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Fig. 2. Plot of the predicted irradiance from a small lamp.

many factors—often unsuspected ones—
can alter the shape of the theoretical
curve shown in Fig. 2. For example, the
size of the source should be as small as
possible. Generally, the size of the source
should be at least one tenth or smaller
than the size of the area being considered
at the first measuring point (1 in Table 1).
If the size of the source is any larger than
this, the inverse square law will not hold
true until the distance from the source be-
comes great enough to rule out the-error.

The inverse square law will not neces-
sarily hold true for energy waves that are
projected as a beam. If the beam is very
uniform and fairly broad, the law may
hold true. However, if the beam is very
narrow, the law will not hold true. This is
the case with beams from most lasers and
highly collimated light sources.

Testing the Inverse Square Law

You can test the inverse square law with

the help of a light meter and light source.
The success of your test will be deter-
mined by your care in performing the
measurements. The light source should
be as close as possible to a point source.
An incandescent bulb with a clear glass
envelope is a good choice for the light
source. Absolutely no light other than
that from the source must be allowed to
strike the light meter’s detector. Even
light from the source that’s reflected
fromits base and nearby objects and then
back toward the detector will distort your
measurements.

To meet these requirements, you
should conduct your test in a darkened
room. All reflecting objects should be
moved away from the detector’s field of
view. If thisisn’t possible, cover these ob-
jects with a diffusely reflecting black
cloth. Also, you should wear dark cloth-
ing for the same reason.

If youdon’t have alight meter, you can
make a suitable substitute from a silicon
solar cell and a multimeter. The meter
should be able to measure currents as low
as tens of microamperes.

You’ll obtain even better results with
the circuit shown schematically in Fig. 3.
Use a silicon photodiode or small-area
silicon solar cell for the sensor. The oper-
ational amplifier should have a low input
bias current and low offset voltage. For
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Fig. 3. Schematic diagram of a simple light-measuring circuit.
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ble light. Therefore, this page is a very
good diffuse reflector of light. On the
other hand, sound waves are huge com-
pared to the roughness of this page.
Therefore, when this page is perfectly
flat, it’s a good specular reflector of
sound waves.

Figure 5(A) shows how light is reflect-
ed from a perfectly diffuse reflector. The
reflection of light from a perfect diffuser
follows Lambert’s cosine law, which
holds that the intensity of a ray of light
reflected from a diffuse surface varies
with the cosine of the angle the ray makes
with an imaginary line normal (perpen-
dicular) to the surface of the reflector.

Table 2 shows what Lambert’s law pre-
dicts for a perfectly diffuse reflector that
is illuminated by a beam of light perpen-
dicular to the surface of thereflector. The
reflected intensity in the light level is a
constant distance away from the point at
which the incoming ray strikes the reflec-
tor. The reflected intensity is found by
multiplying the intensity at the normal
angle (0 degree) by the cosine of the angle
of the reflected ray.

In my work to develop various kinds of
infrared travel aids for the blind, I’ve
found that many surfaces come close to
being perfect diffuse reflectors. Good ex-

amples are some fabrics, wall paper and
surfaces coated with flat paint.

Figure 5(B) shows how light is reflected
from a perfect specular reflector. If the
surface of the specular reflector is per-
fectly flat, the reflected beam follows
three laws:

(1) The angle of the reflected ray is
equal to the angle of the oncoming ray.

(2) The oncoming and reflected rays lie
in the same plane as an imaginary normal
line extended perpendicularly from the
surface of the reflector.

(3) The divergence or spread of the re-
flected beam is equal to that of the on-
coming beam.

Most mirrors are made by applying a
thin film of aluminum or silver to the
back of a sheet of glass. Therefore, these
so-called second-surface mirrors have
two specular reflecting surfaces. The
front surface of the glass acts as the first
reflector, while the reflective coating ap-
plied to the rear surface of the glass func-
tions as the second reflector. This.means
that second-surface mirrors will reflect
an oncoming ray of light as two parallel
rays. This effect is magnified as the mir-
roris tilted with respect to the angle of the
oncoming ray.

Many natural and artificial surfaces

exhibit both diffuse and specular reflec-
tance properties. Consider what happens
when light strikes the shiny surface of a
leaf or a freshly waxed car. In both cases,
the waxy surface of the material is very
smooth and partially transparent. Since
the surface is very smooth, it functions as
a specular reflector. The tissue or paint
below the wax usually has a rougher sur-
face and functions as a diffuse reflector.

Figure 5(C) illustrates how an object
can exhibit both specular and diffuse re-
flectance. In the real world, the reflec-
tions can be much more complicated than
is shown in this simplified drawing. For
example, if the specular front surface has
a thin coating of dust, it alone will also
produce both a specular and a diffuse re-
flection. Too, the diffuse reflection from
the second surface can be altered in vari-
ous ways as it passes through the front

Jlayer of specular reflecting material.

It’s interesting to note that changing
the shape of a specular reflector can cause
it to simulate.a diffuse reflector. For ex-
ample, a flat sheet of polished metal is a
specular reflector. Bending the metal into
a cylinder will cause an oncoming beam
of light to be reflected as a broad, diffuse
(spread out) beam.

A flat sheet of aluminum foil is a spec-
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Fig. 5. lllustrating the reflection from (A) a diffuse surface, (B) a specular reflector and (C) a combination of the two.
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