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Phys 110U -Physics


Lesson 4: Electromagnetic Waves

·  Objectives
1. Recall the properties of E.M. waves.

2. Differentiate between types of E.M. waves in terms of their wavelengths.

3. Identify a source and use each type of E.M. wave.

4. Compare the rival theories of light held by scientists.

5. Describe a simple Young’s slit experiment to show that light is a wave motion.

What are electromagnetic waves?
Light, microwaves, x-rays, and TV and radio transmissions are all kinds of electromagnetic waves.


Figure1: An electromagnetic wave traveling in free space.

Figure 1 is a representation of an electromagnetic wave. It shows the electric and magnetic fields at right angles, to the direction of wave travel: electromagnetic waves are transverse waves.

We are surrounded by a `family of electromagnetic waves`, commonly referred to as the electromagnetic spectrum. 

Figure 2 shows that the electromagnetic spectrum ranges from the short wavelength (high frequency) gamma rays to the long wavelength (low frequency) radio waves.
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Figure 2: An electromagnetic spectrum.

The properties of electromagnetic waves
All electromagnetic waves:
· Travel at a speed of (c) of 3.0 x 108  ms-1  , in free space;

· are transverse

· obey the laws of reflection and refraction;

· show the interference and diffraction effects;

· can be polarized

· are unaffected by electric and magnetic fields.

	Waves 
	How Produced
	Major uses
	How detected

	Gamma rays

(ionizing radiation)
	-In nuclear reactions.

-In cosmic radiation.

- From radioactive elements.


	In medicine to sterilize instruments, to kill cancerous growths.

In nuclear medicine and research – to trace the path of substances through the body.
	By the Geiger-Muller tube.

	X-Rays

(ionizing radiation)
	By the sudden deceleration of high speed electrons.
	To ionize gases
To detect flaws in metals, forgeries, broken bones

To determine crystal structure
	By special photographic films

	Ultraviolet (UV) radiation
	In mercury vapour lamps
	To kill bacteria
In fluorescent lighting

Causes human skin to tan

Causes some metals to emit electrons
	By photographic films
By fluorescent materials

	Infrared (IR) radiation
	Emitted by all hot objects.
	In infrared-sensitive cameras to detect diseases
In the heat drying of paints

In thermal photocopiers
	Detected through a rise in temperature when it falls on objects

	Microwaves
	In klystron tubes
	Microwave cooking
Telecommunications links

Radar
	By wave guides

	Radio Waves
	By electrical transmitters

By the motion of charged particles in fields.
	Communication
Navigation
	By aerials and diodes.


Table 1: Electromagnetic Waves
Huygens and Newton
The earliest comprehensive theory of light was advanced by Christiaan Huygens, who proposed a wave theory of light, and in particular demonstrated how waves might interfere to form a wavefront, propagating in a straight line. 
However, the theory had difficulties in other matters, and was soon overshadowed by Isaac Newton's corpuscular theory of light. That is, Newton proposed that light consisted of small particles, with which he could easily explain the phenomenon of reflection. With considerably more difficulty, he could also explain refraction through a lens, and the splitting of sunlight into a rainbow by a prism. Newton's particle viewpoint went essentially unchallenged for over a century

Young, Fresnel, and Maxwell
In the early 1800s, the double-slit experiments by Young and Fresnel provided evidence for Huygens' wave theories: these experiments showed that when light is sent through a grid, a characteristic interference pattern is observed, very similar to the pattern resulting from the interference of water waves; the wavelength of light can be computed from such patterns. 
The wave view did not immediately displace the ray and particle view, but began to dominate scientific thinking about light in the mid 1800s
Einstein's explanation
In 1905, Albert Einstein provided an explanation of the photoelectric effect, a hitherto troubling experiment that the wave theory of light seemed incapable of explaining. He did so by postulating the existence of photons, quanta of light energy with particulate qualities.

In the photoelectric effect, it was observed that shining a light on certain metals would lead to an electric current in a circuit. Presumably, the light was knocking electrons out of the metal, causing current to flow.

Quanta of light 
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Figure 3: The Photoelectric Effect
Thomas Young's Double Slit Experiment

In 1801, an English physicist named Thomas Young performed an experiment that strongly inferred the wave-like nature of light. Because he believed that light was composed of waves, Young reasoned that some type of interaction would occur when two light waves met. This interactive tutorial explores how coherent light waves interact when passed through two closely spaced slits.

.
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