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Welcome to Trigonometry: A complete introduction

Trigonometry: A complete introduction has been substantially revised and rewritten to take account of modern needs and recent developments in the subject.

It is anticipated that every reader will have access to a scientific calculator which has sines, cosines and tangents, and their inverses. It is also important that the calculator has a memory, so that intermediate results can be stored accurately. No support has been given about how to use the calculator, except in the most general terms. Calculators vary considerably in the keystrokes which they use, and what is appropriate for one calculator may be inappropriate for another.

There are many worked examples in the book, with complete, detailed answers to all the questions. At the end of each worked example, you will find the symbol ❚ to indicate that the example has been completed, and what follows is text.

Some of the exercises from the original Teach Yourself Trigonometry have been used in this revised text, but all the answers have been reworked to take account of the greater accuracy available with calculators.

I would like to thank Linda Moore for her help in reading and correcting the text. But the responsibility for errors is mine.

Hugh Neill


Introduction

Trigonometry is the study of the relationships between the sides and angles in a triangle. It is one of the most practical branches of pure mathematics and it has many applications in the real world. Trigonometry is based on the principle that the ratio between two sides of any similar right-angled triangle is a constant: this enables you to calculate the size of any missing sides or angles in a right-angled triangle. The trigonometric functions (sine, cosine and tangent) are defined as the ratio between two sides of a right-angled triangle. Using these functions, you can calculate the area of any triangle or find missing angles or sides – these skills have obvious applications in surveying and civil engineering. Trigonometry enables surveyors to work out the height of buildings or use triangulation to work out the exact location of a fixed point, which is vital for map making. The triangle is the strongest shape to use in a structure and so trigonometry underpins many of the calculations needed in civil engineering. Many bridges, roofs and other structures are held up by a system of triangular supports.

Trigonometry has many other real-life applications, for example it is used extensively in mechanics to describe the motion of objects. To work out the trajectory of a bullet fired from a gun or the motion of a simple pendulum requires trigonometry – even the way that light or sound waves move can be described using trigonometry.

Trigonometry was first used in astronomy and still has many applications in this field today. For instance, it is used to accurately work out the distance to nearer stars using the phenomenon of parallax, which is the apparent motion of nearby stars relative to more distant stars. You can see parallax for yourself by holding out a finger and then looking at it with first just your right eye and then just your left. The position of your finger will appear to shift, relative to the more distant background. A nearby star appears to move slightly against the background of more distant stars when viewed twice, using observations made six months apart – once the earth has made half of its orbit around the sun. Using the distance that the earth has moved in this time as a base line, it is possible to construct a right-angled triangle using the sun, the earth and the star in question as the three vertices. The distance to the star can then be worked out using the angle of parallax and the distance between the sun and the earth. In fact, the earliest practical uses of trigonometry were in the fields of astronomy and hence navigation.

However, it is when you extend the definitions of the trigonometric functions so that they apply to angles of any size that even more applications emerge. Trigonometry is the mathematics of oscillations and waves – the graphs of sine and cosine are periodic (repeating) waves and so these functions can be used to model waves that occur in real-life situations. Modern technology is hugely reliant on waves; electromagnetic waves such as radio waves, x-rays and microwaves can all be modelled using sine and cosine functions. In optics, the sine function is used in Snell’s law to work out the angle of refraction of light entering a different medium. Modern power lines use alternating current (where the flow of electric charge periodically reverses direction) to deliver power over long distances, the voltage is described mathematically using the sine function.

The periodic, wave-like nature of the trigonometric functions means that they are incredibly useful in mathematical modelling: almost any oscillating system can be described using a combination of sine or cosine functions. For example, a musical note can be modelled by a sine wave, and a chord (several notes played together) can be modelled by several sine functions added together. Combining sine and cosine functions allows us to produce louder or quieter tones, and functions can even be added together in order to cancel out unwanted sound completely. Trigonometry is fundamental to the principle of sound compression used in MP3 players. The sine function also has applications in climatology as it can be used to model the seasonal fluctuations of carbon dioxide in the atmosphere. In fact, many real-life situations that display seasonal fluctuations, including temperature, can be approximated by trigonometric functions.

There is a seemingly endless list of uses for trigonometry. It is used in medicine (it forms the basis of the mathematics behind CT (computed tomography) scanning), cartography, astronomy, engineering, surveying – even psychology and probability theory make use of trigonometry. Trigonometry is not just to do with triangles, it is the mathematics of waves and oscillations as well. Any problem to do with angles, oscillations or waves can be modelled using trigonometry, which must make trigonometry the most relevant branch of mathematics there is.
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