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Out with the old kilogram, in with the new - scientists
introduce more accurate measure N E WS
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Kilogram gets a new
definition
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Rewolucja w uktadzie SI. Odchodzi wzorzec kilograma z
Sevres, zmieniajq si¢ tez amper, kelwin i mol
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tokieC chetminski (XVI w.) 57.62 cm
tokie¢ lwowski 1787-1857) 59.6 cm
tokie¢ wroctawski (...—1816) 57.6 cm
tokie¢ warszawski (...—1819) 59.6 cm
tokie¢ nowopolski (1819-1849) 57.6 cm

tokieC gdanski 57.8 cm
tokie¢ wiedenski (—1876) 77.9 cm
tokie¢ bawarski 88.30 cm
tokie¢ berlinski 66.7 cm
lokie¢ brabancki 69.50 cm
tokieC praski 59.3 cm
tokie¢ dunski 62.77 cm
tokie¢ hamburski 57.3 cm
tokie¢ hanowerski 58.42 cm
tokie¢ holenderski 68.78 cm
lokie¢ lubecki 57.7 cm
lokie¢ norweski 62.75 cm
tokieC pruski 66.09 cm
tokie¢ saski 56.64 cm
lokie¢ szwedzki 59.4 cm
tokie€ szwajcarski 60.00 cm
lokie¢ wirtemberski 61.42 cm
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"Byt najwyzszy, jest najdtuzszy"

Gazeta Wyborcza, 8 sierpnia 1991




Mars Climate Orbiter
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Mars Climate Orbiter
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znalezC sie na oczekiwanej wysokosci 140-150 km nad powierzchnig planety, perIOQ.

11/19/99
orbiter trafit na wysokos¢ 57 km i wkrétce kontakt z nim zostat stracony. Sonda
ulegta zniszczeniu w atmosferze Marsa.

10 listopada 1999 NASA upublicznita raport komisji powypadkowej. Przyczynag
byt btgd ludzki, a konkretnie uzycie roznych jednostek przy wyznaczaniu
trajektorii lotu sondy. Program przetwarzajgcy instrukcje kontroli naziemnej
uzywat jako jednostki sity anglosaskich (amerykarskich) funtdow, podczas gdy
oprogramowanie sondy uzywato jako jednostki sity metrycznych niutonow.
Pomyitka stopniowo narastata w czasie podrozy, poniewaz MCO miat
niesymetryczng konstrukcje. W zwigzku z tym ped przekazywany przez
Swiatto stoneczne zwiekszyt moment pedu prébnika. Dlatego tez kota
reakcyjne MCO byty uruchamiane co najmniej 10 razy czesSciej, niz to byto
wymagane. W rezultacie po ponad dziewieciu miesigcach trajektoria lotu
obnizyta sie¢ w stosunku do planowanej o 170 kilometrow!®!. Jak na ironie,
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and logged the repair, but another technician misunderstood the logbook
entry and undid the repair. The Boeing 767 was not flown with inoperative
fuel gauges, but a miscommunication led the flight crew to fly using only a
dripstick measurement of the fuel tanks. The crew needed to enter the fuel
quantity into the flight computer in kilograms, but they mistakenly did the
calculation with the density of jet fuel in pounds/litre. The aircraft ran out of
fuel halfway to Edmonton, where Air Canada maintenance staff were
waiting to install a working FQIS that they had borrowed from another
airline.®!

The Board of Inquiry found fault with Air Canada procedures, training, and
manuals. It recommended the adoption of fueling procedures and other
safety measures that were already being used by US and European
airlines. The Board also recommended the immediate conversion of all Air
Canada aircraft from Imperial units to metric units, since a mixed fleet was
more dangerous than an all-Imperial or an all-metric fleet.[®!
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Metr

1795 — 1/10000000 dtugosci potudnika
przechodzacego przez Paryz

1889 — odlegtos¢ miedzy odpowiednimi
kreskami na wzorcu (rownego w
momencie konstruowania ...)

1960 — Xl Generalna Konferencja Miar
zdefiniowata metr jako dtugosc rowng
1650763.73 dtugosci fali promieniowania
w prozni odpowiadajacego przejsciu
miedzy poziomami 2p10 a 5d> atomu 86Kr

1983 — dtugosc drogi przebytej w prozni
przez Swiatto w czasie 1/299792458 sekundy



The second is the duration of 9192631770 periods of the radiation
corresponding to the transition between the two hyperfine levels of the
ground state of the cesium 133 atom.

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

The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.

United States version of the English text of the eighth edition (2006)
of the International Bureau of Weights and Measures publication
Le Systeme International d’ Unités (SI)

(Supersedes NIST Special Publication 330, 2001 Edition)

Issued March 2008

U.S. DEPARTMENT OF COMMERCE, Carlos M. Gutierrez, Secretary
NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY, James Turner, Acting Director
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1983 — dtugosc drogi przebytej w prozni
przez swiatto w czasie 1/299792458 sekundy

c = 299792458 metrow na sekunde
c = 186 mil na millisekunde

c = 1 stopa na nanosekunde

2019 — jest ona zdefiniowana poprzez przyjecie ustalonej wartosci
liczbowej predkosci Swiatta w prozni ¢, wynoszacej 299 792 458m/s



Potential Habitable Worlds in the Universe

g ﬁ & Scientists are starting to identify

\ ol potential habitable exoplanets in

\ \‘(." \

#01 #02 e #04
KOl 736.01 KOI 494.01 KOI 784.01 KOI 610.01 over 2,000 exoplanets that have
been detected so far. Here is the

current working list of 16

// potential habitable exoplanets
i’ & candidates ranked by similarity
#05 06 407 03 to Earth, from best to worst. All
KOI 947.01 KOI 817.01 KOI 1361.01 KOI463.01 are to scale and can be

compared to Earth, Venus, Mars,
and Mercury below.

Solar System Terrestrial Planets

11 #12
KOI 701.03 KOI 227.01 KOI 255.01 KOI 854.01

' Earth
#13 #14 ’ #16 \YETES Mercury
KOl 1026.01 HD 85512 b KOI 268.01 Gliese 581 d

Updated: Dec 5, 2011 CREDIT: The Habitable Exoplanets Catalog, Planetary Habitability Laboratory @ UPR Arecibo (phl.upr.edu)
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The second is the duration of 9192631770 periods of the radiation
corresponding to the transition between the two hyperfine levels of the
ground state of the cesium 133 atom.

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

The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.

United States version of the English text of the eighth edition (2006)
of the International Bureau of Weights and Measures publication
Le Systeme International d’ Unités (SI)

(Supersedes NIST Special Publication 330, 2001 Edition)

Issued March 2008

U.S. DEPARTMENT OF COMMERCE, Carlos M. Gutierrez, Secretary
NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY, James Turner, Acting Director



Kilogram

The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.




Kilogram

The kilogram is the unit of mass; it is equal to the mass of the
international prototype of the kilogram.
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Kilogram

“Nowy” Kilogram — propozycja niezaakceptowana




Stata Plancka
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E = hv
1 r -

Energia fotonu Czestotliwosc¢ fotonu



Stata Plancka

2018 CODATA RECOMMENDED VALUES OF THE FUNDAMENTAL
CONSTANTS OF PHYSICS AND CHEMISTRY  NIST SP 959 (June 2019)

An extensive constants list is available at physics.nist.gov/constants.

Quantity Symbol Numerical value Unit
*133Cs hyperfine transition frequency = Avgs 9192631770 Hz
*speed of light in vacuum c 299792458 ms~

=== h 6.62607015 x 107> JHz™!
A 105457T1817... x 10°* Js
e 1.602176634 x 10~1° C

*Planck constant

*elementary charge

* Avogadro constant Na  6.02214076 x 10% mol !
*Boltzmann constant k 1.380649 x 10~23 JK-*
*luminous efficacy K., 0683 lm W-1

eV 1602176634 %107 )
K; 483597.8484... x 10° HzV-1

electron volt (e/C) J
Josephson constant 2e/h

von Klitzing constant 2mwh/ 62: Rk 2581280745... Q
- = SN g coppaeg Mok _ 0 _ L B_ -&31445261&.-.f e, Jw‘mk™
— 8 —2 13-4
¢ 299 792 458 ms il

h  6.62607015 x 10~ JHz™'
A 188METIBT...x "™ J»




* WartoSci takie, zeby obecnie zdefiniowane jednostki nie zmienity sie.

o Consultative Committee for Mass and Related Quantities (CCM): Report of
the 12th Meeting, Recommendation G 1 (BIPM, 2010) — wartoSC h:

— Co najmniej trzy rozne doSwiadczenia dajace zgodne wyniki z bledem co
najwyzej S0 czeSci na miliard

— Co najmniej jedno doSwiadczenie o niepewnoS¢ ponizej 20 czeSci na miliard

Now Redefinition
ccm @ccu : | |
- — CGPM : Metrologia special edition
e I’\ll;se ;r; 5&6«;28 zn:elphka) QC?;“ (withgreferenoes for the mfep)
: : mep kg :
- updated mepikg
R rinmal pilot study (kg) approved |
(preparation, measurements & report) CCM
ccu ng
. » BIPM extraprdinary ..L‘*% coM g s
calibration with [PK tp IPK . Consuitation / announcement
. ' ¢éHccu
XRCD and available WB pubhsh eonsistent results CCM
II..II.I-.Illll..I-I‘...’l....l.l‘.- >‘R1&2 .
BIPM pool estabiistied and characterized . ; c.pﬁn\ :
----------------’ﬁ c : -
Pool Iinl;;ed to experiments  : 01.07.2017 CODATA :
é- EEER .E.Nq -R-plk-N 9 sw- en.d.N.e:v !( llLIG: .DR]G.CES- @ ’ CIOSlﬂg date (ﬁna' LSA)
: : ; : : fornew data — ¢
. NMI directors - meetmgs caansy o-n}c (?M




Stata Plancka

: ® i NIST-98

b O { NIST-07
: S 3 i IAC-11

; O i CODATA 2010

i  NIST-14

©

—&— NRC-14

; & i NIST-15

—e— IAC-15

HO— CODATA 2014

{ 10-7h

6.626068 6.626069 6.626070
h(10—34}s)

6.626071




On the revision of the International System of Units (SI)

Resolution 1

The General Conference on Weights and Measures (CGPM), at its 26th meeting,
considering

decides that, effective from 20 May 2019, the International System of Units, the SI,
is the system of units in which:

+ the unperturbed ground state hyperfine transition frequency of the caesium 133
atom Av,is 9192 631 770 Hz,

the speed of light in vacuum cis 299 792 458 m/s,

the Planck constant his 6.626 070 15 x 1034 J s,

the elementary charge e is 1.602 176 634 x 1071° C,

the Boltzmann constant k is 1.380 649 x 1023 J/K,

the Avogadro constant N, is 6.022 140 76 x 10%* mol™4,

the luminous efficacy of monochromatic radiation of frequency 540 x 10%% Hz,
K4 is 683 Im/W,

C

* ¢ 4 4+ o+ o



Stata Plancka

2014 CODATA RECOMMENDED VALUES OF THE FUNDAMENTAL
CONSTANTS OF PHYSICS AND CHEMISTRY NIST SP 959 (Aug 2015)

See: P. J. Mohr, D. B. Newell, and B. N. Taylor, arxiv.org/pdf/1507.07956v1.pdf (2015).
A more extensive listing of constants is available in the reference given above and on

the NIST Physical Measurement Laboratory Web site: physics.nist.gov/constants.

Quantity Symbol Numerical value Unit
speed of light in vacuum c,co 299792458 (exact) ms—’
magnetic constant o 4m x 1077 (exact) N A—?
electric constant 1/pgc? € 8.854187817...x 10712 Fm™!
Newtonian constant of gravitation G  6.67408(31) x 10~11 m® kg~!e?
Planck constant h  6.626070040(81)x 10734  Js
h/2n h 1.054571800(13)x 1073¢  Js

elementary charge e 1.6021766208(98)x 1071 C
fine-structure constant e’/4meghic o  7.2973525664(17) x 103

inverse fine-structure constant o' 137.035999 139(31)
Rydberg constant a?mec/2h R, 10973731.568 508(65) m™!
Bohr radius a/4nR ag  0.52917721067(12) x 10710 m
Bohr magneton eh/2m. ps  927.4009994(57) x 1026 J -1




Kelwin

C, N kT
L s yr _ p VA
predkosc dzwieku U = \/ C, M
- — k720
stata dielektryczna P = o
, : : n°— 1
wspotczynnik zatamania p=kT—
0
wspotczynnik zatamania (U?) = 4kTR,Af
. 2kT
poszerzenie Dopplera Avp =1/—5 %

mc2



Kelwin

SPRT S/N 67

Gas inlet
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