Application of th eigenvalues

Obtain the state equations for the following circuit

From the first loop —Vs+R;I[;+V+V =0 (1)
From the second loop —V+tVa 1+ R313=0 (2)
The node equation I;=I,+I; 3)

From (3) 13: I]-Iz

FI‘Ol’l’l (2) —ch+ VC3 + R3 (I]-Iz) = 0
Vot Va+ R3L1-R3 1, =0
Vot Va+ R3L1= R3 I

\/
Now replace I, = C —¢2
dv
—Vao+ Vs + R31= R3C d{fz
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From2 R313=V,-Vg
dv
Replace I3= Cs3 d:3
dv
From2 R;C; d:3 =V-Va
dv 1 1
ERE c2 - Vc3 (E3)

Set V=0 and Write (E1) (E2) (E3) in matrix form

ol [ L 1Ty
C
dt R;C, G, R;C,
I - -R
d_l = -1 1 0 I,
dt L L
v, 1 . L
L dt | | RyCy R,C, [LVe3

This is linear differential equations.

Problem AE-794 Calculate Veo(t), 11(t), Ves(t)in the
above circuit if R;=10, C,=0.1, L=0.1, R;=1,
C5=0.1. Sketch the graph of Vca(t), Ii(t), Ves(t) if
V(0)=200V  ,L(0)=-10A , V3(0)=20V
Solution Replace R;=10, C,=0.1, L=0.1, R\=1,
C5=0.1 in the above equation.
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éigenvalues and eigenvectors of A matrix are
M=-0.9, A,=-5.54+8.891 A,=-5.54 + 8.89i

8.9 6.4-2.8i 6.4+2.8i
X1=[-9.8|, Xo=|-03+7i |, X3=|-0.3-7i
99 -0.5-0.4i -0.5-+0.4i

Thus the solution of the circuit is

Ve, | [8.9 6.4-2.8i 6.4+2.8i
I |=c-9.8f % +c,|-0.3+7.07f 5548 4 o f 0.3-7.07j 55489
Ves 99 -0.5-0.41i -0.5+0.4i

or

Vea(t)=C1 8.9 ¢ + C, (6.4-2.8i) ¢ 55481
+ C3 (6.4+2.8 i) 53480

IL(1)=-C; 9.8 % +(-0.3+7.07i) C, ¢ 5348901
+(-0.3-7.071) C3 e (-5.54-8.9i)t

Ves(H)=C1 99 ¢ + C; (-0.5-0.41) e 34801
+C; (-0.5+0.41) e 3489



replace t=0
200=C; 8.9 +C,(6.4-2.81) +C;3(6.4+2.81)

-10=-C; 9.8+ C; (-0.3+7.071)+(-0.3-7.071) C;

20=C, 99 + C; (-0.5-0.4i)+ Cs (-0.5+0.41)

8.9 6.4-28i 6.4+2.81 C 200
98 -03+7.071 -03-7.071 |C,|=|-10
99 -0.5-0.4i -0.5+0.41 C, 20
The solution is

C=0.35

C=15.24 +0.311

C5=15.24-0.31i

Thus the solution is |
Vea(t)=3.11 &% + (98-40i) ¢ >89
—|—(98+401) e(—5.54—8‘91)t

IL(t)y=-3.43 "% +(-6.7 +107i) ¢ >>+8t
+(-6.7 -107i) e 334890

Ves(t)=34.66 % + (-7.5-6.25i) e 5541890
+ (-7.5+6.251) ¢ (-5.54-8.9)t

Or if we write in sinusoid al form as in
Example AE-782

Vea(t)=3.11 ¢ + 196 cos(8.9t) +80 sin(8.9t)
IL(t)=-3.43 ¢ -13.4 cos(8.9t) -214 sin(8.9t)

Ves(t)=34.6¢""" =15 cos(8.9t) +12.5 sin(8.9t)




