


UNITS, CONSUMPTION,  
 & SOURCES OF ENERGY 
 
THERMODYNAMICS:   
The study of energy & it's transformations 
 
Separates possible from impossible  
Changes or processes on the basis of  
energy differences  
 
Provides fundamental insights into 
 Matter, Energy & Time 
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HEAT 
 
“Caloric" theory  
(early Renaissance):   
  Heat is a substance.  
  
Sir Francis Bacon (1620):   
   Heat is simply motion. 
 
Count Rumford (Bavaria, 1798)    
 Heat cannot be a substance  
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Count Rumford    1798 Munich 
Brass cannon manufacture 
 

 Water is boiled without fire! 
  

 Heat is emitted as long as boring  
     process continues. 
 

 => Heat has no mass 
 => Heat cannot be a substance      

                            (heat is never depleted) 
 TIME LIFE



STUDY OF  THERMODYNAMICS 
 

Large advances during Industrial Revolution 
   Steam engines  (1st 1698)     
   James Watt  1776 
   Theoretical advances 1800’s 
 
 
The "laws" of thermodynamics actually are postulates    
      
  1st  LAW:  Conservation of energy 
 
  2nd LAW:  Heat flows “downhill” 
 
  3rd LAW:  Entropy of a perfect crystal at 0°K is zero 
 

 nps



1st & 2nd LAWS OF THERMODYNAMICS 
 
Rudolf Clausius (1868)  
 

 “Die Energie der Welt ist konstant;  
     die Entropie der Welt strebt einem Maximum zu.” 
 
The Energy of the Universe is constant; 
    the Entropy of the Universe strives to a Maximum. 
 
 
Taken together,  
the 1st & 2nd Laws describe approach  
to the  equilibrium state 



1st LAW:  Conservation of Energy 
  
The energy of an isolated system is constant. 
Energy can be neither created nor destroyed. 
 
 

Rudolf Clausius (German physicist, ~1868)  
  The energy of the universe is constant. 
 
 dE = dq - dw        (For an adiabatic (insulated) system:  dE = - dw) 
 Change in internal energy = heat added to system - work done by system on surroundings 

 
Internal Energy is conservative 
 => No perpetual motion machines 
 => You can't get something for nothing 

 
Many types of Energy: 
   Chemical         Heat       Mechanical (kinetic)     Electrical      Radiant 

 
  e.g.,  Burn coal  =>  steam   =>  work by engine  =>  generator  =>  light  
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Time Life

Leonardo da Vinci
        1452-1519

utexas.edu



http://www.lhup.edu/~dsimanek/museum/people/people.htm

Leonardo da Vinci (1452-1519) 
“Oh, ye seekers after perpetual motion, how many vain chimeras  
have you pursued?  Go and take your place with the seekers 
 after gold.” 



M.C. Escher 1961



2nd Law of Thermodynamics:  (Rudolf Clausius, 1865)   
 

  Heat flows "downhill" 
    Heat cannot spontaneously flow from a cold body to a hotter one. 

 

  Natural processes have a sense of direction. 
    Movies look silly run in reverse. 

  

  Systems tend toward maximum disorder. 
 

 100% efficiency is impossible.    
 

 The entropy of an isolated system increases during a   
  spontaneous change. 

 

 The entropy of the universe strives toward a maximum.   
   Heat death ("Warmetod") of the universe". 
 
 Perhaps the most profound of all natural laws 
  von Weizsacker:   There are fewer empirical elements in the second law of  
           thermodynamics than in any other law of physics. 



 Accordingly to the 1st Law:  
 
   A stone can suddenly cool off, convert its heat into          
   kinetic energy, and jump into the air.  
 
 
 Process violates the 2nd Law, not the 1st Law 



 Accordingly to the 1st Law:  
 
   One can boil water by adding ice cubes 
   that decrease in temperature.  
 
 
 Process violates the 2nd Law, not the 1st Law 



Entropy (S)  is the variable that describes this behavior.  
  => 100% efficiency is impossible.  Cars are 10 to 12% efficient 

 

TS = measure of the heat content that cannot perform useful work  
 

   

Max Efficiency    = {Energy Input -Heat Loss}/Energy Input   
      = wmax/q = useful work done/heat added   

       = fraction of heat added at hi T that can be converted to work 

      =   (T2-T1)/T2  

      = 100% only if T1 = 0°K 
 

All engines give off heat, so no engine  
can be 100% efficient 
    Cars have radiators 
  Nuclear plants have cooling towers 
  Computers have fans 
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Miller (1975) p. 36



Probability interpretation of entropy (Order): 
 

A moving body under friction converts its kinetic energy into heat.   
  This represents a transition from ordered to  disordered motion.    
  Heat is the resultant,  random thermal motion of the atoms.  

   Such transitions are not reversible. 
   

  
Can film a falling rock that hits the ground and converts its energy into heat.   
 Would look very funny run in reverse.   

 
 
 

  Systems tend toward maximum disorder. 
 
  Historical character of time.   
 
  Entropy is  time's arrow. 



3rd LAW:   
 
 At 0°K, the entropy of a pure, perfect crystal is zero 

  
   W = 1;  i.e. complete order,  
   where W is the # of microscopic configurations of the system. 

 
 
 Statistical Mechanics- Gives microscopic interpretation of Entropy 

 
     S = R ln W



Probability interpretation of entropy (Order): 
 

A moving body under friction converts its kinetic energy into heat.   
  This represents a transition from ordered to  disordered motion.    
  Heat is the resultant,  random thermal motion of the atoms.  

   Such transitions are not reversible. 
   

  
Can film a falling rock that hits the ground and converts its energy into heat.   
 Would look very funny run in reverse.   

 
 
 

  Systems tend toward maximum disorder. 
 
  Historical character of time.   
 
  Entropy is  time's arrow. 
 

  Criss & Hofmeister (2001; 2017)       dS/dt  =  L/T 
                 =   7 x 1047 J/s-deg  

            The photons will never return to your flashlight



Savin’s Recapitulated Laws of Thermodynamics 
 
 1st Law: You can't win, you can only break even. 

  
 2nd Law:  You can only break even at absolute zero. 

 
 3rd Law:  You can't reach absolute zero.  



FORCE,  ENERGY & POWER    
 
    MKS Unit (mechanical)  

     

Force  =  m a   Newtons    1 kg mass acc.  1 m/sec2 
 

Work  =  F x D   Joules       1 joule = 1 nt-m  
   
Power = rate of energy use    Watts  1 W = 1 joule/sec   
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 Energy Conversion Factors 
 

James Joule (1849):  Mechanical equivalent of heat  
 
   1 cal = 4.184 joule  = 8.314/1.987 

 
Interrelates:  
   Unit of Heat:   1 calorie  heats 1 g of water 1 °C 
  Unit of Work:  1 Joule =  nt-m 

     
     



http://blueox.uoregon.edu/~courses/dlivelyb/ph205/syllabus_fig.gif

Joule’s 
Apparatus 
1849 

JOULE’S �
APPARATUS
1849
http://www.sciencemuseum.org.uk/
on-line/treasure/objects/1876-492.asp



 ENERGY CONVERSION FACTORS 
 

Mechanical to Heat Units 
 

   1 cal = 4.184 joule = 8.314/1.987 
           1 calorie heats 1 g of water 1°C     
     

  1000 cal = 1 kcal = 1 Calorie (dietary) 
    2000 kcal/d =  2 Mcal/day= dietary requirement   = 97 W 
    Not possible for > 1/3 of the people on Earth.   
    Americans: total energy consumption > 100 x dietary requirement 
  
  1 BTU = 252 cal = 1054.3 joule 
    1 BTU heats 1 lb of water 1°F    = (454* 5/9) calories 

 



 ENERGY CONVERSION FACTORS 
 

Mechanical to Electrical Unit 
    
1 Joule = 1 volt  x 1 Coulomb 

   

1 kWh =  3.6 x 106 joule   
    = 3600 sec/hour x 1000 W/kW 

     = 3410 BTU 
 
 

  1 eV = 1.602 x 10-19 joule           
useful unit for ionization energy 
 

USBR

Turbine Maintenance, 
Grand  Coulee Dam



 ENERGY CONVERSION FACTORS 
 

Nuclear to Mechanical Units 
    

 8.2 x 1010 J/g 235U     Fission 
 

 6.4 x 1011 J/g   1H      Fusion 
 
 

 2 Megatons ~ 1016 joule 

Bravo Test 
March 1954 

15 Mt 
http://www.bikiniatoll.com/



 ENERGY CONVERSION FACTORS 
 

Combustion:  Heat Units 
    

 CH4 + 2O2 =  CO2 + 2 H2O  
Gas Hydrate 
“Burning ice” 

http://www.gashydrate.de/index_main.html

   ∆H°f   cal/mol
CO2     =        -94,051 

  2 H2O   =   2(-57,791) 
   CH4   =        -17,880 

    2 O2     =                  0 

∆H°rxn         =    -191,750 cal/mol 

  =>      -11,984   cal/g methane 
  =>    -221,920  cal/ft3 methane (STP) 
  =>     -928,530   J/ft3 methane 
  =>          880.7   BTU/ft3 methane 



Sugar, carbohydrate  16,000 BTU/kg   16 x 106 joule/kg 
                4 kcal/g 
 

Wood    16 x106 BTU/ton  16 x 109 joule/ton 
  (cord~2.5 tons)   
 
Gasoline  125,000 BTU/gal  1.3 x 108 joule/gal 
  11.5 kcal/g 
 
Fuel Oil (#6)  150,000 BTU/gal  1.6 x 108 joule/gal 
 
Natural Gas  1000 BTU/cu ft      1  x  106 J/cu ft 
 
Bbl Oil  5.7 x 106 BTU/bbl   6 x 109 J/bbl 
 (42 gal; 159 liters) 
 
Ton Oil  42 x 106 BTU/ton  44 x 109 J/ton 
 
Coal    25 x106 BTU/ton    27. x 109 joule/ton 
 
235U   80. x 106  BTU/g  80. x 109 joule/g       
      => 1 g ~ 3 tons coal! 



Energy Cost per MBTU   (= “MMBTU”) 

 
Oil @ $53.53/bbl         $9.39 
Coal      0.65                                   ~ 2.8x more for IL coal 
Gas      3.19                   cf. Laclede Gas $8.40 /MBTU  inc. fees 

    $5.45  to  $207 
  

Heating Oil     10.50 
 
Electricity       9.57       cf. AmerenUE  $40.47 / MBTU   
                                                                                                   =  13.8 c / kwh inc. fees 
 
Cheerios   500.00 
 

April 2017



Power Conversion Factors 
 
James Watt (ca. 1774)  
  measured power of steam engine  

    against power of a horse 
 
 
 
  

1 hp  =  550 ft-lbs/sec  
    =  745.7 W = 0.746 kW   
    =  7.46 x 109 ergs/sec 
   

1 Watt = 1 joule/sec = 1 volt-amp 
 
1 BTU/sec = 1.054 kW 

utexas.edu



EXAMPLE PROBLEM- 100 m WATERFALL  
 
 How much does water heat up when it falls 100 m ? 
 
 

VICTORIA FALLS
105 m
geographicguide.com



EXAMPLE PROBLEM- 100 m WATERFALL  
 
 How much does water heat up when it falls 100 m ? 
 
  Potential energy => Kinetic energy => Heat 
 
        mgh*(1.987/8.314) = (Cp)(m)(∆T) 

 
     (9.8 m/sec2)(100 m) *(1.987/8.314) = (1000 cal/kg)(∆T) 
 
    ∆T  = 0.23°C 

 
 
 Incredible result-  
  Consequence of the  
  mechanical equivalent of heat! 

VICTORIA FALLS
105 m
geographicguide.com



EXAMPLE PROBLEM-  
 
If a 50 kg man could fully utilize the energy in a 100 g candy bar,  
how high could he climb, given that the heat of combustion of  
sugar and starch are both about 4 kcal/g ? 
 
 
    mgh*(1.987/8.314) = (∆H/g)(# g) 
 
 (50 kg)(9.8 m/sec2)(h) *(1.987/8.314) =  (4000 cal/g)(100 g) 
 
  h = 3.4 km 
 
 
 
 If a man could  fully utilize the energy in a "lumberjack's diet 
 of 4000 Calories (=4 million cal), he could carry a 1 ton weight  
out of the Grand Canyon! 
 

p. 29 Waser 



     SOHO

E = Mc2 
  

Annihilate 1 g  =>   
  E  = (0.001 kg)(3x108 m/sec)2  = 9 x 1013 joules 
     => could lift 5.6 million ton rock out of Grand Canyon 
   

 
Annihilate 1 lb   =>   E = 1010 kWh  
  = USA electrical needs for 5 days    
  = drive car 180,000 times  

           around the Earth 
 
 
Solar luminosity =   3.9 x1026 Watts  


