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THERMAL PHYSICS II 
 
Last Time: 
 

1. Temperature 
 

 
2. Thermal Expansion 
 
 
3. Ideal Gas Law 
 
 
4. Heat 

 
 

5. Calorimetry 
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This Time: 

- Phase changes in calorimetry 
- Energy transfer (three types) 
- 1st and 2nd Laws of thermodynamics 
- A bit on engines and entropy 

 
 
Phase Changes  

Q = mL 
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P1. During a phase change (solid to liquid or liquid to 
gas) the temperature: 
 

a) Rises 
b) Drops 
c) Stays the same 

 
 

P2. If you have 1 kg of ice at -40 C, how many J will it 
take to melt and boil it?  
 
 

 

 

 

 

 

Energy Transfer 
Thermal conduction:  
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P3.  You cook on a stove, and boil 250 g of water per 
minute.  The steel pan has a thickness of 2 mm and a bottom 
diameter of 12 cm.  Assume heat is transferred through the 
bottom only. 

 
Find the heat flow rate in W through the bottom of the pan 

from how much water is boiled per second.   ksteel= 20 
W

m °C  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P4.  You put the end of a rod in the fire and the other end in a 
tub of water.  The rod that would heat the water fastest will be 
_______ 

1. short and fat 
2. long and fat 
3. short and thin 
4. long and thin 
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Convection and Radiation: 
 

 
 
 
P5.   Which of these represents convection? 
P6.   Which of these represents conduction? 
 
 
 
 
 
 
 
 
 

     

 
A 

 
B 

C 
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Energy and thermodynamics 
 
Work : 
 
 
 
 
 
 
 
 
 
 
 
Consider expanding gas (increased volume) 
Work done by an expanding gas on environment is 
positive 
Work done on an expanding gas by environment is 
negative 
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WHAT IS A P-V DIAGRAM? 
 
 
 
 
 
 
 
 
 
In the P-V diagram, work is  __________________ 
 
P7.  In which process is work the largest magnitude? 

     



Physics 105 Class 19 

 8 

“Internal energy” of an ideal gas 
 
Internal energy is kinetic energy: U =3/2 nRT  

 
U, in terms of P and V: 

 
 
 

P8. DU for isothermal process (constant T) is  
a. negative 
b. positive 
c. zero  

 

1st Law of Thermodynamics: � U = Q + W  

 
System:  the object we are studying.   
Environment:  what it interacts with 

     

The signs of Q and W: 
+ for  Q or W if it puts energy into the system (takes 
from environment) 
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Different types of processes:  
- isothermal 
- isovolumetric 
- adiabatic 
- isobaric 
- general 

 

 

 

 

 

 

 

P 

 V 
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A gas in a piston expands from point A to point B on the 
P-V plot.   
 
 
 
 
 
 
 
P9. The process in which the work is the greatest 
(magnitude)  

1) path 1 
2) path 2 
3) neither; it’s the same 

 
 
P10. In the process you chose, the work done  

1) puts energy into the system 
2) takes energy out of the system 
3) has no effect on the energy of the system 

A 

B 

P 

V 

1 
2 

2 
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P11. You boil water on a stove.  System = water.  The 
steam must displace the atmosphere. 

Q: choose  +     -    0 
W:  

DU:  
 
P12. Compressing air very quickly in an engine cylinder 
(or in a perfectly insulated cylinder). System = air 
 

Q:  choose  +     -    0 
W:   

DU:   
 
P13. You heat a spray can in a fire, and it doesn’t 
explode.   System = gas in can 
 

Q:  choose  +     -    0 
W:   

DU:   
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Engines 
 
Why do we care about P-V 
cycles? 
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Unfortunately, the efficiency of ANY engine is less than 
100%. 
2nd Law of thermodynamics: 
 
 
 
 
 

Carnot engine 

Most efficient engine possible 
 
 

 

 
 

 
 
(Because heat transfer must be infinitely slow to keep 
heat transfer perfectly isothermal, the power of the ideal 
Carnot engine is _______.) 
 
Why can’t real engines be perfectly efficient? 
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HOMEWORK HINTS: 
 
 


