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Thermal Concepts – Temperature and Thermometers, Heat and Internal Energy

OBJECTIVES:

1. State that temperature is a property that determines the direction of thermal energy transfer between two bodies in thermal contact.

2. Explain how a temperature scale is constructed.

3. State the relation between the Kelvin and Celsius scales of temperature.

4. State that temperature is a measure of the average kinetic energy of molecules in a substance.

5. State that internal energy is the total potential and kinetic energy of molecules in a substance.

6. Explain and distinguish between the macroscopic concepts of temperature, internal energy and heat.

Temperature
At a macroscopic (large scale) level, temperature is the degree of hotness or coldness of a body, as measured by a thermometer.  It is a property that determines the direction of thermal energy transfer between two bodies in contact.  Temperature is measured in degrees Celsius, oC, or Kelvin, K.

K = oC + 273

The Kelvin or Absolute scale of temperature is a more fundamental scale.  The size of the degree on the Kelvin scale is the same as on the Celsius scale but the zero corresponds to a very different temperature (0K = -273oC). 

At a microscopic level, temperature is regarded as a measure of the average kinetic energy for the molecules, which is associated with their movement, in the substance.  The internal (thermal) energy of a body is the total energy associated with the thermal motions of the particles.  It comes from both the kinetic and potential energies associated with particle motion.  Kinetic energy is from the translational and rotational motions of the particles, while potential energy is from the forces between the molecules.
Thermal Equilibrium

The term heat represents energy transfer due to a temperature difference – heat travels from an area of high concentration (hot) to and area of low concentration (cold).  When two bodies are placed in contact, heat will flow from the warmer body to the colder body, until the two objects are at the same temperature.  The hot body "cools down" and the cold body "warms up".  If there is no other source of energy, the energy transfer eventually stops.  At this stage we say that the two bodies have reached a state of thermal equilibrium.  Note that energy only flows, unaided, from hot to cold. 

This is how a thermometer works.
Thermometers
A temperature scale is constructed by taking two fixed, reproducible temperatures.  The upper fixed pint is the boiling point of pure water at atmospheric pressure.  The lower fixed point is the melting point of pure ice at atmospheric temperature.  The difference between these two points is divided into 100 equal intervals called degrees. 
EXAMPLE:

If a hot cup of coffee (first body) is sitting on a table, heat will flow from the cup to the surroundings (air, table, anything else in the room that has a lower temperature – second body).  Now consider a third body, which is first brought into contact with the cup of coffee (and allowed to come into thermal equilibrium with it) and is later allowed to reach a state of thermal equilibrium with the air in the room.  If the third body does not change when moved from the coffee to the air it is reasonable to predict that the coffee and the air are in thermal equilibrium with each other.
This situation is considered in the zeroth – law of thermodynamics, which is stated as follows.

	If body A is in thermal equilibrium with body B and body A is also in thermal equilibrium with body C then body B will be in thermal equilibrium with body C.
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As an alternative to the phrase "in thermal equilibrium", we can say that two bodies have the same temperature.  Also, if energy flows unaided from body A to body B, then we say that body A is at a higher temperature than body B. 
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