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Learning Objectives from the beginning of the chapter in OpenStax College Physics
27.4. Multiple Slit Diffraction
• Discuss the pattern obtained from diffraction grating.
• Explain diffraction grating effects.

27.5. Single Slit Diffraction
• Discuss and calculate the single slit diffraction pattern.

* Understand what causes missing orders.

27.4 Multiple Slit Diffraction
Write a description of a diffraction grating.

When monochromatic, coherent, light passes through a diffraction grating maxima and minima are produced at the same angles that result when the same wavelength light passes through a double slit.  

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

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



Q1. What two advantages does the diffraction grating have over just two slits?

The angle to the maxima depends on the wavelength of the light.  As Figures 27.16 and 27.20 show, the diffraction grating will separate the colors (wavelengths) of light and allow scientists to inspect the amount of light for each color (wavelength).  

How does the spectrum formed by a prism compare to the spectrum formed by a diffraction grating? (e.g. Which color is dispersed by the greatest angle for the prism and for the diffraction grating?)

Q2.  Why is it often true that only the first order (m=1) and second order (m=2) maxima are present when a diffraction grating is used?   (i.e.  There are no maxima for m=3 or m=4, etc.)

What causes iridescence?

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

27.5 Single Slit Diffraction
Write a summary of what leads to interference of light when only a single slit is used.

The angle to the minima (destructive interference) for the single slit diffraction are computed using

D sin θ = m λ         m =  … -3, -2, -1, (skip 0), 1, 2, 3, …
D is the width of the slit.

Q3.  There is no simple equation for the location of the maxima for the double slit.  Where are the maxima located for the single slit diffraction pattern?

The maxima become less bright as the angle increases.  This is shown in Figure 27.24.

Q4.  Each slit of a double slit acts as a single slit.  Suppose that the double slit equation predicts a maximum at an angle of 8 degrees but the single slit equation predicts a minimum at the angle of 8 degrees.  What will be seen on the screen, a maximum (bright spot) or a minimum (dark spot)?

A missing order occurs when the angle for a maximum from the double slit equation is the same as the angle for a minimum predicted by the single slit equation.

ANSWERS   ……………………..

Q1. Advantage #1: The maxima are narrower when a diffraction grating is used.  The maxima are narrower because the light contributed from the slits will start to produce destructive interference at angles just slightly different from the angle calculated from the double slit equation.  Since there are more slits the light can become out of phase for slits that are far from each other when the angle is slightly different than the angle calculated from the double slit equation.

Advantage#2:  Usually, the distance between slits for the diffraction grating is much smaller than the distance between slits for the double slit.  This causes the angle to the maxima to be larger.  This allows for a better determination of the angle for a certain color and a better determination of the wavelength for that color.

Q2.  The equation for the diffraction grating maxima is: d sin θ = m λ  .   The value of sin θ must be less than 1 in order to take the invers sine function and find the angle.  d is small.  When m becomes larger  sin θ can be greater than 1 for visible light.  If sin θ is greater than 1 the maxima does not exist.

Q3.  The maxima for the single slit fringe pattern are about halfway between the minima.

Q4.  A dark spot is observed.   The single slit prediction dominates the pattern.  At the 8 degree angle there is 0 light from each slit.  You could say that there is constructive interference with the light from the two slits, but the constructive interference is  0 + 0  with the result of 0.
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