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SWAC Astronomy Workshop

The Nature of Light

Overview:  Understanding the nature of light, and more broadly electromagnetic radiation, is essential for building a foundation to discuss and explore any exchange of energy throughout the physical world.  The pursuit of this knowledge opened the doors for much of the work in atomic and sub-atomic physics, as well as offering a means to explore and understand objects in the most distant corners of the universe.  More specific to our program, light is the energy that drives weather and climate.

Objectives:

Through a series of demonstrations and hands-on activities, we will examine the unique construct of light as both a wave and a particle.  This leads to the need to be conversant in the basics of waves, including length, amplitude, speed, frequency, and the relation to energy.   

Properties of Light:

We can't see light, and that makes describing it very difficult.  So scientists “look” at light by examining its physical properties. 

· Light as a wave:  We see water waves.  We can make water waves.  This immediately gives us some visual context.  Light exhibits properties of waves, so we'll replicate that in some activities.

· Light as a particle:  Light also behaves in ways that only particles behave.  Light travels through space, yet waves need a medium to travel through.

· Light as a photon:  So which is it?  Wave? Particle?  Hey, why not have it both ways?  Light is a particle made of waves, well, sort of.  These “packets” of light waves are called photons.

· Light as radiant energy:  Everything emits electromagnetic radiation.  But this radiation varies EXTREMELY.  We can describe this varying radiation by wavelength. That means its time to make sure we can understand and describe waves.

Discussion:  Do all forms of light travel at the same speed in a vacuum (empty space)? Why is it important that light can travel through empty space? 

Why is understanding the nature of light important in describing atmospheric phenomena on the Earth? 

Describing Light through waves:

· wavelength – the distance from crest to crest, or trough to trough

· frequency – the number of waves that move past a point within a period of time

· amplitude – the height of the wave, which translates into intensity

· reflection – the angle that light strikes an object is equal to the angle it bounces off

· refraction – light changes direction due to a change in medium

Discussion:  Besides water, what else comes in the form of waves?

How do the different elements of waves relate to energy?

How do you think this affects the behavior of light?

Activity:  light box to demonstrate reflection, refraction

The Electromagnetic Spectrum:

· Visible Light:  The “light” most of us think of is visible light.  Naturally.  It is what we see.  The Sun emits much of its energy in this narrow range of wavelengths.  All other forms of electromagnetic radiation are “invisible” to us.  But their affects are not.

· Infrared, microwaves, and radio waves:  These forms of electromagnetic radiation offer a range of useful, day-to-day energy

· ultra-violet, x-rays, gamma rays:  These powerful wavelengths can be helpful and harmful.

Discussion:  What happens to non-visible electromagnetic radiation when it travels through a prism?

Why do they call it “electromagnetic” radiation? 

Activities:  - Electromagnet and electricity hand generator


       - Light/laser through a prism

The Sun's Source of Power

· Converting matter into energy; E=mc2:  A closer look at how light is produced

· Solar Activity:  The Sun has numerous types of energetic outbursts.  We'll look at what they are, and what we are learning about them.

· Solar Cycles:  The Sun's output of energy is not constant.  Scientists are exploring new details of the variations in the types and amounts of energy released by the Sun.

Discussion:  Over millions of years, the Sun will increase its energy output.  What type of changes might we expect on the Earth?

Does the Sun send heat to the Earth?

Activity:  Seeing sunspots safely with a telescope

How does the activity of the Sun relate to the nature of electromagnetic radiation?

Variation of Solar Energy

· Changes of solar energy with seasons:  The changes in the seasons is frequently mis-understood.  Some observing ideas, and mathematical ways to describe the changes in light and energy.

· Changes in solar energy with latitude:  The Earth has distinct differences in weather and climate depending on latitude.  How do the Sun and geography combine to create these observable effects?

· Changes due to differences in albedo:  This gets back to the basic of light, from transmission, to energy transfer, we look at how the Sun actually heats the Earth.

Discussion:  Why is it difficult to relate changes in the Sun to changes in the climate?


