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Due Wednesday, November 10

Reminder: Quiz 2 will be offered Wednesday, November 10 and will cover material given
in class until October 27.

Problem 1:

(A) For the circuit below, vC(0) = 0, iL(0) = 0 and vS = VSu(t). Find an algebraic

expression for vC(t) if R < 1
2

√
L
C
. You don’t have to sketch the solution, but make sure

you understand how to do it.
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KCL at the top-right node yields:

vS − vC

R
= iL + C

dvC

dt

KVL at the right loop yields:

vC = L
diL
dt

⇒ diL
dt

=
vC

L

In order to substitute, we derive the first equation:
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=
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=
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In standard form:
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+
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dt
+

vC

LC
=

1

RC

dvS

dt

Note that vS appears with a derivative, which is harder to solve. An easier way is to
solve for another variable and find vC using this variable. The easiest variable to find is
iL. Starting from the first two equations, substitute vC = LdiL

dt
into the KCL equation:

vS

R
− L

R

diL
dt

= iL + LC
d2iL
dt2

In standard form:

d2iL
dt2

+
1

RC

diL
dt

+
iL
LC

=
vS

RLC

The particular solution is iLP = VS

R
. Let α = 1

2RC
and w0 = 1√

LC
. Since R < 1

2

√
L
C
,

w0 < α and the homogeneous solution takes the form

iLH = Aes1t + Bes2t s1,2 = −α±
√

α2 − ω2
0

The initial conditions are iL(0) = 0 and diL
dt

∣∣
t=0

= vC(0)
L

= 0, which yield the equations

A + B +
VS

R
= 0 As1 + Bs2 = 0

⇒ A =
VS

R
· s2

s1 − s2

B = −VS

R
· s1

s1 − s2

Since vC = LdiL
dt

,

vC = LAs1e
s1t + LBs2e

s2t =
LVS

R
· s1s2

s1 − s2

es1t − LVS

R
· s1s2

s1 − s2

es2t

(B) Repeat part (A) if R > 1
2

√
L
C
.

The method is identical to the one above, except that since R > 1
2

√
L
C
, w0 > α and the

homogeneous solution takes the form

iLH = Ae−αt cos(ωdt) + Be−αt sin(ωdt) ωd =
√

ω2
0 − α2
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The initial conditions yield the equations

A +
VS

R
= 0 − αA + ωdB = 0

⇒ A = −VS

R
B = − α

ωd

· VS

R

Since vC = LdiL
dt

,

vC =
LVS

R
· ω2

0

ωd

e−αt sin(ωdt) =
VS

RCωd

e−αt sin(ωdt)

Problem 2: Find the solution for the differential equations listed below with the given ini-
tial conditions. Again, you don’t have to sketch the solutions, but make sure you understand
how to do it.

(A)
dv

dt
+

v

τ
=

VSu(t)

τ
v(0) = 0

v = VS(1− e−t/τ )

(B)
d2v

dt2
+ 2α

dv

dt
+ ω2

0v = ω2
0VSu(t) ω0 > α v(0) = 0

dv

dt

∣∣∣
t=0

= 0

v = VS − VSe−αt cos(ωdt)−
α

ωd

VSe−αt sin(ωdt) ωd =
√

ω2
0 − α2

(C)
d2v

dt2
+ 2α

dv

dt
+ ω2

0v = ω2
0VSu(t) ω0 < α v(0) = 0

dv

dt

∣∣∣
t=0

= 0

v = VS + VS
s2

s1 − s2

es1t − VS
s1

s1 − s2

es2t s1,2 = −α±
√

α2 − ω2
0

Problem 3: Review problem sets 5-8 carefully. Summarize all the circuits, differential
equations, solutions and graphs given to make sure you understand clearly all the differences
between all types of circuits. You do not have to hand in anything for this problem.
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