Notes, Second Order Transients ECE 2210 A.Stolp 4/6/00, 3/16/07

final conditions
Laplace

Capacitor d i t impedance initial conditions (?Sen AIC

4{ }7 IC = C*VC VC = —- lcdt L Short, or —
dt Cl. Cos ve(04) = ve(0-) joC

Inductor d i t

T vp = L ip = J vpdt Ls open, or short j-oL
dt L & iL(04) =it (0-)

Resistor VR

SAVAVAY: vR = igR iR = & R R R R

Characteristic equation
Use Laplace impedances, manipulate your circuit equation(s) into one equation of this form:

May be I;;, or any forcing function / May be Ix or any desired variable

<a 1~52 +b stk 1>-V\in(s) = <52 +bs+ k> 'V x(s) with NO denominator s terms
k ici . _ .
3, by, k; coefiicients may be zero s“tbstk = 0 isthe characteristic equation
: : : d? d d? d
Differential equation a ;- =~ v, (D+b = v (D +k- V(D = —— vx(O)+b—vx(t)+kvx(t)
dt2 dt dt2 dt
. May be I or any desired variable
Transfer function output V x(s) aps+bystky
Rearrange circuit equation to: H(s) = —— = = = transfer function
input Vin(s) s+ bstk

sz+b-s+k =0

May be I;;, or any forcing function . .
y ¢ Tin y 9 characteristic equation

Complete solution
b b’ 4k b /b’ 4k

Solutions to the characteristic equation: s | = o + T, Sy = N 5
Find initial Conditions (Ve and/or iy)

Find conditions of just before time t=0, vc(0-) and i (0-). These will be the same just after time t=0, vc(0+) and i; (0+)
and will be your initial conditions.
Use normal circuit analysis to find your desired variable: v (0) or ix(0)

_d d. . - . d ic(0) d . v(0)
Also find: —vx(0) or —ix(0) The trick to finding these is to see that: —v ~(0) = and —ij(0)=
dt dt dt dt L
Find final conditions ("steady-state" or "forced" solution)
DC inputs:  Inductors are shorts Capacitors are opens Solve by DC analysis v () or iy(«)
AC inputs: Solve by AC steady-state analysis using jo
X(t) may be replaced by vy (1), iy (t) or any desired variable in the equations below
Overdamped b>- 4k>0 s; and s, are real and negative typical
X(1) = X(w)+Be D 2 .
| tllme
X(0)= X()+B+D %X(O) = B's|+D's, Solve simultaneously for B and D
t
Critically damped b2 4k=0 S1 = 89 = fg = s sy and s, are typical
X(1) = X(w0) 1 Bee®' s D-te™ real, gqual and + . tlime
negative t i
X(0)= X(=)+B 9%0) = Bs+D s0.D= $X(0)-Bs
s0..B = X(0)- X(x) dt dt L
2 . . . . T. typical
Underdamped b -4k<0 S1= O+ jo SH= O—j® o is negative N ot aisnegaive
X(1) = X(w) + e (B-cos(art) + D-sin(@-t)) complex s, and s, | /\ ¢ o
"~ o 1
4X(0)- Ba /\\/\‘/rr\—— = |
X(0)= X(=)+B d%0)= BasDo so.D=3" | \/
$0..B = X(0) - X(w) dt ® o
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