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= Opposed Configuration
= Diffuse Reflective Configuration
= Retro Reflective Configuration

Whether you are sending asimple on and off signd or high speed computer data, some kind of light path
must be establish between the light transmitter and the distant receiver. The three basic waysthe
information can be transferred are: "Opposed”, "diffused reflective” and "retro reflective’. Every
communications system will use one or more of these methods.

Opposed Configuration

Asillugraed in Figure 4a an "opposed” or "through beam™ configuration points the light transmitter and
the receiver directly at each other. Although much of the light launched by the tranamitter may never reach
the distant recaiver assembly, sufficient light is detected to pass information. Since thereis only air between
the transmitter and receiver, it isthe most commonly used configuration to transmit information over long
distances. Mogt optical communications systems rely on this configuration. Remote controllers for
televisons, VCRs, audio systems and computers dl rely on this direct light link method, since it makes the
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mogt efficient use of the trangmitted light.

OPPOSED CONFIGURATION

Figure 4a

Asthe light emerges from the end of the tranamitter it immediately begins soreading out. The light forms
acone shaped pattern of illumination. The spreading out of the light beam means the area being
illuminated a the distant receiver will dways exceed the receiver's light collecting area. The light that
does not actudly dtrike the recelver assembly istherefore log. If you tried to design asystem so dl the
launched light hit the receiver you would soon discover that it would be impossible to maintain proper
dignment. Smdl vibrations, building sway and even air disturbances could bend the light beam enough to
miss the receiver assembly dtogether. An intentiona over-illumination scheme works the best, snce it
dlowsfor some misdignment without the complete loss of the light sgnd. When designing asystem
using an opposed configuration you can use the range equation discussed in the last section as away of
predicting how much light will strike the receiver, how much light power needs to be launched and what
kind of divergence angle is needed to establish a communications link over a specified distance.

TOP

Diffuse Reflective Configuration
When you look at the stars a night, car headlights or & the sun, your eyes collect the light that is coming
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directly from the light source. When you look at the moon, a movie screen or when you look at the light
reflected off walls from atable lamp, you don't see the source of the light, but the light that happensto
reflect off the object being illuminated by the source. Unless the object has a mirrored surface, the light
that dtrikes the object spreads out in dl directions. The light that you seeis only avery smdl portion of
thetotal light that actudly illuminates the object. This"diffuse reflective” configuration, as shown in
Figure 4b isatechnique that is very useful in some communications systems. It is especidly good for
short distances when multiple reflections dlow the light receiver to be amed, not at the light source
directly, but at objects being illuminated by the source. Some cordless stereo headsets use such a
method to give a person some freedom of movement as he listens to music. These systemns bounce the
light off the walls, ceilings and floors with sufficient power that enough light finds its way to alight
detector attached to the headset, no matter how the headset detector is oriented.

DIFFUSE REFLECTIVE CONFIGURATION

Figure 4b

The amount of light detected by the receiver is very dependent on the nature of object's surface that
reflects the light. As an example, walls painted with white paint will reflect more light than those painted
with dark paint. Also, rough surfaces will tend to reflect less light than smooth surfaces. Most surfaces
reflect the light in a hemispherica pattern with more light being bounced straight back toward the light
source then off to the Sdes. When you are trying to predict the behavior of such reflectionsit is best to
think of the area of illumination as an independent light source, which has a 90 degree hdf-angle
divergence pattern. Then, if you know the acceptance angle of the light receiver and its collection area,
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you can use the range equation to calculate how much of the tota light reflected will be collected by the
light receiver.

If asingle surface reflection isto be used, it isbest to try to illuminate the smallest area possible. This
concept can beillustrated by imagining how your eyes respond better to a brightly lit spot reflected off a
wall than to abroad flood light. By concentrating most of the light onto asmal area more light will be
reflected back to anearby receiver that isamed at the illuminated area. However, when multiple
reflections are desired, such as done with the stereo headsets, asmall or large illuminated areawill work
just about the same. In detecting light from single reflections you should plan to use alarge collection
area, with asmall acceptance angle. The receiver would be aimed directly at the illuminated spot.
However, for multiple reflection gpplicationsit is best to use a detector with a very wide acceptance
angle. Detectors usang large lens collectors will have little effect in multiple reflection cases, snce they
would have narrow acceptance angles.

Asfood for thought, it may be possble to use fluffy white clouds as diffuse reflectors to link two distant
light transcelvers. Some preliminary test results indicate that such a scheme may be possibleif sufficient
light power is launched by atranamitter, usng anarrow light beam and an equdly efficient light receiver
with alarge light collector is used. Such amethod may be very useful in dlowing one powerful
transmitter to be received by multiple light receivers that do not have a direct line-of-sight path to the
tranamitter. The imagined scheme might resemble the bright search lights often used to atract people to
some gda event. Even the tiny amount of light reflected off dust particlesin the ar dlow you to seethe
search light beam moving up toward the clouds many miles away. This concept would be a great area
for an experimenter to try to seeif such asystem could actudly be made to work.

TOP

Asillusraed in Figure 4c if agpecid mirror reflector, called a " corner cube’ reflector, isused to
bounce light from a transmitter to a nearby light receiver, the light transmitter and receiver are said to be
linked usng a"retro reflective’ configuration. A corner cube reflector can be made from a specidly
ground piece of glass or from positioning three mirrors at right angles to each other as shown in figure
4d. Some plastic reflectors often used on bicycles and roadside indicators are actualy large arrays of
miniature molded corner cube reflectors. A corner cube has the unique characteristic that will return
much of the light gtriking the assembly directly back to the light source in apardle path, independent of
the position of the emitter. However, because of the parale path, the light transmitter and receiver must
positioned very close to each other. Some very accurately made corner cube reflectors send the light
back in apath that is 0 pardld that the light recaeiver must actudly be placed ingde the light transmitter
to properly detect the light being returned.
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RO-REFLECTIVE CONFIGURATION
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Figure 4c

corner cube reflectors have awide variety of applications. Severa highly accurate corner cube arrays
were |eft on the moon during some of the Apollo moon missonsin the early 1970s. Scientists have been
using powerful lasers and specialy modified telescopes to bounce light off of the reflectors. By
measuring the time the light pul ses take to make the round trip from the earth, to the moon and back, the
distance can be measured down to inches. Electronic distance measurement devices (EDMs), used by
survey crews, aso use corner cubes and “time of flight” techniques to measure distances accurate to
inches. Some systems have effective ranges of severd miles. Remember, light travels about one foot in
one nanosecond, so for around trip of 10,000 feet would cause a pulse delay of 10,000 nanoseconds
or 10 microseconds.

Some darm systems a o use the retro-reflective technique. Pulsed light is bounced off a distant plastic
reflector and is collected by a nearby light receiver. Objects moving between the light transmitter and the
reflector bresk the established light path, setting off the darm. Some indudtria systems adso use the
technique to monitor products moving down a production line.

When using the retro reflective technique you have to treat the reflector as a distant light source with its
own emitting area and divergence angle. The amount of light sent back by the reflector will depend on
theratio of theilluminated area and the reflector's area. A typicd plastic reflector has an equivaent
divergence angle of about 0.5 degrees. For long range applications a large reflector will be needed.
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Figure 4d shows alarge corner cube reflector you can make yoursdlf. It is made by gluing three glass
tile mirrors together. A sturdy cardboard box will help position the mirrors. One mirror is postioned at
the bottom of the box and the other two converge at the box sides. Y ou would aign such an assembly
s0 the light would enter at a 30 degree angle rdlative to the bottom. The target for such an assembly

would be the point where the three mirrors converge. | have used such a smple mirror for some

experiments and was able to detect reflections over adistance of 10 miles. Larger mirror assemblies or
even multi-reflector arrays are dso possible to increase the effective range. Perhaps you might
experiment with your own large reflector to seeif along range distant measuring systems could be

devised. Using two such reflectors it might be possible to pinpoint your location using triangulation

techniques.

TOP

Figure 4d
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