2 LRC Circuit

Transient Response

Purpose:

To investigate the transient effectsin a circuit containing and inductance (L), aresistance (R), and
acapacitance (C). To gain an understanding of the parameters that produce three separate tran-
sient (damping) conditions, known as the underdamped, overdamped and critically damped con-
ditions.

Background :
The equation representing the series L RC circuit with a constant applied voltage, Vg is.

L%—t%+R[d—CD+%E—VO 31

Making the substitution Q = q—CV the equation becomes:

Q0 , pHQT, Q0
Lot Rego g = © 3.2

This equation could also be written:,

2
m%’%+ bEﬂ—’E+ (k) = 0

where we have substituted x for Q, mfor L, bfor Rand k for 1/C. Thisisan equation for asim-
ple harmonic oscillator with africtional damping force proportional to the velocity. So we may
expect this LRC circuit to have behavior similar to a damped simple harmonic oscillator.

Because the oscillation decreases with time, and eventually disappears, the solution of Equation
3.2isa“transient” solution. Since all terms containing the dependent variable (Q) are to thefirst
power, the equation is“linear.” Since the highest order of the derivative of the dependent variable
istwo, the equation is* second-order.” Since the right hand side of Equation 3.2 isidentically
zero, we have a so-called “homogenous’ equation. A derivation of the solution is givenin the
Appendix. Inthislaboratory, the effect of different values of the parametersL, R, and C will be
studied experimentally.
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In this experiment, we use a signal generator with arectangular output waveform, an example of
which is shown here:
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At timet = 0, the voltage has been at —V o for a“long” time; any current from the previous transi-

tion has decayed to zero, and the voltage on the capacitor is—V With these two initial condi-
tions, the charge can be shown to be:

q=CV,— 2CVOe(—°”)[cos(w1t) + v% s n(wlt)J 3.3
1

where g istheinstantaneous charge, t istime, and w4 isthe “angular frequency” of the circuit with
total resistance R and

a = R/2L 34

The second term of the equation is sometimes very small.
The angular frequency of the circuit with resistance (w) issometimes called the reduced fre-
guency because:

_ D]-D |]R|]2:|1/2
w [ELcD EYIN 35

Recall that the “natural” frequency of aLC circuit without resistanceis:
0 1 D1/2

w, = 1) 3.6
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Therefore,

W = [(Wp)2— ()12 37

o that in order to have oscillations, a <w,, and
W< w,

Examination of Equation 3.2 indicates that the solution of Equation 3.1 isasinusoidal waveform,
with angular frequency w, having an initial amplitude 2CV, which decays exponentially. The fre-

guency w and the rate of decay are determined by the LRC parameters of the circuit.

There are three ranges to be investigated experimentally:

Current, A

Time, sec

caly, this condition isillustrated in the figure above.

a = (R/2L) <w,

oscillations)
(R/2L) >w, (no oscilla-

tion due to overdamping)
(R/2L) =w, (nooscilla-

tion, minimum time to zero, this
iscritical damping)

(damped

When (R/2L) < wg , thecircuitis
damped and will oscillate with
decreasing amplitude. If (R/2L)
issufficiently small w can
approach w, and the amplitude

can decay very slomly. Graphi-

When (R/2L) > w, , the circuit isoverdamped. It does not oscillate at al. In fact, it can take an
excessive amount of time for the charge to decrease to zero, i.e., for the circuit to return to equilib-
rium. Graphically this condition isillustrated in the figure below.

When (R/2L) = w,, thecircuit is critically damped. Again, it does not oscillate at all, henceit is
similar in appearance to the overdamped condition. However, the charge decreasesto zero in the
most expeditious manner, i.e., the circuit returnsto equilibrium as quickly as possible without
oscillation. Graphically, it issimilar to the overdamped case. However, for critical damping, the
time will be shorter than for overdamping. Critical damping is compared to overdamping in the

figure below
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Owverdamped
Critically Damped

Current

Time

It is also possible to show that the current in the circuit is

i = 2CV,el~ “t)%a wZDsm(wt)

and the voltage across the resistor isjust -iR.
Experimental Setup

Ch 2
62.5

—AA—

~0.89 H
047 uF 100

Figure 3.1: Setup for measuring Vg in the LRC circuit. The 50 and 62.5 ohm
resstorsaretheinternal resistances of the generator and the inductor

Procedures:

Set up the circuit shown in Figure 3.1. The square wave generator has the same effect as a battery
or power supply being switched on and off. Figure 3.1: shows the oscilloscope measuring the
voltage across the resistor. In calculating the decay constant a the resistance R isthe total resis-
tance in the circuit, including the resistance of the signal generator, aswell as the variable load
resistor (“pot”) and the inductor. But the voltage drop across the load resistor isjust iR og-
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Calculate the angular frequency w, and the corresponding frequency f,. The signal generator must
have a frequency considerably lessthan f,, at least afactor of 10 times lower. Explain why.

Underdamped Circuit: Set the signal generator square wave amplitude to about 5.0V. Measure
and record its value. Trigger the oscilloscope on Channel 2 (the signal generator output) and look
at Channel 1. Adjust the timing and vertical gain to fill the display with 6-10 cycles of the oscilla-
tion. Then read out the scope with theWave Star program. Setting the tabular display with the
time included, copy thefile to the clipboard, and then paste it into a spreadsheet. In the spread-
sheet compute the predicted Vg , and make a plot which shows data and prediction together on the

same graph. It isagood ideato at least arough check for agreement between data and prediction
before you leave.

For the underdamped circuit data, compute the rms deviation of the data from the prediction. You
will need to restrict the timesto positive values to make this meaningful. Then make small
changesin the “parameters’ R, C, L and Vg in order to minimize the rmsdeviation. Itis best to be

looking at the graph while making these changes. Give the results in your report.

Critically Damped Circuit: increase the resistance of the variable resistor until critical damping
isreached, i.e. just between oscillation and overshooting. Check to seeif (R/2L) =w, = (ULC)V2,

Remember the resistance of the pot should be measured with the signal generator off or with the
pot out of the circuit. Also, you must use the total resistance of the circuit that includes the signal
generator and the inductor.

Overdamped Cir cuit: continue increasing the resistance. Describe pictorially what happens.
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