
EECS 16B Designing Information Devices and Systems II
Fall 2019 Discussion Worksheet 2A: Changing
Coordinates

1. Changing Coordinates and Systems of Differential Equations

Suppose we have the pair of differential equations (valid for t ≥ 0)

d
dt

x1(t) =−9x1(t) (1)

d
dt

x2(t) =−2x2(t) (2)

with initial conditions x1(0) =−1 and x2(0) = 3.

(a) Solve for x1(t) and x2(t) for t ≥ 0.

(b) Suppose we want to change variables to:

z1(t) =−x1(t)+2x2(t)

z2(t) = 2x1(t)+3x2(t)

Write out a system of differential equations relating the d
dt zi(t) to the zi(t). The system can have

equations that involve both i = 1,2 variables on the right hand side, but should only involve one of the
d
dt zi(t) on each of the left hand sides.
Change to these new coordinates using two methods.
Method 1: Direct Substitution Solve for zi(t) by direct substitution from xi(t).

(c) Now use a different method to change the coordinates. Method 2: Linear Algebra Change-of-
Coordinates Solve for zi(t) using matrix and vector notation, like you saw in EE16A.

(d) How do the initial conditions for xi(t) translate into the initial conditions for zi(t)?
1. Solve this with direct substitution:
2. Solve this with matrices and vectors:

(e) What are the solutions for zi(t)?
1. Solve this with direct substitution:
2. Solve this with matrices and vectors:
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(f) Consider the following circuit.
1. It turns out we can write a system of differential equations that governs the voltages VC1,VC2 across
the capacitors. Write this system of equations; use the following values: C1 = 1µF,C2 =

1
3 µF,R2 =

1
2 MΩ, R1 =

1
3 MΩ.

−
+ Vin
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C2

Figure 1: Two dimensional system: a circuit with two capacitors, like the one in lecture. How many degrees
of freedom are actually here in making the matrix corresponding to this circuit?

2. Suppose also that Vin was at 7Volts for a long time, and then transitioned to be 0 Volts at time 0.
This "new" system of differential equations (valid for t ≥ 0)

d
dt

y1(t) =−5y1(t)+2y2(t) (3)

d
dt

y2(t) = 6y1(t)−6y2(t) (4)

with initial conditions y1(0) = 7 and y2(0) = 7.
Write out the differential equations and initial conditions in matrix/vector form.

(g) Find the eigenvalues λ1, λ2 and eigenspaces for the matrix corresponding to the differential equation
matrix above.
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