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Class Objectives & Philosophy

Potential Grading Scheme:

Project: 25%; Final exam: 75%

Course Objectives, Teaching Philosophy:

• Apply thermodynamic principles to understand the role of water in the Earth

System.

• Broad conceptual framework for understanding the thermodynamics of oceans

and atmospheres, so material can be integrated into other study disciplines.

• Students are expected to read the assigned material before class.

• Class time will be used for lecturing, with the purpose of emphasizing points

of the material, or, going through other aspects not directly covered by the

textbook.

• “Collaborative learning" approach will often be used, students working in

teams use class time for worksheets that include quizzes, problem-solving and

discussions. Students are expected to work in teams on the worksheets (both

in class and homework).



Material covered in Lecture 1



Why do we need Thermo?



Basic concepts: System



Basic concepts: processes



Basic concepts: examples



Basic concepts: variables, state



Composition: Atmosphere &Ocean.

Air (averge) 

composition

Ocean (average) composition



Composition: Oceanic salinity

Ocean (average) composition



Concepts: pressure



Concepts: atmospheric pressure



Concepts: pressure in ocean



Concepts: temperature in atmos



Concepts: temperature in ocean



Worksheet time!

Download Worksheet 1 from the Moodle 

page and work on it.

You might need the PDFs of reading 

material from the Moodle page as well



c.420 BC – atomic theory (Democritus: matter ultimately uncut-able)

1662 – Boyle’s law

1738 – Bernoulli Hydrodynamica (molecular collisions ➔ gas pressure)

1787 – Charles’ law

1798 – atomic theory of heat

1827 – Brownian motion

1834 – ideal gas law

1849 – kinetic theory
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Kinetic Theory: Chronology 

Equipartitioning of energy: every degree of freedom of a 

molecule has the same amount of energy (1/2 kT)



• crystals – regularity of surfaces, cleaving

• mixing different liquids

• change of volume: solid ➔ gas, liquid ➔ gas

• air occupies space and has mass

• Gas laws (Boyle, Dalton, combined ideal gas law)

• diffusion: solid into solid, solid into liquid, gas into gas

• Brownian motion (Einstein proved it).

Kinetic Theory: Evidence for atoms



An empirical law

temperature constant re-plot to show inverse proportionality

Boyle’s law: pV = constant
[Clive Sutton (1992) Words, Science and Learning Open University Press pp 74-75]

Before Kinetic Theory: gas laws



Another empirical law…

Charles’ law: TV 

In oC, a linear relationship. 

Direct proportionality if T in kelvins, 

where  K = oC + 273

Before Kinetic Theory: gas laws

All relationships combined:

nR
T

pV
== constant n # of moles, gas constant R = 8.31 J K-1

The well known ideal gas law!



Kinetic Theory: Misconceptions 

Molecules:

• Do not have the properties of bulk matter (particles change in size 

as the temperature changes, particles can melt and solidify)

• Do not have air in between them

• Do not have thoughts and intentions e.g. ‘they prefer to move to 

places that are less crowded’.

There is much confusion about the nature of particle motion 

in solids, liquids and gases.



• huge number of point molecules (occupy negligible volume) in 

continual random motion (and so ‘kinetic’)

• colliding elastically with each other and with container walls

• no forces between the molecules, except in collision

• time in collisions very small compared to time between collisions

• distance travelled between collisions (‘mean free path’) depends on 

gas density

• average speed of molecules depends on gas temperature

• in a gas composed of different molecules, the average molecular Ek

is the same for all, so those with larger mass have smaller speed

Kinetic Theory: Ideal Gases

Following characteristics:
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bombardment of the 

container walls

change of momentum 

with each collision

mv - (-mv) = 2mv

Kinetic Theory: Origin of Gas Pressure



Distribution of particle speed for 106 oxygen particles at -100, 20 and 600 oC.

Kinetic Theory: Velocity distributions



PhET simulation Gas properties

Task (spend about 5-10 minutes on these points):

• Pump gas molecules to a box and see what happens as 

you change the volume, add or remove heat, change 

gravity, and more. 

• Measure temperature and pressure, and discover how the 

properties of the gas vary in relation to each other. 

• Interesting to count number of collisions too and see how 

they relate to pressure.

Kinetic Theory: see it in action!

http://phet.colorado.edu/simulations/sims.php?sim=Gas_Properties


Kinetic Theory: gives ideal gas law!



Kinetic Theory: gives ideal gas law!



Kinetic Theory: gives ideal gas law!

The ideal gas law emerges 

naturally from kinetic theory


