
Reflection, Refraction, Dispersion

APPARATUS

1. A lamp housing containing a tungsten filament lamp and a lens which when properly adjusted

with respect to the source will produce a beam of parallel light.

2. A drawing board on which a plate with five parallel, vertical slits is mounted. On the board

side of this plate are two movable shutters which can control the number of exposed slits. On

the source side of the plate there are channels to hold filters.

3. A box containing a red filter, a blue filter and the following optical parts: (letters have been

assigned to these parts and these will be referred to by the appropriate letter in the following

directions).
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The bottom surface of each glass piece (C through H) is frosted; thus the path of a beam will be

visible as it passes through the piece. Caution: Handle optical parts with care, keep surfaces clean.

Use only the lens paper supplied to clean them. Keep all parts in their proper compartments in

the box when they are not in immediate use.
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INTRODUCTION

The following exercises illustrate the basic behavior of light rays undergoing reflection and refraction

in simple mirrors, lenses etc. All of these effects follow from Snell’s law and the law of reflection

which may be taken as empirical rules.

Before coming to the laboratory read the chapters in your text which relate to reflection, refraction,

mirrors and lenses.

PROCEDURE

Place the lamp housing with its lens about an inch from the slits. Place a piece of white paper on

the board, [Lens paper may be obtained from the instructor’s desk.)

Expose all five slits to the source. Adjust the position of the source relative to the board so that all

five beams are visible on the paper, are parallel to each other, are perpendicular to the slit plate,

and are approximately of equal intensity.

To record the path of a beam use a sufficient number of pencil dots (not dashes) so that later a

line can easily be drawn through them. Always mark the outline of the optical part on the

paper. Use a sharp pencil point.

Part I: Regular Reflection from Plane Mirror (A)

Adjust shutters to allow only one beam to fall on the paper. Place (A) at some angle relative to the

beam. Record the path of the incident beam, and of the reflected beam. Draw a line to represent

the reflecting surface. Repeat for another angle of incidence. For both cases, measure the angles

of incidence and reflection, Check the law of reflection. Show your work.

Part II: Reflection from Concave Mirror (B)

Allow three adjacent beams to fall on the concave surface of (B). (Note: you are on the concave

side of a spherical mirror when you are ”inside” the sphere, and on the convex side of the mirror

when you are outside the sphere. Thus, for mirror B shown on the first page of this experiment the

concave side is the right side and the convex side is the left side). Move (B) until the central beam

is coincident with the principal axis of (B). [Thus, this center beam will pass through the center of

curvature ”c” of the mirror.] Trace the paths.

QUESTIONS FOR PART II

1. What name is given to the point of intersection of the rays reflected from (B)?

2. Find the distance of this point of intersection from (B), What is this distance called?

3. How is the distance related to the radius of curvature of the mirror, (See your text)
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4. Challenge: From plane geometry we know that for a circle the perpendicular bisector Of any

chord will pass through the center of the circle. Draw two chords on the circular arc B, draw

their perpendicular bisectors, and find the center of curvature for the arc B. Find the radius

of the circular arc B, and compare the radius with the focal length you found above. Does

the ratio of radius to focal length agree with that given in the text?

Part III: Reflection from Convex Mirror (B)

Repeat Part II but place (B) with its convex surface facing the source. (Extend the reflected beams

back to find the point of intersection). Find the focal length. How is the focal length related to

the radius of curvature. Check your result against theory.

Part IV: Refraction through Parallel Surface (H)

Allow a single ray to fall at the midpoint of the long side of (H) Make the angle of incidence

approximately 30◦. Trace the path of the beam as it passes through and emerges from the glass.

Apply Snell’s law to find the index of refraction from the refraction at both surfaces of the glass.

Show your work.

Part V: The Critical Angle (D) for Total Internal Reflection

Allow one ray to fall on the curved surface of (D). Adjust the position of (D) until the ray inside

the lens passes through the center of the plane surface of (D) and emerges on the opposite side,

why doesn’t the ray bend when it enters the glass? Now rotate (D) about the above center in

a direction so as to increase the angle of incidence at the plane surface. What happens to the

emergent beam? Continue rotating until the critical angle for glass is reached at the plane face.

Observe the emergent beams, noting the colors and the change of intensity when the critical angle

is reached. Measure the critical angle and determine the index of refraction for glass. Compare this

value with those obtained in Part IV. Increase the angle of incidence at the plane surface further.

Record the direction of the beam as it leaves this surface. Measure the angle it makes with the

normal to the surface. Compare with the angle of incidence.

Part VI: Refraction through a Double Convex Lens (E)

Allow 3 adjacent beams to fall on (E), Have the center beam lie as closely as possible on the

principal axis of the lens. Upon emergence the beams will intersect at a point. What is the point

called? Measure its distance from the center of the lens segment. Locate this distance when a blue

filter is introduced. Repeat with a red filter. Account for any shift in the position of the point of

intersection.

Part VII: Refraction through a Double Concave Lens (F)

Repeat Part VI using (F), omitting the filters.
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Part VIII: Spherical Aberration

Place (E) on the board as above but expose it to all 5 beams. Record carefully the directions and

intersections of the emergent rays. Repeat with (F), Discuss briefly what is observed in both cases

and give an explanation.

Part IX: Totally Reflecting Prism (G)

Allow 3 beams to fall on prism (G). Place (G) in position relative to the beam so as to change the

direction of the beams by 90◦. Now place (G) so that the beam direction is changed by 180◦. Trace

each case. Number the beams and note that the prism inverts their order.

Part X: Deviation due to a Prism (H)

Use the 60◦ angle as the angle of the prism. Trace the path of light through the prism for incident

angles of approximately 35◦, 45◦, and 75◦. The angle of deviation is the angle formed by the

forward extension of the incident beam and the backward extension of the emergent beam. How

does the deviation vary with the angle of incidence?

Is there a minimum angle of deviation? Rotate the prism and watch the emergent beam.

Introduce a red filter. Adjust the prism for minimum deviation for red. Draw sufficient rays (as in

the figure below) to find the minimum angle of deviation. Find the index of refraction, n, of the

prism material, using the formula:

n =
sin

[
1
2(A + δmin)

]
sin

[
1
2A

]

Part XI. Dispersion

With the 60◦ prism set as in Part X for white light, observe the spectrum of white light. Carefully

record the difference in the value for the angle of minimum deviation for red and for violet. This

difference is the angle of dispersion for the prism.
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