
Light microscope Electron Microscope 

Uses light as a 
source of radiation 

•

Resolution up too 
200nm

•

Living or non-living 
specimen

•

Electrons as a source of radiation •
Black and white image where the colours enhanced 
by computers

•

Only non-living specimen because has to be done 
in a vacuum due to the electrons bouncing of air. 

•

The sample has to be dehydrated using alcohol to 
ensure there is no water. 

•

See organelles in great detail •

How does a light microscope work? 

Light is that it travels in waves. The length of the waves of visible light varies. 1.
It ranges from 400nm (violet light) to about 700nm (red light). 2.
The human eye can distinguish between these different wavelengths. These 
differences are converted into different colours in the brain.

3.

Light from a mirror is reflected up through the specimen, into the objective 
lens, which produces the first magnification.

4.

The image produced by the objective lens is then magnified again by the 
eyepiece lens, which acts as a magnifying glass.

5.

If an object is transparent, it will allow light waves to pass through it and 
therefore will still not be visible. This is why many biological structures have 
to be stained before they can be seen.

6.

Magnification = the number of times large an image is compared to the 
actual size of the specimen.

Resolution = ability to distinguish between two separate points. If the points 
can’t be told apart, they will become one point. Greater resolution the 
greater the detail. i.e. light microscope can only tell the difference between 
two points up to 200nm.

Waves 

Longer waves = lower their frequency, lower amount of energy.•
Shorter waves = higher frequency, greater amount of energy. •
If an object is smaller than half the wavelength, it cannot be seen separately 
from nearby objects. 

•

Electrons are negatively charged particles which orbit the nucleus of an atom. 
When a metal becomes very hot, some of its electrons gain so much energy 
that they escape from their orbits. 

•

Free electrons behave like electromagnetic radiation. •
They have a very short wavelength and because they are negatively charged, 
they can be focused easily using electromagnets.

•

Using an electron microscope, a resolution of 0.5nm can be obtained, 400 
times better than a light microscope.

•

Electron Microscope 

Transmission electron 
microscope

Scanning electron microscope 

Beam of electrons pass 
through the specimen 

•

Only those that are 
transmitted (passed through) 
can be seen. 

•

This allows us to see inside 
the cells.

•

Electrons are used to scan the surfaces of 
structures; the reflected beam reveals 
the shape. 

•

Advantage is it can show the structure 
and the three-dimensional shape.

•

Disadvantage is can’t show the same 
resolution.

•

Electron beam cannot be seen. In order to be visible, the image has to be 
projected onto a fluorescent screen

1.

Areas hit by electrons shine brightly. Image is black and white.2.
Stains made by heavy metals stop the electrons passing through.3.
More densely stained parts are darker.4.
The whole machine needs to be in vacuum. If electrons collided with the ait 
molecules causing them to shatter. A sharp picture     would be impossible.

5.

All specimens have to be dehydrated because in a vacuum water boils at 
room temperature. Means only dead material can be used. 

6.

Calculations 

Image size 
Magnification x Actual size     

Iodine in potassium solution is used for plant specimens because it stains 
starch blue/black and colour nuclei and cell walls yellow.

•

Dilute methylene blue can be used to stain animal cells like cheeks. •
The specimen is placed on a glass slide with two drops of stain added.•
Cover slip is placed on top to protect the lens and to prevent the specimen 
from drying out. Glycerine can be added to stop the specimen frim drying 
out. 

Animal and Plant Cells Common Features 

•

Cell membrane 

Nucleus (stains intensely) = 
Nucleus made out of chromatin which are loosely coiled threads.1.
Nucleolus stains even darker as made of loops of DNA from several 
chromosomes. 

2.

Nucleoli vary in number from 1-5 in mammals.3.
Cytoplasm = 
Jelly like material. Chemical reactions occur1.
Contains many organelles2.
Mitochondria = 
Easily and commonly seen by light microscopes1.
Seen to move and divide 2.
Carry out aerobic respiration 3.
Golgi apparatus = 
Part of a complex internal sorting and distribution system within in the cell. 1.
Normally stained silver. 2.

Cell membrane 
Very thin•
Partially permeable membrane. It controls the movement of substances in 
and out of a cell.

•

At very high magnification, it can be seen to have 3 layers. These 3 layers are 
called trilaminar appearance. 

•

•

This trilaminar appearance is described as having two dark lines (which are 
heavily stained) which are either side of a pale interior.
It has microvilli on the surface of the membrane, which increase the SA. This 
is useful as it increases absorption.

•

For example, increases absorption in the gut.•
Increases reabsorption in tubes in the kidney. •

Nucleus 
Largest cell organelle •
Surrounded by two membranes known as the nuclear envelopes. •
Nuclear envelope has many nuclear pores. These control the exchanges 
between the cytoplasm and nucleus.

•

Substances leaving through PORES Substances entering through 
PORES

mRNA and ribosomes for protein 
synthesis

1. Proteins to make ribosomes 1.
Nucleotides2.
ATP (energy for protein 
synthesis)

3.

Some hormones4.

•

The nucleus is made of loosely coiled chromosomes called chromatin. The 
chromosomes contain genes and then DNA. The genes control the activities 
of the cell.
The nucleolus makes ribosomes using its own DNA. •

Cytoplasm 

All material within a cell enclosed by the cell membrane •
Most cellular activities take place in the cytoplasm. •
Especially metabolic pathways including glycolysis and processes like cell 
division. 

•

Mitochondria 

A series of reactions takes place. This releases energy from energy-rich 
molecules such as sugars and fats. Most of this energy is transferred to 
molecules of ATP. 

•

ATP (adenosine triphosphate) is the energy-carrying molecule found in all 
living cells. 

The energy is released by breaking the molecule down to ADP 
(adenosine diphosphate) in a hydrolysis reaction. 

•

The ADP can then be recycled into a mitochondrion for conversion back 
to ATP during aerobic respiration. 

•

•

They carry out aerobic respiration AND synthesis of lipids •

Surrounded by two membranes like and envelope.1.
The innards are folded to form finger-like cristae which hold the inner 
solution called the matrix. 

•

The reactions occur in solution in the matrix and in the inner membrane 
(cristae).

•

The matrix contains enzymes in solution. The enzymes provide the hydrogen 
and electrons to reactions that take place in the cystae.

•

The flow of electrons in the cristae provide the power to generate the ATP 
molecules.

•

The folding of the cristae increases respiration because of the increased SA.•
Once the folds have been made, ATP leaves thee mitochondria. As it is so 
small and soluble it can travel to anywhere energy is needed.

•

Space between two membranes is called intermembrane 2.
Outer membrane contains a transport protein called porin. Which forms wide 
aqueous channels allowing small, water molecules from the cytoplasm into 
the intermembrane. 

3.

The inner membrane acts as a more selective barrier. It controls precisely 
what ions and molecules can enter the matrix.

4.

Liver and muscles contain lots of mitochondria because they need the 
energy.

5.

If you exercise regularly then your muscles will make more mitochondria. 6.

Golgi 

Stack of flattened sacs. Could be more than one in a cell.•
The stack is constantly being formed by vesicles that come off the ER. They 
are then broken down again to form vesicles.

•

It collects, processes and sorts molecules. It is the post office of the cell. •
For example, it processes proteins. It can add sugars to the protein to form 
glycoproteins. 

•

Another example, is the removal of the start codon in a mRNA strand•
Golgi vesicles are used to make lysosomes. •

Endoplasmic Reticulum 

The ER is continuous with the outer membrane of the nuclear envelope. •
There are two types of ER: rough ER and smooth ER. •
Rough ER is so called because it is covered in ribosomes. •
Small sacs called vesicles break off from the ER. These vesicles joining 
together to form the Golgi body. 

•

Smooth ER makes lipids and steroids, such as cholesterol and the 
reproductive hormones oestrogen and testosterone.

•

Ribosomes 

Ribosomes can only be seen by an electron microscope.•

•

At very high magnifications they can be seen to consist of two subunits: a 
large and a small subunit. 

They are used in protein synthesis.
They can be found free in the cytoplasm as well as on the rough ER. •
They are made of RNA and protein. •

Found in Just Animal Cells -

Centrioles 

Located just outside nucleolus •
Hollow cylinder about 500nm long•
Formed by a ring of about 9 triplets’ short microtubules•
Helps with cell division in animal cells - forms the spindle fibres that separate 

the chromosome (mitosis)
•

Sorts out the arrangement of the nucleus•

Lysosomes 

Lysosomes are spherical sacs. They are surrounded by a single membrane 
and have no internal structure. 

•

They contain digestive enzymes so must be kept separate from the rest of the 
cell to prevent damage from being done. 

•

They are responsible for the breakdown of unwanted structures. This could 
be old organelles. 

•

In mammals, they break down mammary glands after lactation to stop 
breastfeeding (breast feeding). 

•

The heads of sperm also contain a special lysosome to break a path down for 
the egg.

•

Microtubules 

Microtubules are long, rigid, hollow tubes found in the cytoplasm. •
They are very small. •
They are made of a protein called tubulin. Tubulin has two forms, α-tubulin 
(alpha-tubulin) and β-tubulin (beta-tubulin). 

•

α- and β-tubulin molecules combine to form double molecules - dimers. The 
dimers are then joined end to end to from a long protofilaments. 

•

Then 13 protofilaments then line up met to each other in a cylinder shape. 
This is called a microtube. 

•

It provides support to the cells. •
During nuclear division, the spindle used for the separation of chromosomes 
is made of microtubules.

•

Microtubules form part of the structure of centrioles.•

Found in Just Plant Cells –

Vacuoles

Plant cells often possess a large, permanent central vacuole •
The vacuole is surrounded by a membrane called the tonoplast. This controls 
the exchanges between the vacuole and the cytoplasm 

•

The fluid inside the vacuole is full of many components including sugars, 
enzymes and other organic compounds.

•

The vacuole helps to regulate the osmotic properties of cells. For example the 
red pigment which makes beetroot red. 

•

Chloroplasts 

Chloroplasts have an elongated shape and a diameter of about 3 to 10 μm•
They are surrounded by two membranes, forming the chloroplast envelope.•
The main function of chloroplasts is to carry out photosynthesis. •
They replicate themselves independently of cell division by dividing into two. •

Stages of photosynthesis –

First stage of photosynthesis = 1.

This is the light dependant stage. The light energy is absorbed by chlorophyll.
Some of this energy is used to manufacture ATP from ADP. This is done by the 
splitting of water into hydrogen and oxygen.
The hydrogen is oxidised to provide the energy to make the ATP. ATP is used 
as the electrical transport in membranes. E.g.  ATP fetches the ribosome in 
protein synthesis.

Chloroplasts also consist of fluid-filled sacs called thylakoids. These stacks up 
like piles of coins and form a structure called grana. This grana contain the 
photogenetic pigments and election carriers so that this light dependant 
stage can occur. They also allow for the chloroplasts to change orientation so 
that they can receive the lightest. 

The second stage of photosynthesis –2.

This is also called the the light independent stage. It uses the energy received 
in the chloroplast to convert carbon dioxide into glucose (sugars).
This takes place in a solution in the stroma, this is where sugars are stored. in 
solution in the stroma (sugars are stored). Black spheres can be seen in the 
stroma, these are reserves of lipids in order to make membranes or to 
destroy chloroplast membranes.

Cell Wall 

Cell walls are thick and strong.•
They are freely permeable.•
Made mainly of cellulose. Some also contain other polysaccharides like 
pectin.

•

There are often channels through plant cell walls called plasmodesmata. 
They link the cytoplasm’s to adjacent cells. 

•

Plasmodesmata 

Small channels that connect the cytoplasm of plant cells to each other. They 
form a living bridge. 

•

Prokaryotic Cell 

Prokaryotes do not have a nucleus i.e. bacteria.•
Do not contain any membrane-bound organelles such as mitochondria.•
Circular and freely floating in the cytoplasm.•
Some have a flagellum. •
Always asexual (doesn’t involve the fusion of gametes)•

Virus

Do not have a cell structure. •
They are not surrounded by a partially permeable membrane containing 
cytoplasm with ribosomes. 

•

They can only reproduce by infecting and taking over another cell – parasitic •
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Light microscope Electron Microscope 

Uses light as a 
source of radiation 

•

Resolution up too 
200nm

•

Living or non-living 
specimen

•

Electrons as a source of radiation •
Black and white image where the colours enhanced 
by computers

•

Only non-living specimen because has to be done 
in a vacuum due to the electrons bouncing of air. 

•

The sample has to be dehydrated using alcohol to 
ensure there is no water. 

•

See organelles in great detail •

How does a light microscope work? 

Light is that it travels in waves. The length of the waves of visible light varies. 1.
It ranges from 400nm (violet light) to about 700nm (red light). 2.
The human eye can distinguish between these different wavelengths. These 
differences are converted into different colours in the brain.

3.

Light from a mirror is reflected up through the specimen, into the objective 
lens, which produces the first magnification.

4.

The image produced by the objective lens is then magnified again by the 
eyepiece lens, which acts as a magnifying glass.

5.

If an object is transparent, it will allow light waves to pass through it and 
therefore will still not be visible. This is why many biological structures have 
to be stained before they can be seen.

6.

Magnification = the number of times large an image is compared to the 
actual size of the specimen.

Resolution = ability to distinguish between two separate points. If the points 
can’t be told apart, they will become one point. Greater resolution the 
greater the detail. i.e. light microscope can only tell the difference between 
two points up to 200nm.

Waves 

Longer waves = lower their frequency, lower amount of energy.•
Shorter waves = higher frequency, greater amount of energy. •
If an object is smaller than half the wavelength, it cannot be seen separately 
from nearby objects. 

•

Electrons are negatively charged particles which orbit the nucleus of an atom. 
When a metal becomes very hot, some of its electrons gain so much energy 
that they escape from their orbits. 

•

Free electrons behave like electromagnetic radiation. •
They have a very short wavelength and because they are negatively charged, 
they can be focused easily using electromagnets.

•

Using an electron microscope, a resolution of 0.5nm can be obtained, 400 
times better than a light microscope.

•

Electron Microscope 

Transmission electron 
microscope

Scanning electron microscope 

Beam of electrons pass 
through the specimen 

•

Only those that are 
transmitted (passed through) 
can be seen. 

•

This allows us to see inside 
the cells.

•

Electrons are used to scan the surfaces of 
structures; the reflected beam reveals 
the shape. 

•

Advantage is it can show the structure 
and the three-dimensional shape.

•

Disadvantage is can’t show the same 
resolution.

•

Electron beam cannot be seen. In order to be visible, the image has to be 
projected onto a fluorescent screen

1.

Areas hit by electrons shine brightly. Image is black and white.2.
Stains made by heavy metals stop the electrons passing through.3.
More densely stained parts are darker.4.
The whole machine needs to be in vacuum. If electrons collided with the ait 
molecules causing them to shatter. A sharp picture     would be impossible.

5.

All specimens have to be dehydrated because in a vacuum water boils at 
room temperature. Means only dead material can be used. 

6.

Calculations 

Image size 
Magnification x Actual size     

Iodine in potassium solution is used for plant specimens because it stains 
starch blue/black and colour nuclei and cell walls yellow.

•

Dilute methylene blue can be used to stain animal cells like cheeks. •
The specimen is placed on a glass slide with two drops of stain added.•
Cover slip is placed on top to protect the lens and to prevent the specimen 
from drying out. Glycerine can be added to stop the specimen frim drying 
out. 

Animal and Plant Cells Common Features 

•

Cell membrane 

Nucleus (stains intensely) = 
Nucleus made out of chromatin which are loosely coiled threads.1.
Nucleolus stains even darker as made of loops of DNA from several 
chromosomes. 

2.

Nucleoli vary in number from 1-5 in mammals.3.
Cytoplasm = 
Jelly like material. Chemical reactions occur1.
Contains many organelles2.
Mitochondria = 
Easily and commonly seen by light microscopes1.
Seen to move and divide 2.
Carry out aerobic respiration 3.
Golgi apparatus = 
Part of a complex internal sorting and distribution system within in the cell. 1.
Normally stained silver. 2.

Cell membrane 
Very thin•
Partially permeable membrane. It controls the movement of substances in 
and out of a cell.

•

At very high magnification, it can be seen to have 3 layers. These 3 layers are 
called trilaminar appearance. 

•

•

This trilaminar appearance is described as having two dark lines (which are 
heavily stained) which are either side of a pale interior.
It has microvilli on the surface of the membrane, which increase the SA. This 
is useful as it increases absorption.

•

For example, increases absorption in the gut.•
Increases reabsorption in tubes in the kidney. •

Nucleus 
Largest cell organelle •
Surrounded by two membranes known as the nuclear envelopes. •
Nuclear envelope has many nuclear pores. These control the exchanges 
between the cytoplasm and nucleus.

•

Substances leaving through PORES Substances entering through 
PORES

mRNA and ribosomes for protein 
synthesis

1. Proteins to make ribosomes 1.
Nucleotides2.
ATP (energy for protein 
synthesis)

3.

Some hormones4.

•

The nucleus is made of loosely coiled chromosomes called chromatin. The 
chromosomes contain genes and then DNA. The genes control the activities 
of the cell.
The nucleolus makes ribosomes using its own DNA. •

Cytoplasm 

All material within a cell enclosed by the cell membrane •
Most cellular activities take place in the cytoplasm. •
Especially metabolic pathways including glycolysis and processes like cell 
division. 

•

Mitochondria 

A series of reactions takes place. This releases energy from energy-rich 
molecules such as sugars and fats. Most of this energy is transferred to 
molecules of ATP. 

•

ATP (adenosine triphosphate) is the energy-carrying molecule found in all 
living cells. 

The energy is released by breaking the molecule down to ADP 
(adenosine diphosphate) in a hydrolysis reaction. 

•

The ADP can then be recycled into a mitochondrion for conversion back 
to ATP during aerobic respiration. 

•

•

They carry out aerobic respiration AND synthesis of lipids •

Surrounded by two membranes like and envelope.1.
The innards are folded to form finger-like cristae which hold the inner 
solution called the matrix. 

•

The reactions occur in solution in the matrix and in the inner membrane 
(cristae).

•

The matrix contains enzymes in solution. The enzymes provide the hydrogen 
and electrons to reactions that take place in the cystae.

•

The flow of electrons in the cristae provide the power to generate the ATP 
molecules.

•

The folding of the cristae increases respiration because of the increased SA.•
Once the folds have been made, ATP leaves thee mitochondria. As it is so 
small and soluble it can travel to anywhere energy is needed.

•

Space between two membranes is called intermembrane 2.
Outer membrane contains a transport protein called porin. Which forms wide 
aqueous channels allowing small, water molecules from the cytoplasm into 
the intermembrane. 

3.

The inner membrane acts as a more selective barrier. It controls precisely 
what ions and molecules can enter the matrix.

4.

Liver and muscles contain lots of mitochondria because they need the 
energy.

5.

If you exercise regularly then your muscles will make more mitochondria. 6.

Golgi 

Stack of flattened sacs. Could be more than one in a cell.•
The stack is constantly being formed by vesicles that come off the ER. They 
are then broken down again to form vesicles.

•

It collects, processes and sorts molecules. It is the post office of the cell. •
For example, it processes proteins. It can add sugars to the protein to form 
glycoproteins. 

•

Another example, is the removal of the start codon in a mRNA strand•
Golgi vesicles are used to make lysosomes. •

Endoplasmic Reticulum 

The ER is continuous with the outer membrane of the nuclear envelope. •
There are two types of ER: rough ER and smooth ER. •
Rough ER is so called because it is covered in ribosomes. •
Small sacs called vesicles break off from the ER. These vesicles joining 
together to form the Golgi body. 

•

Smooth ER makes lipids and steroids, such as cholesterol and the 
reproductive hormones oestrogen and testosterone.

•

Ribosomes 

Ribosomes can only be seen by an electron microscope.•

•

At very high magnifications they can be seen to consist of two subunits: a 
large and a small subunit. 

They are used in protein synthesis.
They can be found free in the cytoplasm as well as on the rough ER. •
They are made of RNA and protein. •

Found in Just Animal Cells -

Centrioles 

Located just outside nucleolus •
Hollow cylinder about 500nm long•
Formed by a ring of about 9 triplets’ short microtubules•
Helps with cell division in animal cells - forms the spindle fibres that separate 

the chromosome (mitosis)
•

Sorts out the arrangement of the nucleus•

Lysosomes 

Lysosomes are spherical sacs. They are surrounded by a single membrane 
and have no internal structure. 

•

They contain digestive enzymes so must be kept separate from the rest of the 
cell to prevent damage from being done. 

•

They are responsible for the breakdown of unwanted structures. This could 
be old organelles. 

•

In mammals, they break down mammary glands after lactation to stop 
breastfeeding (breast feeding). 

•

The heads of sperm also contain a special lysosome to break a path down for 
the egg.

•

Microtubules 

Microtubules are long, rigid, hollow tubes found in the cytoplasm. •
They are very small. •
They are made of a protein called tubulin. Tubulin has two forms, α-tubulin 
(alpha-tubulin) and β-tubulin (beta-tubulin). 

•

α- and β-tubulin molecules combine to form double molecules - dimers. The 
dimers are then joined end to end to from a long protofilaments. 

•

Then 13 protofilaments then line up met to each other in a cylinder shape. 
This is called a microtube. 

•

It provides support to the cells. •
During nuclear division, the spindle used for the separation of chromosomes 
is made of microtubules.

•

Microtubules form part of the structure of centrioles.•

Found in Just Plant Cells –

Vacuoles

Plant cells often possess a large, permanent central vacuole •
The vacuole is surrounded by a membrane called the tonoplast. This controls 
the exchanges between the vacuole and the cytoplasm 

•

The fluid inside the vacuole is full of many components including sugars, 
enzymes and other organic compounds.

•

The vacuole helps to regulate the osmotic properties of cells. For example the 
red pigment which makes beetroot red. 

•

Chloroplasts 

Chloroplasts have an elongated shape and a diameter of about 3 to 10 μm•
They are surrounded by two membranes, forming the chloroplast envelope.•
The main function of chloroplasts is to carry out photosynthesis. •
They replicate themselves independently of cell division by dividing into two. •

Stages of photosynthesis –

First stage of photosynthesis = 1.

This is the light dependant stage. The light energy is absorbed by chlorophyll.
Some of this energy is used to manufacture ATP from ADP. This is done by the 
splitting of water into hydrogen and oxygen.
The hydrogen is oxidised to provide the energy to make the ATP. ATP is used 
as the electrical transport in membranes. E.g.  ATP fetches the ribosome in 
protein synthesis.

Chloroplasts also consist of fluid-filled sacs called thylakoids. These stacks up 
like piles of coins and form a structure called grana. This grana contain the 
photogenetic pigments and election carriers so that this light dependant 
stage can occur. They also allow for the chloroplasts to change orientation so 
that they can receive the lightest. 

The second stage of photosynthesis –2.

This is also called the the light independent stage. It uses the energy received 
in the chloroplast to convert carbon dioxide into glucose (sugars).
This takes place in a solution in the stroma, this is where sugars are stored. in 
solution in the stroma (sugars are stored). Black spheres can be seen in the 
stroma, these are reserves of lipids in order to make membranes or to 
destroy chloroplast membranes.

Cell Wall 

Cell walls are thick and strong.•
They are freely permeable.•
Made mainly of cellulose. Some also contain other polysaccharides like 
pectin.

•

There are often channels through plant cell walls called plasmodesmata. 
They link the cytoplasm’s to adjacent cells. 

•

Plasmodesmata 

Small channels that connect the cytoplasm of plant cells to each other. They 
form a living bridge. 

•

Prokaryotic Cell 

Prokaryotes do not have a nucleus i.e. bacteria.•
Do not contain any membrane-bound organelles such as mitochondria.•
Circular and freely floating in the cytoplasm.•
Some have a flagellum. •
Always asexual (doesn’t involve the fusion of gametes)•

Virus

Do not have a cell structure. •
They are not surrounded by a partially permeable membrane containing 
cytoplasm with ribosomes. 

•

They can only reproduce by infecting and taking over another cell – parasitic •
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