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vL + vR + vC = vs

L dI
dt
+ RI (t)+ vC (t) = vs

LC d
2vC
dt2

+ RC dvC
dt

+ vC (t) =
dvs
dt

L d
2vC
dt2

+ R dvC
dt

+
vC (t)
C

=
1
C
*
dvs
dt

= 0

 

 

 

Characteristic Roots 

L d
2IL
dt2

+ R dIL
dt

+
IL (t)
C

=
dvs
dt

= 0

Lλ 2 + Rλ + 1
C
= 0

λ1,2 =
−R± R− 4L

C
2L

λ1 = −
R
2L

+
R
4L2

−
1
LC

λ2 = −
R
2L

−
R
4L2

−
1
LC -
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Over-damped:  

If 1
LC

>
R2

4L2
 

I(t) = Ae
(−R
2L

+ ( R
2L
)2− 1

LC
)t
+Be

(−R
2L

− ( R
2L
)2− 1

LC
)t

ω1 =
−R
2L
,ω2 =

R2

4L2
−
1
LC

I(t) = Ae(ω1+ω2 )t +Be(ω1−ω2 )t

dI(t)
dt

= A(ω1 +ω2 )e
(ω1+ω2 )t +B(ω1 −ω2 )e

(ω1−ω2 )t

I(0) = 0
I(0) = A+B = 0,A = −B
Vc
L
=
dI(0)
dt

= Aω1 + Aω2 +Bω1 −Bω2 =
V
L

−Bω1 −Bω2 +Bω1 −Bω2 =
V
L
,−2Bω2 =

V
L

B = − V
2Lω2

,A = V
2Lω2

dI(t)
dt

=
V
2Lω2

(ω1 +ω2 )e
(ω1+ω2 )t −

V
2Lω2

(ω1 −ω2 )e
(ω1−ω2 )t

V
2Lω2

(ω1 +ω2 )e
(ω1+ω2 )t −

V
2Lω2

(ω1 −ω2 )e
(ω1−ω2 )t =

kg ⋅m2 ⋅ s−3 ⋅A−1 ⋅ s
s ⋅ kg ⋅m2 ⋅ s−2 ⋅A−2 =

A
s

 

This is different from what was stated in the paper and the code, but the units check out. 
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Under-damped:

 

If 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ω1 =
R
2L

ω2 =
1
LC

−
R2

4L2

I(t) = e−ω1tAcos(ω2t)+ e
−ω1tBsin(ω2t)

I(0) = 0 = A
dI(t)
dt

= −ω1e
−ω1tBsin(ω2t)+ω2e

−ω1tBcos(ω2t)

dI(0)
dt

=ω2B =
V
L

B = V
Lω2

dI(t)
dt

= −ω1e
−ω1t V

Lω2

sin(ω2t)+ω2e
−ω1t V

Lω2

cos(ω2t)

−ω1e
−ω1t V

Lω2

sin(ω2t)+ω2e
−ω1t V

Lω2

cos(ω2t) =
kg ⋅m2 ⋅ s−3 ⋅A−1 ⋅ s
s ⋅ kg ⋅m2 ⋅ s−2 ⋅A−2 =

A
s

1
LC

<
R2

4L2
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