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B.7.4 Calibration checks 7

Even when the secondary standards of a laboratory have been demonstrated to be stable, th? ﬁazards of
accidental change or injury through misuse in the daily operation of the laboratory mray b%s’present
Hence, frequent calibration checks constitute insurance against faulty measure%enf?g remaining

undetected for an extended period. S, e
B.7.4.1 Voitage measuring accessories “\s,ﬁ‘g

Secondary standard resistors for current measurements (shunts), volt boxes ;and* standard celis should
= i
be verified at frequent and regular intervals in terms of the appropriais Iaboratow%sfﬁrence standard.

£

Fi
Digital voltmeters (muitimeters) should be calibrated with external standﬁ@s at intervais recommended
by the manufacturer, but not less than once a year. Built-in self—tesg features should be used each day
measurements are made; these tests complement but do not %ép!ace calibrations with external
standards.

B.7.4.2 Digital voltmeter (multimeters) calibrations o %g‘h

B.7.4.3 Calibration of indicating instruments

OCne or more cardinal points of the dc calibration of seconda,a sstahidard indicating instruments should be
verified using a digial voltmeter of appropriate accuracy: brmqﬁentrometr:cally at intervals of 2 weeks to 3
months, depending on frequency of use; and a complete-dcicheck throughout their working range should
be made at intervals of 3 months to a year. Direct- sand alternating-current cafibration conscles
(adjustable, direct-reading power supp!ues) are vggy‘%onvement for routine testing of instruments. The
pericdic calibrations of such consoles (usually ; With dc potentiometers and dc-ac transfer standards)
should be carefully considered. %w‘i

B.7.4.4 Watthour meters .

Watthour meters used as secondary §ta gfdf should be intercompared at frequent and regular
intervals, and their registration errors redetermined by a powertime integration procedure or by
comparison with reference-standard Waﬁhaur rneters (see B.6.9) at intervals not to exceed six months.
&,

B.8  Shopinstruments . ““2"’"’"‘
Shop instruments are instrums; Eg‘ﬁﬁ meters that are used in regular routine shop or field operaticns.
Their calibrations should be veg il Jn terms of appropriate faboratery secondary standards.

e A
B.8.1 Indicating |nst§umg
Portable ammeters, volémetefs and wattmeters used in the regular operation of the meter shop should
be of good quality am Gfﬁﬁpropnate ranges. Analog instruments should not be operated at less than one
third of their end- §ngje value. Dependlng on the accuracy desired for the particular measurement being
made, Classes Q25 org5 (or in some instapces even 1.0) may be appropnate The corrections to shop
instruments shbu qugge reguiarly and frequentty redetermined, using laboratory secendary-standard

instruments.
-s" i .
B.8.2 Ppﬂﬁ a'standard watthour meters

e
Portab{e%itandard watthour meters that are in constant use shouid be checked at lsast twice a month on
a commoa{y used current and voltage range. Corrective action should be taken such as complete
reea fFaffon or repair, when the registration at the commonly used check points deviates by mare than
acceptable limits.
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B.6.11.4 Reference standard of energy

Watthour meters used as reference standards to maintain the unit of energy should be |ntercomp5?”“éﬂ al
frequent intervals. In addition, their registrations shall be determined pericdically @;aprgprlate
calibrations. s ;,

aw

“11;_‘»

B.7 Laboratory secondary standards ' a

The secondary standards of a laboratory are those that are used in the routine ca;{brat*mn tasks of the
laboratory. They are checked in terms of the Iaboratory reference standards, an are tised for calibration
of shop instruments and meters, as well as for other routine measurement tasks for which moderately
high accuracy is required. &

B.7.1 Voltage measuring equipment ;

The basic working standard equipment of a meter iaboratory shouids inclyde one or more high-quality
digital voltmeters and shunts having ranges and accuracies appr?ganate for ali required voltmeter and
watimeter calibration checks.

ne}

B.7.2 Indicating instruments
B.7.2.1 Accuracy classes

It should be realized that the accuracy class designation se%ﬁg\lSI €39.1) of an analog instrument is a
specification of its perforrnance under reference conditicns ané immediately after its circuit is energized.
When the instrument is used under other than referen%’é%condmons the stated class accuracy may not
be realized; in particular, the influence of sustained operatlon on the instrument response may be
significant. Hence, for best accuracy the conditigns ‘mder which the de calibration is checked should
approximate the use condition as nearly as practfcableh\;The difference between the ac response and the
average of reversed dc indications for a signalssfe€quivalent magnitude should not be significantly
affected by time in circuit, so ac-de differences need not be redetermined for difference use situations.
The rated accuracy of a digital voltmeter, applies over fairly wide operating conditions- (see the
manufacturer's specifications). Some acgdi itaholtmeters respend to the average rather than the rms
value, and should be used with caution orréfc%: ofted waveforms.

FHE

B.7.2.2 Instrument bearings or suspenslons

pIVOt and-jewel hearings should have permanent locations in the
laboratory, and should be move “gs liftle as possmle to avoid bearing damage with consequent
increased friction. Instruments having taut-band suspensions are free from frictional errors and are not
generally damaged by reasonablgﬁi‘éboratory handgling.

Secondary standard mstruments»h v

B.7.2.3 Range extensigt’

The range of ac instrumients may be extended by the use of instrument transformers whose corrections
are known for thefpafticular instrument burden with which they are to be used. The range of ac
instrument voltags &icuits may also be extended by use of series resistors, but this means of range
extension is usuat nmnf d to 600 V.

B.7.3 Watthour meters

Secondary’*stand‘ard watthour meters of appropriate ranges, compensated as fully as practicable for the
vanous&newn ‘sources of error, are often required for determining the accuracy of registration of the
portabfe-@tandard watthour meters used in shop and field testing and adjustment operations.

b Ty
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. L o
to the basic standards through scaling techniques. Such transfer standards for use at powegffrequeﬁ?'ﬁi’cies
employ electrothermic, electrodynamic, electrostatic, or electronic operating principies. %ﬁ‘ #

B ﬁwf

The transfer characteristics of an ac-dc transfer standard (that is, its ac-dc differencés) aee‘functions of
its geometry, its electrical parameters, and its operating Jevel, and should not chapge significantly with
time. Hence, the transfer characteristics of an instrument need be determined infréquently, unless the
components of its measuring circuit are modified or replaced, or their physi_tff'a_L arrangement altered.
However, the dc calibration of a transfer instrument should be verified periodiﬁl]y&f 4

B.6.9 Reference standard of energy ; &g

- %‘« .§§?

One or more highly stable standard watthour meters operating under c!éég}y EBhtrolled conditions can be
used to maintain the unit of energy in the laboratery and to cafibrate the nekklevel of standards. Such an
energy standard is maintained in many laboratories as an essen{ial:part of their reference equipment,
frequently in conjunction with instrument transformers having apprgpriate ratios, such that the reference
standard watthour meter can always be operated at the same curmrent and voltage level, regardless of the
current or voltage requirements of the meters compared ﬂyy_itfh{fﬁe reference meters. Usually such
standards are housed in a temperature-controiled environmg@%ﬁd?are continucusly energized.

B.6.10 Time interval

The reference standard of time interval in a Iaboratgrff ay*be a clock or other counting device whose
rate is controlled by an appropriately compensated pendulum, or by a crystal ar tuning-fork oscillator in a
sujtably controlled environment. its operation shouldt S8s«stich that the time-interval signals for laboratory
use are produced without significant reaction on the rate-reguiating mechanism. Such a standard can be
checked at any time, or continuously monitore&?ws}ﬁg,signals broadcast by the Naticnal Institute of
Standards and Technology or the Naval Observatory.

*

5 3
'ﬁ&‘r 3
B.6.11 Periodic verification of referenq&aagégggéf;rds
B.6.11.1 Standard cells and solidﬁ;s—.tat%sf;oitage references

The voltage references with whicr@hejalue of the volt is maintained in a laboratory should be
intercompared at frequent interyals, #nd should be compared at suitable intervals with appropriate
voltage references maintained by%%m independent standards laboratory of recognized standing,
preferably using special transgftst&hdards. If the iocal reference group consists of unsaturated cells,
they should be compared witffsatirated reference cells at intervals not to exceed 1 year. If the reference
group consists of saturateg )'“"lli“’,is the interval between comparisons with an independently maintained
group of saturated cells pray t increased after the stability of the group has been established.

b4
B.6.11.2 Resistanee Standards

&0
The reference staridard rgsistors, with which the resistance unit is maintained in a laboratory, shouid be
intercompared iﬁéguentlg?, and should be verified by an independent standards laboratory at intervals not
longer than 2 yéars.s,,

B.6.11.3 x@j&h&and transfer standards

Ratio sgaﬁdgrdséféither ac or de) and ac-dc transfer standards should be verified periodically or whenever
there 8, rgason to. suspect a change in their performance, and when self-checking features do not
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B.6.6.1 Reference standard voit box

A reference standard voit box is one in terms of which the ratios of other volt boxes can bB accurateiy
assigned. It must have the following characteristics:

— 1t must be subdivided to faciiitate internal self-calibration.

— |Its components must be guarded or otherwise be adequate to eliminate eﬁ%‘sﬁ’om leakage
currents across insulating members. e, g»

— It must be designed to avoid or minimize changes in ratio resultmg‘*f om self-heating at rated
voltage or from ambient temperature changes. ; ;

B.6.6.2 Reference voltage dividers ‘%%ﬁ i
*

Reference voitage dividers are networks of 4-terminal resistors o%mally equal value that are
connected permanently in series and in which the resistors can be' olaced®in parallef or series-paralis!
combinations to achleve 10:1 or 100:1 resistance transfer ratios ﬁwat"%e capable of accuracies of the
order of 1 part in 10°. \

B.6.6.4 Resistance bridges

The Wheatstone bridge for two-terminal resistance méasuréments and the Kelvin bridge for four-terminal
measurements are |noispensable intermediate-leyet cdlibration tools. Such bridges, of high quality and
proven stability, can be used in substitution techmques for the intercomparison of reference standard
resistors or for the assignment of working standard-gesistors of nominzally equal values. For the general
assignment of resistance values where substitution techniques are not applicable, such bridges require
penodtc calibration using standards of high qualltymlth an appropriate technique.

b W
i

B.6.6.5 Direct-current comparator

"é'é,

Appropriately designed d|rect-current comparators based on the equality of ampere-tums in two or more
windings on a modulated magnatlc agore are means for making dc ratio, resistance, and voltage

measurements.

B.6.7 AC ratio devices

Current and voitage ratios:are uSualIy gstablished in terms of instrument transfoermers. The ratio of the
primary to secondary cuyprenh{‘or voltage) and the phase angle between them are dependent on the
frequency and the magnitude of the primary quantity and on the burden of the secondary circuit. The
ratic and phase-angle “earrections of reference transformers shall be established at the expected
operatmg level andgfonfhe burden with which the transformer will be used.

:s’ % "?

[N

A transform_g;,test set is a means of determining the corrections of an instrument transformer in terms of
either an alt r,nqging-current comparator or a reference standard transformer, usually having the same

.5‘*" ‘ e

A{;&\DC transfer standards

¢ - device is required to establish the equality of an rms alternating current or voltage, or the
averager’value of alternating power, with the corresponding steady-state dc quantity that can be referred

868

P




ANSI €12.1-2001
Page 78

group to maintain a history of their behavior, and are reserved for periodic mteHaboratodrg)compaﬂson

tests that act as checks on the stability of the basic reference group. & 4
iy

In some cases, specially calibrated transport standards are used in a Measurement Asét‘j?arrtlg‘*‘Program
{MAP} to aid in the achievement of measurement quality control and to link the meastirendents in the
{aboratory to national standards. .

B.6.4 Voltage references

Both electrochemical and solid-state voltage references are wigely used to mamiam the unit of voitage in
the laboratory. 2N Y

B.6.4.1 Standard cells

A
For meter laboratories, the best practical reference standard of ernf%ls %’«’group of saturated mercury-
cadmium-amalgam standard celis maintained at a constant temperature in a stirred oil bath or in a
constant-temperature air bath. In either case, adequately sensnteve:and Stabie means shouid be available
ta check the bath temperature and its constancy.

B.6.4.2 Unsaturated standard cells

A group of unsaturated cells, each of which has been allcw d to come to equilibrium in a container
designed to minimize temperature gradients, provides & s}?ﬁé‘ard that is generally adequate for meter
laboratories, if the cells are intercompared frequentlyﬁté ‘Guard against changes brought about by misuse
or accident and if the emfs of at least two of the ‘gells have been checked against a saturated-cell
reference standard within the preceding 12 monthsa f‘T’ ‘e’ emf of an unsaturated of an unsaturated cell
generally decreases slowly with fime, usually Iess thar: 2100 pV a year.) The emf of each cell in the local
unsaturated group should be reassigned in termg- aMhe transport celis checked against the saturated
reference group, after they have been lntercompared to ensure that they have not been damaged in
transpoertation. and have recovered stabie vaha%S &
@ %%Qsﬁ

B.6.4.3 Solid-state voltage standards
Carefully selected solid-state dewoeﬁ W|th abproprlate auxiliary circuitry can provide predictable voltage
values with stabilities approaching ut} ea,qgf‘saturated standard cells.

oy %
B.6.5 Standard resistors . &y

Minimum reguirements shouf@aoﬁ;de reference standards at the 1 0 level, and at decimal multiples and
submultiples of the ohmsg vef%’ihe range of resistance requnred for both resistance and currént
measurement. Generallw‘%tarfﬁards covering the range from 10 to 10* © are useful, unless the range of
measurements to be urigertakien in the laboratory is specifically known to be less.

g
Additional standarc hawgg the following intermediate values of 0.002, 0.005, 0.02, 0.05, 0.2, 0.5, 2, 5,
and 20 O are cenveme;?it since they permat the caiibration of most values of current shunts by direct
substitution tecﬁnmues ‘without the precise calibration of bridge ratio arms. Alternatively, a precise 2:1
ratio can be established from the combinations of three nominally equal standards.

B&6 Dcmﬁo,adewces

A dc ratao‘ evnce is an arrangement of resistors for establishing one ar more ratios in an accurately
know&w ¥ Devices of this kind are used to compare the ratio of two resistors or of two direct voltages.
Anaesséhtlal requirement of a dc reference ratio standard is that it be stable with time, and minimally
affec?edpy ambient condstlons or by loading.




bound electrostatic charges may be trcublesome at very low humidities. However, shielding may well be
a simpler and better solution to this problem than an attempt to hoid humidity above some sp‘wﬁed
minimum value, say 40%. Any system that controls laboratory numidity within specified upger and lower
hmlts should be designed to avoid excessive humidity in the event of the failure of the contfol eiement

B.5.2 Laboratory power sources i;’w "

Direct- and alternating-current supplies used in the laboratory for calibration of mstrug?@?ﬁf meters, or
for the measurement of voltage, current, or power, should be closely regulated, stﬁce &tuatsons in the
value being held can limit the accuracy of a calibration or measurement. ﬁ,

Rectified direct-current supplies should be substantially free from ripple, 51ncﬁ%presence of ripple and
its waveform have different effects on instruments having peak, average, of | panse,

Alternating-current supplies should be substantially free from waveforrrmsztorf?em and the phase relation
of combined current and voltage supplies should be capable of ciosag’egu!‘at;on since these factors may
also influence calibration and measurement accuracy. For the mos aagurate watthour meter calibrations,
the third harmonic in the current wave should not exceed 0.5% of.the filndamental, and other harmonics

in the current and voltage waves should not exceed 1.0%. w
B.6 Laboratory reference standards
‘%ﬁ%%%

Laboratory reference standards are those standards that@fex tised to assign and check the values of
laboratory secondary standards. e *%,E
B.6.1 Stability of reference standards G 3

e B
One of the most important characteristics of a reference standard is its stability; that is, the constancy of
its aSS|gned value with time. L g

The use of reference standards should beslimited to assigning and checking the values of secondary
standards. Reference standards sh0u|d,%go§ *ba exposed to the hazards of accidental misuse that
occasionally occur in routine measuremen.‘?*&Further advantages may accrue if the basic reference
standards of a laboratory never leave«it; th@t is, are never subjected to transportation hazards. In this
case, speciai transport standards mL’Est be available for the periodic interlaboratory comparisan tests that
actasa check on the stability of the basig:reference standards.

B.6.2 Basic reference standacd

”‘x’%
The basic reference standardé"‘@; é“ilaboratory are those standards with which the values of the electrical
units are maintained in the. jéboratory, and that serve as the starting point of the chain of sequential
measurements carried @it bwthe laboratory. If the laboratory is to perform the entire sequence of
measurements between, the national electrical standards and the local standard of energy measurement,
its basic reference ;stantraras are standard celis (preferably saturated cells) and appropriate resistance
standards. -

.
B.6.2.1 Intercoﬁl%agr&i:son

ideally, the basic reference standards of a laboratory should be maintained in groups of three or more
separate individital units that can be intercompared readily, since three is the minimum number of units
for whlcm change in one of them can be both detected and located by intercomparison.

3 !
B.6. &ﬁjﬂﬁtansport standards
Trarag,go‘;é%standards are standards of the same nominal value as the basic reference standards of a
}aboratofy, and preferably of equal quality. Such standards are regutarly intercompared with the basic
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B.4.1 Meter laboratory®

The meter |aboratory is concerned with two functions: W
-— Maintaining standards whose values are assigned either directly or zndlrectly’#n te‘ﬁﬁns of the

national standards. i ?
Sy, ow®
— Assigning values to the working standards essentfal to the measuremegt of electrical
quantities. i

# may be equipped and staffed to make calibration tesis at some or aﬁ of} the sequential steps
intermediate between the national standards of resistance, emf, and time rﬂtervat,iand a local reference

B.4.2 Meter shop

The meter shop is concerned with the routine testing, repair, and cahbratron of electricity meters and of
the auxitiary devices and equipment essential to the metering of electrrc Bnergy and power.
By %,

B.4.3 independent standards laboratory e

An independent standards laboratory is maintained by andgrgmsﬁensrbte to a company or authority other

than the one that maintains the particular meter laboratomunder consideration. If a meter laboratory

does not carry out the entire chain of sequential measure :between the nattonal electrical standards

and the local energy standard, it must depend on an, mde’pgntient standards laboratory to make some of .
the required calibrations in this measurement ¢ s in. Alternatively, interlaboratory comparisons of

reference standards with an independent standard faboratory are always informative and, in some

instances, are needed to maintain the integrity of the'jocal reference standards. In B.6 the equrpment

required for a standards laboratory to make all o%tt;a&sequentral calibration steps of interest in a meter

laboratory is listed. This listing may be of assistance in determining whether a particular standards

laboratory is adequately equipped fo perforrih%zsggciﬁc caiibration task.

a;_i:q% +

8.5 Laboratory conditions

In a meter laboratory it is essentlaﬁ that\“amblent conditions, such as temperature and humidity, be
maintained at vatues and within hmtts%@piropnate to the measurements made in the laboratory; and that
other ambient factors that c‘éujd’*a«mterfere with proper measurement, such as atmospheric
contaminations, mechanical mstumahces electrical and magnetic interference, and noise, be held to
such levels that normal measuyg qgmgnt technigues and results are not adversely affected

B.5.1 Reference temgue;:%g’re and humidity

The ambient temperature in the meter laboratory shall be 23°C, with tolerances that depend upan the
effects of temperatuse on*the standards used and the apparatus under test. This temperature should be
held canstant not cmty duang a test or calibration procedure, but also for a preceding period sufficient to
ensure effectwe&mpei%a’ture equilibrium in the test equipment and in the device being tested. When the
reference standgrt’fsgof a laboratory are assigned or checked ata temperature different from that at which
they will be used temperature corrections should be known and applied where significant.

The amblent*’f’relétlve hurnidity should be kept to values low enough that electrical insulation in the
equmentmseﬁ‘* will not be affected. Relative humidities below 55% should be adequate for this purpose.
in the at&Sence of adequate shielding and guarding of laboratory instruments and circuits, the effects of
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B.2.1.9 The unit of time interval is the atomic second, defined in 1967 by international agre ment as a
certain number of periods of a specified atomic transition of cesium 133.

B.3 National Standards

The national standards of electrical measurement are those that are maintained by tﬁ%@{yjé’tﬁnal Institute
of Standards and Technology. (See Flgure 81 for a tracaability-path. diagram.) %% ?

B.3.1 Standard of Resistance ﬂfg, )
Technology (NIST)

The standard of resistance is maintained by the National Institute of Standard‘é’%agﬁ
and is based on absolute measurements in terms of length and time. Thegva tie @F the national standard
of resistance {the NIST representation of the chm) is maintained in terpss oﬁ the average of a reference
group of stable one-chm resistors the vailues of which are penodlcally momiored using the quantized Hall
effect. This effect produces resistances propomonal to hse? whera‘g’h eql?als Planck’s constant and e
equals the charge of the electron. The value of h/e? is assigned by mtémgtlonal agreement,’

B.3.2 Standard of Electromotive Force %-&.

The standard of electromotive force maintained by the Nanonaﬁﬂsmute of Standards and Technology is
based on absolute measurements by various national labora{‘aﬂﬁeof the ohm and the ampere in terms of
mass, Iength current, and time. The value of the natlonat..ssfhancfard of emf {the NIST representation of
the volt) is maintained in terms of physicai constants Dy means of the Josephson effect that is used to
check the stability of a reference group of saturatef merclry-cadmium-amalgam standard cells. The
Josephson effect produces voltages proportional to Zé{h where e equals the charge-of the eleciron and h
equals Planck’s constant. The value of 2e/h is asﬁ@ﬁed‘ﬁby rntemattonal agreement.

B.3.3 Other Electrical Standards oy

The values of the national standards for other electrical quantities, such as energy, are derived either

directly or indirectly from the values of th afledial standards of resistance and emf, or (in the case of

capacitance) obtained directly from comp ab &'standards constructed for absolute-ohm determinations.
e %

B.3.4 Standard of Time Interval i

Standard frequencies and tlme»- Jmﬁervals are broadcast cont|nu0usly by the National institute of
Standards and Technology apd,, tﬁa&Naval Observatory. The time- interval signals as broadcast and
received are of very high accﬁ?a {(much better than one part in a million), and are appropriate to use
without corrections in venfylng iae te of a [aboratory standard clock or cther reference interval timer,

B.4  Estabtishing a"’f;o ;alﬂ Reference Standard of Energy

Calibrations and tests whaae purpose is the establishment or maintenance of a locaI reference standard
of energy measuremes‘t (gee B.5.9) shall be carried out in a location and manner capabie of maintaining
the accuracy r%ﬂ‘ulrem;@f the standards used in verifying electricity meters. The sequential steps
intermediate bﬁﬁé&n the national standard of resistance and electromotive force and the local means of
measuring energy aré carried out at several functional levels, which may, but need not, be- within the
capabilities;of g single laboratory. In many cases some or alf of- the steps may be carried out in the local
meter !aboﬁatﬁry sln others the local reference standard of energy may be compared (often by transport
standard?ﬁgwmfﬂhe national standard of electric energy or w:th standards of an independent laboratory
that hav Jaeen properly verified.

Guxd"é‘hnes for implementing the New Representations of the Volt and Ohm Eﬁ‘ectrve January 1, 1890,

I Nj%Techmcaf Note 1263, June 1989:




APPENDIX B
(Normative)
Standards and Standardizing Equipment

B.1 General

The purpose and scope of this section is to specify the standards of elecirical measu n ept’and of time
interval to which the metering of electric energy shall be referred, and to outline apn_apprépriate chain of

intermediate steps between the national standards of measurement and the watthotrmefers used in the
meter shop. &

i i wep g
B.2  Final authority Y

The duties of the National Institute of Standards and Technology (NIST) ﬁ‘%;@e”gartment of Commerce,
include the following function assigned by Public Law 619 of the 81st Q%res&?(& Stat 371, 8USC 271-
286): "The custody, maintenance, and development of the national standards of measurements, and the
provision of means and methods for making measurements consis@ﬁtzgith these standards.” In addition,
Pubiic Law 817 (Section 12) of the 81st Congress (Title 15, US%S&&W‘.’ZZS. 224) reads as follows: "It
shall be the duty of the National Bureau of Standards”, NIST $tg ‘6stablish the values of the primary
efectric units in absolute measure, and the legal values for these wnits shall be those represented by, or
derived from, national reference standards maintained by th‘gﬁfﬁfﬁ‘ﬁﬁal Bureau of Standards” (NIST}.
‘ Ay,

oG,

B.2.1 Electrical units i %

o .
The present units, as stated in Pubiic Law 617 of the 815t :angress (Title 15, USCA Sec 223, 224) are
defined in terms of the cgs (centimeter-gram-secondy: Iectgbmagnetic units, as follows:
B.2.1.1 “The unit of electrical resistance shall be I’Q_e oﬁm which is equal to one thousand million units of
resistance in the centimeter-gram-second system ofefeciromagnetic units.”

B.2.1.2 “The unit of electric current shall bé;%"thg ;gf'hpere, which is one-tenth of the unit of current in the
centimeter-gram-second system of electrgmagnetic units.”
. #

B.2.1.3 "The unit of electromotive fgrce {gff) and of eiectric potential shall be the volt, which is the
electromotive force that, steadily gppg;gﬁgﬁ!fb a conductor whose resistance is one ohm, will produce a
current of one ampere.” T

Y )‘EE}E“.
B.2.1.4 “The unit of electric %Q%EE?Fﬁ%?hali be the coulomb, which is the quantity of electricity transferred

i

by a current of one ampere in on%%econd."

B.2.1.5 “The unit of elect: cé_ gapacitance shall be the farad, which is the capacitance of a capacitor
which is charged to a__p‘Qégn al of one volt by one coulomb of electricity.”

B.2.1.6 “The unit ofsglectrical inductance shail be the henry, which is the inductance in a circuit such that
an electromotivgg;{orc”é-&:@f one volt is induced in the circuit by variation of an inducing current at the rate
of one ampere Persecond.”

B.21.7 “Tgéﬁ;*@g_pf power shall be the watt, which is egual to ten miliion units of power in the centimeter-
gram-secofd“system, and which is the power required to cause an unvarying current of one ampere 10
flow betwWéen points differing in potential by one volt.”

B.2.1°8. The units of energy shall be (a) the joule, which is equivalent to the energy supplied by a power
of ong'walt operating for one second, and (b) the kilowatthour, which is equivalent to the energy supplied
bya pddfer of one thousand watts operating for one hour.”




