Chapter 11 Applications of trigonometry
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Developing understanding
3 Incach right-angled triangle below:
= decide whether the sin 0, cos 0 or tan 0 ratio should be used
= then find the unknown side, x, to two decimal places.
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4 Find the unknown side, x, in each right-angled triangle below to two decimal places.
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5 Find the length of the unknown side shown in each triangle to one decimal place.
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Testing understanding
6 Find the length of the unknown side, x, in the

diagram shown.
Give your answer to one decimal place.

7 Find the length, z, to one decimal place.
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Building understanding
1 Give answers to one decimal place.
a Given cos 0.4867, use cos™'(0.4867) to find the value of 6.
b Given tan 0 = 0.6384, use tan~'(0.6348) to find the value of 8.
© Given sin@ = 0.3928, use sin~'(0.3928) to find the value of 8.

2 To find the value of , answer the following questions. Give @ to one decimal place.
a State the name of the side that s 28 cm long.
b Write the name of the side that is 25 cm long. sem
© Write the trigonometric ratio rule that uses the names
of the two sides in parts a and b.

d Substitute the values of the sides into the rule. 2Sem =

© Tofind @, use the inverse cosine, cos, feature on your CAS calculator to evaluate
25
-
cos(2).
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Developing understanding
3 Find the unknown angle, ©, to one decimal place.
a sin@ = 04817
cos 0 =0.6275
tan 0 = 0.8666
sin 0
tan 0 = 1.
c0s 0 =0.7071
sin 0 = 0.8660

Tm a0 a0 T

i cos®=08383
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4 Find the unknown angle, 8. in each triangle to one decimal place.

b Use cos™ for this © Use tan™ for this
triangle. triangle. triangle.
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5 Find the value of @ in each triangle to one decimal place.
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Testing understanding
& Find the unknown angle, 6, to one decimal place.

7 Find the unknown angle, ©, to one decimal place.
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' understanding
Answer to one decimal place.
1 Atree casts a shadow that is 28 m long, making
an angle of 40° with the horizontal ground.
To find the height, x, of the tree, answer the
questions below.
a Name the 28 m side.
b Write the name of the side x.
© Write the trigonometric ratio rule that uses the sides
named in parts a and b.
d Substitute the known values of the angle and a side into the equation.
Call the unknown side .
© Multiply both sides of the equation by the value of the denominator
1o get x by itself. Use your CAS calculator to find the value of x.
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3 A map showed a bushwalker had moved a horizontal
distance of 11 km as she walked up a slope of 28°. x
To find the distance she had walked up the slope,

answer the questions on the following page. O
T km
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a Give the name of the 11 km side and side x.

b State the trigonometric ratio rule that uses the sides in part a.

© Substitute the known value for the side and the angle into the equation.

d Multiply both sides by x. Divide both
to find the value of x.

s by cos 28°. Use your calculator
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2 The starting ramp for a ski race is 35 m long and
10 m high. Find the angle the ramp makes with the lom Fm
horizontal by answering the questions below.
a State the name of the side that is 35 m long.
b Give the name of the side that s 10 m long?
© Write the trigonometric ratio rule that uses the sides named in parts a and b?
d Substitute the values of the side lengths into the equation.
@ To find 8, use the inverse sine, sin™", feature on your CAS calculator to evaluate
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Developing understanding
4 A pole is supported by a wire that runs from the top of the pole
toa point on the level ground, 6 m from the base of the pole.
‘The wire makes an angle of 47° with the ground. Find the
height of the pole to two decimal places.

5 A 3-metre log rests with one end on the top of a post and
the other end on the level ground, 2.8 m from the base of
the post. Find the angle the log makes with the ground

a7 ol

—6m—

to one decimal place.

~— 28m —





image19.png
6 Peter noticed that a tree was directly opposite him on
the far bank of the river. After he walked 30 m along
his side of the river, he found that his line of sight
to the tree made an angle of 28° with the riverbank.
Find the width of the river, to the nearest metre.

7 Aladder rests on a wall that is 2 m high. The foot of the
ladder is 3 m from the base of the wall on level ground.
a Copy the diagram and include the given information.
Label as 0 the angle the ladder makes with the
ground.
b Find the angle the ladder makes with the ground to
one decimal place.
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8 An aeroplane maintains a flight path of 17° with the horizontal after it takes off.

It ravels for 2 km along that flight path.

a Show the given and required information on a

copy of the diagram.
b Find to two decimal places:
i the horizontal distance of the acroplane

fromits take-off point
the height of the acroplane above ground level.
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9 A 3 m ladder rests against an internal wall. The foot of the ladder is 1 m from the base
of the wall. Find the angle the ladder makes with the floor to one decimal place.
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10 The entrance to a horizontal mining tunnel has collapsed, trapping the miners inside.
‘The rescue team decide to drill a vertical escape shaft from a position 200 m further
up the hill. If the hill slopes at 23° from the horizontal, how deep does the rescue shaft
need to be to meet the horizontal tunnel? Answer to one decimal place.

Testing understanding

11 Acable, PQ, is secured 24 m from the base of the
pole PR.
A second cable, P, is required to make an angle of
65° with the horizontal ground.
Find the length of the cable, SP, needed to one
decimal place.

12 Two spotlights, B and D, are located at ground level,
200 m north and 300 m south of a highway, respectively.
The spotlight at B directed its beam at an angle of 60° to BA,
so that it shone on a parked car, C. on the highway.

At what angle, 6, to one decimal place, should the spotlight at D direct its beam to

<hine on the car?
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13 A vertical pole on a slope of 30° is secured 20 m
down the slope by a cable, PG, that makes an angle of
35° with the slope. Find the height of the pole to one
decimal place.
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Building understanding

Answer to one decimal place.
1 The angle of depression, when looking at
point Q from P, s 38°.
a State the value of angle A.
b Give angle B.
© Find angle C.

d Whatis the angle of elevation, looking from point Q to point P?

2 The angle of clevation of the top of a pole, 7, viewed 20 m r
from the base of the pole, at G, is 52°.
a Give the names for the side x and the 20 m distance. N
b Write the trigonometric ratio rule which uses the names _G,
in part .
© Substitute the known values of the angle and a side into the equation.
Call the unknown side .
d Solve the equation to one decimal place.

Bm




image25.png
3 A spotlight at the top of a 45-m tower, T, makes an angle TR~ — oV
of depression of 40° as it shines on a rabbit, . The rabbit
is d metres from the base of the tower. Copy the diagram
and write the 40° angle into its correct position.

a Is the angle of depression S TR, ZTRS or LRTV?

b State the trigonometric rule which uses the 45 m and d m sides.
© Substitute the known values and unknown side, d. into the rule.
d Solve the equation, giving the value of d to one decimal place.
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Developing understanding

4 After walking 300 m away from the base of a tall building on
level ground, Elise measured the angle of elevation to the top
of the building to be 54°. Find the height of the building to
the nearest metre.

;
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5 The pilot of an aeroplane saw an airport at
sea level at an angle of depression of 15°.
His altimeter showed that the aeroplane 3000 m!
was at a height of 3000 m. Find the i
horizontal distance of the plane from the
airport o the nearest metre.

6 What would be the angle of elevation to the top of a radio transmitting tower
that is 100 m tall and 400 m from the observer? Answer to the nearest degree.

7 a Find the unknown length, x. to one decimal
place.

b Find the unknown angle, @, to the nearest degree. J5m
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8 From the top of a cliff that is 45 m high, an
observer looking along an angle of depression
of 52° could see a man swimming in the sea.
‘The observer could also see a boat at an angle
of depression of 35°. Calculate to the nearest
metre:

a the distance, x, of the man from the base of
the cliff

b the distance, , of the boat from the base of the cliff

© the distance from the man to the boat.
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Testing understanding
9 The angle of clevation of the top of the pole BE
is 35 when read from point A.
‘The point A is 40 m from the base of the pole.
A dm EBmD
a Find the angle of clevation of the top of the pole when measured from
point D, 15 m from the base of the pole.
b At what distance from D should a cable be secured so that it makes
an angle of 30° with the horizontal ground?
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Building understanding
1 Give the three-figure bearings for the compass directions.
a North b East
© South d West

2 Give the three-figure bearings for each of the directions shown.
a Direction a
b Direction b
© Direction ¢
d Direction d
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3 A car stopped at S on a highway that pointed in a North-South N

direction. The car then travelled for 12 km along a dirt road u c
with a bearing of 060° and broke down at C. The driver needed L0 Trm
to know the distance, x, he would have to walk to reach the s

highway at H.

a In triangle SHC, give the names for the 12 km side and side HC.
b Write the trigonometric ratio rule that uses the names of the sides in part a.

© Substitute the value of the angle and the known side into the rule. Call the unknown
side x.

d Solve the equation by multiplying both sides by the value of the denominator.
Use your CAS calculator to find the value of x to one decimal place. As this is a
practical problem, answer by responding in the context of the question.

Developing understanding

4 State the three-figure bearing of cach of the points A, B, C and D.
a N4 b N e N d

N

Yoo e
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i e
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5 Kirra camped overnight at point A beside a river that ran
cast-west. She walked on a bearing of 065° for 18 km to
point B.

a What angle did her direction make with the river?
b What is the shortest distance from B to the river to two
decimal places?
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6 A ship sailed 3 km west, then 2 km south.
a Give its three-figure bearings from an observer who stayed at its starting point
to the nearest degree.
b For a person on the ship, what would be the three-figure bearings, looking back
o the starting point?

7 A ship left port, P, and sailed 20 km on a bearing of 230°. It then sailed north
for 30 km to reach point C. Give the following distances to one decimal place
and directions to the nearest degree.

Find the distance AB.

Find the distance BP.

Find the distance BC.

Find the angle © at point C.

State the three-figure bearing and distance of the port,
P, from the ship at C.

o a0 T s
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Testing understanding

8 A bushwalker left the campsite, C, and walked
8 km cast, then 15 km north to reach the point D.
A friend walked 20 km cast, then 21 km north to the
point E.
Find the bearing of point £ from D to the nearest degree.

9 A surveyor walked 5 km on a bearing of 310° from a base N
camp, B, to reach point P. She then returned to camp B and A
walked 4 km on a bearing of 060° to the point Q. 5k il
a Find the bearing she had to walk from P to B. B

b What bearing would be needed to return to B from Q?
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Building understandi

1 a Foratriangle, ABC, write the three possible sine rule equations.
b Fora triangle, POR, write the three possible sine rule equations.

2 Intiangle ABC, A = 110°,a = 21 cmand B = 33°.
a o find side b, which form of the sine rule should be
a=dlem
used?
b Substitute the known values into the equation.
© Solve the equation to find side b to one decimal 5
place.

=
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3 Intriangle ABC, A = 120°,a = 12cmand c =7 cm.

a To find angle C, which form of the sine rule should
be used?

b Substitute the known values into the equation.

© When the unknown, such as sin C, is in the denominator, the equation is casier
to solve if each fraction is flipped. Flip each fraction.

d Solve the equation to find angle C to one decimal place.

Developing understanding

In this exercise, calculate lengths correct to two decimal places and angles to one decimal
place, where necessary.

Basic principles
4 Incach triangle, state the lengths of sides a, b and c.

a 4 b c © 4
14, 13 18
A A A
c B 3 4
15 21
g B
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5 Find the value of the unknown angle in each triangle. Use A + B + C = 180°.
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In each of the following, a student was using the sine rule to find an unknown
part of a triangle but was unable to complete the final steps of the solution.
Find the unknown value by completing each problem. For ambiguous cases, find

one possible value.
a 8 Lob s
? im0 ~ sin60° Sins0° - s>

17 16 26 37 f2L_ 4
SinA - sin70° © GnB - sin9 SinC ~ sinlls
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Using the sine rule to find angles
7a Findangle B.
4

12

b Find angle C.

12
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© Findangle A. d Find angle B.
A A
21
25 32
c 7 5 b B
Using the sine rule to find sides
8 a Find side b. b Find side b.
A A
1037
N 33
c = BN p
0 19
c N g
‘¢ Find side a. d Find side c.
A A
39° 7
44
c 5 c 47° B




image41.png
Solving triangles using the sine rule

10

11

12

13

Solve (find all the unknown sides and ang,lcs of) the follwwing triangles.

PN
lA

In the triangle ABC,A = 105"

=39° and a = 60. Find side b.

In the triangle ABC,A = 112°, a = 65 and ¢ = 48. Find angle C.
In the triangle POR, Q = 50°, R = 45° and p = 70. Find side r.

In the triangle ABC, B = 59°, C = 74° and ¢ = 41. Find sides a and b and angle A.
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14 In the triangle ABC, a = 60, b = 100 and B = 130°. Find angles A and C and side c.

15 In the triangle POR, P = 130°, Q = 30° and r = 69. Find sides p and ¢ and angle R.
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The ambiguous case of the sine rule
16 Intriangle ABC,A =35°,c =8 cm
anda=5cm.
“Two triangles, ABC and ABC",
can be drawn using the given
information.
Give the angles to two decimal
places.

a Use the sine rule to find ZBCA
in triangle ABC.

b Use isosceles triangle C’BC to
find BC'C.

© Find ZAC’B by using the rule for two angles on a straight line.

d Give the possible values for C and C”, the angles opposite side c.
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17

In triangle ABC, A = 30°, ¢ =7 m and
a=dm.

Find the two possible values for angle
C, shown as /BCA and /BC’A in

the diagram. Give the angles o two
decimal places.

Applications

18

A fire-spotter, located in a tower at A,
sawa fire in the direction 010°. Five
kilometres to the east of A, another
fire-spotter at B saw the fire in the
direction 300°.

Find the distance of the fire from
each tower.
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19 A surveyor standing at point A measured
the angle of elevation to the top of the
‘mountain as 30°. She moved 150 m closer
to the mountain and, at point B, measured c
the angle of elevation to the top of the
‘mountain as 45°.

‘There is a proposal to have a sirong cable
from point A to the top of the mountain to
carry tourists in a cable car. What s the
length of the required cable?
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20 A naval officer sighted the smoke of a volcanic island on a bearing of 044°.
A navigator on another ship 25 km due cast of the first ship saw the smoke
on a bearing of 342°.

a Find the distance of each ship from the volcano.

b If the ship closest to the volcano can travel at 15 km/h, how long will it take
to reach the volcano?
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21 Anair-traffic controller at airport A received a distress call from an acroplane
low on fuel. The bearing of the aeroplane from A was 070°. From airport B,
80 km north of airport A, the bearing of the aeroplane was 120°.
a Which airport was closest for the acroplane?
b Find the distance to the closest airport.
© The co-pilot estimates fuel consumption to be 1525 litres per 100 km. The
fuel gauge reads 1400 litres. Is there enough fuel to reach the destination?
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Testing understanding
22 Find the length AD to one decimal place.

23 Decide which of the descriptions given is for:
i apossible triangle

an impossible triangle i an ambiguous case
a A=30°a=45andc=10 b C=40°b=12andc=85

© B=50°,a=8and
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Building understanding

1 a Forthe triangle ABC, write the three possible forms of the cosine rule.
b Write the three possible forms of the cosine rule for the triangle XYZ.

2 Intriangle ABC, C = 38°,a = 31 cmand b = 45 cm. 45em
a To find side ¢, which form of the cosine rule should
be used? 31em
b Substitute the known values into the equation. ¥

© Solve the equation to find side c to one decimal place.

3 Intriangle XYZ, x=37.y =28 and z = 49. Y
a To find angle ¥, which form of the cosine rule ™
should be used? iy
b Substitute the known values into the equation.
© Tidy up the equation after evaluating the squares and x ] z
calculating the product.
d Add 3626 cosY to both sides. Subtract 784 from both sides. Divide both sides
by 3626 to get an equation for cosY.
@ Use the inverse cosine, cos™', feature on your CAS calculator to find angle ¥
to one decimal place. Alternatively, after part b, use the Solve command on your
CAS calculator to find angle ¥.
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Developing understanding
In this exercise, calculate lengths to two decimal places and angles to one decimal place.

Using the cosine rule to find sides
4 Find the unknown side in each |rizl|g]m

0

c

SE T
FAZERNN
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5 Inthe triangle ABC, a = 27.b = 22 and C = 40°. Find side c.
6 In the triangle ABC, a = 18,c = 15 and B = 110°. Find side b.

7 Inthe triangle ABC, b = 42,c = 38 and A = 80°. Find side a.
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Using the cosine rule to find angles

10

11

Find angle A in cach triangle.

9 16

1 9 5

c B
Y 4

Inthe triangle ABC, a = 31, b = 47 and ¢ = 52. Find angle B.
In the triangle RST, 7 = 66, 5 = 29 and 1 = 48. Find angle T.

105.

Find the smallest angle in the triangle ABC, with a = 120, b = 90 and
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15

A ship left port A and travelled 27 km on a bearing
of 040° to reach point B. Another ship left the
same port and travelled 49 km on a bearing of 100°
to arrive at point C.
a Find the unknown angle, 0, between the
rections of the two ships.
b How far apart were the two ships when they
stopped?
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Applications

12

13

14

A farm has a triangular shape with fences of 5 km, 7 km and 9 km in length. Find
the size of the smallest angle between the fences. The smallest angle is always opposite
the smallest

e.

A ship left the port, P, and sailed 18 km on a bearing
of 030° to point A. Another ship left port P and sailed

20 km east to point 5. Find the distance from A t0 B to one
decimal place.

A bushwalker walked 12 km west, from point A to c

point B. Her friend walked 14 km, from point A4

to point C, as shown in the diagram. The distance from g l4km

BtoCis9km.

@ Find the angle at A, between the paths taken by the
bushwalkers, to one decimal place.

b What s the bearing of point C from 4? Give the
bearing to the nearest degree.

B 12km A
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Exercise 11A

Building understanding
1 Use the position of the angle 8 to name cach side.
‘2 Name the sde that is § cm long.
b Write the name of the side that is 15 cm long.
c Whatisthe name of the side thatis 17 cm long?

2 Name each side by using the position of the
angle 6.
2 Writethe name of the sde that is 45 m long.
b What i the name of the sde that s 28 m long?
© Name the side that is 53 m long.

3 Using the sides given in the diagram, write the
rigonometric ratio for cach of the following:

a sing
b cosd
© tan@

Sem|

%m

I5em

Tem

asm

Sm

2em
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16 A battleship, B, detected a submarine, 4, on a bearing of
050° and at a distance of 8 km. A cargo ship, C, was 5 km
due cast of the battleship. How far was the submarine from
the cargo ship?

Testing understanding
17 Find distance AB to one decimal place.
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In this exercise, calculate areas to one decimal place, where necessary.
Building understanding
1 Finding the area of a triangle using:
Area = % base x height.
a Give the perpendicular height.
b What is the length of the base?
¢ Find the area of the triangle.
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2 Find the area of triangle ABC. The base is not always the

horizontal line. In this case, the perpendicular height is
‘measured from the base, AB.

a State the perpendicular height.
b What is the length of the base?
© Find the area.

Find the area of the triangle using:
Area= % be x sind
where 8 s the angle between the two given sides.

a Which angle should be used? Why?
b Find the area to one decimal place.

Tm
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Finding areas using % x base x height
4 Find the area of each triangle.

a A b c
|2cm§ 10em Oem
]
- 17 cm —>» 8em
Finding areas using } bc sin A
5 Find the arcas of the triangles shown.
a c b 4
tem /5N 126m
Sem
B 0em 4
c B
¢4 _Sm_p d
6cm llem
12em
4 c
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Finding areas using Heron's formula
& Find the area of each triangle.

2 7ym km P

TSkm Sml

Im

6em

9em

Scm
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Mixed problems
7 For each triangle on the following page, choose the rule for finding its area from:

4 base x height i §besinA

LacsinB v \5G-a)(s-b)s-¢) where
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¢ B B
© 4 23 B dc 12
?" o°
14}
; 1o
C
B

8 Find the area of each triangle shown.

=
12cm
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9 Find the area of a triangle with a base of 28 cm and a height of 16 cm.
10 Find the area of triangle RST with side r (42 cm), side s (57 cm) and angle T (70°).
11 Find the area of a triangle with sides of 16 km, 19 km and 23 km.

cations 4
12 The kite shown is made using two sticks, AC and DB.

“The length of AC is 100 cm and the length of DB is 70 cm.
Find the area of the kite.

e

13 Three students, A, B and C., sireiched a rope loop that was 12 m long into different
triangular shapes. Find the area of each shape.

a A b A < A
4 ‘)
ﬁm SAN A
c B
am
Com—— 8 cb—p
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14 A farmer needs to know the area of her property with
the boundary fences as shown. Give answers to two
decimal places.

Hint: Draw a line from B to D to divide the property into two
wiangles

a Find the area of triangle ABD.

b Find the area of triangle BCD.

© State the total area of the propery.

15 A large rectangular area of land, ABCD in the diagram, has been subdivided into three
regions as shown.

A 8 km 4 4km B

3km

P
3km

D 3km R 9km
a Find the area of:
i region PAQ i region QBCR
b Find the size of angle POR to one decimal place.

region PORD.
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Testing understanding

16 A technique that surveyors use to find the area of an
irregular four-sided shape is to measure the length,

joining opposite comers, then the lengths of

lines perpendicular to AC to the other corners.

‘The measurements for the lengths were:

AC = 180 m, BE = 54 m and DF = 42m.

Find the area ABCD to one decimal place.

17 Show how the three different area rules can be used to find
the area of the triangle shown.

18 Triangle ABC has sides of 5 m and 7 m. Angle 0 is between

the two given sides.
Find the angle. 0, that would give the maximum area for
triangle ABC.

=
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Developing understanding

4 State the values of the hypotenuse, the opposite side and the adjacent side
in each triangle.

7

a s b 3 c is
5
10 6 8
2
5 Write the ratios for sin 6, cos 0 and tan 0 for cach triangle in Question 4.

6 Find the values of the following trigonometric ratios to four decimal places.

a sin27° b cos43° © tan62° d cos79°
e tan14° f sin81° g cosl7® h tan4d8®
Testing understanding

Use Pythagoras” theorem to find the answers as fractions.

N 20 N
7 Given cos @ = 55, find sin 0.

8 Usesine:%lnﬁndhn&
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Exercise 11B

Building understanding

1 a State the name of the side that is 36 cm long.

b What is the name of the unknown side, x?

© Write the trigonometric ratio rule that uses the
names of the sides in parts a and b. H

d Substitute the value of the angle and the known 3
side into the rule. Call the unknown side x.

© Solve the equation by multiplying both sides by the denominator and using your
CAS calculator to find the value of x to two decimal places.

36cm,
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0T

Give the name of the side that is 19 cm long. 00
State the name of the unknown side, x.

Write the trigonometric ratio rule that uses the x
‘names of the sides in parts a and b.

Substitute the value of the angle and the known
side into the rule. Call the unknown side x.

Because the unknown, x,is the denominator, two steps are needed. Multiply
both sides by x, then divide both sides by sin 39°, to make x the subject.
Use your CAS calculator to find x to one decimal place.

19 cm




