
The Inverse Square Law 
 

Investigating Photosynthesis 
Å Count the number of oxygen bubbles in a 

set amount of time.  
ÅMove the lamp further away and repeat. 
Å As oxygen is a product of photosynthesis, 

the more oxygen produced = the quicker the 
rate of photosynthesis 

Law of Limiting Factors 
In a process that depends on more than 1 factor,  the rate of that process 
is limited by the factor in shortest supply. 
 
Photosynthesis can be limited by: 1) Availability of CO2 2) Availability of 
chlorophyll 3) Light intensity and 4) Temperature 
 
 
 
 
 
 
 
 
 
 
GETTING MARKS IN EXAM QUESTIONS ON LIMITING FACTORS: Exam 
questions will often ask you to either describe and/or explain  what a 
graph shows about something being a limiting factor. See the next box!! 

  PHOTOSYNTHESIS: 

glucose 

light energy 

chlorophyll 

carbon 
dioxide 

water oxygen 

C6H12O6 6CO2 6H2O 6O2 

This occurs in 
chloroplasts! 

(Learn by heart!) WATER is absorbed by osmosis from the soil into 
the roots and transported to leaves through xylem 
tissue. 
 
CARBON DIOXIDE diffuses from the air into the 
leaf through the stomata. 

Photosynthesis is ENDOTHERMIC 
Chlorophyll molecules inside chloroplasts transfer light energy from the 
environment. This is the activation energy required to get CO2 and H2O to 
react together: 
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DESCRIBE ς ά!ǘ Ǉƻƛƴǘ ! [the factor] IS ŀ ƭƛƳƛǘƛƴƎ ŦŀŎǘƻǊέ 
EXPLAIN ς ά.ŜŎŀǳǎŜ ŀǎ [the factor] increases, the rate of photosynthesis also INCREASES 
 
DESCRIBE ς ά!ǘ Ǉƻƛƴǘ . [the factor] IS NOT a limiting factor 
EXPLAIN ς ά.ŜŎŀǳǎŜ ŀǎ [the factor] increases, the rate of photosynthesis STAYS THE SAME, 
something else such as [name another factor] Ƴǳǎǘ ōŜ ƭƛƳƛǘƛƴƎέ 

POINT C: At above optimum 
temperatures, enzymes will denature (or 
be destroyed) so photosynthesis slows 
down and could eventually stop 

Uses of glucose by a plant 
1. For respiration to release energy 
2. To produce fats or oils for storage 
3. To produce cellulose which 

strengthens cell walls 
4. To produce amino acids for protein 

synthesis 
5. To produce proteins, plants also 

need nitrate ions, which are 
absorbed from the soil through the 
roots 

 
 The ideal conditions for plant growth 
Greenhouses reduce temperature as 
limiting factor. 
Artificial light is supplied to ensure light 
not limiting factor. 
Paraffin heaters used to heat and 
produce CO2 

Need to make sure money spent on the 
above does increases photosynthesis and 
ǘƘŜ ȅƛŜƭŘ ƻǘƘŜǊǿƛǎŜ  ƛǘΩǎ ŀ ǿŀǎǘŜ ƻŦ 
money! 
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Light intensity is inversely proportional to the 
square of the distance of the lamp. I.e. Double 
the distance of the lamp and only ¼ of the 
light energy reaches the plant! 



  AEROBIC RESPIRATION: 
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carbon 
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This occurs in 
mitochondria! 

(Learn by heart!) RESPIRATION is an exothermic chemical reaction which transfers the chemical energy in 
glucose into a suitable form for the cell to use. Aerobic respiration produces carbon dioxide 
and water as waste products. 
 
Respiration happens continuously in ALL living cells, and can take place aerobically (with 
oxygen) or anaerobically (without oxygen) 

Energy for Cell Processes 
The energy transferred by respiration is used 
to supply all the energy for living processes: 
 
Å Chemical reactions to build larger 

molecules (growth) 
 
 
 

ÅMovement 
 
 
 
 

Å Keeping warm 

Anaerobic Respiration 

The equation for anaerobic respiration in 
muscle cells is: 
 
DƭǳŎƻǎŜ Ҧ ƭŀŎǘƛŎ ŀŎƛŘ 
 
The oxidation of glucose is incomplete so 
much less energy is transferred than in 
aerobic respiration. 
 
Lactic acid is a toxin and can cause muscle 
fatigue if it builds up 

The equation for anaerobic respiration in 
plant and yeast cells is: 
 
DƭǳŎƻǎŜ Ҧ ŜǘƘŀƴƻƭ Ҍ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ 
 
This reaction is known as fermentation. We 
used fermentation in the making of bread 
and some alcoholic drinks ς so there is a 
significant economic importance to this 
reaction! 

/!b ¸h¦Χ ŎƻƳǇŀǊŜ ŀŜǊƻōƛŎ ǊŜǎǇƛǊŀǘƛƻƴ ǘƻ ŀƴŀŜǊƻōƛŎ 
respiration in terms of the need for oxygen, the different 
products formed, and the different amounts of energy 
transferred? Go on, try it now! 

Response to Exercise 
²ƘŜƴ ŜȄŜǊŎƛǎƛƴƎ ǘƘŜ ōƻŘȅΩǎ ŘŜƳŀƴŘ ŦƻǊ ŜƴŜǊƎȅ ƛƴŎǊŜŀǎŜǎΦ 
This means cells need to respire more ς so glucose and 
oxygen is needed in larger quantities! 
 
 
 
 
 
 
 
 
 
 
 
 
Anaerobic respiration occurs in muscles when not enough 
oxygen is supplied to meet the energy demand. The build 
up of lactic acid causes an oxygen debt, and in long 
periods of vigorous exercise the muscles become fatigued 
and ŘƻƴΩǘ ŎƻƴǘǊŀŎǘ ŜŦŦƛŎƛŜƴǘƭȅ 
 
HIGHER TIER ONLY: Lactic acid is transported in the blood 
to the liver where it is converted back into glucose. The 
oxygen debt is the amount of oxygen that is needed after 
exercise to react away all of the built up lactic acid! 

1) The breathing rate and 
breath volume both increase 
ς so that more oxygen can 
diffuse into the blood from 
the lungs. 

2) The heart rate increases to 
supply muscle cells with more 
oxygenated blood. 

Metabolism 
Metabolism is: ά¢ƘŜ ǎǳƳ ƻŦ ŀƭƭ ǘƘŜ ǊŜŀŎǘƛƻƴǎ ƛƴ 
ŀ ŎŜƭƭ ƻǊ ǘƘŜ ōƻŘȅέΦ The higher your metabolism, 
the more energy your body would use in a day. 
 
Respiration supplies the energy to support your 
metabolism. Important reactions included in  a 
ŎŜƭƭΩǎ ƳŜǘŀōƻƭƛǎƳ ŀǊŜΥ 
ÅConverting glucose to starch, glycogen and 

cellulose 
ÅForming lipids from glycerol and 3 fatty acid 

molecules 
ÅForming amino acids from glucose and nitrate 

ions, which in turn are used to form proteins. 
ÅRespiration 
ÅBreaking down excess proteins into urea in 

liver, to be excreted by the kidneys. 
 


