ECE 2210 Lecture 18 notes Second order Transient examples

A. Stolp
10/30/06
Ex 1. For the circuit shown: 2/27/07
. . (o | G272
a) Find the transfer function v; . —L ,UJI'—
|
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L's R B
Vi(s) = ‘V (s L
L L s 1200 Vi
11 cs |
Ls R 0.5mH
= ! Vgs) = ! Vs) = S—2~V (s)
1 (1 1) S 11 11 S 2 1 ;S
L —+ = L ST St
Cs\L's R CsLs CssR C-R L.C
H(s) = VL(S) _ 52
VT vas a1 R = 120-Q C =0.22-uF L:=0.5-mH
CR LC 1 1 1 1
) L —3788 10" L =29.091°10°
_ s CR sec LC sec’
> 378810 9.091-10°
s”+ S+
sec sec2
21 | > 378810 9.091-10°
b) Find the characteristic equation for this circuit. 0 = s +——s+— = s+ = s =
C-R L.C sec 2

secC

Just the denominator set to zero. The solutions of the
characteristic equation are the "poles" of the transfer function.

c) Find the differential equation for v; .

Cross-multiply the transfer function

2 2 1 1
s“Vg(s) = (s +——s+—|'Vy(s)
S CR L~C> L
SV (s) = V() sV (8)+ V1 (s)
S LW er " e b
2 2
d d 1 d 1
E— Vs(t) = E— VL(t)‘Fi'fVL(t)‘Fi'VL(t)
dt dt C-R dt L.C
2 4 9
3.788-10 9.091-10
a? . L L NC RV T L
it S = dt dt sec
d) What are the solutions to the characteristic equation?
, .10% 2
sy = 3‘782M)+;-J<3.788~104> ~ 4-(9.091-10°) =-1.894+10" +9.345:10%
, .10% 2
sy = M—LJ@.%&IO“) ~ 4-(9.091-10°) =-1.894+10" — 9.345+ 10"

2 2

e) What type of response do you expect from this circuit?

The solutions to the characteristic equation are

complex so the response will be underdamped.
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2. Analysis of the circuit shown yields the characteristic equation below. The

switch has been in the open position for a long time and is closed (as shown) R ; =200-Q
at time t = 0. Find the initial and final conditions and write the full expression  ——
for i (1), including all the constants that you find. Don't let the odd position of —
the switch throw you, just use it to find your initial conditions.
Clearly show important numbers (like initial and final conditions) to get partial R 5 1=300-Q
credit. If you can't find some of these, guess so that you can move on. =0
s+ S+ | —— =0 -
C-R LC C =0.5-uF
L = 110" *sec ! b =4210° *sec ° L =100-mH
C-R, LC
§ 4 100005 + 210" =0
sec sec?
51 { 10000 +1-J(10000)27 4~<2-107>1~sec‘ 5o { 10000 1~J(10000)27 4-(2:107) |-sec!
2 2
s 1 =2764°sec | So =-7236*sec | sqand s, are both real and
distinct, overdamped
Find the initial conditions:
. . 15V .
Before the switch closed, the inductor current was: ﬁ =30'mA = ip(0)
+
Before the switch closed, R, ! 2
the capacitor voltage was:  v(0) = ————(15V) =9V s0: v =9V
When the switch is opened, the
new voltage across the inductor
iS: Vio TVco Find the final
condition:
d. 1
—ip(0) = —vig=
dt L iL(w) _
1 A
L veo=90" 15V _o5ema
R
st st
General solution for the overdamped condition: ij(t) = iy(e)+ Be ! yDe
Initial conditions: iy ::& = ip(e)+B+D ,80 B=ijg-if(e)-D = 30mA-75mA-D
R;i+R
Lr=2 — _45mA-D
d—iL(O) = 90~i = s1'B+syD = $1°(-45mA-D) +s,-D = $1°(-45mA)-s‘D+s5-D
dt sec
90- 2 5 (- 45:mA)
solveforD&B: D - ¢ D =7.69°mA B = 45mA- D B =-52.7'mA
-S 1 + S 2
Plug numbers back in: iy (t) :=75-mA - 52.7~mA~e’2764t+ 7.69-mA-¢ >0
it | | |
(mA) [ Ends at 75mA
60— —
45 . ) _
N i1(0.00001) — iy (0) A
30 Initial slope: =89.989— _
Starts at 30mA 0.00001-sec sec
15 —
0 | | | | | ,
0 0.25 0.5 0.75 1 1.25 1.5 time (ms)
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3. Analysis of the circuit shown yields the characteristic equation and s

values below. The switch has been in the closed position for a long
time and is opened (as shown) at time t = 0. Find the initial and final R | =40-Q
conditions and write the full expression for v(t), including all the
constants.

0= e L Vi otoy  GLsomH

L L-C -
sy =250 10%j) 1 s, =250 10%j)- 1 R, :=60-Q
sec sec C :=0.125-uF
Solution: = 250~i W= 10000~@
sec sec . t:D

Initial conditions:

before switch opens just after the switch opens
V.
inL(O) =M —100'mA
= CD 100-mA
R — .
VC(O) _ Vin' 2 —6-V lc(O)l
Rj+Ry
0V {
1(0) )
d—vC(O) _lc _ lOOCmA_8 0 -V
ind fi itian-: sec
Find final condition: Jy 0-mA
0V =
Vc(w) =V in— 10V
Find constants:  v(0)= v(»)+B B = vi(0) - v(e) B =6V-10-V B=-4°V
810 _ o.B
dva(O) - «Bi Do D= % D =79.9-V
dt ®
Write the full expression for vg(t), ve) = e™(Bcos(art) + Desin(art)) + v (o)

including all the constants that you find.
v =e U L 4v.cos(10%t) + 79.9-v-sin(10%t) ) + 10-v

90 k- | | | |

75 l S 1

60 e -

45 | ~ oo 10+ 80P _|

Vc(t) 30 S SA- - - —

JD*+ B*=80V  (volts) 15| VAVAWAVAY SV T S s

o _ — - —]

“13- V= —

30— _ B ) -250t ]

ECE 2210 e - 10— 80-¢ time (ms) _|
_ - | | | |
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4. Analysis of a circuit (not pictured) yields the characteristic equation below.
0 = sz+400~s+ 400000 R =80-Q L :=20-mH C:=2.uF

Further analysis yields the followiing initial and final conditions:

iL(O) = 120-mA vL(O) = -3V vC(O) = 7V iC(O) = -80-mA
i](e) = 800-mA vi(e) = 0-V vole) = 122V ic(e) = 0-mA
Write the full expression for i (), including all the constants that you find. ip(t)y =?
2 .
Solution: 400 _ 500 (400 — 4-400000 _ 600j
2 2
S 1= (1200 + 600-)- and s, =(-200- 600 )
sec sec
o ::Re<s 1> o =-200"sec | ® ::Im<s 1> ® =600sec |
v1(0) _3.
Initial slope: d—iL(O) = L = ﬂz*lSO-i
dt L L sec
General solution for the underdamped condition: iy (t) = iL(oo)+ea"~(B~cos(m~t)+D-sin(m~t))
Find constants:  i[(0) = ij(«)+B B = ip(0)-iy() B = 120-mA - 800-mA
B =-680 *‘mA
1502 0B
4i(0) = aBi Do p-_ ¢ D =-476.667 *mA
dt ®
Write the full expression for i (t), including all the constants that you find.
i (1) =800-mA + e >"""(- 680-mA-cos(600-t) — 477-mA-sin(600-t))
1200
ORI
(mA) 1000
900
800 800-mA
700
600 1
5001
400
3001
200
120-mA 100
0 5 10 5 20 25 30 35 20
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