
LIGHT 

WAVES AND PARTICLES



THE ELECTROMAGNETIC SPECTRUM

• The light we  see is only a tiny part of a much larger set of 

transverse waves.

• Like all waves, these carry energy without moving matter

• Although they can also act like particles (photons).

• This is called the wave-particle duality of light.



IN ORDER OF INCREASING ENERGY



IN ORDER OF INCREASING ENERGY



IN ORDER OF INCREASING WAVELENGTH





INTERACTION WITH THE ATMOSPHERE

Electromagnetic radiation can be 
Transmitted 

Some EM frequencies go right through the atmosphere without being stopped

For light, this is called transparent

Absorbed

Some EM is absorbed a lot, some is absorbed a little

For light, this is called translucent (absorbed a little) or opaque (absorbed a lot)

Reflected 

Some EM is reflected by the atmosphere, either away from the Earth’s surface or 

back to the surface



INTERACTION WITH THE ATMOSPHERE



INTERACTION WITH THE ATMOSPHERE

Electromagnetic radiation can be 
Transmitted 

Most electromagnetic radiation is at least partially absorbed or reflected by the 

atmosphere.  This is called scattering, and is why the sky is blue during the day and tends 

to be red or orange at sunrise or sunset. There are two main types of scattering:

Rayleigh Scattering (molecular scattering) – scattering by molecules and particles whose 

diameters are much smaller than the incident wavelength – primarily due to oxygen and 

nitrogen molecules.  (Blue midday)

Mie Scattering – particles that have a mean diameter 0.1 to 10 times the incident 

wavelength – examples: water vapor, smoke particles, fine dust. (Red sunrise & sunset, 

and during dust storms)





INTERACTION WITH THE ATMOSPHERE

Electromagnetic radiation can be 

Transmitted

Regions in the EM spectrum where energy can be fully transmitted 

through the atmosphere: 

3x10-7 to 7x10-7m  (Ultraviolet and visible light) 

3x10-6to 5x10-6 m and 8x10-6to 11x10-6 (emitted infrared from Earth )

1 x10-3-1 m radar and microwave energy



INTERACTION WITH THE ATMOSPHERE

Other wavelengths 

are absorbed (mostly) 

before they reach the 

surface of the earth



INTERACTION WITH THE HUMAN BODY

Different frequencies (and thus different 

energies) will have a variety of effects on the 

human body.

The amount (dose) of exposure is also important 

when considering effects.



INTERACTION WITH THE HUMAN BODY

In general, the higher the frequency, the higher 

the energy and the greater the danger from 

exposure.

Ionizing electromagnetic radiation (Ultraviolet 

and higher) can cause burns.



INTERACTION WITH THE HUMAN BODY

Lower energy EM can also cause health effects.

The infrared radiation from hot glass can cause 

“glassblower’s” cataracts

There is an ongoing debate on the effect of the 

effect of microwave radiation(as in mobile 

phones)

Some people experience sensitivity to even lower 

frequencies 



INTERACTION WITH THE HUMAN BODY

Lasers are an example of how the intensity is a 

risk even when the wavelength is not a problem.



INTERACTION WITH THE HUMAN BODY

Safety:

There are ways to protect the body from EM

Microwaves and radio waves can be blocked by 

Faraday cages.  These are metal cages or 

latticeworks where the opening is smaller than 

the wavelength.  (That’s why microwave ovens 

have that metal mesh on the inside of the door.)



INTERACTION WITH THE HUMAN BODY

Safety:

There are ways to protect the body from EM.

Clothing and sunscreen can block UV rays.  We 

need a little UV to produce vitamin D, but too 

much can cause a variety of skin cancers.

Zinc oxide is one of the most common sunblocks.



WAVES AND PARTICLES

• Just as electrons are primarily thought of as particles, but also act like waves, light is 

primarily though of as waves but also acts like particles.

• When an experiment  tests a wave quality of light or an electron, each acts like a wave.

• When an experiment tests the particle quality of light or an electron, it acts like a 

particle.

• However! A particle of light (A photon) has ZERO MASS!

• This is called the wave-particle duality of light.  (And the wave-particle duality of the 

electron)



THE PHOTOELECTRIC EFFECT

•This is  what Einstein received his Nobel prize 

for

•NOT RELATIVITY



THE PHOTOELECTRIC EFFECT

•Unsurprisingly, photons and electrons will 

interact with each other.

•A photon with enough energy can bump an 

electron off a metal atom and into an electric 

current.  Some metals are particularly 

susceptible to this.



THE PHOTOELECTRIC EFFECT

•https://phet.colorado.edu/en/simulation/photoe

lectric



THE PHOTOELECTRIC EFFECT

•USES

–Doors

–Smoke detectors

–Analytical Equipment

–Solar Power Cells





LECTURE SOURCE

• http://www.geo.oregonstate.edu/classes/geo444_544/LECTURES/lecture3.pdf


