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Notations

Traditional name

Heaviside step function

Traditional notation

6(x)

Mathematica StandardForm notation

Heavi si deThet a[X]

Primary definition

14.05.02.0001.01
0x)=1/;xeRAXx>0

14.05.02.0002.01
0x)=0/;xeRAXx<O0

14.05.02.0003.01
26(x)
= 0(X)

X

Specific values

Values at fixed points

14.05.03.0001.01
=1

14.05.03.0002.01
-1 =0
Values at infinities

14.05.03.0003.01
B(co) =1

14.05.03.0004.01
O(—c0) =0
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General characteristics

Domain and analyticity

0(x) isanonanalytical function; it is a piecewise constant function defined for all nonzero real x.
14.05.04.0001.01
X—0(X)::R—Z
Symmetries and periodicities

Parity

14.05.04.0002.01
=X =1-6(x)/;x+0

Periodicity

No periodicity

Sets of discontinuity

The function 6(x) is continuous function in R \ {0}.

14.05.04.0003.01
DSEx(O(x)) = {0}

14.05.04.0004.01

lim 6(e) ==
e—>+0
14.05.04.0005.01
lim 6(-€) =0
e—>+0

Series representations

Exponential Fourier series

14.05.06.0001.01

2 & sn(k+Dx 1
0(x):=—27+—/; —T<X<T
Tig  2k+1 2

Residue representations

14.05.06.0002.01

1
0(x) = r&g[(l -x° —) 0)/;0<x<2
S
14.05.06.0003.01
0x)==0/; x<0
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14.05.06.0004.01

1
O(X) == ress((l +X)7S —) ©0)/; x>0
s
14.05.06.0005.01
0x)=0/; -2<x<0

Integral representations

On the real axis

Of thedirect function

14.05.07.0001.01
tx

1 © ¢t
O(X) == — lim f dt
2nie>t0J ot —ig

14.05.07.0002.01
—itXx

1 o @
O(x) == — |im f
2nieot0J ot +ie

14.05.07.0003.01

dt

2

1 el 2
0(x)::—llmf —e “dt
-X &

14.05.07.0004.01
1 x1 ot

0(X) == — lim f —sm(—)dt
T e>+0J ot &

Contour integral representations

14.05.07.0005.01

1 y+ico ['(S) (L= X)~S
0(X) == — ——ds/; 0O<yAx<2
2ni Jy-iw  T(5+1)

14.05.07.0006.01

1 ') (1-xs
9(x)==—f7ds/;x<2
2ridr T(s+1)

14.05.07.0007.01

1 y+ico (=) (1 + X)~°
0(x)==—f —  ds/;y<OAX>-2
2710 Jy-iwo ra-s
14.05.07.0008.01
1 I'(-s)(1+x)S
a(x ::—fiais/;x>—2
nidJe T(@A-9

Other integral representations
14.05.07.0009.01

0(x) = fé(x) dXx
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Limit representations

14.05.09.0001.01

0(xX) == lim
e->+0 _X

e s+1

14.05.09.0002.01

00x) == lim ¢ °

&->+0

14.05.09.0003.01

1/ X
0(X) == — ( lim tanh(—) + 1)
2 \e-+0 &
14.05.09.0004.01

1
600 = —— lim (log(i & —x) —log(~x~i¢))
27 e

14.05.09.0005.01

1 xy 1
0(x) == — lim tan‘l(—) +—
1 &->+0 £ 2

14.05.09.0006.01

1 X
O(X) == — ( lim erf(—) + 1)
2 \e-+0 €
14.05.09.0007.01
1 X
O(X) = —(Iim erf ——))

2 \e-+0 €
14.05.09.0008.01
1 (rxy 1
O(xX) == — lim S(—)+ —
7 &-+0 & 2

14.05.09.0009.01

. e+ix\!
e[hzr (B(X)—-0(—x)) — “m

e—iX

e-+0

Transformations

Transformations and argument simplifications

Argument involving basic arithmetic operations

14.05.16.0001.01
O(-X)==1-6(X)/; x+0

Multiple arguments

14.05.16.0002.01

-1
[]_[(x ak)] Z( ™ 00— a0 +n 2{ 5 J 1 x#acAac<auNaeRALsks=n
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Products, sums, and powers of the direct function

Power s of the direct function

14.05.16.0003.01
0% ==0(x) /;a>0

Identities

Functional identities

14.05.17.0001.01

b b
9(ax+b):9(———x]e(—a)+0[—+x]6(a)/; acsRAbeR
a a

14.05.17.0002.01

X+y
0(x) o(y) = H(Xy)H(T)/; yeRAyeR

Complex characteristics

Real part

14.05.19.0001.01
Re(6(x) = 6(X)

Imaginary part

14.05.19.0002.01
Im(@(x)) = 0

Absolute value

14.05.19.0003.01
16031 = 6(x)

Argument

14.05.19.0004.01
arg(o(x)) = tan(6(x), 0)

Conjugate value

14.05.19.0005.01
6(x) == 6(x)

Differentiation

Low-order differentiation

Inadistributional sensefor xe R .
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14.05.20.0001.01

26(X)
= 0(X)
ax
Integration

Indefinite integration

Involving only one direct function

14.05.21.0001.01

f@(x) dx = Xx6(x)
Involving one direct function and elementary functions

Involving power function
14.05.21.0002.01
X(l/
f X Lo dx = — 0(X)
a
14.05.21.0003.01

6(x)
f— dx=10g(x) 6(x)
X

Definite integration
14.05.21.0004.01

fOOH(t) O(X—1) dt = xX6(X)

—o0

Integral transforms

Fourier exp transforms

14.05.22.0001.01
i b8
+ [ — 86X
V2nr X 2

Inverse Fourier exp transforms

FlOO] (%) =

14.05.22.0002.01
i n
+ [ = 0(X
V2 X 2

Fourier cos transforms

FHOO] (%) = -

14.05.22.0003.01

bis
Fald®] (X) = | > 6(x)
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Fourier sin transforms

14.05.22.0004.01

21
Fslow]@= | - -
Tz

Laplace transforms

14.05.22.0005.01

1
L[6D] D = S

Representations through more general functions

Through Meijer G

Classical casesfor the direct function itself
14.05.26.0001.01

1,0 1
0(x) = Glzl(l— X 0) /ix<2

14.05.26.0002.01

01 1
0(x) = Gl:l(x+ 1 O) [iX>=-2

14.05.26.0003.01
1
0
14.05.26.0004.01

o

Representations through equivalent functions

01— 2) = G};‘j(z

012 - 1) = G‘l’;}(z

14.05.27.0001.01
0X) = 0(Xq, X2, ..., X) [y g =xXAn=1

14.05.27.0002.01

1
0(x) = E(sgn(x)+l)/;xe[R/\x¢O

14.05.27.0003.01
0(X) = 0(X1, X, ..., X)) [y X4 =X#0ANn=1

14.05.27.0004.01
0x)=6(x)/; x+0

Heaviside theta function 6(x) represents a generalized function,and unit step function 6(x) represents a piecewise
function. They coincide almost everywhere: 6(x) = 6(x) /; X £ 0.

History
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—0. Heaviside (1881)
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Copyright

This document was downloaded from functions.wolfram.com, a comprehensive online compendium of formulas
involving the special functions of mathematics. For akey to the notations used here, see
http://functions.wolfram.com/Notations/.

Please cite this document by referring to the functions.wolfram.com page from which it was downloaded, for
example:

http://functions.wolfram.com/Constants/E/

To refer to aparticular formula, cite functions.wolfram.com followed by the citation number.
e.g.. http://functions.wolfram.com/01.03.03.0001.01

Thisdocument is currently in a preliminary form. If you have comments or suggestions, please email
comments@functions.wolfram.com.
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