Operation f{t) F(s)

Addition AB+ HB Fi(s) £ Fa(s)
Scalar multiphication ki) KkF(s)
0
c - o df
[} Time differentiation — sF(s) — f(07)
- dt
2 2f
8 = S?F(s) - 5 (07) —f'(07)
o dt
d3
§ —{ s7F(s) — % (07) —sf '(07) —£"(0")
(] dr
=
vi t 1
% Time integration / f(odt —F(s)
- - s
= 0
8 ' 1 e
4 / fdt ;F(s)+;/ f(oadt
E —o0 —oo
S Convolution F1(2) * fa() Fi(s)Fa(s)
{\! Time shaft flt—au(t—a),a>0 ¢~ F(s)
<
E Frequency shift FHeat F(s + a)
-
g Frequency differentiation tf(1) —@
P ds
Frequency integration @ f F(s) ds
£l
; 1 s
Scaling flat),a>0 ;F (;)
Tmitial value fi(0%) lim sF (s)
5 —*o0
Final value fioo) lino] sF (s). all poles of sF(s) in LHP
B
. o 1
Time periodicity fH=f(t+nD), ]_TFl (s).
— e_ 5
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Circuit Laplace Transform

Time Domain Phasor Domain s-Domain

+ Yie
v() SR

v(t) = i(t)R
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=

=
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o o o o
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Time Domain
(0

i(1)
— ——
+ | M +
o r\ o
v (9L, L vy(0)

a M
—_— 4L, —=
FTAT:

vy(t) =Lg

v(t) =M

Z10) _ v,(t)
NN,
Nlll(t) + Nzlz(t) =0

Phasor Domain

1, 1,
—— ——
+ | jeM |+
v, oL, v,

JoL;

Vl =ja)L111 +](,()MIZ
V2 =](UM11 +](1)L212

Vi 12
Ny N,
Nlll +N212 =0

————— ] -
T T - — - - -

s-Domain

o ”-\ o

Vi(s) = sLyI;(s) — L1i1(07) + sMI,(s) — Mi(07)
Vo(s) = sMI;(s) — Mi; (07) + sLpl5(s) — Lpi(07)

Vi(s) Va(s)
Ny N,
N111(S) + Nzlz(s) =0

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE



Laplace Transform of Diff EQs

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

d d
g Vo) 0+ by 06 () + bov () g Vi) ot a2 vi() + agvi(t)

N . M .

d d
Z bi—7v. () = Z a; =7 vi(t)
i=0 =0

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

N Ji M g
L zbiﬁvo(t) = L Zaiﬁvi(t)
i=0 i=0
N M
2 bis'V,(s) = z a;s'Vi(s)
i=0 i=0
Rearranging:
Vo (s) = H(s) = 2%0 aisf
Vl(s) Zi:o biSl

THE UNIVERSITY OF

TENNESSEE [ §

KNOXVILLE



Laplace Circuit Solution Algorithm

1. Transform all sources, signals into Laplace Domain

2. Transform circuit components (including initial conditions)
into Laplace Domain

3. Solve the circuit using 201 techniques

Z?io a;s'

Vo(s) = H()Vi(s) =

4. Inverse Laplace Transform to get back to time domain
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Example Laplace Circuit Analysis




Inverse Transforms




Transfer Functions

Lo ;s _ (s=z))(s—22) (s — zym)

T YV bisi | (5s—pO(s—p2) (5 —pm)




