
Date: April 2004

Course: sph 4u1

Unit: light

Lesson 9: Title: Electromagnetic spectrum

Preliminaries:

Lesson:

When we looked at transformers last year, we saw that an electric current (or electric field) produces a magnetic field. An oscillating electric field will produce an oscillating (alternating) magnetic field at right angles. We also saw that an oscillating magnetic field produces an oscillating electric field (also at right angles).These fields keep creating or sustaining each other as they move through space. 

Strangely enough, this electromagnetic wave has very unusual properties. It is what we see as light, x‑rays, microwaves, etc. This solves the problem of light being a wave, yet having no medium to travel in though space. Electric and magnetic fields can go through vacuum with no problem.

------========-------
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Electromagnetic radiation consists of discrete packets of energy, which we call photons. A photon consists of an oscillating electric field component, E, and an oscillating magnetic field component, M. The electric and magnetic fields are orthogonal (perpendicular) to each other, and they are orthogonal to the direction of propagation of the photon. The electric and magnetic fields of a photon flip direction as the photon travels. We call the number of flips, or oscillations, that occur in one second the frequency, . Frequency has the units of oscillations per second, or simply s-1 (this unit is given the name Hertz). If the electric and magnetic fields of a photon could be recorded as the photon traveled some distance, it would leave the trail of E and M fields shown in the figure. 

All photons (in a given, non-absorbing medium) travel at the same velocity, v. The physical distance in the direction of propagation over which the electric and magnetic fields of a photon make one complete oscillation is called the wavelength, , of the electromagnetic radiation.

The energy, E, of one photon depends on its frequency of oscillation: 

                                             E = hf = hc / (
where h is Planck's constant (6.62618 E-34 J·s).

Electromagnetic waves travel through a vacuum at a constant velocity of 2.99792 E8 m/s, which is known as the speed of light, c.

------========-------

How do we produce these waves? 
For lower frequency oscillations, we can just move electrons up and down a wire … (diagram)

( radio waves

How do we detect them (looking at radio waves)?

We can either detect the electric field with an antenna ( the changing electric field will make the electrons in the antenna move up and down (better for FM frequencies). We detect these changes and convert them into sound.

or we can detect he magnetic field with a ferrite antenna (a ferrite core with a coil wound around it).
(better for AM frequencies).

Homework: 

Evaluation: 

The Electromagnetic spectrum (regions, …)

What is light? – photon // electromagnetic wave.

How is light produced – at an atomic level?

· electrons orbitting an atom are excited in one of two ways:
* heat (faster vibrations)
* high voltage electricity.   [High voltage may just ionize the atoms, causing them to accelerate and smash into each other – ending up with the same effect as heat.]

· electron energy levels – lots of details that they want to know.
1. electric potential energy: why is ground state = 0eV? – further away gets more positive? : this is relative energy. The highest (ionization energy) is actually zero, the ground state is –xxx eV. [compare diagrams on p640 and p629]
2. converting Joules to eV. 

· Demo: line spectra and rainbow glasses

Spectra 

DEMO: posters

This should be mostly descriptive. We will come back to it when we do quantization in the next unit and actually do calculations of energy levels.

· Emission Spectrum. This is a line spectrum emitted by isolated atoms (only in gases – normally low pressure). Each element has a different line spectrum.

· Continuous Spectrum. This is the same thing that you get when white light is passed through a prism. 

· Absorption Spectrum  [Nelson p627]

<more below>

The Electromagnetic Spectrum

This is important because it forms the counter part to the “photon interaction with matter” lesson in quantum physics.

	Type of Radiation
	Frequency Range (Hz)
	Wavelength Range
	Type of Transition
	Method of Production

	 gamma-rays
	1E20 – 1E24
	<10-12 pm 
	nuclear
	radioactivity
cosmic rays
particle accelerators

	 x-rays
	1E17 – 1E20
	1 nm-1 pm 
	inner electron
	high speed electrons hitting a metal target

	 ultraviolet
	1E15 – 1E17
	400 nm-1 nm
	outer electron
	mercury vapor lamp

	 visible
	4E14 – 7.5E14
	750 nm-400 nm
	outer electron
	incandescence, fluorescence

	 near-infrared 
	1E12 – 4E14
	2.5 um-750 nm
	outer electron,
molecular vibrations
	

	 infrared
	1E11 – 1E12
	25 um-2.5 um
	molecular vibrations
	heat

	 microwaves
	1E8 – 1E12
	1 mm-25 um
	molecular rotations,
electron spin flips*
	magnetron, klystron

	 radio waves
	100 – 1E8
	>1 mm
	nuclear spin flips*
	antenna


*energy levels split by a magnetic field

Many sources produce a broad spectrum of EM radiation across many regions: 
lightning produces radiowaves, infra-red, visible, and presumably microwaves too
sun: radio ( x-rays

sparks: radio, visible

Optical Materials

This document provides data on materials that are used for optical components (mirrors, lenses, and windows) in different parts of the electromagnetic spectrum.

Windows

X-rays
beryllium

Ultraviolet
fused silica (synthetic quartz)

Visible
glass

Near infrared
glass

Infrared
ZnSe, NaCl, BaF2

Lenses

X-ray
---

Ultraviolet
fused silica (synthetic quartz)

Visible
glass

Near infrared
glass

Infrared
ZnSe

Mirrors

X-rays
---

Ultraviolet
aluminum

Visible
aluminum

Near infrared
gold

Infrared
copper, gold
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Metals can reflect all frequencies up to X-rays because the electrons in the metals can move at the stimulating frequency, absorbing and re-emitting the radiation. The electrons cannot move at X-ray frequencies or higher.

[In the quantum physics unit there is a good link that describes absorption and transmission. It could be included here.]


















