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MINISTRY OF CONSUMER AFFAIRS, FOOD AND PUBLIC DISTRIBUTION
{Department of Consumer Affairs)
NOTIFICATION

New Delhi, the 31si January, 2011
5.0. 211(E).—In exercise of the powers conferred by sub-section {1) read

with clauses (a), (b), (d} and {e) of sub-sectian (2) of section 52 of the Legal
Metrology Act, 2009 (1 of 2010}, the Central Government herehy makes the
following rules, namely;-
CHAPTER 1
PRELIMINARY
1. Short title and commencement-(1) These rules may be called the Legal
Metrology (National Standards) Rules, 2011,
(2} They shall come into foree on the 1# day of April, 2011,

24y Ly — 6



|’

THE GAZETTE OF INTHA ; EXTRADRDINARY IPany [l--5y BRI
— A =

2. Definitions- In these rules, unless the context otherwise reguires:-

() "Act” means the Legal Metrology Act, 2009 (1 of 2010);

(B} "co-efficient” means those parameters without physical dimension ar
ratios of gquantities of the same  kind, which are necessary for particular
measurements or for characterising properties of substances or mixtures of certain
substances; o i

ILLUSTRATION: Dearee of alcoholic strength, percentage of Sugar and
hardness of materials, are examples of co-efficients,

(c) “derived units™ means units, expressed algebraically in terms of base
units, or in terms of base and supplementary units of weights or measures, by
means of mathematical symbals of multinlication or divisian, or both. :

Explanation |.- [:;Efl'-l'ed units having special names and symbols (such as
Newton', with symbol "N' may, by themselves, be used to express other derived
units in a simpler way than in terms of the base units of weights and Measures,

Explanation II.- The values of dimensioniess quantities (such as, refractive
index, specific gravity, relative permeability or relative permittivity) are expressed
by numbers. In such cases the corresponding unit shall be the ratig of the
relevant two units and may be expressed by a number;

(d) "General Conference an Weights and Measures” means the conference
General des Poids et Mesures established under the Metre Convention to which
India acceded in 1557;

(e) "International Bu_reau of Weights and Measures® means the Bureau
International des Poids et Mesures established under the Convention du Metre, at
Sevres in France,

(f) “International Organisation of Legal Metrology” means the Organisation

Intemnationale de Metrologie Legale established under the Convention Instituant
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Une Organisation Internationale de Metrologie Legale in 1955 to which India
acceded in 1956;

{g) "International prototype of the kilogram™ means the prototype sanctioned
by the First General Conference on Weights and Measures held in Paris in 1839
and deposited at the International Bureay of Weights and measures;

(R} "International System of Units” of weights arid measures means 'Le

System International d ‘Units', with the international abbreviation 'SI', established
by the General Conference an Weights and Measures; Explanation.-'5I' is divided
inte three classes of units, namey: -

{1} base units, and

(i) derived units; and

(iii] supplementary units;

(i} "permitted units” means the units which though not part of the Sl, are
recognised and permitted by the General Lonference on Weights and Measures for
general use along with s units;

(i) “physlesl constants® means those constants which Express the value of
bhysical invariant in 3 given system of units and these constants include-

(1) these which correlate two ar mare physical quantities to express 3
physical phenomenon in quantitative terms independent of any material
properties; for example, gravitational constant, velocity of light etc,

(i) those which correlate the MICIOScopic  properties of elementary
particles (atoms, moleciles gtc.) to the corresponding microscopic properties: for
example; Avogadro constant, Faraday constant etc,

(1) those conversion factore used to express the same parameter in
terms of independently defined units for example, the conversion factor relating

the astronomical unit of Parsec to the metre and atomic mass unit to kilogram.
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{Iv) those which describe the matarial properties of pure substances, for

example, thermal conductivity, Specific resistance, etc;

(k) “Schedule” means the Schedule appended to these rules;

() "SI prefix" means the name and symbol of a prefix used for forming
decimal multiples and sub-rultiples of SI units, and of such other units as are
permitted subject to any exception or modification by the General Conference on
Weights and P-Taasures‘nr the International Crganisation of Legal Hetruln;[y: ar
both, to be used along with the S1 Lnits;

{m) "special units” mean units, autside, the SI which are ordinarily used in
specialised fields of sclentific research and the values of those units expressed in
Sl units can only be obtained by experiment, and are, therefareg, not Imn'.'m‘
exactly.

Explanation: The value of electron vait (the unit of energy) depends
upon the experimentally determined value of the charge of an electron:

(n) "supplementary units” mean the units of weight or measure which have
been specified as such by the General Conference on Weights and Measures.

Explanation: Supplementary units may be used to form derived units:

{0) "symbol" means a letter or a group of letters written or combined in the
specified manner for the convenient representation of a unit or a group of units;

(p) “temporarily accepted units” means the unit of weight of measure which
have been recognised far the e being by the General Conference of weights

and measures for yse along with SI units,
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CHAPTER II
UNITS OF WEIGHT OR MEASURE
3. Units of Weight or Measure to be based on metric system
(1) Every unit of weight or measure shall be based on the units of the metric
sysiems,
(2) For the purpose of sub-rule (1)
(#) the international system of units a5 recommended by General
Conference on weidhts and measures, and o
(b} such additional units as may be recommended by the International
Organisation ;;F Legal Metrology,
shall be the units of metric systems,
4. (1) Base units of Length- The base unit of length shall be the metre.

(2} The “metre” is the length equal to 1650763.73 wavelenath in vacuum of
the radiation corresponding to the transition between the levels 2py,, and 5ds of
the krypton-B6 atam.

5. (1) Base units of Mass- The Base unit of mass shall be the kilogram.
{2) The “kilogram"” Is the unit of mass; equal to the mass of internatianal

prototype of kilogram.

6. (1) Base unit of time- The base unit of Gme shall be the second,
(2} The “second” is the duration of 9 192 631 770 periods of radiation
corresponding to the transition between the two hyperfine levels of the ground

state of the caesium-133 atom.
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(1) The base unit of electric current - The hase unit of electric cu

rrent
shall be the ampera,

(2) The "ampere” is that constant current which If maintained in two stralght

parallel conductors of infinite length of negligible circylar tross-section, and placed

one metre apart |n vatuum, would produce between thege conductors a force

equal to 2x10" newton per metre of length.

- L]

8. (1) Base unit of thermodynamic temperature- The Hace unit of

thermodynamic temperature shail be the kefvin,

{2} The "kelvin” is the fraction 1/273.16 of the thermaodynamie temperatyre

of triple paint of water.

{3) The Kewin shall also be used for Expressing the interval or difference of
temperature,

(4) Zero degree Calsjys correspands to 273.15 kelvin,

\3) The degree Celsius may also be used for Expressing the interval or

difference of temperature, unit degree Celsiys being equal to unit Kelvin,

9. (1) Base unit of luminous intensity.- The base unit of luminous intensity
shall be the candela,
(2) The “candela” i5 the

feminous Intensity. in the perpendiciiar direction; of

a8 surface of 1/600,000 square metre of a biack body

at the temperature of
freezing platinum undsr 3 pressure of 101 325 newtons per square metre.
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10. (1) Base unit of amount of substance.- The base unit of amount of
substance shall be the mole,

(2} The "mole” is the amount of substance of a system which contains as miany
elementary entitles as there are atoms in 0,012 kilegram of carbon 12,

{3} When the mole Is used, the glementary entities shall invariably be specified
and may be atoms, molecules, ions, electrons, other particles, or specified groups

of such particles,

11. Rules of Construction,.- In these rules, wherever the expression "weight'
has been used as symbolising the quantity of matter, such expression shall be

construed as representing mass.

12. Supplementary Units.- The units defined and specified in the First
Schedule shall be the supplementary units and the symbel assigned to each such
units in that Schedule shall be the symbel of that unit.

13. Derived units.- The units defined and specified in the Second Schedule
shall be derived units and the symbol assigned to each such unit in that Schedule
shall be the symbol of that unit and no other units shall be used for the entitbes
specified in the Second Schedule except for the purpase of sdentific or
technologlcal research,

14, Decimal muitiples and sub-muitiples of units.- (1) Decimal multipies
and sub-multiples of base, supplementary, derived or other units shall be farmed,
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unless otheryise specified, by using either the ful fame, or symbol of the Sl-prefix

specified in the Thirg Schedule,

(2} The multiples ang Sub-multiples of the units of tme and plane angle

specified in the Fourth Schedule shall be formed only in the manner specified in

(2} The multioles and sub-multinles of the unirs spacified in the Fifey
Schedule shall be formed with the help of 5] prefixes specified in the Thirg
Schedule,

17, Temporarily accepted units.- The unit of weight or measure specified in
the Sixth Schedyle may also be used, subject to tha tondition that the Central
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Provided that such review may be undertaken earfier by the Central
Govemnment either on its awn motion o on the basis of a recommendation mada

by the General Confersnce on Weights and Measures, or the Intermational
Crganisation of Legal Metrology.

18. Units which should be progressively discontinued.- (1) Subject to sub-
rule (2), the centimetre or gram or second units specified in the sewenth Schedule,
and the units of weights and measures specified in the Eighth Schedule (being
units cutside the SI), shall not ordinarily be used except Far the purpose of
scientific and technological research and no such unit shall ordinarily be used for
the purpase of imparting education. i

(2) The use of the units specified in the Seventh Schedule ar, as the case
may be, in the Eighth Schedule, shall not be used in any field except in the field of
stientific and technological resesrch,

{3) While using the units specified in the Seventh Schedule, or, as the case
may be, the Eighth Schedule for the purpose of scientific and techinclogical
research, such units shall be used only with the corresponding symbaols specifind in
the Schedules aforesaid.

13. Physical constants.- The physical constants specified in the Ninth Schedule

and their correspanding numerical values shall be used for all purposes except for

the purpose of research connected with the determination of their vaiues,

J4y caufn- 3
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20. Coefficient and symbol.- (1} Coefficients include the terms defined and
specified in the Tenth Schedule; the symbol assigned to any such coefficient in
that Schadule shall be the symbol of such coefficient.

{2) Ordinarily, the coefficient and their respective symbols specified in
the Tenth Scheduie shall be used:

Provided that any coefficient which is not specified in the Tenth Schedule
but which mrresﬁt:r:lds to any coefficient spacified in that Schedule, may be used
for a period of five years from the commencement of these rules:

Prn'.rj::.l-ed further where any new coefficient added in the Tenth
Schedule, any coefficient corresponding to the coefficient so added may be used
for a period of five years from the date of addition of such coefficient. y

{3) On the expiry of the period of aforesaid five years, the use of
coefficient and their respective symbols as specified in the Tenth Schedule shall be
compulsory

Explanation- [n the case of a coefficient the use of which is permissible
under any of the provisos to sub-rule {2), the symbol, if any, attached to such
coefficient may also be used for the same period for which the corresponding
coafficient is permitted to be used,

21. Formation of new units.- No new unit or weight or measure shall be
formed or used except for the purpose of scentific and technological research,

without the previous approval of the Central Government.
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CHAPTER III

NATIONAL STANDARDS

22. National prototypes.- (1) The Central Government shall, for the purpase of
deriving the value of kilogram, cause to be prepared a national prototype of the
kilogram and shall cause its accuracy to be certified by the International Bureau of
Weights and Mea;ures equivalent to the international prototype of kilt::rg;'am and
shall thereupon deposit the same in the custody of the National Physical
Laboratory, New Dealhl.

(2} The Central Government shall, for the purpose of deriving mel value of
metre, cause to be prepared a national prototype of the metre and shall cause Its
accuracy to be certified by the International Bureau of Weights and Measures and

shall thereupon deposit the same in the custody of the National Physical

Laboratory, New Delhi.

23. Custody, maintenance, etc. of national standards of weights and
measures.- (1) The work relating to the realisation, establishment, custody,
mainterance, determination, reproduction and updating of national standards of
weights and measures shall, on the commencement of these rules, be the
responsibility of the National Physical Laborztory,

{2) The Central Government may call for such reports from, or [ssue such
directions to, the National Physical Laboratory as It may think fit, In relation to all

or any of the matters specified in sub-rule (1),
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24. Realisation and establishment of the national standards of weights

and measures based on SI units.-[1) The National Physical Laboratory shall
discharge the respansibility of realising and establishing the national standards of
weights and measures on the basis of recommendations made from time to time,
by the General Conference on Weights and Measures or the International
Organisation of Legal Metrology, as the case may be. g

(2) The standards of weights and measures, so realised and establiched,
shall be self-consistent.

{3) For the purpose of establishing the nabional stan:jard_r. for the basa units
other than of mass, the National Physical Laboratory shall—

{a) prepare or cause to be prepared such ohjects or equipments, or
reproduce such phenomena, or both, as may be necessary for the purpose; and
(b} determine or cause to be determined the value of the national

standards as recommended by the General Conference on Weights and Measures
and inter compare them, or cause to be inter compared, with the comasponding
internaticnal standards

(4) For the purpose of deriving the value of the kilogram, Che National
Physical Laboratory shall arrange the periodical determination of the value of the
national prototype of the kilogram and  the value of which Is s0 determined, shall
be the national standards of mass.

(%) For the purpose of establishing the national standards for the derived
and supplementary units the Mational Physical Laboratory shall prepare such
standards, or objects or equipments, or both and determine periodically their value

and accuracy in relation to the national standards of base units,
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25. Custody and maintenance of prototype standards.-(1) The natonal
prowotype of the kilogram and other standards, eguipments and objects shall
remain in the custody of the National Physical Laboratory, New Delhi,

f2) The national prototype of the kilogram and every other national
standard, standard equipments and objects shall be maintained and realised
periodically in accordance with such instructions as the General Conference on
Weights and Measures or the International Organisation of Lﬂgaiﬂeuahéy ar any
organisation constituted by either of them may issue from lime to lime,

13} Where no instructions have been issued by the Internaticnal Organisation
referred to in sub-rule (2}, any Consultative Committee constituted may compile
instructions for the proper malntenance of national prototype, national standartls,
standards equipments and objects,

{4) The National Physical Laboratory shall arrange, where necessary, to have
the national prototype and national standards of physical measurements realised
and established in accordance with the recommendations of the General
Conference on Weights and Measures and to get them calibrated on Inter
compared with reference to the appropriate international standards of physical
measurements at periodical Interval of not more than ten years.

(5% The value of the national prototype and other national standards shall be
the value determined by the National Physical Laboratory or assigned by the
Mational Physical Laboratory on the basis of the technical Information provided by

the International Bureau of Weights and Measures and the National Physical
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Laboratory shall publish such values periodically but in any case at least once in
every five years,
(6) The value determined in accordance with sub-rule (5) shall be deemed to

represent the higher obtainable accuracy of such value in the country.

CHAPTER IV

REFERENCE, SECONDARY AND WORKING STANDARDS
26. Reference Standard.- The expression "reference standard” means set of
standard weight o measure which s made or manufactured by or on behalf of the

Central Government for the verification of any secondary standargd,

27. Secondary Standard.- The expression “secondary standard” means set of
standard weight or measure which is made ar manufactured by or on behalf of the
Central Government or State Govemnment far the verification of any warking

slandard,

28. Working Standard.- The expression “working standard” means zet aof
standard weight or measure which is made or ma nufactured by or on behalf of the
Central Government or State Government for the verification of any standard
weight or measure, other than national prototype, refersnce standard or

secondary standards,

29. Standards which are to be fabricated by the Mint.- Unless atherwise
specified by the Central Government, all the reference, secondary and working



[ = [—ETE 3] UA W THIH 1 ST

standards of mass and length and secondary and working standards of capacity

shall be fabricated by the Metrological Wing of the Government of India Mint in

Mumbai.

30. Places where reference, secondary and working standards be kept.-

(1} There shall be established by the Central Government, at such places as
it may think fit, Reference Standard Laboratories for maintaining such reference,
secondary and working standards as may be needed by the Central Government
for the purpose of the Act.

{2) The Indian Institute of Legal Metrology or any other Laboratory specified
by the Central Government for this purpose may also maintain such reference,
secondary and working standards, as may be necessary, for their funrﬁnni;:g as a
Metrological Laboratory of the level of a Reference Standard Laboratory.

(3} The Government of India Mint at Mumbal may also maintain such
reference, secondary and working standards as may be necessary for carrying out

the work referred to in rule 29.

31. Period and manner of verification of reference, secondary and
working standards-

(1) Every reference standard shall be verified and certified in terms of the
Mational Standards by the National Physical Laboratory, at an interval not
exceeding three years:

Provided that in the case of length measures such interval shall not exceed

five years.
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{2) Every secondary standard shall be verified against the appropriate
reference standard by the Reference Standard Laboratory, at an interval not
exceeding two years.

(3) Every working standard shall be verified against the appropriate
secondary standard, by any of the laboratories whera secondary standards are

maintained, at an interval not exceeding one year.

32, Maintenance of Reference, Secondary and Working Standards.- Every
reference standard, every secondary standard and every working standard,
Irrespective of the place where they are kept, shall be maintained as far as
practicable in accordance with the guidelines Ilssued by the National Physical

Laboratory from time ta time,

33. Repeal and savings.- (1) The Standards of Weights and Measures (National
Standards) Rules, 1988 (herein under referred to as the said rules) are hereby
repealed.

Provided that such repeal shall not affect:

(a) the previous operations of the said rules or anything done or omitted to he
done or suffered therein; or

(b) any right, privilege, obligation or liability acquired, accrued or incurred under
the said rules; or

(c) any penaity, forfeiture or punishment incurred in respect of any offence

committed against the said rules; or
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(d) any investigation, legal proceedings or remeady in respect of any such right,

privilege, obligation, liabiiity, penaity, forfeiture or punishment as aforesaid.

And any such investigation, legal proceedings or remedy may be instituted,
continued or enforced and any such penalty, farfeiture ar punishment may be
imposed as if the said rules had not been rescinded.

(2) Notwithstanding such repeal anything done or any action taken or purported to
have been done or taken including approval of letter, exemption granted, fees
collected, any adjudication, enquiry or investigation commenced, license and
Ireglsh‘aﬁnn of manufacturers, dealers, importers of weights and measures, or
show cause notice, decision, determination, approval, authorisation issued, given
or done under the sald rules shall if in force at the commencement of the said
rules continue to be in force and have effect as if issued, given or done under the
corresponding provisions of these rules.

(3) The provisions of these rules shal apply to any application made to the
Central Government or as the case may be the State Government under the said
ruies for ficence, registration of manufacturers, importers, dealers, repairers of
weights and measures pending at the commencement of these rules and to any
proceedings consequent thereon and to any regestration granted in pursuance
thereof,

(4) Any legal proceeding pending in any court under the said rules at the
commencement of these rules may be continued in that court as If these rules had

not been framed,
(5) Any appeal preferred to the Central Government or as the case may be the

State Government under the said rules and pending shall be deemed to have been

made under the corresponding provisions of these rules.

ELY Ll —8
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THE FIRST SCHEDULE

(See rule 12)
Supplementary Units and their symbols
1, Unit of plane angle- The unit of plain angle shall be the radian, (symbol; rad)
The radian Is the plane angle between two radii of a circle which cutoff, on the

circumference, an arc equal in length to the radius.
<. Unit of solid-angle- The unit of solid angle shall be the steradian. {symbol: sr)

The steradian s the solid angle which, having its vertex in the centre of a sphere,
cuts off an area of the surface of the sphere equal to that of a square with sides of

length equal to the radius of the sphere.
THE SECOND SCHEDULE

(See rule 13)
Derived Units and Their Symbaols
PartI
Derived Unit in relation to Space and Time
1. Unit of Area: The unit of area shall be the square metre. (Symbol: m*)

The square metre is the area of a square with sides of one metre each,
2. Unit of Volume: The unit of volume shall be the cubic metre, (Symbol: m")

* The cubic metre is the volume of a cube with sides of one metre each.
3. Unit of frequency: The unit of frequency shall be the hertz. (Symbol: Hz)

The hertz is the frequency of a periodic phenomenon, the period of which is one
secand.

IHz= 1/1s,
4. Unit of angular velodity: The unit of angular velocity shall be the radian per

second. (Symbol: rad/s)
The radian per second is the angular velocity of a body, rotating around the fixed
axis, which rotates through one radian in one second, when set in uniform

rotation.
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5. Unit of angular acceleration: The unit of angular acceleration shall be the radian
per second square. (Symbol: rad/s’)
The radian per second squared Is the angular acceleration of a body, rotating
around the fixed axis, which when set in uniform varying rotation, changes angular

velocity at the rate of one radian per second in one second.

6. Unit of speed and velocity: The unit of speed and velocity shall be the metre per
second. (Symbol: m/s or ms*)

The metre per second is the velocity (speed) of a body, in motion which traverse a

distance of one metre in one second when set in uniform motion,
7. Unit of acceleration: The unit of acceleration shall be the metre per second

squared. {Symbol; m/s’ or ms™?)
The metre per second squared is the acceleration of a body in motion which, when
set in uniformly varying motion, changes its velocity at the rate of one metre per

second In one second.

8. Unit of rotational frequency: The unit of rotational frequency shall be the
second raised to the power minus one. (Symbol; 57)
The second raised to the power minus one is the rotational frequency of a uniform

rotatory movement which produces one complete revolution in ane second.
9. Unit of wave number; The unit of wave number shall be the metre raised to the

power minus one. (Symbol; m™)
The metre raised to the power minus one is the number of waves of a

moenochromatic radiation which can be asccommodated. in the direction of its

propagation, in a length equal to one metre.
10. Unit of vergency of optical system: The unit of vergency of optical system shall

be the metre raised to the power minus one. (Symbol: m™)
The metre raised to the power minus one i3 the vergency of an optical system, the

focal distance of which is one metre in @ medium having refractive Index of unit,
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Mote 1: This unit is also calied ‘per metre’ or ‘dioptre’,

Note 2: The metre raised to the power minus one symbol m™ is the unit of wave
number as well as that of vergency of optical system. The context in which the
sald unit is used will indicate whether the unit relates to the wave number ar

vergency of optical system,
FART I
Derived Units in Relation of Mechanics

: Umt of density and mass densily — The unit of density gnd mass
density shall be the kilogram per cubic metre (Symbol kg/m® or Kgm™)
The kilogram per cubie metrs is the density or mass density of a
homogenous body having a mass of one kitogram and a volume of one
cubic metre

<. Unit of canceniration - The unit of concenlration shall be the kilogram
per cubic metrs (Symbol: kg/m® or Kgm'®)
The kilogram per cubic metre is the concentration of a homogenous
solulion having a total volume of one cubic metre and containing a .
mass of one kilogram of the given substance.

. § Unit of force - The unit of force shall be the newtan (Symbal N)
The newton is the force which gives to a mass of one kilogram an
acceleration of one metre per second squared
TN=1kg tmis?

4 Unit of moament of force = The unit af moment of force shall be the
newion melra
(Symboi: Nm)
The newton metre ts the moment of force produced in a oody by a
force of ona newton acling at a perpendicular distance of one matre
from the fixed axis around which the body turns
TNm=m"kgs*
Note: The unit of moment of force shall net be written as foule (1
becauss it Is Nm.

5. Unit of Pressure — The unit of pressure shall be the Pascal (Symbaol
Fa)
The Pascal s the pressure which aching on plane surface of one
sQuare melre exers on that area a total force of one newtan
1Pa=1MNm ar1Nm?

B Unit of tensile strength — The unit of tensile sirength shall be Mega
Pascal (Symbol MPa or M Nim?)
The tensile sirength is the highest force, whan applied narmal to the
cross-section of a test piece which it can withstand, divided by the
original area of the cross section

T Unit of dynamic viscosity - The unit of dynamic viscosity shall be the
Pascal second. (Symbol: Pa.S)
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which the siraight and uniform mavemeant of a piane surface of one

im's

Unit of kinematic viscosify — The unit of kinematic viscosity shall be the
square metre per second. (Symbol m#fs or m? g™

The square metre per sacond i the kinematic viscosity of a liquid
which has a dynamic viscosity of one Pascal second and a density of
ane kilogram per cubic metre

1mé=1Pa1

15 . Tkgim

Unit of surface tension - The unit of surface tension shall be the
nEwion per melre. (Symbol: N/m).

The newtor per metre is the surface tsnsion produced when a forca of
one newlan acts over a length of one metre on the surface of 3 liqud
separating that liquid from the material surrounding it

Unit of work, energy and quantity of 'heat — The unit of energy, wark
and quanlity of heat shall be the joule. (Symbal: J)

The joule is the work done when the poind of application of one newton
moves a distance of cne metre in the direction of the force.
1Td=1MN1m.

Unit of power, radiant flux and heat fitie = The unit of power radiant
flux and heat Aux shall be the watt (Symbal: |

The wafl is the power of an anergy system in which one joule of energy
is uniformiy transferred in one secand

1TW=1J01s8

Linit of volume Fow — The unit of volume flow shall be cubic metre per
second. (Symbol m¥s arm’s ") '

The cubic metre per szcond s the volume delivered by the uniform
discharge of one cubic metre traversing the given cross-section in ane
second

Linit of mass flow — The wnit of mass flow shall be the kilogram per
second. (Symbol. kgfs or kg.s™)

The kilogram per second is the mass delivered by the uniform
discharge of a mass of one kilogram traversing the given cross-section
In Gne second

Linit of specific volume — The unit of specific volume shall be the cubic
metre per kilogram (Symbol: mﬁﬂ:g:l

The cubic metre per kilogram is the specific volume of a homogenous
body having a volume of one cubic metra and a mass of one kilogram

fil
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PART IN
Derived Units in Relation to Heat

Linit of enfropy — The unit of entropy shall be the joule per kelvin,
{Symbol JIK)

The joule per kelvin is the increase of entropy of a system receiving a
quantity of heat equal to one joule at the constant thermaodynamie
temperature of one kelvin, provided that no irreversiblz change fakes
place in the system.

Linit of specific entropy - The unit of specific entropy shall be the jouie
per kilogram kelvin, [Symbol. J/ (kg. K]

The joule per kilogram kelvin Is the specific entropy of a system of
honiegenous mass of one kilogram recelving a quantity -of heat equal
to one joule at the constant thermodynamic temperature of one kelvin,
provided that no ireversible change takes place in the system

Linit of heat capacity — The unit of heat capacity shall be the joule per
kelvin. (Symbal: JK)

The joule per kelvin is the heal capacity of a homogenous body in
which a quantity of heat equal to one joule produces an increase of one
kelvin in the thermodynamic temperature

Linit of specific heat capacity — The unit of specific heat capacity shall
be the joule per kilogram ketvin, [Symbal: J/ (kg K)]

The joule per kilogram kelvin is the specific heal capacity of a
hemaogenous body having a mass of one kilogram in which guantity of
heal equal to one joule produces an Increase of one kelvin in the
thermodynamic tempearature

Uinit of latent heat — The unit of latent heat shall be the joule per
kilogram. (Symbol: J/kg)

The joule per kilogram is the heat exchanged by one kg of substance
to change from one phase to another at the temperature of its changing
phase.

Unit of specific energy — The unit of specific enargy shall be the joule
per kilogram. (Symbal: J/kg)

The joule per kilogram is the specific energy of a system of
homogenous mass of one kilogram having the intemal energy of one
joule.

Unit of thermal conductivity - The unit of thermal conductivity shall be
the watt per metre kelvin. [Symbol: W (m.K)]
The watt per metre kelvin is the thermal conductivity of a homogenous
body in which a difference of one kelvin in the thermodynamic
temperature produces a radiant flux of one walt between two parafiel
planes, each having an area of one square metre, placed one metre
apart.

' 1 WimK= 1Wm?

1K 1m
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Unit of energy density — The unit of energy density shall be the joule
per cubic metre. (Symbol: Jim?)

The joule per cubic metre is Ihe energy density of a sysfem of
homogencus mass of volume one cubic metre and having the radiant
energy of one joule.

Unit of heat fiux density - The unit of heat flux density shall ba the watt
per square metre. (Symbal: Wim?)

The watt per square metre is heat fiux density of a surface of ane
square mefre in area radiating out energy at the rate of one joule per
second,

PART IV
Derived units in relation of Electricity and Magnetism

Unit of quantity of electricity and electnc charge — The unit of guantity
of eleciricity and electric charge shall be the coulomb. {Symbel: C)

The coulomb is the quantity of electricity camed in one second by a
current of one ampere.

1C=1A1s ]

Unit of efectnc charge density — The unit of electric charge density shall
be the coulomb per cubic metre. (Symbol Cim?)

The coulomb per cubic metre is the electric charge density of a
homogenous mass or system of volume one cubic metre and having a
charge of one coulomb

Unit of electric fux density — The unit of slectic flux density shall be
coulomb per square metre. (Symbal: Gim?)
The coulomb per square metre is the electric flux density when a
condenser, having plates of infinite arearsize. parallel 1o each other, &
charged, in vacuum, with a quantity of electricity equal to one coulomb
Per one square meatre of area of the plates

Unit of electric tension, elecnic potential snd slectromotive force — The
unit of electric lension, electric potental and electromotive force shal
pe the volt. (Symbal: V).

The valt is the patential difference betwesn wa points of a conducting
wire carrying a constant current of one ampere, when the power
dissipated between these points is equal fo ons watt

TV=1W/1A

Unit of electric field strength — The unit of electric field strength shall be
the voit per matre. (Symbol; Vim)
The volt per metre is the electric field strength of an electne field which
produces a force equal to one newton in a body chargs with & quantity
of electricity equal to one coulomb

1¥V=1N

im 1C
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Lirit of eleciric resisiance — The unit of elactnc Fesislance ghall pa the

Uit of Conductance — The unit of conductance shall be the siemans.
tSymbal: S
The siemens is the conductance of a conductor having a resistance of
one ohm,
18=10"a4

0

Unit of Capacitance - The unit of capacitance shall be tha farad
(Symbal- F)
The farad js the Capacitance betwaen t_hE- conductors of 5 Capacitor

Unit of PEIMItlivily — The unit of permittivity shall be farad per metra
{Symboi: Fim),

The farad per melre is the permittivity of the medium which gives a
Capacitance of gna farad per square metre of area of two paralial
Plates separatad by a distance g 0N metre.

Unit af inductance — Tha unit of inductanca shall be the henry,

(Symbol H}

The henry is the inductance of A closed gircyir |n which an

electromotive force of ane volt i5 Froduced when the BlECtric curren i

the circuit varies uniformiy at tha rate of ona ampera per sacongd
TH=1Vv 1=

14

Unit of pPermaability — The unit of Permeability shail be the Renry per
metre (Symbaol Him)

Nenry per metre is tha Permeabiity of g matenial surroundeg by &
single tum of fiat shest conductor ncluding an areq pf one
metre and length one meire which gives an inductanes of one henry,

Unit of magnetic Aux and flux of magnetic induction -~ Tha unit of
magnetic fux and flux o Magnetic induction shall pe the weber,
{Symbaol: W)

The weber is tha magnatic flux whick, linking a circuit of One turn,

o zero at g uniform rate n one second
1TWh =4 V. 1s
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13.  Unit of magnelic induchon and magnelic flux density - The unit of
magnetc induction and magnetic flux density shall be the tesia
(Symbat: T)

The lesla is the wniform magnetic induction which, distributed evenly
over @ surface of one square metra, produces a total magnetic flux of
one weber while passing over the surface,

1T = 1Whi1m*®

4. Unit of magnetic fisld strength — The unit of magnetic field sirength
shall be the ampere per metre, (Symbol Alm or Am")

The ampere per metre is the magnetic fiald strength produced in
vacuum along the surface of a circular cylinder with a circumference of
one metre, by a cument of intensity of one ampere, maintained in a
straight conductor of infinite length, of negligible circutar Cross-section,
which forms the axis of the said cylinder

15, Unit of current density = The unit of current density shall be the ampere
per square metre. (Symbol; A/m°)
The ampere per sguare metre is the current density in a linear
conductor when & current of intensity one ampere fiows uniformiy
through a cross-section of the conductor equal to one square metra.
parpendicular to the direction of fiow of the
currant

a

PART V
Derived Units in Relation to Electromagnetic Radiation and Light

1 Unit of radiant infensity — The unit of radiant intensity shall be tha watt
per steradian. (Symbol: Visr)
The watt per steradian s the radiant intensity of a point source
unifarmly emitting a radiant flux of ane watt within a salid angle of ona
Sleradian

£ Uit of iradiance — The unit of iradiance shall be the watt per square
metre. (Symbal: Wim®)
The watt per square melre is the irradiance produced by a radiant flux
of one watt. disiributed uniformly over an element having a surface of
one square metre
[See also (1) abava]

3 Unit of radiance — The unit of radiance shall ba the watt per square
metre steradian. {Symbal. Wim?® sr)
The watt per square metre steradian is the radiance of a source
radiating one watt per steradian par square metre of projected area.

4 Unit of fuminance ~ The unit of luminance shall be the candels per
square metre. (Symbol: cdim?)

By ey —9-
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The candela per square metre is the luminance perpendicular 1o the
plane surface of one square melre of a source, the luminous irfensity
of which perpendicular to this source is one candela

Unit of luminous flux — The unit of luminous flux shall be the lumen
{Symbol; m}

The luman is the lumninous flux emitted in a solid angle of pne steradian
oy & uniform point source having a luminous intensity of one candela
1im=1cd 1s&r

Unit of dluminance — Tha unit of illuminance shall be the Jux. (Symbaol:
bx)

-The lux is the illuminance produced by a luminous flux of one lumen,
uniformly distributed over a surface of area one square metre.
11%=1Imf 1m?

PART VI
Derived Unit in Relation to ionizing Radiations

Linit of activity (radicactivity) = The unit of aciivity (of a radioactive
source) shall be the becgueral (Symbol Bg)

The becgueral is the activity of a radicactive source in which one
transformation or one transition takes place in one second

1Bg=11s

Unit of absorbed dose - The unit of absorbed dose shall be gray which
Is equivalent to one joule per kilogram (Symbol: Gy)

The gray is the dose absorbed in an element of substance of mass ane
kilogram o which an energy of ane joule is communicated by an
wonizing radiation, having a constant dgensity of radiant flux,
1Gy=1J11kg

PART VIl
Derived Units in Relation to Physical Chemistry and Molecular
Physics

Unit of concentralion (of amount of substance) - The unit of
concentration {of amount of substance) shall be the mole per cubic
metre. (Symbal: molim®)

The mole per cubic metre is the concentration of a homagenols
solubon having a tofal volume of one cubic metre and containing one
malke of the givan substance,

Unit of malar energy — The unit of molar energy shall be the joule par
maole. (Symbol: J/imol)

The joule per mole is the molar energy of one mole of substance
having the energy of one joule.
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Unit of molar entropy — The unit of molar entropy shall be the joule per
mole kelvin. (Symbol: Jimal K)

The joule per mole kelvin s the molar entropy of a system of
homogenous mass having a substance equai lo one mole receiving a
quantity of heat egual to one joule al the constant thermodynamic
temparature of one kelvin provided that no ireversible change takes
place in lhe system.

Linit of molar heat capacity — The unit of molar heat capacity shall be
the joule per mole kelvin, (Symbol: Jimal K)

The joule per mole kelvin is the molar heat capacity of a homogenous
body having an amount of substance equal to one mole, in which a
quantity of heal equal to one joule produces an increase of ane kelvin
in the thermodynamic temperature.

THE THIRD SCHEDULE
(See rule 14)
NAMES, MAGNITUDES AND SYMBOLS OF 81 PREFIXES
AND PRINCIPLES OF USE OF 81 PREFIXES

Names, Magnitudes and Symbols of S| Prefixes — The names of .
prefixes, their magnitudes and symbols shall be as given in Table 1

TABLE 1
Namas of Prefixas, their Magnitudes and Symbols

Name of Prefix | Magnitude of Prefix Symbol of Prefix
exa 10" E i
pata 10™ P
tara 10 T
giga 10 G I

mega 10F i
kilo 10° K
hecta 10° h
deca 10" _ da
deci 10 d
centi 10 c
milli 10 i m
micro 1 M
nano Y n
pito 10 p
femto 107 f
atto L a

Expianation: The unit of langth is metre with symbol m: after adding »
prefix ¢’ for centi we get "em” as new unit symbal. This can be raised lo
2 positive exponant 3 to give the unit of volume Similarly this can be
combined with another unit say kg’ and oy giving it negative exponent
3 to indicate density in kg per em’
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Kaicm® = kgt 109 m? = 1 kgim®
Similarly g/em”® = 1000 kg/m?

2, Symbol how o be combined with units - (@) The symbal of the prefix
shall be placed before the unit symbal withaut any intermediary space
or dot
(b} The combination shal form the symbal of the multiple and sup.-
mulliple of the

Lnit,

e (C) The symbol for the prefix shail be considered to be combined with
the symbol of the unit to which it is directly linked togather, forming a
NEW unit symbaol, which can be combined with other unit symbals to
form composite unit symbols,

3 Ermors how fo be avoided - To avoid efrors in calculations. af
quantities shall be expressed in SI units, and Powers of 10 shall be
Lised

4 Exponents — aAn exponent affived 1o a symbol containing a prefix
indicates that the multiple or sub-multiple of the unit is raised to the
pawer expressed by the exponent
ILLUSTRATION
1em =107 m gives 1 em* = 199 m? and 1cm™ = 10° ;!

5 Compound units how o be formed - Only ore prefix shall be used in
forming tha mudliples of a compound unit, and tompound prefixes shalf
nol be used,

ILLUSTRATION
Write nm (nang mefre), instead of miuim.

6. Use of prefixes with unit mass — H-nrm’rhstandmg that the base unit of
Mass contains a prefix names of decimal multiples or sub-multiples of
the unit of mass shall be formed Oy attaching prefixes to tha wiord
gram
ILLUSTRATION
Write milligram (mg) Dut not mierg kilogram (k)

f Printing: (1) Symboats of units -
(a) Bhall be printed IR rafman {upright) type irespective of the type usad
I the rest of the text:
(b} Shall remain unatered in the plural,
(€} Shail be writter; without a final full stop (period) unless the context
otherwise req uires: ang
(d) shall be placed after the compiete numerical valua in the expressian
for a quantity, leaving a space oetween the numerical value and the
unit.
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ILLUSTRATION
m - metra

5 - second

A - Ampere

Wk - weber

8 Muitiplication of units — (1) When a compound unit is formed by
multiplication of two or more units. the multiplication may be indicated
i ane of the following ways:

m. N. Nm. Nm

{2} In using a symbal of a unit of weight or measure which coincides
with the symbol for a prefix, special care shall be taken to avoid
confusion,

ILLUSTRATION

The unit ‘newton metre’ shall be writen Nm or m.N to avoid confusion
with mN, the millinewton

8 Division of Units - {1). When a compound is formed by dividing one
unit By anather the division shall be indicated in one of tha following
ways -
mis or by writing the product of m and s ag me’!

(2}, The letter p shall nat be used to danote division
ILLUSTRATION

Do not write krnph, write ke/h or km R

(3). In no case shall more than one solidus (oblique stroke) on the
same line be included in such a combination unless a parenthesis 15
insarted to avoid ambiguity:

ILLUSTRATION

Write mis® or m.s™ but not mis/e!

(4). In complicated cazes, negative powers or parenthesis shall be
used.

ILLUSTRATION

Winite m.kg/{s™.A) or m kg5 A" but not m kg/s?a

10.  Expression of results - (1) The Appropnate integral multiple and sub-
multiple to which a unit is to be expressed shall be selected in such a
manner that the numerical value to be expressed is between 0.1 and
1000
ILLUSTRATION
1.2 % 10°N may be written as 12 kN
0.00 384 m may be written as 3 o4 mm
140 1 Pa may be written as 1 401 kPa
3.1 x 10" may be written as 31 ns
(2] In & table of values for the same quantity or in a discussion of such
values within a given context the same integral multipie or sub-multiple
of a unit may be used lor all items, even when some of tha numencal
valles may be outside the range of 0.1 to 1000
{3} For the purpose of expression of gimensions in mechanical
engineering drawings only the milimetre shall be used
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11 Expression of Numbers -

{1} To express numbers in connection with units of weights angd
Measures. the dot shall be used to separate the integral part of
numbers from the decimal part

{2) Numbers shall pe divided in groups of three starting from the
decimal paint in order to facilitate regarding and neither dots nar
commas shall be inserted in the $pace between such group of
numbers.

ILLUSTRATION

Write 3211 468 022 a2

Not 3211 468 022 g2

Or 3.211 468 022 g2

THE FOURTH SCHEDULE -
(Sea rule 15)
Units Permitted 1o be used with base, Eupplemnntary ar Darived
Units

1 Permitted units of fime - (1) Tha Permitted units in relation to time shall
be as follows: namely, -
(i) the minute, Bqual to 60 secand (Symbal. min),
(i) the hour, equal to 3500 seconds or 80 minutes {Symbal: hl, and

the Gregorian Calendar

2 Permitted units of Plane angle - The Fermitted units in relabion to plane
angle shall ba a¢ follows, namely: -
(i The degrea. equal to 180 radian (Symbat: ),
(i} The minute, equal to /10800 radian o (1760} * (Symbol ). and
(i} The second equal to mB48000 radian or (180) (Symbiol ).

a Permitted unit of volume = (1) The permitted unit of volume shall be
litre: (Symba): ). The litre shall ba equal to one thousang pan of the
cubic metre

Ti=1dm'= 107 2
(2} The litre shall nol be used for work invﬂlvlng precisa
Measuraments

4 Permitted unit af Mass — (1) The parmitieq unit of mass shall be the
tonne. (Symbaol: t). The tonne shall be equal to 1000 kilograms.
() Oniy the prefixes “kilg® ‘mega’, 'giga’ and ‘era” specified in tha
Third Schedyule may be used with the tonne

THE FIFTH SCHEDULE

(See Rule 16)
Special Units and their Symbols

1 Special unit of energy -The special unit of Energy acquired by an
electron shall be the electron volt {Symbol ev)
The electron valt is the energy ﬂ:quirgd By an electran in passing
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2.

Special unit of atomic mass- The special unil of mass of an atom shall
be unified atomic mass unit. (Symbal u)

The unified atomic mass unit is equal to the fraction 1/12 of the mass of

an atom of the nucleus “'C
1u=16605402x 107 kg

Specal units of stellar distance - (1) The first spacial unit of stallar

distance shall be the astronomical unit. (Symbol: AL)

The astronomical unil of distance is the length of the radius of the

unperturbed circular orbit of a body of negligible mass moving round
the Sun with a sidereal angular velocity of 0.017 202 098 950 radian
per day of 86 400 ephemeris secands.

1 AU = 149600 x 10° m

Note: The symbol for stellar distance is not internationally uniform, for

example the symbal used for stellar distance is UA in France, AU in
England and AE in Germany,

{2} The second special unit of steliar distance shall be parsec, (Symbal
pc

The parsec Is the distance at which one astronomical unit subtends an
gngle of one second of arc.

1 pc = 206 265 AL = 30857 x 10" m.

THE SIXTH SCHEDULE ’
(See Rula 17)
Temporarily accepted Units

Limil of neubics! distance - The unt of distance for use in marnne and
aerial navigation shall be the nautical mile 15 equal to a distance of
1852 metres

Unit of neutical velocify - The unit of nautical velocity for use in marine
and aerial navigation shall be the knot. The knot is the velocty equal to
one nautical mile par hour

1 kont = (1852 / 3600} m/s, | e 0514 444 mis

Unit of wavelength of ight-(1)The unit of wavelength of light shall be
the angstrom. (Symbel: A} The angstrom is egual to 0.1 nanometre.
1A=0.1nm = 10"m

Unit of land measurement = (1) The first unit for measurement of land
area shall be the "are’ (Symbol a)

The ‘are’ s the area of a square with sides of length 10 metres.

1 a=dam® = 10°m’

(£) The second unil for measurement of land area shall be hectare.
{Symbol ha) The hectare is the area of a square with sides of length
100 metres.

1 ha = 1hm? = 10* m?

{3) The prefixes specified in the Third Schedule shall not be used with
the ‘are’ or hectare.
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Unit of nuciear Cross-gaction -The unil of nuciear LIoss-zection shall be
the barn, (Symbal- B) The barn is the nuclear cross.section area equal
o 100 aa:!uare femtametras

1bh=10m?

6. Unit of prassyre of fiuid - The unit of pressure of fluid shall be the bar
(Symbol bar)
The bar shall be equal te 100 gon Pascals

4 Uit of standarg almosphera - The unit af slandard atmosphere shall
be 101 3az2s fascals
The standard atmosphere ig the pressyra Exerted by air af mean seg
level under the standard conditions -Specified by the Gengaral
e Conference an Weights and Meas Lreg

The gai is equal to 1/100 metra Per second square.

=] Unit of acivity of radio-nuclides . The unit of actvity of fadio-nuclides «
shall be the curie, (Symbaol: Ci)
The curie is the quantity of any radicactive nuclige i1 which the number
of disintegrations per second is 3.7x 10" o
TCi=37x 10"gg

10 Unif of GXpOsUre dose . The unit of exposure dose shall be the

roentgen. (Symbaol R)
The foenigen is the exposurs dose of an lonizing radiation which can

11 Unit of vefocify . Tha_ uril of velocity shall be kiometrs Per haur

12, Unit of Mass of special valye - The unit of Mass of special valye shall

The caret |g equal to five thousandth part of tha kilogram |t shall ke
Used for commercial transactions in diamands, Eearis and Erecious

13, Unit of mass for special yge . The unit of Mass for special yse shall be
the quintal. (Symbal- g}
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THE SEVENTH SCHEDULE
(See rule 18)
C.G.S units with special names

| Neme of Unit | Symbal VEII;I'.FE in terms of basa, Supplemeniary or derived |
| L un 1.
L1 ' Terg=10"J
l_{%ivgﬂ :{r% 1dyn=10"N e |
| (3) poise F 1 P-1dynsfem® = 0.1 Pas |
' {4) stokes st tst=1emie=10"ms |
(5] gauss Gs 1Gs=10"7
[6) oarstad Qe 10e = 1000 A/m
4 [
= C{T) maxwell Mx IMx=10"Wp - ° |
| {8) stilo sb 15b =1 ediem® = 10" cdim® i
| {9) phot ph 1ph=101Ix I
THE EIGHT SCHEDULE
(See rule 18)
Units outside the International System
I Name of Linit Value in terms of base. supplementaryar |
i = denved units 1
L {1} farmi ) DAL
(2 torr Ttorr= 101325 P8
- : . i
(3) | Wiogram-force(kgf) | Akgf=980665N
| (4} calorie (cal) = leal=d1g68 —
':(Efd__ __micron (y) 1p=tum=10%m
(O L Kunt T umit= 1.002 = 10° im approximately
LAl Sergieh Tl - — oy
(@) gamma(y) | — ly=1T=10%7 |
(8] v 1y=Tug=10%g .'
| {10) A = 14 =1ul= 107 .

" Is value is that of the 'IT" calorie (5™ International Conference on
 Properties of Steam, London, 1956)

“* This special unif was empioyed to express wavelengths of X-rays
*** This special unit was used to measure firewond

3hyedn- lo



Ei‘_ = = THE GAZETTE OF IMNDEA EXTRAORDINARY [Pagy 1—S5g iy
THE NINTH SCHEDULE
(See Rule 19)
Important Physical Constants
Quantify Symbal | Vsl Units Relafive |
Uncertainty
{eom)
GENERAL CONSTANTS
Universal Constants
speed of fight in vacuum G | 200792458 ms {exact)
permeability of vacuum Mo 4w x 107 MA~E (exact)
, =12 566370614 107 NA*
| permittivity of vacuum Ea c” s |[TOTEEMT {exact)
, _ =B.854187817. .
MNewtonian constant of G 8.67250(85) okl 128
| @ravitation mkg's*
| Planck constart h B.6260755(40) 10%s 080
Lin electron voits, b / {a) _ 4.13566892(12) 10 evs 0.30
hi(2m) h 1.05457266(83) 10%Js 0.60
In electron volts h/ {e) 6.5821220(20) 10" aVs 0.30
Planck mass. m, 217671(14) 10%kg 64
| (he/G)"™ .
Planck length Iy ' 1.61605{10) 10"m 64
himge = (hGic?)'"® | :
Planck time ks 5.39055(34) 10 B4
ofe=(hGeh'™ | | |
ELECTROMAGNETIC CONSTANTS
elementary charge - 1.60217733(49 (107G 10,30
[ &ih 2 41798835(72) 10 AJ | 0.30
Magnetic flux quantum. do 2.06783461(61) 10 " Wh 030
hiZe
Josephson frequency- | 2e/h |4 B359767(14) 10 HVT [ 0.30
voltage ratio A . N
| quantized Hall conductance | e%h 38740461417 |18 (o048
quantized Hall resistance. Ry 25812 8056(12) D 0.045
he'=1/2uEla = at
Bohr magneton, uB 9.2740154(31) 10T 0.34
| ehi2me =4 1
in elactron volts, 5 TBB3E263{52) 10°eVT" |[Oogo
HE/(e}
| In hertz, uB/Mh 1.399624 18(42) 10 "HzT" (030 .
In wavenumbers, pBihe 4E.6B6437(14) mr 0.30
In kehvins, yBk 0.6717083(57) KT 85
| nuctear magneton, eh/2mp | uN_ 5.0507BB6(17) 19T 0.34 W
in electon volts, uNffe} | | 3.15245166(28) 10" eVT" 0088
in hertz, ph/h 7.6225914(23) |MHzT" 030
in wavenumbers, iN/hc | 2 54763281(77) 10°m T [ 030
in kelvins, pN/K | 3 658248(31) 10°KT! 85
ATOMIC CONSTANTS =]
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i na-sw:the constant, o | 7-25735306(33] T 0,045 |
Yapace®n
“inverse fine-structure o 137.0359895(61) 0.045
mnstanl _
| o canstant, R- 10973731.534(13) 'm” 00012
Mg l.':
hem:, R-c 3. 2858419499(39) [ 10™Hz 0.0012
in joules, R.hc 2 17968741(13) "W 0.60
| In &V, R.hc/fe} 13 BOSE0R1(BY) ey 0.30
. Bohr radius, a/anR. a, 0.529177249(24) 10°"°m 0.045 |
| Hartree energy, e ".-'dTr:.,u,,, = | Ep 4. 3597482(26) 1'% 0.60
_2R.hc !
neVEWE) 1. |272103081(81 | eV 0.30 A
quantum of circulation hZm. | 3.63654807(33) 10°m?s"  |npsg
ime | 7.27389614(65) | 10°m's 0.085
| ELECTRON =
|_Ble1:lrun mass Me 9 1093897(54) 107" kg 058
_____ 5 48574 (10" 0.023
|n electran volts, m,cife) 0.51065906(15) MeV 030
electron-muon mass ratic. | mgmy 4 B3633218(T1 107 0.15
 Blectron-proton mass ratio | m./m, 5.44617013(11) Ik 0.020 =
electran-deuteron  mass Malm 2 72443707(5) 10 0.020
' ratio
Sectron-a-particle  mass | meim, | 1.37093354(3) 10 0.021 >
| ratio
_electron specific charge | -aim, |1 T5881962(53) | 14;:"{:14&9‘_ 0.30
_electron molar r mass __r'_-l'!{a.l'l.lg 5.48579903(13) 107 kg/imol [ 0.023
Compton wavelength, Ao 242631058(22) 10 m 0.089
him,c
_AJIn=ga, = afiamR= Ao~ 138815032338 [107m 0089 —
Classical electron radius, |1, 2 B1764052{38) | 107%m 013
o'a = . | -
Thmrzr:rn ‘cross-section. | oy 0.66524616(18) | 107 m* 027
(Br/3 e
) alec!n]ﬁn rna_melrr: moment e 92847701(31) ] 10737 0. 34
in Bohar magnetons Helug 1001 158 652 1x107°
) 193(10)
In nuclear magnetons T 1838 262000(37) 0.020
electron magnetic moment | a, 1.159652193(10) 107 0.0084
anomaly, pefus-1 A o}
electron g-factor, 2{1+a;) | g, 2 002319304386(20) 1x 107
electron-muon magnetic | i, 206.766867(30) | 075
_Momentm@we il s
electron-proten  magretic | ug, 658 2106881(66) | 0.010
moment ratio
A s : MUON h 0 ]
_Muonmass m, _[18835327(11)  o™%g 081
=Ll o JOTUM28013(TH U 0.15
_in electron volts. mucife} | 105 658388(34)  'MeV 0.3z
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Mion-glectron mass ratio | mydm, _2»[;5 768262(30) | 015 |
Muon molar mass Miph M, | 1134288 13{17) 11:| kgrrnnl 1015 .
nuon magnetic moment |, | 4.4904514(15) =Tt Toas =
In Bohr magnetons LMufs | 4B4197097(71) . m” s L T
Lin nuclear magnetons Uiy Sa505981(133 2 0 1 0.15 i
| muon magnetic moment | a, 1.1659230(84) ¥ 72 |
anomaty [p/feh2mp)}-1 | : -
_Mmuon gfactor, 2(1+a,})  [gu | 7002331846(17) | 0.0084
muon-profon  magnetic | pJus E 18334547(47) 015
| moment ratio L3 -~ [ Y r!
...... i _PROTON s F=a )
L_gumn mass M 16726231(10) . | mr“ng__ 0.5 _
1 mrz?ﬁqmﬁa 0.012 |
': electron vo 'u'l:lrts mecife) 1938272328 MEI"..I" 030 o
_proton- electron mass ratia | myimn, 1836 152701(37) BNy [
, pr{:tun -muon mass ratio mym, 8 a&pz_qum; . 0.15
lon specific charge | eim, | 95788305(29) 107Ckg" 030
| proton molar mass M[pJ Me | 1007278470(12) 10 fmol | 0.072
| proton Compton Acp 11 32141002(12) K D.08g
wavelength,  him.e Acp 2 10308937(18) |10 'E'rn 0.088
hcplaTm _ . _ =
preton magnetic moment | 1.41080761(47)  |107UT' |03
in Bohr magnetons Hybla 1.521032202(15) | 10 0.010
In nuciear magnetons | Halin 2 792847386{63) | = 0.023
diamagnetic  shielding | oH.o0 25 689(15) 107
cormrection for protons in |
pure water. spherical
sample, 25°C, 1prf h |
shielded proton moment |4 p 1.41057138(47) (10 Jr  [D0.34
(H;0, sph._25°C) = - .
_in_Bohar magnetons M pfils i 520893128(17) | 107 1 0.011
in nuclear magnetons Y plin 2 702775642(64) | 0023
_proten gyromagnetic ratic | y, 26752 2128(81) 10% T 0.30
Yo/t 42 577469(13) MHzT' .30
uncorrected (H,0 sph, Y o 26751.5255(81) 107% T 0.30
1 25%) = o f e .
3 LY o2 |42 576375(13) | MHzT” | 030
NEUTRON
neutron mass | M, | 1.6745286(10) 07kg  [058
1.008664904(14) | u 0.014
_in efectron volts, m.c®/{e} 939 56563(28) Mev 0.30
| Meutron-electron mass ratio | m, /m. 1836.683662{40) 0.022
|_neuu'nn-pfﬂtt:n mass rabe | m,/ mp | 1.001378404(5) 0.00% =
neutron molar mass Min}. M, 1.008564504{14) | 107 kg/mol [D.014
| neutron Compton A, 1 | 1.31858110{12) 10 m 0 OB9
| wavelen _gth himec |
e 2 10015445(19) 10™m [ 0.089
nautrun magnetic moment | 0.96623707(40) WOIT | 04d ,
_in Bohr magnetons Mo /pe | 1.041B7563(25) 10 0.24 =
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In nuclear magnetans e /[ 1.81304275(45) : 1024
neutron-electron magnetic | ua /1, | 1 0A0BE8B2(25) 107 ‘ .24
moment ratio - =h
neutron-proton magnetic W fyy | O.BB487934{186) ' | 024
| moment ratio. R P Y e o | 1
= DEUTRERON ]
‘deuteron mass mg____ | 3.3435860(20) 1107kg (059
. 2.013553214(24) u 0.012 |
in electron mass, my, c*fe} 1875.61339(57) | MeY 0.30
| deuteron-electron mass my/me | 3670 483014(75) | 0.020
ratio
| deuteron-proton mass Mal/my | 1995007496(6) 0.003 i
- |Tatio
_deuferon molar mass Mid), My |2 013553274;24} [ :'Th;;-"mnl 0012 5
 deuteron magnehc moment | 0.43307375(15) | [10®JTT To3s ol
"in Bohr magnetans Ug fpp | D4B6GTS4479(91) | 10° 0.018 |
Linnuclearmagnetons | s fpw | O B57438230(24) Al 0 028 ,
deutron-glectron magnebe | 1y fp. | 0 4664345460091 | 107 0.019 .
mament ratio | 4
| deutron-proton magnelic | ps /p, | 03070122035(51) | 0.017
| mament rakio
i PHYSICO-CHEMICAL ﬂuHsTAHTE 4
| Avogadro constani Ma L B 02213367(36) 107 mal” [055 =
| atomic mass constan my; 1.6605402(10) 107 kg 050
|y = 1/12m("*C) M = e L
in electron volts, my, c'ife) 9314843228 Mev 3 0.30
" Faraday constant F BE485309(28) | Cmol” 0.30
. molar Planck constan! MNah 3.58031323(38) 10" Jsmol " [0.088 |
| Nahg 0.11562658(11) Jm mol”’ 0.089
molar gas constant R B314510(70) [Jmol'K' |64
_Boltznann constant RN, [k 1.380658(12) 10T H:‘ (85 1
In electron volts, kife} | 8617385(73) 107 evK' 84
i hertz, kiR S 20B3674(18)  10PHzK' [84 |
[nwavenumbers kihc | |&o S0387(58) T R | ¢ Sl
malar valume (ideal Qas). Vi 22 41410{19) Limat 1
RTip
T=27215K
R E RISt i LIRS
hﬁhmdt canstart, N | 2BB67R3(23) 10%m? |85 1
m
| T=273. 15K, p=100 kPa Ve |22Ti0e(i8) Umel (EE __i
Sackur-Tetrode constant [ S/R [ .1 151883(21) | 18 |
{absolute entropy .
constant) i ' |
B2+ In ({2mk T e | -1 164858(21] = ;
I I'lTll.l'ng- I i !
| T i

WP = HDNPE



™ THE GAZETTE OF MDA - EITIIMHJJTN.-'..H'&" [Pam 1] <y i)
%— —— _= =

IR 1. — I e ) I
|Ema11-3nllzmann constant, | a 3 67051(19) 10Wm KT | 34
(B0 _ : )
|ﬁrst radiation constant Cs 37417748722) 10 ™Wim? | 0.60

2mhe? . | _ |
I second radiation constant £ 0 01438768(12) mK 84

hafk |
|_Wren displacement |aw b 2 BI7T56(24) 107mK B4 -

constant

b= Piin 12
| C2/4.96511423 . | |

" The scalar magnitude of e neutran moment s listed here. The neutran

magnetic dipole 15 directad oppositely to that of the proton. and corfespands

e the dipole associgted with g Spinning negative charge distribution, The

VELIOr SUMm Ly = p, + ,, is approximately safisfiss

" The entropy of an ideal manaatomic gas of relative atomic weight 4, is given

By 5= 8, + 312 RhA, ~ Rin{p/n,) + 32 Rin (T/K)

THE TENTH SCHEDULE
(See Rule 20)
The following eo-afficients shall be useg for the purpose of these ruies. - £

1. Alcoholic strength - {a} The “alcohalic strength by volume® of a Mixture pf
water and aicohol is the ralio of the valume of #lcohol, measured st 20°C,
contained in the mixure to the total volume of the mixiure measured at the
same temperature The symbal is "%Vl
{b} The "alcohalic strength by mass® of a mixture of water and alechal is the
rato of the mass of alcohol contained in the mixture to the total mass of the
mixture. The symibol is “%mass

For the purpose of the nter-refation between these two strengths and
between the density of the aGuecus sofution of alcohel the International
Recommendation No 22 on Alcoholometry, together with the Intemationat
Alzoholometric Tables, shaill be used

2. Hardness numbers for materials - (a) Briney Hardness Number — A
number related to the size of the permanen impreesion made by a ball
indenter of specified SIZ8, pressed inlo the surface of the material under 3
specified load. The surface Brea of the impression s determined from the
average measured diameter of the rim of the impression and from the ball
diameter. In repoting  Brinell  hardness Aumber,  the Internatisnal
Recommendation Na. 9 on Verification and Calibration of Brinell Hardness
Standards Blocks shall be used,

{b) Diamond Pyramid or Vickers MHardness Number — 4 number obtained by
dividing the load in kilograms applied fo 3 square-based pyramidal diamond
indenter having included face angles of 135° by the surface area of tha

shall be used

(€} Rockwel! Hardness Number — A rumber derived from net increase in
depth of imprezeion ag the load on an indenter is mcreased from a fixeg
minimum load to high load and then returned o the minimum load. In
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reporting Rockwall hardness number on Rockwell B scale, the |nlernational
Recommendation Mo. 11, on Varificaton and Calibration of Rockwell B
Hardness Standardised Blocks, shall be used,

Similarly, in reporting Rockwell hardness number on Rockwell C scale
the International Recommendation Na. 12, on Verification and Calibration of
Rockwell C Hardness Standardised Blocks, shall be used

3. For the purpose of determining the sugar content present in the sugar
solutions either of the two following coefficients may be used Degree Brix or
sugar degree ("S) -

(8) Degree Brix js the percentage of sucrose present by mass in the sugar
soluticn. In reperting the degree Brix, Indian Standard specification for Brix
hydrameters: (15: 7324-1874) shall be used, till such time, the Director of
Legal Metrology or the International Organisation of Legal Metrology prepares
such document - =

(b} Sugar degree on the international sugar scale is defined as follows:-

The 100° S paint of the Internatonal Sugar Scale is fixed by the oatical
rotation 'y’ undergone by the polarized light of the green line of the mercury
isotope 198 (U-346 2271 mm in vacuum), When passing through a 200.000
mm lengih of sucrose solution in pure water, kept at a temperature of
20.00"C, and containing 26.0160 g, weighed in a vacuum of pure sucrose per
100000 cm” of solution ‘normal’ sugar solution.

A mass of 26 0180 g of sucrose coresponds to 26.000 g when this
sucrose is weighed in air by means of weights with a density of 8000 ka/m” i
air, at a standard pressure of 101325 Pascal, at a temperature of 20°C and 3
relative humidity of 50%, the density of this air therefore being 1.2 kg/m’

4. Relative Humidity - It is the ratio of the actual vapour pressure of water
vagours present in air at the temperature of measurement of the saturation
vapour pressure over a plane liquid water surface at the same temperature.
This i3 expressed as a pure number as percentage.

5. ph is the logarithm to the base 10 of the inverse of the hydrogen ion
concantration in a dilute ionic solution

Explanalion.

A 004 molar hydrochlonc acid soluton will have hydrogen ion
concentration of 107* mol and its ph value s 14 Similarly, 0.001 mol
hydrochionic acid solution will have the hydrogen ion concentration of 107 mal
and its ph value is 3
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