2"d Order Transients — 3

the full solution



How to find the constants?

x(t) = Aes1t + A,e52t + x,
x(t) = Bje~* cos wyt + Bye ™ *t sin wyt + xg

— XIS easy
e Short inductor, open capacitor, solve DC problem

— Initial condition (v-(0) or i;(0)) is not enough

X(O) — Al +A2 + X
x(0) = B; + X



Approach: include a derivative condition at time O

x(t) = Aes1t + A,e52t + x,
x'(t) = s{A{e51t + s,A,e52t
x'(0) =541+ s,4,
use with x(0) = 4 + 4, + X

x(t) = Bje~* cos wyt + Bye ™ *t sin wyt + xg
x'(t) = —aBe % cos wyt — aBye”* sinwyt
—wgBie”* sinwgt + wgBye % cos wyt
x'(0) = —aB; + wyB,
use with x(0) = B; + X



Solving

e Overdamped (2 real roots, e Underdamped (complex

S1, SZ):

x(t) = Ajes1t
+A,e52t + x,

_ x'(0) = 5,[x(0) — x.0]

S1 — Sy
s1[x(0) — x| — x'(0)

S1— 52

roots, —a + jwg):

x(t) = Bie % cos wyt

+Bye”* sinwyt + X oo

Bl — x(O) — Xoo

_ x"(0) + a|x(0) — x|

2
F



Question — how do we get the derivative’s value?

e Answer — Recall

For a capacitor For an inductor
¢ dv i
Tt ar TR ar
, 1 ., 1
sov (0) = EL(O) soi(0) = Zv(O)

Use KVL, KCL to get the capacitor current or inductor voltage

e Example —the parallel case




* Use KCL to find v-'(0)

dve(t) | ve(t)

ic(t)+ix(t)+i;(t) =0 - C = = +i;(t)=0
0= D40
* Use KVL to find i;'(0)
i
n@®=ve(t) » LT =0
vc(0)

iL,(O) — 7



i,"(0) = —10,000 A/s
Example: Find the derivative conditions v'(0) =0V /s

3 k2 = /b 800  SmH

ANA- SO L ANA e Y
t=0 * N

80 V 16 kQ s 100V

Ve o 2 biF -

-



i,'(0)=0A4/s

Example: Find the derivative conditions ve'(0) = —300,000V/s
9— L ®
+ .
60 mA (‘) % 200 nF == vc i, ¥ 350 mH 3 200 0

— & ®



A S

Total Solution

dentify type (series/parallel) and values of R,L,C
Root characteristic equation, to find form

Find i; (0) and v (0)

-or variable of interest, find x(0), x'(0), and x(c0)

Assemble answer




Example: find v (t) ve () = —7.45 e~ 1110 5in 22361¢ V

25 kS 20 k€2

60 kO K
§ .

‘“052 LuF i




Cheat Sheet

Parallel: Series:
1 1 R 1
21— c1_— — , R, 1 _
S +RCS+LC S +LS+LC 0
Overdamped:

X(t) — Aleslt + AzeSZt + X
A, = x"(0)—=52[x(0)—xc0] A, = s1[x(0)—xoo]—x"(0)
51752 $1—S2

Underdamped:

x(t) = Bje~* cos wyt + Bye ™ * sinwyt + xg,

B = x(0) —x,p B, = X Q+elx@xel

wd



Practice problem: Find the derivative conditions

100 '=>Og 10Q
VWA MNN————
+
160V(¥)  SmF T v 100 4O?OmH i @) 60V

i,"(0) = 3200 A/s
ve'(0) =—-800V/s



Practice problem: Find the final form for i, (t)

160V (*)

t=0
40 Q 10 Q
YWW 73 MW
+
40 Q
5SmF == v, 100 &i,_ (ﬁ 60V
- 10 mH

i;(t) = —4e 2t cos139t + 22.3.e72°tsin 139t + 10 4



Practice problem: Find the final form for v, (t)

160V (*)

t=0
40 Q 10 Q
VWW 73 'A'AA —
+
40 Q
SmF =7, 10Q &ll_ C‘) 60V
- 10 mH

v(t) =32 e 2%t cos 139t V



Practice problem: Find form and the initial, final, and
derivative conditions

5Q

—\WW\

100 V (i)

=0

4Q§ 0.25H

L

0.5 mF

x(t) = Ae 166t 4 A, e=483t 4 x

i, (0) =204
ip(0) =04
i,"(0) =0A/s
v:(0) =0V
Ve(0) =0V
v/ (0) = —40,000 V /s



Practice problem: Find the final form for i; (t)

5Q
——\WWW\

=0

*iL +
100 V (i) 4Q 0.25 H = v,
Gyme [T

i, (t) = 20.7¢~166t _ (.709 ¢~483tp



Practice problem: Find the final form for v, (t)

5Q
—AW\

100 V <f> 4 Q 025H = V¢

v (t) = —85.7 e 71661 4 857 7483t y



Practice problem: Find i, (t)
F= 0

340 ><
AN,

‘\
5 k0 $ ol

120V Volt} . 250 n¥

i, (t) = 20 e~1000t _ 5 =4000¢ A



Practice problem: Find v(t)

40 mH

X
34(4H) 100 4, ——4mF =50 d)llu(t)

v(t) = 10 e~ %2>t cos 48.4t + 2.58.e72° sin48.4t + 20 A



