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ATtOKALON SLAVUGLLATIKAC GUVAPTNONC:

Otav o tedeotrc avadeAta Spa o€ SLavuopatiky cuvaptnon
WC ECWTEPLKO YLVOUEVOOVOUALETAL AMOKALON:
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ITtpoBIALOUOC SLAVUOLLOTIKAC GUVAPTNONC:

Otav o teAeotng avadeAta Spa o SLAVUCUATLIKA cuUVAPTNON
W¢ EEWTEPLKO YLVOEVOOVOUALETAL OTPOBLALOMOG:
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Qswpnua Gauss:

To oAokAnpwpa TNG amokAlong evog Stavuopatikol nediou
TAVW O€ €vayv TUXOVTA OYKOo V LooUTal UE TO EMLPAVELAKO
oAokAnpwpa tou Ttediovu mavw otnv KAeLotn emtdavela S mou
TEPLKAELEL AUTOV TOV OYKO:
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MNapatnpol e otL To “oAokARpwua’ TN¢ “mapaywyou’’ Tng
SLavUOoUATLKAC cuvAPTNOoNG A LooUTaL HE TIC “TLHES” TNC
“Tapaywyllopevng”’ ocuvaptnong A oto cUVopPOo S TNG EPLOXNG
oAokAnpwon¢ V(armo oAokANpwHO OE TPELG SLATAOELG TIALE OF
oAokAnpwpa dvo dlaotdcswv).

Oswpnua Stokes:

To enupavelako oAKANpwHA TOU oTPORIALOHOU EVOC
StavuopatikoU edilou MAvVw o€ pLa Tuxouoa eridavela S
LOOUTOL LE TO ETUKAUTTUALO OAOKANPWHO TOU Ttedlou TAVW oTNV
KAeLotn ypapupn C otnv omola KataAnyeL n emipavela:
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MNapatnpol e o0tL To “oAokAnpwua’ TN “mapaywyou’” Tng
ouvaptnong A oolTtol pe TS “TIpeg” T “mapaywyllopevng”’
ouvaptnong A oto cuvopo C tng nepLloxng oAokAnpwonc (amo
oAokANpwpa U0 SLOOTACEWVY TIAE O OAOKANPWHLAL LLOC
didotaong).

MAPATHPH3H: Ta Bewprjpata Gauss kat Stokes Bupilouv to
BepeAlwdec Bewpnpo Tou OAOKANPWTLKOU AoylopoU

J, Sde=f®)- f@

OTIOU TO OAOKANPWHA TNG TTAPAYWYOU ULOG CUVAPTNONG
LoOUTOL LE TLC TIMEC TNG apaywYL{OUEVNC cUVAPTNONG OTA
opla TnG OAOKARPWONG

(oto ocuvopo tou Slaotrpatog oAokAnpwong). Edw amo
oAokANpwHa o€ pLa dtdotaon Aape o€ eva onueio (unbév
Slaotaoelg)
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TeAeotnc Laplace (n AamAaociovi):

Elvol To Eo0WTEPLKO YIVOUEVO TOU aVASEATA UE TOV EQUTO TOU:
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Nopoc Coulomb

(6Uvaun petatL dVo onuelakwv dopTiwy)
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‘Evtacn nAeKTPLKOU ITESLOU GE ATOCTOON r OO GNUELOLKO
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AuvauLKO NAEKTPLKOU TESLOU OE AMOOTAGN I OO CHLELOKO
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Entiong Loxvet:
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dl = xdx + ydy + 3dz
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de(i-(iV L ;V](xdwyayﬁdz):
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dv =VV .dl

KOlL OAOKANPWVOVTOAC TIALLPVOULLE
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Juykpivovtag tnv teAevtaia e€icwon pe tnv
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JuvOnkn yia actpoBLlAo N cuvtnENTLKO ESLO
(nAektpootatiko medio)

To €pyo Tou nAektpootatikoU mediov yla tn petadopd doptiou
o€ pa kAstotn Stadpopun eivat pndév n to £pyo yla tn
netadopa poptiov petaL dvo onueiwv tou ediou eival
ave€aptnto TN¢ SLadpoung

N To nAekTpooTatiko medio ev oxnuatilel otpoBilouc

KUKAo@opio = cﬁ Edl = 0 (ohoxAnpoiki popen)
(o]

Xpnotwuomnolwvtag to Bewpnua tou Stokes

L(?xﬁ)dé' = gSEdZ’ =0
()

epooov n oAokArpwon yivetal o€ tuxovoa emidavela Ba LoyVEL
n dladopikn popdn

—

curlE=V xE =0
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HAektpikn Pon

®= [ EdS = | Edds

omnou uN to kaBeto povadiaio dtavuopa otnv enipavela S.

Nopoc Gauss

H pon tou nAektpikoU mediov HEow HLAC TUXOUOOG KAELOTNG
enupavelog eival avaioyn tou ¢optiou mov nMePLEXETAL HECA
otnv KAsLotn enwpavela

® = _EdS = O

&

AuTn gilval n oAokAnpwTtilkA popdn tou vopou Gauss.
‘Eotw p(r) n mukvotnta ¢poptiou otov Ywpo, Tote To PopTio mou
TIEPLEXETOL OTNV KAELOTN emLpaveLla S elva:
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ATto 10 Bewpnpa Gauss EXOUUE

$ EdS = | VEdV
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omote Ba LoYVEL

[ VEav =[ 2Dy
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Kot epooov n oAokAnpwaon yivetal o€ tuxaio oyko V, ot
OUVOPTAOELG TTOU OAokAnpwvovTtal Ba eival (oeg:

divE =V -E = p(r)
)

Autn gival n dtadopikn popdr Tou vopou Gauss.

Mukvotnta dopTiov GUVOPTACEL THC EVTAONC

p(F)=gV-E

Avvopikn evépyeila SUo onUELAKWV doPTIWY

U - 1 q1q2
dre, 1,

AUVOLLLKN EVEPYELO CUCTNUOTOC CNUELOKWYV PopTLWV

N
Zq = Ezqil/:k

,_1 47&9 K =
k=1

z::k izk
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omnou Vik to Suvauikod otn B€on tou poptiou gi mou odpeileTal
o€ OAa ta urtoAouna doptia.

AUVOLLLKN EVEPYELA KOTAVOUNC dOPpTLWV

U :% [ Eav

all space

(n oAokAnpwaon ylvetal mavtol o€ OAO TO XWPO TIOU UTIAPXEL
NAEKTPLKO Ttedio)

Ef€icwon SUVOULKWYV VP OLLLWV

dc dy dz
E, E

E

X

looduvaulkEC EMLPAVELEC

V(?) =V(x.y.z)=c

OTou ¢ otabepa.
H BaBuida tou duvapikou

gradV =VV

elval éva dlavuopa KAOeTo oTIG LoOOUVOULKEC ETILHAVELEG KOl
ToUTO SL0TL
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CW;QKm+——m+‘V

ox cy oz

OV 0¥ oF
=l x—+y—+2z
ox oy 0z

—=dV =VV.dr

& =

(xdx + ydy + Zdz)

Kal epoocov V=otabepod

dV =0=VV 1di

OMWC LOYVEL

OTIOTE N €vtOlon TOU NAEKTPLKOU Tediov elvat KAOeTN oTLC
LGOSUVAMLKEG EMLPAVELEG 1} OL SUVAMLKEG YPOAHMUEG TOU Tiediov
glval KAOETEG OTLG LOOSUVOLKEG ETILPAVELEG.

I6LOTNTEC QYWY WV

1.To ¢optio oToUC ayWYOUC KATAVEUETOL OTNV ETLPAVELL TOUG.
2. 2TO ECWTEPLKO TWV AYWYWV N €vtaon Tou NAEKTpLKoU mediou
elval pndév kat to Suvapiko otabepod
3. 2NV enidAavela eVOC aywyou LoXUEL:

=€ O" A

E=—
8
omou uN Tto povadiaio kaBeto dtavuopa otnv eMLPAVELD TOU
aywyou.

11


http://2.bp.blogspot.com/_1a-uxs4cvM8/S5kU-wUTqSI/AAAAAAAAAFA/ZCJxjOoO-Zc/s1600-h/praxeis.JPG
http://3.bp.blogspot.com/_1a-uxs4cvM8/S5kV4c0KOiI/AAAAAAAAAFI/sIui9lwyTsc/s1600-h/praxeis2.JPG
http://1.bp.blogspot.com/_1a-uxs4cvM8/S5kWZ2ySTRI/AAAAAAAAAFQ/gzqoPRoKujs/s1600-h/Eanadelta.JPG
http://3.bp.blogspot.com/_1a-uxs4cvM8/S5kYG3T0u6I/AAAAAAAAAFY/K4rWzpv1ZrU/s1600-h/agogoi1.JPG

4. Xwpntkotnta aywyou:

(=

NS

omou Q to $poptio kat V to Suvapkd Tou aywyou.

Nukvwtég

1. MUKVWTAG glvatl cuotnua SU0 aywWYwV GOPTICUEVWV UE
avtiBeta ¢poptia

2. XwpnTIKOTNTO TTUKVWTNA

o2
AV

omnou AV n dtadopd Suvapikol Twv SUO aAywWYwV.

3. Evépyela mMUKVWTN

L= lQAV AT
2 2 04 8
E¢iowon Poisson
5o, __ P
&
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E¢lowon Laplace

2) HAEKTPIKA PEYMATA

Evtacn NAEKTPLKOU PEVUATOC

r—4
dt

Elvat o puBuog dtédevong dpoptiou péoa amo pa emidpavela
ava povada xpovou. Eotw OTL £XoUHE Eva peU A GOPTIOUEVWV
ocwpatdiwyv mou kwouvtal Pe peon taxutnta v. Ta cwuatidla
Tiou SLEpYovTal HEoa oo HEoa Ao oTtolXelwdn enidAvela o€
XPOVLKO Slaotnua dt Ba gival:

nodtds

OTIOU N N TTUKVOTNTA TWV POPTIoOUEVWY owHaTLSlwv. AV g TO
doptio mou dpépel 1o KABe cwpaTidlo TOTE:

_dQ_andta@_ -

1 ngods
dt dt
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MukvoTnTa PEVLOTOC:

—

Jj =nqu

Elvat to ¢optio mou Oi€pxetal péoca amd pla povadiaia
eniupaveLla ava povada xpovou.

IXE0N EVTaoNg KoL TTUKVOTNTOC PEVLATOC:

To oAkO poptio mou SLEpyeTal pEca amo pLa emipavela S ava
novada xpovou (dnA. n évtaon Tou NAekTpLKoU pevpatoc) Ba
elvat:

] 78

Me aAAa AoyLa To NAEKTPLKO peV O LECA OO KATOLL
eMLPAVELO LOOUTAL LE TN PON TNG NAEKTPLKAC TIUKVOTNTOLG
PEVUATOC HETO ATTO TNV ETILPAVELQ.

E¢iowon ocuvéyelag:

H moocotnta
J7
elval o otlypaioc puBpog pe tov omoio to poptio eykataAeimnel

TOV TLEPLKAELOMEVO XWPO ATto TNV eTLPAVELR S . TO CUVOALKO
dopTio HEoca o€ AUTO TO XWPO KABe otyun Ba ivat:

L/pdV
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omou p n nukvotnta poptiou. Etol oe kKABe Xpovikn otyur) Oa

LOXVEL:
=) )

Ouwc cupdpwva pe to Bewpnua Gauss:
[ jdS=[ Vjav
S |4

Kol oUYKPLvovTag TIG SU0 TeAeuTaieC EELOWOELG TIPOKUTITEL:

§]+§3:0
ot

Tou eilval n e§lowon ouveExeLlag Ko ekppalel Tnv apxn
dtatipnong tov ¢optiouv.

Nopog Ohm(yevikeupévog):

—

=

omnou E n évtacn Tou NAekTpLkoL mediov Kal o n NAEKTPLKA
QYWYLHLOTNTA, pla otaBepd ou xapaktnpilel To UALKO.
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Noupoc Ohm - Avtietaon oywyou:

EoTw €va MPLOPATIKOC aywyog HRkouc L pe otaBepo epPfadov
SLatopnc S. Zta akpa tou epapuoletal Stadopad duvapikou V.
Oa Loxvouv cUpdwWva UE TA TTPONYOUEVAL:

I=jS=0cFES§
Ouwg
=y
T
OTOTE:
oSV V ¥V
I = = ——
I L R
oS

TIOU £lval 0 yvwoTtog pag vopog Ohm, pe

L 5
R:—: —
oS pS

TNV avtiotaon tou aywyoul. BAEMOUUE OTL N NAEKTPLKN
AywyLHoTnNTa ouVOEETAL PE TNV €LOLKNA avTiotaon HECW TNG
oxéongc:

o=1/p

H nAektpkn avtiotaon opiletal amnod tnv eélowon :

=t
I

16


http://2.bp.blogspot.com/_1a-uxs4cvM8/S5k4ZIeaPXI/AAAAAAAAAIA/a9myTENjfuQ/s1600-h/R1.JPG
http://3.bp.blogspot.com/_1a-uxs4cvM8/S5k4h76g_9I/AAAAAAAAAII/h8idW74cRYE/s1600-h/R2.JPG
http://2.bp.blogspot.com/_1a-uxs4cvM8/S5k4nddBm5I/AAAAAAAAAIQ/rBFYeBlM8hg/s1600-h/R3.JPG
http://4.bp.blogspot.com/_1a-uxs4cvM8/S5k4zc93-jI/AAAAAAAAAIY/HUGss6tZmPs/s1600-h/R4.JPG
http://1.bp.blogspot.com/_1a-uxs4cvM8/S5k5QNAtPyI/AAAAAAAAAIg/YuNabIe_0NM/s1600-h/R_final.JPG

HAektpeyepTIKR SUvaun:

Elval to £€pyo Tou nAektplkou mediou (Un ocuvtnenNTkou) Katd
N petadopd evog poptiov o€ pLa KAELOTH SLadpoun:

HEA=T CﬁCFdl :<j> Edl
q q g

MAINHTIKO NEAIO — ENATIQrH

Avvaun Lorentz:

Avvaun Laplace:

dF =1dl xB

Elva n Suvapn mou aokeital anod payvntiko nedio ot
otolxelwdeg tuRua df evoc aywyou mou SlappEsTal amo
pevpa l.

H ouvoAlkr) Suvapun vmoAoyiletal pe oOAOKANPWGON G€ OAO TO
UNKOC TOU aywyou:
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Nduog Biot - Savart:

YrtoAoyilel Ttnv €vtaon Tou payvnTtikou mediou ou dnuoupyel
otolxelwdec tunpa dl evog aywyou

Tiou SlappEetal amo pevpa / og anootacn r anod to
OoTOLXEWWOEC TUAMAL

4 — po dl x7  poI dl x 7

2 =il )
4 r 4w e

Noupoc Ampere:

H kukAodopia Tou payvntikou mediou KaTd LAKOG ULOG
TuxoULoaC KAELOTAC YPOMUNG, Elval avaAoyn HE TO NAEKTPLKO
pevpa To omoio dlamepva o emidAVELR TTOU KATAANYEL OTNV

KAELOTN YPOAUMA:

_[C Bdl = Hol,,

H napamndvw eélowon amoteAel tnv 0AOKANPpwWTIKA Lopdr Tou
vopou Ampere.
JUppwva pe To Bswpnua Tou Stokes Exoupe

| Bdi = | VBdS
C S
EVW N OXEON EVTOONG - MTUKVOTNTAC PEVUATOC Elval

I, =| jdS

ATO TIG SUOo TeEAeUTOLEC EELOWOELC TIPOKUTITEL

ﬁxg:/’o]

H teAevtaia e€lowon amotelel tn Stadoplki popdr Tou vouou
Ampere.

18


http://1.bp.blogspot.com/_1a-uxs4cvM8/S5lJd4nup7I/AAAAAAAAAJI/RwURi1Vr2Sw/s1600-h/Biot_savart.JPG
http://4.bp.blogspot.com/_1a-uxs4cvM8/S5lJzoraNTI/AAAAAAAAAJQ/TA4zKkTNIng/s1600-h/ampere.JPG
http://4.bp.blogspot.com/_1a-uxs4cvM8/S5lKLg6-k3I/AAAAAAAAAJY/JiqP_a-tpZw/s1600-h/ampere1.JPG
http://2.bp.blogspot.com/_1a-uxs4cvM8/S5lKb7qDC5I/AAAAAAAAAJg/WSnQQ2Gbn-E/s1600-h/ampere3.JPG
http://1.bp.blogspot.com/_1a-uxs4cvM8/S5lKrnyzq6I/AAAAAAAAAJo/4nbWGubw95g/s1600-h/ampere4.JPG

Mayvntikn pon:

Nopoc Gauss yLo To LolyVNTLKO rtedio:

Ma omoladnmote KAeLoTA emldAvVELR LOXVEL:

qSS BdS =0

A Xpnolpomnolwvtag to Bewpnua Gauss

VB=0

Ol e€lowoelg aUTEC ekPpAlouV TO YEYOVOC OTL SEV uTtApXOUV
HOYVNTIKA LOVOTTOAQL.

ALOVUOLLOTIKO SUVOLLLKO:

Opiletal péow NG €lowong
B=V x4
XpNOLUOTIOLWVTAC TO VOUO TOU Ampere €XOULE:
Vx(VxA)=pp]

Oa edpappOCOUUE TNV TAUTOTNTA
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G x(Vx4)=9(V4)- 92

ATtodeIlkvVUETAL OTL UTTOPOUUE VAL ETUAEEOUUE ETOL TO SUVOULKO
WOTE:

VA=0

omnote Ba LoyveL:

Vid- _,uoj

Evépysla payvntikou nediou:

W;:—L-j B*dv

/uO all space

Nouoc Faraday:

Ye eva KUKAwpa avamntuoostal H.E.A. anod emaywyn otav

HETABAAAETAL N LAYVNTLKA pON TTou SLEPXETAL HECA OTTO AUTO:

N wooduvapa

, Ed = _M L L(-a—g)dé'

dt

Jupdwva pe to Bewpnpa tou Stokes Ba LoyLEL:
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("‘Dcfdf = Lﬁxfdg

KOLL CUYKPLVOVTOC LE TNV TTPOoNYOoUHEVN €€lowan TPOKUTITEL N
Stadoptkn popdn tou vopou Faraday:

T
ot

JUVTEAEOTNC OLUTEMOYWYNC:

Elval o AGyog tnG OALKNAC LayvNTLKAG pon¢ mou dlaoyilel to
KUKAWLOL TTPOC TO PEVMA TIOU SLOPPEEL TO KUKAWLAL:

JuvteAeoTNC apoLBaioc Emaywync:

O@ewpoupe duo yettovikd KukAwpata (1) kat (2). Eotw o1t
HETOBAANETOL N €vTaon TOU peVOTOC 0TO KUKAwH (1). Tote
HETABAAAETOL N LOyVNTLKA pON Ttou SLEPXETAL ATIO TNV
eTLPAVELD TOU KUKAWHOTOG (2) Kal Snuioupyeital emaywyLko
pevpa 12. Opiloupe wg ouvteAeot apolfaiog emaywyng:
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ornou @12 n payvnTiki por mou dnpLloupyeitaL ano to
KUKAwpa (1) kot Staoyilel to KUKAwHA (2). AvtioTtolya €XOUE:

D,
2.1
M2=1 7|
1
AmodeLlkvUETOL OTL
M= M2=1 =M

Nouoc Ampere - Maxwell:

O vopoc Ampere cuoxetilel Eva otaBepo pevpa e TO
Hoyvntiko nedio mou mapayet. O vopog Ampere — Maxwell
TIPOXWPAEL TILO TIEPAL KOl UTTOOELKVUEL OTL OTO HAYVNTLKO Tiedio
ouveloPpEpPeL Kal To PeTABAANOUEVO NAEKTPLKO Tedio:

dd,

Bdl = p,I_+ pe,—=
f /IO in /u0 0 dt

Omovu
®, = | EdS

N NAEKTPLKA pon Ttou dtaoyilel Tnv emudpavela S tng onoiag to
0plo eival n KaumuAn €. XpnOLUOTIOLWVTAC TNV OXECN EVIOONG
KOLL TTUKVOTNTAC PEVUATOC:
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I,=| jds

n apxkn eélowon yivetat
L = i OE —
E{)Bdl = L,uOJdS+ L Ho&o EdS

JUpdpwva pe to Bewpnua tou Stokes Ba LoyLEL

VxB :/Uo:f."'/uogo%
n
VxB = ptoj + o,
(0)140]V)
= BE
Ja —505"

N TUKVOTNTA PEVLOATOG LETATOTILONG.

1n e€iowon Maxwell: (vopog Gauss yLa To NAeKTPLKO medio)

®- qSSEdS' _ &

&y
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2n e€iowon Maxwell: (vOpoc¢ Gauss yLo To payvnTiko nedio)

3n e€iowon Maxwell: (vopoc Faraday)

s 1S
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4n e€iowon Maxwell: (vopoc Ampere - Maxwell)

i d|| EdS
del = ol + p,8, USdt )
n
- OF
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