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HE constructional details for UNIT “A” were

completed last month. UNIT “A” is, itself, a
complete, self-contained computing equipment, and the
method of operation, with practlcal examples, is
described in this article.

PATCHING LEADS

The best plugs to use for patching the computer are
those of “‘split-pin’’ construction, as they can quickly be
attached to wires without the aid of a screwdriver. It
is a help if plugs are obtained in various colours, and
are mated to different coloured wires to allow easy
identification.

. For the majority of problems capable of solution by
UNIT “A”, certain patching leads may be left in
position on the front panel. For example, coefficient
potentiometers are almost always used with the *0”
end of their resistance track connected to earth (link
SK3 to SK4 for CP1, CP2, CP3, and CP4, Fig. 2.7).,

Similarly, until such time as integrator mode
switching is brought into use, the integrator sockets
depicted in Fig. 2.9 are joined together by means of a
special three-way patching lead consisting of two short
lengths of wire joined by a plug, with a plug at each end.
Looking at Fig. 2.9, OA1/SK4, SK9, and SK10 are
linked, and repeat for OA2 and OA3. Three more
semi-permanent patching leads are made up to link
each operational amplifier to its companion summer

. network. Connect OA1/SK8 to S1/SKS, and do the

same for OA2/SK8-S2/SKS5, and OA3/SK8-S3/SKS.

The rearrangeable patching leads should be of
assorted lengths and colours, the longest to patch from,
say, CP4/SK2 to S3/11/SK1, diagonally across the
UNIT “A” front panel, and the shortest to link nearly
adjacent sockets.

-

COMPUTING RESISTORS

If a comprehensive range of 41 per cent high
stability - computing resistors was purchased all at
once, to meet every requirement, the cost would
probably exceed £20. There are after all 101 preferred
values in a 41 per cent range covering resistors from
only 10 kilohm to 100 kilohm. Nevertheless, in the
period when the computer operator is learning how to
handle PEAC, and a high degree of accuracy is not
essential, the majority of ordinary problem set-ups can
be catered for by a small number of +1 per cent and
42 per cent plug-in resistors. A resistor selection
list, with suggested values of Ry and Rin for standard
op-amp closed-loop gains, is given in Table 4.1. Also,
a component list included in this article sets out
minimum quantities, with tolerances, of computing
resistors.

Computing capacitors will be discussed later, in
connection with integration.

SETTING UP THE VOLTAGE SOURCE

To set up all voltage source outputs, first remove the
dials from VR6 to VRI10 (Fig. 2.2), and turn the
potentiometer spindles fully anticlockwise. If the
potentiometers have flats on their spindles, make up
blanking pieces consisting of small segments of hard-
wood or plastic, so that control knobs can be con-
veniently located at a selected position on each spindle.
Connect the positive lead of a sensitive d.c. voltmeter
(0-1V, 20 kilohm/V) to VS1/SKI1, and the negative
voltmeter lead to VS1/SK4 (Fig. 2.6), then set slide
switch S1 for a positive voltage output. Switch on the
computer power supply and S6.

Carefully rotate VR6 spindle clockwise until a very
small voltage appears, just sufficient to slightly deflect
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the meter pointer away from zero. Now place a dial

knob on VR6 spindle, without disturbing the potentio-

meter setting, and align so that the *“0” division on the
dial is vertical and opposite the pointer mark on the
surface of the front panel. Tighten the dial knob
grub screw.

Switch off S6 and replace the 0-1V meter with the
0-10V d.c. meter which has been chosen to serve as a
voltage standard for the computer, while retaining the
same meter lead polarity. Rotate VR6 dial until the
*“10” division is opposite its pointer, and switch on S6.
Now adjust slider resistor VR1 from the back of the
UNIT “A’ box, for a precise reading of 10V on the
*standard” meter. Repeat the above procedures for
outputs VS2, V83, VS84, and VS5, and remember to
adjust only the particular slider (VR1-VRS5) which is
associated with the output being set up.

When all the voltage source dials are aligned, return
to VS1 and make sure that its output is still +10V.
Switch off S6, reverse the “standard” voltmeter leads,
and set S1 for a negative output. Switch on S6 again
and check the voltmeter reading; if it is not exactly
10V, go to the back of the UNIT “A” box and trim the
power pack control VR2 (Fig. 3.4), this ensures that
voltage source negative and positive outputs are equal.

SETTING UP THE COEFFICIENT
POTENTIOMETERS

Insert a patching lead to link CP1/SK3 to CP1/SK4
(Fig. 2.7), and do the same for CP2, CP3, and CP4.
Take a long patching lead from VS1/SK1 to CP1/SK1.
Remove the dial from VRI11 (Fig. 2.5) and rotate
spindle fully clockwise. With the negative lead
connected to any earth socket, insert the “standard”
meter positive lead into CP1/SK2 after first setting S1
for a positive output. Adjust VS1 dial for a meter

- reading of 10V. Rotate CP1 spindle carefully anti-

clockwise until the meter pointer just beings to drop
below the 10V division. Replace CP1 dial knob on
VRI11 spindle, align the “10” division with the pointer,
and tighten the grub screw. Repeat for CP2, CP3, CP4.

With a 10V input to CP1/SK1, and a 0-10V meter
connected to CP1/SK2, it is a simple matter to check
the agreement between dial divisions and voltage
output from the coefficient potentiometer. If there are
serious discrepancies between voltage output and dial
reading this will indicate that the effective electrical
rotation of the potentiometer differs from the 270 degree
dial calibration. Errors can often be minimised by
slight readjustment of the dial knob on its spindle, to
spread the error over the entire scale. Generally

TABLE 4.1

SUGGESTED VALUES OF COMPUTING RESISTOR FOR
: STANDARD CLOSED-LOOP GAINS

Op-amp gain All resistors 429, unless otherwise
stated
Re
Rin — - Rin . Re
0l 100kQ 10kQ
0-2 100k Q2 20kQ
03 33kQ 10kQ
0-4 40kQ -+ 19 10kQ
0-5 20kQ 10kQ
0-6 33kQ 20k Q2
07 13kQ 91kQ
0-8 20kQ 16kQ
09 20kQ : i18kQ
10kQ 10kQ
9 100kQ 100kQ
20 10kQ fgtﬂ
. Q
30 3gk3(';n 100k Q
4KQ + 19 10kQ
40 40kQ 1 19 100kQ
50 20kQ 100k Q
60 3:3kQ 20k
7-0 13kQ 91kQ
8:0 2kQ 16k
9:0 2kQ 18k Q
10:0 10kQ 100k Q
200 5kQ + 1% 100k Q
30-0 3-3kQ 100k Q
400 4KQ 1+ 19 100k Q2
50-0 2kQ 100kQ

speaking, the dial setting error should not be worse than
5 per cent at all settings between *1”’ and “10” dial
divisions. The whole question of computing potentio-
meter accuracy will be raised later, in connection with
the Master Potentiometer of UNIT “B”. -

SETTING UP THE OPERATIONAL
AMPLIFIERS :

It is usual to check operational amplifiers either
before the start of a computation, or at the beginning of
the day, but the computer builder may wish to assure
himself that his amplifiers are all that they should be
when first brought into service. The zero-setting
procedure given at the end of Part 3 of this series will
have eliminated all but obscure faults. The front
panel balance controls (VR15, VR16, and VRI17,
Figs. 2.4 and 2.9) are deliberately designed to have a
limited range of adjustment, so that an amplifier fault
will be clearly indicated as an inability to zero-set from
the front panel. :

To quickly check each amplifier, insert 10 kilohm
feedback resistors into miniature sockets SK11 and
SK12 for OAl, OA2, and OA3 (Fig. 2.9), and ensure
that the operational amplifiers are already linked to their
summing networks. Insert 10 kilohm input resistors
into S1/11/SK3-SK4, S2/11/SK3-SK4, and
S3/I1/SK3-SK4 (Fig. 2.8). Patch VS1/SKI1 to
S1/11/SK1 (Figs. 2.6 and 2.8) and connect the negative
lead of a voltmeter to OA1/SK13, with the positive lead
going to any convenient earth socket.

Check that OA1 output is exactly zero when S6 is off.
If not, zero-set by means of balance control VR15.
Obtain a positive voltage from VS1 by switching on S6
and setting S1 and VR6, and monitor VS1 output with a
second voltmeter connected to SN1/SK2 red, and an


















