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Terms to know: heat, temperature, specific heat, calorimeter, calorimetry, energy, latent heat, freezing, boiling

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
14.1. Heat
• Define heat as transfer of energy.

. Understand the importance of conservation of energy principles
14.2. Temperature Change and Specific Capacity
• Observe heat transfer and change in temperature and mass.
• Calculate final temperature after heat transfer between two objects when the system does not change phase.
14.3. Phase Change and Latent Heat
• Examine heat transfer when the system is changing phase.
• Calculate final temperature from heat transfer for latent heat situations.
14.1 Heat
Our textbook uses the word “heat” in the accepted manner in this chapter.

Q1.  What does “spontaneous” mean?

What can one physics calorie accomplish for one gram of water at 14.5 oC?

Q2.  How does a food “calorie” differ from a physics calorie?

Mechanical Equivalent of Heat
Q3. Why is the standard energy unit named the “Joule?”

Q4.  TRUE of FALSE The temperature of a system will always change when energy is added to or subtracted from a system.

14.2 Temperature Change and Heat Capacity
Q is used to represent the amount of energy entering or leaving a system.

You should convince yourself that Figure 14.4 is explained correctly in the textbook (it is).

If the system is not changing phase, the change in temperature is calculated using  Q = mcΔT .  Q is the amount of energy entering or leaving a system.   m is the amount of the mass in the system.     c is the Specific Heat value for the material.   The specific heat of an object measures how the temperature of a given substance responds to the addition or removal of thermal energy.  There is a table of specific heats in the textbook.

ΔT is the temperature change.  You must be careful to use consistent units that match what is given for the specific heat (i.e.  Joules and Kg,  or,  kilocalories and kilograms; The temperature change may be in units of Kelvin or oC.).  

You should work through the examples in this section.  These problems are sometimes called “calorimetry” problems.  The underlying principle is conservation of energy.   The energy in or out of the system has the effect of changing temperature (as long as the phase of the system is not changing).

You should take note of another special property of water that the text describes.  Water has a large specific heat value compared to other materials.

The metric unit for heat is the Joule, but we will sometimes use the kilocalorie.  1 kcal = 4186 Joules.  A kilocalorie is the energy required to raise the temperature of 1 kg of water by 1o C  (when the water is at 14 o C).  The English standard of heat is the BTU.  One BTU will raise the temperature of 1 pound of water by 1o F.  

Distinction Between Temperature, Heat, and Internal Energy

An object is made up of atoms and molecules.  These vibrate, rotate and move at rates that are related to the temperature of an object.  The sum of the potential and kinetic energies in an object is called the internal energy.  Heat is the amount of internal energy flowing from a body at a higher temperature to a body at a lower temperature.   Heat is not a description of the temperature of an object.

REVIEW:

What does temperature measure?

What does internal energy refer to?

What does heat refer to?

Calculate the temperature change that occurs when the thermal energy of a 150 gram aluminum object is decreased by 300 Joules.

Suppose your thumb has a mass of 150 grams.  Calculate the temperature change that occurs when the thermal energy in your thumb is decreased by 300 Joules.

Comment on the benefit of a relatively high value of specific heat for the human body.

A calorimeter is a device in which objects are allowed to come to thermal equilibrium with no transfer of energy from the room.  The amount of thermal energy lost by the hot object(s) will equal the amount of thermal energy gained by the colder object(s).  Suppose that the inner cup of a calorimeter is aluminum and has a mass of 50 grams.  It contains 30 grams of water that has a temperature of 20 oC.  

What is the temperature of the aluminum cup?        

Later, a 50 gram iron object at 80 oC is placed in the inner calorimeter cup.  What is the final temperature of the system?    Conservation of energy is used to solve this problem.  The hotter object loses energy.  The cooler object gains energy.  The objects have the same final temperature.

14.3 Phase Change and Latent Heat
Q5. What are the states (or phases) of matter? 

Q6. What can cause a change in the state of matter?

During a phase change (e.g. ice melting) the temperature of the object will be constant even though energy is entering or leaving the object.  The equation  Q = m c T  cannot be used by itself if the  T range includes a phase change.  e.g.  water Tstart = 20o C   Tfinal = -5o C.     Q = m c T becomes illegal across a phase change because 1) energy is used to change the phase, and 2) the value of the specific heat is different for different phases of the material.

The energy required to change the phase of a substance is called the latent heat.  The latent heat of fusion refers to the energy per kg required to melt or freeze a substance.  The latent heat of fusion for water is 3.34 x 105 J/kg or 79.8 kcal/kg.   The latent heat of vaporization refers to the energy per kg required to vaporize or condense a substance.  The latent heat of vaporization for water at 100o C is 22.56 x 105 J/kg  or 539 kcal/kg.   The table in this section gives values for the latent heat, L, and the temperature at which the phase change occurs.                              

Q = m L   is used to calculate the energy associated with a phase change.  Be careful that the mass has the same units as specified for the latent heat, L.

Why is the plateau for boiling so much longer than the plateau for melting in Figure 14.8?

Describe (with a calculation) what happens when 5000 Joules are added to 20 grams of water that has an initial temperature of 80 oC.

Suppose that a 40 gram aluminum calorimeter cup contains 20 grams of ice at a temperature of 

-10 oC.  A 200 gram lead object having a temperature of 110 oC is placed in the cup.  Ice has a specific heat of 2100 J/kg/ oC.  Find the equilibrium temperature.  Find the amount of ice or water or both at this time. 

You should understand sublimation.

---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1. The energy moves as a natural consequence of the temperature difference.  No human or machine action is needed to move the energy.

Q2. A food “calorie” is equivalent to 1000 physics calories.

Q3. Prof. Joule performed experiments on energy and heat in the 1800’s.  The energy unit is named in his honor.

Q4.  FALSE  When energy is put into a system or extracted from a system then the system changes phase.  But, at these phase change situation the temperature remains constant.

Q5. Solid, liquid, gas, plasma (ionized gas)

Q6.  Putting energy into a system or extracting energy from a system may cause a change of phase.  The system will change phase at different temperatures depending on the material.
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