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The kilogramme prototype

The kilogramme is officially defined by a lump of metal stored in a vault in
France for more than 120 years under the International System of Units (SI)

The International prototype
B Manufactured in 1889

B Made up of 90% platinum,
and 10% iridium

B> Keptin a vault at the
International Bureau of
Weights and Measures (BIPM),
along with six official copies

# The basis of more than 80
copies distributed around the
world as national prototypes

B> Steam-cleaned under
strict guidelines on a
regular basis

B The last remaining base
unit measured against
a specific material
artefact

Thechunkofmewlsundertrplelod(-and-key
AFP  Source: BIPM in Sevres, France
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The seven Sl base units
Symbol Name Quantity
s second time
m metre length
kg kilogram mass

A ampere electric current

el K  kelvin temperature
mol mole amount of substance

cd candela luminous intensity

HeBNoHEABMSH
fGlgn: sE (F2%) TR AL/S
g2 (FH) TRT=A kg m?-s?
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The kilogramme prototype

The kilogramme is officially defined by a lump of metal stored in a vault in
France for more than 120 years under the International System of Units (SI)

The International prototype
¥ Manufactured in 1889

# Made up of 90% platinum, ‘
and 10% iridium

> Kept in a vault at the
International Bureau of

Weights and Measures (BIPM),
along with six official copies

# The basis of more than 80
copies distributed around the
world as national prototypes

B Steam-cleaned under
strict guidelines on a
regular basis

» The last remaining base £
unit measured against 4
a specific material
artefact

The chunk of metal is under triple lock-and-key
in Sevres, France
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* Clock = Oscillator + Counter

&) + [SB165

- lime

== Crystal Oscillator

Atomic
Clock

Pendulum

[Robert Lutwak, Principles of Atomic Clocks, IFCS 2011)

The First Molecular (Atomic) Clock

Inversion spectral line of
NH, at 23.87GHz

[C. H. Townes, J. Appl. Phys. 1951]

Inversion spectrum of ammonia
Advantages:

* All electronics

* Simple clock configuration
Disadvantages:

* Weak absorption intensity

* Bulky gas cell due to the long
wavelength

First “Atomic” Clock in 1949
(o =2x10%)

[Harold Lyons, “Atomic Clocks”,
Scientific American, 1957]



The EM field exerts a torque
on an electric dipole

J=5
J=4

/ 12 32 \\ =3 e—
[} (> S \ J=3
hyperphysics.phy-astr.gsu.edu \ 4 + J=1

\\ 150 ;‘
\\\\ ,,1’ hz
N Energy of State J: E; = ——J(J + 1
gy ) =gz U+D

* Molecular rotation by a torque exerted
from an RF wave on the electric dipole - Ejy1 —E
oma ave o eeile P Resonant frequency: o = J*L ~J

* For linear polar molecules h

— Equally-spaced absorptive transition
lines

ARENG R E B EE L kRNIRES BIFRE

Huzk A F19ME A EREE FE

— — NH
0OCS J=22<21 3
.;E ocCSs .,'=19--1alr — 0OCS
1H 12 32
1 (o S
H o
H .,’
NH, 150
J-K=3-3
102 103




e atomic clocks transition in
microscopic quantum systems

e new Sl definition of time unit In
1967: caesium primary standard

Y 1>

"The second is 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.” [2]
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FERIT (RERITER)

RF generator /
power sensor
power sensor
Reference
Directional coupler Reference pawer calorimeter (standard)
Sensor
Power
Bridge i standard .

circut Nano. power sensor
Voltmeter - voltmeter waveguide
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| ‘ unknown on-chip

sensor i
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W, fLéy 4742 (1861-1867)

IEEE MILESTONE

Standardisation of the Ohm as a Unit of Electrical Resistance, 1861-1867

The International Committee on Electrical Standards, with contributions by
Fleeming Jenkin, James Clerk Maxwell, William Thomson, Werner von Siemens, and
colleagues, advised the British Association for the Advancement of Science in
providing a widely recognised standard for electrical resistamce. This unit,
subsequently named after Georg Simon Ohm, is the resistance of a conductor such
that a constant current of one ampere produces a potential difference of one volt.

September 2019

< IEEE

T

Fig. 5. BA Standard Resistor as first purchased by Michael Faraday
in 1865, copyright London Science Museum, Science and Society
Picture Library, rights reserved.
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