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INDEX

A

A/D converter 104-105

Accuracy 1, 2, 10, 13, 15-16, 18, 20, 22, 24,
42,103, 105,108, 112, 117, 119, 121-125,
129, 131, 134, 139, 143, 146, 161-163, 165,
167-168, 171-172, 177-179, 187, 202-203,
213, 221, 224-226, 245, 249, 266, 276, 292,
296-298, 304, 307, 309, 323-325, 327-328,
336, 347, 350-352, 358, 360, 364-365, 370,
372, 374-375, 378, 380-382, 385, 391, 393-
394, 396-398, 465, 483, 485, 487-493, 501,
503-504, 506-508, 510, 512, 516, 521, 530,
533, 535, 540-550, 552-555, 561, 566
See also Percent registration

D/A converter 105-106

definition 7

demand 214-215

digital display resolution 106

factors of 161

guaranteed 554

importance of harmonics on 247-248

of instrument transformers 342-346, 380

over temperature 392-393

permanence of 302, 313

precision 552, 554

rating of instruments 124

ratios 552

voltage transformer 340-342
Adjustments of a watthour meter 157-160,
176-177, 503-506
Admittance, abnormal, testing for 374-375
Alternating-current circuits 58-77, 78-85
capacitance in 65-67
capacitive reactance in 67-68, 70
formulas for 73
frequency in 59, 65, 67
impedance in 81
inductance in 63-65
inductive reactance in 65
Ohm’s Law for 46-47
power factor of 60
power in 56, 76

sine waves in 27-28, 58, 60
single-phase series, formulas for 73
transformer connections for 85-88
transformers in 75-77
Ammeter 7, 32, 43, 103, 111-113, 115,
117-119, 124, 204, 220, 264, 363-364,
366, 368-370, 374, 393-394
clamp volt 108-109
definition 7
electrodynamometer type 112-116
moving-iron type 111-112
permanent-magnet, moving-coil
type 107-109
rectifier type 108
thermocouple type 108
Ampere-Hour, definition 7
Ampere-Turn, definition 7
Analog-to-Digital Converter 104, 186-189
Angles, See Trigonometry, See also
Phase angle
Anti-creep holes 166, 506
Artificial load, See Phantom load
ASE cable 21
“As found” test 334, 510-511, 516-517, 522
“as left” test 334, 512-513, 517, 522
Atom, structure of 89-90
Automatic Meter Reading 7, 566-569
definition 7
electronic meter reading 565-566
handheld data entry terminals
565-566
handheld terminals, automatic
data entry 566
Network Meter Reading 567-569
power line system 569
radio system 567
Telephone Dial-In System 569
Telephone Dial-Out System 568
retrieval of data 565
Autotransformer 7, 233-235, 239, 348
definition 7
phase shifting 233-235, 239, 244
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B

Balanced circuits 78-83
Balanced load 115, 135, 137, 141, 173, 333,
338, 358, 454, 467-468
Balanced load, definition 8
Bar X, definition 22
Bearings in watthour meters 168-169, 523
Binary digital logic 98-100
Block-Interval Demand Meter 11
definition 11
Blondel’s Theorem 3, 129, 132, 134,
138-139, 143, 145-146
application of 131-132
definition 8
Braking magnets. See Permanent magnets
Bridges, definition 8
Kelvin 8
Wheatstone 8
Btu, definition 8
Burden, calculation of 8, 111-112, 235,
273-274, 290, 292-293, 295-303, 305-
308, 310-311, 324, 327, 339, 343-344,
346-347, 349-352, 354, 357, 360, 364,
369-370, 373-376, 378-379
calculation of 339-342
definition 8
effect on instrument transformer ratio
and phase angle 297, 310
methods of expressing 340
polyphase 301, 340
secondary 292
standard 345, 351

C

Calibrating constant 513-514
Calibration 2, 27, 125, 146, 160, 171, 173,
175-177, 185, 253-254, 259, 262-266, 331,
357, 373-374, 378, 392, 396-398, 488, 497,
499-500, 506, 512-513, 535, 541, 543, 549,
551-555, See Watthour meters, testing of
definition 8
Capacitance 3, 65-67, 380, 382, 390, 459
definition 8
in AC circuits 65
Capacitive reactance 8, 67-68, 70
definition 8
Chain of standardization 550, 552
Charts, for recorders 565
Circuit breaker 4, 53, 290, 350, 383,
457, 485
definition 9
fuses and 457

Circuit, balanced 78
Circuits 3, 25, 31, 40, 45-48, 50-51, 54, 56,
58, 63, 67-68, 72-73, 75, 83, 85, 88, 96,
98-102, 104, 109-110, 114, 119, 123-124,
129-132, 139-140, 148, 150, 165, 171,
175,177, 181, 183, 186-187, 200, 202-
203, 206-210, 212, 223, 230, 233, 237,
240, 244, 247, 253-254, 257, 273-277,
279-282, 289-290, 315, 346-347, 349-
351, 353, 355, 357, 360, 363, 365-366,
368, 374, 378, 380, 402, 455-458, 463-
464, 467-468, 480, 483, 485-486, 493,
495-496, 499, 506-507, 512, 517, 519,
523, 553, 555, See also Alternating
current circuits
distribution 85
parallel 53
polyphase, See Polyphase
protection of 456
series 51
series-parallel 54
single-phase 73
three-phase 78, See also Polyphase
three-wire 9, 56
two-wire 9
wye, See Polyphase, wye connections
Circular mil 9, 47, 151
application of 46
definition 9
Clamp volt-ammeter 108-109
Clockwise, rotation 9
Clutch, demand meters 530-531
Compensating metering, See Transformer
compensation for losses
Compensation of meters, overload 161-166
polyphase 172
temperature 165-166
voltage 164-165
Compensator, loss 16, 254-255, 264-266
definition 16
Complex numbers, calculations 34-36
Complex numbers, polar form 36-44
Complex Numbers, rectangular form 34
Conductor, grounding 13
definition 13
entrance, definition 21
Connected Load 9, 82-83, 139, 148
definition 9
Connection errors 461-465
Constants, calibrating 513-514
definition 9
dial 9
kilowatt 278-279
kilowatthour 278-279
register, See Register constant
watthour, See Watthour constant



INDEX 573

Copper losses 219, 250, 252, 259, 265-268
Core losses 10, 220, 250-251, 269, 396
definition 10
Correction factor 15, 40-41, 123, 238-239,
295-296, 300, 307, 313-338, 342, 346, 354,
370, 377,519
definition 15
Counters, photoelectric 506-507
Creep or creeping 10, 166, 350, 485, 500,
503, 506, 511-512, 516-518, 523, 526
definition 10
Cumulative demand register 533, 563
Curent, alternating, See Alternating current
Current, electron 91, 93
hole 91
induced, definition 14
lagging, definition 16
leading, definition 16
measurement of 111, 113-115
Curve drawing meter, See Recording
Customer’s high-bill inquiries 483-485
Customer’s load 254-255, 267-268, 270,
331, 336, 459, 464, 467-468, 473, 486,
493, 516, 520
Customer’s premises 2-3, 454, 458, 481,
487, 493-494
testing on 514-521
Cutout 10
definition 10
Cycle 10, 59-60, 62, 64, 73, 101, 153,
156-157, 183, 186-187, 197, 209, 224,
231, 374, 393, 396, 533, 557
definition 10

D

d’Arsonval 112
D/A converter 105
Damping of an Instrument 10
definition 10
Damping, current magnet
See Permanent magnets
Dead-Front 11
definition 11
Delta Service 134, 136, 145, 147, 228-229,
454, 456, 482, 505, See also Polyphase,
delta
Demand meter, maintenance of,
See Demand meter, testing of
Demand Meter 11, 116-117, 179, 191-217,
279, 282, 285-286, 487, 529-530, 534, 536,
538-539
ampere 116-117, 202-203
application of 202
classes of 195

cumulative type 198, 200-201, 212, 239,
285, 533
definition 11
indicating type 198-200
integrating 195-196
lagged 12, 196
mechanical 198, 215
pulse storage 209
pulse-operated 203
electronic type 203
indicating type 203
paper-tape 204
recording type 204
solid-state 207-210
registers for 201-202, 211-217, See also
Registers, demand meters for
thermal operated 196, 204-206
timing motor for 531-532
Demand Meter, testing of 538-539
advancing mechanism 530, 535
clutch 530-531
cumulative register 533
maximum demand pointer 532
mechanical registers 529-534
procedures 533-536
pulse-operated 538
recording type 538
resetting mechanism 531, 535
timing motor 531-532
Demand register, See Demand meter,
registers for
Demand scales 562-563
Demand, constant 11, 538
definition 11
explanation of 191
factor, definition 11
interval 179, 191-193, 195-198,
200-204, 209-212, 215, 224, 227,
278-279, 281-282, 287, 530-537
kilovar 202-203
kilovoltampere 202-203
maximum, definition 11
Demand, pulse counting meters 282
Detent 12, 230, 288
definition 12
Dial Constant 9, 560
definition 9
Digital display 24, 106, 377, 491, 506,
534-535, 537, 561, 565
Digital electronics 89, 96-102
Digital instrument 103-107, 122-123
Digital multiplier 186-190, 246
Direct-current circuits 45-46, 63
formulas for 57-58
Kirchoff’s Law for application of 47-51
Ohm’s law for application of 46-47
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resistance connected in,
network 51
parallel 53-54
series 51-52
series-parallel 54-56
three-wire Edison distribution
system 56-57
Disk, See Rotor
Distribution circuits 85-88
Diversity 12, 469
definition 12
Driving torque in a watthour meter
172-173
Dynamometers, See Electrodyamometer

E

Eddy currents 12, 68, 153-158, 161,
166-167, 174-175, 220, 250
definition 12
Edison three-wire system 56
Effective resistance 12, 165, 290
definition 12
Effective value 12, 60
definition 12
Electrical degree 12, 132
definition 12
Electrical service, See Service, electrical
Electrodynamometer 112, 114, See also
Instruments, electrodynamometers
Electromagnet 13, 151-152, 162, 164,
166, 170, 175-176, 203, 491, 502
definition 13
Electromotive Force 13, 46, 61, 152, 156
definition 13
Electronic digital instrument 103
Electronic instrument 104, 106, 122
Electronics, solid-state 89
Energy 13, 45, 56, 58, 64, 72-73, 75, 77, 83,
89-91, 102, 124, 127-129, 131, 134, 140,
143, 151, 157, 171, 174, 178-179, 183-185,
188, 190-198, 204, 208, 210-212, 217, 220,
223-230, 243, 245, 250-251, 272, 275, 277~
279, 283, 285, 287-289, 323, 457, 461, 463,
467, 479, 487-492, 496, 507, 513, 531, 535,
543-544, 566
definition 13
Equations, basic laws of 25
Equipment, service 21, 351, 454, 458,
460-461, 464, 478
definition 21

Errors 2, 106, 109, 117, 123, 129, 133-134,
139-140, 143, 146, 148, 150, 160, 164-
165, 167-168, 173-175, 202, 220, 224-
225, 249, 266, 274, 281, 293, 295-296,
301-302, 304, 307-310, 312-313, 315-
316, 323, 325-331, 333-336, 338, 344,
352, 356-357, 360-361, 363, 370, 375-
378, 380, 393, 395, 461, 463-464, 468,
489, 504-505, 507, 517, 519, 545, 548,
552-555, 560, 566, See also Percent error

random 553
systematic 553

F

Farad 13, 66
definition 13
Farber method for determination of
voltage transformer accuracy 340-342
Field, Magnetic 13
definition 13
mobile 487, 508, 521-522
stray 13
test 516-519
First reduction, See Shaft reduction
Flux and flux density, See Magnetic energy
Formulas, See name of specific formula
such as; “direct current circuits”
Friction, causes of 523
Foucault curents, See Eddy currents
Full-load adjustment of a watthour meter
158, 503, See also Adjustments
Functions, trigonometery, See
Trigonometry
Fuses 4, 122, 356-357, 457, 460-461,
468, 479-480, 485
time delay 457

G

Galvanometer 13, 371, 373-374, 380
definition 13
Gang Test boards 527
Gear ratio 13, 43, 168, 213, 524-525,
533-534
checking 524-526
definition 13
formulas of 43-44
Gear reduction 43-44, 534
Graphic demand meter,
See Recording demand meters
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Ground 13, 120-121, 148, 150, 171, 220,
273, 292, 302, 347-348, 350, 355, 360-
363, 374, 380, 382, 384-385, 388-391,
396, 399, 454, 456-461, 463, 465, 468-
469, 481-482, 484-486, 515, 518, 523

definition 13

return circuit 13

tester for 121
Grounding, conductor 13, 354-355, 360

definition 13

electrode 13

identification of 459-460

of electric circuits 458-460
Grounds, checking for 485-486

H

Hall-effect multiplication 181, 246
Harmonics 77-78, 150, 167-168, 188-189,
219-221, 223, 225-226, 228, 244-248, 310,
375, 394, 493, 496-497, 545
Heater, for thermal operated instruments
109-110, 116-117, 205-206, 223, 283, See
also Demand meters, thermal operated
Henry 13, 63
definition 13
Hi-pot tests 365-366
High-bill inquiries 483-485
Hole current 91-92
Horsepower 14, 75
definition 14
Hot-Wire Instrument 14
definition 14

Impedance 14, 68, 77, 80-82, 134, 150,
152, 250-251, 257, 261, 276, 290, 293,
295, 297-299, 302-303, 305-306, 308,
313, 339, 346, 366, 374, 380, 396

definition 14
in AC Circuits 68-72

Impulse, See Pulse

Inactive meters 479

Indicating demand meter 561-564
See also Demand meters, indicating type

Induced current 14

definition 14

Induced voltage 63-65, 75, 154, 294, 305,
380

Inductance 14, 63-65, 181, 303, 339, 373

definition 14
mutual 14
self 14

Inductive 14, 32, 61, 64-65, 67, 74, 84-85,
116, 152, 159, 222, 227, 230, 250, 255,
264, 266, 276, 326, 374, 380

definition 14

load adjustment, See Adjustments
of a watthour meter

reactance 67-68, 70, 81, 339, 494

reactance 14, 65

Installations, meter, See Service, electrical
Instrument, torque, See Torque
of an instrument

Installation of watthour meters 453
See also Service

Installations, meter 264, 479, 519, 567

Instrument transformers 112, 130, 139,
148, 150, 178, 189, 200, 289, 291-292,
304, 313, 315, 322-325, 327-332, 334-
336, 340, 342, 344, 346-347

application of 324-338
basic theory of 291-313
burden capability of 350, 376, 389
burden on 112, 273, 303, 311
calculation of 339-342
definitions 8, 290
effect on ratio, phase angle 297-298
methods of expression 340
polyphase 340
secondary 112, 292, 296-297, 299,
301-303
standard 344, 351
calculation of meter accuracy
settings 327
compensating error of 323-324
connections of 353-361
correction factors for 313-317, 322-324
application of 324-337
final 322-323
phase angle 314-318, 320, 322, 328,
342, 346
tables of 318-321
ratio 295-296, 300, 307, 313-314,
323, 327-328, 334, 337, 346, 377
table of 314
current 302, 313, 315-317, 322-323,
325, 328, 330-332, 334, 336, 342-346,
348, 351-352, 362-369, 372-375,
378-380, 384, 386, 390, 392-393
actual 304, 308
burden on 339
connections of 351, 357
dangers due to open secondary
of 313
demagnetizing of 379
difficulties with low ampere-turn
designs of 311
effects of, burden on ratio and
phase angle of 308
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common secondary leads 311 frequency on ratio and
frequency on ratio and phase phase angle of 298
angle of 309 primary voltage on ratio
primary current on ratio and and phase angle of 297
phase angle of 308 secondary leads on ratio
secondary leads on ratio and and phase angle of 299
phase angle of 310 temperature on ratio and
waveform on ratio and phase phase angle of 298
angle of 310 waveform on ratio and
ideal 302 phase angle of 298
marked ratio of 304 ideal 291
permanence of accuracy 313 marked ratio of 292
phase angle of 307 phase angle of 296-297
phasor diagram of 304 phasor diagram of 293-295
polarity of 302 polarity of 292
ratio correction factor of 307 ratio correction factor of 295
secondary burden on 302 selection of 350
true ratio of 304, 307 true ratio of 292, 295
turn ratio of 304 turn ratio of 292
testing of 365 Instruments, indicating 3, 42, 103,
AC hi-pot test 365 369-370, 496, 522
by comparitive method 370 accuracy rating of 124, 552
by compensated standard ammeter, See Ammeter
method 378 care of 122
by deflection method 370 clamp volt-ammeters 108-109
by direct method 370 current transformer field test set 111-112
by Knopp comparator 376-380 effect of mechanical defect on 123
by Leeds and Northrup test set electrodynamometers 112
371, 373 applications of 113
by null method 370 influence on circuits of 124
for adequate insultation of 365 Lincoln ampere demand meter 116
for shorted term 369 maintenance on 125
to check polarity of 366 mechanical effects 123
to determine ratio and phase megger 120-121
angle of 369 moving-iron type 110
type, bar 349, 351 application of 111
bushing 350 ohmmeters 119
double ratio 349 permanent-magnet, moving-coil
miniature 350 type 107
multi-core 349 applications of 111-112
split-core 349 precision of 552
three-wire 348-349 readability and resolution of 554
window 349 rectifier type 108
wound 348 scales of 117
verification of connections of 361 selection of 121
voltage 24, 148, 150, 206, 235, 251, stray fields, influence on 123
257-258, 264, 288, 291, 293, 296, temperature, influence on 123
299, 302 thermal ampere demand meters 116-117
actual 293, 295 thermocouple type 109-110
burden of 292 voltmeter, See Voltmeter
connections of 353 wattmeter, See Wattmeter
definition 24 Insulation tester, megger 120
effects of burden on ratio and phase Integrating demand meter 196
angle of 297 Interference 4, 172-174, 480
common secondary leads on Interval, demand 179, 191-193, 195-198,
ratio and phase angle of 301 200-204, 209-212, 215, 224, 227, 278-279,

281-282, 287, 530-537
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J

Joule, law of 15, 56, 58, 500
definition 15

K

Kelvin bridge 8
description 8
Kilo 15
description 15
Kilovarhour, See Varhour
Kilovar and kilovoltampere metering
219-220, 222, 225, 228, 244
autotransformers for 233
cross phasing method of 236
of four-wire, three-phase circuits 235
of three-wire, three phase 234
phase relations for 222, 241
phase sequence 230
special meters for 239
theory of 220
Kilovar demand 202
Kilovoltampere demand 202-203, 561,
See Voltamperehour
Kilowatt, See Watt
Kilowatthour, constant 278-279
Kilowatthour meters, See Watthour meter
Kirchhoff’s Laws 47-51, 135, 467
application of 47-51
Knopp instrument transformer
comparator 376-380
KVA 15, 193-195, 219-224, 227-230, 250-
251, 253, 257, 261-262, 268-270, 395
definition 15
metering of 225-226, See also Kilovar
and Kilovoltampere metering

L

Laboratory, the meter
See Meter Laboratory
Lag adjustments 159-160, 503-504, 513
Lagged demand meters 195-196, See also
Demand meters, thermal operated
Lagging current 16, 67, 317, 512
definition 16
Laminated core 16
definition 16
Leading current 16, 67
definition 16
Leeds and Northrup test set 371-374

Lenz’s Law 16, 63
definition 16
Light emitting diode 16, 104, 507, 509-510
definition 16
Light-load adjustment 158, 164, 166,
176-177, 254, 264, 503, 506, 513
Lightning arrester 120, 351, 456-457
Lincoln ampere demand meter 116-117
Liquid Crystal Display 16, 104, 209
definition 16
Load, artificial 16, See also Load, phantom
balanced 8, 115, 135, 137, 141, 173,
333, 338, 358, 454-455, 467-468
compensation 16
overload 161-164
definition 16
factor 16
phantom 18, 331, 336, 493-495,
516-517, 519
resistance 496
system 16
water heater 283-285, 287, 468, 484
Loading transformer 16, 374, 494-495
definition 16
Location of meters 251-252
Locked-out meters 479
Loss compensation 16, 250-251, 253,
255, 257, 261-262, 267, 272, See also
Transformer, compensation for losses
definition 16
Losses core 10, 220, 250, 269, 396
definition 10
transformer, See Transformer,
compensation for losses

M

Magnet, brake 151, 157, 168, 172, 176, 264,
506, 513, See also Permanent magents
damping, See Permanent magents
permanent, See Permanent magents
retarding, See Permanent magents
Magnetic 13, 58, 63, 68, 73, 75-77, 129,
153-154, 158, 162, 164-165, 168, 523
field 13, 64, 75, 110, 112, 115, 152-153,
156-157, 181-182, 185, 220, 250,
386-389, 492
flux 128-130, 153, 158, 181, 290, 362, 523
Magnetism 110
Magnetomotive force 16
definition 16
Maintenance of, demand meters, See
Demand meter, testing of, instruments
watthour meters, See Watthour meter,
maintenance of
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Marked ratio of instrument transformers
15, 292-293, 296, 302, 304, 307, 313,
323, 349, 368-369, 386, 389

definition 15

Mathematics 25-44

Maximum average power 194

Maximum demand 191-198, 200, 213, 254,
272, 285, 529, 530, 533, 536, 561-563

explanation of 194
meters, See Demand meters
pointer 532
Measurement of 111
AC current 111, 113-115, 364
AC voltage 103, 112, 115
demand, See Demand meters
frequency 116
power 113
power factor 115
resistance 118-120
speed 506
varhours 230
VARs 230
watthours, See Watthour meters
Mega 16
definition 16

Megger ground tester 121

Megger insulation tester 120

Memory circuits 100-102

Metal-clad switchgear 480

Meter accuracy, See Accuracy

Meter bearing, See Bearings

Meter, demand, See Demand meters

Meter department 1-6

duties 1-2

Meter installation 254-255, 266, 474-478,
482,518

Meter laboratory 117, 123, 130, 175,
488, 541-555

accuracy ratios for 552
accuracy vs. precision in 552
accuracy, guaranteed of 554
chain of standardization 550-551
chart of 551
cross checking between laboratories
554
functions of 553
fundamental standards in 543-548
cells, standard 543
primary watthour 547
resistors 543
secondary watthour 545
time 543
watt 544-545
working watthour 548
location of 554-555
operation of 555

random errors of 553
scope of 541-542
systematic errors of 553
Meter, location of 251-252, 468-469, 515
Meter personnel 2-7
computations used by 40-44
customer contacts 2-3
good practices for 481-483
knowledge required by 3-4
oportunities for 2
safety practices by 5-6
Meter, reading of 2, 179, 192, 273, 522,
557-569
demand meters 561-565
constants, registers used in 560-561
indicating 561-564
recording 538
reset 562-564
sealing of 564
watthour 558-560
Meter sequence 17, 460
definition 17
Meter sockets 363, 458, 469-475
adaptors for 475-476
Meter testing, See Demand meter, testing
of; Watthour meter, testing of
Meter watthour, See Watthour meters
Meter, selection of 121-122, 469
Metering computations 40
Metering off-peak water heater loads
283-284
Micro 17
definition 17
Microprocessor 89, 102, 181, 187, 214,
246, 257, 534-536, 565
Mil 17
definition 17
Milli 17
definition 17
Motor, timing 531-533, 538
Multi-stator VARhour meters
See Watthour meters, multi-strator
Mutual inductance, See Inductance,
mutual

N

National Electrical Code 17, 453-454,
458, 460
definition 17
National Institute of Standards and
Technology (NIST) 2, 370, 541
Network 134
meters for 132, 134, 521
service 132, 134, 454-455
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Neutral wire 145, 361, 458, 467, 485
Null method 370, 376-377
Number systems 96, 98, 100
binary 96
decimal 96
hexadecimal 97

0

Off-peak load, metering of 283
Ohm 17, 53, 120, 124, 300, 305, 311, 357,
374, 542-543, 550
definition 17
Ohm’s Law 18, 25, 46, 50-57, 67, 73, 83, 118
application of 46-47
definition 18
statement of 25
Ohmmeters 119-120
Optical port 18, 281, 565-566
definition 18
Optical probe 18, 540, 565-566
definition 18
Outdoor installations 478
Overload compensation 157, 161, 168, 174

P

Parallel circuit 26, 51, 53, 72
Parallel-series circuit 51, 54-56
Paralleling current transformer
primaries 274
Paralleling current-transformer
secondaries 273
Peak load 18
definition 18
Percent error 18, 40-43, 325, 328, 331,
333-334, 336, 343, 517
calculations for instrument
transformers 328-329
definition 18
Percent registration 18, 40, 167, 256,
262, 266, 501-503, 517, 522
calculation of 40, 42-43, 326-329
definition 18
with instrument transformers 326
Permanent magnets 111, 158, 162, 171, 254
in moving-coil instruments 107
Phantom load 18, 331, 336, 493, 495-496,
516-517, 519
definition 18

Phase angle 18, 31-32, 39, 58-62, 74-75,
78, 84, 115, 128, 134, 137, 142, 167, 174,
181, 183, 223-224, 229-231, 243-244,
247, 266, 274, 297-300, 313-349, 356-357,
362-366, 369-380, 398, 487, 489, 493-495,
518, 544, 546, 548-549

of current transformer 307-310
of voltage transformer 296-301
Phase angle correction factor 314-317,
322, 328, 342, 346, 370
tables of 318-321
Phase shifter 18, 246, 371, 373-374, 380
definition 18
Phase shifting transformer,
See Autotransformers
Phase, rotation 231, 363-364, 482
indicators of 231
sequence 18, 134, 230-232, 246, 518
definition 18

Phase-displaced metering, application
229-230

Phasor 18, 68, 74, 80, 82, 84, 132, 140-141,
159, 222, 239, 241, 295, 518

definition 18

diagram, definition 18

examples of 60-63, 79, 135-136, 139,
141, 143, 146-148, 159, 231, 236,
293-297, 299-301, 304-307, 311,
315, 317, 323, 353-354, 357, 359,
361, 363-364, 454, 505, 518

Photoelectric tester or counter 18

definition 18

with rotary stepping switch 506-507

Polarity 19, 76, 93, 110, 112, 236-237,
281-282, 295-296, 306, 308, 340, 352-
353, 357, 360, 362-363, 366-368, 370, 380

definition 19
instrument transformers 292, 302

Pole-top metering 481

Polyphase 3, 129-131, 142, 146, 148, 171-
180, 187, 190, 200, 220, 230, 247, 265,
301, 311, 325, 328, 330, 332-334, 336,
353, 363, 454, 464, 504, 507, 510, 512

delta connection 228
watthour 131-132
wye-connected 340

Portable standard meter 24, 264, 268, 489,
541-542, 544-545, 547-548, 550, 554

Potentiometers 377

Potentia electrical, See Voltage

Power 19, 137, 139, 141-142, 146-147, 151,
156-157, 178, 180-196, 203, 206, 209-213,
217, 219-220, 223-230, 246, 248-249,
274-275, 281, 288, 298, 315, 323, 334,
336, 348, 370, 385, 388, 394-395, 454,
457, 461, 480, 482, 490, 493-494, 508,
520-522, 531, 535, 537, 555, 564, 569
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definitions 19
in AC circuits 72-75, 83
in DC circuits 56
in polyphase circuits 129-133, 142, 174
measurement of 113, 115
triangle of 83-85, 194, 221, 223
Power factor 3, 19, 31-32, 60-61, 67, 70-75,
77,84-85,112-113, 115, 133, 136-137,
139-143, 152, 156-160, 165, 167, 175-177,
203, 206, 217, 219, 221-222, 229-230, 232,
234, 236-237, 239-240, 242-243, 247, 251,
257, 262, 265-268, 270, 290, 292, 295, 300,
303, 305, 311, 315, 317, 322, 324-326, 328,
330-336, 338-343, 346, 364, 370-371, 373,
394-395, 495, 505, 517-518, 544-546, 548
definitions of 19, 219
equations of 31-33
meters to measure 115
Precision vs. accuracy 552
Primary 1, 19, 75-76, 86, 111-112, 148, 185,
205, 226, 255, 270, 272-273, 275, 289, 291-
298, 301-302, 304-317, 323, 326, 328, 334,
348-354, 356, 362-363, 365-366, 368, 373-
374, 379-380, 384, 386, 388-396, 455, 469,
478-479, 493, 520, 525
definition 19, See also
Instrument transformers
Protection, circuit 456-457
fuses 457
Pulse 19, 104, 178, 180, 183-187, 190, 209-
210, 212-215, 224-225, 275-279, 280-282,
489-491, 493, 499, 510, 536, 539-540
definition 19
operated demand registers 197, 203,
207-208, 538
totalization 275, 282-283

(

Quadrants 39, 243
measurements 243-244

R

Random errors 552-553

Ratio correction factors,
See Instrument transformers,
ratio correction factors of

Ratio gear, See Gear ratio

Ratio, marked, See Instrument
transformers, current and voltage

Ratio, register, See Register ratio

Ratio, true, See Instrument transformers,
current and voltage

Ratio, turn, See Instrument transformers,
current and voltage
Ratios, accuracy 552
Reactance 20, 67, 69, 81, 159, 165, 167,
295, 298, 305, 494
definition 20
Reactiformer 20, 233
definition 20
Reactive power, See VARs
Reactive voltamperes 20, 222
definition 20, See also VARs
Reactor 20, 115, 231, 379
definition 20
Reading of meters, See Meter, reading of
Readability of instruments 374, 380
Recording demand meters 196-198, 200,
203-204, 211, 217, 529, 534, 538, 561,
565, 567
Rectifier 108-109, 168, 459, 555
instrument type 108
Reference standards 496, 541, 543, 552, 554
Register constant 20, 43-44, 254, 506, 511,
517, 520, 524-526, 560-561
checking 524-526
definition 9, 20
formulas of 43-44
Register ratio 3, 20, 168, 202, 254, 289,
485, 502, 511, 517, 520, 530, 533-534, 560
checking 524-526
definition 20
formulas for 43-44
Register, demand meters application of 202
cumulative type 200
electronic 211-217
mechanical 529-536
testing of 537
Register, watthour meter 198
formulas for 43
maintenance of 523-526
testing of 524-526
two-rate 283-284, 286, 560
Registration 2, 20, 129-130, 134, 146,
158-159, 164, 173, 175-176, 198, 203,
211, 237-238, 253-254, 262, 266-268
definition 20
percent, calculation of 40-43, 267-271
definition 18
Relay, auxilary 281
totalizing 279-280
Resistance 20, 25-26, 46-47, 49, 51-53, 55-
57, 64, 66, 68, 70, 81, 103, 108, 111, 113,
115, 120, 124, 150, 158, 159-160, 165-167,
170-171, 182, 206, 222, 239, 246, 250, 257,
267,270, 277, 293, 295, 298-303, 305, 311,
339, 346, 353-357, 360, 361, 363, 375, 379,
458-459, 462, 470, 481-482, 493-494, 503-
504, 523, 542-543, 550
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definition 20
in AC circuits 67-68
in DC circuits 46
load 496
measurement 118-120
Resolution 105-107, 186-188, 199, 203, 215,
224, 281, 490-491, 554
Rheostat 21, 371
definition 21
Right triangle 28-29, 31-32
Root-Mean-Square Value 12, 206
definition 12
Rotating standard, See Portable standard
meters
Rotor (disk) 112, 129-130, 151-153, 157-
158, 168-169, 175-176, 197-198, 200-201,
276-277, 524, 532

S

Safety 2-3, 5, 183, 280, 352, 355, 360, 363,
365-366, 386, 453, 460, 474-475, 483, 490,
515-516, 519, 557, 564

Scales, instrument 117

Scientific notation 33

Scott connections 253

SE cable 21

definition 21
Secondary watthour standard winding 19
definition 19
Selection of instruments 121
meter capacity 469
Self inductance 14
definition 14
Semiconductor 77, 89, 91, 94-95
definition 91
diode 93
N type 92-93
P type 92-93

Series circuit, See Direct-current circuits

Series-parallel, See Direct-current circuits

Service 1-3, 21, 111, 121, 128-129, 131-134,
138-141, 143-144, 146-147, 171, 175-181,
183, 202, 220, 228-229, 235, 253, 257, 264,
266, 270, 272, 278, 283-284, 287, 348-349,
352, 357, 363, 365, 368, 374-375, 396-398,
453-487, 493, 497, 500, 502, 504, 510, 514-
518, 521-523, 533, 535, 557, 566-567, 569

checking for grounds on 485-486
circuit protection of 456-458
grounding of 458-460
classes of 454-455
conductor identification by color 460
conductors 21
definition of 21

connection errors in 461-464
definition of 21
distinguishing between four-wire
delta and four-wire wye 456
distinguishing between three-wire
network and three-wire single-phase
455-456
drop 21, 453-454
definition of 21
entrance conductors 21, 454
definition of 21
equipment 21
definition of 21
good practices for metering personnel,
installation 481-483
inactive and locked-out meters 479
installing 474-475, 480
in metal-clad switch gear 480
of bottom connected meters
476-478
of socket meters 475-476
with instrument transformers 478
investigation of customer high-bill
inquiries 483-485
location of meters in 468-469
meter sequence for 460
meter sockets for 469-474
metering two-wire service with
three-wire service 465-467
neutral wire of 467-468
outdoor installations of 469, 478
pole-top metering in 481
socket adaptors for 475-476
test switches for 479-480
Shaft reduction 21, 502, 520, 524-525
definition 21
Shop tests 18, 502, 507, 510-514, 518,
522, 534, 538, 548, See also Watthour
meter, testing of
Short circuit 21, 75, 250, 303, 306, 357,
457,471, 478, 485, 515, 521, 523, 526
definition 21
Silsbee current transformer set 372-375,
378-380
Sine waves 27-28, 58, 60, 62, 78, 168,
186, 220, 231, 497, 555
Single-phase 58, 72-74, 78, 83, 115,
128-129, 132, 134, 148, 154, 171-173,
176-178, 190, 221, 229-230, 267, 274,
283, 301, 323, 324, 331, 333-334, 336,
340, 348-349, 353-354, 357-358, 364,
373, 454-455, 458, 462-464, 467-468,
496-497, 505, 507, 514
Single-stator watthour meter 129-130,
134-135, 148, 151, 157, 161, 171-173,
266, 292, 302, 502, 504, 510
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Single-stator watthour meter tests
510-512
Socket 21, 130-131, 170-171, 178, 210,
250, 363, 421, 456-458, 460, 465, 467,
469, 470-477, 479, 485, 516
adaptors for 475-476
definition 21
meters for 474-475
Solid-state, electronics 89-102
demand recorders 207-210
metering 178-188, 190, 251, 257, 272,
278, 292, 348, 364, 474, 506-508, 510,
512-513, 568
watthour metering 181
Special metering 134, 178, 192, 239,
249-288, 359, 475, 522
Speed 77, 107, 129, 151, 157-158, 161-162,
166, 169, 172-173, 219, 253, 264, 271,
287, 333, 336, 386, 465, 503, 521, 526,
529, 533-534, 560
measurement of 506
Spindle reduction, See Shaft reduction
Standard burden 309, 343-345, 351, 374
Standard cells 543
Standard resistors 369, 541, 543
Standards iii, 1-2, 4, 43, 47, 117, 168,
175, 183, 331, 333-334, 336-337, 352,
365, 370, 381, 386, 389-390, 398, 470,
488, 490-492, 507, 520, 526, 530, 534,
536-537, 540-555
fundamental 543, 547
portable 548, See Portable standard
meters
potentiometer 550, 555
primary watthour 547
reference 488
rotating, See Portable standard meters
secondary watthour 545-546
time 543
Standardization, See Meter Laboratory
See also Standards, fundamental
Stator 22, 112, 129-132, 134, 136-137,
140-143, 146-148, 151-153, 157,
171-177, 253-254, 256, 264-267,
270, 274-275, 288, 328, 334, 336-
338, 359, 363-364, 504-506, 512-513,
519, 521
definition 22, See also Electromagnet
Stray fields 122-123, 352, 374, 378, 523
Systematic errors 552-554

T

Temperature 22, 94, 109, 116, 123, 161,
163, 166, 172, 182, 194, 196, 205-206,
223, 249, 298, 351, 388-390, 392-393,
469, 543, 553-554

compensation, definition 22, 161,
165-166

Terms and definitions 7-24, 289-291

Test switch 250, 266, 362, 364, 375,
435-436, 443, 479-480, 519, 521

Test tables 494, 506, 548

Testing, demand meters
See Demand meters, testing of

on customer’s premises 514-521
instrument transformers,
See Instrument
registers 215, 524-526, 533, 535-539
watthour meters, See Watthour meters,
testing of

Tests, field 121, 179, 365, 375, 506, 516,

518-519, 521-522, 534
interference 175

Tests, shop 510-514, 518, 522, 534,
538-539, 548

Theory of torque production 151-157

Thermal ampere demand meter 116-117

Thermal demand meters, See Demand
meters, thermal operated

Thermocouple 22, 109-110

definition 22

instrument 109, 110
Thermoelectric Effect 22

definition 22

laws 23

Three-phase watthour meters 129-146

Three-strator watthour meter 138-148

Three-wire system 23, 241, 279, 458

definition 23

solution of 56, 57
Three-wire watthour meter 129, 148, 166
Time, standard 543

switches 283-285

Time-delay fuses 457

Time-division multiplication 181, 183-185

Time-of-use metering 23

definition 23
demand meters 197, 210-211, 213, 536
meter reading 565-569
Timing, watthour meters 506
motor for 531-532

Torque balance adjustment 176-177,
264, 504, 512

Torque of an instrument 23, 107-108,
110-113, 115-116, 137

definition 23
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of a watthour meter 146, 151-158,
162, 164, 166-167, 171-177, 239,
241-242, 264

Totalization 192, 273-275, 278-279,
281-283, 359
Totalizing relay 279-282
Transconductance multiplier 185-186
Transformer 23, 75
calculation losses for 257-262
application of 257
methods of 259-260
compensation for losses 249-251, 254
compensator for 264-266
calibration of 264-266
loss meter 263-264
calibration of 263-264
test of 264
Transformer, correction factor
See Instrument transformers,
correction factors for
Transformer, current, See Instrument
transformers, current
Transformer ratio 23, 43, 267, 309,
314, 323, 326, 330
definition 23
Transformer ratio, current 43, 261, 560
Transformer ratio, voltage 43, 261, 269-270
Transformer, phase-shifting 233, 240, 348
Transformer, power 249-250, 252, 258,
267, 290, 350, 480, 493, 521

connections of 252-253

definition 23

loading, definition 16

losses in 250-266

Trigonometric functions 29-33, 241

Trigonometry 31, 74, 85, 222

Trough, See Socket

Two-rate registers, See Registers, two-rate

Two-stator watthour meter 132-143,
146-148

Two-wire meter 128, 446

U

Universal, meters 178, 403-405, 408-451

V

VARhour 23, 32, 234, 237, 241-243, 257,
264, 266, 489, 544-545, 547-548
meters for 230, 235, 237-239, 348
three-stator 238
two-stator 234, 237
phase shifting transformer for 233

VARs 23, 31-33, 73, 75, 188-189, 193, 210,
220, 222-223, 225, 229-230, 232, 239-247,
251, 257, 260-262, 264, 266, 339, 348,
489, 544, 546, 548

definition 23
measurement of 226, 244

Vector, See Phasor

Volt 23, 56, 73, 77, 270-271, 299, 489,
543, 545

definition 23
measurement of 103, 110-112, 118

Voltampere 24, 221, 223-225, 229-242,

265, 339, 341
definition 24

Voltamperehour 235-236, 239

Voltmeter 27, 32, 43, 103-104, 109,
112-119, 124, 235, 264, 363-364,

366, 368, 370, 373, 455-456, 459,
468, 478, 562

W

Water heater loads 283-285, 287
measuring of 283-285
Watt 24, 133, 138-139, 143, 145, 148,
178-180, 184, 204-205, 207, 220, 243,
247, 254, 259-261, 264, 266, 287, 545
definition 24
standard of 544-545
Watthour 24, 32, 40-41
definition 24
standard of 541-542, 547, 550, 554
Watthour constant 42-43, 130, 157, 169,
254, 275, 279, 492, 501-502, 522, 524, 525
Watthour constant, primary 43, 275, 525
Watthour meter 127
installation of 474-480, See also Service
multi-stator 129-178
adjustments 157-160, 176
interdepenence of 177
torque-balance 176-177
Blondel’s Theorem applcation to
131-132
characteristics of 167, 172
compensation in 161-166
damping in 173
damping torques in 172-173
driving torques in 172-173
four-wire, three-phase delta service
145-148
three-stator, use of 145-146
two-stator, three-current coil
meter use of 146-148
four-wire, three-phase Wye service,
use on 138-139
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three-stator meter, use of
138-139
two-stator meter with three-
current transformers 143-144
two-stator, three-current coil
meter, use of 139-143
instrument transformers with
148-150
interference between stators
174-175
three-wire, three-phase delta
service, use on 134-138
single-stator 151-157
adjustments 157-160
full-load 158
inductive load 159-160
light-load 158
bearings in 168-169,

See also Bearings
compensations in 161-166
overload for 161-163

temperature for 165-166
voltage for 164
frequency characteristics of 167
mechanical construction of 170-171
motor in 151-157
permanent magnets in 157
registers for 168
theory of torque production 172-173
two- or three-wire type 171
waveform, effect of on 167-168
special 178
universal meters 178
Watthour meter, maintenance of 523-526
bearings in 523
creeping, causes of 523
defective current and voltage coils
in 526
friction, causes of 523
registers in 524
checking of 524-526
testing of 524-526
Watthour meter, reading of, See Meter,
reading of
Watthour meter registers, See Register,
watthour meter
Watthour meter, testing of 487-527
basic, single-stator 500-502
adjustments for 503-506
full-load 503
lag 503-504
light-load 503
loading methods for 492-496
customer’s 493
phantom 493-495
resistance 496

mobile shop, field 521-522
multi-stator 504-506
circuits for 506
photoelectric counters 506-507
rotary stepping switches 507
timing and speed measurements
506
on customer's premises 514-527
instrument transformers with 519
multi-stator field test procedure
518-519
network meters 521
preliminary procedures 515-516
relations with customers 514-515
safety precautions 515
single-stator field test procedures
516-518
three-phase, four-wire delta 521
three-phase, four-wire wye 521
three-stator 521
two-stator 521
reference standard for 488
shop 510-514
calibrating constants for 513-514
multi-stator meters 512-513
procedure variations 510
single-stator meters 510-512
test fixtures 507-510
gang boards 527
Watthour, constant 9
definition 9
equation of 169
use, in precent registration
calculations 40-44
in testing watthour meter
registers 524
in testing watthour meters
500-502, 510-514
Waveform 60-62, 77, 104-105, 108-110,
122,128, 153-154, 167-168, 183-184,
186-187, 219, 221, 223, 246, 296-298,
307-308, 310, 364, 381, 394-395, 489,
495-497, 522, 545-546, 548-549,
555, 569
Waves, sine 60, 168, 220, 387, 555
Wheatstone bridge 8
definition 8
Wye circuits, See Polyphase,
Wye connections



