ECE 202 - Linear Circuit Analysis Il

Purdue University, Spring 2009

Homework Set 2 Solutions

Solution 17
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Note that the current sources I;,(s) and Cvc(0-) have been combined into a single current
source(2+1=3). From the above simplified circuit in s-domain, we can write 1,

Ve-V . (s+2)Ve - 3
2 4
VL—VC+2 Vi,

2 s s

Solving using cramer’s rule and ilaplace command in MATLAB,

v, _ M3s+4)
¢ = s2+4s+8
1
Svet) = 12|cos(2t) - 3 sin(2t) | e 2 u(z)
8(s—2)
v, = — 21
L s2+4s+8
Sour(t) = 8[cos(2t) - 2sin(28)]e 2 u(?)

Solution 18
(a)

The equivalent frequency domain circuit taking into account initial conditions is drawn on the next
page.

(b)

We can write the following nodal equations:-

VinlG1+C18l+1q = I;+Crvci(0-)

Tfrom now onwards, we will not explicitly write Vi(s) for a corresponding time function v (2), upper case would mean s
domain



acCl

Vin(s) R2
W—— =
—1d() +
l C2s =~ @3 % Vout(s)
lin(sy+cive1) () Gl% L= o
vC2(0-)/s B
Vin—Rolg—alci = Vour
VausGs + [Vour = "2 Cos = 14
Ic1 = VipC1s-Crvc1(0-)

Rearranging and simplifying, we get the following matrix equation,

G1+Cis 0 1 Vin(s) I, (s)+C1vc1(0-)
1-aCis -1 -Ry Vout(s) | = —-aCivc1(0-)
0 G3+Cys -1 I,0s) Cavca(0-)

(c)

The transfer function is computed using MATLAB as follows:-

>> syms M MM Iin Vout s Gl Cl C2 G3 G2 R2 a dt;

>> M=[Cl*xs+Gl 0 1; 1-a*Clxs -1 -R2; 0 G3+C2*s -1];
>> MM=[Cl*s+Gl Iin 1; 1l-axClxs 0 -R2; 0 0 -1];

>> dt=det (M)

dt =

Gl + G3 + Cl*xs + C2xs + G1l*G3*R2 + Cl*C2xR2%s"2 — Cl*C2xaxs”™2 + C2+xGl*xR2%s
+ CLlxG3%R2*s — ClxG3*axs

>> collect (dt)
ans =

(C1l*C2%R2 — Cl*xC2*a)*s™2 + (Cl + C2 + C2xGlxR2 4+ C1l*G3*R2 - Cl*xG3=*a) *s
+ Gl + G3 + G1*G3xR2

>> Vout=det (MM) /det (M)
Vout =

(Iin - ClxIinxa*s)/ (Gl + G3 4+ Cl*xs + C2%*s + Gl*G3*R2 4+ C1xC2+R2*s"2
— ClxC2%a*xs”™2 + C2+GlxR2%s + Cl*G3xR2%s — ClxG3xaxs)

o)

% Numerical computation of transfer function:-

>> syms Iin s;
>> Cl=1; C2=2; Gl=1; R2=1; G3=2; a=0.5;
>> M=[Clxs+Gl 0 1; 1-a*Clxs -1 —-R2; 0 G3+C2*s -1]



M =

[ s + 1, 0, 1]
[ 1 - s/2, -1, -1]
[ 0, 2*s + 2, -1]
>> dt=det (M)

dt =

s™2 4+ 6%s + 5

>> factor (dt)

ans =

(s + 5)*(s + 1)

>> MM=[Clxs+Gl Iin 1; 1l-a*xClxs 0 —-R2;

MM =

[ s + 1, Iin, 1]
[ 1 - s/2, 0, -1]
[ OI OI _1]

>> syms Vout;
>> Vout=det (MM) /det (M)

Vout =
(Iin - (Iin=*s)/2)/(s"2 + 6%xs + 5)

Hence the transfer function is given by:-

_ Vour(s)

0 0 -1]

1-0.5s

He)= Iin(s)

(d)
The impulse response is calculated as follows:-

>> syms s t H hj
>> H=—(1/2xs-1)/(s"2+6%s+5) ;
>> h=ilaplace (H)

h =
3/ (8xexp(t)) — 7/ (8*exp(5+%t))

(e)

The step response is computed as follows:-

>> syms s t Vin vout H;

>> H=(1-0.5%s)/ (s"2+6%s+5);
>> Vin=1/s;

>> vout=ilaplace (VinxH)

s2+6s+5



vout =
7/ (40%xexp (5xt)) — 3/ (8*exp(t)) + 1/5

>>

()

Here I;, =0, vc1(0-) =16 and vge(0-) =0
The following MATLAB code computes the response:-

>> syms s;

>> Cl=1; C2=2; Gl=1; R2=1; G3=2; a=0.5; vC1l0=16;
>> M=[Clxs+Gl 0 1; 1-a*Clxs -1 —-R2; 0 G3+C2#%s -1]
M =

[ s + 1, 0, 11

[ 1 - 5/21 _11 _1]

[ 0, 2+s + 2, -1]

>> MM=[Cl*s+Gl ClxvCl0 1; 1-a*Clxs —-axCl*vCl0 —-R2;
MM =

[ s + 1, 16, 1]

[ 1 - s/2, -8, -1]

[ 0, 0, -1]

>> syms Vout vout;
Vout=det (MM) /det (M)

Vout =

24/ (s™2 + 6xs + 5)

>> vout=ilaplace (Vout)
vout =

6/exp(t) — 6/exp(5*t)

(9)

Here I, =0, v¢1(0-) =0 and vge(0-) = -8
The following MATLAB code computes the response:-

>> Cl=1; C2=2; Gl=1; R2=1; G3=2; a=0.5; vC20=-8;
>> MM=[Cl*s+Gl 0 1; 1l-axCl*s 0 —-R2; 0 C2xvC20 -1]

MM =

[ s + 1, 0, 1]
[ 1 - s/2, 0, -11
[ 0, -16, -1]

>> Vout=det (MM) /det (M)

0 0 -1]



Vout =

- (8xs + 32)/(s"2 + 6%*s + 5)
>> vout=ilaplace (Vout)

vout =

- 6/exp(t) — 2/exp(5*t)

(h)

Complete response=sum of the responses (e), (f) and (g)

-233 _ 3 ., 1
Ucomplete(t) = Te 5t—§e t+3 u(t)

Solution 19

The following loop equations can be written in s-domain,

4
Vin_z(ll_ls)_;(ll_IZ) = 0
4
—(12—11);—2(12—13)—212 =0
—sls—2(I3—I9)-2(Is—11) = O

Simplifying and expressing them in matrix form,

2+4/s —4/s -2 I(s) Vin(s)
4/s —(4+4/s) 2 ) ( Is(s) | = 0
2 2 —(4+s) I3(s) 0

This system can be solved using MATLAB by the following commands,

» syms s I1 I2 I3 Vin;
» A=[(24+4/s) —-4/s -2; 4/s —(4+4/s) 2; 2 2 —(4+s)];
» b=[Vin; 0; 0];
» x=[I1; I2; I3];
x=(1inv (A) ) *xb

»

We get the following,

Vin(s)

2
_ 5 (1 b
a s s+2

10
s(s+2)
Vin(s)
s+2

20

s(s +2)2
[I1(s)—1I2(s)1(4/s)

I1(s)

Ix(s)=15(s)

= Ve(s)



40
s(s +2)2

= ve(t) [10 — 20te 2! — 10e 2 1u(t)

Solution 20

The circuit for computing v,,:(¢) for 0 < ¢ < 2 is shown below:-
Writing node equations at nodes V4 and V,,; and solving using ilaplace command in MATLAB,

VA(S)

VWA VWA

_|_

Vin(s) (D 20/s —< 20/s == Vout(s)

Vin - VA i Vout - VA _ ﬂ
10 10 20
Va—Vour _ sVout
10 20
S
Vs = Vou (1+ 5)
20
Vi, =
s+0.2
v 80
oul T (5+0.2)(s2+6s +4)
V. - 40(s +2)
A T 5102)(s2+6s+4)
2000 14V5
= Uout(t) = — e 02 _ o3t {cosh(\/Et) + 2‘5/_ sinh(\/gt)} ut), 0<t<2
1800 11v5
Suat) = — e 02t _ o3t {cosh(\/gt) + 4;/_ sinh(\/ét)} ut), 0<t<2

Now to find initial conditions on the capacitors when the switch is thrown to position B, we have,

11.9989 V
12.7397V

Vout(2-)
va(2-)

Redefining the time frame as t=0 when switch is thrown to position B, the equivalent circuit in
s-domain is drawn on the next page.
Again, writing node equations and solving using MATLAB,

Va—Vour n ﬂ
10 20
sVour + Vout —Va
20 10

0.637

0.5999




VA( 10

VWA
+
0637 (1) == 059 (D) == vou
20/s 20/s
5.999s +24.738
= Vout = T 9 o
0.552 +2s

= vou(t) = [12.369-0.371e *Ju(t)

Combining the two solutions in the original time frame we have,
Vout(t) = 22% e 02t _ o8t {cosh(\/gt)+ 14;\5/5 sinh(\/gt)} u(t), 0<t<2

[12.369 - 0.371e 4Dyt -2), t =2



