
Electronic oscillator circuit

Solution: a. The equation of motion of the damped and forced system is,

IL + IR + IC = L−1

∫ t′

0

Udt+R−1U + CU̇ = I0e
iωt = IF ,

or
L−1U +R−1U̇ + CÜ = iωI0e

iωt .

b. Without source and without resistance the differential equation would be,

Ü + (LC)−1U = 0 .

Therefore, the natural frequency would be,

ω0 =
1√
LC

.

c. Without source but with resistance the differential equation would be,

Ü + (RC)−1U̇ + (LC)−1U = 0 .

Therefore, the oscillation frequency would be,

ωγ =
√
ω2

0 − γ2 ,

com 2γ ≡ (RC)−1.
d. Inserting the ansatz U = U0e

iωt+iφ,

L−1U0e
iφ + iωR−1U0e

iφ − ω2CU0e
iφ = iωI0 ,

or
−ωU0 + 2iγωU0 + ω2

0U0 = ie−iφωI0/C .

e. The solutions are,

Z ≡ U0

I0
eiφ =

iω

L−1 + iωR−1 − ω2C
=

1

R−1 + i[ωC − 1/(ωL)]
=

iω/C

ω2
0 − ω2 + 2iγω

,

|Z| =
∣∣∣∣U0

I0

∣∣∣∣ =
1√

R−2 + [ωC − 1/(ωL)]2
=

ω2/C√
(ω2 − ω2

0)2 + 4γ2ω2

tanφ =
Im Z

Re Z
=
−[ωC − 1/(ωL)]

R−1
= R/(ωL)− ωRC =

ω2
0 − ω2

2γω
.


