Ministry of Consumer Affairs, Food And Public Distribution
(Department of Consumer Affairs)

NOTIFICATION
New Delhi, the 31st January 2011

S.0. 211(E). In exercise of the powersfeoad by sub-section (1) read with
clauses (a), (b) (d) and (e) of sub-section (Xextion 52 of the Legal Metrology Act,
2009 (1 of 2010), the Central Government herebyasdke 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 force on thédhy of April 2011.

2. Definitions- In these rules, unless the context otherwiseiresu

(a) “Act” means the Legal Metrology AcO@ (1 of 2010);

(b) “co-efficient” means those parameteithowut physical dimension or ratios
of quantities of the same kind, which are necesiarparticular measurements or for
characterizing properties of substances or mixtofegrtain substances;

ILLUSTRATION: Degree of alcoholic strength, pentage of Sugar and
hardness of materials, are examples of co-efficient

(c) “derived units” means units, expressed algebHy in terms of base units,
or in terms of base and supplementary units of lisi@r measures, by means of
mathematical symbols of multiplication or divisiar,both.

Explanation 1.- Derived units having speammes and symbols (such as
‘Newton', with symbol 'N) may, by themselves, Bedito express other derived units
in a simpler way than in terms of the base unitew@ifjhts and measures.

Explanation Il.- The values of dimension less dil@s (such as, refractive
index, specific gravity, relative permeability @lative permittivity) are expressed by
numbers. In such cases the corresponding unit saahe ratio of the relevant two
units and may be expressed by a number;

(d) “General Conference on Weights and Measuresdmmehe conference
General des Poids et Measures established und€otingntion du Metre;

(e) “International Bureau of Weights and Measurewans the Bureau
International des Poids et Measures establishedruthd Convention du Metre, at
Sevres in France;

(f) “International Organisation of Legal Metroldgyeans the Organisation
Internationale de Metrologie Legale establishedeuride Convention Instituant Une
Organisation Internationale de Metrologie Legale;

(9) “international prototype of the kilogram” mesathe prototype sanctioned
by the First General Conference on Weights and Measheld in Paris in 1989, and
deposited at the International Bureau of Weightsmeasures;

(h) “International System of Units” efeights and measures means 'Le
System International d 'Units’, with the internatibabbreviation 'SI', established by



the General Conference on Weights and Measuredaiagon.-'Sl" is divided into
three classes of units, namely:-

(i) base units, as defined in the; Ac

(ii) derived units; and

(iii) supplementary units;

() “permitted units” means the units which thougbt part of the SI, are
recognized and permitted by the General Conferemc&/eights and Measures for
general use along with Sl units;

() “physical constants” means those constantgchviexpress the value of
physical invariant in a given system of units amese constants include-------

(i) those which correlate two or more pbgkquantities to express a physical
phenomenon in quantitative terms independent of araterial properties; for
example, gravitational constant, velocity of light.

(i) those which correlate the microscopioperties of elementary
particles (atoms, molecules etc.) to the correspgndacroscopic properties; for
example; Avagadro constant, Faraday constant etc.

(iif) those conversion factors used to express dame parameter in
terms of independently defined units for examphe, tonversion factor relating the
astronomical unit or parsec to the metre and atomaiss unit to kilogram.

(iv) those which describe the material pgmbies of pure substances, for
example, thermal conductivity, specific resistarate;

(k) “Schedule” means the Schedule appendedetethules;

() “Sl prefix” means the name and symbol of @fix used for forming
decimal multiples and sub-multiples of Sl unitsdaof such other units as are
permitted subject to any exception or modification the General Conference on
Weights and Measures or the International Organisatf Legal Metrology, or both,
to be used along with the Sl units;

(m) “special units” mean units, outside, thew8lich are ordinarily used in
specialized fields of scientific research and thkies of those units expressed in SI
units can only be obtained by experiment, andtaezefore, not known exactly.

Explanation: The value of electron volt (the uofitenergy) depends
upon the experimentally determined value of theghaf an electron;

(n) “supplementary units” mean the units of weéigh measure which have
been specified as such by the General Conferen¥éeights and Measures.

Explanation: Supplementary units may bedus form derived units;

(o) “symbol” means a letter or a group of lettenstten or combined in the
specified manner for the convenient representati@unit or a group of units;

(p) “temporarily accepted units” means the umitMeight of measure which
have been recognized for the time being by the @¢ri@@onference of weights and
measures for use along with Sl units.

CHAPTER II
UNITSOF WEIGHT OR MEASURE
3. Unitsof Weight or Measur e to be based on metric system
(1) Every unit of weight or measure shall be basedhe units of the metric

systems.
(2) For the purpose of sub-rule (1)



(a) The International system of unitsesommended by General Conference
on weights and measures, and

(b) Such additional units as may be memended by the International
Organisation of Legal Metrology shall be the uwitsnetric systems.

4. (1) Base units of Length- The base unit of length shall be the metre.

(2) The “metre” is the length equal to 166873 wavelength in vacuum of
the radiation corresponding to the transition betwéhe levels 2 and 5d of the
krypton-86 atom.

5. (1) Base units of Mass- The Base unitef mass shall be the kilogram.
(2) The “kilogram” the unit of mass; it i@l to the mass of international
prototype of kilogram.

6. (1) Base unit of time- The base unit of time shall be second.

(2) The *“second” is the duration of 9 192 63X0 periods of radiation
corresponding to the transition between the twaehiype levels of the ground state of
the caesium-133 atom.

7. (1) The base unit of electric current - The base unit of electric current shall be
the ampere.

(2) The “ampere” is that constant current cihif maintained in two straight
parallel conductors of infinite length of negligbtircular cross-section , and placed
one meter apart in vacuum, would produce betweeseticonductors a force equal to
2x10’newton per meter of length.

8. (1) Base unit of thermodynamic temper ature- The Base unit of thermodynamic
temperature shall be kelvin.
(2) The “kelvin” is the fraction 1/273.16 of theermodynamic temperature of

triple point of water.

(3) The Kelvin shall also be used for expregghe interval or difference of
temperature.

(4) Zero Degree Celsius corresponds to 27i&hsn.

(5) The degree Celsius may also be usedxjmressing the interval or difference
of temperature, unit degree Celsius being equahibKelvin.

9. (1) Base unit of luminousintensity.- The base unit of luminous intensity shall be
the candela.

(2) The “candela” is the luminous intensity, e tperpendicular direction, of a
surface of 1/600,000 square meter of a black bddihe temperature of freezing
platinum under a pressure of 101 325 newtons pearegnetre.

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 dfyatem which contains as many
elementary entities as there are atoms in 0.0bgddm of carbon 12.

(3) When the mole is used, the elementaryiestgthall invariably be specified and
may be atoms, molecules, ions, electrons, otheicfes, or specified groups of such
particles.



11. Rules of Construction.- In these rules, wherever the expression ‘weigis’ h
been used as symbolising the quantity of matteh sxpression shall be construed as
representing mass.

12. Supplementary Units.- The units defined and specified in the First Scied
shall be the supplementary units and the symbogj@esd to each such units in that
Schedule shall be the symbol of that unit.

13. Derived units.- The units defined and specified in the Second @deeshall be
derived units and the symbol assigned to each snithin that Schedule shall be the
symbol of that unit and no other units shall beduk® the entities specified in the
Second Schedule except for the purpose of sciewmtiftechnological research.

14. Decimal multiples and sub-multiples of units.- (1) Decimal multiples and sub-
multiples of base, supplementary, derived or otimeits shall be formed, unless
otherwise specified, by using either the full namresymbol of the Sl-prefix specified
in the Third Schedule.

(2) The Sl-prefixes shall be used in the mannezcisigd in the Third
Schedule.

15. Permitted units.- (1) The units specified in the Fourth Schedule rbay
used along with the Sl units, subject to such Atwns as are specified in that
Schedule.

(2) The multiples and sub-multiples of the urofstime and plane angle
specified in the Fourth Schedule shall be formelg anthe manner specified in the
Schedule.

16. Special units.-(1)l The units specified in the Fifth Schedulelsba used in such
manner that their values may be expressed in tefragch Sl units or combination of
Sl units, as may be appropriate.

(2) The multiples and sub-multiples of the un$igecified in the Fifth
Schedule shall be formed with the help of SI pesispecified in the Third Schedule.

17. Temporarily accepted units.- The unit of weight or measure specified in the
Sixth Schedule may also be used, subject to theditom that the Central
Government shall, at least once in every ten yaties the commencement of these
rules, review the need, or otherwise, for the eurathce for general use of such units:

Provided that such review may be undertadaatier by the Central Government
either on its own motion or on the basis of a rec@mdation made by the General
Conference on Weights and Measures, or the Inierrat Organisation of Legal
Metrology.

18. Units which should be progressively discontinued. - (1) Subject to the
provisions of sub-rule (2), the CGS (i.e. centimeggam, second) units specified in
the Seventh Schedule, and the units of weightsnaealsures specified in the Eighth
Schedule (being units outside the SI), shall nainarily be used except for the
purpose of scientific and technological researcth mm such unit shall ordinarily be
used for the purpose of teaching.



(2) The use of the units specified in the Seve&thedule or, as the case may
be, in the Eighth Schedule, shall not be used i fegld except in the field of
scientific and technological research.

(3) While using, for the purpose of scientific atethnological research the units
specified in the Seventh Schedule, or, as the wasebe, the Eighth Schedule, such
units shall be used only with the corresponding sy specified in the said

Schedules.

19. Physical constants.- The physical constants specified in the NintheSiche
and their corresponding numerical values shalldedor all purposes except for the
purpose of research connected with the determmafioheir values.

20. Coefficient and symbol.- (1) Coefficients include the terms defined and
specified in the Tenth Schedule; the symbol assigime any such coefficient in
that Schedule shall be the symbol of such coefficie

(2) Ordinarily, the coefficient ankeir respective symbols specified in the
Tenth Schedule shall be used:

Provided that any coefficient whicmi specified in the Tenth Schedule but
which corresponds to any coefficient specifiedhattSchedule, may be used for a
period of five years from the commencement of threges:

Provided further where any new coefficiadtded in the Tenth Schedule, any
coefficient corresponding to the coefficient so edlanay be used for a period of five
years from the date of addition of such coefficient

(3) On the expiry of the period of iEfsaid five years, the use of coefficient
and their respective symbols as specified in thefT8chedule shall be compulsory

Explanation.-- In the case of a ca#dt the use of which is permissible
under any of the provisos to sub-rule (2), the syinid any, attached to such
coefficient may also be used for the same periad which the corresponding
coefficient is permitted to be used.

21. Formation of new units.- No new unit or weight or measure shall be formed o
used except for the purpose of scientific and teldygical research, without the
previous approval of the Central Government.

CHAPTER 111
NATIONAL STANDARDS

22. National prototypes.- (1) For the purpose of deriving the value of kil the
Central Government shall cause to be preparedianaatprototype of the kilogram
and shall cause its accuracy to be certified byriternational Bureau of Weights and
Measures in terms of the international prototypekidgram and shall deposit the
same in such custody and as such place as thatr@oget may think fit.

(2) For the purpose of deriving the value of methe Central Government
shall cause to be prepared a national prototypgbeometre and where such prototype
is caused to be made, shall cause its accuracye teeliified by the International
Bureau of Weights and Measures and shall depasiséime in such custody and as
such place as that Government may think fit.



23. Custody, maintenance, etc. of national standards of weights and measures.-
(1) The work relating to the realization, estabimmt, custody, maintenance,
determination, reproduction and updating of natiostandards of weights and
measures shall, on the commencement of these tdeshe responsibility of the
National Physical Laboratory.

(2) The Central Government may call for such regpérom, or issue such
directions to, the National Physical Laboratoryitasay think fit, in relation to all or
any of the matters specified in sub-rule (1).

24. Realization and establishment of the national standards of weights and
measures based on Sl units.-(1) The National Physical Laboratory shall disgjgar
the responsibility of realizing and establishing thational standards of weights and
measures on the basis of recommendations madetiinoento time, by the General
Conference on Weights and Measures or the IntematiOrganisation of Legal
Metrology, as the case may be.

(2) The standards of weights and measures,adized and established, shall
be self-consistent.

(3) For the purpose of establishing thiional standards for the base units other
than of mass, the National Physical Laboratorylshal
(a) prepare or cause to be prepared sb@tts or equipments, or
reproduce such phenomena, or both, as may besaggder the purpose; and

(b) determine or cause to be determined the \@uke national standards as
recommended by the General Conference on Weights Measures and inter
compare them, or cause to be inter compared, wilik torresponding
international standards

(4) For the purpose of deriving the value oé tklogram, the National
Physical Laboratory shall arrange the periodicakudeination of the value of the
national prototype of the kilogram and the vadfievhich is so determined, shall be
the national standards of mass.

(5) For the purpose of establishing the nati@tahdards for the derived and
supplementary units the National Physical Laboyastsall prepare such standards, or
objects or equipments, or both and determine pieadlg their value and accuracy in
relation to the national standards of base units.

25. Custody and maintenance of prototype standards.-(1) The national prototype
of the kilogram and other standards, equipments @bjdcts shall remain in the
custody of the National Physical Laboratory.

(2) The national prototype of the kilogram anéry other national standard,
standard equipments and objects shall be maintaamed realised periodically in
accordance with such instructions as the Generatfe@ence on Weights and
Measures on the International Organisation of Ldggtrology or any organisation
constituted by either of them may issue from timére.

(3) Where no instructions have been issued byritexnational Organisation
referred to in sub-rule (2), any Consultative Comtteei constituted may compile
instructions for the proper maintenance of natiopadtotype, national standards,
standards equipments and objects.

(4) The National Physical Laboratory shalaage, where necessary, to have
the national prototype and national standardshg&jgal measurements realized and
established in accordance with the recommendatiérite General Conference on
Weights and Measures and to get them calibratadtencompared with reference to



the appropriate international standards of physmehsurements at periodical interval
of not more than ten years.

(5) The value of the national prototype anldeotnational standards shall be
the value determined by the National Physical Latwoy or assigned by the National
Physical Laboratory on the basis of the technicdbrmation provided by the
International Bureau of Weights and Measures aed\thtional Physical Laboratory
shall publish such values periodically but in aage at least once in every five years.

(6) The value determined in accordance with su&-(5) shall be deemed to
represent the higher obtainable accuracy of sukleva the country.

CHAPTER IV
REFERENCE, SECONDARY AND WORKING STANDARDS

26. Reference Standard.- means set of standard weight or measure which ieroa
manufactured by or on behalf of the Central Govemninor the verification of any
secondary standard.

27. Secondary Standar d.- means set of standard weight or measure which ieroa
manufactured by or on behalf of the Central otéS@overnment for the verification
of any working standard.

28. Working Standard.- means set of standard weight or measure which géema
manufactured by or on behalf of the Central otéS@overnment for the verification
of any standard weight or measure, other thanomalti prototype or national,
reference or secondary standards.

29. Standardswhich areto be fabricated by the Mint.- Unless otherwise specified
by the Central Government, all the reference, sga@gnand working standards of
mass and length and secondary and working standé&cigpacity shall be fabricated
by the Metrological Wing of the Government of Indiint in Mumbai.

30. Places wher er efer ence, secondary and wor king standar ds be kept.-

(1) There shall be established by the Centrale@owent, at such places as
it may think fit, Reference Standard Laboratories maintaining such reference,
secondary and working standards as may be need#teb@entral Government for
the purpose of the Act.

(2) The Indian Institute of Legal Petrology owyasther Laboratory specified
by the Central Government for this purpose may afsintain such reference,
secondary and working standards, as may be negedsartheir functioning as a
Metrological Laboratory of the level of a Referer@tandard Laboratory.

(3) The Government of India Mint at Bombay maygoalmaintain such
reference, secondary and working standards as magdessary 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 isfifand certified in terms of the
National Standards by the National Physical Lalmoyatat an interval not exceeding
three years:



Provided that in the case of lengtrasuees such interval shall not exceed
five years.

(2) Every secondary standard shall be ieerihgainst the appropriate reference
standard by the Reference Standard Laboratorynantarval not exceeding two
years.

(3) Every working standard shall be verified agaihe appropriate secondary
standard, by any of the laboratories where secgmstandards are maintained, at an
interval not exceeding one year.

32. Maintenance of Reference Secondary and Working Standar ds.-

Every reference standard, every secondary stanaaddevery working standard,
irrespective of the place where they are kept,| sleamaintained as far as practicable
in accordance with the guidelines issued by theéddat Physical Laboratory from
time to time.

33. Repeal and Savings.

(1) The Standards of Weights and Measures (NatiStetdard) Rules, 1980 (herein
under referred to as the said rules) are herelsateq,

Provided that such repeal shall not effect:

(a) the previous operation of the said rules ortl@ing done or committed to be done
or suffered therein, or

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

(c) any penalty, forfeiture or punishment incurred respect of any offence
committed under the said rules; or

(d) any investigation, legal proceedings or remadyrespect of any such right,
privilege, obligation, liability, penalty, forfeite or punishment as aforesaid.

And any such investigation, legal proceedingsearedy may be instituted, continued
or enforced and any such penalty, forfeiture orighument may be imposed as if the
said rules had not been rescinded.

(2) Notwithstanding such repeal anything done or action taken or purported to
have been done or taken including approval of Hetéxemption granted, fees
collected, any adjudication, enquiry or investigaticommenced, license and
registration of manufacturers, dealers, importdrsveights and measures, or show
cause notice, decision, determination, approvahaization issued, given or done
under the said rules shall be in force at the conument of the said rules continue
to be in force and have effect as if issued, giwemone under the corresponding
provisions of these rules.

(3) The provisions of these rules shall apply tg application made to the Central
government or as the case may be the State Govetrumeler the said rules for
license, registration of manufacturers, importetsalers, repairers of weights and
measures pending at the commencement of these amésto any proceedings
consequent thereon and to any registration grantpdrsuance thereof. (4) Any legal
proceeding pending in any court under the saidsratlethe commencement of these
rules may be continued in that court as if thegesrbhad not been framed.

(5) Any appeal preferred to the Central Governnueras the case may be the State
Government under the said rules and pending slealldemed to have been made
under the corresponding provisions of these rules.



THE FIRST SCHEDULE
(seerule 12)

Supplementary Units and their symbols

1. Unit of plane angle- The unit of plain anglelsha the radian. (symbol: rad)
The radian is the plane angle between two radii afcle which cutoff, on the
circumference, an arc equal in length to the radius

2. Unit of solid angle- The unit of solid angle Bl the steradian. (symbol: sr)

The steradian is the solid angle which, havingéex in the centre of a sphere, cuts
off an area of the surface of the sphere equaidbdf a square with sides of length
equal to the radius of the sphere.

THE SECOND SCHEDULE
(seerule 13)

Derived Unitsand Their Symbols

Part |

Derived Unit in relation to Space and Time

1. Unit of Area: The unit of area shall be the sguaetre. (Symbol: f

The square metre is the area of a square with sidese metre each.

2. Unit of Volume: The unit of volume shall be ttigbic metre. (Symbol:

The square metre is the area of a square with sidese metre each.

3. Unit of frequency: The unit of frequency shalthe hertz. (Symbol: Hz)

The hertz is the frequency of a periodic phenomenio& period of which is one
second.

1Hz=1/1s.

4. Unit of angular velocity: The unit of angularloety shall be the radian per
second. (Symbol: rad/s)

The radian per second is the angular velocity loddy, rotating around the fixed axis,
which rotates through one radian in one secondnwleéin uniform rotation.

5. Unit of angular acceleration: The unit of angaleceleration shall be the radian per
second squared. (Symbol: r&)i/s

The radian per second squared is the angular aatiefe of a body, rotating around
the fixed axis, which when set in uniform varyir@ation, changes angular velocity
at the rate of one radian per second in one second.

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

The metre per second is the velocity (speed) obdybin motion which traverse a
distance of one metre in one second when set foramimotion.

7. Unit of acceleration: The unit of acceleratibials be the metre per second squared.
(Symbol: m/8 or ms?)

The metre per second squared is the acceleratiarbotly in motion which, when set
in uniformly varying motion, changes its velocitythe rate of one metre per second
in one second.



8. Unit of rotational frequency: The unit of rotatal frequency shall be the second
raised to the power minus one. (Symbd} s

The second raised to the power minus one is traiootl frequency of a uniform
rotatory movement which produces one complete el in one second.

9. Unit of wave number: The unit of wave numberlisha the metre raised to the
power minus one. (Symbol:Hh

The metre raised to the power minus one is the eumbwaves of a monochromatic
radiation which can be accommodated, in the dwectif its propagation, in a length
equal to one metre.

10. Unit of vergency of optical system: The unitveirgency of optical system shall
be the metre raised to the power minus one. (Symtsd

The metre raised to the power minus one is theevey of an optical system,the
focal distance of which is one metre in a mediumirn@refractive index of unit.

Note 1: This unit is also called ‘per metre’ orogire’.

Note 2: The metre raised to the power minus onebsym is the unit of wave
number as well as that of vergency of optical syst€he context in which the said
unit is used will indicate whether the unit relateshe wave number or vergency of
optical system.

PART Il
Derived Units in Relation of Mechanics

1. Unit of density and mass dens#yThe unit of density and mass density shall
be the kilogram per cubic metre. (Symbol: kijn Kgm®)

The kilogram per cubic metre is the density or m#essity of a homogenous body
having a mass of one kilogram and a volume of ariécanetre.

2. Unit of concentration- The unit of concentration shall be the kilogrper
cubic metre (Symbol: kg/fror Kgm®)

The kilogram per cubic metre is the concentratbm homogenous solution
having a total volume of one cubic metre and coimagi a mass of one kilogram of
the given substance.

3. Unit of force— The unit of force shall be the newton (Symbagl: N
The newton is the force which gives to a massnefkilogram an acceleration
of one metre per second squared.

1N=1kg. 1mAk
4, Unit of moment of force- The unit of moment of force shall be the newton
metre.

(Symbol: Nm)

The newton metre is the moment of force producexdbody by a force of one
newton acting at a perpendicular distance of on&enfeom the fixed axis around
which the body turns.

1 N.m = nf.kg.s?

Notel: The unit of moment of force shall not bétwen as joule (j) because it
is Nm.

5. Unit of Pressure- The unit of pressure shall be the Pascal (SyniHa)|

10



The Pascal is the pressure which, acting on pdan@ce of one square metre
exerts on that area a total force of one newton.
1 Pa =1 N/rhor 1 N.n¥

6. Unit of tensile strength- The unit of tensile strength shall be Mega Hasca
(Symbol: MPa or M N/rf)

The tensile strength is the highest force, whepliegp normal to the cross-
section of a test piece which it can withstandid#id by the original area of the cross
section.

7. Unit of dynamic viscosity The unit of dynamic viscosity shall be the Pasca
second. (Symbol: Pa.S)

The Pascal second is the dynamic viscosity ofradgenous liquid in which
the straight and uniform movement of a plane serfafcone square metre produces a
retarding force of one newton, when there is acigladifference of one metre per
second between two parallel planes separated bynetre.

lPa.s = 1 Pa.lm
1m/s

Unit of kinematic viscosity The unit of kinematic viscosity shall be the @gumetre
per second.(Symbol: 7s or nf.s")

The square metre per second is the kinematic vigco$ a liquid which has a
dynamic viscosity of one Pascal second and a den$ibne kilogram per cubic
metre.

1nf=1Pa.ls
1s  1kg/m
9. Unit of surface tension — The unit of surfaagesten shall be the newton per

metre. (Symbol: N/m).

The newton per metre is the surface tension pratwdeen a force of one newton
acts over a length of one metre on the surfaceliofusd separating that liquid from
the material surrounding it.

10.  Unit of work, energy and quantity of heatThe unit of energy, work and
guantity of heat shall be the joule. (Symbol: J)

The joule is the work done when the point of agailon of one newton moves
a distance of one metre in the direction of thedor

1J=1N.1m.

11.  Unit of power, radiant flux and heat fluxThe unit of power, radiant flux and
heat flux shall be the watt. (Symbol: W)

The watt is the power of an energy system in widok joule of energy is
uniformly transferred in one second.

1W=1J/1s.

12.  Unit of volume flow— The unit of volume flow shall be cubic metre per
second. (Symbol: s or ni.s™)

11



The cubic metre per second is the volume delivesethe uniform discharge
of one cubic metre traversing the given cross-sedti one second.

13.  Unit of mass flow The unit of mass flow shall be the kilogram pecond.
(Symbol: kg/s or kg:y

The kilogram per second is the mass deliverechbyuniform discharge of a
mass of one kilogram traversing the given crossiese@ one second.

14.  Unit of specific volume The unit of specific volume shall be the cubietra
per kilogram. (Symbol: fitkg)

The cubic metre per kilogram is the specific vodunf a homogenous body
having a volume of one cubic metre and a mass @kdagram.

PART 111
Derived Unitsin Relation to Heat

1. Unit of entropy— The unit of entropy shall be the joule per kel\iSymbol:
JIK)

The joule per kelvin is the increase of entropy alystem receiving a quantity of heat
equal to one joule at the constant thermodynamnpézature of one kelvin, provided
that no irreversible change takes place in theegyst

2. Unit of specific entropy- The unit of specific entropy shall be the jopkr
kilogram kelvin. [Symbol: J/ (kg.K)].

The joule per kilogram kelvin is the specific @mpy of a system of
homogenous mass of one kilogram receiving a qyaotiheat equal to one joule at
the constant thermodynamic temperature of one rkefuiovided that no irreversible
change takes place in the system.

3. Unit of heat capacity- The unit of heat capacity shall be the joule kadvin.
(Symbol: J/K).

The joule per kelvin is the heat capacity of a bgenous body in which a
guantity of heat equal to one joule produces ameame of one kelvin in the
thermodynamic temperature.

4. Unit of specific heat capacity The unit of specific heat capacity shall be the
joule per kilogram kelvin. [Symbol: J/ (kg.K)].

The joule per kilogram kelvin is the specific heapacity of a homogenous
body having a mass of one kilogram in which qugntit heat equal to one joule
produces an increase of one kelvin in the thermanya temperature.

5. Unit of latent heat- The unit of latent heat shall be the joule péwgkam.
(Symbol: J/kg)

The joule per kilogram is the heat exchanged bykonef substance to change
from one phase to another at the temperature ohé@sging phase.

6. Unit of specific energy- The unit of specific energy shall be the jouer p
kilogram. (Symbol: J/kg)

12



The joule per kilogram is the specific energy afyatem of homogenous mass
of one kilogram having the internal energy of onal¢.

7. 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 conduistiof a homogenous body
in which a difference of one kelvin in the thermaodynic temperature produces a
radiant flux of one watt between two parallel plgneach having an area of one
square metre, placed one metre apart.

1 W/m.K =_1 W/
1K/ 1m

8. Unit of energy density The unit of energy density shall be the joule qdric
metre. (Symbol: J/f)

The joule per cubic metre is the energy densita aystem of homogenous
mass of volume one cubic metre and having the madiaergy of one joule.

9. Unit of heat flux density The unit of heat flux density shall be the wadt
square metre. (Symbol: Wn

The watt per square metre is heat flux densitg sfirface of one square metre
in area radiating out energy at the rate of on&jpar second.

PART IV
Derived unitsin relation of Electricity and Magnetism

Unit of quantity of electricity and electric chargeThe unit of quantity of electricity
and electric charge shall be the coulomb. (Sym®Bhl:
The coulomb is the quantity of electricity carriedone second by a current of one

ampere.
1C=1A1s
2. Unit of electric charge density The unit of electric charge density shall be

the coulomb per cubic metre. (Symbol: G/m
The coulomb per cubic metre is the electric chatgesity of a homogenous
mass or system of volume one cubic metre and havitwarge of one coulomb.

3. Unit of electric flux density The unit of electric flux density shall be coulo
per square metre. (Symbol: Gjm

The coulomb per square metre is the electric flarsity when a condenser,
having plates of infinite area/size, parallel tateather, is charged, in vacuum, with a
quantity of electricity equal to one coulomb peea@uguare metre of area of the plates.

4. Unit of electric tension, electric potential andeefromotive force- The unit
of electric tension, electric potential and electotive force shall be the volt.
(Symbol: V).

The volt is the potential difference between twinpoof a conducting wire carrying a
constant current of one ampere, when the poweipdiesl between these points is
equal to one watt.

1V=1W/1A.
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5. Unit of electric field strengtk The unit of electric field strength shall be the
volt per metre. (Symbol: V/m)

The volt per metre is the electric field strengthan electric field which produces a
force equal to one newton in a body charge witluantjty of electricity equal to one
coulomb.

1V=1N

Im 1C

6. Unit of electric resistance The unit of electric resistance shall be the ohm
(Symbol:Q)

The ohm is the electric resistance between twotpaiha conductor when a constant
potential difference of one volt, applied to thesents, produces in the conductor a
current of one ampere, the conductor not beingéag of any electromotive force.
1Q0=1V/1A.

7. Unit of conductance The unit of conductance shall be the siemensn®l:
S)
The siemens is the conductance of a conductor aviesistance of one ohm.
15s=10"=1
Q
8. Unit of capacitance- The unit of capacitance shall be the farad. (&ynF)

The farad is the capacitance between the conduot@sapacitor across which there
appears a potential difference of one volt whensitcharged by a quantity of
electricity of one coulomb.

1F=1C/1V

9. Unit of permittivity— The unit of permittivity shall be farad per neetr

(Symbol: F/m).

The farad per metre is the permittivity of the madiwhich gives a capacitance of
one farad per square metre of area of two panaléés separated by a distance of one
metre.

10.  Unit of inductance- The unit of inductance shall be the henry. (SyimH)
The henry is the inductance of a closed circuwimich an electromotive force of one
volt is produced when the electric current in threwt varies uniformly at the rate of
one ampere per second.
1H=1V.1s

1A

11. Unit of permeability— The unit of permeability shall be the henry pestre.
(Symbol: H/m)

The henry per metre is the permeability of a nialtesurrounded by a single
turn of flat sheet conductor including an area pé square metre and length one
metre which gives an inductance of one henry.

12. Unit of magnetic flux and flux of magnetic iration — The unit of magnetic
flux and flux of magnetic induction shall be thebge. (Symbol: Wb)

The weber is the magnetic flux which, linking acait of one turn, would produce in
it an electromotive force of one volt if it weredteeed to zero at a uniform rate in one
second.

14



1Wb=1V.1s
13.  Unit of magnetic induction and magnetic flux densifThe unit of magnetic
induction and magnetic flux density shall be trsdae(Symbol: T)

The tesla is the uniform magnetic induction whidlstributed evenly over a
surface of one square metre, produces a total riagiex of one weber while
passing over the surface.

1T = 1Wb/1m

14.  Unit of magnetic field strength The unit of magnetic field strength shall be
the ampere per metre. (Symbol: A/m or A)m

The ampere per metre is the magnetic field strepgiduced in vacuum along
the surface of a circular cylinder with a circunefiece of one metre, by a current of
intensity of one ampere, maintained in a straighmdector of infinite length, of
negligible circular cross-section, which forms s of the said cylinder.

15.  Unit of current density- The unit of current density shall be the ampee
square metre. (Symbol: Afn

The ampere per square metre is the current densityinear conductor when
a current of intensity one ampere flows uniformiyough a cross-section of the
conductor equal to one square metre, perpendituthie direction of flow of the
current.

PART V
Derived Unitsin Relation to Electromagnetic Radiation and Light

1. Unit of radiant intensity- The unit of radiant intensity shall be the waet
steradian. (Symbol: W/sr).

The watt per steradian is the radiant intensityagboint source uniformly
emitting a radiant flux of one watt within a sofidgle of one steradian.

2. Unit of irradiance— The unit of irradiance shall be the watt perasgumetre.
(Symbol: W/nf)

The watt per square metre is the irradiance pratiligea radiant flux of one watt,
distributed uniformly over an element having a acef of one square metre.

[See also (1) above]

3. Unit of radiance— The unit of radiance shall be the watt per sguaetre
steradian. (Symbol: W/frsr)

The watt per square metre steradian is the raeliah@ source radiating one
watt per steradian per square metre of projecteal ar

4. Unit of luminance— The unit of luminance shall be the candela pprase
metre. (Symbol: cd/f)

The candela per square metre is the luminanceepdiqular to the plane
surface of one square metre of a source, the lumimdgensity of which perpendicular
to this source is one candela.

5. Unit of luminous flux- The unit of luminous flux shall be the lumenyrg®ol:
Im)
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The lumen is the luminous flux emitted in a s@itgle of one steradian by a
uniform point source having a luminous intensityook candela.
l1im=1cd. 1sr

6. Unit of illuminance- The unit of illuminance shall be the lux. (Syrhix)

The lux is the illuminance produced by a lumindus< of one lumen,
uniformly distributed over a surface of area ongasg metre.

11x=11Im/ 1nf

PART VI
Derived Unit in Relation to ionizing Radiations

1. Unit of activity (radioactivity}- The unit of activity (of a radioactive source)
shall be the becqueral. (Symbol:Bq)

The becqueral is the activity of a radioactive seuin which one transformation or
one transition takes place in one second

1Bg=1/1s

2. 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 oftautes of mass one kilogram to
which an energy of one joule is communicated byiamizing radiation, having a
constant density of radiant flux,

1Gy=1J/1kg

PART VII
Derived Unitsin Relation to Physical Chemistry and M olecular Physics

1. Unit of concentration (of amount of substane€lhe unit of concentration (of
amount of substance) shall be the mole per cubtcem@&ymbol: mol/r)

The mole per cubic metre is the concentration dioanogenous solution
having a total volume of one cubic metre and coiigi one mole of the given
substance.

2. Unit of molar energy — The unit of molar eneshall be the joule per mole.
(Symbol: J/mol)

The joule per mole is the molar energy of one nodlsubstance having the energy of
one joule.

3. Unit of molar entropy — The unit of molar entyoghall be the joule per mole
kelvin. (Symbol: J/mol.K)

The joule per mole kelvin is the molar entropy okystem of homogenous mass
having a substance equal to one mole receivingaatigy of heat equal to one joule at
the constant thermodynamic temperature of one fkglvovided that no irreversible
change takes place in the system.

4. Unit of molar heat capacity — The unit of mdiaat capacity shall be the joule
per mole kelvin. (Symbol: J/mol.K)
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The joule per mole kelvin is the molar heat cafyacf a homogenous body
having an amount of substance equal to one moighioh a quantity of heat equal to
one joule produces an increase of one kelvin irthtbhemodynamic temperature.

THE THIRD SCHEDULE
(Seerule 14)

NAMES, MAGNITUDESAND SYMBOLSOF Sl PREFIXES
AND PRINCIPLES OF USE OF SI PREFIXES

1. Names, Magnitudes and Symbols of S| Prefix@éhe names of prefixes, their
magnitudes and symbols shall be as given in Table 1

TABLE 1

Names of Prefixes, their Magnitudes and Symbols
Name of Prefix Magnitude of Prefix Symbol of Prefix
exa 10° E
Peta 16° P
tera 10° T
giga 10 G
mega 16 M
kilo 10° k
hecta 16 h
deca 16 da
deci 10" d
centi 107 C
milli 107 m
micro 10° M
nano 10 n
pico 10" P
femto 10" f
atto 10 a

Explanation:The unit of length is metre with symbol m: aftedand) a prefix c’ for
centi we get “cm” as new unit symbol. This can &ised to a positive exponent 3 to
give the unit of volume. Similarly this can be caned with another unit say ‘kg’ and
by giving it negative exponent 3 to indicate densitkg per cm.

Kg/cm® = kg/ 10° m® = 1¢ kg/n?®
Similarly g/cn? = 1000 kg/m

2. Symbol how to be combined with unitéa) The symbol of the prefix shall be
placed before the unit symbol without any internaeglispace or dot.

(b) The combination shall form the symbol of theltiple and sub-multiple of the

unit.

(c) The symbol for the prefix shall be consideredé& combined with the symbol of
the unit to which it is directly linked togetheorining a new unit symbol, which can
be combined with other unit symbols to form comfmanit symbols.
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3. Errors how to be avoided To avoid errors in calculations, all quantitssll
be expressed in Sl units, and powers of 10 shallskd.

4. Exponents- An exponent affixed to a symbol containing a prafdicates
that the multiple or sub-multiple of the unit igsed to the power expressed by the
exponent.

ILLUSTRATION
1cm =106 m gives 1 cm= 10° m*and 1 crit = 1¢ m*

5. Compound units how to be formedDnly one prefix shall be used in forming
the multiples of a compound unit, and compoundiyxesfshall not be used.
ILLUSTRATION

Write nm (nano metre), instead of mum.

6. Use of prefixes with unit massNotwithstanding that the base unit of mass
contains a prefix, names of decimal multiples dr-swiltiples of the unit of mass
shall be formed by attaching prefixes to the waahy

ILLUSTRATION

Write milligram (mg) but not micro kilogram (pkg).

7. Printing: (1) Symbols of units -

(a) Shall be printed in roman (upright) type irresfive of the type used in the rest of
the text;

(b) Shall remain unaltered in the plural;

(c) Shall be written, without a final full stop (ped) unless the context otherwise
requires; and

(d) shall be placed after the complete numerichlevan the expression for a quantity,
leaving a space between the numerical value andrtite

(2) The symbol for units of weight or measure sha&llprinted in lower case letters
except that the first letter shall be printed irpepcase when the name of the unit is
derived from a proper name.

ILLUSTRATION

m - metre

s - second

A - Ampere

Wb - weber

8. Multiplication of units — (1) When a compound unit is formed by
multiplication of two or more units, the multipliten may be indicated in one of the
following ways:

m, N, N.m, Nm

(2) In using a symbol of a unit of weight or me&swhich coincides with the symbol
for a prefix, special care shall be taken to awmdfusion.

ILLUSTRATION

The unit ‘newton metre’ shall be written Nm or ntdNavoid confusion with mN, the
millinewton.
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9. Division of Units — (1). When a compound is fewmnby dividing one unit by
another the division shall be indicated in onehef fiollowing ways: -

m/s or by writing the product of m and as mg

(2). The letter p shall not be used to denote iris

ILLUSTRATION

Do not write kmph, write km/h or km’h

(3). In no case shall more than one solidus (obligtroke) on the same line be
included in such a combination unless a parentliegiserted to avoid ambiguity:
ILLUSTRATION

Write m/$ or m.§? but not m/s/s/

(4). In complicated cases, negative powers or plaesis shall be used.
ILLUSTRATION

Write m.kg/(S.A) or m.kg.8A™ but not m.kg/3A

10.  Expression of results (1) The appropriate integral multiple and subtipie
to which a unit is to be expressed shall be saleatesuch a manner that the
numerical value to be expressed is between 0.1.60d

ILLUSTRATION
1.2 x 10N may be written as 12 kN
0.00 394 m may be written as 3.94 mm
1 40 1 Pa may be written as 1.401 kPa
3.1 x 10°s may be written as 31 ns
(2) In a table of values for the same quantitynoa idiscussion of such values within a
given context the same integral multiple or subtipld of a unit may be used for all
items, even when some of the numerical values neaguiside the range of 0.1 to
1000.
(3) For the purpose of expression of dimensionm@&thanical engineering drawings
only the millimeter shall be used.

11. Expression of Numbers -

(1) To express numbers in connection with unitsvefghts and measures, the dot
shall be used to separate the integral part of eusniibom the decimal part.

(2) Numbers shall be divided in groups of threetistg from the decimal point in
order to facilitate regarding and neither dots ecammmas shall be inserted in the space
between such group of numbers.

ILLUSTRATION

Write 3211 468.022 82

Not 3.211.468.022.82

or 3,211,468.022.82

THE FOURTH SCHEDULE
(Seerule 15)

Units Per mitted to be used with base, Supplementary or Derived Units

1. Permitted units of time (1) The permitted units in relation to time sl as
follows, namely: -

() the minute, equal to 60 second (Symbol: min),

(i) the hour, equal to 3600 seconds or 60 min(Sgsnbol: h), and

(i) the day, equal to 86,000 seconds or 24 h@¢8ysnbol: d)
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The week, month and year shall correspond to Hie Lalendar or the
Gregorian calendar.

2. Permitted units of plane angle The permitted units in relation to plane angle
shall be as follows, namely: -

(i) The degree, equal td180 radian (Symbof),

(i) The minute, equal ta/10800 radian or (1/66)(Symbol:), and

(iii) The second equal ®@648000 radian or (1/60jSymbol:).

3. Permitted unit of volume- (1) The permitted unit of volume shall be litre
(Symbol: 1). The litre shall be equal to one thawspart of the cubic metre.
11-1dnf=10°m’
(2) The litre shall not be used for work involvipgecise measurements.

4. Permitted unit of mass (1) The permitted unit of mass shall be the ¢onn
(Symbol: t). The tonne shall be equal to 1000 kéogs.

(2) Only the prefixes “kilo”, “mega”, “giga” andtéra” specified in the Third
Schedule may be used with the tonne.

THE FIFTH SCHEDULE
(See Rule 16)

Special Unitsand their Symbols

1. Special unit of energylhe special unit of energy acquired by an elecstall
be the electron volt. (Symbol: eV)

The electron volt is the energy acquired by amteda in passing through a
potential difference of one volt in vacuum.

1eV=1.60217733x 18J

2. Special unit of atomic mas§he special unit of mass of an atom shall be
unified atomic mass unit. (Symbol: u)

The unified atomic mass unit is equal to the foactl/12 of the mass of an
atom of the nucleusScC

1u=1.660 5402 x T kg

3. Special units of stellar distance (1) The first special unit of stellar distance
shall be the astronomical unit. (Symbol: AU)

The astronomical unit of distance is the lengtithefradius of the unperturbed
circular orbit of a body of negligible mass movirund the Sun with a sidereal
angular velocity of 0.017 202 098 950 radian parafa86 400 ephemeris seconds.

1 AU = 149 600 x 10m

Note: The symbol for stellar distance is not internadiyn uniform, for
example the symbol used for stellar distanceAsit France AU in England andhE
in Germany.

(2) The second special unit of stellar distancdl fleaparsec. (Symbol: pc)

The parsec is the distance at which one astroramiat subtends an angle of
one second of arc.

1 pc = 206 265U = 30857 x 16 m.
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THE SIXTH SCHEDULE
(SeeRule 17)

Temporarily accepted Units

Unit of nautical distance The unit of distance for use in marine and e@aigation
shall be the nautical mile is equal to a distarfcE862 metres.

Unit of nautical velocity The unit of nautical velocity for use in mariaad aerial
navigation shall be the knot. The knot is the vityoequal to one nautical mile per
hour.

1 kont = (1852 / 3600) m/s, i.e. 0.514 444 m/s.

Unit of wavelength of lightl)The unit of wavelength of light shall be thegatrom.
(Symbol:A). The angstrom is equal to 0.1 nanometre.
= 0.1nm = 16%m

Unit of land measurement (1) The first unit for measurement of land askall be
the ‘are’ (Symbol : a)

The *are’ is the area of a square with sides afjifler10 metres.

1 a = darfi= 16m?

(2) The second unit for measurement of land aredl bk hectare. (Symbol: ha) The
hectare is the area of a square with sides ofleb@® metres.

1 ha = 1hrA= 10" nv?

(3) The prefixes specified in the Third Schedulallshot be used with the ‘are’ or
hectare.

Unit of nuclear cross-sectioAlhe unit of nuclear cross-section shall be thenbar
(Symbol: b) The barn is the nuclear cross-sectioea aequal to 100 square
femtometres.
1b=10%m?

Unit of pressure of fluid The unit of pressure of fluid shall be the baymi®ol: bar)
The bar shall be equal to 100 000 pascals.

Unit of standard atmosphere The unit of standard atmosphere shall be 101 325
pascals.

The standard atmosphere is the pressure exertedr laf mean sea level under the
standard conditions specified by the General Cenfeg on Weights and Measures.

Special unit for acceleration due to gravityrhe special unit for acceleration due to
gravity for use in geodesey and geophysics shahégal. (Symbol: Gal).
The gal is equal to 1/100 metre per second square.

Unit of activity of radio-nuclides The unit of activity of radio-nuclides shall bee
curie. (Symbol: Ci)

The curie is the quantity of any radioactive nuelich which the number of
disintegrations per second is 3.7<%6r

1Ci=3.7x 16°Bq
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Unit of exposure doseThe unit of exposure dose shall be the roentf&mbol: R)
The roentgen is the exposure dose of an ionizidgatian which can produce in a
guantity of air having a mass of one kilogram, iofishe same sign carrying a total
charge 2.58 x I®coulomb, the density of energy flux being the sameughout the
quantity of air taken.

R = 2.58x10 Clkg

Unit of velocity- The unit of velocity shall be kilometer per ho(8ymbol: km/h) The
kilometer per hour is the velocity of a body in matwhich when set in a uniform
traverses a distance of one kilometer in one hour.

Unit of mass of special valueThe unit of mass of special value shall be theetc
(Symbol: c)

The caret is equal to five thousandth part of tilegkam. It shall be used for
commercial transactions in diamonds, pearls anciquie stones.

1c =200mg

Unit of mass for special useThe unit of mass for special use shall be thatgl
(Symbol: q)

The quintal is equal to 100 kilograms. The quimey be used in large commercial
transactions in food grain, farm produce and otiegssumer commodities.

THE SEVENTH SCHEDULE

(Seerule 18)
C.G.Sunitswith special names
Name of Unit Symbol Value in terms of base, supgiéany or derived unit
(1) erg erg 1 erg = 10J
(2) dyne dyn 1 dyn = TON
(3) poise P 1 P-1dyns/ém 0.1 Pa.s
(4) stokes st 1st=1ém= 10" m’/s
(5) gauss Gs 1Gs=1a
(6) oersted Oe 1 Oe =1008/m

4

(7) maxwell Mx 1 Mx =10 Wb
(8) stilb sb 1 sb = 1 cd/crw 10 cdinf
(9) phot ph 1 ph =10 Ix

THE EIGHT SCHEDULE
(Seerule 18)

Units outside the I nter national System

Name of Unit Value in terms of base, supplementaryderived
units
(1) | fermi 1 fermi= 1 fm = 18°m
(2) | torr 1 torr = 10132Pa
760
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(3) | kilogram-force(kgf)

1 kgf =9.806 65 N

(4) | calorie (cal)

1 cal =4.1868 J

(5) micron*(u)

1p=1pm=Ton

(6) | X unit” 1 X unit = 1.002 = 18 nm approximately
(7) | stere (st)” 1st=1ni

(8) | gammary) 1y=1nT=10T

9 |y 1y=1pg=1C0kg

(10) | & 11 =1pl= 10°

* is value is that of the ‘IT’ calorie {&International Conference on Properties of

Steam, London, 1956).

** This special unit was employed to express wangths of X-rays.

*** This special unit was used to measure firewood.

THE NINTH SCHEDULE

(See Rule 19)
Important Physical Constants
Quantity Symbol Value Units Relative
Uncertainty
(ppm)
GENERAL CONSTANTS
Universal Constants
speed of light in vacuum c 299792458 “ms (exact)
permeability of vacuum 4 4n x 107 NA~“ (exact)
=12.566370614... | 107 NA*
permittivity of vacuum €o 1/poC” 10" Fm* (exact)
=8.854187817...

Newtonian constant of G 6.67259(85) 16" 128
gravitation mkgts?
Planck constant h 6.6260755(40) 10°%Js 0.60
in electron volts, h / {e} 4.1356692(12) 10%%Vs 0.30
h/(2r) h 1.05457266(63) 10°%Js 0.60
in electron volts h / {e} 6.5821220(20) 10%%Vs 0.30
Planck mass, Mp 2.17671(14) 16kg 64
(hc/G)?
Planck length lp 1.61605(10) 18°m 64
h/myc = (hG/])*2
Planck time tp 5.39056(34) 16’ 64
t,/c = (hG/E)'
ELECTROMAGNETIC CONSTANTS
elementary charge e 1.60217733(49) T 0.30

e/h 2.41798836(72) itag 0.30
Magnetic flux quantum, ®o 2.06783461(61) 16Wb 0.30
h/2e
Josephson frequency- | 2e/h 4.8359767(14) 19H,v' [ 0.30

voltage ratio
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quantized Hall conductance | ,€%/h 3.87404614(17) e 0.045
guantized Hall resistance, Rn 25812.8056(12) Q 0.045
h/e?=1/2u0€ /0
Bohr magneton, uB 9.2740154(31) 1937 0.34
eh/2me
in electron volts, 5.78838263(52) I0evT' |0.089
uB/{e}
in hertzuB/h 1.39962418(42) HHzTT [0.30
in wavenumbers, pB/hc 46.686437(14) T 0.30
in kelvins,uB/k 0.6717099(57) KT 8.5
nuclear magneton, eh/2mp uN 5.0507866(17) <10 0.34
in electon voltsuN/ {e} 3.15245166(28) 1%evT® ]0.089
in hertz,uN/h 7.6225914(23) MHZT 0.30
in wavenumbergyN/hc 2.54262281(77) 1om'Tt [0.30
in kelvins, uN/k 3.658246(31) 16KT™ 8.5
ATOMIC CONSTANTS
fine-structure constant, o 7.29735308(33) 10 0.045
Vonoceflh
inverse fine-structure o’ 137.0359895(61) 0.045
constant
Rydberg constant, R 10973731.534(13) m 0.0012
vsmcalh
in hertz, Rc 3.2898419499(39) tHz 0.0012
in joules, Rhc 2.1798741(13) 167 0.60
in eV, R.hc/{e} 13.6056981(81) eV 0.30
Bohr radiusp/4nR., % 0.529177249(24) 10m 0.045
Hartree energy, #neq0o = En 4.3597482(26) 19J 0.60
2Rzhc
in eV,Eh/{e} 27.21139661(81) eV 0.30
quantum of circulation h/2g 3.63694807(33) Itn° s’ 0.089
h/me 7.27389614(65) Itns* 0.089
ELECTRON
electron mass m 9.1093897(54) 18" kg 0.59
5.48579903(13) 1Hu 0.023
in electron volts, re’/{e} 0.51099906(15) MeV 0.30
electron-muon mass ratio ofm, 4.83633218(71) 10 0.15
electron-proton mass ratio ofmy, 5.44617013(11) 10 0.020
electron-deuteron mass | mgmy 2.72443707(6) 16 0.020
ratio
electrone-particle  mass me/m, 1.37093354(3) 16 0.021
ratio
electron specific charge -eim -1.75881962(53) TéCckg™ 0.30
electron molar mass M(e),Me|  5.48579903(13) “Kmol 0.023
Compton wavelength, hgm | Ac 2.42631058(22) 18m 0.089
A/ 2n=aa, = &/4nRx AC 3.86159323(35) 16m 0.089
classical electron radius, | ¢ r 2.81794092(38) IBm 0.13
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o 3

Thomson cross-section, | o 0.66524616(18) Iom° 0.27

(8n/3)r e

electron magnetic moment | e 928.47701(31) 1T 0.34

in Bohar magnetons ue/Ug 1.001 159 652 1 x10°
193(10)

in nuclear magnetons pe/ N 1838.282000(37) 0.020

electron magnetic moment | a 1.159652193(10) 10 0.0086

anomaly uefus-1

electron g-factor, 2(lof) Oe 2.002319304386(20) 1x 710

electron-muon magnetic e 206.766967(30) 0.15

moment ratio

electron-proton magnetic | pe/pp 658.2106881(66) 0.010

moment ratio

MUON

muon mass m 1.8835327(11) 16%g 0.61
0.113428913(17) u 0.15

in electron volts, mc’/{e} 105.658389(34) MeV 0.32

muon-electron mass ratio Wme 206.768262(30) 0.15

muon molar mass Nj,M, | 1.134289 13(17) 1tkg/mol 0.15

muon magnetic moment My 4.4904514(15) 1PIT? 0.33

in Bohr magnetons w/us 4.84197097(71) 10 0.15

in nuclear magnetons [TTY 8.8905981(13) 0.15

muon magnetic moment | a, 1.1659230(84) 10 7.2

anomaly [u/(eh/2mu)]-1

muon g-factor, 2(1+a gu 2.002331846(17) 0.0084

muon-proton  magnetic w/pp 3.18334547(47) 0.15

moment ratio

PROTON

proton mass M 1.6726231(10) 16'kg 0.59
1.007276470(12) u 0.012

in electron volts, pe/{e} 938.27231(28) MeV 0.30

proton- electron mass ratio pfMe 1836.152701(37) 0.020

proton-muon mass ratio gm, 8.8802444(13) 0.15

proton specific charge epm 9.5788309(29) 1Tkg™ 0.30

proton molar mass M(p),M | 1.007276470(12) T&g/mol | 0.012

proton Compton ACp 1.32141002(12) 10"m 0.089

wavelength,  h/p Acp 2.10308937(19) 10"%m 0.089

acp/2n

proton magnetic moment lp 1.41060761(47) 1631 0.34

in Bohr magnetons LpollB 1.521032202(15) 10 0.010

in nuclear magnetons Mo/ LN 2.792847386(63) 0.023

diamagnetic  shielding oH»0 25.689(15) 10

correction for protons in

pure water, spherical

sample, 2%C, 1 2 p/ 11p

shielded proton moment |p p 1.41057138(47) B IT! 0.34
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(H-0, sph. 2BC)

in Bohar magnetons U oplus 1.520993129(17) 10 0.011
in nuclear magnetons 1 op/pn 2.792775642(64) 0.023
proton gyromagnetic ratio | v, 26752.2128(81) {C 0.30
Yo/2n 42.577469(13) MHzT 0.30
uncorrected (KD, sph. 25C) [y, 26751.5255(81) 16T 0.30
y o2 42.576375(13) MHzT 0.30
NEUTRON
neutron mass m 1.6749286(10) 16 kg 0.59
1.008664904(14) u 0.014
in electron volts, re/{e} 939.56563(28) Mev 0.30
neutron-electron mass ratio nMe 1838.683662(40) 0.022
neutron-proton mass ratio ntliMy 1.001378404(9) 0.009
neutron molar mass M(n), M| 1.008664904(14) Tdkg/mol | 0.014
neutron Compton Ae, N 1.31959110(12) 10 m 0.089
wavelength, h/rt
Ay ol 21 Ae, N 2.10019445(19) 16 m 0.089
neutron magnetic moment | i, 0.96623707(40) 16 JT* 0.41
in Bohr magnetons U/ Us 1.04187563(25) 19 0.24
in nuclear magnetons nH N 1.91304275(45) 0.24
neutron-electron magnetic | pn / pe 1.04066882(25) 10 0.24
moment ratio
neutron-proton magnetic Hn / Ho 0.68497934(16) 0.24
moment ratio
DEUTRERON
deuteron mass am 3.3435860(20) 10'kg 0.59
2.013553214(24) u 0.012
in electron mass, yc/{e} 1875061339(57) MeV 0.30
deuteron-electron mass Mg/ Me 3670.483014(75) 0.020
ratio
deuteron-proton mass Mg/ My 1.999007496(6) 0.003
ratio
deuteron molar mass M(d),dM| 2.013553214(24) 18 kg/mol | 0.012
deuteron magnetic moment | 4 0.43307375(15) 16 JT! 0.34
in Bohr magnetons M/ Us 0.4669754479(91) 10 0.019
in nuclear magnetons db/ Py 0.857438230(24) 0.028
deutron-electron magnetic | Ug / e 0.4664345460(91) 10 0.019
moment ratio
deutron-proton magnetic Ha / Ho 0.3070122035(51) 0.017
moment ratio
PHYSICO-CHEMICAL CONSTANTS
Avogadro constant NL 6.02213367(36) O mol* 0.59
atomic mass constant my 1.6605402(10) 16'kg 0.59
m, = 1/12m{*C)
in electron volts, mc/{e} 931.49432(28) Mev 0.30
Faraday constant F 96485.309(29) Cmol 0.30
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molar Planck constant A 3.99031323(36) 1HJsmol® | 0.089
Nahc 0.11962658(11) Jm nibl 0.089

molar gas constant R 8.314510(70) Jrot 8.4

Boltznann constant RiN k 1.380658(12) 16° J K* 8.5

in electron volts, k/{e} 8.617385(73) PevK' 8.4

in hertz, k/h 2.083674(18) HzK* [8.4

in wavenumbers, k/hc 69.50387(59) T’ 8.4

molar volume (ideal gas), Vi 22.41410(19) L/mol 8.4

RT/p

T=273.15K

p = 101325 Pa

Loschmidt constant, No 2.686763(23) 16° m* 8.5

Na/Vm

T=273.15K, p=100 kPa Vi 2.686763(23) L/mol 8.4

Sackur-Tetrode constant S/R -1.151693(21) 18

(absolute entropy

constant)

5/2 + In {(2nm KT /n%)*"* -1.164856(21) 18

KT1/po}

T=1k,

Po = 100 kPa

ps = 101 325 Pa

Stefan-Boltzmann constant, | ¢ 5.67051(19) 10Wm=K™ | 34

(7?160)K/h’c?

first radiation constant c1 3.7417749(22) 1°Wm* 0.60

2nhc

second radiation constant, | c; 0.01438769(12) mK 8.4

hc/k

Wien displacement law b 2.897756(24) ImK 8.4

constant,

b =AmaxI =

C,/4.96511423...

" The scalar magnitude of the neutron moment isdistere. The neutron magnetic
dipole is directed oppositely to that of the protamd corresponds to the dipole
associated with a spinning negative charge didtdbuThe vector sumd& [y + P,

is approximately satisfied.

™ The entropy of an ideal monoatomic gas of relasit@mic weight Ais given by S

= S + 3/2 RhA — RiIn(p/p) + 3/2 RIn (T/K)

THE TENTH SCHEDULE
(See Rule 20)

The following co-efficients shall be used for thegose of these rules: -

1. Alcohalic strength — (a) The “alcoholic strength by volume” of a nuis¢ of water
and alcohol is the ratio of the volume of alcolmgasured at 2Q, contained in the
mixture to the total volume of the mixture measuatdhe same temperature. The
symbol is “%Vol”.
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(b) The “alcoholic strength by mass” of a mixtufen@ter and alcohol is the ratio of
the mass of alcohol contained in the mixture to thtal mass of the mixture. The
symbol is “%mass”.

For the purpose of the inter-relation betweendhes strengths and between
the density of the aqueous solution of alcohol,liternational Recommendation No.
22 on Alcoholometry, together with the InternatibAkcoholometric Tables, shall be
used.

2. Hardness numbers for materials — (a) Brinell Hardness Number A number
related to the size of the permanent impressionentgda ball indenter of specified
size, pressed into the surface of the material madspecified load. The surface area
of the impression is determined from the averagasme=d diameter of the rim of the
impression and from the ball diameter. In reportBignell hardness number, the
International Recommendation No. 9, on Verificatiand Calibration of Brinell
Hardness Standards Blocks, shall be used.
(b) Diamond Pyramid or Vickers Hardness Numbeh number obtained by dividing
the load in kilograms applied to a square-basedrpidal diamond indenter having
included face angles of 136y the surface area of the impression calculateu the
measured diagonal of the impression. In reportimmadnd pyramid hardness, the
International Recommendation No. 10, on Verificat@nd Calibration of Vickers
Hardness Standards Blocks, shall be used.
(c) Rockwell Hardness Number A number derived from net increase in depth of
impression as the load on an indenter is increfrsed a fixed minimum load to high
load and then returned to the minimum load. In repy Rockwell hardness number
on Rockwell B scale, the International Recommeiodaho. 11, on Verification and
Calibration of Rockwell B Hardness StandardisedcB# shall be used.

Similarly, in reporting Rockwell hardness number Rockwell C scale, the
International Recommendation No. 12, on Verificatamd Calibration of Rockwell C
Hardness Standardised Blocks, shall be used.

3. For the purpose of determining the sugar conteesgmt in the sugar solutions
%ither of the two following coefficients may be dsdéegree Brix or sugar degree
(°S):-

(a) Degree Brix is the percentage of sucrose ptdgemass in the sugar solution. In
reporting the degree Brix, Indian Standard spedtiiiie for Brix hydrometers: (IS:
7324-1974) shall be used, till such time, the Doeate of Legal Metrology or the
International Organisation of Legal Metrology pregssuch document.

(b) Sugar degree on the international sugar ssalefined as follows:-

The 108 S point of the International Sugar Scale is fisgdthe optical rotation ‘y’
undergone by the polarized light of the green lofighe mercury isotope 198 (u-
546.2271 mm in vacuum). When passing through a0B@0mm length of sucrose
solution in pure water, kept at a temperature od@C, and containing 26.0160 g,
weighed in a vacuum of pure sucrose per 100.009 afnsolution ‘normal’ sugar
solution.

A mass of 26.0160 g of sucrose corresponds ta0R6g0when this sucrose is
weighed in air by means of weights with a densft8@00 kg/nf in air, at a standard
pressure of 101325 Pascal, at a temperature°@f 20d a relative humidity of 50%,
the density of this air therefore being 1.2 kﬁ/m
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4. Relative Humidity — It is the ratio of the actual vapour pressurevater vapours
present in air at the temperature of measuremettefsaturation vapour pressure
over a plane liquid water surface at the same teatype. This is expressed as a pure
number as percentage.

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

Explanation:

A 0.04 molar hydrochloric acid solution will hatligdrogen ion concentration
of 10%* mol and its ph value is 1.4. Similarly, 0.001 rhgHrochloric acid solution
will have the hydrogen ion concentration of h@ol and its ph value is 3.

[F.No WM 9(6) / 2010-pt-I11]
(Rakesh Kacker)
Additional Secretary to the Government of India
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