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Introduction



Mathematical skills are vital in design and technology. Not only will they make up at least 15% of the marks in your exams but they are also essential if you wish to continue your studies beyond A-level into design- or engineering-related careers. This book covers all the maths skills you are required to know for your exams and it will be useful throughout the NEA. The book assumes little prior knowledge and all concepts are explained thoroughly, so if you aren’t feeling confident with concepts that you were taught when you were younger, there is no need to worry. In each section the sets of questions start easy and build in difficulty.


All the questions in the book relate to design and technology, so not only are you practising maths skills, you are also developing your subject knowledge. Most questions will involve the use of multiple maths skills. Practice with these questions will help you to identify the links between skills and new contexts that you will encounter in the exams. There are also exam-style questions at the end of each section that integrate different maths skills and design and technology subject knowledge.


The content for the Design Engineering only sections is available online at www.hoddereducation.co.uk/essentialmathsanswers





1 Using numbers and percentages



In this chapter you will learn how to work with numbers and apply mathematical techniques that you will experience throughout your design and technology course. Many of the fundamentals of working with numbers are covered and you should ensure that you know these skills and practise them before moving on to later chapters.


1.1 Units, powers, standard form and accuracy


In design and technology, most quantities that you work with have an associated unit. In most cases an exam question will identify the units that you should use, but if it does not, you should ensure that you include the unit for your answers to be complete and correct. It is not necessary to show the units in each line of the workings of your calculations, but they should be given with the final answer.


SI units


SI stands for Système international, which is the International System of Units. The SI is a globally agreed system of units of measurement, with seven base units. Where possible you should use them and convert quantities to these base SI units. We will look at conversion later in this section. The SI units that you will encounter with greatest frequency are shown in Table 1.1.




Table 1.1 The most frequently encountered SI base units






	Base quantity

	Name of unit

	Symbol






	length

	metre

	m






	mass

	kilogram

	kg






	electrical current

	ampere

	A






	time

	second

	s










The metre, ampere and second are usually seen with prefixes that represent the quantity in powers of 10. For example, 1 centimetre is 1.0 × 10−2 metre. The prefix ‘centi’ tells us that there are 100 of these units in 1 metre.


Millimetres are the most common measurement of length used in design and technology, engineering and architecture. The prefix ‘milli’ tells us that there are 1000 of these units in 1 metre.


The base quantity of mass, the kilogram, is the odd one out as it already has a prefix associated with it in the base unit. ‘Kilo’ means 1000 or 1.0 × 103.


You will learn more about prefixes later in this chapter. Before that, however, it is worth looking at standard form, which can help to identify the correct prefix. Standard form uses powers, which are explained in the next section.



Powers and roots


In design and technology, you will frequently come across powers, such as squaring and cubing, and roots, such as the square root and the cube root. For example, when the area of a circle is calculated, you will square the radius, or when the side of a triangle is being calculated, you may use Pythagoras’ theorem to calculate the square root of the sum, or difference, of the square of the other sides. When calculating volume, the resulting units are likely to be m3. In Chapters 3 and 4 you can work through these specific skills. However, before you do, it is essential that you understand what these terms mean and are confident in using them.


Powers


For the number written as 23, the small number is known as the power. The power number tells you how many times to multiply the number. In this case the power is 3 and so 2 is multiplied 3 times. Table 1.2 shows examples of powers.




Table 1.2 Examples of powers






	Number

	Means…

	Which is…






	22


	‘two to the power of two’

	2 × 2 = 4






	23


	‘two to the power of three’

	2 × 2 × 2 = 8






	24


	‘two to the power of four’

	2 × 2 × 2 × 2 = 16










For any number x, with a power of n, the following applies:


xn means ‘x to the power of n’ which is x multiplied n times.


A square number is any number that is the result of multiplying a number by itself. For example, 16 is a square number because 4 × 4 = 16. 16 can therefore be rewritten as 42. This is normally called ‘four squared’. For any number, x, that is multiplied by itself, x2, it can be called ‘x squared’.


On a scientific calculator or scientific calculator app, this is normally the ‘x2’ button. You should press this button after entering the value of x. For example, for 302, the order should be: type 30, then press ‘x2’.


Cube numbers have been multiplied three times. For example, 27 is a cube number because 3 × 3 × 3 = 27, which can therefore be rewritten as 33. This is normally called ‘three cubed’. For any number, x, that is multiplied three times, x3, it can be called ‘x cubed’.


Most popular scientific calculators and apps show this as the ‘x3’ button. Again, you should press this button after entering the value of x.


For powers greater than three it is normal to say that the number has been multiplied ‘to the power of’. On your calculator, this is a little trickier. Many scientific calculators and apps have ‘xy’ or a button as shown in Figure 1.1 with the power denoted as a square.


The button presses are as follows: type the value of x, then press the button ‘xy’ followed by the value of y. For example, for 45, type in 4, then ‘xy’, followed by 5.



Roots



The most common root that you will need to calculate in design and technology will be the square root. This generally occurs when using Pythagoras’ theorem to calculate dimensions of designs, components or materials that involve the use of right-angled triangles. You can explore this in more detail in Chapter 4.


Cube roots are less common but you may come across them when calculating dimensions from the volume of an object or a material.


Square roots and cube roots are the opposite of squaring and cubing respectively.





•  The symbol for square root is √.



•  The symbol for cube root is [image: ].



•  For any root, n, the symbol for the root is [image: ].





Examples


The square root of 64, written as [image: ], is 8 because 82 = 8 × 8 = 64.


The cube root of 8, written as [image: ], is 2 because 23 = 2 × 2 × 2 = 8.


[image: ]= 2 because 2 × 2 × 2 × 2 × 2 = 32.


Scientific calculators and apps have buttons for square and cube roots and a special button for roots higher than three. These operate in a similar way to the power buttons, but the main difference is that it is usually necessary to activate some of them by accessing the calculator’s second bank of functions, usually activated by pressing ‘shift’ or ‘2nd’. Figure 1.1 shows how to access these functions on a popular scientific calculator.




[image: ]




To calculate a square root, first press the square root button, then enter the value followed by ‘=’. For a cube root, use the cube root button. For roots higher than three, the button presses are a little trickier. For example, for [image: ], first press the root button, then enter the root value 5, followed by the number 32, then ‘=’.


When working with decimals your scientific calculator may present the result as a fraction, for example [image: ]. You may know that this is 0.01, but for more complex fractions you may need to use the calculator to convert them to a decimal answer. On many popular calculators, if you press the calculator button ‘S ↔ D’, the answer will be converted from a symbolic fraction to a decimal.




[image: ]


A Worked examples


Calculate the following powers and roots.





a  242






Calculator steps:


1    Type in 24.


2    Press ‘x2’.


3    Press ‘=’.


Answer displayed: 576





b  0.22






As a calculator will be used here, you can work with the value in the decimal form.


Calculator steps:


1    Type in 0.2.


2    Press ‘x2’.


3    Press ‘=’.


Answer displayed: [image: ]


4    Press ‘S ↔ D’ button.


Answer displayed: 0.04





c  43






Calculator steps:


1    Type in 4.


2    Press ‘x3’.


3    Press ‘=’.


Answer displayed: 64





d  0.00033






As a calculator will be used here, you can work with the value in the decimal form. However, if there were any more zeros before the first digit, it is best practice to convert the value to standard form to avoid errors (see next section).


Calculator steps:


1    Type in 0.0003.


2    Press ‘x3’.


3    Press ‘=’.


Answer displayed: 2.7 × 10−11


This is an answer in standard form.


[image: ]





Standard form and powers of 10


Standard form is a method of writing down easily very large or very small numbers. 1.2 × 106 kg is a value of mass in standard form. This represents the value 1 200 000 kg because 1.2 × 106 = 1.2 × 10 × 10 × 10 × 10 × 10 × 10 = 1 200 000. A number in standard form has one significant figure before the decimal point and a power of 10 following it. In this case 1 and 106 respectively. Table 1.3 shows the most common powers of 10 that you need to know.




Table 1.3 Positive powers of 10






	Number

	Standard form






	10

	1.0 × 101







	100

	1.0 × 102







	1 000

	1.0 × 103







	10 000

	1.0 × 104







	100 000

	1.0 × 105







	1 000 000

	1.0 × 106











There is an easy way to convert large numbers into standard form powers of 10: count the digits that follow the first significant number. This equals the power of 10. For example:





•  10 000 has four zeros after the ‘1’, so the power of 10 is 4 and the number is 1.0 × 104 in standard form



•  3 450 000 has six digits after the 3, so the power of 10 is 6 and the number is 3.45 × 106 in standard form







[image: ]


TIP


Notice how, in the large numbers above 1000, the digits are separated into groups of three by a space. This is standard convention and avoids confusion that is often caused by using a comma instead of a space.


Getting into the habit of writing large numbers in this way makes conversion into standard form much easier because each group of three zeros, ‘000’, is equal to 103.


[image: ]





Standard form uses negative powers of 10 to represent fractions, as shown in Table 1.4. The force 0.00034 N written in standard form is 3.4 × 10−4 N.




[image: ]




There is an easy way to convert small numbers into standard form powers of 10: count the digits to the right of the decimal point up to and including the first significant digit. This equals the negative power of 10. For example:





•  for 0.0001 the 1 is four digits to the right of the decimal point, so the power of 10 is −4 and the number is 1.0 × 10−4 in standard form



•  for 0.00000345 the 3 is six digits to the right of the decimal point, so the power of 10 is −6 and the number is 3.45 × 10−6 in standard form.





Multiplying and dividing powers of 10


Multiplying and dividing powers in standard form is simple if you remember the following rules:





•  To multiply powers of 10 you add the powers.



•  To divide the powers of 10 you subtract the powers.





For example:


[image: ]


In this multiplication, the powers 4 and 2 have been added to make 6.


[image: ]


In this division, the power 3 is subtracted from 4 to give 1.


The following is also true:


[image: ]


Dividing by the power is the same as multiplying by the negative power, so for any power, n:


[image: ]


Remembering this enables you to treat divisions of powers as multiplications. For example:


[image: ]




[image: ]


A Worked examples





a  Write the following as powers of 10:








    i   100 000






Count the zeros: five. This indicates the power of 10 should be 5.


100 000 = 1.0 × 105




    ii  0.000005






Count the positions backwards from the decimal point and include the first significant digit (5). The count is −6, which is the value of the power.


0.000005 = 5 × 10−6





b  Write the following in standard form:








    i   0.36 mm






A number in standard form should have a single significant number ahead of the decimal point. The zero is not significant.


0.36 mm = 3.6 × 10−1 mm




    ii  540 000 N






540 000 N = 5.4 × 105 N




    iii 0.00354 kg






The zeros are not significant.


0.00354 kg = 3.54 × 10−3 kg, which is also known as 3.54 g





c  Multiply the following numbers without a calculator:








    i   10 000 and 100 000






Convert into standard form by counting the zeros after the first digits.


10 000 × 100 000 = 1.0 × 104 × 1.0 × 105


Remember that you can add the powers when multiplying powers of 10.


1.0 × 104 × 1.0 × 105 = 1.0 × 109




    ii  100 and 0.00001






Convert into standard form. For the small number, count the digits to the right of the decimal place and include the first significant figure:


100 × 0.00001 = 1.0 × 102 × 1.0 × 10−5


Add the powers:


1.0 × 102 × 1.0 × 10−5 = 1.0 × 10−3


[image: ]





Prefixes and converting units


The SI system of units has a set of prefixes that is used to avoid the power of 10 notations and thus simplify the way that units are presented. A familiar example is likely to be that of 1000 m, written as 1.0 × 103 m in standard form, which is 1 km. The common prefixes are given in Table 1.5 and you should learn them.




Table 1.5 Unit prefixes






	Prefix name

	Symbol

	Power of 10






	tera

	T

	1012







	giga

	G

	109







	mega

	M

	106







	kilo

	k

	103







	deci

	d

	10−1







	centi

	c

	10−2







	milli

	m

	10−3







	micro

	µ

	10−6







	nano

	n

	10−9







	pico

	p

	10−12











Converting units


In design and technology activities you will regularly need to convert the units of values in order to work with them or to make a calculation easier.


Consider the following example of an exam-style question.




[image: ]


A Worked example


A flotation aid is used for teaching swimming.





•  The volume of the thermopolymer foam is 0.00675 m3




•  The density of the thermopolymer is 0.05 g cm−3




•  mass = volume × density






Calculate the mass, in kg, of the flotation aid.


This problem includes mixed units for:





•  length: cm and m



•  mass: g and kg.





To do the calculation, the units relating to length should all be converted to the common SI base unit of m, metres, and the units of mass should be converted to the common SI base unit of kg, kilograms.


Therefore, the density value needs to be converted into units of kg m−3 (see page 14).


[image: ]





A problem of this type, comprising mixed units, can be quite daunting and you need to be confident in the conversion of the units in order to get the correct answer. An answer could potentially be incorrect by many powers of 10. In a real-life situation, this could lead to wasted materials and expense.


The hardest units to convert are usually units of area and volume because these involve squaring and cubing, which result in some huge numbers.


Table 1.6 summarises common unit conversions for length, area and volume. You will find the standard form of the conversions useful in your calculations and you should learn them.




[image: ]
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A Worked examples





a  Convert the following values into standard form with the correct prefix.








    i   0.001 m






Convert into standard form. Count three digits after the decimal point:


0.001 m = 1.0 × 10−3 m


Now replace the power of 10 with the correct prefix:


1.0 × 10−3 m = 1 mm




    ii  240 000 000 mg






Convert into standard form. Count all the digits after the first significant digit:


240 000 000 mg = 2.4 × 108 mg


Convert the units. Replace the prefix ‘milli’ with the power of 10:


2.4 × 108 mg = 2.4 × 108 × 10−3 g


When multiplying, add the powers:


2.4 × 108 × 10−3 g = 2.4 × 105 g


Convert to the base unit kg, replace the power of 10 for the prefix kilo, i.e. 103:


2.4 × 105 g = 2.4 × 102 kg




    iii 345 000 mm3






Convert into standard form. Count the five digits after the first significant digit:


345 000 mm3 = 3.45 × 105 mm3


Convert mm3 into m3. Substitute mm3 with 1.0 × 10−9 m3:


3.45 × 105 mm3 = 3.45 × 105 × 10−9 m3


Add the powers:


3.45 × 105 × 10−9 m3 = 3.45 × 10−4 m3





b  Mass calculation






Here is the worked solution to the example question from the start of the section ‘Converting units’.


A swimming flotation aid is used for teaching swimming.





•  The volume of the thermopolymer foam is 0.00675 m3
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