
Topics are: 
1. Chemistry- Atomic structure, 

Ions and Isotopes
2.Biology- Genetics, Natural 

selection and Genetic 
Modification.

3.Physics-Motion and forces



1. What was the earliest model of the atom?
Tiny spheres that could not be divided.

2. Which subatomic particle did JJ. Thomson discover?
The electron

3.    Which early atomic model does the following diagram show?
The plum pudding model.

4. Name Rutherford’s experiment. 
Alpha particle scattering.

5. State two ways in which Rutherford’s experiment changed  
Thomson’s model of the atom.

He said the positive charge was concentrated into very small    
volume at centre of atom (nucleus) and the electrons orbit 
nucleus.
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6. Explain why Bohr revised Rutherford’s model of the atom.
Suggesting electrons orbit the nucleus at different distances.

7. Explain why Bohr revised Rutherford’s model of the atom.
Energy emitted from electron transitions can only have certain
fixed energies, so he refined the ‘orbiting electrons’ in
Rutherford’s nuclear model to ‘orbiting electrons in energy levels
(or shells) at fixed distances from the nucleus’.

1. Chemistry- Atomic structure, Ions and Isotopes



8. Name three subatomic particles and their charges.
Proton – positive; neutron – no charge; electron – negative.

9. Complete the sentence ‘All atoms of one type of element have the 
same number of…’
Protons.

10. What does the atomic number tell us about an atom?
Number of protons.

11. What does the mass number tell us about an atom?
Number of protons + number of neutrons.
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12. Why is the overall charge of an atom zero?
Number of protons (positive) = number electrons (negative).

13. Calculate how many protons, electrons and neutrons there are in a 
silver atom with atomic number 47 and mass number 108

Protons = 47   Electrons = 47   Neutrons = 61

1. Chemistry- Atomic structure, Ions and Isotopes



1. What is an isotope?
Different atom of the same element, same number of protons, 
different number of neutrons, in the nucleus

2. Why do some elements have relative atomic masses which are not 
whole numbers?
Because of the existence of isotopes

3. Calculate the number of neutrons in this isotope of chlorine.
37 – 17 = 20
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4. (HT) Boron has two naturally occurring isotopes B-10 (20%) and B-
11 (80%). Calculate the relative atomic mass of bromine.

(20 x 10) + (80 x 11) = 10.8 or 11
100

5. (HT) Magnesium has three naturally occurring isotopes Mg -24 
(79%); Mg – 25 (10%) and Mg – 26 (11%). Calculate the relative 
atomic mass of magnesium.

(79 x 24) + (10 x 25) + (11 x 26) = 24.32 or 24
100
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1. How are elements arranged in the modern periodic table?

Increasing atomic number.

2. What are the columns of the periodic table called?

Groups.

3. What are the rows of a periodic table called?

Periods.

4. What does the column an element is in tell you about the atoms?

Number of electrons in outer shell.

5. What does the row an element is in tell you about the atoms?

Number of electron shells.
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6. Which side of the periodic table are the non-metals found?

Right and top.
7. How did Mendeleev arrange the elements in his periodic table?

Arranging in order of their atomic masses, elements with similar 
properties in the same column

8. How did Mendeleev use his periodic table to predict the existence 
of some elements not then discovered?
Left gaps for elements he thought had not yet been discovered; 
changed the order based on atomic weights for some elements if 
they did not fit the pattern.

9. Why is the order based on atomic masses not always correct?
Existence of isotopes.
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10. What do we call elements that tend to form positive ions?

Metals.
1. What is the electron configuration for sodium?

2,8,1
7. Draw the electron configuration for a chlorine atom.

8. Write the electron configuration for potassium.
2,8,8,1
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1. What is a gamete? 
A cell with half the number of chromosomes of the parent cell. 

2. Name the male and female gametes in a) a human b) a daisy plant
a) Male = sperm   Female = egg
b) Male = pollen   Female = egg

3. For each row, tick one box to show which method of cell division is 
correct.

Meiosis Mitosis

Genetic mixing happens 

Gamete production occurs 

New cells show variation 

New cells have same no. of chromosomes as parent 

Happens in skin cells 

Two divisions occur 

Two new cells are formed as a result 

Identical cells are formed 
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4. What occurs at the point of fertilisation? 
The nucleus of the sperm and egg cell fuse.

5. How many chromosomes are found in the nucleus of a human:
a) ovary cell ? 46
b) egg cell ? 23 
c) embryo cell ? 46      
d) a cell just after fertilisation has occurred? 46
e) a testes cell ? 46

6. What happens to the DNA just before the first meiotic division?
The DNA is copied.

7. What does the term ‘haploid’ mean?  
A single set of unpaired chromosomes.
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1. Complete the sentences below using one of the following words:
genotype     phenotype     homozygous      gamete     chromosome

The same alleles for a particular characteristic are described as homozygous
Mice fur can be described by its colour. This is known as the phenotype
The alleles for a particular characteristic determine its genotype
The pollen of a rose plant can also be described as a male gamete

2. What are the different forms of a gene called ?
Alleles

3. Why is it easy to describe an organisms phenotype for a particular characteristic but very
difficult to state the genotype? 

Most characteristics are a result of multiple genes interacting .
4. List the alternative ways of describing the following outcome of a genetic cross: 

3 in every 4 crosses will have black fur.
75%  0.75  3/4

5. If two heterozygous tall plants were crossed 75 times, what proportion of the offspring  
would you expect to be short? 
25% or 19

1. Biology- Genetics, Natural selection and Genetic 
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Look at the following picture of a persons chromosomes.
6. How many chromosomes does this person have in a normal body cell?

23 pairs or 46
7. What sex is the person and how do you know?

A male
Because the sex chromosomes are different (XY)

1. Biology- Genetics, Natural selection and Genetic 
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8. Black fur is dominant to brown fur in mice. 
Use B to represent black fur and b to represent brown fur.
a) Complete the Punnett square diagram to show the outcome of a genetic cross between

two heterozygous mice.

b) What is the phenotype of the parent mice? 
Black fur

c) What are the chances of a homozygous recessive mouse being born to two 
heterozygous mice?

1 in 4  or 25% or 0.25 

9. What is meant by the term zygote?
A zygote is the single cell formed when the gametes fuse at fertilisation.

Gametes B b

B BB Bb

b Bb bb
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10. The family tree shows the inheritance of cystic fibrosis (CF). Cystic fibrosis is a condition
caused by a recessive allele.  Let F = healthy allele and f = CF allele

a) What is the genotype of a female carrier? Ff
b) Explain why person G inherited cystic fibrosis

Inherited a recessive allele from both E and F. 
As no dominant allele present, the CF alleles code for faulty cell membranes

c) Explain why person J did not inherit cystic fibrosis. 
Inherited two dominant alleles from E and F

d) What is the probability of E and F having a fifth child with cystic fibrosis? 
1 in 4, 25%, 0.25, 1:3 or ¼

Female with CF

Female without CF

Female carrier

Male without CF

Male carrier

Male with CF

A B C D

E F

G H I J
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e)   Many people feel opposed to the screening of embryos to identify the CF allele. 
Suggest two reasons why they may feel this way. 

Screening procedure may cause miscarriage or damage embryo/fetus
The embryo has a right to life
Screening is expensive and could be used for other purposes
Have to make moral/ethical or religious decisions as a result such as whether to 
terminate.

1. Biology- Genetics, Natural selection and Genetic 
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1. Write down the definition of the genome of a horse.
All the genetic material of the horse.

2. List two reasons why it is important to understand more about the human 
genome. 
To be able to identify the genes which are linked to different diseases.
To understand and be able to treat inherited disorders.
Useful in tracing human migration patterns from the past.

3. What can bring about genetic variation in a species?
Mutations

4. What is an acquired characteristic?
A characteristic caused by the organisms environment e.g. a scar

5. What is the chance of most genetic mutations having an effect on the 
phenotype? High, Medium or Low
Low – very few mutations have an effect on the phenotype

6. What is meant by discontinuous variation? 
A feature has a limited number of possible values. e.g. gender

1. Biology- Genetics, Natural selection and Genetic 
Modification.



1. What theory did Charles Darwin propose? The theory of evolution by natural selection.
2. What was Charles Darwin’s book called? On the Origin of Species
3. Write a definition for evolution. A change in the inherited characteristics of a 

population over time, through a process of natural selection.
4. What does the theory of evolution by natural selection state? All species of living things 

have evolved from simple life forms that first developed more than 3 billion years ago.
5. What is the definition of the term species? A group of similar looking individuals who 

can breed together and produce fertile offspring. 
6. List three observations Darwin made which led him to propose his theory.

•Individual organisms within a particular species show a wide range of variation for a 
characteristic

•Individuals with characteristics most suited to the environment are more likely to 
survive to breed successfully

•The characteristics that have enabled these individuals to survive are then passed on 
to the next generation

7.    Name two pieces of evidence for Darwin's theory of evolution through natural selection 
which mean it is now largely accepted. Fossil records.
Knowledge of how resistance to antibiotics evolves in bacteria.
Knowledge of passing on of characteristics to offspring in genes.

1. Biology- Genetics, Natural selection and Genetic 
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8. What are fossils and how are they formed?
The remains of organisms from millions of years ago.
Formed from parts of organisms that have not decayed
when parts of organism are replaced by minerals
as preserved traces like footprints, burrows or rootlets.

9. List two reasons why there are not many traces of early life on Earth.
Organisms were mainly soft bodied so little trace left.
Any traces destroyed by geological activity.

10. What can be learned from studying fossils? Evidence of evolution
11. Which species lived on Earth most recently: Ardi, Lucy or Turkana boy? 
12. What feature indicates that Ardi used to climb trees as well as walk upright? Big ape-

like toe
13. Which fossil species had the smallest brain: Ardi, Lucy or Turkana boy?
14. Who was Leakey? Richard Leakey is a Kenyan anthropologist who was responsible for 

the discovery of lots of fossils related to human evolution.
15. What type of tool did Homo habilis use? Simple pebble tools
16. What three methods do scientists use to age stone tools? 

Complexity of the tool – simple tools are earliest
Rock layers- oldest rock layers are the deepest down
Carbon-14-dating of any wood or carbon containing material found with the stone 
tool
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17. Why do bacteria evolve rapidly? Because they reproduce at a rapid rate

1. Biology- Genetics, Natural selection and Genetic 
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1. What does an evolutionary tree show? The relationship between various species based 
on the similarity and differences in their physical and genetic characteristics. 

2. Name the seven groups that Linnaeus used to classify living organisms. Kingdom, phylum, 
class, order, family, genus, species.

3. What is the binomial naming system? A method of scientifically naming animals using the 
genus and species.

4. List the five kingdoms. Plants, animals, fungi, prokaryotes, protists (protoctista).
5. How are organisms classified in the five kingdoms? Based on observable similar features.
6. Carl Woese used information from chemical analysis to suggest a new method of 

classification. What is it called? The three domain system
7. List the groups that organisms are divided into using Carl Woese’s method.

Archaea
Bacteria
Eukaryota
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1. Humans choose animals or plants to breed from based on usefulness or appearance. 
List four characteristics which would be selected (two in plants and two in animals).

Disease resistance in crop plants.
Animals which produce more meat or milk.
Domestic dogs with a gentle nature.
Large or unusual flowers.

2. What is a major disadvantage caused by selective breeding? Can lead to inbreeding, 
where some breeds are particularly prone to disease or inherited defects.

3. What is the impact of selective breeding on food plants and domesticated animals?
Reduces the genetic variation in the population.

4. What is genetic engineering? A process which involves modifying the genome of an 
organism by introducing a gene from another organism to give a desired 
characteristic.

5. What is a GMO? Genetically modified organism
6. What human product is made by genetically engineered bacteria to treat diabetes? 

Insulin
7. What are plants called which have had their genome modified? GM crops
Higher tier only
8. In genetic engineering how are the required genes isolated from the host? Using a 

restriction enzyme  

1. Biology- Genetics, Natural selection and Genetic 
Modification.



9. What is the biological definition of a vector? Used to insert the gene into the required 
cells

10. Name a common vector for inserting genes into the required cells. Bacterial plasmid / 
virus

11. What does a ligase enzyme do? Joins the sticky ends of the vector DNA and the DNA 
to be inserted together.

1. Biology- Genetics, Natural selection and Genetic 
Modification.



1. What is a scalar quantity?
Scalars quantities have magnitude ONLY i.e. no direction.

2. Explain how a car can be moving at a constant speed but have changing 
velocity.
As velocity is a vector if the direction of the car changes the velocity will 
change, at a constant speed.

3. State whether the following quantities are scalars or vectors:

Scalars Vectors

direction displacement

speed velocity 

mass forces (including weight)

temperature acceleration

energy momentum

3. Physics-Motion and forces



1. Recall the equations that link speed, distance and time, including units. 
(average) speed (metre per second, m/s) = distance (metre, m) ÷ time (s)

distance travelled (metre, m) = average speed (metre per second, m/s) x time (s)

2. Describe the difference between speed and velocity.
Speed is a scalar quantity – it has magnitude but no direction.
Velocity is a vector – it has magnitude and direction.

3. Physics-Motion and forces



3. A car moves round a circular track at 120 mph.
Give the average velocity of the car.  Explain your answer.

Average velocity is 0 m/s
As on completion of every lap the car has a displacement of 0 m
and velocity is found using displacement / time
the average velocity must be 0 m/s

4. A motorcycle travels a distance of 420 miles in 8.5 hours.
Give the average speed of the motorcycle.

(average) speed = distance / time
(average) speed = 420 / 8
(average) speed = 52.5 mph

5. Describe the difference between instantaneous speed and average speed.
Instantaneous speed is the speed at a given moment in time.
Average speed is the speed over the whole journey including periods 
of acceleration and deceleration.

3. Physics-Motion and forces



6. Describe fully the motion shown in the distance-time graph shown below.

A to B:  Constant speed of 0.6 km/s

B to C:  Stationary (for 4 s)

C to D:  Constant speed of 2.25 km/s

D to E:  Stationary (for 2 s)

E to F:  Constant speed of 2 m/s 
going back to the origin

Part 2 - AnswerIT



7. Describe how you would find the instantaneous speed of an object from a 
distance-time graph where the line is a curve. (Higher Tier Only).

8. State the equation that links acceleration, change in velocity and time 
taken, including units.

acceleration (m/s2 ) = change in velocity (m/s) ÷ time taken (s)

𝒂𝒂 =
(𝒗𝒗 − 𝒖𝒖)

𝒕𝒕

Draw the tangent to the curve.

Find the gradient of the line you have 
drawn.

The gradient of the line is the 
instantaneous speed.

Part 2 - AnswerIT



9. Describe what is meant by a negative acceleration.
A negative acceleration means that the object is slowing down or 
speeding up in the opposite direction (to that which has been assumed 
to be positive).

10. Give the units of acceleration.
m/s2 or m/s/s or ms-2

3. Physics-Motion and forces



11.  A stone is dropped off a cliff.
The stone hits the floor at 30 m/s.
Calculate the height of the cliff.
Take g = 9.8 m/s2

Since the stone is dropped u = 0 m/s 

Using v2 – u2 = 2 a s
Substituting gives 302 – 02 = 2 x 9.8 x s
Simplifying gives 900 = 19.6 x s
Rearranging gives 900 / 19.6 = s

Therefore s = 45.9 m

12. Describe how the distance travelled by an object can be found from a 
velocity-time graph.
The area under the line on a velocity-time graph represents the distance 
travelled by that object.

3. Physics-Motion and forces



13. Describe fully the motion shown in the velocity-time graph shown below. 

From 0 to 20 s:  Constant rate of 
acceleration of 1.25 m/s2

From 20 to 50 s:  Constant speed of 
25 m/s

From 50 to 60 s:  Constant rate of 
deceleration of 2.5 m/s2

Total distance travelled over the 60 
seconds is:
250 m + 750 m + 125 m = 1125 m

3. Physics-Motion and forces



14. State the typical speed of a person
Walking 1.5 m/s
Cycling  6 m/s

15. Explain how the motion of a skydiver changes from the moment they jump 
out of the plane until they land. 
• Skydiver accelerates due to gravity (at a rate of 10 m/s2)
• As the skydiver picks up speed the drag they experience increases
• But the gravitational attraction stays the same
• so the acceleration of the skydiver decreases in size.
• When drag and weight are equal in size but opposite in direction the skydiver will fall 

with terminal speed
• as there is no resultant force so no acceleration
• When the parachute is opened there is an increase in drag
• Decelerating the skydiver
• Until weight and drag are equal in size but opposite in direction
• Then the skydiver falls at a new (lower) terminal speed
• Which is lower as the the large surface area of the parachute increases the amount of 

drag at a given speed.
• Skydiver decelerates to 0 m/s when they hit the ground.

3. Physics-Motion and forces



1. What does Newton's first law state about objects that are stationary?

• Objects will remain stationary if the resultant force acting on it is zero. 

2. What does Newton's first law state about objects that are moving 

• Objects will object continues to move at the same  speed and in the same 
direction (constant velocity). 

3. Describe why a cannon ball, when fired from a cannon does not continue to 
move with constant velocity.
• Gravity acts pulling the cannon ball downwards
• So, there is a resultant force
• Objects will only continue with uniform motion when no resultant force 

acts.

4. Recall the equation used for Newton’s second law.
force (N) = mass (kg) x acceleration (m/s2)     F = m x a 

3. Physics-Motion and forces



5. A car has an acceleration of 1.7 m/s2 and a mass of 700 kg.
Calculate the driving force of the car.
Using F = m a
force = 700 x 1.7
force = 1190 N

6. A skydiver has a weight of 686 N and a mass of 70 kg.
Calculate the acceleration of the skydiver the moment he jumps out of 
the plane.
acceleration = force / mass
acceleration = 686 / 70
acceleration = 9.8 m/s2

7. A motorcycle has a driving force of 1400 N and an acceleration of 6 m/s2.
Calculate the mass of the motorcycle.
mass = force / acceleration
mass = 1400 / 6
mass = 233 kg

3. Physics-Motion and forces



8. A boy has a mass of 40 kg.  
Calculate the boy’s weight.      Take g = 10 N/kg.

W = mg
W = 40 x 10
W = 400 N

9. Name a piece of scientific equipment that you would use to find the 
weight of a block in a science laboratory.

A newtonmeter
10. On The Moon an astronaut has a weight of 130 N.  The gravitational field 
strength on The Moon is 1.7 N/kg.  The gravitational field strength on the 
Earth is 10 N/kg.
Calculate the weight of the astronaut on the Earth.

W = mg
Mass of astronaut = 130 / 1.7
Mass of astronaut = 76.5 kg

W = mg
Weight of astronaut on Earth = 76.5 x 10

Weight of astronaut on Earth = 765 N

3. Physics-Motion and forces



1. State the units of momentum.
kg m/s

2. State the equation that links mass, momentum and velocity.
momentum (kg m/s) = mass (kg) x velocity (m/s)

p = m v 

3. Momentum is a conserved quantity.  
Explain what is meant by a conserved quantity.
The momentum before and after an event is equal in a closed
system

3. Physics-Motion and forces



4. A football has a mass of 0.75 kg and is kicked with a speed of 12 m/s.
Calculate the momentum of the kicked football.
using momentum = mass x velocity
momentum = 0.75 x 12
momentum = 9 kgm/s

5. Two ice skaters push themselves apart on the ice.
Explain how the conservation of momentum applies in this case.
The momentum before pushing is 0 kgm/s as they are not moving
On pushing apart the momentum of each ice skater is the same size but in 
the opposite direction
When adding (vector addition) of the momentum of the two ice skaters 
sum is also 0 kgm/s
So momentum is conserved.

3. Physics-Motion and forces



7. A gymnast falls onto a crash mat.  The crash mat reduces the risk of 
injury to the gymnast.

Explain how the crash mat reduces injury.
The crash mat increases the time taken to come to a stop
This decreases the acceleration
Since  𝑭𝑭 = (𝒎𝒎𝒗𝒗−𝒎𝒎𝒖𝒖)

𝒕𝒕
This reduces the force acting on the gymnast

8. A car of mass 850 kg hits a crash barrier at a speed of 30 m/s.  The car 
stops in 0.4 s.  Calculate the force on the car.
Using 𝑭𝑭 = (𝒎𝒎𝒗𝒗−𝒎𝒎𝒖𝒖)

𝒕𝒕

F = 850 x 30
0.4

F = 63 750 N

3. Physics-Motion and forces



1. Define thinking distance.
The distance travelled while the driver reacts to a stimulus until the 
driver gets their foot onto the brake pedal (but before the brake pedal is 
pressed).

2. Complete the equation:

stopping distance = thinking distance + braking distance

3. Describe how the speed of a vehicle affects the thinking distance. 
Increasing speed increases thinking distance
Doubling your speed doubles the thinking distance.

3. Physics-Motion and forces



4. A driver sees a car braking sharply in front of him.  The driver takes 0.5 s 
to react to the stimulus and then brakes.  Figure 1 shows the velocity-
time graph for the motion of the vehicle from seeing the stimulus to 
stopping.   Calculate the stopping distance of the vehicle.

The image part with relationship ID rId2 was not found in the file.

Figure 1

stopping distance = area under line

stopping distance = Area A + Area B

stopping distance = 5 + 5

stopping distance = 10 m
A

B
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5. The highway code shows the stopping distances for vehicles up to 70 mph.
In 2011 the government proposed a new 80 mph speed limit for UK 
motorways.   
Use the information in the diagram, and your own knowledge, to 
determine the overall stopping distance of a vehicle at 80 mph.

When speed doubles 
thinking distance doubles 
and braking distance 
quadruples.  So,

At 80 mph: 

Thinking distance = 24 m
Braking distance = 96 m
Stopping distance = 120 m

3. Physics-Motion and forces



6. Describe how you could measure the reaction time of a person.
• Get the person to stand with their hand open
• Place a ruler at the top a the person’s hand
• Drop the ruler through their hand
• When the person sees the ruler move they 

need to close their hand
• The distance the ruler travels corresponds to the

thinking distance

6. Explain the dangers caused by large decelerations of a vehicle. 
• Large decelerations can cause the brakes to overheat and become less 

effective
• Large decelerations can also cause a loss of control
• Large decelerations can also exert large forces of people within a vehicle.

3. Physics-Motion and forces



8. Put the following factors under the correct headings to show whether the 
factor affects think distance, braking distance or both thinking and braking 
distance.

Speed Mass Icy roads Tiredness

Poor brakes Mobile Phone use Alcohol Bald tyres

Thinking Distance Braking Distance Both
Tiredness Mass Speed

Mobile Phone use Icy roads
Alcohol Poor brakes

Bald tyres

3. Physics-Motion and forces
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