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10.1

Thermodynamics (2 hrs)



The kinetic model of an ideal gas assumes a gas is a large number of very small particles so far 

apart they exert no force on each other except during collisions and they are moving randomly 

in all directions with a range of speeds. 



The average kinetic energy of the particles is a measure of the gas's temperature. 



The particles obey the laws of mechanics.



When a particle collides with the container wall, it bounces off making an elastic collision. 


During impact the particle applies a force to the container and the container applies a force back 

on the particle. The net outward force of all the particles on the container wall gives rise to the 

pressure of the gas.



The pressure of an ideal gas increases when its volume decreases because there are more 



collisions each second with the walls of the container.



The pressure of an ideal gas is inversely proportional to its volume when temperature is 



constant. This is Boyle's Law.



The pressure of an ideal gas increases when its temperature increases because there are more 


collisions each second with the walls of the container and each collision is more violent.



The pressure of an ideal gas is directly proportional to its absolute temperature when volume is 

constant. This is Charles' Law.



The pressure of an ideal gas increases when more gas is added because there are more collisions 

with the wall each second. 



The pressure of a gas is directly proportional to its mass at constant volume and temperature.



A gas free to expand does so when heated because the collisions on the inside of the container 

wall become more frequent and violent. The gas expands to reduce the number of collisions per 

second on the inner wall until the pressures inside and outside the container become equal.



A mole of a substance is the mass that has the same number of particles as are in 12 g of the C-

12 isotope.



A mole of a gas contains 6.023 x 1023 particles. This is Avogadro's number.



A mole of a gas has a mass in grams equal to the sum of the atomic weights of the atoms in one 

molecule.



For an ideal gas, pressure times its volume equals the number of mole times the Universal Gas 

constant times its absolute temperature. 



Standard Temperature and Pressure is 273 K and 1 atmosphere - 1.01 x 105 Pa.



A mole of an ideal gas has a volume of 22.4 L at STP.



For a constant mass of gas, its pressure times its volume divided by its absolute temperature 


remains constant.



A temperature scale is constructed by choosing two reproducible events such as the melting of ice and the boiling of water. The temperature values of these two events are then chosen.



The Celcius scale is based on the temperature of melting ice being assigned the value zero. This is an arbitrary zero.



The Kelvin temperature scale starts at absolute zero and each degree is the same as the Celcius scale. Kelvin = Celsius + 273
10.2

Processes (3 hrs)


A thermodynamic system is an object or objects being investigated. e.g. the gas in a bicycle 


pump. 










2.



The surroundings are everything else around the object. e.g. the material making up a pump and 

the air outside the pump.



The system is closed if the mass stays the same and it is open if mass is added or leaves. 



In both an open and a closed system energy can and is exchanged with the surroundings. 


Work is done on an object when a force causes it to move faster or slower, change its shape or 

alters its position. Changes occur in the object’s kinetic, elastic potential or gravitational 



potential energies.



In the study of thermodynamics, heat is the energy transferred between a system and its 



surroundings when a temperature difference exits between them.



Internal energy is the sum of the kinetic energies of the particles of a gas. 


Temperature is a measure of the average kinetic energy of the particles.



A change in temperature means a change has occurred to the internal energy. 



When the surroundings do work on a gas, the work raises the internal energy of the gas and its 

temperature increases. Heat is transferred to the surroundings and the material that makes up the 

pump warms up.


When the gas does work on the surroundings, energy is transferred from the gas to the 



surroundings. The internal energy of the gas decreases and so does its temperature.



Pressure equals Force divided by area.



When a small change in volume occurs the work done by the gas is equal to its pressure times 

the change in volume.



The area under a pressure versus volume graph between the two volumes is equal to the work 

done.


The first law of thermodynamics states the change in internal energy U is equal to the heat 


energy input Q in minus the work done by the system on its surroundings W.



Heat added to a system makes its internal energy rise so this has a positive sign. Heat removed 

from a system lowers its internal energy so it has a negative sign.



Work done by the system of a gas decreases its internal energy. 



Subtracting a positive number lowers an answer so the work done by a system has a positive 


sign. Work done on a system of a gas increases its internal energy rises. Subtracting a negative 

amount of work will increase the answer so work done on a system has a negative sign.


In an isochoric (isovolumetric) process, the volume of the system does not change. This 



involves transferring heat energy to or from a gas in a container with fixed volume.



In an isobaric process the pressure remains constant. This involves the transferring of heat to or 

from a gas in a syringe with a piston that is free to slide.



In an isothermic process, the temperature remains the same. The container must have a 



moveable piston. Heat must be added or subtracted slowly so expansion or contraction occurs 

slowly and the gas must be in contact with a heat sink - an object so large that heat can be added 

to it or taken from it without any noticeable change in its temperature.



In an adiabatic process, no heat is added to or leaves the gas. Q = 0. This occurs when a gas 


expands or contracts very suddenly so there is no time for any significant heat transfer to or 


away from the gas.


Internal energy decreases when a gas expands suddenly. A decrease in internal energy means a 

drop in temperature during an adiabatic process.


A heat engine is a device that converts thermal energy into mechanical energy. e.g. steam 



engine.









3.



A heat pump is a device that can transfer heat from a low temperature region to a high 



temperature region. e.g. a fridge.



A difference in temperature must exist between the inlet and exhaust sides of a steam engine. 



If the exhausted steam were at the same temperature as the intake steam, it would be at the same 

pressure and the piston would have to do as much work on the exhausted steam to push it out as 

the input steam did on the piston. 

10.3 

Second Law of Thermodynamics and Entropy (1 h) 



The second law of thermodynamics implies that thermal energy cannot spontaneously form a region of low temperature to a region of high temperature.


The Kelvin-Planck formulation of the second law of thermodynamics says it is not possible to 

make a device that can transform heat completely into mechanical work.



100% efficiency means no is heat transferred out of the device, however a temperature 



difference must exist and heat transferred away from a heat engine for it to run.



The Clausius statement for the second law says it is impossible to create the perfect refrigerator 

where heat is transferred from a low temperature region to a high temperature region and no 


work is done to achieve it. Heat only flows from high temperature regions to low temperature 

regions.


Entropy measures the level of disorder of a system. 



The greater the level of disorder, the greater the entropy.



The most general way of stating the second law of thermodynamics is to say the entropy of all 

systems and their surroundings - i.e. the universe as a whole, is increasing.



Entropy increases when heat is added and entropy decreases when heat is removed. 



In a heat engine, more heat is added than is removed. Therefore entropy of the engine increases. 



The entropy of the environment increases because heat is added to it from the material 



exhausted from the engine.
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