
Index

A/D converter, 572, 601
Absolute digital encoder, 231
Absolute zero, 236
Accident scenarios and prevention, 563, 564
Accuracy
analog-to-digital converter, 163
control system, 423
digital-to-analog converter, 154
sensor, 227

Acquisition time
(sample-and-hold), 177

Actuator (definition), 226
AD558 D/A converter
(use in Lab Exercise), 207

AD582 sample-and-hold
(use in Lab Exercise), 214

AD590 temperature transducer, 252
AD625 instrumentation amplifier
(Lab Exercise), 144
(use in Lab Exercise), 306, 308, 313,

465
AD670 A/D converter
(use in Lab Exercise), 214

AD7820 A/D converter
(use in Lab Exercise), 214

Adaptive quadrature integration code, 542
Address
bus, 4
decoder, 4

ADSL, 44
Ag(AgCl) electrode, 272
(use in Lab Exercise), 329, 334, 349

Aliasing, 396
Aliasing in frequency, 404
Alphas, 276
AM9513 counter/timer, 16
(Lab Exercise), 65
sequence of operations (illus.), 17

Amplifier circuits, 98
buffer, 80
Darlington,

(use in Lab Exercise), 468, 488,
493

differential, 79
instrumentation, 89
inverting, 76
(Lab Exercise), 130

isolation, 93
noise, 96
noninverting, 78
(Lab Exercise), 132

power, 117
risetime, 88
sample-and-hold, 178
settling time, 88
summing, 81

Analog delay
(sample-and-hold), 176

Analog filter, 116
(Lab Exercise), 152
anti-aliasing, 115, 404
band pass (definition), 99
bandwidth (definition), 99
Bessel, 111
Butterworth, 110
characteristics, 98
Chebyshev, 111
corner frequency, 98
high-order high-pass, 116
high-order low-pass, 110
high-pass (definition), 99
high-pass one-pole, 106
(Lab Exercise), 150

low-pass (definition), 99
low-pass one-pole, 105
(Lab Exercise), 148

low-pass two-pole
(Lab Exercise), 149

notch (definition), 99
notch, 107
(Lab Exercise), 150

passband (definition), 98
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603 Index

Paynter, 111
phase shift (definition), 98
Sallen–Key, 111
settling time (definition), 99
transitional, 111

Analog I/O
Standard loop, 222

Analog multiplexer, 186
Analog output, 556, 557
Analog position sensor, 229
Analog-to-digital converter, 173
(used in Lab Exercise), 203, 214
dual-slope method, 167
flash method, 170
ideal response, 162
integrating method, 167
sigma–delta, 172
subranging method, 171
successive approximation method, 168
tracking method, 165

Anti-aliasing filter, 115, 396, 404, 574
(Lab Exercise), 456, 466
Butterworth design, 115

Aperture delay
(sample-and-hold), 176

Aperture jitter
(sample-and-hold), 176

Aperture time
(sample-and-hold), 176

ASCII character codes
(appendix), 569, 572

ASCII code, 36
Asynchronous, 35
Atria (illus.), 335
Average (sample mean), 364
Average error of a control system, 423

Band-pass filter (definition), 99
Bandwidth
(sample-and-hold), 174
and risetime, 88

Beer’s law, 266
Bessel filter, 111
Beta of a thermistor, 247
Betas, 276
BI HOLD line (used in Lab Exercise), 66
Bimetallic switch, 237
Bimetallic temperature sensor, 238
Binary numbers, 5
(tables), 6, 8

Binary-to-Gray code conversion, 7
Binned data, 360
Binomial distribution, 576
Blood pressure (Lab Exercise), 339
Bode plot, 88
Brush position encoder, 231

Buffer amplifier, 80
(illus.), 80

Bus
address, 4
data, 5
input, 28
(illus.), 28

output, 11, 21, 24
(illus.), 24

Butterworth filter, 110
Byte I/O, 21

C programming hints
(appendix), 510

Calorie, 236
Capacitor value codes, 566
Cardiac cycle (table), 337
Cardiac depolarization sequence, 335
CD-ROM (compact disk–read only memory), 3
CD-WORM (compact disk–write once read

many), 4
Celsius temperature scale, 235
Charge transfer error
(sample-and-hold), 177

Chebyshev filter, 111
Chi-squared, 379
(table), 377, 378
probability of exceeding, 379

Chip (integrated circuit), 1
Circulatory system (human)
(illus.), 335

Closed loop gain, 77
CMRR (common mode rejection ratio), 90
Common-mode
rejection (equation), 90

Common-mode gain (equation), 90
Comparator, 164
Compiler, 4
Complex impedance of electrodes
(Lab Exercise), 330

Contact bounce, 33
Control
algorithm, 422
analog, 420
Fourier, 419
ON–OFF, 424
(Lab Exercise), 486, 492, 499

PID, 426
proportional, 426
temperature, 427
variable, 422

Control delay
(sample-and-hold), 176

Control register, 19
Conversion time (analog-to-digital converter),

163
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604 Index

Corner frequency, 88, 98
Counter/timer, 18
AM9513, 16
(Lab Exercise), 58, 59

applications, 14
cascading (warning), 16
Intel 8253, 15

Crossover distortion, 118
Current-to-voltage converter, 81
Curve fitting, 374
Curve shaper amplifier circuit, 84

D-type flip-flop, 11, 21
function table, 10
microcomputer output (illus.), 10, 21

D/A converter, 579
Damped-harmonic oscillator, 300
Data
bus, 5
register, 18

Data-acquisition and control
components, 1

Data-acquisition circuit
(Lab Exercise), 214

Data-acquisition procedures
digital, 33
embedded processor, 33
hardware-trigger DMA, 32
hardware-trigger hardware-interrupt, 31
hardware-trigger status-poll, 30
software-trigger status-poll, 29

Dead band
control system, 425

Debouncing, 34
Deglitcher (for digital-to-analog converter), 155
Degrees of freedom, 368, 369, 376
Depolarization sequence of heart, 335
Design factors
sampling system, 414

Dial thermometer (use in Lab Exercise), 305
Diastolic blood pressure (Lab Exercise), 340
Differential amplifier, 79
Differential gain (equation), 90
Differential linearity
(Lab Exercise), 204

Differential linearity error
analog-to-digital converter, 163

Differential linearity error
digital-to-analog converter, 155

Differentiating filter, 103
Digital building blocks, 13
Digital encoder, 230
Digital filter
(Lab Exercise), 471, 477
finite impulse response (FIR), 416
infinite impulse response (IIR), 417, 418
low pass, 473

Digital interfaces,
(table), 45

Digital-to-analog converter, 161
(Lab Exercise), 203, 207, 449, 450
characteristics, 154
ideal response, 153
multiplying, 154
R–2R method, 158
subranging method, 160
weighted adder, 157

Diphthong, 462
Discrete Fourier transform, 401
derivation, 400

Disk memory, 3
Dissipation constant
(thermistor), 248

DPSK (differential phase-shift keying modem),
36

Droop
(sample-and-hold), 175

DT3010, 556, 557
binary input, 553, 556
pin assignments (table), 554, 555

Dual-slope analog-to-digital converter,
167

Duplex
full, 35
half, 40

Duty factor, 424
Dynode, 267

ECL logic voltage ranges (table), 9
Editor, 4
Einthoven triangle (illus.), 338
Electrical hazards and prevention, 560
Electrocardiogram
(Lab Exercise), 338

Electrode
Ag(AgCl), 272
bare metal, 272
circuit model, 274
impedance (Lab Exercise), 332

Electromagnetic isolation amplifier, 93
Electromagnetic pickup
(Lab Exercise), 140

Electromagnetic spectrum, 274
Electromyogram
(Lab Exercise), 351
processing circuit (illus.), 347

Electronic ice point, 251
Electronic transducer (definition), 226
Electrooculogram
(Lab Exercise), 352
origin of signal, 352, 353

End-point voltage
A/D converter (Lab Exercise), 203
D/A converter (Lab Exercise), 204
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605 Index

Equilibrium temperature extrapolation equation
(Lab Exercise), 324

Error
analog-to-digital converter, 162
control system, 423
digital-to-analog converter, 154

Error signal, 486, 491
Exclusive-OR gate, 12
Expansion coefficients (table), 238

Fahrenheit temperature scale, 236
Fast Fourier transform, 409
(use in Lab Exercise), 454, 461
C code listing, 517
use of fft.c function, 455
windowing examples, 408

Feedthrough
(sample-and-hold), 175

Files (opening) (appendix), 515
Filter
anti-aliasing, 396
anti-aliasing (Lab Exercise), 404, 456,

466
differentiating, 103
integrating, 103

FireWire, 44
Flash analog-to-digital converter, 170
Flip-flop (edge-triggered), 11, 21
Force transducer, 257, 583
(Lab Exercise), 311
(illus.), 312

Formants of vowels
(table), 464

Fourier control, 419
Fourier convolution theorem, 391
Fourier frequency convolution theorem, 394
Fourier series expansion, 394
Fourier transform of truncated time function, 398
Fourier transforms, 412
Framing error (UART), 36
Frequency aliasing, 183, 396, 404
Frequency response
high-pass filter, 103
low-pass filter, 101

FSK (frequency shift keying modem), 36
Full-duplex, 35
Full-wave rectifier, 82
Function table
D-type flip-flop, 10
one-shot, 13
transparent latch, 11
tri-state buffer, 10

Gain
common-mode (equation), 90
differential (equation), 90
voltage, 77

Gain error
analog-to-digital converter, 162

Gain–bandwidth product
amplifier, 88
op amp, 87

Gamma function code, 548
Gamma rays, 275
Gauge factor (strain gauge), 254
Gaussian curve, 360
Glitch (D/A converter)
(Lab Exercise), 209

Glottis, 462
GPIB bus, 42
Gray code, 7, 20
(definition), 5
digital encoder (illus.), 232
(table), 8

Gray-to-binary code conversion, 7
Grounds (appendix), 504, 508

Half-duplex, 40
Handshaking
GPIB bus, 42
parallel input port, 26
(illus.), 27

parallel output port, 19
(illus.), 22

RS-232, 38
Hann window, 399
Harmonic oscillator (damped), 300
Hazards (electrical), 560
Heat pump
Peltier, 244

Hexadecimal, 5
High-pass filter
(definition), 99
one-pole, 106

High-pass one-pole filter
(Lab Exercise), 150

Human heart (Lab Exercise), 334
Human reaction time
(Lab Exercise), 62

Hysteresis
comparator, 164
control system, 425
sensor, 228

IEEE-488 bus, 42
Impulse response
high-pass filter, 102
low-pass filter, 101

Incandescence, 268
Including functions (appendix), 514
Inertial navigation, 259
Input bus
(illus.), 28

Input impedance, 86
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606 Index

Input offset voltage
op amp, 85

Instrumentation amplifier, 93, 573, 587
(Lab Exercise), 144
(use in Lab Exercise), 306, 308, 313, 465
common-mode rejection
(equation), 90
(Lab Exercise), 139

power-supply rejection
(Lab Exercise), 139

Integrated-circuit chip, 1
Integrating analog-to-digital converter,

167
Integrating filter, 103
Intel 8253 counter/timer, 15
Interference
electrical, 97

Interrupt, 31
Inverting amplifier, 76
(Lab Exercise), 130

Ionic potential, 271
ISDN, 44
Isolation amplifier, 93
Isolation transformer, 564

Jitter
control system, 423

Johnson noise (equation), 95

Kelvin temperature scale, 235
Korotkoff sounds
(Lab Exercise), 340

Lag time
control system, 423

Lambert–Beer law, 265
(Lab Exercise), 319

Laser, 270
Laser diode, 270
Latch, 25
(illus.), 11, 12
function table, 11

Latch (transparent), 11
Least significant bit (LSB), 154
Least-squares fitting, 375
curve, 374
(Lab Exercise), 450
straight line, 372

LED (light emitting diode), 270
LED controlled-current circuit (illus.), 318
LF356 op amp
bypass capacitors, 129
offset adjust, 129
pinout, 129

Library functions (appendix), 515
Light emitting diode (LED) (Lab Exercise), 270,

317

Line driver circuit, 37
Linearity error
(sample-and-hold), 174
analog-to-digital converter, 163
digital-to-analog converter, 155
sensor, 227

Liquid crystal thermometer, 235
Low-pass filter
(definition), 99
one-pole, 105
(Lab Exercise), 148, 344, 345, 348, 471, 478

Low-pass, one-pole filter
phase shift, 106
two-pole
(Lab Exercise), 149

Luminescence, 269
Luminous efficiency of light sources, 270

Magnitude of a complex number (equation), 105
Metal electrode, 272
Metal-foil strain gauge, 253
Microcomputer
(definition), 2
components, 1

Microprocessor, 2
Minimization function code, 520, 529
Missed codes (analog-to-digital converter), 163
Modem (modulator–demodulator), 36
Monte Carlo simulation, 383
Motor
stepper, 233

Nasal pharynx, 462
Nasal sounds, 462
Negative feedback
amplifier circuit, 76
and virtual short rule, 77

Neutrons, 275
Noise,
amplifier, 96
Johnson (equation), 95
sensor, 227
shot (equation), 95
white and pink, 94

Noninverting amplifier, 78
(Lab Exercise), 132

Notch filter, 107
(definition), 99
(Lab Exercise), 150

Null hypothesis, 368
Null modem, 39
Number of degrees of freedom, 368, 369, 376
Numerical integration, 542
Numerical methods (appendix), 517
Numerical minimization, 381
Numerical representation (Lab Exercise),

55
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607 Index

Offset voltage, 91
instrumentation amplifier
(Lab Exercise), 138

function table, 13
op amp, 85

ON–OFF control, 424
(Lab Exercise), 486, 492, 499

One-shot, 12
Op amp, 76, 86
dynamic response, 86
gain–bandwidth product, 87
ideal (definition), 76
measuring bias currents, 86
offset voltage, 85
open-loop gain, 76
realistic (definition), 76
slewing rate, 86
temperature variations, 85
unequal external resistance paths, 85
unity-gain frequency, 87

Open-loop gain, 76
Open-loop response, 422
(Lab Exercise), 488, 494, 501

Opening files (appendix), 515
Optical isolation amplifier, 94
Optical position encoder, 231
OR gate (exclusive and inclusive), 12
Oral pharynx, 462
Output impedance, 76
Output offset voltage, 91
(sample-and-hold), 174
op amp, 85

Overrun error (UART), 36

P-wave, 337, 591
Parallel input port, 553, 556
(illus.), 26

Parallel input/output port, 18
(use in Lab Exercise), 67

Parallel output port
(illus.), 22

Parity error (UART), 36
Parseval’s theorem, 391
Paynter filter, 111
Peak detector circuit, 84
Peltier
effect, 591
emf, 239
heat pump
(Lab Exercise), 322
thermoelectric device, 244

Pendulum (use in Lab Exercise), 300
Pharynx
nasal, 462
oral, 462

Phase shift
low-pass, one-pole filter, 106

Phase shift measurement
(Lab Exercise), 148

Phonocardiogram (Lab Exercise), 339
Photocathode, 267
Photoconductive mode, 263
Photodiode, 261
biasing circuit, 318
I–V curve, 264
(Lab Exercise), 318

(Lab Exercise), 316
Photomultiplier tube, 267
Photovoltaic mode, 262
Physiological effects of various currents, 561
PID control, 426
Piezoelectric transducer, 257
Pink noise, 95
Platinum resistance thermometer, 236
(use in Lab Exercise), 305

Poisson statistics, 593
Poisson’s ratio, 254
Polling, 29
Port
serial I/O, 19

Position encoder, 230
Position sensors, 233
Positive feedback
(in comparators), 164

Potentiometer, 228
Potentiometer as angle sensor
(Lab Exercise), 300

Power amplifier, 117
Power-supply sensitivity
analog-to-digital converter, 163
digital-to-analog converter, 155

Pre-amplifier, 97
Precision, 593
sensor, 227

Pressure
transducer, 257

Printf function
(appendix), 513
(use of), 55

Proportional control, 426
(Lab Exercise), 486, 492, 499

QRS-complex, 337, 594
Quadratic approximation, 549
Quantizing error
analog-to-digital converter, 162
digital-to-analog converter, 155

R–2R resistor ladder (in digital-to-analog
converter), 159

Radiation
applications, 274

Radioactive isotopes, 276
Rankine temperature scale, 236

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521815274 - Practical Interfacing in the Laboratory: Using a PC for Instrumentation, Data
Analysis, and Control
Stephen E. Derenzo
Index
More information

http://www.cambridge.org/0521815274
http://www.cambridge.org
http://www.cambridge.org


608 Index

Random access memory (RAM), 2
Rectifier circuit
(use in Lab Exercise), 349
full-wave, 82

Register
control, 19
data, 18
input port, 20
status, 19

Relative-accuracy error
analog-to-digital converter, 163
digital-to-analog converter, 154

Residual, 364, 372
Resistive position sensor, 229
Resistor color codes, 566
Resolution
analog-to-digital converter, 162
digital-to-analog converter, 155

Response curve
sensor, 227

Response function
sensor, 227

Response time, 422
Electromyogram signal, 350
Electrooculogram signal, 354
sensor, 228

Risetime
amplifier, 88
and bandwidth, 88
control system, 423

rms linearity error
digital-to-analog converter,

156
rms noise
amplifier, 96

RS-232 interface, 39
bit sequence (illus.), 38
connections (illus.), 39

RS-422 and 423 interfaces, 39
RS-485 bus, 40

Saccadic eye motion (Lab Exercise), 355
Sallen–Key filter, 111
Sample mean, 364
Sample-and-hold (S/H) amplifier, 595
Sample-to-hold offset
(sample-and-hold), 177

Sampling
analog waveforms, 180
hardware controlled, 181
oscilloscope, 396
software controlled, 180
system design factors, 414
theorem, 404

Sampling-speed limitations
due to analog-to-digital converter, 178, 180
due to Nyquist aliasing, 179, 185

Scanf function (use of), 55
Schmitt trigger, 165
SCSI interface, 43
Seebeck
effect, 596
emf, 240

Self-heating of thermistor (Lab Exercise),
308

Sense signal, 486, 491
Sense variable, 422
Sensitivity, 596
sensor, 227

Sensor, 596
characteristics, 227
(definition), 226

Serial
(definition), 35
I/O port, 19

Set point, 422, 486, 491
Settling time
(sample-and-hold), 174
amplifier, 88
control system, 423
digital-to-analog converter, 156

Shielding and grounds (appendix), 504,
508

Shot noise (equation), 95
Sign extension, 7
Slewing rate
(sample-and-hold), 175
digital-to-analog converter, 156
op amp, 86

Soft palate, 462
Spontaneous emission, 269
Square wave response
high- and low-pass filters, 103

Stability
control system, 423
sensor, 227

Standard analog I/O loop, 222
Standard deviation, 364
standard error of, 366

Standard error of the mean, 365
Standard error of the standard deviation,

366
Status bit
(used in Lab Exercise), 66

Status polling, 29
Status register, 19
Step function response
high-pass filter, 102
low-pass filter, 100

Step response
control system, 422

Stepper motor, 233
Stimulated emission, 270
Strain element (Lab Exercise), 311
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609 Index

Stress (definition), 253
Strobe line, 25
Strobe pulse
(used in Lab Exercise), 66

Student’s t,
(definition), 367
(Lab Exercise), 59
code for computing probability of exceeding,

546
probability of exceeding, 370
(table), (see Table 5.2b for n f > 15), 370
(table), (see Table 5.2a for n f < 20), 370
unpaired data, 366

Subranging converter
digital-to-analog, 160
flash analog-to-digital, 171

Successive approximation analog-to-digital converter,
168

Summing amplifier, 81
Switch
bimetallic, 237
debouncing, 34

Switching transient time
(sample-and-hold), 177

Systolic blood pressure (Lab Exercise),
340

T-wave, 338
Temperature control, 427
digital-to-analog converter, 156, 163
(Lab Exercise), 489, 496, 503
sensor, 234
stability
standards, 235

Terminal
video display, 35

Thermistor, 250
(Lab Exercise), 307
resistance vs temperature
(table), 247, 252

Thermal dynamics, 249
equilibrium, 599

Thermistor, 599
Thermistor bridge
(equation), 248
(illus.), 306
optimization, 249
self-heating
(Lab Exercise), 308

Thermocouple, 244, 599
(Lab Exercise), 307
polynomial coefficients, 241
temperature vs potential
(table), 241

Thermoelectric heat pump
(Lab Exercise), 322
efficiency (Lab Exercise), 326

Thermometer
bimetallic, 237
liquid crystal, 235
liquid-filled, 234
platinum resistance, 236
solid state, 250–252
thermistor, 246
thermocouple, 240

Thompson emf, 238
Time constant
thermistor, 248

Time measurements, 277
Time to first peak
control system, 423

Tracking analog-to-digital converter,
165

Transducer, 226
Transfer function
sensor, 227

Transition voltage
analog-to-digital converter, 162
(Lab Exercise), 203, 217

Transitional filter, 111
Transparent mode

latch, 25
function table, 11
(illus.), 11, 12

parallel input port, 28
parallel output, 22

Tri-state buffer
function table, 10

Tri-state buffer (definition), 9
TTL logic voltage ranges (table), 9
Two’s complement, 5
Type I and II errors, 368

UART (universal asynchronous receiver/transmitter),
36

Unity-gain
amplifier, 80
frequency, 87
Sallen–Key filter, 111

USB interface, 43

Vacuum pumps, 260
Vacuum sensors, 259
Variance, 364
Ventricles (illus.), 335
Video display terminal, 35
Virtual ground, 77
Virtual short rule, 77
VME-BUS, 42
Vocal tract (illus.), 462
Voiced sounds, 462
Voltage follower, 80
Voltage gain, 77
Vowel, 462
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610 Index

Waveform generation
(Lab Exercise), 210

Waveform recovery
(after A/D and D/A conversion),

164
(Lab Exercise), 467

Waveform sampling, 180
Wheatstone bridge, 601
White noise, 94

WORM (write once read many) disk, 4

X-rays, 275

Young’s modulus, 253

Zero-offset error
analog-to-digital converter, 162
digital-to-analog converter, 155
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