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Understanding the behavior of oscillating LC circuits is fundamental in
electronics, especially in applications involving resonant circuits, radio
frequency tuning, and signal processing. This article delves into the
dynamics of an LC circuit with specific values—inductance (L) of 50
millihenries (mH) and capacitance (C) of 4.0 microfarads (pF)—and addresses
the critical question: "How long does the current stay at its maximum?" To
provide a comprehensive explanation, we will explore the principles of LC
oscillations, calculate the oscillation period, and analyze the duration for
which the current remains at its maximum value.

Understanding LC Oscillations

An LC circuit, also known as a resonant or tank circuit, consists of an
inductor (L) and a capacitor (C) connected in series or parallel. When energy
is initially stored in the capacitor's electric field, it begins to discharge
through the inductor, creating a current. Conversely, the inductor's magnetic
field then transfers energy back to the capacitor, leading to oscillations.

Key points about LC oscillations:

- The energy oscillates between the electric field of the capacitor and the
magnetic field of the inductor.

- These oscillations are idealized as undamped if there's no resistance; real
circuits have some damping.

- The oscillation frequency depends on the values of L and C.

Initial Conditions and Maximum Current

In the scenario provided:

- Inductance, L = 50 mH

=50 x 10-3 H
- Capacitance, C = 4.0 pF =

4.0 x 10-6 F



- The current is initially at its maximum, indicating that at t=0, the
capacitor is uncharged, and maximum current flows through the inductor.

This initial condition is typical for a circuit where energy is initially
stored in the magnetic field of the inductor, setting the stage for
oscillations.

Calculating the Resonant Frequency

The fundamental frequency (f) of oscillation in an ideal LC circuit is given
by:

Formula for Resonant Frequency

\ [

f = \frac{1}{2\pi \sqrt{LC}}

\1]

Where:

- \( L\) is the inductance in henries (H)
- \( C\) is the capacitance in farads (F)

Applying the Values

Let's substitute the known values:

\ [
L = 50 \times 107{-3} \, \text{H}

C = 4.0 \times 10~{-6} \, \text{F}
\]

Calculating inside the square root:

\ [

LC = (50 \times 10"~{-3}) \times (4.0 \times 10"{-6}) = 2.0 \times 10"{-7}
\1]

Taking the square root:

\[



\sqrt{LC} = \sqrt{2.0 \times 10™{-7}} \approx 1.414 \times 107{-3.5} \approx
1.414 \times 10"{-3} \, (\text{since } 107{-3.5} \approx 3.16 \times 10"{-4})
\1]

Actually, more precise calculation:

\ [

\sqrt{2.0 \times 10°{-7}} = \sqrt{2.0} \times 107{-3.5} \approx 1.4142 \times
10~{-3.5}

\1]

\ [

107{-3.5} = 107{-3} \times 107{-0.5} \approx 0.001 \times 0.3162 = 0.0003162
\1]

\ [

\Rightarrow \sqrt{LC} \approx 1.4142 \times 0.0003162 \approx 0.000447 \text{
seconds}

\1

Now, calculating frequency:

\ [

f = \frac{1}{2\pi \times 0.000447} \approx \frac{1}{0.002808} \approx 356.5\,
\text{Hz}

\1

Determining the Period of Oscillation

The period \( T \) of the oscillation is the reciprocal of the frequency:

Formula for Period

\ [
T = \frac{1}{f}
\]

Applying the calculated frequency:

\ [
T = \frac{1}{356.5} \approx 0.002808\, \text{seconds}

\]

or approximately 2.808 milliseconds.

This is the time it takes for the current and voltage in the circuit to
complete one full oscillation cycle.



How Long Is the Current at Its Maximum?

In an ideal LC circuit, the current reaches its maximum value instantaneously
at t=0 and then varies sinusoidally:

\ [
i(t) = I {max} \sin(\omega t)
\1]

where:

- \( \omega = 2\pi f \) is the angular frequency
- \( I {max} \) is the maximum current amplitude

Since the current is sinusoidal, it remains at its maximum only
instantaneously at t=0. Immediately after that, the current decreases from
its maximum value, reaching zero at a quarter of the period (\( T/4 \)).

Implication:
- The current is at maximum only at a single moment—an instantaneous point in
time.

- It does not stay at maximum for any finite duration; rather, it peaks
sharply at t=0.

Duration of Maximum Current in Realistic
(Damped) Circuits

In real-world circuits, damping occurs due to resistance (R), leading to
damped oscillations. The current then exhibits an exponential decay
superimposed on the sinusoidal oscillation.

Key parameters:

- Damped angular frequency:

\ [

\omega d = \sqrt{\frac{1}{LC} - \left(\frac{R}{2L}\right)~"2}
\1]

- Time at which the current is at maximum:



In a damped circuit, the maximum current occurs at t=0, and immediately
afterward, it decreases. The duration during which the current remains
"close" to maximum is very brief, roughly within a few microseconds depending
on the damping factor.

Summary and Final Insights

- The oscillation period \( T \) for the given LC circuit is approximately
2.808 milliseconds.

- The resonant frequency \( f \) is approximately 356.5 Hz.

- In an ideal, undamped LC circuit, the current instantaneously reaches its
maximum at t=0 and then oscillates sinusoidally.

- The current does not stay at maximum for any finite duration; it peaks
instantly and then varies sinusoidally.

- In practical circuits with resistance, the maximum current occurs at t=0,
and the duration during which the current remains near maximum is extremely
brief, typically negligible in seconds or milliseconds.

Conclusion

Understanding the oscillation period and the nature of maximum current in LC
circuits is essential for designing resonant systems and signal filters. For
the specified circuit with L = 50 mH and C = 4.0 pF, the key takeaway is that
the current's maximum is an instantaneous event occurring at the start of
oscillation, with a period of about 2.8 milliseconds. Recognizing this helps
in applications such as radio tuning, oscillators, and transient response
analysis, where timing precision and resonance are crucial.

Additional Resources

- Resonant Frequency Calculation in LC Circuits
- Damped Oscillations and Quality Factor

- Transient Response of RLC Circuits

- Applications of LC Circuits in Electronics

By mastering these concepts, engineers and students can better analyze and
design circuits that rely on precise timing and resonance properties.
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Frequently Asked Questions

In an oscillating LC circuit with L = 50 mH and C =
4.0 pF, if the current is initially at a maximum,
how long does it take for the current to reach zero?

It takes one-quarter of the oscillation period, which is T/4, where T =
2V (LC) .

How do you calculate the period of oscillation in an
LC circuit with given inductance and capacitance?

Use the formula T = 2nv(LC), where L is inductance and C is capacitance.

Given L = 50 mH and C = 4.0 pF, what is the
oscillation period in the LC circuit?

T = 2V (LxC) = 2V (50x10™-3 H x 4x10™-6 F) = 2mxV(2x10™-7) = 2mnx1.414x10"-4
8.89x10™-4 seconds.

n

What is the time for the current to decrease from
maximum to zero in an LC oscillator?

It is one-quarter of the period, T/4, which corresponds to the quarter cycle
of oscillation.

Why does the current in an LC circuit initially
start at a maximum?

Because at the start, the capacitor is fully charged, and the energy is
entirely in the magnetic field of the inductor, resulting in maximum current.

How is the phase of current related to the energy
transfer in an LC circuit?

The current and voltage are out of phase by 90 degrees; when current is
maximum, the capacitor voltage is zero, indicating maximum energy transfer
between magnetic and electric fields.



If the initial current is maximum, what is the
initial charge on the capacitor?

The initial charge on the capacitor is zero because the energy is stored in
the magnetic field of the inductor at that moment.

What is the significance of the quarter period in an
LC oscillation?

The quarter period represents the time taken for the current to go from
maximum to zero or vice versa, marking a key point in the energy exchange
cycle.

Additional Resources

Oscillation Duration in LC Circuits: An Expert Examination

Understanding the behavior of oscillating LC circuits is fundamental to
various fields, from radio engineering to signal processing. When analyzing
an LC circuit—comprising an inductor (L) and a capacitor (C)—one of the key
questions often posed is: How long does the initial maximum current persist
before the oscillation diminishes significantly? This question becomes even
more intriguing when considering real-world factors such as resistance, which
causes damping of the oscillations.

In this detailed review, we will dissect the problem of an LC circuit with
specific component values—L = 50 millihenrys (mH) and C = 4.0 microfarads
(UF)—where the current initially reaches a maximum. We will explore the
fundamental physics, mathematical modeling, and practical implications that
determine the duration of sustained oscillations, providing a comprehensive
understanding suitable for engineers, students, and enthusiasts alike.

Fundamentals of LC Oscillations

Before delving into the specifics of the problem, it’'s essential to revisit
the basic principles behind LC circuits and their oscillatory behavior.

What is an LC Circuit?

An LC circuit, also known as a tank circuit, consists of an inductor (L) and
a capacitor (C) connected together. When energized, these components exchange
energy periodically:

- The capacitor stores energy in an electric field.



- The inductor stores energy in a magnetic field.

This energy transfer results in oscillations of current and voltage, with the
circuit naturally resonating at a specific frequency.

Resonant Frequency

The fundamental frequency at which the LC circuit oscillates is given by:

\ [
f 0 = \frac{1}{2\pi \sqrt{LC}}
\1]

where:
- \(L\) is the inductance in henrys (H
(

),
- \(C\) is the capacitance in farads (F).

This frequency determines how rapidly the energy exchanges occur.

Calculating the Resonant Frequency for Given
Components

Given:
- \(L = 50\, \text{mH} = 50 \times 10™{-3}\, \text{H}\)
- \(C = 4.0\, \text{puF} = 4.0 \times 107{-6}\, \text{F}\)

Applying the formula:

\ [
f 0 = \frac{1}{2\pi \sqrt{LC}}
\1

Calculate the product \(LC\):

\ [
LC = 50 \times 107{-3} \times 4.0 \times 10™{-6} = 2.0 \times 10"{-7}
\1]

Calculate \(\sqrt{LC}\):

\ [

\sqrt{2.0 \times 10"{-7}} \approx 1.414 \times 10"{-3.5} \approx 1.414 \times
10~{-3.5}

\1]



More precisely,

\ [

\sqrt{2.0 \times 107{-7}} = \sqrt{2.0} \times 107{-3.5} \approx 1.414 \times
3.162 \times 10™{-4} \approx 4.472 \times 10"{-4}

\1

Therefore,

\ [

f 0 = \frac{1}{2\pi \times 4.472 \times 10"{-4}} \approx \frac{1l}{2 \times
3.1416 \times 4.472 \times 10™{-4}} \approx \frac{1}{2.809 \times 10°{-3}}
\approx 356\, \text{Hz}

\1]

Result: The resonant frequency is approximately 356 Hz.

Theoretical Oscillation Behavior Without
Damping

In an ideal, lossless LC circuit:

- The energy oscillates perfectly between the capacitor and inductor.

- The current and voltage are sinusoidal and continue indefinitely.

- The initial maximum current occurs when the capacitor is fully charged and
begins discharging, producing a maximum in the current.

Key Point: In this ideal case, the initial maximum current persists
indefinitely because there are no resistive losses.

Real-World Considerations: Damping and
Resistance

In practical scenarios, no circuit is perfectly lossless. Resistance, whether
intrinsic in the components or parasitic, causes damping—gradual reduction of
oscillation amplitude over time.

Inclusion of Resistance

When resistance \(R\) is present, the circuit becomes a damped harmonic
oscillator, described by the differential equation:



\ [
L \frac{d"2q}{dt~2} + R \frac{dg}{dt} + \frac{q}{C} =0
\1

where \(q(t)\) is the charge on the capacitor.
The solution involves an exponentially decaying sinusoid:

\ [
i(t) =1 0 e~{-\frac{R}{2L} t} \cos(\omega d t + \phi)
\1]

- \(I O\): initial current magnitude
(\omega d\): damped angular frequency

-\
- \(\phi\): phase constant

The damping factor:

\ [
\gamma = \frac{R}{2L}
\1]

determines how quickly the oscillations decay.

Calculating the Damped Frequency

The damped angular frequency:

\ [
\omega d = \sqrt{\frac{1}{LC} - \left(\frac{R}{2L}\right)~"2}
\1]

For minimal damping (small \(R\)), \(\omega d \approx \omega 0 = 2\pi f 0\).

Estimating How Long the Current Remains Near
Maximum

The core question: If the current is initially at a maximum, how long does it
stay significantly high?

This involves understanding the decay of oscillations in the presence of
resistance.



Defining "Significantly High"

- Typically, the duration is considered until the current drops below a
certain percentage of its maximum (e.g., 10%).
- The decay is exponential, so:

\ [
i(t) \approx I 0 e~{-\frac{R}{2L} t}
\1]

- When \(i(t) = \eta I 0\), where \(\eta\) is the threshold fraction (e.g.,
0.1 for 10%), then:

\ [
t = -\frac{2L}{R} \1ln \eta
\1

Estimating Resistance and Damping Time
10\, \Omega \), which

Suppose the circuit has a small resistance, say \( R
is common in practical inductors and wiring.

Calculate:

\ [

\frac{R}{2L} = \frac{10}{2 \times 50 \times 10°{-3}}
\text{s}"™{-1}

\1]

\frac{10}{0.1} = 100\,

The decay time constant:

\ [
\tau = \frac{1}{\frac{R}{2L}} = \frac{1}{100} = 0.01\, \text{s}
\1

This indicates the current amplitude reduces to approximately 37% of its
initial value after 0.01 seconds, because exponential decay:

\ [
i(t) = I_0 e™{-t/\tau}
\1



Calculating the Duration of Significant
Oscillations

Assuming the initial maximum current \(I 0\) is known (which depends on
initial charge and circuit configuration), the time to decay to a small
fraction \(\eta\) (say, 10%) is:

\ [
t {decay} = \tau \ln \frac{l}{\eta}
\1

For \(\eta=0.1\):

\ [

t {decay} = 0.01 \times \ln(10) \approx 0.01 \times 2.303 \approx 0.023\,
\text{s}

\1]

Interpretation:

The current remains above 10% of its initial maximum for approximately 23
milliseconds.

Note: If the resistance is smaller, the decay time increases proportionally,
allowing longer-lasting oscillations.

Implications for the Original Question

Given the specified component values:

- Inductance \(L = 50\, \text{mH}\)

- Capacitance \(C = 4.0\, \text{uF}\)

- Initial condition: current at maximum

Without resistance, the current would theoretically remain at maximum
indefinitely.

With realistic resistance (say, on the order of a few ohms to tens of ohms),
the oscillations will decay exponentially:

- The decay time constant depends on resistance.

- Typically, the current remains significantly high (say, above 10%) for a
few tens of milliseconds.

In practical terms, unless the circuit is specifically designed to minimize
resistance (e.g., superconductors), the initial maximum current will diminish
appreciably within tens of milliseconds.



Summary and Practical Takeaways

- The initial maximum current in an LC circuit is determined by initial
charge and component values.
- The resonant frequency for L=50 mH and C=4 puF
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