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REPERE ISTORICE ALE METROLOGIEI DIN ROMANIA

1864 - Este promulgata Legea pentru adoptarea
sistemului metric de masuri si greutati in
Romania, de catre domnitorul Alexandru loan
Cuza

1883 - Romania adera la Conventia Metrului
1889 - Se infiinteaza Serviciul Central de Masuri
si Greutati, primul organism national de
metrologie din Roméania

1951 - Se infiinteaza Institutul National de
Metrologie

1954 - Apare primul numar al revistei
Metrologie

1956 - Roménia devine membru fondator al
OIML

1961 - Romania adopta Sistemul International
de Unitati (SI)

1992 - Noua Lege a metrologiei

1992 - Se Iinfiinteaza Biroul Roméan de
Metrologie Legala ca organism national de
metrologie cu atributii in toate cele trei domenii
principale: metrologie legala, stiintifica si
aplicata

1996 - Romania, prin Biroul Roman de
Metrologie Legala, devine membru asociat al
WELMEC

1999 - Romaénia, prin Institutul National de
Metrologie, semneaza Aranjamentul CIPM -
MRA

2004 - Institutul National de Metrologie devine
membru EUROMET

2007 - Romania, prin Biroul Roman de
Metrologie Legala, devine membru
WELMEC

2007 - Institutul National de Metrologie devine
membru fondator EURAMET e.V.

SHORT CHRONOLOGY OF METROLOGY IN ROMANIA

1864 - The Law for the adopting of the metric
system of measures and weights is
promulgated by voivode Alexandru
loan Cuza

1883 - Romania signs the Metre Convention
1889 - The Central Service of Measures and
Weights is founded as the first national
metrology body in Romania

1951 - The National Institute of Metrology is
founded

1954 - The first issue of the review Metrologie is
published

1956 - Romania becomes a founding member of
OIML

1961- Romania adopts the International System
of Units (SI)

1992 - New Law of metrology

1992- The Romanian Bureau of Legal Metrology
is founded as a national metrology body with
competency in all the three main areas of
metrology: legal, scientific and applied
metrology

1996 - Romania, represented by the Romanian
Bureau of Legal Metrology, becomes an
associate member of WELMEC

1999 - The National Institute of Metrology signs
on behalf of Romania the Mutual Recognition
Arrangement (CIPM-MRA)

2004- The National Institute of Metrology
becomes a full member of EUROMET

2007- Romania, represented by the Romanian
Bureau of Legal Metrology, becomes a full
member of WELMEC

2007- The National Institute of Metrology
becomes a founding member of EURAMET e.V.

J

INM din alte state
Etaloane nationale

Incertitudine de masurare

Y

e ~ —

S : o

N o = O
- S £ g &
= ~ & =5 = 3
sz % 52 =3

.S o R
HEs &5 SEL =B
c € 3 &) < &
2 EO [ QH
L © S = < = = 2
= 5 & = o =@
o s} = Q — S
9 > > S 5 %o
Z Z = = S <

./ =

./ -)
\_/

S o
o 2 E ¢ =
S — wn E
S < 0 = 1)
g & <= = 9 =
= & o = o= = L o
< ) O O
E & & - 5 v © Y
25 g 2 2 2 2 ¢ 5
< g < < < < < S
S S © © © o <o =2
— O — — — — — .
8 2 ® ®© ® S © = s
~— () N N ~— N ~— E E
©O .= © ©O o O O
| H B B B B ~=®
djeI[Iqesen) ap jue

asurarilor in Romania

-

Trasabilitatea la SI a rezultatelor m



Vol LX /2-3/2014
ISSN 1220 -546 X

metrologie

Revista INSTITUTULUI NAPIONAL
DE METROLOGIE(INM) °i a BIROULUI
ROMAN DE METROLOGIE LEGALA(BRML)

The Journal of the NATIONAL INSTITUTE
OF METROLOGY(INM) and of the ROMANIAN
BUREAU OF LEGAL METROLOGY (BRLM)

COLEGIUL DE REDACTIE /
EDITORIAL STAFF

e prof. univ. dr. ing. dr.h.c. Fanel IACOBESCU,
editor °ef / editor in chief

e dr. Dragos BOICIUC, redactor %ef adjunct /
deputy editor in chief

e dr. Mirella BUZOIANU, redactor / editor

o prof. univ. dr. Angela REPANOVICI, secretar
general de redacpie / secretary of the editorial

office

Adresa redactiei / Editorial office:
INSTITUTUL NAPIONAL DE METROLOGIE
2ps. Vitan-Barze®ti nr. 11, sect. 4, cod po°tal
042122, Bucure®ti

Tel.: 4021-3345520,

e-mail: mirella.buzoianu@inm.ro

Ingrijire editoriald: Editura AGIR

Dr. ing Ioan GANEA

Ing. Dan BOGDAN

Tel./Fax: 4021-3168992, e-mail: editura@agir.ro

In colaborare cu:
e Asociapia Laboratoarelor din Romania, ROLAB
e Societatea Romana de Masurdri, SRM

Publicatie stiintifica cotati de citre CNCSIS in
categoria B+ si inregistrata in baza de date EBSCO /
Scientific publication quoted by the CNCSIS with
B+ category and registered in the EBSCO database

©Toate drepturile asupra materialelor publicate Th
revistd sunt rezervate INM-BRML
Punctele de vedere exprimate n articole aparpin
autorilor, redacpia rezervandu-°i dreptul de a prezenta
9j alte opinii

Cererile pentru procurarea de reviste °i pentru abonamente
vor fi adresate Asociapiei Laboratoarelor din Romania -
ROLAB, 2o0s. Vitan-Barze®ti nr. 11, sect. 4, cod po°tal 042122,
Bucure®ti, Tel.: 0755 041 848, e-mail: office_rolab@yahoo.com

CONSILIUL STIINTIFIC EDITORIAL/
EDITORIAL SCIENTIFIC BOARD

= Prof. dr. Angelos AMDITIS,
Universitatea Tehnicd Napionala din Atena
= Prof. dr. ing. Stefan ANTOHE,
Universitatea Bucure®ti
= Prof. dr. Mircea ATUDORE]I,
Universitatea Tehnica de Construchii
= Prof. dr. Seton BENNETT,
NPL-UK
= Prof. Wes BOISSELIER,
European Network for the Multi-Actors Cooperation,
MAC-Team aisbl 5
= Prof. dr. Costin CEPISCA,
Universitatea Politehnicd Bucure®ti
= Dr. ing. Dumitru DINU,
Biroul Roman de Metrologie Legalad
= Dr. ing. Alexandru DUTA,
Institutul Napional de Metrologie
= Prof. dr. Cristian FLOREA,
ESIEE, Paris-France
= Prof. univ. dr. Mihail MANGRA,
ROLAB
s Dr.ing. Aurel MILLEA
Societatea Romana de Masurdri
= Dr. Anca NICULESCU,
Institutul Napional de Metrologie
= Prof. dr. Constantin OPREAN,
Universitatea Lucian Blaga, Sibiu
= Acad. Marius PECULEA,
Academia Romana
= Prof. dr. Ion M. POPESCU,
Universitatea Politehnicd Bucure®ti
s Prof. dr. Nicolae PUSCAS,
Universitatea Politehnicd Bucure®ti
= Prof. dr. Adrian RUSU,
Universitatea Politehnica Bucure®ti
= Prof. dr. Valeriu RUXANDRA,
Universitatea Bucure®ti
= Dr. Maria SAHAGIA,
INCD ,,Horia Hulubei”
= Dr. ing. Ion SANDU,
Institutul Napional de Metrologie
» Dr. Mihai SIMIONESCU,
Institutul Napional dg Metrologie
= Prof. dr. Ton STEFANESCU,
ICSI Ramnicu Valcea .
= Prof. dr. Doru TALABA,
Universitatea Trarlsilvgnia Bra®ov
= Prof. dr. Florin TANASESCU,
Universitatea Valahia Targovi°te
» Prof. Herbert ten THI1J,
International Excellence Reserve - SECURIO
» Ing. Ionel Marcus URDEA,
Institutul Napional de'MetroIogie
= Dr.ing. Gabriel VLADUT,
Asociapia Romana pentru Transfer Tehnologic °i Inovare
= Prof. dr. Andrew WALLARD,

Bureau International de Poids et Mesures, Sévres



METROLOGIE
Vol LX /2-3/2014

CUPRINS

Editorial

I.SINTEZE

Mirella Buzoianu, Contributia Institutului
National de Metrologie la Dezvoltarea si Recu-
noasterea Etaloanelor Nationale ale Romaniei .....
Elena Dugheanu, Evolutia definitiei unitatii de
masurd a lungimii. "metru” ...........cccoeeeerneennn.
Adriana Valcu, Extinderea diseminarii unitatii de
masa sub 1 mg in ROMAnia ...............c.cceeeveeennn.
Carmen-Laura Tugulan, Florentina Dinca,
Metrologia Marimilor Acustice si Cinematice la
Institutul National de Metrologie ...........................
Mihai Simionescu, Amadeu Seucan, Victor
Dragan, Laura Conia, Tantica Caloian, Metro-
logia Marimilor Optice la Institutul National de
Metrologie: Evolutie si Perspective.........................

Steluta Duta, Mirella Buzoianu, Ioan Cirnea-
nu, Gabriela State, George-Victor Ionescu, Ga-
briela Mares, Nicusor lonitd, Aspecte privind
dezvoltarea capabilitatii tehnice a laboratorului
de Marimi Fizico-Chimice din Institutul Nation-
al de Metrologie .................cccococeveinvcinineeiean,
Mihai Simionescu, Alexandru Duta, Ion Sandu,
Liliana Cirneanu, Ioan Cirneanu,

Florentina Dinca, Adriana Valcu, Violeta Ci-
ociea, Eugenia Ciocarlan, Gabriela State, Man-
agementul Calitatii in INM: Evolutie si perspec-
tive

INFORMATII-EVENIMENTE

ZIUA MONDIALA A METROLOGIEI 2014
Mesajele directorilor BIPM si BIML
Comunicat de presa

15

21

29

34

39

CONTENTS

Editorial

I. SYNTESIS

Mirella Buzoianu, Contributions of the Natio-
nal Institute of Metrology to the Development and
..Recognition of the National Standard of Romania

Elena Dugheanu, Evolution of the definition of
............................ the unit of length “meter”

Adriana Valcu, Extension of dissemination of
..................... mass unit below 1 mg in Romania
Carmen-Laura Tugulan, Florentina Dinca,
Metrology of Acoustics and Kinematics from
.................... the National Institute of Metrology
Mihai Simionescu, Amadeu Seucan, Victor
Dragan, Laura Conia, Tantica Caloian, Opfi-
cal Quantities Metrology at INM: Evolution and
.............................................................. forecast

Steluta Duta, Mirella Buzoianu, Ioan Cirneanu,
Gabriela State, George-Victor Ionescu, Gabrie-
la Mares, Nicusor Ionita, Some aspects regarding
the technical capabilities development of the Physi-
co-Chemistry laboratory within the National Institute
................................................................... of Metrology
Mihai Simionescu, Alexandru Duta, Ion San-
du, Liliana Cirneanu, Ioan Cirneanu,

Florentina Dinca, Adriana Valcu, Violeta
Ciociea, Eugenia Ciocarlan, Gabriela State,
Quality Management at INM: Evolution and
.............................................................. forecast

INFORMATION-EVENTS

WORLD METROLOGY DAY 2014
... Messages from the BIML and BIPM Directors
Press Release

METROLOGIE  2-3/2014



SINTEZE

EVOLUTIA DEFINITIEI UNITATII DE MASURA A LUNGIMII ”metru”

EVOLUTION OF THE DEFINITION OF THE UNIT OF LENGTH
“meter”

Elena DUGHEANU

INSTITUTUL NATIONAL DE METROLOGIE
NATIONAL INSTITUTE OF METROLOGY

Rezumat: Articolul prezinta succint un istoric al punerii in practica a definitiei unitatii de lungime, metrul,
pornind de la realizarea etalonului de lungime in anul 1889, respectiv metrul prototip nr. 6 din platina —
iridiu, caracterizat de o incertitudine relativa de mdsurare de 107, pdand la dezvoltarea, dupd anul 2000, a
generatoarelor comb femtosecunda, avand o incertitudine asociata de pand la 107°.

Cuvinte cheie: punere in practica a definitiei metrului, unitati de masura SI, CGPM

Abstract: The article is about the mise en pratique of the definition of the metre, starting the standard made
in 1899: The prototype meter from platinum and iridium no. 6, having a measurement uncertainty of 107 to

femtosecond generators developed after 2000 with a measurement uncertainty of 104,

Key words: mise en pratique of the definition of the metre, units SI, CCPM.

1 INTRODUCERE

in decursul dezvoltarii omenirii, datoritd necesitatii
asidue pentru atingerea unor niveluri cat mai nalte
de exactitate care sa permita dezvoltarea tehnologiei,
unitatile de masura au fost intr-o continua evolutie.
Pentru a putea asigura stabilitatea pe termen lung a
unitatilor de masurd in functie de constantele fizice
fundamentale, a existat ca obiectiv permanent definirea
unitatilor fundamentale ale Sistemului International
de Unitati (SI), derivata din necesitatea uniformizarii
masurarilor pentru a putea asigura echivalenta tuturor
rezultatelor masurarilor utilizate in comert, industrie,
sanatate.

in domeniul lungimii, Sistemul Metric de unitati
de masura a fost creat tocmai din dorinta de a pune
capat haosului care domnea pretutindeni, deoarece,
inainte de adoptarea acestui sistem, atat pe teritoriul
Romaniei cat si al majoritatii tarilor europene, existau
o multime de unitati de masura de lungime cu denumiri
si valori foarte diverse, functie de perioada istorica si
de regiunea geografica.

Una dintre problemele fundamentale ale metrologiei
stiintifice este definirea unitatilor de masura si
adoptarea de etaloane pentru materializarea acestora.
Progresul, 1n acest sens, este marcat de tendinta de a
introduce noi definitii ale unitatilor de masura, care sa
le confere universalitate, reproductibilitate §i exactitate
cat mai ridicate. Acestea pot fi obtinute prin legarea
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1 INTRODUCTION

During the development of humanity, due to a
necessity to touch high levels of accuracy which permit
the development of the technology, the measurement
units were in a permanent evolution. To assure a long
term stability of the measurement units that depend
on the universal constants of the International System
of Unit (SI) it was a permanent objective to define
the fundamental units of SI due to the necessity to
standardize measurements in order to assure the
equivalent of all the same type of measurements used
in the fields of trading, industry and health.

In length field, the Metric System of Units
was created to put an end to the chaos which was
everywhere, because, before the adoption of this
system, both on the territory of Romanian and of
the majority of European countries existed a lot
of different length unit, with different values and
different names depending on the historical period
and geographical region.

One of the fundamental problem of scientific
metrology is to define the measurement units and
to adopt standards in order to materialize them.
In this way, the progress is marked by the purpose
to introduce new definitions of the measurement
units which can confer universality, reproducibility
and highest accuracy. All these can be obtained by
associating the measurement units with simple natural
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unitatilor de masurd de fenomene naturale cat mai
simple, reproductibile 1n conditii bine determinate si
foarte stabile, neinfluentate de factori de mediu.

Cercetarile si studiile efectuate in decursul anilor
pentru punerea in practica a definitiei metrului si
realizarea etalonului de lungime au aritat ca, etalonul
fundamental de lungime, care materializeaza unitatea
de lungime, trebuie cautat in domeniul radiatiilor
luminoase si nu intr-un obiect material.

2. SCURT ISTORIC AL ADOPTARII SI
PUNERII N PRACTICA A DEFINITIEI
UNITATII DE MASURA A LUNGIMII

Mijloacele de masurare in domeniul lungimii,
alaturi de cele din domeniul masei si a timpului, au
fost definite incd de la inceputul existentei omenirii,
deoarece erau necesare referinte stabile ale rezultatelor
masurdrilor obtinute in urma activitatilor societatii
umane. Odatd cu dezvoltarea comertului mai ales,
s-au constatat diferente mari intre diferitele sisteme
de masurare care duceau la rezultate diferite pentru
acelasi tip de masurari, ceea ce a derivat intr-o problema
majora. Era timpul sa se incerce adoptarea unui sistem
unitar si coerent de masurari.

Istoric vorbind, primul pas pe aceastd cale a fost
facut 1n timpul Revolutiei Franceze. Se afirma ca una
dintre cauzele care au accelerat desfasurarea revolutiei
a fost nemulfumirea generatd de lipsa unor etaloane
unice pentru lungime si masa. Imediat dupa revolutie
s-a luat hotararea crearii si adoptarii unor etaloane
pentru lungime si masa, realizate ulterior sub forma
metrului, considerat egal cu a 10-a milioana parte a
sfertului meridianului pamantesc i a gramului, egal
cu masa unui decimetru cub de apa la temperatura
densitatii maxime, respectiv la 4 °C. In baza rezultatelor
masurarilor arcului de meridian dintre Dunkuerque si
Barcelona, efectuate de Delambre si Mechain, a fost
realizat un etalon din platind al metrului cu repere. Pe
baza rezultatelor masurarilor efectuate de Lavoisier
si colaboratorii sai asupra greutatii unui volum
cunoscut de apa, a fost realizat un etalon din platina al
kilogramului. Cele doua etaloane din platind, al metrului
si al kilogramului, au fost depuse, la 22 iunie 1799, la
Arhivele Republicii Franceze, primind denumirea de
Metrul de la Arhive si, respectiv, Kilogramul de la
Arhive. Astfel, s-a ajuns la realizarea unui prim sistem
unitar si coerent de masurari, de citre un grup de
oameni francezi, care, la sfarsitul secolului al XVIII-
lea, a creat sistemul de unitati MKS (metru, kilogram,
secunda), precursorul actualului Sistem International
de Unitati, SI. In anul 1790, Adunarea Constituanti
a investit Academia franceza sa stabileascd unitati

16

phenomena which are reproducible under stable and
determined conditions, and are not affected by the
environment.

The researches and studies which were done in
time to mise en practique the meter definition and
to achieve the standard of length, showed that the
fundamental standard of length must be achieved in
the field of light radiation and not in a material object.

2SHORT HISTORY OF THE ADOPTION AND
MISE EN PRACTIQUE OF THE DEFINITION
OF MEASURE LENGTH UNIT

In length field, the measurement means as in both
mass and time fields were defined since the beginning
of humanity because were necessary stable references
of the results of all measurements obtained by human
society. Especially with the development of trade,
it was determined that there were great differences
between different measure systems that led to
different results for the same type of measurements,
which derived into a major problem. It was about
time to try to adopt a unitary and coherent system of
measurements.

Historically, the first step in this matter was made
during the French Revolution. It was stated that
one of the causes that accelerated the deplopment
of the people was the general discontent due to the
absence of unique standards for length and mass.
After the revolution the government took the decision
of making and adopting standards for length and
mass. In length field it was adopted the meter, whose
length was equal to a 10 million part of the quarter
Meridian of Earth and a gram, equal to the mass of
cubic decimetre water at the temperature of maximum
density at 4°C. Based on the results of measurements
of the arc of meridian between Dunkuerque and
Barcelona, conducted by Delambre and Mechain, a
Platinum standard for meter was made. Based on the
results of the measurements made by Lavoisier and
his collaborators on the weight of a known volume
of water it was achieved a Platinum standard of the
kilogram. The two standards of Platinum, the meter
and the kilogram, were filed on June 22, 1799, at the
archives of the French Republic, receiving the name
of Archives of Meter and respectively the kilogram
from the Archives. Thus, it was the first time when
the first coherent and uniform system of measurement
was created by a French group of people. This system
created at the end of the XVIII™" century was called
MKS (meter, kilogram, second). In 1790 in France,
the Constituent Assembly authorized the French
Academy to establish ~ uniform  measurement

METROLOGIE  2-3/2014
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de masura uniforme pe tot cuprinsul Frantei si noua
ani mai tarziu, au fost create primele etaloane pentru
lungime §i masa, respectiv metrul si kilogramul, care
materializau unitatile de masura ale sistemului metric.

In anul 1867 s-a creat un Comitet International al
Masurilor, Greutatilor si Monedelor cu misiunea de a
promova adoptarea sistemului metric in lume. Comisia
Internationald a Metrului, constituitd la initiativa
Academiei de Stiinte din Paris a luat in discutie
primele definitii ale unitatilor de masura si a propus
organizarea unui Birou International de Masuri si
Greutati care sa aiba ca obiective realizarea, pastrarea,
compararea etaloanelor nationale si internationale. In
anul 1875, guvernele a 17 state au semnat un tratat
diplomatic international cunoscut sub denumirea de
»Conventia metrului” si au creat la Sévres - Franta,
Biroul International de Masuri si Greutati (BIPM),
subordonat Conferintei Nationale pentru Masuri si
Greutati (CGPM).

Odatd primul pas fiind ficut, s-a inceput
implementarea definitiei unitatilor de masura in randu
In decursul celor 23 de conferinte internationale
desfasurate pe parcursul a aproape 140 de ani, care au
avut loc de la nfiintarea CGPM pana in prezent, s-a
reusit asigurarea perfectionarii si raspandirii sistemului
international de unitati, ca sistem coerent si unitar.

In cadrul conferintelor CGPM referitoare la punerea
in practicd a definitiei metrului, au fost adoptate
urmatoarele definitii:

- in septembrie 1889, a avut loc prima
CGPM care a adoptat prima rezolutie referitoare la
stabilirea prototipului international din platina-iridiu
pentru realizarea unitatii de lungime - metrul [m] si
a dat prima definitie a metrului; ,,Metrul, unitatea
fundamentald de lungime, este lungimea pe care o
are la temperatura de 0 °C prototipul international de
platina-iridiu”;

- In1927,lacea de a7-a CGPM s-a redefinit
unitatea de lungime pornind tot de la prototipul din
1889, dupa cum urmeaza: ,,Unitatea de lungime este
metrul, definitd la temperatura de 0 °C, ca distanta
dintre reperele mediane trasate pe rigla de platina-
iridiu aflata la BIPM si declarata prototip al metrului
de catre prima CGPM. Aceasta riglad este sprijinita
in conditii de presiune atmosferica normala pe doua
role, cu un diametru mai mic de 10 mm. Rolele
sunt situate simetric pe un plan orizontal fata de
extremitatile riglei si au o distanta de 571 mm intre
centrele lor”;

- In 1893 Michelson si Benoit, care 1si
desfasurau activitatea la BIPM au utilizat un
interferometru pentru masurarea lungimii de unda a
radiatiei rosii a cadmiului n raport cu metrul. Avand

METROLOGIE  2-3/2014

units along the territory of France and nine years
later, the first standards for length and mass to
respect to meter for length and kilogram for mass
were created.

In 1867 it was created the International Committee
of Measurements, Weights and Coins having the
mission to promote metric system worldwide. The
International Committee of the Meter, constituted
at the initiative of the Science Academy of Paris
debated the first definitions of the measurement units
and proposed the organization of an International
Bureau of Measures and Weights, having the aim
to achieve, preserve, compare the national and
international standards. In 1875, the governments of
17 states signed a diplomatic treaty, known as “The
Meter convention” and created in Sévres — France, the
Bureau International des Poids et Mesures (BIPM),
submitted to the National Conference of Measures
and Weights (CGPM).

These problems being resolved it began the
implementation of the definition of the measurement
units among all the signatory countries of the Meter
Convention.

The signing of the Meter Convention in 1875
was a decisive advantage for global uniformity of
measurements and in 1960 the CGPM adopted the
current name of “International System of Units” and
the abbreviation “SI”.

The definitions of SI units underwent a gradual
change over time, following the previously stated
idea, to bind them with stable and reproducible
phenomena. Obviously, the microphysical phenomena
are generally less affected by experimental conditions
and the properties of matter at the atomic scale are the
same at any point on the globe, at any time and in any
circumstances.

During the 23 international conferences that took
place on a period of 140 years, since the establishment
of the CGPM until now, it was managed to ensure
the improvement and the spread of the international
system of units as a coherent and unified system.

In the frame of the CGPM conferences on the
implementation of the definition of the meter, the
following definitions were adopted:

- in September 1889, took place the first
CGPM which had adopted its first resolution
regarding the establishment of the international
prototype of platinum-iridium in order to achieve the
unit of length - meter [m] and gave the first definition
of the meter; "Meter, the fundamental unit of length
is the platinum-iridium international prototype at 0°C
length”;

- in 1927, at the 7" CGPM, was redefined the

17
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la baza definitia metrului din 1927, ei au reusit sa
determine lungimea de unda a liniilor de emisie a
izotopilor de kripton 86, cadmiu 114 si mercur 198.
Aceasta permitea obtinerea lungimilor de unda
de la linii spectrale de emisie foarte apropiate, ale
caror stabilitate si reproductibilitate erau superioare
valorilor obtinute la Metrul Prototip. Astfel, in 1960,
CGPM a adoptat urmatoarea definitie a metrului:
»Metrul este lungimea egala cu 1.650.763,73 lungimi
de unda in vid, ale radiatiei portocalii a atomului
de kripton 86, care corespunde tranzitiei atomului
de kripton 86 intre nivelurile 29, si 5d,. In aceste
conditii, definitia metrului adoptata in 1889 a fost
abrogatda. Noul etalon realizat permitea masurarea
lungimii cu o exactitate mai buna de 10®. Aceasta
definitie, mai ermetica decat precedenta, aducea o
micsorare cu doua ordine de marime a incertitudinii
de reproducere a metrului, transferand etalonul
primar din domeniul masurilor realizate cu mijloace
tehnologice, in domeniul constantelor naturale;

- primele masurari simultane ale frecventei si
lungimii de unda a luminii au fost efectuate in 1972,
conducand la obtinerea unei valori mult mai exacte
pentru viteza luminii, respectiv cu o incertitudine
asociatd egald cu 1,2 ms™. Aceastd valoare a permis
stabilirea unei legaturi intre frecventele si lungimile
de unda ale altor lasere;

- la inceputul anilor 1970, frecventele
laserelor puteau fi comparate cu o exactitate mai buna
decat rezultatele exprimate in unitati absolute, ceea
ce implica obtinerea unei definitii mult mai exacte
pentru viteza luminii. Pentru a preveni discrepantele
intre diferitele experimente, in 1975, Comitetul
Consultativ al Definitiei Metrului a recomandat la
cea de a 15-a CGPM, valoarea de 299.792.458 ms™;

- cu toate acestea, abia In 1983, la cea de a
17-a CGPM s-a adoptat o noud definitie a unitatii de
lungime, respectiv: ,,Metrul este lungimea drumului
parcurs de lumind, in vid, intr-un interval de timp
de 1/299.792.458 dintr-o secunda”, care abroga
definitia metrului datd in 1960, bazata pe tranzitia
intre nivelurile 2p, -5d a atomului de kripton 86;

- Inanul 1992, laceadea81-asesiune a CIPM,
prin Recomandarea a 3-a s-a prevazut revizuirea
punerii In practica a definitiei metrului adoptatad in
1983, adoptandu-se noi radiatii etalon si s-au definit
mai exact valorile frecventelor si incertitudinile
relative asociate ale radiatiilor laserelor aservite, care
au fost recomandate ca noile etaloane de lungime;

- in anul 2007 la cea de a 23-a conferinta
a CGPM s-a adoptat Rezolutia I referitoare la
revizuirea punerii in practica a definitiei metrului,
supunandu-se atentiei noua generatie de etaloane de
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unit of the length to the same prototype from 1889, as
follows: “The unit of length is the metre, defined by
the distance, at 0°, between the axes of the two central
lines marked on the bar of platinum-iridium kept at
the Bureau International des Poids et Mesures and
declared Prototype of the metre by the 1st Conférence
Générale des Poids et Mesures, this bar being subject
to standard atmospheric pressure and supported on
two cylinders of at least one centimetre diameter,
symmetrically placed in the same horizontal plane at
a distance of 571 mm from each other”;

- in 1893 Michelson and Benoit carrying on
their activities at BIPM used an interferometer for
measure the length of the wavelength of red radiation
of cadmium in relation to the meter. Based on the
definition of the meter from 1927, they had been able to
determine the wavelength of the emission lines of the
isotopes krypton 86, cadmium 114 and mercury 198.
This made possible the obtaining wavelength from very
close spectral lines, whose stability and reproducibility
were higher than the values obtained from the Meter
Prototype. Thus, in 1960, CGPM adopted the following
definition of the meter: “ 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 |
and 5d; of the krypton 86 atom. Under these conditions,
the definition adopted in 1889 has been abrogated. The
new achieved standard allowed measuring the length
with an accuracy better than 108, This definition,
tighter than the last, brought a decrease with two orders
of magnitude of uncertainty for the reproduction of the
meter, transferring the primary standard from the field
of measures obtained with technological means, in the
field of natural constants;

- the first simultaneous measurements of the
frequency and the wavelength of the light have been
carried out in 1972, leading to a much more accurate
value for the speed of light, with an associated uncertainty
equal to 1.2 ms™. This value permitted a link between
frequencies and wavelengths of other lasers;

- atthebeginningof1970s,thelasersfrequencies
could be compared with an accuracy better than the
results expressed in absolute units, which required the
obtaining a definition more accurate for the speed of
light. To prevent discrepancies between the various
experiments, in 1975, the Advisory Committee of
Definition of the Meter has recommended at the 15-th
CGPM, the value of 299.792.458 ms™;

- however, in 1983, the 17-th CGPM has
adopted a new definition of the unit of length, namely:
“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”, which abrogated the definition of the
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frecventd optica si legarea metrului de unitatea de
timp, secunda.

Punerea in practicd a noii definitii a metrului
adoptatd in anul 1983, bazatd pe constanta fizica
fundamentald - viteza luminii in vid, nu produce
schimbari esentiale in metrologia lungimilor,
deoarece tehnologia de reproducere si transmitere
a unitatii de lungime rdmane aceeasi. Determinarea
lungimii de unda (frecventei) unui laser utilizat in
masurdri curente se poate realiza prin compararea cu
un laser de referinta, a carui frecventa este cunoscuta
cu exactitate Tnalta, Insd prin compararea lungimii
de unda a celor doua lasere, metrul nu mai este un
etalon primar realizat conform definitiei. Prin fixarea
vitezei luminii, unitatea de lungime se realizeaza
prin intermediul ceasului cu cesiu care reproduce
secunda si care devine in subsidiar etalon primar.

In vederea cresterii nivelului de exactitate in
transmiterea unitatii de lungime, laboratoarele
europene dezvoltate din domeniile timp si
marimi dimensionale 1si canalizeazd atentia
asupra elaborarii unor studii privind noul sistem
de punere in practica a definitiei metrului.
In acest sens, tot mai multe laboratoare de
metrologie utilizeaza ca etaloane primare de
lungime, in locul laserelor He-Ne stabilizate pe
Iod, sistemul comb femtosecunda, care are la
baza un generator de frecvente, cu posibilitatea
combinarii frecventelor ce pot genera o multime
de frecvente n tot spectrul optic.

Dezvoltari recente in metrologia frecventelor
optice, au determinat schimbari importante in
lucrul cu frecventa laserelor si, ca o consecinta,
in punerea in practicd a unitatii SI de lungime,
metrul. Tinand cont de progresul obtinut in
generarea impulsurilor ultra scurte si a efectelor
optice non liniare in structura fronturilor de
unda, s-a extins mult gama generatoarelor
femtosecunda. Astdzi, masurarile directe de
faza coerentd a frecventelor optice sunt posibile
avand ca referintd etaloanele primare de
frecventa, iar cel mai inalt nivel de exactitate
s-a obtinut prin legarea directd a acestora la
unitatea SI de timp, secunda.

Metrologia frecventelor optice de exactitate
inaltd bazata pe fuziunea undelor laser continue
cu laserele ultrarapide cu mod fix, a condus la
controlul foarte exact al spectrelor de frecventa
din vizibil si infrarosu apropiat  produse
de lasere cu mod fix. Un asemenea laser cu
faza controlatd prin mod fix constituie baza
unui astfel de generator de frecvente optice
in domeniul femtosecundei care realizeaza
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meter given in 1960, based on the transition between
the levels 2p, -5d; of krypton 86;

- in 1992, at the 81% session of CIPM, through
the 3" Recommendation it was stipulated the mise
en practique of the definition of the meter from 1983,
adopting new radiations standards and were defined
more precisely the values of the frequencies and
associated uncertainties of lasers, which have been
recommended as the new standards for length;

- 1n 2007, at the 23 Conference of CGPM was
adopted the Resolution I regarding the revision of the
mise en practique of the definition of the meter using the
concept of new standards of optical frequencies and the
direct link of the meter with the unit of time, the second.

The mise en practique of the new definition of
the meter adopted in 1983 based on the fundamental
constant, the speed of light in vacuum, does not bring
essential changes in metrology of lights, because
the reproducing and transmitting technology of the
length unit remains the same. The determination of
the wavelength (frequency) of a laser used in current
measurements can be easily made by comparing it
with a reference laser standard whose frequency is
known with great accuracy, but, by comparing the
wavelength of both lasers, the meter is no longer a
primary standard performed as definied. By assigning
the speed of light, the length unit is achieved via a
cesium clock which reproduces the second, and
becomes, in subsidiary, a primary standard.

In order to increasing the accuracy of the length
unit, the European laboratories developed from the
fields of Time and Dimensional quantities channel
their attention on the development of studies regarding
the new system of mise en practique of the meter
definition. In this respect, more and more metrological
laboratories use as primary standards of length,
instead of the stabilized He-Ne lasers on iodine, the
optical standard of frequencies based on femtosecond
generators which can generate frequencies in all optic
spectrum.

Recent developments in optical frequency
metrology, had led to major changes in working
with frequency lasers and, as a consequence, in the
implementation of the unit of length, the meter.
Taking into account the progress made in the
generating of ultra short pulses and the optical non-
linear effects in the structure of the wave fronts, the
range of femtosecond generators expanded. Today,
the direct measurements of the coherence phase of
optic frequencies are possible having as reference the
primary standards of frequency, and the highest level
of accuracy was obtained linking them to the SI unit
of time, the second.
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combinarea bine definita a frecventelor cu
liniile de frecvente optice fine din domeniul
femtosecundelor. Incertitudinea de masurare a
unui astfel de sistem, ajunge in valoare relativa
la 10°%.

3. CONCLUZII

In decursul celor aproape 140 de ani de la punerea
in practica a primei definitii a metrului, a existat
0 preocupare continud de asigurare a uniformitatii
unitatilor de masura, a corectitudinii $i a exactitatii
masurarilor.

Desi pentru unitatea de lungime, metru, este
inca 1n vigoare definitia datd in anul 1983 de a
17-a CGPM, definitie bazata pe constanta fizica
fundamentald, respectiv viteza luminii in vid, se
doreste redefinirea unitatii de lungime plecand de
la unitatea de timp si dezvoltarea etaloanelor de
frecventa optica. Prin legarea unitatii de masura
a lungimii la etalonul de timp, se preconizeaza o
crestere a incertitudinii relative asociate de la 1012
la 107,
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Optical frequencies metrology ofhighaccuracy, based
on the fusion of continues laser waves with ultra rapid
lasers with fixed mode carries on a very strong control
of closed infrared and visible spectra frequencies made
by lasers with fixed mode. Such a laser having the phase
controlled by fixed mode is the principal component
of the generator of optical frequencies in femtosecond
field which achieves the well-defined combining of
frequencies with optical frequency fine lines in the field
of femtoseconds. The relative measurement uncertainty
of such a system is about 107,

3. CONCLUSIONS

Over a period of nearly 140 years from the mise en
practique of the first definition of the meter, a continous
preoccupation to assure the uniformity, correctness and
accuracy of the measurement units existed.

Although, for the unit of length, the meter, the
definition given in 1983 at the 17-th CGPM is still
in use, definition based on the universal physical
constant, namely the speed of light in vacuum, it is
intended to redefine the unit of length based on the unit
of time and the development of the optical frequency
standards. By the association of the measurement
unit of length, to the standard of time is expected to
obtained a decrease of the measurement uncertainty
from 10*? to 10°%.
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