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A. A SENSORY AID WITH TRANSISTORS

The optical probe discussed in this and previous Quarterly reports under "Sensory
Replacement" (see Sec. XIV), has been transistorized and redesigned mechanically.
The function of this sensory aid is to provide an audible signal whose frequency is pro-
portional to the intensity of the received light. The received light may originate from
ambient sources external to the device or from a tungsten bulb incorporated in it.

A photograph of a disassembled unit, together with a meter-reading probe, is shown
in Fig. X-1. The 4.5-inch cylindrical tube contains an optical lens, an electronic
package, a battery, and a switch in the screw cap. The V-shaped probe is attached to
the tube by a twist-lock feature and contains a small prefocused pen-light bulb. The
bulb is contained in a holder that can be attached to either of two probes by a twist-lock
feature. The over-all length of the device with a probe attached is approximately 5.5
inches.

The optical lens has a diameter of 0.5 inch, a focal length of 0.5 inch. It is mounted
in a movable tube. A milled slot (shown in Fig. X-1) provides two prefixed focal dis-
tances for the lens: a focus at infinity for use with ambient light sources, and a focus
at 1 inch for use with probe attachments.

A circuit diagram of the electronic section is shown in Fig. X-2. The circuit is a
two-stage, capacitance-coupled, free-running multivibrator. The transistors are low-
noise pnp junction transistors. The frequency of oscillation of the multivibrator is con-
trolled by the time constant
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where C1 is the value of capacitance of the coupling capacitor, R1 is the equivalent
resistance of the photocell, and Rd is the sum of the diode and transistor resistances
under reverse bias conditions. Since the effective resistance of the photccell is approxi-
mately an inverse function of the intensity of the received light, the frequency will be
related linearly to the received light intensity. The silicon diode is employed to make
the value of Ry large compared with R in low 1e§/els of light intensity. Since the dark
resistance of the photocell may easily exceed 10 ohms, whereas the input resistance

of the transistor with reverse bias applied may be as high as 106 ohms, the diode is
necessary to extend the frequency range of operation. Under normal conditions, the
waveform of the multivibrator is highly asymmetrical. If the probe is employed in

direct sunlight, the photocell resistance becomes very low, and the mode of operation
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becomes more symmetrical with a final limit of sinusoidal operation. The transistors
are not bias-stabilized; however, no difficulty with thermal instability was noted.

The range of frequency variation is from a few pulses per second to several thousand
pulses per second. At very low light levels the nonlinear characteristics of the photo-
cell and diode cause the loop gain to fall below unity; hence the oscillation fails. If
operation at very low light-intensity is necessary, sustained oscillation can be main-
tained by the use of a supply voltage of 3.0 volts or greater.

The current drawn from the battery by the transistor circuit varies from 650 pamp
to 550 pamp as a function of the light intensity. Thus, the operating life of the battery
is a few hundred hours with the bulb disconnected. With the bulb connected, the
battery life is a few hours, since the bulb current is approximately 200 ma. If the
attachments requiring bulb operation are to be used continuously, it is advantageous
to employ an external 1.5-volt dc supply operated from a convenient line source.

In Fig. X-3, the probe is shown as it is normally used to read the deflection of a
meter needle. A transparent plastic overlay with a series of "raised" markings is
placed on the glass surface. The probe is moved over this overlay until the large change
in frequency, indicating the location of the meter needle, is observed. The center of
the probe is then measured tactually with respect to the raised markings. The probe
is designed to focus at a depth below the overlay of approximately 0.19 inch, which
corresponds to the vertical locations of the needle. The printed numbers and markings
on the meter scale cause background noise, but the change in frequency caused by these
sources is small compared with the change caused by the needle. For some meters,
those having a needle of width that is small compared with its depth, the location of the
needle and the shadow of the needle (created by the angular incidence of the light from
the bulb) are difficult to distinguish. With the present arrangement the location of the
needle can be detected within an accuracy of a few per cent.
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