
ESCI 107 – The Atmosphere 

Lesson 17 – Optical Phenomena 

 

Reading:  Meteorology Today, Chapter 19 

Neat website:  http://www.atoptics.co.uk 

 

OPTICAL BASICS 

� Light is electromagnetic radiation 

� In a vacuum, light travels at 186,000 miles per second 

� When traveling through medium other than a vacuum, light travels at a slower 

speed. 

� Light travels at different speeds trough different mediums. 

� The change in speed as it travels from one medium to another results in a 

bending of the light rays toward the media with the slower speed. 

ο This bending is called refraction 

� Light travels faster in hot air than in cold air. 

ο Light rays bend toward colder air 

� Light from sun is made up of different colors 

� Different colors are refracted differently 

ο Shorter wavelengths (violet) refract more than longer wavelengths (red) 

� Light passed through a prism will split into its different colors, because each 

refracts differently. 

ο The colors of the spectrum, from longest to shortest wavelengths, are Red, 

Orange, Yellow, Green, Blue, Indigo, and Violet 

ο The colors can be memorized by using the letters of the fictitious name, 

ROY G. BIV 

� Light can also be reflected off of a surface 

ο The angle of incidence always equals the angle of reflection 

ο All colors are reflected the same.  There is no color separation caused by 

reflection 

 

MIRAGES 

� Mirages are caused by the bending of light rays either upward or downward 

near the ground. 

� If the air near the ground is very hot, the light rays will bend upward 
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ο This causes objects far away to appear inverted, and underneath their actual 

position 

ο This results in an inferior image. 

ο This is what causes hot asphalt to appear wet up ahead, because the sky 

appears as an inferior image in the road. 

� If the air near the ground is very cold, the light rays bend downward 

ο This causes far away objects to appear above their actual position 

ο This results in a superior image 

ο This can actually allow objects that are over the horizon to be seen. 

 

RAINBOWS 

� Rainbows are caused by the refraction of light by rain drops. 

� Your back must be to the sun to see a rainbow 

� Primary rainbows have an arc of 42°°°° in width 

ο If the sun angle is greater than 42°°°° a person on the ground cannot see a 

rainbow. 

ο A primary rainbow has red on top and violet on the bottom 

� Secondary rainbows have an arc of 50°°°° 

ο The colors are reversed from the primary rainbow (red on bottom) 

ο Secondary rainbows are much dimmer than primary rainbows 

 

HALOS, SUN DOGS, AND SUN PILLARS 

� These are all caused by refraction or reflection by ice crystals 

� The shape and orientation of the crystals determines which phenomena are 

visible. 

� Ice crystals have six sides (they are hexagonal) and are usually plates or 

columns. 

� Halos have arcs of either 22°°°° or 46°°°° 

ο Caused by refraction through ice crystals 

� Sun dogs (also called parhelia) are formed in a way similar to halos, but only 

appear to either side of the sun, not all the way around it. 
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� Sun pillars are caused by reflection, rather than refraction, and appear as a 

column of light above (and sometimes below) the sun 

� The diagram below shows the various optical phenomena associated with ice 

crystals. 

ο a. are sun dogs 

ο b. is the 22°°°° halo 

ο c. is the 46°°°° halo 

ο d. are sun pillars 

ο e. is the upper tangent arc 

ο f. is the circumzenithal arc 

ο g. is the lower tangent arc 

ο h. is the parhelic circle 

 

 

 


