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Operation Transforms

N F(s) f(t),t>0
1.1 Y(s) = Igo exp (—st)y(t)dt y(t) , definition of Laplace transform
1 (C+joo
t)=—- ; t)Y(s)d
1.2 Y(s) YO = ko SPEOYEIS
inversion formula
1.3 sY(s)-y(0) y'(t), first derivative
1.4 s2Y(s)-sy(0) - y'(0) y"(t), second derivative
s"Y(s)-s""y(0)]
15 | —s"2y0)]-...-s[y" D@1 | y™W(t), nth derivative
-y Dy
1 t . .
1.6 EF(S) IOY(r)dr, integration
1.7 F(s)G(s) jéf(t—r)g(r)dr, convolution integral
1 (s .
1.8 EF[EJ f(at), scaling
1.9 F(s- o) exp(at) f(t), shifting in the s plane
110 EF(E_BJ exp(apt)f(at),
o o

combined scaling and shifting




Function Transforms

N F(s) f(t),t>0
2.1 1 d(t) , unitimpulse att =0
2.2 S %S(t), doublet impulse att=0
2.3 exp(-as), o >0 5(t—a)
24 1 u(t) , unitstep
S
1
25 gexp(— as) u(t—o)
2.6 =z t
. 82
n-1
27 1 on-123. t
s" (n-1)!
n 12,3
2.8 Sn+lln_ ) ey Dy tn
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2.9 sk (k) '
the Gamma function is given in Appendix A

2.10 . exp(—at)
1 texp(—at)
2.11 >
(s+a)




Function Transforms

N F(s) f(t),t>0
! 12,3 "t
n=123,... _
212 (s+a) (n-1! o (o)
o
2.13 S(S+oc) 1-exp(—at)
2.14 L o =P L Jexp(—at) —exp(-p)]
| (s+a)s+p)’ B-o)
1 1  exp(-at)  exp(-ft)
2.15 S(s+oc)(s+[3)' P oc_B+oc(oc—B)+B(B—oc)
2.16 S axB L [aexp(-at) - pexp(~pt)]
(S+oc)(s+[3) (oc—B)
> [1-at] t
2.17 5t a) —at]exp(—at)
- L 1-f+ atfop(-at)}
—1-l+a -a
218 s(s+a) o2 P
2.19 2 jaz sin(at)
290 [sin(¢)]§+[cc;s<¢)]a sin(ot + §)
ST+
S
2.21 2 .42 cos(at)
52 —0(2
2.22 2 tcos(at
(2+?) «
1 1
2.23 — [1-cos(at)]
(04




Function Transforms

N F(s) f(t),t>0
2.24 (32 +1a2)2 m%[sin(oct) — atcos(at)]
2.25 (2 ;2)2 ~ltsin(a)]
2.26 (S , izjz %[Sin(at) +atcos(at)]
2.27 (52 . mzjl(sz . az) *re {mz iaz Hésin(at)—ésin(mt)}
2.28 52(:+ 2) t—é[l—exp(— at)]
2.29 ot a)ﬁz Y exp (— at)sin(Bt)
2.30 ot ;;;1 52 exp (— at)cos(Bt)
2.31 . +Z;ZK+B2 exp(— at){cos(Bt)J{kga}sin(Bt)}
232 = ‘;‘2 a® +B2 i (Bted), ¢ arctan ( 8 ]




Function Transforms

N F(s) f(t),t>0
1 1
2.33 —sinh(at
2.2 —sinh(at)
2.34 ° h(at)
. cosnla
52 —OL2
(04
tan| — .
2.35 arc an(s %sm(at)
2.36 1 L
' S Jnt
1 1
2.37 ——exp(—at)
S+ Jrt
1 t
2.38 o |
Js3 %




Function Transforms

N F(s) f(t),t>0
1
3.1 Jo(at),
2,42 o :
ST +a Bessel function given in Appendix A
1
t
3.2 3/2 (—jJ ot
(32 +°‘2j . 1(at)
33 ! lo(at),
' 2 _y2 Modified Bessel function given in
Appendix A
1 t
3.4 3/2 (—jl at
(52 _agj " 1(at)
" o (pt)-ep(at)]
3.5 S—a—4/S—P 2t\/ﬁ




Exponential Function Transforms

N F(s) f(t),t>0
4.1 exp(-as), a>0 3(t—a)

1
4.2 gexp(—as) u(t—a)

e * e[~ alt-p)]sin[p(t-p)].
43 (s+oc)—2+BZ exp(—ps) 5 exp[—a(t—p)sin|B(t—p)[,t>p
[ ol a(t-ple{pit-plle [~ snlpe-pl

(s+a)? +p? t>p
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APPENDIX A

Gamma Function

Integral
r'x)= Igotx_l et dt, x>0

Series

; X
I(x) = lim { n” n! }
n—o|X(X+1)(X+2)...(x+n)

Bessel Function of the First Kind

Zero Order

) _(x/2)2+(x/2)4_(x/2)6+
o) e

First Order

Modified Bessel Function of the First Kind

Zero Order

lo(x)=1+

(x/2)? s (x/2)* . (x/2)° N
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First Order

X +(X/2)2+(X/2)4+(X/2)6+ _dr ]
h(x)=7|1 AT AT o o ()] (A-6)




