Capacitance and the RC Circuit
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Introduction

Unlike resistors you experimented previously, capacitors badifferent property. A
capacitor has capability to store charges whose paramm&@led capacitanc€,. The
unit of the capacitance is farads (F). The chargesdio a capacitoQ, can be
determined by the voltage provided by the power supflgnd the capacitancg,
which indicates the capacity to store charges in thaaior:

Q=Ccv
A circuit to put a resistor and a capacitor gives moretaof applications. This is called
an RC circuit which gives the processes of chargingdesuharging in the capacitor.
When you turn on the power, the capacitor will be gedrwith certain time. Then, after
the power is switched off, the charges will be releasgdrom the capacitor gradually.
The process of how the charges are stored in the itapiaayiven by:

Q=Q, h_ e_E)
whereQy is the possible maximum charges to be stored in theitapandt is the time elapsed
for this process. Inside the exponential functR@,characterizes the how fast the charges can be
stored, which is called time constant, The discharging process will not be discussed indbis |
but it is expressed &@3=Qu(€""°), which is a decaying process. The RC circuit can cofitnihg
due to the time constant, so amkthe applications is a heart defibrillator aridey timing
devices.

Objectives:
* Tofind capacitance of capacitors experimentally
» Totest the charging and discharging properties of afr&stor and capacitor)
circuit

1. Thedefinition of capacitance and confir mation of therelationship, V=(1/C)Q:
A capacitor is an open circuit (spacious separation)ed storing charges. The capacitance
is defined as charge per volta@es Q/V. The Sl unit of capacitance is Farads (F). Foother

Sl units, charge is (C); voltage is (V); resistang@is and the time constant is (s).

Procedure
@ Start up DataStudio, select a voltage sensor, and disgegph (voltage vs. time).

@ Use the capacitor module, and implement a followingsdriC circulit.

AAYAY
® The default setting is: Switch 1 is off; Switch 2 is fligge “discharge”, R
Switch 3 is placed in which has no resistor. To reset the experiment, cogng) =
back to this setting T
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@ The graph is voltage vs. time. The charge pump provides a
steady current, 1.0 10° A. Namely, froml =42, AQ =

At 7
1.0x 10° C with respect to time. The slope is obtained by
AV/IAQ.

Voltage (V)
O =N W AR AN

From the formula, C=Q/V. Therefore, the slope is. 1¥&Ze
now have C=1/(slope)=Q/V=(1010°/V. Hence,
C=1/(slopex 10°) (F) [Note that when it is expressedus

C={1/(slopex 10°)} x 1¢*. Thus, C=1000/slopgi).] Time (s)

Click stop when the voltage reaches around 4 or 5 voltagssct $roper range of the line and

use the “Fit” tool to obtain the linear fi€rint out the graph and its slope.

Calculation of the capacitance (Put the unit next to the value you obtain.)

1 2 3
Slope from the graph Capacitance in (F) Capacitance inuF)
x 10° [1 + Column 1] [Column 2x 107]

This will be used to confirm in the last part.




Conceptual question: How do you explain “capacitance” to your friends who do not know
physics? Namely, what is the significance of “capacé&hc

2. Charging processin the RC circuit:
® Reset the previous trial. (For switch 2, flip the toggl&dtecharge.”) Wait for a while, and

then repeat the same; however, you record the voltage changé¢h@o a few minutes for this

time.

@ The voltage will be saturated after certain time.

® When it look almost flat (likely after 2 minutes),

I_(2222,2227)

switch the $into “discharge.” 7 __;.7--—--5-.]— - -
@ It starts the discharging process as shown. Whenzitg I‘.\
approaches almost zero voltage, it is time to stop thé’ 4
measurement. = ; |
® Use the smart tool to identify the peak value of the ! T
charging processPrint this out. ° Time (s)
The Peak values

Time (s) [Max.] Maximum voltage (V)

3. Discharging processin the RC circuit:
@ After you complete the voltage measurement (including tledaliging process), calculate the
37 % ¢ 0.37) of the maximum voltage that you obtained the ab@®&.the unit next to the value

you obtain. _Before you simply ask your TA about what theigniook for it from this manugl.

Max. voltage from the 0.37x The max. voltage Time [37%)]

previous measurement

( <hnit ( <pnit ( <)nit

@ Seek the calculated voltage from the graph with

the smart tool as shown:
® The time at the maximum voltage and the time %
at the 37% of the maximum voltage are recorded |§

>
the above table.

O = N W A 0N
.
A
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@ The time between the maximum and the 37% is

. . Time (s)
called the time constant. Calculate the following:



1

2

3

Time [Max.] from the above
table

Time [37%] from the above
table

T (time constant) =
The difference b/w column 1 an
column 2 [Note: Time should bg

a positive value.]
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Conceptual question: Rephrase “time constant” in your word from what yaiid the

experiment.

® The time constant is also equal to the resistance

of the resistor times the capacitors RC.
Measure the resistance of the resistowigh a

multimeter. (Be careful with the units expressed in

the multimeter. Note that kilo (k) is 10°.)

The resistance of Rvith a multimeter

( ) unit

® The capacitor to be compared is calculated by time aatrditaded by the resistance of the

resistor.(Before you simply ask your TA about what the unitéskl for it from this manual.)

T (time constant) from the

above table

Resistance, R from the above
table

C (capacitance) =+ R,

( )it
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Convert the units: The capacitance you obtain above table should be (F) fig®(s) and®).

Let's convert it intquF. (Do you want to multiply or divide? Let us give you anragie. One dollar will be
converted into 100 cents, so it is that 1 times 100. A¥ba convert from a larger unit to a smaller one nilmaber
will be larger. Farad (F) is larger than micro fafaH). Now what will you do? Discus this with your partner.)

Question 1.

uF) (

Are the capacitances you obtained close each otherl&althe percent difference.

% difference

_| thefirst result- thesecondesult| _

1 (thefirst + thesecond)

( <)units




Question 2:
Find the saturation voltage by usify= Qoh— e_%RC ) which expresses the charging process in
an RC circuit. Q is the charge at timé,. Q, is the maximum possible charge to be stored in
the capacitor. Us® =CV , and it will beCV = CVOQL— e_%”) =V =V, tl— ew ) To solve
for the saturation voltage, divide both sideslbye_%:
\%

Vo=—+
l-e®
UseV andt as the measured maximum voltage and time respectieetydart 2. TheRC can
be the time constant from part 3. Calculate the maximusiles/oltage of the capacitor.

V, = £ unitg

What is the ratio between the maximum possible voltdgeand the voltage you obtained by the

previous experimeny/?

(Check your answer by yourself! The voltage you experimentally obtained is almost themmax as you can see in
the graph. Thus, the ratio must be close to 100%; howi¢ignot 100% yet. Discuss how to calculate this withry
partner before just plugging in the numbers.)
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