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Lesson 2.1 The Tangent Ratio

A
3. a) The acute angles are LA and ZC.
length of side opposite LA

Chapter 2
Trigonometry

Exercises (pages 75-77)

tan A = - -

length of side adjacent to LA

BC BC is opposite ZA.
tan A =— ] )

AB AB is adjacent to ZA.
tan A = 6

7
tan C — length of §1de oPp051te £C

length of side adjacent to £C

AB AB is opposite ZC.
tanC=— .

BC BC is adjacent to ZC.
tanC = 7

6

b) The acute angles are £/D and ZF.
length of side opposite £D

tanD = - -
length of side adjacent to /D
tanD = EE
DE
tanD = 6
4
tanD = 3
2
tan F — length of .51de opposne /F
length of side adjacent to £F
tanF = DE
EF
tanF = 4
6
tanF = 2
3
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EF is opposite ZD.

DE is adjacent to £D.

DE is opposite £F.
EF is adjacent to ZF.
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¢) The acute angles are Z/H and ZJ.
length of side opposite ZH

tanH = - -
length of side adjacent to ZH
GJ Gl is opposite ZH.
tanH =—— . .
GH GH is adjacent to ZH.
tanH = &
8
tanH = é
4
tan] — length of side opposite £J
length of side adjacent to £J
GH GH is opposite £J.
tanJ] =—— . .
GJ GJ is adjacent to £J.
tanJ = i
10
tan]J = i
5

d) The acute angles are ZK and /M.
length of side opposite LK

tanK = - -

length of side adjacent to LK

MN MN is opposite ZK.
tanK = —— .

KN KN is adjacent to ZK.
tanK = >

7
tan M — length of §1de oPpos1te ZM

length of side adjacent to /M

KN KN is opposite £ M.
tanM = —— . i

MN is adjacent to ZM.

tanM = 7

5
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4. Use a calculator to determine the measure of each angle.

a)

b)

d)

b)

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc.

tan X =0.25
/X =tan"'(0.25)
=14.0362...
So, ZX = 14°
tanX =1.25
ZX =tan"'(1.25)
=51.3401...
So, ZX =51°
tan X =2.50
ZX =tan"'(2.50)
=68.1985...
So, £X = 68°
tan X =20
/X =tan""(20)
=87.1375...
So, £X =87°

Use the tangent ratio.

opposite 3
adjacent 6
1
2

Use a calculator to determine the measure of the angle.

tan”' G) =26.5650...°
So, the angle measure is approximately 27°.

Use the tangent ratio.
opposite _ 14
adjacent 14

=1
Use a calculator to determine the measure of the angle.
tan '(1) = 45°

So, the angle measure is 45°.

Use the tangent ratio.

opposite 9

adjacent s

Use a calculator to determine the measure of the angle.

Chapter 2
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d)

B
6. Sketches will vary. For example:
a)
A
e
3
i
B 5 C
b)
D
/115
i
E 3 F
c)
D 1
1 T
E 4
d)
G 1
1 T
H | 4
e)
H
2
L
Kl 2 )
f)
5
K 12.5 L
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tan”' @] =60.9453...°

So, the angle measure is approximately 61°.

Use the tangent ratio.

opposite 8

adjacent 3

Use a calculator to determine the measure of the angle.

tan”™' (gj =69.4439...°

So, the angle measure is approximately 69°.
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7. a) In this right triangle, the adjacent side is constant.
C

C
10
C 6
-
.
AZBAZBAZB

When the opposite and adjacent sides are equal, tan A = 1 and ZA =45°. As ZA
opposite

adjacent
increases. So, tan 60° is greater than tan 45°, which is 1.

increases, the opposite side increases, so the ratio increases, and tan A

b) In this right triangle, the adjacent side is constant.

C
AZ //_lc 1
! /A
0.5
A 3 B A 2 B A 3 B

As ZA decreases, the opposite side decreases, so the ratio

opposite
p_p— decreases, and tan A
adjacent

decreases. So, tan 30° is less than tan 45°, which is 1.

8. a) First, use the Pythagorean Theorem in right AEFG to determine the length of the side
adjacent to ZF.

EF* =EG”® + FG? Isolate the unknown.
FG’ =EF’ - EG’
FG*=5.9"-3.5

=22.56

FG =+/22.56

Then, use the tangent ratio in right AEFG to determine the length of the side opposite £J.

tan F EG EG is opposite ZF.
anF=—
FG FG is adjacent to ZF.
3.5
tanF =
\22.56
tan F=0.7368...
/F=36.4°

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 5
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b) First, use the Pythagorean Theorem in right AHJK to determine the length of the side
opposite £ J.

JK? =HJ? + HK? Isolate the unknown.
HK’ = JK* —-HJ*
HK® =6.4> -2.4°

=352
HK =+/35.2
Then, use the tangent ratio in right AHJK.
HK HK is opposite £J.
tan] = — .
H HIJ is adjacent to £J.
V352
tanJ =——
2.4
tanJ=2.4720...
ZJ =68.0°

9. a) i) Inright AABC,

AC AC is opposite /B.
tanB=— . .

BC BC is adjacent to /B.
tanB = §

4
tanB =2

ii) Inright ADEEF,
EF EF is opposite ZD.
tanD =— ) ]
DE DE is adjacent to £D.

tanD:i
2

tanD=2

iii) In right AGHJ,
HJ HIJ is opposite £G.
tanG=— .
GJ GJ is adjacent to ZG.
tanG = 20
4.5
tanG =2
Each right triangle has an acute angle with a tangent ratio of 2.
So, AABC, AFDE, and AHG]I are similar triangles.

b) i) From the answer to part a i,
tanB=2

/B =63.4°
The sum of the angles in a triangle is 180°, so:
ZA =180°—-63.4°-90°

=26.6°

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 6
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ii) AFDE is similar to AABC, so

/D=/B
=63.4°
and
ZF=/A
=26.6°
iii) AHG]J is similar to AABC, so
£G=/B
=63.4°
and
/H=/A
=26.6°

¢) No. First I determined the measures of the angles in one triangle. Then, I used the fact

that corresponding angles in similar triangles have equal measures to determine the angle
measures in the other triangles.

10. a) Use the tangent ratio. Let the angle of inclination be ZA.
fan A = opP051te
adjacent

_40
5.5

ZA=tan™ ﬂ
5.5
=36.0273...

The angle of inclination is approximately 36°.

Use a calculator.

b) Use the tangent ratio. Let the angle of inclination be ZA.

opposite
tan A:L

adjacent
_15

6.5

/A =tan" (Ej
6.5
=49.0856...
The angle of inclination is approximately 49.1°.

Use a calculator.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 7
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¢) Use the tangent ratio. Let the angle of inclination be ZA.
tan A= opposﬁe
adjacent

= ﬁ Use a calculator.
9.2

/A =tan™ [3'4
9.2

=20.2825...
The angle of inclination is approximately 20.3°.
d) Use the tangent ratio. Let the angle of inclination be ZA.
tan A= opP0s1te
adjacent

= % Use a calculator.

/A =tan™' 8.2
1.1

=82.3595...
The angle of inclination is approximately 82.4°.

11. a) Use the tangent ratio. Let the angle of inclination be ZA.

opposite
tan A= L
adjacent

= & Use a calculator.
100

/A =tan™ [ 20
100

=11.3099...
The angle of inclination is approximately 11°.

b) Use the tangent ratio. Let the angle of inclination be ZA.

opposite
tan A= L
adjacent

= 2 Use a calculator.
100

/A= tan'l( 25 j
100

=14.0362...
The angle of inclination is approximately 14°.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc.
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¢) Use the tangent ratio. Let the angle of inclination be ZA.

tan A= opposne

adjacent
_10

100
/A =tan™ ﬂ
100

=5.7105...
The angle of inclination is approximately 6°.

Use a calculator.

d) Use the tangent ratio. Let the angle of inclination be ZA.
tan A= OpPOSI'Ee
adjacent

15
100

/A =tan"' (ij
100

=8.5307...
The angle of inclination is approximately 9°.

Use a calculator.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 9
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12. The solar panel will work best when the angle of inclination of the roof is approximately

13.

equal to the latitude of the house.
Draw a right triangle to represent the cross-section of the roof and solar panel.
A

50m

¢ 2.8 m B
ZC is the angle of inclination. In right AABC,

AB AB is opposite ZC.
tanC=— .

BC BC is adjacent to ZC.
tanC = >0

2.8

Z/C=tan”' [ﬂj
2.8
=60.8°

The latitude of Whitehorse is approximately 60.8°. It is the only location whose latitude is
within 1° of the angle of inclination of the solar panel.

The acute angles in the diagram are: /P, /R, ZPQS, and ZRQS.
In right APQR,
QR QR is opposite £P.

tanP = — . )
P PQ is adjacent to £P.
tanP = 12
5
/P =674°

Use the fact that the sum of the angles in a triangle is 180°.
In APQR, £ZQ =90° and £P =67.4°, so:
ZR =180°—-67.4°-90°
=22.6°

In APQS, ZS =90° and £P = 67.4°, so:
ZPQS =180°-67.4°-90°

=22.6°
In ARQS, £S =90° and ZR = 22.6°, so:
ZRQS =180°—-22.6°-90°

=67.4°

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 10
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14. Draw a right triangle to represent the birdwatcher, the base of the tree, and the eagle.
E

15.

’JZOm
B T

50 m
/B is the angle of inclination. In right ABTE,

ET ET is opposite £/B.
tanB=— -

BT BT is adjacent to ZB.
tanB = 20

50
tanB=0.4

/B =21.8014...°
So, the birdwatcher must incline his camera about 22° to take a photograph of the eagle.

Sketch a rectangle with dimensions 3 cm by 8 cm.
8cm

B C
3cm
A D

A diagonal of the rectangle divides it into two congruent right triangles. So, to determine the
angles the diagonal makes with the sides of the rectangle, determine the measures of ZA and
ZC inright AABC.

To determine the angle the diagonal makes with the shorter side, determine the measure of
ZA:

BC is opposite LA.

tan A = L
AB is adjacent to ZA.

tan A =

“ R

ZA =69.4439...°
Use the fact that the sum of angles in a triangle is 180°.
In AABC, ZB =90° and ZA = 69.4°, so:
ZC=180°-90°—-69.4°
=20.6°
So, the diagonal makes an angle of approximately 69.4° with the shorter side of the rectangle
and an angle of approximately 20.6° with the longer side.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 1
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16.

17.

Lesson 2.1

Sketch a right isosceles triangle.
z

Y X

The acute angles in right AXYZ are /X and £Z.
tan X = opP0s1te
adjacent

tan X = E XY=YZ
XY

tan X = E
YZ

tan X =1

Similarly,
tan 7 = opposne
adjacent

Xy

tanZ = XY=YZ

tanZ = E
YZ

tanZ =1

Sketch a right triangle to represent the slide.
Q

250 cm
107 cm
R P

The length of the slide is the hypotenuse of the right triangle.

To use the tangent ratio to determine £/P, we need to know the length of PR.

Use the Pythagorean Theorem.
PQ’* =QR* + PR’
PR’ =PQ’ -QR’
PR* =250 -107

Isolate the unknown.

=51051
PR =,/51051
Use the tangent ratio in right APQR.
R i ite /P.
tanP = QR Q .1s 0ppos1 e
PR PR is adjacent to ZP.
tanP = 17
{51051
/P =25°

The angle the slide makes with the ground is approximately 25°.

= Copyright © 2011 Pearson Canada Inc.
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18. Sketch a right triangle to represent the ski lift.
N
1366 m JSZZ "
L M

19.

The length of the ski lift is the hypotenuse of the right triangle.
To use the tangent ratio to determine ZL, we need to know the length of LM.
Use the Pythagorean Theorem.

LN? = LM? + MN? Isolate the unknown.
LM? = LN? - MN?
LM? =1366% —522°

=1593472
LM =,/1593472
Use the tangent ratio in right ALMN.
MN MN is opposite ZL.
tanL =—— o
LM LM is adjacent to ZL.
\J1593472
/L =22°

The angle of inclination of the ski lift is approximately 22°.

Sketch a right triangle to represent the stairs.
Q

angle of , rise
inclination .- 7.5in.
,4}' tread
e 11.0 in. f
Calculate the angle of inclination of the stairs.

rise

QR QR is opposite £P.
PR is adjacent to ZP.

/P =34°
The angle to be cut and the angle of inclination form a straight line.
So, the angle to be cut is approximately:
180° — 34° = 146°
The carpenter should cut the board at an angle of approximately 146°.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 13
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20. Sketch a right triangle to represent a ladder, AB, and its distance, AC, from the wall.

The distance AC must be less than or equal to i AB.

That is, AC < iAB

So, AB>4AC
Assume AB =4AC.Let ACbe 1 mand AB be 4 m.
B

AL—Tc
Tm

To use the tangent ratio to determine ZA, we need to know the length of BC.
Use the Pythagorean Theorem.

AB? = AC* + BC? Isolate the unknown.
BC’ = AB*> - AC’
BC’=4-1

=15

BC=4/15

Use the tangent ratio in right AABC.

BC BC is opposite ZA.
tanA =— ] i
AC AC is adjacent to ZA.
tan A = g
tanA = \/E
ZA =76°

The least allowed angle of inclination of a ladder is approximately 76°.

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 14
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C

21. Sketch AXYZ and draw the perpendicular bisector of YZ through point M.
X

5.9cm

Y z
5.0cm

Line MX divides AXYZ into 2 congruent right triangles: AMXY and AMXZ
To use the tangent ratio to determine £Y, first determine the length of MX.
Use the Pythagorean Theorem in right AMXY.

XY? =MX?* +MY? Isolate the unknown.
MX* =XY? -MY*
2
MX*=5.9° - [ﬂj
2
=28.56

MX =+/28.56

Use the tangent ratio in right AMXY.
X MX is opposite LY.

M
tanY =—— . :
MY MY is adjacent to £Y.

\/28.56
2.5
ZY =64.9297...°
LY =64.9°
Since AXYZ is isosceles and XY =XZ, /Z = /Y. So, LZ =64.9°
The sum of the angles in a triangle is 180°, so in AXYZ:
/X =180°—-64.9°—-64.9°

=50.2
So, the angle measures in AXYZ are: £X =50.2°, LY =64.9°, and £LZ = 64.9°

tanY =

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 15
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22. a) There is no least possible value. The tangent can be arbitrarily close to 0. Consider a right

b)

23. a)

b)

triangle with acute ZA and suppose the side opposite ZA has length 1 unit. Then
1 unit
length of side adjacent to LA

When the side adjacent to ZA is much longer than the side opposite LA, tan A is very
close to 0.

tan A =

There is no greatest possible value. The tangent can be arbitrarily large. Consider a right
triangle with acute ZA and suppose the side adjacent to ZA has length 1 unit. Then
_ length of side opposite ZA

tan A -
1 unit

When the side opposite ZA is much longer than the side adjacent to LA, tan A is very
large.

In each right triangle, the side opposite the angle at the centre of the spiral is 1 unit long.
For the 1st triangle, the length, in units, of the adjacent side is: 1

. .1
So, the tangent of the angle for the 1st triangle is: I or 1

The hypotenuse of each right triangle is the side adjacent to the angle at the centre of the
spiral in the next right triangle. So, use the Pythagorean Theorem to determine the lengths
of the adjacent sides in the 2nd to 5th triangles.

For the 2nd triangle, the length, in units, of the adjacent side is: v/1° +1° = V2

So, the tangent of the angle for the 2nd triangle is: L

V2
2
For the 3rd triangle, the length, in units, of the adjacent side is: 4 [12 + (\/E ) =3

So, the tangent of the angle for the 3rd triangle is: L

3

2
For the 4th triangle, the length, in units, of the adjacent side is: , [12 + (\/5 ) = J4 ,or?2

So, the tangent of the angle for the 4th triangle is: x , Or 1

N7

For the 5th triangle, the length, in units, of the adjacent side is: V1> +1° = J5

So, the tangent of the angle for the 5th triangle is: 4

NG

The pattern is the tangent of the angle at the centre of the spiral for the nth triangle is:
1

Jn
So, the tangent of the angle at the centre of the spiral for the 100th triangle is:
1 1

Lesson 2.1 = Copyright © 2011 Pearson Canada Inc. 16
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Lesson 2.2 Using the Tangent Ratio to Calculate Lengths Exercises (pages 82—83)
A

3. a) Inright AABC, AC is the side opposite /B and BC is the side adjacent to ZB.
Use the tangent ratio to write an equation.

tan B = opposﬁe
adjacent
tanB = A—C
BC
b
tan27°=— Solve for b.
5.0

5.0xtan27° =i><5.0
5.0

5.0tan27°=>
b =2.5476...
So, AC is approximately 2.5 cm long.

b) Inright ADEF, EF is the side opposite £D and DE is the side adjacent to ZD.
Use the tangent ratio to write an equation.

anD — opP051te
adjacent
tanD = E
DE
d
tan35°=— Solve for d.
2.0

2.0xtan35° =4 x2.0
2.0

2.0tan35°=d
d =1.4004...
So, EF is approximately 1.4 cm long.

¢) Inright AGHIJ, HJ is the side opposite £G and GH is the side adjacent to ZG.
Use the tangent ratio to write an equation.

tan G = opposne
adjacent
tanG = H
GH
tan 59° = & Solve for g.
3.0

3.0x tan 59° =—5—x 3.0
3.0

3.0tan59°=g

g =4.9928...
So, HJ is approximately 5.0 cm long.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc. 17
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d) Inright AKMN, KN is the side opposite Z/M and KM is the side adjacent to /M.
Use the tangent ratio to write an equation.

tan M = opposne
adjacent
tanM = ﬁ
KM
m
tan43°=— Solve for m.
8.0

8.0x tan43° = ——x 8.0
8.0

8.0tan43°=m
m =7.4601...
So, KN is approximately 7.5 cm long.

4. a) Inright ANPQ, NP is the side opposite ZQ and NQ is the side adjacent to £Q.

tanQ = opPosr[e
adjacent
tanQ = NP
NQ
4,
tan 64° = 45 Solve for p.
p

4.
p><tan64°=—5><p
P

pxtan64°=4.5
pxtan64° 4.5
tan 64° tan 64°

45
P tan 64°
p=2.1947...

So, NQ is approximately 2.2 cm long.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc. 18
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b) Inright ARST, RS is the side opposite ZT and ST is the side adjacent to £T.

¢) Inright AUVW, VW is the side opposite £U and UW is the side adjacent to LU.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc.

tanT = opP031te
adjacent
tanT =—
ST
tan 72° = 87 Solve for r.
r

r><tan72°=ﬂ><r
r

rxtan72°=8.7
rxtan72° 8.7
tan72°  tan72°
8.7
~ tan72°
r=2.8268..

So, ST is approximately 2.8 cm long.

tan U = opP051te
adjacent
tanU = YW
uw
tan23° = 12 Solve for v.
v

vxtan23°=£xv
%

vxtan23°=1.2
vxtan23° 1.2
tan 23° tan 23°

1.2
v:
tan 23°
v =2.8270...

So, UW is approximately 2.8 cm long.

Chapter 2
Trigonometry
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5. a) Inright APQR, QR is the side opposite ZP and PQ is the side adjacent to £P.

tanP = opposne
adjacent
tanP = %
P
tan15° = L3 Solve for r.
r

r><tan15°=1;5><r
r

rxtanl5°=1.5
rxtanl5° 1.5
tan15° tan15°

1.5
=
tan15°
r =5.5980.

So, PQ is approximately 5.6 cm long.

b) Inright ASTU, SU is the side opposite ZT and ST is the side adjacent to ZT.

tanT = opposne
adjacent
tanT = SU
ST
tan61° =7;4 Solve for u.
u

uxtan61°=ﬁ><u
u

uxtan61°=74
uxtan61° 7.4
tan61° tan61°

7.4
u=
tan61°
u=4.1018..

So, ST is approximately 4.1 cm long.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc.
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¢) Inright AVWX, VX is the side opposite ZW and WX is the side adjacent to ZW.

tan W = opposrce
adjacent
tan W = X
WX
tan32° = 24 Solve for v.
v

v><tan32°=ﬁ><v
%

vxtan32°=24
vxtan32° 2.4
tan 32° tan 32°

24
V:
tan 32°
v =3.8408...

So, WX is approximately 3.8 cm long.

B
6. Sketch and label a diagram to represent the information in the problem.
B
a
A 154 m ¢
In right AABC, BC is the side opposite ZA and AC is the side adjacent to ZA.
tan A = opP0s1te
adjacent
tan A = BC
AC
tan 56° = —2— Solve for a.
15.4

15.4x tan 56° = ——x15.4
15.4

15.4tan56°=a
a=22.8314...
The wire reaches approximately 22.8 m up the tower.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc. 21
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7. Sketch and label a diagram to represent the information in the problem.
F

d
D LE E
1.3m
In right ADEF, EF is the side opposite £D and DE is the side adjacent to £D.
tanD = opPosne
adjacent
tanD = EF
DE
d
tan71°:§ Solve for d.

1.3><tan71°=i><1.3
1.3

1.3tan71°=d
d=3.7754...
The ladder reaches approximately 3.8 m up the wall.

8. Sketch and label a diagram to represent the information in the problem.
Assume the ground is horizontal.
J

9
. 200 m H
In right AGHJ, HJ is the side opposite ZG and GH is the side adjacent to £G.
tan G = opposne
adjacent
tanG = H
GH
tan43° = -5 Solve for g.
200

200 x tan 43° = ——x 200
200

200tan43°=d
d =186.5030...
The helicopter is approximately 187 m high.

Lesson 2.2 = Copyright © 2011 Pearson Canada Inc. 22
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9. Calculate the unknown length of the leg of the right triangle using the tangent ratio.
Then use the Pythagorean Theorem to determine the length of the hypotenuse.
a) Inright AFGH, FG is the side opposite Z/H and GH is the side adjacent to /H.

tan H = opposne
adjacent
tanH = E

G

tan42° = % Solve for FG.

2.7xtan42° = E>< 2.7
2.7

2.7tan42°=FG
FG =2.4310...
Use the Pythagorean Theorem in right AFGH.
FH®> =FG* + GH’
FH® =(2.4310...)° +2.7°
=13.2002...

FH =+13.2002...

=3.6332...
The length of the hypotenuse is approximately 3.6 cm.

b) Inright AJKM, KM is the side opposite £J and JM is the side adjacent to £J.

opposite
tanJ = L
adjacent

KM
tan] =——
M

tan36° = 5—9 Solve for JM.
M

JM x tan 36° =£><JM
M

JMxtan36°=5.9
JMxtan36° 5.9
tan 36° tan 36°

M = 5.9
tan 36°
JM =8.1206...

Use the Pythagorean Theorem in right AJKM.
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JK? =IM? + MK?
JK? =(8.1206...)° +5.9°
=100.7550...

JK =+/100.7550...

=10.0376...
The length of the hypotenuse is approximately 10.0 cm.

10. Sketch and label a diagram to represent the information in the problem.

Assume the ground is horizontal.
M

191 m
81°
KBSHL
In right AKLM, LM is the side opposite ZK and KL is the side adjacent to ZK.
tan K = opPosne
adjacent
tanK = M
tan81° = Ll Solve for m.
m
191
mxtanSIO:ixm
m

mxtan81°=191
mxtan81° 191
tan81°  tan81°
191
~ tan81°
m =30.2514...
Claire was approximately 30 m from the tower.

The distance is approximate because I assumed the ground was horizontal and I didn’t
consider the height of Claire’s eye above the ground.
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11. a) Sketch and label the rectangle. Let the length of CD be /.
A H B

+2.3cm

ck3a” Op
/

b) Inright ABCD, BD is the side opposite ZC and CD is the side adjacent to ZC.

tan C = opposne
adjacent
tanC = BD
CD
tan 34° =? Solve for /.

lxtan34°=?xl

Ixtan34°=273
[xtan34° 23
tan34°  tan34°
23

B tan 34°
[ =3.4098..

The length of the rectangle is approximately 3.4 cm.

12. Sketch and label a diagram to represent the information in the problem.
Q

P 7.1cm R

To determine the area of a triangle, we need to know its base and height.
In right APQR, QR is the side opposite ZP and PR is the side

adjacent to £P.

tan P = 0pp051te
adjacent
tanP = R
PR
tan58° = % Solve for p.

71xtan58°=L-x7.1
71

7.1tan58°=p
p=113623...
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13.

14.

The area of the triangle is:
%(PR)(QR) = %(7. 1)(11.3623...)

=40.3364...
The area of the triangle is approximately 40.3 cm”.

Sketch and label a diagram to represent the information in the problem.
N

77 m

L Om

n
In the diagram, n represents Liam’s distance from a point on the ground vertically below the
statue. In right ALMN, MN is the side opposite ZL and LM is the side adjacent to ZL.

tanL = opPosrce
adjacent
tanL = MN
LM
tan52° = ” Solve for .
n

nxtan52°=ﬂ><n
n

nxtan52°="77
nxtan52° 77
tan 52° tan 52°

77
n:
tan 52°
n =60.1589...

Liam is approximately 60 m from a point on the ground vertically below the statue.

Sketch and label a diagram to represent the information in the problem.

a

30°
A C
100 m

In right AABC, BC is the side opposite ZA and AC is the side adjacent to LA.
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opposite
tan A = L
adjacent

tan A = B—C
AC

tan30° = £ Solve for a.
100

100 x tan 30° = ——x 100
100

100tan30°=a

a =57.7350...

The balloon is approximately 58 m high.
I am assuming that the ground between Janelle and the store is horizontal.

15. Sketch and label a diagram to represent the information in the problem.

Po—
56.3

6.0cm| P =il 26.5 R

. \

The diagonal PR divides the kite into two congruent triangles. So:
Z/SPT = ZQPT = 56.3°
ZSRT = ZQRT =26.5°
ZQPS=ZQPT + ZSPT
=56.3°+56.3°

=112.6°
ZQRS=ZQRT + £SRT
=26.5°+26.5°
=53.0°
In APQR, the sum of the angles is 180°. So:
ZPQR =180°—- /P - /R
=180°-56.3°—-26.5°
=97.2°
/PSR = ZPQR =97.2°
In APQT, the sum of the angles is 180°. So:
/PQT =180°- ZQPT - /PTQ
=180°-56.3°-90°
=33.7°
/PST = /PQT =33.7°
/PTQ and ZQTR form a straight angle. So:
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ZQTR =180°—- ZPTQ
=180°-90°
=90°

ZPTS = ZQTP =90°

ZRTS = ZQTR =90°

In AQRT, the sum of the angles is 180°. So:

ZRQT =180°— ZQRT — ZQTR
=180°-26.5°-90°
=63.5°

/RST = /RQT = 63.5°

In right APQT, PT is the side opposite £Q and QT is the side adjacent to £Q.

tanQ = opposite

adjacent
33.7°Q

tan Q = E
QT 56.3° 3.0cm

tan33.7° = % Solve for PT. P T

3.0xtan33.7° =£x3.0
3.0
3.0tan33.7°=PT
PT =2.0007...
Use the Pythagorean Theorem in right APQT.
PQ’ =PT? +QT?
PQ* =(2.0007...)* +3.0
=13.0030...

PQ =+/13.0030...

=3.6059...
PQ =3.6 cm
PS=PQ=3.6 cm

In right AQRT, RT is the side opposite ZQ and QT is the side adjacent to £Q.
tanQ = opPos1te
adjacent

tanQ = RT
QT 3.0cm 26.5°

tan 63.5° = % Solve for RT. T R

Q 63.5°

3.0xtan 63.5° =Ex3.0
3.0

3.0tan 63.5°=RT
RT =6.0170...
Use the Pythagorean Theorem in right AQRT.
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QR’=RT*+QT’

QR’ =(6.0170...)* +3.0°
=45.2051...

QR =/45.2051...
=6.7234...

QR =6.7 cm

SR=QR =6.7 cm

16. a)

b)

Graph points A(4, 5) and B(—4, —5) on a coordinate grid.

6_y | |
S @r—m—rmates A
T
/
2.
.X
-4 | -] O| 7 4

12

B/ N

Mark a point with the same y-coordinate as A on the y-axis: S(0, 5)

Then AAOS is a right triangle with ZS = 90°.

In right AAOS, Z0 is the measure of the acute angle between AB and the y-axis.
Use the tangent ratio in right AAOS.

AS AS is opposite ZO.
tanO =— _—
(ON} OS is adjacent to £O.
tanO = 4
5
tanO =0.8
£0=38.7°
Graph points C(1, 4) and D(4, —2) on a coordinate grid.
y¢
44 .\

0 AU x
ol 12 \1
1o - ND
Mark a point with the same x-coordinate as C on the x-axis: T(1, 0)
Mark the point where CD intersects the x-axis: U(3, 0)

Then ACTU is a right triangle with ZT = 90°.
In right ACTU, £U is the measure of the acute angle between CD and the x-axis.
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Use the tangent ratio in right ACTU.

CT CT is opposite LU.
tanU=— .
TU TU is adjacent to ZU.
tanU = 4
2
tanU=2
ZU =63.4°
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Measuring an Inaccessible Height

Chapter 2
Trigonometry

Lesson 2.3 Math Lab: Assess Your Understanding (page 86)

The base of the protractor, the horizontal line that forms one arm of the angle of inclination,

and the vertical piece of string form a right triangle. The angle of inclination is the acute

angle formed by the base of the protractor and the horizontal line. The angle shown on the

protractor is the other acute angle in the right triangle.

angle shown

angle of inclination

So, the sum of the angle of inclination and the angle shown on the protractor is 90°.

The angle of inclination is:

90° —40° = 50°

Sketch a diagram to represent the situation.
B

ASO—EC
10.0 m 1.6m
D

In right AABC, BC is the side opposite ZA and AC is the side adjacent to LA.
Use the tangent ratio in right AABC.

tan A = opPosne
adjacent
tan A = BC
AC
tan 50° = —— Solve for a.
10.0
10.0tan50° = a
a=119175...
The height of the tree is:

l.6m+11.9175... m=13.5175... m
The height of the tree is approximately 13.5 m.
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3. The angle of inclination is:
90° —12°="78°
Sketch a diagram to represent the situation.
G

78° )
H 50mal-5m
K

In right AGHJ, GJ is the side opposite ZH and HJ is the side adjacent to ZH.

Use the tangent ratio in right AGHJ.

tan H = opPosne

adjacent
tanH = g

HJ

h
tan78°=— Solve for A.
5.0tan78°=h
h =23.5231...

The height of the totem pole is:
1.5m+23.5231... m=25.0231... m
The height of the totem pole is approximately 25 m.
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Checkpoint 1 Assess Your Understanding (page 88)
2.1
1. a) Inright AABC:
tan C = opPosrce
adjacent
AB AB is opposite ZC.
tanC=— L
BC is adjacent to ZC.
2
tanC=—
ZC=14°
b) Inright ADEF:
tan F — opposne
adjacent
DE DE is opposite ZF.
tanF =— .
EF is adjacent to £F.
tanF = ﬁ
4
ZF =56°
¢) First, use the Pythagorean Theorem in right AGHJ to determine the length of GJ.
HJ’ =GH® + GJ* Isolate the unknown.
GJ? =HJ* -GH?
GJ*=20"-16
=144
GJ =144
=12
Use the tangent ratio in right AGHJ.
tan ] opposne
adjacent
GH GH is opposite £J.
tanJ =—— . .
Gl is adjacent to ZJ.
tanJ = 16
£J=53°
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2. Consider right AABC shown below.
C

o~

1 unit

In right AABC:
tan A = opposne

adjacent

BC BC is opposite LA.
tan A =— L

AB AB is adjacent to ZA.
tan A = ?

As ZA increases, BC increases, which means that tan A also increases.

3. Sketch a right triangle to represent the plane.
P

5000 m
1000 m

N M
In right AMNP, MP is the side opposite £/N and MN is the side adjacent to £N.

To use the tangent ratio to determine N, we need to know the length of MN.
Use the Pythagorean Theorem.

NP? = MN? + MP? Isolate the unknown.
MN* = NP’ — MP*
MN? =5000> —1000°
=24000 000

MN =,/24 000 000
Use the tangent ratio in right AMNP.

tan N PM PM is opposite Z/N.
anN=——
MN MN is adjacent to ZN.
/24 000 000
ZN=11.5°

The angle between the ground and the line of sight from an observer at the beginning of the
landing strip is approximately 11.5°.
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2.2
4. a) Inright AKMN:
tan N = opposne
adjacent
tan N = —KM
KN
tan61° = - Solve for n.
6.2

6.2xtan61°=——x62
62

6.2tan61°=n
n=11.1850

KM is approximately 11.2 cm long.

b) Inright APQR:

Solve for p.

tanR — opposite
adjacent
tanR = E
R
tan56° = E
P
p xtan56° =%x p
P

pxtan56°=10.8
pxtan56°  10.8
tan 56° tan 56°

_ 108
P tan 56°
p =7.2846.

QR is approximately 7.3 cm long.
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¢) First, use the tangent ratio in right ASTV to determine ST.
tanT = opposne
adjacent

tanT = S—V
ST

tan27° = 5—; Solve for ST.

ST xtan27° =5—'3>< ST
ST

STxtan27°=5.3

STxtan27° 5.3
tan27° tan27°
53

 tan27°
ST =10.4018...
Use the Pythagorean Theorem in right ASTV to determine s.
TV? =ST? +SV?
s> =(10.4018...)* +5.3°
=136.2881...

s =+/136.2881...

=11.6742...
TV is approximately 11.7 cm long.

5. Sketch a right triangle to represent the situation.
In right AHJK, JK is the side opposite /H
and HK is the side adjacent to £H.
Use the tangent ratio in right AHJK. h

opposite
tanH = Oppostte

adjacent .
H /69 o K

9.1
tanH = —JK "
HK

tan 69° = % Solve for 4.

9.1><tan69°=i><9.1
9.1

9.1tan69°=h

h =23.7063...
The top of the hoodoo was approximately 23.7 m above the level ground.

Checkpoint 1 = Copyright © 2011 Pearson Canada Inc. 36



Pearson Chapter 2
Foundations and Pre-calculus Mathematics 10 Trigonometry
Lesson 2.4 The Sine and Cosine Ratios Exercises (pages 95-96)
A
4. a) i) Inright AAGH, GH is opposite ZA, AG is adjacent to £A, and AH is the
hypotenuse.

ii) Inright AAKT, KT is opposite ZA, AK is adjacent to £A, and AT is the

hypotenuse.
b) i) sinA= _opposite
hypotenuse
sin A = G_H
AH
sin A = i
10
sin A = 0.60
cos A = _adjacent
hypotenuse
Ccos A= ﬂ
AH
COS A = E
10
cos A = 0.80
b) ii) sin A= —2PPOSIC
hypotenuse
sin A = E
AT
sin A = l
25
cos A — _2djacent
hypotenuse
COSA=—
AT
cos A= %
25
cos A =0.96
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5. Use a calculator.
a) sin 57°=0.84
cos 57°=0.54

b) sin 5°=0.09
cos 5°=1.00

¢) sin 19°=0.33
cos 19°=0.95

d) sin 81°=0.99
cos 81°=0.16

6. Use a calculator.
a) sinX=0.25
/X =sin""(0.25)
=14°

b) cos X=0.64
ZX =cos™'(0.64)
=50°

) sinX=i
11

/X =sin™" (i)
11

=330

d) cosX=Z
9

/X =cos™ (Zj
9

=39°

7. a) Inright ABCD, the length of the side opposite ZC and the length of the hypotenuse are
given.

sinC = opposite

hypotenuse

sinC = @
BC

sinC=é
9

£C=34°
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b) Inright AEFG, the length of the side opposite ZE and the length of the hypotenuse are

d)

given.

SinE = opposite
hypotenuse
sinE = i)
EG
sinE = 4
7
/E =35°

In right AHJK, the length of the side opposite ZH and the length of the hypotenuse are
given.

sinH = opposite
hypotenuse
sinH = LS
HJ
sinH = 10
16
ZH =39°

In right AMNP, the length of the side opposite N and the length of the hypotenuse are
given.

sinN = opposite
hypotenuse
sinN = MP
NP
sinN = 6
/N =33°

In right AQRS, the length of the side adjacent to ZQ and the length of the hypotenuse
are given.

c0sQ = adjacent
hypotenuse
cosQ = Q_R
QS
18
cosQ=—
Q 24
£Q=41°
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b) Inright ATUV, the length of the side adjacent to ZU and the length of the hypotenuse

d)

are given.

cosU = adjacent
hypotenuse
cosU= EL)
uv
cosU = S
24
ZU =78°

In right AWYX, the length of the side adjacent to £Y and the length of the hypotenuse
are given.

cosY = adjacent
hypotenuse
cosY = XY
WY
cosY = 2
10
LY =26°

In right AABZ, the length of the side adjacent to ZA and the length of the hypotenuse
are given.

oS A = adjacent
hypotenuse
COsA = AB
AZ
COsA = 2
5
LA =66°

Sketch the triangles so that the ratio of the length of the side opposite /B to the length of

the hypotenuse is % . For example:
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b) Sketch the triangles so that the ratio of the length of the side adjacent to /B to the length

d)

of the hypotenuse is g . For example:

A

1
C A B C

5

Sketch the triangles so that the ratio of the length of the side opposite /B to the length of

1
the hypotenuse is 7 For example:

C
i A ZL 8
BAC1 i B

Sketch the triangles so that the ratio of the length of the side adjacent to /B to the length

of the hypotenuse is g . For example:

A

Y/A—
B4CB2A

10. I could use the sine and cosine ratios to determine the measures of both acute angles, or |
could use the sine or cosine ratio to determine the measure of one angle and then use the fact
that the sum of the angles in a triangle is 180° to determine the measure of the other angle.

a)

In right ACDE:

cosC — adjacent
hypotenuse
cosC= D
CE
cosC= 24
2.5
£ZC=16.3°
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. opposite
hypotenuse

sinE = C—D
CE

sinE = ﬁ
2
ZE=73.7°

b) Inright AFGH:
cosF = adjacent
hypotenuse

cosF = E
FH

cosF = 1—
2.5

ZF=63.9°

. opposite
sinH = L
hypotenuse

. F
s1nH=—G

sinH=£
2

ZH=26.1°

¢) Inright AJKM:
cos] — adjacent
hypotenuse

M
cosJ=—
JK

cosJ:ﬁ
3.3

£)=38.0°

/K =180°-90°—- 2]
ZK =180°-90°-38.0°
=52.0°
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11.

12.

d) Inright APQR:

sinP = opposite
hypotenuse
sinP = R
P
sinP = 22
2.9
/P =49.3°

ZQ=180°—90°— /P
ZQ=180°-90°—49.3°
= 40.7°

Sketch and label a diagram to represent the information in the problem.
H

13500 m
297 m
F

G
/F is the angle of inclination of the track.
In right AFGH:

SinF = opposite
hypotenuse
sinF = i
FH
sinF = ﬂ
13500
/F =1.2606...°

The angle of inclination of the track is approximately 1.3°.

Sketch and label a diagram to represent the information in the problem.
N

6.5m

g 1.2m M
/L is the angle of inclination of the ladder.
LN is the length of the ladder.
LM is the distance from the base of the ladder to the wall.
In right ALMN:
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cosL — adjacent
hypotenuse
LM
cosL=——
LN
cosL = E
6.5

ZL =79.3612...°
The angle of inclination of the ladder is approximately 79.4°.

13. Sketch and label a diagram to represent the information in the problem.

Q
/P is the angle of inclination of the rope.
PQ is the length of the rope.
QR is the height of the end of the rope that is attached to the tent. 2.4m 2.1m
In right APQR:
sinP = opposite p R
hypotenuse
sinP = R
P
sinP = 21
2.4
/P =61.0449...°

The angle of inclination of the rope is approximately 61°.

14. Sketch and label a diagram to represent the D . A
information in the problem. B ¥

| 5.6cm

In right AABC:
adjacent c

cosC = 48<cm B

hypotenuse

ZC =31.0027...°
The angle between a diagonal and the longest side of the rectangle is approximately 31°.

15.a) i) sin 10°=0.1736...
i) sin 20° = 0.3420...
iii) sin 40° = 0.6427...
iv) sin 50°=0.7660...

v) sin 60° = 0.8660...
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vi) sin 80°=10.9848...

b) Consider a right triangle with acute ZA and hypotenuse length 1 unit. Then:
length of side opposite LA

sin A = -
1 unit

As ZA increases, the side opposite LA increases, so the ratio sin A increases.

16. Sketch right AXYZ:
z

v X

cosX = adjacent
hypotenuse
XY

cos X =—
XZ

and

sin X = opposite
hypotenuse

sinX = Yz
XZ

Since XY =YZ, cosX = % and sin X = cos X.

Similarly, sin Z = cos Z

17. Suppose the staircase were straightened out.
The staircase would cover a horizontal distance equal to the circumference of the silo:
C=nd
C=mn(14)
The circumference of the silo is 14x ft.

The staircase would look like the diagram below.
T

37 ft.

147 ft.
/S is the angle of inclination.
SU is the horizontal distance of the staircase.
TU is the height of the silo.
In right ASTU:
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T
tanS = )
SU
tanS = 37
14n

Z£S =40.0721...°
The angle of inclination of the staircase is approximately 40°.

18. a) i) sin90°=1
ii) sin0°=0
iii) cos90°=0
iv) cos0°=1
b) (Clonsider right AABC with acute ZA.

Ny

B

In right AABC:
SinA = hopposr[e COSA = hadjacent
ypotenuse and ypotenuse
SInA = BC COosA = AB
AC AC

As vertex A moves closer to vertex B, ZA increases.
When ZA is close to 90°, the length of the hypotenuse, AC, is close to the length of BC.

Then, sin A is close to B—C ,or 1.
BC
When ZA is close to 90°, the length of the side adjacent to LA, AB, is close to 0.

Then, cos A is close to i ,or0.
AC

As vertex C moves closer to vertex B, ZA decreases.
When ZA is close to 0°, the length of the hypotenuse, AC, is close to the length of AB.

Then, cos A is close to ﬁ, orl.
AB
When ZA is close to 0°, the length of the side opposite ZA, BC, is close to 0.

Then, sin A is close to 0 ,or 0.
AC
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Lesson 2.5 Using the Sine and Cosine Ratios Exercises (pages 101-102)
to Calculate Lengths

A
3. a) Inright AXYZ, XZ is the hypotenuse and YZ is the side opposite £X.

Use the sine ratio.

sin X = opposite
hypotenuse
sin X = E
XZ
. X
sin50° =— Solve for x.
4.0
4.0sin 500 = X490
4.0
4.0sin50°=x
x =3.0641.

YZ is approximately 3.1 cm long.

b) Inright AUVW, VW is the hypotenuse and UV is the side opposite ZW.
Use the sine ratio.

sin W = opposite
hypotenuse
sinW=——
vw
. w
sin30°=— Solve for w.
3.0
3.0sin300 = 2B
3.0
3.0sin30°=w
w=1.5

UV is 1.5 cm long.
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¢) Inright ARST, RT is the hypotenuse and ST is the side opposite ZR.
Use the sine ratio.

SinR = opposite
hypotenuse
sinR =—
RT
sin25° = I Solve for r.
35
3.5sin25° = @
35
3.5sin25°=r
r=1.4791...

ST is approximately 1.5 cm long.

d) Inright APNQ, NQ is the hypotenuse and PQ is the side opposite ZN.
Use the sine ratio.

sinN = opposite
hypotenuse
sinN = &
N
. n
sin55°=— Solve for n.
4.5sin 550 = "4
4.5
4.5s8in55°=n
n=3.6861.

PQ is approximately 3.7 cm long.

4. a) Inright AKMN, KM is the hypotenuse and KN is the side adjacent to ZK.
Use the cosine ratio.

cosK = adjacent
hypotenuse
cosK = K—
KM
m
cos72°=— Solve for m.
5.5
5.5c0872°= m
5.5
5.5c0872°=m
m=1.6995...

KN is approximately 1.7 cm long.
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b) Inright AGHJ, JH is the hypotenuse and GH is the side adjacent to Z/H.
Use the cosine ratio.

cosH = adjacent
hypotenuse
cosH = G—H
JH
cosdlo=—L Solve for .
4.2
42c0s41°= G2
4.2
42cos41°=j
Jj=3.1697...

GH is approximately 3.2 cm long.

¢) Inright ADEF, DF is the hypotenuse and DE is the side adjacent to ZD.
Use the cosine ratio.

cosD = adjacent
hypotenuse
cosD =E
DF
€08 62° = S Solve for f.
11.4
11.4c0s62° =M
11.4
11.4c0s62°= f
f =5.3519...

DE is approximately 5.4 cm long.

d) Inright AABC, AB is the hypotenuse and BC is the side adjacent to /B.
Use the cosine ratio.

cosB = adjacent
hypotenuse
cosB = E
AB
cos23° = £ Solve for a.
8.6c0s23° = M
8.6
8.6c0s23°=a
a=79163...

BC is approximately 7.9 cm long.

Lesson 2.5 = Copyright © 2011 Pearson Canada Inc.
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B

5.

a) Inright AMNP, NP is the hypotenuse and MP is the side adjacent to ZP.

Use the cosine ratio.

adjacent
cosP=——"
hypotenuse
cosP = E
NP
cos57° = Q Solve for m.
m
mcosS57° = w
m

mcos57°=13.8
mcos57°  13.8
cos57°  cos57°

13.8
m:
cos57°
m =25.3378...

NP is approximately 25.3 cm long.

b) Inright AHJK, HK is the hypotenuse and HJ is the side opposite /K.
Use the sine ratio.

sinK = opposite
hypotenuse
sinK = H
HK
sin51°= Q Solve for ;.
J
jsin51°= '2.1
J
jsin51°=6.2
jsin51° 6.2
sin51°  sin51°
62
/ sin51°
j=17.9779..

HK is approximately 8.0 cm long.
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¢) Inright AEFG, EG is the hypotenuse and EF is the side adjacent to ZE.

Use the cosine ratio.

adjacent
cosE=————
hypotenuse
cosE = E
EG
cos28° = 68 Solve for f.
A
fcos28°= 681
fco0s28°=6.8
fcos28° 6.8
c0s28°  cos28°
638
c0s28°
f=7.7014..

EG is approximately 7.7 cm long.

d) Inright ABCD, BD is the hypotenuse and BC is the side opposite £D.
Use the sine ratio.

sinD = opposite
hypotenuse
sinD = E
BD
sin42° = ﬁ Solve for c.
c
csin42° = &
c
csin42°=8.3
csin42° 8.3
sin42°  sin42°
8.3
c=
sin42°
c=12.4041...

BD is approximately 12.4 cm long.
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6. In the diagram, DF is the height that the ladder can reach up the wall of the building.
In right ADEF, DE is the hypotenuse and DF is the side opposite ZE.

SinE = opposite
hypotenuse
sinE = E
DE
sin77° = E Solve for DF.
30.5
30.5sin77° = m
30.5
30.5sin77° = DF
DF = 29.7182...

The ladder can reach approximately 29.7 m up the wall of the apartment building.

7. a) Inright ACDE, CE is the hypotenuse and DE is the side adjacent to ZE.

cosE — adjacent
hypotenuse
cosE = E
CE
c0s58.5°= ﬂ Solve for CE.
CE
CEco0s58.5°= w
CE

CEco0s58.5°=25.23
CEcos58.5° 2523

c0s58.5°  c0s58.5°
25.23

c0s58.5°
CE =48.2872...
The distance from C to E is approximately 48.3 m.

Lesson 2.5 = Copyright © 2011 Pearson Canada Inc.
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b) If the distance from C to E is not known, the surveyor could use the tangent ratio since
CD is opposite ZE and the length of the side adjacent to ZE is known.
If the distance from C to E is known, the surveyor could use the Pythagorean Theorem or
the sine ratio to calculate the distance from C to D. For example, using the sine ratio:

SinE = opposite
hypotenuse
sinE =Q
CE
sin58.5° = _ b Solve for CD.
48.2872...
(48.2872.. )sin 58 50 = SD(48:2872..)
48.2872...
(48.2872...)sin58.5° =CD
CD = 4l1.1716...

The distance from C to D is approximately 41.2 m.

8. Sketch and label a diagram to represent the information in the problem.
S 3.5km
E

28.5°

L

ES is the distance travelled by the ship.

EL is the distance from the ship to the lighthouse.

ZE is the angle between the ship’s path and the line of sight to the lighthouse.
In right AELS, EL is the hypotenuse and ES is the side adjacent to ZE.

cosE = adjacent
hypotenuse

cosE = E—S
EL
35

c0s28.5°=— Solve for EL.
EL
ELcos28.5° = @
EL

EL cos28.5°=3.5
ELcos28.5° 3.5
c0s28.5°  c0s28.5°
35
 0$28.5°
EL =3.9826...
The ship is approximately 4.0 km from the lighthouse.
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9. Sketch and label a diagram to represent the information in the problem.
J

2 r|939 m
K 19.5 G

GJ is the height of the plane.

K1 is the distance from the plane to the airport.

ZK is the angle of elevation of the plane measured from the airport.
In right AGKJ, JK is the hypotenuse and GJ is the side opposite ZK.

sinK = opposite
hypotenuse
sinK = Gl
JK
sin19.5° = 2% Solve for g.
g
gsinl9.5°= 23%
g

gsin19.5°=939
gsinl9.5° 939

sin19.5°  sin19.5°

939
& sin19.5°
g =2813.0039...

The plane is approximately 2813 m from the airport.
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10. In right ACDE, CE is the hypotenuse and CD is the side adjacent to £C.

cosC — adjacent
hypotenuse
cosC = @
CE
cos76° = £b Solve for CD.
18.9
18.9cos76° = €D(8.9)
18.9
18.9¢c0s76°=CD
CD =4.5723...
In right ACDE, CE is the hypotenuse and DE is the side opposite ZC.
sinC = opposite
hypotenuse
sinC=——
CE
sin 76° = DE Solve for DE.
18.9
18.9sin76° = DE(18.9)
18.9
18.9sin 76° = DE
DE =18.3385...

So, the dimensions of the rectangle are approximately 4.6 cm by 18.3 cm.

11. a) The required length of the bookcase is AB.
In right AABC, AB is the hypotenuse and AC is the side adjacent to ZA.
Use the cosine ratio.

coSA = adjacent
hypotenuse
COosA = £
AB
cos40° = ﬁ Solve for AB.
AB
ABcos40° = w

ABcos40°=3.24
ABcos40°  3.24
cos40°  cos40°
324
~ cos40°
AB =4.2295...
The length of the top of the bookcase is approximately 4.23 m.

Lesson 2.5 = Copyright © 2011 Pearson Canada Inc. 55



Pearson Chapter 2
Foundations and Pre-calculus Mathematics 10 Trigonometry

b) The greatest height of the bookcase is side BC.
In right AABC, AB is the hypotenuse and BC is the side opposite ZA.
Use the sine ratio.

. opposite
hypotenuse

sinAzE
AB

sin40° = B—C Solve for BC.
4.2295...
BC(4.2295..))
4.2295...
(4.2295...)sin40°=BC
BC =2.7186...

The greatest height of the bookcase is approximately 2.72 m.

(4.2295...)sin40° =

12. a) i) Inright ACDE, DE is the hypotenuse and CD is the side opposite ZE.

. opposite
hypotenuse

sinE = C—D
DE

CD
3.8
CD(8.8)
8.8
8.8sin34°=CD

CD =4.9208...

sin34° = Solve for CD.

8.8sin34° =

In right ACDE, DE is the hypotenuse and CE is the side adjacent to ZE.

adjacent
cosE = J—
hypotenuse

cosE = @
DE

CE

cos34° = Solve for CE.
8.8

_ CE(8.8)
8.8
8.8¢c0s34°=CE

CE =7.2955...

8.8cos34°

Perimeter of ACDE:
4.9208... cm + 7.2955... cm + 8.8 cm = 21.0164... cm
The perimeter of ACDE is approximately 21.0 cm.
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ii) Inright AJKM, JM is the hypotenuse and JK is the side opposite £ M.

sinM = opposite
hypotenuse
sinM = ELS
IM
sin 63° = x Solve for JK.
5.6
5.6sin 63° = JK(G.6)
5.6
5.6sin 63°=JK
JK =4.9896...

In right AJKM, JM is the hypotenuse and KM is the side adjacent to ZM.

cosM = adjacent
hypotenuse
cosM =——
cos63° = % Solve for KM.
5.6c0s63° = w
5.6
5.6c0s63°=KM
KM =2.5423...

Perimeter of the rectangle is:
2(4.9896... cm) +2(2.5423... cm) = 15.0639... cm
The perimeter of the rectangle is approximately 15.1 cm.

b) In part a, I used the sine and cosine ratios to determine the side lengths. In each case, I

could have used the tangent ratio or the Pythagorean Theorem to determine the second
side length.
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C
13. Sketch and label a diagram to represent the C
information in the problem.
The trapezoid is made up of a right triangle
and a rectangle.
- 3.5cm -

In right ABCEF, CF is the hypotenuse
and BF is the side opposite ZC.

Chapter 2
Trigonometry

sinC = opposite
hypotenuse
sinC= Br
CF
sin 60° = 33 Solve for y.
y
ysin60° = 35y
Y
ysin60°=3.5
ysin60° 3.5
sin60°  sin60°
35
Y sin 60°
y=4.0414...
In right ABCEF, CF is the hypotenuse and BC is the side adjacent to ZC.
adjacent
cosC=————
hypotenuse
cosC= BC
CF
X
cos60°=——— Solve for x.
4.0414...
(4.0414.)cos60° = (30414 )x
4.0414...

(4.0414...)cos60° = x
x =2.0207...

The perimeter of trapezoid CDEF is:
2(4.5cm) +3.5cm +4.0414... cm + 2.0207... cm = 18.5621...
The perimeter of trapezoid CDEF is approximately 18.6 cm.

Lesson 2.5 = Copyright © 2011 Pearson Canada Inc.
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14. a) Sketch and label a diagram to represent the information in the problem.
C

In right AACD, AC is the hypotenuse and CD is the side opposite ZA.

sin A = opposite
hypotenuse
sin A =C—D
AC
. h
sin55°=— Solve for 4.
170
170sin55° =M
170
170sin55°=h
h =139.2558...

The height of the triangle is approximately 139 ft.

b) The area of the triangle is:
%(250)(139.2558. .)=17406.9809...

The area of the lot is approximately 17 407 square feet.

Lesson 2.5 = Copyright © 2011 Pearson Canada Inc.
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Checkpoint 2 Assess Your Understanding (page 104)
2.4
1. a) Inright APQR, PR is opposite £Q and PQ is the hypotenuse.
sinQ = opposite
hypotenuse
sinQ = PR
PQ
. 4
sinQ =—
Q 8
£Q=30°

b) Inright ASTU, SU is adjacent to ZS and ST is the hypotenuse.

adjacent
cosS=———
hypotenuse
cosS = SU
ST
cosS= 6
£S =48°

¢) Inright AJKM, JM is opposite ZK and MK is the hypotenuse.

sinK = opposite
hypotenuse
sinK = M
MK
sinK = 25
11.5
/K =56°
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2. Sketch and label a diagram to represent the information in the problem.
Q
30 ft. J7 N
P R
/P is the angle of inclination of the conveyor.
PQ is the length of the conveyor.

QR is the height of the loading dock.
In right APQR:

sinP = opposite
hypotenuse
sinP = R
P
sinP = 7
30

/P =13.4934...°
The angle of inclination of the conveyor is approximately 13°.

3. a) i) cos10°=0.9848...
ii) cos20°=10.939%...
iii) cos 30°=0.8660...
iv) cos 40°=0.7660...
v) cos 50°=0.6427...
vi) cos 60°=0.5
vii) cos 70° =0.3420...

viii) cos 80°=0.1736...

b) Consider a right triangle with acute ZA and hypotenuse length 1 unit. Then:
_ length of side adjacent to LA
1 unit
As ZA increases, the side adjacent to LA decreases, so the ratio cos A decreases.

cos A
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2.5

4. a) Inright ANPQ, PQ is adjacent to ZQ and NQ is the hypotenuse.

b)

c0sQ = adjacent
hypotenuse
cosQ= PQ
NQ
c0s65° = S Solve for n.
10.0
10.0cos65° = 2100
10.0
10.0cos65°=n
n=42261...

PQ is approximately 4.2 cm long.

In right ARST, ST is opposite ZR and RS is the hypotenuse.

sinR = opposite
hypotenuse
sinR = ST
RS
sin20° = Solve for r.
8.0
8.0sin 20° = r®0)
8.0sin20° =r
r=2.7361...

ST is approximately 2.7 cm long.

In right AUVW, UV is adjacent to ZU and UW is the hypotenuse.

cosU = adjacent
hypotenuse
cosU :ﬂ
Uw
c0s50° = 2 Solve for v.

%
vcosS50° =&

%
vcos50°=9.0
vcos30° 9.0
cos50°  cos50°

90
cos50°
v =14.0015...

UW is approximately 14.0 cm long.
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5. Sketch and label a diagram to represent the information in the problem.
B

A HC
2.4 km
AB is the distance from the ship to the beacon.
AC is the distance the ship travelled due west.
ZA is the angle between the ship’s path and the line of sight to the beacon.

In right AABC:

oS A = adjacent
hypotenuse
CosA = £
AB
cos41.5°= ﬁ Solve for c.
c
ccos4l.5°= &
c

ccos4l1.5°=24
ccos4l.5° 24
cos41.5°  cos41.5°

2.4
c=———
cos41.5°
c=3.2044...

The ship is approximately 3.2 km from the beacon.
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Lesson 2.6 Applying the Trigonometric Ratios Exercises (pages 111-112)
A

3. a) Inright AABC, the lengths of AC and BC are given.
AC is the hypotenuse and BC is the side opposite ZA.
So, I would use the sine ratio.

b) Inright ADEF, the lengths of DE and EF are given.
DE is the side adjacent to £D and EF is the side opposite ZD.
So, I would use the tangent ratio.

¢) Inright AGHJ, the lengths of GH and GJ are given.
GJ is the hypotenuse and GH is the side adjacent to ZG.
So, I would use the cosine ratio.

d) Inright AXYZ, the lengths of XZ and YZ are given.
YZ is the side adjacent to £Y and XZ is the side opposite LY.
So, I would use the tangent ratio.

4. a) Inright AKMN, the length of KM is given and I need to determine the length of KN.
KM is the hypotenuse and KN is the side adjacent to ZK.
So, I will use the cosine ratio.

cosK = adjacent
hypotenuse
cosK = Q
KM
m
cos37°=— Solve for m.
5.8
5.8co0s37°= M
5.8
5.8c0s37°=m
m =4.6320...

KN is approximately 4.6 cm long.
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b) Inright APQR, the length of QR is given and I need to determine the length of PQ.

QR is the side adjacent to ZR and PQ is the side opposite ZR.
So, I will use the tangent ratio.

tanR = opposne
adjacent
tanR = E
R
,
tan 52°=— Solve for r.
3.7

3.7xtan52° =L><3.7
3.7

3.7tan52°=r
r=4.7357...
PQ is approximately 4.7 cm long.

In right AAYZ, the length of YZ is given and I need to determine the length of AY.
AY is the hypotenuse and YZ is the side opposite ZA.
So, I will use the sine ratio.

sin A = opposite
hypotenuse

sinA = Yz
AY

sin 62° = 104 Solve for z.
z
zsin 62° = 1042
z

zsin62°=10.4
zsin62°  10.4
sin62°  sin62°
104
~ sin62°
z=11.7787...
AY is approximately 11.8 cm long.
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d) Inright ABCD, the length of CD is given and I need to determine the length of BD.
BD is the hypotenuse and CD is the side adjacent to £D.
So, I will use the cosine ratio.

cosD = adjacent
hypotenuse
cosD = @
BD
c0s55° = E Solve for c.

c
ccosS55° = &

c
ccos55°=8.3
ccos55° 8.3
cos55°  cos55°

83
cos55°
c=14.4706...

BD is approximately 14.5 cm long.

5. a) Inright AEFG, the lengths of the legs, EF and FG, are given.
So, I would use the Pythagorean Theorem to determine the length of the hypotenuse, EG.

b) Inright AHJK, the length of HK and the measure of £J are given.
HK is the side opposite £J, and HJ is the hypotenuse.
So, I would use the sine ratio to determine the length of HJ.

¢) Inright AMNP, the lengths of one leg, MN, and the hypotenuse, MP, are given. So, I
would use the Pythagorean Theorem to determine the length of the other leg, PN.

d) Inright AQRS, the lengths of the legs, RS and QS, are given.
So, I would use the Pythagorean Theorem to determine the length of the hypotenuse, QR.
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B
6. a) Determine the measure of ZT.
LT =90°- /U
=90°-33°
=57°

Determine the length of UV.

tanT =

opposite

adjacent

tanT = ﬂ
TV

tan57° = ﬂ
12.5

12.5tan57°=UV

Solve for UV.

UV =19.2483...

Determine the length of TU. Use the Pythagorean Theorem.

TU? =TV?+UV’

TU? =12.5% +(19.2483...)°

=526.7475...

TU =+/526.7475...

=22.9509...

Chapter 2
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LT is 57°, TU is approximately 23.0 cm, and UV is approximately 19.2 cm.
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b) Determine the length of XY.

0 it
tan W = w
adjacent

tan W = ﬁ
WX

Xy

tan47° = Solve for XY.
5.9

59tan47°=XY
XY =6.3269...

Determine the length of WY. Use the Pythagorean Theorem.
WY? = WX? +XY?
WY? =5.9* +(6.3269...)°

=74.8406...

WY =+/74.8406...

=8.6510...

Determine the measure of LY.
ZY =90° - LW

=90°-47°
= 43°

ZY is 43°, XY is approximately 6.3 cm, and WY is approximately 8.7 cm.
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¢) Determine the length of BZ. Use the Pythagorean Theorem.
BZ’ = AB’ + AZ’
BZ’ =5.6"+9.8°
=1274
BZ=+/1274

=11.2871...

Determine the measure of /B.

tan B = opP0s1te
adjacent
tan B = ﬂ
AB
tan B = ﬁ
5.6

ZB =60.2551...°

Determine the measure of /7.
£7.=90°- /B

=90°-60.2551...°
=29.7448...°

/B is approximately 60.3°, £Z is approximately 29.7°, and
BZ is approximately 11.3 cm.
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d) Determine the measure of ZE.

ZE=90°- /D
=90°-29°
=61°

Determine the length of CD.

cosD = adjacent
hypotenuse
D
cosD = C—
€0829° = C—D Solve for CD.
13.7
13.7¢0s29°=CD
CD =11.9822...

Determine the length of CE.

) opposite
sin D = _2pposite

hypotenuse
) E
sinD = C—
sin29° = E Solve for CE.
13.7
13.7sin29°=CE
CE =6.6418...

ZE is 61°, CD is approximately 12.0 cm, and CE is approximately 6.6 cm.
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7. Sketch and label a diagram to represent the information in the problem.
C o
80 cm h\t—\ A
B
AC is the length of the ramp.
AB is the horizontal distance the ramp will take up.

BC is the maximum height of the ramp.
ZA 1is the angle of elevation of the ramp.

a) Inright AABC, AC is the hypotenuse and BC is the side opposite ZA.

sin A = opposite
hypotenuse

sinA = BC

sin4° = 80 Solve for AC.
AC

ACsin4° =80
AC = .80

sin 4°

AC =1146.8469...
The length of the ramp is approximately 1147 cm.

b) Inright AABC, AC is the hypotenuse and BC and AB are the legs.
Use the Pythagorean Theorem.
AC? = AB’ + BC’ Solve for the unknown.

AB? = AC? - BC?
AB® =(1146.8469...)° —80°
=1308857.954...

AB =,/1308857.954...

=1144.0533...
The ramp will take up a horizontal distance of approximately 1144 cm.
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8. Sketch and label a diagram to represent the information in the problem.
T

83.4°

S U
20 ft.

Assume the ground is horizontal.

ST is the height of the totem pole.

SU is the distance from the base of the totem pole.
ZU is the angle of elevation of the top of the pole.

In right ASTU, ST is the side opposite ZU and SU is side adjacent to ZU.

tan U = opPosne
adjacent
tanU = S—T
tan83.4° = i—?; Solve for ST.

20tan83.4°=ST

ST =172.8549...
The totem pole is approximately 173 ft. tall.
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9. Sketch and label a diagram to represent the information in the problem.
H

58 km

P 35 km B

BP is the distance from the base to the sick person.

PH is the distance from the sick person to the hospital.

BH is the distance from the base to the hospital.

ZH is the angle between the path the helicopter took due north and the path it will take to
return directly to its base.

a) Inright ABHP, BH is the hypotenuse and BP and PH are the legs.
Use the Pythagorean Theorem.

BH? = BP? + PH*
BH? =35% + 58°
= 4589

BH =+4589

=67.7421...
The distance between the hospital and the base is approximately 68 km.

b) Inright ABHP, BP is the side opposite Z/H and PH is the side adjacent to ZH.

tanH = opposne

adjacent
tanH = BP

PH
tanH = 33

58

ZH =31.1088...°

The angle between the path the helicopter took due north and the path it will take to
return directly to its base is approximately 31°.
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10. Sketch and label a diagram to represent the information in the problem.
Y

’M/Fl 1
X =
XY is the distance travelled along the road.

YZ is the rise of the road.
XZ is the horizontal distance travelled.
/X is the angle of inclination of the road.

a) Inright AXYZ, YZ is the side opposite £X and XY is the hypotenuse.

sin X = opposite
hypotenuse
sin X = Yz
sin X = L
15
/X =3.8225...°

The angle of inclination of the road is approximately 4°.

b) Inright AXYZ, XY is the hypotenuse and XZ and YZ are the legs.
Use the Pythagorean Theorem.

XY? =X7*+YZ’ Isolate the unknown.
XZ? =XY’-YZ’
X7* =15* -1
=224
XZ=+/224
=14.9666...

The horizontal distance travelled is approximately 15.0 m.
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11. Sketch and label a diagram to represent the information in the problem.
L

7m

CN
K M
12m

/K 1is the angle of inclination of the roof.
ZKILM is the angle at the peak of the roof.

a) Inright AKLN, KN is the side adjacent to ZK L
7
and it is %KM = 6 m; and KL is the hypotenuse. A
K N
6m

adjacent
cosK = _adjacemt
hypotenuse

cosK =—
KL
6

cosK =—

/K =31.0027...°
The angle of inclination of the roof is approximately 31°.

b) Inisosceles AKLM, /M = /K = 31°
The sum of the angles in a triangle is 180°.
So, ZL=180°-31°-31°

=118°
The measure of the angle at the peak of the roof is approximately 118°.
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12. a) Inright ACDE, DE is the hypotenuse and CE is the length of the side opposite £ZD.

Lesson 2.6

. opposite
hypotenuse

sinD = CE
DE

sin45° = % Solve for CE.

5.6sin45°=CE
CE =3.9597...

ZE=90°— /D
=90° - 45°

=45°
Since /D = ZE, ACDE is an isosceles right triangle with CD = CE.

Perimeter of ACDE:
5.6 cm +2(3.9597... cm) = 13.5195... cm

Area of ACDE:

1 1 o
E(CE)(CD) = E(CE)

1
=—(3.9597...)°
2( )

=7.84

The perimeter of ACDE is approximately 13.5 cm and its area is approximately 7.8 cm®.
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b) Inright AFGH, FH is the hypotenuse and GH is the side opposite ZF.

SinF = opposite
hypotenuse
sinF = GH
FH
sin28° = GH Solve for GH.
10.7
10.7sin28° = GH
GH =5.0233...

In right AFGH, FH is the hypotenuse and FG is the side adjacent to ZF.

adjacent
cosF=——W—
hypotenuse
cosF = E
FH
c0s28° = E Solve for FG.
10.7
10.7¢c0s28°=FG
FG =9.4475...

Perimeter of rectangle:
2(5.0233... cm + 9.4475... cm) = 28.9417... cm

Area of rectangle:
(5.0233... cm)(9.4475... cm) = 47.4582... cm’

The perimeter of rectangle FGHJ is approximately 28.9 ¢cm and
its area is approximately 47.5 cm’.
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13. Sketch and label a copy of the rhombus.

50°
A B
1.4cm
D C
In right AABE, AB is the hypotenuse and BE is the side opposite ZA.
sin A = opposite
hypotenuse
sin A = BE
AB
. 1.4
sin50°=—— Solve for AB.
AB
ABsin50°=1.4
14
sin50°
AB =1.8275...

Perimeter of rhombus:
4(1.8275... cm)=7.3102... cm

The perimeter of rhombus ABCD is approximately 7.3 cm.

Lesson 2.6 = Copyright © 2011 Pearson Canada Inc. 78



Pearson Chapter 2
Foundations and Pre-calculus Mathematics 10 Trigonometry
14. a) Sketch and label the base of the candle. =

The base is a regular 12-sided polygon and the distance
from one vertex to the opposite vertex is 2 in., so the

distance from the centre of the polygon to a vertex is 1 in. A
The polygon can be divided into 12 congruent isosceles triangles. ‘
In each triangle, the angle at the centre of the polygon is: A B
360° _ 300
12
o}
AABO is an isosceles triangle. 150
So, draw the perpendicular bisector OD
to form two congruent right triangles. 1in.
OD bisects ZAOB, so ZAOD = 15°
In right AAOD, AO is the hypotenuse and AD is the
side opposite ZO. A—p B
sinO = opposite
hypotenuse
sinO = AD
AO
sinl15° = ? Solve for AD.
AD =sinl5°
So:
AB=2(AD)
=2sinl5°

In right AAOD, AO is the hypotenuse and DO is the side adjacent to £O.

c0sO = adjacent
hypotenuse
cosO = D—O
0]
cosl5° = D—O Solve for DO.
DO =cos15°
The area of AABO is:

%(AB)(DO) = %(2 sin15°)(cos15°)

=(sin15°)(cos15°)
The 12-sided polygon is made up of 12 triangles congruent to AABO.

So, the area of the polygon, in square inches, is:
12x(sin15°)(cos15°) =3

The area of the base is 3 square inches.
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b) The volume of wax in the candle, in cubic inches, is:
volume = (base area)(height)

=(3)(5)
=15
The volume of wax in the candle is 15 cubic inches.

C

15. Sketch and label a diagram to represent the information in the problem.
Each nozzle should spray water to at least one-half the distance between it and the next
nozzle. Assume the ground is horizontal and the nozzles spray an equal distance to the left
and right.
Triangle ABC is isosceles, so AB = BC and BD bisects ZABC and bisects AC.

So, AD is %(50 cm)=25cm

And, ZABD is %(700) =35°

The height of the sprayer above the crops is the length of BD.
B

35°
A 25cm D 25cm ¢
In right AABD, AD is the side opposite /B and BD is the side adjacent to Z/B.
tan A = 0pp051te
adjacent
tan A = AD
BD
tan35° = % Solve for A.
htan35° =25
25
tan35°
h =35.7037...

The sprayer should be placed at least 36 cm above the crops.
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16. Sketch and label the trapezoid.

B1.8cmc

The trapezoid is isosceles, so AF = DE and AB = CD.

In right AABF, AB is the hypotenuse and

BF is the side opposite ZA. B
sin A = opposite
hypotenuse 2.8cm
. BF
SInA =— .
AB A F
. 2.8
sin50°=—— Solve for AB.
AB
ABsin50°=2.8
28
sin50°
AB =3.6551...

In right AABF, BF is the side opposite ZA and AF is the side adjacent to ZA.

tan A = opPosne

adjacent
tan A = BE
AF

tan50° = 28 Solve for AF.
AF
AFtan50°=2.8
28
tan 50°
AF =2.3494...

Perimeter of the trapezoid:
2(1.8 cm) +2(3.6551... cm) + 2(2.3494... cm) = 15.6092... cm

The area of the trapezoid is the sum of the areas of 2 congruent right triangles with base
2.3494... cm and height 2.8 cm, and the area of a rectangle with width 1.8 cm and height
2.8 cm.

Area of trapezoid:

2x%(2.3494... cm)(2.8 cm) + (1.8 cm)(2.8 cm) =11.6185... cm®

The perimeter of the trapezoid is approximately 15.6 cm and its area is approximately
11.6 cm®.
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Lesson 2.7 Solving Problems Involving More Exercises (pages 118-121)
than One Right Triangle
A

3. a) JK=JM+KM

In right AJMN, JM is opposite ZN and MN is adjacent to ZN.
Use the tangent ratio in AJMN.

tan N = opposne
adjacent
tan N = M
MN
tan 40° = % Solve for JM.

5.0tan40° =M
IM =4.1954...

In right AKMN, KM is opposite ZN and MN is adjacent to ZN.
Use the tangent ratio in AKMN.

opposite
tan N = —pP
adjacent

tan N = @
MN

tan 20° = S—Kl\: Solve for KM.
5.0tan20° =KM
KM =1.8198...

JK =JM + KM
=4.1954...+1.8198...

=6.0153...
JK is approximately 6.0 cm long.
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b) JK=AJ+AK

In right AABJ, Al is opposite ZB and AB is adjacent to ZB.
Use the tangent ratio in right AABJ.

opposite
tanB = L
adjacent

tanB = ﬁ
AB

tan15° = % Solve for AJ.

3.0tan15°=AJ
AJ =0.8038...

In right AABK, AK is opposite /B and AB is adjacent to ZB.
Use the tangent ratio in AABK.

opposite
tanB = L
adjacent

tanB = &
AB

tan 60° = % Solve for AK.

3.0tan 60° = AK
AK =5.1961...

JK=AJ+AK
=0.8038...+5.1961...
=6

JK is 6.0 cm long.
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¢) Inright ACDK, CK is opposite £D and CD is adjacent to £ZD.

Use the tangent ratio in right ACDK.

tanD = opP0s1te
adjacent

K
tanD = C—

K

tan35° = Solve for CK.

3.0tan35°=CK
CK =2.1006...

In right ACDJ, CJ is opposite /D and CD is adjacent to ZD.
ZD =35°+30°, or 65°
Use the tangent ratio in ACDJ.

opposite
tanD = L
adjacent

tanD = ﬂ
CD

tan 65° = 2 Solve for CJ.
3.0

3.0tan65°=CJ
CJ =6.4335...

JK=CJ-CK
=6.4335...-2.1006...

=4.3328...
JK is approximately 4.3 cm.
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d) JK=EK-EJ
In right AEFJ, EF is opposite £J and EJ is adjacent to /J.
Use the tangent ratio in right AEFJ.

tan] = opposne

adjacent
tan] = E
EJ

tan 60° = Q Solve for EJ.
EJ
EJtan60°=4.2
42
tan 60°
EJ =2.4248...

In right AEFK, EF is opposite /K and EK is adjacent to ZK.
Use the tangent ratio in right AEFK.

0 it
tanK = M
adjacent

tanK = E
EK

tan35° = ﬂ Solve for EK.
EK

EKtan35°=4.2

42
tan35°
EK =5.9982...

JK=EK -EJ
=5.9982...-2.4248...

=3.5733...
JK is approximately 3.6 cm.
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4.

a) To determine the length of GH, first determine the length of GD.

In right AADG, AD is opposite ZG and GD is the hypotenuse.
Use the sine ratio in right AADG.

sinG = opposite
hypotenuse

sinG = AD
GD

sin46° = 43 Solve for GD.
GD
GDsin46°=4.5
45
sin46°
GD =6.2557...

In right ADGH, GH is opposite ZD and GD is the hypotenuse.
Use the sine ratio in right ADGH.

sinD = opposite
hypotenuse
sinD =@
D
Sin 66° = ot Solve for GH.

6.2557...
(6.2557...)sin 66° = GH

GH =5.7148...

GH is approximately 5.7 cm long.
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b) To determine the length of GH, first determine the length of EH.
In right AEFH, FH is adjacent to ZH

and EH is the hypotenuse.
Use the cosine ratio in right AEFH.
cosH = adjacent
hypotenuse
cosH= Rk
EH
cos59° = 34 Solve for EH.
EH
EHcos59°=3.4
34
cos59°
EH =6.6014...

In right AEGH, GH is adjacent to ZH and EH is the hypotenuse.
Use the cosine ratio in right AEGH.

cosH = adjacent
hypotenuse
cosH = G—H
EH
c0s42° = _GH Solve for GH.
6.6014...
(6.6014...)cos42°=GH
GH =4.9058...

GH is approximately 4.9 cm long.
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¢) To determine the length of GH, first determine the length of GD.
In right ACDG, CG is adjacent to £G and GD is the hypotenuse.
Use the cosine ratio in right ACDG.

c0sG = adjacent
hypotenuse
cosG= E
GD
39
c0852°=— Solve for GD.
GD
GDco0s52°=3.9
39
cos52°
GD =6.3346...

In right ADGH, GH is opposite ZD and GD is the hypotenuse.
Use the sine ratio in right ADGH.

sinD = opposite
hypotenuse
sinD = o
D
sin 64° = _oft Solve for GH.
6.3346...
(6.3346...)sin 64° = GH
GH =5.6935...

GH is approximately 5.7 cm long.
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B

5. a) ZXYZ=4WYX+ ZLWYZ

In right AWXY, WX is opposite £Y and WY is adjacent to LY .
Use the tangent ratio in right AWXY.

tan'Y = opposne
adjacent

tanY = E
WY

tanng
4

ZY =36.8698...°

In right AWYZ, WZ is opposite £Y and WY is adjacent to £Y.
Use the tangent ratio in right AWYZ.

0 it
adjacent

tanY = E
WY

tanY =é
ZY =56.3099...°
ZXYZ =/ZWYX+ZLWYZ

=36.8698...°+56.3099...°

=93.1798...°
£XYZ is approximately 93.2°.
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b) ZXYZ=24VYX+ ZVYZ

Determine ZVYZ first because two sides of AVYZ are known.
In right AVYZ, VZ is opposite £Y and YZ is the hypotenuse.
Use the sine ratio in right AVYZ.

. opposite
sinY = _oppostte
hypotenuse

sinY = E
YZ

sinYzi
10
ZY =53.1301...°

Use the Pythagorean Theorem in right AVYZ.
YZ* =VY’ +VZ® Isolate the unknown.
VY’ =YZ*-VZ’
VY? =10" -8’
=36
VY =436

=6

In right AVXY, VX is opposite £Y and VY is adjacent to £Y.
Use the tangent ratio in right AVXY.

opposite
tanY = L
adjacent

X
tanY=V—

tanYzH
6

£Y =70.5599...°

ZXYZ=4VYZ+2ZVYX
=53.1301...°+70.5599...°

=123.6900...°
£XYZ is approximately 123.7°.
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¢) £ZXYZ=/XYU-ZZYU

In right AUXY, UX is opposite £Y and UY is adjacent to £Y.
Use the tangent ratio in right AUXY.

0 it
adjacent

£Y =33.6900...°

In right AUYZ, UZ is opposite £Y and UY is adjacent to £Y.
Use the tangent ratio in right AUYZ.

0 it
tanY = M
adjacent

tanY = E
Uy

tanY = i
12
ZY =22.6198...°
/XYZ=/XYU-ZZYU

=33.6900...°-22.6198...°

=11.0702...°
£XYZ is approximately 11.1°.
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d) £ZXYZ=/LTYZ - ZTYX

Determine Z/TYX first because two sides of ATXY are known.

In right ATXY, TY is adjacent to £Y and XY is the hypotenuse.
Use the cosine ratio in right ATXY.

adjacent
cosY = _adjacent
hypotenuse

cosY:E
Y

cosY:E

£Y =28.0724...°

Use the Pythagorean Theorem in right ATXY.
XY’ =TX*+TY? Isolate the unknown.
TX? =XY’-TY?
X =17 -15°
=64
TX =+/64
=8

So, the length of TZ is:
TZ=TX+XZ

=846
=14

In right ATYZ, TZ is opposite £Y and TY is adjacent to LY.
Use the tangent ratio in right ATYZ.

opposite
tanY = L
adjacent

tanY = E
TY

tanYzE
15

£Y =43.0250...°

IXYZ=LTYZ-ZLTYX

=43.0250...°-28.0724...°

=14.9525...°
£XYZ is approximately 15.0°.
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6. The point from which the angles are measured is halfway between the trees, so its distance
from each tree is:
80m+2=40m
Sketch and label a diagram Eo represent the information in the problem.

A
L 20° 25° J
B 40 m C 40 m D

In right AABC, AB is opposite ZC and BC is adjacent to £C.
Use the tangent ratio in right AABC.

tan C = opP051te
adjacent

tanC = AB
B

tan 20° = AB Solve for AB.
40
40tan 20° = AB
AB =14.5588...

In right ACDE, DE is opposite ZC and CD is adjacent to ZC.
Use the tangent ratio in right ACDE.

tanC = opposne
adjacent
tanC = DE
CDh
tan 25° = % Solve for DE.

40tan 25°=DE
DE =18.6523...

The heights of the trees are approximately 15 m and 19 m.
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7. Sketch and label a diagram to represent one face of the pyramid.
B

20.5m

19.5m
AABC is an isosceles triangle with AB =BC and AC is 19.5 m, so CD is:

195m+2=9.75m

In right ABCD, BD is opposite ZC and CD is adjacent to ZC.
Use the tangent ratio in right ABCD.

tanC = M B
adjacent
tanC = @
CD 20.5m
20.
tanC = %
) DY 75m ¢

ZC =64.5637...°

AABC is an isosceles triangle with AB = BC, so ZA = ZC.

The sum of the angles in a triangle is 180°, so in right AABC:
/B =180°-2(64.5637...°)

=50.8724...°
Since the sum of the angles is 180°, round /B down to 50°.

So, the measures of the angles in a triangular face of the pyramid are approximately 65°, 65°,
and 50°.
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8. Sketch and label a diagram to represent the information in the problem.
K

HIJ represents the horizontal distance between the student and the tree.
GK represents the height of the tree.

a) Inright AGHIJ, GH is opposite £J and HJ is adjacent to £J.
Use the tangent ratio in right AGHJ.

tan ] = opP051te
adjacent
tanJ = G—H
HJ
16
tan40° = — Solve for HJ.
HJ
HJtan40°=16
Hy - 16
tan 40°
HJ =19.0680...

The horizontal distance between the student and the tree is approximately 19 ft.

b) Inright AHJK, KH is opposite £J and HJ is adjacent to £J.
Use the tangent ratio in right AHJK.

tan] = opP051te
adjacent
tanJ = HK
H
tan16° = _HK Solve for HK.
19.0680...
(19.0680...)tan16° =HK
HK =5.4676...
GK =HK + GH
=5.4676...+16
=21.4676...

The height of the tree is approximately 21 ft.
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9. Sketch and label a diagram to represent the information in the problem.

Assume the ground is horizontal.
NQ represents the height of the shorter tower.
MQ represents the height of the taller tower.

In right ANPQ, NQ is opposite ZP and NP is adjacent to £P.
Use the tangent ratio in right ANPQ.

tan P = opP051te
adjacent
tanP = N—Q
NP
tan35° = % Solve for NQ.
50tan35°=NQ
NQ =35.0103...

In right AMNP, MN is opposite ZP and NP is adjacent to £P.
Use the tangent ratio in right AMNP.

tan P = opposne
adjacent
tan P =m
NP
tan 25° :@ Solve for MN.
50tan25°=MN
MN =23.3153...
MQ=MN +NQ
=23.3153...+35.0103...
=58.3257...

The shorter tower is approximately 35 m high and the taller tower is approximately 58 m
high.
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10. Sketch and label a diagram to represent the rectangle.
A H B

2.8 cm—+ £

¢ 5.5“cm
The angles at E cannot be determined directly because the 4 triangles that contain angles at E
are not right triangles.

In right AACD, CD is opposite ZA and AC is adjacent to LA.

Use the tangent ratio in right AACD.

tan A = opposne
adjacent
tan A = b
AC
tan A = 3
2.8

ZA =63.0197...°

AACE is an isosceles triangle with AE = CE, so LC = ZA.
The sum of the angles in a triangle is 180°, so in AACE:
ZE =180°-2(63.0197...°)

=53.9604...°

ZAEC and ZCED form a straight angle, so:
Z/CED =180°- ZAEC

=180°-53.9604...°
=126.0395...°

Opposite angles are equal, so:

/BED = ZAEC = 54°

And ZAEB = ZCED = 126°

So, the angles at the point where the diagonals intersect are approximately 54°, 54°, 126°,
and 126°.

I could also have started by determining ZD in AACD, and then used a similar strategy in
ACDE to determine the angles. I could also have divided each isosceles triangle in half to
form 2 congruent right triangles and determined the angles in these triangles.
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11. Sketch and label a diagram to represent the information in the problem.
A

c Z5° 45 5
15.0m

AB represents the distance between the 2 carvings.

AB=AD-BD
In right AACD, £C =45°
ZA=90°-«C
ZA =90°-45°
=45°
So, AACD is an isosceles right triangle, and CD = AD.
So, AD is 15.0 m.

In right ABCD, BD is opposite ZC and CD is adjacent to ZC.
Use the tangent ratio in right ABCD.

tanC = opposne
adjacent
tanCzQ
CD
tan35° =£ Solve for BD.
15.0
15.0tan35°=BD
BD =10.5031...
AB=AD-BD
AB =15.0-10.5031...
=4.4968...

The distance between the carvings is approximately 4.5 m.
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D

12. Sketch and label a diagram to represent the information in the problem.

DO represents the height of the top of the dome.
OT represents the distance between Troy and a point directly beneath

the dome.
JT represents the distance between Janelle and Troy.

a) Inright ADJO, JO is adjacent to £J and DO is opposite ZJ.
Use the tangent ratio in right ADJO.

tan J — M
adjacent
tan]J = @
JO
tan 53° = % Solve for DO.

40tan53°=DO
DO =53.0817...
The dome is approximately 53 m high.

b) Inright ADOT, OT is adjacent to £T and DO is opposite £T.
Use the tangent ratio in right ADOT.

tanT = opP051te
adjacent
tanT =@
oT
tan61° = S3.0817... Solve for OT.
oT
OTtan61°=53.0817...
OT = 53.0817...
tan61°
OT =29.4237...

Troy is approximately 29 m from a point directly beneath the dome.

¢) Use the Pythagorean Theorem in right AJOT.
JT? =JO* +OT?
JT? =40% +(29.4237...)
IT = J40° +(29.4237...)°

=49.6563...
Janelle and Troy are approximately 50 m apart.
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X

13. Sketch and label a diagram to represent the information in the problem.
WZ represents the distance between the base of the tower and the point
where the wires are attached to the ground. Y
ZYWZ represents the angle of inclination of the shorter guy wire.

XY represents the distance between the points where the guy wires are
attached to the tower.

a)

b)

¢)

8m

In right AWXZ, WZ is adjacent to /W w A0 z
and WX is the hypotenuse.

Use the cosine ratio in right AWXZ.
cos W = adjacent
hypotenuse
cosW = Wz
WX
Wz
10
10cos60°=WZ
Wz =5
The wires are attached on the ground 5.0 m from the base of the tower.

c0s60° = Solve for WZ.

In right AWYZ, WZ is adjacent to /W

and WY is the hypotenuse.

Use the cosine ratio in right AWYZ.
adjacent

cosW =
hypotenuse

cosW = E
WY

costé
8

ZW =51.3178...
The angle of inclination of the shorter guy wire is approximately 51.3°.

Use the Pythagorean Theorem.

In right AWXZ: In right AWYZ:

WX? =WZ* + XZ? WY =WZ* +YZ?
X7} = WX’ - WZ? YZ* =WY’ - WZ?
X7* =10 -5 YZ' =8 -5

XZ =+/75 YZ=+/39

XY =XZ-YZ
XY =+/75 —+/39
=2.4152...

The points where the guy wires are attached to the tower are about 2.4 m apart.
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14. a) Inright AEFG, EF is adjacent to ZE

and GF is opposite ZE.
Use the tangent ratio in right AEFG.
tanE = opposne
adjacent
tanE = @
EF
tan22° = % Solve for GF.

56tan22° = GF
GF =22.6254...
The width of the gorge is approximately 23 m.

b) Inright AFGH, GF is adjacent to £F
and GH is opposite ZF.
Use the tangent ratio in right AFGH.

tan F = opPos1te
adjacent
tanF = @
GF
tan41° = __GH Solve for GH.
22.6254...
(22.6254...)tan41°=GH
GH =19.6680...

The depth of the gorge is approximately 20 m.

15. The surveyor can identify a spot directly below the cliff along the same horizontal as her eye,
then use her clinometer to find a point along her side of the river that is along a path
perpendicular to her line of sight to the spot. She can then measure the distance to the point,
and use the clinometer to measure the angle between her path to the point and her new line of
sight to the spot below the cliff. She can use the tangent ratio to determine the distance across
the river.

The surveyor can then use the clinometer to measure the angle of elevation of the top of the
cliff. Since she now knows the distance across the river, she can use the tangent ratio to
determine the height of the cliff.
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16. a) Sketch a diagram.
T

3.5m

40.6°
V

M
BT represents the height of the tower.

b) The height cannot be calculated directly because no lengths are known in ABCT.
So, determine the length of BC first.
In right ABCM, CM is adjacent to Z/M and BC is opposite £M.
Use the tangent ratio in right ABCM.
tan M = opposite
adjacent

tanM = E
CM

tan40.6° = % Solve for BC.

3.5tan40.6°=BC
BC =2.9998...

In right ABCT, BC is adjacent to ZC and BT is opposite ZC.
Use the tangent ratio in right ABCT.

opposite
tanC = L
adjacent

tanC = E
BC

tan59.5° = i Solve for BT.

2.9998
(2.9998...)tan59.5° =BT

BT =5.0927...
The height of the tower is approximately 5.1 m.
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17. Sketch and label a diagram. The longer diagonal is the perpendicular bisector of the shorter
diagonal, so BE=ED =3.4 cm

a) Inright AABE, BE is adjacent to /B and 4.5 cm
AB is the hypotenuse.
Use the cosine ratio in right AABE.

adjacent
cosB = _adjacent :
hypotenuse D

BE
cosB=—
AB

cosB= ﬁ
4.5

/B =40.9260...°

In isosceles AABD, /B = /D
The sum of the angles in a triangle is 180°, so:
ZA =180°-2/B

ZA =180°-2(40.9260...°)
=98.1478...°

In right ABCE, BE is adjacent to £/B and BC is the hypotenuse.
Use the cosine ratio in right ABCE.

adjacent
cosB= )

hypotenuse
BE
cosB=—
BC

cosB = ﬁ
7.8

ZB =64.1575...°

In isosceles ABCD, ZB = /D
The sum of the angles in a triangle is 180°, so:
ZC=180°-2/B

ZC =180°-2(64.1575...°)
=51.6848...°

ZABC = ZABE + ZEBC
ZABC =40.9260...°+ 64.1575...°
=105.0836...°

In kite ABCD, ZB = £D. So, £D =105.0836...°

So, in kite ABCD, ZA is approximately 98.1°, /B is approximately 105.1°,
ZC is approximately 51.7°, and £D is approximately 105.1°.
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b)

18. a)

b)

Lesson 2.7

In right A ABE, use the Pythagorean Theorem.
AB’ = AE’ + BE®
AE’ = AB® - BE?
AE’ =45 -3.4
AE=/45" 34>

=2.9478...

In right ABCE, use the Pythagorean Theorem.
BC’ =BE’ + CE’
CE’ =BC’ - BE’
CE’=7.8"-3.4°
CE=+78-34

=7.0199...

AC=AE+CE
AC =2.9478...+7.0199...
=9.9678...

The longer diagonal is approximately 10.0 cm long.

Sketch and label the pyramid. Its height is AF.

25.7m C
Since the 4 triangular faces are congruent, all of them have the same base length;
so, BC=CD=257m

FG =1BC
2

1
FG=—(25.7
57 (257)

=12.85

In right AAFG, use the Pythagorean Theorem.
AG’ = AF’ +FG?
AF’ =AG® -FG?
AF? =272%-12.85
AF =+/27.2" —12.85
=23.9732...

The height of the pyramid is approximately 24.0 m.
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19. a) Sketch the prism. Draw FH and mark the right angles.
A

B
: 3.0cm
~H
....................... G
. 2.0cm
pl=
4.0cm F

To determine the length of AF, first determine the length of FH, then use the Pythagorean
Theorem in AAFH.
In right AEFH, use the Pythagorean Theorem.

FH? = EF? + EH?
FH? =4.0° +2.0°
FH =+/4.0> +2.0°

=4.4721...

In right AAFH, use the Pythagorean Theorem.
AF’ = AH’ + FH?
AF? =3.0> +(4.4721...)°

AF =[3.0° +(4.4721...)}

=5.3851...
The length of the body diagonal is approximately 5.4 cm.

b) Inright AAFH, FH is adjacent to Z/F and AF is the hypotenuse.
Use the cosine ratio in right AAFH.

adjacent
cosF=————
hypotenuse
cosF= LS
AF
cosF = 4.4721...
5.3851...

/F =33.8545...°
The measure of ZAFH is approximately 33.9°.
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20. Sketch and label a diagram.
X

59"

89m
XY is the distance between the guy wire anchor and the top of the tower.

w Z

In right AWYZ, WZ is adjacent to /W and YZ is opposite ZW.
Use the tangent ratio in right AWYZ.

tan W = opPosne
adjacent
tan W = Yz
WwZ
tan36° = % Solve for YZ.

8.9tan36°=YZ
YZ =6.4662...

In right AWXZ, WZ is adjacent to /W and XZ is opposite ZW.
Use the tangent ratio in right AWXZ.

opposite
tan W = L
adjacent

tanW:E
\\Y%

tan59° = % Solve for XZ.

8.9tan59° =XZ
XZ =14.8120...

XY=XZ-YZ
XY =14.8120...-6.4662...

=8.3458...
The guy wire is attached to the tower approximately 8.3 m below the top of the tower.

Lesson 2.7 = Copyright © 2011 Pearson Canada Inc. 106



Pearson Chapter 2
Foundations and Pre-calculus Mathematics 10 Trigonometry

21. Sketch and label a diagram of the pyramid.
A

54 in.
E B

D 60 in. C
AG is the height of the pyramid.

Sketch the base of the pyramid.

In the base of the pyramid, ZCGD is 360° + 5 = 72°.

ACDG is isosceles, so draw the perpendicular bisector GH to divide it into two congruent
right triangles: ACGH and ADGH

Then, LCGEI is 36° and CH is 30 in.

60 in.

H [ ¢
k 30in.
To determine the height of the pyramid, use right AAGC. First determine the length of GC
using right ACGH.
In right ACGH, CH is opposite ZG and GC is the hypotenuse.
Use the sine ratio in right ACGH.

sinG = opposite
hypotenuse

sinG = i
CG

. 30

sin36°=— Solve for CG.
CG
CGsin36° =30
30
sin36°
CG =51.0390...

In right AACG, use the Pythagorean Theorem.
AC? = AG* +GC?
AG? = AC* - GC?
AG? =54* —(51.0390...)°
AG =4[54’ —(51.0390...)°

=17.6356...
The height of the pyramid is approximately 18 in.
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Review (pages 124-126)
2.1

1. a) Inright ACDE, CE is opposite ZD and CD is adjacent to £D.
Use the tangent ratio in right ACDE.

tanD = opposne

adjacent
tanD = E

CD
tanD = l

10

/D =34.9920...°
/D is approximately 35°.

b) Inright AFGH, FG is opposite ZH and GH is adjacent to ZH.
Use the tangent ratio in right AFGH.

tan H = opPosne

adjacent
tanH = E

GH
tanH = 2

1.5

ZH =64.8851...°
ZH is approximately 65°.

2. a) tan20°=0.3639..., so tan 20° <I.
b) tan 70°=2.7474..., so tan 70° > 1.
¢) Iknow that as the measure of an acute angle in a right triangle increases, the length of the

side opposite the angle also increases. In the triangle below, side & is opposite £/B = 70°,
so it is longer than side a, which is opposite ZA = 20°. Since b is greater than q, the ratio

tan 20° = % is less than 1 and the ratio tan 70° = b is greater than 1.

a
B
to" C
a
20°
C
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3. Sketch and label a diagram to represent the information in the problem.
Y

- ism
X

150 m z
£X is the angle of inclination of the road.

In right AXYZ, YZ is opposite £X and XZ is adjacent to £X.

tan X = opposﬂe
adjacent
tan X =¥
tan X =1—5
150
£X =5.7105...°

The angle of inclination of the road is approximately 6°.

4. Sketch a right triangle with ZA = 45°.
B
45°

u 45°

C A
In right AABC, ZA = /B, so the triangle is isosceles and BC = AC.
So:

tan A = opposne
adjacent
tan A = B—C
tan45° = AC
AC
tan45° =1

The triangle is an isosceles right triangle.
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2.2
5. a) i) Inright AJKM, JM is opposite ZK and KM is adjacent to ZK.

opposite
tanK = —p_p
adjacent

tanKzM
KM

tan 63° = i
1.9

1.9tan63° =%
k=3.7289...
JM is approximately 3.7 cm long.

ii) In right ANPQ, PQ is opposite ZN and NQ is adjacent to ZN.
tan N = w
adjacent

tan N = E
NQ

tan42° = 27

p
ptan42°=2.7
2.7

tan 42°
p =2.9986...
NQ is approximately 3.0 cm long.

p:

b) i) Use the Pythagorean Theorem in right AJKM.
JK? =KM? + M’
JK? =1.97 +(3.7289...)
JK =19 +(3.7289...)°

=4.1851...
JK is approximately 4.2 cm long.

ii) Use the Pythagorean Theorem in right ANPQ.
NP’ =NQ’ + PQ’
NP* =(2.9986...)* + 2.7
NP =./(2.9986...)> +2.7°

=4.0350...
NP is approximately 4.0 cm long.

I could also have used the sine or cosine ratios to determine
the length of each hypotenuse.
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6. Sketch and label a diagram to represent the information in the problem.

YZ represents the height of the Eiffel tower.

In right AXYZ, YZ is opposite /X and XZ is adjacent to £X.

tan X = opposne
adjacent

tan X = Yz

XZ

tan73° = ——

100

100tan73° = x
x =327.0852...

The tower is approximately 327 m tall.

7. Sketch and label a diagram to represent the information in the problem.

X . Y

+5.7cm
64°

L
w z

a) Inright AXYZ, XY is opposite £Z and YZ is adjacent to £Z.

tan 7 = 0pp051te
adjacent
tanZ = XY
YZ
tan 64° = 2Y
5.7

5.7tan 64° = XY
XY =11.6867...
The rectangle is approximately 11.7 cm long.

b) Inright AXYZ, use the Pythagorean Theorem.
XZ' =XY*+YZ’
X7 =(11.6867..)* +5.7°
XZ=1/(11.6867...) +5.7*

=13.0026...
The diagonal is approximately 13.0 cm long.
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8. Sketch and label a diagram to represent the information in the problem.

B

a

29°
a 31.5m €
BC represents the height of the tree.

In right AABC, BC is opposite ZA and AC is adjacent to ZA.

tan A = opPosne
adjacent
tan A = E
AC
tan29° = —2—
31.5
31.5tan29°=a
a=17.4607...

The tree is approximately 17.5 m tall.

9. Sketch and label a diagram to represent the information in the problem.

PR represents Aidan’s distance from the base of the Lookout.

In right APQR, QR is opposite ZP
and PR is adjacent to ZP.

tan P — opposite
adjacent
tan P =Q—R
PR
tan77° =@
q
gtan77° =130
~ 130
7= tan77°
g =30.0128...

Aidan is approximately 30 m from the base of the Lookout.
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2.3

10. I measured 10 m from the wall. Then, | measured the angle of elevation of the point where
the ceiling and the wall meet. The angle shown on the clinometer was 46°, so the angle of
elevation was:
90° — 46° = 44°
My eye was approximately 1.65 m above the ground.

I used the tangent ratio to determine the height of the ceiling, 4.
ceiling G

h

H 44° 10.0m
1.65 m

floor K
In right AGHJ, GJ is opposite Z/H and HJ is adjacent to ZH.
opposite

tanH =—
adjacent

tanH = g
HJ

tan44° = -
10

10tan44°=1h

h =9.6568...

The height of the gym is:
1.65m+9.6568... m=11.3068... m
The height of the gymnasium is approximately 11.3 m.
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2.4
11. a) Inright ARST, RS is adjacent to ZS and ST is the hypotenuse. So, use the cosine ratio in
right ARST.
c0sS = adjacent
hypotenuse
cosS = RS
ST
cosS = 3
10

Z£8 =725423...°
/S is approximately 73°.

b) Inright AUVW, VW is opposite ZU and UV is the hypotenuse. So, use the sine ratio in

right AUVW.
sinU = opposite
hypotenuse
sinU= YW
U
sinU= 37
8.0
ZU =27.5485...°
/U is approximately 28°.
12. Sketch right ABCD.
B
5 CmL 13cm
C D
12.cm
a) i) sinD= _opposite ii) sinB= _opposite
hypotenuse hypotenuse
sinD = BC sinB= D
sinD = el sinB= 12
13 13
i) cosB = adjacent iv) cosD= adjacent
hypotenuse hypotenuse
cosB = BC cosD = D
BD D
cosB = el cosD = 12
13 13

b) sin D =cos B and sin B =cos D
This occurs because the side opposite ZB is adjacent to £D, and the side adjacent to £/B
is opposite £D.

Review = Copyright © 2011 Pearson Canada Inc. 114



Pearson Chapter 2
Foundations and Pre-calculus Mathematics 10 Trigonometry

13. Sketch and label a diagram to represent the information in the problem.

Q
9m 10.0 m
P R

/R represents the angle of inclination of the pole.

In right APQR, PQ is opposite /R and QR is the hypotenuse.
So, use the sine ratio in right APQR.

SinR = opposite
hypotenuse
sinR = E
QR
sinR = 2
10.0

ZR =64.1580...°
The angle of inclination of the pole is approximately 64.2°.

14. Sketch and label a diagram to represent the trapezoid. AZmp
ABED is a rectangle, so DE = AB =2 cm :
CE=CD-DE
CE=6cm-2cm pQ a! C
2ecmE 4cm
=4 cm

In right ABCE, CE is adjacent to ZC and BC is the hypotenuse.
Use the cosine ratio in right ABCE.

cosC — adjacent
hypotenuse
cosC= CE
BC
cosC= 4
5

ZC =36.8698...°
ZC is approximately 36.9°.
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2.5
15. a) Inright AEFG, FG is adjacent to £G and EG is hypotenuse.

So, use the cosine ratio in right AEFG.

adjacent
cosG = _adjacent
hypotenuse

cosG= E
EG

cos33° = £
4.7

4.7cos33°=e
e=3.9417...
FG is approximately 3.9 cm long.

b) Inright AHJK, HJ is opposite ZK and JK is the hypotenuse.
So, use the sine ratio in right AHJK.
K - opposite
hypotenuse

sin K =ﬂ
JK

sin48° = i
5.9

5.9sin48° =k
k =4.3845...
HIJ is approximately 4.4 cm long.

¢) Inright AMNP, MP is opposite /N and NP is the hypotenuse.
So, use the sine ratio in right AMNP.
opposite

sinN =
hypotenuse

msin52°=3.7
3.7
m=—
sin 52°
m =4.6953...
NP is approximately 4.7 cm long.
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d) Inright AQRS, RS is adjacent to ZS and QS is the hypotenuse.
So, use the cosine ratio in right AQRS.

adjacent
cosS=————
hypotenuse
cosS = &
S
c0s65° = Q
r
rcos65°=1.9
19
cos 65°
r =4.4957...

QS is approximately 4.5 cm long.

16. Sketch and label a diagram to represent the information in the problem.
B

4.5 km
AB represents the distance between the ship and Arviat.

In right AABC, AC is opposite /B and AB is the hypotenuse.
So, use the sine ratio in right AABC.

SinB = opposite
hypotenuse
sinB =£
AB
sin48.5° =£
c
csin48.5°=4.5
4.5
c=——
sin48.5°
¢ =6.0083...

The ship is approximately 6.0 km from Arviat.
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17. Sketch and label a diagram to represent the information in the problem.

A H—B

3.2cm
30°

cO—uy D
In right AACD, CD is opposite ZA and AD is the hypotenuse.
So, use the sine ratio in right AACD.

sin A = opposite

hypotenuse
sinA = b
AD
sin30° = b
3.2
3.25in30°=CD

CD=1.6

In right AACD, AC is adjacent to ZA and AD is the hypotenuse.
So, use the cosine ratio in right AACD.

oS A = adjacent
hypotenuse
cosA :£
AD
cos30° :£
3.2
3.2c0s30°=AC
AC=27712...

The dimensions of the rectangle are 1.6 cm by approximately 2.8 cm.
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2.6

18. a) Inright ACDE, DE is opposite ZC and CD is adjacent to £C.
Use the tangent ratio in right ACDE.

fan C — opposne

adjacent
tanC = DE

CD
tanC = 27

4.2

ZC=32.7352...°

The sum of the acute angles in a right triangle is 90°, so:
ZE=90°-«C

ZE =90°-32.7352...°
=57.2647...°

Use the Pythagorean Theorem in right ACDE.
CE’* =CD’ + DE*
CE*=4.2%+2.7

CE =+4.2%*+2.7*

=4.9929...

CE is approximately 5.0 cm, ZC is approximately 32.7°, and ZE is approximately 57.3°.
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b) The sum of the acute angles in a right triangle is 90°, so:
ZH=90°-LF
ZH =90°-38°
=52°
In right AFGH, GH is opposite ZF and FG is adjacent to £F.

Use the tangent ratio in right AFGH.

opposite
tanF = L
adjacent

tanF = G—
FG

tan38° = @
3.4

3.4tan38°=GH
GH =2.6563...

Use the Pythagorean Theorem in right AFGH.
FH’ =FG’ + GH®
FH? =3.4% +(2.6563...)
FH =[3.4° +(2.6563...)°
=4.3146...

GH is approximately 2.7 cm, FH is approximately 4.3 cm, and £H is 52°.
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¢) The sum of the acute angles in a right triangle is 90°, so:
ZK=90°- /]
ZK =90°-27°
=63°

In right AJKM, KM is opposite £J and JK is the hypotenuse.
Use the sine ratio in right AJKM.
opposite

sinJ =
hypotenuse

sin] =——
JK
sin27° :g
4.4
4.4sin27°=KM

KM =1.9975...

In right AJKM, JM is adjacent to £J and JK is the hypotenuse.

Use the cosine ratio in right AJKM.
adjacent

cosJ =
hypotenuse

cos)]=—
JK

cos27° :M
4.4
4.4cos27°=JM

IM =3.9204...

KM is approximately 2.0 cm, JM is approximately 3.9 cm, and £K is 63°.
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19. Sketch and label a diagram to represent the information in the problem.
B

183 ft.

ALOC
13 ft.

The angle of inclination is ZA.
In right AABC, AC is adjacent to ZA and AB is the hypotenuse.
Use the cosine ratio in right AABC.

oS A = adjacent
hypotenuse
COSA = AC
AB
COSA = 13
183

ZA =85.9263...°

The angle of inclination is approximately 85.9°.
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20. a) Inright APQR, QR is the hypotenuse and PR is opposite ZQ.
Use the sine ratio in right APQR.

§inQ = opposite
hypotenuse
PR
QR
sin54° = PR
14.8
14.8sin54° = PR

PR =11.9734...

sinQ =

In right APQR, QR is the hypotenuse and PQ is adjacent to ZQ.
Use the cosine ratio in right APQR.

c0sQ = adjacent

hypotenuse

cosQ =&
QR
PQ
148
14.8cos54° =PQ

PQ =8.6992...

cos54° =

Perimeter of APQR:
14.8cm+11.9734... cm + 8.6992... cm = 35.4726... cm

Area of APQR:

%(PQ)(PR) = %(1 1.9734...)(8.6992...)

=52.0798...

The perimeter of APQR is approximately 35.5 cm and its area is approximately
52.1 cm’.
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b) Sketch and label a diagram of the rectangle.
A #+——B
56

4.7 cm

C H D
In right AABC, BC is the hypotenuse and AC is opposite £B.
Use the sine ratio in right AABC.

sinB = opposite
hypotenuse
sinB=—
BC
sin56° = AC
4.7

4.7sin56° = AC
AC=3.8964...

In right AABC, BC is the hypotenuse and AB is adjacent to £B.
Use the cosine ratio in right AABC.

cosB — adjacent
hypotenuse
cosB= ﬁ
BC
c0s56° = AB
4.7cos56°=AB
AB =2.6282...

Perimeter of rectangle:
2(3.8964... cm +2.6282... cm) = 13.0493... cm

Area of rectangle:
(3.8964... cm )(2.6282... cm) = 10.2407... cm®

The perimeter of the rectangle is approximately 13.0 cm and
its area is approximately 10.2 cm”.

Review = Copyright © 2011 Pearson Canada Inc. 124



Pearson
Foundations and Pre-calculus Mathematics 10

21. a) Inright AABC, AB is the hypotenuse and AC is opposite /B.

Use the sine ratio in right AABC.

SinB = opposite
hypotenuse

sinB= AC
AB

sin60° = 28
AB
ABsin60°=2.8
28
sin 60°
AB =3.2331...

AB is approximately 3.2 m.

b) Inright AABC, AC is opposite #B and BC is adjacent to £/B.

Use the tangent ratio in right AABC.

opposite
tanB = L
adjacent

tanB = £
BC

tan60°=£
BC
BCtan60°=2.8
28
~ tan60°
BC =1.6165...

BD=BC+DC
BD=1.6165...+6.6

=8.2165...
BD is approximately 8.2 m.
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2.7
22. a)

b)

©)

Review

Use the Pythagorean Theorem in right AGJK.
KJ? =GK’ +GJ?
KJ> =10.8" +(3.2+5.1)

KJ =/10.8 +(3.2+5.1)°

=13.6209...
KJ is approximately 13.6 cm long.

Use the Pythagorean Theorem in right AGHK.

HK? =GK? + GH?
HK? =10.8% +3.2°

HK =+/10.8% +3.22

=11.2641...
HK is approximately 11.3 cm long.

/HKJ = ZGKJ - ZHKJ

In right AGJK, GJ is opposite ZK and GK is adjacent to ZK.

Use the tangent ratio in right AGJK long.
tan K = opP0s1te
adjacent

tanK = ﬂ
GK

324351

10.8
tanK = ﬁ
10.8

ZK =37.5429...°

tan K

In right AGHK, GH is opposite ZK and GK is adjacent to ZK.

Use the tangent ratio in right AGHK.
tan K = opposne
adjacent

tanK = G—H
GK

tanKz£
8

10.
ZK =16.5043...°

/HKJ = ZGKJ - ZHKJ
/HKJ =37.5429...°-16.5043...°

=21.0385...°
ZHK]J is approximately 21.0°.
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23. Sketch and label a diagram to represent the information in the problem.

B o ¢ ; D
P Bt N B SIS
Almmsmszzzoces 90 ft.TF-| ...... £
AE represents the distance between the fires.

AE = AF + FE

In right AABC, AB is opposite ZC and BC is adjacent to ZC.
Use the tangent ratio in right AABC.

tan C = opPosne
adjacent
tanC = AB
BC
tan4° = 20
BC
BCtan4° =90
BC = 90
tan 4°

BC =1287.0599...
Since ABCF is a rectangle, AF = BC.

In right ACDE, DE is opposite ZC and CD is adjacent to ZC.
Use the tangent ratio in right ACDE.

tan C = opposne
adjacent
tanC = DE
CD
tan5° = 20
D
CDtan5°=90
90
tan 5°

CD =1028.7047...
Since CDEF is a rectangle, EF = CD.

AE = AF+FE
AE =1287.0599...4+1028.7047...

=2315.7646...
The fires are approximately 2316 ft. apart.
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1. In APQR:
tanQ = opposne sinP = opposite sinQ = opposite tan P = opposne
adjacent hypotenuse hypotenuse adjacent
taanB sianQ—R sinQ=B taang
R P PQ PR
3 4 3 4
tanQ == sinP=— sinQ== tanP =—
Q 4 5 Q 5 3
3 statements are true.
Answer B is correct.
2. In APQR:
R
P Q

/P increases when QR increases and PQ remains the same length.
Then PR also increases. So:

QR PQ

tanP = P_ increases and cosP = ﬁ decreases

/P also increases when QR remains the same length and PQ decreases.
Then PR also decreases. So:

. QR .
sin P = —— increases

Answer C is correct.
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3. Sketch a diagram.
B

Y
X
A
z
C
In AABC: In AXYZ:
SinB = opposite sinY = opposite
hypotenuse hypotenuse

. A . XZ

sinB = B—C sinY =—

Since the triangles are similar, corresponding sides are in the same ratio:

AC = BC Multiply each side by XZ.
XZ YZ
A—CXZ = B—CXZ Divide each side by BC.
XZ YZ
AC_Xz
BC YZ

So,sinB=sinY
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4. Sketch and label the triangle.
F

7.8cm ‘ﬁ
D LE

The sum of the acute angles in a right triangle is 90°, so:

/D =90°-/LF
/D =90°-63°
=27°

In right ADEF, DE is opposite £F
and DF is the length of the hypotenuse.
Use the sine ratio in right ADEF.

SinF = opposite
hypotenuse
sinF = DE
DF
sin63° = DE
7.8
7.8sin63° = DE
DE =6.9498...

In right ADEF, EF is adjacent to £F and DF is the hypotenuse.
Use the cosine ratio in right ADEF.

adjacent
cosF=————
hypotenuse
cosF = E
DF
c0s63° = E
7.8
7.8c0s63°=EF
EF =3.5411...

DE is approximately 6.9 cm, EF is approximately 3.5 cm, and £D is 27°.
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5. Sketch and label a diagram to represent the information in the problem.
D

1.3 m

ch E
The shortest possible length of the ramp is represented by DE.

In right ACDE, CD is opposite ZE and DE is the hypotenuse.
Use the sine ratio in right ACDE.

SinE = opposite
hypotenuse
sinE = b
E
sin40° = 13
DE
DEsin40°=1.3
DE = — 1.3
sin40°
DE =2.0224...

Round up since the angle of inclination of the ramp should be less than 40°.
To the nearest centimetre, the shortest possible length of the ramp is 2.03 m.
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6.

Sketch and label a diagram to represent the information
in the problem.
BD represents the height of the tower.

Assume the ground is horizontal.
Then quadrilateral AEDF is a rectangle and DE = AF = 1.5 m.
CE=CD-DE

CE=50-1.5
=48.5

In right AACE, CE is opposite ZA and AE is adjacent to ZA.
Use the tangent ratio in right AACE.

tan A = opP051te
adjacent
tan A = CE
tan37° = 48.5

AEtan37°=48.5

485

 tan37°
AE =64.3616...

In right AABE, BE is opposite ZA and AE is adjacent to ZA.
Use the tangent ratio in right AABE.

opposite
tan A = L
adjacent

tanAzE

BE

T 64.3616...
(64.3616...)tan49° = BE

BE =74.039%6...

tan 49°

BD =BE +DE
BD =74.0396...+1.5

=75.5396...
To the nearest tenth of a metre, the tower is 75.5 m high.
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