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ECE 2210 Second-Order Transient Examples
Ex.1 a) Find the transfer function of the circuit shown. Write your “
equation in the form of one simple polynomial divided by another
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Ex. 2
a) Find the characteristic equation of the circuit shown (after the o
. " - R =25Q
switch moves to the lower position at t = 0).
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b) Find the solutions of the characteristic equation.

c) Find initial and final conditions for v(t)

before switch is moved: v (e0) =0 =v;(0-) = v(0-) =0 =v(0+)

v(0)
/
d ic(0) V-0V
—v(0) = before switch is moved: igg= SO
at Rj+Ry
after switch is moved: iRo = 6-V-0-V
Ry

C =0.08uF L:=5mH

Characteristic equation:
1

_ 2
0=s"+ S+ ——

84 =8, s0... critically damped

IRO =48°mA

not all of the inductor's current comes through the resistor anymore, so the difference must come from the capacitor
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d) Find the full expression of v(t).

Critically damped b2 4k=0 S] = sy = L s sqands,are
- ‘ot 2 real, equal and
vx(t) = vx(«)+Be " Dte? negative
vx(0) = vx(=)+B d—VX(O) = Bs+D Solve simultaneously
dt
ve(0) = ve(eo) +B —vc(0) = Bs+D
0 = 0+B B=0 9.10-Y = ol 5100 L D D - 910V
secC secC secC
t
Vel = 9.10% Y !
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Ex. 3
a) Find the characteristic equation of the circuit shown. (after the switch opens at t = 0). o
. e ) ) R | 1=200-Q
Write your equation in the form of a simple polynomials.
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b) Find the solutions (numbers) of the characteristic equation: Second-Order Transient Examples, p.3

R _
bt 1 b=3510" -sec ' R B o
C-R L k=|1+—— k=1.510" *sec
2 R,/ LC
F Underdamped
SRS A L Lk S| =17510° +3455.10% - L w=" a=-1.7510" *sec '
2 sec 2
2 ! 2 _ it Lo
g b nbT- 4k So =-17510* - 3.45510%] L 0 =—4k-Db 0 =3.45510" -sec
2 2 2
2 sec
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c) Plot the poles and zeroes of the transfer function. a0k
The poles are the s's where the denominator is zero, s, & s, x pole
The zero is the s where the numerator is zero: b =-1-10* “sec '
CR, 20k —
o ) . . . Vin .
d) Initial and final conditions for i (t) g =— i10=60'mA +
Ry zero Fe
| 1 f+\ 4
initial voltage across R;: VR10 =iLoR | VRig =12V ook 1ok
capacitor was shorted before switch opened, so... Vom0V T
initial voltage across the inductor: vio = Vin~ YR10~ Y CO Vip=0-V i
A\
o) = et T
e) Find the full expression of i (t). dt L sec * pole
Underdamped vy (t) = vy () + e -(B-cos(art) + D-sin(art))
() = ip(e)+e""(B-cos(ort) + D-sin(ort))
. . o Vin .
1L(oo) = gt i1, =10°mA
R{+R
1 2
4i(0)- B 0-A B
d—iL(O) = BotDo so. D=4 p-_%¢ D =25.325'mA
dt ® ®
17500
ip(t):=10mA+e * -50-mA-cos 34550 4 +25.325-mA-sin 34550 4
secC secC
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f) Initial and final conditions for v(t)

. 0V . .
veo =0tV IR0~ IR20 ~0mA
2
- i
dyooy= 10 - 0 g0 . V.
dt C sec
R)
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1782
9) Find the full expression of v(t). sV
6-10°— — B-a
B =veo- V Cfin B=-10"V D = ¢ D =12.301-V
®
V() = v(e) + e (B-cos(rt) + D-sin(ort))
17500,
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sec sec
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h) What value of R; would make this system critically damped?
2

R
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Solve for R, with quadradic equation:
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4.
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CR,
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CR,

2 2
. c*R,

=645.685Q

R

this must be
the only solution

Ex. 2 with bigger R,

Quadradic equation can be reduced to:

L 4L s
CR, 24C

685 *Q this solution
can't be

a) Find the characteristic equation of the circuit shown (after the o
switch moves to the lower position at t = 0) Rp=25Q
’ R 5 =1000-Q
Vl :18\] __V2:6V
1 _ —
1 1
—+C:s —+C:s —
Ve s Ls _ 1 L's
= H(s) = . = =
Vin(®) : +Ry L*C'S 1+&+R -C-s b
'S . 2 C =0.08uF L:=5mH
— C-s S
Ls
1 1
S
_ Ls ) Ry CL _ R,C Characteristic equation:
Ls+R,+R,oCLs 1 1 o 1. ¢ 0=7s+ spo
R,-CL R,-C LC R,H-C L-C
_ 4 - 4 10 -2
—— =1.25°10" *sec —— =110 *sec

S, =62510° 496110 L
sec

S| = 62510° +4961-10Y - L
secC

o iiRe<s 1> o :*6.25°103 °se071 ® ::Im<s 1>
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s, & s, complex,
so underdamped

®=4.961-10* *sec '
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c) Find initial and final conditions for v(t)

before switch is moved:  v; (o) =0 =v (0-) = v(0-)=0=v(0+)

v(0)
/
d ic(0) V-0V
—v~(0) = before switch is moved: it =——— S0... 1i7n=17.561"mA
d C LO LO
after switch is moved: ipg =Y =0V ipo=6'mA
RO R RO
2

not all of the inductor's current comes through the resistor anymore, so the difference must come from the capacitor

i
ICO:IRoflLO ICO:711561 *‘mA ch(O) = Q:71.445'105 'l
dt C sec
d) Find the full expression of v(t).
Underdamped b’ 4k<0 $1= 0+ jo $H9= O J-® o is negative
V(1) = V() + e (B-cos(rt) + D-sin(-t))
i 4y 4(0) B
VX(O)— VX(°°)+B iVX(O) = B-a+D-®w so..D =
B = vy(0)- vy(e) - ?
SO.. = v -V 0
X X 144510 _ B
B:=0-V_ 0V B=0-V D = se¢
0]
D=-2913-V

V() = () + e (B-cos(art) + D-sin(ort))

6250

2220
vel(t) 1:0-V+eat~(B-cos((o-t)+D-sin(0)-t)) = _2913.V.e ¢ -sin<49610.t>
sec

2

vel(t)
(volts)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
time (ms)
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