






[image: image]










Cambridge Checkpoint Lower Secondary Science Teacher’s Guide with Boost subscription

Created with teachers and students in schools across the globe, Boost is the next generation in digital learning for schools, bringing quality content and new technology together in one interactive website.

The Cambridge Checkpoint Lower Secondary Science Teacher’s Guides include a print handbook and a subscription to Boost, where you will find a range of online resources to support your teaching.

●Confidently deliver the new curriculum framework: Expert author guidance on the different approaches to learning, including developing scientific language and the skills required to think and work scientifically.

●Develop key concepts and skills: Suggested activities, knowledge tests and guidance on assessment, as well as ideas for supporting and extending students working at different levels.

●Support the use of ESL: Introductions and activities included that have been developed by an ESL specialist to help facilitate the most effective teaching in classrooms with mixed English abilities.

●Enrich learning: Audio versions of the glossary to help aid understanding, pronunciation and critical appreciation.

To purchase Cambridge Checkpoint Lower Secondary Science Teacher’s Guide with Boost subscription, visit www.hoddereducation.com/cambridge-checkpoint-science












[image: image]















[image: image]












To Tabitha, Holly and Pippa


Cambridge International copyright material in this publication is reproduced under licence and remains the intellectual property of Cambridge Assessment International Education.


The Boost knowledge tests and answers have been written by the authors. These may not fully reflect the approach of Cambridge Assessment International Education.


Every effort has been made to trace all copyright holders, but if any have been inadvertently overlooked, the Publishers will be pleased to make the necessary arrangements at the first opportunity.


Although every effort has been made to ensure that website addresses are correct at time of going to press, Hodder Education cannot be held responsible for the content of any website mentioned in this book. It is sometimes possible to find a relocated web page by typing in the address of the home page for a website in the URL window of your browser.


Third-party websites and resources referred to in this publication have not been endorsed by Cambridge Assessment International Education.


Hachette UK’s policy is to use papers that are natural, renewable and recyclable products, made from wood grown in well-managed forests and other controlled sources. The logging and manufacturing processes are expected to conform to the environmental regulations of the country of origin.


Orders: please contact Hachette UK Distribution, Hely Hutchinson Centre, Milton Road, Didcot, Oxfordshire, OX11 7HH. Telephone: +44 (0)1235 827827. Email education@hachette.co.uk Lines are open from 9 a.m. to 5 p.m., Monday to Friday. You can also order through our website: www.hoddereducation.com


ISBN: 978 1 3983 0209 9
eISBN: 978 1 3983 0216 7


© Peter D Riley Ltd 2022


First published in 2005


Second edition published in 2011


This edition published in 2022 by


Hodder Education,


An Hachette UK Company


Carmelite House


50 Victoria Embankment


London EC4Y 0DZ


www.hoddereducation.com


Impression number    10  9  8  7  6  5  4  3  2  1


Year   2026  2025  2024  2023  2022


All rights reserved. Apart from any use permitted under UK copyright law, no part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying and recording, or held within any information storage and retrieval system, without permission in writing from the publisher or under licence from the Copyright Licensing Agency Limited. Further details of such licences (for reprographic reproduction) may be obtained from the Copyright Licensing Agency Limited, www.cla.co.uk


Cover photo © Satit_Srihin – stock.adobe.com


Illustrations by Integra Software Services Pvt. Ltd., Pondicherry, India


Typeset in Integra Software Services Pvt. Ltd., Pondicherry, India


Printed in Bosnia & Herzegovina


A catalogue record for this title is available from the British Library.


[image: image]














How to use this book





To make your study of Cambridge Checkpoint Science as rewarding as possible, look out for the following features when you are using this book:






	●  These aims show you what you will be covering in the chapter.
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Do you remember?


This will show you the ideas you have learnt before. Think about what you already know before you begin.
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Science activity


Science activities may be about developing a science skill or making a science enquiry.







Science in context


In this box you will find information about how scientists working alone or together have built up our understanding of the world over time, how science is applied in our lives, the issues it can raise and how its use can affect our global environment.







Science extra


The information in these boxes and any other boxes which have the ‘Science extra’ heading is extra to your course, but you may find these topics interesting and they may help you with your understanding of the overall chapter topic.







Summary


This box will show you how much you have learnt by the end of the chapter.







DID YOU KNOW?


This is a fact or piece of information that may make you think more deeply about the topic, or that you may share as a fun fact with your family and friends.








This book contains lots of activities to help you learn. Some of the questions will have symbols beside them to help you answer them.
Look out for these symbols:
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	This blue dot shows you that you have already learnt some information to help you with this topic.
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	If a question has a purple link symbol beside it, you will have to use your skills from another subject.
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	This star shows where your thinking and working scientifically enquiry skills are being used.
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	Scientists use models in science to help them understand new ideas. This icon shows you where you are using models to help you with your ideas in science.
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	This icon tells you that content is available as audio. All audio is available to download for free from www.hoddereducation.com/cambridgeextras







	[image: image]

	There is a link to digital content at the end of each unit if you are using the Boost eBook.














CHALLENGE YOURSELF


These activities are a challenge! You may have to think a bit harder to get the correct answer.







LET’S TALK


When you see this box, talk with a partner or in a small group to decide on your answer.
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Work safely


This triangle provides you with extra guidance on working safely.





Words that look like this are glossary terms, and you will find definitions for them in the glossary at the back of this book. Other key terms that may not be included in the glossary look like this.















Introducing science







In this chapter you will learn:




	●  how to describe and explain in science



	●  how to continue to think and work scientifically



	●  how to look closely at scientific enquiry



	●  how to use models and analogies in science



	●  how to think creatively



	●  how to thought-shower



	●  how to move from measurement to calculation.
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Do you remember?




	●  How do we think the solar system formed?



	●  Describe the structure of the Earth.



	●  What are the main parts of an animal cell?



	●  How can you tell an animal cell from a plant cell?



	●  Name five forms of energy.



	●  What do you use an ammeter for?










Describing and explaining in science


You should be able to answer all the questions in the Do you remember? section from the work you did last year. The answers to these questions are quite short, but can you answer longer questions which need more scientific description and explanation? Here are some to try.
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a
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b


▲  Figure 1 In Figure 1a a Bunsen burner is shown, but you may have used a spirit burner as shown in Figure 1b.








	1   How would you set up the equipment to heat a liquid, and how would you take its temperature?
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	2   How would you test a liquid to find out if it was an acid or an alkali? What results would you look for?
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▲  Figure 2








	3   How would you set up a microscope to look at a specimen on a slide?











DID YOU KNOW?


The first people to really begin to have ideas about the world were the Ancient Greeks. They spent a lot of time arguing about what they thought!
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▲  Figure 3










Thinking and working scientifically


Science enquiry


The store of scientific knowledge has been built up by making scientific enquiries. A scientific enquiry is divided into three stages, and in each stage there are five or more scientific activities, as shown starting below.


Setting up an enquiry




	●  Look at a hypothesis and think about whether it can be tested.



	●  Think about how the evidence for an enquiry could support or contradict a hypothesis.



	●  Use your scientific knowledge and understanding to make a prediction of what might happen in an enquiry.



	●  Use a range of types of investigations in your planning of enquiries, remembering that they do not all involve fair tests, and think about the variables you need to consider as you plan.



	●  As you plan, think about the risks you may encounter and make a risk assessment to control them.
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▲  Figure 4 Collaboration can be important when setting up a scientific enquiry.






Scientific enquiry: purpose and planning


Carrying out an enquiry and recording data 




	●  Use your classification skills in testing and observing organisms, materials, objects and phenomena, such as biological, chemical and physical processes.



	●  Select equipment for your enquiry and use each piece properly and safely.



	



	●  Decide to make a small number of observations or measurements (perhaps three) and record them. Look through them to see if they differ or are the same. If they differ make more observations and measurements until you think the data is reliable and can be used to test your hypothesis.



	●  Use all measuring instruments to provide accurate and precise measurements, explaining why this is necessary.



	●  Work safely at all times and follow the guidance in risk assessments that have been made.



	●  Use information from a range of secondary sources, such as books and the internet, but evaluate them with care to make sure they are relevant to your enquiry and are not providing biased information.



	●  Collect enough observations and measurements to make your data reliable, and record them in a form that will be easy to analyse and evaluate.
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▲  Figure 5 Knowing how to use equipment and to record data accurately is an essential skill.






Examining the results and drawing a conclusion




	●  Compare the predictions with the results of the enquiries and assess their accuracy.



	●  Look through the results to see if they show a pattern or a trend, and note any. Look for results (known as anomalous results) which do not fit in with any pattern or trend and note them too.



	●  Look through the results, interpret what you see and draw a conclusion, but explain how the conclusion could be limited and might not provide a full answer to the enquiry.



	●  Review the investigations and experiments you have made in the enquiry and state how they may be improved. Explain why the changes you may have identified will provide more reliable data for the enquiry.



	●  Communicate your observations and measurements by presenting them clearly and providing a clear interpretation of what you think they show.
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▲  Figure 6 Scientists communicate their findings to peers, which helps to further scientific discovery.







A closer look at scientific enquiry


There are many scientific terms featured in the discussion of the scientific activities above, and, to help you use these words when thinking scientifically and explaining your work to others, here are some descriptions of a few of them.




	●  Questions – scientific enquiries begin with questions. This is based on an observation and usually begins with words like how, if or when.



	●  Hypothesis – an idea to explain an observation. In science it must be a testable hypothesis. This means that the explanation can be tested by a scientific enquiry such as an experiment. Some hypotheses are untestable. Two examples of untestable hypotheses are ‘red is better than yellow’ and ‘unicorns make the sky blue’.











	●  Prediction – a guess, using your knowledge and understanding, at what might happen when an experiment or investigation is carried out.



	●  Investigation – a process to find something out, which may or may not involve an experiment.



	●  Experiment – a process in an investigation when a condition or variable is changed to see how it affects other conditions or variables.



	●  Variables – features that are investigated in an experiment. There are three kinds: the independent variable (this is the variable or condition that the scientist changes in the experiment); the dependent variable (this is the variable or condition that changes as a result of changing the independent variable); the control variable (this is a variable that could affect the results of the experiment but is not to be investigated at this time, so it is kept constant or the same). In some experiments the effect of temperature would not be required so the temperature is kept constant and is controlled.



	●  Fair test – an experiment in which all variables are kept constant except the independent variable so that its effect on the dependent variable can be observed.



	●  Trend – the way data changes gradually from one value to another; for example, the numbers go up or down over time.
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▲  Figure 7 This graph shows an upward trend over time.
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▲  Figure 8 This graph shows a repeating pattern.








	●  Pattern – the way a set of data is repeated over time.



	●  Anomalous result – a result that does not fit into a trend or a pattern.



	●  Data – the collection of facts or measurements, collected during an investigation, which is analysed, evaluated and used to draw conclusions.










Thinking and working scientifically


Models and representations


Using models and analogies in science


When the data collected in a scientific enquiry is analysed and evaluated and conclusions are drawn, scientists sometimes make a model so that data and conclusions are easier to understand. In Grade 8 you should be able to:




	●  Know what an analogy is and how analogies can be used in making models.



	●  Use an analogy that is widely known in a scientific explanation.



	●  Represent some scientific ideas using symbols and formulae.
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CHALLENGE YOURSELF


Using any symbols you can remember for drawing scientific diagrams, draw a diagram for the equipment being used in Figure 9.


[image: image]

▲  Figure 9









In science, a model is something that is used make the objects, systems and/or processes easier to understand. Using a model can help you make predictions or explain your observations.


Models can be physical or conceptual. Physical models are often 3-D representations, for example: a model of a circuit, or a model that uses balls to represent the rotation of Earth around the Sun. An aquarium in the laboratory could be used as a model of a pond.


Conceptual models are about relationships between the things being studied, for example, a model Earth orbiting the Sun can also be a conceptual model, because it shows the relationship between them. However, most conceptual models are drawings, diagrams, photographs, charts and graphs or equations.


It is important to think about and identify the limitations of any models used. You will be given opportunities to develop this skill throughout this student book.


An analogy is the comparison of one thing (something unfamiliar) with something else (which is more familiar). The aim of the comparison is to make the unfamiliar thing easier to understand by thinking about something more familiar. The familiar thing is called the ‘analog’ of the unfamiliar thing. For example, a boiled egg can be used as a model for the structure of the Earth. The boiled egg is the model of the planet and the parts inside the egg are analogies for parts of the planet – the shell (crust), white (mantle), yolk (core). These analogies can be used to help you understand the structure of the Earth. This year we shall look at analogies more closely and assess their usefulness, and you will even make your own.


[image: image]

▲  Figure 10 Everyday items can be used for scientific analogies and models.






For example, a football and a table tennis ball can be used as analogies for the Sun and the Earth. They can be used to make a model of how the Earth goes around the Sun. In this model, someone holds up the football and a second person walks around them with the table tennis ball.






Creative thinking


You might think that creative thinking is all about writing poetry or painting a picture, and that it is only to do with arts subjects, not science. However, creative thinking is very important in science too, as it allows scientists to think freely about a question and come up with lots of suggestions which could be tested. Sometimes creative thinking helps them to find links between ideas and information, and this helps scientists to set up a scientific theory.






	4   Look at Figure 11. Who is thinking about a question and who thinks they may have made a discovery?



	5   To begin a creative thinking exercise, it is important to get the brain to relax and think about connecting things which you would not normally link together. Does the temperature of a liquid affect the speed at which it flows?



	6   Which property is being investigated in each of the tests 1–6?
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▲  Figure 11 At any time, scientists can have a creative thought which could help them in their discoveries, just like these students, as they prepare to study in the laboratory and out in the environment.






To be a creative thinker you need to have a lot of things to think about, so the more you research and find out, the better your chances of thinking creatively. Imagine that you have been given two blocks made of different materials and have been asked to compare them. If you think about the properties of materials which you investigated last year, you may come up with the following series of tests.




	1  Bend each block.



	2  Scratch the corner of one block on the flat surface of the other to see which makes the deeper mark.



	3  Hit each block with a hammer to see which one is shaped more by the impact.



	4  Put the same amount of water on the top of each block and look to see whether any goes inside the block.



	5  Put each block in warm water and, after a few minutes, test whether one feels warmer than the other.



	6  Put each block into a simple electrical circuit with a battery, switch and lamp, and find out whether either of them conducts electricity.









All of these ideas may come to you from your work last year, but how would you find out which block was the shiniest? You may have to think harder.


You could begin by thinking about which source of light to use and you might conclude that a flashlight would be the best thing. You could then shine it on the same area of flat surface of each block to make the test fair and to see which block shines more.


In science investigations, however, something is usually measured, so how could you measure the shininess of each block?


Your creative thought might flow in the following way.


[image: image]

▲  Figure 12 Equipment for measuring reflection.










	7   How can you use the measurements to show which block is shinier?













Thought-showering


A group of between five and seven people can take part in a creative-thinking exercise called thought-showering. A problem is given to the group and everyone makes suggestions about how it could be investigated. It is just an idea-collecting exercise, and one person should write down the ideas as they occur. Any idea can be submitted, even the first idea someone thinks about. It does not matter if it seems silly, as it might give someone else another more serious idea. Once a list of suggestions has been collected, the thought-showering can be stopped and the group can then select ideas from their list to test.




LET’S TALK


Do people memorise facts better in silence or when they listen to music? How could an investigation on this topic be carried out? Thought-shower in a group, then build an investigation to find out.
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Make a prediction, then carry out your investigation and present your results and conclusions to the rest of the class.






From measurement to calculation


The measurements collected in an enquiry, in order to provide information that answers one question, can sometimes also be used to answer other questions by performing a calculation on them. Here is an example.
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If you walk 20 paces, do you always cover the same distance?


The plan for this investigation is to walk 20 paces and measure the distance covered with a long tape or a metre rule. This activity is repeated twice more.


The measurements are recorded in a table.


▼ Table 1




















	

Walk




	

1




	

2




	

3









	

Distance covered/m




	

15.5




	

15.3




	

15.7












When the data in the table is examined, it reveals the answer to the question – that the same distance is not covered every time.


This discovery leads to another question: how much difference is there between the longest distance and the shortest distance? This in turn leads to a simple calculation: the subtraction of the longest distance from the shortest, which is 15.7 − 15.3 = 0.4 m.


The examination of the data also leads to a third question: how can the average (mean) length of pace be worked out from the data? The answer is revealed by doing a slightly more complex set of calculations.


The average (mean) distance is found by adding together the three distances covered:


15.5 + 15.3 + 15.7 = 46.5 m





Then dividing the total by 3:


46.5 ÷ 3 = 15.5 m


Then converting the average (mean) distance from metres to centimetres:


15.5 × 100 = 1550 cm


The average (mean) length of pace is found by dividing the average (mean) distance in centimetres by 20:


1550 ÷ 20 = 77.5 cm









	8   Does the data in the table support or contradict this hypothesis: ‘The length of every pace is always the same as you walk along’? Explain your answer.



	9   What equipment was used in the investigation?








	
10 a  What risks could there be to the safety of the walker if the investigation took place outside?




	b  How could you make sure the investigation was safe to carry out?













	11 How was the data made more reliable?



	12 How was the data presented for examination?











Summary




	✔  Facts and activities in science can be communicated by describing and explaining.



	✔  The Science enquiry activities in thinking and working scientifically can be divided into three sections.



	✔  There are a number of scientific terms which are used regularly when talking or writing about science.



	✔  Models and analogies can help us to understand scientific discoveries.



	✔  Creative thinking is used in devising investigations.



	✔  Investigations can be planned by thought-showering.



	✔  Calculations of measurements can be used to answer questions.











End of chapter questions
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	1  Does the length of your pace change when you change from walking to jogging? Plan an investigation to find out, and be sure to make a risk assessment, state your equipment and collect data you think is reliable. If your teacher approves, try it.






[image: Image]



	2  How could you modify your plan in the answer to Question 1 to find out if a person’s pace changes when they change from jogging to walking? If your teacher approves, try it.

















1 Joints and muscles




In this chapter you will learn:


	●  to identify hinge joints and ball-and-socket joints


	●  about X ray photographs of joints (Science in context)


	●  how antagonistic muscles move the bones at a hinge joint.
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Do you remember?


	●  State three important functions of the skeleton.


	●  Point to these bones in your body – skull, jaw, rib cage, hip, spine, a leg bone, an arm bone.




[image: image]
▲  Figure 1.1 A human skeleton.




[image: image]
▲  Figure 1.2 Trying out some equipment in a gym.




	●  How can you tell a muscle from a bone?


	●  How do pairs of muscles make bones move?







LET’S TALK

What are the most common bones that people break? Do a survey in class to see who has broken a bone. Extend this to thinking about family and friends to try to provide a fuller answer. If someone has broken a bone and feels they can talk about it, ask how they broke it, how was it repaired and how long it took to heal.





In this chapter we are going to look at types of joints which allow bones to move and how muscles move bones in one type of joint – the hinge joint.

[image: image]


Joints

The place where bones meet is called a joint. In some joints, such as those in the skull, the bones are fused together and cannot move. Most joints, however, allow some movement. Some joints, such as the elbow or knee, are called hinge joints because the movement is like the hinge on a door. The bones can only move forwards or backwards. A few joints, such as the hip and shoulder joints, are called ball-and-socket joints because the end of one bone forms a round structure, like a ball, that fits into a cup-shaped socket. This allows movement backwards and forwards, from side to side and even circular movement, as when you move your arm in a circle.


DID YOU KNOW?

The strongest bone in the body is the femur. It is between your hip and knee joint.



Two examples of the hinge joint are the elbow joint and the knee joint. Two examples of the ball-and-socket joint are the hip joint and shoulder joint.

[image: image]
▲  Figure 1.3 The human skeleton.






	1   Use Figure 1.3 to find each marked joint on your own body. Can you tell which type of joint each one is by feeling how they move? Explain your answer.


	2   Label each letter shown on Figure 1.3 as either a hinge joint, or a ball-and-socket joint.









CHALLENGE YOURSELF

How are 3-D printers used to help people with damaged hands?

Survey the internet. Look at a few different sources. Do they all present their information in the same way, or are some biased or in favour of a particular point of view? Write a short account of three paragraphs or make a presentation of your findings.

This activity links well to thinking and working scientifically when you evaluate secondary sources of evidence for possible bias. It also links well to Science in context – how modern technology in 3-D printers can be used to address a real-life problem.




Science in context

X ray photographs of joints

When a joint is damaged through illness such as arthritis, or injury such as can occur in sport, doctors investigate by taking X ray photographs of the joint to help them plan a course of treatment.

X rays are a form of energy that can pass through flesh such as muscles and skin, but they are stopped by the material in bones, and this is what makes bones visible on X ray photographs.





	3   Why would a doctor use X rays to investigate first, rather than cut open the flesh around the joint to have a look?


	4   Here are X ray photographs of four joints.


	
Which joints are


	a  hinge joints and


	b  ball-and-socket joints?








[image: image]
▲  Figure 1.4 A Photograph showing an X ray of an elbow joint



[image: image]
▲  Figure 1.4 B Photograph showing an X ray of a hip joint
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▲  Figure 1.4 C Photograph showing an X ray of a knee joint



[image: image]
▲  Figure 1.4 D Photograph showing an X ray of a shoulder joint






LET’S TALK

What problems do people have with unhealthy joints? Think about older people you may know who have arthritis, or think of a time when you damaged a joint of your own in an accident or in a sporting injury.




Muscles in a hinge joint

Exercise the muscles in your upper arm to move your lower arm as shown in Figure 1.5.

[image: image]
▲  Figure 1.5 The muscles in your arm allow the hinge joint of your elbow to move like this.



The muscle action is producing movement across a hinge joint. To understand this action we need to look more closely at what is going on under the skin. Muscle is made up from tissue that has the power to move. It can contract to become shorter. A muscle is attached to two bones across a joint. When muscle gets shorter, it exerts a pulling force. This moves one of the bones, but the other stays stationary. For example, the biceps muscle in the upper arm is attached to the shoulder blade and to the radius bone in the forearm. When the biceps shortens (or contracts), it exerts a pulling force on the radius and raises the forearm.

[image: image]
▲  Figure 1.6 Biceps on arm bones.



[image: image]
▲  Figure 1.7 Triceps on arm bones.







	5   Draw a diagram featuring both the biceps and the triceps, showing the triceps fully shortened.


	6   Using dotted lines, draw on the position of the forearm when the biceps is fully shortened.






A muscle cannot lengthen or extend itself. It needs a pulling force to stretch it again. This force is provided by another muscle. The two muscles are arranged so that when one contracts it pulls on the other muscle, which relaxes and lengthens. For example, in the upper arm, the triceps muscle is attached to the shoulder blade, humerus and ulna. When it contracts, the biceps relaxes and the force exerted by the triceps lengthens the biceps and pulls the forearm down. When the biceps contracts again, the triceps relaxes and the force exerted by the biceps lengthens the triceps again and raises the forearm. The action of one muscle produces an opposite effect on the other muscle and causes movement in the opposite direction. The two muscles are therefore called an antagonistic muscle pair. The action can be summarised as follows:


	●  Biceps contracts, triceps relaxes, lower arm raised.


	●  Biceps relaxes, triceps contracts, lower arm lowered.





DID YOU KNOW?

Muscles are attached to bones by tendons. They do not stretch or shorten when the muscles do.




CHALLENGE YOURSELF

How does a muscle feel when it contracts and relaxes?

Stand up and let your left arm hang down by your side. Spread out the fingers of your right hand and push them into your biceps muscle. Move your fingers around a little to feel the muscle. Raise your left forearm, keeping the upper arm still, and feel the muscle with your fingertips. Lower your forearm again and feel the muscle.

Describe any changes that you felt in the muscle.




DID YOU KNOW?

Many scientists believe that the strongest muscle in the human body is the masseter muscle (or jaw muscle) which you use when you bite your food.
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Can you feel changes in the triceps muscle?

This activity is part of thinking and working scientifically. It takes you through the process of setting up and carrying out a scientific enquiry.

Scientists often use an observation from an activity to set up an investigation. Here is an example. The changes felt in the Challenge yourself about the biceps can be used to set up a hypothesis to investigate the triceps muscle.

Hypothesis

When you feel your triceps muscle and raise and lower your arm you should feel a change in the muscles.



Prediction

Use the results of the challenge to predict what might happen to the triceps muscle when you raise and lower your arm.

Planning your enquiry

What will you do to test the hypothesis and prediction?

Investigation and recording data

Write down how the triceps felt when you


	a  raised the forearm and


	b  lowered the forearm.




Examining the results

Compare your observations when the forearm is raised and lowered.

Conclusion

Compare the examination of the results with the hypothesis and your prediction, and draw a conclusion.

Is your conclusion limited in some way? Explain your answer.

What improvements could be made? Explain the changes that you suggest.




DID YOU KNOW?

Muscles which move your bones are called skeletal muscles, but there are two more types of muscle – smooth muscle which moves food along your digestive system, and cardiac muscle which forms the heart and pumps your blood around your body.





	7   Think about what you found out about the biceps in the challenge and the triceps in the investigation. Did you find any patterns or trends? Explain your answer.
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Modelling muscles

This activity provides you with a good opportunity to apply your thinking and working scientifically skills by creating and using a model as a representation of how the joints and muscles work together to make your arm move.

Figure 1.8 shows an idea for making a model of the arm using elastic bands for muscles.

[image: image]
▲  Figure 1.8 Model of an arm, using elastic bands for muscles.




Use the idea shown to make a model and demonstrate how the muscles work.

Here are some suggestions to help you make your model. You should discuss them with your teacher and perhaps search the internet for further ideas to make the model.



The bones could be made from straws or wooden craft sticks, and could be joined at the hinge with a carefully inserted drawing pin (thumb tack) which has its protruding point covered by a piece of sticky tack.

Thin elastic bands could be selected and held in place on the vertical stick by a notch cut into the stick by your teacher.

You may simply wish to try and hold the lower parts of the elastic band to the horizontal stick.

[image: image]

Describe the analogies used in your model.

What are the strengths and limitations of your model?



[image: image]


Science extra: Muscles and sports injuries

If a muscle is suddenly stretched hard, an injury called a pulled muscle can occur. One set of muscles which can be damaged in this way are the hamstring muscles at the back of the upper leg. They may be damaged by running hard in a sprinting race. Another set of muscles which can also be damaged in sports are the muscles on the inside of the top of the leg from hip to knee in an area called the groin. Groin injuries, called groin strains, can be caused by kicking, jumping, running and twisting at the same time.




LET’S TALK

Look at the two sections on sports injuries in this chapter, then find out how frequent sports injuries are in your class. Make a list of injury types and how they happened, and then discuss what was done to help people recover from them.




CHALLENGE YOURSELF

Use the internet to find out about the common sport injuries in tennis, athletics, cricket, football and any other sport of your choice. Are some injuries found in more than one sport? Explain your answer. This is a good opportunity for you to examine the sources of evidence you choose. Can you identify any bias in any of them?




Summary


	✔  Hinge joints, such as elbows and knees, move like the hinge on a door.


	✔  Ball-and-socket joints, such as shoulders and hips, allow more circular motion.


	✔  Science in context: X rays can be used to take photographs of joints.


	✔  Antagonistic muscles move the bones at a hinge joint.







End of chapter questions


	1  Name two hinge joints.


	2  Name two ball-and-socket joints.


	3  How is a hinge joint different from a ball-and-socket joint?


	
4  When the biceps contracts, what happens to


	a  the triceps?


	b  the lower arm?









	5  What do you understand by the term ‘a pair of antagonistic muscles’?






[image: image]

Now you have completed Chapter 1, you may like to try the Chapter 1 online knowledge test if you are using the Boost eBook.








2 Blood




In this chapter you will learn:


	●  about the parts of your blood and what they do


	●  about red blood cells and that they transport oxygen


	●  about sickle cell anemia (Science in context)


	●  about white blood cells and that they protect against harmful pathogens


	●  about plasma and that it transports blood cells, nutrients and carbon dioxide


	●  about glucose (Science extra)


	●  about saving lives with blood (Science in context).






[image: image]


Do you remember?


	●  What is the circulatory system?


	●  What travels around the circulatory system?


	●  Name some animals that have a circulatory system similar to yours.






When was the last time you saw your own blood?

Hopefully it was no more than a small cut or a graze, which everybody gets from time to time. From observations of our wounds we would say that blood is a red liquid, but it is much more. In this chapter we will look at what is in the blood and what the different parts of the blood do.

[image: image]
▲  Figure 2.1 The heart and major arteries and veins.



[image: image]
▲  Figure 2.2 A minor cut or graze.



[image: image]
▲  Figure 2.3 You can see centrifugal force in action by swinging a bucket of water around quickly.





You may have tried the activity, shown in Figure 2.3, of putting some water in a bucket and whizzing it around you.

The water does not fall out of the bucket and soak you because of an effect called the centrifugal force. From this observation, scientists built a piece of equipment, called a centrifuge, which can spin liquids in test-tubes very fast.

[image: image]
▲  Figure 2.4 A centrifuge.



When a test-tube of blood is spun in a centrifuge, the centifugal force pushes the most solid materials to the bottom and the liquid settles at the top, as Figure 2.5 shows.

If you were to use a special stain on a drop of blood and then examine it under the microscope, you would see two types of cells – a large number of red blood cells, and a few heavily stained white blood cells, as shown in Figure 2.6.

[image: image]
▲  Figure 2.5 The components of blood.



[image: image]
▲  Figure 2.6 Blood viewed under a microscope.







Red blood cells

Red blood cells collect at the bottom of the test-tube that is spun in the centrifuge. You can see in Figure 2.6 on the previous page that the red blood cells have a definite shape, and some of them seem lighter in the middle. The reason for this difference is that the centre of the cell, seen from the top, is thinner compared to the rim, which is thicker. Scientists call this shape a biconcave disc. Figure 2.7 shows just one side of a red blood cell with its rim raised above its centre. The other side has the same appearance.

[image: image]
▲  Figure 2.7 A red blood cell.




DID YOU KNOW?

The human body makes over a million red blood cells every second in the sternum, ribs and vertebrae of the skeleton. They travel round the body for up to 120 days before they are destroyed in the liver and in an organ called the spleen.




DID YOU KNOW?

There are 500 red cells for every white cell in a drop of blood.



A capillary is a small tube which takes blood through the tissues of cells. In the smallest capillaries, the red blood cells line up one after another to move through it.

[image: image] [image: image]


Modelling red blood cells in a capillary


You will need:

red modelling clay, a clear plastic sheet which can be cut up and rolled to make a tube, sticky tape to hold the tube together, and scissors.



Process


	1  Make a tube from the plastic sheet and sticky tape.


	2  Make model red blood cells (biconcave discs) to fit inside it.


	3  Keep your model for the Challenge yourself on page 13.








	1   Which part of the model represents the capillary?


	2   What colour are the red blood cells when they come from the other cells in the body back to the lungs?


	3   What colour are the red blood cells when they leave the lungs to go to the other cells in the body?


	4   As the blood goes round and round the body, why does it change colour?






Red blood cells transport oxygen from the lungs to all parts of the body. When they are transporting oxygen they are bright red and when they have released their oxygen to other cells in the body they are dark red.


DID YOU KNOW?

The chemical in the red blood cell that makes it appear dark red is called haemoglobin. When the cell passes through the lungs it combines with oxygen to make oxyhaemoglobin, which makes the cell bright red.






Science in context

Sickle cell anemia

There is a blood disorder called sickle cell anemia, which is inherited and is not contagious (passed between people). When the red blood cells release their oxygen to other cells in the body, they change their shape to a sickle shape (like a crescent), stick together and can block small blood vessels. This causes pain, and over time can lead to damage of the liver, heart, lungs and brain, and an early death.

The cause of the disorder was identified in the early twentieth century by using microscopes to check blood samples of people with the condition. The disorder is controlled by the use of painkillers, as the only cure is to have a bone marrow transplant and this is not possible in many cases.

Most of the people who have this disorder live in Africa, below the Sahara desert. In Nigeria, around 2% of newborn babies have the disorder, and at the University of Lagos, research led by Dr Joy Okpuzor is taking place to help them. This research is focused on the substances produced by the leaves of the moringa, or drumstick tree, and it is hoped that the results will help people with the condition.




CHALLENGE YOURSELF

How widespread is sickle cell anemia around the world? Use online maps to find out. Is your country affected? If it is, research further to find out what is being done to help people with the disease.




White blood cells

These form in the thin, light-coloured layer in the test-tube that was spun in the centrifuge (see Figure 2.5). White blood cells do not have a fixed shape like red blood cells. Their shape is described as an irregular shape. In fact, they keep changing their shape as the cytoplasm flows about inside them.

White blood cells defend the body against disease-causing microorganisms called pathogens. Harmful bacteria and viruses are two examples of pathogens. They may enter the body through a cut in the skin, or through the moist surfaces in the nose and mouth, and the inner surfaces of the lungs and digestive system.

White cells destroy pathogens. They gather in large numbers wherever the pathogens have entered the body. They destroy them by eating them, as Figure 2.8 shows.

[image: image]
▲  Figure 2.8 A white blood cell eating bacteria.





When a white blood cell has finished eating pathogens, it dies. If the pathogens have entered by a cut in the skin, a large number of dead white cells collect around the wound and form a substance called pus. As the amount of pus builds up to kill off the pathogens, a scab forms to keep more pathogens from entering the wound.


LET’S TALK

As you were growing up, there is a good chance that you had wounds caused by accidents that made scabs as your white blood cells attacked the invading pathogens. Think back and see if you can remember them. Did everyone develop scabs in the same places when they were children?



[image: image] [image: image]


Modelling a white blood cell attack

Process


	1  Use Figure 2.8 as a guide to make your model.


	2  What materials will you use? How big will you make your model?


	3  Draw up a plan and, if your teacher approves, make it.


	4  Keep your model for the Challenge yourself on page 13.








	5   Our blood has a certain number of white cells in it, ready for attacking pathogens. Sometimes this number goes down due to ill-health. Does a reduced number of white cells in the blood make it easier for pathogens to invade the body? Explain your answer.







Plasma

This is the straw-coloured watery liquid shown in Figure 2.5 (page 9). It transports the red blood cells and the white blood cells around the body. It also contains a range of substances dissolved in it which it transports too, such as carbon dioxide in small amounts. Plasma also contains nutrients absorbed from the digestive system, such as glucose, vitamins, fats and minerals, which are important in cell function.


DID YOU KNOW?

Some white blood cells make substances called antibodies, which stick to pathogens to make them easier for other white blood cells to attack.




Science extra: Glucose

Glucose is one of the nutrients found in plasma. It forms when carbohydrates (see page 26) are digested and it takes part in respiration in the cells of the body, which you will study in the next chapter.






Science in context

Saving lives with blood

People with injuries, diseases, or those recovering from operations sometimes need to be given blood to replace any they have lost. This blood is provided by an adult person called a blood donor. A blood donor may give about 470 cm3 of their blood at one time. They may make up to four donations a year. Over 100 million blood donations are made every year in countries across the world. There is even a World Blood Donor Day!

[image: image]
▲  Figure 2.9 A person donating blood.



Each person’s blood has a certain set of features. Some people have blood with similar features, but some people have different features in their blood. If a person is to receive blood, it has to be similar to their own, so great care is taken to match the donor’s blood to the person receiving it.

The donated blood is treated to preserve it and is stored in a blood bank, ready for use. When it is needed, it is transported to hospitals or emergency sites and is released into the patient in a process called a blood transfusion.

[image: image]
▲  Figure 2.10 A person receiving a blood transfusion.





[image: image]


CHALLENGE YOURSELF

Make a presentation about blood, using your models from earlier in the chapter and any other information you may have. You could begin with a ‘Did you know?’ based on the following information:


	●  A newborn baby has about 270 cm3 of blood in its body, a child has about 2650 cm3 and an adult has between 4500–5700 cm3.




You could use containers of water, coloured with red food dye, to illustrate these facts and communicate them to the class, then continue with your own presentation, or even make a video.





	6   When a person needs blood, why must it be delivered to them quickly?









Summary


	✔  Blood is made up of plasma, red blood cells, and white blood cells.


	✔  Red blood cells transport oxygen.


	✔  Science in context: Red blood cells are concave; in someone who suffers from sickle cell anemia they are shaped like a crescent.


	✔  White blood cells protect against harmful pathogens.


	✔  Plasma transports blood cells, nutrients and carbon dioxide.


	✔  Science in context: Blood transfusions can be given to patients who need replacement blood.







End of chapter questions


	1  Describe the appearance of a red blood cell (not just its colour).


	2  What does a red blood cell carry round the body that cells need?


	3  Describe the appearance of a white blood cell (not just its colour).


	4  What task do white blood cells perform to keep the body alive?


	5  What is the plasma and what does it do?


	
6  Imagine you are in a tiny submarine travelling in the blood.


	a  When you look out of the window, what do you see?


	b  What do you see when you come to a wound with a broken blood vessel?










[image: image]

Now you have completed Chapter 2, you may like to try the Chapter 2 online knowledge test if you are using the Boost eBook.








3 The respiratory system




In this chapter you will learn:


	●  the difference between breathing and respiration


	●  about summary word equations and how to use them to explain aerobic respiration


	●  about aerobic respiration in plant and animal cells and how it gives a controlled release of energy


	●  about anaerobic respiration (Science extra)


	●  how the respiratory system is structured to enable gas exchange


	●  about the windpipe (trachea) (Science extra)


	●  about asthma (Science in context)


	●  about the diffusion of oxygen and carbon dioxide between blood and the air in the lungs.






[image: image]


Do you remember?


	●  What gas do we need from the air to keep us alive?


	●  What do we do to take this gas into our bodies?


	●  What is the human respiratory system?


	●  What other vertebrates have a respiratory system that is similar to ours?


	●  How do you breathe when you have finished running a race as shown in Figure 3.1? (You can find an explanation on page 16).






[image: image]
▲  Figure 3.1




The terms respiration and breathing are often confused, but they do have different meanings.


Breathing

Breathing describes just the movement of air in and out of the lungs. Breathing can also be described as ventilation.


Respiration

Respiration is a series of chemical reactions, taking place inside cells, to release energy. This series of chemical reactions can be summarised and represented by the word equation that is shown on the next page.



In a word equation, the reactants (the starting materials) are shown on the left of the arrow and the products (the materials that are produced) are shown on the right of the arrow:

glucose + oxygen → carbon dioxide + water



	1   What would happen if the energy was released in an uncontrolled way?


	2   What are the life processes that take place to show that an organism is alive?






You can see that in this summary of respiration, oxygen is a reactant. This type of respiration is called aerobic respiration. Aerobic respiration takes place in the mitochondria of the cells in all plants and animals, including in all our own body cells. The energy is released in a controlled way so that it can be used by other parts of the cell to keep the cell and the body alive.


Science extra: Anaerobic respiration

This process occurs when the body cannot get enough oxygen for aerobic respiration to take place. For example, when you sprint, you cannot breathe fast enough to get the oxygen you need to release energy for your muscles. The body responds by releasing the energy through a different process called anaerobic respiration, and other substances are made. These need to be broken down by aerobic respiration, so when your sprint is over, you breathe in large quantities of air quickly to provide the oxygen that is needed.
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