PHY 132 — Summer 2000
L AB 5: RC time constant’

Introduction

In thislab we look at the transient response of an RC circuit by digitizing the
v(t) waveform and fitting it to gppropriate non-linear functions, namely decaying
exponentia with finite asymptotes.

THEORY

Congder the RC circuit shown in Fig. 1. We start with the switch S closed
on B. Let us assume that the switch has been closed for a very long time (how long
this time must be will become clear later). In this case, the capacitor will be
discharged. Let usassumethat at t = 0 wethrow Sto A. A current will be set up,
charging the capacitor. Eventualy, however, the voltage across the capacitor will
become equal to the emf, and the current will cease to flow. We approach a static
situation (maximum voltage, zero current) asymptoticaly.
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Fig. 1. Schematic of RC circuit with charge/discharge switch.

In order to study the transient response of the above circuit we start from
Kirchhoff's loop rule. If we go around the circuit of Fig. 1 in a clockwise direction,
we obtain the following equation

Vo-iIR-g/C=0 eq. 1

! Adapted by R. J. Jacob from P. Bennett, PHY-132 Lab Manuad (ASU)
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Using the fact that i = dg/dt and the initial condition g(0) = O, we obtain a
differentia equation (see phy131 textbook) with solution
q(t) = CVo (1 - 7). eq. 2
Then the voltage across the capacitor is given by
Ve () = q(t)/C = Vo (1 - €"F°)  (rising) eq. 3
For t > > RC, the exponential term becomes very small, so that V(t) tends to Vo,

as expected. Let us assume that we wait for atimet >> RC and throw the switch
to B. Inthis case, the loop rule leads to

Ri + g/C =0, eqg. 4

with the initid condition g(0) = CV,. The solution to this equation is

q(t) = CV, € eq. 5

30 that

V(t) = Vo € (fdling) eq. 6

Equation 3 gives the capacitor voltage during the charging process, while Eq.
6 corresponds to the voltage across the capacitor during discharging. The value of
time constant t = RC is the same for both. In the most general form, V(t) may start
a someinitial vaue Vo and asymptotically approach some final value V|, beginning
atimeto. V(t) may be either risng or faling. These cases are conveniently written
asfollows:

V(1) = (Vo - Vi, Jexpl-(tto)/ RCI+ V, (falling) eq. 7

This could be paraphrased as “output voltage is change times falling exponentia
plusfind vaue’.



V() = (Va - Vo)(1- exp[-(t-to )/ RC])+ V¢ (rising). eg. 8

This could be paraphrased as “output voltage is change times rising exponential
plusinitid vaue'.

Eyeball Method

One can eyebdl the value of t by estimating the time at which 1/e (~0.368) ~
1/3 of the total change remains, or equivaently the time when (1-€*) ~ .632 ~ 2/3 of
the total change has occurred. These cases are illudtrated in Fig. 2.
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Fig. 2 lllustration of eyeball method to extract time constant for either falling
or risng exponentia relaxation.



v(t) for falling exponential
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Fig. 3 Quantitative example showing v(t) exponentialy faling from +3 to -2 volts
with atime constant of 40msec, starting at t0=30msec.
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Fig. 4. Experimental setup used for the determination of the decay constant
of an RC circuit.

The experimental setup is shown in Fig. 4. We use asigna generator to
simulate the switching back and forth between charge and discharge. The output
voltage is monitored on scope channel #2, while the input voltage is on channel #1.
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Procedure
1. Connect your circuit asin Fig. 4 with nomina values R = 5.0k, C = 0.1 ufd and

f = 200Hz square wave. It would help to review the tips on wiring and meters.

2. Select the frequency of the square wave so that the charging and discharging
cycles are clearly separated asin figure 2. Note that the input voltage may
switch before the output (capacitor) voltage can fully reach its asymptotes (V1
and V2).

3. Describe the qualitative effect on the output wave form, V4 (t), asyou adjust R,
C and f. Relevant attributes are: initial dope, the period and the asymptotes.

4. Set valuesback to R = 5.0k, C = 0.1 ufd and f = 200Hz. Use the eyeball method
to estimate the exponentid relaxation time t both for the rising and falling part of
the wave form. Be sure the scope sensitivity and time scales are set on “cal”
positions. Use the scope dials to expand and center the "trace” (picture of
waveform) as needed. It may be useful to change the trigger\dope setting to
view the down/up cycle. Recall that scope values are given by X(volts) = trace
size (cm) * sengitivity (V/cm). Don't forget uncertainties — these are determined
by width of the line, jitter of trace, etc. Include a sketch of the waveform and
procedure in your report.

5. Connect the SW data logger to V;, and V,; using black for ground. Load the
SW data acquisition setup file “\\PSCR\phy132\RC.sws’. Press the “rec” button
to capture data. It will autostop. Autoscale the plot. Y ou should see about 2
cycles of the waves. See that you have nice looking data, otherwise repeat. Y ou
may over-write Run #1 or save as Run #2, etc then use the best ones for
analysis. In any case, save your file frequently (in case of crash, €tc.)
Copy/paste into GA for analysis. In SW, select the run (in table), copy, open
GA, paste. Note that GA works better on PC than on MAC.
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Analysis:
1. Findthevaueof t by fitting your datato eq. 7 or 8. See notes on non-linear fits

from the early handouts.
2. Present your various determinations of t in a single neat table such as below.

For errors on calculated value (t=RC) you can assume R (1%) and C (10%).

RCtime |Scope |GA fit Cdc
constant | eyeball (=RC)
rsing
fdling




