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ANSWERS TO ODD-NUMBERED
CHAPTER REVIEW QUESTIONS

CHAPTER 1

I-1.
1-3.
1-5.
1-7.
1-9.
1-11.

microprocessor

robot

preventive

$5000

signal

the protective ground

CHAPTER 2

2-1.
2-3.
2-5.
2-7.
29,
2-11.

T2-13.
o
2-17.

-19.

Lt S I
(S I BN )

1
3
5

minority

no

50.6 mA

it increases
they are higher
cutoff, lincar, and satura-
tion

off

58

Iy

it decreases

. snap-on or hysteresis

no

. non-registered

CHAFTER 3

3-1.
3-3.
3-5.
3-7.
3-9.
3-11L.
3-13.
3-15.
3-17.
3-19.
3-21.
3-23.
3-25.
3-27.

false
PM
10.0
cogging
true

full
toothed
32 rpm
half

90

36

stall
increase
s1X

CHAPTER 4

4-1.
4.3,
4-5.
4-7.
4-9.
4-11.
4-13,

Ix4 4 x4

0.1 uF: 250

less; almost zero
mercury

on; satdrated

open

can stick or react slowly

4-15.
4-17.
4-19.

4-21.

coil

false

interlocks direction chang-
ing

physical size; inches versus
millimeters

CHAFPTER 5

51.
5-3.
5-5.
5-7.
5-9.
5-11.
5-13.
3-15.
5-17.
5-19.
3-21.
523.

14 h; indefinite

180 Hz

125 pF

338V

1.5 0

5000 V

D,

245 kHz

none

no output

no output and blown fuse
low output at normal load
current (premature limiting)

CHAPTER 6

6-1.
6-3.
6-5.
6-7.
6-9.
6-11.
6-13.
6-15.
6-17.

6-19.
6-21.
6-23.
6-25.
6-27.
6-29.

in saturation

RBI and Raz'

to increase ac voltage gain
in phase (07)

input offset voltage

none

I mA; same

-2V

to decrease drift due to off-
sel voltage

yes

5 Hz

—3 V; quadrant II

707V ’

to reduce drift

positive saturation

CHAPTER 7

. dots
3. twin

no signal
lock-up
false

. four

7-13.
7-15.

pulses
lock-up (latch)

CHAPTER 8

8-1.
8-3.
8-5.
8-7.
8-9.
8-11.
8-13.
8-15.
8-17.
8-19.

true

rate

false

false

overheat
two-thirds
true
interphase
fused

ring counter .

CHAPTER 9

9-1.
9-3.
9-5.
9-7.
9-9.
9-11.
9-13.
9-15.
9-17.
9-19.
9-21.
9-23.

increase

0.05V

to sense direction

low

nutating disk flowmeter
thermocouple
thermocouple

fast

119.25 §)

ionization

scintillation counter

the reference junctions
would not be isothermal
with the compensation cir-
cuit

CHAPTER 10

10-1.
10-3.
10-5.
10-7.
10-9.
10-11.
10-13.
10-15,
10-17.
10-19.

10-21.
10-23.
10-25,

absolute

false

707V

the direction reverses
false

false

differential

drue -

false

tachometer (rate genera-
tor)

false

90

power/rotating

463



464 ANSWERS TO ODD-NUMBERED CHAPTER REVII‘EW QUESTIONS .
CHAPTER 14

10-27. brushes
10-29. zero
10231, backlash

CHAPIER 11
11-1. 175
11-3. 1100010
11-5. 4F
11-7. 000100101000
11-9. 11115 15
11-11. .constant at logic 0
11-13. 2 -
11-15. count
11-17. 16
11-19. encoder
11-21. 01011
11-23. 1111
11-25. 25
11-27. RAMs
11-29. battery back-up -
J11-31. pull-down
11-33, invalid -

11-35. power connection

CHAPTER 12

12-1. &

12-3. interrupts

12-5. program

12-7. it will crash
12-9. two

12-11, $2E34

12-13. program countar
12-15. $3E

B
1303
1325,
1327,

12-17.
12-19.
12-21.
12-23.

12-25.
12-27.
12-29.
12-31.

to mask FIRQs

E;S

FIRQ; clears it

the microprocessor; so it
can initiglize other devices
$82EB

asynchronous

serial

the processor is executing
ROM code

CHAPTER 13

13-1.
13-3.
13-5.
13-7.
13-9.
13-11.
13-13.
13-15.

- 13:17;
" 13-19.

13-29.
13-31.

13-33.
13-35.

295V
tracking
reference
1023
balanced
RS-422
parallel
SRQ
cannot

by locating 11 at thc center
- of the disk - - %

‘sealed-
‘interrecord .+
saturate: . :

the data is- rcphcated b}
splitting the bubbles; ves
in the boot loop

at the time the bubble
memory is manufactured
yes; during diagnostics
HPIB, GPIB

4L

143,
14-3.

L1447,

14-9,
14-11,
14-13.
14-15.
14-17.
14-19.
14-21.
14-23,
1425,
14-27.
14-29,

yellow/orange . =
edge - ' 5
4 (four)
intrinsic

3y

decrease
diodes

raster
interrupter
duplex

step
transimpedance
stacked

2 x 108
bypassed

v

CHAPTER 15

15-1.
13-3.
15-5.
13-7.
15-9.

=
15-11.

15-13.

‘15-15.

15-17.
15-19.

15-21.

13-23.
15-25.
15-27.

axis
non-servo

roll; pitch; yaw
continuous path.
hydraglic® ~ - 7 .
tools; grippers . =
“avegenerafgr E
backlssh fncncu

store

editing

a subroutine

Gray scale

contrast

binding



INDEX

e

1 A-series device, 306
AC (alternating current) motors:
braking of, 59
speed control of, 62-66
static frequency converters for, 188-197
! troubleshooting, 67
' AC ripple, 103, 107
= AC-t0-AC frequency converter, 64, 192
Accelerometer, 205-207
Acceptor impurities, 9-10
X Accumulator, 312
Active bridge. 223
Active filter, 150-152
Actuator, 435-436

ADC (analog-to-digital conversion), 147, 357-363

Adding amplifier, 141-142, 248-249
Address decoder, 332
Addressing, 319-322
Air motor, 436-437
Alkaline cell, 98
Alternate action switch, 71
: Alernating current motors (see AC motors)
; ALU (arithmetic logic unit), 312
Ampere-hour capacity, 97
Amplidyne generator, 259-261, 264
Amplifiers, 129-160, 247-249
bridge, 149
CAZ, 155
chopper, 155, 249
common base, 132
. common cellector, 132
! common emitter, 129, 130
current-to-voltage, 142
Darlington, 131
differential, 133-135
instrumentation, 137, 148-149
inverting, 140, 149
isolation, 153154
lincar, 129-132
magnetic (see Magnetic amplifiers)
’ nonlinear applications, 143-148
i Norton, 149-150
operational, 136-143, 248-249
applications, 139-143
oscillators, 156-158

o S

Ampliﬁers_;(c-_wlimwd)
rotating, 256-261
sample and hold, 155, 362
self-saturating magnetic, 173
special functions, 148-155
subtracting, 141-142, 248-249
summing, 141-142, 248-249
transconductance, 142
troubleshooting, 158160
Ward-Lecnard, 257-258
Analog-to-digital conversion (ADC), 147, 357-363
AND gate, 274 ’
Anode, 11
Antiparallel <ilicon controlled rectifier (SCR}. 410
‘Antiphase, 64
Arc suppression, 76
Arithmetic legic unit (ALU), 312
Armature cogging, 49 -
Armature resistance speed control, 46
Armature voilage speed control, 47
ASCII (American Standard Code for Information Inter-
change). 273
Assembler, 318, 344-347
Association, law of, 275
Asymmetrical alternating current-lrigger. 33
Asynchronous communications interface  adapter
(ACIA). 340-343
Asynchronous data transmission, 341
Attenuation, 135
Automatic crossover, 113
Automation. 2
Autotransformer, 6465
Avalanche photodiode (APD), 389

B-series device, 306

Backlash, 215, 246
Balanced-bridge drive, 177
Balanced data transmission. 364
Band brake. 42

Bandstop filzer, 152
Bandwidth, i51

Barrier potential, 11

Base, 167

Base m!d;o;:pul, 208

465
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466 INDEX

Batteries, 97-101
alkaline, 93
back-up, 87 2
carbon zinc. 97-58
dry cell, 97
lithium, 92100
nickel-cadmium, 100-101
shelf life of, 98 )
wet cell, 97
Baud rate, 341
BCD (binary-coded decimal) code, 272
BCD counter, 286
Bearing, 243
Bernoulli's principle, 209
B-H curve, 166
Bias field, 376
Bidirectional breakdown diode, 13
Bifilar winding, 53
Bifurcated contact, 74-73
Rimetallic thermal element, 50
Binary arithmetic, 269, 296-299
Binary-coded decimal (BCD) code, 272

Binary-coded decimal (BCD) counter, 286

Binary digit, 269

Binary ripple counter, 284 "
Bipolar random access memory, 305~
Bistable storage tbhe, 407 .

Bit, 269 ; A

‘Bit cell, 370

. Block diagram, 230

Blown diode sysiem, 301

Boolean logic, 274

Boot loop, 378

Bounceless switch circuit, 281

Bourdon pressure gage, 211

Break-before-make contact, 71

Bridge amplifier, 149

Brownout, 109

Brushless motor, 53362
troubleshooting, 67-£63

Bubble memory, 376-380
troubleshooting, 379-380

Buck-boost transformer, 164

Buffering, 334

Bus, 286

Bus contention, 286

Bus transceiver, 334

Byte, 300

Cam, 81

Capaciting switch, 74
Capacitor discharge braking, 59
Carbon-zinc cell, 97-9%

Carrier signal, 340

Carry flag, 314

Cascading, 288

Cassette, 373

Cathode, 11

Cathode-ray tube (CRT), 402-407
Cathedelumineseence, 382

Cell ratio; 103
Central processing unit (CPU), 428
Chain drive, 437
Character’ generator, 301, 405
Chopper amplifier, 153, 249
Chopping, 181-185, 412
Circuit breaker, 8587
troubleshooting, 94-96
Clock, 282, 315, 333, 335
Closed-loop control, 249-252
Closed loop gain, 140
Closed-loop system, 48
Clutch, 243
CMOS (complementary metal oxide semiconducior), 6,
266, 305-308
input logic levels, 306
troubleshooting. 309-310
TTL interfacing. 307
CMOS inverter, 306
Coaxial relay, 80
Coherent light, 382, 418
Coil suppression, 76
Cold junction compensation, 213
Collector, 16
Collector dissipation, 13 )
Combination, laws of, 276 o AN
Combinatoridl logic, 273-280 s 5
Common base amplifier, 132

: Common collector amplifier, 132

Common emitter nmphﬁer 129, 130 "
Common mode noise, 134
Comimon mode rejection ratio (CMRR), IIJ

" Common mode signal, 134

Commutating auto-zero (CAZ) amplifier, 155
Commurating network, 66
Commutation, 27-28, 182, 185-188, 412
Comparator, 143, 337
Complement, 275
Complemantary metal oxide semiconductor (see CMOS)
Compliance voltage, 113 .
Compound-wound dc (direct current) motor, 4%
Condition code register, 312 .
Constant current diode, 13
Constant-voltage transformer, 163
Contact wear allowance, 89
Contactor, 89-90

troubleshooting, 9496
Continuous path programming, 444
Control sequencer, 291
Control synchro, 235-237
Controlled path programming, 444
Converter, 121, 181
Cormner frequency, 140
Corrector transformer, 164
Counter, 284288
Coupled interrupter module, 413, 413
Coupling, 244-247
Coupling efficiency, 407
Covalent bonding, 8 -
CPU (central processing unit), 428 _
Critical fizld resistance, 258



Cross-talk, 364

Crosspoint keyboard, 74

Crowbar circuit, 117118

CRT (cathode-ray tube). 402407

Crystal, 8

Current commutation, 185

Current gain, 17, 19

Current limiting diode, 13

Current regulation, 113-116
conventional limiting, 114
foldback limiting, 113

Current-to-voltage amplifier, 142

Current transfer ratio, 408

Cutoff, 22

Cutoff frequency, 140

Cyclaconverter, 64, 192

Cylindrical robot, 431

DAC (digital-to-analog conversion). 354-357

Dall wbe, 209

Damping, 255-256

Damping coefficient, 206

Dark current, 389, 391, 425

Darlington amplifier. 131

Darlington pair, 114, 120

Darlington transistor. 409

Dashpot. 31. 86

Data distributor. 292

Data register. 312

Data selestor, 292-254

Data separator, 370

DC-DC chopper. 181185

DC-link converter, 63

OC (direst current) meters. 12-52
braking of, 42-43
brushless, 59-62
compound-wound. 44
phase control, 177-179
series-wound, 43
shunt-wound, 43, 43
speed control for, 43-52
troubleshooting, 66-63

Dead band, 178

Debugger, 347

Decade counter, 286

Decibel gain, 129

Decoder, 294-295

Demodulater, 340

DeMorgan's theorem, 275

Demultiplexer, 292

Depletion mode, 22

Depletion region, 10-12, 13, 388

Derivative damping, 235-256

Detector, solid-state, 388355

Detent torque, 54

Diac, 32-33

Diamagnetic materizl, 165

Differential, 246

Differential amplifier, 133135

Differsntial data transmission, 364

INDEX

Differential output, 133
Differentiator, 145
Diffusion current, 11
Digital multiplexer, 292 .
Digital-to-2nelog conversicn (DAC). 354357
Digital-to-synchro converter. 237
Diode loss, 102
Diodes:

APD, 389

bidirectional brezkdown. 15

constant current, 13

current limiting, 23

hot-carrier, 13

injection, 421

integral body, 35

IRED, 382-387, 407

junction, 11-16

laser, 421

LED, 15, 382, 395-399

PIN, 391

PN, 389

reference. 15. 111

Schottky, 13-14, 122

Shockley, 32

varicap, 15

Zener, 14-13, 109-110
DIP (dual-in-line package?. 36-37
DIP switch. 71
Direct addressing, 320
Direct current motors (se« DC motors)
Direct pace register (DPR 1. 312
Discrete circuit, 34
Disk brake, 42
Disk storage, 369-374
Displacement, 200
Displays, 395-407

CRT, 402-407

LCD. 399-401

LED. 395-399

plasma, 402

raster. 404

troubleshooting, 425-+26

vector, 404

VF, 401-402
Distribution, law of, 273
Dithering. 436
Donar impurities, 9
Doping. 9
Double complementatioz. law of, 273
Drift current, 8 '
Driving gate, 266 %
Drop-out point, 74
Drum switch, %0
Dry cell, 97
Dual differential line recsiver, 364
Dual-in-line package (DIF), 36-37
Dual-slope circuit, 360
Dual-tone-multifrequency (DTMF), b
Dual tm=cking power-supply, 112-113
Duty cycle percentage, 58
Dye lacer, 423

467



468 I1NDEX
Dynamic braking. 43
Dynamic RAM (random access memory), 303

Eddy current killed oscillater (ECKO) sensor, 220

Edges emitrer, 384

Effective address, 319

Electroluminescence, 382

Eisctroluminescent panel, 401

Elsctromaznetic interference (EMI), 121

Electron- bomban,:d semiconductor (EBS} converter,
363

Electronic half stepping. 35 '

Emitter, 16

Emitter bypass, 131

Emitter-coupled logic (ECL), 36, 308

Emitter follower, 132 :

Enable input, 282

Enable output, 298

Encoder, 228-231, 273, 295-296

End effzctor, 436

Envelope cycloconverter, 192

EPROM (crasable programmable read-only mcmor}),
301, 333,398

Fquivzlent noise resistance (ENR), 261-262

Eraszble programmable md—only memnry (EPROM),

301. 333, 398 | -

‘Fxchange transfer instruction, 319-3 ’t’l

Extznded addressing. 320"
Extrinsic semiconductor, 9 ~

Fall tims, 263
Fanour, 268, 268

-Feature vector, 450

Feedback, 249-256
Feedbzck regulator, 110-111
Farromagnetic material, 166
Ferrorzsonant transformer, 109
FET (5eld effzct transistor), 22-25, 113
Fetch-execute cycle, 316
Fiber optics, 415-418
Field effect transistor (FET), 22-25, 113
Fiald-programmable ROM (read-only memory), 301
Fizld-resistance line, 238
Field weakening, 46
Filters: 4

active, 150-152

bandstop, 152

powzr supply, 106-108 .
First-in first-out (FIFO) register, 250
First guadrant regulator, 48
Flag register, 312
Flash converter, 362
Flexing mechanical spline, 55
Flip-ficp, 282-284
Flip-fiop relay, 80
Floatng measurement, 5-6
Floppy disk, 371-373
Flawcharting, 314-315
Flowmeter, 209-210

Flux curve, 385

" Flux density. 166
.. FM (frequency modulation), 370

Force contour, 447
Forced commu:atjon. 185187
Forward bias, 11-12 . 5
Four-quadrant multiplier, 152-133 e
Four-step sequence, 53
Framing error, 343
Frequency modulation (FM), 37¢
Fresnel loss, 355
Friction brake, 42
Full duplex, 350
Full fanout, 265
Full step, 55
Functional fault, 308
Fuses, 84-85
troubleshooting, 34-56
Fusible-alloy thermal elemant. 50

Gage factor, 202
Gain:
current, 17, 15 -
voltage, 17

_Gallium aluminum arsenidz, 385"

Gallium arsenide, 382
‘Gallium phosphide, 383
Gagisser ql | Tl AL
Gate, 273 ': SRS 3
Gzar ratio, 246 2 i }
Gearing, 243-247 - e G
Geiger-Muller tube, 221 ;
Gelled-elactrolyte cell, 101
General purpose interface adapter (GPLA), 369
Generators:

Amplidyne, 259-261, 26+

Regulex, 238

Rototrol, 238 |

shunt, 258 3
Gray code, 273, 275
Gray scale, 450
Ground loop, 6
Group coded recording {GCR). 371
‘Guard ring, 389

Half duplex, 330

Half step, 55

Hall effect, 59-61, 73
Hall-type proximity switch, 73
Handshaking, 337, 366

Hard contact keyboard, 74
Hard disk, 373-374
Harmonic drive, 438
Harmoenic neutralization, 152
Heat sink, 14

Hex inverter, 278
Hexadecimal number, 265
Histogram processor, 50
Holding current, 28



Hole, 9-10, 18

Hole current, 10
Hot-carmrier diode, 13
Hot rail, 430
Hygrometer, 219
Hysteresis, 33, 119, 145
Hysteresis loop, 167

IC (integrated circuit), 34-37
digital, 35
ECL, 36, 305
hybrid, 35, 37
linear, 35
monolithic, 34-36
open collector, 36
totem-pole, 36
transistor in, 35-36
TTL (see TTL)
IC temperature sensor, 218
IC timer, 82
IC voltage regulator, 111-112
IEEE, 366, 488
Immediate addressing, 319
Indexed addressing, 320
Inductance, 169
Inductive reactance, 169
Industrial interface adapter (I1A), 336
Infrared-emitting diode (IRED), 382-387, 407
Infrared light, 385
Inherent addressing, 319
Injection diode, 421
Input multiplexer, 359
Input offset voliage, 139
Instruction set, MC6809, 322-327, 345-347
accumulator/memory, 323
branch, 326
index/stack, 325
Instrumentation ampliner, 137, 148-149

Insulated gate field effect transistor (IGFET), 23-25

Integral body diode, 55
Integral damping, 255
Integrated circuit (see IC)
Integrator, 145-147
Interrupt, 330-331

Interval timer, 81

Intrinsic conduction, 10
Intrinsic region, 391
Intrinsic semiconductor, 8-9
Inverter, 63, 109, 189
Inverting amplifier, 140, 149
Inverting input, 136
Ionizaticn potential, 11
IRED (infrared-emitting diode), 382-387, 407
Tron-clad solenoid, 87
Isolation amplifier, 153-154
Isolation diffusion, 34 -
Isolation resistance, 407
Isolation transformer, 124
Isolation voltage, 408

INDEX 469

JFET (junction field effect transistor), 22-24

I-K flip-flop, 283

Joint Electronic Device Engineering Council (JEDEC),
39

Jones chopper, 182

Junction diode, 11-16

Junction field eftect transistor (JFET), 22-24

Keyboard encoder, 295
Keyboard switch, 73
Killer winding, 261

Ladder diagram, 430

Laser, 418-423

Laser diode, 421

Latch, 280-282

Latch-up, 116

Latching relay, 80

Law of association, 275

Law of distribution, 275

Law of double complementation, 275

Law of tautology, 275

Laws of combination, 276

LCD (liquid crystal display), 399-401

Lead-through, 444

Leakage current, 12

LED (light-emitting diode), 15, 382, 395-399

Light-activated SCR (LASCR), 392 )

Light-emitting diode (LED), 15, 382, 395-399

Light-sensitive transistor, 390

Line transients, 116

Linear amplifier, 129132

Linear variable dificrential transformer (LVDT), 201-
202, 206, 207, 211, 274

Lineanity, 227

Linearization, 222-224

Liquid crystal display (LCD), 399401

Luthium cell, 98-100

Load cell, 207-2us

Load line, 130

Logic analyzer, 351

Logic clip, 309

Logic gate, 36, 273

Logic probe, 309

Logic pulser, 309 !

Loop gain, 140 I

LVDT (linear variable differential transformer), 201-202, {
206, 207, 211, 224

Machine language, 344-349

Magnetic amplifiers, 165-174
cores of, 167-170

« feedback in, 171-174
magnetism and, 165-167
self-saturating, 173
troubleshooting, 175

Magnetic brake, 42

" Magnetic flux, 166
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Mapuln.-h)dnulic cm:uu l:rea'k:r. 26
Magnetic starter, 90 coonera -
Magnetomotive force (MMF} 165 -
Maintepance log, 3 : 4
Majority carrier, 10 .
Make-beforesbreak con:a.cl. A=
Manipulator, 436 -

Moark, 363

Mark parity, 343

Maser, 418

Mask ROM (read-only memory), 301
Mechanical brake, 42 L

Memory, 300-303 AT Ly
Memory-type code converter, 301
Mercury displacement relay (MDR), 80
Metal oxide semiconductor (MOS). 303

Mztal oxide semiconduoctor field effect transistor

(MOSFET), 23-25, 55-56, 132
Metal oxide vanstor (MOY), 117

MFM (modified frequency modulation), 370

Microprocessor (MC6809), 312-351
addressing modes, 319322 -~
architecture, 312-314 -~
clock, 315, 333, 335.

instruction set (see. Instlﬂl;'ﬁp'luict, MC&SOB)

interrupts, 330331 -
memory, 315-318, 3

pinout, 314 -
software developm:nl, }14—349
subroutines; 327330 © ~ =0

systzm design, 331-336
troubleshooting, 349-351
Microswitch, 72
Miller effect, 409
Minority carrier, 10-12
MMF (magnetomotive force). 165 :
Modem, 340 =Stk

Modified frequency modulalton (MFM]. 370

Modulation, 340

Modulator, 340

Modulo-N counter, 286

Monitor program, 301 =

Morgan commutation, 187

MOS {metal oxide semiconductor), 303

MOSFET (MOS field effect transistor), 23-23, 55-56, 132

MOV (metal oxide vanslur) 117
Multicam timer, 81 ¥
Multiplexer, 292-294
Multivibrator, 156

N-type semiconductor, 9

NAND gate, 275

Natural modulus, 235

Nearsst neighbor algorithm, 450
Negative feedback, 171
Negative resistance, 30

Nesting, 327 T
Neutral rail, 430

Nibble, 371

Nickel-cadmium cell, 100=101
Noise, 134, 228

Noise margin, 266

Nonfeedback speed control, 46, 30
Noninverting input, 136
Nonpolarized core, 170
Nonreturn to zero (NRZ), 369
Nonreturn to zero inveried (NRZIL 370
INonservo-controlled robot, 432
Non-short-eircuiting contact, 71
Normal-blo fuse, 84

Norton amplifier, 149-150

NOT gate, 274

NPN transistor, 16-18

Nulling, 202

Nutating disk flowmeter, 210

Octal number, 269

Offset null, 139

Offsetting, 222-223

Ohmic region, 22

Ohmmeter, 38

‘One-shot circuit, 157

Open callector IC (integrated circuit), 36
Open loop speed control, 46, 50
‘Operation code, 316

Operational amplifier, 136-143, 248249

applications, 139-143
Operational profile, 3
Optical encoder, 228-231
Optical fiber transmission, 4153413
Optical interrupter, 413, 415
Optocoupler, 407, 409
Optoisolator, 407, 413
oR gate, 274
Oscillator, 31, 156-158
Oscillatory system, 253
Oscilloscope, 6
Overhung load, 42
Overload, 308

P-type semiconductor, 10
Parallel-capacitor commutation, 187
Parallel data transmission, 288, 340, 366
Paramagnetic material, 166

Parity, 343

Parity checking, 273, 375

Part numbering, 39-40

Part winding starter, 92

Peak inverse voltage (PIV), 12, 103
PEEK and POKE, 350

‘Percent slip, 62

Peripheral interface adapter (P1A), 337
Permeability, 166 2
Phase control, 31, 33, 177-179
Phase-locked loop, 370

Photo SCR (LASCR}, 352

Phota SCR. optocoupler, 409



Photoconductive bulk effect, 394
Photoconductive mode, 391
Photocurrent mode, 391
Photodarlington, 191, 415
Photodarlington optocoupler, 409
Photadetector, 61

Photodiode, 15

Photoelectric emission, 423
Photomultiplier (PM) tube, 423-425
Phototransistor, 350

Phototriac, 410

Phototube, 423-425
Pick-and-place robot, 432
Pick-up point, 74
Piezoresistance, 203

PIN diode, 391

Pinch-off, 22, 23

PIV (peak inverse voltage), 12, 103
Pixel, 395

Plasma display, 402

Plugging, 44-45

Plunger, 87, 88

PM hybrid motor, 54

—PM (permanent magnet) motor, 43-44, 46, 48, 241-242

PM stepper motor, 52-53
PN diode, 389 - -
PN junction, 382, 388
PN junction electroluminescence, 382
Pneumatic actuator, 436
Point-to-point programming, 444
Polarization. 98
Polarized core, 170
Polyphase motor, 63
Position-dependent code, 329
Position-independent code, 329
Position-sensing switch, 72
Position servo, 253
Positive feedback, 171
Postbyte, 319
Potentiometer, 200, 227-228 261162
Power diode, 391
Power supplies:
Dbattery, 97-101
current regulation, 113-116
filtering. 106-108
protection, 116-119
rectification (see Rectification)
switch-mode, 119-123
troubleshooting, 123-127
voltage regulation, 109-113
- Preamplifier, 248
Precision rectifier, 147
Pressure, 211 i
Pressure clate, 42
Pressure sensor, 211-213
Primary cell, 97
Program counter, 312
* Programmabje controller, 1, 2, 428-431, 441-446
Programmable inverter, 277 .
Programmable read-only memory (PROM), 301
Programmable timer/counter, 83

i
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Programmable unijunction transistor (PUT), 31-32, 82
PROM (programmable read-only memory), 301
Proving ring, 208

Proximily sensor, 219-221, 448

Proximity switch, 72-73 .

Psychromeicr, 215

Pull-up resistor, 36,37, 281

Pulse jilter, 299

Pulse race, 281

Pulse rate modulation, 181

Pulse transformer, 163

Pulse width modutation (PWM), 47, 119-120, 181, 182
Push/pull instruction, 319-320

Push-push switch, 71

PUT (programmable unijunction transistor), 31-32, 82

Quiescent current, 170, 172
Quiescent point, 130

Race, 281 o
Rack-and-pinion drive, 438 = e
Radiant flux, 385
Radiation sensor, 221
Radio frequency interference (RFD), 29, 410
Radio frequency (RF) proximity switch, 72
Radio frequency (RF) relay. 80
Radix. 269
RAM, 302-303, 332
bipolar, 303
dynamic. 303
static, 03
Ramp converter, 357
Random access memsry (see RAM)
Raster display, 404
Rate generator, 48, M4-203, 242-242, 262
Rate multiplier. 298
Rate seive, 2534
Ratiometric conversion, 359
Reach-through, 18
Reactance, 166
Read-only memory (ROM), 300-302, 331
Read/write head, 370
Recovery current, 13
Rectangular core, 168
Rectification, 13, 101-106
bridge. 103
diode ratings, 106
diode specifications, 106
full-wave, 102-103
half-wave, 102
multiphase, 103-103
Reduced-voltage starter, 91, 92
Reed retav. 79
Reference diode, 15, 111
Refercnce junction, 214216
Reference voltage, 234
Reflective uhject sensor, 415

e
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- Resonant frequency, 151 -

Register, 283-291 ° :

Regulation: #z -
current, 113-116 :
power supply, 106-113

" Regulex generator, 258

Relative addressing, 321-322
Relaxation ‘oscillator, 31, 156
Relay contact, 74-73, 77
Relay control, 278
Relays, 74-80

flip-flop, &0

latching, &0

MDR, 80

reed, 79

RF, 80

TDR, £0-%4

thermal ovarload, 90

troubleshooting, 94-96

_Reluctance, 166

Reset condition, 280

Reset mods, 284

Reset signal, 331

Resistance temperature detector (RTD). 214, 216
Resistivity, 89 --

Resistor/LED md:cawr 395 -

Resistor-type siarter, 91-92-; .

Resolver, 237-239, 262 = e s u

Respense time, 252
Retentivity, 166
Reverse bias, 12
Reverse blocking triede thyns'ar 26-28
Reverse leakage current, 339, 391
Reversing starter, 92
RF (radio-frequency) relay, 80
Rheostat, 45
Ring counter, 150, 251
Ripple, 103, 107
Ripple blanking, 397
Rspple blanking input (RBI). 294
Rise time, 252, 268
Robots, 1, 431-452 :
controllers for, 428431, 441-446
high-technology, 435
low-technology, 433
mechanics for, 437-440
medium-technology, 433
prieumatics for, 436-437
sensory systems for, 436451
troubleshooting, 451432
types of. 4311-436
ROM (read-only memory), 300-302, 331

" Rotary solenoid, 88

Rotary switch, 71

Rotary variable differcntial transformer, 201
Rotating amplifier, 256261

Rototrol gznerator, 258

RS-232C, 341, 363364

R5-422, 364

RS-423, 364

RS-449, 365

Ruby laser, 418421

R-S latch, 230

Sample and hold amplifier, 155, 362
Saturable reactor, 167-168
Saturation, 20, 21, 109
Saturation current, 130
Sawtooth oscillator, 158
Scanning computer, 428
Schmitt coupler, 413
Schmitt trigger, 144-143
Schottky rectifier, 13-14, 122
Scintillation counter, 221
Scott T transformer, 239
SCR (silicon controlled rectifier), 26-18, 4647
antiparallel, 410
LASCR, 393, 409
SCR regulated power supply, 119
SCR speed control, 4647, 51, 63
SCR thyristor, 26-28
Screw drive, 438
Second breakdown, 19, 20, 122
Secondary cell, 97
Secondary emission ratio, «1“4

“Secbeck effect, 214

Self-saturated feedback, 173

‘Self-sattirating magnetic amnhﬁer. I-T-'J

Semiconductor, 811 T =
{See also Diodes: Thyristors; Tra.ns:stors]

Scmmnducmr fuse, 85

Semiconductor laser, 421

Sensing, robotic, 446451

Sensory end effector, 447

Serial data transmission, 238, 340-341, 366

Serial polling routine, 347

Series (universal) motor, 43

Series pass regulator, 110

Series-resistance coatrol, 49

&eries-wound dec (direct current) motor, 43

Servomechanism, |

Servomotor, 174, 239-242, 263

Servosystem, 43

Set condition, 280

Set mode, 234

Shallow cycle, 101

Shelf life, batrery, 98

Shift register, 283-291

Shockley diode, 32

Shoe brake, 42

Short-circuiting contact, 71

Shunt generator, 238 )

Shunt-resistance control, 50

Shunt-wound dc (direct current) motor; 43, 43

Signal‘injection, 38

Signature analyzer, 351

Silicon bilateral switch (SBS), 31

Silicon controlled rectifier (se« SCR)

Silicon vailateral switch (SUS), 324

Single-button contact, 74-75

Single-chip encoder, 295



