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Outling

o Proton vs. Rilogram — © CODATA specials:

(as yesterdayy) the last

o MHGFDS&OPZ& adetermination th,
quantum ek and N,
phenomena and o Silicon unit
electvical units o Kibble’s watt

° mM balance

° £ units to change o New and old

constants

° Dpes it n’ﬂllg matter? o 4Ave atomic phgg[ag
o WWhat is next? and RED involved?




Who deal with the units?

And whyy?

Who? Whniy?

* Non-physicists. ° For better standards

o Many have physical o to facilitate better
education, but IMEASUrEMENES OF
Aitferent priorities practical
and responsivilities. Lmportance.

° Not for physicists. o Nothing to do with

fundamental
pn gsla.s,



When Adid all that [relstart?
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A proton vs. the Rilogram
(a yes terdag s slide)




Proton mass and the kilogram.:
microscopic, macroscopic and électrical
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Mﬁamsappia quantum phénomena
and quantum electvical standards

ac Josephson effect quantum Hall effect

° Volt standard in the  * ohm standard in the
terms of the terms of the von

_Joseéphson constant Klitzing constant
K, =2eh R, = W&

o The measures of those kinds are sufficient for the
maintainance.

* As for the réproduction, we had to determine the
values of two fundamental constants: K, and rR,.

o These constants are fundamental and might be
determined through various phenomena.




ac Josephson effect and
quantum volt standard

Superconductor
m—’- Insulator

f Superconductor

Temp=42 K
Irradiation with microwave: A
- Cooper pairs synchronize Current
with radiation (mA)
- Voltage steps appear 0.2-
h |
Vo =ngf 0.1
Shapiro step, 1963 Voltage(mV) i = - =
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Ruantum Hall Effect and
quantum ohm standard
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Atomic masses in frequency
units: measuring m/h

° 4 back door for h * Rydberg constant

* Recoil spectroscopl and o
° caesium (Berkleys)
o yubidium (LKRB)

o Needs now length i

theoretical R, = — nge
expressions 526 oh°c
* nergly consenvation = 3
° Recoil

~ F2/(Me=2n)



International system of units,
S/

* & base physical ° + base physical
units units to change
° second ° kilogram
° metre ° AMmpere
° fkeelvin

° mple



+ base physical units to change:
yesterday’s definition

o kilogram (mass of IPK) o kelvin
Toine= 73.16 K (exactly)
L 7.

E
3 e &
§ § si@aqo
3 o s
: 4 Gas
The physical mass of IPK ma T o
changé, but not its value of I smperature £
1 kg (exactly). o mole
molar mass of carbon
° ampere ME2C) =12 g/mol
(exactly)

U, = 47T X 107 N/A (exactly)



+ base physical units to change:
what was wrong with them

° Rilogram ° Relvin
19891992 o Zsatapia aampasitian
120_-.... !! SR afwgt-gl/
] ° used seldom (ITS-90
;g 50: 1946-1953 /,t -«"::; Z%Stfgd)
e T
e 19'401' — * mole
° molar mass of a pure
° gmp re carbon is a ﬁ&t’fﬁ//b,
hard tp access ohm > but that is not a
problem

and volt




+ base physical units to change:

today s definition
o kilogram o kelvin
° value of the Planck ° value of the
constant h Boltzmann constant
r
° ampere
o value of the ° mole
elementary charge ¢ ° value of the Avogadre

constant N,



+ base physical units to change:

today s definition
° kilogram o kelvin
° value of the Planck ° value of the
constant h Boltzmann constant
e
* ampere
o value of the ° mole
elementary charge ¢ ° value of the Avogadre
constant N,

Continuity: the new values of the constants and

the old ones should be consistent within their Mmertm”mty.
That would mean that the realized units, old and new,

are consistent as well.



Special CODATA adjustment of
fundamental constants 2017
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The CODATA 2017 values of h, e, k,and N
for the revision of the Si

D B Newell', F Cabiati, J Fischer, K Fuijii, S G Karshenboim,
H S Margolis®, E de Mirandés, P J Mohr, F Nez, K Pachucki, T J Quinn,
B N Taylor, M Wang, B M Wood and Z Zhang

Committee on Data for Science and Technology (CODATA) Task Group on Fundamental Constants



Special CODATA adjustment of
A fundamental constants 2017
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Short Communication

The CODATA 2017 values of h,e, k,and Na
for the revision of the Sl
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Table 3. The CODATA 2017 values of £, e, k, and Ny for the
revision of the SI.

Quantity Value

h 6.62607015 x 107 J s
e 1.602176634 x 10°19 C
k 1.380649 x 10~ J K~!

Na 6.022 14076 x 10?3 mol™!




The [really] last determination of
n & R, and N, (in yesterday’s Si)

Table 3. The CODATA 2017 values of A, e, k, and Ny for the
revision of the SI.

Quantity Value

h 6.626070 15 x 1073* J s
e 1.602176634 x 10~ C
k 1.380649 x 1073 J K~!
Na 6.022 14076 x 10** mol~!

Table 2. The CODATA 2017 adjusted values of £, e, k, and Ny.

Quantity Value Rel. stand.
uncert u;

h 6.626 070 150(69) x 1073*J s 1.0 x 1078

e 1.6021766341(83) x 10~ C 52 % 107°

k 1.38064903(51) x 1073 JK~! 3.7 x 1077

N 6.022 140758(62) x 10** mol ! 1.0 x 108




+ base physical units to change:
determination of h(in yesterday’s kg)

Methodls:
o Kibble watt balance

° enviched perfect
siltcon erystal

o REsults
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Figure 1. Values of the Planck constant /1 inferred from the input
data in table 1 and the CODATA 2017 value in chronological
order from top to bottom. The inner green band is 20 parts in 10°
and the outer grey band is £50 parts in 10°, KB: Kibble balance;

XRCD: x-ray-crystal-density.



+ base physieal units to change:
determination of ¢(in yesterday’s A)

o Relation between ¢ o Relation between .,
and h &, & and h
599:.89 . 59?.9 . 599I.91 i 599l.92
a_Harvard-08 |—i—0—| & 2
Areohc

h/m(Rb) LKB-11

1

CODATA-17 . 260 C

1 L 1 M 1 1
599.89 599.9 599.91 599.92

[0 -137.03] 10’

Figure 1. Comparison of input data B21 (HarvU-08) and B39
(LKB-11) through their inferred values of « (see table 9). Both B21
and B39 have the same value as in the 2010 and 2014 adjustments
and are essentially the sole determinants of the recommended value
of a in each. The grey band is 45 parts in 10'°,



+ base physieal units to change:
determination of k (in yesterday’s K)

Methosds o Results

* /400%525'[0 Cfﬂs 644 646 648 65 652 _ 654
—— I NIST-88 (Ar)
Wf[’ YMOMELY g gﬁg& — | LNE-09 (Ar)
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Cfﬂs Thf// mormetr g Ll o | INRIM-15 (He)
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° Johnson Noise | I o
Wermometrg - s ™
o CODATA-17
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[k/(10” J/K)-1.380] x 10

Figure 2. Values of the Boltzmann constant k inferred from the key
input data in table 1 and the CODATA 2017 value in chronological
order from top to bottom. The inner green band is 5 parts in 107
and the outer grey band is £15 parts in 10”. AGT: acoustic gas
thermometry; DCGT: dielectric constant gas thermometry; JNT:
Johnson noise thermometry.



The kilogram and ampere: today’s
aefinitions & reproduction

° The kilogram and
ampere wWill be defined
with adopted values of
hand é.

o The realization of the
Rilogram will be based
on Kibble watt
balawnce or silicon
orgsml.

o The ohi is on the base
of RHE and h/&.

onm Llaw.



Silicon argstal, atomic masses, and
determination of h (in yesterday’s kg)

o Relation between h, o, R, and the
atomic masses [in atomic units and
rilograms]

m (Si) = A (SL)/ A () xm,/h x h




KLoble's watt balance and determination
of h (in yesterday’s kg)

WE Principle (1): static phase / weighing mode

WE Principle (2): dynamic phase / velocity mode

|
I-jdrfxB = mg VI J’f

Hdl=c
I - U,y = v [dixB
U, =
= (QHE & JVS) -
R
WE Principle (3): combination of modes
only if G, = G,
| v
G(B.() = % == = | Ul=mgv
N

!

o T

static dynamic
electrical mechanical
power power

B. Jeanneret, Les Houches, 2007




KLoble’s watt balance and determination
of h (in yesterday’s kg)

The watt balance is a comparator for the
WR Principle (1): static phase '
P foree, energy or power. it compare the
mechanical ones, linked to the

N kilogram, to the electric ones, linked to
B the maintained electrical units,
=] whatever tmg are.

7 =—— (QAE&JVS] =

R
WE Principle (3): combination of modes

Onlyif G, = G,

m ] U
G(B.,() = Tg = — = | Ul=mgv
v
i, - ) LN - J
static dynamic f \
electrical mechanical
power power

B. Jeanneret, Les Houches, 2007




KLoble’s watt balance and determination
of h (in yesterday’s kg)

The watt balance is a comparator for the
WR Principle (1): static phase '
P foree, energy or power. it compare the
mechanical ones, linked to the

N kilogram, to the electric ones, linked to
B the maintained electrical units,
=] whatever tmg are.

WB Princ|

lf one uses ac )€ and RHE, then ...

m ] U
G(B.,() = LS N Ul=mgv
I v
i v v r
static dynamic f \
electrical mechanical
power power

B. Jeanneret, Les Houches, 2007




KLoble’s watt balance and determination
of h (in yesterday’s kg)

WE Principle (1): static phase / weighing mode

WB Pri

Ky =

2€e

h

OnlyifG,,=G

FETY 0N

mgl U

1

R K2

h
1

- :}({ Uf}mgv
) 7/ \

h bhase / velocity mode

nation of r €

i = v-fd{xB

mic
electrical mechanical
power power

B. Jeanneret, Les Houches, 2007




The kilogram and ampere: today’s
definitions & réproduction

° The kilogram and
ampere wWill be defined
with adopted values of
hand é.

o The realization of the
Rilogram will be based
on Kibble watt
balawnce or silicon
argsml.

o The ohi is on the base
of RHE and h/&.

° The ampere is from the
Ohm. law.



Determination of fundamental
constants (in past & present)

yesterday: TodaY:
o measurable ° measurable
o g > &,
° h ° M(*2C)
° R ° Tirinte
° N, ® gxact
® gxact £
g, N
° ME2C) R
T tvinte Na




Proton mass and the kilogram.:
microscopic, macroscopic and électrical

wicro r[ m, ]?W% |

107 r[ m (C) ] electro .

bﬂlﬂn&ﬁ
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20°¢




Does it matter: electrom-\Volt?

Photons Note:

o energy expressed in o the former
ev conversion factor

o while measures was inaccurate and
through frequency ‘time-dependent’
and wave length vecause of progress

The today’s conversion in the fiela

factor trom ev to Hz © Old’ results need

and m? is known corvections but for

exactly (of 5x107). the last time.



Does it matter: electrom-\Volt?

Photons Note:

o energy expressed in o the former
ev conversion factor

o while measures was inaccurate and
through frequency ‘time-dependent’
and wave length {75 cause of progress

The tm’ﬂgis CONVErsion inthe field

factor trom ev to Hz ° Old’ results need

14 A 100l e loinniana corvections but for

NeR,, = 13.605 693 122 994 (2¢) eV [1.9 X 1077]




Does it matter: electrom-\Volt?

Atomic and nuclear Note:

MASSES; o the former

MMASS EXCESSES conversion factor

(nuclear binding was inaccurate and

energyy) ‘time-dependent’ .

° The today’s ° Old’results need
conversion factor corvections but
from eV to w is afterwardls the
Rnown With conversion Will have
essentially higher aceuracy ~ Sx10%°

aceuracyy tham ever. (¢t 5x107) .



Does it matter: electrom-\Volt?

Atomic and nuclear Note:

MASSES; o the former

MMASS EXCESSES conversion factor

(nuclear binding was inaccurate and

energyy) ‘time-dependent’ .

° The today’s ° Old’results need
conversion factor corvections but
from eV to w is afterwardls the
known with conversion Will have

t 2l | ) . o T

m, = 0.510 jjg 950 00 (15) Me\//o [3.0 X 10%°]




Do we need quantum
electrodynamics for new Si?

Table 3. The CODATA 2017 values of A, e, k, and Ny for the
revision of the SI.

Quantity Value

h 6.626070 15 x 1073* J s
e 1.602176634 x 10~ C
k 1.380649 x 1073 J K~!
Na 6.022 14076 x 10** mol~!

Table 2. The CODATA 2017 adjusted values of £, e, k, and Ny.

Quantity Value Rel. stand.
uncert u;

h 6.626 070 150(69) x 1073*J s 1.0 x 1078

e 1.6021766341(83) x 10~ C 52 % 107°

k 1.38064903(51) x 1073 JK~! 3.7 x 1077

N 6.022 140758(62) x 10** mol ! 1.0 x 108




Do we need quantum
electrodynamics for new Si?

Table 3. The CODATA 2017 values of A, e, k, and Ny for the
revision of the SI.

Quantity Value

h 6.626070 15 x 10734 J s
e 1.602176634 x 10~ C
k 1.380649 x 1073 J K~!
Na 6.022 14076 x 10** mol~!

Table 9. Inferred values of the fine-structure constant « in order of increasing standard uncertainty obtained from the indicated
experimental data in table 4.

Relative standard
1

Primary source [tem number Identification a uncertainty u,
d, B21 HarvU-08 137.035999 150(33) 2.4 x 1071
h/m(*’Rb) B39 LKB-11 137.035998 995(85) 6.2 x 10710

~ 1.Vus l!UUJ‘I‘l\UJ}' A 1LY A\ e NI

k 1.38064903(51) x 1073 JK~! 3.7 x 1077

N 6.022 140758(62) x 10** mol ! 1.0 x 108




Do we need quantum
zfleatmﬂ/gnﬂmws for new Si?

i T (= n Y ~ A A

o obtained fmm RED s //mmrm’ 7‘0//

* continuity of ohm, farad and €,

* continuity of kg /A7 and h/e

* continuity of Rg/mol and hN 4

* continuity of Rg/mol and molar masses;
e ® continuity of A% mol and N,

experimenta

™ottt ~“-pdard

Pi Devived units are sometimes dealt with s

J

w A higher fractional accuracy than the base units.

System of the standards does not follow 7

—8

system of the units. —






What’s new?

The brand new CODATA's values in terms of
brand new St units have been available from
the NIST web site.

2018 CODATA RECOMMENDED VALUES OF THEFUNDAMENTAL
CONSTANTS OF PHYSICS AND CHEMISTRY  NIST SP 959 (May 2019)
A more extensive listing of constants is available on the NIST Physical Measurement
Laboratory website: physics.nist.gov/constants.

Quantity Symbol Numerical value Unit
*hyperfine transition frequency of 133Cs  Awvgy 9192631770 Hz
*speed of light in vacuum c 299 792 458 ms~!
*Planck constant h 6.62607015 x 1073 JHz !

h 1.054571817... x 10~ Js
*elementary charge e 1.602176 634 x 10~ C
* Avogadro constant Ny 6.02214076 x 1023 mol !
*Boltzmann constant k 1.380649 x 10~23 JK!
molar gas constant Nak R 8.314462618... Jmol T K~!
Faraday constant Nje F 96 485.33212. .. C'mol™!
electron volt (¢/C) J eV 1.602176634 x 10~1° J
Josephson constant 2e/h Kj  483597.8484...x 107 Hz V!
von Klitzing constant 21h/e? Rk 25812.80745... Q

*Defining constants of the International System of Units (SI).


https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
https://physics.nist.gov/cuu/Constants/index.html
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