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WAVES AND LIGHT
I.  TYPES OF WAVES: (2 TYPES IN NATURE)
a.    Mechanical waves ( water waves, sound) 
b.   Electromagetic waves ( light , 
Energy  can be transferred by particles or by waves
Waves behave with specific rules:
1.  Reflection off a barrier or boundary
2.   Can bend around objects (diffraction)
3.   Bend when they pass into a new media(refraction) 

A. Mechanical waves:   need a material medium  through which to transfer energy

B.  Electromagnetic waves:   Need no medium to transfer energy through:  Waves of energy that have both a magnetic and electric fields 

Website wave motion 
[image: http://www.tutornext.com/system/files/u59/Pictures%20for%20tv2_244.gif]
[image: http://image.wistatutor.com/content/feed/tvcs/Sine20curve_1.JPG]
Two types of wave motion:
A. Transverse waves:  particles vibrate perpendicularly to
 the direction the wave is traveling   ( water waves)

	NOTE: Transverse waves usually are sine waves:  the source vibrates with simple harmonic motion.  So there is a periodic motion of the energy 
B.  Longitudinal waves:   (compression waves) particles vibrate parallel to the direction the wave is traveling ( sound waves) 
[image: http://scienceclass.ca/physics11/wp-content/uploads/2007/08/longitudinal.gif]
Example of sound wave turned into a sine wave on an oscilliscope

[image: http://ts4.mm.bing.net/images/thumbnail.aspx?q=525394258639&id=b6efa9983081317fefad74b3e68ad115&url=http%3A%2F%2Fclas.mq.edu.au%2Fspeech%2Facoustics%2Fbasic_acoustics%2Flongitudinal.gif]
Wave terminology :
Pulse:   is a single wave disturbance

Wavelength: (  λ ) The distance between corresponding points on two adjacent wave disturbances.
	[image: http://cimss.ssec.wisc.edu/satmet/modules/spectrum/images/wavelength_sm.jpg]
Crest:  the  high point of displacement on a transverse wave (greatest displacement)

Trough:  The greatest point of displacement   below the zero point of a wave medium.

Amplitude:  The amount of  energy a wave pulse carries measured by the displacement of the wave pulse from the point of rest. 
Period of a wave:   (T)  The time it takes for one wave pulse to pass a given  point
Frequency: The number of wave pulses that pass a given point in a given amount of time. ( usually per second)    
 f = 1/T
[image: http://www.cc.gatech.edu/classes/AY2001/cs4451_spring/projects/Five/anti0.gif]
Above if both wave  series are traveling at the same speed which 
a.   Has a greater frequency?
b.  Has a greater wavelength?
c. Has  a greater amplitude?
Wave speed :   measured in meters per second 
		V= ΔX/ΔT    so    V=  λ/T      if  f = 1/T then 
	
					V= f λ  for electromagnetic waves
					C=f λ
Calculated by     V= (f ) ( λ)
Pg  387  1- 4 new   Pg 449 pr 1-6  new       Old  237 1-8 
Frequency and period are inversely related  
The greater the period the smaller the frequency

Wave interactions:  When waves interact, after they have passed one another they continue on with no change in energy from the interaction . 

Interference:  When waves cross,  their displacements are superimposed.

[image: http://web.sbu.edu/chemistry/wier/electrons/interference.jpg]

Constructive interference: Amplitudes are in phase so they  add together to have a larger  amplitude

Destructive interference:  amplitudes are out of phase so they cancel out
Standing waves:   a resultant wave pattern that appears to be stationary caused by alternating constructive and destructive interference.   ( sea monsters)
Node: The point during interference that is left undisturbed at all times
Antinode:  point of greatest displacement
[image: http://www.planetoftunes.com/sound/so_media/standing_waves.gif]




Wave speeds in different media:
Mechanical waves:   
1. Passing into a more dense medium will have an increase in speed   (Sound travels faster in water than air)
2. Passing into a less dense medium will have a decrease in speed ( sound travels slower in air than in water)
Electromagnetic waves:   ( light, electric, xray etc)
1.   Travel faster in a less dense medium
2.   Travel slower in a more dense medium
3.   3 X 108m/s in a vacuum.  Everything after is downhill.
Slower.   ( air: we say 3 x 108m/s )

Note:  when a wave meets a boundary, some may be reflected some may be transmitted.  The greater the difference  in media the greater reflection.  
[image: http://www.kollewin.com/EX/09-15-03/SURA_Electromagnetic_Spectrum_Full_Chart.jpg]
[image: http://www.lcse.umn.edu/specs/labs/images/spectrum.gif]
[image: http://funkybiology.com/images/Picture1_012.png]
1.   Three changes in  wave direction:
a. Reflection b. Refraction  c. Diffraction: 
Law of reflection: 
	The angle of incidence is equal to the  angle of 
	Reflection
[image: http://1.bp.blogspot.com/_zffEPrnDaJc/TCc2wTyeEbI/AAAAAAAAADc/RKzuwUUSj_o/s1600/LawOfReflection.gif]
Dashed line is the normal to the surface( perpendicular)
The lines on the diagram above represent wave series or pulse and are called  Rays. 
Total internal Reflection:
Occurs when light falls on the surface  of a less optically dense medium at such an angle that no refracted ray may be produced.   
The angle of incidence that allows the refracted ray  to lie  along the border of the boundary is called the Critical angle 
() Ic
[image: http://theboard.byu.edu/media/attached_files/r_96768/Total-Internal-Reflection.gif]

[image: http://micro.magnet.fsu.edu/primer/java/refraction/criticalangle/criticalanglejavafigure1.jpg]
Refraction: 
	The bending of waves when they pass into a new medium .  (effects: rainbow, heat waves, puddle effect)
When wave fronts approach a parallel boundary to another medium at an angle other than 90 degrees.  The first part of the wave has its velocity change and thus the wave bends due to the change in density of the new medium.  ( wave son a beach,  optics)

[image: http://www.school-for-champions.com/science/images/waveobstacle-refraction.gif][image: http://strongphysics.wikispaces.com/file/view/refraction.jpg/75513959/refraction.jpg]
Pg  286 8-10 old book
Diffraction:   The bending of a wave around an obstacle .  
	( light coming into a dark room from a door slightly
 Open,  water waves around a rock in the water) 
Optical Density:    property of the medium that determines the speed of light in the medium. ( more optically dense, the slower the lights velocity)
Light will bend toward the normal if its velocity slows down and away from the normal if the velocity speeds up. 
[image: http://content.tutorvista.com/science/CBSEXScience/Ch531/images/img70.jpeg]
Snell’s Law:   
	For a given medium a ray of light bends in such a way that the ratio of the sine of the angle of incidenc to the sine of the angle of refraction is a constant.  n this is called the index of refraction: each medium has a different index of refraction 
n=   Sin i 		for any two media Snell’s law may be
	Sin  r               written  as      n1Sin I  =   n2 Sin r 

ns  = c         where 	c = speed of light in air 
	 vs 				vs = speed of light in other media
so if  the index of refraction is known ns then to find the speed of light in that medium rearrange above equation to 
Vs = c 			Prob 1 pg 282 old 
ns 			Prob 2-6 pg 284    old book 
Prob  8-10  pg 286 old book
        
	 
[image: http://boomeria.org/physicstextbook/appendixB-18.jpg]

Diffraction
[image: http://4.bp.blogspot.com/_Swc-yt6AW9w/TUqoyavCDDI/AAAAAAAAAA8/5zUV1jN2I1c/s1600/diffraction-water-waves1.jpg.gif]
[image: http://www.physicstogo.org/features/images/diffraction.jpg]
Transmission and absorption of light:
1. Transparent material
a. Transmit light w/o distorting the rays
2. Translucent material
a. Transmit light but  light rays are distorted 
Ex.  lamp shades
3. Opaque material :
a. Substances that don’t transmit light.  They either reflect or absorb them. 
Doppler   Effect: (Show video) 
	A change in the observed frequency of waves when
      a wave source and an observer are in relative   
      		 motion.  
	λ  is shorter in front of the moving source and
 longer behind the moving source.  
 	Ex. sonic boom is caused by the Doppler effect
Ex. Red shift of stars: caused by the Doppler effect 
[image: File:Redshift blueshift.svg]


[image: http://www.kirksville.k12.mo.us/khs/Teacher_Web/alternative/Doppler_effect_train.jpg]

Why do stars appear to change color sometimes?  
Has to do with the refraction of light through the atmosphere.  Lights are separated out similar to a prizm.
Pg 397 pr 35 , 36, 37,39  Pg 255 old book   Q 1-21     Pg 256 pr 1-9
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Room modes. Standing waves out-of-phase cancellation.
Reflected frequency (red) refects back out-of phase, resulting in cancellation (blue).
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Table 18 INDEX OF REFRACTION

(A = 5893 A; Temperature = 20 °C except as noted)

Material Refractive index
air, dry (STP) 1.00029
alcohol, ethyl 1360
benzene 1.501
calcite 1.6583
1.4864
canada balsam 1.530
carbon dioxide (STP) 1.00045
carbon disulfide 1.625
carbon tetrachloride 1.459
diamond 2.4195
glass, crown 15172
Hint 1.6270
glycerol 1475
ice 1310
lucite 1.50
quartz 1544
1.553
quartz, fused 1.45845
sapphire (Al,O) 1.7686
1.7604
water, distilled 1.388

water vapor (STP) 1.00025
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