Applied Physics 


Lab 08
Time Varying circuits: RLC circuits
Name: _________________________________________________________________________

Regd. No: _______________________________________________________________________

Objective
To explore the time constant of RLC (resistor-Inductor- Capacitor) circuits. 
Introduction
An RLC circuit (also known as a resonant circuit, tuned circuit, or LCR circuit) is an electrical circuit consisting of a resistor (R), an inductor (L), and a capacitor (C), connected in series or in parallel. This configuration forms a harmonic oscillator.

Tuned circuits have many applications particularly for oscillating circuits and in radio and communication engineering. They can be used to select a certain narrow range of frequencies from the total spectrum of ambient radio waves. For example, AM/FM radios with analog tuners typically use an RLC circuit to tune a radio frequency. Most commonly a variable capacitor is attached to the tuning knob, which allows you to change the value of C in the circuit and tune to stations on different frequencies
Many phenomena that occur in electric circuits involve or produce time-dependent variables. When a RC, RL, or RLC circuit is suddenly energized or de-energized, a transient phenomenon, which dies out as the circuit approaches it steady-state operation, occurs. This is because of the way in which inductors and capacitors store energy and resistors dissipate it. The exact nature of the transients depends on the values of R, L and C as well as on how they are combined in a circuit.
Fundamental parameters

There are two fundamental parameters that describe the behavior of RLC circuits: 
i. The resonant frequency 

ii. The damping factor

Transient Response

The transient response is derived from differential equations and it describes how energy that is contained in a circuit will dissipate out when no input signal is applied.
Steady State Response
How the series RLC circuit behaves when the input signal is a continuous sinusoidal signal

The steady state response of the circuit, which is determined by the external source, is reached only after a transient time interval. The response of RLC circuits may be under damped, critically damped or over damped. 
Reactance

Resistors dissipate electric energy but do not store it. The two basic kinds of circuit elements) that store energy is capacitors and inductors and is called reactance. They are duals of each other because the behavior of one is the same as the other with voltage and current interchanged. Reactance is inherently dynamic and their behavior depends on the rate of change of their current and voltage waveforms.
Time and Frequency Responses

The quickness of response of amplifiers and other circuits can be characterized by their output when a step waveform is applied to the input. This is sometimes called the step response and is a function of time (in the time domain).

Underdamped

For a step input, a circuit that is underdamped will output a step waveform that overshoots the final step level and oscillates or "rings" about it for a while. 
Case 1: R^2 < 4L/C (Under-Damped)
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Overdamped

An overdamped response does not overshoot but takes excessive time coming up to the final value of the step. 
Case 2: R^2 > 4L/C (Over-Damped)
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Critically damped

A response that rises in minimal time without overshooting is called critically damped. 
Case 3: R^2 = 4L/C (Critically Damped)
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Rise Time

The time that a step waveform takes to go from 10 % to 90 % of its final value is called the rise time.
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The total dynamic response of a circuit is the sum of the two responses:

Total response = transient + steady-state

Procedure

Draw the circuit diagram shown below
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Find the frequency of the oscillations using the circuit parameters. This frequency is given by ω0=(1/LC)^1/2. Also α=R/(2L) is the so-called damping coefficient for this circuit.

Analysis

Compare the response of the RLC circuits obtained from the circuit with the PSpice simulation. Compare the experimentally determined frequency of oscillation with the theoretical value.

Conclusion

Summarize what you have learned today (not what you have done).
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