CHAPTER 5
Trigonometric Ratios

NOTE: Answers are given to the same number of
decimal points as the numbers in each question.

3
1. a) B tang = 2PROSIE
) c adjacent
4 sem A =
tanA = —
A 12cm c b
By the Pythagorean theorem, ¢? = 4% + b2 tan A = S
c? =5+ 12? 12
c? =25+ 144 by, 8m .
c? =169
c=V169 f Mm
=13 m b
b) E 8m E
From number 1, f = /57 m.
f m sing = opposite
hypotenuse
D
By the Pythagorean theorem, e* = d* + f2 sinD = A
117 = 8 + 2 3
121 = 64 + f? sinD = Tl
fi=121 — 64 )
£2 =57 cosd = adjacent
hypotenuse
f=V5Tm fyp
2. a) B cosD = -
< 5ecm V57
cosD = —I-i-
A 12em ¢ .
opposite
From number 1, c= 13 m. tanf = adjacent
. opposite
f = e —
S hypotenuse tanD = 7
sin A = 4

a

-

8
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e
3

adjacent
hypotenuse
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3.a) B
A e
A 12cm C

From number 1, ¢ = 13 m.

Ging = opposite
hypotenuse
sinB = b
¢
12
B = =
sin T
12
B = sin'—
sin™" 3
= 67°
b) E 8m F
f Mm
D
cosd = adjacent
hypotenuse
cosF = d
e
8
F=—
cos 11
8
F=sin"'—
sin”™ 77
j— 430

4. a) sin31° = 0.515
b) cos70° = 0.342
5.a) cosf = 0.3312
6 = cos 10.3312
= T71°
b) sing = 0.7113
6 = sin"10.7113
= 45°
¢) tanf = 1.1145
6 = tan~'1.1145
= 48°

‘g

42 h
32740 m l

As shown, the angles of sight to the bottom of
the tower and the top of the tower form two
right triangles. The distance from the basket

of the repair truck to the tower, 40 m, is the
adjacent side to both given angles. If you split h
into two heights, k; and h,, then; h = hy + hy.

tan42° L
n = —
40
hy = 40 X tan 42
hl - 36m
tan 32° ~~}—l~2—
40
h, = 40 X tan32
hz =25m
= 36 + 25
=61 m
7.
a=13m d=254m
b=18m e=352m

“he tower and its shadow and the parking meter
and its shadow form two similar right triangles.
The angle of the sun relative to the earth is
equal to angle B.

tanb = -

tanB = —

Since the triangles are similar, ZD = £ B.
d
tanD = —
e

o d
tan 35.8° = 352
d = 352 X tan35.8°

=254
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B
b c

The Sine Law states,

Are you gven a

Thes question / sade and opponite
cannot be solved No | anglel

a — —
sinA sinB  sinC’

with the sine law.
lYes Use the sine law 1o

== ol Yes salve for the
Yo g unknawn angle

side opposite your
Are you given any /uﬁmﬂu‘h‘f
No | ather sides? No
Mo Yes |Use the sine law to)
\mmm
Are you given S
any other angles? __

-,

Use angle surms to
find the unknown

5.1 Trigonometric Ratios of Acute

Angles, pp. 280-282
1. B
13
5
C 7 A
sing = opposite
hypotenuse
sinA = 2
c
5
A=—
sin 3
cosf = adjacent
hypotenuse
b
COsA = —
c
12
A=—
cos 13
tand = opposﬁe
adjacent
a
tanA = —
an b
5
tan4 = —
an B
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opposite
CSC A = <
a
cSC A = E
5
SecA = hyp?tenuse
adjacent
secA = <
a
13
A=—
sec T
cot A = ad]ace.nt
opposite
b
cot A = —
a
12
tA =—
co 5
2. csch = —
sin @
17
6 =—
csc 3
sech =
cosé
17
6=—
sec 15
cotf =
tan @
15
te = —
co 3
1
3.a)cscl =~
sin @
csch 2
scl = —
1
=2.00
1
b) sec 6 =
s 6
6=~
sec 3
=133
1
¢) coth =
tan 6
t6 2
cotf = -
3
= (.67

_ hypotenuse



1
d)cotd = P
oot
cot g = 1
= 4.00
4.a) cos34 = 0.83
1
b)sec 8 = oy
10° = !
se¢ "~ cos10°
oo 1
sec 10° = 0.08
= 1.02
oo L
c)coth = tan19
cot 75° = an75°
75° = L
ot =373
= 0.27
1
d)csc 6 = e
o 1
csc 457 = sin45°
oo L
e T 0T
= 1.41
5. i)
10
6
el ]
8
ii) 85
]
12 8.5
<
hypotenuse
a)csc § = —————rm
opposite
secd = hyp?tenuse
adjacent
adjacent
cot f = ——————
hypotenuse
_10
i) csc = 6
=3
3

10
sec 6 = 3
=2
4
_8
cot9—6
4
3
o g 12
i) csc 6 = %5
o — 12
sec =33
) 83
cot ~8.5
= 1.0
_ 36
iii) csc 9 = 30
=1.2
,_ 36
P T50
=18
20
cot9—3_
2
3
) 17
ivicsc 6 = 3
17
sec0—15
0~15
cot g = 3

5
b) i) From part a, csc § = 3 therefore:

csc B = 1.67

1
sinfg = 167
L
6 = sin 167
= 37°
12
ii) From part a, csc 6 = —8—5, therefore:
csc B =141
. 1
sin @ = a1
RN |
0=sm74
= 45°
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3.6
iiif) From part a, sec 6 = 50 therefore:

secf = 1.8

1
6 =-—
COs 18

1 L

0 = cos”
cos 13

= 56°
. 15
iv) From part a, cot 6 = 3 therefore:
cotf = 1.88

o= ——
tan 1.88

1
6 = tan 188

6. te =
a) co tan ¢

cotf =324
3.24 =

tand
o - 1
ant =3
tan 6 = 0.31
6 = tan"’0.31
= 17°
1
b) csc 8 = Snd
csc 8 = 1.2711

1.2711 = -—1—
simné

sin 6 =150

sing = 0.79
6 = sin"10.79
= 52°
1
cosé
sec # = 1.4536
1

cos 8

c) sec 8 =

1.4536 =

cos 6 = 11536

cos 6 = (.69
6 = cos 10.69
= 46°
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1
d = e
) cotd tand

cotf = (0.5814

1
5814 = e
0-58 tang

tanb = o5sers

tanf = 1.72
6 =tan"11.72
= 60°
7. a) h
35°

30m

b) 50m

07cm

35°
1.0ecm

Method 1, for example:
opposite
hypotenuse

sin 35° = 07
X

sinf =

5-5



07
" sin35°
o1
T 057
= 1.2cm
Method 2, for example:
By the Pythagorean theorem,
¥ =07+ 1.0°
x* = 0.49 + 1.00
x* =149
x=V149
=12cm
b)
24
x 8.8 km
3.6 km
Method 1, for example:
tand = opl?os1te
adjacent
tan 24° = —3—-§
X
36
tan 24°
_36
045
= 80km

Method 2, for example:

By the Pythagorean theorem,
8.8% = x? + 3.62

¥’ = 8.8 —3.6°

x? = 7744 - 12.96

x* = 64.48

x = V6448

= 8.0cm

9. a) For any right triangle with acute angle 6,

csc § = hypotex?use'

opposite

Case 1: If neither the adjacent side nor the
opposite side is zero, the hypotenuse is always
greater than either side and csc6 > 1.

Case 2: If the adjacent side is reduced to zero,
each time you calculate csc 6, you get a smaller
and smaller value until csc 8 = 1.

5-6

Case 3: If the opposite side is reduced to zero,

each time you calculate csc 8, you get a greater

and greater value until you reach infinity. So for

all possible cases in a right triangle, cosecant is

always greater than or equal to 1.

b) For any right triangle with acute angle 6,
adjacent

hypotenuse’

Case 1: If neither the adjacent side nor the

opposite side is zero, the hypotenuse is always

greater than either side and cos § < 1.

Case 2: If the opposite side is reduced to zero,

each time you calculate cosf, you get a greater

and greater value until cos6 = 1.

Case 3: If the adjacent side is reduced to zero,

each time you calculate cos 6, you get a smaller

and smaller value until cosé = 0. So for all

possible cases in a right triangle, cosine is

always less than or equal to 1.

10. 6 = 45° and adjacent side = opposite side

11.

cosf =

a=86m

The kite, string, and ground form a right trian-
gle. The length of the string is the hypotenuse
of the right triangle and the height above
ground the opposite side of the triar gle,
therefore:

opposite
hypotenuse
sin 41° = 86

x

86
sin41°
8.6

a) sinf =

il

0.65
131 m

1
b) cscf = —
sin 6

sch s
c e
8.6
1
sc 41° =
© sin 41°
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1 X
sin41° 86
Lo_x
0.66 8.6
_ 86
* 7066
= 13.1m
12. X
a=71lm

The wheelchair ramp and the ground form a
right triangle. The length of the ramp is the
hypotenuse of the right triangle and the distance
from the door is the adjacent side of the trian-

gle, therefore:

adjacent
cos f = ——
hypotenuse
cosl15® = —7—1
X
11
"~ cos15°
71
097
=736 m
13. a)secA = p—
secA = 17705
A
cosA = 17705
A = cos 10.5846
= 54°

b) cosA = 0.7512
A = cos 10.7512

= 41°
A=
¢) csc S A
csc A = 2.2703
. 1
SInA = o0
A = sin~10.4405
= 26°

d)sin A = 0.1515
A = sin"10.1515
= g°

a Since b) has its angle A closest to 45°, it will
have the greatest area of all the triangles (a
45°-45°-90° right triangle would have the

largest possible area).
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b=371m

The TV antenna, guy wire, and ground form a
right triangle. The length of the guy wire is the
hypotenuse of the right triangle and the height
that the guy wire is attached is the opposite side
of the triangle, therefore:

cscl = hypotel?use
opposite
X
csch = _ﬁ
1
ese 557 = sin 55°
L _ x
sin55°  3.71
m}__ X
082 371
37
YY)
=45m
15.
a=380m
0 =25°

Julie and the flagpole form a right triangle from
Julies head, horizontally to the flag pole, and
the tip of the flag pole to Julies head. If the
angle from the top of Julies head to the top of
the flagpole is 25°, then the opposite side of the
triangle is 5.35 — 1.55 or 3.80 m. The adjacent
side of the triangle is equal to the distance
between Julie and the flagpole.

adjacent
cotf = ———
opposite
X
tg = —
ot =33
1
t25° =
o tan 25°
1 _x
tan 25° 3.8
1o _x
0.466 3.8

5-7



‘= 3.8
0.466
= 815m
16.
¢ b=3m
8
a=25m

2
A 12% slope has a ratio of 1166 and can be

represented at a right triangle with one side

of 12 and one side 100. A similar triangle with
sides 3 and 25, respectively, would have the
same angles.

a)E.g., 10°
it
b) tang = “EPSTC
adjacent
b
= tanf = —
a
tanf = 3
25
6 = tan™'0.12
p—t 70
¢) By the Pythagorean theorem, ¢ = a* + b%.
=25 +3
x?=625+9
x? = 634
x=Ve634
Gng = opposite
hypotenuse
) a
sinf = —
c
3
sinf = ——
634
cosd = adjacent
hypotenuse
cosf = —

25
cosf = ——
V 634

o it
tang = JPPOSIIE
adjacent
a
tanf =
T

3
tanf = —

25
hypot
s = ypo er?use
opposite
csc = =
a
634
0 =—71—
cse 3
h
cecd = yp?tenuse
adjacent
c
secf = —
a
ec o V 634
S =
25
adjacent
cotg =
opposite
coth = —

18. Q

r=17cm p

P q R

As given, tanP = 0.51, therefore:
£LP =tan"10.51
LP = 27°
Since this is a right triangle, ZR = 90° and:
£Q =90°— LP
20 =90° — 27°
= 63°
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SinP=£
’

. )4
27° = =
sin T
p = 117 X sin27°
= 53cm
. _4
sin Q .
. q
63° = ——
sin 117
g = 117 X sin63°
= 104 cm
hypot
19. Since sec8 = w, the adjacent
adjacent

side must be the smallest side.

20. csc § = —
s o
sec 8 =
cosé
cotf =
tan @
csc 6 is undefined when sind = 0.
6 = sin~10
g =0°

sec is undefined when cos 6 = 0.
6 = cos 10

= 9(°

cot 8 is undefined when tan@ = 0.
=tan 0

6 =0°

i. a)

30
V3
For example: The side opposite the 30° angle
will be the smallest of the three sides, and is
therefore the side of length 1. The hypotenuse

should be the longest side, and since \/g <2,
the hypotenuse is length 2. That leaves the

adjacent side as length V3

Nelson Functions 11 Solutions Manual

b)

1 ayisoddo

300 adjacent
V3

c)

o
Q

B juadefpe

opposite

V3

For example: Since the triangle is a right
triangle and one of the angles = 45° the

other angle will also be 45°. Therefore, the
two side of the right triangle will als: be equal,
so they are both 1. This leaves the hypotenuse

as length V2.

i
o

aysoddo

3. a) Using the special triangle 30°- 60°- 90°,
V3
2
b) Using the special triangle 30°- 60°-90°,

sin60° =

S

30° = —=
cOos 5
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¢) Using the special triangle 45°-45°-90°,
1
tan45° = 1
=1
d) Using the special triangle 45°-45°-90°,
cos45° = L
V2
_V2
S 2
4. a) Using the special triangle 30°- 60°-90°,

-

~[S

3
sin30° = % tan 60° = T and cos 30° =

therefore:

|

sin30° X tan60° — cos30° = — X —\—? —

~[S

3

2

b

=0
b) Using the special triangle 45°-45°-90°,

1 1
cos45° = — and sin45° = _ therefore:
1 Q 2

1 1
2c0s45° X sin45° = 2 X 72» X ~\7—5

2

1
¢) Using the special triangles 30°- 60°-90° and

45°-45°-90°, tap30° = 71:;: and

1
cos45° = 75, therefore:

a0 eosast = () - (5]
tan-30° — cos“45° = -
3 2

d) Using the special triangle 45°~ 45°-90°,

1 1
sin45° = 75 and cos45° = 75, therefore:

sin45°~1“ 1 B 1
cos45° V2 V2

5-10

5. a) Using the special triangle 30°- 60°-90°,

sin30° = -21~and cos30° = —-—23—, therefore:

1\? 3)?
sin230° + cos?30° = (E + (%—)

b) Using the special triangle 45°-45°-90°,

1 1
sin 45° = Vz and cos45° = 7;, therefore:

1V 1 )?
sin245° + cosz45°=( )+< )
;2 ;2
1 1
= — 4 —
2 2
=1

¢) Using the special triangle 30°-60°-90°,
sin 60° = —-2—3 and cos60° = -12~, therefore:

3\? 1\?
sin?60° + cos?60° = (—[> + (5)

2

J‘.

BN R
N

=1
6. a) Using the special triangle 30°- 60°-90°,

1 3 1
sin30° = > cos 30° = 7 and tan 30° = 7;,

therefore:

sin30° 1 V3

cos30°:—2“r_2—
1,2

27V3

_ 2
22X V3
1
V3

b) Using the special triangle 45°-45°-90°,
1 1
sin45° = , cos45° = ,and tan45° = 1,
; 2 V2

therefore:
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sin45° 1 1 Using the special triangle 45°—45°—90°
cosd5° V2 V2 cos f = adjacent
1 V2 hypotenuse
= X e — ©
75 1 g g =30

¢) Using the special triangle 30°-60°-90°,

sin 60° = --\g—é, cos60° = -;-, and tan 60° = \/g,

therefore:
sin60° V3 Assuming that the wall is perpendicular to the

1

c0s 60° ) floor:
2
1

cos 30° =

wm

Using the special triangle 30°-60°-90°,

=

cos 30° = , therefore:

3
7.a) sing = !2_3 2 5
Using the special triangle 30°~60°-90°, a=5xX—
., Oopposite
sin 6 hypotenuse - .5__.\/_5 m
6 = 60° 2
b)\/gx tanf =1 9. tan30° + 1 —

tan 6 1 tan 30°
ané = T
3

Using the special triangle 30°- 60°- 90°,

opposite =
adjacent

6 = 30°
c) 2V2 X cos 6=

2
\/EXCOSG=§ 24\/§

Tan 6 =

1
cos f = =
V2 sin30°cos30° 1 \/3
Using the special triangle 45°~45°-90°, 2 2

cos g = 2diacent 3
hypotenuse "

6 = 45°
4
d)20056=\/§ :75

7
c;os9=l§—é :4\”3

|
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10. a) Use the proportions of the special triangle
45°~45°-90°, given that the two smaller sides
are 27.4 m.

b)
274 m
45° . V3o 1
274 m Given cosf3 = o sinf = > and tanpB = 7:;;
PR RS
sin 45° = 274 cosf3 = EE) and sinf3 = 3 therefore:
Using the special triangle 45°-45°-90°, l/é _ PR
, 1 2 13
sin 45° = , therefore:
V2 \A
274 1 PR = 13—
x 2 1 RS
x =274 %071 27 13
RS = —
11. a) >
1 3 13
Area of triangle PRS = — X 13—\/—-—_— X —
2 2 2
169
=—3
8
3
Since £Q = 45°, PR = RQ = 13%;
Giventana = 1, line AB = BD =6
1 f triangle PRQ = — 13~\[3- e
Area of triangle ABD == X 6 X 6 = 18 Area of triangle PRQ = - X 13— x 17—~
507
Using the special triangle, tan 60° = \/g, =g
o C . 169 507
tan60° = 6’ therefore: Area of triangle POS = —é—\/g 5
_C 169
\/- - —6— = —é‘ X (3 + \/g)
c=6V3 square units
Area of triangle 12. a) sin45°(1 — cos30°)
_1 + 5 tan 60° (sin60° — tan30°)
BCD‘2X6\/§X6 = 0.095 + 2.5
Using th ial triangle 30°- 60°-90°
Area of triangle b) Using the speci angle ; 9
ACD =18 + 18V3 and 45° X 45° X 90°, sind5° = =,

= 3(6 + 6\/5) square units
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V3 V3o tanB L, 12 (1)2
o X L : o - —_—— s = - — =
cos30° = ==, tan60 \/3, sin60 5 secp B=A"vA 5
1
and tan30° = v therefore: _.1 x ._\_[:.}’_ 21
3 V3T 2 s
sin45°(1 — cos30°) + 5tan60° 11
(sin60° — tan30°) T2 1
1 V3 1
=—x{1-=2)+5x =
7 (1 5 ) 5x\V3 7
o« V3o ) 15. a) Given 6 = 30°, then cot § = —%8-
2 3
and csc 6 = 2.
_(1“\/§>+5X<§_\/§) ) Vi)
VRN > V5 1+cot30=1+( 3)
_(“a._ﬁ)+5x(“_.z_> =
N2 V2 2 csc?g = 22
2-V3 s =
= + b) Given 6 = 45°, then cot 6 = 1
N2 2 Y
2
22—\/§+5\/§ and csc 6 = ==,
N2 V2 . a5 — 14 2
+ ° =
2-V3+5V2 V2 cord =
2\V2 2 Va2
V2 -Ve+10 CSCZG=<T)
4 2
¢) Megan didn’t use a calculator. Her answer =7

is exact, not rounded off.

=2
13. Given cot a = \/5, then by definition,

¢) Given 6 = 60°, then cot 8 =

Si-

1
tana = Using the special triangle from
‘\‘7"3 g e sp g

2
V3 and csc 9 = V—-g

. . 1
questions 1, sina = -2- and cosa = —2—~

1 2
2 1+cot26()°=1+< )
(s (eore) — st =31 V3 - () v

1
+__
3

Il
\’"’()wus ww

S I

o

w2

e}

fav]

<

|
[FSRIF  aN

14. Given csc = 2, then by definition,

1
sinf3 = 5 Using the special triangle from

2 1
questions 1, secf = 73-, and tanf = 7:;
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‘5.3 Exploring Trigonometric

Ratios for Angles Greater than 90°,
pp. 292 i e B

1. a) By definition, sin(180° — #) = sin6,

therefore:
sin45° = sin(180°—45°)

6 = 135°
b) By definition, cos(180° — #) = — cos#,
and cos(180° + ) = — cos#, therefore:

— cos(—60°) = cos(180° — (—60°))
cos(—180° + 60°)
6 = 240°, and
— cos(—60°) = cos(180° + (—60°))
= cos(180° — 60°)
0 = 120°
¢) By definition, tan(180° + ) = tan®,
therefore:
tan 30° = tan(180° + 30°)
6 = 210°
d) By definition, tan(180° — #) = — tan#f
and tan(180° + 6) = tan#, therefore:

tan135° = tan(180°—6) = — tané
tan45° = — tan45°
6 = 45°, and
tanf = tan(180° + 45°)
6 = 225°
2. a) Y. N2
o\ 1 ol
e L
L 0TI O W
LYAN

5-14

3. a) Given tan(180° +6) =1
and tan(180° + 6) = tané

6 = 45°
b) Since the triangle is in quadrant 3, § = 225°.
V2 . V2
tan® =1, cosf = ——,sinf = ———
2 2
4. Quadrant
Trigonometric Ratio | 1 2 3 4
sine + | + - | =
cosine + | = - | +
tangent + | = | + | -

5.4 Evaluating Trigonometric Ratios
for Any Angle between 0° and 360°,
pp. 299-301

La)—

From the sketch, sin315° is in quadrant 4.
Since 48 is in quadrant 4, 8 = 360° — 6.
B = 360° — 315°

= 45°

sinf = )—;, where y is negative and r is positive,
therefore sin# is negative.

b) %37
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From the sketch, tan110° is in quadrant 2. i) 7 = x? + y?

Since £ is in quadrant 2, 8 = 180° — 4. =5+ 112
B = 180° — 110° = 146
=70 r =V146
tané = -i- where y is positive and x is negative, =121
eery y
therefore tan#@ is negative. iii) sinf = -
o) Ay PR
| S8 =10
X
cosf = —
6 =285° X r
T 0 l° 5
p=75 cos9=-—-—~12.l
4
\ tang = .
From the sketch, cos285° is in quadrant 4. tanf = 11
Since £6 is in quadrant 4, 8 = 360° — 6. 5
B = 360° — 285° V) tang — L&
= 750 ™) 5
X . . . . L 11
cosf = > where x is positive and r is positive, 0= tan" —
therefore cos#é is positive. = 66°
b) i ~
O o N
: . (-8, 3) .
NGl
L 6=225" T 3
5 12 -8 ~4 4 12
5 2
. i) = x* +y?
From the sketch, tan225° is in quadrant 3. 2 = (—8)2 + 32
Since 26 is in quadrant 2, 8 = 6 — 180°. NGT
B = 225° — 180° r=Vvi3
= 45° =85
y - ' ' e i) sing =2
tanf = v where y is negative and x is negative, -
therefore tan# is positive. sinf = 3
8.5
2.a)i) ¥ 511
o / cosg ==
B r
e cosf = -8
’ A g 8.5
-6 ~4 -2 Qg
. tang = -
8 x
12 3
tanf = —
an ~3
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. 3 ii) = x* + y?
iv) tan6‘=~_—8- P =6+ (-8)
0 L3 P =100
P — t o
6 =18 an By . = /100
f = 180° — 21° =10
= 159°
. iii) sin§ = >
c) i) Y ¥
8 sinf = ——
4 10
0 x -4
6~4 17 2 46 T 5
p 4 ‘
] X
° cosf = —
(=5, -8) 12 r
| osf = ~—6-
i) 7 = 22 + 2 ¢ 10
r=(=5)+ (-8) _3
P =89 T 5
r- \/8—9 tanf = o
=94 X
oY _ -8
iii) sind , tanf = 6
.. —8 -4
sinf = o4 =3
g = ad : g = -z
cos§ =~ iv) tanf = 3
cos9=:—5‘ 6 =180 + tan'1[_4[
9.4 3
_ ) 6 = 360° — 53°
tanf = - ~ 307°
tanf = :—8- 3.a) y
a - |
8 ’/ \\
5 . ; x
. 8 >
iv) tan@ = — \. /-
5 > ,x2+y2=1
8 '
6 =180 + tan'1§
g = 180° + 58° Since P(—1,0);x = —1,y=0,and r = L.
= 238° Using the definitions of sine, cosine, and
d)i) 207 tangent:
8- sinf = 4
,
4
9 7S . _ 9
64 _2,)0 ‘1\,',4,', i sinfg = 1
TN §in180° = 0
; {6, ~8J1 X
ml2g e cosf = —
,
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-1 sin360° = 0
cosf = T X
6 ==
cos 180° = —1 cos r
1
tané = 2 cosf = —
X 1
cos360° = 1
tanf = ‘:‘1— y
tan180° = 0 tanb =3
b) 17 tang = 9
1
1 // \\ O N t3n3600 — 0
Y X 4. a) For example: A related acute angle of
2 0 sin 160° is 180° — 160° = 20°.
N V4 sin 20°
Reyien b) For example: A related acute angle of
, c0s 300° is 360° — 300° = 60°.
Since P(0, — 1);x =0,y = —1, and r = 1. cos 60°
Using the definitions of sine, cosine and tangent: ~¢) For example: A related acute angle of
y tan 110° is, 180° + 110° = 290°,

sin@ = - tan 290°
d) For example: A related acute angle of

) -1
sinf = TR sin 350° is 360° — 350° + 180° = 190°.
. o _ sin 190°
sin270° = —1 5. a) ,
X
cosf = —
r
0
cosf = -1- 0
cos270° =0 15 \ X
=7
tanf = e N
-1 i) siné@
tanf = = i) 6 = 180° — 15°
tan 270° is undefined. = 165°
) sin 165° = 0.26
cos165° = —0.97
P N tan 165° = —-0.27
1] . b) Yy
0.2 ; X
\\ IR N V4N 55 -/8
T
Since P(1,0);x =1,y =0,andr = 1.
Using the definitions of sine, cosine and

tangent:
' y i) tané
sing == ii) 6 = —180° + 55°
0 6 = —125°
sinf = = sin (~125°) = —0.82
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cos (—125°) = —0.57
tan (—125°) = 1.43
¢) y

7%

N

i) sinf
ii) g = —-180° — 71°
6 = —251°

sin (—251°) = 0.95

cos (—251°) = -0.33
tan (—251°) = -2.90
d) y

AR
\ 28

i) cos@
i) 6 = 360° — 28°
= 332°
sin332° = —0.47
c0s332° = 0.88
tan332° = —0.53
6. a) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

sin0=X
r

y=1
r=3

By the Pythagorean theorem, r* = x* + y*.
E=P=y

¥=9-1
x*=8

x=-VE8
= —=2V2

5-18

ey s 1
iii) sinfB = 3

|
B = sin 3
B =19°
#=180° -8
6 = 180° — 19°
= 161°

b) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

From the Pythagorean theorem,
r=x*+ y2

2= (—4%) + 3

=16 +9

25

V25

=5

he
Il

,,
]

/
/
S v
W
R
A

4
fli)cot B = —7

3
3
tanf = 4
3
= -1z
B = tan 4
B = 37°
= 180° - B
g = 180° — 37°
= 143°
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¢) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

cosf = e
r
x= -1
r=4
By the Pythagorean theorem, * = x* + y?.
=Pl
=4 = (=17
V=16 -1
yr =15
BT
i) Tx{
\l
=104
) P
1
iii) cosB = 1
1
— -1
B = cos 1
B =176°
0= 180° — B
f = 180° — 76°
= 104°

d) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

csc b =

W

o o
<L 72}
o 6
T @
Il
SAN I SRRV NS ]

~ et
[

Pt

By the Pythagorean theorem, r* = x* + ).

ﬁ\) ><N ><!\) ><N
1 T
A ¥
P
N

=

H

|
5
e
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i) [~

Mo
= 9=156"
0 H
5
fii)csc B = 5
g 2
sinf = 5
— —12
B = sin 5
B = 24°
6 =180°~ B
6 = 180° — 24°
= 156°

e) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

tan9=l
X
tang = —1.1
9= 11
tané = 10
x = -10
y =11

By the Pythagorean theorem, * = x* + .
rP=x*+ y2
P = (~10) + 112

r* =100 + 121
=221
=\V221
iK%y
\\ H
N :
N
N\,
6=132°
'\ A
T O H T
iii) tan B 1
anf3 = ——
10
11
=t -1
B an 10
B = 48°
g =180° -8
6 = 180° — 48°
= 132°

5-19



f) i) Since the angle lies in quadrant 2, x is
negative. Therefore:

sect‘)=z
X
cscf = —3.5
7
csch = 5
x = =2
r=17

By the Pythagorean theorem, r* = x> + y*.

e} 5
y2=r~_x1.

y=7 = (-2)
y} =49 — 4
y? =45
y=\V4s5
=3V
i) [T N
\
92107,
TTTT 1
7
iit) secB——-z-
2
cosﬁ——a
— -12
B = cos 7
B =73°
0 =180° - B
6 = 180° — 73°
= 107°

7. a) From 6a, 6 = 161°
161° — 360° = —199°
b) From 6b, 8 = 143°
143° — 360° = —217°
¢) From 6c¢, 6 = 104°
104° — 360° = —256°
d) From 6d, 6 = 156°
156° — 360° = —204°
e) From 6e, § = 132°
132° — 360° = —228°
f) From 6c¢, 6 = 107°
107° — 360° = —253°
8. a) sin6 = 0.4815

6 = sin "' 0.4815

5-20

= 29°
g = 180° — 29°
= 151°
b) tanf = —0.1623
6 = tan "1(—0.1623)

= —Q°
f = 360° + (-9°)
= 351°
8 = 180° + (—9°)
= 171°
¢) cos@ = —0.8722
8 = cos " '(—0.8722)
= 151°
6 = 360° — 151°
= 209°
d) cosf = 8.1516
tan 6 = 27516
6 = tan 1(0.1227)
= 7°
6 = 180° + (7°)
= 187°
e)csch = —2.3424
. 1
S = =534
= sin "1(—0.4269)
= —25°
6 = 360° + (—25°)
= 335°
f = 180° — (—25°)
= 205°
f) sec6 =0
1
cosf = 0
# is not possible.
9. a)
34 e
A
cos 6 = 0.6951
6 = cos ~10.6951
= 46°
g = 360° — 46°
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= 314°

b)

Z1n
w

N
j

tanf = —0.7571
6 = tan "'(—0.7571)
= -37°
9 = 360° + (—37°)
= 323°
6 = 180° + (—37°)
= 143°

)

>

18

sinf = 0.3154

6 = sin "1 0.3154
= 18°

6 = 180° — 18°
= 162°

d)

cosf = —(.2882
6 = cos 1 (—0.2882)
= 107°
6 = 360° — 107°
= 253°
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e
)T 7 7
7/
/-
247, '\\15, SN
/ -~
/
/[
tanf = 2.3151
6 = tan~12.3151
= §7°
8 = 180° + 67°
= 247°
D 7
29~
{0l 3
\ 4
// r \\
sinf = —0.7503
6 = sin 7' (—0.7503)
= —49°
6 = 360° + (—49°)
= 311°
6 = 180° — (—49°)
= 229°

; =2
10.a) i) tan6 = .

ijx=-1,y=~-1,and r = \/i, therefore:

tanf = ":‘i‘
6 = 225° and
6 = 225° — 360°
= —135°
tané@ =%
sinf = %5
_-\V2
2
X
cosf = ~;
cosf = 1
V2
_—V2
2
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i) x =0,y = —1, and r = 1, therefore:

tan9=X
X
-1
tanf = ——
an )
b)i) tang = >
X
tanf = —
an 0
6 = 270°, and
6 = 270° — 360°
8 = —90°
sin(9=~)i
,
ing = —
sin 1
= —1
cos()=~)E
Is
0
g =~
cos 1
= ()
tan6=~}i
X
tan@ = —
an 5

tan @ in undefined

) i) tanf = =
X

i)x=—1,y =0, and r = 1, therefore:

0
tanf = —
an =1
6 = 180°, and
g = 180° — 360°
= —180°
sin @ =2
r
. 0
sinf = 1
=0
X
cosf = —
¥
-1
cosf = ——
= -1

5-22

: =2
d)i) tang = .

0
tanf = 1
= (°, and
= (° — 360°
= —360°
ii)x =1,y = 0, and r = 1, therefore:
sinf = 4
¥
={
ing = 0
sinf = 1
=0
cosf = z
’
1
cosf = 1
=1
tanf = 2
X
0
tané 1
=0

11. You can’t draw a right triangle if 8 = 90°.
12. a) Quadrant 2 or 3

b) Given cos8 = ~% and by definition,

x
cosf = = therefore

r=12
By the Pythagorean theorem, r* = x* + y2.
P=plg
Y =122 = (=5)
V= 144 — 25
2 =119

y = =V119

Quadrant 2:

V119

sinf = —E—
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=—
CcOos 12

V119

tanf = ——-
an 5
Quadrant 3:
-V119

12

sinfg =
12
V119

tanf = ———
5

cosf =

5
Qg = ——
¢) cos 1

6= cos -
= COS 12

# = 115°, and

0 = 360° — 115°
= 245°

13. o = 180°

For example, since cosf = % (will be unique
when 8 is on the negative x-axis.
14. For example, given P(x, y) on the terminal
arm of angle 6, sin 8 = )’;’ cosf = 35, and

Yy

tan@ = =,
X

15. a) cos28 = 0.6420
20 = cos ~10.6420

26 = 50°
0 =50°+2
= 25°
26 = 360° — 50°
g = 310°+2
= 155°
26 = 360° + 50°
= 410° + 2
= 205°
26 = 720° — 50°
P =670°+2
= 335°

b) sin(6 + 20°) = 0.2045
6 + 20° = sin ~10.2045

6+ 20° = 12°
6 =12° — 20°
g=—8°
= 352°

Nelson Functions 11 Solutions Manual

8 + 20° = 180° — 12°
# = 168° — 20°
= 148°
¢) tan(90° — 260) = 1.6443
90° — 26 = tan ' (1.6443)

90° — 26 = 59°
20 = 90° — 59°
6=31°+2
= 16°
90° — 26 = 180° + 59°
20 = 90° — 239°
0= —149° + 2
g = —745°
= 286°

90° — 26 = 360° + 59°
20 = 90° — 419°

g = —329°+2
0 = —164.5°
= 196°
90° — 26 = 360° + 180° + 59°
26 = 90° — 599°
f# = —509°+2
0 = —254.5°
= 106°

16. a) 6 could lie in quadrant 3 or 4. 6 = 233°
or 307°.

b) 6 could lie in quadrant 2 or 3. 8 = 139° or
221°.

17.a)
-~
64~ 2
72 e
b) -
‘Al
/
402!
LD hy+hy
o >
60 i
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o %, =

1
1.a)cscf = ——
sin 6
csc 20° = !
"~ §in20°
= 2.9238
1
b) secd =
cosé
1
75° =
sec cos75°
= 3.8637
to =
©) co tané
cot10° = an10°
= 5.6713
1
d § =—
) esc sin 6
1
81° =
e8¢ sin81°
= 1.0125
2.a) cotg =
tan@
cot § = 0.8701
0.8701 =
tan @
1
tanf = ——
anv = 4.8701
¢ = tan ~11.1493
= 49°
1
b) secf = ——
cosf
secf = 4,1011
41011 = 1
os 6
cosf = 1
41011

5-24

6 = cos ~10.2438

= 76°
1
§=——
¢) ¢csc -
csc 6 = 1.6406
1.6406 = —-1-—
smné
S8 = 175406
6 = sin "1 0.6095
= 38°
1
d) secf = ——
cos
sec = 2.4312
24312 =
4312 cosf
08 = — 1
oS =5 4312
f = cos 10.4113
= 66°

3. Since the hypotenuse must be the longest

side, the denominator of:sl cannot be the

7 .
hypotenuse. Therefore 3 cannot be a ratio for

sine or cosine.

7
tanf = —
an 5
7
= { -1
an 5
— 540
tan 54°
1
csch = —
sin 6
cscld = —
Z 1
5 sin@
. 5
sinf = —
f = sin 1=
= 46°
csc 46°
1
secf =
cos 6
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7
g =—
sec 5
z‘_ 1
5 cosé
cosf = —
6 = cos 1=
__440
sec44°
1
te =
co an@
7
te = —
co 5
Z,- 1
5 tané
S
6 =tan"'=
an 7
_360
cot 36°
4.
2 a=83m
0 =31°

The rope and mast form a right triangle. Since
Claire needs 0.5 m to tie the rope, the length of
rope, x, needed is ¢ + 0.5.
opposite
hypotenuse
sin31° = 83
c

8.3
sin31°
c =161
x=c+05
x=161+05
= 16.6
5. Angle 6 is acute and therefore 0° < 6 < 90°

sing =

r r
csch = —andsec 8 = —
y X

For csc 6 < secl,x <y
45° < < 90°
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b

o
&

aysoddo
ajsoddo

30

adjacent " adjacent r“
/3 1

a) Using the special triangle 30°-60°~90°,

V3

sin60° = BN
b) Using the special triangle 45°-45°-90°,
1
tan45° = —
an 1
=1
¢) Using the special triangle 30°-60°-90°,
cscl = —
sin 6
cscl = hypoter-luse
opposite
30° = 2
csc =7
=2
d) Using the special triangle 45°-45°-90°,
sech =
cos o
secd = hyp9tenuse
adjacent

o
Q

ajisoddo

30

adjacent

V3

1
a) Since sin a = > triangle BCD is a similar

triangle to the 30° special triangle. If

1 1
sina = —, then @ = 30° and tana =

2 RV

and therefore:
BC=2x14
= 28, and
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CD = 14\/3
Triangle ABD is also similar to\?gecia] triangle

2

45°-45°-90°, with sin45° = —— Therefore:
2

AB = 14V/2, and
AD = 14
b) As determined in part a, triangle ABD is sim-
ilar to a special triangle 45°-45°-90° and trian-
gle BCD is similar to a special triangle
30°-60°-90°. Therefore:

SinA = {172
2

_V2
2
COSA L
0SA =
V2
_V2
2
1
tanA = —
an 1
3
sin DBC =—‘2“—
1
cosDBC = E
tanDBC = —é
S.a)i) )

o I
P
s 1S

”

Since the related acute angle B = 60° using the
special triangle 30°-60°-90°,

V3

sin 120° = >
i) 180° — @

= 180° — 120°
= 60°

5-26

b) i) y

Since the related acute angle B = 45°, using the
special triangle 45°-45°-90°,

V3

225° =

COos 5

ii) 360° — 6

= 360° — 225°

= 135°

o) i) y
6 =330 N
1 0 ‘l - 30Q

Since the related acute angle B = 30°, using the
special triangle 30°-60°-90°,

-V3

tan330° = —-—3-—*

ii) 180° - B

= 180° — 30°

= 150°

d)i) 7

Since the related acute angle 8 = 60°, using the
special triangle 30°-60°-90°,

oL
= cos300° = >
i) 360° — @
= 360° — 300°
= 6(°
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s o 8T b) tan6 = ~-1-8§-
N ;_} 6 = tan "' (—1.875)
BN x = —62°
L12 -8 ~4 20 4817 9 = 180° + (—62°)
+ = 118°
b 12. sin6 = —0.8190
g 6 = sin ~!(—0.8190)
= —55°
b)tanf = —g, 6 = 360° + (—55°)
., 4 = 305°
p=tan—mg 6 = 180° — (-55°)
B = 24° = 235°
¢) g =180° - B 13. a and f. Sine and cosine ratios should be
g = 180° — 24° less than or equal to 1.
6 = 156°

10. No, the only two possible angles within the
given range are 37° and 323°.

11. a) tan® = = g
x 1.a) cotd = CF)S
15 sin @
tanf = —— X
8 tg ==
P =xt4y? < Yy
r=(-8)7+15 d
) _ §89 ) cosf = -
r = Ve sinf = >
Therefore: LN 4
oy y r r
sin g = p x x r
_—= - X —
sin 6 =0 x x yr7
M — = —, for all angles 6 where 0° = 6 = 360°
cosf = — yo
r except 0°, 180°, and 360°.
cosf = 17 b) tané cosf = sin@
4
csc @ =~; tanf =%
17 cosf ==
g =-—
csc T r
g =2
secd :-i- smé = r
17 Yo xX_y
sec = oy x r r
VAR for all angles # where 0° < 6§ = 360°
coth = — ror g T
-8 except 90° and 270°.
coté 2"{5‘
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¢) cscl =
) csc inéd
r
csch = —
y
. y
sinf = =
r
csch 1
C -
sin 6
r_,.7%
v - r
1:1 X":’
y y
%— ~, for all angles 6 where 0° = 6 = 360°

except 0°, 180°, and 360°.
d) cosf sect = 1

X
cosf = —
,
r
secd = —
X
X r
—X—-—=1
rox
x r
Ix-=1
x r

1 = 1, for all angles # where 0° = 6 = 360°
except 90° and 270°.

2.a) (1 — sina)(1 + sina)

=1+ sina — sine — sin’e

=1 - sin’a

cos ‘e

tan o

b)

Z.
=
R

|
4

X
|~ ~ =

TR B TR ST A S

= S€ca Oor
oS @

¢) cos’a + sin’a

)(>

I
><N *1)[ ™, /"“\

T WA

o

d) cosa sina

A
r

‘1[>~:\<EH

cosa
a)1l — cos?6

(1 = cosf)(1 + cos@)

b) sin0 — cos?

= (sinf — cosf)(sind + cosh)
¢) sin%f — 2sin6 + 1

= (sinf — 1)(sinf — 1)

= (sinf — 1)°

d) cos6 — cos?6

= cosf(1 — cosb)

cos 0

@

,———— =1+ sin#
1 — sin@

cos?9 = (1 + sinf) X (1 — sinf)
cos20 = 1 + sinf — sinf — sin’
cos?0 =1 — sin%

cos?0 = cos’0

inx
5.a) = COSX
tanx
sin x
LS =
tanx
. sinx
= sinx +
CcosSXx
. CcoSXx
= sinx X —
sinx
= COSX

= R.S,, for all angles x where
0° = x = 360° except 0°, 90°, 180°, 270°,
and 360°.

tan@ sin @
b = 5
) cosf 1~ sin“d
t
L.s, — tané
cosf
=0 o -+ cosf
cosf
sin 8 1
= X
cosf cosé
_ sinf
cos’f
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__ siné

"~ 1- sin’

= R.S,, for all angles 6 where
0° = 6 = 360° except 90° and 270°.

1+ sing
c) + tang = ———————
cosa cos o

1
LS =+ tana
cos o

1 sina

cosa  Cosa
1+ sina
T cosa
= R.S., for all angles @ where
0° = a = 360° except 90° and 270°.
d) sin® cosf tanf = 1 — cos?6
L.S. = sin# cosf tan6

= R.S,, for all angles 6 where
0° = 6 = 360° except 90° and 270°.

6. No. You need to prove that the equation is
true for all angles specified, not just one.

7.a) sinf cotf — sinf cosf

. cos6 .
= sinf X ~— sinf cosé@

sin
= cosf — sinfcosf

cosf(1 — sin6)

b) cosf(1 + sech)(cosf — 1)

i

1
cos9<1 + ————)(cos@ - 1)
0s 6

cos 6

cosf

(cose - )(c0s6~1)
0059(1 A cost?)( cosf — 1)
(

(1 + cos)(cosf — 1))
cosf

(1 + cos@)(cosf — 1)

cos@ + cos’0 — 1 — cosé

cos?d — 1

= —sin?f

Il

i

cos b

Il

¢) (sinx + cosx)(sinx — cosx) + 2cos*x

= sin’x + cosxsinx — cosxsinx

— cos?x + 2cos’x
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= sin’x — cos’x + 2cos’x

sin?x + cos’x

1

a) csc’d — 3csch + 2
csc’g — 1

_ (csc = 2)(csch — 1)

(csch + 1)(cscd — 1)

f—2
=87 c , where cscf # 1 or-1
csch + 1
sin %6
8. a) ———— =1 + cosf
) 1~ cosé
LS. = __fll_l_?;‘?__
1 — cosé@
1 — cos?f
1~ cos@
(1 = cosf)(1 + cosh)
1 — cosé@
=1+ cosé
= R.S., where cos 6 # 1
tan’a
b) —————— = sin?
) 1+ tan’a “
tan %«
L.S. =~
1 + tan’a
_ tan’a
sec’a
sina 1

cos’a  cos’a

sin 2
= X cos a
cos "«

= sin‘a

= R.S,, for all angles 0° = « = 360°

except for @ = 90° and o = 270°.
¢) cos’x = (1 — sinx)(1 + sinx)
R.S. = (1 — sinx)(1 + sinx)
=1 — sinx + sinx — sin’x
=1-— sin’x
= cosx
= L.S.
d) sin’@ + 2cos’9 — 1 = cos?
L.S. = sin’0 + 2cos?d — 1
sin’ + cos’6
+ cos’9 — 1
1+ cos?d — 1
cos 6
= R.S.
e) sin‘a — cos*a = sin’a — cos’a
L.S. = sin‘a — cos*a
= (sin’a — cos’a)

Il



(sin’a + cos’a)
(sin’a — cos’a) X 1
= sin’a — cos’a

= R.S.
f) tan@ + = !
tané sinfcos
L.S. = tané +
tané

sinf ( sinG)
= e L]
cosf cosf

sin 6 ( cos 0)
= + 11 X —
cosf sin @
sin 6

sin 6 cos 6
cos 26

cos @
sin %0

sinf cosf®  cosfsiné
sin’0 + cos?0
sinf cos 6
1

sin 6 cos 6§

= R.S., where tan 6 # 0, siné # 0, and
cosf # 0
9. a) For example: Farah’s method only works
for equations that don’t have a trigonometric
ratio in the denominator.
b) For example: If an equation has a trigono-
metric ratio in the denominator that can’t equal
zero, Farah’s method doesn’t work.
10. For example: csc?0 + sec?§ = 1 is not an
identity; csc?45° + sec?45° = 4 shows that it
is false.

” 1
11. sin“x(l + 5 > =1
tan“x

1
sin 2x(l + 5 )
tan’x

3 2
: sin %x
sin’x{ 1 + 1+ 2)
COS X

. ., . sin’x
sm<x + smnx +

cos ’x
e
COS "X
sin %x
* l 2
sin“x + cos“x
=1

= R.S., where tanx # 0
sin?g + 2cosf — 1  cos’f + cosé
12.a) =

sin9 + 3cosf — 3

L.S.

I

i

i

(sinzx + sin%x X

i

— sin’%@
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sin®g + 2cosf — 1

sin%f + 3cosf — 3

(1 — cos?@) + 2cosf — 1

(1 — cos?@) + 3cosf — 3
—cos?9 + 2cosd

—cos%0 + 3cosf — 2
cosf X (2 — cosh)

(2 = cosB)(cosb — 1)
cosf

cosf — 1
cos’0 + cosf
— sin’@
cos?0 + cosf
cos? — 1
cosf X (cosf + 1)
(cosf + 1)(cosf — 1)
cosf

R.S. =

cosf — 1

L.S., where sin § # 0, cosf8 # 1
b) sin%a — cos’a — tan’a

2sin?a — 2sinta — 1

1 - sin’a
L.S. = sin’a — cos’a — tan’w
Ly ) sin %«
= sin’a — cos’a — —5—
cos’a
cosla X sin?a  cos’a  sin’a
cos 2a cos’a  cos’a
cosZa X sin’a — cos‘a — sin’a
1 — sin’a
sinZa X (1 — sin’a)
1 — sin’a
. 2 .
— (1 — sin%a) — sin’e
1 — sin’a

_ —sin‘a = (1 = 2sin’a + sin‘a)

1 — sin’a
_ 2sin2a—2sin‘a — 1

1 — sin’a
= R.S.,, wheresina # 1
3
sin 6
13.F le:
or example "

+ sinfcosfd = tané

sin @

cosf’

14. a) iii) ¢ is not an identity.
siné tané

n sinf + tané

If 6 = 45°, then

by multiplying by

=sinf + tan @

Chapter 5: Trigonometric Ratios




sinftané
sind + tané
_ sin45°tan45°
 sin45° + tan45°
= (0.414, and
sin@ + cosé
= §in45° + cos45°
= 1.414
# 0.414
i)

(1 = cos’x)(1 — tan*x) =

1 — sin’x
R.S. = (1 — cos*)(1 — tan®x)

=(1-(1- sin%x))(l - Sinzx)

cos’x
. cos?x  sin’x
= sin%x X — — >
cos’x  cos’x
., _ cos?x — sinx
= sin%x X ———5——m
cos x
., _ (1 = sin%) — sin%
= sinZx X —
1 — sin“x
sinZx X (1 — 2sin?x)
1 — sin’x
- 2 — . 4
sin“x — 2sin“x
1 — sin’x
=L.S., sin®x # 1

ii)1 — 2cos?0 = sin“9 — -9
L.S.=1 - 2cos?f
=1 - cos’d — cos?
=1— cos?@ — (1 — sin?9)
= sin%0 — cos?d
R.S. = sin“9 — cos“*
= (sin’0 + cos?0)(sin%0 — cos?)
=1 X (sin% — cos?h)
= sin’9 — cos?f
= L.S.,, for all angles 6 where

0° =0 = 360°
. .1+ 2sinBcosB .
= +
iv) SnpB + cosB sinf3 + cospf
1+ 2sinBcosp
LS. = sinf8 + cosf
sin’8 + cos’B + 2sinBcosp
a sinf3 + cosfB
_ (sinB + cosPB)(sinfB + cosf)
sinf + cospB
= sinfB + cosB

= R.S.,, sinf #—cosp
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sin’x — 2sin‘x

1 —cosB  sinp

V"ong 1% cosp
Ls. =1 CosB
sinf8

(1 = cosB)(1 + cosB)
B sinB(1 + cospB)

1 - cos’B
B sinB(1 + cospB)
3 sin’g
~ sinB(1 + cospB)
_ sin’B
1+ cos 3
=R.S.,sinfB # 0, cosB# —1
sinx
—— = CSCX — COtX
1+ cosx
R.S. = ¢scx — cotx
_ 1 cosx
 sinx sinx
1 — cosx
© sinx

_ (1 — cosx)(1 + cosx)

sinx(1 + cosx)
1 — cos%x
sinx(1 + cosx)
sin %x

sinx(1 + cosx)
sinx

1+ cosx
= 1.8, cosx # 1

1 A
105° 15.5cm
6
B 205¢cm C
sin @ sin 105°
a) =
15.5 20.5
o sin 105°
Sinf = 15.5( 205 )
= (.73
6 = sin ~1(0.73)
=47
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D M 360
sin C = 8.5( > )
= 0.9992
9cm £.C = sin 71(0.9992)
7 cm = 88°, or
= 180° — 88°
0 a = 92°
38 LB =180° — (36° + 92°)
E F = 52° or
b) sin 6 _ sin 38° = 180° — (36° + 88°)
9 7 = 56°
sin 38°
o & (sin 500
sin @ 9< 7 ) b = (sin5 )( in 36")
= (.79 = 6.7 cm, or
sin 1(0.79) = 52° v 5
Since this is the ambiguous case of the sine law b = (sin56 )< sin 360)
and the angle 6 is oblique, 6 is 180° — 52°, =~ 71em
or 128°. A
2.a)
67 cm
b)h = 9.8(sin40°) T sy
=6.3m C B

h is less than both of the two given sides.
¢) There are two possible lengths for the
third side since & < 6.6 < 9.8.
3.a) h = 5.2(sin65°%)
=47

Since & is greater than the side measuring 2.8 cm,
no triangle exists.
b) h = 6.7(sin63°)

=6 a)

sinf _ sin 120°

Since h is greater than the side measuring 2.1 cm, 9.1 123
no triangle exists. o sin 12()")
o) c sing = 9.1(-———————12-3
= 0.64
6 = sin ~1(0.64)
= 40’
S
A 85cm
h = 8.5(sin36°)
= 4.99 142 cm 10.8 cm
Since h < 5.0 < 8.5, two triangles exists.
sinC _ sin36° .
85 5 o LA\% AW
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sinf  sin45°

b) 14.2 10.8
) sin 45°
sinf = 14.2( 108 )
= (.93
6 = sin ~1(0.93)
= 68°

This 1s an ambiguous case of the sine law and %
is 14.2(sin45°), or about 10.0 cm, which is less
than either of the given sides. Therefore, 6 can
also be equal to 180° — 68°, or 112°.

5.a) s

12.5 mm

This is an ambiguous case of the sine law and
h is 9.3(sin 35°), or about 5.3 mm, which is
less than either of the given sides. Therefore,
there are two possible triangles.
. sin 35°
sinB = 9.3< 75 )
= (.74
B = sin 71(0.74)
= 48° or
= 180° — 48°
= 132°
If £B is 48°, then £C is 180° — (48° + 35°),
or 97°, and c is given by the following equation:
c 7.2

sin 97° sin 35°
. . 7.2
c = (sin97 )( sin35°)
= 12.5 mm

If 2B is 132° then £Cis 180° — (132° + 35°),

or 13° and c is given by the following equation:
c 72

sin13°  sin35°

Nelson Functions 11 Solutions Manual

nonf 12
¢ = (sinl3 )(sin35°>
= 2.8 mm

b) A

12.6 mm

B C

73 mm

This is not an ambiguous case of the sine law,
and 4 is 14.6(sin 30°), or 7.3, which is equal to
a. Therefore, there is only one possible triangle,
and it is a right triangle with

4B = 90°

£C = 180° — (90° + 30°)
= 60°

c 73

sin60°  sin30°
. (13
¢ = (sin60 )(sin30°)

= 12.6 m

¢) This is an ambiguous case of the sine law,
and £ is 2.8(sin33°), or about 1.5 cm, which is
greater than a, so no triangle exists.

d A

171 cm

B C

243 cm

This is not an ambiguous case of the sine law,
so only one triangle exists.
£C = 180° — (75° + 43°)
= 62°
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a 222
sin75°  sin62°
 eonf 222
a= (sin75 )( sin62°>
= 24.3 ¢m
b 222
sin43°  sin62°
.o 222
b = (sin43 )( sin62°)
=171cm
6 sinf  sin78°
20 35
. sin 78°
sinf = 20< 35 )
= 0.56
6 = sin ~'(0.56)
= 34°

Q
P 105.0m

The angle made by P, the top of the building,
and Q must be 180° — (32° + 140°), or 8°. Let
x be the distance from the top of the building to

the point P.
x 1050
sin32°  sin8&°
105.0
= (sin 32°
(G )(sin8°>

= 399.8 m
in40° == meeeee
S 399.8

h = 399.8(sin40°)
= 257.0 m

5-34

In the triangle formed by the plane, shore A,
and shore B, the angle opposite the width AB

of the lake is equal to 45° — 32°, or 13". By the
sine law, the width AB of the lake will be given
by the equation 5;1?30 = 217;;)3 Since B is the
alternate interior angle to the angle of depression
measuring 32°, B is also 32°.

. aonf 9750
AB = (sin13 )< sin 320>
=4139 m
9. Let x be the length of the aqueduct. The closest
end will be the one with an angle of depression

of 71°. Following what was done in problem 8§,
X 270.0

sin17°  sin54°
270.0
= (sin17°
(sin )<sin54°)
=976m

10. The height of the tower is given by the
h
formula cos34° = 30 so h is about 25 m.

11. Assume Carol is on the same side as the
person with the 66° angle of elevation only
and is 11 m from that person.

a) 37(sin50°) =28 m

11
= (sin114°
b) x = (sin )<sin16°)
=37 m

. aco 37
¢)x = (sin95 )< Sin 350)
= 64 m
Assume Carol is on the same side as the person
with the 66° angle of elevation only and is 11 m
away from the other person.
a) 6(sin50°) = 5m

o 11
b) x = (sin35 )<sin95°)
=6m

o6
c)x = (sm16 )(m)

=2m
Assume all people are on the same side and
Carol is 11 m from the person with the 66°
angle of elevation.
a) 37(sin50°) = 28 m
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1
b) x = (sin1l4 )( sin16°>
=37 m

o 37
¢)x = (sinls )<sin35°>
=16 m
Assume all people are on the same side and
Carol is 11 m from the person with the 35°
angle of elevation.
a) 24.4(sin50°) = 19 m

11
b) x = (sin35°
) x = (sin35 )(sin15°>
=24 m

. 24
¢)x = (sin 16")( n 114o>

=7m

12. The triangle formed by the tower, the
ground, and one’s position relative to the
tower has one side of 47 m, two unknown sides
of length x (since the goal is to be equidistant
from the top and bottom of the tower), and two
angles measuring 87.2° (since the tower leans
at an angle of 2.8°) opposite each side x. That
means the remaining angle opposite the 47 m
side will be 180° — (2(87.2°)), or 5.6°.

X 47

sin87.2°  sin5.6°
47
= (sin87.2°
x = (sin )( sin 5.6°)
= 481 m

13. The 35° angle must be opposite the 430 m
side.
sinf _ sin35°

110 430
o sin 35°
sinf = 110( 430 )
= (.147
6 = sin 71(0.147)
= 8°

The remaining angle is 180° — (35° + 8°), or
137°, and the remaining side is given by
the equation:

x 110
sin137°  sin8&°
110
= (sin137°
* = (sin ) ( sin 8°>
=515m
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14. a) N

M L

(right triangle) I < m,ﬁ?—ﬁ = 7;- , (height)h=l=msinL

Lighthouse B

a) Since the bearing to lighthouse A is 285°
and the bearing to lighthouse B is 237°, from
the sailor’s point of view, the angle between the
lighthouses is 285° — 237° or 48°. So the angle
between lighthouse B and the sailor, when
viewed from lighthouse A is 180° — 48° — 12°
or 120°. Let AS represent the distance from the
sailor to lighthouse A and BS represent the dis-
tance from the sailor to lighthouse B.

BS 11

sin120°  sin48°
BS = (sin120° 1
= (sin )sin48°
=13 km
AS 11
$in12°  sin48°
AS = (sin12° L
= (sin12°) sin 48°
= 3km

5-35



b) The distance to the shore, represented by d,
is the length of a side of a right triangle with
BS as its hypotenuse.

d
in 12° = —
S BS
BS(sin12°) =d
d= ((sleO )sin48°)(8m12 )

d=27km

a) Let s represent the distance to the stern.
S 222.5

sin160°  sin12°
2225
= (sin 160°)—=—=="
s = (sin160°)= s

= 366 m

b) The shortest distance between the cargo ship
and you is represented by d in the figure above.
d is the length of a side of a right triangle with

s as its hypotenuse.

sin 8° = d
s
d = s(sin8°)
) o 2225 oo
= ((sm160 )sin12°)(5m8 )

=509 m
Since the Algomarine never gets any closer than

50.9 m to you, you won’t get swamped.

: 1
17. The lower wire has a length of ,i,
sin 36°

or about 264 m. The upper wire has a length
of

sin50° " about 408 m.

1. a) A

62°

7.0
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0% + 7.0° — 2(4.0)(7.0)(cos 62°)
7

Il

o
to
I
(s b

o]
[

©

il
a3
o0
j
o

=2

p—g

w |
o
)

12.0

125°

Q
P = 12.0° + 9.0° — 2(9.0)(12.0)(cos 125°)
= 348.89

r =V 348.89
= 18.7

2. a)
T

6.0

4.0
7.0

U

4.0° = 6.0° + 7.0° — 2(6.0)(7.0)(cos 6)
407 — 6.02 — 7.02

cos 6 = 3 6.0)(7.0)
_23
38
23
= -1 —_—
6 = cos (38)
= 35°
b) 59 T
34
47

3.42 =527 + 4.7* — 2(5.2)(4.7)(cos 6)
347 — 522 — 4.7
—2(5.2)(4.7)

cosf =
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# = cos “’<28—9¥>
376

= 40°
J.aw

v

w? = 1057 + 11.22 — 2(10.5)(11.2)(cos 43°)

= 63.68
w = V63.68

=80
b
) . 3.0 U

0
20

4.0

14

4.0 = 2.07 + 3.0° — 2(2.0)(3.0)(cos 6)
4.0* — 2.0 — 3.0

-2(2.0)(3.0)
-1

cosf =

<
}
o
o
w
A
TN
A;'
[
—’

= 104°
€) 11.57 = 8.3% + 6.6 — 2(8.3)(6.6)(cos A)
11.5% — 8.3 — 6.6°
—2(8.3)(6.6)
i)
83

—-15
- -1
LA cos ( 3 )

= 100°

COSA =

d)p* =2517 + 71.3° 2(25.1)(71.3)(%)

Nelson Functions 11 Solutions Manual

cosN =

= 4818.885

p = \/4818.885

= 69.4
4. a) L

75cm

M N2cem

m? =752+ 1122 — 2(7.5)(11.2) (cos 105°)
= 22517

m =\V22517
=150cm
7.5% = 11.2% + 15.0* — 2(11.2)(15.0)(cos N)
7.5% = 11.2% — 15.0
—2(11.2)(15.0)
= (.8756
£LN = cos "1(0.8756)
= 29°
£L = 180° — (105° + 29°)
= 180° — 134°
= 46°

b) r
25.6 cm

120°
28°
S T

LR = 180° — (120° + 28°)
= 180° — 148°
= 32°
ro 256
sin 32°  sin 120°
= 29.56
r = 29.56(sin 32°)
=157 cm
£ =157+ 25.6°
— 2(15.7)(25.6)( cos 28°)
= 192.10

r=7V192.10

=139 cm
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c) A 5cm c
8cm
10 cm
B
52 = 82 + 10? — 2(8)(10)(cos B)
s B = L& 10
~2(8)(10)
_139
160
139
LB = =
B = cos (160)
= 3(°
107 = 52 + 8 — 2(5)(8)(cos A)
COsA = ——————102 _5 -8
—2(5)(8)
_—11
~ 80
-11
A= -1
ya cos ( 20 )
= 08°
£C = 180° — (30° + 98°)
= 180° — 128°
= 52°
d) X
y 21 35 7
18.7 cm
£X = 180° — (21° + 35°)
= 180° — 56°
= 124°
z 187
sin 35° sin 124°
= 22.56
z = 22.56(sin 35°)
=129 cm
y? = 12.9° + 18.7
— 2(12.9)(18.7)(cos 21°)
= 65.68
y = V65.68
= 8.1 cm
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By the cosine law, the angle 6 within which
the shot must be made is given by
2.07 = 6.57 + 8.0 — 2(6.5)(8.0)(cos ).
2.0 — 6.5 — 8.07

€S8 = T 6.5)(80)
_ 409
416
f = cos ‘1<4—02>
416
=11°

The shot must be made within an angle of
about 11°.
6.

By the cosine law, the distance d from the ball
to the hole is given by
d* = 270% + 160° — 2(270)(160)(cos 23°).
d* = 18 968.38
d = V18 968.38

= 138
The distance from the ball to the hole is about
138 m.
7. A

le 2.0 =1
Since £ADB is 45°, you know that ZADC is
180° — 45°, or 135°. Therefore, LCAD is
180° — (135° + 30°), or 15°.
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sin 15°

. AC
By the sine law, i 1357 18 equal to
or about 3.86.
AC = 3.86(sin 135°)
= 2.73

By the cosine law,
(AB)? = 2.0° + 2.73% — 2(2.0)(2.73)(cos 30°)

=72

AB =\

=14
8. Using the information given, tower A, tower
B and the fire form a triangle with the following
properties (call this triangle ABF): £ A is 45Y,
£Bis 95Y, £F is 40Y and the length of side AB
is 20.3 km. By the sine law, the distance from
tower A to the fire (F) is

AF 203
sin95Y  sin40Y
20.3
= gqi X
AF = sin95Y S a0y
= 31.5km

Again using the sine law, the distance from
tower B to the fire is

BF 203
sin45Y  sin40Y
20.3
= sin 45Y X
BE = sin 45 sin 40Y
=223km
9. a) D
270 m
¢ {71m
i5°
! M

Answers may vary. For example, Mike is
standing on the other road and is 71 m from
Darryl. From Darryl’s position, what angle, to
the nearest degree, separates the intersection
from Mike?

b) D

Answers may vary. For example, how

far, to the nearest metre, is Mike from the

intersection?

x? = T1% + 270° — 2(71)(270)(cos 85.2°)
= 74732.79

x =NV74732.79

=273 m
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10. Let d be the distance from the top of

the tower to the top edge of its shadow.

By the cosine law,

d? = 55.9° + 90.0° — 2(55.9)(90)(cos 84.5°).
d* =10 275.94

d =V10 27594

= 1014
The distance from the top of the tower
to the top edge of its shadow is about
101.4 m.
11.a) c

B
The minimum information required to use the
cosine law is the values of a, b, and ¢
or the values of b, ¢, and £ A.
The cosine law is a® = b* + ¢* — 2ab(cos A).
b) The minimum information required to use
the sine law is the values of a, b, and £ A.
simA _ sinB _ sinC

T b ¢

The sine law 1s or

a b ¢
sinA  sinB  sinC
12. The longest side of the triangle will be
opposite the 120° angle, and the shortest side
(call the length of this side x) of the triangle
will be opposite the 20° angle, so the unknown
side will be opposite the 40° angle.

. X x + 10
By the sine law, sin 20°  sin 120°
sin 20°
= (x + =10
x = (x 10)( sin 120°>

= (x + 10)(0.3949)
= 0.3949x + 3.949
x — 0.3949x = 3.949

x(1 — 0.3949) = 3.949
3.949
K T mm——
1 — 03949
=66

So the shortest side is about 6.6 cm long, and
the longest side is about 16.6 cm long.
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Call the remaining side y. By the cosine law,

y is given by the equation

V' = 6.6° + 16.6* — 2(6.6)(16.6)(cos 40°).
= 150.5

y =123

So the perimeter of the triangle is about

6.6 + 16.6 + 12.3, or about 47 4.

13. a)

73

You know that the 45° angle cannot be opposite
the side measuring 10.0 cm, or else
the other two angles opposite the shorter sides
would have to be less than 45°, and the interior
angles of the triangle would not add up to 180°.
Similarly, the 45° angle cannot be opposite the
side measuring 5 cm, or else, by the sine law,
the angle opposite the side measuring 10 cm
would have to be 90°, and the angle opposite
the side measuring 7.4 cm would have to be
greater than 45°. However, then the interior
angles of the triangle would not add up to 180°.
So assume the 45° angle is opposite the side of
length 7.4 cm. Let A be the angle opposite the
side measuring 10.0 cm. By the cosine law, A
is given by the following equation:

10.0% = 7.4 + 5.0° — 2(7.4)(5.0)(cos A)

10.072 — 7.4* — 5.0

A=
€08 Z2(7.4)(5.0)
_ -253
925
~253
A= H—
€08 < 925 )
= 106°

The remaining angle opposite the side
measuring 5.0 cm will be about

180° — (106° + 45°), or about 29°.
b)

1.5

5-40

In the first triangle, the side measuring 11.5 is
opposite the side of 70°, and there are two sides
180° — 70°

of — or 55°. The sides opposite the
11.5

i in 40° 0.

55° angle are (sin 40 )Sin 70 or about 10.0

13.2
In the second triangle, the sides measuring 11.5
are opposite the 55° angles, and the side opposite

.. 115
the 70° is <in 55° (sin 70°), or about 13.2.

79

In the third triangle, there are two angles of 70°
and one of 180° — 2(70°), or 40°. The sides
measuring 11.5 are opposite the 70° angle, and

11.5
h .« . : M 3 ©
the remaining side is (sin 40 )< sin 70°)’ o
about 7.9

1.5

In the last triangle, the side measuring 11.5 is
opposite the 40° angle, and the sides opposite the

11.5 ) or about 16.8

70° angles are (sin 70°)< i 40°
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80’ 200 250 75°
[ 2.0 km »

Considering the triangle formed by balloon A,
balloon B, and the intersection of
the lines from each balloon to the observer on
its opposite side, you can find the distances of
the various line segments in the above picture.
The remaining angle in the middle triangle is
180° — (20 + 25), or 135°. By the law of sines,
2 X
sin 135°  sin 25°
segment of the left triangle, is about 1.2 km. Its
opposite angle is 180° — (45° + 80°), or 55°.
Therefore, the top part of the line segment
from balloon A to its opposite observer is

t = (sin 800)(Sin =

bottom segment of the rightmost triangle,

SO x, the bottom

), or about 1.44 km. The

. . 2 X
by the sine law, is given by 1350 - sm 0>

so x is about 0.98 km. Since its opposite angle

is also 55°, the top part of the line segment

from balloon B to its opposite observer is

t = (sin 80°)< 531'95850), or about 1.18 km.

Then, by the cosine law, the distance between A

and B squared is equal to about (1.44)% + (1.18)?
— 2(1.44)(1.18)(cos 135°), or about 5.87.

V5.87 =24

So the distance between A and B is about 2.4 m.
b) By what was done in part a), the distance
from balloon A to its opposite observer is about
1.44 + 0.98 = 2.42 km. The distance from bal-
loon B to the opposite observer is about 1.2 +
1.18 = 2.38 km.

So the height of balloon A is
h = 2.42 X sin25Y

= 1.02 km
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The height of balloon B is
h = 2.38 X sin20Y
= 0.81 km
So balloon A is higher by about
1.02 — 0.81 = 0.2 km

5.8 Solving Three-Dimensional
Problems by Using Trigonometry,
pp. 332-335

1. Use primary trigonometric ratios to calculate
the hypotenuse of each right triangle. Add the
results together to get the length of line needed.
2. a) Answers may very. Sine law, given
information for angle, side, angle; need to
find a side.
b) Answers may vary. For example,
use a right triangle with acute angles
40° and 50°. Then, solve:
2 _ cos 50°

x

3.a) 90° — 35° = 55°

DF 15
sin35°  sin55°
. DF 15 .
] >< — X [e]
SIn35" X Gn3ss ~ simsse « Sn3d
E= X g o
DF Sn55° sin 35
DF = 1050 cm
x 1050
sin 90° sin 45°
. X 10.50
O >< —_— >< + o
sin 90 Sn90°  sindse < Sin 90
10.50 .
— X o
sin45° sin 90

x = 1484 = 15cm

b) Use the cosine law to find the length of the
segment opposite £ D; call this length 4. Since
there are tick marks on two of the sides, BD
also has length 15 cm.
d* = 15* + 15% — 2(15)(15)cos 70Y

= 296.1
d=17cm
Use 4 to find the value of x.

sin27Y = é
X
d

* = sin27Y

= 38 cm
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¢) Find angles for triangle EBD:
LEBD = 180° — (65° + 55°)
£LEBD = 180° — (120°)
LEBD = 60°
Find £DBC:
£ZDBC = 180° — (90°+60°)
£DBC = 180° — (150°)
LDBC = 30°
BD 10

sin115°  sin 30°

BD 10
mn115° X =
sin 115 sin 115° sin 30°

% sin115°

BD =

in115°
sin3oe SM S

BD = 18.13 cm
EB 18.13
sin 55° sin115°
. R EB 1813
SINS3" X S5~ Sin115°
18.13 ) o
EB = S 115° X sin 55
EB = 1639 cm
x 16.39
sin90°  sin70°
sin90° = 1
16.39
sin 70°
x =17.44 =17 cm
d BAD = 18
) tanZ =13
tan ZBAD = 1.2
£LBAD = 50.19 = 50°

14
tan £DAC = —
an 15

tan ZDAC = 0.933
LDAC = 43.03° = 43°
£LBAC = 50° + 43°
LBAC = 93°
4.a) LBDC = 180° — (66° + 50°)
LBDC = 64°
DC 175.0

sin50°  sin 64°

, DC 175.0
(o] >< —

SInS0" X S50° T sin6a°

1750 .

= X o

C singac < sin 50

DC=1492m

X sin 55°

x:

X sin 50°
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-—-—~149.2 = tan74
h

——— X 149.2 = 149.2 X tan74°

149.2
h = 1492 X tan74°
h =5203m

b) Yes, use the sine law.
LDAC = 80° — (90°+74°)

£LDAC = 16°
ho 1492
sin74  sin16
. h 149.2 .
° X = X
sin 74 sin74°  sin16° sin 74
149.2
= X sin74
sntee ~ Sm7
h = 5203
5. Balloon

Vineland
Beamville

226
—— = tan2°

226
B X—B'= tan2° X B

226 = tan2° X B

226
" tan?2°
B = 6471.8 cm
226
- = tan 3°

22
VX"'V—6= tan3° X V

226 = tan2° X V
226
tan3°
V =43123m
BV? = 6471% + 43217
— 2(6471)(4321)( cos 80°)
BV = 71266 = 7127 m
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6. Observation 0.232h* = 133

Dck o 133
0.232
h= [ 133
0.232
/ h=239=23m
8. The figure below reflects all of the given
B A information.
250° 180° e
166
A
A Xl—6—6-: tan40° X A
A
166 = tan60° X A
166 y _ 800
A= sin35Y  sin68Y
A =197.83 m . 800 )
- 35Y
166 . y - (sin33 )<sin68Y
g T tan3d = 4949 m
166 Now use the sine law to find x.
BX?=tan34°><B X _ y
166 = tan34° X B sin 73Y B sin40Y
494.9
B = 166 X = (sin73Y)( - )
tan 34° sin40Y
B =24611m =736m ‘
X% = 1982 + 246 — 2(198)(246) cos 70° The straight-line distance from the helicopter to
x = 257.69 = 258 m the sailboat is about 736 m.
h 9. S
7. tan18° = —
P
___ h
P~ an1s°
tan20° = h
r
___ h
"~ tan20°
r* + p? = 100° a=b
h 2 h a _ o
+ = 1007 = tan51
( tan 200) ( tan 18") 00 8
W L 0 8><§—=tan510><8
(tan20 ) hz( tan 18}22) a= 8 X tan51°
—— = 1007 =b=99m
2(}.362 (3.322 @ + b* = 2abcos § = 13.5
LA RN 9.9 + 9.92 — 2(9.9)(9.9) cos§ = 13.5?
0.1296  0.1024 , 98.01 + 98.01 — 196.02cos @ = 182.25
0.1024hK% + 0.1296A4° — 100% 196.02 — 196.02cos 8 = 182.25
0.0133 0.0133 —196.02cos @ = —13.77
0.10241* + 0.1296h* = 133 cos @ = 0.0702
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6 = 94.03°
£BCT = 180° — 94.03°
LBCT = 94.03
£LCBT = LCTB
LCBT = —--~—94é03

LCBT = 47.01 = 47°
10. For Triangle ABC:
AB? = BC? + AC?* — 2(BC)(AC)cos130°
AB? = 4.5 + 2.0° — 2(4.5)(2.0) cos 130°
AB? = 2025 + 4.0 — 18.0 cos 130°
AB? = 2425 + 11.57

AB* = 38.82
AB =\V/3882
AB =6.0m

Triangle GHI has all three side dimensions
shown

For Triangle JKL:

LK?* = LJ* + JK? — 2(LI)(JK) cos 42°
LK?* = 4.7% + 4.0% — 2(4.7)(4.0) cos 42°
LK?=122.09 + 16.0 — 37 cos42°

LK? = 38.09 — 27.94
LK? =10.14

LK =\V10.14

LK =32m

Find the hypotenuse for each diagonal in
each truck.

Truck A:

C?=26"+21°

C?=6.76 + 4.41

Cc?=11.17
C=V11.17
C=33m

D? =26+ 6.0°

D? = 6.76 + 36.0

D? = 42.76
D =V42.76
D =65m

E*=21%*+ 6.0°
E? =441 + 36.0

E? = 4041
E =73V4041
E=64m

Truck B:

C? = 4.0* + 217
C?=16.0 + 4.41

C* = 2041
C=V2041
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C=45m
D? = 4.0% + 2.5%
D? = 16.0 + 6.25

D? = 2225
D =\2225
D=47m

E?=21%+ 25
E? =441 + 6.25

E? = 10.66
E? = 40.41
E =V10.66
E=33m
Truck C:

C? =45+ 16
C? = 2025 + 2.56

C?=2281
C=V2281
C=48m

D? =45+ 1.8
D?* = 2025 + 3.24

D? = 23.49
D = \V/23.49
D =48m
E? = 1.6* + 1.8
E? =256 +3.24
E*=158
E=V58
E=24m

By comparing the side lengths of various tri-
angles to the dimensions and diagonals (that
were just found) of various trucks, the fol-
lowing conclusions can be made: Piece num-
ber one fits into truck A. Pieces numbers two
and three fit into trucks A and B.

11. Top of Tree

B

80m

g = 180° — (85° + 30°)
6 = 180° — 115°
6 = 65°
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b 80 between the two cars by using the cosine law on

sin30°  sin 65° the “bottom” triangle (on the ground):
' b 30 _ d* = 2007 + 160% — 2(200)(160)cos 24Y
sin 30° X Sn30° ~ Sin65° X sin30° = 125416
80 d=112km
= Sin65° X sin30° Using this information, and the cosine law on
= 441m the “front” triangle formed by the cars and the
t helicopter, now find the distance D between the
i tan 28° helicopter and the fast car:
r' D? = 100° + 112?
441 X — = tan28° X 44.1 — 2(100)(112)cos 20Y
44.1 = 1494.9
t = tan28° >< 441 D = 39km
=234m=23m b) To find the height of the helicopter, notice
12. a) Balloon that the segment labeled 4 (the height of the
helicopter) forms a right triangle in the front
right with the 100 km long side as hypotenuse
and part of the side between the two cars. So, to
find 4, notice that
A HS sin20Y = opposite
hypotenuse
LS
[ QA ~ 100
Bill x Chris = 100 X sin20Y
= 34 km

Chandra is correct, there is not information to

solve the distance. 14. N
b) She needs the altitude of the balloon and the
angle between Bill and Chris as measured on
the ground directly below the balloon. %
3.a) H Lelicopter 270° J 90°
258° 180°
Mountain Top
F
Fastcar Slowcar
k
Slow car’s distance = 80 _I—E“l X 2 hr
Slow car’s distance = 160 km
k
Fast car’s distance = 100 —I—E} X 2hr Enter X Exit
Fast car’s distance = 200 km 2 __ tan 35°
a) To find the distance between the helicopter 1515
and the fast car, first find the distance d 1515 X —2— = tan35° X 1515
1515
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= tan35° X 1515

a = 1060.8 m
b [+
——-—1515 = tan31
b
X e = ° X
1515 1515 an31 1515
b = tan31° X 1515
b =9103m

x> =a* + b* — 2abcosh
x* = 1061% + 910% — 2(1061)(910) cos 12°
x* = 64 998.4

x =V64998.4
x=2549m = 255m
15. N
P
70°
270° 90°
125 o
180°
A
AN
120 km 180 k1
P Q
1B35m
8 = 125° — 70°
8 = 55°

PO* = AP + AQ? — 2(AP)(AQ)cos6
PQO? = 1207 + 1807 — 2(120)(180) cos 55°
PO? = 14 400 + 32 400 — 43 000 cos 55
PQ? = 46 800 — 247785

PO? = 220215
PO =\V220215
PO = 148.4km
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16. a)

La = 180° — (90° + 55°)
La = 180° — (145°)

La = 35°
A 445
sin35°  sin90°
. A 44.5 .
o >< — X o
I35 X Gn3se T Sinoge < S0
44,
== > X sin 35°
sin 90°

44.
A= ———1—-§- X sin35°

A =445 X sin35°
A=2552m

Zb = 180° — (90° + 34°)
Lb = 180° — (124°)

Lb = 56°
B 710
sin56°  sin90°
. B 71.0 .
o >< — >< o
sin 56 Snsec . sin90° sin 56
B = 71'0 X sin56°
sin 90°
1.
= ————-—710 X sin56°
B = 71.0 X sin56°
B = 5886m
Rope around outside of the building:
= 25.52 + 58.86
=844 m

b) Straight line between the windows:
2 =a* + b?
¢? = 25.52% + 58.86°

= 651.27 + 3464.50

i

-
[ 2

c® = 4144.56
c = V4144.56
= 642 m
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1.i) a)

13

8
By the Pythagorean theorem, the hypotenuse of

the triangle is equal to V'8 + 13%, or V233, so

the reciprocal trigonometric ratios for the angle

g are:
t6*-§— se 6——22 csc6—--—22§
LT =1z el =g T
b)
2 35
4

By the Pythagorean theorem, the hypotenuse of
the triangle is equal to V122 + 352, or 37, so
the reciprocal trigonometric ratios for the angle
@ are:

cot6 =22, sech =L, csch=t
o 1 se —35, csc —12.
o) Y []
23
39

By the Pythagorean theorem, the unknown
side of the triangle is equal to V/39* — 232,
or 4\/55, so the reciprocal trigonometric ratios
for the angle @ are:

39

————'\7'—= CSCG———.

coth =

iiya) g = tan‘1<2>
8
2 580

b)8 = tan~ ( )

¢) @ = sin ‘1<
= 36°

|8
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b) (1 — tan 45°)( sin 30°)( cos 30°)( tan 60°)
= (1 — 1)(sin 30°)( cos 30°)( tan 60°)

=0
¢) tan 30° + 2(sin 45°)( cos 60°)

e o
V2

V3, V2

3 2
V3 3Va
6 6

V3432

- 6
3. 1) a) positive; tan 18° = 0.3249
b) negative; sin 205° = —0.4226
¢) positive; cos (—55°) = 0.5736
ii) a) The principle angle of tan18° is
6 = 18°, and the related acute angle is
B = 18°.

Another angle that has the equivalent ratio is
6 = 198°.
b) The principle angle of sin 205° is
= 205°, and the related acute angle is
B = 25°.

x
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Another angle that has the equivalent ratio is

6 = 335°.

¢) The principle angle of cos (—55°) is § = 305°,
and the related acute angle is B = 55°.

Another angle that has the equivalent ratio is

6 = 55°.

>

By the Pythagorean theorem, the hypotenuse of

the triangle is equal to V (—2)* + 5% or V29,

so the primary trigonometric ratios for the angle

6 are:
sin ‘*5@ cos B = —2\/2—9_ tanfd = ——
T 9 29 Ty
b) y
X
[/
P(3, -3)

By the Pythagorean theorem, the hypotenuse of
the triangle is V3% + (—3)? which is equal to
\/I—é, or 3\/5, so the primary trigonometric
ratios for the angle 8 are:

sin g = ‘—\g—‘z‘, cos 6 =—~2~, tan @ = —1.

2
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(N s

P-4, -5)
By the Pythagorean theorem, the hypotenuse of

the triangle is equal to V' (—4)* + (=5)? or

\/ﬂ, so the primary trigonometric ratios for the

angle 6 are:
Va1

5\V/41
41

sin § = TR cos B =

5. a) The terminal arm of the angle ¢ lies in

either quadrant 2 or 3, since these are the only

quadrants in which cos,ine 1S negative.

b) Since cos ¢ is — , the remaining side of
) MRV .

the triangle is V53 — (—7)% or V4, which is
equal to 2 (in quadrant 2) or —2 (in quadrant 3).
Assume the terminal arm of ¢ lies in quadrant
2. Then the other five trigonometric ratios for
the angle ¢ are:

5
, L =
an 6 1

2 2 7
sinq5=—\7—5§, tanqb=~7—, COt(f):E,

V53 V53

sec ¢ = T csc ¢ = —

Assume the Terminal arm of ¢ lies in quadrant 3.
Then the other five trigonometric ratios are:

. 2 2 _ 7
sing = -7 tané = -5, coté = o,
/53 \/53

sec ¢ = — - ,cscd>:——2~—~.

¢) If ¢ is in quadrant 2, then
-7

¢ = cos™!

C 53
= 164Y

So the related angle is
B = 180Y — 164Y

=16Y

So if ¢ is in quadrant 3, then
¢ = 180Y + 16Y

= 196Y
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6 8 8 5( 1 > d) secBcos 8 + secOsin
. cos B cotB = cos
tan B :( L )cose+< 1 )sin@
cos B cos § cos ¢
= Cos B( - ) _ sin
sin B =1+ os 0
cos’p
= e =1+ tan#
sin B , 6 cannot be equal to 90° or 180°.
_1-sinB 8.a) = 5.5(sin 30°)
sin 3 =275em < b
__1  sin’B So there are two triangles.
sinB  sinfB
1 .
B sin B - snp
. 1 o .
So the equation cos B cot 8 = —— — sin B is ¥
an identity. sin B B 6.0 cm ¢

Angle B8 cannot be equal to 180°k for any
k in the integers, since sin g is 0 for any such
angle, meaning that cot S is not defined.

Sin «
7. a) tanacosaz( )(cosa)
cos «
= sin & B
a cannot equal 90° or 270° 3.6 cm ¢
) -— = tan ¢ b) h = 122( sin 340)
ot ¢ =68cm < ¢
_ Sin¢g So there are two triangles.
cos ¢ B
= sin ¢< )
cos ¢ 147 cm 56°
= sin ¢ sec d) 8.2cm
¢ cannot be equal to 0°, 90°, 180° or 270°.
¢)1 — cos’x = sin’x 34°
¢ A
., (cos x) 122cm
= sin“x
cos x
in ¢ sin ( cos x) B 53
= sinxsinx -
COS % 56 cm o cm
c 34° 22° A
. sin x
= sin x cos x( ) 122cm
cos x ¢) h = 11.1(sin 33°)
= §in X cos xtan x =60cm > ¢
) ( ) So no triangle exists.
= SImmxcosx . sin 6 . sin 25°
cot x 9. By the sine law, is equal to ,
_ sinxcosx 15
- so 6 is sin "1(0.56), or about 34°. So the angle
cotx &

£Q is about 180° — (25° + 34°), or about 121°.
x? =207 + 157 — 2(20)(15)( cos 121°)
= 934.0

x cannot be equal to 0° or 180°.
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x=V934.0
= 30.6 km

10. a)

P =113"+ 7.7 — 2(11.3)(7.7)(cos 108°)
= 240.76

i =\/240.76

=155
b) ¢ = 6.0° + 8.0> — 2(6.0)(8.0)(cos 72°)
= 70.33
c=V7033
=84
¢)m? = 622 + 4.5% — 2(62)(4.5)(cos 55°)
= 26.68
m = V2668
=52

11. The angle between the two angles of eleva-
tion measures 180° — (45° + 70°), or 65°. Let
x by the hypotenuse of the triangle formed by
the observer, the blue spotlight, and the height
of the ceiling at the blue spotlight.

X _ 6
sin 70°  sin 65°
x =62

h

in 45° = —

Sin 60
h=44m

12. In order to determine the height &, you
need to determine first the length BA so that
you can use trigonometric ratios to find .
LABC is equal to 180° — (57.5° + 90°), or
32.5°, so by the sine law, we have the follow-
ing equation:

BA 30
sin 57.5°  sin 32.5°

BA = (sin 57.50)(-—319-—)

sin 32.5°
= 471m
h
tan 153 = ——
an 153 =777
h = 47.1(tan15.3°)
=13m

13. First, you determine the unknown interior
angles of the triangle formed by Suzie and the
right and left base exterior walls of the school.
sinx _ sin 39°

120 89

sin 39°
inx = 120 ———
sin x ( ) )
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= (.85
x = sin "1(0.85)
= 58°
So the remaining angle of the right exterior wall
is about 180° — (39° + 58°), or about 83°.
The distance from Suzie to the left base exterior
wall is given by the formula
X 8.9

sin 83°  sin 39°

X

i
w
[t
=
el
%
TN
1721
@,
S | oo
W | O
2
N

=140m
Now you can determine the angle of elevation 6
from Suzie to the top left exterior wall with the

formula tan 6 =

14’

= tan ‘1(ﬂ>
14

= 18.5°

i. sing =20

csc @ is undefined

cosf = —1

sech = —1

tan@ = 0

cot# is undefined

ii. The principle angle is 180°, and the related
angle is 0°.

NIV N

oo
.
o0

WY
(-8, —6)/—4

W}
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-3
b —
)i, sinf = 5
5
9 e
cse -—~—_3
cos @ = -—-~4
s
5
secf = —
3
t = —
an @ )
4
1 = —
cot 6 3

3
ii. tan'l(z> = 37°

180° + 37° = 217°
The principle angle is 217°, and the related
angle is 37°.
2. a) The sine is negative, so you know the

angle must lie in either quadrant 3 or quadrant 4.

6 = sin ~'(sin 6)

1
in"H —=
sin ( 2)

= —30°
—30° = 360° — 30°

= 330°
So one solution for 0° = 8 < 360°, is
6 = 330°, Furthermore, we know that

1
sin ~0° is equal to >

Another solution, then, is 30° + 180°, or 210°,
b) You know that cosine is positive in the first
and fourth quadrants.
6 = cos '(cos h)
e V3
= cosT—

= 30°
The related acute angle to 30° in quadrant 4 is
330°. So the solutions are 30° and 330°.

t0 =
¢) co tan é
1
tan § = ——
an 1
m =1

The tangent is negative in quadrants 2 and 4.
tan 7(—1) = —45°
—45° = 360° — 45
= 315°
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Another solution is 180° — 45°, 135°.

1
d) sech = ——
cos 6
1 T e
cos 8
1
s 6 = ——,
cos >

You know that cosine is negative in quadrants 2
and 3.
6 = cos "!(cos 6)

1
= - =
COs ( 2)

= 120°
= 180° — 60°
The solution in quadrant 3 is 180° + 60°, or
240°.
L adjacent
3. a) Cosine is defined as ———————
hypotenuse
from the Pythagorean Theorem,
(adjacent)® + (opposite)? = (hypotenuse)?
Dividing by (hypotenuse)?,

(adjacent)? (opposite )
~ (hypotenuse)®>  (hypotenuse )
(opposite)* (adjacent)?

(hypotenuse)®> ~  (hypotenuse )?
opposite \/ (adjacent)?
hypotenuse - - m
1- (cos 0)2
' "3‘
- 169
Vi
T 13
. opposite
Sne = hy§§tenuse’
sin§ = —\—/-—TZ
13
cos 6 sin 6§ = <—~5—)(\/ﬁ>
13 13
6
T 169
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b) cotftané tan @

I

tan 8
tan 6
tan 8
=1
4.i.a) sin’0 + cos? =1
(sin’@ + cos’f) = (._,.1_5_)(1)
cos“f
sind  cos?® 1
cos?  cos?¥  cos’f
tan? + 1 = sec?d
b) sin?0 + cos?0 =1

(sin’0 + cos?f) = ( .17 )(1)

cos?6

sin?6 sin %0
sin%9  cos’f 1
- 2 . 2 s . 2
sin “@ sin <6 sin “6

1+ cot’d = csc?f
ii. Both identities are derived from the identity
sin%f + cos? =1
5.a) c

b) & = b*> + ¢* — 2bccos A
> = + a®> — 2cacos B
¢? =a*+ b*— 2abcos C
sinA smB sinC

© a b c
A
60.0m
49° r—l 53
1 w >
60
6.a) tan 49° = —
a) tan 3D
60
BD =
tan 49°

5-52

&
DC
60

tan 53°
w = BD + DC
60 60
tan 53°

tan 53° =

= +
tan 49°
=974 m

55m

40°/\48 .

—H J
w

G

5.5
4 o —_— ——
b) tan 40 el
5.5
tan 40°

5.5
tan 48° = ==
an HI

5.5
tan 48°
w = GH
= GJ — HJ
5.5 5.5
tan 40°  tan 48°
= 1.6m
7. a) This is an ambiguous case of the sine law,
and # is 2.8(sin41°), or about 1.8 cm, which is
greater than the length of g, so no triangle exists.
b) This is an ambiguous case of the sine law,
and & is 6.1( sin 20°), or about 2.09 cm, which
is less than a, which is less than ¢, so there exist
two triangles.

sin C _ sin 20°

GJ =

HJ =

61 21
sin 20°
i =6.1
sin C ( 51 )
= (.993
C = sin 7'(0.993)
= 83°
LB = 180° — (83° + 20°)
= 180° — 103°
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=77 tan41° =

!

b 21
sin 77°  sin 20° h
a provves
2.1 tan41°
b = (sin 77°)< - ) h
sin 20° tan52° = —
= 6,0 cm b
So for one triangle, £ C is about 83°, 2~ B is b = h
about 77°, and b is about 6.0 cm. ) . tan 52°
For the other triangle, 2 C is about 180° — 83°, a’ + b* = 30°
or 97°, £ B is about 180° — (97° + 20°), or 63°, a=\30¢ - p?
and b is given by the formula
: ¢ " A
b _ 2.1 tan41°®
sin 63° sin 20° h 2
! oG
b = (sin 63°)( — ) tan 52°
sin 20° K X o\
=5.5cm (tan41°)? ~ 30 - (tan52°>
8. B h?
h? = (tan 41° 2(302 - ————————)
(tan 41°) (tan52°)
= 30%(tan 41°)% — (tan41°)* ,
30 m ( tan 520)2
b o2
(tan41°) ) 5 5 ,
L= 3 41°
( (tan52°)’ h 0°(tan41°)
- W = 30%(tan41°)?
T a A L tan 41°)?
(tan 52°)?
¢ o [30(tandr"y
/ (tan41°)?
1+ -—5
\/ (tan52°)
h =22m
. 41
T a A
C
h
52
T b B
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CHAPTER 6:
Sinusoidal Functions

NOTE: Answers are given to the same number
of decimal points as the numbers in each
question.

1. a) x represents the number of times the price
is reduced by $2. The factor (30 — 2x) repre-
sents the price of one T-shirt in terms of the
number of times the price is reduced; the factor
(100 + 20x) represents the total number of
T-shirts sold in terms of the number of times the
price is reduced.
b) Since the revenue generated by T-shirt sales
can be modelled by the function
R(x) = (30 — 2x) (100 + 20x), for R(x)
to be equal to 0, one or both of the factors
must be equal to 0. 100 + 20x can only be
equal to 0 if x is negative, and this is not
possible. Therefore, 30 — 2x = 0.

- 2x = =30

x = 15 times

¢) Create a table with two columns. In the first
column put the number of price reductions.
In the second column, put the corresponding
revenue. Continue until the revenue starts to
decrease.

Number of Revenue (dollars)
Price Reductions R(x) = (30 — 2x)
(100 + 20x)

0 3000

i 3360

2 3640

3 3840

4 3960

5 4000

6 3960

The price will have to be dropped 5 times to
reach the maximum revenue.

d) From the table created in part c, it’s apparent
that the maximum revenue is $4000.
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e) The price of a T-shirt is equal to 30 — 2x,
$o to obtain the maximum revenue, the
T-shirts will sell for 30 — 2(5) or 20 dollars.
f) The number of T-shirts sold is equal to

100 + 20x, so to obtain the maximum revenue,
100 + 20(5) or 200 T-shirts will be sold.

2.a i
) d t)’ Puck Motlon
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The puck travelled 180 cm to the opposite end
of the table in the first 0.25 s and 180 cm back
in the next 0.25 s for a total distance of 360 cm.
b) The puck was farthest away from where it
was shot when it was 180 cm away, and this
occurred after 0.25 s.
¢) The puck travelled 180 cm in the first 0.25 s.
180cm 720 cm

0255~ 1s Aemss
d) The domain is all possible values of the time,
or t, while the range is all possible values of the
distance, or d. Therefore, the domain is

{t € R10 =1 = 2.5}, and the range is
{deRI0=d=180}.

3.a) -

Within the larger triangle there exist two
smaller right triangles. The smaller right
triangle with a hypotenuse of 15 cm has the
measurements of two angles given: 40° and 90°.
Therefore, the measurement of the unknown
angle within that triangle is 50°. With that angle
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