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Get the most from this book



Welcome to the WJEC GCSE Applied Science Student Book. 


This book covers all of the Foundation and Higher-tier content for the 2016 WJEC GCSE Applied Science Single and Double Award specifications.


The following features have been included to help you get the most from this book.


Key terms


Important words and concepts are highlighted in the text and clearly explained for you in the margin.
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These activities usually involve the use of second-hand data that could not be obtained in the school laboratory, along with questions that will test your scientific enquiry skills.
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These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.
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These are questions that could be answered by individuals, but that benefit from discussion with your teacher or others in your class. In such cases there are usually a variety of opinions or possible answers to explore.


Most of the content in this book is suitable for all students. However, some chapters should only be studied by those taking WJEC GCSE Applied Science: Double Award. This content is clearly marked by a green line on the pages. Students taking WJEC GCSE Applied Science: Single Award do not need to study these pages.
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Full practical guidance is not included in these boxes; you will complete specified practicals in class under the direction of your teacher. These activities will help consolidate your learning and test your understanding of practical skills. Completing these will help you prepare for questions on practical work that come up in the exam


▶ Practice questions


You will find practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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This provides an overview of everything you have covered in a chapter and is a useful tool for checking your progress and for revision. 


Some material in this book is only required for students taking the Higher-tier examination. This content is clearly marked by the Higher [image: Image] icon.
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[image: Image] Worked example


Examples of questions and calculations that feature full workings and sample answers.


[image: Image] Specified practical


WJEC’s specified practicals are clearly highlighted. Full practical guidance is not included in these boxes; you will complete specified practicals in class under the direction of your teacher. These activities will help consolidate your learning and test your understanding of practical skills. Completing these will help you prepare for questions on practical work that come up in the exam.
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Answers


Answers for all questions and activities in this book can be found online at: www.hoddereducation.co.uk/wjecappliedscience
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1    The cell and respiration


Cells are the basic ‘unit’ of all living things. Cells were first seen through a microscope and described by Robert Hooke (1635–1703) in 1665.

Although all cells have features in common, there are also differences. Some of those differences allow scientists to classify cells as either animal cells or plant cells.


▶ Plant and animal cells

All cells in both plants and animals have certain features in common:


	▶  cytoplasm – a ‘living jelly’ where most of the cell’s chemical reactions go on


	▶  cell membrane – surrounds the cytoplasm and controls what enters and leaves the cell


	▶  nucleus – contains DNA, the chemical which controls the cell’s activities.




Plant cells can be distinguished from animal cells because they have some extra features:


	▶  a cell wall – made of cellulose, this surrounds all plant cells


	▶  central vacuole – a large, permanent space filled with liquid cell sap


	▶  chloroplasts – absorb the light plants need to make their food by photosynthesis and are found in all plant cells but never in animal cells.




Figure 1.1 shows examples of plant and animal cells, and the differences between them.

[image: image]
Figure 1.1 Animal cell (left) and plant cell (right) showing differences in structure 




Table 1.1 summarises the information you need to know about the structure of cells.
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sperm cell
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red blood cell
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xylem cell

Figure 1.2 Specialised cells




Table 1.1 A summary of cell structure









	
Organelle


	
Where found


	
Function







	
Nucleus


	
All cells


	
Contains DNA, which controls the cell’s activities





	
Cell membrane


	
All cells


	
Controls what enters and leaves the cell





	
Cytoplasm


	
All cells


	
Forms the bulk of the cell and is where most of the chemical reactions occur





	
Chloroplasts


	
Some plant cells


	
Absorb light for photosynthesis





	
Cell wall


	
Plant cells


	
Supports the cell





	
Vacuole


	
Plant cells


	
Filled with a solution of nutrients including glucose, amino acids, and salts







Cell specialisation

The first living organisms were single cells that carried out all life functions. Over time, organisms became multicellular, and cells were specialised for particular functions (Figure 1.2). This means some cells look very different to the examples in Figure 1.1.


Key term

Multicellular Consisting of more than one cell.




▶ Levels of organisation

During the development of an animal or plant, the cells are organised into groups called tissues. Different tissues are grouped together to form organs, and organs may have linked functions in organ systems. Definitions and examples of the different levels of organisation are shown in Table 1.2. An organism is the scientific term for any living thing – it may not actually have organs.

Table 1.2 Levels of organisation in the structure of living things









	
Level of organisation


	
Definition


	
Examples







	
Tissue


	
A group of similar cells with similar functions


	
Bone, muscle, blood, xylem, epidermis





	
Organ


	
A collection of two or more tissues with specific functions


	
Kidney, brain, heart, leaf, flower





	
Organ system


	
A collection of several organs that work together


	
Digestive, nervous, respiratory, shoot and root systems








[image: Image] Test yourself


	1  State three features that are found in both animal and plant cells.


	2  State three features that are found in plant cells but not in animal cells.


	3  What is the function of the cell wall in plant cells?


	4  Suggest a reason many plant cells do not contain chloroplasts. 


	5  At what level of organisation (cell, tissue, or organ) is the heart?







▶ Movement into and out of cells

To get into and out of cells, substances must pass through the cell membrane. The cell membrane is selectively permeable, which means it lets some molecules through but not others. In general, large molecules cannot get through the membrane, but smaller molecules can. Whether they do get through, which way they travel, and how quickly, depends on several factors. There are two processes by which substances move through membranes:


	▶  diffusion – particles ‘drift’ through the membrane


	▶  active transport – particles are actively ‘pumped’ through the membrane in a particular direction.




These are not full definitions. You will learn about these processes in detail later.


▶ Diffusion

Diffusion is the spreading of particles from an area of higher concentration to an area of lower concentration, as a result of random movement. We say the particles move down a concentration gradient (Figure 1.3).

Diffusion is a natural process that happens because all particles are constantly in motion. It is called a passive process because it does not require an input of energy. The movement is random. The particles move in all directions, yet the overall (net) movement is always from an area of high concentration to an area of low concentration. 

Two of the most important substances that enter and leave cells by diffusion are oxygen, which is needed for respiration, and carbon dioxide, which is a waste product of that process. The speed of diffusion can be increased by increasing the temperature, because that makes the particles move faster, or by increasing the concentration gradient.


Key term

Concentration gradient The difference between two concentrations.



[image: image]
Figure 1.3 Concentration gradient





[image: Image] Practical

How does the membrane affect diffusion?

Small molecules can get through the cell membrane, but large molecules cannot. In this experiment, you will be using starch (a large molecule), iodine (a small molecule) and Visking tubing, which is an artificial membrane. It has microscopic holes that let only small molecules through. Iodine stains starch blue–black.

Procedure


	1  The apparatus was set up as shown in Figure 1.4. The Visking tubing was filled with starch solution using the dropping pipette, taking care that no starch dripped down the outside of the tubing.


	2  The boiling tube was placed in a test-tube rack and left for about 10 minutes.


	3  The result was observed.




Questions


	1  Has the starch left the Visking tubing? How do you know?


	2  Has the iodine entered the Visking tubing? How do you know?


	3  Give a full explanation of these results. 




[image: image]
Figure 1.4 Apparatus for an experiment investigating how a membrane affects diffusion







▶ Active transport

[image: Image]

Diffusion transports substances down a concentration gradient. Sometimes, cells need to get particles into or out of the cytoplasm against a concentration gradient, from an area of lower concentration to an area of higher concentration. This will not happen by diffusion. To move the particles, the cell must use energy to ‘pump’ the particles against the concentration gradient. As this type of transport requires an input of energy, it is called active transport.


[image: Image] Test yourself


	  6  Diffusion is a passive process. What does the term passive mean?


	  7  What is a concentration gradient?


	  8  Why do sugar molecules get through the cell membrane, but starch molecules do not?


	  9  Why is it important to use the term net movement when describing diffusion?
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	10  Why is active transport needed in cells?







▶ Aerobic respiration

All cells need energy. This is produced by the breakdown of food molecules, which store chemical energy. Respiration is the process in which the food is broken down and the energy is released for use. If a cell stops respiring, it dies. Many other processes are needed for life, but respiration is continuous for the whole of the organism’s life.

The food molecule that is usually respired is glucose (although it is possible to use others). Most respiration is aerobic and oxygen is used up in the process. Carbon dioxide and water are produced as waste materials. 

The word equation for aerobic respiration is:

[image: Image]

The equation is an over-simplification. Aerobic respiration is a series of chemical reactions, controlled by enzymes. A number of different factors, including temperature and pH, affect the rate of respiration in a cell. 


Key term

Enzyme Biological molecule which acts as a catalyst, speeding up a chemical reaction but not taking part in it. 




▶ Anaerobic respiration

Cells do not always have a supply of oxygen. Some organisms live in places that are anaerobic (without oxygen) or where oxygen levels are extremely low. In humans and other mammals, oxygen levels in certain tissues can get very low (for example, in muscle tissue during strenuous exercise), yet these cells survive.

They survive because they can respire anaerobically. Even without oxygen, certain cells can partially break down glucose and release some of the energy from it.

In anaerobic respiration in animals, glucose is broken down into lactic acid (sometimes called lactate) and the word equation is simple:

[image: Image]

Anaerobic respiration is much less efficient than aerobic respiration because the glucose is not fully broken down and much less energy is released for each molecule of glucose used. For this reason, animal cells always respire aerobically when they can, and only use anaerobic respiration when oxygen is in short supply.

Oxygen debt

If you run fast, you get breathless. When you stop, you breathe faster and deeper while you pay back your ‘oxygen debt’. During vigorous exercise, your breathing cannot supply your muscles with all the oxygen they need, so they switch to anaerobic respiration. As a result, lactic acid builds up. It can make your muscles ache, and there is still a lot of energy locked up in it (remember that glucose is not fully broken down in anaerobic respiration). Oxygen breaks down lactic acid and releases the remaining energy. So, when you finish the exercise, your body breathes faster and deeper to provide extra oxygen to break down the lactic acid. In effect, you are breathing in the oxygen that you needed (but could not get) during the exercise. You built up an oxygen debt, which is then repaid.


[image: Image] Test yourself


	11  Why will a cell die if it stops respiring?


	12  What type of respiration uses oxygen?


	13  Why can’t human muscles use anaerobic respiration for a long period of time?


	14  Why do people breathe deeper and faster after intense exercise? 







[image: Image] Specified practical

Investigation of the factors that affect the rate of respiration

Students investigated the effect of glucose on the rate of respiration in yeast, a microscopic fungus. During respiration, bubbles of carbon dioxide are produced.

Procedure


	1  10 cm3 of yeast suspension were measured into the boiling tube.


	2  10 cm3 of 2% glucose solution were added.


	3  Stirred with a stirring rod.


	4  A few drops of oil on the top of the liquid were added using a pipette. It should have formed a layer over the surface.


	5  The apparatus was assembled as shown in Figure 1.5.


	6  The stopwatch was started when the first bubble appeared, and then the total number of bubbles produced in 2 minutes were counted.


	7  Steps 1–6 were repeated with 4, 6, 8 and 10% glucose solution.


	8  A line graph of concentration of glucose against number of bubbles per 2 minutes was plotted.




Analysing the results


	1  What are your conclusions about the effect of temperature on the rate of respiration?


	2  Explain why this method is a fair test.


	3  Explain how you would vary this method to test for the effect of temperature on respiration, instead of glucose concentration.




[image: image]
Figure 1.5 Experimental setup







 [image: Image] Chapter summary


	●  Animal and plant cells have the following parts: cell membrane, cytoplasm, nucleus; in addition, plants cells have a cell wall, vacuole and sometimes chloroplasts.


	●  Cells differentiate in multicellular organisms to become specialised cells, adapted for specific functions.


	●  Tissues are groups of similar cells with a similar function; organs may comprise several tissues performing specific functions.


	●  Diffusion is the passive movement of substances down a concentration gradient.


	●  The cell membrane forms a selectively permeable barrier, allowing only certain substances to pass through by diffusion, most importantly oxygen and carbon dioxide.


	●  Visking tubing can be used as a model of a cell membrane.




[image: Image]


	●  Active transport is an active process by which substances can enter cells against a concentration gradient.





	●  Aerobic respiration is a series of enzyme-controlled reactions that occur in cells when oxygen is available.


	●  Aerobic respiration uses glucose and oxygen to release energy, and produces carbon dioxide and water.


	●  Anaerobic respiration occurs when oxygen is not available. In animals, glucose is broken down into lactic acid/lactate.


	●  During strenuous exercise, anaerobic respiration in muscles builds up an oxygen debt, which is repaid after the exercise by breathing faster and deeper than normal.


	●  Anaerobic respiration is less efficient than aerobic respiration.













2    Obtaining the materials for respiration



▶ The respiratory system

The function of the respiratory system is to extract oxygen from the air and move it into the blood, so it can travel to all cells in the body. The respiratory system also removes carbon dioxide, which is a waste product of respiration.


▶ Structure of the respiratory system 

The respiratory system of a human is shown in Figure 2.1.

[image: image]
Figure 2.1 The human respiratory system




Air travels into the body via the nose and mouth. It enters the lungs through the trachea, which splits into two bronchi (singular: bronchus), one going to each lung. Each bronchus splits into a number of smaller tubes, the bronchioles, which eventually end in a cluster of alveoli (singular: alveolus) (Figure 2.2). Gases are exchanged only in the alveoli – carbon dioxide goes out of the blood, and oxygen goes in. The respiratory system is protected by the ribs. The lungs are inflated and deflated using the intercostal muscles and the diaphragm.

[image: image]
Figure 2.2 Microscopic section of lung tissue. The lungs are sponge-like and mostly composed of air





▶ How air is breathed in and out

When the lungs expand, they suck air in; when they contract, they push air out again. Although they are elastic (springy), the lungs are not muscular, so they cannot move on their own. The mechanism of breathing relies on the diaphragm (a sheet of muscle underneath the rib cage) and the rib cage itself, which is moved by the intercostal muscles between the ribs. 

[image: image]
Figure 2.3 Mechanism of breathing in and out





	▶  When we breathe out, the intercostal muscles move the rib cage downwards and inwards, and the diaphragm moves upwards. This decreases the volume of the thorax and puts pressure on the lungs, so that the air in them is ‘squeezed’ out.


	▶  Breathing in is the reverse process. The rib cage is moved upwards and outwards, and the diaphragm flattens. This increases the volume of the thorax, and the lungs, because they are elastic, naturally expand. The expansion of the lungs sucks air in through the trachea.




The movement of air into and out of the lungs is a result of differences in pressure between the air inside the lungs and the outside air. Gases move from areas of higher pressure to areas of lower pressure. The breathing mechanism creates a pressure inside the lungs that is lower than the outside air when breathing in, and a pressure that is higher than the outside air when breathing out.

The breathing mechanism is summarised in Figure 2.3. During inspiration (breathing in), both the intercostal muscles and the diaphragm are contracted, and during expiration (breathing out) all the muscles are relaxed.

Expiration is aided by the elasticity of the lungs. When they are not being stretched by air flowing in, they naturally recoil to help push air out.

We can model the respiratory mechanism and the respiratory system, as shown in Figure 2.4. The lungs are represented by the balloons, the rib cage by the bell jar, and the diaphragm by the rubber sheet. 

Differences between inhaled and exhaled air

It is not true to say that we breathe in oxygen and we breathe out carbon dioxide. We breathe air in and out, but the composition of that air changes. The approximate figures are given in Table 2.1.

[image: image]
Figure 2.4 Bell jar model of the respiratory system




Table 2.1 Approximate composition of inspired and expired air









	
Gas


	
% in inspired air


	
% in expired air







	
Oxygen


	
21


	
16





	
Carbon dioxide


	
0.04


	
4





	
Nitrogen


	
79


	
79







Note that even in expired air there is a significant amount of oxygen, but the percentage is lower than in inspired air because some has been absorbed at the alveoli and replaced by carbon dioxide. The percentage of nitrogen remains unchanged because the body does not use that gas.

In addition, the expired air contains more water vapour than inspired air, because the surfaces of the alveoli are moist, and the air absorbs some water vapour while it is in the alveoli. As the internal temperature of the body at 37 °C is (usually) higher than that of the surrounding air, expired air also tends to be warmer than inhaled air. 


[image: Image] Test yourself


	1  What is the name of the tubes which lead from the trachea into the lungs?


	2  Where does gas exchange occur in the respiratory system?


	3  Describe the movement of the rib cage and diaphragm during inspiration.


	4  In the respiratory system, oxygen is exchanged for carbon dioxide. Where does this carbon dioxide come from?


	5  Why does expired air contain more water vapour than inspired air?







▶ Digestion

Humans and all other animals get their energy from food. Food enters the gut, a tube that goes through the body. To be of any use, the food must move out of the gut and into the blood system, which then takes it to all parts of the body. The food we eat needs to be changed in two ways so that it can get out of the gut and into the blood system.


	1   Large molecules in the food must be broken down into small molecules, which can be absorbed through the wall of the gut. 


	2   Insoluble molecules in the food must be changed into water-soluble ones, so they can dissolve in the blood and be transported around.




The process of digestion breaks down complex food molecules into small, soluble ones. All the chemical reactions involved are controlled by special chemicals called enzymes.


Key term

Enzyme Biological molecule which acts as a catalyst, speeding up a chemical reaction but not taking part in it.



What foods need digesting?

The complex food molecules in our diet fall into three categories:


	▶  fats, which are broken down into glycerol and fatty acids


	▶  proteins, which are broken down into amino acids


	▶  carbohydrates, the main one being starch, which is an insoluble chain of glucose molecules and is broken down into single glucose molecules.




Glycerol, fatty acids, amino acids and glucose can all be absorbed readily into the blood. Energy is provided by glucose, glycerol and fatty acids, but amino acids are not normally respired. Instead, they are used as raw materials for making new proteins for growth.


▶ Enzymes

Enzymes are protein molecules that act as catalysts. A catalyst is something that speeds up a chemical reaction. It is unchanged by the reaction, but causes it to go faster. Here are some important facts about enzymes:


	▶  Enzymes act as catalysts, speeding up chemical reactions.


	▶  The enzyme is unchanged by the reaction it catalyses.


	▶  Enzymes are specific, which means that a certain enzyme only catalyses one reaction or one type of reaction.


	▶  Enzymes generally work better as temperature increases, but if the temperature gets too high they are destroyed (denatured). Every enzyme has an ‘optimum’ temperature at which it works best (human enzymes work best at body temperature, 37 °C).


	▶  Different enzymes are denatured at different temperatures.


	▶  Enzymes work best at a particular ‘optimum pH’ value, which is different for different enzymes.




How enzymes work

Enzymes work on chemicals called substrates. In order to catalyse a reaction, the enzyme has to ‘lock together’ with its substrate to form an enzyme–substrate complex. The shapes of the enzyme and substrate must match, so that they fit together like a lock and key. That is why enzymes are specific – they can only work with substances that fit into their active site.

This ‘lock and key’ model is shown in Figure 2.5.


Key terms

[image: Image]

Enzyme–substrate complex An enzyme and its substrate(s) joined together.

Active site The place on an enzyme molecule where the substrate attaches.



[image: image]
Figure 2.5 The ‘lock and key’ model of enzyme action. Note that in some reactions an enzyme catalyses the breakdown of a substrate into two or more products, while in others an enzyme causes two or more substrate molecules to join to make one product molecule




The effect of temperature and pH on enzymes

Warming an enzyme makes it work faster at first, because the enzyme and substrate molecules move around faster and so meet and join together more often. But at higher temperatures the enzyme stops working altogether.

The shape of the enzyme molecule is important. An enzyme is held in shape by chemical bonds. High temperatures and unsuitable pH conditions can break these bonds. This changes the shape so that the substrate molecule cannot join with it. The enzyme no longer works and is said to be denatured. Different enzymes denature at different temperatures. Some enzymes start to denature at about 40 °C, most denature at around 60 °C, and boiling denatures virtually all enzymes. 

The effect of temperature on enzyme action is shown in Figure 2.6, and the effect of pH is shown in Figure 2.7. 

[image: image]
Figure 2.6 The effect of temperature on enzymes




[image: image]
Figure 2.7 The effect of pH on enzymes





[image: Image] Test yourself


	  6  Why must large food molecules be broken down into smaller ones?


	  7  Why must insoluble molecules be changed into water-soluble ones?


	  8  What are the simple molecules that proteins are broken down into?


	  9  Enzymes are ‘specific’. What does this mean?


	10  Explain why high temperatures denature enzymes.







▶ The human digestive system

Food is digested in the digestive system, sometimes called the gut. The useful products are absorbed into the blood as the food moves through the digestive system, and eventually the non-digestible parts are egested at the other end of the gut. Different parts of the gut have special functions. Figure 2.8 shows the structure and functions of the various parts of the digestive system. As well as the gut, the digestive system also includes some associated organs (the liver, gall bladder and pancreas). There are three processes, which occur in different parts of the digestive system:


	1   Digestion – mainly in the mouth, stomach and small intestine


	2   Absorption into the bloodstream – mainly in the small intestine (food) and large intestine (water)


	3   Egestion – in the rectum (the lower part of the large intestine) and anus.





Key terms

Digestion The breakdown of food molecules into small, soluble molecules.

Absorption The movement of food molecules from the gut into the bloodstream.

Egestion The passage of undigested materials out of the body.



Peristalsis

To push food through your digestive system, waves of muscle contraction constantly move along the gut. These waves are called peristalsis (Figure 2.9).

When the circular muscles contract just behind the food, this squeezes the food forwards, rather like squeezing toothpaste from a tube. 

[image: image]
Figure 2.8 The human digestive system




[image: image]
Figure 2.9 Peristalsis in the gut




Bile

Bile is a liquid produced by the liver and stored in the gall bladder. When a meal containing fat is being digested, the gall bladder releases bile down the bile duct into the small intestine. Bile is not an enzyme, but it helps the lipase enzyme in the small intestine to digest fats. Bile emulsifies fat, splitting it into small droplets and allowing a greater surface area for the lipase enzyme to work on (Figure 2.10).


Key term

Emulsification The breaking up of large droplets of liquid into smaller ones.




▶ Using the products of digestion

Once food substances have been digested into small, soluble chemicals, they can get through the wall of the gut and into your bloodstream, which will take them all around the body. This happens in the small intestine. 

These substances are absorbed and used by the body:


	▶  Glucose, formed from the breakdown of carbohydrates, is the main energy provider in the body, being broken down by respiration in the cells.


	▶  Fatty acids and glycerol from fats also provide energy. Fats actually contain more energy per gram than glucose, but it can only be released slowly. For this reason, fats are useful as an energy store.


	▶  Amino acids from proteins are re-assembled in the body into new proteins, to form many useful products or to be used for making new cells in growth.




[image: image]
Figure 2.10 The effect of bile on fats





▶ Food tests

There are chemical tests for a number of the different food groups, including proteins and carbohydrates (with specific tests for starch and for glucose).


	▶  Test for protein − A small volume of dilute sodium hydroxide solution is added to the test solution, then a roughly equal volume of Biuret solution is added. If protein is present, a purple colour is seen. 


	▶  Test for starch − When iodine solution is added to starch, the brown colour of the iodine turns to blue–black.


	▶  Test for glucose − When a solution containing glucose is heated with blue Benedict’s solution, a reddish-orange precipitate is formed. This is called the Benedict’s test (Figure 2.11). The more glucose there is, the more precipitate is formed. As more and more precipitate is formed, the blue colour turns first to green, then orange, then to brick red.





Key term

Precipitate An insoluble solid produced during a chemical reaction in solution.



[image: image]
Figure 2.11 The Benedict’s test





[image: Image] Test yourself


	11  In what parts of the digestive system does some sort of absorption take place?


	12  What name is given to the process which moves food along the gut?


	13  How does bile help digestion?


	14  Why is it important for the body to take in amino acids?


	15  A solution is tested using the Benedict’s test and it goes brick red. What does this tell you about the solution? 







[image: Image] Activity

Using a model gut

Visking tubing is a non-living material which acts as a selectively permeable membrane, like the membranes lining the gut. It lets small particles through but not large particles. Visking tubing can be used as a ‘model gut’.


Key term

Selectively permeable membrane A membrane which allows some substances to pass through but not others, sometimes called a semi-permeable or partially permeable membrane.



A student set up an experiment using Visking tubing as a model gut. The setup is shown in Figure 2.12.

Starch molecules are large and glucose molecules are small. The experiment was left for one hour. The liquids inside and outside the Visking tubing were tested using the iodine test and the Benedict’s test.


	1  Describe the results you would expect from the iodine and Benedict’s tests. 


	2  Give reasons for your answers.


	3  In what ways is Visking tubing (a) an accurate model of the human gut and (b) an inaccurate model of the human gut?





[image: image]
Figure 2.12 Apparatus used to model absorption in the gut







[image: Image] Specified practical

Investigation into the factors affecting enzyme action

A student investigated the effect of temperature on an enzyme. Iodine is an indicator that turns blue–black when starch is present but is otherwise brown.

In this investigation, as the enzyme amylase breaks down the starch into sugar, the blue–black solution of starch and iodine changes to brown.

Procedure


	1  10 cm3 of 1% starch solution were placed into a test tube.


	2  2 cm3 of 10% amylase solution were placed into a second test tube.


	3  Both tubes were placed in a water bath set at 20 ºC for 3 minutes.


	4  A drop of iodine was placed into separate wells of a spotting tile.


	5  The test tubes were removed from the water bath, the amylase was added to the starch solution and the stopwatch was started.


	6  Immediately, one drop of the mixture was added to the first drop of iodine, and the colour of the solution was recorded.


	7  Step 6 was repeated every minute for five minutes.


	8  Steps 1–7 were repeated at 30 °C, 40 °C, 50 °C and 60 °C.




Here are the student’s results showing the colours of the solutions in the spotting tile:













	
Temperature (°C)


	
Time from beginning of experiment (mins)





	
0


	
1


	
2


	
3


	
4


	
5





	
20


	
Blue–black


	
Blue–black


	
Blue–black


	
Blue–black


	
Brown


	
Brown





	
30


	
Blue–black


	
Blue–black


	
Blue–black


	
Brown


	
Brown


	
Brown





	
40


	
Blue–black


	
Brown


	
Brown


	
Brown


	
Brown


	
Brown





	
50


	
Blue–black


	
Blue–black


	
Brown


	
Brown


	
Brown


	
Brown





	
60


	
Blue–black


	
Blue–black


	
Blue–black


	
Blue–black


	
Blue–black


	
Blue–black







Analysing the results


	1  What are the control variables in this experiment?


	2  Which temperature appears to be the optimum temperature for amylase enzyme?


	3  Suggest what the student could do to increase confidence in the answer to question 2?


	4  Explain the results at 60 °C.


	5  What changes could you make to the procedure to test for the effect of pH on the activity of amylase?







[image: Image] Chapter summary


	●  The purpose of the respiratory system is to provide oxygen and remove carbon dioxide.


	●  The respiratory system consists of the nasal cavity, trachea, bronchi, bronchioles, alveoli, lungs, diaphragm, ribs and intercostal muscles.


	●  Air is breathed in and out as movements of the intercostal muscles and the diaphragm cause pressure and volume changes, so air is sucked in or forced out of the lungs.


	●  Inspired air has a different composition to expired air.


	●  Digestion is the process whereby large molecules are broken down into smaller molecules so they can be absorbed for use by body cells.


	●  Enzymes are proteins made by living cells that speed up or catalyse the rate of chemical reactions within the cells; specific enzymes are used for each reaction.


	●  Each enzyme has an optimum temperature and pH.


	●  Boiling destroys (denatures) enzymes.




[image: Image]


	●  Enzyme activity involves molecular collisions; this is explained by the ‘lock and key’ model of enzyme action and formation of the enzyme–substrate complex at the active site.


	●  Soluble food substances are absorbed through the wall of the small intestine and eventually into the bloodstream.


	●  Visking tubing can act as a ‘model gut’, but the model has limitations.


	●  Fats are made up of fatty acids and glycerol, proteins are made up of amino acids, and starch is made up of an insoluble chain of glucose molecules.


	●  Fats, proteins and carbohydrates are broken down during digestion into soluble substances so that they can be absorbed.


	●  The structure of the human digestive system includes the mouth, oesophagus (gullet), stomach, liver, gall bladder, bile duct, pancreas, small intestine, large intestine and anus.


	●  Each of the following organs has a role in digestion: mouth, stomach, pancreas, small intestine, large intestine.


	●  Peristalsis is a process whereby food is moved along the digestive tract.


	●  Bile is secreted by the liver and stored in the gall bladder and it plays a role in the breakdown of fats.


	●  Fatty acids and glycerol from fats, and glucose from carbohydrate, provide energy while amino acids from digested proteins are needed to build proteins in the body.


	●  Food tests can test for the presence of starch using iodine solution, glucose using Benedict’s reagent and protein using Biuret solution. 







▶ Practice exam questions


	
1  Valonia ventricosa is an unusual single-celled organism which lives in the seas of tropical and subtropical areas. It lives in shallow depths (80 m or less). The single cell is large, up to around 5 cm long. The cell has a cellulose cell wall, a vacuole and many nuclei and chloroplasts. It attaches to rocks by small hair-like structures called rhizoids. Its large size makes it easy to study and scientists have measured the concentrations of ions in the vacuole and the surrounding sea water. The results for some ions are shown below.



	
Ion


	
Concentration 





	
	
Cell vacuole


	
Sea water





	
Potassium


	
0.5


	
0.01





	
Calcium


	
0.002


	
0.01





	
Sodium


	
0.1


	
0.5








	2  Two men, Hefin and Carwyn, run on a treadmill for 8 minutes, and their breathing rates are monitored. Hefin rarely does any strenuous exercise, but Carwyn trains regularly. Their breathing rates before, during and after this exercise are shown in the graph below.






		a)  State three features of Valonia that are found in plant cells.



	[3]



		b)  State two features of Valonia that are different from a normal plant cell.



	[2]



		c)  Look at the concentration data in the table. Suggest, with reasons, how each of the ions enters the cell (i.e. by diffusion or by active transport).



	[4]



		d)  Which of the ions shows the biggest difference in concentration between the sea water and the cell vacuole.



	[1]








[image: image]




		a)  State two differences between the data for Hefin and Carwyn.



	[2]



		b)  Why is it important to take the resting breathing rate for both men before starting the exercise?



	[1]



		c)  What is the difference between Hefin and Carwyn’s breathing rates at the end of the exercise period?



	[1]



		d)  Why does exercise increase breathing rate?



	[4]



		e)  It is likely that both Hefin and Carwyn’s leg muscles switched to anaerobic respiration during this exercise. Why can this not continue for a long period?



	[2]











		3  a)  Identify the labelled structures shown in the diagram of the human respiratory system.



	[5]




[image: image]



		b)  Name the structures in the respiratory system where gas exchange occurs.



	[1]



		c)  Indicate whether the statements that follow are true or false.



	[5]



		i)    Inspired air contains more water vapour than expired air.



	



		ii)   The diaphragm is made of muscle.



	



		iii)  During expiration, the diaphragm moves downwards.



	



		iv)  The volume of the thorax changes during breathing.



	



		v)   During inspiration, the pressure in the lungs is lower than that of the outside air.



	





	4  An experiment was set up to investigate the action of amylase enzyme. Amylase enzyme catalyses the breakdown of starch into the sugar maltose. The apparatus was set up as shown in the diagram.


	
The experiment was left for 1 hour at room temperature (22 °C). After that time iodine solution was added to each tube.

[image: image]



	
The results were as follows:








	
Test tube


	
Colour when iodine added





	
A


	
Brown





	
B


	
Blue–black





	
C


	
Blue–black













		a)  Explain the different results in test tubes A and B.



	[4]



		b)  What variables need to be controlled in this experiment?



	[4]



		c)  Explain the purpose of test tube C.



	[1]



		d)  A student suggested that it would have been better to carry out the experiment at 30 °C. What changes would you expect to see in the outcome if this was done?



	[2]



		e)  Bread contains a lot of starch but also a small amount of glucose. When you eat bread, the starch needs to be digested but the glucose does not. Explain why this is the case.



	













3    Underpinning energy concepts


The use and transfer of energy is important in our daily lives. The most important energy transfers involve electricity. About 73% of electricity generated in Wales is from burning fossil fuels, which produces carbon dioxide gas, a greenhouse gas that contributes to global warming. Using electricity more efficiently will help us all.


▶ Why is electricity useful in modern life?


	▶  It is easy to use electricity to transfer energy into useful energy stores.


	▶  Electric current travels well through metal wires, so is easy to move over long distances from where it is generated to where it is needed. 


	▶  Electricity is easy to generate from stores of energy such as the chemical energy stored inside batteries.





[image: Image] Test yourself


	1  How much of electricity generated in Wales is from fossil fuels?


	2  What are the three reasons why electricity is so useful to us?


	3  State the energy form that is supplied to a power station and the useful energy output.







▶ Energy transfers and heating

Inside a power station, the transfer of energy is driven by heating. Energy moves from a place with a high temperature to a place with a low temperature.

[image: image]
Figure 3.1 A diagram of a typical coal power station



In Figure 3.1, coal is burnt in the furnace at high temperature. The energy creates large amounts of steam in the boiler, which is at a lower temperature than the furnace. The steam moves to the even colder turbine, turning the generator and generating electricity. The steam is converted back to water in the condenser, the coldest part of the system at the lowest temperature. 


▶ Electrical power 

‘Power’, measured in watts, W, is the rate at which a device transfers energy from one store into others − how much energy (in joules, J) the device can transfer per second (s):


Key term

Power The rate at which a device transfers energy from one form into other forms.



[image: image]

Electrical power is the rate at which an electrical device changes stores of energy into electricity. It is also the rate at which a device, such as a kettle, transfers electricity into useful forms of energy.

The electrical power of a device can be calculated by multiplying the voltage (in volts, V) and the current (in amps, A) of the device together:

[image: image]


[image: Image] Worked examples


	1  A small portable fan has a power of 15 W. It runs for 5 minutes (300 s). Calculate the energy transferred.


	2  Calculate the power of a 12 V light bulb with a current of 0.5 A flowing through it.


	3  A 230 V lawn mower has a power of 2000 W. Calculate the current flowing through the lawn mower.




Answers


	1  [image: image]


	2  [image: image]


	3  [image: image]







▶ Energy efficiency

When a mobile phone is working, some energy is wasted by heating causing the battery and the phone to warm up. Mobile phone batteries are very good at doing their job: for every 100 J of chemical energy stored in the battery, 98 J is transferred into electricity and only 2 J is wasted. As the batteries transfer such a large amount of their stored chemical energy into useful electricity (and little is wasted), we say that they are very efficient 

The efficiency of a device or a process is normally expressed as a percentage (%). A gas power station for example, is about 30% efficient. A device that converts all its available input energy into useful output energy is 100% efficient. The more efficient a device is, the less energy is wasted. 


Key term

Efficiency The ratio of energy (or power) usefully transferred/total energy (or power) supplied, which is normally expressed as a percentage.



Efficiency is calculated using the following formula:

[image: image]


[image: Image] Worked examples


	1  The battery in a mobile phone holds 18 000 J of energy. If the battery transfers 16 000 J usefully and 2000 J is wasted, what is the efficiency of the battery?


	2  A power station transfers electricity to the National Grid with a power of 60 MW. A total power of 200 MW is supplied by burning coal. What is the efficiency of the power station?




[image: image]


	3  A solar panel is rated as 30% efficient. The power usefully transferred by the panel is 180 W. What is the total power supplied by sunlight to the panel?




Answers


	1  Total energy supplied = 18 000 J


	Energy usefully transferred = 16 000 J




[image: image]

[image: image]


	2  Total power supplied = 200 MW


	Power usefully transferred = 60 MW




[image: image]

[image: image]

[image: image]


	3  Efficiency = 30%


	Power usefully transferred = 180 W




[image: image]


	Rearranged:




[image: image]

[image: image]




[image: Image] Test yourself


	4  Bulbs A, B and C in the table below all give out the same light output. 













	
Type of bulb


	
Power usefully transferred (W)


	
Total power supplied (W)


	
% Efficiency





	
A


	
1.5


	
50


	



	
B


	
1.5


	
15


	



	
C


	
1.5


	
2.0


	






	a)  Calculate the efficiency of each type of bulb.


	b)  Which type of bulb would you fit in your bedroom? Explain your answer.


	c)  Bulb C is used in a torch for 120 s. Calculate the useful energy transferred.


	d)  A fourth bulb, D, has a voltage of 4.5 V with a current of 3.0 A running through it. Calculate the power of bulb D.





	
5  The power usefully transferred from a large wind turbine is 0.50 MW. The total power supplied by the wind is 0.75 MW. Calculate:


	a)  the efficiency of the wind turbine.


	b)  the amount of wind power wasted by the turbine. 











▶ Sankey diagrams

Sankey diagrams show energy (or power) transfers as a diagram. They are drawn to scale and show the relative or percentage amount of energy transferred. The widths of the bars on the Sankey diagram show the amount of energy involved, and so the efficiency is shown by the width of the useful energy bar compared with the width of the total input energy bar.


Key term

Sankey diagram A diagrammatic way of showing energy transfers. The wider the bar of the diagram at any point, the bigger the energy being transferred.




[image: Image] Worked example

Draw a Sankey diagram for an energy-efficient light bulb. Every second, 10 J of energy is transferred to the bulb. 2 J is output as useful light, 8 J is wasted.

Answer

Draw this Sankey diagram so that the input bar is 10 units wide, the useful bar is 2 units wide, and the wasted energy bar is 8 units wide. Usually, the useful energy transfer runs along the top of the diagram (as a straight bar) and the wasted energies curve away below. Of the 10 J of energy input, only 2 J is output as useful light, so ‘low-energy’ light bulbs are only 20% efficient!

[image: image]
Figure 3.2 A Sankey diagram for an energy-efficient bulb







[image: Image] Test yourself


	6  An LED light bulb is 80% efficient. A total of 100 J of energy is supplied to the LED. 80 J is transferred usefully and 20% is wasted. Draw a Sankey diagram for this bulb.


	
7  Figure 3.3 shows the Sankey diagram for an electric toothbrush. 55 J of energy is usefully transferred.

[image: image]
Figure 3.3 The Sankey diagram for an electric toothbrush





	a)  Calculate the total energy supplied to the electric toothbrush.


	b)  Calculate the % efficiency of the electric toothbrush. 











[image: Image] Worked example

A student performs an energy efficiency investigation on a kettle. She pours 1 kg of water into the kettle and connects the kettle to the mains via an energy efficiency plug. The water is initially at a temperature of 15 °C and boils at 100 °C. The energy usefully transferred to the water from the kettle is given by the equation:

energy usefully transferred (J) = mass of water (kg) × 4200 × temperature change (°C)

The energy efficiency plug measures the total energy supplied as 446 250 J.


	a)  Calculate the temperature change of the water.


	b)  Calculate the energy usefully supplied by the kettle.


	c)  Calculate the % efficiency of the kettle.




Answers


	a)  temperature change = final temperature − initial temperature    = 100 °C − 15 °C = 85 °C


	b)  energy usefully transferred = mass of water × 4200 × temperature change = 1 kg × 4200 × 85 °C = 357 000 J


	c)  [image: image]







[image: Image] Specified practical

Investigation of the efficiency of energy transfer in electrical contexts

A student modelled the efficiency of the energy transferred from a kettle using a resistor and a beaker of water.

A diagram of the student’s apparatus is shown in Figure 3.4.

[image: image]
Figure 3.4 Diagram of the apparatus used to measure the efficiency of energy transfers from a heating element



Procedure


	1  200 cm3 of water was added to the beaker and the 12 V d.c. power supply was turned on.


	2  The temperature of the water was measured and recorded every 60 seconds for 600 seconds.


	
The student collected the following results:








	
Time /seconds


	
Temperature /°C





	
0


	
20





	
60


	
21





	
120


	
22





	
180


	
23





	
240


	
24





	
300


	
25





	
360


	
26





	
420


	
28





	
480


	
30





	
540


	
32





	
600


	
34











Analysing the results


	1  Draw a graph of time (x-axis) against temperature (y-axis). Start your y-axis at 15 °C and finish at 35 °C.


	2  Calculate the temperature rise of the water.


	
3  Calculate the total energy supplied to the water by the resistor using the equation:

[image: Image]



	
4  Calculate the energy usefully transferred to the water using the equation:

[image: Image]



	
5  Calculate the % efficiency of the resistor using the equation:

[image: Image]








▶ Sustainable electricity and carbon footprint

Figure 3.5 shows that 73% of the electricity in Wales is generated by power stations burning fossil fuels: coal, oil (diesel) and natural gas. Fossil fuels contain carbon, and when they are burned the carbon reacts with oxygen forming carbon dioxide gas, which contributes to global warming. 


Key term

Global warming The gradual increase in overall average global atmospheric temperature.




[image: image]
Figure 3.5 Electricity generation in Wales by fuel type in 2019




In 2019 27% of the electricity in Wales was generated from ‘low-carbon’ sustainable sources, such as wind or solar power. These sources are sustainable because they are renewable and are produced by the action of the Sun. 

Sustainable electricity generation produces minimal carbon dioxide and so makes little contribution to global warming and does not put at risk the future ability of people to meet their own energy needs.


Key terms


Renewable Energy sources produced by the action of the Sun and not used up when working.
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