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32.5 Oscillations in an LC Circuit

When a capacitor is connected to an inductor as illustrated in Figure 32.16, the combi-
nation is an LC circuit. If the capacitor is initially charged and the switch is then
closed, we find that both the current in the circuit and the charge on the capacitor
oscillate between maximum positive and negative values. If the resistance of the circuit
is zero, no energy is transformed to internal energy. In the following analysis, we
neglect the resistance in the circuit. We also assume an idealized situation in which
energy is not radiated away from the circuit. We shall discuss this radiation in Chapter
34, but we neglect it for now. With these idealizations—zero resistance and no
radiation—the oscillations in the circuit persist indefinitely.

Assume that the capacitor has an initial charge Q max (the maximum charge) and
that the switch is open for t ! 0 and then closed at t " 0. Let us investigate what
happens from an energy viewpoint.

When the capacitor is fully charged, the energy U in the circuit is stored in the
electric field of the capacitor and is equal to Q 2

max/2C (Eq. 26.11). At this time, the
current in the circuit is zero, and therefore no energy is stored in the inductor. After
the switch is closed, the rate at which charges leave or enter the capacitor plates (which
is also the rate at which the charge on the capacitor changes) is equal to the current in
the circuit. As the capacitor begins to discharge after the switch is closed, the energy
stored in its electric field decreases. The discharge of the capacitor represents a current
in the circuit, and hence some energy is now stored in the magnetic field of the induc-
tor. Thus, energy is transferred from the electric field of the capacitor to the magnetic
field of the inductor. When the capacitor is fully discharged, it stores no energy. At this
time, the current reaches its maximum value, and all of the energy is stored in the
inductor. The current continues in the same direction, decreasing in magnitude, with
the capacitor eventually becoming fully charged again but with the polarity of its plates
now opposite the initial polarity. This is followed by another discharge until the circuit
returns to its original state of maximum charge Q max and the plate polarity shown in
Figure 32.16. The energy continues to oscillate between inductor and capacitor.
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Figure 32.15 (Example 32.6) (a) This electric toothbrush uses the mutual induction
of solenoids as part of its battery-charging system. (b) A coil of NH turns wrapped
around the center of a solenoid of NB turns.
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Figure 32.16 A simple LC circuit.
The capacitor has an initial charge
Q max, and the switch is open for 
t ! 0 and then closed at t " 0.
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