Name: __________________________________________
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Jell-O Lenses!
Student Packet
Objective:

The goal is to look at the way light bends.  We will be demonstrating Snell’s law, index of refraction, and focal length as they relate to the curvature of a lens.
Materials:

· Jell-O in sheets
· Protractors with rotating measuring arms

· Laser pointers taped to protractors (DO NOT POINT THEM ANYWHERE UNLESS SPECIFICALLY INSTRUCTED)

· Clear sheet protectors (sleeves) containing the protractor handout
· Circular cookie cutters of different sizes (2 or 3 should be sufficient, and sharper is better)

· Rulers

· Visa-Vis pens
Part 1: Snell’s Law

Different materials/media bend light differently according to their respective indices of refraction (n).  Snell’s Law relates the index if refraction of a medium to the resulting angle (θ2) of light for a given incident beam at angle θ1:
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Air has an index of about 1.  Using the protractors and lasers, you will calculate the index of refraction of Jell-O.  For this experiment, n1 and θ1 relate to measurements for air (i.e. n1=1).  Also, n2 and θ2 relate to measurements for Jell-O.  Angles are measured from the normal—a line perpendicular to the surface of the Jell-O.
Set-up:

The plastic protractor should be placed on the paper protractor making a circle, with the 0/180° marks lined up.  Place the Jell-O on the paper protractor so that the edge of the Jell-O is lined up with the flat edge of the protractors and at the arm’s axis of rotation.  When you rotate the laser, the beam at the face of the Jell-O should never move. 

*In this set-up, subtract 90° from all measured angles (e.g. 90° is 0°).
Collect Data

Fill in the table below for θ2:

[image: image2.emf]Angle (in degrees)

θ1 θ2 n2

Trial 1 0 ----------

Trial 2 10

Trial 3 30

Trial 4 45

Trial 5 60


Data Analysis:

1. Using Snell’s law, write an equation for n in terms of θ1 and θ2.
2. Fill in the above table for n2.

3. What is the average value for n2?

4. Using this value, calculate θ2 for θ1 = 20°.  (Show your work.)
5. Now measure θ2 for 20°.  How does this compare to your calculation?

6. The index of refraction of water is about 1.3.  How does this compare to your measurement?  Does this make sense?

Part 2: Optical Power and Focal Length of a Thin Lens
Optical power can be thought of as how strong a lens is: i.e., how much it bends light.  The inverse of optical power is focal length.  For a thin lens with only one curved surface, they are both related to the index of refraction of the lens material and the curvature of the lens via the following equation:
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Where R is the radius of curvature (i.e. the radius of the cookie cutter), n1~1 for air, and n2 is the index of refraction of Jell-O.  Note that R is positive in the convex case and negative in the concave case (shown below).  The focal length, f, is also the distance at which collimated light (like laser light!) focuses, or crosses the optical axis.
Using the cookie cutters, you will create a set of lenses each with a different focal length.  You will then calculate the focal lengths of your lenses, and then you will verify their calculations by measuring the focal lengths using the laser and a ruler.
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Set-up:
Using the cookie cutters, cut the Jell-O into plano-convex lenses of different radii.  Then lay one lens on the optical axis and shine the laser through the lens, parallel to the optical axis (like the red path in the image above).  Using your worksheet as a target, trace the beam to the point at which it crosses the axis.  Mark that point and measure the focal length.
Lens 1:
1. Measure the radius of your cookie cutter, R.  (Remember diameter = 2 x R.)  Using n1 = 1 and n2 from Part 1, calculate the focal length of your lens.
2. How does your measurement compare to your calculation?  Explain.

Lens 2:
3. For your second lens, use a different cookie cutter to make a new lens.  Measure its focal length, f.

4. Using f, n​2, and n1=1, calculate R, the radius of curvature of the cookie cutter.

5. Now measure the radius of your second lens—how does it compare to your calculation?
f





R





R





f





optical axis





optical axis








_1392028930.unknown

_1393151499.xls
Sheet1

				Angle (in degrees)

				θ1		θ2		n2
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