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Summary

• Solution of VDE in eigenspace with sources
• Steady-state solution of VDE
• Concept of Impedance
• AC Circuits
• Examples
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Example Circuit
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Numerical Example
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Stability Re(Xa) < 5
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Homogeneous Solution 

State 1 State 2
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Forced Response

• Since we’ve reduced the system to simple constant coefficient  
linear differential equations, we know the forced response !

• Note that the sources are also transformed into the eigenspace 
through the matrix !!"
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Steady-State DC Response
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Review:  General Solution to 1st–order ODE

• With constant coefficients, we derived
rester of
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Apply Solution to VDE
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Elegant Notation

• Let’s define the matrix exponential 
• While for now you can accept this as merely a convenient 

notation, it turns out to be a more general idea ! 
(https://youtu.be/O85OWBJ2ayo) 
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Forced Response in Steady-State

• Assume source is sinusoidal (very common in practice)
– RF signals essentially sinusoidal on short time scales
– Musical notes are superpositions of tones (frequencies)
– Any general waveform can be decomposed into sinusoids ! (Fourier

Series and Transform … EE120)
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Complex Exponential (again)

• Sine and Cosine are merely shadows of a circle
• Your new best friend ! esltejut
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Steady-State Continued

qu(t)
= e(

+

qub) +eit)
+

e-butbj(s)as
ma m

bystate &t
=
a bx =a

+

b,
bat t

q(u(t) = fa - Is9+b,eiws dr =2"5 ejut2 2

stabilit
=e1

-

b, e (jw - 12)dS By(x,)c0
/ (jou- x4) t (jw- x2)t

=aBSinlan-t↳



bon =b, ect
+o,) ift+a)

+ beilt+9s)+b,8

=b,jut(p +b n+d. +b, ei+P

= ei+(b,cT4 +b,eip. ....

(b,058, + b, jsinp, +b ase2+;bsind), +..)
j8

1 jut
=X +

jy = re

=bsue

J;
Irotating around

Osa=Bule & circle



fo
r
=
a

8 = tan"1



EECS 16B Spring 2023 Module 8, Slide 16 Instructors: Prof. Niknejad/Ramchandran

Example:  Forced Solution
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