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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 800004
IEC/TC 25,

This first &
technical ch

Four ¢
“Comb

ISO 80000

Part 1:

Part 2:

Part 3:

Part 4:

Part 5:

Part 7:

mental, in_fiaison with 150, also take part In the Work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting:-Publication as

| Standard requires approval by at least 75 % of the member bodies casting-a@vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 12, Quantities and units, in collaboration
Quantities and units.

dition cancels and replaces ISO 31-11:1992, which,has been technically revised. The m
anges from the previous standard are the following:

auses have been added, i.e. “Standard number sets and intervals”, “Elementary geome
natorics” and “Transforms”.

consists of the following parts, under thergeneral title Quantities and units:

General

Mathematical signs and symbols to be used in the natural sciences and technology")
Space and time

Mechanics

Thermodynamics

Light

the

ards
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tent

with
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try”,

Part 8:

Acoctine

Part 9:

TCUOTOtICS

Physical chemistry and molecular physics

Part 10: Atomic and nuclear physics
Part 11: Characteristic numbers

Part 12: Solid state physics

1) Title to be shortened to read “Mathematics” in the second edition of ISO 80000-2.
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IEC 80000 consists of the following parts, under the general title Quantities and units:
— Part 6: Electromagnetism
— Part 13: Information science and technology

— Part 14: Telebiometrics related to human physiology
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Introduction

Arrangement of the tables

The first column “Item No.” of the tables contains the number of the item, followed by either the number of the
corresponding item in ISO 31-11 in parentheses, or a dash when the item in question did not appear in
ISO 31-11.

The second column “Sign, symbol, expression” gives the sign or symbol under consideration, usually in| the
context of g typical expression. If more than one sign, symbol or expression is given for the same'item, they
are on an equal footing. In some cases, e.g. for exponentiation, there is only a typical expression and no
symbol.

The third cqlumn “Meaning, verbal equivalent” gives a hint on the meaning or how theg“expression may be fead.
This is for tihe identification of the concept and is not intended to be a complete mathematical definition.

The fourth folumn “Remarks and examples” gives further information. Definitions are given if they are short
enough to flt into the column. Definitions need not be mathematically complete.

The arrangg¢ment of the table in Clause 16 “Coordinate systems” is somewhat different.

Vi © 1SO 2009 - All rights reserved
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Scope

80000-2 gives general information about mathematical signs and symbols, their meani
valents and applications.

apply to other areas where mathematics is used.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For- Ghdated references, the latest edition of the
iment (including any amendments) applies.

80000-1:—32) , Quantities and units —Part 1: General

Variables, functions and operators

hmeters, such as a, b,-etc., which may be considered as constant in a particular context, ar
 (sloping) type. Thessame applies to functions in general, e.g. f; g.

pxplicitly defined function not depending on the context is, however, printed in Roman (uprigh
exp, In, T~-Mathematical constants, the values of which never change, are printed in Roman (u
e=2,7182188...; n=3,141592...; i2=-1. Well-defined operators are also printed in Rom

Nu

hgs, verbal

recommendations in ISO 80000-2 are intended mainly for use ip the' natural sciences and technology, but

For dated
referenced

ables such as x, y, etc.,-and running numbers, such as i in Z; x; are printed in italic (slpping) type.

e printed in

t) type, e.g.
bright) type,
an (upright)

hbets nyprneend inthe form of rligife are nl\A/nyc prini‘nd inRoman (llprighf) e'ryln) eg 351 ?ﬂA;

1,32; 7/8.

The argument of a function is written in parentheses after the symbol for the function, without a space
between the symbol for the function and the first parenthesis, e.g. fix), cos(ar + ¢). If the symbol for the
function consists of two or more letters and the argument contains no operation symbol, such as +, —, x, - or/,
the parentheses around the argument may be omitted. In these cases, there should be a thin space between
the symbol for the function and the argument, e.g. int 2,4; sin nx; arcosh 24; Ei x.

If there is any risk of confusion, parentheses should always be inserted. For example, write cos(x) + y; do not
write cos x + y, which could be mistaken for cos(x + y).

2)

To be published. (Revision of ISO 31-0:1992)
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A comma, semicolon or other appropriate symbol can be used as a separator between numbers or
expressions. The comma is generally preferred, except when numbers with a decimal comma are used.

If an expression or equation must be split into two or more lines, one of the following methods shall be used.

a) Place the line breaks immediately after one of the symbols =, +, —, = or F, or, if necessary, immediately

after one of the symboils X, -, or /. In this case, the symbol indicates that the expression continues on the
next line or next page.

b) Place the line breaks immediately before one of the symbols =, +, —, + or F, or, if necessary, immediately

before jpne of the symbols X, -, or /. In this case, the symbol Indicaies that the expression Is a continugtion
of the grevious line or page.

The symbol shall not be given twice around the line break; two minus signs could for example give rise to pign
errors. Only one of these methods should be used in one document. If possible, the line break-should ngt be
inside of an|expression in parentheses.

It is custompry to use different sorts of letters for different sorts of entities. This makes formulas more readgable

and helps i setting up an appropriate context. There are no strict rules for the use of.letter fonts which shquid,
however, bé explained if necessary.

© 1SO 2009 - All rights reserved
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4 Mathematical logic

Item No. S;?(r;’rz:;gg" Meaning, verbal equivalent Remarks and examples
2-4.1 PAg conjunction of p and ¢,
(11-3.1) pandgq
2-4.2 PVyq disjunction of p and ¢, This “or” is inclusive, i.e.
(11-3.2) porgqg p V gqis true, if either p or ¢, or both are
true.
2-4(3 -p negation of p,
(11:3.3) not p
2-44 p=yq p implies g, ¢ < p has the same meaning aslp = ¢.
(11:3.4) if p, then ¢ ) o
= is the implicatiof-symbol.
2-45 p g pis equivalent to ¢ (» = q) A (¢="p) has the same meaning as
(11:3.5) peq.
< istthe equivalence symbol.
2-46 Vxed pk) for every x belonging to 4, the Ifit\s clear from the context whigh set 4 is
(1143.6) proposition p(x) is true being considered, the notation x p(x) can
be used.
V is the universal quantifier.
Forx € 4, see 2-5.1.
2-47 Ied ph) there exists an x belonging to 4 If it is clear from the context whidh set 4 is
(1143.7) for which p(x)ds true being considered, the notation Ji p(x) can
be used.
1 is the existential quantifier.
Forx € 4, see 2-5.1.
J1x p(x) is used to indicate that there is
exactly one element for which p(k) is true.
J!is also used for 31.

© 1SO 2009 - All rights reserved 3
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5 Sets
Item No. S"S;’rzgrsr;ggl’ Meaning, verbal equivalent Remarks and examples
2-5.1 xE€ 4 x belongs to 4, A4 3 x has the same meaning as x € 4.
(11-4.1) x is an element of the set 4
2-5.2 y&A » does not belong to 4, A P y has the same meaning as y € 4.
(11-4.2) yisnotan elementof the set4 | The negating stroke may also be vertical.
2-5.3 {x1, x9, ..., x,p  |setwith elements xq, x5, ..., x,, Also {x; | i € I}, where  denotes a setof
(11-4.5) subscripts.
2-5.4 {x € 4| p(x)} set of those elements of 4 for EXAMPLE {x€R|x<5}
(11-4.6) which the proposition p(x) is If it is clear from the context which set 4 is bging
’ true considered, the notation {x | p(x)})can be used
(for example {x | x < 5}, if itlis\clear that x is ¢
variable for real numbers):
2-5.5 card 4 number of elements in 4, The cardinality can be a transfinite number.
(11-4.7) |A| cardinality of 4 See also 2-9.16:
2-5.6 %) the empty set
(11-4.8)
2-5.7 Bc4 Bis included in 4, Every element of B belongs to 4.
(11-4.18) Bis a subset of 4 T is also used, but see remark to 2-5.8.
A 2 B has the same meaning as B < 4.
2-5.8 BcCA B is properly included in 4, Every element of B belongs to 4, but at
(11-4.19) B s a proper subset of least one element of 4 does not belong
to B.
If C is used for 2-5.7, then < shall be usgd
for 2-5.8.
A D B has the same meaning as B C A.
2-5.9 AUB union'ef’4 and B The set of elements which belong to 4 of
(11-4.24) to B or to both 4 and B.
AUB={x|x€AVxeEB}
2-5.10 ANB intersection of 4 and B The set of elements which belong to both 4
(11-4.26) and B.
ANB={x|x€AAx€EB}
2-5.11 n union of the sets 44, 4,, ..., 4, The set of elements belonging to at leas}
(11-4.25) ] 4. one of the sets 4., 4, 4.
i=1
AU Ay U U?_1 , U and Uie] are also used,
iel
U4, where I denotes a set of subscripts.
2-5.12 n intersection of the sets 44, ..., 4, | The set of elements belonging to all sets
(11-4.27) |4 Aq Ay, o 4,
i=1
Al ﬂln o (] and ﬂie] are also used,
1 2 “ee =
iel
N4, where I denotes a set of subscripts.
4 © 1SO 2009 - All rights reserved
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Item No. Sign, syn:nbol, Meaning, verbal equivalent Remarks and examples
expression
2-5.13 A\ B difference of 4 and B, The set of elements which belong to 4 but
(11-4.28) A minus B not to 5.
A\B={x|x€A ANx¢&B}
A — B should not be used.
C, B is also used. C 4 B is mainly used
when B is a subset of 4, and the symbol 4
mray be omittedif itistlear frommthe
context which set 4 is being considered.
2-514 (a, b) ordered pair q, b, (a, b)=(c,d)ifand only ifa'=capd b =d.
(11+-4.30) couple a, b If the comma can be mistaken as the
decimal sign, thenthe semicolon (;) or a
stroke ( | ) may be used as separator.
2-515 (a4, ag, ..., a,) |ordered n-tuple See remark t0(2-5.14.
(11-4.31)
2-516 AXB Cartesian product of the sets 4 The set of ordered pairs (a, b) such that
(11+4.32) and B a€AdandbeB.
AXB={x,y)|x€ A4 Ay€EB}
2-517 n Cartesian product of the sets The set of ordered n-tuples (x4, A, ..., x,,)
(_ HAl A1,A2, ___,An SUCh thatx1 €A1,x2€A2, e X EAn
=1 AxAx..xAis denoted by 4", where n is
Ay X Ao x...xX 4, the number of factors in the product.
2-518 id 4 identity relation on4, id , is the set of all pairs (x, x) where x € 4.
(11-4.33) diagonal of 41 x 4 If the set 4 is clear from the context, the
subscript 4 can be omitted.

© 1SO 2009 - All rights reserved 5
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6 Standard number sets and intervals

Item No. Sign, syrr!bol, Meaning, verbal equivalent Remarks and examples
expression
2-6.1 N the set of natural numbers, N={0,1,2,3,...}
(11.4.9) the set of positive integers and N*={1,2,3, ..}
zero Other restrictions can be indicated in an
obvious way, as shown below.
N —Inc Nlg Al
>0 L8 T J
The symbols N and N are also used:
2-6.2 Z the set of integers Z2={.,-2,-1,0,1,2,...}
Other restrictions can bejindicated in an
obvious way, as shownbelow.
Z>_3={nEZ|n>—3}
The symbol Zis also used.
2-6.3 Q the set of rational numbers Q* ={r€Q|r=+0}
(11.4.11) Other festrictions can be indicated in an
obvious way, as shown below.
Qo={reQ|r<0}
The symbols i1 and Q are also used.
2-6.4 R the set of real numbers R*={xr € R|x + 0}
(11.4.12) Other restrictions can be indicated in an
obvious way, as shown below.
Roo={reR|x>0}
The symbols R and R are also used.
2-6.5 C the set'of complex numbers C*={rcC|z+ 0}
(11.4.13)
The symbols C and C are also used.
2-6.6 P the set of prime numbers P={2,3,57,11,13,17, ...}
(=) The symbols P and P are also used.
2-6.7 [a, b] closed interval from a included [a,b]={x ER|a <x< b}
to b included
(11.4.14)
2-6.8 (@, b] left half-open interval from a (a,p]={x €ER|a<x< b}
(11.4.15) excudedto bincluded The notation ]a, 4] is also used.
2-6.9 [a, b) right half-open interval from a [a,b)={x ER|a < x<b}
(11 4 16) included to » excluded . .
- The notation [a, 5[ is also used.
2-6.10 (a, b) open interval from a excluded to b (a,b)={x € R|a<x<b}
(11.4.17) excluded ’ , )
The notation ]a, 5[ is also used.
2-6.11 (=00, B] closed unbounded interval up t0 b | (-0, b] = {x € R | x < b}
included
(=) The notation ]-, 5] is also used.

6 © 1SO 2009 — All rights reserved
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Item No. Sign, syn:nbol, Meaning, verbal equivalent Remarks and examples
expression
2-6.12 (=0, B) open unbounded interval up to » (=00, b) = {x € R | x < b}
excluded '
=) The notation ]—o, 5[ is also used.
2-6.13 [a, +0) closed unbounded interval [a, +)={x € R|a < x}
onward from « included
=) The notations [a, « [, [a, +o° [ and [a, ) are
also used.
2-6.14 (a, 4o0) open unbounded interval onward |/ R

from a excluded

L \ [ l 1
\u, T , - IA LAY | (24 A!
The notations Ja, +eo[, Ja, « [@nd|(a, «) are
also used.

© 1SO 2009 - All rights reserved
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7 Miscellaneous signs and symbols

Item No. S"S;’rzgrsr;ggl’ Meaning, verbal equivalent Remarks and examples
2-7.1 a=b ais equalto b The symbol = may be used to emphasize
(11-5.1) that a particular equality is an identity.
See also 2-7.18.
2-7.2 a+bh a is not equal to » The negating stroke may also be vertical.
(11-5.2)
2-7.3 a=>b a is by definition equal to b EXAMPLE
(11-56.3) p :=mv, where p is momentum, m is Mass and v
is velocity.
The symbols =4 and & areialso used.
2-7.4 alb a corresponds to b EXAMPLES
(11-5.4) When E = kT, then 1€V £ 11 604,5K
When 1 cm on a+map corresponds to a length of
10 km, one may‘write 1 cm £ 10 km.
The correspondence is not symmetric.
2-7.5 a~b a is approximately equal to b It depénds on the user whether an
(11-5.5) appreximation is sufficiently good. Equality
is<not excluded.
2-7.6 a~b a is asymptotically equal to & EXAMPLE
(11-7.7) v s
sin(x—a) x-a
(For x — a, see 2-7.16.)
2-1.7 a~bh a is proportional to b The symbol ~ is also used for equivalence
(11-5.6) relations.
The notation a « b is also used.
2-7.8 M=N M is cengruent to N, M and N are point sets (geometrical
(—) M isiisomorphic to N figures).
This symbol is also used for isomorphisms
of mathematical structures.
2-7.9 a<b a is less than b
(11-5.7)
2-7.10 b>a b is greater than a
(11-5.8)
2-7.11 <P wsHess-thanr-erequat-tosh
(11-5.9)
2-7.12 b>a b is greater than or equal to a
(11-5.10)
2-7.13 a< b a is much less than b It depends on the user whether a is
(11-5.11) sufficiently small as compared to 5.
2-7.14 h> a b is much greater than a It depends on the user whether b is
(11-5.12) sufficiently great as compared to a.

8 © 1SO 2009 — All rights reserved
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Item No. Sign, syn:nbol, Meaning, verbal equivalent Remarks and examples
expression
2-7.15 0 infinity This symbol does not denote a number but
(11-5.13) is often part of various expressions dealing
with limits.
The notations +o00, —oco are also used.
2-7.16 xX—a xtendstoa This symbol occurs as part of various
(11-7.5) expressions dealing with limits.
alriay ;JC diDU W, TW, Ul =W,
2-7117 m|n m divides n For integers m and #:
(— JdkeZmk=n
2-7118 n = kmod m n is congruent to £ modulo m For integers #, k and-u:
(— m | (n—k)
See also 2-7.4,
2-7.19 (a +b) parentheses It is recommended to use only parentheses
(1-p.14) [a + b] square brackets for grouping, since brackets and|braces
b b often have a specific meaning in|particular
{a+ b} races fields-Parentheses can be nestgd without
{a +b) angle brackets ambiguity.

© 1SO 2009 - All rights reserved
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8 Elementary geometry

Item No. Sign, syrr!bol, Meaning, verbal equivalent Remarks and examples
expression

2-8.1 AB||CD the straight line AB is parallel to |t js written g || h if g and h are the straight

(11-5.15) the straight line CD lines determined by the points A and B,
and the points C and D, respectively.
AB//CD is also used.

2-8.2 AB+GD the straight line AB is His-written-g—+—hifg-and-hare-the-straight

(11-5.16) perpendicular to the straight lines determined by the points A and.B)

line CD and the points C and D, respectively:-In p

plane, the straight lines must intersect.

2-8.3 <ABC angle at vertex B in the triangle | The angle is not oriented, itholds that

(—) ABC +ABC = +CBA and
0 < <ABC < rrad.

2-84 AB line segment from Ato B The line segmentisthe set of points

(—) between A and B on the straight line AB

2-8.5 - vector from Ato B - =

(—) AB If AB=ED then B, seen from A, is in the
same direction and distance as D is, segn
from"C. It does not follow that A= C and
B=D.

2-8.6 d(A, B) distance between points A and B-'| The distance is the length of the line

(—) segment ABand also the magnitude of the

%

vector AB.

10 © 1SO 2009 — All rights reserved
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Item No. Sign, symbol, Meaning, verbal equivalent Remarks and examples
expression
2-9.1 a+b a plus b This operation is named addition. The
(11-6.1) symbol + is the addition symbol.
2-9.2 a—>b a minus b This operation is named subtraction. The
(11-6.2) symbol — is the subtraction symbol.
2-9r3 aTtb 12 p:ua Of-fiAtS b Thists-acombinatiomof-twovatges into
(116.3) one expression.
2-94 aTh a minus or plus b (atb)=—a T b
(11-6.4)
2-95 a-b a multiplied by b, This operation isnamed multipligation. The
(1146.5) axh a times b symbol for multiplication is a half-high dot
, () or a cross, (x).
“ Either may)be omitted if no
ab misunderstanding is possible.
See also 2-5.16, 2-5.17, 2-17.11} 2-17.12,
2-17.23 and 2-17.24 for the use pf the dot
and cross in various products.
2-96 a a divided by b a_ g
(11+6.6) b b
alb See also ISO 80000-1:—, 7.1.3.
For ratios, the symbol : is also used.
EXAMPLE The ratio of height / {o breadth »
of an A4 sheetis i : b= ~/2 .
The symbol + should not be used.
2-9.7 n aq ®as+ ... +a,, . n B
The notations » " 4, Y a;, ) a and
. =1 1’ [ ey
(11-6.7) ;a’ §um of aq, ay, ..., a, l i B
D q; are also used.
2-9.8 n aq-as- ... a,, Th . n
o enotations [ [_ 4, []a. [] 4 and
(11-6.8) 1A product of a4, ay, ..., a, i
[ are also used.
2-99 aP a to the power p The verbal equivalent of a2 is
(11-6.9) a squared; the verbal equivalent|of 43 is a
cubed.
2-9.10 all? a to the power 1/2, lfa >0, then va > 0.
(11-6.10) | /4 square root of 4 The symbol Va should be avoided.
See remark to 2-9.11.
2-9.11 alln a to the power 1/n, fa> 0 then ¥ > 0.
(11-6.11) | » nth root of a

The symbol "Va should be avoided.

If the symbol " or v acts on a composite
expression, parentheses shall be used to

avoid ambiguity.

© 1SO 2009 - All rights reserved
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Item No. Sign, syn'_lbol, Meaning, verbal equivalent Remarks and examples
expression
2-9.12 X mean value of x, Mean values obtained by other methods
(11-6.14) | (x) arithmetic mean of x are the , ,
- - harmonic mean denoted by subscript h,
Xa - geometric mean denoted by subscript g,
- quadratic mean, often called “root mean
square”, denoted by subscript q or rms.
The subscript may only be omitted for the
arithmetic mean
In mathematics x is also used for the
complex conjugate of x; see 2-14.6.
2-9.13 sgn a sighum a For real a:
(11-6.13) 1ifa>0
sgna=4 0ifa=0
-1ifa<0
See also item 2444.7.
2-9.14 inf M infimum of M Greatest lowerbound of a non-empty seft
(—) of numbefs bounded from below.
2-9.15 sup M supremum of M Smallest upper bound of a non-empty sgt
(—) of numbers bounded from above.
2-9.16 a] absolute value of q, The notation abs « is also used.
(11-6.12) modulus of q, Absolute value of real number a.
magnitude of a Modulus of complex number a; see 2-14{4.
Magnitude of vector a; see 2-17 4.
See also 2-5.5.
2-9.17 La] floor a, The notation ent « is also used.
(11-6.17) the greatest inteder less than or |EXAMPLES
equal to.the real number a [2,4]=2
[-2,4]=-3
2-9.18 [a] ceil-a, “ceil” is an abbreviation of the word
(—) the least integer greater than or | C€iling™.
equal to the real number « EXAMPLES
[2,4]=3
[2,4]=-2
2-9.19 inta integer part of the real number a |inta=sgna-||al]
(—) EXAMPLES
int(2,4) = 2
inf(_’)’A) =_2
2-9.20 frac a fractional part of the real fraca=a—-inta
(—) number a EXAMPLES
frac(2,4) =0,4
frac(-2,4)=-0,4
12 © 1SO 2009 — All rights reserved
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Sign, symbol,

Item No. .
expression

Meaning, verbal equivalent Remarks and examples

2-9.21 min(a, b) minimum of ¢ and » The operation generalizes to more

(—) numbers and to sets of numbers. However,
an infinite set of numbers need not have a
smallest element.

2-9.22 max(a, b) maximum of ¢ and b The operation generalizes to more

(—) numbers and to sets of numbers. However,
an infinite set of numbers need not have a
greatest element.
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10 Combinatorics

In this clause, n and k are natural numbers, with k£ < n.

Item No. S:es)’(r;rzzgr?l, Meaning, verbal equivalent Remarks and examples
2-101 n! factorial n
(11-6.15) n!=ﬂk=1-2-3-...-n(n>0)
Or=T
2-10.2 ak falling factorial ok = a(a—1)...(a—k+1) (k x0)
(=) [a]k a2 =1
a may be a complex number.
For a natural numbeéryr:
k _ n!
(n—k)!
- - rising factorial -
2-10.3 d* 9 d* =a(aP1)-..(a+k-1)(k>0)
(—=) _
(a)k ao > 1
¢‘may be a complex number.
For a natural number »:
n; _ (n+k—-1)
(n=1)"
(a)k is called Pochhammer symbol in
the theory of special functions. In
combinatorics and statistics, howeve,
the same symbol is often used for the
falling factorial.
2-10.4 n binomial coefficient n n!
= (0<k<n)
(11-6.16) k k) kNn—k)
2-10.5 N Bernoulli numbers 4 1
B = — (”* )Bk (n>0)
—_— n
(=) n +1k=0 k
BO = 1
By =-12, By,;3=0
2-10.6 ck number of combinations without % (,q n!
n repetition Cn il B 2 S
(11-6.16) - o k=)t
2-10.7 RCf; numbe_r _of combinations with Rk _ (n+ k=1
(—) repetition n = k
2-10.8 Vs number of variations without X % n!
(—) ” repetition Vo =1 = (n—k)!
The term “permutation” is used when
n=k.
2-10.9 Ry/k number of variations with repetition | Ry/k _ &
n n
(—)
14 © 1SO 2009 — All rights reserved
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Item No. S‘leg:(r;;r:)s(rsr;ggl, Meaning, verbal equivalent Remarks and examples
2-11.1 g h, ... functions A function assigns to any argument in its
(11-7.1) domain a unique value in its range.
2-11.2 fx) value of function f'for argument x |A function having a set of n-tuples as its
(11-7.2) g, ey ) or for argument (x4, ..., x,), domain is an n-place function.
' T respectively
2-11.3 fi4—B fmaps 4 into B The function fhas domain 4 and range
(—) included in B.
2-11.4 1 x—T() f'is the function that maps any T(x) is a defining term denoting the value
) ’ x € 4 to T(x) of the function ffor the’argumenf x. Since
x€4d fx) = T(x), the defining term is often used
as a symbol fof. the function f.
EXAMPLE () f x> 3x2y, xe [0;2]
f'is the function (depending on the parameter y)
defined on the stated interval by thel term 3x2y .
(—9 x=y fmaps x onto y n—C%8 o 4
2-11.6 f|b £(b)- f(a) This no'tation i_s _use_d mainly when
(11-7.3) a evaluating definite integrals.
f(’ ’ )|Z:Z f(,b,)—f(,a,)
2-11.7 gof composite function*of f'and g, (go f)x)=g(f(x))
(11-7.4) g circle f In the composite gof , the functipn g is
applied after function fhas been|applied.
2-11.8 lim £(x) limit of f(x) as x tends to a flx) >basx —>a
(11-7.6) e may be written for lim x) = b
lim__,, Ax) Y eafl)
e Limits “from the right” (x > @) anq “from the
left” (x < a) are denoted by lim |, |, . f(x)
and lim __,,_flx), respectively.
2-11.9 Ax)ZO(g(x))  [Ax)is big-O of g(x), The symbol “=" here is used for historical
11-7.8 , reasons and does not have the feaning of
( ) [(x)/g(x)| is bounded from above | o ality. because transitivity dods not
in the limit implied by the apply
context, EXAM.PLE
flx) is of the order comparable .
with or inferior to g(x) sinx=0(x), when x -0
2-11.10 f(x) = o(g(x)) [(x) is little-o of g(x), The symbol “=" here is used for historical
(11-7.9) x)lg(x) — 0 in the limit implied by | "€asOns and does not have the meaning of
the context, equality, because transitivity does not
. L apply.
f(x) is of the order inferior to g(x) EXAMPLE
cosx=1+0(x), when x -0

© 1SO 2009 - All rights reserved
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Item No. Sign, syn:nbol, Meaning, verbal equivalent Remarks and examples
expression
2-11.11 Af delta f, Difference of two function values implied
(11-7.10) finite increment of f by the context.
EXAMPLES
Ax =2y —xq
& =1 (x2)=f (x1)
2-11.12 df derivative of f'with respect to x Only to be used for functions of one
(11_711) dx variable.
df(x) ,
df/dx 4 d fix)/dx, f’(x) and Df are-also
f used.
If the independent variable is time ¢, f is
also used for f”.
2-11.13 df value of the derivative of ffor
(11-7.12) (aj x=a
xX=
(df/dx), —
/(a)
2-11.14 dnf nth derivative of f'with respect to x | Only to be used for functions of one
— variable.
(11-7.13) d X"
n
df/ dx" L(nx) , d*f(x)/dx", f(")(x) and D"f are
X
o also used.
f”and £ are also used for /(2) and £[3),
respectively.
If the independent variable is time ¢, f is
also used for 1.
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Item No. S;g(':)’r:z:;ggl’ Meaning, verbal equivalent Remarks and examples
2-11.15 of partial derivative of f* with respect | Only to be used for functions of several
(11_714) a_x tox variables.

I (x,,.
3 ax f(ay ) ey, )0
0, f 0, f(x, ¥, ....)and D, f(x, y, ...) are also
used.
The ather independent variables may be
shown as subscripts, e.qg. [a—fj .
ox )|
This partial-derivative notation i extended
to derivatives of higher order, e.g.
*f _9(aL
J x2 Bx ox
2 H o
0xdy(y dx | dy
Other notations, e.g. Sy =i(fﬁ] are
ox | dy
also used.
2-11.16 d total differential of
4 4 dfwy . )= L+ Lay+
(11-7.15) ox oy
2-11.17 Sf infinitesimal variation of f
(11-7.16)
2-11.18 jf(x)dx indefinite\integral of f
(11-7.17)
2-11.19 b definite integral of / from a to b This is the simple case of a funcfion
(11-7.18) jf(x)dx defined on an interval. Integration of
g functions defined on more genefal
domains may also be defined. Special
notations, e.g. J- j j gﬁ are used for
cCSsvV
integration over a curve C, a surface S, a
three-dimensional domain V, angd a closed
curve or surface, respectively.
Multipte-integrals-are-alse-denoted ” #
etc.
2-11.20 b Cauchy principal value of the
(—) 'Ff(x)dx integral of /' with f'singular M 5 0. J’ F(x)dr+ J’ F(x)d
atce
a c+d
where a<c<b
2-11.21 oo Cauchy principal value of the a
—) ff(x integral of f j»f(x)dx
—o0 —a

© 1SO 2009 - All rights reserved
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12 Exponential and logarithmic functions

Complex arguments can be used, in particular for the base e.

Item No. Sign, syrr!bol, Meaning, verbal equivalent Remarks and examples
expression
2-12.1 e base of natural logarithm 1Y
(11-8.2) e:=lim, . (1+;] =2,7182818...
2-12.2 o a-te-the-power-ofx; See-alse2-9-9-
(11-8.1) exponential function to the base a
of argument x
2-12.3 er e to the power of x, See 2-14.5.
(11-8.3) exp x exponential function to the base e
of argument x
2-12.4 log, x logarithm to the base a of log x is used when the.base does not need
(11-8.4) argument x to be specified.
2-12.5 Inx natural logarithm of x In x =logg x
(11-8.5) log x shallhot be used in place of In x, Ig x,
Ib x, of log, x, logyg x, logy x.
2-12.6 Ig x decimal logarithm of x, lgx'=10g4q x
(11-8.6) common logarithm of x See remark to 2-12.5.
2-12.7 Ib x binary logarithm of x Ib x = log, x
(11-8.7) See remark to 2-12.5.
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13 Circular and hyperbolic functions
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Item No. Sign, symbol, Meaning, verbal equivalent Remarks and examples
expression

2-13.1 T ratio of the circumference of a n=23,1415926...

(11-9.1) circle to its diameter

2-13.2 sin x sine of x . el _ gl

(11-9.2) S'”X——Zi ,
STy =% =713t Fxor5t=
(sin x)", (cos x)", etc., are often-Written
sin” x, cos” x, etc.

2-13.3 COoSs x cosine of x cos x = sin(x + 1/2)

(11+9.3)

2-13.4 tan x tangent of x tan x = sin x/coS %

(1149.4) tg x should,not-be used.

2-13.5 cotx cotangent of x cotx = Hfan x

(1149.5) ctg x should not be used.

2-13.6 sec x secant of x sec x = 1/cos x

(11-9.6)

2-13.7 CcsC x cosecant of x cscx=1/sinx

(1149.7) cosec x is also used.

2-13.8 arcsin x arc sine of x y=arcsin x < x=siny,

(11-9.8) -2 <y < 2
The function arcsin is the inverse of the
function sin with the restriction nfentioned
above.

2-1B.9 arccos x arc cosine of x y=arccosx < x=c0sy,0<ydn

(11:9.9) The function arccos is the inversg of the
function cos with the restriction mentioned
above.

2-13.10 arctan x arc tangent of x y=arctan x & x =tan y,

(11-9.10) -2 <y <72
The function arctan is the invers¢ of the
function tan with the restriction mentioned
above.
arctg x should not be used.

2-1311 arccot x arc cotangent of x y=arccotx < x=coty, 0<y<

(11-9.11) The function arccot is the inverse of the
function cot with the restriction mentioned
above.
arcctg x should not be used.

2-13.12 arcsec x arc secant of x y =arcsec x < x = Sec y,

(11-9.12) Osy<smy=#mn?2

The function arcsec is the inverse of the
function sec with the restriction mentioned

above.

© 1SO 2009 - All rights reserved
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Item No. Sign, syn'_lbol, Meaning, verbal equivalent Remarks and examples
expression

2-13.13 arccsc x arc cosecant of x y =arccsc x < x = CsC y,

(11-9.13) -2<y<n2,y#0
The function arccsc is the inverse of the
function csc with the restriction mentioned
above.
arccosec x should be avoided.

2-13.14 sinh x hyperbolic sine of x PR

(11-9.14) sinhx =
sinh x = x +x3/3! + ...
sh x should be avoided.

2-13.15 cosh x hyperbolic cosine of x cosh? x = sinh2 x + 1

(11-9.15) ch x should be avoided.

2-13.16 tanh x hyperbolic tangent of x tanh x = sinh x/coshx

(11-9.16) th x should be avoided.

2-13.17 coth x hyperbolic cotangent of x coth x = 1/tanh x

(11-9.17)

2-13.18 sech x hyperbolic secant of x sech x'= 1/cosh x

(11-9.18)

2-13.19 csch x hyperbolic cosecant of x ¢sch x = 1/sinh x

(11-9.19) cosech x should be avoided.

2-13.20 arsinh x inverse hyperbolic sine of x; y=arsinhx & x=sinhy

(11-9.20) area hyperbolic sine of & The function arsinh is the inverse of the
function sinh.
arsh x should be avoided.

2-13.21 arcosh x inverse hyperbolic cosine of x, y=arcoshx< x=coshy,y>0

(11-9.21) area hyperbolic cosine of x The function arcosh is the inverse of the
function cosh with the restriction mentioned
above.
arch x should be avoided.

2-13.22 artanh x inverse hyperbolic tangent of x, |y=artanhx & x=tanhy

(11-9.22) area hyperbolic tangent of x The function artanh is the inverse of the
function tanh.
arth x should be avoided.

2-13.23 afeoth x inverse hyperbolic cotangent of x, |y =arcothx < x=cothy, y#0

(1 1-923) area hypnrhnlir‘ cotangent of x The function arcoth is the inverse of the
function coth with the restriction mentioned
above.

2-13.24 arsech x inverse hyperbolic secant of x, y=arsechxo x=sechy,y>0

(11-9.24) area hyperbolic secant of x The function arsech is the inverse of the
function sech with the restriction mentioned
above.

2-13.25 arcsch x inverse hyperbolic cosecant of x, |y=arcschx < x=cschy,y>0

(11-9.25) area hyperbolic cosecant of x The function arcsch is the inverse of the
function csch with the restriction mentioned
above.
arcosech x should be avoided.
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Item No. Sign, symbol, Meaning, verbal equivalent Remarks and examples
expression
2-14.1 [ imaginary unit i2=j2=-1
(11-10.7) | ] i is used in mathematics and in physics,
j is used in electrotechnology.
2-14.2 Re z real part of z z=x+iy
(11=10.2) where x and y are real numbers.
x=Rezandy=Imz:.
2-14.3 Imz imaginary part of z See 2-14.2.
(11-10.3)
2-14.4 2| modulus of z 2| = 24 y2
(11-10.4) where x = Reziahd y = Im .
See als0.2-9.16.
2-14.5 arg z argument of z z=rel?
(11-10.5) where
relzland p=argz, -t< @<
i.,e. Rez=rcos gand Im:z=rsjn ¢.
2-14.6 z complex conjugate of z z is mainly used in mathematicg,
(11-10.6) | = z* mainly in physics and engineg¢ring.
2-14.7 sgn z signum z sgnz=z/|z| =exp(iarg z) (z#0)
(11-10.7) sgnz=0forz=0

See also item 2-9.13.
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15 Matrices

Matrices are usually written with boldface italic capital letters and their elements with thin italic lower case
letters, but other typefaces may also be used.

Item No. Sign, syrr!bol, Meaning, verbal equivalent Remarks and examples
expression
2-15.1 A matrix 4 of type m by n A is the matrix with the elements a; = (A),-j.
(11-11.1) (a” .y \ m is the number of rows and » is the
L : : : J nUMber of Columns.
A Dnn A = (ay) is also used.

Square brackets are also used-instead df
parentheses.

2-15.2 A+ B sum of matrices 4 and B (4 + B); = (4); + (B);

(—) The matrices 4 and Bimust have the safe
number of columns and rows.

2-15.3 xA product of scalar x and matrix A | (x A);j=x (A)s

(=)

2-154 AB product of matrices 4 and B (AB),r= Z (A)IA].(B)J.k

(11-11.2) F
The number of columns of 4 must be equal
to the number of rows of B.

2-15.5 E unit matrix A square matrix for which (E),, = d;.

(11-11.3) | |1 See 2-17.9.

2-15.6 A1 inverse of a square-matrix A AA ' =ATA=E

(11-11.4)

2-15.7 AT transpose matrix of A (A7) = (A)y

(11-11.5)

2-15.8 1 complex conjugate matrix of 4 (A= (A)y

(11-11.6) || 4= _
Ais used in mathematics, A* in physics|
and electrotechnology.

2-15.9 AH Hermitian conjugate matrix of 4 | 4H — (] )T

(11-11.7) The term “adjoint matrix” is also used.
A" and A" are also used for AH.

2-15.10 det 4 determinant of a square matrix A4

(11-11.8) ay e ay

apr = Ay

2-15.11 rank A rank of matrix 4 The rank of matrix A4 is the number of the

(—) linearly independent rows of A. It is also
equal to the number of linearly independent
columns.
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Item No. Sign, syn:nbol, Meaning, verbal equivalent Remarks and examples
expression
2-15.12 tr A trace of a square matrix A trd= Z(A)ii
(11-11.9) i
2-15.13 [1A]| norm of matrix 4 The norm of matrix A4 is a number
(11-11.10) characterizing this matrix and undergoing
the triangle inequality:
if A+ B =C, then
|l4]] + [|BIl = |ICI.
Different matrix norms are uséd,
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16 Coordinate systems

Item No. Coordi- Posnlop vecto.r and its Name of coordinates Remarks
nates differential
2-16.1 X, )z r=xe +ye,+ze, Cartesian coordinates |xy4, x,, x5 for the coordinates
(11-12.1) 3 and ey, ey, e5 for the base
dr=dre +dye,+dze, vectors are also used. This

notation easily generalizes to
n-dimensional space.
e, @, ¢, formrarrorthorrormal
right-handed system. See
Figures 1 and 4.
For the base vectors,
i, j, k are also used.

2-16.2 Yo r=pe,tze, cylindrical coordinates ep((p), e(p((p), ¢_form an

(11-12.2) dr—d +od +d orthonormal right-handed

r=dpe, +pdge,+dze; systém. See Figure 2.

If 270, then pand gare the
polar coordinates.

2-16.3 r, U r=re, spherical coordinates, (e (% ¢), e (¥, @), e(p((p) form

(11-12.3) dr = an orthonormal right-hand¢d

r= , system. See Figure 3.
dre.+rddey+rsindde e,
NOTE If, gxceptionally, instead of a right-handed system (see Figure4), a left-handed system (see Figure 5) is used for
certain purppses, this shall be clearly stated to avoid the risk of sign-errors.

24
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-

igure 1 — Right-handed Cartesian coordinate

system system

p

Figure 3 — Right-handed spherical coordinate system

Figure 2 — Right-handed cylindrical coordinate

ZA ZA
@) (0]
y X
X y
The x-axis Is pointing towards the viewer. The y-axis Is pointing towards the viewer.
Figure 4 — Right-handed coordinate system Figure 5 — Left-handed coordinate system
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17 Scalars, vectors and tensors

Scalars, vectors and tensors are mathematical objects that can be used to denote certain physical quantities
and their values. They are as such independent of the particular choice of a coordinate system, whereas each
component of a vector or a tensor and each component vector and component tensor depend on that choice.

It is important to distinguish between the components of a vector a with respect to some base vectors, i.e. the

quantity values a,, a, and «_, and the “component vectors”, i.e. a

xex )

a,e, and a_e,. Care should be taken not to

confuse components of a vector and component vectors. Components of a vector are often called coordinates

of a vector.

The Cartes
the vector.

Instead of f{]
the vector o

EXAMPLE
F=(3N
where

F
3N

(3,
The same g

In this clau
cases requ
are denoteq
used, and t

if such
the sig

A scalar is @ tensor of zero order and-a vector is a tensor of the first order.

Vectors ang
a tensor of

The abbrey
three simila

reating each component as a physical quantity value (i.e. a numerical value multiplied by a U
ould be written as a numerical value vector multiplied by a unit. All units are scalars.

an components of the position vector are equal 1o the Cartesian coordinates of the point give

,—2 N, 5N)=(3, -2, 5) N (in Cartesian coordinates)

is a force;

is the first component, e.g. F,, of the vector F with numericalyalde 3 and unit N (the other compor
being -2 N and 5 N);

-2, 5) is a numerical value vector and N the unit.
onsiderations apply to tensors of second and higher-orders.

be, only Cartesian (orthonormal) coordinates-in ordinary space are considered. The more ger
ring covariant and contravariant representations are not treated here. The Cartesian coordin

either by x, y, z or by x4, x5, x3. In the latter case, subscripts i, j, k, /, each ranging from 1 to 3,
ne following summation convention.is often used:

a subscript appears twice in a‘term, summation over the range of this subscript is understood,
h £ may be omitted.

tensors are often-represented by general symbols for their components, e.g. «, for a vector, 7|
he second ordéer,)and aibj for a dyadic product.

ation “cycCl'stands for cyclic permutation of the components and the subscripts. Instead of wr]
I compenent equations, it is enough to write only one and the two others follow from cycl, cycl.
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Item No. Sg’(':)’r:)s'g;gzl’ Meaning, verbal equivalent Remarks and examples
2-17.1 a vector a An arrow above the letter symbol can be
(11-13.1) a used instead of bold face type to indicate a

vector.
2-17.2 a+b sum of vectors a and b (a+b),=a;,+b,
(=)
2-17.3 xa product of a number, scalar, or (xa); = xa;
(— component x and vector a
2-17.4 |al, magnitude of the vector a, 4] = af + aﬁ 4 af
(11:13.2) |a norm of the vector a
| @ || is also used.
See also 2-9.16.
2-17.5 0 zero vector The zero vector fias magnitude (.
(— 0
2-17.6 e, unit vector in the direction of a e,=allal~a+0
11+13.3
( ) az Jale,
2-17.7 e, e, e, unit vectors in the directions of 14, k are also used.
| the Cartesian coordinate axes
(11+13.4) eq, €, €3
2-17.8 a4y, a, Cartesian coordinates of yector a, la=a, e . +a e, +a e,
(11-13.5) |4, Cartesian components ofvector a | a, e etc., are the component vegtors. If it is
! clear from the context which are [the base
vectors, the vector can be written
a=(a, a,, a,).
a, = ae,, cycl, cycl
r=xe_ +ye, + ze_is the position ector
(radius vector) of the point with doordinates
X, ), Z.
2-17.9 S Kronecker delta symbol 1fori=k
(11+7.19) k= Nofor i =k
2-17.10 8ijk LeVi'CiVita Symbol 8123 = 8231 = 8312 =1
(17r7.20) €132 = €321 = €213 =1
All other g, are equal to 0.
2-17.14 a-b scalar product of  and b a-b=ab +apb,+ab,
(11-1306) e N g
ﬁ U = Lulul
i
a-a=a?= |a|2=a2
In special fields, (a, b) is also used.
2-17.12 axb vector product of @ and b The coordinates, in a right-handed
(11-13.7) Cartesian coordinate system, are
(axb), = ab,—ab,, cycl, cycl.
(axb);= 2> ea;by
Jj Kk
See 2-17.10.
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Item No. S;g(':)’r:z:;ggl’ Meaning, verbal equivalent Remarks and examples
2-17.13 nabla operator
v P V=exi +eyi +ezi=
(11-13.8) o ox dy oz
d
2.
~ oy
The operator is also called “del operator”.
2-17.14 aradient of @ AP
V(Q I Nl V(p= Lei o
(11-13.9) || grad ¢ o
Writing the operator grad in thin face
should be avoided.
2-17.15 V.a divergence of a v 9a;
-a= —_
(11-13.10)| | giv o T ox;
2-17.16 V xa rotation of a The coordinates are
- da
(11-13.1D)| | ot 4 (V xa), = L5 el eyl
ay oz
The qperator curl and thin face rot shall pe
avoided.
da
(V x a), = ZZs,.jka—k
N X
j ok J
See 2-17.10.
2-17.17 v2 Laplacian v2 ~ i i i
(11-13.12) A 92 ayz 922
2-17.18 D'Alembertian 2 2 32 1 92
O= —F+—5+—F5———5
(11-13.13) 92 ayz 22 2 92
2-17.19 T tensor_Tjof the second order Two arrows above the letter symbol can|be
(11-13.14)| | z used instead of bold face sans serif typd to
T indicate a tensor of the second order.
2-17.20 Teor Ty -+, T Cartesian coordinates of T=T.,ee +T,ee,+.. +T_ee,arethe
(11-13.15)[ | 7, Typ, wnTag tensor T, component tensors.
Cartesian components of If it is clear from the context which are the
tensor T base vectors, the tensor can be written
(Txx Txy sz)
F=TFr 1
Lsz sz TZZJ
2-17.21 ab dyadic product, tensor of the second order with coordinates
(11-13.16) |a®b tensor product of two vectors a (ab);; = a;b;
and b
2-17.22 T®S tensor product of two tensors T [tensor of the fourth order with coordinates
(11-13.17) and S of the second order (T®S)y = TS
28 © 1SO 2009 — All rights reserved
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Item No. S:g(':)’r:)s'g;gz" Meaning, verbal equivalent Remarks and examples
2-17.23 T-S inner product of two tensors T tensor of the second order with coordinates
(11-13.18) and S of the second order (T-S); = ZTII/'S./k
J
2-17.24 T-a inner product of a tensor T of the |vector with coordinates
(11-13.19) second order and a vector a (T-a); = ZTijaj
J

2-17-25 TS Scalar proauctor tWo tensors 1 Scatar quantity
(11+-13.20) and S of the second order T-S= ZZTijSﬁ

i
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18 Transforms

Item No. S"S;’rzgrsr;ggl’ Meaning, verbal equivalent Remarks and examples

2-18.1 Fr Fourier transform of f o

(—) (FN)N@)= [ e sy (@€ R)
This is often denoted by F(w).
F )= —— [ e reyar
is also used.

2-18.2 Lf Laplace transform of f oo

(—) (£1)s)= [€ 1) di (¢ ©C)

0

This is often denoted by .Z (s).
The two-sided:Laplace transform is also
used, defined-by the same formula, but
with minussinfinity instead of zero.

2-18.3 3(a,) Z transform of (a,) oo

) " ! A= > a,z " (z4 C)

n=0

3 is an operator operating on a sequencge
(a,) and not a function of a,,.
The two-sided Z transform is also used,
defined by the same formula, but with
minus infinity instead of zero.

2-18.4 H(x) Heaviside function, Ho) {1 for x>0

X)=

(11-7.22) || ¢(x) unit step fuhction 0 forx<0
U(x) is also used.
¢ (¢) is used for the unit step function of
time.
EXAMPLE  (LH)(s) = 1/s (Re sp 0)

2-18.5 d(x) Dirac delta distribution, +oo

(11-7.21) Dirac delta function I @(£)3(t — x)dt = p(x)
H=8§
THhe TTame unit pufse 1S arso used:
EXAMPLE Lo=1
See also 2-18.6 and IEC 60027-6:2006,
item 2.01.

2-18.6 f*g convolution of fand g o0

(11-7.23) (/)W) = [ f(»elx-y)dy
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The conventions used in this clause are: qa, b, ¢, z, w, v are complex numbers, x is a real number, and k, [, m, n,
are natural numbers.

Item No. Sign, symbol, Meaning, verbal equivalent Remarks and examples
expression
2-19.1 Y Euler constant n
y= lim Zl—mn =0,577 2156...
=) C n—eo| =1k
2-19.2 I'(z) gamma function I'(z) is a meromorphic functien’yith poles
(11-14.19) ato0,-1,-2,-3, ...
I(z)= j e ds (Re z>0)
0
I'(n+1)=nt (n € N)
2-19.3 {(2) Riemann zeta function {(z) is a‘meromorphic function
(11_14_23) with ene pole at z=1.
i) = Zi (Rez>1)
n=1 n*
2-19.4 B(z,w) beta function 1
(11-14.20) B(zw)= [ (10"
0
(Rez>(, Rew>0)
B(z,w)=T(z) T(w)/T(z + w)
1 n
(n41) B(k+n—k+1) (kj (k<n)
2-19.5 Eix exponential integral X
Eiv= [ S ar
(11-14.21) o
For } see 2-11.20.
2-19.6 hix logarithmic integral Xy
(— li x=| —dr (0<x<1)
Int
X 4
||x='|»|ntdt (x>1)
0
For } see 2-11.20.
2-19.7 Siz sine integral z .
siz=[3L dr
(—) ;
0
. T o
Siz=-— 3 + Si z is called the
complementary sine integral.
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Item No. Sign, syn'_lbol, Meaning, verbal equivalent Remarks and examples
expression
2-19.8 S(z) Fresnel integrals z
(—) s() =] sin(E 12] d
2
0
T I
C = 242
(2) C(z) J.cos(2 t jdt
0
- aorf arrorfunction
21;919 22 - S erfx—i ]‘ e_’zdt
(11-14.22) Jr !
erfc x =1 — erf x is called the
complementary error function:
In statistics, the distribution function
D(x) = A ]Ee"zlz d¢ is used.
NS
2-19.10 F(p k) incomplete elliptic integral of the ? do
(11-14.16) first kind F(o, k):J.T
o\1-k%sin“ o
K(k)= F(n/2, k) is the complete elliptic
integral of the first kind (here 0 <k < 1,
k € R).
2-19.11 E(p k) incomplete elliptic integral-of’the ®
(11-14.17) second kind E(o, k) =j 1-k%sinc do
0
E(k)= E[g kj is the complete elliptic
integral of the second kind (here 0 < k£ <1,
k € R).
2-19.12 (n, ¢ k) incomplete elliptic integral of the | I1(n, ¢, k)=
i} third kind
(11-14.18) ®
J‘ d
0 (14 n sin® V11— K2 sin? &
(n, k)= l‘[[n, g k] is the complete
elliptic integral of the third kind (here
O<k<1,n keR).
2-19.13 F(a, b; c; 2) hypergeometric functions - "
(a),(b), =
(11-14.14) Fla, b ¢;z) = ) (- &N)
(c), n!
n=0 n
For (a),, (b), and (c),, see 2-10.3.
Solutions of
z(1-z)y"+[c—(a+b+1)z]y’—aby =0
32 © 1SO 2009 — All rights reserved



https://standardsiso.com/api/?name=e90697bdba9c5982636513673f6f050b

	Scope
	Normative references
	Variables, functions and operators
	Mathematical logic
	Sets
	Standard number sets and intervals
	Miscellaneous signs and symbols
	Elementary geometry
	Operations
	Combinatorics
	Functions
	Exponential and logarithmic functions
	Circular and hyperbolic functions
	Complex numbers
	Matrices
	Coordinate systems
	Scalars, vectors and tensors
	Transforms
	Special functions

