NS 102 Lab 1 Spring 2010:

Simple Lenses and Optical Systems

Objectives
To demonstrate some properties of simple lenses.
To build a telescope using lenses.

Introduction
A lens forms an image of an object by bending rays of light. The light is bent by
refraction. There are two types of lenses, convex, (which cause parallel light rays to
converge,) and concave, (which cause light rays to diverge). For an illustration of this,
see Figure 1. Points F and F2 in Figure 1 are the focal points of each lens. Distances f
and f from the center of the lenses to the focal points, are called the focal lengths. F , the
focal point of the convex lens, is called a real focus, because light is actually focused at
point F . Point F , the focal point of the concave lens, is called a virtual focus. Light is
not focused onto F2, rather F2 is found by tracing the light rays that emerge from the
concave lens backwards.
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Figure 1: Ray diagrams for convex (left) and concave (right) lenses.
The focal length of the lens depends only on the optical material used to make the
lens and the two radii of curvature of its surface and is given by the formula
#1
1
1&
= ( n !1) " % + (
f
$ R1 R2 '
where n is the refractive index of the material (usually lying in the range of 1.3 to 1.8 for
optical materials) and R1 and R2 are the radii of curvature. The radius is positive for a
convex surface (as viewed from the outside of the lens) and negative for a concave
surface.

Equipment
The equipment consists of some optical elements, a light box that enables you to trace
light through the optics and provide a light sources for imaging experiments and an
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optical bench to hold the elements and allow you to carry out the experiments.
Check List
You should have:
1 Convex Cylindrical Lens
1 Concave Cylindrical Lens
1 Mirror
1 Prism
1 Light box
1 Optical bench
3 Convex Spherical Lenses
1 White Screen

Photograph 1: Cylindrical lenses, mirror, and prism

Figure 3: Optical bench, light box, convex lenses, and screen.
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Experiments
(1)

Ray-tracing

In this section of the lab, we will be tracing light rays through the concave and
convex cylindrical lenses. We will then measure the focal length and radii of curvature
of the lenses in order to determine the index of refraction of the lenses. The light box
produces a set of parallel light rays that can be used to trace light through the optics. The
boxes should be ready to go, if not:
1) Remove the light box from the bracket if it is attached.
The power cord from the transformer must be unplugged from the light box
before taking the bracket off or putting the bracket on.
To remove the light box, hold the light source box in one hand and pull outward
on each of the bracket’s two sides, pulling the light box’s side tabs out of the
bracket.
2) Plug the power cord into the side of the light box.
3) Set the light box on a piece of white paper on the table. If you set the light box
on the table with the label side up, it will produce white
light rays. If the label side is down, it will produce the three primary colors.
4) Slide the plastic mask until 5 white rays are produced. Try putting the prism into the
beam and notice how it bends the light, the steeper the angle of the prism, the more it
bends the light.
5) Take the cylindrical convex lens and place it on the white paper and adjust the ray box
so that the rays go straight into the convex lens. Note that the lens is curved so that the
further the surface of the lens is from the optical axis the more it bends the light, and it
does this in just the right way to focus the image.
6) Trace around the surface of the lens and trace the incident and transmitted rays with
arrows in the appropriate directions.
7) Measure and record the focal length of the lens in centimeters.
The place where the five refracted rays cross each other is the focal point of the
lens. Mark the focal point on your paper.
The focal length is the distance from the center of the lens to the focal point.
Suppose a light source were placed at the focal point. Describe and draw the path of the
light rays emerging from the lens.
8) Repeat steps 5 thru 7 with the concave lens.
Be sure to leave enough room on both sides of the lens for your tracing of this
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lens. In this case, the rays that pass through the lens do not cross but instead appear
to come from a virtual focus.
Extend the outgoing rays back through the lens and notice that they come to a
common focus on the other side of the lens.
Mark the focal point of the lens on your paper.
Measure the focal length of this lens from this focus to the center of the lens. By
convention, concave lenses are given a negative focal length.
9) Put the convex and concave lenses together and place them in the path of the parallel
rays. Describe the path of the light rays.
What does this tell you about the relationship between the focal length of these
two lenses?
Keeping the convex lens fixed, move the concave lens away.
Reverse the order of the lenses.
Describe the effects of the combinations of the two lenses.
Trace at least one pattern of this type.
10) Measure the radii of curvature for each lens. This is quite hard. One way of
measuring the radius is to draw round the curved surface with a pen/pencil and then
adjust the radius of compass till it appears to match the radius you have drawn with a pen.
The surface of a lens is just a small patch of a sphere (or a cylinder, as in this
case). The radius of curvature is the radius of that sphere (or that cylinder).
11) Determine the index of refraction of the lenses using the formula given in the
introduction.
12) Enter the focal length, radii of curvature, and index of refraction for each lens into
Data Chart 1.
Lens type

f (cm)

R1 (cm)

R2 (cm)

Refractive
Index n

Convex
Concave

(2)

Optical Bench

In the next part of the experiment, we use the optical bench and lenses, which have
surfaces that are spherical in shape rather than cylindrical.
1) Mount the light box on the bracket on the optical bench. You will need to unplug the
power cord from the light box before taking the bracket off or putting the bracket on.
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To attach the light box to the bracket, hold the light source box in one hand and
pull outward on each of the bracket’s two sides and insert the light box’s side
tabs into the holes in the sides of the bracket.
The crossed-arrow target (the printed image on the surface of the light source)
should face the front side of the bracket. The label side will be up.
The light box should click into place.
2) Attach the bracket to the optical bench.
Insert the nut into the T-slot in the center of the track.
The bracket can slide to any position on the track while the thumbscrew is loose.
Move it so that the target is at 0 cm. Tighten the thumbscrew. You should now be all set
with the light.
3) Snap the lenses into place on the bench. To do this, grasp the lens holder at its base,
squeeze the locking clip on the side of the holder and snap the lens into place. When the
locking clip is released the lens is held firmly in place.
The lenses can be slid and held into any position on the optical bench. To move the lenses
along the track, squeeze the locking clip while sliding the lens.
4) Move the lens of focal length 10 cm so that it is about 15 cm from the light box.
Measure and record the distance between the lens and target ( the target is the object)
5) Mount the viewing screen on the optical bench.
6) Move the screen until you get a sharp image of the light source.
Record the position of the lens and the screen. The screen should be about 30 cm from
the lens.
Measure the size of the image of the target on the screen and measure the size of the
target itself.
7) Move the lens slowly toward the screen.
The image will go out of focus but will come back into focus with the lens in a
new position. Record this position and measure the new size of the image.
8) Calculate the focal length of the lens from your measurements.
The focal length, f, of the lens can be determined using the formula
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Where di is the distance from the lens to the image (screen) and
do is the distance from the lens to the object (target on the lightbox).
9) Calculate the magnification you should expect from your measurements of di and do
using the following formula:
M calc =

di
do
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10) Determine the actual magnification, which is defined as:
Sizeofage
M measured =
SizeofObject
11) Fill in Data Chart 2 on your worksheet.
Position

di (cm)

do (cm)

Mcalc

Mmeasured

f (cm)

#1
#2
12) Answer the following questions:
How do the calculated and measured magnifications compare?
Is the image formed by the lens upright or inverted?
Is the image real or virtual? How do you know?

Building a telescope
An astronomical telescope can be constructed with two convex lenses. The ray
diagram for this experiment is shown in Figure 4.

Figure 2: Ray diagram for a telescope.
1) Before making the telescope discuss with the laboratory assistant (TA):
Why are at least 2 lenses needed to make a telescope?
The lens arrangement in Figure 2 takes a collimated light beam (parallel rays), and
turns it into another collimated light beam. What is gained?
For an object at infinity what should be the separation between the two lenses?
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2) Adjust the distance between the two lenses to be your calculated separation.
3) Put your eye near the lens 2 and see if you can image objects at the other end of the
laboratory.
Adjust the distance so that you get a good focus.
Move your eye carefully from side to side. Note that the image moves and that it
is quite difficult to position your eye in a good position.
4) Answer the following questions:
How does the experimental distance compare with your calculated distance?
Why might these not agree?
Is the image upright or inverted? Why?
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