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Mepiexopeva KepaAaiou 23
* Aiagpopa Auvapuikou-Auvauikn Evépyeia

* 2xéon HAekTpikoU Mediou kal HAEKTPIKOU
Auvapuikou

 HAeKTPIKO AuVauiKé Znuelakwy PopTtiwv
* Auvapiké Katavoung ®opriwv
* looduvauiKkES ETTIpAvEIES

* AUVONIKO H)\aKTplko(L AitroAou
 Mpoodlopiouég Tou E arré V

 HAeKTPOOTATIKN EVEPYEIX

..* Kafod1kog ZwAnvag-006veg MNMaAidg KotrAg



23-1 Ala@opd OUVOMIKOU
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i gival ouvTneNTIKR — OuvaTal
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— 1 avTIOETO TOU £pYyOU TNG
L1 NAEKTPIKAG OUVOUNG
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23-1 Ala@opd OUVOMIKOU

To HAekTpikO Auvauiko (Taon) opieTal wg n
OUVOMIKN EVEPYEIO VA povada pOopPTIOU :

Movada HAeKTpOOTATIKOU AUVAUIKOU
givail: To volt (V):

1V =1JC.



23-1 HAekTpOOTATIK AUVAMIKA
Evépyeia-Ala@opd SuVauIKOU

Etreidn pévo diagpopég duvapikou duvaral va
METPNOOUV, gav opiocoupue V = 0:

Uy — U, B Wba'

Vi, = AV
ba q q
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23-1 HAekTpOOTATIKR AUuVauIKN
Evépyeia-Ala@opd SuVANIKOU

Ymo0iéote €va apvntikO @OPTIO, Tr.X. €va nNAEKTPOVIO,
ToTro0ETEITAI TTANCGIOV EVOG APVNTIKOU OTTAICMOU OTO ONMEIO
D, BAETTE OXAMA. EAV TO NAEKTPOVIO HETOAKIVNOEI TI CUVETTEIEG
EXEI YIO TNV NAEKTPOOTATIKN TOU OUVOUIKA evEpyela, AAAAClEl
TO NAEKTPIKO OUVAMIKO;

To nAekTpovio Ba peTakivnOei

- - _ TTPOG TOV OETIKO OTTAIOUO.
E Low i ,
High |, _ potential ~H OUVAUIKN TOU evEPYEIA
potential Vi EIWVETAI.
Va \\t —— — H . . ,
3| To dSuvauIKO g€apTATal ATTO TA
L2 o b T-HighPE : ‘&
. (OPTIO TWV OTTAICHWYV Apa
for negative ,
+— > charge here €V GAAQGEL.
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23-1 HAekTpOOTATIKR AUVaMIKN
Evépyela-Alapopa OUVANIKOU

Avaloyieg HETASU NAEKTPIKNG Kal BAPUTIKNG
OUVOMIKANG EVEPYEING
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23-1 HAeKTpOOTATIKN AUVAMIKN
Evépyela-Alagpopa Auvauikou
TABLE 23-1 Some Typical

O1 «TTNY£G Potential Differences (voltages)
r])\SKTPIO'HOl'J» 7. X. Voltage
’ Source (approx.)
MTTOTUPIEG :
TPOPO S50TI Kd, Tl.lundercloud to gr01.1nd 105 \Y 6
, , High-voltage power line 10°-10°V
Tapexo U’V Katrola i Power supply for TV tube 10*V
«oTaBepn» Slagopa Automobile ignition 104V
ouvapi KoU. 2ZTOV Household outlet 10°V
NMivaka avoe épOVTGI Automobile battery 12V
Flashlight battery 1.5V

OPIOMUEVEG TIMNEG , ,
, . Resting potential across
TETOIWYV «GUVGIJ IKWV». nerve membrane 107tV

Potential changes on skin
(EKG and EEG) 1074V
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23-1 HAeKTpOOTATIKN AUVAMIKN
Evépyela-Alapopa Auvauikou

Example 23-2: Electron in Cathode
Ray Tube (CRT).

‘Eva nAekTpovio o€ éva KaBodiIKo - Vba=™ -
owAnva (CRT) emitaxuveral ammoé [ 5 5000 V [+
akivnoia €§ aitiag piog diagopdg | - o ‘.
duvauikou V, -V, =V, = N © — S
+5000 V. (a) MNéoco petafaAAeTain | - e
OUVOUIKNA EVEPYEIA TOU NAEKTPOVIOU;! q "
(B) Bpeite TNV TEAIKA TAXUTNTA TOU
nAekTpoviou (m = 9.1 x 103! kq) .

High

voltage
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APPROACH The ¢lectron, accelerated toward the positive plate, will decrease in
potential energy by an amount AU = gV, (Eq. 23-3). The loss in potential
energy will equal its gain in kinetic energy (energy conscrvation),
SOLUTION (a) The charge on an electronis g = —e = —1.6 % 1077 C. Therefore
its change in potential energy is

AU = gV, = (1.6 x 1077 C)(+5000V) = —8.0 x 107'° ],

The minus sign indicates that the potential energy decreases. The potential
difference Vi, has a positive sign since the final potential V, is higher than the
initial potential V,. Negative electrons are attracted toward a positive electrode
and repelled away from a negative electrode.
(h) The potential energy lost by the electron becomes kinetic energy K. From
conservation of energy (Eq. 8-9a), AK + AU = 0, so

AK = —AU

et — 0 = —q(Vy, = V) = —qVh,.

where the initial kinetic energy is zero since we are given that the electron
started from rest. We solve for v

2qVis \/ 2(—1.6 % 107 C)(5000 V) T
_ - = 42 % ,
TN T 9.1 x 10~ kg 42 X 107m/s

NOTE The clectric potential energy does not depend on the mass, only on the
charge and voltage. The speed does depend on m.




To £€pyo gival io0 NE TNV NETABOARN OTNV KIVNTIKA
EVEPYEIA KAl AVTIOETO ME TN METARBOAN OTNV
QUVAMIKN EVEPYEIQ:

~AU =U, -U, = AK :%mvﬁ—%mvj

Wnet:ilf-dr

* OeTIKO £pYO:
Au¢non Kivntikng Evépyelag
Meiwon AuvauiKig
* ApVNTIKO £pYO:
Meiwon Tng KivnTikng EvEpyElag
AUu¢non AuvauiKng



23-2 2X€on HAeKTpIKOU Auvauikou

Kal HAekTpIKoU Nediou
2TNV MNXAVIKA, YIA JI0 CUuvTNPENTIKA OUVAMUN, ICYXUEI
n oxéon:

b
W, =[F-dl =—AU =-(U, -U,)

g
a.\ _)/

AU Bl o A
—=—[E.di i
q a /_\E



23-2 ZX€on HAekTpIKOU Auvapikou
Kal HAekTpIkoU Nediouv

Na opoyevég HAekTPIKO lMedio:

b
AV =V, -V, =—[E-dI

AV = —T Edl = —Ejldl =—E(b-a)
B
d
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23-2 Zx€on HAekTpIKOU Auvapuikou
Kal HAekTpikoU [Mediou v,

1 =50V
AUo TTapAdAANAeg TTAAKES €XOUV :
dia@opd duvauikou 50 V. Edv n :
atrdéoToor Toug gival 0.050 m, ’

BpeiTe TO TTEDIO TTOU ONMUIOUPYEITAI E=7
METASU TWV TTAAKWYV

SOLUTION The electric field magnitude is E = V,,,/d = (50 V/0.050 m) = 1000 V/m.




23-2 Zx€on HAekTpIKOU Auvapuikou
Kal HAekTpikoU lMediovu
Bpeite TO OUVANIKO yia

MIO OjOIOHOP @A
QOPTIOHUEVH AYWYIMN \

~r

o@aipd ME AKTIVA I,
o€ ATTOOTACH ' ATTO TO
KEVTPO TNG OPAipaG T —— a
VIO TIG TTEPITITWOEIC

(@) r>ry (B)r=ry (Y)T / \ &

< T, TO OUVOAIKO
@opTtio gival Q.



APPROACH The charge Q is distributed over the surface of the sphere since it s
a conductor. We saw in Example 22-3 that the electric field outside a conducting
sphere is

1 ©

dme, r’ Ir - rﬂ]
and points radially outward (inward if ¢ < 0). Since we know E, we can start by
using Eq. 23—4a.

SOLUTION (o) We use Eqg. 23-4a and integrate along a radial line with df
parallel to E (Fig. 23-7) between two points which are distances r, and r, from
the sphere’s center:

FO—

™, o dr 1 1 :
Vh—vuz—[E-dE=—QJ—,,= Q(———) E
'.1 dTTEu ril r d‘ﬁ-ElJ lrh, rﬂ
and we set df = dr. Ifwelet V =0 for r = oo (let’s choose V,, = 0 al r, = o0),
then at any other point r (for r = r;) we have 0
1 0
Vo= - r=ou
dme, 1 [ n]
We will see in the next Section that this same equation applies for the potential a
distance r from a single point charge. Thus the electric potential outside a Ffﬁ}
spherical conductor with a uniformly distributed charge is the same as if all the
charge were at its center.
(b) As r approaches r,, we see that
1
Vo= Q [r =] ; i .
dmrey 1y 0 iy 2ry 3y
at the surface of the conductor. (b)

(¢) For points within the conductor, E = (. Thus the integral, [E - df, between
r =r, and any point within the conductor gives zero change in V. Hence V is
constant within the conductor:

1O
V = —- [r = ry]
4?TE{| lr[h
The whole conductor, not just its surface, is at this same potential. Plots of both E and

V as a function of r are shown in Fig. 23—8 for a positively charged conducting sphere.




Example 23-5: Breakdown voltage (Taon Ekkévwong,
BPaXUKUKAWMA) .

2UXVA o€ TTOAAEG EQAPHOYES XPNOIMOTTOIOUHME UWNAR TAON.
‘Eva rpoBAnua TNG UPNARS TACEWG TTAPOVUCIAleTal OTAV TO
NAEKTPIKO TTEDIO YiIVEI IKAVO VA «IOVTICEI» TOV aépa. AuTto
ouvROw¢ cupuBaivel AOYw TIG ETTITAXUVONG TWV EAEVOEPWYV
NAEKTPOVIWYV TTOU BpicKOVTAl OTO AEPA (O€ TTOAU XauNAR
OUYKEVTPWON KOl T OTTOIa ONMIOUPYOUVTAI OTTO TNV KOOHIKA
OKTIVOBOAid yia TTOPAOEIYHA), ME ATTOTEAECHA TA NAEKTPOVIA
QUTA VO £XOUV OPKETN EVEPYEIO WOTE KATA TNV OIAPKEIA
KPOUOGEWYV HE TA HOPIO TOU OEPA VO MTTOPOUV VA TA IOVTICOUV.
AUTO £X€EI OOV CUVETTEIO O AEPAC VA YIVETAI KAYWYINOG» AOYW
TNG TTOPOUCIAG POPTIWYV, KAl EXOUHE BPAXUKUKAWHMA,
EKKEVWON. H EévTraon Tou 1TediOU TTOU ATTAITEITAI YIO TNV
NAEKTPIKN EKKEVWOT TOU aépa gival Tepitrou 3.0 ¥ 10° V/m. (a)
AgigTE OTI N TAON EKKEVWONG YIA £V CPAIPIKO AYWYO O€ aEPa
gival avaAoyn Tng akTivag Tou aywyou kai (b) Bpeite TRV TAON
QUIA.EGY.N.DIGUETPOG givar 1.0 cm.



APPROACH The electric potential at the surface of a spherical conductor of
radius ry (Example 23—4), and the electric field just outside its surface, are
V = L 2 and E = 1 2

72
dae, 1y de, ry

SOLUTION (a) We combine these two equations and obtain

V = nkE. [at surface of spherical conductor]
(b)For r, =5 X 107" m. the breakdown voltage in air 15

V o= (5x107m)(3 x 10°V/m) = 15000V,
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23-3 HAEKTPIKO AUVANIKO ONUEIOKWYV
POPTIWV

Na va BPoUPE TO NAEKTPIKO OUVOUIKO EVOG
ONMEIOKOU POPTIOU, OAOKANPWVOUNE KATA
MAKOG TWV YPAMHMWYV TOU TTEDIOU:
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23-3 HAEKTPIKO AUVANIKO ONUEIOKWYV
POPTIWV

O£fTOVTOG TO OUVAUIKO I00 UE NNOEV OTO I =
BPiOKOUUE:

vV — 1 O [single point charge;]
—477'507' V=0atr=oc
vV
1 0
V= yp— when O >0 0 ’
r V= 1 9 when O <0
47TEO r
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Space Charge (®optio Xwpou)

Bpcite TO £pyo TTOU ATTAUTEITAI ATTO MIO EEWTEPIKN OUVAMN WOTE
éva @opTtio g = 3.00 uC va peTaePBEi atrd TTOAU HAKPIA (' = )
oT1o onpeio 0.500 m arrd 1o poptio Q =20.0 uC?

APPROACH To find the work we cannot simply multiply the force times distance
because the force is not constant. Instead we can set the change in potential energy
equal to the (positive of the) work required of an external force (Chapter §), and
Eq.23-3: W = AU = g(V,, — V,). We get the potentials V}, and V, using Eq. 23-5.

SOLUTION The work required is equal to the change in potential energy:

W o= q(V, — Vi)

-t - ko)

M Fa

where r, = 0.500m and r, = oo. The right-hand term within the parentheses is
zero (1/00 =10) so

W = (3.00 % 107°C) (899 X 1°N-m?/C?)(2.00 x 107°C)
= |a. H ) = 1. .
(0,500 m)

NOTE We could not use Eq. 23—4b here because it applies only to uniform fields.
But we did use Eq. 23-3 because it is always valid.
Copyright © 2009 Pearson Education, Inc.




BpeiTe TO NAEKTPIKO OUVAUIKO
ota onueia A kai B.

APPROACH The total potential at point A (or at point B) is the sum of the
potentials at that point due to each of the two charges (2, and ;. The potential
due to each single charge is given by Eq. 23-5. We do not have to worry about
directions because electric potential is a scalar quantity. But we do have to keep
track of the signs of charges.

SOLUTION (a) We add the potentials at point A due to each charge Q) and Q..
and we use Eq. 23-5 for each:

Vi = Vo + W,
20

+ k=
Fra Fla

where r,, = 60cm and r,, = 30cm. Then
(9.0 % 10°N-m*/C?)(5.0 x 107 C)

V., =
A 0.30 m
(9.0 % 10" N-m*/C*)(=5.0 2 1077 C)
&+
0.60m
= 150 x 10°V — 0.75 x 10°V
= 75 % 10° V.
by Al point B, rig = g = 040m, so0
(b) P B b
B = Vi + Wy
(9.0 % 10°N-m*/C?)(5.0 x 107 C)
n 0.40 m
(9.0 % 10°N-m*/C*)(=5.0 x 1077 C)
=+
0,40 m
= 0V.

NOTE The two terms in the sum in (b) cancel for any point equidistant from
0, and @, (rs = rys). Thus the potential will be zero everywhere on the plane
equidistant between the two opposite charges. This plane where V is constant
is called an equipotential surface.

Mo 60
o0
N A
0 RN
cm e C
~ N\
\\\\\
26 cm 26cm >,
+50 uC Q=-50 uC



23-4 HAEKTPIKO OUVOUIKO YIO
Katavoun PopTtiwyv

N0 OTTOI0ONTTOTE KATAVOURA POPTIWV TO
OUVOMIKO eK@paldeTal W dBpoioua i
OAOKANPWHMA (OTAV EXOUME OUVEXK KATAVOMN)

- V-2

i=1 4’77’50 i=1 tia




‘Eva Aetrté OAKTUAIOI OKTIVAG
R @QEPEI ONOIONOPPO POPTIO
Q. Bpeite 10 OUVOMIKO O€
onueio P TToU BpiokeTal
TTAVW OTO AZOVO OUMMETPIOG
TOU OaKTUAIOIOU o€
a1TOCTACN X OTTO TO KEVTPO
TOU.

APPROACH We integrate over the ring using Eq. 23-6b.

SDLUTIDI'IHI Each point on the ring is equidistant from point P. and this distance is
(x* + R°J. So the potential at P is:

N - ; T |99 = - —
dme,) F de, {Ji“ + E“}I' 4 dire,, [,u;— 4+ R“:I%

NOTE For points very far away from the ring, x == R, this result reduces to
(1/4me,)(O/x), the potential of a point charge, as we should expect.
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ETravoaAauBAavoupue 1O
TTPONYOUMEVO TTAPAOEIYHO OAAQ
yia OioKo

APPROACH We divide the disk into thin rings of radius R and thickness dR and
use the result of Example 23—8 to sum over the disk.

SOLUTION The charge () is distributed uniformly, so the charge contained in
cach ring is proportional to its area. The disk has area wRj and each thin ring has
area dA = (2w R)(dR). Hence

dg  27RdR

Q 7R

S0

_ 0 (27R)(dR) _ 20RdR
TR R;
Then the potential at P, using Eq. 23-6b in which r is replaced by (x* + Rl)ii s

dg

1 dy 20 |‘”~" RdR 0 N L F= o
V = - S = 3 . = “fq R-. F:
dmre, .[ (x4 R'}J!' dme Ry Iy (27 A R')% 2me, R (x ) R=0
o ) nl
_ - + R — x]
2mey Ry [{I “} I]

NOTE For x == R, this formula reduces to

Q [1(14.1&[3')—‘4: ©_
27ey R 2 x? dmegx

This is the formula for a point charge, as we expect.

—
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23-5 looduvauikeG ETTipAvEIEg

ﬁ—-

wvwvwwvvwwvv,tml

N

’IIIIIIIIIIIIIIIII

&

‘Exouv 10 i010 OUVOUIKO
ovoualovTal ICOOUVAMIKEG
ETTIPAVEIEG.

O1 1000UVOMIKEG
emipaveleg eivalt KAOETEZ
OTIC YPOAMMES TOU TTEDIOU

H emi@aveia evog aywyou
OTTOTEAEI M1 ICOOUVAMIKN
ETTIPAVEIQ.



Na @optio Q =4.0 x 10°C,
OXEOIAOTE TIC OUVAMIKEG
emiaveieg ue V, =10V, V, =20V,
kail V; =30 V. .

APPROACH The electric potential V depends on the distance r from the charge
(Eg. 23-5).

SOLUTION The electric field for a positive point charge is directed radially
outward. Since the equipotential surfaces must be perpendicular to the
lines of electric field, they will be spherical in shape. centered on
the point charge, Fig. 23-17. From Eq. 23-5 we have r = (1/4me,)(Q/V). so
that for ¥, =10V, r, = (9.0 X 10°N-m*/C?)(4.0 x 107 C)/(10V) = 3.6 m.
for V; =20V, r, = 1.8m. and for V; =30V, r, = 1.2 m. as shown.

NOTE The equipotential surface with the largest potential is closest to the positive
charge. How would this change if 2 were negative?
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23-5 |loOOUVAMIKEG ETTIPAVEIEG

H 1icoduvapuikeég etripaveleg gival MANTA
KAEIZTEZ EMIPANEIEZ, ot avTiBeon pE TIG
YPOMMEG TTESIOU TTOU apXi{ouv Kal
TEAEIWVOUV OE QPOPTIA




23-5 |loOOUVAMIKEG ETTIPAVEIEG

H avaAoyia pe to BapuTiko 1redio givai ol
UWYOMETPIKEG ETTIPAVEIEG OE £VA TOTTOYPAPIKO
XapTn..

%v—‘/iéaéo: 7
s E

¥ 7(\.
/) \\\\‘\_ ( - F{ "\

(7722580 TS A
({EN A TTA
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23-6 Auvapiko HAekTpikou AItToAou

P

To NAEKTPIKO ODUVAMIKO £VOG
OITTOAOU €ival TO aBpoicua
TWV OUVANIKWY TwV dUOo
@opTiwyv. lNa peydaAeg
QTTOCTAOCEIC OE OXEOH ME TNV
o1doTaon Tou dITTOAOU
(arréoTAON POPTIWY) :

1 QOfcosd 1 pcosé

dmre, 1’ dmeg 1




23-7 Mpoodiopiopoc Tou E amrod 1o V

Edav yvwpiouue To TTEdIO HE OAOKARPWON
Bpiokoupue To OSuVapIKO. Mg TnV avTioTpo®n
O100IKOCIO UTTOPOUME ME TTAPAYOVTOTTOINON
va Bpoupe 1O TTEdIO €AV YVWPICOUUE TO
OUVOMIKO:

av

T T

Miag kai To Tredio gival didvuoua
EQAPMOLOUHE TNV TTAPATTAVW OXEON YIidA
KAOe ocuvioTWOoO:

vV vV av
d , Ey:_a , L
dx az

Ey= —
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ATTO TIG EEICWOEIS TWV OUVAMIKWY YIO TO (POPTICHEVO

Kol OaKTUAIOI KOl OIOKO BPEITE TA NAEKTPIKA TTEDIA
dq

(2
+ 4)2)2\1

R
O | |

SOLUTION (a) From Example 238,

V =

Then
al’ 1 (Qx
'E.T = T = = 7 =

This is the same result we obtained in Example 21-9.
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(b) From Example 23-9,

__@ 2 e _
V E-ﬂﬁﬂﬂlﬁ [{.-'l: + RD:} .I.'],

S0
E,

w0 x
X 2me, Rﬁ’ (x* + R%]J

For points very close to the disk, x <= R, this can be approximated by
o r

E, = = —
Y 2me R 2ey
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23-8 HAekTpIK Auvapiki Evépyela

H SuvauIKn evEPYEIQ EVOG (POPTIOU OE EVa
mTedio givai:

U=qV.

H duvapikn evépyeia OUO QOPTIWV Eival :

1 0.0,

drey T2




[Moon evépyela ATTAITEITAI VIO TOV IOVTIOUO
(aTTOMAKPUVOT EVOC NAEKTPOVIOU OTTO TO ATOMO) TOU
OTOMOU TOU UOpOoyovou; YTTOBECTE OTI N AKTIVA TOU

atouou gival repitrou 0.529 x 1010 m.
SOLUTION From Eq. 23—10 we have initially

U 1 0.0, 1 (e)(—e)  —(8.99 x 10°N-m*/C?)(L.60 x 107 C)?
dme, r dre, F (0.529 = 107" m)
= —27.2(1.60 x 107)] = —27.2eV.

This represents the potential energy. The total energy must include also the kinetic
energy of the electron moving in an orbit of radius r = 0.529 x 107" m. From
F = ma for centripetal acceleration. we have

1 (Eﬂlj B o’
daey A\ r’ r

i 2
) 1 &
K = Ymy’ =4L )—

“Ndme, ) r

Then

which equals— 21U (as calculated above),so K = +13.6eV. The total energy initially is
E=K+U-=]136¢eV —272eV = —136eV. Toscparate a stable hydrogen atom
into a proton and an electron at rest very far apart (' = 0 at r = 0o, K = 0 because
v = 0) requires +13.6 eV, This is, in fact, the measured 1onization energy for hydrogen.
NOTE To treat atoms properly, we need to use quantum theory (Chapters 37 to 39),

But our *classical” calculation does give the correct answer here.
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23-9 KaBodiko6¢ ZwAnvag, OBoveg
TnAgopaong (TraAid)

O kaB®odIKkd Cow )\r']V 0g Cathode & aili

TEPIEXEI £V KAOAWSIO = E
(kaBodo¢g) TToUu OTOV
OeppavOEi EKTTEUTTEI
nAekTpovia. H diagopa \({
OUVAMIKOU ME TNV i
«avodoy», KAVEI TA i
NAEKTPOVIA VO

ETTITAXUVOOUV TTPOG QUTHV.

—|

Battery



23-9 KaBodiko6¢ ZwAnvag, OBoveg
TnAgopaong (TraAid)

Ta NAEKTPOVIA (POPTICHEVA CWHATIOIA
YEVIKOTEPO) KATEUBUVOVTAI NHECW NAEKTPIKWYV KAl
MOYVNTIKWV TTESIWV

. Bright spot
Horizontal e on screen

Cathode  Anode / P where
[l Y l/ —— "4

electrons hit
[
I - - -

7 }
“.\L )l’ I
/ I v Fluorescent
: B, PR screen
Gnid ’
N electrons

Vertical
deflection
plates
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23-9 KaBodiko6¢ ZwAnvag, OBoveg
TnAgopaong (TraAid)

H TTaAIEC TnAgopaAoCEIC AsITOUPpYOUO OV UE
Ka00o0diIkoUg owAnveg. (OXI Ta povréAa LCD
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23-9 KaBodiko6¢ ZwAnvag, OBoveg
TnAgopaong (TraAid)

O MaApoypda@og atreikovilel EVa NAEKTPIKO
ONMA OE M1 000V TTPOKAAWVTAG KABETN
METATOTTION MIOG OEOHUNG NAEKTPOVIWYV KAOBWG
QUTN KAVEI CApwWOon o€ opIfOVTIO ETTITTEDO.
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