3 Procedure

3.1 2nd Order Circuits

The idea of this exercise is to compare values obtained by theory and measurement, relating to the transient
behaviour of RLC circuits. Using the component values listed above, construct a variety of circuits and calculate
values of the pertinent parameters, such as natural frequency w, and damping factor £&. Compare the calculated
values with those you obtain by measurement. In your report, give a detailed explanation of the theoretical

method you used in your calculations.

Note that the the damping factor for the parallel RLC circuit is given by
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whereas for the series case it is given by
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There are a couple of hints you will need in measuring w, and &. It is suggested you measure these only for the

underdamped case.

Underdamped case: The equation for the underdamped response v(t) is

v(t) = Kie ! cos (mM)t) + Kye @l sin (Mwot> (1)

For the purposes of this experiment, we can ignore the effect of the second term above, since it only serves to

change the phase of the response.

It is easiest if you choose a value of £ < 0.2. This is because the natural frequency w, of the damped oscillation
from (1) is wy, = /(1 — £2)w,. This is the frequency of the waveform you will see displayed on the scope. If
€ <0.2, then /(1 —&2) > 0.98 and w,, ~ w,. Then, w, can be approximately measured as shown in figure 1.

Measure the period 7, of the oscillation as shown in the figure. Then, w, = 27 /7,.

To measure £, we consider the ratio of measured values v; and vy at times ¢; and ty respectively in (1), as
shown in figure 1. Because we are taking the two measurements at the same point on the cos(:) waveform, and
because we ignore the second term in (1), we obtain
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Thus, £ can be determined after measuring the ratio of vy to vy.

Critically damped case: In this case, it is difficult to make quantitative measurements. You can verify that

a circuit is close to critically damped in the following way. Use the resistor value corresponding to a critically
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Figure 1: Plot of the voltage waveform of an underdamped RLC circuit.

damped condition. Then you should see the response in red in figure 2. The unfortunate part is that there
doesn’t seem to be a way of measuring whether this response is indeed critically damped (on the scope, it looks
almost indistinguishable from the overdamped case). However, if you adjust the resistor so that the corre-
sponding damping factor is about 20% smaller, then you should observe the “slightly underdamped”, or solid
blue response shown in figure 2, which has a slight overshoot. Similarly, by adjusting the resistor so that the
damping factor increases by about 20%, you should observe the dashed blue “slightly overdamped” response

in figure 2. This way, you can verify that your original circuit is close to being critically damped.

Overdamped case: It is not necessary to do detailed measurements for this case. Try resistor values corre-

sponding to an overdamped value of & and observe the response.

3.2 Response of a Simple RC circuit to a Sinusoidal Input

The idea of this exercise is to get a feeling for how circuits respond to sinusoidal inputs. Hook up the following
circuit, and measure the magnitude and phase of the output phasor 9,¢, relative to the input phasor o, vs.

frequency.

Measure your circuit over the range 0.1f, < f < 20f,, where f, is the so-called cutoff frequency, defined as



p, m_w N

Fine

¥

— IO 1‘% 1 Co vUJW%»*)-ZQ
— :)L'LO'\BL\& ngr 91

N l(ﬁ(ﬂ{ [7, QNN c{mpﬁ

Figure 2: Slightly underdamped, critically damped, and slightly overdamped responses.

f=1/(2rRC), and plot both magnitude and phase vs. frequency.

What is the output phasor (relative to the input phasor) at f = f,?
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Instructors: J. Reilly and M. Bakr

EE2CI5 Lab 4

RLC Circuits

1 Please read carefully:

Prepare a typed or hand{written report on paper (not your lab books) and submit it by the

due date

2 Equipment

Function generator

variable power supply

Multi-meter

Oscilloscope

Hook-up wire

Resistors: 100 Q; 200 Q; 470 Q, 1K; 2K; 2:2K; 2:4K; 4:7K

Capacitors: 0:14F; 1:0uF

Large inductor (Value 850mH).

Note: We may not have 200 Q2 and 2:4K resistors available. If not, then use two 100- or
two 1:2K resistors

respectively, in series.





