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Fig. 2.3: Setup for measuring object-image relationships

III - Dispersion and Total Internal Reflection

The index of refraction in most media depends on the wavelength. For the
acrylic lens, this means that different colours emerge from the lens at different
angles. This effect, known as dispersion, is most obvious for large angles of
refraction near 90°.
1. Observe dispersion. Leave the Parallel Ray Lens in place and insert the

Slit Mask over the Slit Plate so that only one central ray is transmitted.
Rotate the table so that the ray emerges from the Cylindrical Lens near 90°.
You should be able to see the ray split into a rainbow of colours from blue
to red on the table. You can mount the viewing screen on the Ray Table
Component Holder and place this on the table to view and measure the
angular dispersion of the colours. Measure the angles of the two extremes
of the visible spectrum you see: blue and red. Estimate their respective
refractive indices.

When light rays hit the surface between media of different refractive indices,
there is always a reflected ray. There may or may not be a refracted ray going
into the other medium. When the index of refraction of the medium from
whence the light ray comes is larger than the index on the other side then there is
an angle of incidence above which no ray is transmitted through the surface. The
critical angle is the angle of incidence for which the refracted ray’s angle is
exactly 90°. Light incident above the critical angle is totally reflected. This is
called total internal reflection.
2. Measure the critical angle. Leave the Parallel Ray Lens and Slit Mask in

place. With the Cylindrical Lens on the Ray Table, rotate the table until the
critical angle is reached. Measure this angle. You may wish to use one of
the coloured filters because the critical angle will depend on which colour
you look at.

IV - Object-Image Relationships of a Convex Lens (E)

You will now graduate from the cylindrical ray-tracing lens to a real convex lens
and observe the relationship between object position and image position and
how these distances relate to magnification of the image.
1. Find the depth-of-field uncertainty for focussing. Set up the Crossed

Arrow Target, the 75 mm lens and the Viewing Screen as shown in Fig 2.3.
With the light on move the lens until a sharp image of the target appears on
the Viewing Screen. Observe the characteristics of the image: Is it
magnified or reduced? Inverted or upright? About how far can you move
the screen back and forth with the image still appearing sharp? This range
is called Depth-of-Field and will be explored later. For now recognize that
it contributes to measurement uncertainty.

2. Measure object and image distances and magnifications. Choose five or
six s distances between 50 and 500 mm. Measure and tabulate the
respective s′ values. Also record the height of the image for each case so
you can calculate the magnification.


