Geometric Optics

Purpose: To investigate reflected rays in mirror systems and refracted rays in refracting systems.

Equipment: The Optics Lab software packages loaded on a PC. Various optical devices, converging and diverging lenses, spherical mirror, prism, plane mirror.

Discussion: 

Geometric optics deals with optical systems, which are not dependent on the wave nature of light. In this case light is assumed to travel along rays, and for the most part, in straight lines in a homogeneous medium. There are two properties of light, which we will investigate in this lab: reflection and refraction. In each case we can look at what happens for plane and spherical systems. 

Reflection: We will investigate what happens when light rays bounce off of reflecting surfaces. The key result that can be used is that the angle of reflection (with respect to the normal) is equal to the angle of incidence (with respect to the normal). When light bounces off plane (flat) mirrors, we see images in the mirror.  Why do we see multiple images in the mirrors in the clothing store? Why do images look funny in amusement parks? By now you may have seen how to draw ray diagrams for mirrors in the lecture. In this lab you will be able to play with the locations of objects and see how that affects their images.

Refraction: We will also look at refracting systems, such as how light bends into spherical surfaces and how lenses affect the formation of images, as we change the lens characteristics. The key law governing refraction is Snell’s Law: 
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 Here, light moving in a medium with an index of refraction n1 is incident at the interface with another medium with an index of refraction n2. Snell’s Law relates the angle of incidence (with respect to the normal) in medium 1 to the angle of refraction (with respect to the normal) in medium 2. Using some geometry and Snell’s Law, one can investigate the bending of light from prisms and formation of images in a variety of optical systems. Having simulated such systems, we will play with some real lenses in the next lab.

Instructions: 

Locate the OPTICS Icon on the computer desktop and double-click it. This will launch a window with several buttons. For each of the buttons listed below, you are to explore that unit, record your observations and answer the questions. Please write your responses in full sentences.

The Basics

In this module you will explore the basics of reflection and refraction at the interface between two media. You can change the media, where medium 1 is on top of medium 2. Clicking on the left side of medium 1 will launch a light ray, which will generally split into a reflected and a refracted ray. 

The angle of incidence is the angle that the incident ray makes with the normal (perpendicular) to the surface. The angle of reflection is the angle made by the reflected ray and the angle of refraction is the angle made by the refracted ray. These angles are computed for you. You should observe what happens to various incident rays when you vary the indices of refraction. 

Note that when the index of refraction is higher than that of medium 2, there is not always a refracted ray. In this case the light is totally reflected. Why? Pick medium 1 to be water and medium 2 to be air. For what incident angles will the rays be totally reflected?

We have learned in class that electromagnetic waves far from a source can be considered as plane waves. As plane waves encounter an interface, their reflection and refraction leads to the ray approach that we are using to study geometric optics. Animations showing this behavior can be viewed by clicking on the animation buttons in the lower right corner of this module. 

Plane Mirrors

In this module you will see how the simple law of reflection leads to the appearance of images in plane mirrors. When you first enter this module you will see a small circle representing a source. The mirror is at the interface. In order for an observer to see an image of the object, a light ray leaves the object and reflects to the location of the observer. You can locate the point of observation by clicking on the white region. The unique reflected ray between the source (circle) and the observer (clicked pt)  will appear. Clicking many times will produce a set of diverging rays away from the mirror. This pattern of rays is the same as would appear if the source were located behind the mirror. In fact, tracing the rays backward, one finds the image of the object.

Locate this image and make an observation as to where the image occurs in the mirror.

One can get multiple images from a set of mirrors. In particular, one can look into a pair of mirrors at right angles to each other. There will be images of a given object from each mirror separately, as you can explore by checking the boxes for single reflections. However, it is possible for a light ray to bounce off of both mirrors on its journey from the source to the observer. In the second part of this module, determine the location of all images for two mirrors at right angles to each other. If you have two plane mirrors on the table, try to locate all of the images.

Concave Mirrors

In the next two modules you will investigate the behavior of reflections from spherical mirrors. In the first case the mirror bends away from the source and is called a concave mirror. The radius of the sphere, from which such a mirror is cut, is called the radius of curvature of the mirror. Concave mirrors have a positive curvature. 

In these labs the location of an object (from the mirror) is controlled by a slider. You can either click on the arrows on the sides of the slider for small changes in the object distance, or you can click in the gray region for larger changes. Light rays are drawn to show the location of the image of the top of the object. The rest of the image if filled in naturally. You can also change the image height and the radius of curvature of the mirror. The location of the object, d, and its image, i, are provided. Play with the parameters and observe what happens. In particular, for the height of the object at 5 and the mirror radius at 10, record what happens as the object moves towards the mirror. What can you say about the size of the image, if it is real or virtual, upright or upside down? Test your observations with other parameters. Find the concave mirror at your table and see how the above can been seen physically.

Convex Mirrors

The setup for this system is similar to the last one, except now the radius of curvature is negative. Such mirrors, whose centers are closer to the object, are called convex. Follow the same procedure as you had in the last module and record your observations. Find the convex mirror at your table and see how the above can been seen physically and compare to the concave side.

Apparent Depth

In this lab you will investigate refraction of light. When you look into a pond and see a fish, or any other object in the water, it will appear to be closer than it really is. This is due to the refraction of the light from the object as the light emerges from the water. By clicking on the figure, you will get the refracted light ray and the apparent ray. By clicking several times in the upper, or lower, medium, you can find the apparent depth. Do this and make observations. 

Thin Lenses

We now look at how light refracts through lenses. There are two types of lenses, converging and diverging. Converging lenses are thicker at the center than the edges. Light incident on such a lens will bend towards the central axis. Parallel rays will bend through such a lens and converge on a point on the opposite side of the lens. This is called the focal point and it distance, the focal length, characterizes the lens. A diverging lens, on the other hand, does not focus the rays, but spreads them away from the focal point. Such a lens will have a negative focal length. Thus, it is often called a negative lens, while converging lenses are called positive lenses.

The setup for this system is similar to the mirrors, except now the lenses have focal lengths, f. You can move an object and observe the nature of the image. For converging lenses, choose positive focal lengths and for diverging lenses pick a negative focal length. Make a thorough study of thin lenses and record your observations about the lenses. Make observations related to the lenses on the lab table.

Prism

Another refracting system is a prism. In this part you can play with an isosceles prism. The slider rotates the prism and incident waves on the left side of the prism are refracted through the prism. Information about some of the angles is provided. You can also plot one ray at a time. The angle between the incident ray and the emergent ray is call the deviation angle. There is a particular incident angle, which will give a minimum deviation angle. Play with the prism, make observations and find the minimum deviation angle for a 60 and 45 degree apex. 

Sphere

A common physical phenomenon is the scattering of sunlight by raindrops into a rainbow. In this module you can observe the refraction and reflection of light in a sphere. You can vary the material compositions of the sphere and the medium in which it is immersed. A slider is provided to vary the height at which a light ray impacts the sphere. The entering ray refracts and continues until it reaches the opposite side of the sphere. At this point part of it will leave the sphere and part will reflect. You can control the number of observed internal reflections and the resulting emergent ray. Play with the module and make observations. Set the number of internal reflections to one. How do the rays depend upon the height of the incident ray? How does increasing the index of refraction of the sphere affect the emergent ray? What do you think causes an emergent rainbow from an incident beam of sunlight?
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