HEe detailed explanation concerning the operation of
TUNIT “A” is continued in this month’s article,
with further practical examples.

We resume by considering the use of the operational
amplifier as an integrator.

An operational amplifier will be handling time as well
as voltage when acting as an integrator, SO some means
must be found of inserting intervals of time onto the
computer. One method is to employ external oscil-
lators to provide known functions of time in terms of
frequency. An input to an integrator might consist
of a steady d.c. voltage which is switched on for a time ¢
(step function or square wave), or alternatively, a sinu-
soidal voltage of frequency fand period 1/f.

If a graph is drawn of the resulting integrator output
function, and this is the form that answers to problems
involving change or motion will usually take, the X axis
of the graph will be calibrated in intervals of time, with
voltage on the Y axis. It follows that an oscilloscope,
which also uses time on the X axis and voltage on the
Y axis, can provide a convenient form of output dis-
play, especially when an integrator is operating at high
speed. 2

The operational amplifier is converted to an inte-
grator when a capacitor Ct is inserted, in place of a
resistor, in the feedback path; see Fig. 5.1. When an
input voltage —FEin is applied to the integrator by
means of a simple switch S for a time ¢, the output Eo
will take the form of an increasing ramp voltage pro-
portional to # with slope
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Note that the operational amplifier will continue to
invert an input voltage even when used as an integrator.

ANALOGU
OMIPUTT

THE INTEGRATOR IN EQUATION
SOLVING

The electronic analogue computer does provide a
powerful technique for obtaining rapid solutions to
problems involving calculus, which cannot be equalled
either by numerical methods or by a digital computer.

If differentiation and integration are regarded as
straightforward mathematical operations, it will be
found that the terms of, say, a second order differential
equation can be manipulated on the computer in much
the same way as the terms of a *“‘steady state” algebraic
equation.

For example, when an equation term y is differen-
tiated against time its derivative dy/dt is obtained, and
a second differentiation yields the second derivative
d?y/de®. The reverse process is where integration of the
second derivative d?y/dt* produces the first derivative
dy/dt, and another integration gives y as the result.

Fig. 5.2 shows how a simple integrator can handle
equation terms. Combined operations are made
possible by cascading integrators, while using coefficient
potentiometers and computing component ratios for
summation, multiplication, and division (Fig. 4.1).

The process of differentiation, although feasible if
care is taken, is generally avoided on analogue com-
puters because it gives rise to unstable operational .
amplifier configurations, but this imposes only a slight
limitation since integration can be employed—in the
majority of cases—in place of differentiation.

INTEGRATOR ACCURACY

The transfer accuracy of an operational amplifier,
when it is used as an integrator, will be theoretically
limited by its finite value of open-loop gain. However,

AT




the situation is much more complicated than with, for
example, a summing amplifier (Fig. 3.8) since the
amplifier error can no longer be defined in terms of the
sirpple relationship between closed-loop and open-loop
gains.

As a guiding principle, integrating amplifiers may
have very large values of closed-loop gain provided
that the time ¢ of an input function remains small.
Closed-loop integrator gains of 1,000 or more are not
uncommon in transistor computers, since low voltages
and low impedances discourage the use of computing
resistors of more than 100 kilohm, and capacitors of
more than 1xF are too bulky. Table 5.1 is calculated
for UNIT *“A” amplifiers, and sets out the maximum
allowable interval ¢ for selected values-of Cr and Rin,
where the amplifier transfer error must not exceed
one per cent.

Errors due to unwanted drift voltages also become
significant when ¢ is long and C is small. The greatest
care must be exercised when zero-setting integrators to
eliminate offset voltages, for good accuracy at long
time intervals. Also, the computer should not be
subjected to fluctuations of ambient temperature when
computations cover several hours of integrator use.

COMPUTING CAPACITORS

The computing capacitors used for PEAC will
normally lie within the range 0:01-1xF, and the three
values most commonly employed are 0-01xF, 0-1xF,
and 1xF. Polystyrene is the preferred capacitor
dielectric, for high insulation resistance, but polyester
makes an acceptable second best. Mica, paper, and
ceramic capacitors should be avoided.

Small value polystyrene capacitors of -1 per cent
and +2 per cent tolerance are easily obtained, but
0-1xF and 1xF precision components are rare and
expensive. To get around this difficulty, the bridge
circuit of Fig. 5.3 was devised to allow computing
capacitors to be made up from specially selected low
cost 4-20 per cent capacitors.

The circuit of Fig. 5.3 can be constructed in bread-
board form on Verobo6ard or s.r.b.p., with miniature
sockets to take Cx and R1. If an audio signal gener-
ator is not available to supply the bridge with about
10V r.m.s. at 1kHz, a signal could be obtained from a
transistor multivibrator powered by the 25V computer
power supply. Headphones serve to detect the null
point when the bridge is in balance, and should have
an impedance of about 2 kilohms. -

The method of making up a computing capacitor of,
say, 1uF is as follows. A capacitor panel of plain or
gerforated s.r.b.p. is fitted with small turret tags as in

ig. 5.4. A 420 per cent capacitor of about 0-68xF is
wired into position on the capacitor panel before it is
plugged into the bridge Cx sockets, and a 1 kilohm
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Fig. 5.1. The operational amplifier as an integrator
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Fig. 5.2. The handling of equation terms by a simple
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Fig. 5.3. Bridge circuit used for making up computing
capacitors
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Fig. 5.4. Computing capacitor plug-in panel
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