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Simple lenses and filters can be used to greatly enhance the sensitivity, directionality, and effectiveness of both single- and multicell-vision systems. By placing a lens over a small cluster of light cells, for example, you can concentrate room light to make the cells more sensitive to the movement of humans and other animate objects. The lens need not be complex; an ordinary 1 2- to 1-in-diameter magnifying lens, purchased new or surplus, is all you need. You can also use optical filters to enhance the operation of light cells. Optical filters work by allowing only certain wavelengths of light to pass through and blocking the others. CdS photocells tend to be sensitive to a wide range of visible and infrared light. You can readily accentuate the sensitivity of a certain color (and thereby de-accentuate other colors) just by putting a colored gel or other filter over the photocell.
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		structural support. The circuit simply hangs together in space, waiting to get bumped and shorted out. Wire wrapping replaces soldering with tightly wrapped wires. Though a popular prototyping method, I ve never enjoyed the process so can t recommend it.
Lenses are refractive media constructed so that light bends in a particular way. The two most important factors in selecting a lens for a given application are lens focal length and lens diameter:
Lens focal length. Simply stated, the focal length of a lens is the distance between the lens and the spot where rays are brought to a common point. (Actually, this is true of positive lenses only; negative lenses behave in an almost opposite way, as discussed later.) Lens diameter. The diameter of the lens determines its light-gathering capability. The larger the lens is, the more light it collects.
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		s mentioned in  One, electric motors suffer from a problem that must be solved if they are to be used in robots. They turn too fast with too little torque to be very effective for many robot applications, and if slowed down to a useable speed by a motor speed controller their efficiency drops, sometimes drastically. Stepper motors are the least prone to this problem, but even they loose some system efficiency at very low speeds. Steppers are also less volumetrically efficient, they require special drive electronics, and do not run as smoothly as simple permanent magnet (PMDC) motors. The solution to the torque problem is to attach the motor to some system that changes the high speed/low torque on the motor output shaft into the low speed/high torque required for most applications in mobile robots. Fortunately, there are many mechanisms that perform this transformation of speed to torque. Some attach directly to the motor and essentially make it a bigger and heavier but more effective motor. Others require separate shafts and mounts between the motor and the output shaft; and still others directly couple the motor to the output shaft, deal with any misalignment, and exchange speed for torque all in one mechanism. Power transfer mechanisms are normally divided into five general categories: 1. 2. 3. 4. 5. belts (flat, round, V-belts, timing) chain (roller, ladder, timing) plastic-and-cable chain (bead, ladder, pinned) friction drives gears (spur, helical, bevel, worm, rack and pinion, and many others)
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		There are six major types of lenses, shown in Fig. 32-8. Such combinations as planoconvex and bi-concave refer to each side of the lens. A plano-convex lens is flat on one side
Most of the work in this book is done on breadboards, so soldering is a useful skill to have. Soldering is the process of joining two wires together, or a wire to a circuit board, by melting a soft metal, solder, into the junction.
FIGURE 32-8 Lenses come in a variety of forms. Plano-convex and double-convex are among the most common.
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