
Matter, Energy and Processes 
Dynamic change 



Matter– rock, air & water: Things that take up space

• Lithosphere: Minerals, rocks, coal, oil, gas 

• Atmosphere: Air, Clouds 

• Hydrosphere: Water (fresh to salty),  Water vapor, Ice/glaciers 

• Biosphere: Animals, Birds, Insects, Plants & Anthropogenic   Infrastructure 





Matter – takes up space

Mass – a measure of matter

Element – cannot be 
chemically broken down 
into other substances

Atom – smallest unit of an 
element

Proton – Positively charged 
particle within an atom

Electron – Negatively 
charged particle within an 
atom (no mass)

Neutron – Particle within an 
atom with no charge 

Isotope – an atom of an 
element with different 
numbers of neutrons. 

Periodic Table of Elements 

Presenter Notes
Presentation Notes
FIGURE 3.3  Periodic Table  
The periodic table categorizes elements by the number of protons in each element (its atomic number) and by the physical and chemical properties of the elements.




Conservation of Mass 

Matter cannot be 
created or destroyed. 

Matter can be 
chemically 
rearranged, but its 
primary parts remain 
the same. 

Presenter Notes
Presentation Notes
FIGURE 3.6  Conservation of Mass  
The law of conservation of mass means that when wood (which is mostly cellulose, or C6H10O5) reacts with oxygen in a fire, it yields an equal number (and mass) of atoms—although they are now in the form of carbon dioxide gas, water vapor, and charcoal or ash.












pH Acid – a compound that yields positively 
charged H+ ions when dissolved in water. 

Base – a compound that yields negatively 
charged OH- ions when dissolved in water. 



How matter changes…

• Changes in atomic and 
molecular conditions may vary 
under dynamic heat & pressure.

• Chemical reactions can break 
molecules apart and new 
structures can form, but still 
balance. 

• Phase changes
• To solids, liquids, gases 

• Temp. and Pressure differences 



Energy
• Capacity to do work

• Work = Applied force to move matter. 

• Kinetic 
• Energy within matter in motion

• Potential 
• Energy in matter that has yet to be 

released 



Processes – Moving matter around 
Earth’s dynamic interior and exterior  
• Movements/changes in

A. Air circulation 
B. Water circulation to Ice flows
C. Gravity 
D. Organisms/life – e.g. photosynthesis, respiration 
E. Fire
F. Weather/climate 
G. Plate Tectonics 



Thermodynamics
• First Law: Energy is conserved – It cannot be created nor 

destroyed it just changes form… 

• Second Law: With each transformation or energy transfer, some 
energy is degraded/wasted in the production of heat

• Isolated systems tend to become disordered/chaotic over time do to 
a lack of energy = High Entropy. 



Presenter Notes
Presentation Notes
FIGURE 3.13  Entropy in a System  
The second law of thermodynamics can also be cast in terms of entropy—or disorder. Entropy increases in any system left to itself. In other words, it will become increasingly disordered. It takes inputs of energy to organize and form a load of bricks into a chimney, and without upkeep and maintenance the highly ordered chimney will break down over time.




Dynamic Earth Trinity: Structure, Processes, Time

Matter Actions

= 
Change



Time and equilibrium 
- short 
- intermediate 
- deep/long 

Concept 1: Energy drives processes that change the Earth’s systems 
over variable time 

Concept 2: Equilibrium – Conditions placed on systems where 
competing influences are balanced.  



Stream E.g.
Complex Changes 
A) Perturbation (P)
B) Reaction time (Ra)
C) Equilibrium (E) 
D) Threshold (T)
E) Relaxation time (Rx)
F) Response time (Rt)
G) Persistence time (Ps)



Le Chateleir (1884)

“A change in any of the variables 
governing the equilibrium of a 
chemical system will cause a 
compensating change among other 
variables that will seek to re-establish 
stability within the system.”  





Sources 
• External – Solar radiation 

• Internal – Earth’s core 

• Human – Energy Concentration and intensification



Energy and the Biosphere
• Food chain

• Trophic level = position in food chain

• Primary producers Vs consumers

• 10% Law: Every step up the tropic level 
only 10% of the available energy leads to 
the creation of biomass…

• There is a significant energy cost associated 
with each transformation up the food chain.

Presenter Notes
Presentation Notes
FIGURE 3.14a  Trophic Levels and the Second Law of Thermodynamics  
(a) In a food pyramid, organisms are arranged in trophic levels on the basis of how they obtain energy. Because of the second law of thermodynamics, less energy is available at each step up the pyramid as energy is transferred between trophic levels. The “10% law” holds that for each step up the trophic pyramid, only about 10% of the energy from consumed organic matter is put to use creating biomass. In other words, there is a significant energy cost associated with each transformation up the food chain.




Lions
• Organisms at high trophic 

levels are less abundant

• Compose far less mass per 
unit area than lower than 
those trophic levels (e.g. grass) 

• Do humans follow this trend?
• Depends on food 

consumption. 
• Plants – Primary consumers
• Meat – Secondary or tertiary 

consumers 



Box Models 
Characterizing complex systems

environmental 



Inputs

Outputs 

Feedbacks
positive 
negative 

Carrying capacity 

Residence time 

USEFULNESS… 



Input , Output Analysis – Calculating change

1. Input = Output 

Use UNI  to explain 
this concept 

No change in 
pool/stock



2. Input > Output

Use UNI to explain this 
concept 

Pool/stock
Grows



3. Input < Output

Use UNI to explain 
this concept 

Pool/stock
Reduced



Box models - simplified versions of complex systems

Provide opportunities to…  
• Consider all problem variables (collaborate & brainstorm)
• Investigate interactions between variables (feedbacks, residence 

times, carrying capacities) 
• Interpret potential outcomes 
• Work on and implement solutions 



Everything goes somewhere!  
• Single use plastics: Goods made primarily from fossil fuels 

and meant to be disposed of right after use, seconds to 
minutes.
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