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Get the most from this book


Everyone has to develop their own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.

Tick to track your progress

Use the revision planner on pages 4–6 to plan your revision, topic by topic. Tick each box when you have:



	revised and understood a topic

	tested yourself

	practised the exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by ticking off each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.

Features to help you succeed


Exam tips

Expert tips are given throughout the book to help you polish your exam technique and maximise your chances in the exam.




Now test yourself

These short, knowledge-based questions provide the first step in testing your learning. Answers are provided at the back of the book.




Definitions and key words

Clear, concise definitions of essential key terms are provided where the terms first appear.

Key words from the specification are highlighted in bold throughout the book.




Making links

This feature identifies specific connections between topics and tells you how revising these will aid your exam answers.




Exam practice

Practice exam questions are provided for each topic. Use them to consolidate your revision and practise your exam skills.




Summaries

The summaries provide a quick-check bullet list for each topic.




Online

Go online to check your answers to the exam questions and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads




Worked examples

These take you step-by-step through a problem to help you understand how to answer similar questions in future.




Maths skills

These highlight some of the key mathematical skills you will need to know to do well in your exam. They explain how you should approach a calculation before giving you some practice question so you can practise what you’ve learnt.





My Revision Planner

Exam breakdown

Unit 1 Key concepts in the application of science

Key concepts in the application of biology

Introduction

Cell structure

Transport mechanisms

The heart

Homeostasis

Breathing and cellular respiration

Photosynthesis and food chain productivity

Summary

Exam practice

Key concepts in the application of chemistry

Introduction

Atomic structure

The Periodic Table

Amount of substance

Bonding and structure

Enthalpy changes

Summary

Exam practice

Key concepts in the application of physics

Introduction

Useful energy and efficiency

Electricity and circuits

Dynamics

Summary

Exam practice

Unit 2 Applied experimental techniques

Introduction

Risk assessments

Applied experimental techniques in biology

Rate of respiration

Light-dependent reaction in photosynthesis (the Hill reaction)

Applied experimental techniques in chemistry

Volumetric analysis

Colorimetric analysis

Applied experimental techniques in physics

Resistivity

Specific heat capacity

Unit 3 Science in the modern world

Introduction

Dealing with the pre-release document

Assessment objective 1: Topical scientific issues obtained from a variety of media sources

Assessment objective 2: The public perception of science and the influence that the media have

Assessment objective 3: The ethical, moral, commercial, environmental, political and social issues involved in scientific advances, and how these are represented in the media

Assessment objective 4: The roles and responsibilities that science personnel carry out in the science industry

Summary

Exam practice

Unit 4 The human body

The digestive system and diet

The digestive system – structure and functions

Absorption in the small intestine

The musculoskeletal system and movement

Structure and functions of the skeleton

Bone formation and resorption

Oxygen transport and physiological measurements

Haemoglobin and oxygen transport

Oxygen transport and high-altitude training

Oxygen saturation

Blood pressure and its measurement

The structure and function of the nervous system and brain

The nervous system

The brain

Nerve impulses

Nerve structure

The importance of the myelin sheath

Synapses

Synapses and disorders

Summary

Exam practice

Unit 5 Investigating science

Introduction

Prepare for a scientific investigation

Carry out the investigation and record results

Analyse results, draw conclusions and evaluate the investigation

Present findings of the investigation to a suitable audience

Unit 6

6a Microbiology

The main groups of microorganisms in terms of their structure and function

Using aseptic techniques to safely cultivate microorganisms

Using practical techniques to investigate factors that affect the growth of microorganisms

The use of microorganisms in biotechnological industries

6b Medical physics

Imaging methods

Radiotherapy techniques and the use of radioactive tracers

Working with radioisotopes in the laboratory

The medical uses of optical fibres and lasers

6c Organic chemistry

Molecular structure, functional groups and isomerism

Reactions of functional groups

Preparing organic compounds

Glossary

Answers to Now test yourself and Maths skills practice questions


Countdown to my exams


6–8 weeks to go



	Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages 4–6 to familiarise yourself with the topics.

	Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.

	Work out a realistic revision plan including time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.

	Set yourself sensible targets. Break down your revision into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.








2–6 weeks to go



	Read through the relevant sections of this book and refer to the exam tips, summaries and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.

	Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers at the back of the book.

	Make a note of any problem areas as you revise, and ask your teacher to go over these in class.

	Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online and try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotesdownloads

	Try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.

	Track your progress using the revision planner and give yourself a reward when you have achieved your target.








One week to go



	Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.

	Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas you find difficult by talking them over with a friend or getting help from your teacher.

	Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.








The day before the examination



	Flick through these Revision Notes for useful reminders, for example, examiners’ tips, examiners’ summaries and key terms.

	Check the time and place of your examination.

	Make sure you have everything you need — extra pens and pencils, highlighter pen, tissues, a watch, bottled water, sweets.

	Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.








My exams – when and where

................................................................................................

................................................................................................

................................................................................................

................................................................................................

................................................................................................

................................................................................................

................................................................................................

................................................................................................

................................................................................................



Exam breakdown

These pages outline how AQA Level 3 Applied Science will be examined. There are two qualifications available following this specification – Certificate and Extended Certificate. This book covers both, but you should check which qualification you are taking with your teacher, so that you only learn the material relevant to you.

The qualifications break down as follows.

Level 3 Certificate in Applied Science consists of three mandatory units:
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Level 3 Extended Certificate in Applied Science consists of five mandatory units and one optional unit from a choice of three. Again, it is worth checking which optional unit you are studying:
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Assessment details

Each unit may be assessed in January and June of each year – check when you are likely to be assessed so you can ensure you’re prepared well in advance. Below is a quick summary, but you can find more information including past papers, mark schemes and Examiner’s Reports on the AQA website.



	Unit 1 Key concepts in science.
This is a written examination that takes place over 1 hour and 30 minutes. It has three sections:



	A Applications of biology

	B Applications of chemistry

	C Applications of physics





Each section will be allocated 20 marks and will consist of short-answer questions set in applied contexts.

You will be given a Formulae Sheet containing all the mathematical formulae required for Unit 1 plus a copy of the Periodic Table.








	Unit 2 Applied experimental techniques. This is a portfolio of six experimental reports based on the following experiments:


	1(a) Rate of respiration

	1(b) Light-dependent reaction in photosynthesis (the Hill reaction)

	2(a) Volumetric analysis

	2(b) Colorimetric analysis

	3(a) Resistivity

	3(b) Specific heat capacity





plus written risk assessments for one applied experimental technique from each of biology, chemistry and physics (three in total).








	Unit 3 Science in the modern world.
This is a written examination (with pre-released materials) that takes place over 1 hour and 30 minutes and has an allocation of 60 marks. It is in two parts:



	Section A – short and extended answer questions (usually) based on four ‘sources’ published in the pre-release material, provided to centres approximately 2 months before the examination

	Section B – short and extended answer questions not based on the pre-release material, although they may or may not be based on the same topical scientific issue. Questions will generally include some form of analysis of data presented in the examination paper.












	Unit 4 The human body.
This is a written examination, taking place over 1 hour and 30 minutes. It has an allocation of 60 marks, and comprises short-answer questions.








	Unit 5 Investigating science.
This is a portfolio of reports (which can be in a variety of formats) based on one practical investigation approved by AQA – either from their pre-approved list or approved through your centre.








	Unit 6 is in three parts:


	6a Microbiology is a portfolio of reports (which can be in a variety of formats):


	identifying the main groups of microorganisms in terms of their structure

	using aseptic techniques to safely culture microorganisms

	using practical techniques to investigate factors that affect the growth of microorganisms

	identifying the use of microorganisms in biotechnological industries.






	6b Medical physics is a portfolio of reports (which can be in a variety of formats):


	understanding imaging methods

	understanding radiotherapy techniques and the use of radioactive tracers

	demonstrating the ability to work with radioisotopes in the laboratory

	understanding the medical uses of optical fibres and lasers.






	6c Organic chemistry is a portfolio of reports (which can be in a variety of formats):


	identifying molecular structure, functional groups and isomerism

	understanding reactions of functional groups

	preparing organic compounds.


















Unit 1 Key concepts in the application of science


Key concepts in the application of biology

Introduction

In this section you will learn that cells are the basic units of life, and that a knowledge of their structure and function is vital for the understanding of diseases, fertility, growth and development as well as the effect of a variety of environmental chemicals, including drugs.

You will also learn about the heart. Heart and circulatory system disease cause more than a quarter of the deaths in the UK.

Then you will learn that life consists of a series of co-ordinated chemical reactions. For the chemical systems to work efficiently, certain factors must be kept at a constant or near constant level. The maintenance of this steady state is called homeostasis. Factors controlled include: body temperature; the concentration of body fluids; and blood sugar and pH levels.

You will also discover that respiration is the process which provides all cells with the energy they need for living processes. The energy comes from food materials, but its efficient extraction requires oxygen and, in many animals, including humans, oxygen enters the body by the process of breathing.

Finally, you will learn that the world’s food supply depends upon the process of photosynthesis, by which plants make food. Animals rely on plants for their food supply, either directly or indirectly.


Making links

You can learn more about the roles and responsibilities of biomedical scientists, pharmacologists, biochemists, environmental scientists, research scientists and sport and exercise scientists in Unit 3. See page 122.



Cell structure

Cell types have differences in ultrastructure

The development of high-magnification electron microscopes has led to discoveries about the ultrastructure of cells.

Cells come in two types:



	prokaryotic

	eukaryotic.





Prokaryotic cells are those found in bacteria and blue-green algae, while eukaryotic cells make up animals, plants and fungi. Both types of cell have cytoplasm and a cell membrane. The differences between the two types of cell are shown in Figure 1.1 and Table 1.1.


Table 1.1 Differences between prokaryotic and eukaryotic cells




	Feature
	Prokaryotic cells
	Eukaryotic cells





	Nucleus
	Absent
	Present



	DNA
	Free in the cytoplasm
	Inside the nucleus



	Plasmids (small rings of DNA)
	Present
	Absent



	Membrane-bound organelles
	Absent
	Present



	Capsule
	Present
	Absent



	Mesosomes
	Present
	Absent



	Ribosomes
	Smaller (called ‘70S’)
	Larger (called ‘80S’)



	Pili
	Sometimes present
	Never present



	Size
	0.1–5.0 micrometres (µm)
	10–100 µm






Making links

You can learn more about the characteristic structural features of prokaryotes and eukaryotes in Unit 6, page 158.




Exam tip

If asked for a set number of differences between prokaryotic cells and eukaryotic cells, do not include both the absence of a nucleus and the absence of membrane-bound organelles in prokaryotic cells as separate differences. The nucleus is a membrane-bound organelle and there will be a mark for either difference, but not both.




Maths skills

Cell structures are usually measured in micrometres (µm). 1 mm is 1000 µm, e.g.

12.4 mm = 12 400 µm, 8 µm = 0.008 mm.




[image: image]
Figure 1.1 Structure of a typical prokaryotic and eukaryotic cell. The eukaryotic cell show here is an animal cell

Note that the eukaryotic cell shown in Figure 1.1 is an animal cell. Plant cells have a cell wall and sometimes chloroplasts, and no centrioles.

Ultrastructure and functions of cell organelles

Both prokaryotic and eukaryotic cells have specialised organelles inside them, each of which carries out a particular function. The functions of each organelle are shown in Table 1.2.


Table 1.2 Functions of organelles




	Organelle
	Function
	Notes





	Nucleus
	Contains the DNA which controls the manufacture of proteins by the cell.
	Only in eukaryotes.



	Smooth endoplasmic reticulum (SER)
	A variety of functions, but mainly concerned with the manufacture and transport of lipids.
	The endoplasmic reticulum is a system of membrane channels running through the cytoplasm, connected to both the nuclear and plasma membranes. The RER has ribosomes attached to it. Only in eukaryotes.



	Rough endoplasmic reticulum (RER)
	The manufacture and transport of proteins for secretion out of the cell.



	Mitochondrion (pl: mitochondria)
	Carries out aerobic respiration.
	Only in eukaryotes.



	Vesicles
	Transport substances to the cell membrane for secretion.
	A vesicle is a membrane ‘bag’. Only in eukaryotes.



	Lysosome
	A special type of vesicle which contains protein-digesting enzymes, which can digest its own or invading cells.
	Found in old cells near death and white blood cells (to kill bacteria). Only in eukaryotes.



	Golgi apparatus
	Combines and ‘packages’ chemicals from the SER and RER.
	A stack of membrane sacs. Only in eukaryotes.



	Chloroplast
	Carries out photosynthesis.
	Only in eukaryotes, and only ever found in plant cells.



	Vacuole
	Storage of sugars.
	Large central membrane-bound space in the centre of plant cells.



	Cell wall
	Provides support.
	Made of cellulose in plant cells, peptidoglycan in bacterial cells.



	Ribosome
	Manufacture of proteins.
	Larger in eukaryotic cells, where they are both free in the cytoplasm and attached to the RER.



	Flagellum (pl: flagella)
	Moves the cell.
	More often found in prokaryotic cells, but occasionally in eukaryotic cells.



	Nucleoid
	The region of prokaryotic cells where most of the DNA is found.
	The nucleoid is not a structure, but an ‘area’. Cannot really be classed as an organelle.



	Plasmid
	Controls the manufacture of proteins.
	Circular strand of DNA. Only in prokaryotes.



	Mesosome
	Carries out respiration.
	Infolding of a bacterial cell membrane.



	Pilus (pl: pili)
	Helps some bacterial cells attach to other cells.
	 


	Capsule
	Protection of bacterial cells from desiccation and chemicals.
	Only in prokaryotes. Polysaccharide layer outside the cell wall. There may also be a ‘slime’ layer on its surface.






Making links

You can learn more about the characteristic structural features of prokaryotes and eukaryotes in Unit 6, page 158.




Exam tip

You should familiarise yourself with the appearance of these organelles in electron micrographs (photos taken using an electron microscope) as well as in diagrams.





Now test yourself



	Which of these features would NOT be found in eukaryotic cells? Mesosome, chloroplast, ribosome, mitochondrion, capsule, endoplasmic reticulum.

	Both bacteria and plant cells have a cell wall. What features of these structures suggest they may have had a different origin?

	State one similarity and one difference between ribosomes in prokaryotic and eukaryotic cells.







Nucleic acids: DNA and RNA are central to life

Deoxyribonucleic acid (DNA) is a chemical which is central to life. It forms a chemical code which instructs ribosomes how to make specific proteins. Many of these proteins are enzymes, which control all the chemical reactions in the body. As DNA is in the nucleus, but the ribosomes are in the cytoplasm, DNA is partially copied as another nucleic acid, ribonucleic acid (RNA), which can pass through the nuclear membrane and into the cytoplasm. You do not need to know the mechanism for the manufacture of proteins, but you do need to be aware of the structures of DNA and RNA.

DNA consists of two chemical chains, held together by nitrogenous bases, twisted into a double helix shape. Its structure is shown in Figure 1.2.


[image: image]
Figure 1.2 The double strand of DNA showing the antiparallel chains


Features of DNA



	The strands are made of alternating sugar (deoxyribose) and phosphate molecules.

	The bases which hold the chains together are attached to the deoxyribose.

	There are four bases – adenine, cytosine, guanine and thymine.

	They form specific pairs – adenine and thymine always pair together, as do cytosine and guanine.

	The basic ‘unit’ of DNA is a nucleotide. A nucleotide consists of a phosphate group, a pentose sugar and its attached base.

	DNA is a very long molecule (in humans, between 50 million and 260 million nucleotides in length).





Features of RNA

RNA has the same structure as a single strand of DNA, but with the following differences:



	RNA is not coiled into a helix.

	The sugar is ribose instead of deoxyribose.

	Thymine is not found in RNA. Another base, uracil, takes its place.

	The RNA molecule is much shorter (only a few thousand nucleotides in length).






Now test yourself



	Name the chemical molecules that make up a nucleotide.

	State two chemical differences between DNA and RNA.







You can calculate magnification as [image: image]

If we know the magnification used in a light or electron microscope, it is easy to calculate the actual size of the object using the equation:

     [image: image]

Maths skills

The magnification equation allows us to calculate the magnification of a diagram/ photo (if we know the actual size of the structure) or the actual size of a structure (if we know the magnification).

Worked example

An object’s image down a light microscope (magnification ×40) is measured as

0.5 mm. Calculate the actual size of the object.

     [image: image]
The same equation can be rearranged to calculate the magnification if we know the actual size of an object (this is done to calculate the magnification of a drawing or electron micrograph, as when using a microscope, we know the magnification).

Worked example

Red blood cells have an average diameter of around 7.5 µm (0.0075 mm). In a photograph of red blood cells down a microscope, the average cell diameter is 3 mm. What is the magnification of the photo?

     [image: image]
Practice questions



	A structure in an electron micrograph is 2 cm (20 000 µm) long. The magnification is given as ×3000. What is the real length of the structure?

	An electron micrograph of a cell is printed in a textbook. The microscope magnification used is ×20 000. Explain why the magnification given for the photograph in the textbook is ×40 000.








Exam tip

Note that the magnification of a drawing or photograph is not necessarily the same as the magnification used by the microscope. Drawings and photographs are rarely ‘life size’.



Transport mechanisms

The cell membrane surrounds the cell

All living cells have a cell (plasma) membrane. In eukaryotic cells it consists of a lipid bilayer with protein molecules embedded in it. The structure (known as the fluid mosaic model) is shown in Figure 1.3.


[image: image]
Figure 1.3 Structure of a eukaryotic plasma membrane
Most of the membrane consists of a double layer of phospholipids, known as a bilayer. Phospholipid molecules have a hydrophilic head which readily mixes with water, and a hydrophobic tail which is repelled by water. They naturally form a bilayer in water as it is the most stable structure. The heads are towards the outside in the aqueous medium and the tails are as far away from it as possible; see Figure 1.4). Any substance which is soluble in lipids can easily get through this bilayer, but water-soluble substances cannot.


[image: image]
Figure 1.4 Structure of the phospholipid bilayer

Now test yourself



	Which two classes of chemical make up the bulk of the cell membrane?

	The cell membrane is more permeable to lipid-soluble chemicals than to water-soluble chemicals. Suggest a reason for this.

	Explain how the hydrophilic heads and hydrophobic tails of lipid molecules lead to the bilayer structure seen in cell membranes.







Transport by intrinsic proteins allows water-soluble substances to pass through the cell membrane

The presence of intrinsic proteins spanning the width of the membrane allows water-soluble substances to pass through. The intrinsic proteins are of two types, channel proteins and carrier proteins. The two types transport substances in slightly different ways.

Substances naturally move from an area of higher concentration to an area of lower concentration if there is no barrier in the way, by diffusion. Lipid molecules can diffuse through the membrane at any point in the lipid bilayer, but water-soluble (polar) molecules can only diffuse through where there is an intrinsic protein. This conditional form of diffusion is called facilitated diffusion. Channel proteins have a pore which allows water-soluble substances to pass through the membrane (Figure 1.5). The channel proteins mainly transport ions and small polar molecules.

Carrier proteins can transport substances by facilitated diffusion (including larger molecules) but can also transport molecules against a concentration gradient (i.e. from a lower concentration to a higher concentration) by active transport. Active transport requires energy in the form of adenosine triphosphate (ATP) (Figure 1.6).


Exam tip

When referring to the movement of substances by diffusion or facilitated diffusion, it is always best to use the term net movement. This is because the movement is not one-way.

Substances move in both directions, but more move down the concentration gradient than up it.




[image: image]
Figure 1.5 Facilitated diffusion



[image: image]
Figure 1.6 Active transport by carrier proteins

Making links

You can learn more about intrinsic proteins and their role in absorption of digested products in the small intestine in Unit 4, page 129.



Channel proteins can transport any small water-soluble substance, but carrier proteins are specific and only transport a specific substance or group of substances.

Extrinsic proteins have many functions, including acting as antigens and receptors

Extrinsic proteins can be pure proteins or glycoproteins. Glycoproteins are proteins with a short carbohydrate chain attached. Extrinsic proteins have a variety of functions, but the main ones are as follows:



	Acting as antigens (molecules which allow the cell to be recognised by the immune system).

	Acting as receptors. There are many instances where a chemical (e.g. hormones) needs to act on some cells but not on others. Receptors allow the chemical to detect the cells which it needs to affect or not affect.








Now test yourself



	Explain the difference between simple diffusion and facilitated diffusion.

	State two differences between the processes of active transport and facilitated diffusion.

	What is an antigen?







The heart

The structure of the heart ensure blood flows through it in one direction

The structure of the mamallian heart is shown in Figure 1.7.


[image: image]
Figure 1.7 Internal structure of the mammalian heart


The valves in the heart ensure that blood always flows through it in the right direction. The bicuspid and tricuspid valves prevent back-flow from the ventricles into the atria, and the semilunar valves stop blood flowing back into the heart from the aorta and pulmonary artery. Some diseases of the heart are caused by faults in these valves, and artificial valves sometimes need to be fitted.

Control of the heart rate is essential

In an adult the average resting heart rate is about 70 beats per minute. This regular rhythm is controlled entirely from within the heart, but sometimes the rate needs to be adjusted. For example, during exercise the muscles have a high demand for oxygen carried in the blood so the heart rate is increased to supply this. This adjustment is carried out using external stimulation by the nervous system.

The cardiac muscle of the heart is unusual in that it can carry out myogenic contraction. This is muscle contraction without any external nervous stimulation. The contraction is initiated by the sinoatrial node (SAN), a patch of specialised muscle tissue in the upper right atrium (see Figure 1.8).


Exam tip

Always use the term (electrical) impulse when describing how the heart contracts. Vague terms like ‘message’ or ‘signal’ are unlikely to be acceptable.





[image: image]
Figure 1.8 Co-ordination of the heartbeat


The sinoatrial node (SAN) generates electrical impulses (myogenic stimulation) which spread through the atria, causing them to contract. Between the atria and the ventricles there is non-conductive tissue. This stops the spread of the impulse to the ventricles, except at the atrioventricular node. After a short delay to allow the atria to complete their contraction, the atrioventricular node sends an impulse to the ventricles. This impulse travels down specialised muscle fibres known as the bundle of His to the bottom of the ventricles and then back up through another set of muscle fibres known as the Purkinje fibres. As the impulse travels up, it causes the ventricles to contract, forcing blood up into the aorta and pulmonary artery.1


Now test yourself



	What is the function of valves in the heart?

	What is the difference between normal muscle contraction and myogenic contraction?

	Arrange the following structures in the sequence that electrical impulses are generated/transmitted in the heart.


	Bundle of His

	Sinoatrial node

	Atrioventricular node

	Purkinje fibres













The SAN acts as the heart’s pacemaker and keeps a steady rhythm. It is not capable, however, of adjusting that rhythm. If the heart rate needs to change (e.g. during exercise) the heart requires external stimulation by the autonomic nervous system; for this to happen, specialised sense organs in the body must detect that the rate needs to change.

Chemoreceptors in the heart and in nearby large arteries can detect the levels of carbon dioxide in the blood. A high level of carbon dioxide results from increased respiration and is therefore linked with a low level of oxygen. The heart rate needs to increase to supply the active tissues with enough oxygen. High carbon dioxide levels are detected by the chemoreceptors which send




Artificial pacemakers can correct irregular heartbeats





	Single chamber pacemakers have one lead going to either the right atrium or the right ventricle.

	Dual chamber pacemakers have two leads, one each going to the right atrium and the right ventricle.

	Biventricular pacemakers have three leads, one each going to the right atrium, the right ventricle, and the left ventricle.
















	Which part of the autonomic nervous system causes an increase in the heart rate?

	Which structure in the heart is likely to be faulty if a single chamber pacemaker is fitted?







Homeostasis

Homeostatic control mechanisms control such things as body temperature and blood pH




	body temperature range (35.8–37.5 °C)

	blood glucose range (82–110 mg/dL)

	blood pH range (7.35–7.45).























[image: image]


Hormones control many body functions











	How do hormones travel from place to place in the body?

	How does ADH determine the concentration of the urine?

	Name the hormone that will be produced if blood glucose levels fall too low.







The treatment of diabetes differs for type 1 and type 2 diabetes





	Causes are uncertain. Type 1 diabetes is an autoimmune disease, which means that the body’s immune system attacks its own cells, in this case specialised cells called beta cells in the Islets of Langerhans in the pancreas, which produce insulin.

	Patients with type 1 diabetes produce little or no insulin.

	Onset of type 1 diabetes is usually in childhood or young adulthood.

	Type 1 diabetes is treated by regular insulin injections and control of carbohydrate intake.








	Causes are uncertain but are known to be linked with obesity and lack of physical activity.

	Some patients with type 2 diabetes may have reduced levels of insulin, but the main problem is that the body has become insensitive to insulin, so it does not work effectively.

	Onset of type 2 diabetes is usually in middle age, although recently there has been a rise in younger people with the condition.

	Type 2 diabetes is usually treated by a strict diet to restrict carbohydrate intake and by tablets, although insulin injections may also be used in some cases.











	Which type of diabetes is most likely to develop in middle age?

	Suggest a reason why people with diabetes control their intake of carbohydrates in general, rather than sugar specifically.







The kidney filters the blood to excrete waste and control salt levels
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The control of salt is important to health






	nausea and vomiting

	headache

	confusion

	loss of energy, drowsiness and fatigue

	spasms or cramps.











	State the two functions of the kidney.

	Explain why glucose passes from the blood into the nephron, but proteins do not.

	State the part of the body that produces the hormone which controls sodium levels in the blood.







Breathing and cellular respiration

Breathing and respiration are not the same









Cellular respiration breaks down food











[image: image]
Figure 1.12 An overview of all stages of respiration










	Explain the difference between vital capacity and tidal volume.

	Which stage of cellular respiration does NOT take place in the mitochondria?

	What type of chemical reaction is involved in the conversion of ADP to ATP?







Key facts about glycolysis



	Glycolysis takes place in the cytoplasm.

	The purpose of glycolysis is to convert glucose into pyruvate, which can enter the Krebs cycle.

	Each of the first two steps (the conversion of glucose to glucose phosphate and then to hexose biphosphate) uses a molecule of ATP.

	In glycolysis four molecules of ATP are produced, a net gain of two.

	The production of ATP in this stage is by substrate-linked phosphorylation.

	Two molecules of NAD are converted into reduced NAD during glycolysis.

	If oxygen is present, the reduced NAD is fed into the electron transfer chain.

	The conversion of triose phosphate into pyruvate is an oxidation reaction.



























Key facts about the Krebs cycle



	The pyruvate formed in glycolysis is converted to acetyl coenzyme a, which enters the Krebs cycle. This reaction is known as the link reaction.

	Acetyl CoA reacts with a 4-carbon molecule to form a 6-carbon molecule.

	A series of oxidation–reduction reactions release hydrogen, which will provide electrons for the electron transfer chain.

	The hydrogen attaches to NAD (see above) or flavine adenine dinucleotide (FAD). NAD and FAD belong to a group of chemicals called coenzymes.

	For each turn of the Krebs cycle, one molecule of ATP is formed by substrate-linked phosphorylation (so two in total for every glucose molecule).

	Carbon dioxide is released during the Krebs cycle.





Key facts about the electron transfer chain



	Electrons are passed along a series of electron carriers in the inner membrane of the mitochondrion.

	The electrons enter the chain when hydrogen, bought to the membrane by NAD or FAD, is released and broken down into electrons and hydrogen ions (H+).

	As the electrons pass from carrier to carrier, energy is released and used to phosphorylate ADP to ATP. This is oxidative phosphorylation.

	The final electron acceptor which takes the electrons out of the chain is oxygen, which combines with the electrons and hydrogen ions to form water.

	For each reduced NAD molecule brought to the electron transfer chain, three ATP molecules are formed, and two for each reduced FAD.














	Name the end product of glycolysis.

	How is the hydrogen generated in the Krebs cycle used in the electron transfer chain?

	What is the precise location of the electron transfer chain in the mitochondrion?







Anaerobic respiration is used when oxygen is unavailable


Basal metabolic rate is the rate at which the body uses energy



















	Suggest a reason why the electron transfer chain cannot function without oxygen.

	Suggest why the measurement of carbon dioxide production to establish BMR is referred to as indirect calorimetry.







Photosynthesis and food chain productivity

The process of photosynthesis uses carbon dioxide and water to make glucose and oxygen









The biochemistry of photosynthesis has a light-dependent stage and a light-independent stage




	The light-dependent stage, in which light energy is used to hydrolyse water into hydrogen and oxygen. The hydrogen provides electrons which are essential for the manufacture of ATP, and eventually joins with nicotinamide adenine dinucleotide phosphate (NADP) to form reduced NADP. The oxygen is released as a waste product. In the light-dependent stage, ATP is formed in an electron transfer chain similar to that in respiration.

	The light-independent stage, in which the ATP and reduced NADP formed in the light-dependent stage are used to produce carbohydrate (mainly glucose). This process also requires carbon dioxide. The glucose formed in the light-independent stage can be processed in the plant to produce the other essential foodstuffs, proteins (with the addition of nitrogen) and lipids.
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	Name the three products of the light-dependent stage of photosynthesis.

	Name the organelle that carries out photosynthesis.

	The light-independent stage does not directly require light, yet it cannot continue for long in the dark. Suggest an explanation for this.

	Which mineral is required for the plant to make proteins from the products of photosynthesis?










Photosynthesis is fundamental to food chains




[image: image]






The efficiency of food chains decreases along the chain


Constraints on the efficiency of photosynthesis



	Some sunlight does not hit the leaves of plants, and so is not absorbed.

	Some sunlight is reflected from the leaves, so is not absorbed.
	Some sunlight travels right through the leaves (transmission) and is not absorbed by chloroplasts.

	Cold temperatures slow down the chemical reactions in photosynthesis.

	Photosynthesis needs carbon dioxide and water. If there is a shortage of either, photosynthesis will be restricted.

	In crowded conditions, plants may shade others, and the shaded ones cannot photosynthesise at their maximum rate.

	Plants need adequate nutrients (minerals) to remain healthy, and specifically nitrogen if they are to make proteins and grow.






Constraints on the efficiency of food chains





	The feeding organism often does not eat the whole organism. Animals usually feed on plant shoots or roots, but not both. Larger animals are rarely eaten whole.

	The feeding organism is often incapable of digesting all the organism it eats. Cellulose in plants is difficult to digest. The skeletons of small animals and the hard parts of insects are rarely digested.










	Explain why the rate of photosynthesis in a plant is lower in winter.

	Why is net primary production always lower than gross primary production?

	Why is plant food rarely digested completely by animals?

	Assume that 90% of the energy in a trophic level is lost before transfer to the next trophic level. The producers in an area contain 21 564 kJ of energy. How many kJ will eventually reach the 2nd consumers?







Ecological pyramids show how productive different trophic levels are



[image: image]






Meat-free diets have advantages and disadvantages

Advantages of a meat-free diet



	As each link in a food chain results in a loss of energy, it is more energy-efficient to eat organisms lower in the food chain. If we eat plants, we obtain approximately 10% of their energy. If we eat animals that have eaten plants (e.g. beef, pork, lamb and chicken) we receive only 1% of the energy that was originally in the plants.

	Most meats are high in saturated fats, which raise cholesterol levels, causing an increased risk of heart disease.

	In general, meat-free diets are lower in calories and are less likely to lead to obesity (which is linked to many health conditions).

	Farm animals are often given antibiotics and growth hormones, which may remain in the meat when eaten.

	Farm animals (especially cows) release a lot of methane, a greenhouse gas which contributes to global warming.





Disadvantages of a meat-free diet



	Meat contains all the amino acids we need for good health. No single plant does, so the amino acids can only be obtained from a vegetarian diet if it contains a significant variety of different foods.

	Depending on the choice of fruits and vegetables, the diet may be deficient in protein.

	If meat in the diet is replaced by ready meals, processed food and a lot of cheese and dairy products, the meat-free diet may be less healthy.









	Suggest a reason why dry mass is used when constructing pyramids of biomass.

	Why is it more energy efficient to eat plants rather than animals?

	Explain why a vegetarian who eats a very restricted range of fruits and vegetables might damage their health.











	There are two types of cell – prokaryotic and eukaryotic.

	Prokaryotic and eukaryotic cells have a cytoplasm and a cell membrane but other organelles are unique to one type or the other.

	All organelles found in cells have a specific function.

	Structures you need to know are: nuclei, smooth endoplasmic reticulum (SER), rough endoplasmic reticulum (RER), mitochondria, vesicles, lysosomes, Golgi apparatus, chloroplasts, vacuoles, cell walls, ribosomes (70S and 80S), flagella, nucleoid, plasmids, mesosomes, pili, slime capsules.

	Cells contain two types of nucleic acid: DNA and RNA.

	[image: image]

	Cell membranes consist of a phospholipid bilayer with proteins interspersed.

	The proteins in the membrane have roles in transport and cell recognition.

	Key structures of the heart include the bicuspid valve, tricuspid valve, semilunar valves, sinoatrial node (SAN), atrioventricular node (AVN), Purkinje fibres and bundle of His.

	The SAN, AVN, Purkinje fibres and bundle of His are used in myogenic stimulation of the heart.

	Carbon dioxide chemoreceptors and baroreceptors have a role in controlling heart rate.

	Artificial pacemakers are used as treatment for arrhythmia (abnormal heart rate), and each type has advantages and disadvantages.

	Homeostasis involves the physiological control systems that maintain the internal environment of the body. There are systems for body temperature, blood glucose concentration and blood pH.

	Negative feedback is a homeostatic mechanism.

	The hormones insulin, glucagon, ADH and aldosterone play a role in body function.

	The pancreas and liver help to regulate blood glucose concentration.

	The body’s normal system for regulating blood glucose concentration involves insulin, glucagon and aldosterone.

	Type 1 and 2 diabetes have different causes and different treatments.

	Health professionals and patients with diabetes use physiological measurements to inform diagnosis and treatment of diabetes.

	The hypothalamus, pituitary and ADH play a role in osmoregulation.

	In the nephron within the kidney, the Bowman’s capsule acts as an ultrafiltration unit and the convoluted tubules carry out selective reabsorption of glucose, sodium ions and water.

	The adrenal cortex and aldosterone are also involved in the reabsorption of sodium ions.

	Sodium chloride (salt) deficiency has both short term and long-term effects on health.

	A number of circumstances can create a risk of losing too much salt.

	Excess salt in the diet might create health problems.

	Excess or deficiency of ions and hormones have an effect on health.











	The development of electron microscopes has allowed scientists to study the organelles in living cells. One type of organelle is a mitochondrion. The figure shows the structure of a mitochondrion.

[image: image]



	The actual length of the mitochondrion shown in the diagram is 7 µm. Calculate the magnification of the diagram.[2]

	What is the function of the mitochondria in a cell?[1]

	Mitochondria are found in eukaryotic cells but not in prokaryotic cells. Name one other organelle that is only found in eukaryotic cells.[1]

	Name the structure in prokaryotic cells that has the same function as the mitochondria.[1]

	Mitochondria were first described in 1890 by the German scientist Richard Altmann, but the cristae within them were not described until the 1950s. Suggest a reason for this.[2]

	Some scientists believe that mitochondria were originally a type of bacterium that ‘invaded’ primitive cells and became established inside them. Mitochondria have their own DNA and 70S ribosomes. Suggest how this evidence supports the theory that they were once bacteria.[3]







	Patients with an increased risk of heart disease frequently have their blood pressure and pulse rate monitored. The graph shows the readings of systolic blood pressure (when the heart contracts) and pulse rate of one patient over a month.
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	State one piece of evidence from the graph that supports the researchers’ conclusion.[2]

	State one piece of evidence from the graph that throws doubt on the researchers’ conclusion.[1]

	When taking readings on different days, suggest two factors that should be controlled.[2]

	Select the type of sense organ that detects blood pressure from the choices below:[1]


	baroreceptor

	photoreceptor

	chemoreceptor

	osmoreceptor







	The heartbeat is initiated by the sinoatrial node. In which area of the heart is this located?[1]







	Patients with type 1 diabetes need to monitor the level of sugar in their blood and adjust their insulin doses accordingly. If blood glucose levels get too high, sugar appears in the urine. In the past, patients would test their urine for sugar, but more recently blood testing meters have become available so that the blood can be tested directly. The most recent development in testing is to use an electronic monitor which is attached to the arm, with a sensor that goes below the skin. The sensor tests the level of sugar in the fluid between the cells and produces a reading on a special meter or a mobile phone. When blood glucose levels change, the level of glucose in this fluid will also change a short while later.


	Suggest two advantages of testing blood for glucose rather than testing urine.[2]

	Suggest one advantage of using an electronic monitor rather than blood testing.[1]

	Low blood sugar levels can make driving dangerous. People with type 1 diabetes are required to test their blood sugar before they drive. Until recently, diabetics were told they must test their blood rather than using their electronic monitor for this purpose. Using the information in the question, suggest a reason for this.[2]

	Type 1 diabetics are treated with insulin injections, but most type 2 diabetics are not. Suggest a reason for this.[2]

	A person with type 1 diabetes works in an office. Every Saturday morning, they go to the local swimming pool and swim for an hour. Before breakfast on a Saturday, they give themselves a slightly lower dose of insulin than on weekdays. Explain the reason for this.[3]







	A study in 2008 looked at the effect of gender and age on the vital capacity of the respiratory system. The results are shown below.
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	What is meant by the term vital capacity?[1]

	Name the instrument that would be used to measure vital capacity.[1]

	State two conclusions that can be drawn from the results of this experiment. [2]

	Suggest a reason why the results for vital capacity have been adjusted for body mass.[2]

	Oxygen breathed in is used for aerobic respiration. When muscle cells have insufficient oxygen (e.g. during exercise) they can respire anaerobically. Suggest a reason why muscle cells do not respire anaerobically all the time.[2]

	Which stage of respiration occurs whether or not oxygen is present?[1]







	Plants can be mass produced by a process called tissue culture. Plants are cut into small pieces and each piece is stimulated to grow into a complete plant. The young plants are placed in a room known as a growth room, in which light intensity, carbon dioxide levels, water supply and temperature are controlled throughout the day. Sweet potatoes are an example of a crop that is commonly grown by tissue culture.


	Explain why the process of photosynthesis is essential for plant growth.[2]

	Explain why low temperatures will restrict plant growth.[1]

	Light is required for the light-dependent stage of photosynthesis. State the two products of the light-dependent stage that are required by the light-independent stage. [2]

	Blue and red light are the best colours of light for photosynthesis. Green light is reflected by chloroplasts. Explain why this means that the rate of photosynthesis in green light is extremely low.[2]

	Sweet potatoes are a common component of meat-free diets. Explain [4]

	State one disadvantage of meat-free diets.[1]













Key concepts in the application of chemistry

Introduction






Atomic structure

Atoms are the fundamental building blocks of matter
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	Sub-atomic particle (symbol)
	Relative mass
	Relative charge





	proton, p
	1
	+1



	neutron, n
	1
	0



	electron, e
	[image: image]
	–1














	Using the Periodic Table, complete this table:








	Atom/ion name
	[image: image] notation
	Number of protons
	Number of neutrons
	Number of electrons





	Hydrogen-3
	 
	1
	 
	 



	Fluorine-19
	 
	 
	 
	 



	Sodium-23+ (ion)
	 
	 
	 
	 



	Sulfur-322– (ion)
	 
	 
	 
	 







Isotopes are atoms (or ions) of the same element that have different numbers of neutrons but the same number of protons













	Why are hydrogen-1, deuterium (hydrogen-2) and tritium (hydrogen-3) described as isotopes of hydrogen?

	Sulfur is known to have four stable isotopes, containing 16, 17, 18 and 20 neutrons. Write out the [image: image] notation for each of these four isotopes.







Electrons are arranged in shells and sub-shells



[image: image]





	A sub-shell is an orbital or a combination of orbitals, which describes the places with the highest probability of finding electrons.

	Each orbital can hold a maximum of two electrons.

	Although there are four types (or shapes) of orbital, s, p, d and f, only s, p and d are studied in this course.

	Each energy level (or shell) can contain:


	one s orbital

	three p orbitals (the p sub-shell) from the second energy level up

	five d orbitals (the d sub-shell) from the third energy level up.
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	What is meant by the term electron sub-shell?

	What is the maximum number of orbitals permitted at the n = 2 energy level?

	Use the Periodic Table to complete the following table, showing the sub-shell electron configurations of selected atoms:








	Atom
	Sub-shell electron configuration





	Hydrogen
	 



	Oxygen
	 



	Calcium
	 



	Nickel
	 







Colour is related to electron structure
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	The electron in the 4s1 sub-shell of potassium, as shown in Figure 1.81, is excited up to the 4p1 sub-shell. Explain why three possible photons can be emitted when the electron decays back into the 4s1 sub-shell.







Masses are calculated using relative masses











	Identify all the elements in the molecule and the number of atoms of each:





	Assign the relative atomic masses to each element and multiply:





	Add up all of the values:



















	Identify all the elements in the molecule and the number of atoms of each:





	Assign the relative atomic masses to each element and multiply:





	Add up all of the values:













	Why is the relative atomic mass, Ar, of lithium different from the mass number, A, of lithium-7?

	Use a Periodic Table to calculate the relative molecular mass (Mr) of each of the following molecules: 


	ethene, C2H 4

	ammonia, NH 3

	carbon tetrachloride, CCl 4 

	propanol, C3H7OH







	Use a Periodic Table to calculate the relative formula masses (RFM) of the following ionic compounds: 


	sodium oxide, Na2O 

	potassium sulfate, K2SO 4

	aluminium oxide, Al2O 3 

	ammonium hydrogencarbonate, (NH4)HCO 3













The Periodic Table

The Periodic Table arranges elements in order of increasing atomic (or proton) number
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	Explain why the Periodic Table is ordered by atomic number and not atomic mass.







Regions of the Periodic Table
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	Complete the following table.



	Group name
	Group
	Block
	Period
	Element





	Alkali metals
	 
	 
	2
	 



	Alkaline earth metals
	 
	 
	 
	Ca



	Transition metals
	 
	 
	 
	Fe



	Halogens
	 
	 
	3
	 



	 
	0(18)
	 
	4
	 







	Which elements have electrons in the following highest energy levels: 


	2s 2

	3p 1

	3d1 4s 2

	4p6?













The properties of the elements change across a period (row)
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	The following table shows the Pauling electronegativities of the Period 2 elements, together with their atomic numbers.



	Element
	Li
	Be
	B
	C
	N
	O
	F



	Atomic number
	3
	4
	5
	6
	7
	8
	9



	Pauling electronegativity value
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0










	State the trend in these values.

	Explain why neon is not included in these values.


















Patterns up and down groups of the Periodic Table

s-block metals




	the alkali metals (lithium, Li; sodium, Na; potassium, K; rubidium, Rb; caesium, Cs; and francium, Fr)

	the alkaline earth metals (beryllium, Be; magnesium, Mg; calcium, Ca;strontium, Sr; barium, Ba; and radium, Ra).








	the atomic radius increases

	ionisation energy decreases

	electronegativity decreases

	reactivity increases

	melting and boiling points decrease.





d-block metals


Group 7 or VII (17) – the halogens




	the atomic radius increases

	ionisation energy decreases

	electronegativity decreases

	reactivity decreases

	melting and boiling points increase.





Group 0 (18) – the noble gases





	the boiling points increase

	the atomic radius increases

	ionisation energy decreases.









	Complete the following table, summarising the properties going down the groups of the Periodic Table.








	 
	Periodic Table group
	Alkali metals
	Alkaline earth metals
	Halogens
	Noble gases



	How the property changes down the group
	Atomic radius
	 
	 
	Increases
	 



	Ionisation energy
	 
	Decreases
	 
	 



	Electronegativity
	 
	 
	 
	Not applicable



	Reactivity
	 
	 
	 
	Not applicable







Amount of substance

The mole is a convenient way of comparing the amount of substance








     [image: image]






	Calculate the number of moles of substance in each of the following: 


	2.3 g of Li 

	16 g of salt (NaCl) (approx. 4 teaspoons) 

	47 g of CaCO3







	Calculate the mass of:


	2.5 moles of sulfur

	0.4 moles of magnesium oxide, MgO

	0.02 moles of sodium sulfate, Na2SO4













The mole is used to determine the amount of gas particles












	room temperature and pressure (RTP) – a temperature of 298.15 K (25 °C) and an absolute pressure of exactly 105 Pa (100 kPa, 1 bar).

	standard temperature and pressure (STP) – a temperature of 273.15 K (0 °C) and an absolute pressure of exactly 105 Pa (100 kPa, 1 bar).
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	Calculate the volume of 2 moles of oxygen gas at STP.

	Calculate the number of moles of methane gas in 5.8 m3 at RTP.







The amount of substance involved with solutions is linked to the concentration of the solution
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	Calculate the number of moles in 50 cm3 of 0.12 mol dm–3 hydrochloric acid.

	Calculate the concentration of a 500 cm3 aqueous solution with 1.8 moles of potassium hydroxide dissolved in it.







The stoichiometry of a formula is the number of moles of each substance involved in a reaction




Acid–base neutralisation





Thermal decomposition



[image: image]

Acid/metal



[image: image]

Acid/carbonate



[image: image]

Precipitation reactions



[image: image]

Combustion reactions
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	Write balanced formulae equations for the following reactions: 


	Acid/base neutralisation – magnesium oxide reacting with hydrochloric acid.

	Acid/carbonate reaction – sodium carbonate reacting with sulfuric acid.

	Combustion reaction – propane burning in oxygen.













The formula of a compound determined from experimental data will always be an empirical formula








	Element
	magnesium
	oxygen



	Mass used (g)
	2.12
	1.40



	Atomic mass, Ar
	24.3
	16.0



	Number of moles
	[image: image]
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	Ratio of moles (÷0.08724)
	1
	1.003 ≈ 1



	Empirical formula of magnesium oxide
	MgO
	 











	Element
	sulfur, S
	oxygen, O



	Mass used (g)
	6.4
	12.8 g – 6.4 g = 6.4 g



	Atomic mass, Ar
	32.0
	16.0



	Number of moles
	[image: image]
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	Ratio of moles (÷0.20)
	1
	2



	Empirical formula of magnesium oxide
	SO2











	A compound contains 0.32 g of nitrogen and 0.74 g of oxygen. Calculate the empirical formula of the compound.

	2.60 g of magnesium burns in an excess of chlorine forming 7.60 g of magnesium chloride. Calculate the empirical formula of magnesium chloride.







Calculating reacting masses using correct stoichiometries
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	3.2 g of calcium burns in an excess of fluorine gas, creating a white powder of calcium fluoride, CaF2. Write a balanced formula for this reaction and determine the mass of calcium fluoride formed.

	Zinc carbonate, ZnCO3, will decompose on heating to form zinc oxide, ZnO, and carbon dioxide, CO2. If 15 g of zinc carbonate fully decomposes, write a suitable formula for this reaction and calculate the mass of carbon dioxide gas produced.







Acid–base titrations are used to measure concentration


Strong–weak acids/alkalis


Concentrated–dilute acids/alkalis
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	Volume of NaOH added /cm3
	0.0
	10.0
	20.0
	24.6
	25.0
	25.2
	25.4
	30.0
	40.0
	50.0



	pH
	1.0
	1.0
	1.0
	1.1
	7.0
	12.7
	12.9
	13.0
	13.0
	13.0
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	Explain the difference between a strong, dilute acid and a weak, concentrated acid.

	State how you can determine the equivalence point of an acid–base titration.







Choosing an indicator for a titration









	Indicator
	pH range of the colour change
	Colour in acids
	Colour in alkalis





	Phenolphthalein
	8.3–10.0
	Colourless
	Pink



	Bromothymol blue
	6.0–7.6
	Yellow
	Blue



	Methyl red
	4.4–6.2
	Red
	Yellow



	Methyl orange
	3.1–4.4
	Red
	Yellow



	Thymol blue
	1.2–2.8
	Red
	Yellow












	Type of titration
	pH range of equivalence point
	Indicator





	Strong acid–strong alkali
	3–10
	NOT thymol blue



	Strong acid–weak base
	3–8
	NOT thymol blue



	Weak acid–strong base
	6–10
	Bromothymol blue or phenolphthalein



	Weak acid–weak base
	No vertical region
	pH probe must be used









	Suggest a reason why weak acid–weak base titrations require a pH probe to be used rather than an indicator.

	Suggest a suitable indicator for a titration involving the weak acid, acetic acid, and the strong base, potassium hydroxide, which has an equivalence point of pH 8.87.







The stoichiometry of a neutralisation formula allows us to calculate the concentrations and/or volumes of unknown solutions


























	25.0 cm3 of 0.12 mol dm–3 hydrochloric acid is titrated against an unknown concentration of lithium hydroxide, LiOH, and the equivalence point is measured to be 28.9 cm3 of lithium hydroxide. Calculate the concentration of the lithium hydroxide.

	25.0 cm3 of 3.5 mol dm–3 sulfuric acid is titrated against an unknown concentration of potassium hydroxide, KOH, and the equivalence point is measured to be 15.6 cm3 of potassium hydroxide. Calculate the concentration of the potassium hydroxide.












Bonding and structure







Ions and ionic compounds









	Anion
	sulfate
	carbonate
	nitrate
	hydroxide



	Electrons gained
	2
	2
	1
	1



	Formula
	SO42-
	CO32-
	NO3-
	OH-




















	Deduce the formulae of the following ionic compounds:


	lithium sulfate

	calcium nitrate

	iron(III) carbonate

	magnesium hydroxide.













There are several types of bonding

Ionic bonding
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Covalent bonding
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Metallic bonding
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The type of bonding dictates the physical properties of a substance





	 
	Ionic
	Covalent
	Metallic



	Electrical conductivity
	Poor when solid because although the structure contains charged ions, these are fixed in position. Good when molten as the charged ions are free to move.
	Generally, electrically neutral. This means there are no charged particles free to move and conduct electricity.
	High due to delocalised electrons.



	Melting and boiling points
	High because the forces of electrostatic attraction between the ions are very strong and so a great deal of energy is required to break them.
	Generally low because the intermolecular forces of attraction are weak and so little energy is needed to overcome them.
	Generally high due to strong attractive forces between the positive ion cores and the delocalised electrons.



	Volatility
	Low because the forces of electrostatic attraction between the ions are very strong.
	Generally high because the intermolecular forces are weak, so little energy is needed to break apart the molecules when they are close-packed in a liquid. Covalent molecules are generally gases at room temperature and pressure.
	Non-volatile



	Solubility in water
	Generally soluble because water is a polar molecule and tends to surround ions that have broken off the lattice due to the water molecules knocking ions off the structure. In some ionic compounds, such as aluminium oxide, the ionic bonds are so strong that water cannot break up the lattice and the compound is insoluble in water.
	Generally insoluble in water, because covalent molecules are non-polar.
	Insoluble



	Solubility in non-polar solvents
	Generally insoluble in non-polar solvents, such as hexane, as the intermolecular forces of the solvent are generally weaker than the bonds between the ions.
	Generally soluble in nonpolar solvents such as hexane.
	Insoluble







Giant covalent structures and carbon






	 
	Diamond
	Graphite
	Graphene
	Fullerene



	Bond
	Four strong single covalent bonds with four other carbon atoms.
	Three strong covalent bonds with three other carbon atoms arranged in a hexagonal layer and a weak, delocalised covalent bond between adjacent layers of carbon atoms.
	Individual layers of graphite are called graphene. Graphene is incredibly thin and has delocalised electrons which are free to move across its surface. Graphene can be arranged as a sheet or as tubes (frequently called carbon nanotubes) and is very strong (200 times stronger than steel).
	Fullerenes form when sheets of graphene roll up into cages. One example, Buckminsterfullerene, contains 60 carbon atoms.



	Diagram
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	Melting and boiling points
	High as covalent bonds are strong.
	Very high as covalent bonds are strong.
	Low as there are only weak intermolecular forces.
	



	Electrical conductivity
	No free charged particles so do not conduct electricity.
	The forces of attraction holding the atoms within the layers are very strong. However, the forces of attraction between the layers are very weak, and the electrons forming this bond are delocalised and free to move throughout the gap between the layers. Conducts electricity in the direction of the layers.
	Excellent conductors of electricity.
	Fullerenes conduct electricity within the molecules, but not from molecule to molecule, so they are generally considered to be insulators.



	Volatility
	Not volatile
	Not volatile
	Very low volatility
	Volatility decreases with increasing cage size



	Solubility in water
	Insoluble
	Insoluble
	Insoluble
	Only slightly soluble in water



	Solubility in non-polar solvents
	Insoluble
	Insoluble
	Insoluble
	Generally insoluble









	Magnesium chloride is a typical ionic compound. State and explain the properties of magnesium chloride.

	Copper(I) sulfide, Cu2S, is insoluble in both water and non-polar solvents. Explain why.

	Methane is a typical covalent molecule. State and explain the properties of methane.

	Explain why graphite is a good conductor of electricity along the layers of carbon atoms, but a poor conductor at right angles to the layers.

	Suggest reasons why graphene nanotubes have been proposed as a material to make the suits that racing drivers wear.

	The Mars Curiosity Rover currently exploring the Gale Crater on the red planet, has a frame and panels manufactured from aluminium. Suggest reasons why aluminium is used for this purpose.

	Brass is a substitution alloy of copper and zinc. Steel is an interstitial alloy of iron and carbon. Explain the difference between the structure of these two alloys.







Enthalpy changes

Enthalpy, exothermic and endothermic reactions
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	Explain the difference between the enthalpy of reaction of hydrogen burning in oxygen to form water; the enthalpy of formation of water; and the enthalpy of combustion of hydrogen







Energy profiles and activation energy
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	The activation energy for the combustion of methane in oxygen is +2650 kJ mol–1. The enthalpy of reaction is –890 kJ mol–1. Draw the energy profile reaction pathway for this reaction.







Calculating enthalpy changes using Hess’s Law





[image: image]







     [image: image]



[image: image]




     [image: image]





[image: image]













[image: image]












	Butane gas can be formed by reacting carbon with hydrogen. The formula for this reaction is:








	Magnesium oxide reacts with hydrogen to form magnesium metal and water. The formula for this reaction is:













Calculating enthalpy changes using mean bond enthalpies
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	Bonds broken
	Enthalpy /kJ mol–1
	Bonds made
	Enthalpy /kJ mol–1





	2 × H–H
	+ (2 × 436)
	4 × O–H
	– (4 × 464)



	1 × O=O
	+ 498
	 
	 



	Total
	+1370
	 
	–1856
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	Calculate the enthalpy of reaction of the combustion of ethene gas, C2H4. The formula for this reaction is:
















Measuring enthalpy changes
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	Draw a labelled diagram of the apparatus that you would need to calculate the enthalpy of neutralisation of 0.1 mol dm–3 hydrochloric acid with 0.1 mol dm –3 sodium hydroxide solution.












	Atoms consist of protons, neutrons and electrons.

	The atomic (proton) number has the symbol Z and the mass number has the symbol A.

	Isotopes have the same number of protons but different numbers of neutrons and different elements have different isotopic abundances.

	Elements have different electron sub shell configurations; electron transitions give rise to emission spectra and compound colour.

	Relative atomic, molecular and formula masses are given in terms of [image: image]
 
	The Periodic Table lists elements in proton number order; arranged in periods/rows and groups/ columns.

	The Periodic Table arranges elements in s, p and d-blocks with different patterns of: atomic radii, ionisation energy and electronegativity.

	A mole of any substance contains the same number of particles; and:
     [image: image]


	For a gas, pV = nRT.

	Molecules have molecular formulae; ionic compounds have empirical formulae.

	Balanced equations allow the reacting masses to be calculated using the correct stoichiometry.

	pH curves can be used to determine the equivalence point of an acid–base titration.

	The choice of titration indicator depends on the strength of the acid and base used and the pH titration curve.

	In volumetric analysis: moles = volume (dm3) × concentration (mol dm–3).

	Ionic bonds involve exchange of electrons forming strong ionic lattices.

	Covalent bonds: share pairs of electrons; form neutral molecules; are non-conductors; and have weak intermolecular forces.

	Giant covalent structures contain lattices of covalent bonds.

	Metallic bonding involves a strong metallic lattice with free electrons.

	Key material properties are dictated by the type of bonding.

	Energy profiles can be used to show exothermic and endothermic reactions and the activation energy of a reaction.

	Mean bond enthalpies and Hess’s Law cycles can be used to calculate enthalpy changes.

	The molar enthalpy of combustion of a liquid fuel, and the molar enthalpy of neutralisation, can be determined practically, using: Q = mcΔT.











	Iron(III) oxide, Fe2O3, is a red-brown compound found as the mineral hematite. Hematite is the main ore of iron, used for the production of steel.


	Calculate the relative formula mass of iron(III) oxide.[3]

	Explain why iron(III) ions are red-brown in colour.[2]

	Iron has four naturally occurring isotopes: iron-54, iron-56, iron-57 and iron-58. Explain what is meant by an isotope.[1]

	The isotopic abundances of the four naturally occurring iron isotopes are shown in the table.



	Isotope
	Abundance (%)





	iron-54
	5.85



	iron-56
	91.75



	iron-57
	2.12



	iron-58
	0.28














	Lithium, sodium and potassium are three elements commonly found in school and college chemical stores. They are frequently used to illustrate how the properties of elements change going down a Periodic Table group.


	State the property of elements that is used to arrange the Periodic Table in order.
[1]

	State the name of the group and the block that contains lithium, sodium and potassium.
[2]

	Explain why lithium, sodium and potassium all react vigorously with water, producing hydrogen gas and a hydroxide solution.
[2]

	Explain why lithium has a higher ionisation energy than sodium.
[2]

	The table shows the element symbol; the number of protons, Z, inside the nucleus and the atomic radius, ra, of each element in the group.



	Symbol
	Li
	Na
	K
	Rb
	Cs
	Fr



	Z
	3
	11
	19
	37
	55
	87



	ra (×10–10 m)
	1.5
	1.9
	2.3
	2.5
	2.7
	3.5







	Plot these data on graph paper. Draw a line of best fit.[2]

	State and explain the trend shown in the graph.[3]













	Magnesite (magnesium carbonate, MgCO3), is a white powder frequently used in dry fire extinguishers. Magnesite reacts with hydrochloric acid forming a salt, water and carbon dioxide gas.


	Identify the salt produced by this reaction.[1]

	20.0 g of magnesite is used in the reaction, together with an excess of acid. Calculate the mass of the magnesium in the magnesite.[3]

	22.6 g of the salt are produced. Calculate the empirical formula of the salt.[3]

	Write a balanced symbol equation for the reaction of magnesite and hydrochloric acid. Include the state symbols.[3]

	Identify the type of reaction.[1]


	Neutralisation

	Combustion

	Thermal decomposition

	Acid/carbonate

	Acid/metal

	Precipitation







	The reaction produces 0.0057 m3 of carbon dioxide gas at RTP. Calculate the number of moles of carbon dioxide gas produced. The gas constant,








	A technician is asked to determine the concentration of an unknown acid water sample. The water has been contaminated by hydrochloric acid. They titrate 25 cm3 of 0.1 mol dm–3 sodium hydroxide against the contaminated acidic water. They measure the pH as the acidic water is added using a burette. Their results are shown in the table.



	Volume of acid added/cm3
	0.0
	4.0
	8.0
	12.0
	15.8
	16.4
	18.0
	20.0
	22.0
	24.0



	pH
	11.2
	10.9
	10.7
	10.3
	8.9
	2.6
	1.9
	1.7
	1.5
	1.3







	Plot a graph of these results and draw a suitable line of best fit.[2]

	Use your graph to determine the equivalence point of this reaction.[1]

	Write a balanced symbol equation for this reaction. Include the state symbols.[3]

	Identify this type of neutralisation reaction:[1]


	Strong acid–strong alkali

	Strong acid–weak alkali

	Weak acid–strong alkali

	Weak acid–weak alkali







	Suggest a suitable indicator for this reaction choosing from the indicators listed in the table on page 49. [1]

	Calculate the concentration of the acidic water.[3]







	Cubic zirconia (ZrO2) is an oxide of the element zirconium. It is a hard, shiny, transparent ionic compound that is frequently used to make cheap jewellery because of its physical similarities to diamond.


	State what is meant by an ionic compound.[2]

	Calculate the charge on a zirconium ion.[2]

	Explain why cubic zirconia will only conduct electricity at high temperatures.[2]

	Diamond is an allotrope of carbon. Explain what is meant by an allotrope.[1]

	Diamond is a giant covalent macromolecule. Draw a labelled diagram of the structure of diamond. Your diagram should be a 3-dimensional representation.[2]

	Explain why diamond has a high melting and boiling point.[2]

	Zirconium is a transition metal with a structure similar to magnesium. Describe the structure of zirconium. [2]

	Oxygen is a diatomic covalent molecule, involving a double covalent bond. Draw a dot and cross diagram of an oxygen molecule.[2]







	A science technician wants to measure the enthalpy of combustion of ethanol. They propose to do this by heating water using an ethanol spirit burner 


	State the two key pieces of measuring apparatus that the technician will need to use to perform this experiment.[2]

	Explain why any value for the enthalpy of combustion determined from this experiment will be lower than the true value.[2]

	Write a balanced formula for the combustion of ethanol, C2H5OH.[3]

	Calculate the enthalpy of combustion of ethanol. Give your answer to 3 significant figures.[4]
 




















Key concepts in the application of physics

Introduction




Useful energy and efficiency

Maximising efficiency reduces wasted energy and improves economy
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	tera
	giga
	mega
	kilo
	centi
	milli
	micro
	nano
	pico





	T
	G
	M
	k
	c
	m
	μ
	n
	p



	1012
	109
	106
	103
	10-2
	10-3
	10-6
	10-9
	10-12











	Calculate the total energy transferred as electricity into the winch.

	Calculate the percentage efficiency of the winch.







	Total energy supplied to the winch
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	The Drax biomass power station near Leeds burns wood pellets imported from the USA and Canada. The peak electrical output of the power station is 2.6 GW, and the power station burns the equivalent of 32 TJ of wood pellets per hour. Calculate the efficiency of the power station.
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	The electrical consumption of a digital watch battery is 21.6 J per year. The efficiency of the mechanism within the watch is 42%. Calculate the useful energy transferred per year as kinetic energy of the watch hands.

	A small 15 W electric motor lifts a weight from the floor to a desk, transferring 24 J of energy in 4 s. Calculate the efficiency of the motor.







The efficiency of mechanical and electrical devices is hugely important


Efficiency can be improved by reducing wasted energy
 Mechanical systems and machines



Electrical or electronic devices



Thermal devices


No device or process can be 100% efficient






	Explain why a device can never be 100% efficient.

	Energy transfers can be represented by energy transfer Sankey diagrams. The Sankey diagram for an internal combustion engine is shown below.

[image: image]



	Determine the percentage value of each energy form.

	State the efficiency of this engine.

	Suggest two reasons why the Sankey diagram for an electric car might be different to the Sankey diagram for an internal combustion engine.

	Suggest two reasons why a surfboard is a very energy efficient device.













Maximising and minimising thermal transfer




	domestic and commercial heating systems

	power stations involving the combustion of a fuel

	passive solar heating systems

	industrial processes that involve heating materials or components.








	domestic and commercial premises

	industrial processes where hot fluids are pumped around a site, or where processes need to be kept at a particular temperature

	hot/cold food distribution

	cold weather clothing.


















	Explain why wood-burning stoves are usually made from steel and painted black.

	Suggest why people are advised to wear several layers of clothes when the weather is cold.

	Putting a lid on a take-away hot drink cup will reduce heat loss mostly by:


	thermal conduction

	thermal radiation

	thermal convection

	thermal evaporation













Buildings must be as energy efficient as possible
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	A wooden shed wall with an area of 6 m2 transfers heat through it at a rate of 250 W, when the temperature inside the shed is 20 °C and the temperature outside is –5 °C. Calculate the U-value of the shed wall.

	Calculate the thermal energy that passes through an 8.4 m 2 brick wall with a U-value of 0.31 W m–2 °C–1 in 6 hours, if the temperature outside the wall is 3 °C and the temperature inside the wall is 19°C.

	U-values are useful because most building structures are composite materials. A 6 m2 wall consists of an internal layer of plasterboard, a layer of bricks, a layer of insulation, a further layer of bricks and then a layer of external render. When working out the total U-value of the wall, you just add all the U-values. Use the following data to determine the power transferred through the wall, when the temperature difference between the inside and the outside is 18 °C:


	Material
	U-value (W m–2 °C–1)



	Plasterboard
	1.8



	Brick
	2.2



	Insulation
	0.3



	Render
	1.4














Advantages and disadvantages of the different sources of useful energy






	Energy source
	Suitability
	How it works
	Advantages
	Disadvantages





	Fossil fuels (e.g. coal, oil, gas)
	Large-scale production of electricity; domestic heating.
	Fossil fuels are burned to release thermal energy for turning water into steam (power stations) OR for domestic hot water and heating systems. 	Concentrated energy source.

Reliable and predictable.

Secure supply.

Large scale.

Easy to store.
	Non-renewable energy source.

Produces large quantities of CO2.

SO2 and NOx produced which contribute to acid rain.

Other pollutants formed.

Very inefficient.

Eyesore.



	Nuclear fuel
	Large-scale production of electricity.
	Nuclear fission of uranium fuel creates heat which can be used to produce steam for the generation of electricity.
	Concentrated energy source.

Reliable and predictable.

Secure supply.

Large scale.

Easy to store.

Does not produce large quantities of CO2 or acid rain gases.
	Non-renewable energy source.

Potential for large-scale radioactive contamination (e.g. Chernobyl).

Radioactive waste remains dangerous for thousands of years and needs secure long-term storage.

Eyesore.



	Solar power (heat)
	Domestic or commercial hot water systems OR direct heating of south-facing buildings.
	Passive solar power uses sunlight to heat water or air directly.
	Renewable energy source.

Free energy once installed.
	Great for keeping suitably designed buildings warm.

Solar-heated water is not very hot.

Only works when it is sunny.



	Solar power (light)
	Generation of electrical energy. Solar power ‘farms’; domestic and commercial solar panels for buildings.

Low-power uses, e.g. calculators; chargers.
	Light falls on a photovoltaic cell that generates a small voltage. 	Renewable energy source.

Free energy once installed.

Works during daylight hours.

Easy to install.
	Does not work during the night.

Only a small voltage is produced so larger panels needed for larger applications.

Large areas are an eyesore.



	Wind power
	Large- and smallscale generation of electricity.
	Wind turns a generator that transfers a store of kinetic energy into electricity.
	Renewable energy source.

Free energy once installed.

Large wind farms can generate large amounts of electricity.
	Only generates electricity when the wind blows over a threshold value – not as reliable and predictable as other sources.

Only useful in windy areas.

Some people think they are eyesores.



	Wave power
	Large-scale generation of electricity.
	Moving water due to waves turns a generator that transfers a store of kinetic energy into electricity.
	Renewable energy source.

Free energy once installed.

Potential to produce large quantities of electricity.
	Only produces energy when there are waves.

Not as reliable and predictable as other sources.

Unproven technology and still ‘experimental’.



	Tidal power
	Large-scale generation of electricity.
	Moving water due to tidal currents turns a generator that transfers a store of kinetic energy into electricity.
	Renewable energy source.

Free energy once installed.

Reliable and predictable.

Large-scale generation possible.
	Construction could destroy or alter estuary habitats.

Only possible in limited locations.

Requires a large tidal range.



	Hydroelectric power
	Large- or microscale generation of electricity.
	Moving water stored behind a dam is channelled through pipes to generators that transfer a store of kinetic energy into electricity OR microscale generation in a river.
	Renewable energy source.

Free energy once installed.

Reliable and predictable.

Large-scale generation.
	Construction of dam floods a river valley destroying wildlife habitats and sometimes human settlements.

Only possible in areas with suitable river valleys.



	Geothermal sources
	Medium-scale generation of electricity.
	Hot water from natural hot springs can be used to generate steam for production of electricity OR water for heating is pumped down to depth, heated and then pumped back to the surface.
	Renewable energy source.

Free energy once installed.

Heating and hot water systems possible.
	Only possible in areas with hot springs or ‘hot rocks’ at depth.



	Biomass
	Large- and smallscale production of crops (e.g. wood) for burning in power stations OR for the production of biofuels.
	Fast-growing wood is harvested and made into pellets which are burned in a power station OR crops are decomposed by microorganisms to produce biofuels.
	Renewable energy source.

Free energy once installed.

Large- or small-scale production possible.

Can be stored.
	Burning wood creates CO2.

Large areas of land needed to grow crops.










	Which of the following types of power station does not run on a renewable energy source?


	Hydroelectric

	Nuclear

	Wind

	Geothermal







	About 1.8% of the UK’s electricity is generated by hydroelectric power. Explain how a hydroelectric power station generates electricity.

	What are the disadvantages of generating electricity from a hydroelectric power source?







Electricity and circuits

Understanding how electrical circuits function is important to the design and operation of a huge range of electrical and electronic devices




	Charge, Q (coulombs, C) – this is the property of matter that causes electrical effects. Electrons are negatively charged and protons are positively charged. When we are dealing with electrical circuits, only some of the electrons are free to move, so these cause most of the electrical effects of a circuit. A single electron has a charge of only 1.602176634 × 10–19 C, so it is difficult to measure the electrical effects of single electrons. Therefore, physicists study the overall effect of large numbers of electrons.

	Current, I (amperes (amps), A) – the rate of flow of charge is called current. This is the amount of charge flowing, Q, in a given time, t. Current is measured by an ammeter connected in series with components. Charge, current and time are related by the equation:
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	Voltage, V (volts, V) – this is a measure of the electrical energy supplied by the charge. Voltage is measured using a voltmeter. Voltmeters are always connected in parallel with components.

	Resistance, R (ohms, Ω) – this is the opposition of a component to the flow of current through it. Conductors have low resistance and insulators have high resistance. Resistance can be measured directly using an ohmmeter or indirectly using a voltmeter–ammeter combination. Voltage, current and resistance are related to each other by the equation (sometimes called Ohm’s law):
     [image: image]


	Power, P (watts, W) – this is the rate at which electricity is transferred into other useful forms of energy by a device. Power is related to current and voltage by the equation: 


















	Calculate the current flowing in the circuit.
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	Calculate the power supplied to the resistor.



	Calculate the charge flowing through the resistor in 1.5 minutes.
     [image: image]













	


	A simple electrical circuit contains a 6.0 V power supply, an ammeter and a 150 Ω resistor all connected in series. Calculate the current I.

	The current flows for 3.0 minutes. Calculate the charge Q that flows through the resistor.

	Calculate the power of the resistor.







	A torch circuit contains a battery, a switch and a filament lamp, which has a resistance of 1.8 kΩ when a current of 2.5 mA flows through it. 


	Draw a circuit diagram for this torch.
 
	Calculate the voltage of the battery. 

	Calculate the power of the lamp.







	A 12 V cordless drill draws a current of 12.5 A drilling a hole. 


	Calculate the resistance of the drill during its operation.

	Calculate the power of the drill.













Current in a wire makes the wire heat up







	An electric fire element has a resistance of 8.9 Ω when a current of 13 A flows through it.


	Calculate the voltage across the element. 

	Calculate the rate of heat loss.







	The element of a hairdryer loses heat at a rate of 1.9 kW, and has a resistance of 150 Ω.  


	Calculate the current flowing through the element.

	Calculate the voltage across the element.













Series and parallel circuits
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	A circuit contains three 75 Ω resistors connected in series. The resistors are connected in series with a 4.5 V battery.


	Calculate the total resistance of the circuit. 

	Calculate the current flowing through each resistor. 

	Calculate the heat lost by each resistor.







	A lamp rated as 12 V 0.80 mA is connected in parallel with a 12 kΩ resistor and an 8.0 kΩ resistor. All three are connected in parallel with a 12 V power supply. 


	Draw the circuit.

	Calculate the current drawn by the 12 kΩ resistor and the 8.0 kΩ resistor. 

	Calculate the total current drawn from the 12 V power supply.

	Calculate the total resistance of the circuit.













Potential dividers control voltages and can act as sensors
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	An electronics engineer is designing a circuit for a portable charger. The main battery is 10.8 V, but the charger needs to be used to charge a phone with a voltage of 4.7 V. The engineer has already incorporated a 3.9 kΩ fixed standard resistor into the circuit. What resistor should the engineer use in a potential divider circuit with the 3.9 kΩ resistor to provide a voltage of 4.7 V, with maximum current drawn from the main battery?

	A portable variable power supply is designed with a 220 Ω fixed standard resistor connected in series with a 75–550 Ω variable resistor in a potential divider circuit powered by an 18 V battery. Calculate the minimum and maximum voltages that can be taken from a connection across the variable resistor.

	An electronic temperature sensor for an oven uses a 5.5 kΩ fixed standard resistor in series with a thermistor that is mounted inside the wall of the oven. The sensor potential divider circuit is powered by a 6.5 V rechargeable battery. The figure shows how the resistance of the thermistor varies with temperature.

[image: image]



	Calculate the voltage across the thermistor when the temperature inside the oven is 120 °C.

	Calculate the temperature of the oven when the voltage across the thermistor is 3.2 V.













The useful conduction of electricity involves movement of electrons



[image: image]















	Explain why copper is such a good conductor of electricity.

	Semiconductors can be ‘doped’ by the addition of atoms of elements such as phosphorous into their structure to add extra free electrons into the structure. What is the effect on the conductivity of a semiconductor of adding phosphorous atoms?

	Why does the resistance of a metal increase as the metal is heated?







VI graphs tell us about the behaviour of components
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	A circuit contains two standard resistors, R1 and R2, and a lamp. The VI graph for all three components is shown below.

[image: image]



	Calculate the resistance of R1.

	Calculate the resistance of R2.

	Why is the resistance of the lamp the same as R1 when the current is 0.008 A, but the same as R2 when the current is 0.016 A?

	Calculate the maximum resistance of the lamp.







	An LDR has a resistance of 14 kΩ in the dark and 2.8 kΩ in the light. The LDR operates in the voltage range of –12 V to +12 V. Sketch the VI graph for the LDR, a) in the dark and b) in the light, on the same axes.

	Describe an experiment to use an ntc thermistor in a potential divider circuit as a temperature sensor.







Dynamics

How do I apply Newton’s Laws of Motion?



















	Write down the equation that you know (this is on the formulae sheet):



	Insert the data given in the question.



	Calculate the answer and add the unit.



	Write your answer to the correct number of significant figures – the same as the least precise data in the question (3 sf in this case).















	Why does a large truck travelling at 20 m s–1 have more inertia than a motorbike travelling at the same velocity?

	Calculate the resultant force acting on a 54 kg sprinter accelerating out of their blocks at 3.2 m s–2.

	Explain in terms of Newton’s Third Law of Motion why a bungee jumper remains stationary at the end of a bungee cord as she is hanging waiting to be let down.







Momentum and Newton’s Third Law of Motion










	Using the Law of Conservation of Momentum:



	Write out the equation:



	The initial velocity of the ball, u, and the final velocity of the racket, V, are both zero. So:



	Rearranging to make the velocity of the ball the subject and substituting the numbers:
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	Write down the equation that you know and substitute the data for the first vehicle:
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	Repeat for the second vehicle:
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	The difference between the two forces:













	An air gun pellet of mass 6.7 g is fired out of an air gun at a velocity of 250 m s–1. Calculate the momentum of the pellet.

	During a serve in table tennis, a 0.15 kg bat travelling at 0.75 m s–1 hits a stationary table tennis ball of mass 2.7 g, and the bat stops moving. Calculate the velocity of the ball immediately after the impact.

	The seat belts of a car are designed to stretch during an impact and must be replaced after a crash. Explain how this reduces the force of the impact on the driver and passengers.







Newton also formalised equations that can be used to calculate the motion of objects
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	Write down the suvat acronym, with the data from the question:







	Then write down the equation needed:
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	Substitute the data into the equation:
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	Calculate the answer, add the unit and write to the correct number of significant figures (2).













	An athlete is running at 9.5 m s–1 and then accelerates towards the finish line at 1.2 m s–2 for 2.5 s. Calculate the athlete’s velocity as they cross the finish line.

	A track cyclist is initially travelling at 12 m s–1, but then accelerates at 0.85 m s–2 for the last 50 m of the race. Calculate the velocity of the cyclist as they cross the finish line.

	A bungee jumper, initially at rest, jumps off a bridge attached to a bungee and falls for 2.7 s. Calculate the distance they fall in this time. Assume that there is no air resistance and g = 9.8 m s–2.







There are two types of motion graph
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	You need to describe each section of the motion:



	Calculate values from the graph: It is then kicked and moves away from the origin for 3 seconds. To calculate the velocity:
     [image: image]



	Continue to describe the motion:



	Final calculation:

     [image: image]











	Stationary objects have a horizontal line on an s–t graph.

	Objects moving at constant velocity have straight, sloping lines. Positive gradients show motion away from the origin and negative gradients show motion towards the origin.

	The gradient of the line is the velocity.

	Curved lines indicate acceleration or deceleration.
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	You need to describe each section of the motion:



	Calculate acceleration: She moves away from the blocks with a constant acceleration for 4 seconds. To calculate the acceleration:
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	Continue to describe the motion:



	Calculate the deceleration:

     [image: image]











	Stationary objects on a v–t graph have a horizontal line along the time axis.

	Objects moving at constant velocity have horizontal lines above the time axis.

	Objects undergoing constant acceleration have straight sloping lines with a positive gradient, and objects undergoing constant deceleration have straight sloping lines with a negative gradient.

	The total distance travelled by the object is equal to the area under the v–t graph.










	A skateboarder performs a series of moves on their board. A displacement–time graph of their motion is shown in the figure.
     [image: image]




	A to B
 
	B to C

	C to D

	D to E

	E to F

	F to G







	The figure shows the velocity–time graph for a 400 m runner at the start of a race.
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	the acceleration of the runner

	the distance travelled over the first 10 s of the race.














We can calculate the energy and power of motion


     [image: image]






Worked example




	Calculate the GPE of the acorn in the tree:





	Equate the GPE with the KE:
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	Rearrange the equation to make v the subject:
     [image: image]
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Practice questions



	Calculate the kinetic energy of a 1.8 × 103 kg van travelling at 26 m s–1.

	A football of mass 430 g is thrown vertically into the air through a distance of 14 m by a goalkeeper. Calculate the increase in GPE of the ball at the top of the throw. The gravitational field strength, g = 9.8 N kg–1.

	A hairdryer is rated with a power of 1500 W. Calculate the total energy transferred by the hairdryer in 5 minutes drying someone’s hair.











	The efficiency of a device is important; it can be improved but can never be 100% efficient.
     [image: image]


	In some situations, thermal transfer needs to be maximised and in others, minimised.

	U-values allow the comparison of the insulating properties of materials, where: U = QAtΔT.

	Useful energy is generated using a range of different non-renewable and renewable sources: fossil fuels; nuclear fuels; solar power; wind power; wave power; tidal power; hydroelectric power; geothermal sources; and biomass. Each one has advantages and disadvantages.

	Experiments can be carried out to measure efficiency.

	It is possible to calculate: current; voltage; power; resistance and rate of heat loss in a range of series and parallel electrical circuits, using the formulae: [image: image] P = IV; [image: image] rate of heat loss I 2 R.

	The total resistance of series and parallel resistors is given by:

     [image: image]



	Potential dividers can be used to control voltages or in sensor circuits.

	Conductors like metals and semiconductors conduct electricity because they have free electrons within their structure and their resistance varies with temperature.

	Thermistors vary their resistance with temperature and light-dependent resistors (LDRs) vary their resistance with light intensity.

	The VI graphs of standard resistors, thermistors and lamps have different shapes and can be used to find resistance.

	Newton’s First Law of Motion applies to both stationary and moving objects and describes inertia.

	Newton’s Second Law of Motion leads to the formulae: F = ma and weight = mg.

	Newton’s Third Law of Motion leads to: the concept of momentum p = mv; the Law of Conservation of Momentum; and the definition of force, [image: image]

	Newton’s equations of motion can be used to analyse the motion of objects, where: (average) [image: image] [image: image] 

	Motion can be described by graphs of: displacement against time; and velocity against time.

	The gravitational potential energy of an object, GPE, is given by: GPE = mgh.

	The kinetic energy of a moving object, KE, is given by: [image: image]

	The power of a mechanical system is given by: [image: image]











	The figure below shows a transformer circuit for a model bathroom razor socket. These sockets use transformers to isolate the mains supply so that the risk of electrocution is eliminated.

[image: image]







	the variables involved with this experiment

	the measurements they should take

	how they should ensure that their results are valid. [5]







	The student’s data is shown in the table below.


	Complete the table and show your working. [3]

	On graph paper, plot a graph of efficiency against resistance and add a suitable line of best fit. [3]

	Describe the pattern shown by your graph. [2]

	Use your graph to estimate the resistance when the efficiency is at a maximum. [1]

	The resistor is replaced with one of two small motors, A and B. Motor A has a resistance of 4 Ω and Motor B has a resistance of 8 Ω.


	In a battery-operated razor, the power supplied to the motor is 2.25 W. The motor is only 38% efficient. Calculate the useful power converted into kinetic energy by the motor.

	Give one reason why an electric motor is never 100% efficient.







	Formula E racing is a motor racing championship for electric cars.

[image: image]




	Suggest and explain how the following features increase the efficiency of a Formula E car: [4]


	shape

	friction between the moving parts in the motor.








	Resistance, R/Ω
	Primary circuit
	Secondary circuit
	Efficiency/%



	Potential difference, VP/V
	Current, IP/A
	Potential difference, Vs/V
	Current, IS/A






	2
	12.0
	0.54
	11.9
	0.50
	91



	4
	12.0
	0.54
	11.8
	0.54
	



	6
	12.0
	0.54
	11.8
	0.53
	96



	8
	12.0
	0.54
	11.9
	0.51
	



	10
	12.0
	0.54
	11.9
	0.50
	92











	Feature
	Formula E car
	Formula 1 car





	Races
	Street circuits
	Mostly racetracks



	Mass, kg
	898
	702



	Maximum output power, kW
	200
	710



	Acceleration, m s–2 (0–100 km h–1)
	9.3
	13.2



	Top speed, m s– 1
	63
	105



	Maximum noise level, dB
	80
	134



	Engine efficiency, %
	75
	50







	Use the data in the table to calculate the total input power to each engine. Show your working. [3]


	Formula E engine

	Formula 1 engine.







	Suggest a reason why the Formula E engine is more efficient than the Formula 1 engine. [2]

	Suggest a reason why the maximum power of a Formula E racing car is restricted to 200 kW with a maximum speed of 63 m s–1. [1]

	Explain why reducing the mass of the batteries (but keeping the battery energy capacity the same) in a Formula E car will increase the efficiency of the engine.







	Pizzas are usually delivered warm to your door from the nearest pizza parlour. The pizzas are kept warm by a combination of a stiff cardboard box and an insulated pizza box carrier, which has a silvered material on its inside surface, a bubble-wrap insulator surrounding and a close-fitting Velcro sealed opening flap.


	Describe how the following design features reduce thermal loss from the pizza. You should state which thermal transfer process is being minimised in each case.


	Stiff cardboard box

	Silvered inside surface

	Bubble-wrap insulator

	Close-fitting Velcro sealed opening flap







	The pizza carrying system has a surface area of 0.58 m2 and a total U-value of 0.83 W m–2 °C–1. The pizzas come out of the oven and go into the box at a temperature of 95 °C, and the outside air temperature is 12 °C. Calculate the thermal power loss from the carrying system. [3]

	The pizza box has a temperature sensor inside. The sensor measures the temperature inside the pizza box every 10 minutes for 1 hour. The table shows this data.



	Time/minutes
	0
	10
	20
	30
	40
	50
	60



	Temperature/°C
	95
	61
	46
	37
	31
	30
	30







	Plot the values in the table on a graph. Draw a line of best fit.

	On the same graph, sketch the line that you would expect if the pizza box was removed from the insulated carrying system. Explain your answer. [2]
















	the axes have a linear scale and an identified origin

	the axes are labelled and have the correct units

	the points are plotted correctly (within ±0.5 grid squares)

	the best fit line is drawn as one smooth line, through the majority of the points.









	Biofuels are an important future energy source. One form of biofuel involves turning waste vegetable oil from the catering industry (e.g. fish and chip restaurants) into biodiesel that can be used in diesel engines for vehicles.


	Suggest why biodiesel is considered a renewable fuel.

	State one advantage and one disadvantage of using biodiesel to fuel vehicles.

	In a biodiesel engine, the useful power output as kinetic energy is 195 kW. The total power supplied by the biodiesel is 0.748 MW. Calculate the efficiency of the engine. [2]

	The UK Government are phasing out combustion-based vehicles by 2035, so all new vehicles will have to be electric. This will help the UK to meet its Climate Change targets. Explain why biodiesel engines will not be allowed in the future. [2]







	An electrical engineer is designing a de-mister for the back window of a car. They have designed some thin transparent resistor heating elements that can be glued to the inside of the window. One resistor, A, needs to be fitted to the small side window, and the others, B, C, D and E, will be fitted to the back window. The resistors can be arranged in two configurations, X and Y. Configuration X has resistor A in series with resistors B, C, D and E, which are connected in parallel with each other. Configuration Y has all five resistors connected in series. The battery has a voltage of 12.5 V.



	Calculate the total resistance of circuit Y. [1]

	Calculate the current flowing through resistor A in circuit Y.

	Calculate the total resistance of circuit X. [2]

	Calculate the current flowing through resistor A in circuit X.

	Compare the currents flowing through resistor B in both circuits.

	State which circuit, X or Y, will have the bigger rate of heat loss on the main window. [2]







	The voltage–current values of two components, P and Q, are shown in the table below:



	Current, I (A)
	0.0
	0.02
	0.04
	0.06
	0.08
	0.10



	Voltage, V (V)
	Component P
	0.0
	2.4
	4.8
	7.2
	9.6
	12.0



	Component Q
	0.0
	0.6
	1.4
	3.3
	6.7
	14.0







	Draw a circuit diagram showing how you would obtain the data for component P.

	Plot a graph of the data and draw suitable lines of best fit. [4]

	Identify component P and component Q. [2]

	Calculate the resistance of component P. [2]

	Use the graph to estimate the current and voltage values of component Q, when it has the same resistance as component P. [2]

	Compare how the rate of heat loss from each component varies with the current. [2]







	The circuit diagram below shows part of the control circuit for the solar panels on a satellite. Each solar panel (SP1 to SP5) is controlled by a controller with a resistance of 32 Ω.

[image: image]



	Calculate the total combined resistance of SP1 and SP2 in parallel.

	Calculate the overall resistance of the circuit. [1]

	Calculate the current drawn from the power supply.

	SP3 is a heavier solar panel and requires a more powerful controller. Calculate the power of the SP3 controller.

	On board satellites, it is very important that all the conducting components are insulated from each other to prevent short circuits. Suggest a material that could be used to insulate the conductors.

	The solar panels are in use for 12 hours per day. Calculate the total charge that flows through controller SP3 in 12 hours.

	The controllers contain a mixture of metal conductor components and semiconductor components. Both types of component need to be insulated to prevent them from heating up too much or cooling down too much. Describe the effect of temperature on the resistance of each type of component. [2]







	A student is designing a simple digital thermometer using a 14 Ω fixed resistor connected in series with a thermistor and a power supply. They also have a digital voltmeter and a beaker of hot water and a thermometer.


	State and explain where the student should connect the voltmeter into the circuit so that when the temperature of the thermistor goes up, the voltage reading goes up. [2]

	The figure shows how the resistance of the thermistor varies with temperature.

[image: image]






	Temperature /°C
	10
	20
	40
	60
	80
	100



	Current /A
	0.10
	0.09
	0.07
	0.05
	0.03
	0.01



	Resistance of thermistor/Ω
	85
	58
	30
	18
	9
	4



	Voltage across thermistor/V
	8.5
	 
	 
	 
	 
	0.04










	Plot a VI graph of the data in the table. [4]

	Use the data in the question to determine the voltage across the 14 Ω fixed resistor when the temperature is 20 °C.

	Calculate the voltage of the power supply. [2]







	A mobile phone battery has a voltage of 3.79 V. It provides a power of 6.0 W to the screen and the processors connected in series.


	Calculate the current drawn from the battery when the phone is in use. State the correct unit for current.

	The battery has a charge capacity of 4.29 × 104 C before the battery needs to be recharged. Calculate the time taken before the battery needs to be recharged if the phone is constantly drawing the current calculated in 10.1. [2]

	The total resistance of the processors is 0.8 Ω. Calculate the voltage across the processors. [2]

	Calculate the rate of heat loss from the processors.

	Suggest a reason why the charging time for a mobile phone battery is less when the charger has a higher voltage.







	A sports scientist is analysing the motion of a 0.450 kg rugby ball that is kicked off a kicking tee on the ground. The ball rises vertically, before reaching its highest point and falling back to the ground. She records the motion using a slow-motion video analysis system. She records the motion of the ball using a camera and then feeds the images into the analysing software.


	She measures the initial velocity off the ground. Name the store of energy that the ball has immediately after it has been kicked. [1]

	Explain, in terms of forces, why the ball remains stationary on the kicking tee before it is kicked.

	The ball rises to a height of 21 m in 2.2 seconds. Calculate the average speed of the ball during this time. [2]

	The speed of the ball at the top of its flight is 0 m s–1. Calculate the deceleration due to gravity and state its unit.

	Explain, in terms of energy, why the ball rises to a maximum height and then falls back to the ground.

	Calculate the gravitational potential energy of the ball at the top of its flight. [2]







	During a car crash, air bags are deployed inside the car. These bags rapidly fill with air and cushion the driver and passengers from hard impacts with the dashboard or the front seats.


	Explain, using the concept of momentum and Newton’s Second Law, why air bags reduce injuries caused by car crashes.

	State the Law of Conservation of Momentum. [1]

	During a low speed collision, a moving car of mass 1100 kg, travelling at 4.5 m s–1, collides with a small stationary van of mass 1600 kg. The two vehicles lock together and move after the collision at a lower speed. Calculate the speed of the car/van combination immediately after the collision. [5]







	During a sprint relay, the baton is handed over in a 20.0 m ‘changeover’ box. The recipient of the baton accelerates from rest so that she is sprinting at the same speed as the baton donor sprinter at the end of the box.


	The donor sprinter is running at 9.0 m s–1 inside the changeover box. Calculate the time taken for the donor sprinter to travel the length of the changeover box.

	The recipient sprinter needs to be running at the same speed as the donor sprinter at the end of the box, and she starts running as the donor sprinter just enters the box. Calculate the acceleration of the recipient sprinter. [3]

	A velocity–time (v–t) graph of the donor sprinter’s motion is shown in the figure. Calculate the acceleration of the donor sprinter. [2]

	Use your value for acceleration to calculate the total distance travelled by the donor sprinter before the handover.

	The recipient sprinter sprints at 10 m s–1 for most of the race but she decelerates at –2.3 m s–2 for the last 2.5 seconds of the race. Calculate the distance travelled by the recipient sprinter during the last 2.5 s of the race. [2]












[image: image]
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