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UNIT II: EARTH AND SPACE SCIENCE: Weather Dynamics
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13.2 Earth’s Energy Balance: Energy Transformations

As you have already studied, temperature is a measure of the kinetic energy of a sample of matter. It is the average measure of the rate of vibration of the particles in the sample. Heat is not the same as temperature. Two objects may be the same mass and be at the same temperature, yet one object may store a great deal more heat than the other. [image: image2.jpg]



In this lesson you will study energy transformations and the concepts of specific heat capacity and latent heat. You will also learn that energy can be transferred from one place to another in four different ways:

· conduction, 

· convection, 

· advection, 

· and radiation. 

You will consider the concepts of heat source and heat sink as they relate to the water cycle and to weather dynamics.

Specific heat:

Specific heat capacity is a measure of the amount of heat required to raise one gram of a sample of matter by one degree Celsius. For example, it takes 4.18 J (Joules) of energy to raise one gram of water one degree Celsius. In comparison, it takes far less energy,   0.45 J,  to raise one gram of iron (Fe) one degree Celsius. Notice that water has a much higher specific heat capacity (ability to store heat energy) than iron. This physical property of matter is very important to weather dynamics. 

For example: Consider that the sun is shining brightly on the surface of the Earth, striking both land and sea at the same time of day. Since rock (land) has a much lower specific heat capacity than sea water, which do you believe will heat up faster, the land or the sea?

Conduction:

Conduction is the transfer of energy from a sample of matter at higher temperature to a sample of matter at lower temperature. It is important to recognize that conduction can only occur through matter, so the two samples of matter must be in contact. Heat energy always moves through matter (called a thermal conductor) from a region of higher temperature (higher kinetic energy) to a region of lower temperature (lower kinetic energy). 
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You may recall that temperature is a measure of the kinetic energy of the matter. The higher the temperature the faster the particles move, or vibrate. When two pieces of matter at different temperatures are brought together, the faster (hot) particles of matter collide with the slow (cold) ones. As a result of the collisions between the two samples of matter, the faster moving particles transfer some of their energy to the slower moving particles. As a result the temperature of the faster particles cools down as they slow down, and the temperature of the colder sample becomes warmer as its particles begin to speed up. 

Conduction is the transfer of kinetic energy from a sample of matter at higher temperature to a sample of matter at lower temperature due to the collision between the particles in each sample. Different materials transfer heat by conduction at different rates - this is measured by the thermal conductivity of the material. Metals for example generally have much greater thermal conductivity than glass, sand or soil.

	Convection:

Convection is not the same as conduction. Convection is described as the flow of heat as a result of the movement of matter from a hot region to a cool region. Obviously, convection can only occur in liquids and gases, since movement of the matter could not be possible in a solid. Heating a beaker [image: image4.jpg]


of water on a hot plate is a good example of the transfer of heat by convection. When the hot plate is first turned on, heat is transferred initially by conduction between the element of the hot plate and the bottom of the beaker to the water. However, eventually the water starts to heat up, become less dense, and begin to rise to the top of the water column in the beaker. The  local regions of hot water rising to the surface, transfers heat from the hot water at the bottom to the cooler water at the top by convection. At the same time, the cooler, more dense water at the top will sink to the bottom, where it too becomes heated.

The same phenomenon can occur in air (the atmosphere). If air is heated, it will begin to expand and become less dense (low pressure). As a result the warmer air will begin to rise through the cooler surrounding air. This is why hot air balloons rise into the atmosphere. Being less dense than the surrounding cooler air, the hot air will subsequently rise due to buoyancy. This movement of hot air into a region of cooler air transfers heat by convection.

 
An important example of convection currents that can be explained is the creation of onshore and offshore breezes which occur over land masses near large bodies of water. It is the energy of the sun that drives these breezes. During the day, sunlight strikes both the water and the land, but due to the difference in heat capacity between water and land, the water heats up much more slowly. The air above the water is cooler (more dense - higher pressure) than the air above the land. This creates a low pressure area over the land (less dense - lower pressure), relative to the high pressure area over the water, and results in the formation of onshore breezes blowing from the water to the land. During the evening, when the sun has set, the land cools off more quickly than the water. As a result, the temperature of the air above the land cools down much faster than the air above the water. This creates a low pressure (less dense) area over the water relative to the high pressure (more dense) area over the land, and breezes blow from the land to the water (offshore breezes). 

Advection:

Advection is very similar to convection. Advection, like convection can only occur in liquids or gasses. The main difference is that convection transfers heat vertically and advection transfers heat horizontally. 

Radiation:

Radiation is the transfer of energy by way of waves. Radiant energy can pass through the near vacuum of space. Radiant energy can also pass through clear (transparent) solids such as glass, as well as through liquids and through air. The transfer of energy by radiation does not involve a medium so there is no collision between particles. The energy is in the form of waves which travel at the speed of light. When the waves strike an object, the radiant energy may be transformed into heat, which is why you feel warm when sitting in a sun. Some of the light can be in the form of visible light that we can see, but a great deal of the light radiated is infrared light, whose longer wavelength is detected only by special infrared cameras. The hotter the object, the less infrared light, and the more visible light is radiated. 

For example, warm blooded animals radiate mostly infrared light, which can be detected by some snakes in total darkness. By comparison, the hot filament of a light bulb radiates much more visible light. Because the sun is so hot it produces all sorts of radiant energy, from radio waves to gamma waves. 
 Latent heat:

Have you ever observed a boiling pot of water. It seems to take forever for the water to boil away as steam. This is due to a physical phenomenon known as latent heat of evaporation. Latent heat is not the same as specific heat so be sure you do not confuse the two.  Even though the boiling pot of water remains on a hot stove for several minutes, the temperature of the water stays the same, 100 oC. The energy being absorbed by the water only converts the liquid water at 100 oC to steam (water vapour) at 100 oC. Notice that the temperature of the water and the steam are the same.

A similar phenomenon occurs as ice melts from solid ice at 0 oC into liquid water at 0 oC. You can place crushed ice on a stove [image: image5.jpg]


and watch it melt. Even though energy is continuously being added to the ice, all it does is melt, the temperature does not change. The heat energy required to melt ice is known as the latent heat of fusion. This energy is used to break apart the crystal structure of the ice to liquid not to change temperature. It would take a tremendous amount of energy to melt all the ice in the Earth's polar regions and its glaciers. But what will happen once all the ice is melted? 
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Heat Sink and Heat Source:

A heat source provides energy. A heat sink absorbs energy. The Sun is obviously a heat source since it is the source of the energy that drives life and weather here on Earth. The Earth (hydrosphere, lithosphere, and atmosphere) may be considered a heat sink since it absorbs the Sun's energy.




Homework

Section from Textbook
13.2 Earth’s Energy Balance (p.504-507) and Understanding Concepts p. 507 #’s 1-10.

Questions

1. What are the four ways that energy can be transferred from one place to another?

2. (a) Define each of the following:

(i) radiation

(ii) electromagnetic spectrum

(iii) conduction

(iv) convection

(v) advection

       (b) How do each of the above contribute to weather? (except (ii)).

3. What are the percentages of solar radiation absorbed and reflected on the earth?

4. (a) What is heat sink?

(b) How is the ocean a good heat sink?

(c) How is the atmosphere a good heat sink?  How does it influence other systems?

(d) How is land a poor heat sink?

5. (a)   What is meant by heat capacity?

(b) How does the heat capacity of water compare to the heat capacity of land?

6. Compare the specific heat capacities of common earth materials.

7. Distinguish between latent heat of fusion and latent heat of vaporization.

