Experiment #5 Capacitors Pre-lab Questions

** Disclaimer: This pre-lab is not to be copied, in whole or in part, unless a
proper reference is made as to the source. (It is strongly recommended
that you use this document only to generate ideas, or as a reference to
explain complex physics necessary for completion of your work.) Copying
of the contents of this web site and turning in the material as “original
material” is plagiarism and will result in serious consequences as
determined by your instructor. These consequences may include a gali
grade for the particular pre-lab or a failing grade for the entire ter,
at the discretion of your instructor. ** ;

e Examine the following graph of an RC circuit using Logge :

o Determine t

o Calculate the capacitance if the resistor !fs @ue of 400kQ.

;IAuto Fit For: Latest:Potentizl
y = &7(1-exp{CX)+E
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Notice that the above graph is an exponential. Using the Logger Pro software, the
following best-fit line was found.



y=3.134V (1—e M) 05166 V

The root mean square error for the fit was 0.007269, which means that the regression of
the fit is 0.992731. This means that the fit is nearly a perfect exponential saturation curve.

For an RC circuit, the potential as a function of time across a capacitor being charged is

given as:
V(t)=V 1—e(_£J LV, =V, [thj 3}

In the equation above, the value t (tao) [don’t confuse this with volutne or/torque ©] is a
value called the “time constant”. This is the duration of time which it takes for the
capacitor to reach 63% of its saturation value. If we compar est-fit line with the
equation for the potential drop across a charging capécit e can see the direct
similarities.

y= 3134v1 gl-(eoo7 et 05 66 V
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It is obvious that the number int nential is:
—(5.997 Hz)
Solving this for t ee (the units of Hertz are 1/sec):

e 1 016675 sec
‘b 5.007 Hz

The value of the “time constant” is interesting, because it is directly related to the value
of the capacitor being charged and the resistance in the RC circuit.

Vf T Vo
3.134 [V] | 0.16675 [sec] | 0.5166 [V]
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So, if the circuit above had a resistor of resistance 400 kQ, we could @asily use the value
we found from the best-fit line for the time constant and calculat% citance of the

capacitor.

7=0.16675sec =R

(400 kQ)C = 0.1666ec

c 0.166753sec 5>< 107 S€¢
400x10 Q

** Note that the units of cac are [sec/Q] which is called a “Farad” [F]. **
** Aside ** Y'o

We could easily ize the time constant for an RC circuit by picking “good” values
for the resisto e capacitor in the circuit. For example, say that we were not using a
C

computer ( IdPaccurately measure on the order of partial seconds), but rather a stop
watch f periment. We would prefer the time constant to be on the order of
se %ﬁer than milliseconds. Assume we have a 1 microfarad capacitor. This would
li like a blue circle with 1 puF written on it.



7=10sec=RC
R(L #F)=1.0 sec
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So, if we built the RC circuit above with the sistor and the 1 pF capacitor, we
could effectively get a time constant on the.@ second, which is easily measurable
with a stopwatch.

*x End Aside ** »6



