The ampere

The ampere, symbol A, is the SI unit of electric current. It is defined by taking the fixed numerical value of the
elementary charge e to be 1.602 176 634 x 10712 when expressed in the unit C, which is equal to A s, where the
second is defined in terms of Avs.

This definition implies the exact relation e = 1.602 176 634 x 10712 A s. Inverting this
relation gives an exact expression for the unit ampere in terms of the defining
constants e and Avcs:

h 1A= = = g7t
1.602 176 634 x 10~
which is equal to

1k = : vAve.e~6.789 687 x10°A v, e

(9192 631 770)(1.602 176 634 x 10" )

The effect of this definition is that one ampere is the electric current corresponding to
the flow of 1/(1.602 176 634 x 10~19) elementary charges per second.




nNUBdteNy (Ohm’s law, 1825 - 1826)
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The dependence of the current density on the applied electric field is essentially quantum mechanical in nature.
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The ampere is that constant current which, if maintained in two straight
parallel conductors of infinite length, of negligible circular cross-section,
and placed 1 metre apart in vacuum, would produce between these
conductors a force equal to 2 x 10™" newton per metre of length.
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The ampere, symbol A, is the SI unit of electric current. It is defined by taking the fixed numerical value of the
elementary charge e to be 1.602 176 634 x 10712 when expressed in the unit C, which is equal to A s, where the
second is defined in terms of Avs.

This definition implies the exact relation e = 1.602 176 634 x 10712 A s. Inverting this
relation gives an exact expression for the unit ampere in terms of the defining
constants e and Avcg:

h 1A= 2 .y
1.602 176 634 x 107"

which is equal to

1A = = YAvee~6.789 687 x 108 A v, e

(9192 631 770)\1.602 176 634 x 10" )

The effect of this definition is that one ampere is the electric current corresponding to
the flow of 1/(1.602 176 634 x 10719) elementary charges per second.



Mise en pratique for the definition of the ampere _

and other electric units in the S|

® to realize a unit generally means to establish the value and
associated uncertainty of a guantity of the same kind as the
unit that is consistent with the definition of the unit.

* m3uulay Consultative Committee for Electricity and

Magnetism (CCEM) of the International Committee for Weights
and Measures (CIPM)

o fiaTuannsruiunslumsyimhensniinuazusungn wy
ampere, volt, ohm, siemens, coulomb, farad, henry, watt, tesla
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® The definition of the ampere does not imply any
particular experiment for its practical realization. Any
method capable of deriving an electric current value
traceable to the set of seven reference constants could, in
principle, be used.



Practical realization of the ampere

a) by using Ohm’s law, the unit relation A = V/(), and using
practical realizations of the SI derived units the volt V and the
ohm (2, based on the Josephson and guantum Hall effects,
respectively, as discussed in Secs. 4 and 5 below; or

b) by using a single electron transport (SET) or similar device, the
unit relation A = C/s, the value of e given in the definition of
the ampere and a practical realisation of the S| base unit the
second s; or

c) by using the relation / = C-:dU/dt, the unit relation A = F-V/s,
and practical realisations of the S| derived units the volt V and
the farad F and of the Sl base unit second s.



Practical realization of the volt, V jgh|

®* The volt V can be realized using the Josephson effect and the 5>
following value of the Josephson constant K,

K, = 2e/h = 483 597.848 416 984 GHz V' * (1)
® * This value has been calculated to 15 significant digits

®* The values of h and e given definition; the quotient Ze/h can
obviously be calculated with any number of digits, this
truncated recommended value is in error by less than 1 part in
10, which is intended to be negligible in the vast majority of
applications. In those rare cases where this error may not be
negligible, additional digits should be employed.



Effect

* K, fimueeni1 K, = 483 597.9 GHz/V agludnaiu
106.665x10

* UUILAILIT NI volt Tildann K, oo N8 volt 7laann
dguUaguu

o Fuumnia voltage AT AITWUT AIFALEUT4 voltage o
Alaannsialumenves K o Saurnanninadaedilaann

NM5Intumenved K, vastenudaguuludndiumne i



Practical realization of the ohm, () b 5h|

®* The ohm Q can be realised as follows:

a) by using the quantum Hall effect with the CCEM Guidelines
and the following value of the von Klitzing constant R,

R, = h/e? = 25 812.807 459 3045 ()~ (2)

b) by comparing an unknown resistance to the impedance of a
known capacitance using, for example, a quadrature bridge,
where, for example, the capacitance has been determined by
means of a calculable capacitor and the value of the electric

constant




Effect

* R flAwnnndn R, ,, = 25 812.807 () egludndin
17.793x107

® MUNBAIINI e ohm Nl9an R, WNIME ohm 71lel
9nUgNUagUu

® AINUMINIA resistance AINT AITWUIT ANAILATVDS
resistance WulaanNnsinlumenves R, ,, TVUIAENNT
Aravntaanmsialumenves R, veslienudagiuludndiy
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