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Thermal Energy Transfer and Specific Heat Capacity

OBJECTIVES:

7. Describe, qualitatively, the process, and give examples, of conduction, convention, and radiation.
8. Define and distinguish between heat capacity and specific heat capacity.

9. Explain why different substances have different specific heat capacities.

10. Describe methods to measure the specific heat capacity of solids and liquids.

11. Solve problems involving specific heat capacities.
Heat can be transferred from one body to another by conduction, convection, and radiation.

Thermal Conduction

The process in which a temperature difference causes the transfer of energy from the hotter region of the body to the colder region by particle collision without there being any net movement of the substance itself.  It can occur in solids, liquids, and gases.  In gases it is very slow because the particles are very far apart.  In liquids the process is also very slow because the particles have a large relative mass and the increase in vibration is rather small.  Most solids behave in a similar way to liquids, and the increase in KE is small, except for solids with free electrons, i.e. metals.  

When heat is applied to one end of a metal bar, this heat will slowly travel through it to reach the other end.  On a molecular level, when the atoms at one end are heated, they vibrate more.  These vibrations cause the molecules next to them to vibrate more, and so on through the material.  In this way the heat (and thus an increase in temperature) is transmitted through the material. 
Thermal Convection
Convection is heat transfer by mass motion of a fluid such as air or water when the heated fluid is caused to move away from the source of heat, carrying energy with it.  It is also known as the process by which a temperature difference causes the mass movement of fluid particles from areas of high thermal energy to areas of low thermal energy (the colder region). Convection above a hot surface occurs because hot air expands, becomes less dense, and rises.  Hot water is likewise less dense than cold water and rises, causing convection currents which transport energy.  Particles in a region of high thermal energy are further apart (hot areas expand), their density lowers, and the less dense regions rise as they are pushed out of the way by the more dense regions.  This is known as a convection current.
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	Convection can also lead to circulation in a liquid, as in the heating of a pot of water over a flame.  Heated water expands and becomes more buoyant.  Cooler, denser water near the surface descends and patterns of circulation can be formed, though they will not be as regular as suggested in the drawing. 


Thermal Radiation
Energy produced by a source because of its temperature that travels as electromagnetic waves.  Unlike conduction and convection, it does not need the presence of matter for its transfer.  This occurs mainly in the Infra-red region of the electromagnetic spectrum.  Dull, dark bodies are better absorbers and radiators than transparent or light shiny bodies (these reflect radiation).
Heat Capacity

Consider the two pans shown below.
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The pans are of a similar type but different size.  Each pan is filled with water. They are placed on heaters having the same power.  In which pan would the water boil first?  Obviously the smaller one.
The larger pan of water needs a greater quantity of energy to cause its temperature to change by a given amount.  We say that the larger pan has a greater heat capacity than the smaller one.  A body with a high heat capacity will take in thermal energy at a slower rate than a substance with a low heat capacity because it needs more time to absorb a greater quantity of thermal energy.  They also cool more slowly because they give out thermal energy at a slower rate.

	The heat capacity of a body is the quantity of energy needed to cause its temperature to change by 1°C.


The units of heat capacity are J °C-1 or JK-1
The heat capacity of a body depends on 
	 
	i)
	what substance(s) it is made of and 

	 
	ii)
	 the masses of the different substances in the body.


Specific Heat Capacity of a Substance (c)
Considering again the two pans of water.  Suppose that the small pan holds 1kg of water and the larger one holds 3kg of water.  It is reasonable to expect that to change the temperature of the 3kg of water, by a given amount, will require three times as much energy as to change the temperature of the 1kg of water.  We are assuming that 1kg of water always needs the same quantity of energy to change its temperature by a given amount.
	The specific heat capacity of a substance is the quantity of energy needed to change the temperature of 1kg of the substance by 1°C.


The units of specific heat capacity are Jkg-1 °C-1 or Jkg-1K-1.
To calculate the quantity of energy, Q, needed to change the temperature of a substance, with mass, m kg, of specific heat capacity, c, by T°C we use the equation
	Q = mcT


The relationship does not apply if a phase change is encountered, because the heat added or removed during a phase change does not change the temperature.
To change the temperature of a body means to change the average kinetic energy of its particles.

The particles of different substances have different masses.  The number of particles in 1kg of a substance depends on the mass of those particles.  This explains why different substances have different specific heat capacities.
For example, the mass of an atom of iron is about twice the mass of an atom of aluminium.  So, 1kg of aluminium must contain about twice as many atoms as 1kg of iron.  We would therefore expect the specific heat capacity of aluminium to be about twice that of iron. (ciron = 460Jkg-1°C-1, caluminium = 908Jkg-1°C-1)
	The specific heat capacity of water is high compared with most other substances: cwater = 4186 Jkg-1°C-1


Specific heat capacity is a property of a substance in general, while heat capacity is the property of a particular body, otherwise they are identical.  Their purpose is to relate internal energy change to temperature change, as different amounts of energy will be required to cause a given change in temperature in the same mass of different substances.

Determining Heat Capacities 

There are basically two ways to do this, either by adding a certain amount of energy to a substance and measuring the temperature change (Direct), or by mixing two substances at different temperatures, one of which has a known heat capacity, allowing the other to be calculated (Indirect or Mixtures). 
Direct Method – Liquids
Using a calorimeter of known heat capacity (or specific heat capacity of the material and the mass of the calorimeter) because 
Heat Capacity = Mass x Specific Heat Capacity
Electrical energy input is equal to the thermal energy gained by the liquid and the calorimeter – this is the assumption that we are making.
Direct Method – Solids
A block of the material is specially prepared – it should be cylindrical with two holes drilled in it, one for the thermometer and one for the heater.  Again, using the conservation of energy, electrical energy input is equal to the thermal energy gained by the solid.
Indirect Method or Method of Mixtures
In the case of a solid, a known mass of a solid is heated to a known temperature (usually by immersing it in boiling water for a period of time).  Then it is transferred to a known mass of liquid in a calorimeter of known mass.  The change in temperature is recorded and from this the specific heat capacity of the solid can be found.  In the case of a liquid, a hot solid of known specific heat capacity is transferred to a liquid of unknown specific heat capacity.  
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