powered by Cognero

RS% 4 T8 =RT?

RS?+6% =97
RS?+36=281
RS =45

RS = 45267

The measures given are those of the leg opposite

ZR and the hypotenuse, so write an equation using
the sine ratio.

Use a calculator to find the measure of angle R.
Make sure your calculator is in degree mode.

S1n 10250
41.518314%9

msR =420

The sum of the measures of the angles of a triangle
is 180. Therefore,

mZT =180-(90+ 42) =48,
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10-4 Trigonometry

Find sin J, cos J, tan J, sin L, cos L, and tan L.

Express each ratio as a fraction and as a
decimal to the nearest hundredth.

K 10 L
T
16
-~ --...- 2’4
16. ¥
SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the

adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the

opposite side to the adjacent side.

gin.f = ;E:f].ﬂ?‘; £In J".:rli—{.j =047
cond=Cwldi  coph=lon i
34 34
30 o
tan.J = = | 88 tanf. = Iﬁ. = (.33
|6 30
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17.

18.

SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

56 : 3 .
sinJ = — =086 sinl = 22 o .51
i i)

-y

33
cost =—=035]
3

o | Ll

P
cos = ﬁ—ﬁ = ()86

3 Ju]
i} 33
tanS=—=1.70 tan f. = — = () .59
33 56
L
|;.‘\'\
4 \\\5
| l"\_‘
' i
£ 3§ 7
SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

=X
.

. 4 ;

sind =—=0.80 sin L == =160
3 3
3 4

cost == =160 cosl=—=080
= 3
4 3 -

tan. = —=1.33 tanfl ===0.73
3 4
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10-4 Trigonometry

19.

20.

SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

=

anf= 000 smi=Lx015
85 85

-

cos.t .—:;—':::{},H cosl = Ez[!,‘)*}
a3

83
- 3
tanJ = 34- =646 tan L. = -] — =015
13 8
K
243 rf': " fh‘{g
._,r. . -
i e o i,
JT H
SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

43 25 243 5
sinJ = _".1_“_;_: 2; =0.89 sinl = —J;- = ﬁ =045
is 5 Jis 3
=5 = Y z
coss = 23 _ N 64 st =D ks
2315 3 N
4.3 3 "
fanJ = 2. =2 tan L. = 243 :l—:(}.:‘{)
2.3 43 2
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22.

SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

2 £} 2
sinJ = ‘—‘ff_. =X 2087 sinf. = 2‘,: =Los0
42 2 42
s
:.osJ'—“‘IIZ —.i.—(}wu cos!.—"”fb—g 0.87
V2 2 N
6 - .02 5
=2 Feaim wr=22-9 o5
V2 2J6 3

Use a special right triangle to express each
trigonometric ratio as a fraction and as a
decimal to the nearest hundredth.

tan 60°

SOLUTION:

Draw and label the side lengths of a 30°-60°-90°
right triangle, with x as the length of the shorter leg.
Then the longer leg measures x+/3 and the
hypotenuse has a measure 2x.

The side opposite to the 60° angle has a measure of
x+/3 and the adjacent side is x units long.

tan 607 = 9E
Ady.

=1.73
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10-4 Trigonometry

23. cos 30*

SOLUTION:
Draw and label the side lengths of a 30°-60°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x/3 and the
hypotenuse has a measure 2x.

The side adjacent to the 30° angle has a measure of
x+/3 and the hypotenuse is 2x units long.
Adj.
Hyp.
2x
3
2
= {87

cos 3° =

24, sin 43°

SOLUTION:
Draw and label the side lengths of a 45°-45°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x/3 and the
hypotenuse has a measure 2x.

The side opposite to the 45° angle has a measure of
x and the hypotenuse is V2x units long.
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25.

26.

sin 30°

SOLUTION:
Draw and label the side lengths of a 30°-60°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x/3 and the
hypotenuse has a measure 2x.

The side opposite to the 30° angle has a measure of
x and the hypotenuse is 2x units long.

silﬁﬂ"‘:%

tan 45°

SOLUTION:

Draw and label the side lengths of a 45°-45°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x+/3 and the
hypotenuse has a measure 2x.

The side opposite to the 45° angle has a measure of
x and the adjacent side is also x units long.
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10-4 Trigonometry

27. cos Hhil®

28.

SOLUTION:

Draw and label the side lengths of a 30°-60°-90°
right triangle, with x as the length of the shorter leg.

Then the longer leg measures x/3 and the
hypotenuse has a measure 2x.

The side adjacent to the 60° angle has a measure of
x and the hypotenuse is 2x units long.

coshll® = Adj.
Hyp.
" 2x
1
2
= ().50)
Find x. Round to the nearest tenth.
i)
X _..---""i-i
11
s
c B
SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. So,

sin2l%= E
-

Multiply each side by x.
x-5in21%=11]
Divide each side by sin 21°.

11
Xr=—

sin21*

Use a calculator to find the value of x.
=307
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29.

30.

SOLUTION:

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side. So,

tan 49° = =~
X
Multiply each side by x.
r-tand9® =33
Divide each side by tan 49°.

-y
33

X =

tan 4497
Use a calculator to find the value of x.
=287
Z E Y

. .\‘_‘34"

-
28 e
‘M___‘
X

SOLUTION:

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse. So,

e, L+ i
cos34°= 2%

Multiply both sides by 28.
28.cos34°=x

Use a calculator to find the value of x.
x=232
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10-4 Trigonometry

31.

32.

T 15v3 U
O g/
.Jl"

/

s
SOLUTION:
The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse. So,
1543

CcosHi® = ——

pe
Multiply both sides by x.
x-c0563° =153

Divide each side by cos 63°.
153

c0563°

Use a calculator to find the value of x.
=572

e —

SOLUTION:
The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side. So,
go= *
tan 29° = 32
Multiply each side by 32.
2aqan 20t =x
Use a calculator to find the value of x.
r=177
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33.

34.

SOLUTION:

The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. So,

X
2042
Multiply each side by 20+/2.
2042 -5in38° = x
Use a calculator to find the value of x.
x=174

sin 38° =

GYMNASTICS The springboard that Eric uses in
his gymnastics class has 6-inch coils and forms an
angle of 14.5°with the base. About how long is the
springboard?

SOLUTION:

The base, the coil and the springboard form a right
triangle.
Let x be the length of the springboard. The length of
the coil is 6 inches. Then,
sinld.5°="2,
X
Multiply each side by x.
r-sinld5%=6
Divide each side by sin 14.5°.
6
sinl4.5°
Use a calculator to find the value of x.
xr=24.10
Therefore, the springboard is about 24 ft long.
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10-4 Trigonometry

35. ROLLER COASTERS The angle of ascent of the CCSS TOOLS Use a calculator to find the
first hill of a roller coaster is 35° . If the length of the measure of 2T to the nearest tenth.

track from the beginning of the ascent to the highest 5 8 R
point is 98 feet, what is the height of the roller /
coaster when it reaches the top of the first hill?

12

4 =S
= i =i

B £ -
‘_._,-f,- 1 T“.:-i—‘ 36. T
Frn) . SOLUTION:
oA s The measures given are those of the legs opposite
) and adjacent to 1", so write an equation using the
SOLUTION. ] ) tangent ratio.
Let x be the height of the roller coaster when it SR & 2
reaches the top, the side opposite the 55 degree tan 7 = %_ e
angle. sf 123 ;
o 2 i 2
L If tan? = —_then T = tan l.
The length of the track from the beginning of the 3 -3
ascent to the highest point is 98 feet, the hypotenuse Use a calculator.
meT=337°
Therefore,
i T =
§in35% = LL = #-.—#_.- A
08 A
L
Multiply each side by 98. 17 s
98.5in353%=x SOLUTION:
The measures given are those of the leg adjacent to
Use a Ca|CU|at0r to flnd the Va|Ue Of X, In degree ‘:?' and the hypotenuse’ SO Write an equation using
mode. the cosine ratio.
_ p IS _11
IE=1nL o5y i S
86, 27690634 . o5
If cosi =—.then 1" =cos '[ — |.
23 \ 23 )
Use a calculator.
mel =61.4°
r= 803

Therefore, the roller coaster is about 80 ft high when
it reaches the top.
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10-4 Trigonometry

N2

. .‘x ‘- '-_!\_\I_II|

3|:| ., . II|

38. T
SOLUTION:

The measures given are those of the leg opposite to
21" and the hypotenuse, so write an equation using
the sine ratio.

. SR_25_5

TR 30 6

ek h =Y -
If sinf =—=.then T =sin"'| = |
6 6 )

Use a calculator.
me T =36.4°

39.

SOLUTION:
The measures given are those of the leg opposite to
21 and the hypotenuse, so write an equation using
the sine ratio.
SR 21
TR 44
ol T O
If sin?" = —_then 7" =sin [ ]
44 44,

Use a calculator.
me T =28 5%

eSolutions Manual - Powered by Cognero

40.

41.

SOLUTION:
The measures given are those of the leg adjacent to

2T and the hypotenuse, so write an equation using
the cosine ratio.

s 32 3
(5, A Y o s

v 3 2 3
If cos? ==.then I =cos L J
7

cosl =

] | Lad

Use a calculator.
me T = 6d p”

R
W3 _—

- |
=

S{_. |

|

10V3 |
\

:

SOLUTION:
The measures given are those of the legs opposite

and adjacent to <1, so write an equation using the
tangent ratio.

SR 43 2
S04 5

j

If tan¥ :%Tlhcn I" = tan '[EJ

Use a calculator.
me T =2].8°
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10-4 Trigonometry

Solve each right triangle. Round side measures
to the nearest tenth and angle measures to the
nearest degree.

H

92t A

42.

SOLUTION:

The sum of the measures of the angles of a triangle
is 180. Therefore,
msGo=180=(90+32) =38
The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. Let x be the length
of the hypotenuse. Then,
sin32°%= u.
X

Multiply each side by x.
x-5in32°=11
Divide each side by sin 32°.

1
5in32°
Use a calculator to find the value of x.
r= 208
In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. So,

HEF =/(20.8) -11°

=+/311.64

=177,

eSolutions Manual - Powered by Cognero

SOLUTION:

The sum of the measures of the angles of a triangle
is 180. Therefore,

mLW =180-(90+57)=33.
The sine of an angle is defined as the ratio of the
opposite side to the hypotenuse. Let WX = x. Then,

sin57° ==,
Multiply each side by 18.
18-5in57°=x
Use a calculator to find the value of x.
x=]151
In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. So,
; = PN
XZ =18 —(15.1)

=~/95.99

=08,
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10-4 Trigonometry

S .
o~
44, L

SOLUTION:

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. So,

KIL=+22" -§

=420

= 2.5,
The measures given are those of the leg opposite to
ZK and the hypotenuse, so write an equation using

the sine ratio.
JL i 4

Si_n;{:—:
JE 22 11
. ) a4
If sink =—.then K =sin ' | - ]
1 L

Use a calculator.

makK =21°

The sum of the measures of the angles of a triangle
is 180. Therefore,

mZJ =180-(90+21)=69.

eSolutions Manual - Powered by Cognero

SOLUTION:

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. So,

TS = /36" —19°
=935
= 306,
The measures given are those of the leg adjacent to
ZR and the hypotenuse, so write an equation using
the cosine ratio.
oL
IR 36
14 [ 19
If cosikt = qﬁ-_lhcn R=cos [ J

Uadi | =

Use a calculator.

me =380

The sum of the measures of the angles of a triangle
is 180. Therefore,

m<J =180-(90+58) =32,
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10-4 Trigonometry

46. BACKPACKS Ramon has a rolling backpack that

3
is 31 feet tall when the handle is extended. When

he is pulling the backpack, Ramon’s hand is 3 feet
from the ground. What angle does his backpack
make with the floor? Round to the nearest degree.

SOLUTION:

Let x be the measure of the angle that his backpack
make with the floor. The length of the backpack is

?i ft or 45 in. and it is 3 ft or 36 in. above the

ground. The measures given are those of the leg
opposite to x and the hypotenuse, so write an

equation using the sine ratio.
. 36 4
SMX=——=—
45 5

i 4 i I £

If sinx= E.thun X =5In [

e

A |

J

Use a calculator.

xr=33°

Therefore, the backpack makes an angle about
53 with the floor.

COORDINATE GEOMETRY Find the
measure of each angle to the nearest tenth of a
degree using the Distance Formula and an
inverse trigonometric ratio.

eSolutions Manual - Powered by Cognero

47. £ K inright triangle JKL with vertices J(-2, —3), K

(-7, -3), and L(-2, 4)

SOLUTION:

Use the Distance Formula to find the length of each
side.

sE=f(r—2fr (st = —f 1=z =5

rr=yfi2— =i+ a— - =yl + ol ==

JL=y(2— (-2 + @ - (- =@+ D =fa5 =7
Ly
/L
"l
i -;1{ 7
Vi o X
Jf
W4 L

K 5 J

Since KL is the hypotenuse and JK is the leg

adjacent to /&, then write an equation using the
cosine ratio.

cosK = 2 -

KL 74
If cosk = i, then & = cos_l(L)

Use a calculator, in degree mode, to find the measure
of angle K.

ot =i D P R S
ad . dEZ23222]

meK = 545"
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10-4 Trigonometry

48. £ Y inright triangle XYZ with vertices X(4, 1), Y(-6,

3), and Z(-2, 7)

SOLUTION:

Use the Distance Formula to find the length of each
side.

KT =yf(—6—0 + G0 =y (1007 + 217 = /1o + 4 =102

YZ=y(2- (-6 + - =+ ! = Te 16 =472

xz=yfiz-—piro-vt=i—et+ ! =3er36=y72

Z| +¥

Since X7 is the hypotenuse and XZ isthe leg

opposite to /¥, then write an equation using the sine
ratio.

xz _ {7
XY~ fioa

Solve for Y:

Ifsin¥ = vfﬁ,therﬂf’:sin_1 ﬁ ;
y104 Y104

Use a calculator, in degree mode, to find the measure
of angle Y.

sin ¥ =

REICLEF2r <0184
26 . J3A993247

=1
13

me Y =363

eSolutions Manual - Powered by Cognero

49.

50.

Z A inin right triangle ABC with verticesA(3, 1), B
(3, —3), and C(8, —3)
SOLUTION:

Use the Distance Formula to find the length of each
side.

A8 ={B-9 (53— (@ + (- = (Te =+
Bo=yE- +(3- (3 =y + O =y25=5
ac=ym-3+(a-ni=ye+ (-0 = rie=y21
¥
N
o \'\ ﬁ.‘.-"'_'l___x
4 "
[ \Zf
B 5

Since AC is the hypotenuse and AS is the leg

adjacent to -4, then write an equation using the
cosine ratio.

cosd = AH:— :4_

AC 4]
i, thenA= cos_l(i) :

o o

Use a calculator, in degree mode, to find the measure
of angle A.

If cosd =

cos 10464122
21.34819173

msA =513

SCHOOL SPIRIT Hana is making a pennant for
each of the 18 girls on her basketball team. She will
use 0.5-inch seam binding to finish the edges of the
pennants.

a. What is the total length of the seam binding
needed to finish all of the pennants?

b. If the seam binding is sold in 3-yard packages at a
cost of $1.79, how much will it cost?
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10-4 Trigonometry

1“ ﬁﬂfﬁ ﬁm
- e

'.. :
\W
SOLUTION:

The altitude to the base of an isosceles triangle
bisects the base, which gives us the following
diagram:

70° O
33

Write an equation using the cosine ratio.

.

o~
]

cos TP =

X
Multiply each side by x.
recos TP =335

Divide each side by cos 70°.

3.5

cos 707

Use a calculator, in degree mode, to find the value of
X.

e DACOSCFAD
18, 2333154

eSolutions Manual - Powered by Cognero

51.

r=10.23

The perimeter of one pennant is about 7 + 10.23 +
10.23=27.461n.

Therefore, for 18 pennants, the total perimeter would
be 27.46 (18)=494.28 or 494 in.

b. To determine the cost of the binding, there are
three things to consider: 1) how many yards of
binding does Hana need? , 2) How many packages
of binding would be sufficient?, and 3) What is the
cost per package?

1) To determine the yards of binding Hana needs
to buy, we need to convert 494 inches to yards. Since

there are 36 inches in one yard, then
% =13.72yards.

2) Since the binding comes in packages of 3
yards, we will need to buy 5 packages. (4 packages
would only allow for 12 yards, which is not enough.)

3) The cost of one package of binding is $1.79, so
5(1.79) = $8.95

CCSS SENSE-MAKING Find the perimeter
and area of each triangle. Round to the nearest
hundredth.
5in.

L

59°
SOLUTION:
Let x be the length of the side adjacent to the angle
of measure 59°. Since X is the side adjacent to the

given acute angle and 5 is opposite to it, write an
equation using the tangent ratio.

tan 597 = —
X
Multiply each side by x.

r-andot =3

Divide each side by tan 59°.
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10-4 Trigonometry

5

X= —
tan 39°

Use a calculator to find the value of x. Make sure
your calculator is in degree mode.

2<Lani33]
S« BE43H3895

Lk

Therefore, the area A of the triangle is

A= l.lrj;? = %('.\}{'ﬂ =T.5 i!i:.

2

Use the Pythagorean Theorem to find the length of

the hypotenuse.

In a right triangle, the sum of the squares of the

lengths of the legs is equal to the square of the length

of the hypotenuse. So,

32 4 5% hyparem.csez
Dot Bies hyporemsez

34 =hy pofemxsez

hy poterise = v’iz 5.83

Therefore, the perimeter of the triangle is about 3 + 5

+5.83 =13.83 ft.

18°

12 cm
52.
SOLUTION:
Let x be the length of the hypotenuse of the right
triangle. Since X is the hypotenuse and the side
adjacent to the acute angle is given, write an
equation using the cosine ratio.

eSolutions Manual - Powered by Cognero

12

cosl8o=—
X

Multiply each side by x.
r-cosli®=12
Divide each side by cos 18°.

12
h e —
cos R

Use a calculator to find the value of x. make sure
your calculator is in degree mode.

12-cosC 132
12.61754659

x=1262

Use the Pythagorean Theorem to find the length of
the hypotenuse.

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. So,

leg?+12%2 =12.627
leg? +144 =159.26
leg? =15.26

leg =\/15.26 =3.91

Therefore, the perimeter of the triangle is about 12 +
12.62 + 3.91 = 28.53 cm.

The area A of the triangle is

A= %bh s %(123(3.91) —2346cm?.
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53.

48°
35 ft

SOLUTION:

The altitude to the base of an isosceles triangle
bisects the base. Then we have the following
diagram.

v X
1 487
1.75#

Let x represent the hypotenuse of the right triangle
formed. Since we are solving for x and have the
length of the side adjacent to the given acute angle,
write an equation using the cosine ratio.

l.
cosd8®= —
=

N

Multiply each side by x.
recosd8®=1.75
Divide each side by cos 48°.

L 1.75
T cosd48°

Use a calculator to find the value of x.Make sure
your calculator is in degree mode.

1. 75 cos048)
2. 615333962

x=262

The perimeter of the triangle is about 3.5 + 2.62 +
2.62=8.74ft.

Use the Pythagorean Theorem to find the altitude.

eSolutions Manual - Powered by Cognero

54.

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse.

altitude” +1.75% =2.62°

altitude® +3.06 = 6.86

dltitude® =3.8

altitude = /3.8 1.95

Therefore, the area A of the triangle is
1., 1.- - 2
A= Ebﬂ = E(:.S)(I.QS) =3 41ft°.

Find the tangent of the greater acute angle in a
triangle with side lengths of 3, 4, and 5 centimeters.

SOLUTION:

A
//
/’
L
>
5,//
§ 3
-
>
/
p e
1

The lengths of the sides 3, 4, and 5 form a
Pythagorean triple, so the triangle is right triangle.

The length of the hypotenuse is 5 units, the longer leg
is 4 units and the shorter leg is 3 units.

The greater acute angle is the one opposite to the
longer leg. Let A be the angle.

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

The side opposite to A measures 4 units and that
adjacent to A measures 3 units.

=133

tanAd =

i | =
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55.

56.

Find the cosine of the smaller acute angle in a
triangle with side lengths of 10, 24, and 26 inches.

SOLUTION:

10 = 2(85)
o

A/ c

24 = 2(12)

The lengths of the sides, 10, 24, and 26 can be
written as 2(5), 2(12), and 2(13).

We know that the numbers 5, 12, and 13 form a
Pythagorean triple, so the triangle is right triangle.

The length of the hypotenuse is 26 units, the longer
leg is 24 units and the shorter leg is 10 units long.

The smaller acute angle is the one opposite to the
shorter leg. Let A be the angle.

The cosine of an angle is defined as the ratio of the
adjacent side to the hypotenuse.

The side adjacent to A measures 24 units and the
hypotenuse is 26 units.

cosd=2% —0.92

26

ESTIMATION Ethan and Tariq want to estimate
the area of the field that their team will use for
soccer practice. They know that the field is
rectangular, and they have paced off the width of the
field as shown. They used the fence posts at the
corners of the field to estimate that the angle
between the length of the field and the diagonal is
about 40 . If they assume that each of their steps is
about 18 inches, what is the area of the practice field
in square feet? Round to the nearest square foot.

eSolutions Manual - Powered by Cognero

57,

SOLUTION:

Use the trigonometric ratios to find the length of the
play ground. The width of the ground is 280 steps
which is about 5040 inches = 420 feet. Let x be the
length of the play ground.

Since x represents the side opposite the acute angle
given and we are solving for the side adjacent to the
acute angle, write an equation using the tangent ratio.

tan 40° = E
P

Multiply each side by x.
x-tand40° =420
Divide each side by tan 40°.

420
 tan 40°

Use a calculator to find the value of x. Make sure
your calculator is in degree mode.

G280 tant4E2
28E, 3365889

x=300.54

Therefore, the area of the play ground is about

420(500.54) = 210227 ft 4

Find x andy. Round to the nearest tenth.

/N
2.0 |
Yl i
r 'ﬁ.__
i -

X

SOLUTION:

The altitude to the base of an isosceles triangle
bisects the base. Then we have the following
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diagram:

Since x is the side adjacent to the given acute angle
and the hypotenuse is given, write an equation using
the cosine ratio.

cos3d4® = x,
32
Multiply each side by 32.

32.cos5d°=x

Use a calculator to find the value of x. Make sure
your calculator is in degree mode.

S2cos(5d )
12. 28912267

r=18.8
Use the Pythagorean Theorem to find the altitude.

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse.

y2+18.8% =322
y2+353.44 =1024
y? =670.56

y =/67056%25.9

eSolutions Manual - Powered by Cognero

58. ©

40

"

< 4

SOLUTION:

Use the Pythagorean Theorem to find the length of
the third side of the right triangle.

In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse.

fegj +22% =407
leg? +484 =1600
leg?=1116

leg = /1116 =334

The side of length 33.4 units is divided into two
congruent segments. So, each segment is about 16.7
units long.

Use the trigonometric ratios to find the values of x
andy.

Since x is opposite 16.7 and adjacent to 22, write an
equation for x using the tangent ratio.

16.7 )

¥,

= | oy

16.7 if
tanxy = —=>x=1an l
22 \

Use a calculator to solve for x. Make sure your
calculator is in degree mode.

tan1ile, P 222
A7 . 28188287

x=372

Sincey is opposite 22 and the hypotenuse is 40, write
an equation fory using the sine ratio.
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59.

IO TR 1
siny® =22 = ¥° =sin (4!])
sin 1022482

23, 367A1297

y=334
o L
\ H &
X P
YN 7
LN
St
SOLUTION:

The sum of the measures of the angles of a triangle
is 180. Therefore,

measure of the third angle = 180 = (90 + 43) = 47.

Sincey is the hypotenuse and 8 is adjacent to the

given angle, write an equation using the cosine ratio.

cosd 7o - E
.-.LL

Solve the equation fory.
2
¥ = cosae

Use your calculator to solve fory. Make sure your
calculator is in degree mode.

Bocos (g7
11. 73823349

y=11.7

eSolutions Manual - Powered by Cognero

Use the Pythagorean Theorem to find the altitude of
the triangle.

dtinde® + 82 =117

altitude” + 64 =136.89

dltitude® =72.89

altitiide = y72.89=85

Since x is the side adjacent the given acute angle and
8.5 is side opposite the given angle, write an equation
using the tangent ratio of the angle of measure 43°.

3.5
tan43°= —
v

Solve the equation for x.
. B9
tan 43°

Use your calculator to solve for x. Make sure your
calculator is in degree mode.

2. 2 tantd3a
2113134835
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60. COORDINATE GEOMETRY Show that the
slope of a line at 225“ from the x-axis is equal to the
tangent of 225,

| V7]

[ |
1

o R e

=t

1
SOLUTION:

Plot two points that lie on the line and find their slope,
sketching a right triangle as shown below. Slope is

determined by the tangent ratio of the triangle. It is
the rise (opposite) over run (adjacent side) of the

line.

Sample answer:

Y
(3. 3)
]
ok I -
(@] X
16
I D
.:_ql_g;.'ﬁ
1
i iy
Slope = — ~ ==
-3-3 6

Since the slope is 1 and slope is rise over run, which
istan 45%or tan 225° |

tan-11 2
tani2252

61. MULTIPLE REPRESENTATIONS In this
problem, you will investigate an algebraic relationship

eSolutions Manual - Powered by Cognero

between the sine and cosine ratios.

a. GEOMETRIC Draw three nonsimilar right
triangles that are not similar to each other. Label the
triangles ABC, MNP, and XYZ, with the right angles
located at vertices

B, N, and Y, respectively. Measure and label each
side of the three triangles.

b. TABULAR Copy and complete the table below.
| v | rosomerk tas | Sunof kmtes e |

o wnd {ees AF & (sn AP =
ARC

s sn doos CF 4 (an CF =

s M M {eos MY + {sin M? =
| wr wf | | Pl = O
o X snX foes 1 + (sn A7 =
sl an? leos 1 + snfF =

c. VERBAL Make a conjecture about the sum of
the squares of the cosine and sine of an acute angle
of a right triangle.

d. ALGEBRAIC Express your conjecture
algebraically for an angle X.

Mv?

Xz

e. ANALYTICAL Show that your conjecture is
valid for angle A in the figure using the trigonometric
functions and the Pythagorean Theorem.

RS

¥ !

SOLUTION:

a. Create three right triangles, using a protractor and
straight edge. Measure the side lengths carefully, in
centimeters.
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3.1 cm
2.1 cm

B 2.3¢m C
M
P
JiF = 3.2 cm
1.3 cm \
I ~—
N 29cm P

3.6cm
24 cm

1
Y 2.7 cm i
b. Calculate the sine, cosine, and tangent of each
acute angle, in triangle you created. Then, write their
ratios in the table provided. Round your ratios to the
nearest thousandth. Then, substitute those values into
the formula (sin )% + (cosx)? for each angle

requested.

Trimge | Trige [ ™ | Sum of Raties Squs
o A 0.677 snd 0.742 | toos &Y + ndf =
sl | 0.742 | enC | 0.677 | tes Ol O2=
s 0.406 s M 0.306 Geas MY + [sin M2 =
wsP | 0.906 | soP | 0.406 | woesP’+(snP=

sk | 0.667 | sox 075 | twesk +isnnt=

s d 0.75 snl D667 | GesD¥+inl¥=

AR

VP

xi?

..__....n..I

c. Observe any pattern you see on last column of
the table. Sample answer: The sum of the cosine
squared and the sine squared of an acute angle of a
right triangle is 1.

d. (sinX) + [ms}{f =1

e. Conjecture that (sin 432 4+ (cos.4)2 might not
equal one, then prove that it must be, using the
trigonometric ratios from the provided triangle and
the Pythagorean theorem.

eSolutions Manual - Powered by Cognero

62.

Sample answer:
(sinA)2 + (COSA)2 i 1

By

I 's

(Conjecture)

(sinA e %, cosAd = :E)

2 L

J’_2 +5 L1 (Simplify)

¥ r
o

Y _Zx =1 (Combine fractions)

%
S‘mcey2 +x° =12, then

2
"_2 =4 (Pythagorean Theorem)
i
1=1 (Simplify)

CHALLENGE Solve A4 ¢ . Round to the nearest
whole number.

B
A
_-,-4.5(_-';. (Tx=1] x2y+2
/x4 1 (ax— 2™
A =1 C
SOLUTION:

The sum of the measures of the angles of a triangle
is 180, therefore Tx — I+ dx+143x— 2 = [ 80,

Solve for x.

TJx—144x4+14+3x —2=180

14x —2 =180
14x =182
x=13

Use the value of x to find the measures of the
angles.

A =4{[3]+1 =53
m<B=7(13)-1=90
m<C =3(13)-2=37

So, M B is a right triangle with the right angle B.
In a right triangle, the sum of the squares of the
lengths of the legs is equal to the square of the length
of the hypotenuse. Therefore,

4

(3v FI]T =(y+5) +(2y+ 2}: :
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63.

Simplify.
- 2 2 2
By -D'=0+3"+@+2)
=D -D=0+3@+I+Cr+2)2r+2)
oyt =3y~ 1=y oyt 25 +4y Ay +4y +4
oy —6y +1=y +10y +25+ 4> +8 +4
4y? —24y —28=0
4(y2—6y—7)=0

4202yt —6y—7=0

Use the Quadratic formula to find the roots of the
equation.

(=9 £/ (=6 4D
#= 20D

The rooty = —1 will make the lengthAC =3(-1) - 1
=-4.So,y cannot be —-1. Then,y =7.

Use the value of y to find the lengths of the sides.

AB=T+5=12
Bf:z{?}+2:lﬁ
AC=3(7)-1=20

REASONING Avre the values of sine and cosine for
an acute angle of a right triangle always less than 1?
Explain.

SOLUTION:

Sample answer: Yes; since the values of sine and
cosine are both calculated by dividing one of the legs
of a right triangle by the hypotenuse, and the
hypotenuse is always the longest side of a right
triangle, the values will always be less than 1. You
will always be dividing the smaller number by the
larger number.

eSolutions Manual - Powered by Cognero

64. CCSS REASONING What is the relationship

between the sine and cosine of complementary
angles? Explain your reasoning and use the
relationship to find cos 50 if sin 40 = 0.64.

SOLUTION:

The trigonometric functions that we have discussed
in this lesson describe relationships in right triangles.
In a right triangle, the non-right angles sum to 90
degrees, so they will always be complementary. Sine
relates the opposite side to the hypotenuse and
cosine relates the adjacent side to the hypotenuse.
Set the hypotenuse equal to 1 to make the
calculations easier.

In the diagram below, angles A and B are the
complementary angles for the right triangle.

¥
C A

sin A = x and cos B = x; therefore sin A = cos B.
Since the acute angles of a right triangle are
complementary, m ~B = 90 — m ~A. By substitution,
sin A = cos(90 — A). Since sin A = x, cos(90 — A) = x
by substitution.

Applying this relationship, if sin 40 ~ 0.64, then cos
(90 — 40) = 0.64. Since 90 — 40 = 50, cos 50 = 0.64.
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65.

66.

WRITING IN MATH Explain how you can use
ratios of the side lengths to find the angle measures
of the acute angles in a right triangle.

SOLUTION:

Describe the process for how you find the acute
angle measure of a right triangle, when you know the
side lengths. Include how you use the calculator to
solve for the angle measure, once you know the
correct ratio of the sides.

Sample answer: To find the measure of an acute
angle of a right triangle, you can find the ratio of the
leg opposite the angle to the hypotenuse and use a
calculator to find the inverse sine of the ratio, you
can find the ratio of the leg adjacent to the angle to
the hypotenuse and use a calculator to find the
inverse cosine of the ratio, or you can find the ratio
of the leg opposite the angle to the leg adjacent to the
angle and use a calculator to find the inverse tangent
of the ratio.

What is the value of tan x?

13 5

12

13
Atanx=—

3

12
Btanx=—

3

3
Clanx=—

13

5
Dtanx=—

12
SOLUTION:

The tangent of an angle is defined as the ratio of the
opposite side to the adjacent side.

e ..
Therefore, tan x = i_7 and the correct choice is D.

eSolutions Manual - Powered by Cognero

67. ALGEBRA Which of the following has the same

68.

valueas2 “ %22
F ¥
G4”°
H2"
Jz*

SOLUTION:

We have a" xa" =a™" . So, 2 '* % 2’
Therefore, the correct choice is H.

S G

GRIDDED RESPONSE If AC =12 and AB = 25,
what is the measure of B to the nearest tenth?
A _25_ g

SOLUTION:
The measures given are those of the leg opposite to

ZB and the hypotenuse, so write an equation using
the sine ratio.

IfsinB = E, thenB =sin _1(%) ;

Use a calculator to solve for the measure of angle B.
Make sure it is in degree mode.

=in 101 2252
28. 63348201

moB =287
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69. SAT/ACT The area of a right triangle is 240 square Find x andy.
inches. If the base is 30 inches long, how many
inches long is the hypotenuse?

A5

B8

Ci16 .
D 2+/241 70.
E34 SOLUTION:

SOLUTION: In a 30°-60°-90° triangle, the length of the
hypotenuse h is 2 times the length of the shorter leg s
(h=2s) , and the length of the longer leg | is

1
A= ?M 1. J3 times the length of the shorter leg ({ =5 ﬁ)

A= 540 and b = 30. Substitute into the area formula
and solve for h:

The area of a triangle is given by the formula

The length of the hypotenuse isy, the shorter leg is x,
and the longer leg is 6+/3.

A=1lppy
2 Solve for x:
Tz
- = B
240 2(_'!":'/.;'1 X‘E:G‘E
240 =15k

Xy 3 Gy 3

l6in=h ﬁ ﬁ

Use the Pythagorean Theorem to find the length of

the third side of the right triangle. =6

In a right triangle, the sum of the squares of the Solve fory:
lengths of the legs is equal to the square of the length

of the hypotenuse. y=2(6)=12

(16)% + (30)? = (yp)*
2564900 = (hyp)*

V1156 = hy poterwise

hypotenuse = 34 inches
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71.

72.

SOLUTION:
In a 45°-45°-90° triangle, the legs | are congruent

and the length of the hypotenuse h is V2 times the
length of a leg (h= fﬁ).

Since x is one of the congruent legs, then x = 72,

Solve fory:

y =72(y2)
yi=iz
y=14

14 ot
3*1“ x
W

SOLUTION:

In a 30°-60°-90° triangle, the length of the
hypotenuse h is 2 times the length of the shorter leg s

(h=2s), and the length of the longer leg I is 3 times
the length of the shorter leg ({ = Suﬁ).

The length of the hypotenuse is 14 the shorter leg is
X, and the longer leg isy.

Solve fory:

14 =2y
y=1

Solve for x:

x:?ﬁ

eSolutions Manual - Powered by Cognero

73.

74.

Determine whether each set of numbers can be
the measures of the sides of a triangle. If so,
classify the triangle as acute, obtuse, or right.
Justify your answer.

8,15, 17

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

B+15=17

1517 =8

8+17 =15

Therefore, the set of numbers can be measures of a
triangle.

Classify the triangle by comparing the square of the
longest side to the sum of the squares of the other
two sides.

) a

177 =15 +8&°

L

289=225+64
289 = 289~

Therefore, by the converse of Pythagorean Theorem,
a triangle with the given measures will be a right
triangle.

11,12,24

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

11412 >24x%

12424 =11~

11424 =12~

Since the sum of the lengths of two sides is less than
that of the third side, the set of numbers cannot be
measures of a triangle.
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75.13, 30, 35

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

1343035~

30+35=13

13+35 =30

Therefore, the set of numbers can be measures of a
triangle.

Now, classify the triangle by comparing the square of
the longest side to the sum of the squares of the
other two sides.

35° =30° +13°

1225=000+ 169
1225 = 1069

Therefore, by Pythagorean Inequality Theorem, a
triangle with the given measures will be an obtuse
triangle.

eSolutions Manual - Powered by Cognero

76.

T7.

18,24, 30

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

30418 =24
18+ 24 =30~
30+24> 18~

Therefore, the set of numbers can be measures of a
triangle.

Classify the triangle by comparing the square of the
longest side to the sum of the squares of the other
two sides.

30° =] 8% +24°

G00=324 + 576
GO0 = 900

Therefore, by the converse of Pythagorean Theorem,
a triangle with the given measures will be a right
triangle.

3.2,5.3,8.6

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

32453806
53+86=32

32+8.6>33

Since the sum of the lengths of two sides is less than
that of the third side, the set of numbers cannot be
measures of a triangle.
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78. 6:3.14.17

SOLUTION:

By the triangle inequality theorem, the sum of the
lengths of any two sides should be greater than the
length of the third side.

63 = 10.4

63 + 14> 177
14 +17> 6:/3v
633 417> 14

Therefore, the set of numbers can be measures of a
triangle.

Now, classify the triangle by comparing the square of
the longest side to the sum of the squares of the
other two sides.

17° =(ﬁ\.-'§]" +14°

289=108 + 196

289 <304

Therefore, by Pythagorean Inequality Theorem, a

triangle with the given measures will be an acute
triangle.
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79. MAPS The scale on the map of New Mexico is 2

centimeters = 160 miles. The width of New Mexico
through Albuquerque on the map is 4.1 centimeters.
How long would it take to drive across New Mexico
if you drove at an average of 60 miles per hour?

| ﬁlbuquﬂ;q ue
&

- —T

| Roswell
-]

f | #Las Cruces
SOLUTION:

First, find the actual distance from one end to the
other end through Albuquerque.

Let x be the distance. Then,

2 distance on map
160  actual distance
2 _ 4l
160

Solve the proportion to find the value of x.

2x =636
x=328

The distance from one end to the other end through
Albuquerque is 328 miles.

The average speed is 60 miles per hour. Therefore,
the time taken to travel from one end to the other end
through Albuquerque is

L il@rs hr 28 min,
60 15

Page 30



10-4 Trigonometry

80.

ALGEBRA Find x andy.
2 .

5 x4 1 1

-
-

X y—9

N
42X |
¥ | 2y4 8
\'."'\.

SOLUTION:

The measures of the segments of lengths 3y — 9 and
2y + 6 are equal. Solve fory:

3 —9=2y+6

p=13

By the Triangle Midsegment Theorem, a midsegment
of a triangle is parallel to one side of the triangle, and

its length is one half the length of that side.
The segment of length x + 2 is a midsegment and the

length is half of %.1'—:1 1.

Solve for x:
%x+11=2(x+2)
%x+11=2x+4
+22=4x48
== =hg
x=14
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81.

82.

N .
|I
243 g+
B—x X + 2y
i’
SOLUTION:

The measures of the segments of lengths 2x + 3 and
6 — x are equal.

Solve for Xx:
2X+3=6—x
=3

x=1

Similarly, the measures of the segments of lengths

4
2t land 2y are equal.

Solve fory:
Ty +1=2y
|
4y + 3 =06y
3=2y
=3
4=

Solve each proportion. Round to the nearest
tenth if necessary.

214=-
1

SOLUTION:
Multiply each side by 12.

=

F-d

214=2
12

25 68=x
5 e g ST
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83. .05k =13

SOLUTION:
Divide each side by 0.05.

0.05x 13
0.05 005
x =260

[t

=
3

84. 137 =—
X

SOLUTION:
First multiply each side by x.

x(0.37) =x(3;—_2)
0.37x =32
0.37x _ 32
037 037

X = 864864
X286.5

85. 0,74 = ad
X
SOLUTION:
First multiply each side by x.

x(0.74) = x(%)

0,74x =14
0.74x 14

074 074
x=189189 .
x=180

x

86. 1.66 =
Z

Fad

SOLUTION:
Multiply each side by 23.
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k]
e 5

87. 0 21=—

SOLUTION:

First multiply each side by x.

x(0.21) =x(ﬁ)

T

0,21 =33
Gidle . 33
0.21 ~ 0.21

x=157 1428,
x=157.1
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