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Introduction



How to use this book


There are two aspects to the practical work in the IB Biology programme: general practical work and a single individual investigation – the internal assessment project.


This book has been written for IB Biology students and is to be used throughout your two years of study and to support your preparation for the internal assessment.


Practical activities and the IA form an essential part of the 2014 syllabus (first assessment held in 2016), making up 40 hours of recommended teaching time for SL and 60 hours for HL. This represents an average 25 % of the total teaching time. The IA is worth 20 % of the final assessment.


General practical work includes experiments, ecological fieldwork studies, spreadsheet or online simulations, demonstrations by your biology teacher and class activities which will be of a formative nature. These are designed to help you learn biology via practical work.


The ‘Applications and skills’ section of the syllabus lists specific lab skills, techniques and experiments that you must experience at some point during your study of the IB Biology course. Your school is likely to arrange additional practical work covering other topics in the IB Biology programme. Please note it is the skills and not the specific experiments that will be assessed in the written examinations. Other recommended lab skills, techniques and experiments are listed in the ‘aims’ section of the IB Biology syllabus pages.


Within the IB Biology syllabus, there is also a specific set of mandatory practicals that you will carry out over the course and your knowledge and understanding of these practicals will be assessed in your final examination papers.


This guide will ensure you can aim for your best grade by:





•  building practical and analytical skills for the mandatory and other common practicals through a comprehensive range of strategies and detailed examiner advice and expert tips



•  offering concise, clear explanations of all the IB requirements, such as the assessment objectives of each assessment criterion for the IA, including check lists and rules on academic honesty



•  demonstrating what is required to obtain the best IA grade for the Individual Investigation with advice and tips, including common mistakes to avoid



•  suggesting practicals that might, if modified, form the basis of an Individual Investigation



•  making explicit reference to the IB learner profile and the associated Approaches to Learning (ATL) that are central to the IB programme, with their connections to practical work



•  providing infographics with every opening chapter which visually display essential information



•  including exemplars and worked answers and commentary throughout so you can see the application of biological principles and concepts



•  testing your comprehension of the skills covered with embedded activity questions.





Use the space provided in the margins of the book to make your own notes and record your own observations as you progress through the course.


Practical skills required for Option A and Option B are covered at the end of the book. Skills needed for Option C (Ecology) and Option D (Physiology) are contained in Chapters 4 and 5.



Features of this book
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Key definition


The definitions of essential key terms are provided on the page where they appear. These are words that you are expected to know for exams and practical work. A glossary of other essential terms, highlighted throughout the text, is given at the end of the book.
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Expert tip


These tips give practical advice that will help you boost your final grade.
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Common mistake


These identify typical mistakes that candidates make and explain how you can avoid them.
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Examiner guidance


These tips give you advice that is likely to be in line with IB examiners.
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Worked examples


Some practical skills require you to carry out mathematical calculations, plot graphs, and so on. These examples show you how.
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ACTIVITY


Suggested outline of possible practice activities with the command terms highlighted.
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Ideas for investigations


Ideas for possible investigations.
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Studying IB Biology
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IB Learner Profile


The IB Biology course is linked to the IB learner profile. Throughout the course, and while carrying out your internal assessment, you will have the opportunity to develop each aspect of the learner profile: Inquirers, Knowledgeable, Thinkers, Communicators, Principled, Open-minded, Caring, Risk-takers, Balanced and Reflective.
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Practicals


Carrying out practicals throughout your IB Biology course will give you the opportunity to practice carrying out an investigation, and will give you the scientific skills you need for your internal assessment.
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Approaches to Learning


The IB Biology course, and the internal assessment in particular, give you the chance to develop the approaches to learning skills:





•  thinking skills when planning investigations, collecting data and analyzing your results



•  social skills when working with your peers



•  communication skills when reporting and presenting your findings



•  self-management skills when working independently



•  research skills to help plan your investigation, and to put it into context.
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Internal Assessment


The internal assessment gives you the opportunity to display the skills and knowledge you have learned throughout your course, while exploring an area of Biology that interests you personally.
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Studying IB Biology



Biology and the scientific method


Biology is both an observational and experimental science. Observations about the natural world result in hypotheses, which can lead to investigations that manipulate a variable in order to see its effect, which in turn result in an improved understanding of biology. This scientific method can be seen as a cycle (Figure 1 and Table 1). Exploration of one idea can lead to further modification, through reflection and evaluation, resulting in the investigation of further hypotheses.
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Key definitions


Investigation – a scientific study consisting of a controlled experiment in the laboratory or field-based studies involving sampling.


Scientific method – the use of controlled observations and measurements during an experiment to test a hypothesis.
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	Stage of cycle

	Description

	Key word definitions






	1

	Formulate your research question: which usually inquires how one variable (the independent variable) affects another (the dependent variable).

	
Variable – a factor that is changed, measured, or kept the same in an investigation.

Independent variable – the variable that is changed in an investigation.


Dependent variable – the variable that is measured in an investigation.


Processed variable – a variable that can be produced by transforming a measured variable through mathematical manipulation (see Expert tip box on page x).








	
2

	The research question may lead you to formulate a hypothesis. When making a hypothesis, the investigator proposes how the independent variable may affect the dependent variable.

A prediction may be made.



	
Hypothesis – a tentative explanation of an observed phenomenon or event that can be investigated using the scientific method.

Prediction/predict – give an expected result.








	3

	So that a correlation between the two variables (independent and dependent) can be established, other variables must be kept the same – these are called controlled variables.

	
Controlled variable – a variable that is kept the same in an investigation. In an experiment, at least three controlled variables should be listed, and information about how they will be kept the same included.






	4

	Develop a method and outline it clearly.

Materials should be listed.


Sizes, volumes and other appropriate information should also be included, such as ± measurement uncertainties (see page 129).


One variable should be manipulated and one measured; all other variables should be controlled.


The method should be written in the passive voice and in sufficient detail and clarity so that someone else can follow the instructions.



	
Control – an experiment where the independent variable is either kept constant or removed. This can be used for comparison, to prove that any changes in the dependent variable in experiments when the independent variable is manipulated must be due to the independent variable rather than other factors.






	5

	Carry out your investigation and gather data. Record your data by measuring the dependent variable.

Present your data with their appropriate units.


Process your data in some way, for example, mean values calculated or a line of best fit drawn.


Plot a graph to present the results in a way that displays them clearly and helps interpretation.


Qualitative data (observations) may also be recorded (see Expert tip box on page x).



	
Data – recorded products of observations and measurements.

Measuring/measure – obtain a value for a quantity.








	6

	Following an analysis, develop an explanation for the results. What do the results show? Describe and explain the results. Do the results support the hypothesis, or not?

	
Analysis/analyse – break down in order to bring out the essential elements or structure.

Explanation/explain – give a detailed account including reasons or causes.








	7

	
Evaluate the investigation and suggest improvements.

When commenting on limitations, consider the procedures, the equipment, the use of equipment, the quality of the data (for example, its accuracy and precision) and the relevance of the data. To what extent may the limitations have affected the results? Propose realistic improvements that address the limitations.


The sensitivity of the equipment used must also be taken into account.



	
Evaluated/evaluation – make an appraisal by weighing up the strengths and limitations.

Accuracy – how close to the true value a result is.


Precision – describes the reproducibility of repeated measurements of the same quantity and how close they are to each other. Note, measurements can be precise but not accurate (see Figure 2).


Sensitivity – the number of significant digits to which a value can be reliably measured. For example, if a digital thermometer can measure to two decimal places, this is the sensitivity of data that can be recorded.








	8

	The improvements to the method can lead to further investigations, and so the cycle repeats itself.

	 







Table 1 The scientific method cycle
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Expert tip


Controls can be used in biology to prove that changes in the dependent variable are due to manipulation of the independent variable, rather than other factors. The results of the investigation are compared with the results of the control. For example, control groups can be used in physiology experiments to provide a baseline measure: members of this group are identical with all other subjects being investigated but they do not receive the treatment or experimental manipulation that the treatment group receives.
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Key definition


Treatments – well-defined conditions applied to the sample units.
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Replicates can improve the reliability of an investigation and enable anomalies to be identified.


Due to the complexities of biological systems, other variables besides the independent variable may affect the dependent variable. These confounding variables must be held constant if possible, or at least monitored so that their effect on the results can be accounted for in the analysis.
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Key definitions


Replicate – a repeat of the entire experiment run at the same time.


Confounding variables – any other variable, besides the independent variable, that also has an effect on the dependent variable.
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In cases where confounding variables cannot easily be controlled, blocks of experimental and control groups can be distributed so that the influence of any confounding variable is likely to be the same across the experimental and control groups.
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Expert tip


Data can be either quantitative or qualitative. Qualitative data are observations not involving measurements, such as those recorded in an ecological study to note conditions in a survey area (for example, climatic conditions; factors that might make the collection site typical or atypical). Quantitative data are numerical data from measurements, such as measurements taken when recording a dependent variable (such as the rate of an enzyme reaction).
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Quantitative data are numerical data (with associated units). An example of such data might be measurements of the breadth of leaves from a species of plant grown in shaded and exposed positions, or the pH values of top soil samples in different positions within tropical primary rainforest.


Quantitative data can be discontinuous (discrete) or continuous. Examples of discontinuous data are the number of petals present in a species of flower or the number of fruit flies on an apple. Examples of continuous data might be the masses of the individuals of a population, or the time taken for pea seeds to germinate after treatment with different concentrations of sulfur dioxide gas.
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Expert tip


Raw data are data collected without any processing. They are simply the values of each variable collected. Raw data are often difficult to use for data analysis, and usually need to be processed in some way.


Processed data are data that are ready for analysis. Processing can include merging, sub-setting, or transforming data (carrying out a calculation).


A processed variable is a variable that is calculated from measured data (that is, from the dependent variable). For example, in enzyme practicals the dependent variable might be the volume of product formed per minute and the processed variable calculated from this could be the rate of reaction.


[image: ]





During your two-year IB Biology course you will carry out a significant amount of practical work. This work may be lab-based, or located in an environment outside your school or college. This work will help you to understand some of the biological concepts, teach you important practical and analytical skills, and give you opportunities to extend your knowledge through your own investigations.
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Examiner guidance


Be aware that a strong correlation does not necessarily mean causation. In other words, you cannot state definitely that X causes the changes in Y (where X is a dependent variable and Y is an independent variable).


You may of course suggest in your conclusion that X causes changes in Y, or vice versa. However, you should not draw definite cause and effect conclusions based on correlation.


There are several reasons why you cannot make definite causal statements:





•  You do not know the direction of the cause – does X cause Y, or does Y cause X?



•  A third variable Z might be involved that is responsible for the correlation between X and Y.



•  The apparent relationship might simply be due to chance.
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Framework for Biology



Your IB Biology syllabus is comprehensive and detailed. It helps to simplify the content by using a ‘concept tree’ (Figure 3), which outlines the essential components of your course and how they interrelate. The practical skills you will be learning during the course can be framed in the context of this concept tree. Subsequent chapters will cover essential skills, subdivided by the different levels of integration shown in Figure 3, that is, biochemistry, cell structure and function, physiology, and ecology.


Figure 3 can be used to help you decide the area of biology you want to address in your IA project (Chapter 8).
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IB Biology practicals


There are numerous practicals listed in the IB Biology Guide. This book focuses on practical experiments that can help you not only with exam questions (Paper 3, section A) but also in the selection and implementation of a suitable investigation for your IA.


The practicals in the guide can be divided into four categories:





•  Mandatory practicals: these are prescribed in the IB Biology Guide. You need an understanding of these experiments as they may be examined in Paper 3.



•  Further practical skills: skills associated with these practicals may be assessed in Paper 3.



•  Suggested practicals: useful additional practicals suggested in the IB Biology Guide, to be chosen at the discretion of your teacher. These will not specifically be examined, but might provide useful ideas to help you select and then implement your IA project.



•  Computer simulations: information communication technology (ICT) is encouraged throughout all aspects of your course. Certain skills involving ICT are specified in the IB Biology Guide: these use computers to model or draw associations between complex data.





Mandatory practicals






	Subtopic

	Mandatory practical






	1.1 Introduction to cells

	Practical 1 (page 42)

Use of a light microscope to investigate the structure of cells and tissues, with drawing of cells


Calculation of the magnification of drawings and the actual size of structures and ultrastructures shown in drawings or micrographs








	1.4 Membrane transport

	Practical 2 (page 46)

Estimation of osmolarity in tissues by bathing samples in hypotonic and hypertonic solutions








	2.5 Enzymes

	Practical 3 (page 17)

Experimental investigation of a factor affecting enzyme activity








	2.9 Photosynthesis

	Practical 4 (page 28)

Separation of photosynthetic pigments by chromatograph








	4.1 Species, communities and ecosystems

	Practical 5 (page 80)

Setting up sealed mesocosms to try to establish sustainability








	6.4 Gas exchange

	Practical 6 (page 51)

Monitoring of ventilation in humans at rest and after mild and vigorous exercise








	9.1 (AHL) Transport in the xylem of plants

	Practical 7 (page 53)

Measurement of transpiration rates using potometers









Table 2 List of mandatory practicals for Biology


Further practicals skills


The practicals in Table 3 are listed as ‘skills’ in the IB Biology Guide.






	Subtopic

	Practical skill






	2.5 Enzymes

	Design of experiments to test the effect of temperature, pH and substrate concentration on the activity of enzymes






	2.8 Cell respiration

	Analysis of results from experiments involving measurement of respiration rates in germinating seeds or invertebrates using a respirometer






	2.9 Photosynthesis

	Design of experiments to investigate the effect of limiting factors on photosynthesis






	3.5 Genetic modification and biotechnology

	Design of an experiment to assess one factor affecting the rooting of stem-cuttings






	4.1 Species, communities and ecosystems

	Testing for association between two species using the chi-squared test with data obtained by quadrat sampling

Recognizing and interpreting statistical significance








	8.1 Metabolism

	Calculating and plotting rates of reaction from raw experimental results






	9.1 Transport in the xylem of plants

	Design of an experiment to test hypotheses about the effect of temperature or humidity on transpiration rates






	9.2 Transport in the phloem of plants

	Analysis of data from experiments measuring phloem transport rates using aphid stylets and radioactively labelled carbon dioxide






	9.4 Reproduction in plants

	Design of experiments to test hypotheses about factors affecting germination







Table 3 Practical skills



Suggested practicals


The following suggested practicals will help you enhance your understanding of biology. Your teacher might select them to include in your Practical Scheme of Work (PSOW). They are listed in the ‘guidance’ section of the syllabus and so will not be examined.






	Subtopic

	Suggested practical






	1.4 Membrane transport

	Dialysis tubing experiments can act as a model of membrane action

Experiments with potato, beetroot or single-celled algae can be used to investigate real membranes








	2.4 Proteins

	Egg white or albumen solutions can be used in thermal denaturation experiments






	2.5 Enzymes

	Lactase can be immobilized in alginate beads and experiments can then be carried out in which the lactose in milk is hydrolyzed






	8.1 Metabolism

	Experiments on enzyme inhibition






	8.3 Photosynthesis

	Hill’s method demonstrating electron transfer in chloroplasts by observing DCPIP reduction

Immobilization of a culture of an alga such as Scenedesmus in alginate beads


Measurement of the rate of photosynthesis by monitoring the effect on hydrogencarbonate indicator








	9.1 Transport in the xylem of plants

	Measurement of stomatal apertures using leaf casts, including replicate measurements to enhance reliability

Measurement of the distribution of stomata using leaf casts, including replicate measurements to enhance reliability









Table 4 Suggested practicals


Computer simulations


Other practical skills involve the use of ICT (Table 5).






	Subtopic

	Activity/simulation






	2.3 Carbohydrates and lipids

	Use of molecular visualization software to compare cellulose, starch and glycogen






	3.1 Genes

	Use of a database to determine differences in the base sequence of a gene in two species






	3.2 Chromosomes

	Use of databases to identify the locus of a human gene and its polypeptide product






	7.1 DNA structure and replication

	Use of molecular visualization software to analyse the association between protein and DNA within a nucleosome






	7.3 Translation

	Use of molecular visualization software to analyse the structure of eukaryotic ribosomes and a tRNA molecule







Table 5 Computer activities


Approaches to learning


Approaches to learning (ATLs) are deliberate strategies, skills and attitudes that underlie all aspects of the IB Diploma Programme. These approaches are intrinsically linked with the IB learner profile attributes (see below), and are designed to enhance your learning and preparation for the Diploma Programme assessment and beyond.
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Expert tip


ATLs encompass the key values and principles that underpin an IB education.
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The aims of ATLs in the IB Diploma Programme are to:





•  link prior knowledge to course-specific understandings, and make connections between different subjects



•  encourage you to develop a variety of skills that will equip you to continue to be actively engaged in learning after you leave your school or college



•  help you not only to obtain university admission through better grades but also to prepare for success during tertiary education and beyond



•  enhance the coherence and relevance of your IB Diploma Programme experience.





The five approaches to learning develop the following skills:





•  thinking skills



•  social skills



•  communication skills



•  self-management skills



•  research skills.





Practical activities clearly allow you to interact directly with natural phenomena, explore a topic and examine specific research questions. All practical skills covered in this book can be viewed in the context of ATLs. They also give you the opportunity to develop and use IB terminology:





•  research skills to find out appropriate methods to investigate specific research questions, and put your investigation in the context of the wider scientific community



•  thinking skills to design investigations, collect and analyse data, and then evaluate your results



•  social skills in order to collaborate with peers



•  communication skills to effectively and concisely present your findings



•  self-management skills to make sure you successfully plan your time and meet deadlines.





The IB learner profile


The IB Biology course is closely linked with the IB learner profile (Table 6). By following the course, you will have engaged with all attributes of the IB learner profile: the requirements of the IA provide opportunities for you to develop every aspect of the profile.






	Learner profile attribute

	Relevance to Biology syllabus






	Inquirers

	Practical work and internal assessment






	Knowledgeable

	Links to international-mindedness

Practical work and internal assessment








	Thinkers

	Links to theory of knowledge

Practical work and internal assessment








	Communicators

	External assessment (examinations)

Practical work and internal assessment








	Principled

	Practical work and internal assessment

Ethical behaviour


Academic honesty








	Open-minded

	Links to international-mindedness

Practical work and internal assessment


The group 4 project








	Caring

	Practical work and internal assessment

The group 4 project


Ethical behaviour








	Risk-takers

	Practical work and internal assessment

The group 4 project








	Balanced

	Practical work and internal assessment

The group 4 project


Fieldwork








	Reflective

	Practical work and internal assessment

The group 4 project









Table 6 Relevance of the IB learner profile to the IB Biology syllabus



The internal assessment



The internal assessment forms 20 % of your final mark, with the external examinations (Papers 1, 2 and 3) forming 80 % of your mark. The assessment and the assessment criteria are the same for standard level and higher level.
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Your internal assessment mark is based upon one scientific investigation known as the Individual Investigation. This will involve 10 hours of work and you will generate a word-processed report or write-up 6 to 12 pages long.


This will be marked out of a maximum of 24 marks based upon the five group 4 assessment criteria (Table 7). Your mark out of 24 will then be scaled to a mark out of 20. Your Individual Investigation will be internally marked by your IB Biology teacher but moderated externally (re-marked) by an experienced IB Biology teacher appointed by the IBO.


There are separate chapters for each of the internal assessment criteria (Chapters 8–12). Checklists at the end of each criterion chapter will help you to ensure that your report matches the requirements of the group 4 assessment criteria.


Grade boundaries for the internal assessment are as follows (using data from May 2016–May 2017 examinations):
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Planning an internal assessment


There are no IB requirements in terms of planning, a time line or documentation, but your school might require you to complete a preliminary internal assessment proposal. For this, you might need to suggest a research question and methodology, carry out a risk assessment and complete a requisition for apparatus, biological materials and biochemicals (for example, enzymes) for preliminary work.


Setting up a schedule


It might be helpful to set up a timeline with start dates and deadlines for each part of your Individual Investigation, if your school has not done so. A sample timeline is shown in Table 9.
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Experimental skills and abilities



Mathematical and measurement skills


•  SI units


•  Scientific notation


•  Orders of magnitude


•  Significant figures


•  Measurement



Practical skills



•  Biochemistry


•  Cell structure and function


•  Physiology


•  Ecology


•  Statistical analysis for ecology


•  Information communication technology





1 Mathematical and measurement skills



SI units


In the sciences, the metric system is used to represent physical units. Metric measurement is used worldwide to improve communication and to ensure that standard methods are employed. The metric system uses base units, such as metre (for length) and gram (for mass), which can be modified using prefixes, such as kilo- and milli- (see below), to reduce or enlarge the base units by factors of ten.


An international agreement was reached in 1960 that specified units for use in scientific measurements. These units are called SI units (after the French Système International d’Unités). Measurements in biology are usually recorded using SI units. The SI system has specified base units from which all other units are derived. The main units used in biology (quantity, unit, and SI unit symbol) are:





•  length – metre (m)



•  mass – kilogram (kg)



•  time – second (s)



•  temperature – degrees Celsius (°C)*




•  force – newton (N)



•  pressure – pascal (Pa)



•  energy – joule (J)



•  volume – litre (l)+




•  amount of a substance – mole (mol).





* The kelvin (K) is the correct SI unit for temperature, but is rarely used in biology, where degrees Celsius is more common.


+ Volume should, strictly speaking, be measured in cubic metres, m3, not litres (1 l = 1 dm3), however litre is more useful in biology and so is widely used.
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Expert tip


Here are some general rules when applying SI units:





•  Units are always spelled beginning with a lower-case letter, for example, metre. This is also the case when they are named after a scientist, for example, joule.



•  Units are always expressed in the singular not the plural, for example, 2 min not 2 mins. (NB: This is the case when using the unit symbol, but not when reading the quantity out loud, for example, 5kg is correct but this is read as 5 kilograms).



•  There should be a space between the value and its symbol, for example, 5.00 kg not 5.00kg.



•  Use the negative exponent (−1) when expressing units rather than using a forward slash, for example, m s−1 not m/s.
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Expert tip


Examinations usually use the unit cm3 rather than l (1 cm3 = 1 ml).
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Common mistake


When referring to units of temperature, never use the term ‘centigrade’. The correct unit of measurement is degrees Celsius.
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Derived SI units


The SI base units can be used to derive the units of other quantities. In each case, an equation is used to define the derived quantity, substituting the appropriate base units. For example, speed is calculated by dividing distance by time, and so the SI unit for speed is the SI unit for distance (metres) divided by the SI unit for time (seconds), that is, m s−1 (metres per second). Other units of measurements include:





•  concentration – g l−1 (or mol l−1)



•  rate of reaction – mol l−1 s−1, that is, change in concentration/per unit time (or any other measure of progress/any unit of time). If gases are involved, cm3 s−1 or dm3 s−1 may be used. If g min−1 are measured (that is, change in mass over time) this is not strictly speaking the rate of reaction, but is proportional to the rate of reaction.
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Expert tip


Quantities that represent ratios of two values, such as absorbance, do not have units. Both pH and absorbance are unit-less since they are logarithmic functions (pH = −log10 [H+(aq)]; absorbance = log 10 (I0/I)), and logarithms are always pure numbers which have no units.
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Some measurements, such as logarithmic functions and absorbance, have no units. The pH scale, for example, is logarithmic. A logarithmic scale compresses the range of values, giving more space to smaller values while reducing the space available for larger values. Each cycle on the scale increases by a power of 10: for example, in the first cycle, values would be 1, 2, 3, 4, etc., whereas in the second cycle they would be 10, 20, 30, 40, etc., and in the third cycle 100, 200, 300, 400, etc. See Chapter 10, page 128, for further information about logarithmic scales and how they are plotted.
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Expert tip


The fact that pH is logarithmic means that pH 6.0 is 10 times more acidic than pH 7.0; natural rainwater at pH 5.5 is about 25 times more acidic than distilled water at pH 7.0. Acid rain is frequently more than 20 times more acidic than natural rainwater.
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Examiner guidance


For logarithms, retain in the mantissa (the number to the right of the decimal point in the logarithm) the same number of significant figures as there are in the number whose logarithm you are taking. For example: log(12.8) = 1.107. The mantissa is .107 and has 3 significant figures because 12.8 has 3 significant figures.
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Non-SI units


Some measurements in biology do not use SI units. Some of these have already been explored (such as volume measurement in litres and temperature measurement in degrees Celsius). Other non-SI units are shown in Table 1.1; some of these units are used in the IB Biology course.
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Blood pressure and gas pressure may be expressed in millimetres of mercury (mm Hg). This refers to the height of a column of mercury that can be supported by the gas pressure being measured. Atmospheric pressure at 25 ° C = 760 mm Hg = 101 000 Pa = 101 kPa.


The energy content of dried foods or fuels is usually expressed in kilojoules or kilocalories. A calorie (C) is the amount of heat energy required to heat one gram of water through one degree Celsius. 1 calorie = 4.184 J.
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ACTIVITY





1  The length of the C–N bond in the peptide bond in proteins is 0.133 nm. Express this in micrometres, picometres and Angstroms (Å); 1 Å = 10−10 m, a non-SI unit which is commonly used to describe protein structures (http://www.rcsb.org).
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Scientific notation


Numbers in science are often extremely large or extremely small. Consider the mass of a tobacco mosaic virus and the mass of the Sun, for example. They can be written as: 0.000 000 000 000 000 000 000 000 068 kilograms and 1 989 100 000 000 000 000 000 000 000 000 kilograms, respectively.


However, this notation uses many zeros and so there is a possibility of making a mistake when writing a value. Scientific notation is a way of expressing large and small numbers while avoiding lots of zeros. It uses the form: N × 10n, where N is a number between 1 and 10 and n is the exponent or the power to which 10 is raised. So in scientific notation, the mass of a tobacco mosaic virus can be written as 6.8 × 10−26 kg and the mass of the Sun as 1.9891 × 1030 kg.


As the definition implies and the following examples show, any number – not just large or small numbers – can be expressed in scientific notation:
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Scientific notation is not merely a more convenient way of expressing numbers, it makes it easier to track significant figures.
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Expert tip


Prefixes increase or decrease by factors of a thousand. This is known as the ‘thousands rule’. By choosing the correct prefix, all values will be in the range 1–999. For example, 20 mm should be used instead of 0.02 m, and 3.72 MPa instead of 3 720 000 Pa.
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Standard prefixes can be used to record large or very small numbers:


For large numbers:
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Common mistake


When recording units of time, never use ‘sec’ – the correct unit for seconds is ‘s’.
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For small numbers:
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Common mistake


The prefixes ‘deci’ (d, 10−1) and ‘centi’ (c, 10−2) do not follow the ‘thousands rule’ (see Expert tip box above) and so cause confusion. They should be avoided.
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Figure 1.1 shows the importance of prefixes when referring to different levels of scale.




[image: ]






[image: ]


ACTIVITIES





2  Write the following numbers in scientific notation: 1 002, 54, 6 926 300 000, −393, 0.00361 and −0.0038.



3  Write the following numbers in ordinary notation: 1.93 × 103, 3.052 × 101, −4.29 × 102, 6.261 × 106 and 9.513 × 10−8




4  What is the name given to the unit that equals (a) 10−9 gram; (b) 10−6 second; (c) 10−3 metre?



5  (a) What decimal fraction of a second is a picosecond, ps? (b) Express the measurement 4.0 × 103 m using a prefix to replace the power of ten. (c) Use standard exponential notation to express 4.56 mg in grams.





[image: ]




OEBPS/OEBPS/images/x-1.gif
Not precise Precise Not precise Precise
Not accurate Not accurate Accurate Accurate
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