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METROLOGY 
The science of measurements

125 years ago:

Lord Kelvin (William Thomson) 6.May 1886Lord Kelvin (William Thomson) 6.May 1886
..I often said that when you can measure what you 
are speaking about, and can express it in numbers, 

you know something about it.
…So therefore, if science is measurement, then 

without metrology there can be no science



Integer Quantum Hall Effect (Nobel Prize in Physics 1985)



DEUTSCHES MUSEUM BONN
(Science museum in Germany)
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1980:

electrical resistance RK



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



CSIRO, Australia 25 812.809 (2) Ω
NPL, UK 25 812.809 (1) Ω
BNM-LCIE, France 25 812.802 (6) Ω
ETL, Japan 25 812.806 (6) Ω
NIST, USA 25 812.807 (1) Ω
VNIIM, Russia 25 812.806 (8) Ω
VSL, Netherland 25 812.802 (5) Ω
NRC, Canada 25 812.814 (6) Ω
EAM, Switzerland 25 812.809 (4) Ω
PTB, Germany 25 812.802 (3) Ω
NIM, China 25 812.805 (16) Ω
CSIRO/BIPM 25 812.809 (2) Ω
CSIRO/Japan 25 812.813 (2) Ω

QUANTIZED HALL RESISTANCE IN SI OHMQUANTIZED HALL RESISTANCE IN SI OHM
(data collected until 1988) 

BEST VALUE (1990): RK =25 812.807 (5)  Ω
limitations due to calibration of reference resistor





Si MOSFETSi MOSFET

basic research on

such a device led

to the discovery

of the

quantum Hall 
effect



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

For applicationsFor applications
in metrologyin metrology



5.2.1980 at 2:05 a.m. in Grenoble: The birth of the QHE

it may work also
with

 

sake



Typical Exercise in Japan



Yamada Conference 
1979

5 month before the Nobel Prize discovery



7 month after the Nobel discovery
(again Japan, close to Mt. Fuji)



NOBEL PRIZES, FUNDAMENTAL CONSTANTS
AND METROLOGY

Klaus v. Klitzing
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BLACKBODY RADIATION AT HIGH TEMPERATURES







Planck‘s formula: 
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contains two different energies:

RADIATION ENERGY

THERMAL ENERGY
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FUNDAMENTAL CONSTANTS:
c = velocity of light

h = Planck constant

k = Boltzmann constant



Planck Constant h at the Entrance 
Door of our Max Planck Institute



MAX PLANCK 
Kiel 1858             Göttingen 1947



GRAVE OF MAX PLANCK 
IN GÖTTINGEN



Max Planck:

“....with the help of fundamental 
constants we have the possibility of 
establishing units of length, time, mass, 
and temperature, which necessarily 
retain their significance for all cultures, 
even unearthly and nonhuman ones.“

Ann.Physik 1, 69-122 (1900)



NATURAL UNITSNATURAL UNITS
(introduced by Max Planck in 1899)

unit of length: cm
c

fh 33
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
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f
ch 51056,5 


unit of time: s
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h
 

= Planck constant

f
 

= gravitational
constant

c
 

= velocity of light

k
 

= Boltzmann
constant
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Realization of Planck’s idea?
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Originally:

TIME, LENGTH, MASS
related to properties of the earth

Today:

4 BASIC UNITS  FOR MECHANICAL 
AND ELECTRICAL UNITS

1 second: atomic clock

1 meter: velocity of light (fixed value for c)

1 kilogram: prototype

1 Ampere: electromagnetic force (fixed value for )0



The unit of mass 

kept in a safe at 

the BIPM in 

Paris



EIFFEL
TOWER

LOUVRE

SEVRES
PARC DE 

SAINT CLOUD
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FACTORY
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•
mass change after cleaning





Electrical metrology may be important
for the redefinition of the kilogram!!





Physics World March 2011



E=mc2  (EINSTEIN)

E=hν  (PLANCK) 

m  = hν/c2

connection between m and h



m kg

N

J

Js-1 W V

A1N=1s-2•m•kg

1J=1N•m =1s-2•m2•kg

1=1s-3 m2kgA-2
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c = fixed
h = fixed
e = fixed

h/e = fixed
h/e2 = fixed

quantum base
unitquantum base

unit

International System 
(basic

 
SI units)

Within such a system, 
the CONVENTIONAL value 

for the von-Klitzing 
constant becomes obsolete



NOBEL PRIZES AND METROLOGY

Max Planck 

Charles Guillaume

Robert Millikan

Willis Lamp

Brian Josephson

Klaus v. Klitzing

Norman Ramsey

1919

1920

1923

1955

1973

1985

1989
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