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problem, which is restricted to a finite time interval, is repeated at a high rate,
high enough to be presented on a normal electronic oscilloscope. This can be
done by using a proper time scale. Of course, special components have to be
designed for this purpose to meet the extremely high dynamic requirements.
Computers of this type are primarily used to find qualitative quick problem
solutions. They are also advantageous to find quickly a large sample of solutions
in statistical investigations. However, the high precision, real-time, DC computer
is considered representative of present day analog computation. All further
discussion will therefore concentrate on this specific form of Analog Computer.

3.24. Components of the DC Analog Computer

3.241. The High Gain Amplifier. It has already been pointed out that the
high gain amplifier is the most important building block in DC analog compu-
tation. By its very action it serves to make all computing processes more accurate
and independent from each other. But to be able to do this the high gain amplifier
must be able to meet a set of very stringent requirements. They are the following :

a) Extremely high gain. Gain values up to the order of 10® are common in
modern amplifiers.

b) Minimization of Drift. Drift is a complex combination of influences from
different sources, but it is common practice to refer to it as being originated
at the grid point of the first tube. It is possible today to obtain drift values of
100 microvolts, or smaller, in one 8-hour period, in an amplifier configuration
with an effective gain of 1. In an integrator, the drift can be kept smaller than
0.1 V per hour.

c) A wide pass band extending from zero frequency to sufficiently .high
frequencies. The high frequency limit depends on the way of operation. It is
usual to define it for feedback conditions which would reduce the effective gain
to 1. Under such conditions the frequency response of modern amplifiers is
flat within 1 45 and does not exceed a phase shift of 1° up to more than 10 KC.

d) Stability under all foreseeable feedback and loading conditions. This
requirement is fundamental but is difficult to meet. The means to provide stabi-
lity are proper compensation networks, the tolerances of which must be carefully
considered.

e) Minimization of noise. Great care must be taken to reduce the effective
noise to its theoretical minimum. Values achieved in modern amplifiers are less
than 10 microvolts rms, referred to the grid of the first tube.

f) Sufficient output power. Modern amplifiers are capable of delivering 20 mA
at the peak value of the output voltage, namely, 100 volts.

There are two basic operational principles which can be used in the design
of a DC amplifier. One is the direct coupling principle. This design is sensitive
to drift. Improvements are made by using bridge balance circuits and stabilized
power supplies. The other is the auxiliary carrier principle in which the original
DC variable is modulated on a carrier, amplified, and demodulated. This principle
is essentially drift free, since the drift components originating in the amplifier
itself are outside the pass band of the system, but there are limitations with
respect to the frequency range of the variables. Obviously, the frequency of the
variable must be small with respect to the frequency of the auxiliary carrier
and the carrier frequency must be selected in such a way that adequate precision
modulators and demodulators can be made available. Modern amplifiers use
a combination of both principles as shown in Fig. 13. Here (1) is the direct
coupled part, (2) is the AC amplifier part, (3) and (4) the modulator and demodu-
lator, including the auxiliary carrier source, (5) a coupling stage, (6) are blocking
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capacitors which ptrevent DC currents from passing in and out from the AC
amplifier, and (7) is a filter to eliminate the ripples after demodulation. Normally
(1) has a gain of 10° and (2) a gain of 103, So the total gain at DC and low fre-

quencies is approximately 10% and at hig-
her frenquecies about 10°. The sensitive
parts in such an amplifier are the modu-
lator and demodulator. The modulator
must be free from spurious offset volt-
ages and must be well shielded to avoid
induction of carrier components which
would yield unwanted demodulation pro-
ducts. The best components which are
presently available are mechanical devi-
ces. They are either vibrating relays, so
called choppers, or rotating mechan-
ical switches which can be used in
common for a group of amplifiers.
Normally, carrier frequencies around
100 cycles are used in the chopper
system and frequency lower than
10 cycles for the rotation switch
system. Fig. 14 and 15 show exam-
ples of practical amplifiers.

It was already pointed out that
these high gain amplifiers are oper-
ated in a feedback arrangement to
perform the desired computation
processes. Fig. 16 shows the basic
arrangement. The triangular sym-
bol represents the high gain ampli-
fier with gain, a, as it was descri-
bed in the block diagram of Fig. 12.
The {(l} represent admittances which
operate on the input and output
voltages and produce the currents,
7j and 7;. The outputs of the two
operational networks are connected
to the input point of the high gain
amplifier or the “summing point™.
Due to the high gain, the voltage,
¢/, which is required to produce the
desired output voltage, ¢, is very
small. In approximative descrip-
tions of the process it is normally
assumed that ¢’ is equal to zero, or,
that the two currents, 7; and 7y,
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I'ig. 13. Block¥Diagram of High Gain
Amplifier

Fig. 14. Versatile High Gain Amplifier
(George A. Philbrick Researches, Inc.)
a) DC Amplifier Part

b) AC Amplifier Part with Chopper

which flow to the summing point, are equal. Based on such an approximation,
equation (9) describes the input-output relation for the overall combination.

¢ =20
1+ 14 =0
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