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Selected Laplace Transform Pairs (1)

Time domain

Laplace s-domain

Function 1 - Region of convergence Reference
f)=L"{F(s)} | F(s)=£L{f(®)}
unit impulse r:ﬂ:f-) 1 all s inspection
time shift of
delayed i | —_ il
Siss s E{t T] e unit impulse
1
unit step u(t) = Re(s) = 0 integrate unit impulse
L3
i ti hift of
delayed unit step u(t — 1) i - sl =L Ir::r?itssteprl:J
1 integrate unit
. 1 — R 0
ramp t-ult) 2 els) > impulse twice
nth power fﬂ “) n! Rels) = 0 Integrate unit
{ for integern ) L gn+1 {n>-1) step n times
gth power 9 . u(t) I'(g+1) Re(s) = 0 [18][19]
(for complex q) s7+1 Re(g) = -1
. i+
nth root ﬂ ﬂ(:‘) {“1—__':) Re(s) > 0 set g = 1/n above.
Sn
n! Integrate unit step
th ith fr hift M=o, — R - .
nth power w equency s e u(t) (s + o) el(s) > —a apply frequency shift
-7 Integrate unit step,
delayed nth power n_—alt—r) nl-e* :
— . _ — R - fr hift,
with frequency shift (t—7)"e u(t —7) (5 + o)+ e(s) > —a apply frequency s

apply time shift
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Selected Laplace Transform Pairs (2)

e

il A hift of
exponential decay g‘“f . ’H(f] Re(s) > —a reque?cy shift o
54+ o unit step
2cv Fi hift of
two-sided exponential decay g—altl —— —a<Rels)=a requeru:y =ik
nt — 52 unit step
E'I' . -
= Unit step minus
tial h —e ) . ult =— R 0
exponential approac (1 € ) ﬂ“) SI[S + I':'t'} e{s) > exponential decay
[
sine sin{wt) - u(t) 21t Re(s) > 0 Bracewell 1978, p. 227
5
cosine cos{wt) - u(t) 2 1 ot Re(s) = 0 Bracewell 1978, p. 227
=
hyperbolic sine sinh(at) - u(t) -3 Re(s) = |af williams 1973, p. 88
S
hyperbolic cosine gosh[qt} . -ul[t.] g = Re(s) > |af Williams 1973, p. 88
3= = (¥
exponentially decaying —at o ket
. € 31n{w't] - u{t} [S n ﬂ]ﬂ ) Re(s) » —a Bracewell 1978, p. 227
exponentially decaying = S+ o
AR R — B Il 1978, p. 227
cosine wave e cos(wt) - u(t) (s + a)? + w? els) > ~a reenE 2
natural logarithm ]n{t} . fu(t:] _% [hl{_g) 4 -:,J Re(s) > 0 Williams 1973, p. 88
Bessel function ( 7 )""
Vst 4w — s R 0
of the first kind, Jo(wt) - u(t) + [j{i] :’1] Williams 1973, p. 89
of order n Wy 8% + w?
524
Error function er ult Re(s) = 0 Williams 1973, p. 89
S— o ¢ e* /% (1 — erf (s/2)) (s) =
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Unit Step Function

1 u(t) F(s) = f f(the?dt = f 1-e* dt
0 0
b
1 1 = |im —le_“ = lim —l _Sb+1850]
@ b0 S 0 b S S

1 1
= =
F = | t)e”* dt = t—a)-e * dt
1 o) s = J rie)e J ule=ae
1 ! = fu(t-—a)-e_“ de + fu(t—a)-e_“ dt
@ 0 a
0<t<a v=t—a dv=dt
a v+a =t
]- —as ]- T —s(v+a) -as T —sv
) - ) ¢ = [ u(v)e dv = e[ u(v)e™ dv
S S a a
— e—GS l
S
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Unit Step Function

f(t) f(t)ult)
/\J /) - 5

flt-a)=1
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Unit Step Function
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Transforms of f(t) and f(t)u(t)

t tu(t)

_/ -— ]

sin(ot) sin (ot )u(t)

A —

COS (Dt COS (Dt
S >

2 2

S+
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Transforms of (tx1) and (tx1)u(tx1)

t+1 (t+1)u(t+1) flt)=t+1 = flt)=(c+1)u(t+1)  (t=0)

1
+_
S S
t—1
1 1
— < s

(t=1)u(t—1)
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Translation in the s-domain
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cos(wt)

cos(wt cos (ot )u(t)

P

Qv

2
S+
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sin(wt)
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cosh(wt)

cosh (o) cosh (wt)u(t)
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sinh(wt)

sinh () sinh (ot )u(t)
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Plot of e
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Translation in the t-domain

flt—a)ult—a) <l = F(s)

flt—a)u(t—a)e ™ dt

© =8

ffta (t~a)e dt+ffta) (t—a)-e ™ dt

u(t)  — x o=
u(t=2)  G—) X 5
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