Chapter 18:  Thermal and Light Energy

Lesson 1:  How is Thermal Energy Transferred? (Pgs. 502-509)

Thermal energy is the total kinetic and potential energy of the particles in a substance.  Heat is thermal energy that moves from one substance to another.  Heat can move by conduction, convection, and radiation.  

All matter is made of particles that are always moving.  The particles have kinetic energy or energy due to motion.  The particles in a substance always pull on each other.  This means the particles have potential energy, or energy due to position.  Remember particles in a gas move freely, particles in a liquid can only flow around each other.  They pull more strongly on each other than gas particles do.  The particles in a solid pull strongly on each other.  They vibrate, but they cannot move from their fixed position.  

The total kinetic and potential energy of the particles in a substance is THERMAL ENERGY.

The amount of thermal energy depends on the amount of the substance.  If you have a cup of water and you pour half of it out, the part that is left has half the number of particles.  It therefore has half the thermal energy that the full cup of water had.  

*Which sample of water has the greatest amount of thermal energy?

A.  1 Cup of water at 85 degrees C

B.  1 Cup of water at 72 degrees C

C.  ½ Cup of water at 85 degrees C

D.  ½ Cup of water at 72 degrees C

*What is thermal energy?  The total amount of potential and kinetic energy in a substance.

Thermal energy determines how warm a substance feels.  A warm cup of water has more thermal energy than a cool cup.  They have the same amount of particles, but they are moving faster in the warm cup.  They have more kinetic energy.  Therefore they have more thermal energy and feel warmer.  

You measure kinetic energy many times.  When you take your temperature, you measure your average kinetic energy of an object’s particles.  Your body heat increases the kinetic energy of particles of a liquid in the thermometer.  The thermometer then shows the avg. kinetic energy of particles in your body.  

*What is the difference between thermal energy and temperature?

Temperature is not the same as thermal energy though.  Temp depends only on the avg. kinetic energy.  Thermal energy is the sum of kinetic and potential energy.  Thermal energy varies depending on the amount of the substances.  Temperature does not vary based on the amount of the substance.  

Thermal energy that can move from one substance to another is called heat.
*HEAT ALWAYS MOVES FROM A WARMER SUBSTANCE TO A COOLER ONE.  

An increase in temp. means that heat moves into a substance.  When heat moves into a substance the avg. kinetic energy of the particles rise.  The extra kinetic energy increases the particles’ vibrations.  Particles vibrate faster when a substance is heated.  

The movement of heat from one substance to another can occur between objects that touch and objects that don’t touch.  The three types of heat transfer are conduction, convection, and radiation.

*When heat transfers between two objects that touch is called CONDUCTION.
When you put ice cubes in a glass of warm lemonade, both the lemonade and the ice cubes are affected by heat transfer.  The ice cubes are warmed from the warm lemonade, and the warm lemonade is cooled from the ice cubes.  

When heat moves in conduction, the particles in the substances do not change their location.  Energy is passed from particle to particle as the particles vibrate and bump against other particles.  This movement of energy may occur between a warmer substance and a cooler one.  It may also occur between the warm part of an object and a cooler part of the same object.  

*In a glass of lemonade, what will happen to the particles in the ice cubes as heat flows from the lemonade to the ice cubes?

-The particles will move faster.

*When heat transfers between two objects by conduction…THE TWO OBJECTS MUST BE TOUCHING.

-The surface of the sun is 6000 degrees Celsius. 

-Boiling water is 100 degrees Celsius.  -The human body is 37 degrees Celsius.  

-Melting ice is 0 degrees Celsius. 

*Why is a metal spoon a better heat conductor than a wooden spoon?

-The electrons in the metal spoon move more easily than the electrons in the wooden spoon do. 

Heat moves from the warm ground to the air just above it by conduction.  As with solids, the kinetic ,and potential energy of particles in a fluid- a liquid or gas- increase if the fluid touches a warmer object.  Energy from the warmer object moves into the fluid.  As the fluid becomes warmer, its particles move faster.  The density of a fluid decreases as the fast-moving particles spread apart.

A fluid with a higher density sinks below a fluid with a lower density.  This causes the lower-density object to rise.  When this happens, the rising fluid carries thermal energy along with it.  

Convection- is the transfer of thermal energy by the movement of the particles of a liquid or a gas.  

This movement results in a stream of fluid called a convection current.  Hang gliders can fly great distances as they are continually pushed upward by convection currents. 

Convection currents in the air cause winds to form.  As warm air rises, cooler air rushes in to fill its place near the ground.  The rising warm air becomes cooler and begins to fall.  The cooler air near the ground becomes warmer and begins to rise.

*What type of heat transfer causes winds?

-Convection

A pot of boiling water is another example of convection.  If you place a pot of water on a stove, the temp. of the pot rises due to conduction.  Heat moves from the stove to the pot.  The pot then warms the water that touches it by conduction as heat moves from the pot to the water.  The warm water is less dense than the cooler water above it.  The cool water then sinks, causing the warm air to rise.  The rising and falling of warmer and cooler water increases the temp. of the entire pot of water.  

Radiation- is the transfer of thermal energy as waves.  It can involve energy transfer through matter or across empty space.  

When solar radiation reaches Earth’s atmosphere, some of the energy is reflected back toward space.  The rest of the radiation reaches Earth.  Like the atmosphere, Earth’s surface reflects some radiation and absorbs the rest.  The absorbed radiation heats Earth’s surface, which releases some of this heat back into the atmosphere.  There gases, such as carbon dioxide and water vapor, absorb the energy to become warmer.  These gases surround the Earth and act like a blanket to hold the heat. 

*Which type of energy transfer is part of the greenhouse effect?

-RADIATION-

Without this process the Earth would be a cold LIFELESS planet.  

*You often see lamps placed above prepared foods in restaurants.  How do these lamps keep the food warm?

-RADIATION-

*Identify the kind of heat transfer that causes wind and describe how winds form.  

-CONVECTION CURRENTS  causes winds to form.  As warm air rises, cooler air fills in the space near the ground.  The rising warm air cools and begins to fall.  The cooler air near the ground warms and begins to rise.  This cycle causes winds.  

An Insulator is a material that does not easily transfer heat.    Other materials such as metals, are Conductors.  Those transfer heat easily.  

*What makes some materials either an insulator or conductor?

Particles in a warmer object move faster.  If the warmer object touches the cooler object, particles in the warmer object bump against particles in the cooler object.  Particles in the cooler object then move faster and faster.  Their kinetic energy rises.  The temp of the cooler object rises by conduction.  

Some materials are good conductors because their atoms can easily vibrate to transfer heat.  Metals, are good conductors because of the movement of electrons.  Some are not tightly held to the atom of the metals.  These electrons can move easily. They carry energy from place to place. 

[image: image7.jpg]



Liquids and gases are usually better insulators than solids because their particles are farther apart. 

EMPTY SPACE is a good insulator.  Heat cannot move through empty space by conduction or convection.

*Feathers help a bird stay warm because…

They trap heat in spaces between the feathers.  (empty space is a good insulator)

*Why is empty space a good insulator?

-The only way heat can move through empty space is by radiation.  Heat cannot move by conduction or convection because these methods require matter. 

Lesson 2:  How do waves carry energy?  (Pgs. 510-513)

Waves, such as sound and light, carry energy.  When light strikes matter, it may be absorbed or reflected.  Light may change direction when it moves from one material to another.  
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When waves move through matter, the matter does not move along with the wave.  When transverse waves move through matter, they cause the matter to move in a direction different than the matter move up and down.  If a compressional wave is moving through matter, the matter moves back and forth in the same direction as the wave.  The particles in the matter move forward and then backward, over and over again.  

An important type of compressional wave is SOUND.  Sounds are caused by vibrations.

Ex.  Hit a pencil against a desk.  The force of the pencil cause molecules in the desk and air next to it to vibrate.  These vibrations cause nearby air particles to vibrate, and they cause other molecules to vibrate.   The vibrations move outward in the air in all directions.    You hear sound when the vibrations reach your ear.  

*The best description of how matter moves in a compressional wave is.

-It moves back and forth in the same direction as the wave.  
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*Which type of energy transfer is part of the greenhouse effect?

-RADIATION-

Like sound, light travels as a wave, but unlike sound, light can travel through empty space.  Light travels as transverse waves.  

Visible light is only one of the many kinds of waves that travel from Earth from the Sun.  The pattern of light is called the electromagnetic spectrum.  

Electromagnetic Spectrum

(In order from shortest wavelength to longest wavelength)

1. Gamma Rays- Used to treat cancer.

2. X Rays- Pass through soft body tissue but not through bones.  

3. Ultraviolet rays- Damage Skin Cells.

4. Visible light- the range of wavelengths that humans can see. 

5. Infrared Light- Heat Lamp

6. Microwaves- are used for satellite signals and for cooking food at home. 
7. T.V. signals are short-wavelength radio waves.

8. Radio Waves—carry signals that represent sound.  
As the wavelength becomes longer as you move from left to right across the spectrum, but the frequency becomes shorter.  Like all waves, those of the electromagnetic spectrum carry energy.  Waves with a shorter wavelength have more energy than those with a longer wavelength.  

*Which part of the electromagnetic spectrum can damage skin cells?

-Ultraviolet rays.  

	Radio Waves
Lowest Energy
	Micro-Waves
	Infrared Waves
	Visible Light
	Ultra-

Violet Rays
	X-Rays
	Gamma Rays
Highest Energy


*Which type of wave carries the most energy?

-X-Ray Waves
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Light can behave in different ways when it strikes matter.  When light enters a material, some of the light energy is changed into heat energy.  You may have noticed this on a warm summer day.  

EX:  Dark clothes absorb more sunlight than light colored clothes.  

Light may also pass through a material without being absorbed.  The amount of light that passes through a material depends on the type of material.  

Almost ALL light passes through transparent materials, such as clear-glass and water. 

Translucent materials only allow some of the light that strikes them to pass through.  Example:  Waxed paper is a translucent material.  

Opaque materials don’t allow any light that strikes them to pass through. Examples:  Wood, rocks, and metals.  

All electromagnetic waves travel through empty space at the speed of light- 300,000 KM per Second.  Light travels through matter at speeds less than this.  But light doesn’t pass through all materials at the same speed.  The particles that make up matter cause light to slow down.  

The Speed that light passes through a material depends on the type of material.  Unlike sound waves, light usually travels slowest through solids because they have the highest density.  Light travels faster through liquids and even faster through gases.  

Light changes speed when it moves from one material to another.  If a beam of light strikes the border of two materials at an angle, the change in speed of the light changes its direction.

Refraction- is the change in direction of light when it moves from one material to another.  

You can see refraction by placing a spoon in a glass of water and looking at it from the side.  The spoon seems to be bent.  This happens because light changes direction when it moves from the water to the air.  

Light that isn’t absorbed and doesn’t pass through a material is reflected.

Reflection is the bouncing of light rays off the surface of a material.  If the surface is smooth, you may be able to see your reflection in the material.  When light strikes a mirror for example, the light reflects back so that you can see your wonderful self. 

Why can’t you see your wonderful reflection when you look at a wall or a book?   It’s because those surfaces aren’t smooth.  Using a magnifying glass, however, you may see many bumps and holes.  Light that strikes these surfaces bounces off in many directions.  A surface must be smooth enough for light to bounce back to your eyes in order for you to see a clear reflection.  
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Seeing Color…

1. Black objects absorb almost all light that strikes them.  

2. White objects reflect almost all of the light that strikes them. 

3. Red objects appear red if it absorbs all of the wavelengths of color EXCEPT RED.  You can see the color being reflected. 

4. Green objects appear green if it absorbs all the other colors EXCEPT green.  Green is reflected and that’s what you see.

5. Blue objects reflect only blue and absorb all other colors.  

*(Picture of a glass of water)

How is light behaving in this picture?

-Light is being Refracted

*Which color absorbs the greatest amount of light that strikes it?

-Black

