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Ex. 1 a) Find the transfer function of the circuit shown. Write your “ C rev 2/27/07
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 switch moves to the lower position at t = 0). R 1=25Q
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b) Find the solutions of the characteristic equation.

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

before switch is moved:
just after switch closes:

125-Q

47 i1(0) =
18-V
25-Q+ 125-Q
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Final conditions:

6V —
= 67\] =48°mA
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d) Find the full expression of v(b).
Critically damped vo() = ve(e)+Be ! 4Dt
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dt
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Ex. 2 with bigger R,
a) Find the characteristic equation of the circuit shown (after the o
. - R =25Q
switch moves to the lower position at t = 0).
as before: 1 Vv, S18V
S J—
V () R,C
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b) Find the solutions of the characteristic equation. ——— =1.2510" *sec ——=1*10" *sec
s|=62510° +4961-10%) - L
sec s1& s, complex,
Sy = 5= 62510° 496110 -1 so underdamped
sec
o ::Re<s 1> 0=-62510" *sec ' ® ::Im<s 1> ®=4.961°10" *sec '
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¢) Find initial and final conditions for v(t) Second-Order Transient Examples, p.3
See drawings above

ve(0)= 0V
i0)= YV _17561-mA
25:Q+ 1-kQ
ic0 = oY 17.561-mA =-11.561 *maA dyooy = MOIMA _ s -V
1-kQ dt C sec
ve(w) = 0V
d) Find the full expression of v(b). Underdamped ve() = vele) + e (Bcos(art) + D-sin(ort))
B = v(0)—v(eo) = 0V-0V=0-V
4y e0) Ba 144510 0.V 6250,
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Ex. 3 a) Find the characteristic equation of the circuit shown. (after the switch
opens at t =0). Write your equation in the form of a simple polynomials. .
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b) Find the solutions (numbers) of the characteristic equation:

R _ R _
b::L+—l b =3.510" *sec ' k=1 .1 k=1.5"10" *sec °
CR, L R,/ LC
2 . —
s = otab oAk sy =17510* +3455:10%  + L a="2 a=-1.7510" *sec '
2 sec 2
2 . —
sy = 2o Ab oAk S,=17510" - 345510 -1 0 - laak v ©=345510" wsec !
2 sec 2
Underdamped I
40k —+—
» pole
c) Plot the poles and zeroes of the transfer function. T
The poles are the s's where the denominator is zero, that is, 20k —+
the s; & s, solutions to the characteristic equation.
Zero Re
|
The zero is the s where the numerator is zero: 0 = ! s 20k —10k
LCR, LC il
s= - ! =-1-10* -sec ' T
CR,
. . " . * pole
d) Initial and final conditions for i; (t) and v(t). u
before the switch opens just after the switch opens
_|.
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Final condition:
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R2§ v (o) c/ ve(w) = ———V, = —————12V =10V
R;+R, 200-Q + 1-kQ
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e) Find the full expression of i; (t).

Underdamped  X(t) = X() 1 e*'-(B-cos(@-t) + D-sin(a@-t))
(D) = ip()+e"(B-cos(wt) + D-sin(wt))
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i7(0) = iy(w)+B so. B = ip(0)-if(«) B =60-mA - 10-mA B =50°mA
4i0) Ba 02 B
d. dt _sec
—i7(0) = B-a+D-o so.. D= —— — D= D =25.325"mA
dt ® ®
17500
ip(t):=10mA+e ™ -50-mA-cos 34930 1)1 25325 maA-sin[ 220
sec sec
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time (us)
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f) Find the full expression of v(t).
¢ 610°__ B.q
B =0-V_ 10V B=-10-V D= sec D =12.301-V
®
V() = v(e) + e (B-cos(@t) + D-sin(art))
17500,
ve(t) =10-V4e ™ -[-10-V-cos 330,114 12.301-v-sin| 24220
sec sec
20
15— —
v (t)
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h) What value of R, would make this system critically damped?

2

R R 2
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Solve for R, with quadradic equation:
Quadradic equation can be reduced to:
2L 2L \? > 4L
T B e L 4L : , ,
CR, CR, CZR C = — — — [ = =-4857"Q this solution can't be
R, = 2 CR, 24C
1
2
L +i~ L =645.7-Q this must be the solution
CR, 24C

Ex. 2 with bigger R, R :=1-kQ This should make the system overdamped
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