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Learning Objectives

Terms to Know: wave, interference, wavelet, diffraction, double slit, coherent, monochromatic, constructive interference, destructive interference, in phase, out of phase, order

Learning Objectives from the beginning of the chapter in OpenStax College Physics
27.1. The Wave Aspect of Light: Interference

• Discuss the wave character of light.

• Identify the changes when light enters a medium.

27.2. Huygens's Principle: Diffraction

• Discuss Huygens’s principle.
27.3. Young’s Double Slit Experiment

• Explain the phenomena of interference.

• Define constructive interference for a double slit and destructive interference for a double slit.

· Calculate the angles and distances to bright and dark spots on the screen

Introduction to Wave Optics
Try to recall some situations in which you have seen colors when white light reflects off of a surface  (e.g. soap bubble, oil slick on the street, butterfly wings, CD or DVD... optional site: http://en.wikipedia.org/wiki/Structural_coloration).  If the law of reflection is true (it is) and all colors reflect at the same angle, why are different colors seen at different angles?  This chapter will explain these effects.  This chapter will involve situations where the energy of the light does NOT simply travel in straight lines. 
27.1 The Wave Aspect of Light: Interference
Maxwell developed equations that showed light is an electromagnetic wave.  When light interacts with large objects ( much larger than the wavelength) you can use the ray model and geometric optics to locate the images.   You should calculate the wavelength for visible light.  

 c = f λ     We will need to treat the light as a wave as it moves past and interacts with objects that have a size smaller than, or comparable to, the wavelength of the light.

Explanations for Figure 27-3:  In the top frame the laser is not making the star nor the Milky Way glow.  The photographer chose to take the picture from a location that put the laser in line with those objects.  In the bottom frame, as few as two vertical slits can be used to make this photo.  The number of bright spots you see from left to right is NOT equal to the number of vertical slits.

In class and lab we may see a demonstration of laser light passing through two parallel slits.  We will NOT see two spots of light on the screen after the laser light passes through two slits.  We will see the interference pattern shown in the lower frame of Figure 27-3.

Q1. Consider a ray of light entering a medium after traveling in air.  What two properties of the light change?                            

We will need this equation when we discuss thin films in a future section:  λ’  =   λ / n

27.2 Huygens's Principle: Diffraction
A wavelet is a small semicircle that is drawn in the direction that the wave is traveling. The center point of the wavelet is on the wavefront of the wave.  

Write out Huygen's Principle here.

We will not use Huygen's Principle to determine how light waves reflect, refract, or behave when moving past an object.

Why does sound “bend” around corners?  The answer is not that the sound is reflecting off of walls or the floor or ceiling.

27.3 Young’s Double Slit Experiment
Newton proposed that light was best described as particles that traveled in straight lines.  Huygens proposed that light traveled as a wave

Q2. How could scientists decide who was right?

If you shine a flashlight at a piece of cardboard that has two adjacent thin openings what would you expect for the pattern of light on the other side of the cardboard?

Coherent light has the peaks of the waves aligned with other peaks.  (analogy:  everyone in a marching band steps forward with their left foot at the same time).

Monochromatic light has only one wavelength (specific color) .

What is your conclusion about the nature of light after you examine the drawing of Young’s Double Slit Experiment (1801) (Figure 27.10)?

Write down your definition of 

constructive interference



destructive interference

Note that Figure 27.12 shows monochromatic, coherent light, passing through the slits.

You should write down your summary of why some locations on the screen are bright and why some locations on the screen are dark.

The “take home” experiment regarding looking at a street light through the gap in two fingers is a diffraction effect that will be explained in a future section.

Double Slit Interference

What causes the waves from the two slits in the double slit experiment to be out of phase?

… to be in phase?

The angles to the bright spots on the screen  are found using:

d sin θ = m λ         m = … -2, -1, 0, 1, 2, …




The angles to the dark spots on the screen  are found using:

d sin θ = (m + ½) λ         m = … -2, -1, 0, 1, 2, …

The central maximum occurs for m = 0 (0th order).

The first maximum on either side of the central maximum occurs for m = -1 and m = +1. 

(1st order)

To calculate distances on the screen:    tan θ = Y/L    Y is the distance from the central maximum to the location on the screen.  L is the distance from the double slit to the screen.         

Q3. Why is the interference pattern only seen when coherent sources are used?

Would you expect to see an interference pattern from two thin light bulbs that are set up 0.3 centimeters from each other?   Explain.

What questions do you have on the examples worked out in the textbook?

ANSWERS   ……………………..

Q1.  The speed of light is slower in the medium than in air.  The wavelength of the light is also reduced by a factor of n, the index of refraction.  The frequency of the light wave is constant.

Q2.  A controlled experiment is used to determine which hypothesis is false.  The appropriate experiment here is to let light pass through two slits and observe if two spots are observed on a screen or if more than two spots are observed.

Q3. If the source is not coherent the waves at the two openings will not be in phase.  There will be some random phase relationship. The waves have to be in phase at the slits to have the constructive interference occur at one location on the screen.  If the waves are incoherent at the two slits there will be constructive interference (and destructive interference) at all points along the screen for each individual wave leaving the slits.  You would see dim light spread out along the screen instead of alternating bright and dark spots on the screen.  
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