CHAPTER IX.

                  THERMAL ENERGY

· one form of energy is the internal energy (or thermal energy) 

· internal energy is due to the mechanical energies

(movement + interaction) of the atoms or molecules composing the object

· many examples where mechanical energy transforms to internal energy (friction)

· internal energy can be changed by two means:

1 -making work on the object 

2 -by releasing or gaining heat

The Nature of Heat

· is an energy, units in SI: 1 J (Joule)

· heat is transferred between objects with different temperatures

· heat is "flowing" from objects with higher temperature to objects with lower ones.

· its effect is seen by the change in the temperatures of the involved objects

· at early times it was imagined as an invisible and presumably massless fluid named "caloric".

· in our modern world view is energy flowing between two objects due to difference in their temperatures.

· Historically accepted unit is:1 calorie (1 cal)
            (defined as the amount of heat that raises the 

              temperature of 1 g of water by 1C0)

             1 calorie =4.2 J

· The Food Calorie different from the one used in  

Physics! (1 Food Calorie ,C, = 1000 cal)

Mechanical work and heat

· mechanical work can have the same effect as heat  (it can change the temperature of objects)

· famous experiments:
1.Count Rumford (18th century) when boring cannons

2. Joule's experiments and measurements established the equivalence between work and heat

· the area of physics that deals with the connection 

   between heat and other forms of energy is called 

   thermodynamics.

Temperature revisited

· direction of the heat transfer between two objects is  

  dependent on which object has a higher temperature

· two objects are in thermal equilibrium if there is no heat transfer between them

· thermal equilibrium satisfy the zeroth law of thermodynamics

· we can define properly the temperature as a measurable macroscopic quantity of an object using the zeroth law of thermodynamics 

· temperature is a quantity which is equal for two objects in thermal equilibrium

· if no thermal equilibrium ( the direction of heat transfer decides which objects temperature is higher!
· the measuring process (by thermometers) is based on achieving thermal equilibrium and applying the zeroth law of thermodynamics.

- difference between heat and temperature!

Heat, Temperature, Work and Internal Energy
· heat, work and internal energy are energetic 

quantities ( relation between them   

The First Law of Thermodynamics

(law of energy conservation in thermal phenomenons)


Absolute zero

-The quantity of heat which can be taken out from the  

 internal energy of an object is limited ( the temperature cannot be lowered indefinitely…..

· There is a minimal possible temperature where the thermal motion of molecules cease ( 

                                      absolute zero temperature

                                      (-273 C0 or 0 K0)

- the internal energy at absolute zero is minimal!

  The third law of thermodynamics 

 

Specific Heat

· By taking up or releasing the same amount of heat different objects will have different changes in their temperature

· The change in the temperature depends both on the mass of the object and its material.

· heavier objects will undergo a smaller change in temperature (if material is the same)

· if the masses are the same (1 kg for example), the

temperature change depends on the materials specific heat

· specific heat is an intrinsic property of the material

· we denote it usually by: c

· depends slightly on temperature

· SI unit: 1 J/kg K0 

· most used unit: cal/g C0  (for water: 1 cal/g C0)

Relation between amount of heat, change in temperature, mass of the material and specific heat:  Q=m c (T 

Change of Aggregation State

· the aggregation state of an object depends on its 

    temperature

· by changing the temperature at well defined values the aggregation state changes

(this is a phase transformation)

solid( liquid  (melting) at Tm

liquid(solid (freezing) at Tf

liquid(gas (boiling, or evaporation) at  Tb

gas(liquid (condensation) at Tc

Tm = Tf;  Tb = Tc  (Tx depends on the pressure)

· the change in the aggregation state of an object is

always accompanied by the release or gain of a latent heat

   (the heat released during freezing and condensation)

   (the heat gained during boiling or melting) 

· due to the existence of this latent heat the temperature stays constant during the phase transformation

· the existence of the latent heat can be explained on microscopic level

Example:

solid ( liquid (we have to increase the kinetic energy of the molecules ( heat is needed from exterior)

liquid( solid (the kinetic energy of the molecules is decreased (  energy is given to the exterior)

· everyday examples for the existence of the latent heat

               - melting of snow, slowed down by latent heat

               - condensation of steam heats up the surface

               - keeping the fruits from freezing by wetting them

                 during chili nights.

Home-work assignments:

229/2; 229/7-9; 230/12-18; 230/22; 230/24-25; 230/27-31;

231/33-38; 233/1-3; 233/5; 233/7-12; 233/17-21 

If object A and B are each in thermal equilibrium with object C, than A and B are in thermal equilibrium with each other





The increase in internal energy of a system is equal to the heat added plus the work done on the system ( (U=Q+W





Absolute zero may be approached experimentally but can never be reached





The amount of heat it takes to increase the temperature of 1 kg of  a given material by 1 K0 (1 C0) is known as the specific heat of the material








