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Introduction

Some students find the transition from GCSE to A-level Biology very challenging.  To help make this transition smoother and to give you the best possible start, we have prepared this course for you which involves 3 modules.

	Module
	Description

	1- Content knowledge and skills
	Essential GCSE knowledge in terms of content, exam technique and how science works. Found in this document. At some points you are pushed a little beyond the GCSE specification to start researching simple facts/concepts from a level.

	2- Mathematical skills
	GCSE mathematical skills applied to biology. Over 10% of the exams and can be the easiest marks if you keep these skills practiced.

	3- Research Task
	Demonstrating a wider interest in biology by reading and summarizing a scientific paper as well as presenting the information clearly in a professional scientific format.



It is important that you read through this booklet and then complete all the questions.  If you require more space then you can use lined paper.  The majority of the topics are GCSE topics which you should have already covered. You will need secure knowledge of these topics before you start the course in September.  In addition to this there are several questions that require you to research a topic so that you become familiar with new vocabulary and concepts.
The second section involves your GCSE maths skills which are regularly applied to biological examples in the exams.
Mathematical skills are essential in the study of biology beyond A-level as well:
“You cannot be a biologist unless you understand maths. Most scientists who use maths were not ‘good’ at maths but understood its importance and worked hard to comprehend it”
Dr Helen Czerski Oceanographer

Finally you need an enthusiasm for looking more widely at biology. This develops application skills essential for the exam. Interest is needed to motivate you to independently study throughout you’re a level. This independent work is the difference between A level and GCSE, a C grade and an A*.
When you arrive in September you will be tested on this knowledge.
We will study the OCR Biology H420 course.

To help you complete this booklet the following resources may be useful:


· http://www.s-cool.co.uk/a-level/biology
· http://www.biologymad.com/
· Biological Sciences Review magazine
· http://www.ocr.org.uk/qualifications/as-a-level-gce/as-a-level-gce-biology-a-h020-h420-from-2015/





What to bring in September to the first lesson

Sort this out now!

1. Essential stationary: Pencil, 30cm ruler, blue/black pens, calculator.
2. Optional: highlighters, colouring pens etc.
3. Folder
4. File dividers
5. Enthusiasm



Task 1: Skills: Exam technique- describing and explaining data


In order to be successful in A- level Biology exam technique is essential. A key area of exam technique is understanding the command words in the question.

Resources: https://www.my-gcsescience.com/biology-command-words-context/

1.   Describe how to respond to each of these command words


a)  Describe
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b)  Explain    c)Compare     d)  Evaluate
2. The Galapagos Islands are in the Pacific Ocean, 1400 km from South America.
[image: ]A type of bird called a ground finch lives on the islands. The picture shows a ground finch.



















The size of the seeds the ground finch can eat depends upon the size of the beak.
To eat large seeds, a large beak is needed.
The bar charts show the sizes of the beaks of ground finches on one island, in
1976 and in 1978.


[image: ]


[image: ]



2 (a) The population of the ground finches and their beak sizes changed
between 1976 and 1978.


Describe these changes.










2 b) In 1977 there was very little rain on the island. The lack of rain affected the seeds that the finches ate.


The table shows how the seeds were affected.


[image: ]


Suggest an explanation for the changes in beak sizes between 1976 and 1978



Task 2 Subject knowledge: Enzymes 


Resources: GCSE enzymes: https://www.bbc.co.uk/bitesize/guides/z88hcj6/revision/1
GCSE food tests: https://www.bbc.co.uk/bitesize/guides/z8wsgk7/revision/6
A level carbohydrates: https://www.youtube.com/watch?v=_zm_DyD6FJ0
1. What is the function of enzymes?


2.  Draw a labelled diagram showing the lock and key model of enzyme action 














3.  Complete the following table:

	Enzyme
	Where is this
enzyme produced?
	What molecule
does the enzyme break down?
	What are the
products of the breakdown?

	Carbohydrase
	
	
	

	Amylase
	
	
	

	Protease
	
	
	

	Lipase
	
	
	




[image: ]4. Describe how you would test for:


	Fat
	Starch
	Protein

	
	
	



5. Find out what the following mean (break down the each word into 2 parts) and give one example for each one:


a)Monosaccharide  b) Disaccharide
c)  Polysaccharide



Task 3: Subject knowledge: Factors affecting enzymes
GCSE enzymes: https://www.bbc.co.uk/bitesize/guides/z88hcj6/revision/1


1.  What factors affect the activity of enzyme?




2.  Enzymes in the human body have an optimum temperature of 37oC. What does this mean?




3.  What is the minimum amount of energy required for a reaction to take place called?




4.  How do enzymes speed up chemical reactions?






5.  If an enzyme-controlled reaction normally takes place at 10ºC, in general terms how will the reaction be affected by:

(a)a fall in temperature to 2°C




(b) a rise in temperature to 20°C.        (c) a rise in temperature to 65°C?
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6.  If an enzyme is denatured, why does it no longer work?


[image: ]7.  The graph shows the rate of an
enzyme reaction at different levels of acidity or alkalinity (pH). From the graph, what is the optimum pH for this enzyme?

(a) pH 2      (c) pH 10

(b) pH 7      (d) none of these.




8.   A protein-digesting enzyme when mixed with starch solution would:

(a) have no action              (c) produce glucose

(b) produce amino acids    (d) digest the starch?









9. Research:  What is an enzyme inhibitor and how does it work?



Task 4: Subject knowledge and practical skills: Microscopes& Organelles

Resources: GCSE cells and microscopy: https://www.bbc.co.uk/bitesize/guides/zg9mk2p/revision/1
A level cell structure: https://www.youtube.com/watch?v=mUJryLNKScg

1.    Label the microscope below:


[image: ]



2.  Find out the difference between light microscopes and electron microscopes.


	Light microscopes
	Electron microscopes

	
	





3.  You will be using lots of scientific vocabulary on the biology course find
out the meanings of the following keywords:


a)  Resolution





b) Magnification





c)  Nucleolus





d) Golgi apparatus





e) Lysosome  f)  Ribosome
g)  Rough endoplasmic reticulum





4.  You must know the following units of measurement when working with microscopes.  They are all in comparison to a metre.  Complete the table below. This will be revisited in module 2 Mathematical skills.Unit
Symbol
Equivalent in metres in standard form (m)
kilometre
km
1 x 103
metre



mm
1 x 10-3
micrometre

1 x 10-6
nanometre
nm





5. Figure 4 shows a photomicrograph of onion cells.
[image: ]
Figure 4
(i)   The width of the labelled cell in Figure 4 is 6 mm. The cell has been magnified 750 times.
Calculate the actual width of this cell in mm.
Give your answer in standard form.
Reminder: always show full working with units!
(3)




 ........................................................... mm


6.   Place a tick in the box to indicate where the organelle is found. Some
organelles can be found in both plant and animal cells.


	Organelle
	Plant Cell
	Animal Cell

	Cell Wall
	
	

	Chloroplast
	
	

	Cytoplasm
	
	

	Endoplasmic
reticulum
	
	

	Golgi apparatus
	
	

	Lysosome
	
	

	Nucleolus
	
	

	Nucleus
	
	

	Plasma membrane
	
	

	Ribosome
	
	

	Vacuole
	
	

	Mitochondria
	
	
















7.  Cells are categorised as either prokaryotes or eukaryotes. Find out
what this means and give 1 example for each of these categories.


	Prokaryote
	Eukaryote

	
	




8.   The diagram shows an animal cell



a)  Name each labelled part and give its function



[image: ]

A Name  	




Function 	







B Name 	




Function 	




C Name 	




Function  	







Task 5: Subject knowledge: Movement across membranes
Resources: GCSE https://www.bbc.co.uk/bitesize/guides/z22vw6f/revision/1


1.   Place the following features in the correct part of the Venn Diagram using the letters given.
[image: ]




A    Involves water only


B    Requires energy


C     Is passive


D    Movement of particles


E How minerals get into rootn hair cels


F     High to low concentration


G    Against a concentration gradient





























2.  Why does active transport require energy?









3.  What is this energy in the form of?










4.  Some students set up the experiment below to investigate osmosis


[image: ]


a)  What is osmosis?










b) What will happen to the water level in the capillary tube during the investigation? Explain why this happens












c)  Describe two examples where osmosis is used in living things

























Task 6: Subject knowledge: Gas exchange

Resources: GCSE https://www.bbc.co.uk/bitesize/guides/zyjbqhv/revision/1

1. Where does gas exchange take place?

2. Where does aerobic respiration take place?



3.  Describe how the lungs are adapted for gas exchange







4.  Label the parts of the lung in the diagram below:

[image: ]



5.  Describe the process of breathing in (inspiration)
















6.  Pulmonary ventilation is the total volume of air that is moved into the
lungs in one minute.  Find out the equation for pulmonary ventilation.

9. The diagram below shows a vertical section of a leaf. Name structures A-F.





A      	

B      	

C      	

D      	

E      	

F      	

G     	

H    	









9.  Where does gas exchange take place in a leaf?





10. What is the role of the stomata in gas exchange



















Task 7: Subject knowledge: The heart
Resources: GCSE https://www.bbc.co.uk/bitesize/guides/zhnk7ty/revision/4
Extension: if you are interested this is what the a level moves on to: https://www.youtube.com/watch?v=IS9TD9fHFv0&t=94s
1.   Label the diagram and complete the gap fi l exercise below.
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The P                  A 	

The A         takes blood to the

Takes blood to the  	
P 	

V 	

V 	

C 	







L 	

R                                                                                                                                            A 	

A 	







R 	
V                                                                                                                                     L 	 V 	 













2.  Complete the passage below:

The heart is made out of                          muscle. It is a double  	
that squeezes the blood around the                 and to the                 . The
                   side pumps blood to the lungs to pick up                              . The
                   side pumps blood around the rest of the body.





3.  Find out another term that is used for a heart attack






4.  Which side of the heart is thicker and why?






5.  Name the artery that only supplies the heart?






6.  Name 3 blood vessels









7.  Which blood vessel contains valves?









8.  What is the function of valves?




























Task 8: Subject knowledge:  Causes of disease & immunity
Resources: https://www.bbc.co.uk/bitesize/guides/z83qfcw/revision/1
1.   What are the three main types of microorganisms?





2.  What is a pathogen?




3.  Define the term antigen





4.  List 3 things that white blood cells do





5.  What is the difference between an antibiotic and an antibody?





6.  What is found in a vaccination?




7.  Match the description on the left with the term on the right by writing the correct letter in each space.


[image: ]


10. Disease causing microorganisms gain entry into the body via one of its interfaces with the environment such as the skin. Name 2 other examples of interfaces through which microoganisms may gain entry into the body.






11. How do pathogens cause disease?


Task 9: Practical skills:  Variables and methodology
Resources: GCSE: https://www.bbc.co.uk/bitesize/guides/zk3fy4j/revision/1
Controls and control variables: https://www.thoughtco.com/difference-between-control-variable-and-group-609102
A level validity (note that OCR no longer uses the term reliability but uses repeatability and reproducibility instead. Extension: what is the difference between these terms?): https://www.youtube.com/watch?v=R13eVJxju5w
1.   What is the difference between an independent variable and a dependent variable?





2.  Which axis has the independent variable on a graph?





3.  What term is used for the variable we keep the same throughout an investigation?




4.  What is validity in designing an experiment?





5.  What does correlation mean?






6.  What does the term directly proportional mean?





7.  How can the validity  of an experiment be increased?





8.  How can the pH of a solution be controlled?




9.  What is the difference between a control (group) and a control variable?









Task 10: Subject knowledge:  Cell division

· Cell Division
Task 1 Why does my cut heal?
[image: ]

Your brother, who is 12, was preparing supper last night and cut his hand.  Although there is quite a lot of damage to his skin new skin will form over the cut in a few weeks.  He knows that this is something to do with cells being able to divide but he wants to know more details. 
Your parents aren’t quite sure about the process and have asked you to explain it to him.  So that you don’t have to go over it again and again produce a short video sequence showing how the cell divides to produce new skin cells.  You will need to explain each stage.  Make sure you use the correct terms listed below.
1. Decide on what type of cell division it is
2. Use the modelling clay to produce a model cell.  Although human cells have 46 chromosomes you can simplify this so that your model has 4 chromosomes.
3. Make a sequence of models and film them so that when finished you have a short video.  At each stage you need to explain what is happening.
Terms to use:
· Chromosome
· Cytoplasm
· DNA
· Diploid and/or Haploid
· Mitosis or meiosis
· Nucleus

· Task 2 How do sex cells form?
[image: Sperm_dream_designs]

Your sister is in Year 7 and has been studying reproduction in science.  She has come home very confused.  “The teacher said we all have 46 chromosomes in our cells and that when an egg and a sperm meet the nuclei fuse.  But if that happens, why don’t babies have 92 chromosomes?” 
Your parents aren’t sure about it so they have asked you to explain it to her.
So that you don’t have to go over it again and again produce a short video sequence showing how sex cells are produced.  You will need to explain each stage.  Make sure you use the correct terms listed below.

1. Decide on what type of cell division it is.
2. Use the modelling clay to produce a model cell.  Although human cells have 46 chromosomes you can simplify this so that your model has 4 chromosomes.
3. Make a sequence of models and film them so that when finished you have a short video.  At each stage you need to explain what is happening.
Terms to use:
· Chromosome
· Cytoplasm
· DNA
· Diploid and/or Haploid
· Mitosis or meiosis
· Nucleus
[image: ]
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Task 1: Exam technique

In order to be successful in A- level Biology exam technique is essential. A key area of exam technique is understanding the command words in the question.

1.   Define the following keywords:Describe a process:
First this…
Then this..
Then this…
And finally...


a) Describe: Say in detail what occurs/it looks like/changes.

 
b)  Explain: Say in detail why or how something occurs/ looks like/changes. (if not included in the question/previous question, you may need to include a brief description)Say why?
Say why to that?
Then say why to that until the question is fully answered.
I.e. Explain why grass is green?
1-Because it contains chlorophyll.
2-because chlorophyll is a green pigment.
3- because chlorophyll reflects green light.

Explain each part of the question and cross out each point/piece of data as you go until nothing is left.



NB: if you describe and explain use this structure:
Description 1.  This structure links the descriptions with the explanations. Failure to do this directly loses the written communication marks in 6 mark questions and indirectly may cause the examiner to miss points in other questions.

Explanation 1.
Description 2.  
Explanation 2.
Description 3.  
Explanation 3.

NOT

Description 1.  
Description 2.  
Description 3.  

Explanation 1.
Explanation 2.
Explanation 3.

c)Compare    Identify both similarities and differences between 2 or more objects/ideas
Structure:
(similarities)
Both ……….
(differences)
Object A…………… whereas/however object B…………
Do this for each difference. Do not list what object A is like and then say “whereas” and list what object B is like. This is just writing 2 descriptions and leaving the examiner to identify the specific differences which is what they have asked you to do. 
· d)  Evaluate –discuss, do you agree, conclude and justify
· A discussion of a claim/opinion that is justified and the opposing argument is considered. 
· Your discussion should include evidence for and against. 
· Assign value to each point – strong or weak evidence.
· Draw a conclusion linked to the strength of the evidence- how confident are you in this conclusion and why.
· The opinion/claim may be your own or given in the question - CHECK


2 (a) The population of the ground finches and their beak sizes changed
between 1976 and 1978.

Describe these changes.
In 1978 fewer finches or population was smaller.     
any two from:
· no beaks less than 8mm
· no beaks greater than 11.5 /12mm
· mean / average beak size higher
ORA: Or Reverse Argument for 1976


2 b) In 1977 there was very little rain on the island. The lack of rain affected the seeds that the finches ate.

Suggest an explanation for the changes in beak sizes between 1976 and 1978
In 1977 there was very little rain on the island. The lack of rain affected the seeds that the finches ate.
1) Variation or range or mutation ofbeak sizes.
2) Birds with larg(er) beaks are better adapted for feeding
3) Birds with larg(er) beaks survive
4) Birds with larg(er) beaks breed or gene/allele for large beak passed on


Task 2 Enzymes 


2. What is the function of enzymes?
Act as a biological catalyst.
Speed up the rate of chemical reaction in an organism so that they can occur at a safe body/cell temperature.
It does this by lowering the activation energy.

[image: ]2.  Draw a labelled diagram showing the lock and key model of enzyme action 
















3.  Complete the following table:

	Enzyme
	Where is this enzyme produced?
	What food group does the enzyme break down?
	What are the products of the breakdown?

	Carbohydrase
	salivary glands, pancreas, small intestine
	carbohydrates
	sugars (glucose/maltose)

	Amylase
	salivary glands, pancreas, small intestine
	starch
	maltose

	Protease
	stomach, pancreas, small intestine
	protein
	amino acids

	Lipase
	Pancreas, small intestine
	lipids (fats)
	fatty acids & glycerol




4. Describe how you would test for:

	Fat
	Starch
	Protein

	Emulsion test
Add ethanol and the water.

Positive result: Cloudy white precipitate is formed.

	Add iodine solution.

Positive result: blue/black
	Add biuret reagent.

Positive result: turns purple/mauve.



5. Find out what the following mean (break down each word into 2 parts) and give one example for each one:


a)Monosaccharide – A monomer. The smallest unit of a sugar that cannot be further broken down (hydrolysed) and still be a sugar. eg. glucose, fructose, galactose.
b) Disaccharide- A dimer. Made up two monosaccharides joined by a glycosidic bond e.g. maltose, sucrose, lactose.
c)  Polysaccharide- Made up of many monosaccharides joined by glycosidic bonds e.g. cellulose, starch.



Task 3: Factors affecting enzymes




1.  What factors affect the activity of enzyme?

Temperature, pH, concentration of enzyme, concentration of substrate.
2.  Enzymes in the human body have an optimum temperature of 37oC. What does this mean?
This means they work most effectively and produce the highest rate of reaction at 37oC

3.  What is the minimum amount of energy required for a reaction to take place called?

Activation energy
1. How do enzymes speed up chemical reactions?
By providing an alternative pathway that has lower activation energy.
2. If an enzyme-controlled reaction normally takes place at 10ºC, in general terms how will the reaction be affected by:  
             (a) a fall in temperature to 2°C 
Enzyme activity will be reduced.
             (b) a rise in temperature to 20°C. 
Enzyme activity will increase.
             (c) a rise in temperature to 65°C?  
Enzyme will denature and will stop working.
3. If an enzyme is denatured, why does it no longer work? 
Active site changes shape so substrate can no longer fit inside.
4. [image: ]The graph shows the rate of an enzyme reaction at different levels of acidity or alkalinity (pH). From the graph, what is the optimum pH for this enzyme?
          (a) pH 2      (c) pH 10
          (b) pH 7      (d) none of these. 
    8.   A protein-digesting enzyme when mixed with starch solution would: 
         (a) have no action              (c) produce glucose 
         (b) produce amino acids    (d) digest the starch? 



9. Research:  What is an enzyme inhibitor and how does it work?

An enzyme inhibitor is a molecule that binds to an enzyme and decreases its activity. It can bind to the active site or another site (allosteric site). Binding to the active site prevents the substrate binding, thus reducing the number of enzyme substrate complexes (ESC) and therefore product.  Binding to an allosteric site  changes the shape of the active site, preventing the substrate binding, thus reducing the number of enzyme substrate complexes (ESC) and therefore product.

[image: ]
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Task 4: Microscopes& Organelles


1.    Label the microscope below:


[image: ][image: ]9. Base
14. Light source
7. Diaphragm 9. Base
6. Stage
10. Coarse adjustment knob
11. Fine adjustment knob
12.Arm
4 & 5 Objective lenses
Can you figure out which one would be the high/ low powered objective?





2.  Find out the difference between light microscopes and electron microscopes.


	Light microscopes
	Electron microscopes

	Can observe living things
Can observe in colour
Cheaper


	Higher resolution
Higher magnification
Cannot observe living things
Cannot observe in colour
Expensive



3.  You will be using lots of scientific vocabulary on the biology course find
out the meanings of the following keywords:

Resolution: The minimum distince apart two object can be and be distinguished as two objects (detail) .
Magnification :      How many times bigger an image is than its actual size.

Nucleolus :      Found in the nucleus, involved in the synthesis of ribosomes.

Golgi apparatus : A stack of curved membranes that package and process proteins.

Lysosome :      Tiny bags of digestive enzymes surrounded by a membrane.

Ribosome :      Tiny organelles that synthesise proteins.

Rough endoplasmic reticulum:      Network of membranes that have ribosomes attached to them.
4.  You must know the following units of measurement when working with microscopes.  They are all in comparison to a metre.  Complete the table below.Unit
Symbol
Equivalent in metres in standard form (m)
kilometre
km
1 x 103
metre
   m
  1
  milimetre
mm
1 x 10-3
micrometre
   µm
1 x 10-6
nanometre
nm
   1 x 10-9




5. Figure 4 shows a photomicrograph of onion cells.
[image: ]
Figure 4
(i)   The width of the labelled cell in Figure 4 is 6 mm. The cell has been magnified 750 times.
Calculate the actual width of this cell in mm.
Give your answer in standard form.
(3)

8x10-3
 ........................................................... mm


6.   Place a tick in the box to indicate where the organelle is found. Some
organelles can be found in both plant and animal cells.

	Organelle 
	Plant Cell
	Animal Cell

	Cell Wall 
	√
	

	Chloroplast 
	√
	

	Cytoplasm 
	√
	√

	Endoplasmic reticulum 
	√
	√

	Golgi apparatus
	√
	√

	Lysosome 
	√
	√

	Nucleolus 
	√
	√

	Nucleus
	√
	√

	Plasma membrane 
	√
	√

	Ribosome
	√
	√

	Vacuole 
	√
	√

	Mitochondria 
	√
	√



7.  Cells are categorised as either prokaryotes or eukaryotes. Find out
what this means and give 1 example for each of these categories.

	Prokaryote
	Eukaryote

	Prokaryotes are single celled organisms that do not have a nucleus or any other membrane bound organelles such as Golgi apparatus, Endoplasmic reticulum, Lysosome etc
Examples include any bacterial cells.

	Eukaryotes contain membrane bound organelles including a nucleus.

Examples include any plant or animal cells.






8.   The diagram shows an animal cell



a)  Name each labelled part and give its function



[image: ]

A Name   Cytoplasm  Function  Where chemical reactions take place/carries or holds    
               organelles/contains water/presses out on the membrane 
B Name  Cell surface membrane Function  Controls what enters and leaves the cell/ allows movement in and out 
                of the cell
C Name  Nucleus Function  Contains the genetic material/information
Task 5: Movement across membranes


1.   Place the following features in the correct part of the Venn Diagram using the letters given.


A    Involves water only


B    Requires energy


C     Is passive


D    Movement of particles


E How minerals get into rootn hair cells


F     High to low concentration


G    Against a concentration gradient





[image: ]
G[image: ]
F[image: ]
E[image: ]
D[image: ]
C[image: ]
B
A
D[image: ]

2.  Why does active transport require energy?

Particles are moved against the concentration gradient.

3.  What is this energy in the form of?
        ATP


4.  Some students set up the experiment below to investigate osmosis


[image: ]


a)  What is osmosis?

· Movement of water.
· From a high water potential to a low water potential or from a low solute concentration to a high solute concentration.
Across a partially permeable membrane


b) What will happen to the water level in the capillary tube during the investigation? Explain why this happens

      It will rise, because the solution inside has a higher solute concentration/lower water potential so the water moves by osmosis down the water potential gradient.



c)  Describe two examples where osmosis is used in living things

Plants- take in water via osmosis; this creates turgor pressure keeping the plant upright / 
Absorption of water in the colon/ Absorption of water via the kidney.
And many more…















Task 6: Gas exchange


3. Where does gas exchange take place?
Between the alveoli and the blood capillaries in the lungs
4. Where does aerobic respiration take place?

In the mitochondria of every cell in an organism.

3.  Describe how the lungs are adapted for gas exchange

Large surface area due to alveoli, moist lining, thin/short diffusion distance, copious blood supply (maintain concentration gradient).


4.  Label the parts of the lung in the diagram below:

[image: ]Bronchus
Trachea
Bronchioles
Alveoli

















5.  Describe the process of breathing in (inspiration)

External intercostal muscles contract, intercostal internal muscles relax.
Ribs move upwards and outwards.
The diaphragm contracts and flattens.
Volume in thorax increases.
Pressure in lungs decreases.
Air is forced into lungs.




6. .  Pulmonary ventilation is the total volume of air that is moved into the
lungs in one minute.  Find out the equation for pulmonary ventilation.

Pulmonary ventilation = tidal volume x ventilation rate










9. The diagram below shows a vertical section of a leaf. Name structures A-F.



A      Waxy cuticle	

B      Upper epidermis	

C      Palisade mesophyll	

D      Air space	

E      Spongy mesophyll	

F      Guard cells	

G     Lower epidermis	

H    Stoma (sing) Stomata (pl)	










9.  Where does gas exchange take place in a leaf? In the spongy mesophyll.

10. What is the role of the stomata in gas exchange? Allows carbon dioxide and oxygen to diffuse into the leaf.



















Task 7: The heart

1.   Label the diagram and complete the gap fi l exercise below.
[image: ]Right= Tricuspid & 
Left= bicuspid AV valves 
Pulmonary Vein
Vena 
Cava
The Aorta takes blood to the body.
The Pulmonary Artery
takes blood to the lungs.
Right
Ventricle
Left
Ventricle
Right
Atrium
Left Atrium
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2.  Complete the passage below:

The heart is made out of cardiac muscle.  It is a double pump that squeezes the blood around the body and to the lungs. The right side pumps blood to the lungs to pick up oxygenated. The left side pumps blood around the rest of the body. 


3. Find out another term that is used for a heart attack    Myocardial infarction
4. Which side of the heart is thicker and why?              Left side, because it pumps blood to the whole of the body.
5. Name the artery that only supplies the heart muscle ?      Coronary Artery
6. Name 3 blood vessels  Artery, Vein, Capillary
7. Which blood vessel contains valves?          Veins
8. What is the function of valves?               To prevent the back flow of blood.

Task 8: Causes of disease & immunity

1. What are the three main types of microorganisms? Bacteria, virus & fungus
2. What is a pathogen?   A disease causing microorganism.
3. Define the term antigen    A protein found on pathogens that causes your white blood cells to produce antibodies.
4. List 3 things that white blood cells do   White blood calls engulf pathogens, produce antibodies, and produce antitoxins.
5. What is the difference between an antibiotic and an antibody?
             Antibiotics are chemicals which kill or disrupt bacterial cells.  Antibodies are proteins produced by   the  white blood cells to help fight against bacteria.
6. What is found in a vaccination? A dead/weakened version of the pathogen.
7. Match the description on the left with the term on the right by writing the correct letter in each space.J=1, h=2, d=3, b=4, I=5, a=6, f=7, c=8, e=9, g=10




8. Disease causing microorganisms gain entry into the body via one of its interfaces with the environment such as the skin.  Name 2 other examples of interfaces through which microoganisms may gain entry into the body.
Digestive system and respiratory system.

9. How do pathogens cause disease?   Bacteria release toxins or damage cells directly and viruses damage cells	 as they reproduce.





Task 9: Interpreting data& HSW


1.   What is the difference between an independent variable and a dependent variable?

An independent variable is changed in the experiment to see its effect on another variable which is the dependent variable. This change is measured.

2.  Which axis has the independent variable on a graph?
The independent variable is always plotted on the x axis

3.  What term is used for the variable we keep the same throughout an investigation?

The control variable (reject ‘control’ on its own as this is a different concept)


4.  What is validity in designing an experiment?

Ensuring that the experiment it testing the hypothesis, that it is only the independent variable which is causing the change in the dependent, by controlling all other variables/ keeping them constant and not altering the dependent variable.

5.  What does correlation mean?
A relationship between two variables.

6.  What does the term directly proportional mean?

The rate of increase in one variable is the same as the rate of increase in the other variable.

7.  How can the validity of an experiment be increased?

Large sample size – overall reduces the impact of random error.
Repeat the experiment and see if a similar pattern is observed.
 Use repeats to remove anomalies/outliers.
Ensure that all measurements in the method are made with equipment with an appropriate precision for the amount. Eg using a pipette for very small volumes rather than a measuring cylinder.
Ensure that all control variables are tightly controlled e.g. Using an electronic water bath to control temperate rather than just conducting the experiments in the same room at the same time.

8.  How can the pH of a solution be controlled?
Using a pH buffer.

9. What is the difference between a control (group) and a control variable?
A control variable is a factor affecting the dependent variable which can vary whereas a control (group) is a repetition of the experiment in the absence of the independent variable in order to check that no other variables are effecting the experiment (negative control- extension: what is a positive control?)




Task 10: Subject knowledge:  Cell division

Task 1
Success Criteria:
Does the learner make it clear:
• That the type of cell division is mitosis?
• That the DNA/chromosomes are copied before the cell divides?
• That the doubled chromosome is made up of two chromatids?
• That the nuclear membrane breaks down?
• That the chromosomes line up on the equator of the cell?
• That one chromatid from every chromosome goes to each pole?
• That the cytoplasm divides?
• That the nuclear membrane reforms in each daughter cell?
• That each daughter cell has the same number of chromosomes as the parent cell?
• That the daughter cells are genetically identical to each other and the parent cell?

Task 2
Success Criteria:
Does the learner make it clear:
• That the type of cell division is meiosis?
• That the DNA/chromosomes are copied?
• That the doubled chromosome is made up of two chromatids?
• That the parent cell contains 2 copies of each chromosome (one from the male parent and one from the female parent)?
• That cells that have two copies of each chromosome are called diploid?
• That the nuclear membrane breaks down?
• That the homologous chromosome pairs line up on the equator of the cell?
• That one chromosome from each homologous pair of chromosomes goes to each pole?
• That the cytoplasm divides?
• That a second division takes place?
• That the chromosomes line up on the equator of the cell?
• That one chromatid from every chromosome goes to each pole?
• That the cytoplasm divides?
• That the nuclear membrane reforms in each daughter cell?
• That each daughter cell has half the number of chromosomes as the parent cell?
• That cells that only have one copy of each chromosome are called haploid?
• That the daughter cells are genetically different to each other?
• That at fertilisation the nuclei fuse so the fertilised egg has two copies of each chromosome and is diploid?

























Module 2: Maths in biology booklets

Maths will be a significant component of your exams and the same questions containing GCSE level maths come up again and again. This means easy marks! (If you make sure you revise your maths)
Maths requirement: http://www.ocr.org.uk/Images/294471-mathematical-skills-handbook.pdf

The questions are taken from the Maths for Biology content on the OCR website: https://www.ocr.org.uk/subjects/science/maths-for-biology/
If you get stuck on one set of questions then check out the tutorial found at the link above before re attempting and marking.

You will be completing quizzes on various mathematical skills.
For each skill:
1. Complete the student quiz. If you get stuck then use the tutorial document to help you. The tutorials can be found on: https://www.ocr.org.uk/subjects/science/maths-for-biology/
1. Mark your work using the answers which are found after every task.























Maths skills – M0.1 Recognise and make use of appropriate units in calculations
Quiz – converting between units
Answers to all of these questions should use standard form e.g. use 5.6 x 103 rather than 5600, use 4.2 x 10-2 rather than 0.042.
1. How many?
	mm in a m
	
	
	µm in a mm
	

	µm in a m
	
	
	nm in a µm
	

	nm in a mm
	
	
	nm in a m
	

	mm in a µm
	
	
	m in a µm
	

	µm in a nm
	
	
	mm in a nm
	

	µl in a litre
	
	
	ml in a litre
	

	µl in a ml
	
	
	ms in a s
	

	µs in a ms
	
	
	
	



1. Convert each of the following into metres.
	(a)
	70 nm
	

	(b)
	5 µm
	

	(c)
	1 mm
	

	(d)
	0.2 mm
	






1. Convert each of the following into µm.
	(a)
	4 m
	

	(b)
	200 nm
	

	(c)
	17 mm
	

	(d)
	0.3 nm
	



1. Areas. How many?
	(a)
	μm2 in a m2
	

	(b)
	μm2 in a mm2
	



1. Volumes. How many?
	(a)
	mm3 in a cm3
	

	(b)
	μm3 in a mm3
	



1. Convert each of these into more sensible units using standard form to express your answers if appropriate.
	(a)
	0.0003 μm
	

	(b)
	0.004 km
	

	(c)
	4500000 nm
	

	(d)
	0.0007 s
	





Quiz – Rates of change
1. Express these rates of change with the correct units:
	(a)
	2 μg per cm3
	

	(b)
	200 kJ per m2 per year
	

	(c)
	10 g per dm3
	

	(d)
	15 cm3 per minute
	



1. In an experiment you were measuring the growth rate of Salmonella. You started with 100 Salmonella and after 2 hours you had 6500 Salmonella. What is the bacterial growth rate?
	



1. In an experiment you were measuring the growth rate of Salmonella. You started with 80 Salmonella and after 4 hours you had 5000 Salmonella. What is the bacterial growth rate?
	



1. How would you express the following in numbers and units?

1. A woodlouse crawled 5 cm in 10 min.
	





1. A patient’s drip flowed with 10 drips every 30 s.
	



1. The growth of a slime mould colony was 40 cells per millimetre cubed per hour.
	



1. A breathing rate of 20 breaths in 30 s.
	



1. A change in temperature of 1.2 degrees over three years.
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Answers
Teacher answers
Quiz – converting between units
Answers to all of these questions should use standard form e.g. use 5.6 x 103 rather than 5600, use 4.2 x 10-2 rather than 0.042.
1. How many?
	mm in a m
	1 x 103
	
	µm in a mm
	1 x 103

	µm in a m
	1 x 106
	
	nm in a µm
	1 x 103

	nm in a mm
	1 x 106
	
	nm in a m
	1 x 109

	mm in a µm
	1 x 10-3
	
	m in a µm
	1 x 10-6

	µm in a nm
	1 x 10-3
	
	mm in a nm
	1 x 10-6

	µl in a litre
	1 x 106
	
	ml in a litre
	1 x 103

	µl in a ml
	1 x 103
	
	ms in a s
	1 x 103

	µs in a ms
	1 x 103
	
	
	



1. Convert each of the following into metres.
	(a)
	70 nm
	70 nm = 7 x 10-8 m

	(b)
	5 µm
	5 µm = 5 x 10-6 m

	(c)
	1 mm
	1 mm = 1 x 10-3 m

	(d)
	0.2 mm
	0.2 mm = 2 x 10-4 m



1. Convert each of the following into µm.
	(a)
	4 m
	4 m = 4 x 106 μm

	(b)
	200 nm
	200 nm = 2 x 10-1 μm

	(c)
	17 mm
	17 mm = 1.7 x 104 μm

	(d)
	0.3 nm
	0.3 nm = 3 x 10-4 μm



1. Areas. How many?
	(a)
	μm2 in a m2
	1 x 1012

	(b)
	μm2 in a mm2
	1 x 106



1. Volumes. How many?
	(a)
	mm3 in a cm3
	1 x 103

	(b)
	μm3 in a mm3
	1 x 109



1. Convert each of these into more sensible units using standard form to express your answers if appropriate.
	(a)
	0.0003 μm
	0.3 nm or 3 x 10-1 nm

	(b)
	0.004 km
	4 m

	(c)
	4500000 nm
	4.5 mm

	(d)
	0.0007 s
	0.7 ms or 7 x 10-1 ms




Quiz – Rates of change
1. Express these rates of change with the correct units:
	(a)
	2 μg per cm3
	2 μg cm-3

	(b)
	200 kJ per m2 per year
	200 kJ m-2 yr -1

	(c)
	10 g per dm3
	10 g dm-3

	(d)
	15 cm3 per minute
	15 cm3 min-1



1. In an experiment you were measuring the growth rate of Salmonella. You started with 100 Salmonella and after 2 hours you had 6500 Salmonella. What is the bacterial growth rate?
	6500 – 100 = 6400 bacteria in 2 hours
= 3200 bacteria per hour
= 3200 bacteria h-1



1. In an experiment you were measuring the growth rate of Salmonella. You started with 80 Salmonella and after 4 hours you had 5000 Salmonella. What is the bacterial growth rate?
	5000 – 80 = 4920 bacteria in 4 hours
 = 1230 bacteria per hour
= 1230 bacteria h-1



1. How would you express the following in numbers and units?

1. A woodlouse crawled 5 cm in 10 min.
	5 mm min-1   or   0.5 cm min-1   or  30 cm h-1



1. A patient’s drip flowed with 10 drips every 30 s.
	20 drips min-1   or  0.3 drips s-1




1. The growth of a slime mould colony was 40 cells per millimetre cubed per hour.
	40 mm-3 h-1



1. A breathing rate of 20 breaths in 30 s.
	40 breaths min-1   or  0.7 breaths s-1



1. A change in temperature of 1.2 degrees over three years.
	0.4 oC yr-1




















Maths skills – M0.2 Recognise and use expressions in decimal and standard form

Quiz
1. Convert each of these into standard form, to one decimal place.
	1)
	40000000
	

	2)
	8567
	

	3)
	0.0000007
	

	4)
	0.07607
	

	5)
	4500067
	

	6)
	93
	

	7)
	7
	

	8)
	62545
	



1. Multiply these numbers, giving your answer in standard form to one decimal place:

	1)
	(1 x 104) x ( 6 x 103) 
	

	2)
	(3 x 104) x (3 x 10-1) 
	

	3)
	(2 x 10-2) x (3 x 10-3)
	

	4)
	(4 x 102) x (5 x 103) 
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Answers
Teacher answers
Quiz
1. Convert each of these into standard form, to one decimal place.
	1)
	40000000
	4.0 x 107

	2)
	8567
	8.6 x 103

	3)
	0.0000007
	7.0 x 10-7

	4)
	0.07607
	7.6 x 10-2

	5)
	4500067
	4.5 x 106

	6)
	93
	9.3 x 101

	7)
	7
	7.0 x 100

	8)
	62545
	6.3 x 104



1. Multiply these numbers, giving your answer in standard form to one decimal place:

	1)
	(1 x 104) x ( 6 x 103) 
	= 6.0 x 107

	2)
	(3 x 104) x (3 x 10-1) 
	= 9.0 x 103

	3)
	(2 x 10-2) x (3 x 10-3)
	= 6.0 x 10-5

	4)
	(4 x 102) x (5 x 103) 
	= 20 x 105 = 2.0 x 106





















Maths skills – M0.3 Use ratios, fractions and percentages
Quiz – Percentages: Practice calculations
Learners may be tested on their ability to:
•	Calculate percentage yields
•	Calculate surface area to volume ratio
•	Use scales for measuring 
•	Represent phenotypic ratios (monohybrid and dihybrid crosses)

1. Ventricular systole lasts for 0.3 s. The cardiac cycle lasts for 0.8 s. What percentage of the cardiac cycle is ventricular systole?


1. In an onion root tip squash, 200 cells were observed and each cell was assigned to a stage of the cell cycle. Here are the results:
	Stage
	Number of cells

	Interphase
	150

	Prophase
	20

	Metaphase
	12

	Anaphase
	4

	Telophase
	8

	Cytokinesis
	6



What percentage of cells were at each stage of the cell cycle?



1. A soil sample weighed 2.4 g. After heating at 100 0C in an oven to evaporate the water, it weighed 1.8 g. What percentage of the soil sample was water? 





1. Stearic acid has the formula C17H35COOH. What percentage of the atoms in stearic 
acid are:
	(a)
	carbon?
	

	(b)
	hydrogen?
	

	(c)
	oxygen?
	



Quiz – Percentage yield: Practice calculations
1. In the following examples you are given the actual yield and the theoretical yield.  Calculate the percentage yield.
	(a)
	Actual yield = 40 g
	Theoretical yield = 60 g
	

	(b)
	Actual yield = 60 g
	Theoretical yield = 100 g
	

	(c)
	Actual yield = 90 g
	Theoretical yield = 130 g
	

	(d)
	Actual yield = 23 g
	Theoretical yield = 60 g
	



1. In the hydrolysis of a sample of triglycerides, the theoretical yield of fatty acids is 9.0 g. The actual yield was 7.2  g. What was the percentage yield for this synthesis? 





Quiz – Ratio: Practice calculations
1. Calculate the  surface area-to-volume ratios of the following cuboids:
	(a)
	A cuboid with sides: 2 cm x 2 cm x 2 cm
	




	(b)
	A cuboid with sides: 1 m x 2 m x 4 m
	




	(c)
	A cuboid with sides: 1 mm x 1 mm x 8 mm
	






Quiz – Phenotypic ratio: practice calculations
1. Plants were grown either in the light or the dark and the length of the stem was measured.
	Growing conditions
	Stem length (cm)

	Light
	10

	Dark
	25



1. What was the ratio of stem length, light to dark?

	



1. What was the ratio of stem length, dark to light?

	



1. The stem length experiment was repeated by growing plants under four different coloured lights:
	Light used for growth
	Stem length (cm)

	Blue
	25

	Green
	3

	Yellow
	10

	Red
	15




What was the ratio of stem length blue to green to yellow to red?

	



1. Let’s say colour of naked mole rats is determined by a single gene and brown colour (B) is dominant to white colour (b). If two heterozygous (Bb) naked mole rats were mated, what is the expected ratio of brown naked mole rats to white naked mole rats? 

	


Answers
Teacher answers
Quiz – Percentages: Practice calculations
Learners may be tested on their ability to:
•	Calculate percentage yields
•	Calculate surface area to volume ratio
•	Use scales for measuring 
•	Represent phenotypic ratios (monohybrid and dihybrid crosses)
1. Ventricular systole lasts for 0.3 s. The cardiac cycle lasts for 0.8 s. What percentage of the cardiac cycle is ventricular systole?The part is 0.3 s
The whole is 0.8 s




So 37.5% of the cardiac cycle is ventricular systole







1. In an onion root tip squash, 200 cells were observed and each cell was assigned to a stage of the cell cycle. Here are the results:
	Stage
	Number of cells

	Interphase
	150

	Prophase
	20

	Metaphase
	12

	Anaphase
	4

	Telophase
	8

	Cytokinesis
	6



hat percentage of cells were at each stage of the cell cycle? Using Interphase as an example, 150 is the part, 200 is the whole.




Interphase		75%
Prophase		10%
Metaphase		  6%
Anaphase	 	  2%
Telophase		  4%
Cytokinesis	 	  3%



















1. A soil sample weighed 2.4 g. After heating at 100 0C in an oven to evaporate the water, it weighed 1.8 g. What percentage of the soil sample was water? 

Or you can do this another way:    













1. Stearic acid has the formula C17H35COOH. What percentage of the atoms in stearic 
acid are:Stearic acid has 56 atoms (18 carbons, 36 hydrogens and 2 oxygens)
So, for carbon, 18 is the part, 56 is the whole.
 



	(a)
	carbon?
	32%

	(b)
	hydrogen?
	64%

	(c)
	oxygen?
	4%



Quiz – Percentage yield: Practice calculations
1. In the following examples you are given the actual yield and the theoretical yield.  Calculate the percentage yield.    





	(a)
	Actual yield = 40 g
	Theoretical yield = 60 g
	67%

	(b)
	Actual yield = 60 g
	Theoretical yield = 100 g
	60%

	(c)
	Actual yield = 90 g
	Theoretical yield = 130 g
	69%

	(d)
	Actual yield = 23 g
	Theoretical yield = 60 g
	38%



1. In the hydrolysis of a sample of triglycerides, the theoretical yield of fatty acids is 9.0 g. The actual yield was 7.2  g. What was the percentage yield for this synthesis? 
   







Quiz – Ratio: Practice calculations
1. Calculate the  surface area-to-volume ratios of the following cuboids:a) Sum of the sides:  one side = 2 x 2 = 4 cm2     There are six sides, 
so 4 x 6 = 24 cm2
       The volume is 2 x 2 x 2 = 8 cm3
The surface area divided by volume =        So the ratio is 3:1
b) Two sides are 1 x 2 m, two are 2 x 4 m and two are 1 x 4 m.  
So 4 m2 + 16 m2 + 8 m2 = 28 m2
    The volume is 1 x 2 x 4 = 8 m3
	The ratio is 3.5:1    
1. Two sides are 1 x 1 mm, and four are 1 x 8 mm.  So 2 mm2 + 32 mm2 = 34 mm2
The volume is 1 x 1 x 8 = 8 mm3

Surface area divided by volume = 	The ratio is 4.25:1     












	(a)
	A cuboid with sides: 2 cm x 2 cm x 2 cm
	3:1

	(b)
	A cuboid with sides: 1 m x 2 m x 4 m
	3.5:1

	(c)
	A cuboid with sides: 1 mm x 1 mm x 8 mm
	4.25:1



Quiz – Phenotypic ratio: practice calculations
1. Plants were grown either in the light or the dark and the length of the stem was measured.
	Growing conditions
	Stem length (cm)

	Light
	10

	Dark
	25



1. What was the ratio of stem length, light to dark?

			So the ratio is 0.4:1





1. What was the ratio of stem length, dark to light?

			So the ratio is 2.5:1



1. The stem length experiment was repeated by growing plants under four different coloured lights:
	Light used for growth
	Stem length (cm)

	Blue
	25

	Green
	3

	Yellow
	10

	Red
	15



What was the ratio of blue to green to yellow to red?

	If the last in the ratio must be 1, then divide all the others by 15 
(the value for the last one)

For blue 

For green  

For yellow  

So the answer is     1.7 : 0.2 : 0.7 :1





1. Let’s say colour of naked mole rats is determined by a single gene and brown colour (B) is dominant to white colour (b). If two heterozygous (Bb) naked mole rats were mated, what is the expected ratio of brown naked mole rats to white naked mole rats? 

	A standard genetic cross will give the following:
	
	B
	b

	B
	BB
	Bb

	b
	Bb
	bb



B is dominant to b. Therefore both BB and Bb genotype will produce a brown naked mole rat phenotype, whereas bb will produce a white phenotype. So there are three browns to each white, so the ratio will be 3:1.




Maths skills – M0.4 Estimate results
Quiz
1. Estimate these and check your approximations using a calculator
	a)
	15.6 x 24.4
	

	b)
	8.8 x 32.3
	

	c)
	15.6/24.4
	

	d)
	8.8/32.3
	



2. Here’s an example from ecological sampling. A 0.5 m x 0.5 m quadrat was used to count plants. Ten samples were taken and the plants in each quadrat counted. 
The values were: 7, 3, 6, 12, 4, 8, 8, 9, 10, 2
Make an estimate of the density of plants per m2.   
Now calculate the density of plants per m2. 






3. Estimate whether the following calculations will give an answer that is greater than, or less than, one.


1. 			


1. 			


1. 			


1. 			


Produced in collaboration with the University of East Anglia

Answers
Teacher answers
Quiz
1. Estimate these and check your approximations using a calculator
	a)
	15.6 x 24.4
	 15 x 25 = 375 	 380.64

	b)
	8.8 x 32.3
	 10 x 30 = 300	 284.24

	c)
	15.6/24.4
	 15/25 = 3/5 = 6/10 = 0.6	 0.64

	d)
	8.8/32.3
	 8/32 = ¼ = 0.25	 0.27



2. Here’s an example from ecological sampling. A 0.5 m x 0.5 m quadrat was used to count plants. Ten samples were taken and the plants in each quadrat counted. 
The values were: 7, 3, 6, 12, 4, 8, 8, 9, 10, 2
Make an estimate of the density of plants per m2.   
Now calculate the density of plants per m2. ~ 70 plants in total 		Calculated as 69
Area of 1 quadrat = 0.5 x 0.5 = 0.25 m2. 
Total area sampled of 10 x 0.25 = 2.5 m2.
To get density per m2, divide number of plants by area sampled 
= ~70/2.5 = 28 plants per m2 = 28 plants m-2
The actual calculated value is 69/2.5 = 27.6 plants m-2 or 2.76 x 10 plants m-2. 







3. Estimate whether the following calculations will give an answer that is greater than, or less than, one.
less than 1

1. 			
more than 1

1. 			
less than 1

1. 			
more than 1

1. 			


M1.1 – Use an appropriate number of significant figures
Quiz
1. 	In each case convert to the number of significant figures quoted. 

a)	2342 to 3 sig fig			

b)	2342 to 2 sig fig

c)	456 to 2 sig fig				

d)	0.07842 to 3 sig fig

e)	0.07842 to 2 sig fig			

f)	0.003004 to 3 sig fig


(Note: for questions 2 to 4 you should be able to identify the appropriate number of significant figures to which to give your answer as well as convert the calculated result to that number of sig figs. If you are finding the calculations themselves difficult please refer to M2.3 and M2.4).

2. 	A hypothermic patient was rewarmed from 30.6°C to 37.1°C over the course of 3.4 h. What was the rate of warming (use °C h-1 as your units)?












3.	A willow coppice woodland in the UK has an area of 1.15 ha. (ha is the symbol for heactare – an area of land equal to 10,000 m2). When the willow harvest is taken each year, and dried, it yields 9 odt (oven-dry tonnes) of biomass. What is the productivity of the land (the amount of biomass produced per unit area) in units of odt ha-1? 













4. 	A model cell is made of visking tubing (partially permeable membrane) containing sucrose solution and is immersed in distilled water. In 23.5 min the volume of the model cell increases by 1.0 cm3 due to inflow of water by osmosis. What is the rate of osmosis in units of cm3 min-1?















Answers
Teacher answers
Quiz
1. 	In each case convert to the number of significant figures quoted. 2340

a)	2342 to 3 sig fig			2300

b)	2342 to 2 sig fig460

c)	456 to 2 sig fig				0.0784

d)	0.07842 to 3 sig fig0.078

e)	0.07842 to 2 sig fig			0.00300

f)	0.003004 to 3 sig fig


(Note: for questions 2 to 4 you should be able to identify the appropriate number of significant figures to which to give your answer as well as convert the calculated result to that number of sig figs. If you are finding the calculations themselves difficult please refer to M2.3 and M2.4).


2. 	A hypothermic patient was rewarmed from 30.6°C to 37.1°C over the course of 3.4 h. What was the rate of warming (use °C h-1 as your units)?Lowest number of sig figs in the data = appropriate number of sig figs in final answer = 2
Change in temperature (final temp – initial temp) = 37.1 – 30.6 = 6.5°C 
Rate of warming = change in temp / time taken = 6.5 / 3.4 = 1.911747 = 1.9°C h-1 (to 2 s.f.)















3.	A willow coppice woodland in the UK has an area of 1.15 ha. (ha is the symbol for heactare – an area of land equal to 10,000 m2). When the willow harvest is taken each year, and dried, it yields 9 odt (oven-dry tonnes) of biomass. What is the productivity of the land (the amount of biomass produced per unit area) in units of odt ha-1? 

Lowest number of sig figs = appropriate number of sig figs in final answer = 1
Productivity = biomass / area = 9 / 1.15 = 7.82609 = 8 odt ha-1 (to 1 s.f.)









4. A model cell is made of visking tubing (partially permeable membrane) containing sucrose solution and is immersed in distilled water. In 23.5 min the volume of the model cell increases by 1.0 cm3 due to inflow of water by osmosis. What is the rate of osmosis in units of cm3 min-1?Lowest number of sig figs = appropriate number of sig figs in final answer = 2
Rate of osmosis = 1.0 / 23.5 = 0.0425532 = 0.043 cm3 min-1 (to 2 s.f.)
Or, in standard form, 4.3 x 10 -2 cm3 min-1 (to 2 s.f.)















M1.2 – Find arithmetic means
Quiz - calculate the mean:
1. Students measured the number of carrots eaten by rabbits over 24 hours. Calculate the mean number of carrots eaten.


Carrots eaten per rabbit: 
6	5	8	5	9	6	7	7	7	8




1. The number of stomata on the upper and lower sides of 5 leaves of a plant were counted. 
	No. of stomata on lower side of leaf
	No. of stomata on upper side of leaf

	45
	6

	48
	9

	47
	11

	50
	7

	46
	7



How do the mean numbers of stomata compare on the upper and lower sides of the leaf? 
















M1.2 – Answers
Teacher answers
Quiz - calculate the mean:
1. Students measured the number of carrots eaten by rabbits over 24 hours. Calculate the mean number of carrots eaten.
Carrots eaten per rabbit: 
6	5	8	5	9	6	7	7	7	8Mean = 68/10 = 6.8



1. The number of stomata on the upper and lower sides of 5 leaves of a plant were counted. 
	No. of stomata on lower side of leaf
	No. of stomata on upper side of leaf

	45
	6

	48
	9

	47
	11

	50
	7

	46
	7



How do the mean numbers of stomata compare on the upper and lower sides of the leaf? 
[image: ]			       = 47.2 stomata (upper)
			       = 8.0 stomata (lower)
Upper:lower = ~48:8  ~6:1

[image: ]



	








M1.3 – Construct and interpret frequency tables and diagrams, bar charts and histograms
Quiz
For the below data sets:
1. Determine whether a histogram or bar chart is the more appropriate graph to plot with reasons.
1. Plot the graph.

1. Blood samples were taken from a group of patients and the frequency of blood groups is presented in the table below.
	Blood group
	Frequency

	A
	40

	B
	10

	AB
	5

	O
	40



1. The ages of teenage boys and men attending at least one hour of gym class in a week were recorded. Process and present these data to show how the numbers doing this kind of exercise vary with age.

	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)

	15.7
	56.1
	50.1
	34.1
	16.4
	44.2
	65.5
	45.0
	57.4
	22.2

	31.7
	35.4
	17.8
	19.2
	32.2
	62.9
	77.0
	28.1
	33.4
	18.8

	23.6
	25.6
	27.7
	48.7
	39.9
	30.9
	34.4
	77.8
	53.7
	52.2

	27.0
	17.2
	43.5
	21.1
	54.2
	31.1
	24.4
	18.1
	34.0
	21.5

	16.3
	25.0
	20.6
	19.9
	22.7
	64.0
	29.9
	24.2
	32.4
	17.7

	36.4
	22.0
	21.0
	50.4
	18.6
	19.6
	49.1
	38.6
	49.9
	46.1

	48.8
	31.1
	39.8
	57.3
	30.1
	33.1
	23.5
	36.1
	41.1
	43.7



1. Vitamin C content of fruits
	Fruit
	Vitamin C content (mg 100g -1)

	Apple
	6

	Banana
	9

	Lemon 
	46

	Kiwi fruit
	96

	Orange 
	53

	Strawberry
	57


Produced in collaboration with the University of East Anglia
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M1.3 – Answers
Teacher answers
Quiz
For the below data sets:
1. Determine whether a histogram or bar chart is the more appropriate graph to plot with reasons.
1. Plot the graph.

1. Blood samples were taken from a group of patients and the frequency of blood groups is presented in the table below.
	Blood group
	Frequency

	A
	40

	B
	10

	AB
	5

	O
	40










1. Bar chart – qualitative categoric data
1. [image: ]


























1. e ages of teenage boys and men attending at least one hour of gym class in a week were recorded. Process and present these data to show how the numbers doing this kind of exercise vary with age.

	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)

	15.7
	56.1
	50.1
	34.1
	16.4
	44.2
	65.5
	45.0
	57.4
	22.2

	31.7
	35.4
	17.8
	19.2
	32.2
	62.9
	77.0
	28.1
	33.4
	18.8

	23.6
	25.6
	27.7
	48.7
	39.9
	30.9
	34.4
	77.8
	53.7
	52.2

	27.0
	17.2
	43.5
	21.1
	54.2
	31.1
	24.4
	18.1
	34.0
	21.5

	16.3
	25.0
	20.6
	19.9
	22.7
	64.0
	29.9
	24.2
	32.4
	17.7

	36.4
	22.0
	21.0
	50.4
	18.6
	19.6
	49.1
	38.6
	49.9
	46.1

	48.8
	31.1
	39.8
	57.3
	30.1
	33.1
	23.5
	36.1
	41.1
	43.7



Histogram – quantitative continuous data
Firstly decide what classes you are going to organise the data into. Create a table for these data:
	Age (years)
	Number of men and teenage boys

	15-24
	

	25-34
	

	35-44
	

	45-54
	

	55-64
	

	65-74
	

	75-84
	



Annotating the original data table can help keep track of which data items you are assigning to which classes as well as counting up the totals:


	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)
	Age (years)

	15.7
	56.1
	50.1
	34.1
	16.4
	44.2
	65.5
	45.0
	57.4
	22.2

	31.7
	35.4
	17.8
	19.2
	32.2
	62.9
	77.0
	28.1
	33.4
	18.8

	23.6
	25.6
	27.7
	48.7
	39.9
	30.9
	34.4
	77.8
	53.7
	52.2

	27.0
	17.2
	43.5
	21.1
	54.2
	31.1
	24.4
	18.1
	34.0
	21.5

	16.3
	25.0
	20.6
	19.9
	22.7
	64.0
	29.9
	24.2
	32.4
	17.7

	36.4
	22.0
	21.0
	50.4
	18.6
	19.6
	49.1
	38.6
	49.9
	46.1

	48.8
	31.1
	39.8
	57.3
	30.1
	33.1
	23.5
	36.1
	41.1
	43.7



[image: ]Complete the processed data table:
	Age (years)
	Number of men and teenage boys

	15-24
	23

	25-34
	18

	35-44
	10

	45-54
	11

	55-64
	5

	65-74
	1

	75-84
	2



Plot the histogram: 





1. Vitamin C content of fruits
	Fruit
	Vitamin C content (mg 100g -1)

	Apple
	6

	Banana
	9

	Lemon 
	46

	Kiwi fruit
	96

	Orange 
	53

	Strawberry
	57









Bar chart – quantitative categoric data
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M1.4 – Understand simple probability
Quiz
1. What is the probability of rolling a 5 on a six-sided die? 



1. What is the probability of rolling a 3 or a 5 on a six-sided die? 



1. What is the probability of rolling at least one 3 when rolling two dice? 



1.  What is the probability of rolling two 3s one after the other when rolling a single die? 



1. We have two cats where one is homozygous for alleles that produce a short tail which is a recessive trait, while the other is homozygous for alleles that produce a long tail which is dominant. With this knowledge we can make predictions about the characteristics of any offspring produced when these two cats are bred together. 
1. What is the probability that offspring would inherit one copy of the short tail allele? 



1. What is the probability that offspring would have short tails? 







1. I have two flowers, both heterozygous at two loci. One locus is the petal colour gene where the yellow allele is recessive and the red allele is dominant. The other locus is the petal shape gene where a smooth petal allele is dominant and a wrinkly petal allele is recessive.

A. What is the probability of an individual inheriting just one copy of the wrinkly allele and just one copy of the red allele? (i.e. being doubly heterozygous just like the parents)




B. What is the probability of seeing an individual from this cross which has wrinkly red petals? 







M1.4 – Answers
Quiz
1. What is the probability of rolling a 5 on a six-sided die? 1 in 6 or p=0.167



1. What is the probability of rolling a 3 or a 5 on a six-sided die? 1 in 3 or p=0.333



1. What is the probability of rolling at least one 3 when rolling two dice? 11/36 or p=0.306



1.  What is the probability of rolling two 3’s one after the other when rolling a single die? P = 0.0277 or 1 in 36



1. We have two cats where one is homozygous for alleles that produce a short tail which is a recessive trait, while the other is homozygous for alleles that produce a long tail which is dominant. With this knowledge we can make predictions about the characteristics of any offspring produced when these two cats are bred together. 
1. What is the probability that offspring would inherit one copy of the short tail allele? 1



1. What is the probability that offspring would have short tails? 0



1. I have two flowers, both heterozygous at two loci. One locus is the petal colour gene where the yellow allele is recessive and the red allele is dominant. The other locus is the petal shape gene where a smooth petal allele is dominant and a wrinkly petal allele is recessive.

A. What is the probability of an individual inheriting just one copy of the wrinkly allele and just one copy of the red allele? (i.e. being doubly heterozygous just like the parents)
 
0.25



B. What is the probability of seeing an individual from this cross which has wrinkly red petals? 3/16 p=0.1875









f
f
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M1.6 – Understand the terms mean, mode 
and median
Quiz
Plants were grown in both the sun and the shade and height measurements taken. Calculate the mean, mode and median for each set of data.
	Height in sun (cm)
	Height in shade (cm)

	244
	104

	265
	83

	312
	131

	199
	99

	278
	118

	345
	150

	236
	162

	197
	118

	266
	146

	237
	128




	
	Height in sun (cm)
	Height in shade (cm)

	Mean
	
	

	Mode
	
	

	Median
	
	



Numbers of mucus-secreting goblet cells were counted per colonic intestinal crypt in patients with Crohn’s disease and healthy patients. Calculate the mean, mode and median for each set of data.
	Number of goblet cells – Crohn’s disease patients
	Number of goblet cells – Healthy patients

	9
	15

	11
	12

	7
	14

	15
	9

	10
	11

	8
	13

	7
	12

	12
	10

	13
	16

	7
	11



	
	Crohn’s disease patients
	Healthy patients

	Mean
	
	

	Mode
	
	

	Median
	
	

	
	
	











M1.6 – Answers
Teacher answers
Quiz
Plants were grown in both the sun and the shade and height measurements taken. Calculate the mean, mode and median for each set of data.
	Height in sun (cm)
	Height in shade (cm)

	244
	104

	265
	83

	312
	131

	199
	99

	278
	118

	345
	150

	236
	162

	197
	118

	266
	146

	237
	128





	
	Height in sun (cm)
	Height in shade (cm)

	Mean
	257.9
	123.9

	Mode
	No modal value
	118

	Median
	254.5
	123



Numbers of mucus-secreting goblet cells were counted per colonic intestinal crypt in patients with Crohn’s disease and healthy patients. Calculate the mean, mode and median for each set of data.
	Number of goblet cells – Crohn’s disease patients
	Number of goblet cells – Healthy patients

	9
	15

	11
	12

	7
	14

	15
	9

	10
	11

	8
	13

	7
	12

	12
	10

	13
	16

	7
	11



	
	Crohn’s disease patients
	Healthy patients

	Mean
	9.9
	12.3

	Mode
	7
	11 and 12

	Median
	9.5
	12

	
	
	








M1.7 – Use a scatter diagram to identify a correlation between two variables
Quiz
1.   Which of the following is/are appropriate to draw as scatterplots?
1. The mean horn length of two populations of African rhinos
1. The frequency of short-haired and long-haired cats from a cross of two long-haired parents
1. The diameter of oak tree trunks and the average number of leaves per branch
1. The abundance of insects and the fledging weight of lapwing chicks. 




1. Plot the following information from the table into a scatterplot – the length of a male peacock’s tail against the number of females he courted in a single breeding season
	Peacock
	Tail length (cm)
	Number of females courted

	1
	140
	1

	2
	135
	1

	3
	156
	3

	4
	147
	4

	5
	152
	5

	6
	164
	5

	7
	154
	4

	8
	162
	6

	9
	139
	2

	10
	149
	3

	11
	153
	4

	12
	159
	5

	13
	154
	5

	14
	157
	4

	15
	161
	5


		
























Add a trendline to this scatter plot and describe the relationship you observe.
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1. Describe the relationship observed in this scatterplot charting the weight of female house flies against the number of eggs laid per day. 

[image: Title: Scatter plot graph]
M1.7 – Answers
Quiz
1.   Which of the following is/are appropriate to draw as scatterplots?
1. The mean horn length of two populations of African rhinos
1. The frequency of short-haired and long-haired cats from a cross of two long-haired parents
1. The diameter of oak tree trunks and the average number of leaves per branch
1. The abundance of insects and the fledging weight of lapwing chicks. 
C D


1. Plot the following information from the table into a scatterplot – the length of a male peacock’s tail against the number of females he courted in a single breeding season
	Peacock
	Tail length (cm)
	Number of females courted

	1
	140
	1

	2
	135
	1

	3
	156
	3

	4
	147
	4

	5
	152
	5

	6
	164
	5

	7
	154
	4

	8
	162
	6

	9
	139
	2

	10
	149
	3

	11
	153
	4

	12
	159
	5

	13
	154
	5

	14
	157
	4

	15
	161
	5


		





















Add a trendline to this scatter plot and describe the relationship you observe

[image: ]
This a strong positive correlation
Trendline should have data points equally distributed on either side 
(note N=15, so 8 points fall below, and 7 above). 

1. Describe the relationship observed in this scatterplot charting the weight of female house flies against the number of eggs laid per day. 

[image: ]
Negative correlation









M1.8 Make order of magnitude calculations
Quiz
1	This is an electron micrograph of a mitochondrion. Its actual length is 5 μm. 	Calculate the magnification of the image.
[image: Title: TEM of a mitochondrion - Description: B0000119 Credit Prof. R. Bellairs, Wellcome Images 
TEM of a mitochondrion
A transmission electron micrograph of a mitochondrion in a chick embryo cell.
Collection: Wellcome Images 
Copyrighted work available under Creative Commons Attribution only licence CC BY 4.0 http://creativecommons.org/licenses/by/4.0/ 
]
B0000119 Credit Prof. R. Bellairs, Wellcome Images 
TEM of a mitochondrion
A transmission electron micrograph of a mitochondrion in a chick embryo cell.
Collection: Wellcome Images 
Copyrighted work available under Creative Commons Attribution only licence CC BY 4.0 http://creativecommons.org/licenses/by/4.0/ 








2	This botanical illustration from about 250 years ago shows a banana plant. The image has a scale line where each division represents 30 cm. What is the magnification?
[image: Title: Banana plant - Description: V0043033 Credit: Wellcome Library, London
Banana plant (Musa species): flowering and fruiting plant with stolons and separate floral segments and sectioned fruit, also a description of the plant's growth, anatomical labels and a scale bar. Etching by G. D. Ehret, c. 1742, after himself.
By: Georg Dionysius Ehret 
Size: platemark 63.2 x 46.5 cm. 
Collection: Iconographic Collections 
Library reference no.: ICV No 43624 
Full Bibliographic Record Link to Wellcome Library Catalogue 
Copyrighted work available under Creative Commons Attribution only licence CC BY 4.0 http://creativecommons.org/licenses/by/4.0/
]
V0043033 Credit: Wellcome Library, London
Banana plant (Musa species): flowering and fruiting plant with stolons and separate floral segments and sectioned fruit, also a description of the plant's growth, anatomical labels and a scale bar. Etching by G. D. Ehret, c. 1742, after himself.
By: Georg Dionysius Ehret 
Size: platemark 63.2 x 46.5 cm. 
Collection: Iconographic Collections 
Library reference no.: ICV No 43624 
Full Bibliographic Record Link to Wellcome Library Catalogue 
Copyrighted work available under Creative Commons Attribution only licence CC BY 4.0 http://creativecommons.org/licenses/by/4.0/





3	A false-colour transmission EM image of a white blood cell has a magnification of x2000. What is the diameter of the white blood cell?
[image: Title: Monocyte and two red blood cells - Description: B0004162 Credit University of Edinburgh, Wellcome Images 
Monocyte and two red blood cells
Colour-enhanced image of a monocyte and two red blood cells. Monocytes are white blood cells that develop into macrophages, cells that ingest and destroy dead cells and micro-organisms.
Transmission electron micrograph 1980 - 2000 
Collection: Wellcome Images 
Copyrighted work available under Creative Commons by-nc 4.0 https://creativecommons.org/licenses/by-nc/4.0/ 
]
B0004162 Credit University of Edinburgh, Wellcome Images 
Monocyte and two red blood cells
Colour-enhanced image of a monocyte and two red blood cells. Monocytes are white blood cells that develop into macrophages, cells that ingest and destroy dead cells and micro-organisms.
Transmission electron micrograph 1980 - 2000 
Collection: Wellcome Images 
Copyrighted work available under Creative Commons by-nc 4.0 https://creativecommons.org/licenses/by-nc/4.0/ 



M1.8 Make order of magnitude calculations
Teacher answers
Quiz
1	This is an electron micrograph of a mitochondrion. Its actual length is 5 μm. 	Calculate the magnification of the image.
Magnification = size of image / size of the real object
Size of image = 80 mm = 800000 μm
Size of object = 5 μm
Magnification = 80000 / 5 = x16000










2	This botanical illustration from about 250 years ago shows a banana plant. The image has a scale line where each division represents 30 cm. What is the magnification?
The magnification is calculated using the scale where 30 cm is represented by major divisions which are actually 6.5 mm apart
Magnification = size of image/ size of the real object
Size of image = 6.5 mm
Size of object = 30 cm = 300 mm
Magnification = 6.5 / 300 = x 0.022 or approximately 1 / 50









3	A false-colour transmission EM image of a white blood cell has a magnification of x2000. What is the diameter of the white blood cell?
Produced in collaboration with the University of East Anglia
Size of object 	= size of image/magnification
Size of image = 40 mm = 40000 μm
Magnification = 2000
Size of object = 40000 / 2000 = 20 μm 
(note: clearly the cell is not spherical – answers within a sensible range (or even better reporting an interval for the diameter) should be credited)
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Maths skills – M2.1 Understand and use symbols =, ‹, ‹‹, ››, ›, α, ~
Quiz
1.	What do the following symbols mean?
	=
	

	~
	

	<
	

	>
	

	<<
	

	>>
	

	α
	


2.	Use the most appropriate symbol to complete the following statements:
a)	10  	 20
b)	1,000,000  	 2
c)	10.45  	 10.44
d)	12  	 12
3.	Use symbols to express these biological statements more briefly:
a)	The number of wolves is less than the number of red deer.
	


b)	There are approximately as many females as males in the population.
	



c)	The number of synapses in the human brain is much greater than the number of neurones
	


d)	The above ground biomass of plant species in the meadow in June is inversely proportional to the number of sheep grazing the meadow in May
	


Produced in collaboration with the University of East Anglia




Maths skills – M2.1 Answers
Quiz
1.	What do the following symbols mean?
	=
	Equals

	~
	Approximately equal to

	<
	Less than

	>
	Greater than

	<<
	Much less than

	>>
	Much greater than

	α
	Proportional to


2.	Use the most appropriate symbol to complete the following statements:
a)	10             <	 20
b)	1,000,000           >>	 2
c)	10.45           ~	 10.44
d)	12            =	 12
3.	Use symbols to express these biological statements more briefly:
a)	The number of wolves is less than the number of red deer
	W < D  or  wolves < red deer  or  number of wolves < number of red deer


b)	There are approximately as many females as males in the population
	F ~ M  or  number of females ~ number of males




c)	The number of synapses in the human brain is much greater than the number of neurones
	S >> N  or  number of synapses >> number of neurones


d)	The above ground biomass of plant species in the meadow in June is inversely proportional to the number of sheep grazing the meadow in May
	
B   or  above ground plant biomass in June  1 / number of sheep in May



Maths skills – M2.2 Change the subject of an equation
Quiz
1.	Rearrange the equation

so that
1. Distance is the subject of the equation
	


1. Time is the subject of the equation
	



2.	Rearrange the equation

so that
1. Force is the subject of the equation
	


1. Area is the subject of the equation
	





Maths skills – M2.2 Answers
Quiz
1.	Rearrange the equation

so that
1. Distance is the subject of the equation
	


1. Time is the subject of the equation
	


2.	Rearrange the equation

so that
1. Force is the subject of the equation
	


1. Area is the subject of the equation
	






Maths skills – M2.3 Substitute numerical values into algebraic equations using appropriate units for physical quantities
Maths skills – M2.4 Solve algebraic equations
Quiz


1. Ventilation rate is the volume of air exchanged in one minute. Breathing rate is the number of breaths per minute. Tidal volume is the volume of air exchanged in one breath.
This gives the equation:        
If tidal volume is 0.5 dm3 and ventilation rate is 6 dm3 min-1, what is the breathing rate? 




1. If the mean number of daisies in a quadrat 0.5 m x 0.5 m is 10, what will be the total number of daisies in a field measuring 100 m x 50 m? 








1. When water flows along a tube, such as a blood capillary, the flow of liquid can either be laminar or turbulent. 

This can be calculated by putting numbers into the following equation.  

If the result for NR is greater than 3000 flow is turbulent, and less than 2000 flow is laminar.

The equation is:

Where 
ρ = the density of the fluid 	(kg m-3)
= flow velocity		(m s-1)
D= the diameter of the tube	(m)
µ = the viscosity		(kg m-1s-1)

Calculate NR for the following:

1. The velocity through an aorta of diameter 2 x 10-2 m is 0.3 m s-1.  

The density of blood is 103 kg m-3.

The viscosity of blood is 4 x 10-3 kg m-1s-1



NR = 




Is the flow laminar or turbulent? 



1. Flow of water through a tube of diameter 4 x 10-2 m, supplying a fish tank, was found to be 
0.5 m s-1. 

The density of water is 103 kg m-3. 

The viscosity of water is 10-3 kg m-1 s-1.


NR = 




Is the flow laminar or turbulent? 




Maths skills – M2.3 & M2.4 Answers
Quiz

1. Ventilation rate is the volume of air exchanged in one minute. Breathing rate is the number of breaths per minute. Tidal volume is the volume of air exchanged in one breath.
This gives the equation:  
If tidal volume is 0.5 dm3 and ventilation rate is 6 dm3 min-1, what is the breathing rate?breathing rate = ventilation rate/tidal volume
breathing rate = 6/0.5 = 12 breaths min-1











1. If the mean number of daisies in a quadrat 0.5m x 0.5m is 10, what will be the total number of daisies in a field measuring 100m x 50m? 
No. of daisies in field = No. of daisies per quadrat x No. of quadrats in the area of the field
No. of daisies per quadrat = 10
No. of quadrats in area of field = 	Area of field/Area of quadrat
					5000 m2/0.25 m2 = 20000
Therefore number of daisies in field is 10 x 20000 = 200000 or 2 x 105













1. When water flows along a tube, such as a blood capillary, the flow of liquid can either be laminar or turbulent. This can be calculated by putting numbers into the following equation.  If the result for NR is greater than 3000 flow is turbulent, and less than 2000 flow is laminar.

The equation is

Where 
ρ = the density of the fluid 	(kg m-3)
= flow velocity		(m s-1)
D= the diameter of the tube	(m)
µ = the viscosity		(kg m-1s-1)

Calculate NR for the following:

1. The velocity through an aorta of diameter 2x10-2 m is 0.3 m s-1.  The density of blood is 103 kg m-3
Viscosity of blood is 4 x 10-3 kg m-1 s-1



NR = 1500





Is the flow laminar or turbulent?
laminar




1. Flow of water through a tube of diameter 4 x 10-2 m, supplying a fish tank, was found to be  
0.5 m s-1.

The density of water is 103 kg m-3. 

The viscosity of water is 10-3 kg m-1 s-1.


NR = 20,000





Is the flow laminar or turbulent? 
Turbulent
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This formative assessment resource has been produced as part of our free A Level teaching and learning support package. All the 
A Level teaching and learning resources, including delivery guides, topic exploration packs, lesson elements and more are available on the qualification webpages.
If you are looking for examination practice materials, you can find the Sample Assessment Materials (SAMs) on the qualification webpages: Biology A / Biology B

Produced in collaboration with the University of East Anglia




M3.1 – Translate information between graphical, numerical and algebraic forms
Quiz
1.	Describe the graphs below focussing on the relationship between the x and y axis variables.
A.						B.
[image: Graphs focussing on the relationship between the x and y axis variables.]
	




2.	A simplified description of photosynthesis: ‘Photosynthesis is dependent on light. When there is no light no photosynthesis takes place. As light intensity increases, the rate of photosynthesis increases linearly until it reaches an upper limit. Further increases in light intensity beyond this point have no effect on rate of photosynthesis.’
Draw a sketch graph to show this description of the relationship between rate of photosynthesis and light intensity.








How would the curve you have drawn change if you were to represent the following modifications to the description?
1. at very low light intensity no photosynthesis occurs – a threshold light intensity must be reached before any photosynthesis happens





1. in addition, at very high light intensity the chlorophyll is damaged and the rate of photosynthesis drops sharply



M3.1 – Answers
Quiz
1.	Describe the graphs below focussing on the relationship between the x and y axis variables.
A.						B.
[image: Graphs focussing on the relationship between the x and y axis variables.]
Graph A) No scales on either axis so description and interpretation will be qualitative e.g: As enzyme concentration increases, so does rate of reaction in a linear relationship.
Graph B) A scale on the x axis means that the description and interpretation can be partially quantitative e.g: The rate of reaction increases with temperature between 0°C and 40°C. A maximum rate is reached at 40°C. From 40°C to 60°C the rate falls with increasing temperature. For extra marks these changes could be explained using knowledge of enzymes.
2.	A simplified description of photosynthesis: ‘Photosynthesis is dependent on light. When there is no light no photosynthesis takes place. As light intensity increases, the rate of photosynthesis increases linearly until it reaches an upper limit. Further increases in light intensity beyond this point have no effect on rate of photosynthesis.’


Draw a sketch graph to show this description of the relationship between rate of photosynthesis and light intensity.
[image: relationship between rate of photosynthesis and light intensity]
How would the curve you have drawn change if you were to represent the following modifications to the description?
1. at very low light intensity no photosynthesis occurs – a threshold light intensity must be reached before any photosynthesis happens
[image: Relationship between rate of photosynthesis and light intensity at very low light intensity]
1. in addition, at very high light intensity the chlorophyll is damaged and the rate of photosynthesis drops sharply
[image: Relationship between rate of photosynthesis and light intensity at very high  light intensity]

M3.4 – Determine the intercept of a graph
Quiz
1.	An experiment was carried out to find the water potential of the cells in potato tubers.
Cylinders of potato were cut from potatoes and weighed. These cylinders were then immersed in sucrose solutions of different concentrations for 4 hours. The cylinders were then weighed again and the percentage change in mass was recorded.
The results were plotted and the line of best fit is shown in the graph below.
[image: Graph showing results from an experiement to find the water potential of the cells in potato tubers.]
What are the intercepts in this graph?
	



Which intercept will be used to find the water potential of the cells?
	









M3.4 – Answers
Quiz
1.	An experiment was carried out to find the water potential of the cells in potato tubers.
Cylinders of potato were cut from potatoes and weighed. These cylinders were then immersed in sucrose solutions of different concentrations for 4 hours. The cylinders were then weighed again and the percentage change in mass was recorded.
The results were plotted and the line of best fit is shown in the graph below.

What are the intercepts in this graph?
	The y intercept is (0, 10) meaning  that when sucrose concentration was 0 mol dm-3 the potato cylinders increased in mass by 10%

The x intercept is (0.5, 0) meaning that there was no change in mass of the cylinders when the sucrose concentration was 0 mol dm-3



Which intercept will be used to find the water potential of the cells?
	The x intercept will be used to find the water potential. This is tells us the sucrose concentration where the water potential of the sucrose solution is the same as that of the potato cells and so there is no net movement of water by osmosis in or out of the cells.





M3.5 – Calculate rate of change from a graph showing a linear relationship
Quiz
The rate of photosynthesis in a piece of pondweed was measured by the number of bubbles of oxygen released over time. 
The results were plotted as a line graph:
[image: Bubble production from photosynthesis line graph]
Find the gradient (the rate of photosynthesis).


Answers:

Find the gradient (the rate of photosynthesis).
	First you need to draw a triangle between two points – here we’ve chosen (1,20) and (4,80).
[image: No of bubbles line graph]
To work out the gradient, we use the formula gradient = the change in y divided by the change in x


So the change in y is 80 – 20 = 60
Change in y: 80 – 20 = 60
And the change in x is 4 – 1 = 3
Change in x: 4 – 1 = 3
So the gradient of rate of photosynthesis can be calculated as rate = gradient = 60 divided by three = 20 bubbles per minute




M3.6 – Draw and use the slope of a tangent to a curve as a measure of rate of change
Quiz
This graph shows concentration of maltose produced over time for an enzyme-controlled reaction. Find the rate of maltose production at 2 min. 
[image: ]





Answers:
[image: Scan]
Using this tangent line we can use the formula gradient equals the change in y divided by the change in x (or rise over run) between 2 points.


Using the points (1,33) and (3.3, 80) we get a change in y (“rise”) of 80 – 33 = 47, and a change in x (“run”) of 3.3 – 1 = 2.3. So the gradient and thus the rate of reaction at 2 minutes is 47 divided by 2.3 which equals 20.4 mmol dm-3 min -1.
Change in y: 80 – 33 = 47
Change in x: 3.3 – 1 = 2.3
The rate of reaction (gradient) at 2 minutes:  = 20.4 mmol dm-3 min-1
Maths skills – M4.1 Calculate the circumference, surface areas and volumes of regular shapes
Quiz
Calculate the following correct to 3 significant figures.
1.	Circumference of circle
Radius =  
	a) 0.50 µm
	

	b) 3.00 mm
	


2.	Area of circle
Radius =  
	a) 0.50 µm
	

	b) 3.00 mm
	


3.	Surface area of cuboid
	a)
	b = 4.00 cm
	l = 6.00 cm
	h = 1.00 cm
	

	b)
	b = 3.00 mm
	l = 4.00 mm
	h = 3.00 mm
	


4.	Volume of cuboid
	a)
	b = 4.00 cm
	l = 6.00 cm
	h = 1.00 cm
	

	b)
	b = 3.00 mm
	l = 4.00 mm
	h = 3.00 mm
	


5.	Surface area of cylinder
	a)
	r = 0.500 µm
	l = 4.00 µm
	

	b)
	r = 3.00 mm
	l = 10.0 mm
	



6.	Volume of cylinder
	a)
	r = 0.500 µm
	l = 4.00 µm
	

	b)
	r = 3.00 mm
	l = 10.0 mm
	


7.	Surface area of sphere
	a) r = 0.500 µm
	

	b) r = 3.00 mm
	


8.	Volume of sphere
	a) r = 0.50 µm
	

	b) r = 3.00 mm
	


9.	Calculate the surface area to volume ratio of a mitochondrion that is approximately cylindrical in shape and has a length of 7.0 µm and a radius of 0.50 µm.




Maths skills – M4.1 Answers
Quiz
Calculate the following correct to 3 significant figures.
1.	Circumference of circle
Radius =  
	a) 0.50 µm
	3.14 μm

	b) 3.00 mm
	18.8 mm


2.	Area of circle
Radius =  
	a) 0.50 µm
	0.795 μm2

	b) 3.00 mm
	28.3 mm2


3.	Surface area of cuboid
	a)
	b = 4.00 cm
	l = 6.00 cm
	h = 1.00 cm
	68.0 cm2

	b)
	b = 3.00 mm
	l = 4.00 mm
	h = 3.00 mm
	66.0 mm2


4.	Volume of cuboid
	a)
	b = 4.00 cm
	l = 6.00 cm
	h = 1.00 cm
	24.0 cm3

	b)
	b = 3.00 mm
	l = 4.00 mm
	h = 3.00 mm
	36.0 mm3


5.	Surface area of cylinder
	a)
	r = 0.500 µm
	l = 4.00 µm
	14.1 μm2

	b)
	r = 3.00 mm
	l = 10.0 mm
	245 mm2



6.	Volume of cylinder
	a)
	r = 0.50 µm
	l = 4.00 µm
	3.14 μm3

	b)
	r = 3.00 mm
	l = 10.0 mm
	283 mm3


7.	Surface area of sphere
	a) r = 0.50 µm
	3.14 μm2

	b) r = 3.00 mm
	113 mm2


8.	Volume of sphere
	a) r = 0.50 µm
	0.52 µm3

	b) r = 3.00 mm
	113 mm3


9.	Calculate the surface area to volume ratio of a mitochondrion that is approximately cylindrical in shape and has a length of 7.0 µm and a radius of 0.5 µm.
	





SA:V ratio = 23.6:5.5
SA:V ratio = 4.3:1Produced in collaboration with the University of East Anglia























Module 3 Research task

A wider enthusiasm for biology is essential to motivate you at A level and beyond. In lessons we discuss recent advances in biology through our weekly Biology in the News. If you are not already a member of the Biology in the News Team on Microsoft Teams then email Mr Eldred (weldred@gch.org.uk) to be added.
Research skills are also one of the skills assessed in the practical endorsement at A level.
You are going to find a scientific paper on a topic which interests you and summarise the findings. The format you will do this in is a scientific poster. This is not a fun poster to put on the wall of a classroom but is an actual form of displaying information which scientists use at conferences. 
If you have made an important discovery in a field you may be invited to a conference to present a poster to your peers in the scientific community to display and share your work. Delegates to the conference then browse the posters and discussing the research with the presenters. This allows scientists to share findings and network in order to develop their own research.
[image: ]
Figure 1. A scientific conference. Delegates are discussing the findings displayed on the posters with the scientists presenting them.





Tasks:
1. Where to start: find an interesting piece of research to display in your poster
a. Use one of the following sites to find an article that interest you and then find the original paper (normally linked in the article):
i. http://www.iflscience.com/
ii. http://www.bbc.co.uk/iwonder
iii. https://www.newscientist.com/
iv. http://www.bsr.manchester.ac.uk/
v. https://www.sciencedaily.com/
vi. http://www.ncbi.nlm.nih.gov/pubmed
You may not be able to access the full original paper. If this is the case then email Mr Eldred (weldred@gch.org.uk) and he may be able to access it and send it to you.

2. Look at the examples below. What makes a good scientific poster?
3. Read your paper carefully. You will probably need to look up a lot of key terms.
4. Google templates and chose one which suits you and get started. Use any program you wish or you may do it by hand and scan it.
[image: Poster Instructions]
[image: Alzheimer's Life Science Poster | Tocris Bioscience][image: 91161 Cell Biology and Genetics: Poster | Guides | UTS Library]
[image: Poster Guidelines - 2014.igem.org]













In your poster you should include were possible:
Data, infographics, diagrams – make it interesting to look at as well as providing information.

Sections should include most of the following: 
Motivation: Why was the research done? What are the possible benefits?
Methods: How was the study conducted?
Results and conclusions: what were the findings and what do they mean?
Evaluation: Where there any issues with the method or results? How were good data and valid conclusions ensured?
Application: Practical use of the findings.
References: Any sources of information you used
General format for referencing journal article:
(number- give each reference a number starting at 1)Author Surname Initial, (Author2 Surname Initial, repeat as necessary). Title of journal article. Title of journal (this should be in italics). Year of publication; Volume number(Issue number): Page numbers of the article. Available from: URL or DOI [Date of access]
Examples
(1) Arrami M, Garner H. A tale of two citations. Nature. 2008;451(7177): 397–399. Available from:
http://www.nature.com/nature/journal/v451/n7177/full/451397a.html [Accessed 20th January 2015].
 
General format for a website: 
(number) Author A or company. Title of article. Title of website. Available from: URL eg. http://www....... [Accessed date]
 
Example of website reference: 
(2) Goldacre B. Trivial Disputes. Bad Science. Weblog. Available from:
http://www.badscience.net/2008/02/trivial-disputes-2/ [Accessed 19th June 2015].

General format for a book: 
(number) Author A, Author B. Title. ?th Edition. City: Publisher; Year published.
Examples:
(3) Arrami M, Garner H. A tale of two citations. 5th ed. London: Blackwell Publishing; 2003.
(4) Simons NE, Menzies B, Matthews M. A Short Course in Soil and Rock Slope Engineering. London: Thomas Telford Publishing; 2001.
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Endothelial Cells Are Central Orchestrators of Cytokine
Amplification during Influenza Virus Infection

John R. Teijaro, Kevin B. Walsh, Stuart Cahalan, Daniel M. Fremgen, Edward Roberts, Fiona Scott, Esther Martinborough, Robert Peach, Michael

B.A. Oldstone, and Hugh Rosen

Al

Understanding of the cellular signalling sources of cyto-
kine storm (an overactive immune response) during viral
infection is vastly limited, despite the recognised link of cy-
tokine amplification to morbidity and mortality. In this inves-
tigation, functions of the S1P1 receptor are analysed to
clarity that cell signalling is a crucial factor in initiating cyto-
kine storm.

The data has proposed that endothelial cells inde-
pendently regulate immune cell infiltration and cytokine
production. Testing shows $1P1 receptors are expressed
on both endothelial cells and lymphocytes within lung tis-
sue. When S1P; signalling is analysed on wild-type and
lymphocyte-deficient mice, cytokine and innate immune cell
response is reduced which identifies endothelial cells as a
central regulator of cytokine storm.

Furthermore, evidence suggests that through $1P; ago-
nists, suppression of early innate immune responses
(cytokine) can promote a reduction in mortality resulting
from human pathogenic strains of influenza virus.
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We explored if suppressing cytokine using S1P1 agonist could
protect mice from lethal infections of human isolate of the HIN1
2009 Swine Influenza Virus, which had not been exposed to
mice (AMWisconsinWSLH/34939/09).

S1P1 agonist, RP-002, was orally delivered at 6mg/kg to mice
(C57BLI67) infected with 1x 10%5 PFU of AMisconsin/
WSLH/34939/09 at 85 min. postinfection.
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Fig.2 Days post-infection

RP-002 significantly suppressed cytokine amplification in
comparison to non-treated mice (Fig. 1). We see that early in-
tervention of the S1P1 agonist enhanced survival time after
lethal infection (Fig. 2)

e Cytokine Storm Is Not Due to Lymphocyte S1P1 Activation

To dismiss a role for lympho-
cytes in the lung during S1P1
response to viral infection, lym-
phocyte-deficient RAG2-/- mice
were infected and treated with
vehicle (blank) or CYM-5442
S1P1 receptor agonism suc-
cessfully suppressed early
immune responses inde-
pendently of lymphocytes
(Fig. 3). This identifies expres-
sion of §1P1 receptor signalling in lung endothelium cells as the
main regulator of cytokine storm, as it functions independently
of lymphocytes.

2 ws
ChemokinelCytokine

e

o Ful n of Endothelial C

Evidence has shown that endothelial cells may be a source
of cytokines i the lung during influenza virus infection. As
previously noted, S1P1 signalling in endothelial cells
regulates cytokine storm. Effects of CYM-5442 agonist
on cytokine production are evaluated by purifying endothe-
lial cell populations and performing mRNA analysis.
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Endothelial cells displayed increased levels of cytokines
after viral infection, but when treated with CYN-5442
mRNA expression of cytokine in the lung was reduced (Fig.
4.

onz=ITa

Contrary to current ideas that view lung epithelium and in-
flammatory infiltrate as the causes of virus induced cyto-
kine storm, we demonstrate here that endothelium cells
have a central role in regulating cytokine immune re-
sponse processes. The identification of endothelial cells
as central orchestrators of early innate immune response
has wide impacts on treating diseases. Understanding of
the appropriate cellular signalling tools, (the S1P+ receptor
in our case) can regulate cytokine storm and_ help develop
immunotherapy for various diseases.





image55.png
+ 1n 2009 Australi reied on no-renewable energy rom fossl fuelsfor 95% o s enerey needs - 415 coal, 36% ol nd 19% gas atrbuted
0 tis. Successful procucton of chiorophyllin a bacterlal host i the ist step towards the synthetic construction of photosystem I, and
the eventual creation of a new renewable energy source.

+ Our project aimed to express the hirieen genes (from Chlamydomanas reinhardti) necessary for the chlorophyll bosynthesis pathway in
3 bacteris host (Escherichia col]

| Background |

= Chlorophyl is the green pigment responsible for the sbsorption

S P

ults an ara sation

* Gene Sequencing Results - Allof ur genes were
assembled correctly from galocks, all our
sequencing results were submited, and came
back with an identity match of 100%

« Duing photasrthess. lht enre i converted o chemical
eneey: < Huenzonse
€01+ 610 "+ CulluOn + 601 -

— T

+ Composite parts: Tac promoter 83a_KB64400
was successfull ligated with the genes: ChID,
Chil, ChI2, Gurd, and Plastocyanin for furher
charsctersstion

ey ChiD actvey assay:
4 + ChID from the extract was used to
- o ™" form the magnesium _chelatase:
e ™ 3 complex with purifed Chl1, Chl2,
. Coismas etetst | ChiH and GUNA [Zhou et al. 2010
i i FEBSletters 86 (3),205.230)
" ot ST e increasing fuorescence
= . reinhardti is an algae that synthesises Chiorophyll @ from
protoporphyrn X through a mukisep patiwey . sl shows Mrcoporphyin
- Ecol uses protoporphyrin i he production of heme 'n i fonindicting & _comgl
= A branch i the hame syntheis pathway wil allow the use of s AT contaning funclonal D has
E colfss a0 expression hst o crestschlrophyl W

t Doy e+ 1l of cell extract had 2.ng of

—W acve ChD protein

- Plastocyanin: chloroplat precursor
involved in lectron transport

|t  Platoryrin. prouces 3 copper chlsed
ﬁ_' E protein
— + When expoed to an inducer and copper
e, = Ecob xpresing thisgene il urn ble (right
1 — plte)
e s o T
= —_—— clusion
i | ) sty consrced 12 5rcs
- * Designed 3 operons necessary for chiorophyll biosynthesis.
_I‘_ - [ ] * mptoved uncestanding on how <o maripute par genes
—— * Inatedreprcuction of photosysem o 3¢t 33 hesp and sfcient
== el pesn s s

+ New sources of elecirons and hydrogen gas to combt the energy ciss
somnma ot St o

- Human Plaaoes

Australasian Conference of Undergraduste Research  Quarantine

* Winner Best Presentation in Molecular = Recommendations for easy access to information
Biclogy or Plant Science research o internationalstandards for shipping regulations
Education ‘University Open Day
+ Presented 2° year uni ecture on synthetic biclogy  + Organised 3 variety of sbaratory sctivitis for
+ High school synthetic biology workshops members
Synthetic Bology Conference of the public
+" Organised frt conference in Southern Colaboration With Sydney Uni IGEM
hemisphere « Helped promote the Strange Nature writing
Synthetic Bology Sodiety compettion
+ Intiatorsof SynsioNet Society * Mentor program

UNIVERSITY rei e i e e e

MACQUARIE ‘)” M. i . Lol M.Trouch 5. Chan, . Brown, . Gadey, . ks A Vi i, . hars,




image4.png




image5.png
Year

Mean number of

Mean mass of

seeds perm? | each seed in mg
1976 85 35
1978 28 42





image6.png
A
diaphragm
=





image7.png




image8.png




image9.jpeg




image10.png




image11.png
DIFFUSION OSMOSIS

ACTIVE TRANSPORT




image12.png
Capillary tube

Level of solution at the
start ofthe investigation

Beaker—|

Viking tubing confaining
concenrated salt solution

Water ——





image13.png




image14.png
H
:
3




image15.png




image16.png
H
:
3




image17.png




image18.png




image20.png




image19.png
T disense that destroys the mmmne sysrem
2. disease-cansing bacteria

3. tmaps pathogens in respiratory system

1. proteins and chemicals that are foreign o the body

5. coutains wedkened mligens

6. ity oceurziug when your body wakos s ova antibodies

7. substuice wade 1 Fesponse 1o a uligen

. ity oceusring when misbodies ure itroduced from m outside
9. cells attacked by AIDS vins

10. destroy pathogens in stomach, pancreas, and liver

A active
b. antigens

< passive

o nmens

o lyplocytes
L antibody

& cusymes

I pubogens
BADS





image20.jpeg




image21.jpeg




image22.png
Substrate

Active site “

Enzyme-substrate

Enzyme complex

Enzyme




image23.png
rate of
reaction

g

10




image24.png
Non-Competitive Inhibition

Inhibitor binds to
the allosteric site

+'+.—> —

substrate inhibitor -enzyme —inhibitor Changes the shape
complex of the active site





image25.png
Competitive Inhibition

Inhibitor binds to
the active site

0IT-9-8

enzyme substrate  inhibitor enzyme-—inhibitor Directly blocks
complex the active site





image26.png
1. Eye piece





image27.emf
 

A 


image28.png




image29.png
H
:
3




image30.png




image29.emf



image30.wmf
47

5

)

46

50

47

48

45

(

=

+

+

+

+


image31.wmf
8

5

7

7

11

9

6

=

+

+

+

+


image32.gif




image33.jpeg
! ; ; S B A
< e : -
HH TR e
peSases]
] T B
H it i :
i i t
= 1 e w s
3 : i :
! i
4 : ;
: :
- .
HHTTH 0= e
T aet T
H
; i =
=
e :
Hu# o
5
} s T E
iSudua





image34.png
25

20

15
Number of men

and teenage boys 10

5

1 2

O15 25 35 45 55 65 75 85

Age (years)




image1.jpeg
CODGIVE T
IRCREASE,





image35.png
The Vitamin C content of fruits

100

80

Vitamin C content ©°
(mg 100g™)
40

20

Apple Banana Lemon Kiwifruit Orange Strawberry

Fruit




image36.png
IS ® 83 ¥ «

2 8 9 8 8 3 g8 9 g ©
- T T

Aep sad piej 33 jo JaquinN

Weight (mg)




image37.png
©

~ © w o m o~ A

PalINod S3JeWa) JO SIAQUINN

o

0 135 140 145 150 155 160 165 170 175
Tail Length (cm)

13




image38.png
2 9 8 8 8 ¢
g < © B <

Aep 13d pej sb6a Jo 1aquinN

Weight (mg}




image39.png




image40.png
MUSA; raver o cocUMERING 7 ONGCIORE

gt i foppocaflo Dol //yy/ s
= ({)}/t/ﬂ/{//// //J;f//$ar///ﬁf////:, et )

W e D i
e e e P
. iy,

For Lers ol
e e e e
r e e R





image41.png




