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Abstract: Guidance for the use of the modern metric system is given. Known as the International
System of Units (abbreviated Sl), the system is the basis for worldwide standardization of
measurement units. Information is included on Sl, a list of units recognized for use with SI, and a
list of conversion factors, together with general guidance on proper style and usage.
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ASTM International is a globally recognized leader in the development and delivery of voluntary
consensus standards. Today, over 12,500 ASTM standards are used around the world to improve product
quality, enhance health and safety, strengthen market access and trade, and build consumer confidence.

Organized in 1898, ASTM International is one of the world’s largest international standards developing
organizations. Our leadership in international standards development is driven by the contributions of our
members: more than 30,000 of the world’s top technical experts and business professionals representing
over 140 countries. Working in an open and transparent process and using ASTM’s advanced IT
infrastructure, our members create the test methods, specifications, classifications, guides and practices that
support industries and governments worldwide.

ASTM standards are the tools of customer satisfaction and competiveness for companies across a wide
range of markets. Through more than 140 technical standards-writing committees, we serve a broad range
of industries: metals, construction, petroleum, consumer products and many more. ASTM technical
standards can be found on ASTM’s website, www.astm.org, and in the 83-volume Annual Book of ASTM
Standards (available in print and through online subscription).

Your comments are invited either for revision of this standard or for additional standards and should be
addressed to ASTM International Headquarters. Your comments will receive careful consideration at a
meeting of the responsible technical committee, which you may attend. If you feel that your comments
have not received a fair hearing you should make your views known to the ASTM Committee on Standards
at the address shown below.

For more information on this standard and other ASTM publications, contact:

ASTM International

100 Barr Harbor Drive

P.O. Box C700

West Conshohocken, PA 19428-2959
USA

Phone: +1 610 832-9585

Fax: +1 610 832-9555

e-mail: service@astm.org

web: www.astm.or
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/[PR/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE
Standards are documents developed through scientific, academic, and industry-based technical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institute and participate
without compensation from IEEE. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information or the soundness of any judgments contained in its standards.

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure
against interference with or from other devices or networks. Implementers and users of IEEE Standards
documents are responsible for determining and complying with all appropriate safety, security,
environmental, health, and interference protection practices and all applicable laws and regulations.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE Xplore at
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more information about the
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

| This introduction is not part of [IEEE/ASTM SI 10-2016, American National Standard for Metric Practice. |

Any measurable physical quantity can be represented in the International System of Units (SI) with the aid
of just seven base units—the units for the quantities length, mass, time, electric current, temperature,
amount of substance, and luminous intensity—or by combinations (called derived units) of these seven. For
example, the unit of speed can be expressed by the unit of length divided by the unit of time. This standard
shows first the two classes of units (base and derived) that make up the SI, together with the standard
symbols that may be used to represent them. Prefixes that allow the formation of decimal multiples and
submultiples are explained. Notes on the proper use of the SI units and symbols in many applications
follow.

Annex A includes lists of many units from non-SI systems with the appropriate SI units that should be
substituted and numerical conversion factors. Other annexes include rules for conversion and rounding
(Annex B), a discussion of the advantages of SI units with definitions where appropriate (Annex C), a
history of the development of the system (Annex D), a discussion of quantities relating to chemical
solutions (Annex E), and a bibliography of source documents (Annex F).

. Documents

Copyright © 2016 IEEE/ASTM. All rights reserved. Document Sharing Hub

Full document details: ASTM SI10-16


http://www.avadocuments.com/doc/astm-si10-16
http://www.avadocuments.com/doc/astm-si10-16

Contents

LTl T TP SUS 11
2. ST UNItS AN SYMDOLS.....ceiitieieee ettt ettt ettt st e s et et e e et et e e et e st e s e e en e e beeseenaeeneeeeee 11
2.1 CLASSES OF UNILS ..ottt ettt ettt ettt e bt aees e et en et e st e e beeaeebeemeensens e s easeseeebeeneeneeneansenes 11
2.2 ST PIEIIXES . cutiveeiteeitieteete et e et et e et e ste et e et e etteeteesteebeesseesseessesssessesbeesbeesseerseeseeeseebeenbeenbeetbeerseateereas 15
3L USE OF the Sttt h bt h e et et e bbbt b e bt e bt et et e st e bt bt eaeebe et et e 16
BT GOINETAL ..ttt bbbtk b e bt eh et b et bt ae bt et et nee 16
3.2 APPLICAtiON Of ST PIEfiXES...ccuveruieiieiieiieieeiesie ettt eeeete sttt ettt e e tessaessaesse e seeseensesnsesseesseenseensenns 16
T T 0 11157 o 141U 17
3.4 Some comments concerning qUANtities and UNILS .........ceoverieruierieerieeieeee et ereesee e see e seee e eeens 22
3.5 StYLE ANA USAZE ...euveeuieieeiiite ettt ettt ettt et et b e bt bt et e e b ekt e bt e aeeae et et e etente bt eneene et ensenes 27
Annex A (informative) Tables of CONVErsion fACIOIS .........cccveviieriiiriiiiiiieciece et 34
AT GICTAL ...ttt b e a e bttt b et b e bt bt a e a et b et b et ent et et nee 34
AL NOTALION ..ttt b ettt et ettt e b e e h e eb e e st ea et e et e e bt ebeeb e e st en b et et e nbesbeebeeaeent et ense e 34
ALB USE .ttt ettt s h bt et et sae ettt e e e enreen 34
AL TADIES ..t bttt b e bt b e et h et a et besh e bttt eneen 35
Annex B (informative) Rules for conversion and rounding .............ccecceeveroiiienienieneeeeeseeeeee e 48
B.1 Need for care in conversion and rOUNAING ............coceeiuieiirierieriere ettt eeee e naeas 48
B2 DETINILIONS ...ttt ettt ettt et e et e e st est et et et e st e e bt eaeeseeneenbe e e teabesaeebeeneenteneensenee 48
B.3 INtroduction t0 COMVETSION ........iiuiriiiueitietieiieitetete et eteeteeetest et e e stesteabeeeeeseeseenseseteaaesaeeneeneenseneensenes 48
B4 SigNIfICANt QLS ..cuvievieiieiiiieiiere ettt ettt ettt e e stbestaeste e beesseesbeessesseesseeseenseesseesseesseeseenrees 49
B.5 Operations ON QA ........c.cccvieieiierieriieie et eteeee st esteeseesbesstestaesteesseesseessesssesseesseesseenseesseessenssesseesses 49
B.6 AccuracCy and rOUNAING ...........cceerieriierieeieeieeieset ettt etesetesttesteeseeseessesnnesseesseenseenseenseessesssensaensees 50
B.7 ROUNAING VAIUECS......ccutieiiieiiieiieciieiteie ettt tte ettt et et e seae st ae st e e seenseensesnnesseesseenseenseenseessesssensaensens 52
B.8 Conversion VErsus SUDSLIEITION .......ccueeruieieiiereieitieste et eteeeeestee st esteeteeeesee st e saeesae e teenteenseeneeeneenneas 52

Annex C (informative) Comments concerning the application of the International System of Units (SI)... 54

C.1 AdVANtagES OF SL.....eieieieiieee ettt ettt b e ettt e et et e be et ebeeneeneeneenee e 54
C.2 Note cONCEINING the TILET.......coiiiiiitiieitietieee ettt ettt ettt e bbb ebe st enee e enee s 55
C.3 Definitions Of ST DASE UNIES ....c..erviriirtirtietieiieiieteiest sttt ettt ettt be e et ee 55
C.4 Definitions of SI derived units with special NAMES ............cceecverierieniieiieie e 56
C.5 CommeENt 0N SPEILINEG ....veeueeeiieiieiieie ettt ettt et e st e e e b e e aesaaesneesseeseenseenseesseessenseensenn 58
C.6 Comments on mass, force, and WeIht...........cccveriiiieiieiieiecereeee e 58
Annex D (informative) Development of the International System of Units (SI)........ccoeceeiinieiinnieneeee 59
LD 20 5 6510 20RO 59
D.2 The International Bureau of Weights and Measures (BIPM) ........cccoooiiiiiiieiiinieneie e 60
Annex E (informative) The quantities used to characterize the composition of solutions................cc.......... 62
BT INErOUCTION ...ttt ettt b e s bbb et bbb bt bt ene et et nee 62
E.2 CONCENIALION ...ttt sttt b et ettt be s bt bt et e st et e e bt saeebeebeent e e ensenee 62
E.3 DIimensionless fTACLIONS ......c..ccuertiriiririiriiieieieteste sttt ettt sttt et sb e ee 63
E.4 Related qUANTILIES ....eevieiieeiieiiesiieieeie ettt ettt et et esete st ae st e e seesseensesnnesneesseeseenseenseessesssensaensenn 64
Annex F (informative) BibIIOZraphy ........ccveouieiiiieiieiee ettt e 65
o Documents
Copyright © 2016 IEEE/ASTM. All rights reserved. Document Sharing Hub

Full document details: ASTM SI10-16


http://www.avadocuments.com/doc/astm-si10-16
http://www.avadocuments.com/doc/astm-si10-16

American National Standard for
Metric Practice

1. Scope

This document is the primary American National Standard on application of the metric system. It
emphasizes use of the International System of Units (SI), which is the modern, internationally accepted
metric system. It includes information on SI, a limited list of units recognized for use with SI, and a list of
conversion factors, together with general guidance on style and usage. It also lists older “metric” units that
shall no longer be used. The word primary implies that other metric standards in the United States should
be consistent with this document.

2. Sl units and symbols

2.1 Classes of units

2.1.1 Base units

SI is built upon the seven well-defined base quantities of Table 1, which by convention are regarded as
independent, and upon the seven base units for these quantities. The definitions of the base units are given
in C.3. Throughout this document, unless otherwise noted, the word quantity means a measurable attribute
of a phenomenon or of matter.
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IEEE/ASTM SI 10-2016
American National Standard for Metric Practice

Table 1—SI base units

Quantity name Typisc;llll(ll)l;;ntity Unit name Unit symbol
length L x, r, etc. meter m
mass m kilogram kg
time t second s
electric current Li ampere A
thermodynamic temperature T kelvin K
amount of substance n mole mol
luminous intensity Iy candela cd

 The symbols for quantities are suggestions only and alternative symbols may be used, as indicated for length and electric current—

see 3.5.1.3 ¢).

2.1.2 Derived units

Derived units are formed by combining base units according to the algebraic relations linking the
corresponding quantities. The symbols for derived units are obtained by means of the mathematical signs
for multiplication, division, and use of exponents. Table 2 gives examples of derived units and shows how

they are formed from base units.

Table 2—Examples of Sl derived units expressed in terms of base units

Quantity name Typisc;lln(l])l(l)laantity Unit name Unit symbol

area A square meter m?
volume |4 cubic meter m3
speed, velocity v, 0, U meter per second m/s
acceleration a meter per second squared m/s?
wavenumber o, k reciprocal meter m!
density, mass density P kilogram per cubic meter kg/m?
specific volume % cubic meter per kilogram m’/kg
current density j ampere per square meter A/m?
magnetic field strength H ampere per meter A/m
concentration (of amount of substance) c mole per cubic meter mol/m?3
luminance Ly candela per square meter cd/m?

4 The symbols for quantities are suggestions only and alternative symbols may be used, as indicated for speed and wavenumber—see

3.5.13¢).

For convenience, certain derived units have been given special names and symbols. Those that are
approved by the General Conference on Weights and Measures (abbreviated CGPM from its name in
French; see Error! Reference source not found.), and are therefore formally part of the SI, are listed in
Table 3. Definitions are provided in C.4.
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Table 3—SI derived units with special names and symbols

Quantity name Unit Unit E)(t];::rslze:fin Expressed in te.rms of SI
name symbol other SI units base units
angle, plane radian rad 1 m-m~' =1 [See NOTE]
angle, solid steradian st 1 m?-m2 =1 [See NOTE]
frequency (of a periodic phenomenon) hertz Hz s7!
force newton N kg-m-s?
pressure, stress pascal Pa N/m? kg -m!-s?
energy, work, quantity of heat joule J N-m kg m?-s7?
power, radiant flux watt W s kg -m?-s73
electric charge, quantity of electricity coulomb C s-A
electric potential difference, electromotive force volt \Y W/A kg-m?-s3-A7!
capacitance farad F C/vV kg!'-m2-s* A?
electric resistance ohm Q V/A kg-m?-s3-A2
electric conductance siemens S AV kg -m2-s3- A?
magnetic flux weber Wb V-s kg-m?-s2- A7
magnetic flux density tesla T I\mm;) kg-s?2 A
inductance henry H Wb/A kg m?-s2- A2
luminous flux lumen Im cd-sr m?-m2-cd=cd
illuminance lux Ix Im/m? m?-m* cd=m?-cd
activity (referred to a radionuclide) becquerel Bq s7!
absorbed dose, specific energy imparted, kerma gray Gy J/kg m?-s72
dose equivalent, ambient dose equivalent,
directional dose equivalent, personal dose sievert Sv J/kg m?-s2
equivalent, organ equivalent dose
catalytic activity katal kat s'-mol
NOTE—If the SI units are considered as a mathematical group, group theory requires that the number 1 be included with the base
units. The CGPM has not yet adopted this position.1

It is sometimes convenient to express derived units in terms of other derived units with special names.
Some examples appear in Table 3 and additional examples are given in Table 4. Note that although the
expression of a derived unit in terms of the SI base units is unique, there are frequently alternative ways to
express a derived unit using other derived units.

! Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement
this standard.
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Table 4—Examples of Sl derived units whose names include coherent Sl derived units
with special names and symbols

Quantity name Unit name s;ljllllli)tol ExprSeIs i)e:s:nu;eil;gls of
absorbed dose rate gray per second Gy/s m?- s
angular acceleration radian per second squared rad/s? m-m'-s?=g2
angular velocity radian per second rad/s m-m'-s!=g"!
electric charge density coulomb per cubic meter C/m? m3-s-A
electric field strength volt per meter V/m kg -m-s?- Al
electric field strength newton per coulomb N/C kg -m-s3- A
electric flux density coulomb per square meter C/m? m?2-s-A
energy density joule per cubic meter J/m?3 kg -m'-s?
entropy joule per kelvin J/K kg -m?-s2 K
?));I-););;srean d gamma rays) coulomb per kilogram Clkg kg s A
heat capacity joule per kelvin J/K kg m?- s2-K!
heat flux density, irradiance watt per square meter W/m? kg s
molar energy joule per mole J/mol kg m?- s - mol!
$§}2§ Erelgrtocp;;acity joule per mole kelvin J/(mol-K) | m?-kg-s2 K -mol™!
moment of force newton meter N-m kg -m?-s?
permeability (magnetic) henry per meter H/m kg -m-s2-A?
permittivity farad per meter F/m kg -m3 st A2
power density watt per square meter W/m? kg-s
radiance watt per square meter steradian W/(m?-sr) | kg-s3
radiant intensity watt per steradian W/sr kg - m? s
specific heat capacity joule per kilogram kelvin J(kg-K) | m?-s?K'!
specific energy joule per kilogram J/kg m? 572
specific entropy joule per kilogram kelvin J/(kg-K) m?-s2-K!
surface tension newton per meter N/m kg - 572
thermal conductivity watt per meter kelvin W/(m-K) | kg -m-s? K
viscosity, dynamic pascal second Pa - s kg -m™' - ¢!
viscosity, kinematic square meter per second m?/s m? - s
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The SI base units and SI derived units form a coherent set, the set of coherent SI units, where coherent is
used in the specialist sense of a system whose units are mutually related by rules of multiplication and
division with no numerical factor other than 1.

2.2 Sl prefixes

The prefixes listed in Table 5 are used to form decimal multiples and submultiples of the SI base and
derived units. The term ST units includes the SI base units, the SI derived units, and all units formed from
them using the SI prefixes. See 3.2.5 for non-SI prefixes for binary multiples.

Table 5—SI prefixes

Name Symbol Multiplication factor
yotta Y 10%
zetta Z 10%!

exa E 10"8
peta P 101
tera T 10"
giga G 10°
mega M 10°
kilo k 103 =1000
hecto h 10?2 =100
deka da 10'=10
deci d 10'=0.1
centi c 102=0.01
milli m 103 =0.001

micro u 10
nano n 107
pico P 10712
femto 1071

atto a 1018
zepto z 102!
yocto y 107

2.2.1 Unit of mass

Among the base and derived units of SI, the unit of mass (kilogram) is the only one whose name, for
historical reasons, contains a prefix. Names or symbols of decimal multiples and submultiples of the unit of

mass are formed by attaching prefixes to the word gram or prefix symbols to the symbol g.
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2.2.2 Limited character sets

When the metric system developed in the 19th century, all educated persons were familiar with the Greek
alphabet, and the Greek letters lowercase mu (for micro) and uppercase omega (for ohm) were standardized
and have been included in the official SI Brochure. This presents a problem now with limited character sets,
especially in embedded and applied computer operating systems used in manufacturing and labware. IEEE
Std 260.1™-2004 [B9]? addresses this problem and prescribes lowercase u as a substitute prefix symbol for
micro and Ohm (note the uppercase O) as a substitute unit symbol for ohm when Greek letters are not
available. It also gives recommendations where only uppercase or only lowercase letters are available.

3. Use of the SI

3.1 General

SI is the form of the metric system that shall be used for all applications. It is important that this modern
form of the metric system be thoroughly understood and properly applied. The remainder of this standard
gives guidance concerning the use of the system, including the limited number of cases in which units
outside SI are appropriately used, and makes recommendations concerning usage and style.

3.2 Application of Sl prefixes

3.2.1 General

In general, use the SI prefixes (see 2.2) to indicate orders of magnitude. Thus, one can eliminate
nonsignificant digits (for example, 12 300 m becomes 12.3 km, or 12.30 km, or 12.300 km depending on
the appropriate number of significant digits) and leading zeros in decimal fractions (for example,
0.001 23 pm becomes 1.23 nm). SI prefixes provide a convenient alternative to the powers-of-ten notation
(for example, 12.3 x 103 m becomes 12.3 km). Never use a prefix alone.

3.2.2 Selection

When expressing a quantity by a numerical value and a unit, give preference to a prefix that yields a
numerical value between 0.1 and 1000. For simplicity, give preference to prefixes representing 1000 raised
to a positive or negative integral power. However, the following factors may justify deviation from these
prefixes:

a) In expressing area and volume, the prefixes hecto, deka, deci, and centi may be convenient, for
example, cubic decimeter, square hectometer, or cubic centimeter.

b) In tables of values of the same quantity, or in a discussion of such values within a given context, it
is preferable to use the same unit multiple or submultiple throughout.

¢) For certain quantities in particular applications, one particular multiple or submultiple is often used.
For example, the millimeter is used for linear dimensions in engineering drawings even when the
values lie far outside the range of 0.1 mm to 1000 mm; the centimeter is usually used for body
measurements, clothing sizes, household products, and other everyday purposes for which
millimeters are inconveniently precise.

2 The numbers in brackets correspond to those of the bibliography in Annex F.
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3.2.3 Compound prefixes
Do not use prefixes formed by the juxtaposition of two or more SI prefixes. For example, use
1.3 nm, not 1.3 mpum

2.4 pF, not 2.4 uyF

3.2.4 Powers of units

An exponent attached to a unit symbol containing a prefix indicates that the multiple or submultiple of the
unit (the unit with its prefix) is raised to the power expressed by the exponent.

Examples:
1 cm’ = (102 m)? =10°m’
2.5ns! =2.5(107s)"! =2.5%x10%s"
7 mm?/s =7(10" m)*/s =7x 10%m?/s

3.2.5 Prefixes for binary multiples

In the computer field the SI prefixes kilo, mega, giga, etc. have sometimes been defined as powers of two.
That is, kilo has been used to mean 1024 (i.e., 2'°), mega has been used to mean 1048 576 (i.e., 2%2°), etc.
The SI prefixes shall not be used as prefixes for binary multiples.

The International Electrotechnical Commission (IEC) and IEEE have adopted standard prefixes for binary

multiples. These include kibi (Ki) for 2'°, mebi (Mi) for 2?°, and gibi (Gi) for 2°°. See NIST Special
Publication 811 [B29], NIST Technical Note 1265 [B31], and IEEE Std 1541T™-2002 (reaff. 2008) [B10].

3.3 Other units

3.3.1 Units from other systems

To preserve the advantages of SI, minimize the use of non-SI units. Such use should be limited to units
listed in Table 6 and Table 7.
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Table 6—Non-SI Units in use with SI

Quantity Unit name Unit symbol Exact value in SI units
time minute min min=60s
hour h h =60 min = 3600 s
day d d=24h=286400s
month mo
year a
plane angle degree? ° 1° = (n/180) rad
minute® ' 1"=(1/60)° = (n/10 800) rad
second? ! 1" = (1/60)' = (/648 000) rad
revolution, turn r r=2mnrad
distance nautical mile nmi nmi = 1852 m
speed knot kn kn = nmi/h
area hectare ha ha=1hm? = 10*m?
volume liter® L L=1dm?=103m’
mass metric ton t t=1Mg=10°kg
logarithmic ratio neper Np See 3.4.9
quantities bel B
decibel dB

4 Decimal degrees should be used for division of degrees, except for fields such as astronomy and cartography.

See 3.3.2.5.

Table 7—Units whose values are obtained experimentally

Quantity Unit name Unit symbol Value in SI units®
energy electronvolt® eV eV =1.602 176 6208(98) x 1071°J
mass dalton, Da Da = 1.660 539 040(20) x 1027kg

unified atomic mass unit® u u=Da

4 The numerical values are taken from the 2014 CODATA set of recommended values of the fundamental physical constants,
Mohr, Taylor, and Newell (2015) [B27]. The values are given with their combined standard uncertainties, which apply to the
last two digits, shown in parentheses. The next CODATA will be issued in 2018 and will use the new SI definitions expected to
be issued in 2018. The values given in the CODATA might change as a result and significant changes in uncertainties are
expected due to the definitions of all base units in terms of exact quantities.
Y The electronvolt is the kinetic energy acquired by an electron in passing through a potential difference of 1 V in vacuum. The
electronvolt is often combined with the SI prefixes.
¢ The dalton (Da) and the unified atomic mass unit (u) are equivalent names for the same unit, equal to 1/12 of the mass of an
unbound atom of the nuclide '>C at rest and in its ground state. The dalton (Da) is often combined with the SI prefixes to

express masses of large molecules (e.g., kDa, MDa) or small mass differences of atoms or molecules (e.g., nDa, pDa).
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3.3.2 Units in use with SI

3.3.2.1 General

Compliance with this standard includes the use, as needed and convenient, of certain non-SI units listed in
Table 6 and Table 7, as well as all the SI units, including the multiples and submultiples.

3.3.2.2 Time

The SI unit of time is the second (s), which should be used in technical calculations. However, where time
relates to life customs or calendar cycles, the minute (min), hour (h), day (d), and other calendar units may
be used. For example, vehicle speed is often expressed in the non-SI unit kilometer per hour (km/h) instead
of the SI unit meter per second (m/s). There are no values or symbols given in the SI for week, month, and
year. The latter two especially have varying values depending on the actuarial or astronomical unit intended.
However, industry often uses the units month and year for statistical and financial purposes and so Table 6
of this standard includes those two units and their symbols.

3.3.2.3 Plane angle

The SI unit of plane angle is the number one (1), which is also called by its special name radian (rad). Use
of the degree of plane angle is permissible when the radian is not convenient.

3.3.2.4 Area

The SI unit of area is the square meter (m?). The hectare (ha) is a special name for the square hectometer
(hm?). Large land or water areas are generally expressed in hectares or in square kilometers (km?). Because
hectare, for historical reasons, already involves an SI prefix, additional SI prefixes may not be used with
this unit.

3.3.2.5 Volume

The SI unit of volume is the cubic meter (m?). Use this unit, or a multiple or submultiple of it, such as cubic
kilometer (km®), cubic hectometer (hm?), cubic centimeter (cm?), etc. The liter is a special name for the
cubic decimeter (dm?). SI prefixes are often used with liter for convenience.

In 1979, the CGPM approved the letters | and L as alternative symbols for the liter. Because the letter
symbol 1 can easily be confused with the numeral 1, the symbol L is recommended for use in the United
States. The script “ell” (£) shall not be used as a symbol for liter. See C.2 for information concerning the
history of this unit.

3.3.2.6 Mass

The SI unit of mass is the kilogram (kg). This unit, or a multiple or submultiple formed by attaching an SI
prefix to gram (g), is preferred in all applications.

The name ton has been given to several large mass units that are widely used in commerce and technology:

the long ton of 2240 Ib, the short ton of 2000 lb, and the metric ton of 1000 kg or 1 Mg, which is almost
2205 1b. Tonne is a name for metric ton that is used in many countries. Only the megagram is SI.
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3.3.2.7 Units whose values are obtained experimentally

Table 7 lists two non-SI units that are also accepted for use with SI, whose values expressed in SI units
must be obtained by experiment and are therefore not known exactly. These units are in common use in
certain specialized fields. The values given in this document are taken from the latest CODATA [B27]
existing at the time of publication. Consult the CODATA for the latest value where utmost precision is
important.

3.3.3 Units and names that shall not be used

Table 8 lists units and names that shall not be used and gives SI equivalents that shall be used in their place.
These are examples of several metric and related units other than those of SI that have been defined over
the years. Some are used only in special fields; others have found broad application outside the United
States. Do not use units that are not part of SI (or non-SI names for multiples or submultiples of SI units,
such as micron for micrometer). Some units that shall not be used are discussed in more detail in 3.3.3.1
and 3.3.3.2. Note that these subclauses and Table 8 are not complete but only indicate prominent examples.

3.3.3.1 Pressure and stress

The SI unit of pressure and stress is the pascal (newton per square meter), and with appropriate SI prefixes
it should be used in all applications (see also 3.4.7). The kilopascal is useful in many practical
applications—normal atmospheric pressure is approximately 100kPa (or 1000 hPa), and automobile
manufacturers are specifying tire pressure in kPa. Do not use old metric units for pressure and stress such
as kilogram-force per square centimeter (kgf/cm?) or other non-SI units—such as torr, millimeter of
mercury, or meter of water—for pressure.

3.3.3.2 Centimeter-gram-second (CGS) units

Prior to the introduction of the SI, many units were defined in measurement systems based upon the
centimeter, gram, and second (CGS units) and given special names. Do not use any of these units.

A few examples of CGS units with special names that are not to be used are:

— In mechanics and fluid mechanics: erg, dyne, gal, poise, stokes

— In photometry: stilb, phot, lambert
In electricity and magnetism, the so-called electrostatic units (esu) and electromagnetic units (emu) are
further examples of CGS units. Do not use any of the units in these systems, including those with special
names such as gauss, maxwell, oersted, gilbert, biot, and franklin. This prohibition extends also to those
units with names formed with the prefixes ab and stat, such as the abampere and the statvolt.

These and other examples of units not to be used can be found in Table 8.
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