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Summary
• Systematic method to setup VDE
• How to solve vector differential equation (VDE)
• Solution of VDE in eigenspace with sources
• Steady-state solution of VDE
• Example
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Example
• Suppose we have the following circuit.  
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• We can by “inspection” (KCL/KVL) setup a VDE.  The key point 
is the write all voltages and currents only in terms of the 
“state” variables

• The state variables are the voltages of the capacitors and the 
currents of the inductors.
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Systematic Way of Setting Up VDE
• There are efficient systematic ways of setting up the VDE but 

that’s beyond what we’ve learned in 16AB (see Basic Circuit 
Theory by Desoer and Kuh)

• We’ll use repeated application of Thevenin’s theorem 
+ Chua

on norten
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Replace State Variables 
• For each capacitor C or inductor L, 
– Replace it with a source that has the same voltage / current as the 

state variable
– Inductors become independent current sources
– Capacitors become independent voltage sources

• Note that everything about the circuit is known for time t
• How does the system evolve?
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Evolution of a Particular State
• For each state variable L/C 
– Look into the circuit from the terminals of the L/C using the modified 

schematic
– Find the Thevenin equivalent voltage and Thevenin equivalent 

resistance seen by this terminal (or Norton)
– Note these sources are going to be a function of only the actual 

sources and the state variables
– Write a simple first-order differential equation for the state transition

• You now have the VDE

...
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Example Circuit

L

Rsstay:
circuit ic

89 J -----
TrRs! d↑

Us I
=

Val 1
I11



-
-
-"m" ↓

ican

-

Us&Iti
in =in-ic

#Join Bram

-

->
=a=indUc19a =in-in



.point
current

int= Nr. . in 3 divider

1in As Rea



Dr &L
C2 6- ---stisTyr↑RsS d

=

Val
Us⑭↑I

in =iz

Rv =RL :firs
Car=em

State variables



↓"
Voc =V+A

= Vs - Val

RH=RsBm ↑=vz - vx- 1,45↳"



#gi



↳ Ldiz =Va - Van do
at

I
I0

I I② at 0 I, +8 V

10 R ⑧

·=a(v).
Itis

A



EECS 16B Spring 2023 Module 7, Slide 10 Instructors: Prof. Niknejad/Ramchandran

Complete VDE
• Key points:  For the matrix A, each row is a linear combination 

of the sources … the sources are the true external stimuli and 
the other state variables
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Solve VDE Using Diagonalization
⑨

2x =1z +b,
-

2"x =atX =g(2
+

x) =a = u

↑

U = 1i +5,

↑=mz +E,



EECS 16B Spring 2023 Module 7, Slide 12 Instructors: Prof. Niknejad/Ramchandran

VDE Solution (cont)
IStorder

du =x,n, +b constant efficient

diff eg.
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