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Objectives 

1. Calculate the frequency or wavelength of light 
when given one of the two. 

2. Describe the relationship between frequency, 
energy, color, and wavelength. 

3. Interpret the interference pattern from a 
diffraction grating. 



What is Light?? 

• The terms light, radiation, and 
electromagnetic wave can all be used to 
explain the same concept. 

• Light comes in many forms and it took 
physicists some time to realize that X-rays, 
visible light, radio waves, etc. are all the same 
phenomena. 

 



Light as a Wave 

• One way to think about 
light is as a traveling 
wave 
 

• A wave is just a 
disturbance in some 
medium (water, air, 
space) 
 

• A wave travels through a 
medium but does not 
transport material 
 

• A wave can carry both 
energy and information 



Wave Terminology 
 

• Wavelength - distance between two like points on the wave 

• Amplitude - the height of the wave compared to undisturbed 
state/ The amplitude of a periodic variable is a measure of its 
change over a single period. 

• Period - the amount of time required for one wavelength to pass 

• Frequency - the number of waves passing in a given amount of 
time 



 



Wave Relationships 

• Notice from the definitions we can relate the properties 
of a wave to one another 

period
frequency 1

frequencywavelength
period

wavelength
velocity .



Speed of Light 

c  =  f  Wavelength (m) 

Frequency (Hz) 

Speed of light 

3 x 108 m/sec 



Wave Relationships 
• Frequency is usually expressed in the unit of Hertz 

– This unit is named after a German scientist who studied 
radio waves 

 

 

 

 

– For example, if a wave has a period of 10 seconds, the 
frequency of the wave would be 1/10 Hz, or 0.1 Hz 

 

• Note that light is always traveling at the same speed (c ~ 3 x 108 
m/s) 

 

– Remember: velocity = wavelength x frequency 

• If frequency increases, wavelength decreases 

• If frequency decreases, wavelength increases 

s
Hz

1
1 





• Electromagnetic waves have 
both an electric part and a 
magnetic part and the two parts 
exchange energy back and forth. 

• A 3-D view of an 
electromagnetic wave shows the 
electric and magnetic portions.  

The Electromagnetic Spectrum 

 The wavelength and amplitude of the waves are labeled λ 

and A, respectively. 

 http://www.youtube.com/watch?v=nt-A1Cr6Aao  
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• The higher the frequency of the light, the higher the energy of 
the wave. 

• Since color is related to energy, there is also a direct relation 
between color, frequency, and wavelength. 

The Electromagnetic Spectrum 



EM Spectrum in Astronomy 

• If we could only observe in visible light, our 
knowledge of the universe would be greatly 
limited 

 

• By looking at objects at different wavelengths, we 
get a different view and lots more information 

 

• Some objects are only visible at certain 
wavelengths 



The Sun at Different Wavelengths 

Visible Ultraviolet 

X-ray X-ray 







The Electromagnetic Spectrum 

• Human eyes are only able to 
process information from the 
visible part of the spectrum 

 

• Toward longer wavelengths, 
the spectrum includes 
infrared light, microwaves, 
and radio 

 

• Toward shorter wavelengths, 
the spectrum includes 
ultraviolet light, X-rays, and 
gamma rays 

 

• All of these are forms of 
electromagnetic radiation 



 



 
The Wave Nature of Light 

© 2014 Pearson Education, Inc. 



 



 



 



 



 



 



 



Diffraction 

Any bending of a wave around an obstacle 
or edges of an opening by means other 
than reflection or refraction. 



Diffraction Grating 
• A series of closely spaced parallel slits or 

grooves that are used to separate colors of 
light by interference. 

• Different colors have different wavelengths 
and diffract at different rates. 

• So they constructively interfere at different 
places. 



 



Iridescence from Thin Films 



Iridescence from Thin Films 

Iridescence: The phenomenon whereby 
interference of light waves of mixed 
frequencies reflected from the top and 
bottom of thin films produces a spectrum of 
colors. 



Iridescence From Thin Films 
• A thin film, such as a soap bubble or oil on 

water, has two closely spaced surfaces. 

• Light that reflects from one surface may 
cancel light of a certain frequency that reflects 
from the other surface. 

 

http://webphysics.davidson.edu/physlet_resources/bu_semester

2/c26_thinfilm.html 
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Laser Light 

• Laser light is coherent. 

• “LASER” = Light Amplification by Stimulated 
Emission of Radiation 



The Hologram 
• The three-dimensional version of a 

photograph produced by interference 
patterns of laser beams. 



The Hologram 
• The interference of the laser beams produces 

fringe patterns on the photographic plate that 
record the depth of the surface of an object. 



 



Interference, Diffraction, and Polarization 

Key Question: 

What are some ways 
light behaves like a 
wave? 



Interference, Diffraction, and Polarization 

• In 1807, Thomas Young 
(1773-1829) did the most 
convincing experiment 
demonstrating that light is a 
wave. 

• A beam of light fell on a pair 
of parallel, very thin slits in 
a piece of metal. 

• After passing through the 
slits, the light fell on a 
screen. 

• A pattern of alternating 
bright and dark bands 
formed is called an 
interference pattern. 



Young’s experiment  

http://www.matter.org.uk/schools/Content/Interference/doubleslits_1.html 
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http://galileo.phys.virginia.edu/classes/USEM/SciImg/home_files/introduction_files/doubleslit.jpg 
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Red Light 
Blue Light White Light 

White Light. N.d. Multiple-beam interference. N.p., 2009. Web. 7 Feb.2011. <http://www.itp.uniannover.de/~zawischa/ITP/multibeam.html>. 

Red Light. N.d. Multiple-beam interference. N.p., 2009. Web. 7 Feb.2011. <http://www.itp.uniannover.de/~zawischa/ITP/multibeam.html>. 

 

Karen Cooper 



Diffraction Patterns 



Interference by Thin Films  

• Thin film interference patterns seen in 

Thin film of soapy water 

A thin layer of oil on the 
Water of a street puddle 

Seashell 



A compact disk acts as a diffraction grating. The colors and 
intensity of the reflected light depend on the orientation of 
the disc relative to the eye. 



Diffraction through a single slit 

• Diffraction refers to the spreading or bending of waves 
around edges. 

The fringe pattern formed by a single slit consists of  

Alternate bright and dark fringes and the fringes fade  

away from the centre.  

http://physicsstudio.indstate.edu/java/physlets/java/slitdiffr/index.html 
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Diffraction – Orders, m 
We use the letter, m, to 
represent the ORDER of 
the fringe from the bright 
central. 

Central 
Maximum 

First Order 
Bright Fringe 
m = 1 

First Order 
Bright Fringe 
m = 1 

Second Order 
Bright Fringe 
m = 2 

Second Order 
Bright Fringe 
m = 2 

It is important to understand that we see these bright 
fringes as a result of CONSTRUCTIVE INTERFERENCE. 



Diffraction – Dark Fringes 

Central 
Maximum 

ZERO Order 
Dark Fringe 
m = 0 

ZERO Order 
Dark Fringe 
m = 0 

First Order 
Dark Fringe 
m = 1 

First Order 
Dark Fringe 
m = 1 

It is important to understand that we see these 
dark fringes as a result of DESTRUCTIVE 
INTERFERENCE. 



Experiment : Single Slit 

• Purpose 

The purpose of this experiment is to examine 
the diffraction pattern formed by laser light 
passing through a single slit and verify that the 
positions of the minima in the diffraction 
pattern match the positions predicted by theory. 



Theory 
 

When diffraction of light occurs as it passes through 
a slit, the angle to the minima in the diffraction 
pattern is given by 

a sin θ = mλ (m = 1,2,3...) 

where a is the slit width, θ is the angle from the 

center of the pattern to the mth minimum, λ is the 

wavelength of the light, and m is the order (1 for 

the first minimum, 2 for the second minimum, . . . 

counting from the center out). See Figure 1.1. 



Since the angles are 
usually small, it can be 
assumed 

That 

sin θ ≈tan θ 

From trigonometry, 

tan θ = γ/D 

where y is the distance 
on the screen from the 

center of the pattern 
to the mth minimum 
and D is the distance 
from the slit to the 
screen as shown in 
Figure 1.1.  



Young’s Double Slit Experiment 

Constructive interference: 

Destructive  interference: 

 nd sin

 









2

1
sin nd



Young’s Double Slit Experiment 

Y-position of bright fringe on screen: ym = Rtanm 
 
Small , ie r1, r2 ≈ R, so tan ≈ sin 
 
So, get bright fringe when: 

d

n
Rym


 (small  only) 



 



Conditions for Observable Interference 

• Coherent Sources 
– Coherent sources are those which emit light waves of 

the same wavelength or frequency and are always in 
phase with each other or have a constant phase 
difference. 

• Polarization 
– The wave disturbance have the same polarization. 

• Amplitudes 
– The two sets of wave must have roughly equal 

amplitude. 

• Path Difference 
– The path difference between the light waves must not 

be too great. 



Diffraction gratings 
• A diffraction grating is a precise array of tiny engraved lines, 

each of which allows light through. 

• The spectrum produced is a mixture of many different 
wavelengths of light.  



How a Diffraction Grating Works 

When you look at a diffracted light 
you see: 

– the light straight ahead as if 
the grating were transparent. 

– a "central bright spot". 

– the interference of all other 
light waves from many 
different grooves produces a 
scattered pattern called a 
spectrum. 



Diffraction – Putting it all together 
Path difference is equal to the following: 

• m 

• (m+1/2) 

• dsin 

Therefore, we can say: 

Will be used to find the 
angle! 



Example 
A viewing screen is separated from a double slit source by 1.2 m. The 

distance between the two slits is 0.030 mm. The second -order 
bright fringe ( m=2) is 4.5 cm from the central maximum. Determine 
the wavelength of light. 
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A light with wavelength, 450 nm, falls on a diffraction grating (multiple slits). On a 
screen 1.80 m away the distance between dark fringes on either side of the bright 
central is 4.20 mm. a) What is the separation between a set of slits? b) How many 
lines per meter are on the grating? 

0.067 degrees 







d
ord

meter

lines

line

meters
d

110.0001924 m 5197.2 lines/m 



http://www.youtube.com/watch?v=Nq
qWKwO9xdw   

The diffraction equation can 

thus be solved for the slit width: 

 

http://www.youtube.com/watch?v=NqqWKwO9xdw
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Some Vocabulary Terms 

 x-ray  

 spectrum  

 microwave  

 index of refraction  

 electromagnetic 

wave 

 spectrometer  

 gamma ray  

 radio wave  

 transmission axis  

 diffraction grating 

 Radiation 

 Period 

 Frequency  

 interference 

 ultraviolet  

 infrared  

 speed of light  

 constructive 

interference 

 visible light  

 Wavelength 

 Diffraction 

 Single slit 

 Double slit 

 Young’s Experiment 

 Wavelength  

 Amplitude 



Wavelengths of Light - Visible 

• Red light has an approximate wavelength of 7.0 x 10-7 m and a 
frequency of 4.3 x 1014 Hz 

 

• Violet light has an approximate wavelength of 4.0 x 10-7 m and a 
frequency of 7.5 x 1014 Hz 

 

• When dealing with such small numbers for wavelength, 
astronomers often use a new unit called the angstrom 
– 1 angstrom = 1 x 10-10 m 

• Red light has a wavelength of about 7000 angstroms 

 

• When dealing with large numbers for frequency, we often use the 
traditional prefixes 
– Kilo = 103, Mega = 106, Giga = 109 

• Red light has a frequency of about 430,000 GHz 



Measuring Temperature from Light 

• Astronomers can use the light from an 
object to measure its temperature 

 

• Astronomers also use a different unit for 
temperature, the Kelvin 

 

• Water boils at 373 K and freezes at 273 K 

– Most stars have a temperature in the 
1000's of Kelvin 

 

• The coldest possible temperature 
(absolute zero) corresponds to 0 Kelvin 



Blackbody Radiation 

• Every object radiates energy 

 

• This energy is emitted at 
different wavelengths (or 
frequencies) of light 

 

• The distribution of this energy 
is called a blackbody curve 

 

• The size and shape of a 
blackbody curve changes with 
an object's temperature 



Blackbody Radiation 

Room temperature 

'Red hot' 

'White hot' 



Blackbody Radiation 

Cool gas ( ~60K) 

Young star ( ~600K) 

The Sun (~6000K) 

Hot stars in a cluster ( ~60,000K) 



 


