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Fig.1. Linear equivalent circuit of
feed back operational amplifier.
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Fig.6. Computer setup convenient for Fig.7. Ordinery computer setup for
evaluation of accuracy. linear differential equation.
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Ri=+1.00E +05 Rf=+1.00E+05 Cs=-+1.00E—11
o= +1.00E +03
<R = 100> <Ry = 100>
¢ " ER ] EP ER EP
1L.OE+00 | +9.97008E —~01 | —2.42580E—06 | +9.97804E —01 | —1,78060E —06
F10E+0l | +9.07008F —01 | —2.42586E —05 | +9.97804F —01 | —1.78064E —05
+10E+02 | +9.97009F —01 | —2.42586 & —04 | +9.97805E —01 | —1.78065E —0d
F10E+03 | +9.97042F —01 | —2.49597E —03 | +9.97830E —01 | —1.78071E —03
F10E+04 | +1.00034E +00 | —2 436585 —02 | +1.00032E +00 | —1.78667F —02
F10E405 | +1.43017E400 | —3.94077E—01 | +1.31665E 400 | —2. 56309 —01
S10E+06 | +3.63304F—02 | +5.45940F —01 | +4.81271E—02 | +4.42522F —01
F1.0E+07 | +7.60548E —04 | +1.98346F —01 | +7.75508E —04 | +1.23385F —01
M=+1.00E+04
1OE400 | +9.99700E —01 | —2.43200E ~07 | +9,99780E —01 | ~1.78400E —07
F10E+01 | +9.99700F —01 | —~2.43240F —06 | +9.99780E —01 | —1.78410 % —06
+10E+02 | +9.99700E —01 | —2.43241E —05 | +9.99780E —01 | ~1.78417F —05
Y10E+03 | 19 99703E —01 | —2.43244F —04 | +9.99782E —01 | —1.78419% —04
F10E+04 | +1.00006E+00 | —2.43566E —03 | +1.00004E +00 | —1.78607 F —03
ST 0E405 | +1.03677E4+00 | —2.76636 E—02 | +1.02705E+00 | —1.97764E —02
T10E+08 | +4.90921F ~01 | +7.774922E —01 | +7.56459E —01 | +7. 38356 F —01
Y10E+07 | +7.65685E —03 | +1.99704F —01 | +7.80917E —03 | +1.24250 F —01
M= +1,00E+05
1.OE+00 | +9.99970E —01 | —2.42000E —08 | +9.99978E —01 | —~1,77000F —08
F10E401 | +9.99070E —01 | —2.43300F —07 | +9.99978E —01 | —1.78400E —07
F10E+02 | 19 99970E —01 | —2.43200F —06 | +9.99978E —01 | —1. 78440 & —06
+10E+03 | +9.99970F —01 | —2.43309E —05 | +9.99978E —01 | —1.78454F —05
Y1 0E+04 | +1.00000E +00 | —2. 43552 F —04 | +1.00000E +00 | —1.78600 —0d
Y1 0E+05 | +1.00359E4+00 | —2.67748F —03 | +1.00265E +00 | —1.93054F —03
F10E+06 | +1.30170F+00 | —1.87081E—01 | +1.23892E +00 | —1. 10460 —01
F10E+07 | +B2100E~02 | +2/ 43645 —01 | +8.30425E ~02 | +L 336135 —01
RI=+5.00E +05 RF=+45.00E+05 C=+1.00E —11
tto=+1.00E +03
<Ry = 10°> <R = 107>
L e .
ER i EP ER EP
1.OE+00 | +9.93048E —01 | —5.61260€—06 | +9.97008E —01 | —2.41770E —06
+1.0E+01 | +9.93048E —01 | —5.61270E —05 | +9.97008E —01 | —2.41788E —05
FLO0E+02 | +9.03040F —01 | —5.61271E —04 | +9.97009F —01 | —2.41789E —04
+1.0E+03 | +9.93096E~01 | —5.61326E 03 | +9,97035E—01 | —2.418045 —03
Y1 0E+04 | +0.97828E—01 | —5.66853F —02 | +9.99692F —01 | —2.43324 & —02
Y10E405 | +1.10857E+00 | —1.02798F +00 | +1.24800E+00 | —3.99375F —01
+1.0E+06 | +4.82189E —02 | +8.52324E ~01 | +7.35202E 02 | +4.36141E —01
FT0E+07 | +7.8264E 04 | +125605E 01 | +7.888675 —04 | +4.63759E —02
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+3. 13841 E —02

+1. 06972 F 400

+6.27880E —02

+6, 34853 F —01
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o = 10°~10°(f§5), 3
@ = 1077~107 (rad/sec), |
Ry = 1KQ~200K2, —17)
R; = 10KQ, 50K, 100KQ, 500KQ, 1MQ 7&, |
Cr=0.01pF, 0.14F, 0.54F, 14F 73 &, ‘
i
Ry = 10:M£2. J
< Ry =B50K2> L Ry=200K0>
ER EP ER EP
+9,96015E —01 —3.23080 E —06 +9.97506 E —01 —2,02270E —06
+9,96015E —01 —3,23092E —05 +9, 97506 E ~01 —2,02271E —05
+9, 96016 E.— 01 —3,23003F — 04 +9.97506 E — 01 —2,02272F —04
+9.96058 E —01 ~3,23111E —03 +9,97534 E 01 —2.02280 E —03
+1.00029 F -+00 —3,24894 F —02 +1. 00033 £ 400 —2,03039F —02
+1, 57105 E 400 ~6,00370F —01 +1, 36303 E 00 —3.05104 E —01
+2.76383F —02 +6. 20130 E —01 +4.29644 E —02 +4.88312F —01
+7.37215F —04 +2.87455 F —01 +7.70339 F — 04 +1,51835E 01
+9, 99600 E —01 —3.24100E — 07 +9.99750 E —01 —2.,02600E —07 -
+9, 99600 E —01 —3.24240E —06 +9.99750 F —01 —2.02720E —06
+9,99600E —01 —3,24256 E —05 +9,99750 E —01 —2.02727E —05
+9,99604 £ —01 ~3.24261 E ~04 +9,99753E 01 —2. 02730 E —04
+1. 00007 E +00 —3,24766 E —03 +1. 00005 E +00 ~2,02967F —03
+1. 04909 E +00 —3,7T344 E 02 +1.03068E +00 —2.27167E —02
+3,40976 E —01 +7.99430 FE —01 +6. 29016 E 01 +7.57123E —01
+7,41934 E —03 +2, 80348 F —01 +7. 75655 E —03 +1,52890 F —01
+9, 99960 E —01 —3.24000E 08 +9,99975E —01 —2.02000E —08
+9. 99960 E —01 —3.24200E —07 +9,99975 E 01 -2.02600E —07
+9,99960 £ —01 —3,24370F —06 +9,99975 F —01 -2, 02760 E —06
+9,99960 E —01 —3.24376 E —05 4+9.99975 E —01 —2.02775E —05
+1. 00000 E +00 —3. 24743 E —04 +1. 00000 E +00 —2.02957 E —04
+1.00476 E 400 ~3.61312F —03 +1. 00300 E +00 —2.21048F —03
+1, 37619 E +00 —2.93566 F —01 +1, 26260 F +00 ~1.38306 F —01
+7.92499F —02 +3.09700E —01 +8.33082F —02 +1,64309E —01
<Ry = 50KQ2> | < Rg=200K0>
ER | EP { ER EP
+9. 88142 E —01 —9.57070E —06 49, 95520 E —01 —3.61830F —06
+9, 88142 —01 —9.57071E —05 +9,95520 E —01 —3.61891F —05
+9,88142F 01 —9,57073E —04 +9.95520E —01 ~3.61893F —04
+9,88202E —01 —9.57191F —03 i +9, 95556 E —01 —3,61921 E —03
+9. 94054 E —01 —9, 69022 E —02 +9.99115E —01 —3.64786 F —02
+7.38429E —01 +1. 66374 E 00 ’ +1. 25069 F +00 —6.50777E —01

+7.68434 E —04

+2.22125E —01

+7.87102E —04

+7.62293F —02
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Fig.15, Relation between accuracy and value of yuy, Re, R; & Ry,
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Fig, 16, Accuracy of adder with w varied,
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Fig.17. Freq. characteristics of the Integrater.
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Summary

Stability, Accuracy and Frequency Limitation of Feeback
Operatinal Amplifier

Hiromi SAKAGUCHI

(Department of Precission Engineering, Faculty of Engineering)

In this paper, the relation between stabilty, accuracy of analog computing
system and characteristics of the feedback operational amplifier are discussed
and thé aim is to get rid of ambiguity in the case of accuracy estimation. It
can be said that accuracy of a hybrid computer or, more precisely do we call
it in other words, “hybrid analog-digital computer” in which both the techni-
ques are combined in one system, (and the objective of which is statistical,
biological data procession and so forth) depends mainly on analog system such
as a comparator, analog switches, adder and intergrater.

We can say that analog computing system has ambiguity when we evaluate
accuracy, on the other hand, digital system has concept such as “number of
bits,” which is convenient to estimate accuracy, and the more logic elements
a system has the more accurate it is if these logic elements have high quality.

On making up combined analog-digital system, it is important to specify
stability, accuracy and frequency limitation of analog computing system. Here,
author tried to specify these characteristics from a slightly different point of
view from usual. As to accuracy, it was concluded that error specification in
the case of solving nth order diffrtrential equation, was essentially based on that
of solutions of the 2nd order differential equation. And author dealt with a
single operational amplifier and a system of circle test as accuracy specification.



