KepaAaio 22
Nopog Tou Gauss
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Mepiexyoupeva KepaAaiou 22

HAekTpIK Pon

O Nopog Tou Gauss

E@apupoyég Tou Nopou Tou Gauss

MeipapaTIKEG ETIRERAIWOEIC YIA TOUG
Nopoug Twv Gauss kail Coulomb
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22-1 HAekTpIKN Pon

Area A a‘eﬁ

) \\ o= HAeKTPIKNA
—— A~ .
DO | E— Pon:
. \ &, = E,A = EA, = EAcosb, [E uniform]
@
> \ — - — .
" \\ ELr b, = E-A. [E uniform]
_.4\ .:5'5_,\;7
\ E
\ H HAekTpikn Pon gival
b

avaAoyn ME ToV apliOuo

9| \ } TWV NAEKTPIKWYV
#_\ 14— YPOHHWY TTOU
——% SiEpXovTal HEOO ATTO
© + ™ MIO ETTIPAVEIQL.
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22-1 HAekTpIKN Pon

Bpe&iTe TNV NAEKTPIKN pon HECA ATTO Eva TTAPAAANAOGYPAUMO
dlaoctdocewyv 10 cm €1ri 20 cm. To 1edio gival OJOYEVEG ME
gvraon 200 N/C, ka1 n ywvia 0 givar 30°.

APPROACH We use the definition of flux, @, = E - A = EAcos#.

SOLUTION The electric flux is
Py = (200N/C)H010m % 0.20m) cos30° = 35N-m*/C.
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22-1 HAekTpIKN Pon

H pon HECA aTTO pIa KAEIOTH ETTIQAVEIA Eival:
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22-2 O Nopog Tou Gauss

O Nopog Tou Gauss: O ocuvoAIKOG aplOuog
TWV NAEKTPIKWY YPOANHMWY TTOU TTEPVOUV ATTO
MIO ETTIQAVEIA (NAEKTPIKN) pon) Eival avAAoyn
ME TO OUVOAIKO NAEKTPIKO (POPTIO TTOU Eival
eYKAwRIopEVo oto EZQTEPIKO TNnG
ETTIPAVEIAG:

3(1@'613 - Qencl_

€90

Mo TTEPITTTWOEIC ME UYNARN CUUMMETPIO O
VOMOG AUTOG HaG OIEUKOAUVEI OTNV
gUPEON TOU NAEKTPIKOU TTEDIOU.



22-2 O Nopog Tou Gauss
Mo onUEIaKO QOPETIO,

%E-d?& = jEE dA = E#)dA = E(4mr?).

ETropévwg

e _ j‘;E-dI& = E(4mr?).

€0

Edv AUooupue E Bpiokoupue
TO VOUO TOU:




22-2 O Nopog Tou Gauss

!

XpNOoIJOTTOIWVTAG TOV VONO
Tou Coulomb utroAoyiloupe
TO OAOKARPWHA TOU TTEDIOU

EVOG ONMUEIOKOU (POPTIOU VI
ETTIPAVEIA A; TTOU TTEPIKAEIEI
TO (POPTIO :

BAETTOUNE OTI VIO OTTOIOONTTOTE KAEIOTH ETTIQPAVEIQ
A,, TTOU TTEPIKAEIEI TO QPOPTIO, N poN Eival idla PE
QUTRV TNG A,. KAl ETTOMEVWG TO ATTOTEAECUA Eival
YEVIKO.
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22-2 O Nopog Tou Gauss

10 TTOAAG ONUEIOKA QOPTIA ETTEKTEIVOUME TO
OTTOTEAEC MO KOl BPICKOUNE :

jﬁﬁ.d;& _ #(Eﬁi)'dﬁ _ x5

ETropévwg o Nopog Tou Gauss 1oXUEl yia
otroladntrore Katavoun @optiou. NMNPOXZOXH,
aTTeEVOUVOUOOTE TTAVTA OTO TTEDIO TTOU
OnNMIoOUPYOUV TA POPTIA TTOU BPICKOVTAI OTO
EZQTEPIKO tng KAEIZTHZ em@aveiag. Popria
E=QTEPIKA tn¢ KkAgioTNC emipaveiac mwiong 0a
ouveiopépouv oro 2YNOAIKO rmredio.
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22-2 O Nopog Tou Gauss

OewpeioTe dUO emi@aveliag Gauss, A, kal A,, Tou
oxXnuatog. To yovadiko @opTio gival To Q OTO
KEVTPO TNG emi@aveliag A,. lNMola eival n cuvoAikn
poON MECA OTTO TIG OUO ETTIPAVEIEGS;
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22-3 EqpappupoyEg Tou Nopou tou Gauss

‘Evag AeTTTOGC O@QAIPIKOG
PAOIOG PE AKTIVA Iy EXEI
OUVOAIKO @opTio Q
KOTOVEMNMEVO
opolopopa. Bpeite TO
NAEKTPIKO TTEDIO OTA
onueEia (a) EKTOG Tou
pAolou, () evTog Tou
pAoliou (y) 11 Ba
oUuVvERAIVE €AV O PAOIOG
ATOV METAAAIKOG

Copyright © 2009 Pearson Education, Inc.



APPROACH Because the charge is distributed symmetrically, the electric field must
also be symmetric. Thus the field outside the sphere must be directed radially outward
(inward if Q@ < 0) and must depend only on r, not on angle (spherical coordinates).
SOLUTION (a) The electric field will have the same magnitude at all points on an
imaginary gaussian surface. if we choose that surface as a sphere of radius r
(r = ry) concentric with the shell. and shown in Fig. 22-11 as the dashed circle A, .
Because E is perpendicular to this surface. the cosine of the angle between
E and dA is always 1. Gauss's law then gives (with Q.4 = O in Eq. 22-4)
$E-dA = Bmr) = 2.
1
where 4mr” is the surface area of our sphere (gaussian surface) of radius r. Thus

1 0
o= 4e P [r g ﬂrl

Thus the field outside a uniformly charged spherical shell is the same as if all the
charge were concentrated at the center as a point charge.

(b) Inside the shell, the electric field must also be symmetric. So E must again
have the same value at all points on a spherical gaussian surface (A, in Fig. 22-11)
concentric with the shell. Thus E can be factored out of the integral and, with
O.pa = 0 because the charge enclosed within the sphere A, is zero. we have

j{aﬂdi = E(4mr?) = 0.

Hence

E =0 |r <
inside a uniform spherical shell of charge.
(¢) These same results also apply to a uniformly charged solid spherical
conductor, since all the charge would lie in a thin layer at the surface.
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22-3 EqpappupoyEg Tou Nopou tou Gauss

HAekTPIKO opTio Q
gival KOTOVEUNMEVO
OMOIOHOPPO OE
OINAEKTPIKA C@aipa
(MOVWTAG) ME AKTiVA
r,- BPEITE TO
NAEKTPIKO TTEdIO (O1)
EKTOG TNGS o@aipag (r
>1,) KOl (B) EVTOG TNG
opaipag (r <r,).
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APPROACH Since the charge is distributed symmetrically in the sphere, the
electric field at all points must again be symmetric. E depends only on r and is
directed radially outward (or inward if @ < ),

SOLUTION (a) For our gaussian surface we choose a sphere of radius r (r = ry),
labeled A, in Fig. 22-12. Since E depends only on r, Gauss's law gives, with

an-:l = Qﬂ-

cfll_i-ﬂ'ﬁ = El4mr?) = Q
€y
or i 0
E = —
dme r*

Again, the field outside a spherically symmetric distribution of charge is the
same as that for a point charge of the same magnitude located at the center of
the sphere.

(b) Inside the sphere, we choose for our gaussian surface a concentric sphere of
radius r (r < ry), labeled A, in Fig. 22-12. From symmetry, the magnitude of E is
the same at all points on A, and E is perpendicular to the surface, so

:j[:ii ~dA = E(4mr?).
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We must equate this to Q. 4/ €, where Q. 18 the charge enclosed by A, . Q.. 15 not
the total charge € but only a portion of it. We define the charge density, pg. . as the
charge per unit volume (pp = dQ/dV), and here we are given that p,, = conslant.
So the charge enclosed by the gaussian surface A, . a sphere of radius r. is

I 3
I pE ¥

Qmml - (4 3 )Q - FQ
L1

3T PE

Hence. from Gauss’s law,

Q:nr_'l J"'j" Q
1 N = == = — =
E[ﬂrﬂr ]I e, rﬂ e
of ] Q
E = e, r_f{r' [r < r”]

Thus the field increases linearly with r. until r = r,. It then decreases as 1/¢°, as

plotied in Fig. 22-13.



22-3 EqappoyEg Tou Nopou Tou Gauss

YTToBETOUNE OTI N
TTUKVOTNTO TOU (POPTIOU
MIOG CUMTTAYOUG C@AiIpaC
gival p- = ar?, 6TTou o
gival yia otafepa. (o)
Bpeite TO o cav
ouvapTNON TOU (POPTIOU
Q oTNV £MIEAVEIA TNG
o@aipag Kal TnNG aKTivag
Io- (B) BpEiTE TO NAEKTPIKO
TEDIO EVTOC TG OPAipag
oav ouvAapTnon TOU I.
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APPROACH We divide the sphere up into concentric thin shells of thickness dr as
shown in Fig. 22-14. and integrate (a) setting Q = [pr dV and (b) using Gauss's law.
SOLUTION (a) A thin shell of radius r and thickness dr (Fig. 22—-14) has volume
dV = dar’ dr. The total charge is given by

Q = jpE dV = J{I[&r?][ﬂlﬂr: dr) = 411'&{?* dr = 41;& ri.
{1 1

Thus « = 5Q/47r;.

(h) To find E inside the sphere at distance r from its center, we apply Gauss’s law
to an imaginary sphere of radius r which will enclose a charge

r i . ¥ 5 . . 5
Q-:Ih'] - [ PE dV = [ {ﬂ.’?"ﬁ] 4?’!’!‘3 dr = J ( Q r") dmredr = Qr_j
0 0 0

5
4y o

By symmetry, £ will be the same at all points on the surface of a sphere of radius
r,s0 (Gauss’'s law gives

+E '{fi _ Qun-ﬂ

€
, r
{E]{-fhrr“) = 0 5"
€l
S0 ) 3
r
E = ¢ =
deyry
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‘Eva TToAU pakpU KaAwdio E
EXEI OMOIONOPPO OETIKO

POPTIO ava povada NAKOUG, TR e —— "\‘
A. Bpeite To NAeKTPIKO TTESiO I RA R .

i , , O+ + 4 4+ + + + +t0+ + + + + ® + +)
TTANCiov Tou KaAwdiou (aAAd X ¥ !
£KTOC auToU) Kal JaKpId atrd il o o e e y
Ta AKpPOQ. < ( .

SOLUTION For our chosen gaussian surface Gauss's law gives

%’E*ﬂri — E{waﬂ?} — Q:[ll.'l _ :_E.
{1 il

where £ is the length of our chosen gaussian surface (£ <= length ol wire), and
2R is its circumference. Hence

I A

2me, R

F o=
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4

&
¥
H opolopop@n £MTIPAVEIOKN TTUKVOTNTA | K AL
1 2 p— E | £+ 2
(POPTIOU YIA HIO NEYAAN AETTTH ETTITTEDN I ,(
OINAEKTPIKNA ETTIPAVEIA Eival O (O = POPTIO !' ¥ :
ava povada smipaveiag = dQ/dA). Bpeite 10 iyl ol 4,,#&
NAEKTPIKO TTEDIO KOVTA OTNV ETTIQAVEIQ. ! 0 ‘\’F\ | E
U/ 4
&
>
¥

SOLUTION Since no flux passes through the curved sides of our chosen cylindrical
surface, all the Hux 1s through the two end caps. 50 Gauss’s law gives

-jEE+ffi = 2EA = Qena _ oA
€0 €N

where Q.,q = @A is the charge enclosed by our gaussian cylinder. The electric
field is then

T

2,

NOTE This is the same result we obtained much more laboriously in Chapter 21,
Eq. 21-7. The field is uniform for points far from the ends of the plane, and close
to its surlace.

B =




Agigte OTI TO TTEDIO NOAIG OTO ESWTEPIKO
TNG ETTIPAVEING EVOG aywyou gival

E = olg,

‘OT1TOU O €ival N ETTIPAVEIOKN TTUKVOTNTA
(POPTIOU TO AYWYOU OE OTTOIOONTTOTE
onuEio.

APPROACH We choose as our gaussian surface a small cylindrical box, as
we did in the previous Example. We choose the cvlinder to be very small in
height. so that one of 1ts circular ends 1s just above the conductor (Fig. 22-17).
The other end is just below the conductor’s surface, and the sides are perpen- +
dicular to it.

SOLUTION The electric field is zero inside a conductor and is perpendicular to
the surface just outside it (Section 21-9), so electric flux passes only through the
outside end of our cylindrical box; no flux passes through the short sides or inside
end. We choose the area A (of the flat cylinder end) small enough so that £ is
essentially uniform over it. Then Gauss’s law gives

chE*di - g = G _ 24
L €
so that
E = ;i [at surface of conductor] (22-5)
0

NOTE This useful result applies for a conductor of any shape.



H d1a@opd HETAEU TOU NAEKTPIKOU TTEQIOU
TTANCIoV OAAG £EW ATTO MIO POPTICHEVN
AYWYIMN ETTIQAVEIN KOl MIOG QPOPTIOCHEVNGS
ETTIPAVEIONG EVOC HOVWTN €XElI OUO OWYEIG:

1. A@ouU 1O TTEdIO EVTOG TOU aywyou Egivai
MHAEN, 6ANn n nAeKTPIKA pON TTEPVAEI ATTO
TNV MIA TTAEUPA.

2. H emipaveia Tou povwTn £€XEI TTUKVOTNTA o,
EVW OUTHA TOU aywyou O Yia KAaOe TTAsupd
TNG ETTIPAVEING KAl ETTOMEVWG OITTAAC I
TTUKVOTNTA.




YTroBETOUE OTI EVAG |
AYWYOGS PEPEI POPTIO Point charge

+Q Kol €XEI M1 il
KOIAOTNTA OTO v +

A - Cavit
E0WTEPIKO TOU TTOU 4 N ¥
TTEPIEXEI EVA POPTIO i

z +
+Q. ZXO)\I’GO'TS TIG N |
KOTOVOMEG TWV N n GalflSSIan
POPTIWV OTIC + SHITACE
ECWTEPIKES KA + Conductor
ECWTEPIKEG ETTIPAVEING N +

TOU ayWwyou. + 4 °
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22-4 TelpauaTIKN ETIRERAIWON TWV
vouwyv Gauss kal Coulomb

+£+

| |

2€ OUTO TO TTEIPOMO O VOUOG =
ToUu, Gauss’s TTPOBAETTEI OTI

OAO 10 OPTIO TNG CPAIPAC
TTEPVAEI OTOV KUAIVOPO HOAIG
EpOouv o€ eTTAPN.
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