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Teacher’s Introduction

Each of the following exam boards has published a list of the mandatory mathematical skills required for its
Biology courses. These skills at AS & A Level are identical across all of the following specifications:

e ASandA Level AQA Biology (7401 and 7402)

e ASandA Level OCR Biology A (H020 and H420)

¢ ASandA Level OCR Biology B (H022 and H422)

e ASand A Level Edexcel Biology B (8BI0 and 9BIO)

e ASandA Level WIEC Edugas Biology (B400QS and A400QS)

e ASandA Level WIEC Biology (2400 series and 1400 series)

Students sometimes find the mathematical skills required for success at AS & A Level a challenge, especially when
expected to apply them to the context of Biology. This Mastering Maths resource has been designed with the
intention of providing students with the opportunity to review the mathematical skills familiar to them from GCSE
higher-tier courses, and to develop their understanding of new skills, such as statistical tests. The key aim of this
resource is to allow students to master the core mathematical skills so you can focus on the Biology!

Some sections are relatively basic, and serve to boost confidence and eradicate any bad habits. Others will
provide even the brightest students with the opportunity to practise the more challenging mathematical skills.
As all biological contexts are explained, these sheets may be used at any time during the course. Some will be
beneficial right at the start of Year 12, while others will provide suppaort for Year 13 students who are dropping
maths marks in the run-up to the final exams.

The resource includes a table mapping each basic maths skill outlined in the exam boards’ published
requirements lists to each specification point where the skill is found. The required mathematical skills are driven
by the Department for Education. The assessment marks of quantitative skills in both AS & A Level papers will
comprise a minimum of 10% of the required mathematical skills for Biology {Level 2 or above).

Skills Sections
Each section covers all the core mathematical skills prescribed at AS/A Level. Some skills are treated relatively
briefly {e.g. mathematical symbols), while others are given several chapters {e.g. rearranging equations).

Each chapter contains:

¢  mathematical guidance on the skill

e worked examples, including examples in a biological context

¢ amix of simple questions and in-context questions to practise the relevant skill

Diagnostic Test

This section includes a diagnostic test that is designed to give an assessment of students’ comfort with different
mathematical skills. This could be used at the start of Year 12 to gain an idea of different students’ background
knowledge and ability.

The test indicates the mathematical skills tested in each question; therefore, the specific skills with which the
students are still struggling can be identified.

April 2020
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MAPPING MATHS SKILLS TO SPECIFI

MS50.5

MS 1.1

MO.5

A.D5

M5 1.2

MS1.3

M514 | M14 Al4
MS15 | M15 Al5
MS51.6 | M16 A.1.6
MS17 | ML17 Al7
M51.8 | M18 A.1.8
M519 | M1.9 A.1.9
MS51.10 | M1.10 | A.1.10
MS1.11 | M111 | Al.1ll

M52.1 | M21 A21
M522 | M22 A2.2
M523 | M23 A23
M524 | M24 A2d
M525 | M25 A2S5

A3l

MS 4.1

M4.1

| Geometry and trigonometry

A4.1

WIJEC/
Edugas

OCR | Edexcel
A
R | (am) | (8]
| Arithmetic and numerical computation
MS0.1 | MO.1 A0.1
M50.2 | M0O.2 A.0.2
MSO3 | MO.3 A.0.3
M504 [ MO4 | A04

No reference numbers

Na reference numbers

Algebra

No reference numbers

No reference nur:

No
reference
humbers

Recognise and make use of appropriate units
in calculations

Recognise and use expressions in decimal and
standard farm

Use ratios, fractions and percentages

Estimate results

se power functions, |

Use calculators tofi
. m:: functions (A Level

exponential

setan épprcpriate number of significant figures

Find arithmetic means

Construct and interpret frequency tables and
diagrams, bar charts and histograms

Understand simple probability

Understand the principles of sampling as applied t
scientific data

Understand the terms mean, median and mode

Use a scatter diagram to identify a correlation
between two variables

Make order of magnitude calculations

Select and use a statistical test

Understand measures of dispersion, including
standard deviation and range

Identify uncertainties in measurements and use
simple techniques to determine uncertainty when:
data are combined

Understand and use the symbols:
= <KL P, >, K~

Change the subject of an equation, including
non-linear equations

Substitute numerical values into algebraic
equations using appropriate units for physical
guantities

Solve algebraic equations

quantities that rang¢

Use logarithms in |
tude (A Level only)

Qver severa

+iformation between graphical,
cal and algebraic forms

Plot two variables from experimental or other datz

Understand that ¥ =mx +¢ represents a linear
relationship

Determine the intercept of a graph (A Level only)é

Calculate rate of change from a graph showing a
linear relationship

Draw and use the slope of a tangent to a curve as &
measure of rate of change

Calculate the circumferences, surface areas and
volumes of regular shapes
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Chapter in this resource
Decimals and Standard Form

Units | = Common Units and Prefixes

Units || — Units with Powers

Significant Figures

Fractions, Percentages and Ratios

Scaling Quantities

Calculating Means, Medians and Modes

Using Equations | —Rearranging Simple Equations

e e A Pl e Pl

Using Equations || — Equations with +, —, x and

10. Using Equations Il — Equations with Pow:

11. Mathematical Symbols

. Uncertainty |

16, Sampling, Freqguency Diagrams and Histograms

17. Correlation

18. Standard Deviation and Range

19. Statistical Tests

20. Constructing Graphs

21. Analysing Graphs

22. Surface Area and Volume of Shapes

Appendix — Using a Calculator
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Biologists need to be able to manage both large and small numbers. Sometimes
them difficult to use in calculations.

e.g. a prokaryotic ribosome has o diometer of..
there are approximately

Standard form

When doing®™ !
decimal poi ks

. is a lot easier to write these numbers in standard form
gives the size of the number as a power of 10.

Converting numbers info standard form

Numbers in standard form are written as:
ag X 10

where a is a number from 1 to ¢, and x is the number of decimal places the deci
the first non-zero digit of the number.

If the decimal point moves to the left then x is a positive number. If the decimal
negative number.

For example:

234000000.0 = 2.34 X 108
SRR

8

0.000137 =1.37 X 10
acaravs

'I_'_l
4

Converting numbers back into decimals

For example:

Rounding

Rounding o g a
rounded to '

shortening numbers so they are easier to use in ¢
t iumbers of decimal places (d.p.).

3 d.p. 4.560 <
2 dp. 4.56

1 d.p. 4.6
0d.p. 5
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Standard form on your calculator

To be able to make calculations involving standard form, you will need to
know how to use standard form on your calculator.

Standard form button |X10*

Here are some examples of how to use this button:

3] L] (8] x10¢) | 4
which inputs 3.5 X 104

4] [x10%] (3] (X] | 6] (x10°] LB

which inputs the calculation 4

— i ————— e e e e e e e e = =,
- m mm Em mm mm mm Em mm Em Em Em Em Em mm o mm Em mm e g

1. Write the following in standard form:
a) 2150000
b) 0.084m
¢ 573 000 000 000 cells
d] 0.0000006345 kg

2. Write the following numbers out in full:
a) 642Xx107°%5
b) 3.51 X 10* bases
¢ 6.94%107* gdm3
d] 8.159%10%em?

3. Round the following to the giver al places (d.p.):

) 1.465klto2dp. it

b) 7.9624 gto.’
) 34
d 0

4. An ecologist samples an area of 11.628 ha, and counts nine foxes in the are
a) Write down the area in hectares to two decimal places.
b) Calcvlate the density of the foxes in foxes ha', by dividing the number
Give your answer in standard form to two decimal places.

5. In a food chain, the productivity of the producers is 9400 kJ m=2 year-', and th
primary consumers is 12 %. Find the productivity of the primary consumers in

producers productivily X hiomoss fr

100

primary consumers productivity =

Give your answer in standard form.
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2. UNITS | - COMMON UNITS A

Types of unit

In Biology, common measurements include length, volume length
and mass. You will also eventually come across other

measurements, such as energy and water potfential. mass
The table on the right shows some common units fo |
different types of measurement. volume
temperature
time

Converli_n--- of

To do a cak ywU might need to convert the values you are given info other
units, like co g volumes given in cm3 into dm?, or masses from kg to g. In Biolog
converting between units often involves multiplying or dividing by powersof 10. |

The different prefixes represent different powers of 10.

| To convert to prefixes which are larger / higher powers of 10, you need to divide
' by 10 for every difference in the power.

\ To convert to numbers which are smaller / negative powers of 10, you need to
: multiply by 10 for every difference in the power.

For example, a centimetre {10-2) is 100 times smaller than a metre.

1em=0.01 m
100em=1m

To convert centimetres to metres, divide the value in centimetres by 100 (102).
To convert metres to centimetres, multiply by 100.

— 100

1.3em=0.013 m

/

x 100

:n the different prefixes wor
imes (or 103 times) bigger than a

Whether it’s metres, grams or litres, co
same way. For example, a kilogy:

1kg=1000¢g
1 g =0.001 kg

- 1000

48 g =0.0048 kg

_/

x 1000
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Here is a summary of some common conversions for metres, which are identical

i

|

|

I

I <= 1000
I

I

I = 1000 + 1000 | +10 =10
: nanomeires —P‘l ficrometres —P| millimetres _Pl cenfimetres “"‘“‘““"‘}' decimetres
I x 1000 X 1000 T X 10 X 10
|

I

I X 1000
I

e ——— —— —

Units in equations

To use equations, it may be necessary to convert values into suitable units for the e
equations should use values in Sl units, but there are some exceptions, e.g. minute
seconds (s). These should usually be stated within a question in an examination.

COPYRIGHT
PROTECTED
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DC2 x 100 = 2 1x 60+ 10 =70

024 x 100 = 24 1x 60+ 40 = 100

0.65 x 100 = &5 2 x 60+ 20 = 140

110 x 100 = 110 2 x o0+ 50 =170

Mastering Maths for AS and A Level Biology Page 7 of 75



1. Convert the following quantities:

a) 400 nm into um
b) 0.03 kg info mg
¢) 1.75 hinto min

d) 6.48 X1 0~ m into nm
e} 0.22 X108 Jinto kl

f)  3.05 x 1072 nm into cm
g) 712000 pm into nm

2. Convert the following masses into milligrams:

a) m=25¢g
b] m =0.004 kg
cg m=360ug

3. The speed of conductance, ¢, d rvous pathways is calculated f

d=distance inm;t=timeins

e correct units for the following data:

¢ f=520ms
d d=6x10%nmm
e] +=0.0042 min
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3. UNITS Il - UNITS WITH

Converting units with powers

Units for area (e.g. m2) and volume (e.g. m®) have powers

(i.e. 2 and 3). It is more complex to convert between units with multiple
dimensions. It may surprise you that 1 m? is 1 000 000 i ger
than 1 ¢m3.

Areas

Square 2 has 10 time v"-helghf of square 1.

However, st : dues nof have 10 times the area of square 1.

Square 2 has 100 fimes the area of square 1.

This is 10 squared (102) whichis 10 x 10.

t 1

height  width

Volumes
Cube 2 has 10 times the width, height and depth of cube 1.

However, cube 2 does not have 10 times the volume of cube 1.

Cube 2 has 1000 times the volume of cube 1.

This is 10 cubed (103) whichis 10 x 10 x 10. 1 ¢

height width length

e-g- 3 de - 3000 Cm3 mm3 R

Although most volumes are usually given in terms of

1"em3, and consequently 1 | =

it, 5o
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Inverse units

Inverse units include units such as ‘per gram’ and ‘per second’. These are represe
as '/ g’ or'/ s’, or more commonly at A Level, ‘g~ and ‘s’

These are important for working with compound units, which are made up of two
more different units, like metres per second [{m s7'), or grams per centimeire cube
(g em™3). You will notice that the second of these uses an inverse unit to the powe
original unit (¢m3) was to the power 3. An inverse unit just has the negative po
will be minus 1 if the original did not have a power (as unit = unit!).

When converting between inverse units, the conversion works the other way roun

For example, to go from grams to kil wiiply by 1000. But to
convert per gram to per kilogro Sy

How many times bigger is:
a) 1 m?3than 1 dm3?
b) 10 m?than 1 dm32

c) a cube with sides 2 cm long than a cube with sides 1 cm long?
d] 2 m2than 1 m?2

e} 5 m2than 10 em?2

2. Convert the following quantities:
a) 4 m?® into mm3
b) 7 cm?intom®
c) 20 m? into cm?
d) 500 m? infto mm?2
e} 8.8 x 107 m? into km?
f)  14.65 cm? info dm?®
g) 0.320 dm? into cm3
h) 4.9 ) g into ] kg™
i) 18gcmintogdm3

COPYRIGHT
PROTECTED

3. Convert the following values into c2
a) v=5dm’
b) v=0.021
) viff

4. A subjedy rt rate is recorded as 2.45 beats s7'. Convert this value into

 Education)
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4. SIGNIFICANT FIG

‘Long numbers’

1 +7= 0.142857142857142857142...

in a calculation.

This number is so long that it would be impractical to trv
can use significant figures to shorten long numbers

Significant _fiu!'es,

after this, it ¢ s a significant figure because it is a placeholder.

Rounding

You can round a value to o number of significant figures. To round to two signifi
significant figure: if it is larger than or equal to 5, round up; if it is smaller than §

Significant figures in the answer

Rounding values to a number of significant figures makes calculations simpler, bu
potentially less accurate, answer if the rounding is done too early.

___________________________________________________________________

Two key points to remember when using significant figures in calculations are:

1. Don't round any numbers until the very end of the calculation.
2. Give your final answer to the smallest number of significant figures used

p—

u & than you have used

You cannot give your final answer to more signific |
cwalyes you have used to ca

would mean giving a more accurate ¢

Example:
1.0 em® = 2.0 cm? 1cm®+ 1.0 ecm

bttt I

2 s.1. 2 s.1. 2 sf. 1s.1. 2 s.f.

The answers have the same number of significant figures as the values with the sm

Mastering Maths for AS and A Level Biology Page 11 of 75
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Round the following numbers to the given number of significant figures:
a] 56 499 to 2 s.f.

b) 0.0016382 to 3 s.f.

cj 189%90to 3s.f.

dj 0.040052 to 2 s.h.

e} 0.0072087 to 4 s.f.

f) 3.9999 10 4 s.f.

The primary productivity of an area can be calculated using:

biomass

primary productivity = :
area X time
Calculate the primary productivity of the following areas in kJ ha! yr-1, givi
numbers of significant figures:
a) Biomass produced = 71 500 kJ; area = 2.1 hg; time = 1.0 yr
b) Biomass produced = 4230 kJ; area = 0.36 ha; time = 0.75 yr
c) Biomass produced = 14 350 kJ; area = 1.01 hg; time = 0.4167 yr

Mastering Maths for AS and A Level Biology Page 12 of 75
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5. FRACTIONS, PERCENTAGES

Frachions
number

total number

e o o Em Em Em mm o o o —— o mm mm m mm mm Em Em e Em Em Em o e =

Converting between fractions, percentages and ratios

As well as being able to calculate fractions, percentages and ratios, it is
useful to be able to convert between them.

Fractions and percentages

To conver'r% into a percentage, multiply the fraction by 100:

COPYRIGHT

3
— Q0 = 04
rRska i PROTECTED

It is not always easy to conver?:v age to a fraction, but some

percen’ruges ’rhu’r_ ar ghise are:

P e e et

59 0 % 20 % 25%  33.33..% 50
! ] 1 1 I 1 1
20 10 5 4 3 2

 Education)

Ratios and fractions
Imagine sodium and pctassium ions in the ratio 3 : 2. There are three sodium ion

The fraction of sodium ions is:

I
| w
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Ratios and percentages
To convert a ratio info a percentage, do both of the previous conversions, i.e.:

1. Convert the ratio to a fraction
2.  Multiply by 100

DD 000D 0 T DOOA00- X LCTDNE. R T T

For example, 5 and ;— are equal {they are both 50 %). % is a simplified version o

Fractions are normally written in their simplest form. To simplify a fraction, iden
divisible by the same number, e.g. 6 and 4 are both divisible by 2. Divide «ll
more common divisors.

Ratios are often given in the form x : 1 or x : y : 1. To get a ratio into this form
number in the ratio.

s mm = =

For example:

e a fraction of = (dlwde top and bottom by 2) is written as%

® aratio of 12: 6 : 3 (divide all numbers by 3) is writtenas 4: 2 : 1

Mastering Maths for AS and A Level Biology Page 14 of 75
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Write the following as decimals:

a 65%
b) 1/4

¢ 0.2%
d) 0.8/3.2
e} 11/12
Write the following as percentages to one decimal place:
a) 3/7

b) 6/19

g 9/10

d) 2/9

e} 24/100

Write the following as their simplest

a) 20 %
b) 110%
g 75%

Q:
1

d)
e}

Two types of snail, white-lipped and dark-lipped, exist in the ratic 3: 1 ina
a)  What fraction of the snails in the park are white-lipped?
b] What percentage of the snails in the park are dark-lipped?

A rat has o surface area of 150 cm? and a volume of 120 cm3.
Express its surface area to volume ratio in the form x : 1.

A certain disease has a transmission success rate of 35 %. Express the propo
a fraction in its simplest form.

Mastering Maths for AS and A Level Biology Page 15 of 75
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6. SCALING QUANTI

Scaling up and down

In Biology it can be important to scale a quantity up or down in proportion to un01§

mes smaller &
-
10 times less mass '

The trick is to:
a) divide by the original value so you know how much there is in, e.g. 1 ¢m?, anc
b) multiply by the new value to find out how much there is at the end.

Mastering Maths for AS and A Level Biology Page 16 of 75
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Yield and scaling yields

Percentages may also be used in Biology to represent the yield of a reaction. If r:
there is a competitor, some reactants in an organism or a cell may not react to fort
decreases the yield.

To calculate percentage yield:
actual amount

percentage yield = X100

theoretical amount

¢  The actual yield is the amount of product actually made in the reaction.

®  The theoretical yield is the amount of product which could have been made
reacted to form the desired product.

I
I
I
I
I
I
I
I
I
I
I
|

If you know the percentage yield, you can use it ta scale up to find the total yiel

Imagine a reaction with an actual yield of 15 em?, and a percentage yield of 20 ¢

actuadl yieid
theoretical yield

percentage yield = X100

You can find out the theoretical yield by dividing the volume by 20 (to find the vo
by 100 (to find the volume of 100 %). This diagram might help visualise the proce

x 100

20 %
15 em3

The theoretical yield is, therefore, 75 cm?3.

This concept can also be shown by, e equation for percentage yiel

Field x percentage yield = actual yield x 100 +——

actual yield
percentage yield

X100 <

theoretical yield =

actual yield

Adding numbers to the calculation: theoretical yield = :
percentage yield

Mastering Maths for AS and A Level Biology Page 17 of 75
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A solution is diluted to 14 % of its original concentration so that it has a diss
Work out the mass of dissolved reactant in the following to two significant fi
a) 50 % of the sample

b) 85 % of the sample

c) 2% of the sample

2. 1.20 dm? of a solution contains 1.50 g of a substance. Work out how many ¢
the following. Give your answers to two significant figures.
a) 1 gram of the substance
b) 0.075 grams of the substance
cj 2.6 grams of the substance
d) 0.85 grams of the substance

Find the percentage increase in the patient’s red klood cell count after takin

COPYRIGHT
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7. CALCULATING MEANS, MEDIAN¢S

Repeating experiments

p the numbers and divide by the nu

1+2+3+4

p =25

Note that the result should be to the same number of significant figures as (or to
raw data values.

Ovtliers (anomalies)

You might repeat an experiment to find a more accurate value. However, somet
the data you have collected might have an outlier. This could be caused by diffe
in conditions, or an error in reading or recording a measurement.

Repeat number 2 looks like an outlier and should be removed when calculating the

=23s

i 1
| 23+23+24+ 2.2 1
| 1
| 1

The median of the numbers 1-5 is 3:
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When there is a greater number of values, particularly if the total number of val
the formula:

median = % th valve

For example, with 10 data points, the median will be the (10 + 1)/2 = 5.5t val
value that is halfway between the fifth value and the sixth value — and this make
values on either side of the median.

The median of the numbers 1-10 is 5.5:

1 2 3 4 5167 8 % 10

ot once ’rhe data is ordered — just identify the value

Calculate the mean of the following sets of.d
a) The whole numbers 1-8
b] 6,4,3,9

cj 6.5, 6 2,46, 4

a) 6,6,8, 35
b) 122,87,9.2,10.0,7.4,10.0, 8.9
¢ 92,83,64,71,99,72,74, 88

d) 12,4,8,10,2,8,2,12,4,4,10,0

Mastering Maths for AS and A Level Biology Page 20 of 75

COPYRIGHT
PROTECTED

 Education,



8. USING EQUATION
REARRANGING SIMPLE E¢

Substituting values

In Biology, equaticns are used to calculate values vaives. The followin
‘y is four times bigger than x’:

y = 4x
‘'used to calculate that y = 8:
y=4%x2=8

When x = 2, thz eq:

Rearranging equations

If you know the value of y and want to find x, the equation can be rearranged:

The key to rearranging equations is that if you do something to one side of the
the other side.

T mm mm e mm o m mm Em Em E Em m Em M M M M M M M M M M M Mm M M Em Em M M M M Em Em Em Em Em

Magnification
A key equation you will be using for Biology is the magnification formula, used to

e — size of image
magnification = —————
agniticatio size of object

If you know that the magnification used is X400, and the size of the image is 4.8

equation, and then substitute in this information to find the size of the object:

vee ..  _ sizeofimage
magnification =

sizeufubj L

of ob COPYRIGHT
divid PROTECTED

size of image < mag

magnification x size of object =

obiject = ——
magnification

size of object = 22 substi
400
size of object = 0.012 mm < perfo
=12 pm < conve  Education
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fusion can be calculated using the equation:

concentration of subsfance moved

rate = —
reactfion time

Rearrange the equation to show how the concentration of substance moved

2. Rearrange the following equations to make x the subject of the equation:

a) R=0.5x
b] oB=yx
¢} 18 =4éx

volume of CO, produced

. Th irat tient is: RQ =
3 e respiratory quotient is: RQ volume of O, consumed

a) Rearrange the equation to make volume of O3 consumed the subject.
b) Rearrange the equation to make volume of CO2 produced the subject.

distang

4. The retention factor in thin-layer chromatography is calculated as Ry = Jistan

a) Caleulate the retention factor when the solvent moves 4.2 cm and the so
b) Calculate the distance moved by the solvent when a solute which move

5. Find the magnification used to view a 0.2 mm object as an B mm image.
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9. USING EQUATION
EQUATIONS WITH +, -,

Equations are a really useful way of looking at the
relationships between quantities. For example, this _
equation tells you how the quantity y depends
quantity x.

w how x depends on y? y=2x+4

But what if gt nt
‘e to rearrange the equation to make

To see this, "
x the subject:

The second step is to get the x completely on its own.
At the moment, you have 2x on the right-hand side of
the equation, so divide both sides by 2.

This equation can be written the other way around: y—4

Now that you have rearranged the equation, you can ;
substitute a value of y straight into the equation for x, X=——=7= 4
e.g. wheny = 12:

" WORKED EXAMP

A experiment measuring the volume of gas produced gave the following dat
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Make x the subject of the following equations:

_ x=5
a) y=—;
b)] y=10x+8
¢ y=mx+c
3
d y=-

e) 4dx+2=6x+2

f) Sy+3x+2=3y+7x-2
g 8xy=1

hy 2xy+4=2y=2

2. For the following data, a student calculat

3.  Woater pGiential is calculated as ¢ = p + s
A student calculated the mean water potential of a cell to be -209.5 kPa:

Pressure potential (¢, kPa)
Solute potential (s, kPa) | -220.0 [ -216.5 | -

Find the value of x (repeat 2).
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10. USING EQUATIONS

Some equations in Biology are quite complex, and can be hard to rearrange. For
is given by:

where r is the radivs of, for insten viral particle.

To make r the

3
V= 4 multiply be

divide bott:

Now r is the subject of the equation, so the equation can be used to easily calculat

* The cube root finds the number which, multiplied by itself three times, gives that

For example % = 2 because 2 X 2 X 2=8.

take tf'\E squié

a) c=c”+b° b) cb=h° ¢ &=
d) obc=a— e) a’bd=a?+ad+c? fy b

2. Make x the subject of the following equations:

1 4
a) y=3x’ b) y== 0 y=

X
X 9
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11. MATHEMATICAL SY!

Less than and greater than: < and >

The symbol points towards the smaller number: 2<5

For example:

You can solve this as if i

Much less than and much greater than: << and >>

<< means much less than  >> means much greater than

For example: 5 000 000 000 000 000 >> 5

Approximately equal to: ~

For example:

COPYRIGHT
PROTECTED

Directly proportional to

This symbol means t e of one side of an equation increases, sc does

Therefore, if y is doubled, x is also doubled. If x is divided by 10, y is also divid '

 Education,

Another way of writing this is using an equals symbol, using %k’ which is a constant
when x and y change):
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If k is positive If
x increases proportionally as y increases X increases pro

A L A
Y 7 4
Sy = kx
a > T
X s
v \J

In the example below, ab is propertional to

oXb&c

ab o ¢
which can & o fi
From this, you can tell that:
e doubling a doubles c {if b is constant)
e doubling a halves b (if ¢ is constant)
Directly proportional to x2
y can also be proportional to x2:

y = kx2

(e.g. y quadruples).

Write the following statements using the carre
a] 3 cmd is greater than 1 ¢m3 2

b) 2800 mg is less than 30
c)
d)
2. Forthe
a) -
b) What happens to B if D is halved, assuming that A and C stay the same?

c) What happens to D if Cis doubled, assuming that A and B stay the sam
d] What happens to C if A is doubled and B and D stay the same?

e}  What happens to D if A and B are both halved and C stays the same?
f)  What happens to B if A, C and D are all tripleci?

3. Sketch a graph of the following expressions:
a) avsbfor'oo b
b] xyvszforxy oz
¢} Rate vsy for Rate o xy2z
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The uncerta i reading from many pieces of apparatus is
half the distance between the lines. For example, if a
thermometer has o reading every 1 °C (the distance between

|

lines is 1 °C), then the uncertainty in a reading is 0.5 °C. E
50 3

This means that for a temperature of 48 °C, the temperature e
could be as high as 48.5 °C or as low as 47.5 °C. E
e

e b [ . %;
Writing uncertainties NE

Uncertainties can be written in the form ‘reading X uncertainty’. This is called the ¢

For a temperature of 48 °C with an uncertainty of 0.5 °C, you would write:
48 £ 0.5 °C

Measurements

For example, you con measure a temperature change by taking two readings an
the other.

Start temperature,

COPYRIGHT
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Another way to show the
result is like this:

The absolute uncertainty in the measurement (the temperature change) is £ 1. It is
added up.
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Repeated measurements

Repeating an experiment multiple times and finding the mean result is a method ug
Uncertainty is calculated differently for repeated experiments.

| When finding the uncertainty from repeat experiments, you find the value of ha

range is the difference between the highest value and the !> sest value.

______________________________ Fmmmmmmes COPYRIGHT
PROTECTED
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a)
b)

c)
d)
e}

f)

2. aq)

b)

3. Calculate the mean value with absolute uncertainty to one decimal place for

Write the value with the absolute uncertainty of the following measurements

A volume of 56.0 cm® measured in a measuring cylinder with 1 cm3 marl
A 12.0 cm leaf measured with a ruler with 0.1 cm markings

A temperature change of 18 °C measured with a thermometer with 1 °
A change in distance of 9.50 cm® measured on a potometer with marking
A mass change given by a digital balance with an uncertainty of 0.01
5.25 g and end mass as 4.50 g

The temperature from the following thermometer:

Calculate the mean result from the following data:

Temperature (°C)

Calculate the absolute uncertainty of the mean result using the repedte

Volume (cm3) 78.2 69.5 74.1
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13. UNCERTAINT

Relative uncerainty

absolute uncertainty

anterfdinty =

value

The absolute uncertainty of a value can be determined by working backwards i
uncertainty (simply by rearranging).

Remember that the absolute uncertainty should be the sum of the individual uncert
involving two readings the absolute uncertainty is twice what it is for a single rea

Percentage change

Percentage chuange indicates an increase or a decrease in a quantity, as a percen

Percentage changes are calculated using:

new value — original value
percentage change = — X
original value

-

If the original value has increased, the percentage change will reflect this by bein;

However, if the original value has decreased, the
by remembering that ‘-X % =
the original value on the top line

_e ciange will be nega
noticing this beforehand o
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or a decrease:

a)

b)

Calculate the mean percentage changes below to three significant figures, s

Initial reading (cm?3)

"50.00

50.00

50.00

Final reading (cm?)

66.05

68.15

65.90

Change (cm?)

Change (%)

Initial reading (°C)

42.1

44.7

42.9

Final reading (°C)

22.3

26.2

23.5

Change (°C)

Change (%)

Initial reading {mm)

20.5

16.5

18.0

Final reading (mm)

22.5

Change (mm)

Change (%)
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14. LOGARITHMS

This data is plotted on the graphs below. These two g
logarithms to make comparing the numbers easiar.

1 000 600 000
1 000 Q00
C 1000

1 200 00C 000

1 000 000 000
BOC 000 000 - fi o
600 000 000
400 000 000

Actual value
Log,, of value

200G 000 000
0

As you can see, the left-hand graph is not useful for comparing the sizes of B and
A, making them unreadable. This means it isn’t possible to see any patterns. By
and plotting those log values, we can see that A is much bigger than B and C, an

Mathematics of logio

Rule 1
The logio of a number is the power you need to rai

COPYRIGHT
PROTECTED

For example:
log10(1000) = logio(103) = 3

logio(10 000) = logio{104) = 4

 Education)

For example:
1 Qlog(® = @
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Biology example: microbial growth

An example in Biology where numbers are hard to compare is in populations of
divide very rapidly (usually about once every 20 minutes under ideal conditions)
that their population can grow very quickly. For example:

After 1 hour After 10 hours
Population size: 8 1073741 824

This data would be impossible to plot and read usefully using the actual numbers
number transforms the data into a straight line graph:

4500 4
4000
© 3500
w
-lg 3000 il 1o
2 2500 2
B @ 2
= 2000 2
2 E 15
£ 1500 g 3
= 1
Z 1000 Y g e
' 805 Vd
500 — /
0 50 100 150 200 250 300 0 50 1
Time (min)

From the second graph, it is possible to work out the number of bacteria at a pa
log value (y):

PROTECTED

Mathematics of natural logs, In

Many relationships in nature have an exponential pattern. This is represented m

 Education)

In, or loge, is an important type of logarithm because of the relationship:
In (eX) = x

It is particularly helpful to remember that this also means that In (e) = 1.
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Use a calculator to find the following valu
a] 103

b] log(140 000)
c) Iog(Q_.OOOS]

d 164
e} lo
f) 109

Calculate the value of x to four significant figures:

a) log(x) =4
b] log(x) = 6.9
¢ 10x=0.002
d 10x=7.45

e} 10x*2 = 0.00567

The table shows the number of flies in the first 60 days of a breeding exper
a) Use log rules to calculate the missing values.

10 20 30
46 230

2.790

b) Explain why using logs is useful in this situation.
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15. UNDERSTANDING SIMPLE P

The probability of an event can range from impossible (0) to certain (1).

When events are Fair {all outcomes are equally likely), random (impossible to pre
affected by other events), the probability of a repeated eve: i

f ways this particular outcom

I
|

|

' probability of
: total number of cutcomes
|

|

where N is tha s'the event is repeated.

For example,"when rolling o normal six-sided dice twice, the probability of gettin

Independent events

Coin flips and dice rolls, among other things, are considered to be independent ey
event has no effect on the other(s).

If you flip a coin and then flip it again, the cutcome of the first flip has no impact
you will have the same chance of getting a head on the second flip as you had ge

The probability of the outcome of an event X can be written as P(X), and the comk:
independent events occurring simultaneously can be determined by multiplying th

P T mm mm mm mm o mm o mm mm mm mm O Em Em EE mm mm mm o Em Em Em Em Em o Em R R Em Em Em Em Em Em Em Em Em Em mm Em mm Em Em Em Em Em

If X and Y are both independent evenis then the probability of event X and eve

|

|

1

S PXand V=PXPY) .
In the context of Biology, probability can be used to determine the chance of seei
genetic cross. For example, if eye colour is determined by o single gene in a spec
eyes is the dominant B and the allele for blue eyes is the recessive b, then each in
following genotypes: BB, Bb or bb.

If a brown-eyed parent with the genotype Bb and a blue- eyed parent with the g
will have one of the possible genotypes shown in the P re below.

B
Bb (brown eyes)

b

bb (blue
bb (blue

Bb (brown eyes)

As you can s&%#®5o of the four possible resulting phenotypes are brown eyes, so t
parents producing a brown-eyed offspring is 2/4 or 4. Their second offspring w
chance of having brown eyes as the first because the fertilisation of gametes hap
for the parents having a blue-eyed offspring. This means that, using the equation

two parents having two blue-eyed offspring is 12 x 12 = Vi,
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Mutually exclusive eventis

Two events are mutually exclusive if it is impossible for them to happen at the
can’t land on heads and tails simultaneously.

The combined probability of mulliple mutvally exclusive events occurring can b
probabilities together:

, [f X and Y are mutually exclusive then the probability of event X OR event ¥
' P(X orY)=P{X)+P(Y)

A tree diagram can be used as a method of determining how to combine the pro

mutually exclusive outcomes, as discussed above.
Offspring 1
Take our eye colour example.

The rules for tree diagrams dictate that you:

e add vertically across the branches (mutually
exclusive outcomes)

Bro
ey

Bl
ey

Additionally, if X and Y are the only possibilities for

a certain event, then P(X) + P(Y) = 1.
You will revisit this shortly.
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blue eye off_spnng, andt

The Hardy-Weinberg principle ' COPYRIGHT
For any gene which comes in two i ions ¢ PROTECTED

relative frequency of parti enotypes. By letting the relative freg
relative frequency o q, you get the equations:

p+tq=1
p? + 2pq+ g =

1

The first equation comes from the principle above that the gene can only be in th
their combined probability must add ko 1. The second equation comes from squa

and represents the fact that the probability of both homozygous genotypes is the \ E{j{j{jﬁt]@ﬁ
squared, whereas the probability of the heterozygous genotype is twice the prod:: " ”
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1. What is the probability of an event that is certain to happen?

2. In a certain large population, an individual’s chance of being born with blond
probability that two randomly chosen babies both have blonde hair?

3. In a different population, an individual’s face shape is determined by a singl
and is responsible for a person having a round face. The r allele is recessive
having a long face.

If two parents with the genotype Rr mate. Use a Punnett square to find the p
have a round face.

4. Wing colour in a population of dragonflies is determined by a single gene.
blue wings, and the recessive b allele results in colourless wings. The three ge
present in the population in the ratio 3: 1 : 1.

Use a tree diagrom to predict the probability of the Bb genotype in the next

5. The probability of the homozygous recessive genotype xx in a population is
Use the Hardy—Weinberg equations to find the probability of the heterozyg
same population.

COPYRIGHT
PROTECTED

 Education,

Mastering Maths for AS and A Level Biology Page 39 of 75



16. SAMPLING, FREQUENCY |
AND HISTOGRAMS

_%or estimating the total population

. Unlike opporunisiic sampling, in which
you sample 'y ; mdlwduals you come across, random sampling is
unbiased as iTuses a random number generctor to create a list of
sampling coordinates fo use.

For example, you could place tape measures along the edges of a

10 m x 10 m area to use as references for coordinates, and then generate
eight sampling points by finding eight pairs of random numbers from 0 to @ to
use as the bottom-leftmost corner of a quadrat:

(8 1)(0, 8) (2, 6) (4, 3} (%, 1) (7,8)(0,5) (1, 0)

Non-random sampling

For a specific question of the form ‘How does X affect Y2 you should take a non

Systematic sampling
This is when you take samples at set intervals to answer a question about a change
question ‘Does the distance from the river affect the distribution of plant species se.
every 1 min a line from the river’s edge.

Stratified sampling
This type of sampling divides a population into different categories and samples
proportion. For example, if there were two men for every one woman in a room
sample you should sample 10 men and five women because 10 : 5 is in the ratio 2
carry out but ensures that individuals are neither over- nor 1

Recording results
You should keep a record
sampling. Tl

in a rough table when
a‘clear title, where column headings are
: there relevant) data should be entered to the
same numbey jnificant figures or decimal places throughout.

The independent variable (the one which you are changing) should be
placed in the first column, and the dependent variable {the one which
you are measuring) should go in the second column.
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Simpson’s index of diversity

You can compare biodiversity in different areas on a scale of 0 to 1 using Simps

e

where n is the number of individuals of a certain species, and N is the total numb

Simpson’s index of diversity takes into account species richness and species evenne
habitat has, and whether they are equal in number of individuals or whether there
a more equal distribution of species will have a value closer to 1.

Producing diagrams

Like tables, diagrams should also have a clear title, as well as axes labelled with
easy to plot. The type of diagram you produce will depend upon the type of da

Bar charts

These are the type of charts you are probably most familiar with. They are used §
which fits into categories, or quantitative data that can only take integer values),
number of siblings.

The bars are all the same width and should not touch each other.
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Histograms
For continvous data (values that can take any number within a range, e.g. heigh
used with touching bars.

Consider a group of 30 students whose heights are measured to the
nearest centimetre and recorded in the table to the right.

The end points in the classes are important to consider. If the first 15
two groups were simply written as 135-150 and 150-160, it
would be unclear which group a student with a height of 150 cm
should fall into. When plotting a histogram from this table, you also 17
need o consider that the values were rounded 1o the nearest
centimetre. This means that the end points for each class are
actually half a centimetre different in each case, and it is tho
which should be plotted on the histogram.

the area is proportional to f
histogram is aleazys &::¢

r than the height. To ensure that this i
wensity. This is calculated as:

Frequency
Class widlh

Frequency density =
In the example above, the first group would be represented by a bar of width 1

fifth group would be represented by a bar of width 5 and height 3 + 5 = 0.6.
frequency of 3 and have the same area.

When plotting a histogram, it is usually helpful to rewrite the table with the corre
columns for class width and frequency density.

124.5<h< 149.5

1449.5<h< 1549.5 2 10 2+10=02

159.5<h < 1649.5 14 10 14 = 10 = 1.

169.5<h<179.5 a

179.5<h < 184.5 )
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Once you know the relationship between frequency density, class width and freq
to find the frequency of classes by rearranging the equation and warking backw

Sharon is taking a sample of pea plants from among 450 tall varieties and
She wants to sample 20 plants in total. How many tall plants and how man
for her stratified sample?

2. Calculate Simpson’s index of diversity for the data in the following table using

0-1- (L ()

Woodlouse 22
Worm ?
Ant 74
Spider

COPYRIGHT
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3. Draw o histogram to represent the d

16 <ag< 21

21 fag< 25 26
25 g <35 20
355a< 55 30
55<a<85 o)
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17. CORRELATIO|

:

demonstrate using scatter diagrams.

Linear correlation

The easiest type of correlation o s
a line of best fit.

Positive agf ’

correlation (i.e. an increase in x correlates with a decrease in y).

Strength of correlation

Strength of correlation has nothing to do with the gradient of the line, but how clos
point is exactly on the ling, this is perfect correlation, regardless of the angle which t
close to the line demonstrate strong correlation, and those that vary highly from th
You may decide that some variables show no correlation to each other if there is n

Human height in Human height and arm Dog mass and avera
centimetres and inches span lifespan
75 190 16
194 ]
o —_ X P X| X
% 70 £ 180 & 12 &\
() -
= = 170 = g X TN
= 65 5 @ 1 X
=t O Q
< X @ 160 a4
D 60 € =
T )2 & 150 - 9
55 140 0 20 40 60 80 %
140 150 160 170 180 190 140 150 160 170 180 190 Mass (kg)

Height {cm)

Height (cm)

Quadratic correlation

sible, such as quadratic correlation, but you wi
rarely have these in your Biology course.

Quadratic correlation shows a changing relationship between two variables,
where after a point the correlation changes from positive to negative or vice
versa. For example, in the graph to the right, there is an optimum sodium intake
per day with the gradient of the line being positive before it is reached and
negative afterwards.
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Correlation and cavsation

An important thing to remember is that correlation does not imply causation. Thi:
B increases when A increases, it does not mean that A causes B. It also does not me
hypothesise that the two are related, but it could be that a third variable, C, is inv¢
or just that the correlation is a coincidence. |

1. For the following graphs, state which, if any, show:

Average daily exercise and risk Daily sleep and sick days
of coronary heart disease er.year

e

0.6 A B x| .
g 0.5 A :
T 04 X X
%J 0.3 17 X

X

@ 0.2
£ X

0.1 X 0

0 Xy 6.5 7.5 8.5 9.5
20 40 60 80 Sleep per day (h)

Average exercise per day (min)

a) Perfect correlation

b) Strong negative correlation

c) No correlation

d) Wedak positive correlation

e} That the independent variable causes o change in the dependent varia

2. Suggest what sort of correlation is shown in the following graph:

30

20 V.3

15

10
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18. STANDARD DEVIATION

Range

The range of a data set shows the values over which the data spreads. It is calcul
subtracted from the largest value.

Standard deviation
Standard deviation (s) measures the spread of data about the mean.

A small standard deviation means that most points do not deviate much from the m
deviation indicates that the data encompasses a greater variety of values.

Take a look at the two sets of data below:

[99, 100, 102, 99, 98, 101, 100, 29, 103, 99] {86, 103, 88,95, 113,

Both sets of data have a mean of 100, but it is obvious that the data on the right i
the mean.

This is represented by their standard deviations. The data on the left has s = 1.5
has s = 14.6.

Standard deviation measures the dispersion of a daota set, but it is less affected k&

For example, the data set 11,12, 13,14, 15 hasrange 15-11 =4 and s = 1.4
For the same data set where the outlier 25 is added, the range increases by 10 t
only increases by just over 3 to s = 4.65.

Calculating standard deviation
Standard deviation is calculated using the formula

where X is { and n is the number of data points.

Squaring the difference between each value and the mean removes the discrepan
whether the difference was positive or negative, and accentuates the effect of ea
difference (by increasing numbers greater than 1 and decreasing numbers less the

Dividing the sum of these values by the number of points minus 1 finds the averag
square root returns the units to the correct value by undoing the squaring that hap
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L metrical about the mean), 68 % of
ority (95 %) is within two standard devia

For data that is normally distri
deviation of the mean, =

medan

For the following data, find the range:
a) 0.7,1.6,0.2,1.4,05,0.8,0.8,1.0
b) 24,98,77,17,54,101, 33, 65

2. For the following data, find the standard deviation to two decimal places:
a) 0.08,0.12,0.24, 0.31, 0.22, 0.07,0.15,0.13
b) 526,523,517,530, 524, 521, 520
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19. STATISTICAL TE:

After collecting data from a sample, you may decide to perform a statistical tes

This chapter will focus on four types of statistical test that you can use to tell whet
significant, i.e. whether your results are more likely to have ocrurred because so
actually happening in the population, rather than beine:/ Jue to chance alor:

Hypotheses

All statistical Tests requ

After performing the test, you will reject one of these hypotheses based on the e
result exceeds the critical value or not.

Critical values

Degrees of freedom
You will first need to know the degrees of freedom you are using for the test you
sample size, and is usually n — 1, where n is the sample size. So if you collect eig
freedom will be 7 for most tests.

Significance level
A significance level is used to describe how confident you can be that your result
The most common significance level used is p = 0.05.

If your results are significant at the 0.05 significance level, this means that there i
results happened due to random chance. In other words, the confidence level is 1

If you are not directly given the criﬁcul vulue for The test y

considered § ' :
Al'rernu'rwel 2 result of your test is less than the critical value you fail

pothesis and instead reject the alternative hypothesis.
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Chi-squared test

The chi-squared test is used o see whether observed frequencies in a population
differ from them. You might use this to check ratios in genetic crosses.

The test is carried out using the following formula:

(fo= 1)
J.

where f, represents an observed frequency and f. represents an
expected frequency.

You generdlly need each frequency to be greater than 5 for this test to work

with any accuracy.

Paired i-test

A paired #-test is used for paired data that has some
times. It generclly compadres a continuous val:

<y, e.g. data fro
after a change for e

The test finc erence hetween the before and after values for each indivi
standard de of these differences to calculate a result based on the followi
_din
Sy

where d is the mean difference, n is the number of pairs of data points, and sq is
the differences.
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) EXAME

c rt rate of a patien
w : ts before

RHR

12 pa

hﬂ c"'ftlca :

Student’s i-test

A Student’s t-test (sometimes called an unpaired #-test) is similar to the test above
mean of a continuous variable in two different, independent groups. This type o
whether there are inherent differences in two populations of similar types. You ha
are testing is normally distributed and that the standard deviation in each group

This test uses the following formula:

%4 = %)
[ =

a1

where X, and X are the mean of
s2 and 53 are the stand

negative to b

The degrees of freedom in this case is the total of n— 1 for each group. You coul
sample size minus 2 (i.e. (na— 1) + (ns — 1}). The sample size for each group shou
doesn’t need to be exactly equal.
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Spearman’s rank

Spearman’s rank is used to identify linear correlation between any two variables
of data are collected from several individuals and ordered to produce ranks for

Each individual receives a rank for both of these variables depending on the posi
ordered list. If two individuals have the same value, they are given a rank halfw
generally we assume there will be no tied ranks for the data).

COPYRIGHT
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Spearman’s rank finds the mean difference in rank between individuals and uses t

62 d?

n(n2-1)

where d is the difference in rank and n is the number of pairs of data points.

The degrees of freedom for this test is n — 2.
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A low average difference in rank indicates that the variables are
positively correlated (with correlation close to 1), whereas a high
average difference in rank suggests that the variables are
negatively correlated (with correlation close to -1). Values that are
close to zero show little or no correlation.

COPYRIGHT
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Carry out a paired f-test to investigate whether subjects lose weight after unc
onhe week.

 Education)

2. Carry out a Spearman’s rank test for the following data to investigate whet
cholesterol levels are correlated:

27 2.8
198 231 210 199 165
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3. In flies, the dominant allele R causes red eyes, while the recessive allele r is

Similarly, the dominant allele W is for long wings, and the recessive allele w &

A genetic cross is carried out between two flies heterozygous for both these
eye colour and wing type of the offspring.

The offspring are expected to have the phenotypes red eyes, long wings : r
eyes, long wings : white eyes, vestigial wings in the ratio 9:3:3: 1.

In the 80 offspring of the flies, 56 had red eyes and long wings, 10 had red
had white eyes and long wings, and six had white eyes and vestigial wings.

Carry out a chi-squared test to investigate whether there was a significant d
and observed frequencies for eye colour and wing type of the flies.

78 75

65 84
74 76
68 80

Carry out a Student’s f-test to investigate whether the fertiliser had an effec
sunflower plants.
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20. CONSTRUCTING G

independent variable -
the variable chosen by
the person doing t

1. Choosing the axes

The independent variable (usually in the left column of a table) goeson -
the x-axis, which in this case is time, as you have chosen the times at
which to measure the position. As the position depends on the time at
which it is measured, position is the dependent variable, and so goes on
the y-axis.

| ‘When labelling your axes, always make sure you write the

I units of each variable.

-

independent variable

f
| ®  The scale must be regular.

1 »  The data must cover at least half the page.

| »  All of the data must fit on the scalel

! Each large square should be a round number.

e m mm Em Em Em Em Em Em Em Em Em Em Em Em Em R mm Em Em Em Em Em Em m Em Em Em Em Em

b
1
1
|
1
|
|
|
|

]

Bad examples:

Divisions are difficult to judge
because the major grid lir:2e
every 3 cm or;

Poor

------------

[
<

%
o

[

position (cm;
X
position (em)

0 30 &0 20 120 150 180 210 0
time (s)
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3. Plot the points

To plot a peint, imagine two lines coming from the x-axix and y-axis at the corre
two imaginary lines cross is where you plot your data point.

Use a small x to represent each data point.
10

Examples of bad points plotted on graphs:

dots are unclear crosses are oo big

4. Draw a line or curve of best fit

look at the data to judge which is appropriate. Sometimes two straight lines may
not do dot-to-dot.

Straight line — use a ruler to
draw through the points smooth

10

X

8 /

6 X Anomalies such as
/ \’rhis one should be

4 ignored when

, / drawing the line of

best fit.

position (¢m)

0 1 1 1 1 1 1 1
0 30 60 20 120 150 180 210

time (s)

Lines do not go through the origin (0, 0) but sometimes it makes sense for
timing how far something travels in a given time, you know it hasn't travelled any

You may occasionally want to extrapolate using your line of best fit. This is when
plotted in order to estimate a valve larger or smaller than the data you recorde
line of best fit where the points are all close to the line, but any extrapolation is i
know if the trend would change beyond the data you have gathered.
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1. Using graph paper, plot graphs for the data and draw an accurate line of

a) A calibration curve for reducing sugar concentration against absorbanc

b) An experiment monitoring the ar
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21. ANALYSING GR

Reading data from a graph

Reading data from a graph is very similar to plotting data on a graph. 0.5
To find the mass at a certain time, imagine lines going direr from the 0
time (x-axis), and directly across from the line of be;;i wce where 0
the imaginary line crosses the y-axis give
' 0
For example, to find the moy ] an imaginary line up from 05
25s, and acroset . e mass at 25 sis 0.74 g. "~
0
Slopes of % 0
The slope of the line can tell you how quickly the concentration changes. 0
In other words, it tells you the rate at which the concentration is changing. 0

A steeper slope shows a higher rate. It can also indicate the relationship
between x and y. Linear relationships produce straight lines, and other
relationships {e.g. exponential) produce curved lines.

A A Fy
el } -------- ' b
positive, starts at positive, low positive, high
the origin rate rate
4 A ; 4
Curved Imes'
P ...-"'1'. ’

curved, tending to curved with increasing curved, approcching

a gradient of 0 gradient (e.g. exponentis

Calculating the gradient COPYRIGHT
To obtain a value for this rate of chars:z v i ve 10 PROTECTED

you choose two points on the |i

dient = difference iny :
ragient — ————
9 difference in x

 Education)
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Calculating rate of change from a curved graph

If you have a curved line of best fit, the gradient is different at different points o

Concentration (g dm

EEERE AL EE

Time (s)

Changing gradients

In many graphs, the steepness of the gradient tells you how fast the
reaction is occurring.

As the reaction slows down, the gradient changes. Later in the
experiment, the slope is less steep.

For this graph, we can compare the two gradients to see how much
the reaction has slowed down.

y-intercept

The y-intercept of a line is the point at which the line crosses the
y-axis. In order to work this out, you need to extrapolate back from
the line of best fit to the axis.

The y-intercept gives you the y-value when the x-value !
In this graph, the y-axis tells you the concentratian

beginning of the experiment (x = Q). | '
initial concentration.

will tell you the

Sometimes, gollkss. : - = sad the y-intercept straight from the
3 L yoU can see that the line of best fit crosses the
y-axis at apj ately 0.92 g dm=3.

This means that the concentration was 0.92 g dm=3 before the
experiment started.

In other cases, you may need to find the intersection of two lines,
This is simply any point at which the two lines cross, and you can read
off these points as normail.

Concentration (g dm™)

)

Concentration (g dm
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1. Sketch a graph of substrate concentration against rate of reaction for an en
enzyme is in excess.

2. For the following graph, find:
a) The volume at 20 s
b) The volume at 35 s
c) The time when the volume is 3.00 dm?

Veolume of Oz (dm3)

w Tttt

3. Cadlculate the gradient and y-intercept of the following graph:

£

(=]
—
]

i
=
=

o
o
&

Concentration (mol dm™3)

Time (s)

COPYRIGHT
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4. Find the times of the intersections of the two g

 Education)

I . L .]I"’Ilf'f '_;.'._.'.'."I'.'.:'.'.'.Z.'.'.'. ..;.'.:'_.'.'_.'.I'.'.;.'.?'.'_'.Z_ ?
Time since midnight (h)

CO; use/production (g h-1)

-2 ———F
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5. Cadlculate the gradient of the tangent at an oxygen partial pressure of 60 m

F T T T 7177171171

1000 F—

80.0

50.0

=
o
o

K
o
o

Oxyhaemoglobin saturation (%)

Oxygen partial pressure (mmHg)
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22. SURFACE AREA AND VOLUM

To approximate the area and volume of structures in Biology, it is useful to be abl
surface area and volume of regular shapes.

Circle

The circumference of a circle is given |

—— o

and the areck

P e mm mm mm mm Em e mm Em mm

where r is the radius, d is the diameter and 7 is the irrational number 3.14159..

Square/rectangle

The area of a rectangle is given by:

The special case for this is the case of the square, when 5=/

The area is then given by:

Surface area
Of a rectangular prism is 2(hb + bd + hd)
Of a cylinder is 27(r + 1)
Of a sphere is 4712

h| | Rectangular prisn
(cuboid)

1 b
Volume ¥

The general ation for the volume of any shape is given by:

The equation can be applied to any prism.
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Cylinder
If we apply the general equation to the cylinder we obtain:

Rectangular block

e e s

Give your answers to three significant tigures:
1. Find the circumference of the circle to the right.

2. For the rectangular prism to the right, find:
a) the surface area
b) the volume

3. Find the surface area of a spherical virus with radius 15 nm.

4, Find the volume of a cylinder with radius 0.2 mm and height 7 mm.,
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APPENDIX - USING A CA

Powers
Powers mean that a number is multiplied by itself.

For example:

B =4X4AX 4= 64
105=10X 10X 10X 10 %,

To calculate 25,4

Rools

Roots are the opposite of powers.

V125 =5 because 5x 5x 5 =125

3 .
To caleulate V64, write:

S B 6 1] 4

Logarithms

A logarithm is the opposite of ‘10 to the power of”. It tells you how many times yo
itself to get a certain number.

log 1000 = 3
This is because 103 = 10X 10 X 10 = 1000

To find the log of 1000 on a calculater, type:

|Og O =
COPYRIGHT
PROTECTED
e
e is a number which oftc “ih mathematics and nature. It is @ number, sim?
has a set VT 2 four decimal places.
The L€X ks in the sume way as the power button, so to calculate €2, yo:

 Education)

Natural logarithms

Some equations may include In, which is called the natural logarithm (which is the I¢
than the base 10). To find the natural logarithm of 8, type:

Inl| 8
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Standard form

Standard form is a way of representing numbers, especially very large or very s

To write & X 107, type:

Calculate the following:

a) 35-3*

b] log 10 000 000

¢ (295 x107) < (1.41 x 10%)

d) Infe?)
e) &t~
f)  log27
g 9°" 32

hj  (6.41 x107%) = (1.23 x 107)
i) log(4.5)—¢7
32 + e? + (log(3))?

COPYRIGHT
PROTECTED

2. The pH scale mak ~“=quations pH = -log(concentration of H*) and
Use theye¥ilk.a. :
a) a solution with o concentration of 0.004469 mol dm=3
b) awentration of H for o solution with o pH of 6.3 j e

 Education,
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10.
11.

12.

13.

14.

15.

DIAGNOSTIC TE

a) Write 0.00248 in standard form.

b)  Write the number 7.035 X 102 in full.

¢} Round 9.5754 to three significant figures.

d) A reaction starts at 23 °C and ends at 37.4 °C. Write the temperature
significant figures.

a) Convert 2 minutes 35 seconds into seconds.
b) Convert 0.24 m into mm.

a) Convert 0.15 dm?3 info cm?.

b) Convert 500 ml into dm?.

cj Convert 64 57! into ms™'.

d) Convert 3 g cm= into mg dm3,

o 0.0007692 have?

a]  How many significant figures
b] Write 149.572 to A5

gures.

1 %n the form x:1.

a)
- |
b) fraction s asa decimal.
c) Write the percentage 80 % as a fraction in its simplest form.

a) How many times larger than 6 is 302
b) Calcvlate the percentage yield of a reaction with actual yield 4.68 g a
c) A 120 cm?d solution contains 3.40 g of enzyme. What is the mass of enz

a] Calculate the mean of the following valves: 2.5, 2.6, 2.7, 2.6
b] Calculate the median of the following values: 3, B, 4, 6, 9
¢} Identify the mode of the following values: 5, 10,12, 8,5,9,11,7,6, 5,

a) Rearrange the equation PYR = TV x BR to make BR the subject of the fo
b] Find the size of the image when magnification = x400, and the size of t

. x+8 X
a) Rearrange the equation y = — 1o make x the subject of the formula.

b) An experiment with three measurements has a mean result of 15.45 g.
Measurement 1 = 15.40, and measurement 2 = 13.60.
Determine the value of measurement 3.

'ITI':3
Rearrange the formula V = AT to find the value of r when V = 16.0 mm3,

a) Sketch a graph to show the relationship between Rate and Water pote
Rate & Water potential.
b) For the expression Rate « x2, describe the effect on the rate if x is tripl

In a distance change of 17.85 cm measured on a ruler with 0.1 ¢m divisions,
an uncertainty.

a) Calculate the percentage uncertainty in
of 0.01 g.

b) Calculate the percent 2. d value increases from 6 to 9.

a) Use a caleul & value of log(15 000).

b) Figs¥Gve . n log(a) = 2.2.

a) If § 9.5 and P(Y) = 0.2 are independent events, calculate P(X and
b] IfP 0.15, A and B are mutually exclusive events, and only A or B ¢

c) If event C succeeds with probability 0.8, what is the prokability that ev
twice in a row?
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16. q

What type of sample would you use to estimate the total population siz

b) Draw a histogram for the following data:
35<1< 65
65 <1< 85 50
85 << 95 72
95<1<105 85
105 <1< 120 15
17. a)  What sort of correlation is shown by the following graph?
Lion mass and meat corsumption per day
2
3
g 120 140 160 180 200
Mass {kg)
b) Sketch a scatter graph of eight points with perfect negative correlation.
18. a] Find the range of: 36, 31, 27, 34, 35, 21,19
b] Find the standard deviation to three significant figures of: 79, 76, 81, 7
19. a) What degrees of freedom should be used for carrying out a Spearman’
data pointsg
b]  Which statistical test should be used fo investigate whether there is a dif
per female wolf between wolves in captivity and wild wolves?
20. a) Plot a graph of the following data. Add a trend line.
0
60 36.2
120 32.5
180 29.2
240 20.9
b) Plot a graph of the following data. Add a trend line.
0.288
0.403
100 0.365
120 0.613
140 0.860
160 1.393
180 2.340
200 3.952
21. o] Find the gradient of the line of best fit for the graph in 20 a.
b] Find the gradient of the tangent at 130 s for the graph in 20b.
22. a) What is the exact circumference of a circle with radius 2 cm?
b) What is the surface area (to three significant figures) of a cylinder with
¢)  What is the volume of a rectangular prism with height 12 cm, base 7 ¢m
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1. a) 248x 1073 11. a) A
b) 703.5 Rate
c) 9.58

d) 37.4-23=144
=14 °C (2 sf)

2. a) 1555 e
b) 0.24 x 102 = 240 mm

3. a) 015x103=150cm?
b) 500+ 10%=0.5dm?
c) 64+ 10°=0,064 ms

3 % 108 x 108 =2 ik

b) Multiplied

. Uncertainty in a
Uncertainty in th
=005%x2=0

So distance chan

4. 13. a) Percentage
= 0.29 %
5 a) 3.5:1 b} 50 % incre
b) 0.4 14. a) 4.18
4 b) 1022=15
C) E
0 15. a) 0.5x0.2
6 a T=3 b) 1-0.15
b) =x100=72% <) 0.8x08
3..4 16. a) Random sa
c) E><77=2.189 b)
10
7. a) 2.5+2.6:2.?+2.6 _ 24
b) 6 > g |
‘@
o
<) 5 £,
= VR >
8. a) BR= — § )
=2
b) Image = 0.35 x 400 o
= 140 mm x,
(= 14 cm)
9. a) x=4dy-8 OR =4(y-2) 0 &=
: 30
15.40 + 13.60 + x
=15.4
VT COPYRIGHT
x=17.35 17. a) (Strong) po
A
b
10. g )y
= 1.56 mm ag
 Education,
18. a) 36-19 " d
b) x=78.5
s =256 (3
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19. a) 10
b} Unpaired/Student’s +-test

20. aq)

volume (cm?3)

b)

()

concentration (g ecm™3)

40- 25
250 -0
= 0,06 cm? s

. 242-0
b} Gradient =
240-80

21. a) gradient=

= 0.0151 gem=2 57! (allow between 0.0131 and 0.0171)

22, o) 2mr=2xmax2=47cm
b} 2mr{r+i)=2x7x10x(10+ 40)=20m x 50 = 31.
c) bdh=7x3x12=252cm?

nm? (3 s.f.)
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PROTECTED

 Education)

Mastering Maths for AS and A Level Biology Page 68 of 75



PRACTICE QUESTIONS

1. Decimals and Standard Form

1. a) 215x10%) 3. a) 1.47kJ
b) 84xX10%m b) 7.962¢g
c) 573 %10 cells c) 3.142¢g
d} 6.345 X107 kg dj 1.0m
2. a} 0.00000642s 4., a) 11.63ha
b} 35100 bases b) 774x10'f
¢) 0.000694 g dm

dy 8159cm?

2. Units | = Common

6 = 30 000 mg
¢ 1.75x 60 =105 min

d) 6.48 x 107 x 107 = 648 nm

g b) dJd=3800x1
e) 0.22x310 — 22000 kI
10 c) F=520+10%
3.05% 10"
f) =3.05x% 105 cm _ 6x10°% _
]0? d) d - 109 -
g) ’}f,j;’" =712 nm el 1=0.0042x

3. Units Il = Units with Powers

1. a) 1000 times e] 88x107+1

b} 10 000 times f)  14.65+10°
) 8(2x2x2) g) 0.320x 103 =

dj 2 fimes h) 49x108=4
e) 5000 times ) 18x10%=1

2. a) 4x({10%3=4000 000 000 mm?
by 7+{10°PF=7x10°m3
c) 20 x(100)2 = 200 000 cm?

3. a) v=5x1000

b) v=0.02x10
) v=140=14

d) 500 x (1092 = 500 000 000 mm? 45 60 = 147 COPYRIGHT
PROTECTED

4. Significant Figures
1. o) 5654 a) 34 000k ha-

b) 0. b) 16000 kJ ha-

c) c) 34100k ha- Fils

d) 0040 v A0

e)  0.007209 Q9

4000

 Education,
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5. Fractions, Percentages and Ratios

1. a) 65+100=0.465 3. a) 1/5
by 1+4=0.25 by 11/10
¢ 0.2+ 100=0.002 ¢ 3/4
d) 0.8+32=0.25 d) 9/10
e) 11+12=0917 e) 3/20

2. a) 3+7x100=429% 4. a) 3+F(3+7)
by 6+19x100=31.6% by 1<4x100
¢ 9-10x100=900% 5. 150:120=1.25:

df 2+9x100=222%
e) 24-+100x100=24.0%

/20

6. Scaling Quantities

1. a) (0.28 + 14)

3. percentage yield

b) (OGR4 79
) ' 4]>< 2=004g theoretical yield
2. @) (1.20 = 1.50) X 1 = 0.80 dm®

b} (1.20 + 1.50) x 0.075 = 0.060 dm?

¢ (1.20 + 1.50) X 2.6 = 2.1 dn? W B

d}  (1.20 + 1.50) X 0.85 = 0.68 dm? ©oong eoTmMeso
5. 273 »100=4

a.5

7. Calculating Means, Medians and Modes

L a) 1424344454647 48 _ o 2. a) 3,56,6,8
8 Median = 6; M
py 2355 b) 7.4,87,89,9
4 Median = 9.2;
. 6.5+6.2:6.6+6.9=6.55 o) 64,71,72,74,
Median = 78.5

230+ 300+ 290+ 310 + 250
d) 5 =276 d) 0,2,2,4,4,4,

Median = 6; M

0.04 + 0.07 + 0.05 + 0.01
4

e) = 0.043 (2 s.f.)

8. Using Equations | — Rearranging Simple Equations

1. concentration of substance moved = rate X reaction time 4 ) Re=3.5+4.2

= 0.833

2. a) x=2R
b) b) 16+0.2=80
c) 8 + 0.2 = x40
3. aq)
b)
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9. Using Equations Il — Equations with +, =, X and +

1. a) x=3y+5 h) x=§o”

-8
b) x=1= x+61+86%
10 2. Mean= T
Q) x=- x+ 6.1 +8.6+7.2
3 x=288-(6.1 +8&
d) x=7 x = 6.9 cm®
e) x=1-y 3. Mean = 120-2200)
_yt2 _Y :
f) x=—Forx=3+] ~208.0 + x = 2165
0 x =-628.5-(20
9) x=g x =—6.5 kPa
10. Using Equations lll = Equ Powers and Roots
1. a)
f
b) )
c)
¢ =3 (or-3)
b3
d} c= 0—3
2.8
T 33 97 2,
e) ¢= Ja2b® —a? - a?
= /3228 - 3733
= /36
= 6 (or -6)
11. Mathematical Symbols
1. a 3Im*>1cmd ¢)  Halves (AB do;
b} 2800 mg < 3000 mg cancel out th
C) 5000 >> 0.001 d) Doubles (bo’r

d} rate of diffusion « temperature

2. a} Doubles {both sides increase proportionally)

b} Halves [both sides decrease proportionally)
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12. Uncertainty |

1. a) 5602 0.5m fl  220%0.5°C
b) 12.0 % 0.1 em {uncertainty is 0.05 X 2 as two 369 + 258 + 26_05
. 2. q) ;
readings are taken) 4
¢ 18%1°C b) *0.3°C
d)  9.50% 0.10 em? g 78246954741 +762
e) 2x001g=002g o
5.25-4.50=075g (78.2 - 69.5) *32 =
0.75 % 0.02 g 74.5 + 435 em
13. Uncertainty |l
25 = b)
1. @) —=x100=20%
b)
c)
d)
5 —
e) --x100=092%
§o2% 100 = 28 % C]
0.18 0
2. a)
50.00 | 50.00
66.05 | 68.15 | 65.90
1605 | 1815 | 1590
| 3210 | 36.30 | 31.80
Mean change = 221730373718 = 33.4 % increase
14. Logarithms
1. a) 1259 2. a) 10000
b) 5.146 b) 7.943 x10¢
¢ -3.301 ¢  —2.699
d) 0.8395 d) 0.8722
e) -5.000 e) -—4.246
fj  3.000
COPYRIGHT
3. «
J———. PROTECTED
40 50
910 | 1567
______ 2,959 | 3.195
b) a large range

It makes the values easier to compare / plot on a graph
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15. Understanding Simple Probability
1.1 3.

2. 0.2x0.2=0.04

P{round) = 34

4. For every five individuals, genotypes are BB, BB, BB, Bb,
bb so P(B) = 7/10 and P{b) = 3/10

The Bb genotype is

Allele from parent 1 Allele from parent 2

=7/10x3/10 +
21/100 + 21/100

i P(xx] = ¢
E SoP(x)=q=
: ptqgq=1sop
P(Xx) =

- b !

10 !
:' 3> b
5 10

16. Sampling, Frequency Diagrams and Histograms

1. 450:150=3:1 fall: dwarf 3.
For a sample of 20, 15 tall and five dwarf 10
are needed
22}% 9 Y2 7742 6 \? > 8
2 1= ((m) i)+ + () ) E:
= 0.507 (3 s.f.) 3 6
-
L5}
c
g 4
o2
a
.
d)
e)
2.
18. Standard Deviation and Range
1. a) 1.6-02=1.4 2. aq)
b} 101-17=84 b)
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19. Statistical Tests

1. Ho: There was no significant weight loss in the subjects
after one week of the dieting programme.
H:: The subjects lost weight after one week on the
dieting programme.
0.7+1.9+0.2+23-01+24+09

d= =1.19
7
Sq = % =1.01
{ = 1197 311
1.01

Significance level is 0.05

Degrees of freedom =7 -1=6

Sa critical value is 2.45

3.11 > 2,45 so we reject the null hypo

Ho: There is no significant co

4

4

G(1+64+1+4+1+4+4+14+0)

s = 0.333

h=1-—

Significance level is 0.05

Degrees of freedom=9-2=7

So critical value is 0.679

0.333 < 0.679 so we fail to reject the null hypothesis

20. Constructing Graphs

Ho: There is no &
expected and
and wing typ
Hi: The expec
colour and win

Red eve,
long wing

Red eye,
vestigial
wing
White
eye, long
wing
White
eye,
vestigial

Degrees of free:

7.83>7815s

e
;

Ho: There isno s
between the p
and the plants
Hi: There is a si¢
between the pla
and the plants

x; = 71.25,%;

2

SA = 5.85,53
171.25 —
e

Significance leve
Degrees of free:
So critical valu
210< 2455

Abscrbance (au)

Volume of CO, (em?)

0 02 04 06 08 1
Concentration (mol dm™3)

80
70
60

9% |

50 | o0

40 .
| /0
20 |/

10

0 5 1015
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21. Analysing Graphs

1. A 3.  Gradient = 222

40-0

Rate
y—intercept = 0.04&

4. 08:48 (allow 08:40
(allow 18:40 to 18

>
Substrate concentration

100-16
73-0

=1.15% m

2. a 3.40dm?
b) 2.50 dm?
¢) 27s

22. Surface Area and Volume o

1. 2mr=2xmax24=151¢r b} hbd=8x5x

2. a) 3. 4m?=4x7x15

4. mrh=ax(0.22x

Appendix - Using a Calculator

1. a) 162 h)
by 7 )

c) 0.209 (3 d.p.) i)
dy 16 2. q)
e) 10946

f)  1.431 (3 d.p.) b)

gl 0O.1111 (4s.f.)
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