
Lab 10. Images with Thin Lenses

Goals

• To learn experimental techniques for determining the focal lengths of positive (converging)
and negative (diverging) lenses in conjunction with the thin-lens equation.

• To learn how to make a scale “ray diagram” for a combination of a positive and negative lens
using three principle rays for each lens and interpret it.

• To understand the specific meaning of the term “magnification” as applied to optical systems
and to determine its value by three methods: (a) direct measurement, (b) calculation using
the thin lens equation, and (c) using a ray diagram.

Introduction

For a simple focusing element with focal length f , it can be shown that
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where s and s′ are the object and image distances respectively. This is called the thin-lens equation.
The object distance is measured from the light source to the center of the lens, and the image
distance is measured from the viewing screen, where the real image is displayed, to the center of
the lens.

An optical bench with a metric length scale attached to it, two lenses and holders, a light source,
and a viewing screen are provided. Some ray box light sources are provided with crossed arrows
that serve as the object to be imaged. When one has a clear view the light bulb in the light source,
the filament of the light bulb can also serve as the object to be imaged. For clearer view of the
image, hang a clean sheet of paper over the glass viewing screen on the side facing toward the ray
box.

Caution: Always secure (but not too tightly) the optical mounts on the optics bench so that
the optical elements do not fall and break. Handle the lenses using the edges only. Your TA
will demonstrate how to put a lens in the lens holder.
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Determining the focal length of a converging lens

Use the optical bench with the light source and the viewing screen to determine the focal lengths
of the two lenses provided, one a converging lens (positive focal length) and the other a diverging
lens (negative focal length). You should be able to tell which is which by looking at their cross-
sections. The focal length of the converging lens should be determined first. This can be done
experimentally by finding pairs of object and image distances that give clear real images of the
light source on the viewing screen. (A “real” image can be projected onto a screen.) Then use
the thin lens equation to calculate the focal length. Repeat this several times using significantly
different values of s and s′.

Find the mean value of the focal length and compute its standard deviation. If you do not know
the how to compute a standard deviation, consult the Uncertainty/Graphical Analysis supplement
to the lab manual.

What happens when you try the same procedure for the negative (diverging) lens?

Determining the focal length of a diverging lens

A diverging lens forms a real image only when used in conjunction with a converging lens. Using
both lenses (place the converging lens nearest the light source), find lens and screen positions that
yield clear images. In this configuration we can measure only the object distance of the converging
lens and the image distance of the diverging lens. Knowing the focal length of the converging lens
from your measurements above, the thin lens equation can be used to find the location of the image
formed by the converging lens. Then treat the image of the converging lens as an object (be careful
of the sign of the object distance) for the diverging lens. Apply the thin lens equation again to find
the focal length of the diverging lens. Note that the sign conventions used in the thin lens equation
demand that the focal length for a diverging lens be a negative number. Repeat this process for
several significantly different lens and viewing screen positions. Calculate the mean focal length
and the corresponding standard deviation.

Drawing a ray diagram for a two-lens system

Pick one configuration of lenses and viewing screen from your measurements on the diverging lens
and draw a complete ray diagram to scale showing the formation of the intermediate image from
the converging lens and the final image of the diverging lens. Ray diagrams for single converging
and diverging lenses are shown in your textbook. Trace the rays for the lens closest to the light
source first; then use the resulting image as the object for the second lens. Use your experimental
values of focal lengths as given values on your diagram. Does your ray diagram predict the correct
location for the final image? Compare the result to your experimental value using the diverging
lens.
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Magnification

Magnification is defined as the ratio of the size of the image to the size of the object being imaged.
When the image is upside down, the magnification is negative. If the image is upright, having the
same orientation as the object, the magnification is positive. Using ray diagrams, one can show that
the magnification (sometimes called the transverse magnification), m, is equal to −s′/s for both
positive and negative lenses. Compare the heights of the object and image in your ray diagram to
determine magnification of the two-lens combination. Compare this value with the magnification
calculated using the thin-lens equation for the same lens configuration, knowing the focal lengths
and positions of the lenses relative to the object and the final image.

Before you leave the lab please:
Remove the lenses from the lens holders and place them in the plastic tray provided.
Straighten up your lab station.
Report any problems or suggest improvements to your TA.


