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An assessment statement box starts each

new section in a chapter. These show
the numbered objectives and set out the
content and aspects of learning covered in

that section.

A
Figure 8.1 Conventional triangle
notation.

o Hint: In1B notation, [AC] denotes

Assessment statements
36 Solution of triangles.
The cosine rule: ¢ = a? + b2 ~2abcosC.

e I W
The sine ule: = 52 = 5ng ~ sinc:

Area of a triangle as § absin C.

. Introduction

In this chapter, we approach trigonometry from a right triangle
perspective where trigonometric functions will be defined in terms of

the ratios of sides of a right triangle. Over two thousand years ago, the
Greeks developed trigonometry to make helpful calculations for surveying,
navigating, building and other practical pursuits. Their jons were

Exercises are found at the end of each section in a chapter.
At the end of each chapter, there is an Exam Practice section
containing real IB exam questions.

27 The Eiffel Tower in Paris is 300 metres high (not including the antenna on top).
What will be the angle of elevation of the top of the tower from a point on the.
ground (assumed level) that is 125 metres from the centre of the tower's base?

28 A 1.62-metre tall woman standing 3 metres from a streetlight casts a 2-metre
long shadow: What i the height of the streetlight?

29 A pilot measures the angles of depression to two ships to be 40° and 52° (see
the figure).If the pilot s flying at an elevation of 10000 metres, find the distance.

between the two ships.

—a—

30 Find the measure of all the angles in a riangle with sides of length 8cm, Bcm

and 6.cm.

31 From a S0-metre observation tower on the shoreline, a boat i sighted at an
angle of depression of 4* moving directly toward the shore at a constant speed.
Five minutes later the angle of depression of the boat i 12°. What s the speed of

the boat in kilometres per hour?

based on the angles and lengths of sides of a right triangle. The modern
development of trigonometry, based on the length of an arc on the unit
circle, was covered in the previous chapter. We begin a more classical
approach by introducing some terminology regarding right triangles.

Right triang|
fL ti

and trig
of acute angles

19
/Aand C. The notation AC represents
the length of this line segment.

Also, the notation ABC denotes the
angle with its vertex at point 8 with
one side of the angle containing
the point A and the other side
containing point C.

A
Figure 8.2 Right trangle
terminology.

Right triangles

The conventional notation for triangles is to label the three vertices with
capital letters, for example A, Band C. The same capital letters can be used
to represent the measure of the angles at these vertices. However, we will
often use a Greek letter, such as a (alpha), B (beta) or 6 (theta) to do so.
The corresponding lower-case letters, a, band  represent the lengths of
the sides opposite the vertices. For example, b represents the length of the
side opposite angle B, that is, the line segment AG, or [AC] (Figure 8.1).

In a right triangle, the longest side is opposite the right angle (i.e. measure
0 90°) and is called the hypotenuse, and the two shorter sides adjacent to
the right angle are often called the legs (Figure 8.2). Because the sum of the
three angles in any triangle in plane geometry is 180°, then the two non-
right angles are both acute angles (i.e. measure between 0 and 90 degrees).
Italso follows that the two acute angles in a right triangle are a pair of
complementary angles (i.c. have a sum of 90°).

Hint boxes can be found alongside questions,
exercises, worked examples and new topics;
they identify common pitfalls and provide

Trigonometric functions of an acute angle

‘We can use properties of similar triangles and the definitions of the sine,
cosine and tangent functions from Chapter 7 to define these functions in
terms of the sides of a right triangle.

side opposite

side adjacent 0

The right triangles shown in Figure 8.3 are similar triangles because
ing angles have equal h has a right angle and an
acute angle of measure 6. It follows that the ratios of corresponding sides
are equal, allowing us to write the following three proportions involving
the sine, cosine and tangent of the acute angle 6.
sing__opposite g _adjacent  ang_ sing _ opposite
T~ hypotenuse T~ hypotenuse 1

cosf  adjacent

The definitions of the trigonometric functions in terms of the sides of a
right triangle follow directly from these three equations.

Let 0 be an acute angle of a right triangle, then the sine, cosine and tangent functions
of the angle pare defined i ight i
side opposite angle 0

Fypotenuse

sino =

side adjacent angle
Fyporenuse

side opposite angle 0

cosf =

“Figure 83 Trigonometric
functions defined in terms of sides
of similar triangles.

-
(@) Thalesof Miletus circa 624-547)
wasthe first of e Seven

‘Sages, or wise men of ancient
Greece, and s considered by

many to be the first Greek
scientist,mathematician and
philosopher. Thales visited
Egyptand brought back
Knowledge of astronomy
and geometry. According
to several accounts, Thales,
with no special instruments,
determined the height of

diagram.
cant figures.

perd

—em—

ted from an anchor point on level ground to
e makes a 65° angle with the ground at the
ther from the tower than the wire's anchor

er the angle of elevation to the top of the
the nearest tenth of a metre.

of a hill. The angles of elevation of the
the same spot at the base of the hill are
Vely.Relative to its base, how high i the hil

verticalpole as seen from a point
ble its angle of clevation as seen from a
the height (to the nearest tenth of a metre)
server's eyes.

These boxes contain interesting
information and are designed to

increase students” wider knowledge.
Also found throughout the book are
green Key term boxes to highlight
key facts from the main text, and
pink Theory of Knowledge boxes to

Egyptian pyramids. He applied
formal geometric reasoning
Diogenes Laertius,  3rd-
century biographer of ancient
Greek philosophers, wrote:
“Hieronymus says that [Thales]
even succeeded in measuring
the pyramids by observation
of the length of their shadow

N0 = e adacentangle 8

Itfollows that the sine, cosin

insights into how students can achieve the
highest marks in an examination.

It is important to understand that properties of similar triangles are the
foundation of right triangle trigonometry. Regardless of the size (i.e.
lengths of sides) of a right triangle, so long as the angles do not change, the
ratio of any two sides in the right triangle will remain constant. Al the right
triangles in Figure 8.4 have an acute angle with a measure of 30° (thus, the
other acute angle is 60°). For each triangle, the ratio of the side opposite

stimulate thought and discussion in

ettt sl context. There is aiso an innovative

that an angle of 30°is equivalent o 7 i radian measure. SISO Theory of Knowledge chapter at the
end of the book.

atthe moment when our
shadows are equal to our

own height! Thales used the
geometric principle that the
atios of corresponding sides of
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