APPENDIX

BIBLIOGRAPHY

The references listed here have appeared in the form of books, manuals,
brochures, and articles in technical publications. Individual items have been
selected because of their general or specific interest, or because they “fan out”
through additional references not included here.

The list is representative rather than comprehensive and is heavily weighted in
favor of recently-published material (°70’s). In most cases, the practical has

been preferred to the theoretical. Within each sub_]ect grouping, the titles are
listed alphabetically.

The interested reader should, in any event, seek to obtain catalogs and applica-
tion notes (often voluminous) from manufacturers of the nonlinear devices of
interest. Lists of current manufacturers, their products, and their addresses,
will be found in such industry guides as EEM and the Electronics Buyer’s
Guide. Since the technology is rapidly expanding (and changing), one should
also seek to be placed on manufacturers’ mailing lists, and to subscribe to at
least one of the major semimonthly electronics industry technical periodicals
to keep up with new products, new techniques, and new literature.

Readers of this book are invited to subscribe to Analog Dialogue, which
appears (approximately) quarterly, and is available at no charge from Analog
Devices, Inc. Other publications available are the most recent edition of the
Analog Devices Product Guide, data sheets on individual products, and occa-
sional “Application Notes’” on topics of interest.

Copies of certain publications mentioned in this Bibliography, designated by
an asterisk (*), are also available upon request (free, except for the A-D Con-
version Handbook) as of the time this book has gone to press. They will be
available as long as the supply lasts. Except for these items, no other publica-
tions mentioned here are available from Analog Devices.

LINEAR AND NONLINEAR CIRCUITS,
GENERAL INFORMATION

*Analog-Digital Conversion Handbook, Edited by D. Sheingold, Analog De-
vices, Inc., Norwood, Mass., 1972, $3.95.

Applications Manual for Operational Amplifiers, Philbrick-Nexus Research,
Dedham, Mass., 1965.

“Designer’s Guide: Nonlinear Function Modules,” T. Cate and others, EEE,
September 1969.



Linear Applications, National Semiconductor, Santa Clara, California, Feb-
ruary, 1973.

Modern Operational Circuit Design, J. I. Smith, Wiley-Interscience, New
York, 1971.

Operational Amplifiers, G. Clayton, Butterworth & Co. (Publishers), Ltd.,
London, U.K., 1971.

Operational Amplifiers, Design and Applications, G. Tobey, J. Graeme, L.
Huelsman, McGraw-Hill Book Co., New York, 1971.

A Palimpsest on the Electronic Analog Art, H. Paynter, George A. Philbrick
Researches, Inc., 1955, Out of Print.

*Product Guide, Analog Devices, Inc., Annual.

“Some Aspects of the Theory of Nonlinear Networks,” A. Wilson, Proceed-
ings of the IEEE, 61-8, August 1973.

FUNCTION FITTING
“Approximate Analog Functions with 2 Low-Cost Multiplier-Divider,” D.
Sheingold, EDN, February 5, 1973.

“Design of Nonlinear Networks with a Prescribed Small-Signal Behavior,”
B. Peikari, IEEE Transactions on Circuit Theory, CT-194, July 1972.

“Feedback Linearizes Resistance Bridge,” R. Guyton, Electronics, Octo-
ber 23, 1972.

Fitting Equations to Data, C. Daniel, F. Wood, J. Gorman, Wiley-Interscience,
New York, 1971.

“Get Perfect (sic) Linearity in CRT’s,” A. Popodi, Electronic Design, 1,
January 4, 1973.

“Linearize Analog Signals Continuously,” M. Weiner, D. Schneider, Elec-
tronic Design, 24, November 23, 1972.

“Trig. Function Generators (Applications Brief), National Semiconductor,
MOS Brief 10, 1970.

TIME-FUNCTION GENERATION

“Adjustable Sinewave Audio Oscillator Employs Improved AGC for Wide
Frequency Range,” C. Schwerdt, Electronic Design, 4, February 15, 1973.

“Analog-to-Pulse-Width Converter Yields 0.1% Accuracy,” N. Robin, EDN,
November 1, 1970.



“The Basics of Using FET’s for Analog Signal Switching,” A. Evans, EDN,
May 20, 1973.

“Current-Controlled Triangular/Square-Wave Generator,” S. Franco, EDN,
September 5, 1973.

*Data Sheets, Models 350, AD351 Comparators, Analog Devices.
*“Digital Sweep Generator,” R. Craven, Analog Dialogue, 5-4, 1971.

“Function Generators, a Family of Versatile Wave Makers,” L. Hunter,
Electronic Products, November 19, 1972.

“Generate Low-Distortion Sine Waves,” J. Vanderkooy, C. Koch, Electronic
Design, 14, July 5, 1973.

“MOS Analog Function Generator,” J. Kubinec, National Semiconductor,
MOS Bref 3, 1968.

“Precise Tri-Wave Generator,” R. Dobkin, Electronic Engineering Times, 1973.

“Triangle- Wave Generator Keeps Slopes Constant as Amplitude Changes,”
D. Larsen, Electronic Design, 20, September 28, 1972.

“Triangular and Square-Wave Generator has Wide Range,” R. Burwen, EDN,
December 1, 1972.

“Using IC’s to Generate Waveforms,” A. Grebene, Electronic Products,
March 20, 1972.

“Wide-Range Ramp Generator has Programmable Outputs,” C. Wojslaw,
W. Buschmann, EDN, October 15, 1972.

“Zener Diode” Controls Wien-Bridge Oscillator,” W. Crittenden, E. Owings,
EDN, August 1, 1972.

INSTRUMENTATION AND MEASUREMENT
“The dB-Anything,” K. Simons, Proceedings of the IEEE (Letters), 61-4,
April 1973, pp. 495-496.

“Don’t Eyeball Noise,” G. Franklin, T. Hatley, Electronic Design, 24,
November 22, 1973.

“An Electronic Wattmeter for Non-Sinusoidal Low Power Factor Measure-
ments,” D. Hamburg, L. Unnewehr, IEEE Transactions on Magnetics,
September 1971.

“High-Performance Flame Ionization System for Gas Chromatography,” D.
Smith, Hewlett-Packard Journal, March 1973.

“Integrate and Hold Circuit Gives Electrochemical Measurements,” R.
Warsinski, Electronic Design, 1, January 4, 1973.

xi



“JFET Circuit Linearizes Transducer Output,” F. Trofimenkoff, R. Small-
wood, IEEE Transactions on Instrumentation and Measurement, IM-22-2,
Januvary 1973.

“Linearizing Thermocouple Amplifiers,” L. Garelick, E. Hauptmann, Ad-
vances in Instrumentation (ISA), Volume 26, Part 4, Paper 852.

“Logarithmic Quantities and Units,” C. Page, Proceedings of the IEEE
(Letters}), 61-10, October 1973, pp. 1516-1518, in re “dB™.

“Logarithmic Readout Attachment for Double-Beam Spectrometers,” J.
Shepherd, H. Hedgpeth, Review of Scientific Instruments, 44-3, March 1973.

“Low-Current Ammeter,” R. Dobkin, Electronic Engineering Times, 1973.
*“Measuring Airflow Using a Self-Balancing Bridge,” J. Miyara, Analog
Dialogue, 5-1, 1971.

*“Measuring Sine-Wave Amplitudes Without Filtering,” D. Jolley, Analog
Dialogue, 5-2, Spring 1971.

“Narrow Peaks Caught by Better Detector,” R. Klatt, EDN/EEE,
August 15, 1971.

Omega Temperature Measurement Handbook, Omega Engineering, Inc., Stam-
ford, Conn., 1973.

“Referencing Thermocouple Junctions,” B. Hollander, Instruments and Con-
trol Systems, March 1973.

“RMS Voltage Measurements—Which Method Works Best?” R. Chapel, Elec-
tronic Products, January 15, 1973. ‘

“Some Effects of Waveform on VIVM Readings,” B. Oliver, Hewlett-Packard
Journal, 6-8, April 1955, continued in 6-9, May 1955, and 6-10, June 1955.
*“True-RMS Measurement,” L. Counts, Analog Dialogue, 7-1, 1973.

“A Wideband Wattmeter for the Measurement and Analysis of Power Dissi-

pation in Semiconductor Switching Devices,” F. Schwarz, N. Voulgaris,
IEEE Transactions on Electron Devices, ED-17-9, September 1970.

SIGNAL PROCESSING
*«“Adjustable Low-Pass Filter,” R. Burwen, Analog Dialogue, 4-2, Decem-
ber, 1970.

“Analog Multipliers Offer Solutions to Video Modulation Problems,” G.
Shapiro, EDN, September 1, 1972.

“Applications of a Monolithic Analog Multiplier,” A. Bilotti, IEEE Journal of
Solid State Circuits, SC-34, December 1968.



“A Comparison of Analog and Digital Techniques for Pattern Recognition,”
K. Preston, Proceedings of the IEEE, 60-10, October 1972.

“Demodulate DPSK Signals Coherently Using a Costas Phase-Lock Loop,”
R. Hennick, EDN, July 1, 1972.

“Design of a Noise-Eliminator System,” R. Burwen, Audio Engineering
Society Preprint 838(B-8), 1971.

“Design Your Own Dynamic Phase Shifter,” G. Strauss, Electronic Design,
12, June 8, 1972.

“Dual Comparator and R-C Filter Estimate Probability Density Function,”
J. Sparacio, R. Pierro, Electronic Design, 4, February 15, 1973.

Electronic Music Synthesizers: Product Information Sheets and Users’
Manuals, ARP Instruments, Inc., Newton Highlands, Mass.

“Fast Amplitude Control of a Harmonic Oscillator,” D. Meyer-Ebrecht,
Proceedings of the IEEE, 60-6, June 1972.

“FET’s in R-C Network Tune Active Filter,” A. Delagrange, Electronics,
December 7, 1970.

*“Frequency Modulator,” R. Burwen, Analog Dialogue, 5-5, 1971.

“A General Analysis of the Phase-Locked Loop,” J. Connelly, Harris Semi-
conductor Application Note 602/A, October 1972.

“Generate Noise-Free Timing Pulses with an IC Peak Sampler,” G. Oshiro,
Electronic Design, 10, May 11, 1972.
“Introduction to the Phase-Locked Loop,” D. Jones, Harris Semiconductor
Application Note 601, October 1972.

“Making Systems Fail-Operational by Using Multiple Channels with Auto-
matic Voters to Select the Best Signal,” P. Rostek, Electronic Design, 17,
August 16, 1969.

“A Method of Measuring the Peak Value of a Narrow Impulse by the Use of a
Voltage-Forced Pulse-Lengthener Circuit,” M. Uno, IEEE Transactions on In-
strumentation and Measurement, IM-22-2, June 1973.

“Modems,” J. Davey, Proceedings of the IEEE, 60-11, November 1972.

“A New Generation of Integrated Avionic Synthesizers,” R. Brubaker, G
Nash, Motorola Semiconductor Application Note, AN553, 1971.

“Op Amps Replace Transformer in Phase-Detector Circuit,” A. Gangi, Elec-
tronics, May 12, 1969.

“Phase-Locked Loop Helps Generate Waveforms with Variable Duty Cycle
and Phase Shift,” N. Calvin, Electronic Design, 19, September 13, 1973.



“Phase-Locked Loop IC’s are Ready and Stable,” A. Grebene, Electronic
Products, February 19, 1973.

“Programmable Active Filters,” R. Sparkes, A. Sedra, IEEE Journal of Solid-
State Circuits, Correspondence, February 1973.

“Separate the Signals from the Noise with ... Voltage Correlator Circuit,”
T. Cate, Electronic Design, 25, December 6, 1970.

“Signal Recovery Using a Phase-Sensitive Detector,” P. Danby, Electronic
Engineering (U.K.), January 1970.

“Simple Linear PLL Demodulator Uses Discrete Components,” T. Mollinga,
EDN/EEE, April 15, 1972.

“60Hz Frequency Discriminator,” R. Burwen, EEE, February 1971.
“A Synchronized Phase-Lock Loop,” R. Bohlken, EDN, March 20, 1973.

“Systems Applications for Voltage-Controlled Active Filters,” P. Harvey,
EEE, October 1969. »

“Take the Guesswork Out of Phase-Locked Loop Design,” D. Kesner, EDN,
Januarv 5, 1973.

*“30dB Automatic Gain Control,” L. Counts, Analog Dialogue, 7-1, 1973
(and erratum, 7-2, 1973).

“Try the Monolithic Multiplier as a Versatile AC Design Tool,” E. Renschler,
D. Weiss, Electronics, June 8, 1970.

“Use This Tan-Lock Demodulator,” R. Hennick, Electronic Design, 25,
December 6, 1970.

“Voltage-Controlled Phase Shift of Triangula Waves,” K. Kuijk, H.
Hagenbeuk, IEEE Transactions on Instrumentation and Measurement,
IM-22-2, June 1973.

COMPUTING AND CONTROL

“Analog Arithmetic Unit Offers Good Accuracy,” C. Wojslaw, EDN,
July 1, 1972.

“Analog Modules Multiply User’s Options,” G. Tobey, Electronic Products,
February 19, 1973.

“Analyzing Low-Frequency Random Phenomena with an Analog Computer,”
P. Kommineni, G. Smith, Instruments & Control Systems, April 1973.

“Analyzing Signals for Information,” I. Langenthal, Instruments and Control
Systems, December 1970, and January 1971



“Applications for Trigonometric Computing Modules,” N. Sussman, EEE,
September 1969.

“Automatic Brightness Control and Linearity Correction Circuits for Large-
Screen Color Oscilloscopes,” 1. Lamoth, IEEE Transactions on Instrumenta-
tion and Measurement, IM-22-2, June 1973.

“A Computer for the Calibration of Skeletal Muscle Vascular Resistance,”
R. Zambuto, R. Reder, C. Sanders, W. Powell, IEEE Transactions on Bio-
medical Engineering, BME-19-6, November 1972.

“Detection and Measurement of Three-Phase Power, Reactive Power, and

Power Factor, with Minimum Time Delay,” I. R. Smith, L. A. Snider,
Proceedings of the IEEE, Letters, November 1970.

“Distortion Correction in Precision Cathode-Ray Tube Display Systems,”
Intronics, Inc., 1970.

Electronic Analog and Hybrid Computers, G. Korn, T. Korn, McGraw-Hill
Book Co., New York, 1964.

“IC Op Amps Straighten Out CRT Graphic Displays,” J. Divilbiss, S. Franco,
Electromnics, January 4, 1971.

“Linearize Your CRT Displays,” K. Peterson, Electronic Design, 17,
August 16, 1970.

“Low-Cost, Logarithmic Mass Flow Computer,” NASA Tech Brief 71-10407,
Lewis Research Center, Cleveland, Ohio, November 1971, J. Watson, D. Noga,
J. Dolce, J. Gaby, digested in Instrumentation Technology, August 1972.

*¢Measuring Sine Wave Amplitudes Without Filtering,” D. Jolley, Analog
Dialogue, 5-2,1971.

“Phase-Locked Loops for Motor Speed Control,” A. Moore, IEEE Spectrum,
April 1973.

“Phase-Locked Loops Provide Accurate Efficient dc Motor Speed Control,”
L. Milligan, E. Carnicelli, EDN, August 1, 1972.

“Real-Time Signal Analysis,” R. Rothchild, Medical Electronics and Data,
March-April 1971.

“Relaxation Time Measurements by an Electronic Method,” R. Brousseau,
J. Vanier, IEEE Transactions on Instrumentation and Measurement, IM-22-1,
March 1973.

“Resistance Network Converts Limit Detector to Movable Window Opera-
tion,” B. Pearl, Electronic Design, 6, March 15, 1973.

“Special Report on Signal Averagers,” G. Flynn, Electronic Products,
February 1969.

Xv



“Using Analog Function Modules for Measurement and Control,” J. Huffman,
T. Gibson, S. Rose, Instruments and Control Systems, December 1972.

“Variable Sweep-Rate Frequency Response and Vibration Testing,” C.
Lorenzo, Instruments and Control Systems, September 1971.

*“Vector Difference Circuit,” L. Counts, Analog Dialogue, 7-1, 1973.

LOG, LOG RATIO, AND ANTILOG CIRCUITS

“Bipolar Operation of Paired Log Transistors,” D. Sheingold, Proceedings of
the IEEE (Letters), Vol. 58, pp. 1855-56, November 1970.

“A Circuit with Logarithmic Transfer Response over 9 Decades,” J. Gibbons,
H. Horn, IEEE Transactions of the Circuit Theory Group, CT-11-3
September 1964.

*“Design of Temperature-Compensated Log Circuits Employing Transistors
and Operational Amplifiers,” W. Borlase, E. David, Analog Devices’ Applica-
tion Note, September 1969.

“Get Wider Dynamic Range in a Log Amp,” G. Niu, Electronic Design, 4,
February 15, 1973.

“How to Specify Parameters of Nonlinear Circuits,”” G. Osgood, J. Knitter,
EEE, September 1969.

“Large-Signal Behavior of Junction Transistors,” I. Ebers, J. Moll, Proceedings
of the IRE, December 1954, pp. 1761-1772.

“Logarithmic Analog-to-Digital Converters: A Survey,” S. Cantarano, G.
Pallotino, IEEE Transactions on Instrumentation and Measurement, IM-22-3,
September 1973.

“Logarithmic and-Exponential Amplifiers,” D. Spicer, R. Mann, Texas Instru-
ments Application Report, Bulletin CA-149, March 1970.

“A Logarithmic Transcoder,” D. Degryse, B. Guerin, IEEE Transactions on
Computers, C-21-11, November 1972.

“Multiplication and Logarithmic Conversion by Operational Amplifier-
Transistor Circuits,” W. Paterson, Review of Scientific Instruments, 34-12,
December 1963.

“Transient Response of an Operational Amplifier with Logarithmic Feed-
back,” H. Musal »Proceedings of the IEEE (Letters), Volume 57, pp. 206-208,
February 1969.



MULTIPLIERS AND DIVIDERS

*<“AD555 Monolithic Quad Switches Make 4-Quadrant Multiplying DAC’s
with 12-Bit Linearity,” H. Krabbe, A. Molinari, Analog Dialogue, 5-2,1971.

“Analog Multiplication at High Frequencies with a High Dynamic Range,”
G. Papadopoulos, IEEE Journal of Solid-State Circuits, SC-8-6, Decem-
ber 1973. '

“Analog Multiplier Applications,” J. Pepper, Instruments and Control Sys-
tems, June 1972.

“Characteristics and Applications of Modular Analog Multipliers,” E. Zuch,
Electronic Instrumentation Digest, April 1969.

*“A Complete Monolithic Multiplier-Divider on a Single Chip,” R. Burwen,
Analog Dialogue, 5-1, 1971.

“Distortion in Bipolar Transistor Variable-Gain Amplifiers,” W. Sansen, R.
Meyer, IEEE Journal of Solid-State Circuits, SC-8-4, August 1973.

“Don’t be Fooled by Multiplier Specs,” R. Stata, Electronic Design, 6,
March 15, 1971.

“Electronic Multiplier-Divider Uses One or 2 IC’s,” Z. Peled, Electronic
Design, 21, October 10, 1968.

“An Electronic Multiplier for Accurate Power Measurement,” M. Tomota,
T. Sugiyama, K. Yamaguchi, IEEE Transactions on Instrumentation and
Measurement, IM-17-4, December 1968.

“An Error-Stabilized Analog Divider,” G. Fitton, EEE, February 1971.

“Evaluating and Using Multiplier Circuit Modules for Signal Manipulation
and Function Generation,” Analog Devices’ Applications Brochure, 1970,
Out of Print.

“Feedback Stabilized 4-Quadrant Analog Multiplier,” H. Brﬁggemann, IEEE
Journal of Solid-State Circuits, SC-5-4, August 1970.

“FET Conductance Multipliers,” F. Crawford, W. Adams, Instruments and
Control Systems, September 1970.

“In IC Form, Hall-Effect Devices Can Take on Many New Applications,”
M. Oppenheimer, Electronics, August 2,1971.

“Linearizing Almost Anything With Multipliers,” R. Burwen, Electronic
Design, 8, April 15,1971.

*“Multiplier Memories and Meanderings,” D. Sheingold, Analog Dialogue,
5-1, 1971.

xvii



“The Multiplying D/A Converter,” C. Brown, Electronic Products,
June 21, 1971.

“New Planar Distributed Devices Based on a Domain Principle,” B. Gilbert,
Proceedings of the IEEE Solid State Circuits Conference, February 19, 1971,
pp- 166-7.

“A Precise Four-Quadrant Multiplier with Subnanosecond Response,” B.
Gilbert, IEEE Journal of Solid-State Circuits, December 1968.

“A Precision Current Multiplier/Divider,” G. Bredenkamp, Proceedings of the
IEEE (Letters), November 1972.

“Save Money With Analog Multipliers,” R. Burwen, Electronic Design, 7,
April 1, 1971.

“Top Performance from Analog Multipliers?”” T. Cate, Electronics,
April 13, 1970.

*“Two-Quadrant Multiplier,” R. Burwen, Analog Dialogue, 4-2, Decem-
ber 1970.

“A Two-Quadrant Multiplier Integrated Circuit,” J. Holt, IEEE Journal of
Solid-State Circuits, SC-8-6, December 1973.

PIECEWISE-LINEAR APPROXIMATIONS, POWERS &
ROOTS, MISCELLANEOQOUS

'“AC-to-DC Converters for Low-Level Input Signals,” R. Kreeger, EDN,
April 5, 1973.

“Add FET to Threshold Detector to Improve Hysteresis,” G. Oshiro, Elec-
tronic Design, 12, June 8, 1972.

“Analog Sorting Network,” D. Morgan, Electronic Design, 2, January 18,
1973, and sequel (Letters), 17, August 16, 1973. )

“Analog Switches Replace Reed Relays,” D. Fullagar, Electronic Design,
13, June 21, 1973.

“Automotive and Industrial Electronic Building Blocks,” R. Russell, T.
Frederiksen, IEEE Joumnal of Solid-State Circuits, SC-7-6, December 1972.

“Design Features of a Precision ac-dc Converter,” L. Marzetta, Joural of Re-
search of the National Bureau of Standards, 73C-3,-4, July-December, 1969.

“Extraction of Square Roots ... a Useful Analog Instrumentation Technique,”
T. Cate, Electronic Instrumentation Digest, January 1971.

“A Hybrid-Circuit RMS Converter,” H. Handler, Proceedings of the IEEE
Solid-State Circuits Conference, 1971, February 19, 1971, pp. 190, 191.

xviii



“Ideal Rectifier Uses Equal-Value Resistors,” A. Lloyd, Electronic Design,
June 21, 1967.

“Midvalue Selector Doubles as Precise Voltage Limiter,” A. Moses, The
Electronic Engineer, December 1970.

“Nonselective Frequency Tripler Uses Transistor Saturation Characteristics,”
R. Lockhart, Electronic Design, 17, August 16, 1973.

“Op Amp Art” (Absolute-Value Circuits), S. Rudnick, EEE (Letters),
June 1968.

“Op Amps Form Self-Buffered Rectifier,” J. Graeme, Electronics, Octo-
ber 12, 1970.

*SERDEX Serial Data Exchange Modules, Analog Devices, Inc., 1973.

“Simple Control for Sign of Op Amp Gain,” S. Franco, Electronic Design,
23, November 8, 1970.

“Triodes as nth Power Elements,” G. Philbrick, The Lightning Empiricist,
Vol. 1, No. 1, 1952, Out of Print.

*“Versatile New Module: Y(Z/X)™ at Low Cost,” F. Pouliot, L. Counts,
Analog Dialogue, 6-2, 1972.

xix






INDEX

A
Absolute value, 4, 23, 24, 108-110,
116,118,119, 124, 131-133,
159, 204, 361-364, 391-393
ideal diode in, 13, 108, 116, 133,
361-364
with squaring, 8, 118-119, 204,
485
Accuracy specifications, see indi-
vidual devices
AC,
in testing, 197-198, 264-269,
315-322, 324-326, 384, 386,
408414
“logarithm”, 4, 19, 20, 101-104
measurement applications, 17, 24,
81-82, 87-88, 104-105, 108-
117, 123-124, 132-142, 145-
146, 153-154, 389-393
Adaptive control, 141, 162
Adjustment range specifications,
see individual devices
AGC, see Gain
Alarm circuits, 155-156
Amplifier choice, 75-76, 89-91, 112,
118-119,171-173, 174-178, 185-
186, 192, 281, 422426, 433434,
452454, 479-481
Amplifiers, see specific circuit
application
Analog computing, see Computing
Antilogarithm, see also Exponential,
and logarithms, 12, 38, 98-104,
149-150, 151-153, 184-188,
191-193, 195, 200, 233-238,
294-299, 333, 350, 371-373,
400-403, 467481
base change, 472473
errors, 473-475, 479-481

in compression-expansion, 98-104
in exponent circuits, 16, 149-
150, 369-387, 469
in transducer linearizing, 151,
476-481
in sinh™, 19-20, 101-104
options, 470473, 4782479
principles, 12-13, 184-185,
191-192, 467469
Approximations, see Functions,
also specific function
Average, 87,104-111, 114-117,
132-135, 240-244, 389416
“ac” (mean absolute), 17, 19,
104-110, 389-393
per-cycle, 107-108, 114-115,
414416
running, 17, 105-108, 110,
389-393, 406, 414

B

Bandwidth specifications, see in-
dividual devices

Base, -emitter voltage, see Log
circuits, principles

Base, of logs and exponentials, 10,
12, 165, 180, 183, 184, 467,
472473

Bode plots, principles, 174-178

Bounds, 4, 13, 24-26, 76-77,
94-97, 155-158, 348-349,
351-361

Breakpoints, see Piecewise-linear

Bridge
linearizing, 41, 42, 89-92
reference compensation, 7, 90-

91,121

C
Calculators, role of, 44, 49, 58



Classification circuits, 27, 156-157

Coefficients, setting, see Scale factors

Comparators, 2, 3, 4, 14, 15, 25,
26-27,70-77,112-114, 130,
155-157, 327, 363, 365-367
hysteresis in, 15, 27, 70-77, 112
in classification, 156-157
in jump and window functions,

26, 27, 70-77, 130, 155-157

Compens:ftion, temperature, 3

discontinuous approximations,
356-357, 365

logarithms, 11,12, 19, 153, 174,
179-186, 417421, 447-448,
455

multifunction devices, 372

multiplier circuits, 216, 217-221,
234-238, 330, 333

root mean-square, 401-403

Compression (and expansion), signal
amplitude, 10, 19, 20, 88, 97-
104,121,123, 126-127, 440-444

Computing, analog, i, 1-64, 78-81,
87-88, 90-92, 94-95, 104-122,
123-135, 138-142, 145-151, 153~
154, 158-163

Conformity, log, see Logarithmic
circuits

Conformity specifications, see in-
dividual devices

Constants, see Scale factors

Continuous functions, see Functions

Conversion
A/D and D/A, 14, 22, 82, 83,

88, 98-102, 114, 120, 140,
162, 365-367, 387, 415416,
440444
polar-to-rectangular, 22-23, 49-
52, 60-64, 158-161, 371
rectangular-to-polar, 20-21, 117-
120, 158-161, 371

mms to dc, see Root mean-square

sign-magnitude to bipolar, 204,
299, 365

voltage to frequency, 14, 73,
76, 78-81, 83-85, 136-141

Convolution, 153-154
Correlation, 153-154
Crest factor (c.f.), 109-110, 391,

396,402413

Cross-coupling, see Multipliers,

linearizing

Crossplots, in testing of multipliers

and dividers, 228, 229, 231,
232, 253, 254, 263, 264-269,
278, 291-292, 316-322

Current

inverter, 54, 57

measurement, 151-153

-voltage relationship in transis-
tors, 165-174

D
Data acquisition, 17, 87-122, 145-

153, 155-158, 440446, 464-
466,476-481

Data reduction, 87, see also Data

acquisition

Dead zone, 4, 13, 25, 26, 77

in hysteresis, 27, 28

Decibel (dB),
defined (pragmatically), 122
measurements, 10, 19, 105,
120-122, 456, 463
Denominator, constraints in
dividers, 7, 271-279, 281-286,
288, 293, 296-297, 299-309,
316-326
log-ratio circuits, 447, 454-458,
462,466
multifunction modules, 371, 381,
383, 384
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Difference,
measurements, 55-57, 113, 114~
115, 263
of vectors, 4142, 160-161
Digital approaches to analog non-
linearity,
analog-digital circuits, see
Conversion
read-only memories (ROM’s), 31,
65, 67, 82, 83, 144, 365-367
Diode function generators, see
Piecewise-linear
Diode, “ideal”,
as logarithm, 3, 10-11, 165-171,
448-452,457,458-460
as switch, 4, 13, 14, 52-55, 94-
96, 108, 116, 133, 351, 357-
365, 400
Discontinuities, see Functions
Dither, in squaring, 8
Dividers, 2, 3, 6,7, 9, 10, 271-
326,483
adjustment and testing, 315-326
combined with multiplication, 7,
16-17, 20-21,110-111, 117-
120, 149-150, 160-161, 233-
240, 294-299, 369-373, 484,
490, 491, 494, 498-499,
501-502
dynamic range, see Denominator
errors, see also performance,
274-279
integrated-circuit, 283, 284, 288,
302, 304-314, 350, 498-499,
501-502
in square-rooting, 9, 18, 20-21,
4041,110-111,117-118,
149-150, 160-161, 370, 381
offsetting for 2-quadrant opera-
tion, 298-299

performance and specifications,
281-286, 291-294, 296-297,
299-314, 434
polarity (quadrants), 271-273
principles and circuit design,
271-299
inverted multiplier, 5, 6, 7,
38, 140, 279, 280-286
log-antilog, 6, 10, 294-299,
369-373
transconductance (direct divi-
sion), 6, 287-294
relationship to multiplier, 6-7,
281-284
Doubling, frequency, 8, 24, 114-116,
130-132, 255, 485, 486, 499-502
with linear amplitude response,
501-502 '
Drift specifications, see individual
devices
Duty cycle, 72, 109, 129-130, 240-
244, 391-392, 407,409, 412-413

E

Ebers and Moll equations, 167

Energy measurement, 5, 105, 114-
117, 390, 392-393

Error measurement, see individual
topics

Error specifications, see individual
devices

Expansion, signal, see Compression

Exponential (see also Antilogari-
thm), 3, 12-13, 38-39, 43, 4546
77, 81-82, 100-104, 147-148,
151, 165-171, 184-188, 191-193
236, 401, 467481
time-constant measurement

147-148

F
Feedback, 3,5,7,9,11,12,15 14



Feedback (continued)
15, 18, 19, 20, 21, 22-23, 24,
25, 27,3843, 48, 60-63, 70-81,
84-85
see also
all Log topics
Dividers, inverted-multiplier
Functions, implicit
Functions, inverse
Gain control, automatic
Oscillators, Generators
Phaselocked loops
Powers and Roots
Root mean-square
Square roots
Filters, voltage-controlled
Feedthrough errors in multipliers,
205, 209-212, 222, 227, 230-233,
239, 246-248, 252-255, 261, 263,
264-265, 267, 268, 336, 340-
341, 343-344, 345, 486-488,
490, 492-493, 497-501
Feedthrough specifications, see in-
dividual devices
Filters, 105-111, 113, 114-117,
124-125, 131, 132-144, 390,
398-402, 404, 414, 500-502
voltagecontrolled (VCF), 123,
138-142
“Form factor”, ratio of root mean-
square to mean-absolute deviation
of a waveform, 109, 391
Frequency
determining, 65-85, 123, 130-
132, 136-144,497-502
doubling, 8, 24, 114-116, 130-
132, 255,485, 486, 499-502
tripling, 131
Function fitting
analog, 29-64, 92-97
digital, 31, 82-83, 123, 144,
365-367

in time-function generation, 65-

70, 76-77, 81-82, 82-83
Functions

arbitrary, 29-31, 43-59, 65, 76-
78, 92-97,108-111, 114-117,
142-144, 154, 351-387, 390

discontinuous, 34, 13-15, 24-28,
31, 43-44, 52-55, 56-57, 70-
78, 81-85,93-97,107-117,
129-134, 142-144, 155-158,
351-367

implicit, 39-43, 48-52, 60-64,
90-91,110-111,117-120, 134-
135, 149-150, 157-158, 160-
162, 370-371, 381-382, 398-
402

inverse, 6-7, 12, 31, 37-40, 90-
104, 126-127,132-138, 139-
140, 184-185, 191-192, 279-
286, 365

jump, 3, 4, 13-15, 26-27, 7078,
80, 83, 84-85, 109, 130, 133,
155-158, 351, 391

linear transfer, 29, 105-106, 138-
142,174-178

multivalued, 27-28, 29, 70-78.
112

of time, 65-85, 126-144, 147-
148, 153-154, 366-367, 376-
377, 389416

piecewise-linear, see Piecewise-
linear

smooth, 3, 55-56, 60-64, 67-68,
78-81, 89-96, 98-105, 114-
122,124-130, 134-135, 138-
141, 145-153,158-163, 369-
387

trigonometric, 4, 20-23, 34-37,
49-52, 60-64, 78-81, 82, 109,
117-120, 127-129, 133-138,
158-161, 497-502

window, 4, 26-27, 155-158



G
Gain control, automatic (AGC), 68,
79-81, 123, 124-126, 127-129,
136, 486, 498
Gain setting
dividers in, 91, 124-127, 138-
141, 151-153, 497-502
multipliers in, 5, 32-33, 36-37,
42,73, 78-81, 90-92, 124-
125,126-127,128, 130, 138-
141, 151-153, 162, 163
see also Scale factors
Generators, diode function, see
Piecewise-linear
Generators, waveform, 15, 22, 65-
85,127-129, 142-144
analog-digital, 82-85
characteristics of, 66-70
one-shot, 66, 77, 78
sine-wave, 22, 65-70, 78-81, 127-
129
square-wave, 71-78
sweep, 81-82
trian, -wave, 71-78
Grading applications, 27, 156-158

H

Hoerl equation, 46

Hyperbolic sine, see Sine

Hysteresis, 2, 4, 27, 29, 70-78, 112
hysteretic comparator, 70-77
linear hysteresis, 26, 27, 28

I

Ideal diode, see Diode

Impedance measurement, 117

Implicit, see Functions, implicit

Input specifications, see individual
devices

Integrated circuits (IC’s)
application suggestions, 344-349
characteristics, 327-330, 336-337

dynamic trimming, 342-344

monolithic, 2, 327-350

practical use of, 344-348

prospects, 349-350

see also Multipliers

selection, 339-342, 483-494

specifications, 336-338

testing, 339-344

vs. modules, 327-330, 336-337
Inverse, see Functions, inverse

J
Jump, 26, 27, see also Functions

L
Laser-trimming of integrated cir-
cuits, 329, 331, 342-344
Light measurements, 19, 120-122
147, 444-446, 464466
Limits, see Bounds
Linearity defined, 1
Linearity specifications, see indivi-
dual devices
Linearizing, 10, 16, 29-31, 88, 89-
97
bridge output, 31, 41, 42, 89-92
cathode-ray tube, 31, 162-163
multipliers, see Multipliers,
Linearizing
phase demodulator, 134-135
thermocouple, 31, 92-97
transducers (combined with A/D
conversion), 365-367
Logarithmic circuits (Chapter 3-1)
and exponentials, 184-185
and hyperbolic functions, 4, 19,
20,102-104
diodes, 165-171
dynamic errors, 193-194
dynamic stability, 174-178
error sources, 169-174, 179-184
in compression, 97-104, 440-444

XXy



Logarithmic circuits (continued)

log conformity, 190-191, 197
nomenclature and characteristics
(N vs.P), 186-188
performance and specifications,
188-194, 200-201
polarity, 166, 169, 179, 181,
185-188
principles and circuit design, 10,
11, 165-186
temperature compensation,
179-185
testing, 194-198
Logarithmic devices
adjustment, 195-196, 436-439,
473475
applications, 417-502
antilogarithm, 467481
log of single variable, 417-446
log ratio, 447466
Log/antilog dividers, see Dividers
Log/antilog multipliers, see Multipliers
Log conformity error, 190-191, 197,
432-433,457, 475
Log diodes, see Log circuits, principles
Log of single variable
adjustment, 436439
alternatives, 417-426
basic log element, 417-420
log amplifier, 423-425
log transconductor, 420-423
application examples
data compression, 440-444
photomultiplier, 444-446
applications, 417-446
dynamics, 174-178, 426-430
performance and specifications,
188-194, 200-201, 431-436
Logratio applications, 447-466
alternatives
circuits using basic log element,

447448, 458-461
log-ratio module, 461-462
choosing an approach, 462-464
design example: light-transmission
measurements, 464-466
device considerations, 452-458,
466
principles, 447452

M
MAD, mean-absolute deviation, see
“AC average”
vs. mean, 108
vs. root mean-square (rms), 108-
110, 391-393
Mark-space ratio, 68, 71-78, 109, 391
Mass gas flow measurement, 149-150
Matching, monolithic, 3, 11, 418-420
see also “principles and circuit de-
sign” for individual devices
MAYV, mean-absolute value, see AC
average, MAD
Maximum ratings, 348, see also in-
dividual devices
Mean
geometric, Eq = ZY/E,, 9, 369-371
mean-absolute (mav, mad), see
Average
mean-square, 87, 392, 402, 415-416
see also Average
Measurement
of errors, see individual devices
of time constant, 147-148
power, 1, 58, 105, 114-117, 145-
146, 390, 392-393
Measure, extraction of, 87-88, 104-
122, 145-154 ‘
Median voltage measurement, 157-158
Meters (applications), 88, 121, 464
Modelling, see’ Functions, fitting
Modulator, modulation, 1, 65-70, 73-
75, 78-81, 83-85, 123, 129-130,



137
balanced-, 6, 129, 497499
duty-cycle-, 70-76, 130
frequency-, 72-73, 78-81, 83-85,
129-144
multipliers and, 5, 129-130, 240-
244,497-502
pulse-width, 27, 72-73, 129,
240-244
Multifunction devices (YZ/X), Y(Z/X)™
. division, 369-371, 383-385
function fitting with, 22-23, 32,
4042, 52, 61-63, 92-96, 117-
120, 149-150, 159-160, 369-382
multiplication, 369-70, 385
performance and specifications,
371, 374-376, 378-384
powers, 16-17, 32, 46, 52, 62-63,
92-96, 118-120, 159-160, 369-
380, 382-383, 386-387, 469
principles and circuit design, 369-382
reciprocals, 16, 369-370
rms, 370, see also Root mean-square
roots, 16-17, 369-370, 373-380,
382-383, 386-387
square-rooting, 9, 18, 20-21, 111,
117-118, 149-150, 160-161, 370-
371,373, 375-376, 380-381, 387
squaring, 52, 60-61, 370-371, 373,
375-376, 387
testing, 384-387
trigonometric functions with, see
Functions
vector sums with, see Vectors
Multiplexing, 14, 88
Multiplier-Dividers, see
Dividers, combined with multi-
plication
Dividers, log/antilog and inverted-
multiplier
Multifunction devices
Multipliers, log/antilog

Multipliers, 4-6, 203-269, 483-502
adjustment and testing, 230-233,
262-269
errors, 209-213, see also performance
integrated circuits (IC’s), 327-
350, 339-344
incomplete IC’s, 329, 337-338
linearizing, 230-233, 346
offsetting for increased range,
238-240
performance and specifications,
216-217, 220-221, 222-223,
226-229, 237-238, 241-244,
244-261, 337-338
polarity (quadrants), 203-204, 216,
221, 223, 233, 238-240, 241, 242
principles and circuit design, 203-244
integrated-circuit designs, 330-
336
log/antilog, 204, 233-240
pulse height-width, 204, 240-244
variable-transconductance, 204,
214-233
Multiplying
practical applications, 483-502
selection guidelines, 483-494
techniques
combinations with division, see
Dividers
D/A converters, 6, 140, 162,
327,349,415
frequency, see Frequency
Hall effect, 5. 204. 333
in squaring, see Squaring
log/antilog, 233-240, 333
magnetic, 5, 204, 333
pulse modulation, 240-244, 333
quarter-square, 5, 8, 204, 332
servo, 5
triangular-wave, 5
variable-transconductance, 214-
233, 332-333
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Multiplying (continued)

user notes

balanced-modulator applications,
129, 497-499

balanced modulator with auto-
matic gain control (AGC),
498499

buffering, 345

capacitive loading, 346-347

common-mode rejection, 495-
496

frequency doubler with linear
amplitude response, 501-502

linearity at low levels, 226,
491, 494-495

offset-pot location, 346

power-supply decoupling, 346

protection of IC’s, 348

scaling, 344
trimming, 345
warmup, 347
N
Noise

crest factor, rms/mad, 109
reduction through compression, 97-
104, 126-127, 440-444
uses of, 30, 58, 68
Noise specifications, see individual
devices
Nonlinearity
applications, 1, 4-164, 440-446,
464-466,476-481, 496-502
correction of, 2, 31, 89-97
examples, 1, 3-28
Nonlinearity specifications, see in-
dividual devices
Nonlinear operations, 3-4, 4-286
Normalizing, see Scale factors
Null, graded, 20, 104

O
Offset specifications, see individual
devices
One-shot
measurement, 87, 104, 111-114,
389,414-416
oscillator, see Generators
Op amp, see specific circuit applications
Oscillators, 26, 65-85, 127-129
digitally-controlled, 82-85
voltage-controlled (VCO), 73, 78-
81,123
see also Generators
Oxygen concentration measurement,

151, 576-581

P
Peak (and valley) measurements, 87,
104,105, 111-115, 126-127
Phase angle measurement, 105, 119,
120, 123, 132-138, 142
Phase-locked loop, 123, 134-138
Picoammeter without large resistors,
151-153
Piecewise-linear
breakpoints, 52-55, 93-97, 351-361
digital techniques, 365-367
“diode function-generators”, 2 3,
8,13, 22, 23-24, 26, 43-44, 52-
57,76-77, 80, 93-97, 131-132,
351-367
discontinuous approximations,
351-367
Polarity ‘
antilogarithm, 12-13, 186-188, 189-
191, 468-469;476-481
in dividers, 6, 7, 271-274, 280- .
281, 287, 289, 294, 298-299,
301-303
log circuits, 10-11, 171, 186-188
189-191, 198, 429-430, 440-440



in log-ratio circuits, 19, 454-457,
464-466

in multipliers, 5, 203-204, 215,
217,221, 223, 233, 238-240,

241-242, 269, 483-485, 491494

of absolute value, 23, 27, 361-362
of breakpoints, 53-55, 93-97, 351-
355
-sensing (detection), 15, 23, 27,
155, 363
Polynomials, see Power series
Power-factor measurement, 116-117

Power measurement, see Measurement

Powers, computation of, 10, 16, 17,
4647, 150, 369-387, 469

Reference

antilogarithm, 12,467-469,472-475

divider, 6, 271, 282-283, 287, 291,
296, 301-303

in exponent circuits, 17, 369-373,
382-383

in oscillator circuits, 71, 73, 75, 76,
79-81, 83-85,127-129, 136-138

log circuit, 10, 166, 179-180, 183-
190, 196-197, 431439

multiplier, 4, 36, 64, 203, 226,
237, 245-247

see also Scale factor

Response specifications, see individual

devices

Power series, 16, 22-23, 46-52, 60-64  RMS, see Root mean-square

Power-supply ratings, see individual
devices

Q

Quadrants, see Polarity
Quantizing, 15, 25, 155-157

R

Range, dynamic, see device or circuit

Ratiometric, 7, 120-122, 147, 464-466

Ratios
logarithmic, “dB”, 1, 4, 19, 105,
120-122, 147, 179-183, 193,
447467
measurement of, 6, 7, 105, 120-
122, 271-326
see also
Dividers
Multifunction circuits
Log ratio
Read-only memory (ROM), 31, 65-
67, 83, 144, 365-367
Reciprocals
negative powers, 16

using dividers or multifunction cir-

cuits, 7, 370

Rectifier, full-wave, see Absolute value

Root mean-square (rms) circuits, 4,

9,17-18, 87, 104, 108-111, 389-416
devices, 389-416
circuit designs, 393-403
direct computation, 398
implicit computation, 398-403
thermal, 393-397
filtering and ripple, 398, 399401,
404406, 414
performance and specifications,
395-396, 397, 398, 399-400,
402, 403408
principles, 389-393
testing, 408-413
implicit solution, 18, 40, 41, 110-
111, 398-403
open-loop solution, 18, 110, 398
over very long periods, 414-416
thermal solutions, 394-397
vs. mean-absolute, 17, 108-110,
391-393

Roots, rooting,

computation of roots, 10, 16, 17,
369-387

see also Multifunction devices

see also square rooting



Root sum-of-squares, 20, 21, 41, 47,
88,117-118, 390

RTI, RTO, errors referred to input or
output; see errors and specifications
for individual devices

S
Salnple-hold, 88,99, 107-108, 114-
115, 120,415416
Scale-factor specifications, see indivi-
dual devices
Scale factors, see also Reference, 29-
30, 33-37,45, 57, 63-64, 70-76, 79,
90-97, 110, 114-116, 118-119, 120-
122,129-130, 132-133, 134-135,
138-141, 145-153, 160
SCR, root mean-square vs. average mea-
surements in silicon controlled-
rectifier circuits, 392
Segments, see Piecewise-linear
SERDEX™, SERial Data EXchange
systems, 88, 99
Shaping, wave-, see Generators
Signal-
compression, see Compression
conditioning, 29-164
generation, see Generator, Oscillator
shaping, see Generators
Sign-magnitude to bipolar, 27, 363, 365
Simulation, 2
Sine _
approximating, 22-23, 43, 49-52,
60-64, 67-68, 158-159
hyperbolic (sinh), 20, 103
inverse hyperbolic (sinh'l), 4,19-
20,102-104
use of implicit feedback in fitting,
43, 49-52, 60-64
sine-wave generators, 65-68, 78-
81,127-129,142-144
sine-wave measurements and man-
ipulations, 87-88, 108-117, 124-

144, 145-146
testing, uses of sine wave, see
individual device tests
Sinh (hyperbolic sine), see Sine
Smooth functions, see Functions
Spectrum analyzers, 141-142
Square-law, see Squaring
Square-rooter, 3, 8, 9, 10, 16-18, 20-
21,4042,108-111, 117-119, 149-
150, 160-161, 162-163, 369-387
389416
inverse vs. implicit, 40
multiplier as, 5, 38
odd-function, 10
Square-wave generator, see Generators
Squaring, 1, 3, 8, 20-21, 32, 40-42,
46-52, 60-61, 63-64, 110-111, 117-
119, 126-127, 130-131, 154, 160-
161, 162-163, 332, 369-371, 373-
380, 485486, 488
absolute-value in, 8, 21, 24, 118,
485
odd-function, 8

Stationary process, 17, 87, 105, 109,
389-393 _
Straight-line function, see Piecewise-
linear
Strain-gage
linearization, 4142, 89-92
reference variations, 7, 90-91, 120-
121
Summing
linear, 55-57, 263
see also
Root sum-of-squares
Vector

Sweep circuits, 81-82
in device measurement, see
Crossplots
Switches, switching
electronic, 2, 3, 4, 13, 14



means, 14
quadrants, 23, 204, 361-365, 485
see also

Generators

Piecewise-linear

Synthesizers

music, 142-144
waveform, see Generators

Tables

Bias-current errors in log circuits,
172

Bridge linearization function, 91

Checklist of multiplier parameters,
261

Chromel-constantan thermocouple
function, 93

Comparative summary of log
modules, 426

Comparison of log transconductor
(752) and complete log module
(755), 192

Conditions for rms-circuit dc tests,
410

Corresponding parameters of mul-
tipliers and dividers, 283

Divider performance tests, 315

Dynamic range vs. signal/noise
(log compression), 101

Equipment for testing dividers, 316

Equipment for testing log cir-
cuits, 194

Equipment for testing multipliers,
262-263

Equivalent input and output errors
of log operators, 188, 434

Errors of assumption that sin 6=0,134

Frequency response of log circuits
vs. level, 194

Functions of multifunction circuit,
370-371

Log basechange, 431

Log-diode errors vs. hpg, 170

Multiplier applications guide by key
feature, 490

Multiplier test matrix, 264

Output errors of exponential asa
function of K variations, 475

Response time of log circuits as a
function of level, 193, 429430

RMS, mad, and crest factor, for
various waveforms, 109, 391

Roots and powers of various ratios,
380

Round-number values of Vi, and
temperature, 166

Selection criteria for op amp with
log transconductor, 423

Selection guide for 4-quadrant
multipliers, 492-493

Signal-to-noise of bipolar com-
pression expansion, 103

Signal-to-noise of log compres-
sion, 100

Slopes of power and root functions
near zero, 376

Specifications of dividers, 302-303

Specifications of log modules,
200-201

Specifications of log-ratio modules,
466

Specifications of multipliers, 246-
247

Specifications of multifunction
circuit, 383

Specifications of rms circuit, 405

Static accuracy test chart for divi-
der, 325

Typical nonlinear relationship, 30

Tangent

approximations, 134-135, 159 160
tanl, 22.23, 119-120, 158-160



Temperature range and performance, Window functions, see Functions
see individual devices 7
Time-constant measurement {expo-
nential decay), 147-148
Time-function generation, see Generators
Thermocouple, see Linearizing
Transconductance '
dividers, see Dividers
multipliers, see Multipliers
Transdiode, see Log circuits, prin-
_ ciples
Transistors
as log elements, see Log circuits
in integrated circuits, see Inte-
grated circuits
in multiplication, see Multipliers
Triangular-wave generator, see
Generators
Trigonometric, see Functions

\%

Valley measurement, see Peak
Vector error in multipliers, 257
Vectors, 20-23, 117-120, 158-161
difference, 4142, 88, 160-161
resolution, 158-161
sum, 4, 9, 20-21, 24, 41, 88, 105,
117-120
Voltage-controlled amplifier (VCA),
see Gain setting
Voltage-controlled filters (VCF),
see Filters
Voltage-controlled oscillators (VCO),
see Oscillators
Voltage-to-frequency, 83-85, see
Generators

W

Warmup in integrated circuits, 329-
330, 339-340, 347

Wave shaping, 8, 22, 31, 67-68, 76-
77, 82-83,129, 132, 138-141, 142-
144,153-154, 162-163, 497-502

Zeroing, see individual devices —
adjustments

xxxii



