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 Microscopes   Magnification 
 

 Cell size   Types of microscope 

Light microscopes 

Cells range in size: 

animal cells are between 
0.01 mm – 0.05 mm 

plant cells are between 0.01 
mm – 0.10 mm 

The human eye can see 
objects as small as around 
0.05 mm. A microscope is 
required to see cells in any 
detail. 

Microscopes magnify the 
image of a biological 
specimen so that it appears 
larger. The type of 
microscope used in a school 
laboratory is a compound 
microscope 

. 

 

 Calculating the magnification of the 
microscope the compound microscope 
uses two lenses to magnify the specimen – 
the eyepiece and an objective lens. 

Magnification can be varied according to 
the size of the specimen and the level of 
detail required. 

The magnification of a lens is shown by a 
multiplication sign followed by the amount 
the lens magnifies, eg ×10. 

Magnification of the microscope = 
magnification of eyepiece × magnification 
of objective 

So, if the magnification of an eyepiece is 
×10 and the objective is ×4: 
Magnification= 

magnification of eyepiece × magnification 
of objective 

= 10 × 4 

= 40 

The formula to calculate magnification is: 

 

 Cell size 

Most animal and plant cells are 0.01 – 0.10 mm in size. 
The smallest thing seen with the naked eye is about 
0.05 mm. 

For all cells we need a microscope to see them in any 
detail. 

The best unit to measure most cells is the micrometre, 
symbol μm. 

For some sub-cellular structures, for 
instance ribosomes, or organisms such as viruses, it’s 
best to use a smaller unit – the nanometre, symbol nm. 

One metre can be broken down into the following 
measurements: 

Standard form 

When writing and working with very large or very small 
numbers, we use standard form. 

Standard form shows the size of numbers as powers of 
ten. 

Standard form numbers are written as: 

• A × 10n 

• A is a number greater than one but less than 
10 

• n is the index or power, always in powers of 10 

 The limits of the light microscope 

The ability to see greater detail in an image depends 
on the resolution or resolving power. This is the ability 
to see two points as two points, rather than merged 
into one. Think about a digital photo. It can be 
enlarged, but over a certain size, you won’t be able to 
see any more detail. It will just become blurry. 

The resolution of a light microscope is around 0.2 μm, 
or 200 nm. This means that it cannot distinguish two 
points closer than 200 nm. One nm, or nanometre, is 
one billionth of a metre. This is written as: 

 or in standard form as 1 × 10-9m. 

The electron microscope Electron microscopes use a 
beam of electrons instead of light rays. 

There are two types of electron microscope: 

The scanning electron microscope (SEM) has a 
large field of view so can be used to examine the 
surface structure of specimens. SEMs are often used 
at lower magnifications. 

The transmission electron microscope (TEM) is used to 
examine thin slices or sections of cells or tissues. 

TEMs have a maximum magnification of around ×1 
000 000, but images can be enlarged beyond that 
photographically. The limit of resolution of the 
transmission electron microscope is now less than 1 
nm.The TEM has revealed structures in cells that are 
not visible with the light microscope. 
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 Looking at cells  Plant and animal cells 

Making slides A slide is a thin piece of glass used to hold objects which are examined under a microscope. Most 
slides will already be made up for you. If you do get the chance to prepare your own slide, here’s what to do: 

Plant cells 

1. Peel a thin, transparent layer of epidermal cells from the inside of an onion.  

2. Place cells on a microscope slide. 

3. Add a drop of water or iodine (a chemical stain). 

4. Lower a coverslip onto the onion cells using forceps or a mounted needle. This needs to be done 
gently to prevent trapping air bubbles 

Animal cells 

1. Remove cells from the inside of your cheek using a cotton bud. 

2. Smear the cotton bud onto a microscope slide. 

3. Add a drop of methylene blue (a chemical stain). 

4. Lower a coverslip onto the cheek cells using forceps or a mounted needle. This needs to be done 
gently to prevent trapping air bubbles. 

5. Chemical stains are used to make some cell parts more obvious. 

When using a light microscope, it’s important to start with the low power objective lens as the field of view will 
be wider, increasing the number of cells you are able to see. This makes it easier to find what you’re looking for. 

Then, ensuring the cells are in the middle of the field of view, rotate a high powered lens into place and begin to 
focus to view the cells in more detail.  

Extra care is needed here because the high-powered lens can become damaged as it’s very close to the slide. 

 

Animal cells       Almost all animals and plants are made up of cells. 

Animal cells have a basic structure. Below the basic structure is shown in the same animal 
cell, on the left viewed with the light microscope, and on the right with the transmission 
electron microscope. 

 

Cell 
structures and their functions 

Cytoplasm 
A jelly-like material that contains dissolved nutrients and salts and structures 
called organelles. It is where many of the chemical reactions happen. 

Nucleus Contains genetic material, including DNA, which controls the cell’s activities. 

Cell 
membrane 

Its structure is permeable to some substances but not to others. It therefore 
controls the movement of substances in and out of the cell. 

Mitochondria 
Organelles that contain the enzymes for respiration, and where most energy is 
released in respiration. 

Ribosomes Tiny structures where protein synthesis occurs. 

 

 

 

Mitochondria are visible 

with the light microscope 

but can’t be seen in 

detail. Ribosomes are 

only visible with the 

electron microscope. 
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 Plant cells   Plant cell structure   Prokaryotic and Eukaryotic cells 

 Plant cells also have 
additional structures: 

Function 

Chloroplast 

Organelles that 
contains the green 
pigment, chlorophyll, 
which absorbs light 
energy for 
photosynthesis. 
Contains the enzymes 
needed for 
photosynthesis. 

Cell wall 

Made from cellulose 
fibres and strengthens 
the cell and supports 
the plant. 

Permanent vacuole 

Filled with cell sap to 
help keep the cell 
turgidAnimal cells may 

also have vacuoles, these 
are small and temporary. 
They are commonly used to 
store or transport  

 Plant cells 

This basic structure of a plant cell is shown below – the same plant cell, as viewed 

 with the light microscope, and with the transmission electron microscope. 

 

 

 

 

 

Eukaryotes and prokaryotes 

Bacteria are amongst the simplest of organisms – they are made of 
single cells. Their cell structure is simpler than the cells of animals, 
plants and fungi. 

• Cells of bacteria are called prokaryotic cells. 

• Cells of animals, plants and fungi are called eukaryotic cells. 
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 Prokaryotic cells  Specialised animal cells  Specialised plant cells 

 

The head of the sperm contains the genetic material for 
fertilisation. The acrosome in the head contains enzymes so that 
the sperm can penetrate an egg. The middle piece is packed with 
mitochondria to release energy needed to swim and fertilise the 
egg. The tail enables the sperm to swim.

 

\Muscle cells contain filaments of protein that slide over each other 
to cause muscle contraction. The arrangement of these filaments 
causes the banded appearance of heart muscle and skeletal 
muscle. They contain many well-developed mitochondria to 
provide the energy for muscle contraction. In skeletal muscle, the 

cells merge so that the muscle fibres contract in unison. 

 

The nerve cell is extended, so that nerves can run to and from 
different parts of the body to the central nervous system. The cell 
has extensions and branches, so that it can communicate with 
other nerve cells, muscles and glands. The nerve cell is covered 
with a fatty sheath, which insulates the nerve cell and speeds up 
the nerve impulse. 

 

The root hair cell has a large surface area to provide contact 
with soil water. It has thin walls so as not to restrict the 
movement of water. 

 

Xylem cell  

in a XYLEM cell: There are no top and bottom walls between 
xylem vessels, so there is a continuous column of water 
running through them. Their walls become thickened and 
woody. They therefore support the plant. 
 

 
 
 
 
Phloem cell 
Dissolved sugars and amino acids can be transported both up 
and down the stem. Companion cells, adjacent to the sieve 
tubes provide energy required to transport substances in the 
phloem. 
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 Cell differentiation and stem cells   Stem cells in plants   Transport in cells 

 

 

Stem cells in humans 
Stem cells are cells that have not undergone differentiation. A cell which has 
not yet become specialised is called undifferentiated. 
An embryo develops from a fertilised egg. Cells at the early stages in the 
development of the embryo are stem cells. 
If cells are removed from the embryo – called embryonic stem cells - they will 
differentiate into any cell type. 
Some stem cells remain in the bodies of adults – adult stem cells. Adult stem 
cells are found in limited numbers at certain locations in the body. 
Adult stem cells can be found in several regions of the body, including the: 

• brain 

• eyes 

• blood 
 
 
 
 
Adult stem cells can differentiate into related cell types only, for 
example, bone marrow cells can differentiate into blood cells and cells of 
the immune system but not other cell types. 
 

 Stem cells in plants 

Cell division in plants occurs in 
regions called meristems. 

Cells of the meristem can 
differentiate to produce all types of 
plant cells at any time during the life 
of the plant. 

The main meristems are close to the 
tip of the shoot, and the tip of the 
root. 

 

 

In a growing shoot, new cells are 

being produced continuously near 

the tip. As the cells become older, 

further away from the tip, they 

become differentiated – they 

enlarge and develop vacuoles 

 Diffusion 

Particles (molecules and ions) in a liquid and a gas move continuously. 
Because of this movement, particles will spread themselves evenly 
throughout a liquid or a gas. 

If there is a situation where particles of a substance are in a higher 
concentration, they will move from this region to where they are in a 
lower concentration. This is called diffusion. 

It is important to remember that the particles: 

• will move in both directions, but there will be 
a net movement from high to low concentration 

• will end up evenly spread throughout the liquid or gas, but 
will continue to move 

Some examples of diffusion in biological systems 

Some substances move into and out of living cells by diffusion. 

In a leaf 

 

 

-heart 

-liver 

 

-bone marrow 

-skin 

-muscle 
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 Other examples of diffusion 

in living things 

  Osmosis   Osmosis 

In the Lungs 

 

 

 

In the Liver 

 

 

 Osmosis is the diffusion of water molecules, from a 
region where the water molecules are in higher 
concentration, to a region where they are in lower 
concentration, through a partially 
permeable membrane. 

A dilute solution contains a high concentration of 
water molecules, while a concentrated solution 
contains a low concentration of water molecules 

Osmosis across living cells 

Cells contain dilute solutions of ions, sugars and 
amino acids. 

The cell membrane is partially permeable. 

Water will move into and out of cells by osmosis. 

Plant cells 

Isolated plant cells placed in a dilute solution or water 
will take in water by osmosis. Root hair cells, if the soil 
is wet or moist, will also take up water by osmosis. 
Leaf cells of land plants, unless it is raining or 
the humidity is high, will tend to lose water. 

Plant cells have a strong cellulose cell wall outside the 
cell membrane. The cell wall is fully permeable to all 
molecules and supports the cell and stops it bursting 
when it gains water by osmosis. 

If plant cells are placed in solutions of increasing 
solute concentration: 

 

 Isotonic Solution: Internal concentration of solutes in solution is 
the same as external concentration of solutes. 

Hypertonic Solution: External concentration of solutes is higher 
than the internal concentration of solutes 

Hypotonic Solution: Internal concentration of solutes is higher 
than the external concentration of solutes 

Animal 
cells 

Animal cells also take in and lose water by osmosis. They do not have a cell wall, 

so will change size and shape when put into solutions that are at a different 

concentration to the cell contents. 

For example, red blood cells could: 

• lose water and shrink 

• gain water, swell and burst in a more dilute solution 

In animals, the concentration of body fluids – blood plasma and tissue fluid – 

must be kept within strict limits – if cells lose or gain too much water by osmosis, 

they do not function efficiently 
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 Active transport   Active transport   Comparing diffusion, osmosis and active 

transport 

Substances are transported passively down 
concentration gradients. Often, substances have to 
be moved from a low to a high concentration - 
against a concentration gradient. 

Active transport is a process that is required to 
move molecules against a concentration gradient. 
The process requires energy. 

Active transport in plants 

For plants to take up mineral ions, ions are moved 
into root hairs, where they are in a higher 
concentration than in the dilute solutions in the soil. 
Active transport then occurs across the root so that 
the plant takes in the ions it needs from the soil 
around it. 

 

 

 Active transport in animals 

In animals, glucose molecules have to be moved 
across the gut wall into the blood. The glucose 
molecules in the intestine might be in a higher 
concentration than in the intestinal cells and blood – 
for instance, after a sugary meal – but there will be 
times when glucose concentration in the intestine 
might be lower. 

All the glucose in the gut needs to be absorbed. When 
the glucose concentration in the intestine is lower 
than in the intestinal cells, movement of glucose 
involves active transport. The process requires energy 
produced by respiration. 

 

 

 

 In animals, plants and microorganisms, substances move into and out of cells by 
diffusion, osmosis and active transport. 

 

Process Descriptions 
Substances 

moved 
Energy 

required 

Diffusion 

Substances move 
from a high to a low 
concentration down a 
concentration gradient 

Carbon dioxide, 
oxygen, water, 
food substances, 
wastes, eg urea 

No 

Osmosis 

Water moves from a 
high to a low 
concentration across a 
partially permeable 
membrane and down 
a concentration 
gradient 

Water No 

Active 
transport 

Substances move 
against a 
concentration gradient 

Mineral ions into 
plant roots, 
glucose from the 
gut into intestinal 
cells, from where 
it moves into the 
blood 

Yes 
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 The cell cycle and 

Mitosis 

  Mitosis   Required practical: Using a microscope 

Cells divide when: 

• an organism grows 

• an organism becomes 
damaged and needs to 
produce new cells 

It is essential that any new cells 
produced contain genetic information 
that is identical to the parent cell. 

 

 

A growing and dividing cell goes through 
a series of stages called the cell cycle. 

The first stages of the cell cycle involve 
cell growth, then synthesis of DNA. The 
single strand of DNA that makes up each 
chromosome produces an exact copy of 
itself. 

The cell undergoes a type of cell division 
called mitosis 

 Mitosis 

Mitosis is an example of cell 
division 

 

 

 

 

In mitosis, two cells 

called daughter cells are 

produced, each identical to the 

parent cell. 

 Investigating cells with a light microscope 

Once slides have been prepared, they can be examined under a microscope. 

Aims of the experiment 

• To use a light microscope to examine animal or plant cells. 

• To make observations and draw scale diagrams of cells. 

Making slides  

A slide is a thin piece of glass used to hold objects which are examined under a microscope.  

Most slides will already be made up for you. If you do get the chance to prepare your own slide, here’s what to do: 

Onion cells 

1 Peel a thin, transparent layer of epidermal cells from the inside of an onion.  

2 Place cells on a microscope slide. 

3 Add a drop of water or iodine (a chemical stain). 

4 Lower a coverslip onto the onion cells using forceps or a mounted needle. This needs to be done gently to 
prevent trapping air bubbles 

 

Apparatus 

1 slides 
1 coverslips 
Mounted needle 
Iodine 
Forceps 
Paper towel 
Microscope 
 

Risks 

Care must be taken when looking down the 

microscope if the illumination is too bright. 

Care must be taken when using microscope stains. 

Care must be taken when handling coverslips and 

microscope slides. 
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 Required practical: 

Using a microscope 

  Required practical: Diffusion in plants 

Drawing the image 

Record the microscope images using 
labelled diagrams or produce digital images. 

When first examining cells or tissues with 
low power, draw an image at this stage, 
even if going on to examine the slide with 
high power. 

A low power diagram is used: 

• as a plan to show the arrangement 
of any distinct regions of the 
tissue, for example the tissues in a 
plant root 

• to show the outline of individual 
cells that make up the tissue, if the 
tissue is uniform 

A high power diagram is then produced – a 
detailed image of a part of the slide. It is 
usually drawn to show a single cell, eg of a 
single cheek cell or onion cell. 

 

 Required practical - the effect of osmosis on plant tissue 

Investigate the effect of a range of concentrations of salt or sugar solutions on the mass of plant tissue 

Scientists investigate the effects of osmosis on living cells. They either: 

• Observe (with a microscope),cells or tissues placed in solutions of different concentration. 

• Measure changes in cylinders or discs of fresh potato or beetroot. Cylinders will have a larger mass than discs, so scientists will have larger 
measurements to work with. 

The following experiment investigates the effect of different concentrations of sucrose on potato tissue. It could also be carried out using salt – sodium 
chloride solution – instead of sucrose. 

Aims of the experiment 

• To investigate the effect of a range of sucrose solutions on the mass of potato cylinders. 

• To determine the concentration of the cell sap of potato cells. 

Method 

1. Prepare a range of sucrose (sugar) solutions. The concentration of a solution is measured in moles per cubic decimetre written as mol dm-3. For 
example, in this experiment your range could be from 0.2 mol dm-3 to 1.0 mol dm-3. A 1.0 mol dm-3 solution of sucrose will contain up to 342 g of 
sucrose per dm-3. A 1.0 mol dm-3 solution of a substance contains one mole of the substance per dm3 of a solution, or one mole per litre of solution. 

2. Set up a series of boiling tubes with each of these solutions. Also, set up one containing distilled water. This will have a concentration of sucrose of 
0.0 mol dm-3 and will act as the control in the experiment. 

3. Make sure each tube is labelled with the concentration. 

4. Carry out the investigation. Prepare a blank results table before you begin. Make sure when weighing the potato cylinders, that their masses are not 
mixed up when recording them. Each cylinder will have a different mass before and after the investigation. 

5. For each sucrose concentration, repeat the investigation for several potato cylinders. This allows you to make the experiment more repeatable – not 
all potato cylinders might behave in the same way. Making a series of repeat experiments means that any anomalous results can be identified and 
ignored when a mean is calculated. 
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 Required practical: 

Diffusion in plants 

  Required practical: Diffusion in plants 

Risks 

• Make sure that the potato is placed on a ceramic tile 
when using the cork borer – do not cut the potato 
cylinders towards your hand. 

• Care must be taken when using the scalpel. 

• Wear eye protection when using chemical solutions. 

This experiment shows the effect of osmosis on plant tissue. The 
cylinders will decrease or increase in mass if they lose or gain 
water by osmosis. 

The effects on plant tissues at a cellular level can be observed 
using a microscope. Another way of looking at osmosis in plant 
cells is to mount a piece of onion skin, or beetroot on microscope 
slides in drops of different concentrations of sugar or salt. 
Observe the cells for a few minutes. It is easy to see the process 
of plasmolysis in beetroot because the cell sap is red. 

Scientific calculations - simple compound measures of rate 

Example results 

For the potato cylinder placed in distilled water - a sucrose 
concentration of 0 mol dm-3 - the following results were 
obtained. 

Conc’ of 
sucrose 

Mass of potato 
cylinder at start (g) 

Mass of 
potato 
cylinder at 
end (g) 

Change in 
mass (g) 

0 2.22 2.81 + 0.59 

The increase in mass is the result of water being taken up by 
osmosis. 

 The rate of water uptake 

In this experiment, 0.59 grams of water were taken up by the potato cylinder. 

This took place over 40 minutes, so the water uptake in an hour, assuming that the rate was constant, would be: 

Water uptake in 1 hour = 

 

Water uptake in 1 hour = 

 

The rate of water uptake is therefore 0.89 g/hour. 

Percentage change in mass 

There is some variation in mass between the potato cylinders at the beginning of the experiment as it would be impractical to prepare the 
cylinders so that they were identical in mass. 

To compare changes in mass of different potato cylinders, calculate the percentage change in mass. 

 

Some of the values obtained for percentage change in mass will be positive, some will be negative. 

For the potato cylinder in the distilled water: 

 

 

 

https://www.bbc.co.uk/education/guides/z84jtv4/revision
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  Required practical: Diffusion in plants  

 Analysing results 

The investigation cannot be based on changes in mass from just one potato cylinder. 

In scientific tests, ensure a number of measurements are made to allow for uncertainty and error in data and anomalous results. 

Percentage changes in mass must be calculated for each cylinder. A mean value for the change in mass of potato cylinders at each concentration – measured in moles of sucrose per 
dm3 of solution, or mol dm-3 – should be calculated. 

A graph is plotted of change in mass, in per cent, against concentration of sucrose. 

Where potato cylinders have gained in mass, the change will be positive. 

Where potato cylinders have decreased in mass, the change will be negative. 

Concentration of 
sucrose 

Average change in mass 
(%) 

0.0 +26.8 

0.2 +5.0 

0.4 -7.7 

0.6 -17.9 

0.8 -26.0 

1.0 -31.4 

 

 

 

 

 

 

Where the plotted line crosses the horizontal axis 

at 0 per cent change in mass, the sucrose 

concentration is equal to the concentration of 

dissolved substances in the potato cells. 

This can be identified on the graph as the point 

which shows no change in mass, and therefore 

represents no net movement of water by osmosis. 
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