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Learning Objectives from the beginning of the chapter in OpenStax College Physics
27.6. Limits of Resolution: The Rayleigh Criterion

• Discuss the Rayleigh criterion.

. Calculate the minimum angle for resolving objects

. Calculate the physical distance between objects that are resolved

27.7. Thin Film Interference

• Discuss the rainbow formation by thin films.

. Calculate the thickness of a thin film

27.8. Polarization

• Discuss the meaning of polarization.

. Describe how Polaroids produce polarized light

. Calculate the intensity of light that passes through Polaroids

. Describe how reflection and scattering can polarize light

• Describe how LCD displays use polarization.

27.6 Limits of Resolution: The Rayleigh Criterion
Q1. Why does a beam of light spread out after it passes through a circular opening?

Figure 27.25 illustrates the problem in resolving two objects.  The images of the objects have an inherent width due to diffraction.  If the objects are too close together (frame c) the objects are not clearly separated and are said to “not be resolved.”  Imagine that you want to see craters on the Moon.  If the two craters are too close together their images overlap due to diffraction and you cannot see the two separate craters.

Write down the definition for the Rayleigh criterion.

The angle to the first minimum in the diffraction pattern for a circular opening is approximately:

θ =1.22 λ / D

Note that the wavelength and diameter must be in the same units.  The units of θ are radians.  There is no sine function in this equation.

You should perform the take home experiment to test the resolving ability of your eyes.  The angle θ can be calculated by suing s = r θ.  S is the distance between the lines.  r is the distance from your eyes to the lines.

Describe how you would improve the resolution of an optical system.  (two ways)

What questions do you have on the calculations for this topic?

Q2.  Does the Hubble telescope produce the highest resolution images of any telescope?
27.7 Thin Film Interference
Vibrant colors can be produced when light reflects from a thin film. Some of the light reflects from the top of the thin film and a portion of the light refracts into the thin film.  Then, some of the light in the thin film reflects from the back surface of the thin film and refracts out into the air.  The two beams of light can constructively and destructively interfere at certain wavelengths based on the type of material in the thin film and the thickness of the thin film.

The thin film will have a thickness comparable to the wavelength of light, but we will not analyze this as a diffraction situation.  The constructive or destructive interference is produced by the two beams having an “in phase” or “out of phase” relationship.

We will not use a single equation to produce a prediction of in phase or out of phase.  Instead, you will need to understand the physics of how the light reflects and understand the extra path length to know if the two beams are in phase or out of phase.

Q3. When does reflection cause a phase shift of ½ wavelength?

Note: There is no phase change when refraction occurs.

In the thin film the wavelength is different than the wavelength in air.  Again, we will take the index of refraction in air to be 1.0.  The wavelength in the thin film is         λ’  =   λ / n   where n is the index of refraction of the thin film.

Problem Solving Steps to find the thickness of a thin film.

1. Know whether the two beams need to be in phase or out of phase at the eye.

2. Label any half wavelength shifts due to reflection.

3. Calculate the wavelength in the thin film.

4. Calculate the total path in the film in units of λ’ required to produce in phase or out of phase. (e.g. 1 λ’ or ½ λ’) We will not account for the slanted path in the thin film.   We will assume the angle is small and that the slanted path is approximately equal to the thickness of the thin film.

5. Calculate the thickness of the film in metric units. (often in units of nanometers)

Applications:  soap bubble, oil film, anti-reflective coating on glasses or camera lenses.

What questions do you have on the calculations for this topic?

Usually, we will only calculate the minimum thickness for the thin film.  Thicker thin films will also have certain colors that are bright or missing.

27.8 Polarization
What is Maxwell’s description for light?

Q4. When is light said to be linearly polarized?

A beam of unpolarized light has all possible directions for the vibrations of the electric vectors of the light.

Describe vertically polarized light.

Describe horizontally polarized light.

Figure 27.38 shows the effect on how a polarized wave can be created.  However, this figure is misleading regarding how polarized light is produced with a Polaroid.

How does a polaroid produce polarized light?

When unpolarized light passes through a Polaroid, 50% of the light is blocked by the Polaroid.

The intensity of polarized light the exits a Polaroid is given by:    I = Io cos2 θ



Io   is the intensity of the polarized light before it enters the Polaroid.

Θ is the angle between the direction of the electric vector of the polarized light and the polarization direction for the Polaroid.

Q5. What are crossed polaroids?

Unpolarized light is directed at crossed polaroids.  What is the intensity of the light that exits crossed polaroids?

You should know that reflection from a horizontal surface can create horizontally polarized light.  We will not perform the calculate that describes this process.  Sunglasses are made to block light that is horizontally polarized so they block the glare of light that is reflecting from a horizontal surface.

The light of the blue sky is partially polarized due to the scattering of light from molecules.  If it is not too cloudy we will view this.

Liquid Crystal Displays  Be able to give a basic explanation on how LCDs operate.

You should read section 27.9 but this reading guide does not discuss this section.

ANSWERS   ……………………..

Q1. Diffraction    The wave nature of light causes the light to spread out as it passes through an opening, whether the opening is a rectangular slit or a circle.

Q2. No.  The detail available in Hubble images is better than the details available in most Earth-based telescopes due to the “twinkling” effect caused by our atmosphere.  Turbulence in the atmosphere leads to the production of small, local, density variations in the atmosphere.  These density variations have different indices of refraction and act like small, moving, lenses to light passing through the atmosphere.  Some telescopes on Earth are equipped with “adaptive optics” to compensate for the twinkling effect.  A laser is used to create an artificial star in the upper atmosphere.  The telescope has a small flexible mirror in the optical path.  The shape of this flexible mirror is continuously varied by equipment to keep the artificial star as small as possible.  The astronomical image of the object that is near, but does not include, the artificial star can show more detail than the images produced by the Hubble telescope because the diameter of the mirror on the Earth-based telescope is larger than the diameter of the Hubble telescope.  However the area of the sky in these adaptive optics images is smaller than the area of the sky imaged by the Hubble telescope, so the Hubble telescope is still useful.

Q3. A half-wavelength phase shift only occurs if the ray reflects from a medium that has a higher index of refraction than the medium the ray moves in before the reflection.

Q4. Light is linearly polarized if all of the electric vectors in the beam of light are aligned in one direction.

Q5.  When two sheets of Polaroid have parallel faces but have 90 degrees between their polarization directions they are called crossed Polaroids.
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