Introduction

This technical note is intended to make the understanding of the Laplace’s Domain Analysis easier. By introducing Laplace’s transform method of analyzing a linear circuit, complex circuit, which consist of inductors, capacitors and resistors can be analyzed. 

In this technical report, I will be analyzing the behavior of the C-R circuit, L-R circuit and series LCR circuit by using the Laplace’s Domain Analysis.

3.2 Step Response of a C-R circuit.
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The sketch of the C-R circuit response is shown in Appendix 1.

Results

R = 98.8 , C = 48.45 nF
Time constant (measured) = 4.81 ms

Time Constant (theory) = CR

                                      = 4.79 ms

Observation

Time constant is the length of time for an exponential to reach e  of its initial value

The measured time constant is almost the same as the theoretical value of the time constant.

The time constant is fairly small, compared to the total time for the system to decay to its minimum; therefore the system decays rapidly.

3.3 Step Response of an L-R circuit.
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The sketch of the L-R circuit is shown in appendix 1.

Results

R = 556 , L = 1.005 mH 
Time Constant (measured) = 1.79 s

Time Constant (theory) = L / R 

                          = 1.81s
Observations

The measured time constant is quite accurate to the theoretical value of the time constant.

The time constant is fairly small, compared to the total time of the system needed to grow to its maximum; therefore we can conclude that the system grows rapidly.
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3.4 Step Response of an L-C-R circuit

The sketch of the L-C-R circuit response is shown in appendix 2.

R= 556 , L = 1.005 mH, C = 48.45nF
Observations

From the observation, the oscillation is damped and this is expected of the LCR circuit in series.

When the resistance, R, is high, only real poles exist and the oscillation is heavily damped i.e. there is no sinusoidal oscillation. When the resistance gets smaller, the oscillation becomes less damp and at a point when the resistance is small enough the systems starts to oscillates in an exponential decaying sinusoid. 

When the resistance gets lower and lower, poles exist in the imaginary axis, and there is a sinusoidal response in the time domain. The amplitude of the sinusoid is an exponential decay, depending on the sign of the real part of the pole. If the real part of the poles lies in the negative region of the real axis, the system will decay exponentially whereas if the real part of the poles lies in the positive region of the real axis, the system will grow exponentially. As the resistance is smaller, the real part of the poles becomes smaller as well and therefore the system will oscillate longer. 

Most of the response of the circuits decays exponentially because energy is dissipated in the circuit.

Conclusion

From the experiment, Laplace’s domain analysis is an important element in analyzing the response of the LCR circuits in series. By using Laplace’s analysis, complex behaviour of the inductors and capacitors can be explained in a simpler way.
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