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Fig. 1 - Bearing readout system

initiated either by an operator-controlled pushbutton or by a clock-motor-driven switch.
The converter also has four 10-line outputs to operate a visual readout of the selected
azimuth. This visual readout consists of four Nixie indicator tubes.

The comparator circuitry produces an output when the selected azimuth from the
converter matches the instantaneous azimuth from the counter output driver. This output
is used to form the comparison pulse of the electronic alidade.

Cireuit Details

Counters and Output Drivers - The counter string consists of four LFE Model 1704
decade counters. Since the maximum anticipated goniometer speed is 20 rps, the maxi-
mum possible counting rate is 3600 x 20 or 72 ke, which is within the 100-kc rating of
these counters. Each counter consists of four Eccles-Jordan circuits connected in cas-
cade with the usual feedback between stages so that the scale of 16 is permuted into a
scale of ten with 1-2-2-4 weighting.

The plate of each Eccles-Jordan circuit which is nonconducting (i.e., more positive)
after commutation is available as an output through a 1.5-megohm isolating resistor.
Each of the 14 significant counter outputs is connected to an output driver, the circuit of
which is given in Fig. 2. This driver provides a low-impedance output and inverts the
signal so that the absence of a bit is indicated by a voltage above +3 and presence by a
voltage below -6.
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Fig. 2 - Counter output driver
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Azimuth Pulse Forming Circuit - Figure 3 is the circuit diagram of the unit that
forms the pulses counted by the azimuth counter. The sine waves from the tone wheel
are amplified by V1 and V2a, and then squared by the Schmitt circuit, V3. The resulting
square waves are differentiated and the pulses are sent to the split-load phase inverter,
V2b. The positive pulse associated with each zero crossing of the original sine wave is
selected by the diode pair and amplified by V4a, which, in turn, triggers the monostable
multivibrator, V5, through a keying diode. V5 produces a positive pulse of suitable width

to drive the leading counter, and this pulse is inverted and raised to a suitable amplitude
-by V4b.
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Fig. 3 - Azimuth pulse forming circuit

North Pulse Forming Circuit - Figure 4 is the circuit diagram of the unit that forms
the north pip. This pip is used to reset the counters to zero and is also sent to the remote
units. The pip from the magnetic pickup is amplified by V6 and V7a. The amplified pip
is converted to a square positive pulse by the Schmitt circuit, V8. This pulse is fed to
amplifier V7b, and is used to trigger the monostable multivibrator, V9, through a keying
diode. V9 produces a positive pulse of suitable amplitude and width to reset the counters.
This pulse is fed to the output cathode follower, V10. It should be noticed that V10 is
biased so that its cathode would normally rest below ground if it were not for the diode.
This arrangement assures a low-impedance ground on the reset bus.
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Converter - The input to the converter consists of binary-coded decimal weighted
1-2-4-8 in which a signal in the range -4 to -6 volts represents “on” and a signal in the
range +1/2 to -1/2 volt represents “off.” One role the converter must perform is to
convert this coding to a 10-line signal for the visual readout. Table 1 displays the 1-2-4-8
coding. In this table, a 1 represents “on” and a 0 represents “off.” Now, letting a prime
indicate negation and letting a plus sign indicate the logical “or,” the usual Boolean manip-
ulations yield the results summarized in Table 2.

Table 1
1-2-4-8 Weighting
Decimal Digit |0Fder of Binary Bit|
17213 4
0 0 0|00
1 110070
2 0 110]0
3 1 17040
4 010 1] 0
5 110 110
6 0 1 1(0
7 1 1 110
8 00 |0 1
9 17010 1
Table 2
Conversion of 1-2-4-8 to 10-Line
Decimal Digit* | Order of Binary Bit*}
0’ 1+2+3+4
1 1"+2+3+4
2’ 1+2 +3
3’ 17 +2" +3
4’ 1+2+3
5’ 1" +2+3'
6 1+2 +3'
7’ 17 +2 +3
8’ 1+4'
9’ 1 + 4’

*The prime indicates negation.
1 The plus sign indicates “or.”
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Table 4
Conversion of 10-Line to 1-2-2-4

Order of Binary Bit Decimal Digit*

2 2+3+4+5+8+9
4+5+6+7T+8+9
4 6+7+8+9

“ ”

*The plus sign indicates “or.

The complete circuit diagram of a converter is shown in Fig. 10. Figure 11isa
photograph of a card containing the circuitry of Fig. 10, and a card containing two of the
antiambiguity circuits of Fig. 6. Four cards are used to convert the four decimal digits,
although a simpler converter could have been used for the hundreds of degrees.

Printer - The printer employed is a Berkeley Model 1452. The voltage levels and
polarity of the 1-2-2-4 converter outputs are suitable for direct operation of the printer.
Printing is initiated either by an operator-controlled push button or else by a switch
operated by a cam on a clock motor. In the latter mode of operation, a foot switch is pro-
vided to allow the operator to indicate whether the reading was valid.

Comparator - Figure 12 is the circuit diagram of the comparator. Ideally the com-
parator would produce an output only if the converter output equalled the number in the
counter. This characteristic would take considerable circuitry, however, so a scheme is
employed in which comparator outputs appear at several different counts but in which the
first output after the counter resets occurs at the time of equality.

If the output of the converter is negative for some particular bit, the implication is
that that bit should not be required from the counter in order to produce a comparator
output. Conversely, if the output of the converter is near ground, the implication is that
the counter output must be “on,” i.e., negative, in order to produce a comparator output.
Stated another way, the only combination of circumstances on a given bit that should
inhibit comparator output is a ground input from the converter and a positive input from
the counter. Inspection of Fig. 12 reveals that this is the only situation where the emitters
of the input buffers are not negative. As soon as this situation is removed in all 14 buffers,
the output transistor can conduct and the comparator output voltage rises from near -12
volts to near ground.

Output Pulse Forming Circuit - The output circuit contains five EECO transistor
plug-ins arranged as in Fig. 13. The squaring circuit converts the output of the comparator
into a series of rectangular pulses, with the first one which follows a north pulse occurring
at the selected azimuth. The north pulse is connected to one input of the first flip-flop,
while the output of the squarer is connected to the other input, thus producing a positive
commutation of the flip-flop at the selected azimuth. The second flip-flop is employed as
a scale-of-two so as to activate the electronic alidade on alternate rotations of the goni-
ometer and hence prevent breakage of the indicator pattern baseline. This flip-flop triggers -
two one-shots, one of which produces the intensity pulse for the electronic alidade, while
the other produces the deflection pulse.
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