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[Mepiexoupeva 24

* [TUKVWTEGQ

* [1poodI0PICHOS XWPNTIKOTNTAS NMUKVWTH

* [lTapAAANAN Kol € CEIPA CUVOEON TTUKVWTWYV
« ATroOnkeuon HAekTPIKAS EVEPYEIQG

* AINAEKTPIKA

* Moplakn repiypa@n AINAEKTPIKWYV



24-1 NMUKVWTEG

‘Evag TTUKVWTNAG aTtroTeAEiTal atroé U0 aywyoug
TTOU BPiCKOVTAI G€ TTOAU KOVTIVI) ATTOCTAOT
aAAG Ox1 o€ eTTaPn. O TTUKVWTNAG £XEI TNV
IKAOVOTNTA VO OTTOONKEUOEI NAEKTPIKI EVEPYEIQ..

4

Insulator
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24-1 NMUKVWTEG
(a) 'Evacg MapAdAANAOG TTUKVWTHG OCUVOEDENEVOG
ME MTTATAPIA, KOl OTO (B) NAEKTPIKO dlaypapua
QUTNG TNG OUVOECHOAOYIOG.
+0 -0
M




24-1 NMUKVWTEG

OTav Evag TTUKVWTHG €ival OUVOEDENEVOG HE
MTTOTAPIO, TO POPTIO OTOUG OTTAICHOUG TOU Eival
AVAAOYO TG TACEWGS TNG NTTATAPIAG

Q = CV.

2Tn ota0epd avaloyiag C ovopdadeTal n
XWPENTIKOTNTA TOU TTUKVWTN.

Movada xwpnTtikoTtntag: 1o farad (F):
1F=1C/V.



24-2 MNpoodIoPICHOC XWPNTIKOTNTOG
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Na éva TapAAANAO TTUKVWTA
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OTTWG AUTOG TOU OXMHATOG,
TO QIO HETASU TWV
OTTAICHWYV Eival

E = Q/(g,A).

Kal eTTopévwg n diagopa
OUVOMIKOU

Via = Qa/(£:A).

H xwpnTtikoTNTA TOTE €ival:

A
C = g _ €0 [parallel-plate capacitor]

v
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(a) Bpeite TNV XWPNTIKOTNTA YIa Evd
TTOAPAAANAO TTUKVWTH ME OTTAIOMOUG 20 cm X%
3.0 cm og améotaon 1.0-mm oTtov aépa. (b)
Méoo cival To QOPTIO TOU KABE OTTAICMOU €AV
ouvdelei pia 12-V ymrarapia; (c) NMNéoco eival 10
NAEKTPIKO TTEDQIO METAEU TWV OTTAICMWYV; (d)
Moéon €ival n ATTAITOUPEVN ETTIQAVEIO TWV
OTTAICHWYV WOTE va ETITEVXOEI 1F
XWPNTIKOTNTA OEOONEVNG TG ATTOOTAONG d .
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APPROACH The capacitance is found by using Eg. 24-2, C = e, A/d. The
charge on each plate is obtained from the definition of capacitance, Eq. 24-1,
@ = CV. The electric field 15 umform, so we can use Eq. 23-4b for the
magnitude E = V/d. In (d) we use Eq. 24-2 again.
SOLUTION (a) The area A = (20 % 107 m)(3.0 X 1072 m) = 6.0 x 107 m*. The
capacitance C is then
A 6.0 * 107 m’
C = eg;— = (B85 X 107 C*/N-m” = 33 pF.
S0 { / ) 1.0 % 107 m P

() The charge on each plate 1s

Q0 = CV = (533 < 10°2F)(12V) = 64 x 107" C.
(c) From Eq. 23—4b for a uniform electric field, the magnitude of E is

E = L. 12v_ = 1.2 x 10°V/m.
d 1.0 % 107" m
() We solve [or A in Eq. 24-2 and substitute € = 1.0F and d = 1.0mm to
[ind that we need plates with an area
Cd (1F)(1.0 % 107 m)
B L - I:l','_} x I{]_Ig (:1'."’”““?} B
NOTE This is the area of a square 10* m or 10km on a side. That is the size of a city like
San Francisco or Boston! Large-capacitance capacitors will not be simple parallel plates.

A 10% m*,
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MUKVWTEG JE XwpeNTIKOTNTA 1 F KaTaokeualovTal
EUKOAO TTAéoV OAAG ©Oev cgival  TTapAAAnAol

TTUKVWTEG. XPNOIMOTTOIEITAI EVEPYOS AVOPAKOAG
omou 0.1 g oautoU TOU UAIKOU Trapouoiadel

XwWENTIKOTNTA TTEPiITTOV 1 F.

Opiopéva TTANKTPOAGYIO
XPNOIMOTTOIOUV TTUKVWTEG, TT.X.,
n HETABOAN TNG aTréoTACH TTOU
TTPOKOAELITAI ME TO TTATNMA TOU  Movable
TTARKTPOU HETARBAAEI TNV plate
XWPENTIKOTNTA EVOG TTUKVWTAG

TTOU aviXVeUETAl OTTO TO Insulator — Fixed
KUKAWQ. (tlexible) plate

Key

} Capacitor
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"Evag KUAIVOPIKOG TTUKVWTHG
ATTOTEAEITAI ATTO £€va KAOAWOIO AKTIVAG
R, KOl £vO OMOKEVTPIKO KUAIVOPIKO
mepiBAnpa akTivag R, M TO id10
MAKOG. YTTOOETOUME OTI TO HKOG gival
TTOAU JEYAAUTEPO ATTO TNV AKTIiVA TOU
TTUKVWTN. QOTE va aywOoNCOUHE Ta
«OQ@AAMATO» OTA AKPES. TO KAOAWDIO
PEpel @opTio+Q Kal To TreEPiIAnua —Q.
Bpeite TNV £gicwon Tng
XWPENTIKOTNTAG.

Copyright © 2009 Pearson Education, Inc.



APPROACH To obtain C = Q/V, we need to determine the potential difference V
between the cylinders in terms of (. We can use our earlier result (Example 21-11
or 22-6) that the electric field outside a long wire is directed radially outward and
has magnitude E = [I;"Eﬂfnj{ﬁfﬂ'}, where R is the distance from the axis and A 1s
the charge per unit length, @/€. Then E = (1/2me,)(Q/ER) for points between

the cvlinders.
SOLUTION To obtain the potenuial difference V in terms of (. we use this result

for Ein Eq. 23-4a, V =V, — V¥, = —LTE'{E‘ and write the line integral from
the outer cylinder to the inner one (so V' = 0) along a radial line:’
b K
L () b d R
V=WV -V, = —| Edl = — —
o ! J;L f E?T'Eufj; ) R
Q Rh Q H:l .

= — l — ]
2me, f " R, 2me,f " Ry,
() and V are proportional, and the capacitance C is
c =¥ Zmreo! [cylindrical capacitor]
= = = : cylindrical capacitor
V' n(R/Ry) ’” "
NOTE If the space between cylinders, R, — R, = AR is small, we have In(R,/Ry) =
In[(R, + AR)/R,] = In|[1 + AR/R,| = AR/R, (see Appendix A-3) so0
C = 2me IR, /AR = €, A/AR because the area of cylinder bis A = 27 R, {. This
is just Eq. 24-2 (d = AR), a nice check.
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‘Evag o@aipIKOG TTUKVWTRG
QTTOTEAEITAI ATTO OUO
OMOKEVTPIKEC OPAIPES ME
OKTIVEG I Kal I, (BA. oXAMa).
H ecwTepIKN o@aipa EXEI
@opTio +Q KaI N EEWTEPIKA
—Q. Bpeite TNV
XWPENTIKOTNTA TOU TTUKVWTN




ST TFTEEN spherical capacitor. A spherical capacitor consists of two

thin conceniric spherical conducting shells, of radius r, and r, as shown in
Fig. 24-7. The inner shell carries a uniformly distributed charge Q on its surface,
and the outer shell an equal but opposite charge —(. Determine the capacitance
of the two shells.

APPROACH In Example 22-3 we used Gauss's law to show that the electric field

outside a uniformly charged conducting sphere is E = Q/4dme,r* as lf all the
charge were concentrated at the center. Now we use Eq. 23-4a, V = —j E-dt.

SOLUTION We integrate Eq. 23—4a along a radial line to obtain the potential
difference between the two conducting shells:

h-_. ] b
e = —JE-::!‘E = — O J — dr

4iey |, r

¢ (l_l) _ o (r_‘l—rh)
dare, \ 1y r, d1re, Fate [/

Fo
C‘ = g = "{]'TTE.:;(!—h].

Y — Ty

Finally,

NOTE [f the separation Ar = r, — r, is very small, then C = dme,r"/Ar = e, A/Ar
(since A = 47r*). which is the parallel-plate formula, Eq. 24-2.
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24-3 2UVOECT TTUKVWTWYV TTOPAAANAC

Na TTAPAAANAN
ouUVOEON  TTUKVWTWY,
MIOG Kol OAol Ba £xouv
TNV idla TAON OTIG
AKPEG TOUG, N CUVOAIKIN
XwenTikKOoTNTA Ba €ival
TO afpoioua TWV
ETTIMEPOUG
XWPENTIKOTATWV.

Ceq — C1+C2+C3.

o

| Jon

|parallel]



24-3 ZUVOEON TTUKVWTWYV OE OEIpA

INa ouvdeon o€ ocIpd IOXUEI N OXEON

= + + o [series]|

& C C
a A 2 B [}

o i L0
+0'-0 +0'“0 +0'"=0o

o—

V= Vab

H cuvoAiki xwpntikétnta MEIQNETAL
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BpeiTe TNV CUVOAIKA XWPNTIKOTNTA YIA TO
KUKAWWMO.
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APPROACH First we find the equivalent capacitance of  and C, in parallel, and
then consider that capacitance in series with C.

SOLUTION Capacitors C; and C5 are connected in parallel, so they are equivalent
to a single capacitor having capacitance

This C,5 is in series with €, Fig. 24-11b, so the equivalent capacitance of the
entlire ::in:uilf-:fuqf 1S given by

1 1 1 1 3
+_=— —_— =

1
Cq € C; € 20 20

Hence the equivalent capacitance of the entire combination is C,, = £C, and it
1s smaller than any of the contributing capacitors, ¢, = ¢, = (5 = (.,
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EavV =40V, Bpeite Ta QOPTIO KAI TNV TACH
KAOe TTUKVWTH Otav C = 3.0 uF.
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APPROACH We¢ have to work “backward™ through Example 24-5, That is, we
[ind the charge ©Q that leaves the battery, using the equivalent capacitance. Then
we [ind the charge on each separate capacitor and the voltage across each. Each
step uses Eq. 24-1, Q = CV.

SOLUTION The 4.0-V battery behaves as if it is connected to a capacilance
Coq = $C = $(3.0uF) = 2.0 uF. Therefore the charge Q that leaves the battery,
by Eq. 24-1,1s

Q0 = CV = (20uF)(40V) = 80uC.

From Fig. 24-11a, this charge arrives at the negative plate of €, s0o O, = 8.0 nC.
The charge @ that leaves the positive plate of the battery is split evenly
between C; and C; (symmetry: C;, =C3) and 15 (= 05 = -';Q = 4.0 nC.
Next, the voltages across 5 and 5 have to be the same. The voltage across
cach capacitor is obtained using V = Q/C. So

Vi = Q/C, = (80pC)/(3.0uF) = 27V
Vi = 05/C = (40pC)/(30pF) = 13V
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24-4 AtroOnkeuon HAekTpikng Evépyelag

"Evacg @opTIONEVOG TTUKVWTAG ATTOTEAEI
atronkn (pelepBoudp) NAEKTPIKAG EVEPYEIQG:

Q° 1
U — ? — ECVQ — QQV

DN



24-4 AtTToOnkeuon HAEKTPIKNG
Evépyelag

To @AOG MIOG KANEPOG ATTOTEAEITAI ATTO TTUKVWTN ME
xwpnTikotnTa 150-uF ota 200 V. (a) Méon €ival n
atroOnKeupEVN NAEKTPIKNA evEpyela; (b) MNMoon gival n
IOXUG TOU PAOG €AV OAN n evépyela eKAueTal og 1.0
ms?




APPROACH We use Eq. 24-5 in the form U = 3CV* because we are given C
and V.

SOLUTION The energy stored is
U = 3CV? = 3(150 x 107°F)(200V)* = 3.01.

If this energy is released in om of a second, the power output is
P=U/t=(300)/(10x107s) = 3000 W,
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24-4 Atro@fikeuon HAEKTPIKAG
Evépyelag

‘Evag TTapAAANAOG TTUKVWTHG QOPTICETAI ME POPTIO Q KAl OTN
OUVEXEIO OTTOOUVOEETAI OTTO TNV MTTATOPIA. APXIKA N ATTOOTAON
METAEU TV oTTAICHWYV gival d. EAv n aréoTaon yivel 2d, TTwg
METARBAAAETOI N EVEPYEIA TTOU €ival ATTOONKEVUUEVN OTOV
TTUKVWTN;

RESPONSE Il we increase the plate separation d, we decrease the capacitance
according to Eq. 24-2, C = e, A/d. by a factor of 2. The charge @ hasn’t
changed. So according to Eq. 24-5. where we choose the form U = 0%/ C
because we know O 1s the same and C has been halved, the reduced C means the
potential energy stored increases by a factor of 2.

NOTE We can see why the energy stored increases [rom a physical point of view:
the two plates are charged equal and opposite, so they attract each other. If we
pull them apart. we must do work, so we raise their potential energy.
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H evepyEIaK TTUKVOTNTA OPICETAI WG N EVEPYEIA
ava Hovada OYKOU, aVESAPTATWGS NAEKTPIKOU
Tediou:

u = energydensity = 1e,E°

H Sa@VvikR atro@OopTIon EVOG TTUKVWTN MTTOPEI Va
gival OANATHOOPA. O TTUKVWTHG TTOPAMEVEI
POPTICHEVOG OKOMN Kal OTAV £XEI ATTOOUVOEDEI
a1ro TNV pTTatapia (tpoodocia)! INa tnv
ATTOPUYN ATUXNHATWY OTAV ATTOONKEUOUUE
MEYAANG XWPNTIKOTNTAG TTUKVWTEG,
BPAXUKUKAWVOUNE TOUG OTTAICHNOUG TOUG.



O1 amvIOWTEG
Kapdlag, cwlouv
CWEG, AVOKIVWVTAG
TNV A&ITOUPYIa TNG
KapOIag HECW
NAEKTPIKWV
OTTOPOPTICEWV
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24-5 AINAEKTPIKA

To OINAEKTPIKO gival HOVWTAG TTOU XOPOAKTNPICETAI
aT1ro IO OINAEKTPIKN oTafepa K.

H XwpnTIKOTNTA £VOG TTUKVWTN ME OINAEKTPIKO
XWPEIOHA HETAEU TWV OTTAICHWYV gival:

A

C = KGoE' [parallel-plate capacitor]

Opiloupe TNV NAEKTPIKE OIATTEPATOTNTA
UAIKWYV aTTO TNV OINAEKTPIKN OTABEPAQ:

e = Keg



24-5 AINAEKTPIKA

TABLE 24-1
Dielectric Constants (at 20°C)

Dielectric Dielectric
constant  strength

Material K (V/m) H dinAekTpIKA 10XUC €ivai
Vacuum 1.0000 4 %
TO UEVIOTO NAEKTPIKO
Air (1 atm) 1.0006 3 x 10° “, Y d P ,
B 22 10x1¢ TIEQIO TTOU HTTOPEI VO

Polysyrene 26 24x10°  QEXTEI EVO OINAEKTPIKO
———— s
Vinyl (plastic) 2-4 50 X 10 TTPIV TTOPOUCIACTEI

Paper o 15 x 10° ] i

Quartz 43 8x10°  NAEKTPIKIN EKKEVWON.
Oil 4 12 x 10°

Glass, Pyrex o 14 x 10°

Porcelain 6—8 5 x 10°

Mica 7 150 x 106

Water (liquid) 80

Strontium

titanate 300 8 x 10°
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24-5 AINAEKTPIKA

H avTIKaTtaoTaon Tou aEPa/KeEvou o€ Eva
TTUKVWTI ME OINAEKTPIKO UAIKOU £XEI OOV
QTTOTEAEOHUA TNV AUENON TNS XWPENTIKOTNTAG
TOU TTUKVWTN.

+0=+KQ
+ 0
VO—_: . QO Cr= _QO B VO_“_ —_—

-0 " Vo —-0=-KQ,

no dielectric with dielectric
Voltage constant

C: g :KCO
Vo
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24-5 AINAEKTPIKA

Doprifoupe Eva TTUKVWTH KOl OTH OUVEXEIQ
OTTOCUVOELOUNE TNV uTTaTapia. Edav eicayoupe
EVA OINAEKTPIKO OTO KEVO METALU TWV
OTTAICHWYV TOTE N TAON METALU TWV OTTAICHWYV
MEIWVETAI £ AITIOG TNG AUENONG TNG
XWPNTIKOTNTAG (TA POPTIA TWV OTTAICHWYV
TTAPAMNEVOUV OTOOEPA EPOOOV OEV EXOUME
TTAEOV OUVOEOEUEVN TNV MNTTATAPI).

)
V= = V=20 — ==V, Cy= > o= K

no dielectric battery disconnected dielectric inserted
b) Charge constant
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24-6 MoplakKn TTEPIYPAP TWV
OINAEKTPIKWYV

H «TTOAWON» TWV HOPIWV EVOG OINAEKTPIKOU
EXEI OOV ATTOTEAECHA TNV OUCIOOCTIKI MEPIKN
MEIWOT TOU EEWTEPIKOU TTEDIOU.
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24-6 Moplakn TTepiypa®n Twyv
OINAEKTPIKWYV

E1re1dn 10 NAEKTPIKO TTEDQIO NECO OTO OINAEKTPIKO
gival MIKPOTEPO OTT’ OTI OTO AEPA, AUTO ONMAIVEI
OTI HTTOPOUME VA ATTOONKEUOCOUNE TTEPICOOTEPA
@opTia yia TNV idia Taon. Av Kal Ogv UTTAPXEI
TTEPICOIA POPTIOU OTO OINAEKTPIKO, N TTOAWON
TWV HOPIWV ONUIOUPYEI EVA KETTOYOMEVO» (POPTIO.

To NEYEOOC TOU ETTOAYOUEVOU (POPTIOU ECAPTATAI
a1rd TNV OINAEKTPIKN OTAOEPA NECW TNG OXEONG:

_ .
Oia = Q(l K)



