CAPACITOR CIRCUITS LAB

Name: Goals: 1) Become familiar with capacitors,
voltmeters, and making circuits

Lab Partners:

2) Understand the relationship between
charge, voltage, and capacitance

3) Understand the difference between
series and parallel circuits.

Note: When setting up each circuit, be sure you discharge all the capacitors first by
touching both leads to the metal plate.

Part I: Using a Multimeter to Read Voltage
Multimeters are general purpose instruments used for reading voltage, current, and resistance.

We will learn about current and resistance in a week or so, but today we will use a multimeter’s
ability to read voltage to test our understanding of combinations of capacitors.

e Set your multimeter to read steady voltages
(like those | produced by a battery) by tu;‘ping the

switch to V. The other voltage setting, V, is
used to read time varying voltages and will not
work for what we want to do.

e To read a voltage across a circuit element, such
as a battery or a capacitor, connect the element
to the multimeter voltage inputs, V and COM
using the wire probes. The voltage is read with
respect to the COM input. A positive reading
implies that the connection V is at a higher
potential than the COM input and a negative
reading indicates the opposite.

e Test your understanding of the meter by reading the voltage across a battery. You should
get about +1.5V if the + terminal of the battery is connected to V and the — terminal is
connected to COM. Flip the battery connections and notice how the meter now reads
-1.5V.

e Notation: AVa means the voltage between Vi and Va, where Va is connected to COM and
V4 is connected to V. AV means the potential across the circuit element 1.
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CAPACITOR ClrCUITS LAB

Part I1: Parallel Circuit Ci C2 Cs Cs

.

Consider the following circuit: AVhpat
- —_— T T_ _

In the following sections AV’ and Qi' represent initial values and AV/f and Qi represent
final values.

Knowing that capacitors in parallel have the same voltage across them, calculate or state the
values listed below.

1. Take C; = Ca=100pF, C3 = C4 =330 uF, and AVsar = 1.5 V. Make sure to show your work.
Your results should only make use of the values of the capacitances and the voltage of the
battery.

AVy | [ 5V Qli' ISOu L C= A§
AVy | 1.5V Q2 | 150mC
AV3i /15 V Q3l “/5{5'4 C
AV4 | 1,6V Q4 |49¢uc

Copacttors n para”el shgre a common AV

Cor- Al/l;:AVJ":L)K,I‘:AVVT:AV&”’:/IS—V

<

QR=CAV = 0,":6[“/441‘/ Q)l‘*‘c)[”/baf, @;ta-/’ytaf Q,:qu%ﬁ

2. Do the capacitors with the larger capacitance have larger or smaller charge? Why?

B/ﬂfer C separates more charge <beweby

[

§tari7 more e"’"‘%[ ‘
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3. Now imagine you took Cz and C3 from the circuit and, without discharging the
capacitors, created the following circuit with the positive plates oriented as
shown at right. Calculate the following values:

Q, C
AVab /‘gl/ +JI E
in 150ul — Va— — Ve
Qs U454 L A
Co b = 63*63, Q/ofIO"*Q‘? 6 -a "
fof Qéaﬁ ()23 fQ_; - 6‘/5}(( :zl 6/ V(

Cc/c - = A S T = = .
/C AV”Q /18 (e/ él . 63 ijoﬂ/: .

4. What happens to the charges?
Same AV as lo fore, there Fore soame (Lage_

%/ﬂé‘w‘m/ (Aahjﬁf,

5. Now imagine you took C and C4 from the circuit and, without { B
discharging, created the following circuit with the positive V, LV,
plates oriented as shown at right. Calculate the following values: N

" -Q, 7 |
+
AVab 0. 99 l/ ( C4
EmEY/T) —
A
C( /( /Z = C, + C Y
_ Oeot _ Q,: QI
A=~ t0 Q. =
Cffp CI +C'?f " / 606 —Qf—O/
CerrF

1

3454 _
Ny = 28 - 030V

OF = Cou* = (100r)(0.9) = 82uc

0/ - G = (330, 7)(0.83Y) =271y C
6. What happens to the charges?

T%ey %@f fe/r‘fff;émfe/ 7h éleﬁ/ﬂéﬁj to ach'tye

the same poten ¢ral,
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7. Set up the circuit, and measure these potential differences:
Ci C Cs Cs

AViat | .52V

AV | 1.5V T
N EEY AVbat
A\/Y3i fr gJ V B
AV, [ 62 V

8. Did you get what you expected (from question 1)?

Yos!
9. Without discharging C and C3, create the following circuit, with + CZI
the positive plates oriented as shown at right. |
Va ] — Vb
Measure AVap. [
el
[AVa | 1.50 | Cs

10. Did you what you expected (from question 3)? Explain.
>/€5! Tﬁe Va({a}e S~!ayfc/ tle Cqme Le cause
Ele (L\Qr;({)’ Aicd not re c//'fz’rféafe,

C
+

11. Now take C; and C4 (without discharging them) and create a
similar circuit, but this time with the positive plates connected Va— — Vh
as shown at right.

Measure AVap. C4

IZVab| 07/ 4 J

12. Did you get what you expected (from question 5)? Explain.

C(&S? ... 0, V0/{ Jl'/[/(fﬁfh[e, [4%0(/.{0/ pre e S 2
S g

(Lazyaj rea//lsf/”/‘éoyt"e €g acé/'el/g {Ce SGme

potental on $le platec, Wew Jdir€e; Gt ch
yiclds lower 4v.
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Part II1: Series Circuit AVpat

Consider the following circuit:

| |
| T [ [ | T
Ci C, Cs Ca

Knowing that capacitors in series have the same charge across them, calculate or state the
values listed below.

13. Take C; = C2 = 100uF, C3 = C4 =330 pF, and AVpar = 1.5 V. Your results should only make
use of the values of the capacitances and the voltage of the battery.

: : -l
AVI [ 0.57¢ U 5764l Y ARy _’_.)
AV3' |01 7§ Qs |57.6ul ‘ ‘ ‘ .
wvilalre  TQUETE7EAC] M= QU+ 7+ )0 8= Bl

Q Cg// A’/l:ot N (l&&,,,,,c 730 /) (/ SV) =5/ é,{,{[ = on all caps .

AIAE *EQ—‘ = 2LMC — H5 75/ — Same on C,

/j%": Q_T §7.64[ 75(/ > Same <oh Cq

14. Do the larger capacitors have larger or smaller potential differences? Why?

gmauﬁh Same KLMV/@ - lower (L617e f/Pnf)fy

< lower pa{en{/m/ A Fhevence
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15. Now imagine you took Cz and Cs from the circuit and, without discharging the
capacitors, created the following circuit with the positive plates oriented as
shown at right. Calculate the following values:

AVab O {/
Q) [NV '
Qs [ nV

16. What happens to the charges? 6(
They redistribate (o palce AV =0 aceress conpect @

/J/“(J. La this case me‘ /ﬂﬂj fo Z€r

Ci
+
17. Now imagine you took Ci and C4 from the circuit and, without Jl
discharging, created the following circuit with the positive plates Va — L Vi
oriented as shown at right. Calculate the following values: |
R 0 L
AVab OQ é7 [/ " Cy
Q 1? 260.7:C U ’
4 -
Q 22)mL QW_QQ

_ (57£u6)
av Ce// U30uf 2

Q= CAV =W Y0267) =007, ¢
Oq: 641 Z“/:(-BOM /){0‘967) = S’S’.//{C

18. What happens to the charges?

Cé/[ = C( 4(7

in

[Plxé\/ /’CJ/..}(.“I\L”{Q (o meke [NU/z0© betacen

Connected plates.
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19. Set up the circuit (discharge each capacitor and connect the battery last), and measure these
potential differences:

AVbat
AVbat [‘glf/ + | I—
AVI | 0.6 R
AVY | 0.6 V
AVS [0 144
A Nl e e o
Ci ) Cs Cs

20. Did you get what you expected (from question 13)?

(lose .. Capac [Cov preciSion ...

21. Without discharging Cz and Cs, create the following circuit, with the positive
plates oriented as shown atright.

Measure AVap. Va — — Vb

||
Cs
22. Did you get what you expected (from question 15)? Explain.
/
A / hpst &Eervo
23. Now take C and C4 (without discharging them) and create a similar circuit, but
this time with the positive plates connected as shown at right.
Ci
Measure AV ab. hl ]| }
Va— —V
(AVaw | 033 Y ] ' || i
Ll
Ca

24. Did you get what you expected (from question 17)? Explain.

Vw}/ close . within (olesance cF 540//)/

(a/aa(/‘ Cer .
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