Useful Formulae and Other Information
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Fourier Series Properties

Property Time Domain  Fourier Domain
Linearity Ax(t)+By(t) Aay+ Bby
Time-Domain Shifting  x(r —#) e~ ket gy

Time Reversal x(—1) a_g

Fourier Transform Properties

Property Time Domain Frequency Domain
Linearity arx1(t) +ax(t) a1 X1(0)+a X ()
Time-Domain Shifting x(t—1o) e 10X (w)
Frequency-Domain Shifting e/ x(1) X(w— )
Time/Frequency-Domain Scaling  x(at) ﬁX (2)
Conjugation x*(t) X*(—o)

Duality X () 27x(— )
Time-Domain Convolution x1(t) % x2(1) X1 (0)X2(w)
Frequency-Domain Convolution x1(1)x2 (1) X1 ()« Xo (0)
Time-Domain Differentiation %x(r) joX(w)
Frequency-Domain Differentiation  7x(¢) J ﬁX ()
Time-Domain Integration [fx(7)dt ]%X(w) +7X(0)6(w)
Parseval’s Relation [ x(t) | dt = =7 X(0)]*do

Fourier Transform Pairs

Pair  x(¢ X (o)

1 o(t) 1

2 u(r) 8 (0)+ 74

3 1 26 ()

4 sgn(t) j%

5 e/ ! 218 (0 — ay)

6 cos wyt m[é(w— )+ 6 (w+ ay))
7 sin oyt Fl6(w—ap) — 5(w+ )]
8 rect(t/T) |T|sinc(T w/2)

9 %sinth rect 5%

10 e “u(r), Re{a} >0 ﬁ

11 e u(t), Refa} >0 =5




Bilateral Laplace Transform Properties

Property Time Domain Laplace Domain ROC
Linearity arx1(t) +arxa(t) a1Xi(s) +a2Xo(s) Atleast RiNRy
Time-Domain Shifting x(t —19) e 0X(s) R
Laplace-Domain Shifting ' x(r) X(s—s0) R+Re{so}
Time/Laplace-Domain Scaling  x(at) ﬁX (%) aR
Conjugation x*(t) X*(s%) R
Time-Domain Convolution x1 (1) xx2(2) X1(5)X2(s) Atleast RiNR,
Time-Domain Differentiation %x(t) sX(s) Atleast R
Laplace-Domain Differentiation ~ —rx(r) %X (s) R
Time-Domain Integration [ ox(t)dt %X(s) Atleast RN{Re{s} > 0}
Property

Initial Value Theorem x(07) = lim sX (s)
5300

Final Value Theorem  lim x(¢) = limsX (s)
t—oo s—=0

Unilateral Laplace Transform Properties

Property Time Domain Laplace Domain
Linearity a1x1(t) +axxa(t) a1 X1(s) + a2 X (s)
Laplace-Domain Shifting &' x(r) X(s—s0)
Time/Laplace-Domain Scaling  x(at), a > 0 1x (%)
Conjugation x*(1) X*(s*)
Time-Domain Convolution x1(t) xx2(2), x1(¢) and x(¢) are causal X (s)Xa(s)
Time-Domain Differentiation j—,x(l) sX(s) —x(07)
Laplace-Domain Differentiation  —zx() %X (s)
Time-Domain Integration Jo-x(t)dz 1X(s)

Property
Initial Value Theorem x(07) = lim sX(s)
S—poo

Final Value Theorem  limx(¢) = lim sX (s)
t—poo s—0

Bilateral Laplace Transform Pairs

Pair x(t) X(s) ROC . .
I 5(1) 1 All s Unilateral Laplace Transform Pairs
2 u(r) 1 Re{s} >0 Pair x(1) X(s)

3 —u(—1) 1 Re{s}<0 ! 8(r) 1

4 "u(r) sﬁl Re{s} >0 2 1 s

s () M Refs}<0 3 " o

6 e u(t) s%ﬂ Re{s} > —a 4 e HLH

7 —e u(—r) Hia Re{s} < —a 5 fho—at ﬁ

— ! R

8 e u(r) (H_ZW Re{s} > —a 6 cos ayt i
o —at,,(__ n! _ : 0

9 t"e""u(—t) (H_av)nﬂ Re{s} < —a 7 sin wot S

10 [cos mot]u(r) T Re{s} >0 8 e cosapt ‘ s+2a0 2

11 [sinepru(r) S Refs} >0 s () g
,m oy A =

12 [e_atC(.)S (D()t}u(t) W Re{s} > —a 0

13 [e"“ sinmotu(t) Crarad Re{s} > —a




