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Terms to Know: wavelength, frequency, color, dispersion, converging lens, diverging lens, focal length, focal point, magnification, optic axis, object, image, image distance, object distance

Learning Objectives from the beginning of the chapter in OpenStax College Physics
25.5. Dispersion: The Rainbow and Prisms
• Explain the phenomenon of dispersion and discuss its advantages and disadvantages.

25.6. Image Formation by Lenses
• List the rules for ray tracing for thin lenses.
• Illustrate the formation of images using the technique of ray tracing.
• Determine power of a lens given the focal length.

. Calculate the location of an image

. Calculate the magnification value for a lens

. Perform ray tracing and calculations when two lenses are used to produce an image

Why does white light create colors when the light passes through a prism?

25.5 Dispersion: The Rainbow and Prisms
ROYGBV    Know these colors in the visible spectrum in order.  Red has the longest wavelength and smallest frequency of these colors.

Q1. What causes dispersion?

List the three optical steps that light undergoes when a rainbow is produced.

Suppose you see a rainbow towards the eastern horizon.  Where is the Sun in the sky?

Q2. TRUE or FALSE  Dispersion occurs when light reflects off of a surface.

Suppose these two types of glass exist:

Glass A has index of refraction values 1.555 for blue, 1.553 for red.

Glass B has index of refraction values 1.578 for blue, 1.560 for red.

Which glass will produce the largest dispersion effect? (i.e. best separation of colors)

25.6 Image Formation by Lenses
We will find image locations using ray tracing and calculations.   The ray tracing techniques and equations apply best when the thickness of the lens is small compared to the diameter of the lens.  Unless you are told otherwise we will assume the lenses meet this condition. We will not consider dispersion for these thin lenses.

The optic axis passes through the center of the lens and is perpendicular to the cross sectional area of the lens.  Figure 25.27 shows a thicker lens than we will use.  I may do ray tracing by refracting the ray when it is at the center of the lens.  

If a light ray is parallel to the optic axis of a converging lens it will be refracted by the lens through the focal point of the lens on the opposite side of the lens from where the light entered the lens.  The focal length, f, is the distance from the center of the lens to the focal point.  Light from a very distant source will be parallel to the optic axis.  A lens has a focal point on each side of the lens.  The values for f are the same for both sides of the lens.

The “power” of a lens is measured in diopters P = 1/f       f is measured in meters.  If you have your eyes checked and need corrective lenses you will see diopter numbers written for the prescription.  Why did I put quotes around the word “power.”

How is the focal point for a diverging lens found?

Note that f is positive for a converging lens and negative for a diverging lens.

Q3. What is the difference in appearance for converging and diverging lenses?

You must memorize the rules for ray tracing for converging lenses:

1. An incoming ray parallel to the optic axis is refracted through the focal point

2. An incoming ray that passes through the focus exits the lens parallel to the optic axis

3. An incoming ray that passes through the center of the lens continues in a straight line.

There are some simple modifications of these rules for diverging lenses.

Image Formation by Thin Lenses
Objects send out light in all directions.  You will need to trace two rays from the object to locate the image.  Typically we just locate the image for the top of the object.  We don’t do ray tracing for every point on the object.  When two rays from the object cross we have located the image.

A real image is a location where there is actual concentration of energy.  A camera will record an image if it is placed at the location of a real image.

A virtual image is a location where there is not an actual concentration of energy (e.g. the image you see in a mirror is a virtual image).  A camera will not record an image if it is placed at the location of a virtual image.

Thin Lens Calculations

di  is the distance from the center of the lens to the image
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do  is the distance from the center of the lens to the object
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You must memorize the sign conventions for f,  di, and do for lenses.

m = - di/do   =  hi/ho     magnification    The sign of the magnification is associated with the orientation of the image.  If the magnification for a single lens is negative the image is inverted.

hi is the height of the image    ho is the height of the object.

Q4.  TRUE or FALSE   A diverging lens can be used as a simple magnifier.

Where does the object have to be located for a lens to act as a simple magnifier?  Give a general description of the location.

What questions do you have on the problem solving method for lenses?

You should be able to do calculations and ray tracings to find an image in situations which involve one or two converging or diverging lenses.

The image formed by the first lens is the object for the second lens.  You must determine the object distance for the second lens.  You must determine if the object distance for the second lens is a positive or negative number.

ANSWERS   ……………………..

Q1. The value of the index of refraction has a slight dependence on the frequency of the light.  In general, the index of refraction is highest for violet light and smallest for red light.  The angle of the refracted ray calculated using Snell’s Law depends on the index of refraction.

Q2. FALSE   The value of the reflected angle is equal to the value of the incident angle.  The reflected angle does not depend on the frequency of the light.

Q3. A converging lens is thicker at the center than at the edge.  A diverging lens is thinner at the center than at the edge.

Q4.  False   Only converging lenses act as simple magnifiers.
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