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Co je to navaznost?



Zakladni pojmy

Navaznost
Urcuje vztah méreni nebo hodnoty etalonu k narodnim etalondim prostrednictvim
nepreruseného fetézce porovnani s uvedenim pfislusnych nejistot.

Navaznost zajistuje, ze vysledek méfeni nebo hodnota etalonu jsou vztazeny k
referencim vyssi (rovné, nakonec az k primarnim etalontim.

Primarni etalony realizuji veli¢inu podle systému jednotek: SI.



Jiz stari egyptané, 3000 I.p.n.l

Navaznost délkovych méfidel (loket — cubit) na jeden ,zlaty etalon®.
Kazdy mésic porovnani.
Opomenuti se trestalo stétim hlavy!

Uriah Welcome: Coudée (régle) de Maya, ministre des Finances du roi
Toutankhamon, 1336 — 1327 a.v. J.-C. (18° dynastie)

http://aetherforce.com/the-origin-of-the-royal-egyptian-cubit/


http://aetherforce.com/the-origin-of-the-royal-egyptian-cubit/

Kamenné lomy v historickém egypté

Serabitn
Timnag
Arabahe

Velkd pyramida v Gize

Lo

» Zaklad pyramidy z vapence na misté stavby
» Povrch pyramidy z Turry

» Pohrebni mistost z granitu z Asuanu N

Loon 80 At Sinbls
Nina Aldin Thune, CC BY 2.5; https://www.cheops-pyramide.ch/khufu-pyramid/stone-quarries.html; https://www.forbes.com/sites/
davidbressan/2017/09/28/papyrus-reveals-from-where-the-rocks-used-to-build-the-great-pyramid-came-from/


https://www.cheops-pyramide.ch/khufu-pyramid/stone-quarries.html
https://www.forbes.com/sites/davidbressan/2017/09/28/papyrus-reveals-from-where-the-rocks-used-to-build-the-great-pyramid-came-from/
https://www.forbes.com/sites/davidbressan/2017/09/28/papyrus-reveals-from-where-the-rocks-used-to-build-the-great-pyramid-came-from/

Svycarsko 1838

Verejné miry na brandch mést

Prizkumem zjisténo: P¥iklad 2 Greenwiche

e C S

37 mistnich variaci stopy

68 variaci lokte

>
| 4
» 83 rlznych mér pro suché zrni
» 70 pro tekutiny

>

63 pro vahy

Thomas McGreevy, Peter Cunningham (1995). The Basis of Measurement: Historical Aspects Picton Publishing. ISBN 0-948251-82-4
Public standards of length, Royal Observatory, Greenwich. 1 May 2010. Author: ReptOnlx



Navaznosti dnes



Druhy navaznosti

1. horizontalni — CIPM MRA
2. vertikalni — CIPM MRA

3. jednotkova — systém Sl




Vertikalni navaznost: SI a NMI

definice systém Sl
jednotky

narodni met. institut




Vertikalni navaznost: kalibra¢ni laboratore
A systém S|

narodni met. institut

definice
jednotky

mezi-

laboratorni _ ,
porovnani akreditovana
kalibraéni laborator



Vertikalni ndvaznost: vyrobci

definice systém S|

jednotky

mezi- narodni met. institut
laboratorni _ ,
porovnani akreditovana

kalibraéni laborator
kalibrace




Horizontalni navaznost
klicové porovnani A
g M

vyrobce




Horizontalni navaznost NMI

VNIIMS NMI
(RU) (AUS)

e ova porovnani Cipy,

PTB
(DE) SASO
(SAU)
CMI
(CZE) NIST
NIS (USA)

(EGY)



Horizontalni navaznost NMI

COOMET (eurasie)

APMP (asie-pacific)

e ova porovnani Cipy,

() regionalni
EURAMET porovném’
(evropa)

AFRIMETS (afrika)



Priklad navaznosti: kalibraéni list zakaznického pristroje

" i
Al Cesky metrologicky institut A =
Okruzni 31,638 00 Brno (@ T =
tel. +420 545 555 111 SSCIPMMRA %\ 4
www.cmi.cz Tt K 2202

Kalibra¢ni laboratof &. 2202 akreditovani éesk)’/m institutem pro akreditaci, 0.p.s.
podle CSN EN ISO/IEC 17025:2005

Pracovisté:  Oblastni inspektorat Brno, Okruzni 31, 638 00 Brno
Oddeleni primarni etalondZe ss a nf elektrickych veli¢in, tel.: +420 545 555 208,
fax +420 545 555 183
v ,
KALIBRACNI LIST
6011-KL-L0107-19
KALIBRACNI LIST 6011-KL-10107-19 List 2 z(e) 10 listit

Poutité etalony: Kalibritor Fluke 57304, v.¢. 2843501, kalibraci lst 601 l—KL E0005-19.
Citag Pendulum CI\T- k

Vsechny pouzité etalony maji navaznost na (mezi)nrodni etalony.



P¥iklad navaznosti: kalibra&nf list etalonu CMI

Cesky metrologicky institut <
@ Okruzni 31, 638 00 Brno CIPM MRA

tel. +420 545 555 111, fax +420 545 222 728, www.cmi.cz

Pracovisté:  Oblastni inspektorat Praha, Radiovéa 1136/3, 102 00 Praha 10
Oddéleni primarni metrologie el. odporu, tel. +420 266 020 117, fax. +420 266 020 169

KALIBRACNI LIST
1011-KI.-20050-17

Tento kalibraéni list je v souladu s kalibradnimi schopnostmi mé&feni (CMCs), které jsou uvedeny v piiloze C
Ujednéni o vzajemném uznévani (MRA) vydaného Mezindrodnim vyborem pro miry a vahy (CIPM). Podle
tohoto Ujednani viechny zigastnéné instituty vzdjemné uznavaji platnost svych kalibragnich listi pro veliginy,
rozsahy a nejistoty méfeni uvedené v pfiloze C (podrobnosti viz www.bipm.org).

Datum vystaveni:  17. kvétna 2017 List 1 ze 2 lista

P I Ll - - -_——— == PR
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Kalibrace etalonu elektrického odporu byla provedena podle pracovniho postupu
SILIMP-COOL,

Referencni etalon ss elektrického odporu mé névaznost na statni etalon ss elektrického
odporu na bazi KHJ a je vztazen k doporutené hodnoté von Klitzingovy konstanty

Ry.90= 25 812,807 Q.




Vysledky klicového porovnani odpori: BIPM.EM-K12

Pomér odporu k odporu kvantové struktury, nominalni hodnota 100 Q2/Ry(2)
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D;: stupen ekvivalence s rozsitenou nejistotu U; (k = 2), nttps://kcdb.bipn.org


https://kcdb.bipm.org

Systém Sl



Kratka historie Sl

>

vVvyyvyVvVvyy

vVvvyVvyVvYyYyvyy

>

1790 — zacatek vyvoje metrického systému v Academié des sciences
1875 — Metricka konvence

1889 — prototyp kilogramu a metru

1893 — Michelson zmifiuje moznou definici metru pomoci zafeni
1913 — mezinarodni teplotni skala

1948 — rozhodnuti o ,,SI", zavedeni pojmid ampér, bar, coulomb, farad, Henry, Joule,
Newton, ohm, volt, watt, weber, °C.

1954 — Sest zakladnich jednotek ,,SI", kelvin

1960 — definice metru jako nasobek vinové délky svétla

1967 — definice sekundy podle zateni Cs 133

1971 — zavedeni molu

1983 — metr predefinovan podle rychlosti svétla

1990 — konven¢ni hodnoty Josephsonovy a von Klitzingovy konstanty
2011 — navrh revize SI

2018 — revize Sl

Terry Quinn: From Artefacts to Atoms, Oxford University Press, 2011, ISBN: 9780195307863



Zemé podle data prijeti SI — Gspésny projekt

1795 1815 183 3 876 896 916 9 1957 1977 1998

Zaostalé zemé: USA, Libérie, Myanmar, Nezavisly stat Samoa, Federativni staty Mikronésie,

Republika Palau, Marshallovy ostrovy.
H. Vera, ‘The Social Life of Measures Metrication in the United States and Mexico', New School University, New York, N.Y., USA, 2012.



Systém SI

» decimalni
P jednotky a dily
napf. ym, mm, m, km, Mm
P> vzajemna souvislost
napt. 1dm® = 1kg vody
(dnes uZ jen 1dm? ~ 1kg)
» zakladni a vedlejsi jednotky
zakladni: m, kg, s, A, K, mol, cd
vedlejsi: rad, Hz, V, N, Pa, aj.
» prakticka
Koupit si (1,1 x 10°° m, saldmu) nebo (100g saldmu)
> definice jednotek a jejich fyzické realizace
napf. mezinarodni prototyp kilogramu



Mezinarodni prototyp metru a kilogramu

Jediny pravy
metr do
roku 1960

Jediny pravy
kilogram do
roku 2019




Sl do 20.5.2019

» sekunda — pfirodni jev
Cs hodiny

» metr — hodnota konstanty ¢

» kilogram — artefakt
International Prototype of Kilogram, IPK

» ampér — odvozeno od sily

pro praktické pouZiti odvozeno od e, h pomoci dohodnutych hodnot z r. 1990
» kelvin — pFirodni jev

trojny bod vody
» candela — hodnota konstanty K

» mol — vazeni latky



Proc¢ a jak revize Sl



Stabilita IPK
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Hmotnost narodnich etaloni K21 — K40 a sesterskych kopii IPK K32 a K8.

DOI: 10.1088/0026-1394/31/4/007



Proc revize SI?

» IPK je posledni artefakt v Sl

méfeni malych hmotnosti ma velkou nejistotu

v

> elektrické veliiny jsou pouzivany mimo S|
(protoze nejistoty h a e v Sl jsou pfFilis velké)

» defnice K je zavisld na vlastnostech vody
(Cistoté, okolnich podminkach)

> mol je zavisly na kg

P nestabilita IPK
(IPK (asi) ztraci svou hmotnost)



Proc revize SI?

» IPK je posledni artefakt v Sl — lze navazat kg na konstanty?

v

méfeni malych hmotnosti ma velkou nejistotu

> elektrické veliiny jsou pouzivany mimo S|
(protoze nejistoty h a e v Sl jsou pfFilis velké)

» defnice K je zavisld na vlastnostech vody — lze navéazat K na konstanty?
(Cistoté, okolnich podminkach)

> mol je zavisly na kg — Ize mol oprostit od navaznosti na kg?

» nestabilita IPK
(IPK (asi) ztraci svou hmotnost)



Moderni kilogram

Jak navazat makroskopickou hmotnost (kg) na konstanty (Avcs, ¢, h)?
(ve staré Sl to znamena zméfeni h pomoci IPK — zachovani kontinuity staré a nové Sl)

»> Kibblovy vahy.
Elektrické vahy.

> projekt Avogadro.
Pocitani atomi v kremikové kouli

» Pocitani a akumulovani iontl kovu neutralizovanych proudem.
PYilis pomalé.

> dalsi...



Kibblovy vahy

vazeni: statické méreni




Kibblovy vahy

vazeni: statické méren{ méreni vlastnosti civky: dynamické méreni




Kibblovy vahy

vazeni: statické méren{ méreni vlastnosti civky: dynamické méreni

mgv= Ul= /R



Kibblovy vahy

vazeni: statické méren{ méreni vlastnosti civky: dynamické méreni

Josephsoniv jev: U= f{Avcs, h, e)
kvantovy Halliv jev: R = f(h, €?)
tihové zrychleni: g = f{Avcs, ©)
rychlost: v = f{Avcs, ¢)

= m = f{Avcs, ¢, h)



Kibblovy vahy




projekt Avogadro

Mezinarodni projekt.
Nékolik vyrobenych Si kouli.

>
>
> Méreni mrizkové konstanty rentgenovou difrakci.
> Meéreni topografie optickou interferometrii.

| 2

Méfeni izotopového slozeni hmotnostni spektroskopii.




projekt Avogadro

» Mezinarodni projekt.

» Neékolik vyrobenych Si kouli.

> Méreni mrizkové konstanty rentgenovou difrakci.

> Meéreni topografie optickou interferometrii.

» Méreni izotopového slozeni hmotnostni spektroskopii.

Problémy:

» povrchova oxidace

> izotopické sloZeni koule, tj. pomér 28Si, 29Sj,
3OSi

» jiné necistoty, vakance

» urceni objemu a hustoty (mfizkova konstanta)




Topografie Si kouli

Rozsah barevné skaly 69 nm (vlevo) a 38 nm (vpravo).
DOI:10.1088/0026-1394/52/2 /360




Moderni kelvin

Jak navazat termodynamickou teplotu na Boltzmannovu konstantu k7
(ve staré Sl to znamena zméfeni k pomoci trojného bodu vody — zachovani kontinuity
staré a nové Sl)

Metody méreni k:

» AGT - Acoustic gas thermometry
Méreni teploty podle rychlosti zvuku

» DCGT - Dielectric Constant Gas Thermometry
Méfeni teploty pomoci dielektrickych vlastnosti plynu

» JNT - Johnson Noise Thermometry
Josephsoniiv jev jako simulator teplotniho Sumu odporu



AGT — Acoustic gas thermometry

Michael R. Moldover, Weston L. Tew, Howard W. Yoon, Advances in thermometry, Nature Physics, 12, pages 7-11 (2016)



DCGT - Dielectric Constant Gas Thermometry

p: Pressure Balance

Vacuum

Chamber T4

™ I Bath (Cryostat or Thermostat)
Isothermal
Shield [~ R: Resistance Thermometer
Copper I~ A . .
Block — C: Measuring Capacitor

Christof Gaiser, Thorsten Zandt, Bernd Fellmuth, Dielectric-constant gas thermometry, Metrologia, 52, Number 5, 2015



JNT — Johnson Noise Thermometry

U= VAKTRAf

T, TDH R(T) Al DsP |9

4 m@fuvms AZ DSP —o

www.nist.gov



Revize SI



Podminky z 2013: splnény.

» Konzistence: T¥i nezavisla méreni (XRCD & WB) s konzistentnimi vysledky a
Urel < 5 x 1078,

> Nejistoty: Nejméné jeden vysledek s tyef < 2 x 1078,

» Navaznost: Vyjimecné méreni s IPK v BIPM.

» Validace: Validovana mise en pratique podle CIPM-MRA.

Odhlasovano 16. 11. 2018 na 26. ,General Conference on Weights and Measures
(CGPM)".

Vyhlaseni: den metrologie 20. 5. 2019
26e CGPM

Versailles
13-16 novembre 2018



Princip revize

N
Stard SI =»
3

Nova SI - -
Stara Sl Nova Sl
definované artefakty definované hodnoty konstant
nenulova nejistota h nulova nejistota h
nulova nejistota €g nenulova nejistota €g
nulova nejistota IPK nenulova nejistota IPK

nulova nejistota ¢ nulova nejistota ¢



Zkraceny vyvoj definice metru

> 1889:
The Prototype of the metre chosen by the CIPM. This prototype, at the
temperature of melting ice, shall henceforth represent the metric unit of length.
> 1960:
The metre is the length equal to 1 650 763,73 wavelengths in vacuum of the
radiation corresponding to the transition between the levels 2p 10 and 5d5 of the
krypton 86 atom.

The definition of the metre in force since 1889, based on the international Prototype of
platinum-iridium, is abrogated.

> 1983:
The metre is the length of the path travelled by light in vacuum during a time
interval of 1/299 792 458 of a second.

The definition of the metre in force since 1960, based upon the transition between the levels 2p
10 and 5d5 of the atom of krypton 86, is abrogated.

= ¢c=299792458m -s1



Nové hodnoty konstant

konst. hodnota jednotka Uy

h 6,62607015 x1073* J-s 1,0x 1078
e 1,602176634 x 10719 C 52 x107°
k 1,380 649 x10723 J.K1 37x1077

Na 6,02214076 x 102 mol™! 1,0x 1078

u, — relativni standardni nejistota hodnot konstant pouzitych pro novou Sl

D. B. Newell, “The CODATA 2017 Special Adjustment for the revision of the SI’, presented at the 2018 Conference on Precision Electromagnetic
Measurements (CPEM 2018), Paris, France, 2018.



Nové hodnoty konstant

konst. hodnota jednotka Uy

h 6,62607015 x1073* J-s 1,0x 1078
e 1,602176634 x 10719 C 52 x107°
k 1,380 649 x10723 J.K1 37x1077
Na 6,02214076 x 1022  mol™! 1,0x 1078

u, — relativni standardni nejistota hodnot konstant pouzitych pro novou Sl

konst. hodnota jednotka
Aves 9192631770 Hz

c 209792458 m-s!
Ked 683 Im-W™1

D. B. Newell, “The CODATA 2017 Special Adjustment for the revision of the SI’, presented at the 2018 Conference on Precision Electromagnetic

Measurements (CPEM 2018), Paris, France, 2018.



Revize Sl: kli¢ova data

Identification® Quantity” Value Rel. stand.
Uncert u,
NIST-15 h 6.626 069 36(38) x 10* I s 5.7x10°
NRC-17 h 6.626 070 133(60) x 10™ J s 9.1x10”°
NIST-17 h 6.626 069 934(88) x 10™ J 5 1.3x10°
LNE-17 h 6.626 070 40(38) x 10*' I s 5.7x10°
IAC-11 N, 6.022 140 95(18) x 10* mol" 3.0x 10"
IAC-15 N 6.022 140 70(12) x 10* mol" 20x10°
IAC-17 N 6.022 140 526(70) x 10° mol” 1.2 x 10"
NMIDJ-17 N. 6.022 140 78(15) x 10* mol 24x10°
NIST-88 R 8.314 470(15) J mol ' K" 1.8x10°
LNE-09 R 8.314 467(23) J mol' K 2.7%x10°
NPL-10 R 8.314 468(26) J mol' K'' 32x10°
LNE-11 R 8.314 455(12) J mol' K 14x10°
LNE-15 R 8.314 4615(84) J mol” K' 1.0x10°
INRIM-15 R 8.314 4743(88) J mol” K' 1.1x10°
LNE-17 R 8.314 4614(50) J mol" K* 6.0 % 107
NPL-17 R 8.314 4603(58) J mol” K" 7.0 % 107
NIM-17 R 8.314 459(17) J mol" K 20x%x10°
PTB-17 A('He))R  6.221 140(12) x 10*m’ K J' 1.9x10°
NIM/NIST-17 kih 2.083 6630(56) x 10" Hz K 2.7x10°

D. B. Newell, “The CODATA 2017 Special Adjustment for the revision of the SI’, presented at the 2018 Conference on Precision Electromagnetic
Measurements (CPEM 2018), Paris, France, 2018.



Revize SI: klicova data, méreni h

6.9 6.95
T T T
o XRCD
0 KB

7.05 7.1

IAC-11

IAC-15

NIST-15

NRC-17

—o— IAC-17
NIST-17

NMIJ-17

LNE-17
CODATA-17

L | s 1 L |
6.9 6.95 7 7.05 7.1
(7107 7 5)-6.6260] x 10°

D. B. Newell et al., “The CODATA 2017 values of h, e, k, and N A for the revision of the SI', Metrologia, vol. 55, no. 1, p. L13, 2018.



Revize SI: klicova data, méreni k

6.52 6.54

T T T
NIST-88 (Ar)
| LNE-09 (Ar)

6.44 6.46
—

0 AGT
o DCGT |
VINT |

NPL-10 (Ar)

LNE-11 (Ar)

LNE-15 (He)

INRIM-15 (He)

LNE-17 (He)

NPL-17 (Ar)

i PTB-17 (He)
I | NIM-17

NIM/NIST; 17

CODATA-17
" 1 1 1 ! 1 " 1
6.44 6.46 6.48 6.5 6.52 6.54
[k/(10° J/K)-1.380] x 10

D. B. Newell et al., “The CODATA 2017 values of h, e, k, and N A for the revision of the SI', Metrologia, vol. 55, no. 1, p. L13, 2018.



Nové definice jednotek: kg

The kilogram, symbol kg, is the S| unit of mass. It is defined by taking the fixed
numerical value of the Planck constant h to be 6,626 07015 x 10—3* when expressed in
the unit J s, which is equal to kg m? s~!, where the metre and the second are defined
in terms of ¢ and Avcs.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Nové definice jednotek: A

The ampere, symbol A, is the Sl unit of electric current. It is defined by taking the
fixed numerical value of the elementary charge e to be 1,602176 634 x 10~!° when
expressed in the unit C, which is equal to A s, where the second is defined in terms of
Avcs.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Nové definice jednotek: K

The kelvin, symbol K, is the SI unit of thermodynamic temperature. It is defined by
taking the fixed numerical value of the Boltzmann constant k to be 1,380649 x 10~23
when expressed in the unit J K™1, which is equal to kg m? s72 K™, where the
kilogram, metre and second are defined in terms of h, ¢ and Avcs.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

The mole, symbol mol, is the S| unit of amount of substance. One mole contains
exactly 6,022 14076 x 10?3 elementary entities. This number is the fixed numerical
value of the Avogadro constant, Na, when expressed in the unit mol™! and is called
the Avogadro number.

The amount of substance, symbol n, of a system is a measure of the number of
specified elementary entities. An elementary entity may be an atom, a molecule, an
ion, an electron, any other particle or specified group of particles.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Nové definice jednotek: s

The second, symbol s, is the Sl unit of time. It is defined by taking the fixed numerical
value of the caesium frequency Avcs, the unperturbed ground-state hyperfine
transition frequency of the caesium 133 atom, to be 9192631 770 when expressed in

the unit Hz, which is equal to s7*.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Nové definice jednotek: m

The metre, symbol m, is the Sl unit of length. It is defined by taking the fixed
numerical value of the speed of light in vacuum c to be 299 792 458 when expressed in
the unit m/s, where the second is defined in terms of Avc.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Nové definice jednotek: cd

The candela, symbol cd, is the Sl unit of luminous intensity in a given direction. It is

defined by taking the fixed numerical value of the luminous efficacy of monochromatic
radiation of frequency 540 x 102 Hz, K 4, to be 683 when expressed in the unit

Im WL, which is equal to cd sr W1, or cd sr kg™! m™2 s73, where the kilogram,

metre and second are defined in terms of h, ¢ and Avcs.

https://www.bipm.org/en/CGPM/db/26/1/


https://www.bipm.org/en/CGPM/db/26/1/

Zavislosti jednotek

stara Sl nova Sl

Ave Ave

v v

‘ N K@ N W 1/.
(. o [ o
/ !
@”Q% / @<\® »-Q / D-a
oo oo

& @ © @

Emilio Pisanty, 2016-2018. CC BY-SA 4.0, https://github.com/episanty/SI-unit-relations



https://github.com/episanty/SI-unit-relations

Vliv revize na skaly jednotek

jedntoka (3518 — 1) | cmC Cmi
(k=2)

x107° x107°

volt (V) 107 60
ohm () 18 12
ampér (A) 89 600
coulomb (C) 89 -
watt (W) -196 | 100 000
farad (F) -18 500
henry (H) 18 15 000

svvs

kalibraéni schopnost je obvykle mensi.

D. B. Newell, “The CODATA 2017 Special Adjustment for the revision of the SI’, presented at the 2018 Conference on Precision Electromagnetic
Measurements (CPEM 2018), Paris, France, 2018.



Pokracujici experimenty

Prace na kg nekondi:
» lan A. Robinson et. all. Developing the next generation of NPL Kibble balances
» Z. Liet. all. The Status of the NIM-2 Joule Balance, NIM, Cina
» Chao el. all. The Design and Development of a Tabletop Kibble Balance at NIST
>

Bettin et. all. New Silicon Crystals for a Redefined Kilogram and Mole: Isotopic
Composition of the First Two Crystals, PTB

» Ahmedov: Preliminary Planck Constant Measurements in the UME Kibble
Balance, Turecko



é tridy etalonl kg z Si

» Projekt Si-kg k zavedeni vyroby a prodeje kiemikovych kouli v privatni sfére.
» Studium dlouhodobych vlastnosti Si pfi pouziti v automat. vazicich systémech.

K. Lehrmann, D. Knopf and F. Hértig, "Status of the Realization and Dissemination of the Kilogram via Silicon Spheres,” CPEM 2018, doi:

10.1109/CPEM.2018.8501162

szi nLIlSiqp nLIISiw
category primary “quasi- secondary
primary”
U(k=1) of mass 210° 310* 310°
form error RONt <30 nm <20 nm < 80 nm
average roughness < 0.3 nm <05mm <Ilnm
Ra
expected price >1Mio.€ >100k€ >10k€
availability limited, PTB/ industrial
PTB industrial ~ supplier
supplier
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https://www.bipm.org/en/si-download-area/
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Skala je diilezita!

Jak se clovék citi:

0 °F Fahrenheit 100 °F
ﬁ
Hodné zima Hodné horko
0°C Celsius 100 °C
I l
Celkem zima
0K Kelvin 100 K

ﬁ



Kibblovy vahy z lega — pIné funkéni




definic zakladnich jednotek

Original (1793): m of the meridian through Paris between the North Pole and the Equator.™®

Interim (1960): 1 650 763.73 wavelengths in a vacuum of the radiation corresponding to the transition
between the 2p'? and 5d°® quantum levels of the krypton-86 atom.

. i i 1
Current (1983): The distance travelled by light in a vacuum in spgozmy second.

metre m length

Original (1793): The grave was defined as being the weight [mass] of one cubic decimetre of pure water at
kilognm[" 2] kg mass its freezing pcmt.FG M
Current (1889): The mass of the International Prototype Kilogram (Le Grand K).[39)

Original (Medieval): EE'!IGU of a day.
Interim (1956): 31’555?125?717 of the tropical year for 1900 January 0 at 12 hours ephemeris time.

second s time T
» Current (1967): The duration of 9 192 631 770 periods of the radiation corresponding to the transition
between the two hyperfine levels of the ground state of the caesium-133 atom.
= Original (1881): A tenth of the electromagnetic CGS unit of current. The [CGS] electromagnetic unit of current
is that current. flowing in an arc 1 cm long of a circle 1 cm in radius, that creates a field of one oersted at the
q centre.[40] IEC
ampere A electric current . R R
« Current (1946): The constant current which, if maintained in two straight parallel conductors of infinite length.
of negligible circular cross-section, and placed 1 m apart in vacuum, would produce between these conductors
a force equal to 2 x 1077 newtons per metre of length.
« Original (1743): The centigrade scale is obtained by assigning 0 °C to the freezing point of water and
Kelvi = thermodynamic 100 °C to the boiling point of water. c
elvin
temperature + Interim (1954): The triple point of water (0.01 °C) defined to be exactly 273.16 Kn3l
+ Current (1967): 27%13 of the thermodynamic temperature of the triple point of water
amount of = Original (1900): The molecular weight of a substance in mass grams.'CAw
mole mol substance + Current {1967): The amount of substance of a system which contains as many elementary entities!" * as N
there are atoms in 0.012 kilogram of carbon-12.
= Original (1946): The value of the new candle is such that the brightness of the full radiator at the temperature
luminous of solidification of platinum is 60 new candles per square centimetre.
candela cd intensity J

Current (1979): The luminous intensity. in a given direction, of a source that emits monochromatic radiation
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