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current, and potential difference do not decay exponentially with time but 
vary sinusoidally (with period T and angular frequency v).Oscillations of 
a capacitor’s electric field and the inductor’s magnetic field are 
electromagnetic oscillations.

(a) Capacitor with maximum charge, no current. (b) Capacitor discharging, current increasing. 
(c) Capacitor fully discharged, current maximum. (d) Capacitor charging but with polarity 
opposite that in (a), current decreasing. (e) Capacitor with maximum charge having polarity 
opposite that in (a), no current. (f ) Capacitor discharging, current increasing with direction 
opposite that in (b). (g) Capacitor fully discharged, current maximum. (h) Capacitor charging, 



Electrical - Mechanical analogy





No loss



LC  - oscillator

The electric energy stored in LC circuit at time t:

The magnetic energy:

(= 0)





RCL Oscillator

Oscilloscope trace of RCL oscillator
with an exponentially decaying
amplitude.

As R is present, the total energy of the system is no longer 
constant. It decreases with time as energy is transfered to 
thermal energy in the resistor. Because of this, the oscillations of 
charge, current and potential difference continuously decrease 
in amplitude, and the oscillations are damped. 

The total energy at any instant

The energy is decreasing as it is transferred to heat.





Alternating Current

Emf and the current is varying sinusoidally with time, reversing 
direction , which means oscillating.

Forced Oscillations

A generator, 
represented by
a sin wave in a 
circle, 
produces an 
alternating emf
that establishes
an alternating
current

When the external alternating emf is 
connected to an RLC
circuit, the oscillations of charge, 
potential difference, and current are 
driven oscillations or forced oscillations.
These oscillations always occur at the
driving angular frequency d.

When eigenfrequeny  equals the driving
frequqncy d , resonance occurs, the 
amplitude of I is maximum.



A capacitive load

 − 𝑉𝑐 = 0

Xc has unit
ohm, just as 
R

For a purely capacitive load the phase constant 
for the current is -90° with respect to applied EMF.



The quantities vC and iC are 90°, π/2 rad, or one-quarter cycle, out of phase.
Furthermore, we see that iC leads vC, which means that, if you monitored the
current iC and the potential difference vC in the circuit, you would find that iC
reaches its maximum before vC does, by one-quarter cycle.
The phasors representing these two quantities rotate counterclockwise together, 
the phasor labeled IC does indeed lead that labeled VC, and by an angle of 90°; that 
is, the phasor IC coincides with the vertical axis one-quarter cycle before the 
phasor VC does.



An inductive load

a purely inductive load the phase 
constant f for the current is 90° with 
respect to applied EMF



the quantities iL and vL are 90° out of phase. In this case, however, iL lags vL; that is, 
monitoring the current iL and the potential difference vL in the circuit shows that iL
reaches its maximum value after vL does, by one-quarter cycle.
The phasor diagram also contains this information. As the phasors rotate 
counterclockwise in the figure, the phasor labeled IL does indeed lag that labeled 
VL, and by an angle of 90°.



When an applied alternating voltage produces an alternating current in these
elements, the current is always in phase with the voltage across a resistor,
always leads the voltage across a capacitor, and always lags the voltage across an 
inductor.



RLC circuit

The current that we have been describing in this section is the 
steady-state current that occurs after the alternating emf has 
been applied for some time. When the emf is first applied to a 
circuit, a brief transient current occurs. Its duration is 
determined by the time constants L=L/R and c= RC as the 
inductive and capacitive elements “turn on.”

Complex Ohm´s law



XL > XC: The circuit is more inductive than capacitive
XC > XL: The circuit is more capacitive than inductive. 
XC = XL: The circuit is in resonance

For a given resistance R, that amplitude is a maximum when 
the quantity

= 0

the current amplitude I in an RLC circuit

the natural angular frequency of the 
RLC circuit





Each curve peaks at 
its maximum
current amplitude I 
when the ratio d /
is 1, but the 
maximum value of I
decreases with 
increasing R. In 
addition, the curves 
increase in width 
with increasing R

R- damping term.



Ansatz:

Resonanz at ²=0²

I ∞ for R/L0

using


