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®oprtio kal NAeKTPIKA pon — YITOAOYIOHOiI NAEKTPIKAG PONRG

['o va ekppdoovpe TNV NAEKTPIKT por péca and pio enimedn emupdveln epufadov 4 YPMNOYLOTOIOVUE TNV £VVOLN, TOL
SovLoUOTIKOD euPadol A, UG SLVLGUOTIKNC TOGOTNTAC LETPOL A Ko 01EVBVVGTC KABETNG OTNV EMPAVELD QL.

22.6 Eminedn emoedvela oe opoyevég niextpiko nedio. H niextpikn pon @x mov dromepvd tny EXLQAVELN 1GOVTAL LLE TO EGMOTEPIKO
YWWOUEVO TOV NAEKTPIKOV TEdiov E Kol TOV S1aVLUGHOTIKOV EUPado A.

(@) Emodveln ka0etn ot0 nhektpikd medio:

(b) Em@daveio vd kAion katd yovia ¢ (c) Emodvela mapdAAnin tpog 10 nAeKTpikd medio:
e Ta E ka1 A mopdiinia (Yovia petacd G TPOG TO TEDT0: e Ta E ka1 A sivar ka0eta (yovia petadd E kol A
E ko1 A4 givar ¢ = 0).  H yovia avapeoa ota E kot A givat ¢. givar ¢ = 90°).
e Hpoy @, = E-A = EA. « Hpoi®; = E+A = EA cosd. e Hpon ®; = E+A = EAcos 90° = 0.
i A "
— ¢ =0 ¢ = 90°
E I s
: , N
A 4
ﬁ A
A - _;
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Pon evdg Un opoyevoug NAEKTPIKOU TTEdioU O10 HECOU KAMTTUANG ETTIQAVEING

2TIC TEPMTMGELS AVTEG YWPILOVUE TNV EMIPAVELN GE TOALE GTOLYELDON ELL-
Badd dA, kebévo, amd ta omoia £yl povadioio diavuopo # KGOeTo oe avTd
KoL £vo, S1ovLoUaTIKO eufadov dA = n dA.

YrnoloyiCovpe tnv MAEKTpiKn por Otapécov kabevog amd avTtd To. GTOL-
YELOON EUPOE Kol OALOKANPOVOLLE TO ATOTEAEGLLOTO Y10l VO VTTOALOYICOVLE
TNV OMKT pon:

MéEtpo Tov nAe- 2uviot®oa tov E
LKTp1KoV ediov E .. KAOETN OTNV EMPAVELDL
Hi.extpucn pon .., i <
Srapécov by Z/ECOS qb_dA_=/Ei_dA‘= E-dA (22.5)
i B P ...... S
Tovio petasd E kar = " Sroyeundec” AWVVGHOTIKG
KOOETOL oTNV EMLPAVELN enPadov OTOLELDOES EPPadOV

Ovoudlovpe 10 OAOKANPOUN OVTO EMLPUVELEKO OLOKANPONO TNG GL-
VIOTOOOG £, o€ OA TNV EMQAVELN, N TO EMLPAVEIOKO OLOKANP®UO TOV
E - dA.

[ 2eAida 799 ] copyright @ 2020 EKAOZEIZ NANAZHZH - H. KATEOY®HZ



O NOMOz TOY GAUSS
Znueloko dpoptio péoca os odalplkn entpavela
22.11 TIpoPoin evog otoryeiov eMPAVELOG

dA pwag ceaipag aktivag R 6g o opoKe- 1 q
vipn ogaipa axtivag 2R. Me tnv mpofoin

- n2
TOAAOTTAQGLALETAL KAOE YPOALUIKT S10- 4meo R
otaon eni 600, £T61 OOTE TO GTOYYKELO ETL-
pavelog yivetar 4dA. H ol nhextpikn| por| ivar 10 yvopevo tov HETPoL
O 310¢ apOp6g ypopdy kat 1 idta pon 1oV 1ediov emi T0 OAKd eUPadov A = 4R? TG oeaipog:
Samepvolv Kat to SV0 GTOLYEIN EMPAVELNGS.
' 1 q q
$p = FA = —(4mR?) = — (22.6)
4mey R €9

H pon eivar aveéaptntn ano v akxtivo. R ths opoaipog.
E&aptdtor poévo and to poptio g mov mepikAeieton
amo T cPoipa.
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YrnoAoyilovtag tnv NAEKTPLKA pon HEoA Ao Ttuxouoo KAELOTH emipAaveLd

22.12 (a) H xa0etn oty emebveio mpog to. ££m (b) 22.13 Inuewako eoptio £Em amd po KAEL-
oynuatiCel yovia ¢ pe my karevbovon oTN EMEAVELL. AV L0 SUVOULIKT YPOLUA
tov E. amo 1o eEmTEPIKO QopTio E1GEPYETAL GTNV

Elle/E em@dvelo o€ kdmolo onpeio, mpémel vo,

EYKOTAAENYEL TNV EMLQAVELN GE KATOLO

Lo onueio.

H npoBoM]’tou

otoyElov empavelng

dA eni ™ cQaPIKNG

em@avelog eivat

dA cos ¢.

Avvopuki ypafpm
. , . . . . OV ELGEPYETAL . ;
H nkektpikn pon Slapéoon g 6TOYEIOS0VG GOUIPIKNG EMLPAVELG - - vpiplti?jgs\g;ﬂvn
(EdA) etvon 1o000vaun He TNV NAEKTPIKN pon OAUEGOV TNG AKAVOVL- o TNV emQGVEL:
OTNG GTOLEIMOOVS EMPAVELNG E dA cos ¢.
q _ _
CI)E=}{E'dA=€— CI)E—fE-dA—O
0

'Etol ) odikn nlektpikn por| S1aUECOL TG OKOVOVIGTNG EMLPAVELNG,
npénel va elvor {om pe v oAkt por| SLUUEGODL TG CEAipaC.
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Feviki popdn tov vopou tou Gauss

YnroOétovpe 6T 1 empdvela mepicheicl oyt povo
éva. oNUELOKO PopTio, 0ALL TEPLGGATEPQ QOPTIN

4y 9y G5
nedio E o€ kaOe onueio ivat ico pe To davocua-

To ohkd (cuvioTapevo) MAEKTPIKO

TIKO dBpoopa tov nediov E 1oV HELOVOUEVOV
eoptiov. Ovopdlovue QEYK TO OMKO QOpPTiO OV
TEPIKAEIETAL OO TNV EMQAVELQL: Qm =q,tq,*
g,t .... Emiong, ovopaCovue E 10 0AKO 1€6i0 6TN
oToyEmdN empdavela dA ko E| tnv ka0etn cuvi-
ot®oa tov E oto emimedo tov oToryEiov avtov
(OnAadn kaOeto 6TO dA).

[ 2eAibec 803-804 ]

Q8 """""" OMiko6 goptio mov
Népog Tov Gauss: q)E *dA = nepikheietal and (22.8)
............... 69 NV EMPAVELXL

HAextpikn pon blauacou ™6 KMILGTT]S = Hlextpikn otabepd

empavelag epfadov 4 = em@avelokd
ohokANpopa tov E

H oluk1] niekTpiki] pon] OLOPNEGOV KAELGTIG EMLPAVELUG Eival om
ILE TO OMKO NAEKTPIKO POPTIO GTO ECMOTEPIKO TNG EMPAVELUG OLUL-
PEREVO UE €.

Avagopes popeés  MéEtpo tov nhe- 2vviot®oo Tov E Olkd poptio mept-
TOV VOOV TOV KTpkov mediov E K(’xestn OGNV EMLPAVELL KAEOUEVO OO TNV
Gauss: : § EmPEVeLd:
4
---- Oy = }{ Ecosd).dA. ?{ E .dA, E-dA =—""7 (22.9)
HkgKrlen pon R L € .,
dwpéoov kKiel-  [Novia psméu Exa Zrmxethag e~ Ala\;{)opanké HAextpikn

oG em@avelng  kafétov oty em@dveln. Paddv EMPAVELNG GTOEIDOES EUPadOV oTadepd
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[ 2eAibec 806-807 ]

EdDopLOYEC OE CUMMETPLKEG KATAVOUEG PopTiou

22.17 Ymo nAexkTpooTaTIKEG cLVONKES
(poptio o€ npepia), omoladNmOTE MEPIO-
oo optiov Keiton €€ OAOKAN POV GTNV
EMLPAVELD TOV Oy®YO.

Toun ykaovoiavig

emeavelac A 6to

E0MTEPIKO aywyoy  Topr Tov aywyov

\4

doptio oV
EMLPAVELL TOV ALY®YOV

22.18 Ymoloyilovpe 10 NAEKTPIKSG TESIO LUAG AYDYIUNG COOIPAS

pe Betkd poprio g.

'E€ow and ™ ceaipa to medio eival 1o id10 mg

edv OO TO POPTIO VO NTOV CLYKEVIPOUEVO GTO KEVTPO TNG

cpaipog.

I 4
E(R) = 1 3
mey R

Evtog g opaipag

Mépn cpaipikav
YKOOVGIOVAV ETLPAVELDV
oer = 2Rxairr = 3R

! |
! |
! |
! |
| [ . -y :
Ext0¢ ¢ opaipag To HETPO TOL
NAEKTPIKOD TEGIOV LELDVETOL LE
10 TETPAYOVO TNG OKTIVIKNG
anOOTUONG Ao TO KEVTIPO
NS CPaIpOg:
| |

I ———

TO NAEKTPIKO TEDIO : E— l g
gvil gnBév: E(R)/4 __:__J:r___ Amre, 3
B(RYS |-+ -——1-
hd | | | r
0 R 2R 3R
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EdapHOYEG OE CUMMETPLKEG KATOVOUEG dopTiou

22.19 Opoa&ovikn KLAWVOPIKT YKOOVLOLOVY ETIQAVELD. 1 omoin 22.20 KvAwvopikn yKOOLGLOVY ETLPAVELN 1] OTTO10L X PN G LOTOLE -
ypnopomoteital yio va Bpebel 10 niektpkd medio €€ amd Eva TOL Y10 TOV VTOAOYIGHO TOV TTEDIOV EVOG POPTIGUEVOL ETLTESOV

QOPTIGUEVO GVPUO ATEIPOV UNKOVG. QUALOV OTEIP®V O10.GTACEMV.
['kaovoiavn
EMPAVELD
A
ExS 8
A
A
A N b ['kaovowavn
L EMPAVEL
Al
$p = 27rlE = — ko oA
€0 2EA = —  xau
1A €0
E = > —  (medio ypappuikod eoptiov ameipov o
E r 7 —_ I Y $ & 14 ¥
TE LAKOUC) E = 26, (medio popTicpévon enimedon @HALOL

amElPOV UG TACEMV)
A = YPOULKT] TUKVOTNTA GOPTIOV

, , , O = EMPAVELNKN TUKVOTNTA QOPTIOV
r = andotacn and Tov dEova
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HAektpLko nedio petaL 0o avtifeta GopTIopHEVWV IOPAAANAWY TTAQKWV

22.21 HAextpikd nedio avauecsa o aviibeta opTiouévec mTaplAANAES TAAKEG.

(a) Pealotikd oyedidypappio

Avaueoa otic 000 TAAKESG

TO NAEKTPIKO TEdi0 eivan

oYe80V opoyevéc, .
KateLbuvouEVO 0o \\
™ OeTiKn TAdKa,

TPOG TNV OPVNTIKT).

+ ++

Y

4____
....... .>E _—/
+ 4 > =
- e
<t + + = <t
/“/’—-__—_-I-+ g _\\
+ + > -
.
++ =

[ ZeAida 809 ]

21V 10€01n| mepinTmwon
ayvooue TN Bucsavoeslon
ddyvomn Kovid ot dKpo
Kol Oewpovue 10 mEdi0
AVALEGO OTIG TAAKEG
OUOYEVEC.

wun
annt
wst®
o*

KvAvopikéc ykaovotaveg
emMeaveleg (mAevpikn oym)
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(b) E&davikevpévo oyedidypappo 1
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To nedio pag opoopopda GpopTLoUEVNG LOVWTIKAG odaipag

22.22 To pétpo tov NAEKTPIKOD TEGTIOV OLOLOULOPPO. POPTICUE-
VNG LOVOTIKNG c@aipas. Na cuykpivete T0 amoTEAEGUA AVTO LE
10 medio aydyiung opaipag (dsite Xy. 22.18).

2QaIPIKOS LOVOTNG
Q ) 4 3 7"3
= pVey = ( ) = 00—
QS’YK PV ey 47TR3/3 (3 ) R3
Amo tov vOpo tov Gauss TpoKVTTEL I KOLO’DGlOLVT]
EMPAVELQ
3
47rr’E = gr_3
€ R
1 Or E(R) =
E = — (medlo 010 E0MTEPIKO OLOLOLOPPOL
41€ R3 . , E = 1 g
QOPTIGUEVNG GPAipag) e 12
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OOPTIA MNMANQ ZE ArQroyz
EUpeon Tou TTEdiou OTO ECWTEPIKO aywyou

22.23 Bpiokovtog 10 NAEKTPIKO TS0 LEGH GE POPTIGUEVO OY®YO.

(@) Zvumoyng aywyds poptiov g, (b) O id10¢ aywyog pe E6MTEPIKN KOILOTNTO (c) Amopovopévo eoptio g Tomobetnuévo
oTNV KOWLOTNTA

dc :
Toyaia
YKOLOVGLOVN
+ E = 0 010 som1Ep1Ko Empaveln A
TOV AY®YOL
+ + F

To goptio g evromiCeton €& oAOKANPOL Enedn 1o E = 0 o€ k0e onueio 010 e0mTEPIKS [ va eivan to E undév oe kabe onpueio
oTNV EMPAVELD TOL aywyoV. H katdotaon TOV Ay®YyoL, To NAEKTPIKO medio o€ KAbe onueio NG YKOOVOIOVIG EMLPAVELOG, 1) ETLPAVELDL TNG
elval nhektpootatiky), eEnopévag E = 0 OTNV YKOOVGLOVT EMLPAVELN TTPETEL VAL ETval Undév. KOWOTNTOG TTPETEL VoL £XEL OAKS popTio —g.

uéca 6Tov aywyo.
[Ip6cBeto poptio g Ba eppavictel otV
eEmTEPIKN EMPAVELQL.
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MNMeipapatikdg EAeyxog Tou vopou Tou Gauss

22.25 (a) Mo @opTiopévn ay@yiun ceaipo ovapTatol pe £va LoveaTikd viuo £Em and £va aydylo doyeio mavm 6 LoveTiKd 6TN-
prypa. (b) H ceaipa oonyeitor péoa 6to doyeio kot tomobeteiton o kamdkt tov doyeiov. (c) H cpaipa emapicton otny ecmTEPIKT ETL-
@avela Tov 60)Eiov.

(@) Movotkdé— (b) (c)

vijLo @ 27 Dopricpevn

@y oeaipa ‘ .
YOYUn opoip Metad ks Kokl Metalhiko Kamdkt

s s A T S S T
X i

¢\ o
i) é /j
S

S +*

Meto-
AMKO
doyelo

Movotikn
Baon

4

0

H goptiopévn ooaipa emdyst poptio Mohg n ogaipa ayyiSet to doyeio, ivar pépog g
OTO E6MTEPIKO Kat T eEMTEPIKS TOV doyeion.  EOWTEPIKNG EMPAVELS OLO TO QOPTIO KIVEITOL GTO
eEMTEPIKO TOV dOYELOV.

[ 2eAida 813 ] copyright @ 2020 EKAOZEIZ MAMNAZHZH — H. KATEOYODHS 12



HAekTpooTtartiki yevvATpia Van de Graaff

Aydyog

@Lo16g
+ *

Movmtikdg
Wavtag

—Movotikd
oTiprypa
Koatafobpa

22.26 Toun ToV PAGIKOV TUNUATOV HLOG NAEKTPOCTATIKNG YEVVT-
tprog Van de Graaff. H katafoBpa niektpoviov apoaipei nhektpd-
VoL 07O TOV UAVTO, [LE ATOTEAEGHA VO, QOPTILETOL O UAVTOG HE
Komtipog Oetikd poptio. TNV KopLEN 0 aVTEG EAKEL NAEKTPOVIN ATTd TOV
Y10 TOV HAVTOL ay@yo erowo, poptilovrog Betikd Tov AOLO.

[ 2eAiba 813 | copyright @ 2020 EKAOZEIZ MAMNAZHZH — H. KATEOYODHS
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KAwR6¢ Faraday (aywyipo KouTi)

22.27 (a)’Eva ayoyo xipotio (kAoPBog Faraday) péoa oe opoyevég nhextpikd medio. To medio tmv emayouevmv optimv 6To KIPMOTLO
€ GLVOVOGLO LLE TO OLOYEVEC NAEKTPIKO TEGIO dNULOVPYOVV UNOEVIKO NAEKTPIKO TTEdI0 6TO E0mTEPIKO TOVL K1PmwTiov. (b) O dvOpmwmog
avtog Bploketarl péca o Evav KAmPO Faraday, Kot emopuévmg eival TPOGTATEVUEVOS ATTO TNV oY VPN NAEKTPIKT) EKKEVOGT.

(@) To nedio woei Mévo Oetik6d Qoptio (b)
NAEKTPOVIO TTPOG TNV TOPOLEVEL OTN
aploTEPT] TAELPA. de&ld mhgvpda.

B a ——
’

Y

4 N
—_— - e ——
_— e —
E E=0 E
—_—— = G
—_— e
A A

[Tedio kaOeTO BTNV EMPAVELN TOV OY®YOD

[ 2eAida 814 ] copyright @ 2020 EKAOZEIZ NANAZHZH - H. KATEOY®HZ 14



Medio oTnv mipaAveia aywyou

Hiektpwe6 medio oty . s [TukvotnTo ETPAVELLKOV POPTIOV

EMPAVELX TOV AY®YOD * by = P (22.10)
a > = 6 lllll..... > 7

To E eivon k60eto oty em@aveio 0 Hextpikn) otabepd

E@eapuoyn lNarti ot Kepavvoi Eivalt Katakopugol

O mAavNTng MOG Elval KOAOG aywyog Kol n
ETUPAVELX TOU EXEL APVNTIKO PopTio. Emopevwg, To
NAEKTPIKO TESIO TNV ATHOCPALPA TIAVW ATIO TNV
ETPAVELX KATEVOUVETOL YEVIKA TIPOG TA KATW,
TIPOG TO QPVNTIKO POPTIO, Kal elval KaBeTo otnv
empavelr ™G Mg To  apvntikd  @opTio
gflooppoteital  amo  OeTk&  @opTit OoTNV
ATHOO@ALPA. XE M KOTOLYIOQ, TO KATOAKOPUPO
NAEKTPIKO TESIO YIVETAL OPKETA PEYGAO WOTE VA
TIPOKOAETEL TN PON POPTIWV KATAKOPUPA HECT
otov agpa. O agpag dieyeipeTal kat LovideTal pe 1o
TEPACUA  TOU  QOPTIOL OO  PECT  TOU,
TIPOKOAWVTAC £TOL VAV 0POTO KEPAUVO.

[ 2eAideg 814-815 ] copyright @ 2020 EKAOZEIZ NANAZHZH - H. KATEOY®HZ 15



HAeKTPIKO TTEDIO OIAPOPWY CUHMMETPIKWY KATAVOUWY POPTiOU

Katavopunq ®optiov Inpeio oto Hiektpiko Iedio Métpo HrekTprkov
Ilediov
; ; . . 1 g
nuetoko eoptio g Andotaon r and 10 g E = o
41eq 1*
] ; ) ] . . i . ) 1 q
Doptio ¢ Tavm otV eMQAVELD AYDYIUNG GPaipag akTivag R Eéw and T opaipa » > R E= 1 =
mEQ 1

270 £06MTEPIKO TNG oPaipac, r < R E=0

1 A
AentOG aymyds (cVpua) aneipov uqKovg, optio avd povado uikovg A Amdctaon » and Tov aywyo (chpua) E = 2 =
mEY I
. ’ : . : o : . 1 A
Aydyyog KOAVOPOG omeipov UNKOLS Kat akTivag R, optio ava povada 'E&m amd tov kvAvopo, » > R E= =
| 2mey r
UNKovg A
370 €E0MTEPIKO TOV KVAIVOpoV, ¥ < R E =0
. S . ; . ’ . ; 1 0
Zopmayng Hovetikn ceaipa aktivag R, poptio O opotdpopea E&w and ™ cpaipa, r > R E= =
KOATOVEUNHEVO 6 OLOKANPO TOV OYKO ameg r
. : 1 O
210 eomTEPIKO TNG oPaipac, r < R E = =
41e R3
o
Dopticpévo OALO ameipmV S10.GTACEDV LE Yg omolodnmote onpeio E= en
OLLOLOLLOP PO, KATUVEUNEVO QOPTIO OVA LOVADW ETLPAVEINS o 4
a
AVO avTifETa POPTICUEVEG UYDYIUEG TAGKES LE EMLPAVELUKEG Ye omolodnmote onueio petad tov - £ = P
TUKVOTNTES POpTiov +0 KOl —C TAUKOV 0
a
Dopticuévos aywyog Axp1dg €€ amd ToV aymyo b= g

[ 2eAida 816 ] copyright @ 2020 EKAOZEIZ NAMNAZHEH — H. KATEOYDHS 16
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