HAEHEIFER R EAER 55 35 5 (2022 45 3 A 31 AFAT) BIMET-h
2021 - FREEEEH

HE SRR I

ER E R BT

o T YOI RO RE

A PRI Bk

(BABFFERE2E)

NSRS LR

173



AR R () FERER
g BRIl BkEk
H e SF34ETHSH (A) F4R
% AT B 1 WEREE
AR mEAIRINAE IR 3T A (BT 16 A, LT 21 A)

B o dEXEBR B
H 1. ar7 o —%2KEETLE e DRXZIFOMAE L TERNPET D, Gk - £
AE

2. KBRS EE (Bif) ORRZEZHESTHILT, ar7r¥—Iil&Ex
b5 BAE & BRHEOEEIZLFIBERICH D Z &, e OREFROEFLFEND,
IR EEXAFECEZHETHILNTE D, (FOICmND F1, AFEESE)

3. AT Y —ORMBIZETLIREEH 21TV, 27 P —EEBRITOVTO
PRz TRD, WBLENCERTE T DB LRE N 2w D, (BHE - Hlr - )

PR (42 5 HFH)
H—Ik B L A HETFOBE) & O RIBIR 1 FREfH]
IR B L EREIE OMEE 2 IF ]
B Fedy 7 OENE 2T oY — e Edenlg 2WFfE] (ARF2 2)

REIZHONT

EHARETIE, a7 P —OFRKE S B Z N D BIOBRICOWT, FEHEDEE
ke A 7T 7 L L ORLTUIW D2, KOVFELWHBIZAR S Th Y, ZOMHIE, #
R Z EMICR T2 T v — 2 B0 RIEOERICET 58 1 Ry iz R,
INEMRSLERH LT, ZORAFITEFEFRTIIFE LR, Sbitary7rih—olk
BEAEZNET AL, BT 71280 THENZHEEZ RO IZLERH Y, Zh
ETIRT T 7D A ERZ D, FENTT T 7HKEG D E> THEEDHNLRO D Lot
FELNRL, FRERFEDBNDL D Th o7,

Al A LT ar o — X FHIEEEEZ WD Z LT, JERTIXTE R0 o 72l
MERDD, BoNT-r I 752N T 52 LIk CHlIEEES, LW o HEAENATREIC /2 -
oo E£72, ZOFHEEEIZFHNT — %% (208 (insitu) FEITE 5720, BohizT—
S EHEIZAEECE S, 29) LEEEEZIEAL, ZNETTERNo T EITIEFITRERE A
Mo E W o - E R Uiz e 8 H IR 2 A AT, 2> T o —OFREICET 5 36k
ZeErE - Ehid D,

& H ar 7oV —ORBEORE
ARIFD H A%

1. a7 o —0RBEIZOWVTHEHI - LA b0, (FOICm29 1, AFMHEE)

2. AT U —ORBMEIZOWVTHILE - FREZITV, BREEEL L OER, Kt ELRE
ENFEIREICE 2 DB O T OREE D, MEIICERT HREELENEED 5,
(F835 - Hillbr - £H)

ARIRFOREAm AR E (BLR J715)
1. @Bl - FRrmL Cary o —oWEE RS 5, G/ 7Y v h~OFtik)

174



2. FEBRRRE NN, BETLHZLE2EL T, BORbEXD (B - k- R, FEIC
FEZHAHTRREE 7 — T BRI A~ DO B fHTe L5

ENSIOE SRt Slhr
FEANE FEEE B8 FEORE S - FH

HA AT U —ORBEEHA | - 2T o —OREICET 5 BT — R
avFL— | 5, DB V(D) = Ve e, TEINDTHO

TR DA IR A FRET H 2 LN TE D, [FEER

(ZHR D T eRERE]

JEBA EBROFERT —FWHEOH | - FBROFGEZHEFEL, HohlT—4%%
aryFrh— | HET5, YN T X B, [k - Hig]
DFEEICE | 4 A TEREZIT, Hoh | - IEEHNZ2 GO R 27 A4 —T
THAEMEER | 12T — X BRI 5, FHIL, ERARAHNT L L I D,

- AERIIORE I E2EZ L&, HEd

FUZE DL D R BA 5 2 204035 2
ENTE D, £12, TOBRERICE > THe
WEEn, [EBE - k- £5]

S BoNT—Z RIS | - 7 —FRTHELAVEIT, R L
BONTRER | W THHEHSEHAT 5, NEEZME 2D L2k, HREOE
% W ER AR ERAL RN D Z ENTE S, [BE - Hkr -
T D 3]

B LN REWHEICELRT D I
KO D, [FARANCEDY MirieE]

i & ZEE: (B GEAREE) ),
Physics with Vernier 4th edition, Vernier, 2019, 24-1 - 24-5I
Wiy - FHM U —r v— b, ar7F o —EBMEEK (B1F) (X10), Go Direct
Sensors (Voltage) (Vernier Software & Technology #t#) (X 10), IPad
mini (X 10)

175



Experiment
Capacitors
The charge g on a capacitor’s plate is proportional to the potential difference V across the

capacitor. We express this relationship with

q
V=—
C
where C is a proportionality constant known as the capacitance. The unit used for capacitance
is the farad, F (1 farad = 1 coulomb/volt).

If a capacitor of capacitance C (in farads), initially charged to a potential V, (in volts) is
connected across a resistor R (in ohms), a time-dependent current will flow according to
Ohm’s law. This situation is shown by the RC (resistor-capacitor) circuit below when the
switch is turning to ‘b’ point.

— e
— 1+
b ® [ ] R
o1 __C
Figure 1

As the charge flows, the charge g on the capacitor is depleted, reducing the potential across
the capacitor, which in turn reduces the current. This process creates an exponentially

decreasing current, modeled by
V(t) = Vye t/RC

The rate of the decrease is determined by the product RC, known as the time constant of the

circuit. A large time constant means that the capacitor will discharge slowly.

In contrast, when the capacitor is charged, the potential across it approaches the final value
exponentially, modeled by

V(t) = Vo(1 — e™t/RC)

The same time constant, RC, describes the rate of charging as well as discharging.

OBJECTIVES

e Experimentally determine the time constant of a resistor-capacitor circuit.
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e Compare the time constant to the value predicted from the component values of the

resistance and capacitance.
e Measure the potential across a capacitor as a function of time as it discharges.

e Fit an exponential function to the data. One of the fit parameters corresponds to an

experimental time constant.

MATERIALS

Mobile device (ipad Mini), Graphical Analysis, Go Direct Voltage sensor
Connecting wires with clips, Circuit Board with 2200 pF polarized capacitor, 5.6kQ —
25.6 kQ resistors, DC power supply, Digital multimeter

PROCEDURE

1. Setup the equipment.

a. Connect the circuit as shown in Figure 1.

b. Record the values of the resistor and capacitor in your data table, as well as any

tolerance values marked on them.

c. Launch Graphical Analysis. Connect the Go Direct Voltage Probe to your mobile

device.

Connect the clip leads on the voltage probe across the capacitor. Note: Connect the red lead
to the side of the + terminal, and the black lead to the side of the — terminal respectively.

d. Adjust the DC power supply about 3.0 V. (Use the indicator of the instrument)

2. Setup Graphical Analysis for triggering and data collection. Click or tap Mode to open
Data Collection Settings.

a. Change Rate to 10 samples/s and End Collection to 60 s.
3. Collect data.

a. Click or tap Collect to start data collection. (Charge and discharge)

4. Fit the exponential function, y = a*exp(—cx) + b, to your data.

a. Click or tap Graph Tools, I, and choose Apply Curve Fit.
b. Select Natural Exponent as the curve fit and click or tap Apply.

c. Record the value of the fit parameters in your data table. Notice that the ¢ used in the
curve fit is not the same as the C representing capacitance. Compare the fit equation to

the mathematical model for a capacitor discharge proposed in the introduction.
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t
V(t) = ]/Oe_ﬁ

How is fit constant ¢ related to the time constant of the circuit, which was defined in

the introduction?

5. Adjust the power supply about 6.0V to 12V and repeat Steps 2—4.

Data Table Resistor (

) Q, Capacitor (
y = a*exp(-cx)+b

)F

Voltage(V) a b V-t integral
3.0 Charge
Discharge
6.0 Charge
Discharge
9.0 Charge
Discharge
12.0 Charge
Discharge
15.0 Charge
Discharge

The graph of Voltage vs. V-t integral
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Analysis

1.

Calculate the farad C using the graph slope.

2. Calculate the farad C using the fit constant c in the table for each trial.

3. What was the effect of reducing the resistance on the way the capacitor discharged?

Extensions

1. What fraction of the initial potential remains after one time constant; RC has passed?
After two time constants? Three?

2. Instead of a resistor, use a small flashlight bulb. To light the bulb for a perceptible time,
use a large capacitor (approximately 1 F). Collect data. Explain the shape of the graph.

3. Try different value resistors and capacitors and see how the capacitor discharge curves
change.

4. Try two 2200 pF capacitors in parallel. Predict what happens to the time constant. Repeat
the discharge measurement and determine the time constant of the new circuit using a
curve fit.

5. Try two 2200 pF capacitors in series. Predict what will happen to the time constant.
Repeat the discharge measurement and determine the time constant for the new circuit
using a curve fit.

6. Make a plot of In(V) vs. time for the capacitor discharge. What is the meaning of the slope

of this plot? How is it related to the RC constant?

Class( ) No( ) Name( )

Reference  Physics with Vernier 4th edition, Vernier, 2019, 24-1 — 24-51
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