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Welcome to: "Mathematics To Do"
by Chris O'Donoghue,
A recreational maths book.for those who want to keep their minds alive.
Click on the instructions or on the chapter of your choice:

Instructions.
Chapter 1 The Golden Section.
Chapter 2 The Fibonacci Sequence.
Chapter 3 Exponential Growth.
Chapter 4 Two-Dimensional Shapes.
Chapter 5 Three-Dimensional Shapes.
Chapter 6 Pascal's Triangle.
Chapter 7 Probability.
Chapter 8 Statistics.
Chapter 9 Conic Sections.
Chapter 10 George Boole.
Chapter 11 Some Areas And Volumes.
Chapter 12 Movement.
Chapter 13 Virtual Machines.
Chapter 14 Topology.
Chapter 15 Numbers And Patterns.
Chapter 16 Triangles And Circles.
Chapter 17 Base Two.
PDF Files.

How to get the best out of:

Mathematics To Do
For most of the time, this work uses the Socratic method, which is a high-brow way of saying that you
pick up information by answering questions.
Sometimes the question is really an instruction, so there is no answer. For example:
1. Draw a line from point A to point B.
Other questions have a short answer. You will see (for answer click here) after such a queston. This
link will take you to the answer to that question. A link on the answer page will take you back to the
place you left. Try it now.

2. 2 + 2 (for answer click here)
Here is some more practice!

3. 5 x 7 (for answer click here)
Sometimes there will be a diagram as the answer. The system still works as you can see from the next
question.

4. Are you happy that you can add 5 to 7?

Diagrams:
Some of the diagrams are so big they take up all the screen; when this happens you cannot see the
questions. Also, there are times when you are asked to make things by cutting and gluing diagrams, or
to measure particular lengths.
For these reasons, all the diagrams in the book can be printed from the PDF files. This can be done
from a PC with Adobe Acrobat Reader. The files can be found at: www.mathematics2do.com . From
the menu, click on the link to PDF Files where you will find links to the images, arranged by Chapter.
It might help to have a look at the diagrams to each chapter before you start that chapter.

Chapter 1
The Golden Section
For this chapter you will need:
A ruler, pen and paper and a calculator;
A print-out of figure 1, the regular pentagon from the PDF files;
A print-out of figures 3 and 4 from the PDF files;
A compass (correctly called a pair of compasses!).
This chapter introduces the Golden Section as the ratio of the length of a side of a regular pentagon to
the length of one of its diagonals. As you work your way through the chapter, I hope you will begin ti
realise what the Golden Section has to do with our lives.
We see the Golden Section introduced the way the Greeks probably knew it. They would not have been
able to recognise it as 1 : 1.618... because they did not know decimals, and the number 1.618.. is
irrational; that is it cannot be expressed accurately as a fraction, (or as a decimal come to think of it).
However, the ancient Greeks worked with ratios, and this was one which fascinated them.
A Regular Pentagon:

A regular pentagon has five sides which are all the same length as each other, and all its angles are the
same as each other, too.
1. Draw the line AC on your copy of this regular pentagon. (Draw AC means: draw a straight line
from corner A to corner C.)

2. Measure the length of the line AC - in millimetres - and write it down.
3. Measure the length of AB and write it down.
4. Divide the length AC by the length AB; do AC  AB .
A comment on accuracy: Note that it is impossible to measure the lines in the diagrams to any definite
degree of accuracy; even the ends of the lines are not that well defined. If you use a calculator, it may
well give many decimal places in answer to question 4. Even the two decimal places I have used
suggest a degree of accuracy which the measurements do not justify.

5. AC is a diagonal of the pentagon. Draw all the other diagonals: AD, BD, BE and

CE.

The five pointed star inside the pentagon is called a pentagram.

6. On your copy of the pentagon, mark the points where the diagonals cross as P, Q, R, S and T as
shown in figure 2.

7. Measure the length of AT (in millimetres.)
8. Divide the length of AC by the length of AT; do AC 
he answers to questions 4 and 8 should be the same. This number is known as the Golden Section and also as the Golden Ratio or Divine Proportion. It is one of those numbers which can go on for
millions of decimal places, but for our purposes, we will take it as 1.618 . You will do well to get an
answer close to this figure because measuring on the small scale we have here is inevitably inaccurate.
9. Check with your calculator that the fraction immediately above is in fact 1.618 approximately. To
do this, find the square root of 5, add 1 then press = to find what the top line comes to; then divide this
answer by 2.
From now on, to save space I will not write 1.618, but the letter G instead. (This is algebra - I’m sorry
about that.) Every time you see G, think of it as 1.618 .
Do these calculations:

10. G - 1
11. 1 G
12. G + 1

(Note 1 G = 1/G )

13. G2 (G2 = G x G )
Note that answers 10 and 11 should be the same - i.e. taking 1 away from G gives he same answer as
dividing 1 by G.
Note also that answers 12 and 13 should be the same - i.e. adding 1 to G gives the same answer as
multiplying G by itself.
Look at the large pentagon and you will see a small pentagon with its corners at P, Q, R, S and T inside.

14. Measure ST
15. Multiply the length ST by G (i.e. ST x 1.618).
16. Multiply your answer to question 15 by G.
Allowing for the inevitable errors in measuring, your last answer should be the same as AB, in other
words the big pentagon has shrunk by G, then by G again to make the little one.
On your diagram, draw the diagonals of the smaller pentagon: PR, PS, QT, QS and RT. You now have
a smaller pentagram, and a much smaller pentagon.

17. Looking at questions 14, 15 and 16 above, see if you can calculate the length of one of the sides of
this very small pentagon. Measure to see if you are correct.

Here is another way of finding the Golden Section. It may seem confusing at first, but stay with it. Use
your print-out of figure 3.

18. Measure AB.
19. Measure BC.
20. Divide AB by BC (Do AB C)
You should get G, approximately.
If you bend BC round through half a turn, C will reach D; in other words, BC = BD.

21. Measure BD.

22. Measure AD.
23. Divide BD by AD (Do BD AD
You should get G again, although because the lengths are shorter, you may well be a little way off
1.618 .
Summarising the last six questions: if you cut a line in a certain ratio and the piece you cut off divides
the piece you have left in the same ratio, this ratio is the Golden Section.
Next we go back to some drawing. You will need a copy of figure 4.

The ratio of the length to the breadth of this rectangle is G : 1 (i.e. 1.618 : 1).

24. Join A to B. This will give you a square and a smaller rectangle.
25. Measure the length and breadth of the smaller rectangle and divide to show that they make the
Golden Section.
Note: it is obvious if you think about it that these lengths will be in the Golden Section, because you
have cut off a shorter length in the Golden Section, so that it and one side of the original rectangle will
also be in this ratio.
26. Put a compass point on B and draw a quarter circle from C to A.

27. Draw a line from D across the rectangle to the left, up to where it meets AB.
You will now have another square and an even smaller rectangle (with its sides in the Golden Section,
of course!).
28. Put a compass point on the point where the line from D meets the line AB and draw a quarter circle
from A to D.
29. Draw a line from E straight up the page until it meets the line from D.
30. Put a compass point where the lines meet and draw a quarter circle from D to E.
31. See how many more times you can divide up rectangles and draw quarter circles. You should
finish up with a nice spiral.
The rectangle with sides in the ratio of 1.618 : 1 was regarded by the Ancient Greeks to be perfect,
hence their use of such words as “Golden” and “Divine”. The centre of interest in a picture is thought
to be where the line from D meets AB in the rectangle above. Here the length and the breadth are
divided in the ratio of G : 1 . Photographers approximate this position to one third of the way up and
across, and freely use the expression “the rule of thirds” for the centre of interest. Of course, it is
possible to break the rule and still take a good photograph.
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