Mathematics and Statistics for Science Technicians: content overview


Section 1: Scientific data and algebraic expressions

Number and Units

Topic
Example question(s)
Recipe
Ref

Decimal places
Round 156.2345 to two decimal places (156.23)

Round 0.752954 to three decimal places (0.753)

Round 15.40734 to two decimal places (15.41)

Round 4.795327 to two decimal places (4.80)
· Count the number of decimal places you want after the decimal point

· Look one place after the last required place

· If the place after has value 5, 6, 7, 8, 9 then add 1 to the last decimal place required

· If the place after has value 0, 1, 2, 3, 4 then truncate the number to the number of decimal places


Significant figures
Round 16.5672 to three significant figures (16.6)

Round 16 754 to two significant figures (17 000 NOT 17)

Round 0.000421745 to three significant figures (0.000422)
· Find the first figure on the left that is not zero - this is the first significant figure. E.g. 0.0001214 has the first significant figure in the fourth decimal place.

· Count the number of significant figures you want to keep including the first significant figure

· Look one figure after the figures you want to keep

· If this figure after has value 5, 6, 7, 8, 9 then add 1 to the last figure you want to keep

· If the figure after the last required figure has value 0, 1, 2, 3, 4 then just keep the figures you want unaltered

· If number is bigger than 1, check that you have added correct number of following zeros

· If number is less than 1, check that you have added correct number of leading zeros after decimal point


Standard form
Convert 175 000 000 to standard forn (1.75 × 108)

Convert 0.000 000 000 000 000 567 to standard form (5.67 × 10-16)

Calculate with numbers in standard form giving answers in standard form. Convert from standard form when quoting 'reasonable' sized numbers.
· Move decimal point enough places to give number in form n.nn (one place in front of decimal point). Note the number of times you moved the decimal point.

· If greater than one, then standard from is n.nn × 10k where k was the number of times you moved the decimal point.

· If less than one, then standard form is n.nn × 10-k where k was the number of times you moved the decimal point.


Ratios
Simplify the ratio 15:10:5 (3:2:1)

Simplify the ratio 500g : 1.5 Kg ( 1:3)

Simplify the ratio 1.25 : 2.5 : 1.75 (5 : 10 : 7)


· Make sure that all figures in the ratios are in the same units
· If decimal numbers then multiply by 10 or 100 or 1000 to clear the fractions so you have whole numbers in the ratio

· Then divide all figures by any common factors
· When there are no common factors left, the ratio is in its 'lowest terms'


Proportional Parts
Type 1:Divide 375g in the ratio 7:8 (175g :200g)

Type 2: Print developer concentrate needs to be diluted 1:9 for use. You have 150 ml of developer concentrate. How much diluted solution can you make? (1500 ml or 1.5 l)
Type 1: Dividing whole amount in ratio

· Add up the numbers in the ratio to find the number of 'equal shares'

· Divide the amount by the number of equal shares

· Multiply each number in the ratio to find the value of each part of the ratio

Type 2: Finding one part or the whole given the other

· Identify the number in the ratio that corresponds to the amount you know

· Divide the amount you know by the ratio number to find the value of an 'equal share'

· Multiply the value of an equal share by the other ratio numbers or by the sum of the ratio numbers if you need to know the whole amount


Direct Proportion
In a sealed steel cylinder, a gas has a pressure of 1 atmosphere at 300 K. What pressure has the gas when the temperature is raised to 500 K? (1.67 atmos or 
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· Direct proportion is when the independent variable doubles, the dependent variable also doubles

· Divide the second independent variable value by the first one to get a multiplying factor

· Multiply the first dependent variable value by the factor to get the new value

· Check the change is sensible i.e. pressure increases with temperature for a sealed cylinder

· Watch out that variables are in absolute units i.e. Kelvin and not Celsius!


Inverse Proportion
A (strong) sealed balloon has air at a pressure of 1.1 atmospheres and a volume of 2 litres. If you squeeze the balloon so its volume is reduced to 1.5 litres, what is the new pressure? The temperature is constant all through the experiment.

1.1 × 2 = 2.2 then 2.2 ÷ 1.5 = 1.47 atmos
· Inverse proportion means that if you double the independent variable, the value of the dependent variable halves.

· If you multiply the value of the depended and independent variables together, you get a constant

· Divide the constant by the new value of the independent variable and you get the new value of the dependant variable

· Check for common sense answer (squeeze the balloon and the pressure should increase!)


Percentages
Type 1: If you measure a glass tube as being 20cm long to nearest cm, the error could be as large as 0.5 cm. What is the percentage error on this measurement? (0.5 ÷ 20 × 100 = 2.5%)

Type 2: A digital microscope camera costs £250 plus VAT at 17.5%. How much is the VAT?
Type 1: express numbers in percentage form

· Divide the part by the whole to get a fraction

· Multiply by 100 to get a percentage

· Round the percentage figure in a sensible way according to context

Type 2: find value of a given percentage

· Divide the whole by 100 to find value of one percent

· Multiply value of one percent by number of percent needed

· Round figure as required by context


Percentage Change
Increase: The costs of chemicals have gone up by 7.5%. If a bottle of sulphuric acid used to cost £25, how much does it cost now? (£26.88)

Decrease: The chemical company gives you a 30% discount for being a valued customer. If you order £150 worth of chemicals at list price, how much do you actually have to pay? (£105).
Increase

· Work out value of the change (type 2 above)

· Add the value of the change to the original amount

· Check answer looks sensible (has increased!)

Decrease

· Subtract off the value of the change instead of adding

· Check answer has decreased by sensible amount!


SI Units
Metre

Second

Kilogram

Mole

Radian
· You will need to know how to convert from customary units (litres, Km, g, degrees and so on) to SI units to use the units with formulas you find in textbooks

· You will need to recognise 'compound units' such as kgm-2 and their relationship to customary units such as atmospheres. 


Use of scientific calculator

Topic
Example
Recipe
Ref

Standard functions
Check you can do the following on your calculator and make a table of the button symbols your calculator uses
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sin (45) = 0.7071,  cos(30) = 0.5,  tan(45) = 1

Check you know how to use the brackets on your calculator to do calculations like this. You should get the same answers that I do…
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· Do the calculator worksheets!

· Check vocabulary such as reciprocal, root, square root, power, square, cube, sin, cos, tan and so on.

· Check you know how the brackets and last answer memory work on your calculator

· Check you know how to enter numbers in standard form into your calculator

· You might want to try these using a spreadsheet such as Microsoft Excel or OpenOffice Calc as well. 


Rough checks
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Roughly 10 × 5 = 50, then 10 × 25 × 0.5 = 125, gives 175 rough answer. Compare with 146.0475 = 146.05 (2dp) 
· Round off all the numbers to 1 sig fig

· Do the calculation yourself - checking rules of sequence (BODMAS)

· Your calculator answer should compare roughly to same 'order of magnitude' with your estimated answer

· Errors of sequence usually make the answer hugely different - like factors of a thousand, million or a billion.


Areas, volumes, surface area

Topic
Example
Recipe
Ref

Design of laboratories
· Find area of non-rectangular  table

· Find surface area of room

· Estimate volume of room with a view to calculating air changes per hour (e.g. photographic darkroom)

· Make plan of room (accuracy, choice of scale)

Supporting skills

· Find area of triangle 
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· Find area of trapezium 
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· Find area of circle 
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· Find area of compound shapes

· Find volume of prisms (shapes of constant surface area) 

· Recognise and use nets of common prisms

· Find area of irregular shape (e.g. stain) using two methods (trapezium, counting squares, weighing graph paper)
· You will find plenty of examples to work from in any Maths GCSE or Key Skills Application of Number text book

· Always check your measurements!

· Be very clear about how you break up shapes into compound shapes and include a sample of each calculation (no need to present pages of identical sums)

· Always find ways of checking answers

· Try to quantify errors as you go - are you reading your tape to the nearest cm?

· Watch units: how many cm2 are there in a m2 ? 

 


Preparation of solutions
Any ideas?
· 
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