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Properties of the Laplace Transform
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Initial and Final Value Theorems




Operation fit) F(s)

Addition N = fH(e) Fi(s) £ Fafs)
Secalar multiplication k1) KF(s)
= . df §
= Time differentiation a sF(s) —f(07)
: ﬂ s°F(s) — s/ (07) —f'(07)
=3 di
= d
- d_r{ s7F(s) — s%f(07) — sf'(07) — £ "(07)
= Time integration / f(nde EF (s)
— J0”
= * 1 1Y
= / f(odt EF(s)+;/ f(Hdt
i Convolution J1(D) * falt) Fi(s)Fa(s)
7_‘_: Time shift flt—au(t—a),a=0 e~ %F(s)
i Frequency shift f(He F(s + a)
j:; Frequency differentiation tf (1) - d]i"is)
Frequency integration @ [ F(s) ds
8
_ 1 s
Scaling flat,a=0 EF (E)
Initial value F(0) lim sF (s)
8 —0o
Final value f(o0) liI‘I]I sF (s), all poles of sF(s) in LHP
g
Time periodicity FO=f(t+nT), . : = F1 (s).
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Circuit Laplace Transform

Time Domain Phasor Domain s-Domain
i i
+ Yi(®) i i
V() SR ] vV SR :
i i
- 1 - 1
1 1
v(t) = i(t)R i V =1IR i
........................
1 1
1 1
i i
+ 10 ! + 11 :
() Q1 i y QoL i
_ ! _ i
di : :
— 7 I — 1
v(t) = T ! V =jwLI !
........................... i:.
i i
+ _T_z‘(r) ! +_T_z | !
i ) i
W) =cC ! V=50 !
T 0T
_ dv : —j i
l(t) = CE : V= Rl :

THE UNIVERSITY OF

TENNESSEE i &

KNOXVILLE




Laplace Transform of Diff EQs

Nt™ order circuit with sinusoidal input described by (M < N for causality)
N dM

d d
—~N Yo (t) + ot bl dt Vo (t) + bOvo (t) — vl(t) Tt a d_vl (t) + apv; (t)

N , M .

dt dt
z b; 2 Vo t) = z a; @Ui(t)
i=0 (=0

Then the Laplace transform of the circuit, neglecting initial conditions, is

N di M di
c Zbiﬁvo(t) - I Zaiﬁvi(t)
i=0 =0
N M
zbiSiVo(s) = zaiSiVi(S)
i=0 (=0

Rearranging:
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Inverse Transforms




