Physics Chapter 12
Thermal Energy

12.1 Temperature and Thermal Energy

Thermal Energy


-old theory - a substance called "caloric" is transferred when the temperature changes


-new theory - use the Kinetic Molecular Theory (KMT)



a hot body is one whose molecules move fast - have positions with more PE and KE


-is the sum of the PE and KE of the molecules

Thermal Energy and Temperature


-all molecules of a gas don't have the same KE - they have the same average KE


some have a higher KE, other a lower KE


-hotness of an object referred to as temperature


-temperature does not depend on the quantity of a substance - depends only on the average



KE of the molecules of that substance


-amount of thermal energy proportional to the number of molecules

Equilibrium and Thermometry


-conduction - transfer of KE as molecules collide


-when measure the temperature of a material the material comes into equilibrium with the 


thermometer


-there is a transfer of energy between the object and the thermometer

-occurs if device is a mercury or alcohol thermometer, a liquid crystal strip, or a metal probe



connected to a digital indicator (ear thermometer)

Temperature Scales: Celsius and Kelvin


-K = C + 273 or C = K - 273


-absolute zero - 0 K = -273 C



lowest possible temperature



minimum kinetic energy of the particles of the solid



not yet achieved in laboratory (but very close)


-does not appear to be a highest possible temperature

Heat and the Flow of Thermal Energy


-heat definition - the energy which flows from one body to another



has a symbol of Q



measured in units of Joules


-conduction - process of kinetic energy transfer due to particle collisions


-convection - movement of fluids (gas or liquid) due to differences in temperature and density


-radiation - energy transferred as electromagnetic waves (such as solar)

Specific Heat


-definition:  energy required to change the temperature of a solid



has a symbol of C



temperature of K used in book - do not need to change to K for this section of text



may have units of 
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g C

or possible 
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kg C




have a chart of specific heat values on page 318

General Equation for Total Energy   



Q = [mass] x [specific heat] x ]temperature change]



    =
m                     C                           T

-temperature change can be in Celsius or Kelvin temperature



since want change, no difference in number


-temperature change is always positive 



Q always has a positive value

Sample Problems:

1.  How much heat energy is absorbed by 60.0 g of copper when it is heated from 20.0 C to 80.0 C?

2.  A 38.0 kg block of lead is heated from -26.0 C to 180. C.  How much heat energy does the block of lead absorb during the heating?

3.  The cooling system of a car engine contains 20.0 L of water.  

(a)  What is the change in temperature of the water if the engine operates until 836 kJ of heat has been added to the water?

(b)  Suppose the water is replaced with methanol having a density of 0.800 g/cm3.   Calculate the change in temperature of the methanol.

4.  A 565 g cube or iron is cooled from 100.0 C to 20.0 C.  

(a) How much heat energy is lost by the iron?

(b)  The iron is cooled by placing it in cold water at a temperature of 0.00 C.  If the temperature of the water is raised to 20.0 C, what is the mass of the water in the container?

Calorimetry:  Measuring Specific Heat 


-a calorimeter is a device used to measure changes in thermal energy

-see diagram on page 319


-may be a coffee cup or an insulated aluminum container (a Thermos bottle is an example)


-general equation  energy lost = energy gained
Sample Problems:

5.  A 200. g sample of water at 80.0 C is mixed with 200. g of water at 10.0 C.  What is the final temperature of the mixture?

6.  If 400. g of methanol at 16.0 C is mixed with 400. g of water at 85.0 C, what is the final temperature of the mixture?

7.  A 725 g piece of iron at 225 C is put into 150. g of water at 20.0 C.  What is the equilibrium temperature?

8.  If 250. J of heat energy is added to 10.0 g of each of the following, all initially at 20.0 C, what will be the final temperature of each?

(a) copper

(b)  silver

(c)  glass

12.2 Changes of State and the Law of Thermodynamics

Change of State


-melting 
-
 solid to liquid


-freezing
-
liquid to solid


-boiling
-
liquid to vapor


-condensation
-
vapor to liquid


-during a phase change there is no change in the temperature of the substance

-melting and freezing occur at the same temperature


-boiling and condensing occur at the same temperature


-notice chart for water on page 323
Heat of Fusion

-energy needed to melt a substance at its melting point





or


-energy released when substance melts at its melting point


-has symbol Hf

-has units of J/g or J/kg


-valid only at the melting point (or freezing point) of the substance

-use formula Q = m . Hf
Heat of Vaporization

- energy needed to boil a substance at its boiling point





or


-energy released when a substance condenses as its boiling point


-has symbol Hv

-has units of J/g or J/kg


-valid only at the boiling point (or condensation point) of the substance


-use formula Q = m . Hv
Phase Change Analysis

-energy is involved with a phase change, but there is not change in temperature


-since there is no change in the temperature, there can be no change in the kinetic energy



of the particles of the substance


-the change in energy is due to a change in the potential energy of the particles



-one way of looking at temperature is that the temperature is a number indicating the



amount of kinetic energy the particles of a substance possess

Problem Analysis

-need to check the melting point and boiling point temperatures of a material to determine if



a phase change has occurred


-if a phase change occurs, need to have a separate calculation showing this change


-for a solid to gas transition would need to have 5 separate steps, each separated with a + sign



(1)  solid at original temperature to solid at melting point



(2)  solid (at melting point) to liquid (at melting point)



(3)  liquid at melting point to liquid at boiling pt



(4)  liquid (at boiling point) to vapor (at boiling point)



(5)  vapor at boiling point to final temperature of vapor


-remember that the heat of fusion is a value only valid at the melting point (or freezing point)


-remember that the heat of vaporization is only valid at the boiling point (or condensation pt)


-remember to do the problems in individual steps

Sample Problems:

9.  A block of copper has a mass of 1.35 kg.  If the copper is at its melting point, what amount of energy will be needed to melt the copper?

10.  A 1.50 kg container of water is at 100o C, the normal boiling point of water.  How much energy will be needed to boil this quantity of water?

11.  A 750. g sample of liquid water is at 25.0o C.  What amount of energy must be removed from the water to from a block of ice at 0.00o C?

12.  A 250. g block of ice is at a temperature of -15.0o C.  What amount of energy will be absorbed by the ice at it changes into a liquid at 0.00o C?

13.  A 35.0 g cylinder of copper at 175o C is placed on a 1.50 kg block of ice at 0.0o C.  What quantity of ice is melted as the copper cylinder cools to 0.00o C?

14.  A 200. g sample of water at 60.0o C is heated steam at 140.0o C.

(a) What amount of energy is required for the change from 60.0o (l) to 100.0o(l)?

(b) What amount of energy is required for the change from 100.0o(l) to 100.0o(g)?

(c)  What amount of energy is required for the change from 100.0o(g) to 140.0o(g)

(d)  What is the total amount of energy required for this change?

15.  How much heat is needed to change 300. g of ice from -30.0o C to 130.0o C?

________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
16.  A 175. g mass of molten lead is at its melting point of 328o C.  The molten lead is dropped into 55.0 g of water at 20.0o C.  (a)  What is the temperature of the water when the lead becomes a solid?

(b)  When the lead and water are in thermal equilibrium, what is the temperature?

Thermodynamics  -  means heat tranfer

-is the study of the changes in thermal properties of matter


-sometimes described as the study of heat transfer between substances

The First Law of Thermodynamics


-the change in thermal energy of an object is equal to the heat, Q, that is added to the



object minus W, the work done by the object

-is a restatement of the law of conservation of energy


-since friction causes an increase in temperature, is common to have mechanical energy



converted into heat energy

Heat Engine


-a device to convert thermal energy into mechanical energy


-see diagram on page 326


-car engine is an example of chemical energy in the fuel being converted into heat energy as the



fuel is burned.  The burning of the fuel causes an expansion of gases which is converted


into mechanical energy


-energy is wasted in any heat engine because not all of the heat energy is converted into 



mechanical energy


-waste energy generally expelled to the surroundings

Sample Problems:

17.  A drill bores a small hole in a 400. g block of aluminum, and the temperature of the aluminum

increases by 5.00o C.  How much work did the drill do in boring the hole?

18.  A gas balloon absorbs 75.0 J of heat.  The balloon expands but stays at the same temperature.  How much work did the balloon do in expanding?

Refrigerators and Heat Pumps


-heat generally flows from a hot object into a cold object


-is it possible to reverse this process using mechanical energy?


-a refrigerator is an illustration of the use of mechanical energy to cool objects


-mechanical energy is used to compress a refrigerant (such as Freon) into a liquid.  This liquid



circulates through the refrigerator and absorbs energy from the food as the food is cooled



or frozen.  The compressor then changes the gas back into a liquid and the cycle is 



repeated.  In this process there is heat energy generated that is expelled at the location



of the refrigerator or freezer


-for a heat pump in a home as an air conditioner the refrigerant absorbs energy out of the interior



of the house and expels that energy outside the home


-the use of a heat pump as an air conditioning systems is very efficiency


-for a heat pump in a home to act as a furnace, the refrigerant absorbs energy outside the house



and releases that energy into the home.  For a heat pump to be efficient, the outside



temperature needs to be above 40 F.

Geothermal Energy


-a form of heat pump (or heat engine) where the heat source and heat sink is the ground or 



water from a well.  Both of these sources of energy have a relatively constant temperature.


The geothermal system is superior to a normal external heat pump since the heat source



has a relatively constant temperature.  However, geothermal is most expensive to install.

Refrigerant Problem


-Freon is in a class of refrigerants which has major ecological problems do to its ability to destroy



the ozone layer in the upper atmosphere.  A new class of refrigerants is currently available



but not as efficient.

Energy Changes


-observe that when a cold and warm body come in contact, the warm body never gets warmer and



the cold body never gets colder.  Why?


-to understand why, need to understand the term entropy
Entropy


-a quantity, like heat, which a body contains (Carnot's idea)


-may be described as the disorder in a system

-the greater the disorder of a system, the greater the entropy of the system


-the greater the range in speed of the particles of a system the greater the entropy of the system

Second Law of Thermodynamics


-the change in entropy of an object is equal to the heat added to the object divided by the



temperature of the object (in K)

-natural processes go in a direction that increase the total entropy of the universe


-predicts that heat flows only from a hot object to a cold object


-a hot object looses energy and heat flows to the cooler object - all speeds are evenly



distributed - the entropy of the final state is larger than that of the initial state


-heat energy flows from cool to hot object would violate 2ne law


-can also think in terms of probability - the probability of disorder is much much greater than



the probability of order

Energy Crisis


-the entropy of the universe is constantly increasing even as the total energy in the universe 



remains the same


-the energy available for us to use is constantly decreasing


-lack of usable energy is really a surplus of entropy

Questions:

19.  Do we ever measure heat transfer directly?  Explain

_____________________________________________________________________________________

_____________________________________________________________________________________

20.  Can you add thermal energy to an object without increasing the object's temperature?  Explain

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

21.  When wax freezes, is energy absorbed or released?  Explain

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

22.  Why does water in a canteen stay cooler if it has a canvas cover that is kept wet?

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

23.  Are the coils of an air conditioner that are inside the house the location of vaporization or condensation of the refrigerant?  Explain.

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

24.  Why do easily vaporized liquids, such as acetone or methanol, feel cool to the skin.  What is happening?

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

25.  Explain why fruit growers spray their trees with water when frost is expected to protect the fruit from freezing?  How does this work.

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

26.  Would opening the refrigerator door on a warm day cool the kitchen?  Explain
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

27.  Picture a cup of hot tea and an iceberg.

________
(a) Which has a greater amount of internal energy?

________
(b)  Which has a higher temperature?

________
(c)  Which will change temperature faster?

________
(d)  Which requires more energy for a temperature change?

28.  Why can't you tell if you have a fever by touching your own forehead?  Explain

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

29.  One of the classic Physics experiments was performed by James Joule.  Joule carefully measured the temperature of the water at the top and the bottom of a waterfall.  What type of temperature change was expected and why?

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

30.  Before the invention of the refrigerator, a block of ice was used to cool food in an "ice box."  A 20.0 kg block of ice at 0.00o C was placed in the ice box.  As the ice block melted, how much heat did the block absorb?

_______________________________________________________________________________
31.  A metal stamping machine in a factory does 2100. J of work each time it stamps out a piece of metal.  Each stamped piece is then dipped in a 32.0 kg vat of water for cooling.   By how many degrees does the water in the vat increase each time a piece of stamped metal is dipped into it?

___________________________________________________________________________________
32.  If you take a plastic spoon out of a cup of hot cocoa and put it into your mouth you are not likely to burn your tongue.  However, if you use a metal spoon you would likely burn your mouth.  Explain.

_____________________________________________________________________________________

_____________________________________________________________________________________

33.  The hard tile floor on a bathroom always feels cold to bare feet even though the rest of the room is warm.  Is the floor colder than the rest of the room, or is there another reason the floor feels cold?  Explain

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

34.  Classify each statement as either true or false.
_____
(a)  Freezing  ice increases in energy as it gains molecular order as a solid.

_____
(b)  The higher the specific heat capacity of a substance, the higher its melting point.

_____
(c)  States of matter with increased kinetic energy have higher entropy.

_____
(d)  Energy and entropy cannot increase at the same time.

_____
(e)  When two objects are at equilibrium, heat radiation between the objects continues to occur.

_____
(f)  Thermal equilibrium is used to create energy in a heat engine.

_____
(g)  The principle of thermal equilibrium is used for calorimetry calculations.

_____
(h)  When two objects are not at equilibrium, heat will flow from the hotter object to the cooler


object.

35.  Determine the amount of energy needed to:

(a) 
melt 454 g of ice at 0.00o C

___________________________________________________________________

(b)  
turn 454 g of water into steam at 100o C

___________________________________________________________________

(c)  
change the temperature of 454 g of water from 0o C (l) to 1000 C (l)
___________________________________________________________________
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