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A

Absolute humidity, 658

Absolute pressure, 464—466,
471-472, 485

Absolute viscosity, 652

Ac carrier, 219—238

Acceleration measurement, 380,
385, 398—400, 403,
587—591, 599—632

Accuracy, 13—44

Active filter, 159—161

Active instruments, 13—44

Address bus, 289—314

Address decoding, 289—314

Aggregation of measurement
errors, 75—130

Air-vane meter, 493—530

Airy point, 642

Alarms, 315—346

Aliasing, 146, 150—153

Amplification, 1—12, 161—165

Amplitude modulation (am),
219-238

Analog instruments, 13—44

Analog meters, 239—288

Analog signal processing,
154—155

Aneroid gauge, 463—492

Angle block, 648

Angle measurement, 646—648

Angle-measuring spirit level,
646—647, 647

Angular acceleration, 599—632

Angular velocity, 599—632

Annubar, 499, 504

Anti-ambiguity track,
599—632

Apex bridge-circuit balancing,
177218

Apparent viscosity, 652

ASIC (Application specific
integrated circuit), 289—314

B

Balanced force (MEMYS)
accelerometer, 565—598
Bandwidth, 148—149, 239—288
Baratron gauge, 463—492
Barometer, 484
Bathtub reliability curve,
315—346
Beam balance, 547—564
Bell prover, 526, 526f
Bell-shaped distribution, 75—130
Bellows, 464, 468, 469f, 480f,
481—482, 489
Bevel protractor, 646
Bias, 13—44
Bias error, 45—74
Bimetallic thermometer,
438—440, 446
Bimetallic thermostat, 407—462
Bin, 75—130
Bore micrometer, 639f, 640
Bourdon tube, 468—471,
475—476, 481—482, 488
Box cube, 635f, 640
Bridge circuits, 1—12, 178—197,
210
a.c., 191—197, 200—201, 204,
206, 210
balancing, 177218
d.c.,, 198, 210
error analysis, 177—218

697

British Calibration Service
(BCS), 131—144

BS 5750, 131—144

Bubbler unit, 531—546

Bus network, 310

Butterworth filter, 168,
169f—170f

C

Calibrated tank, 521—522, 522f
Calibration, 16—17, 37—39,
45—74, 131—144, 301, 304,
446—453, 482—488,
520—527, 542—543,
560—563, 585—587, 591,
594—596, 619, 630
calibration chain, 131—144
calibration error, 45—74
calibration frequency,
131—-144
documentation, 131—144
Caliper, 637—639
Calorimetric gas sensor, 667
Cantilever beam (MEMS)
accelerometer, 565—598
Capacitance measurement,
177218
Capacitance moisture meter, 656
Capacitive coupling noise,
45—74
Capacitive sensors, 376—377,
401—402, 463—492,
531—546, 565—598
Capillary viscometer, 652—653
Case structure (Labview),
357—-358
Catalytic bead gas sensor, 667
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Catalytic gate FET gas sensor,
669

Centrifugal micromanometer,
486, 486f

Centrifugal tachometer, 599—632

Chart recorder, 239—288

Chi-squared distribution, 75—130

Chi-squared test, 75—130

Choice of instrument. See
Instrument choice

Clamp-on meter, 177—218,
239—288

Coded disc shaft encoder. See
Shaft encoders

Coefficient of viscosity, 651

Color change badge, 667

Color temperature indicators,
442443, 446, 455

Common mode noise, 45—74

Communications, 293, 305—312

Compact prover, 524, 524f, 527

Compensating leads, 407—462

Compensating resistance, 45—74

Computer data logging, 239—288

Computing principles, 289—314

Confidence level, 75—130

Confidence tests, 271, 277—278

Contention protocol, 310

Continuous thermocouple,
407—-462

Control bus, 293, 295—297

Conversion tables: imperial-SI
units, 1-2, 4—11, 676—679

Coriolis meter, 495—497, 517,
521

Corner frequency, 157—159

Correlation test, 239—288

Counter-timer, 204—205, 204f,
208, 209f

Crayon temperature indicators,
407—462

Creep, 547—564

Cross correlation ultrasonic
flowmeter, 493—530

Cross sensitivity, 565—598

Cross talk sensor, 375—406

Cumulative distribution function,
75—130

Current loop transmission,
219-238, 289314

Current measurement, 177—218

Current to voltage conversion,
219—238

Current transformer, 177—218

Curve fitting, 239—288

D

Dall flow tube, 498—499, 499f,
503

Damping ratio, 13—44, 239—288

DAQ. See Data acquisition

Data analysis, 75—130

Data acquisition, 145—176,
347374

Data bin, 75—130

Data bus, 293—294, 307

Data logging, 239—288

Data presentation, 239—288

Dead space, 13—44

Deadweight gauge, 13—44,
481—484, 483f

Decibel (dB), 239—288

Deflection instruments,
13—44

Depth gauge, 642

Design of instruments. See
Instrument design

Dial gauge, 642—643

Diaphragm-type pressure
transducer, 465—468, 465f,
474, 481—482, 489

Digital caliper, 639

Digital micrometer, 640

Differential amplification,
163—164

Differential pressure, 464—465,
471—472, 481—482

Differential transformers

linear, 565—598
rotational, 599—632

Digital filter, 165—170, 364—367

Digital instruments, 13—44

Digital meters, 199—203,
239288

Digital recorder, 239—288

Digital (storage) oscilloscope,
239288

Digital thermometer, 375—462

Digital voltmeter (DVM),
177-218, 239—-288
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Dimension measurement,
633—672

Dimension measurement
calibration, 643—645

Diode temperature sensors,
407—-462

Dipstick, 531—546

Discharge coefficient, 493—530

Displacement measurement

rotational, 599—632
translational, 375—406,

585—586

Display of signals, 239—288

Distributed control system, 305

Distributed sensors, 385,
390—391, 441, 454—455

Doppler effect, 375—406,
493—-530

Draft gauge, 463—492

Dew point meter, 659—660

DVM. See Digital voltmeter

Dynamic characteristics of
instruments, 13—44,
239—288

Dynamic viscosity, 651

E

Eddy current sensors, 375—406
Electrical signals

measurement, 45—74, 177—218,

239—-288
recording, 239—288

Electrochemical potential noise,
45—74

Electromagnetic balance,
547564

Electromagnetic flowmeter,
508—510, 509f, 518

Electronic balance, 549—551,
5511, 555

Electronic pressure gauge,
463—492

Electronic spirit level, 647

Electronic vacuum gauge,
463—492

Electrostatic coupling noise,
45-74

Embedded software, 299

Emissivity, 407—462

Encoders. See Shaft encoders
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Environmentally-induced errors,
45—74

Equal-arm balance. See Beam
balance

Error frequency distribution,
75—130

Errors in measurement systems,
45—74, 177218

Error in single measurement,
75—130

Ethernet, 289—314

Extension leads, 407—462

F

Falling body viscometer, 653
Farad, 177—218
Fault detection, 301—302, 305
Fiber optic principles, 219—238
recorder, 239—288
sensors, 375—4006, 433,
441—-442, 446, 455, 463—492,
617, 627, 627f
signal transmission, 219—238
Fiber optic pyrometer, 407—462
Fieldbus, 289—314
Fire detection/prevention, 424,
437—-438
First order type instruments,
13—44
Fixed points (temperature
measurement), 407—462
Flatness measurement, 649
Float and tape gauge, 531—546
Float systems, 531—546
Flow measurement, 289—314,
375—406, 493—530
calibration, 493—530
mass flow rate, 493—530
volume flow rate, 289—314,
493—530
Flow smoothing vane, 499—500
Flow nozzle, 498—499, 499f,
503
Flow restriction meter,
493-530
Force measurement, 547—564
calibration, 560—563
Fortin barometer, 484
Fotonic sensor, 375—406,
565—598

Frequency distribution, 75—130

Frequency measurement,
177218

Frequency modulation (FM),
219—238

Function generation (Labview),
361—362

G

Gas chromatography, 670

Gas sensing and analysis, 383,
389, 665—670

Gas sensor calibration, 670

Gas thermometer, 407—462

Gate-type meter, 493—530

Gauge block, 640—642

Gauge factor, 375—406

Gauge pressure, 464—466,
468—479, 478f, 483—486,
485f, 488—490

Gaussian distribution, 75—130

Gaussian tables, 75—130

Glass electrode, 663—664

Gold—chromium wire pressure
sensor, 479, 485

Goodness of fit, 75—130

Graded index (in fiber optic
cable), 219—238

Graphical data analysis,
75—130

Graphical data presentation,
239—-288

Graphical programming
(Labview), 351—353

Gravimetric flow calibration, 525

Gray code, 599—632

Gyroscopes, 375—406, 614—617,
625—628

H

Hall-effect sensors, 375—406
HART, 289—-314

Hay’s bridge, 177—218

Heat detection, 424—425
Heat-sensitive cable, 407—462
Height gauge, 642—643

Helix meter, 508

Henry, 177—218

Hertz (Hz), 177218

High pass filter, 158—159
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Histogram, 75—130

Hot-wire anemometer, 517

Hot-film anemometer, 517

Humidity calibration, 660—661

Humidity measurement,
658—660

Hydrostatic systems, 531—546

Hygrometer, 659

Hysteresis, 13—44

I

IEC61158 fieldbus, 289—314
IEC61508, 315—346
IEE488 bus, 289—314
Imaging, 375—462
Imperial-SI units conversion
tables, 1—2, 4—11, 676—679
Imperial units, 1—12
Inaccuracy, 13—44
Incremental shaft encoder,
599—632
Indicating instruments, 13—44
Inductance measurement,
177-218
Induction tachometer, 599—632
Inductive coupling noise, 45—74
Inductive sensors, 375—406,
565—632
Inductosyn, 565—632
Inertial flow meter, 493—530
Inertial navigation systems,
599—632
Infrared gas sensor, 669
Instrument choice, 1—12
Instrument design, 1—12, 48, 51,
55—56
Instrumentation amplifier, 165,
165f
Instrumentation networks,
305—306
Integrated circuit transistor
sensors, 407—462
Intelligent devices, 45—74,
289—-314
in acceleration measurement,
565—598
in angular displacement
measurement, 629
in flow measurement, 289—314,
493—-530
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Intelligent devices (Continued)
in force and mass measurement,
547—564
in level measurement, 531—546
in pressure measurement,
463—492
in temperature measurement,
443—444, 455
Intelligent sensor. See Intelligent
devices
Interfacing, 295—297, 306—307
Internal micrometer, 640
International practical
temperature scale (IPTS),
407—-462
Intrinsic safety, 315—346
Ionization gauge, 478f, 479, 486
ISO 9000, 135, 137—138, 140

K

Kinematic viscosity, 651

L

Labview, 347—374

LAN. See Local area network

Laser Doppler flowmeter,
375—406, 493—530

laser interferometer, 565—598

Law of intermediate metals,
407—462

Law of intermediate
temperatures, 407—462

Least squares regression,
239288

Length bar, 640—642

Level of significance, 75—130

Level measurement, 13—44,
375—406, 531—546

calibration, 542—543

Line-type heat detector, 407—462

Linear variable differential
transformer (LVDT),
565—598

Linearity, 13—44

Liquid electrolyte
electrochemical cell,
667—668

Liquid-in-glass thermometer,
13—44, 438, 4391, 450, 452,
455

Lisajous patterns, 177—218

Load cell, 547—564

Local area network, 305—306,
308—311, 313

Lock-in amplifier, 45—74

Logic operations (Labview),
355—356

Loops (Labview), 356—357

Low pass filter, 155, 155f—156f,
158

Low resolution nuclear magnetic
resonance (NMR) moisture
measurement, 656—657

LVDT. See Linear variable
differential transformer

M

Magnetic flowmeter, 493—530

Magnetic sensors, 375—406,
599—632

Magnetostrictive tachometer,
599—632

Manganin wire pressure sensor,
463—492

Manometers, 471—473,
477—478, 481—482, 484,
486, 488

Manufacturing tolerances,
75—130

Mass flow meter, 493—530

Mass flow rate. See Flow
measurement

Mass measurement, 548—555

calibration, 560—562

Mass spectrometer, 669

Maxwell bridge, 177—218

McLeod gauge, 477—479, 478f,
485, 488—490

Mean, 75—130

Mean-time-between-failures,
315—346

Mean-time-to-repair, 315—346

Mean time to replace, 315—346

Measurement disturbance, 45—74

Measurement noise reduction,
45—-74

Measurement noise sources,
45—74

Measurement system design,
1—12, 45—74

700

Measurement uncertainty, 13—44

Measuring units, 1—12, 676—679

Median, 75—130

MEMS devices, 398—401,
444—445, 466—467,
474—475, 4751, 498,
559—560, 589—590, 614,
619, 628, 660, 662

Metal oxide gas sensor, 669

Meters, 239—288

Metric units, 1—12

Microbend sensor, 463—492

Micro-electro-mechanical-
systems devices. See MEMS
devices

Micromanometer, 486

Micrometers, 138, 139f,
639—640

Microprocessor, 289—314

Microsensors. See MEMS
devices

Modem, 309

Modifying inputs. See
Environmentally-induced
errors

Moisture calibration, 660—661

Moisture measurement, 655—661

Monomode cable (fiber optic),
219—-238

Moving coil meters, 177—218,
239—288

Moving iron meters, 177—218,
239-—-288

Multimeters, 177—218, 241, 243,
247248, 248f

Multimode cable (fiber optic),
219—238

Multiple earths noise, 45—74

Multiplexing, 225, 231

Multivariable transmitter, 289—314

Multiwavelength pyrometer,
407—462

N

Nano-scale-electro-mechanical-
system devices. See NEMS
devices

National Measurement
Accreditation Service
(NAMAS), 131—144
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National Standards
Organisations, 131—144

National Testing Laboratory
Accreditation Scemem
(NATLAS), 131—-144

Natural frequency of instruments,
13—44

Neutron moderation moisture
measurement, 656

NEMS devices, 375—406

Networks, 289—314

Normal distribution, 75—130

Normal probability plot, 75—130

Nozzle flapper, 565—598

Nuclear sensors, 375—406, 495

Null type instruments, 13—44

Numerically controlled machine
tools, 576—577, 580, 604,
610—611

Nutating disk flowmeter, 507

Nyquist frequency, 149—151,
168—169

Nyquist rate, 146, 150—151

(0]

Obstruction meter, 493—530

Ohmmeter, 177—218

One-out-of-two voting, 315—346

Optical fibers. See Fiber optics

Optical incremental shaft
encoder, 599—632

Optical pyrometer, 407—462

Optical resonator, 375—406

Optical pressure sensor, 463—492

Optical sensors, 375—406

Optical shaft encoder, 599—632

Optical tachometer, 599—632

Optical wireless telemetry,
219-238

Orifice plate, 498—500,
499f—501f, 502, 518—519,
525

Oscilloscope, 206, 209—210,
239288

Oval gear flowmeter, 507

P

Paperless recorder, 239—288
Paper tape gas sensor, 667
Parallax error, 239—288

Parallel databus (communication
interface), 307—308
Passive filter, 155—159
Passive instruments, 13—44
PCM. See Pulse code modulation
pH measurement, 663—665
calibration, 665
Phase-locked loop, 45—74,
177-218
Phase measurement, 177—218
Phase-sensitive detector,
177-218
Photon detector, 432—433, 435
Piezoelectric transducers,
375—406
Piezoresistive transducers,
375—406, 463—492
Pipe prover, 522—523, 523f
Pirani gauge, 463—492
Piston gauge, 483—484
Pitot tube, 499, 503—504
Platinum resistance thermometer,
407—462
Pneumatic signal transmission,
219—238
Positive displacement flowmeter,
524, 526
Potentiometers, 13—44,
565—598, 600, 601f, 618
induction, 599—632
rotational, 599—632
translational, 565—598
Precession, 599—632
Precision, 13—44
Precision error, 45—74
Presentation of data. See Data
presentation
Pressure balance, 483—484
Pressure measurement, 13—44,
463—492
calibration, 463—492
high pressures, 463—492
low pressures, 463—492
Pressure thermometer, 440, 446,
455
Primary fixed point (of
temperature), 407—462
Primary reference standard,
131—144
Probability curve, 75—130

701

Probability density function,
75—130

Programmable transmitters, 303

Programming and program
execution, 289—314

Proof ring, 5491, 562

Protractor, 646, 646f

Proximity sensors, 565—598

PRT. See Platinum resistance
thermometer

Psychrometer, 659

Pulse code modulation (PCM),
219—238

Pyrometers, 431—436, 441

Pyrometric cone, 407—462

Q

Q factor (quality factor),
177-218
Quantization, 154, 348—349

R

Radiation pyrometer/
thermometer. See
Pyrometers

Radio telemetry, 219—238

Random access memory (RAM),
289-314

Random errors, 45—130

Range (of instrument), 13—44

Range measurement, 375—406,
565—598

Ratio pyrometer, 407—462

Read only memory (ROM),
289—-314

Recorders. See Signal recorders

Redundancy, 315—346

Reference plane, 635—636

Reference standards, 131—144

Refractive index measurement,
375—406

Refractometer, 657

Regression techniques, 239—288

Relative humidity, 659

Reliability, 315—346

components in parallel,
315—346

components in series, 315—346

manufacturing systems,
315—346
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Reliability (Continued)
measurement systems, 315—346
safety systems, 315—346
software, 315—346
Repeatability/reproducibility,
13—44

Resistance measurement, 178,
197—200

Resistance temperature device
(RTD), 425—427, 445, 451

Resistance thermometer,
425—427, 445, 451

Resistive sensors, 375—406

Resolution, 13—44

Resolver, 599—632

Resonant-wire pressure sensor,

473—474, 481—482
Reynolds number, 493—530
Rice rule, 75—130
Ring laser gyroscope, 599—632
Ring network, 289—314
Rise time, 239—288
Risk analysis, 315—346
Rogue data points, 75—130
Rotameter, 493—530
Rotary differential transformer,
599—632

Rotary piston flowmeter,
493-530

Rotational acceleration, 599—632

Rotational displacement,
599—632

Rotational velocity, 599—632

Rotational viscometer, 653—654

RS232 interface, 289—314

RTD. See Resistance

thermometer

Rule, 636—637

S

Safety systems, 315—346
safety integrity level (SIL),

315—346

Sampling, 348—349

SAW device. See Surface
acoustic wave technology
device

Scale factor drift, 13—44

Second order type instruments,
13—44, 239288

Secondary fixed point (of
temperature), 407—462

Secondary reference standard,
131—-144

Seger cone, 407—462

Selected waveband pyrometer,
407—462

Selection of instruments. See
Instrument choice

Self-calibration, 301, 304

Self-diagnosis, 301—302, 305

Selsyn, 599—632

Semiconductor gas sensor, 669

Semiconductor strain gauge,
375—406

Semiconductor temperature
sensor, 429, 445, 454

Sensitivity drift, 13—74

Sensitivity of measurement,
26—27, 29-30

Sensitivity to disturbance, 13—44

Sensor, 1—12

Serial mode noise, 45—74

Setting gauge, 644

Shaft encoders, 599—632

Shielding, 45—74, 219—238

Shock measurement, 594—596

calibration, 595—596

Shot noise, 45—74

SI units, 1—12, 676—679

Sigma-delta technique, 375—406

Signal amplification, 161—165

Signal display, 239—288

Signal measurement, 239—288

Signal processing, 1—12,
145—176

Signal recording, 131—144,
239—288

Signal sampling, 348—349

Signal-to-noise ratio, 45—74

Signal transmission, 1—12,
219—238, 289314

Sine bar, 647, 648f

Sing-around flowmeter, 493—530

Single mode cable (fiber optic),
226

Slip gauge, 640—642

Smart microsensor, 289—314

Smart sensor, 290, 298—302,
304, 313

702

Smart transmitter, 290, 298—305,
313

Smoke detector, 375—406

Solid state electrochemical cell,
668

Sound calibration, 662—663

Sound measurement, 661—663

Sound pressure level, 661

Sources of measurement noise,
45—74

Span, 13—44

Specific humidity, 658

Spring balance, 547—564

Standard deviation, 75—130

Standard error of the mean,
75—130

Standard measurement units,
1-12, 676—679

Standards Laboratories, 131—144

Standby systems, 315—346

Star network, 289—314

Static characteristics of
instruments, 13—44

Static sensitivity of instruments,
13—44

Statistical analysis of data,
75—130

Step index (in fiber optic cable),
230—231

Storage oscilloscope, 239—288

Strain gauge, 381—383, 402,
463—492, 565—598

Stroboscopic velocity
measurement, 599—632

Student ¢-distribution, 75—130

Sturgis rule, 75—130

Surface acoustic wave
technology device, 547—564

Surface plate, 635—636

Synchro, 599—632

Synchro-resolver, 599—632

Synchro transformer/transmitter,
599—632

Systematic errors, 45—74

T

Tabular data presentation,
239288

Tachometric generators
(tachometers), 599—632
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Tank gauge, 531—546

Tape, 636—637

Target meter, 493—530

Telemetry, 219—238

Temperature coefficient, 55—56,
407—462, 565—598

Temperature measurement, 377,
388—390, 398—399,
402—404, 407—462

calibration, 407—462

Thermal anemometry, 517

Thermal detector, 407—462

Thermal e.m.f., 45—74, 407—462

Thermal imaging, 437—438

Thermal mass flow meter,
493—530

Thermistor, 427—429, 445, 451

Thermistor gauge, 463—492

Thermocouple, 409—425, 427,
444—445, 448

Thermocouple gauge, 463—492

Thermocouple tables, 407—462,
687t

Thermoelectric effect, 45—74,
407—462

Thermoelectric potential noise,
45—74

Thermography, 407—462

Thermometer (liquid-in-glass
type), 13—44, 438, 439f,
450, 452, 455

Thermopile, 407—462

Thevenin’s theorem, 13—18,
45—74,177-218

Threshold, 13—44

Time base circuit, 239—288

Time constant, 13—44

Tolerance, 13—74

Tools palette (Labview),
353—-355

Torque measurement, 547—564

calibration, 560, 562—563
Total measurement error, 75—130
Touch screens, 260

Traceability, 131—144

Transducer, 1—12

Transmitter, 1—12

Translational acceleration,
587—591

Translational displacement,
585—586

Translational velocity, 586—587

Triggering, 239—288

Tube viscometer, 652—653

Turbine meters, 507—508, 525

Two-color pyrometer, 407—462

Two-out-of-three voting,
315—346

U

UART interface, 289—314

U-tube manometer, 471—472,
472f, 484, 488

Ultrasonic flowmeters, 511—516,
518—519

Ultrasonic imaging, 375—406

Ultrasonic level gauge, 531—546

Ultrasonic principles, 375—406

Ultrasonic rule, 636—637, 644f

Ultrasonic thermometer,
407—462

Ultrasonic transducers, 375—406

Uncertainty, 13—44

Units of measurement, 1—12,
676—679

USB (universal serial bus),
289—-314

\Y%

Vacuum pressures, 475—479
Variable area flowmeter,
504—505, 505f, 520
Variable reluctance sensors,
375—406, 620—622, 622f
Variance, 75—130
gauge, 649
Vee block, 635—636, 635f

703

Velocity measurement
rotational, 599—632
translational, 586—587

Venturi, 498—500, 499f, 503

Vernier caliper, 637—638, 638f

Vibrating cylinder gauge, 485

Vibrating level sensor, 531—546

Vibrating wire force sensor,

547—564

Vibration measurement,

591-593
calibration, 594

Virtual instrument, 350—351

Viscosity calibration, 654

Viscosity measurement, 651—654

Voltage to current conversion,

219—-238
Voltage to frequency conversion,
219—238
Voltage transient noise, 45—74
Volume flow rate measurement.
See Flow measurement
Volume measurement, 649—651
Vortex shedding flowmeter,
510—511, 510f, 525

W

Weigh beam, 547—564

Wein bridge, 177—218
Wheatstone bridge, 177—218
Wire pressure sensor, 463—492
Woltmann meter, 508

X

x2. See Chi-squared
X — Y plotter, 177—218

Z

z-distribution, 75—130

Zero drift, 13—74

Zero order type instruments,
13—44

Zirconia sensor, 668
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