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Final Exam



Final Exam

• Same format as previous exams

• You can bring one page of your notes

• Equation sheet will be provided with the exam

• Bring your ID, a calculator and a pencil

• Mainly covers material since last exam with 

some overlap (roughly lectures 18-26)





Work Done on a Piston

• If there is a pressure 
difference between the 
inside and outside of 
the cylinder, then it will 
exert a force.

• If the piston moves, 
then work will be done.

• P, V and T will always 
satisfy the ideal gas law.

• We can change T by 
exchanging heat with 
the environment.



Work depends on the process between the 

initial and final states
• In Figure 12.4a, to go from the initial 

state to the final state, the gas first 

has a constant volume and increasing 

pressure, and then has a constant 

pressure and decreasing volume. 

• In Figure 12.4b, the gas first has a 

constant pressure/volume decrease, 

and then has a constant 

volume/pressure increase to reach 

the same final state. 

• The work done for each process is 

different.



The first law of thermodynamics



Analyzing gas processes



Analyzing gas processes



Analyzing gas processes



Analyzing gas processes



Specific heat



Specific heats of various solids and 

liquids



Changing state
• The transformation of ice 

into water is a phase 

change—a process 

during which a substance 

changes from one state 

to another. Let's consider 

an experiment involving 

the heating of water that 

starts as very cold solid 

ice.



Melting and freezing
• At 0 °C, the phase 

change graph becomes 

vertical. The ice starts to 

melt but the 

thermometer reading 

does not change, even 

though energy is being 

added to the system.



• When we transfer 
energy to the solid 
material at the melting 
temperature, all of this 
energy goes into 
changing the potential 
energy of particle 
interactions, not the 
kinetic energy—thus 
the temperature does 
not change.

Melting and freezing



Energy to melt or freeze: Latent heat of fusion 





• The temperature of 
the water remains at 
the boiling 
temperature until all 
of the liquid water 
boils into vapor. 
Energy has been 
added to the water, 
but its temperature 
does not change.

Boiling and condensation



Boiling and condensation
• For a molecule to leave the 

surface of a liquid, it must 

have enough kinetic energy 

to break away from the 

neighboring molecules, 

which are exerting attractive 

forces on it. The energy 

transferred to the liquid leads 

to a change in the potential 

energy component of the 

internal energy.



Energy to boil or condense: Heat of 

vaporization



Heats of fusion and vaporization



Things to notice about melting and 

boiling

• The values for the heats of fusion and 

vaporization are much larger than the specific 

heat. Much more energy is needed to change the 

state of a substance than to change its 

temperature.

• The values for heat of vaporization are 

significantly larger than the values for heat of 

fusion. More energy is required to boil the same 

mass of the same substance than to melt it.



Example 12.8
• You add 10 g of ice 

at temperature 0 °C 

to 200 g of coffee at 

90 °C. Once the ice 

and coffee reach 

equilibrium, what is 

their temperature? 

Indicate any 

assumptions you 

made.



Heating mechanisms

• How can we reduce energy losses from our 
homes during the winter? 

• Why is the "dry heat" in Arizona less 
uncomfortable than a hot, humid day in 
Mississippi? 

• Why should we be concerned about climate 
change? 

• These questions are related to energy transfer 
mechanisms and, in particular, to the rate at 
which these transfers occur.



Conduction

• The process by which thermal energy is 

transferred through physical contact is called 

conductive heating or cooling.

• A quantity called thermal conductivity K

characterizes the rate at which a particular 

material transfers thermal energy.

– You want to use a material with low thermal 

conductivity to make a cup for holding hot 

beverages.



Conductive heating/cooling



Thermal conductivity of materials (at 25 °C)



Evaporative heating/cooling



Forced convective heating/cooling



Radiative heating/cooling 


