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1 Il'eopeTpkd peyédn douég kon yrvopeva,

Ymv Eviheidea [N'eopetpia gite pe Tov kavova kot tov dofrtn eite péow odyePpikdv oyéoemv
pumopovue vo vroroyilovpe pnkn gvbuvypdupov tunpdtov Kot yovieg. Eni miéov umopodue va
petpdpe ko dAAo peyédn omwg mepipetpo, euPadd eminedwv oyMUATOV 1 OYKOLG GTEPEDV
(k0OPot, maparinienineda KAT).

O vmoAoYIGHOG TNG TEPIUETPOV, eUPadoD Kol OYKOV YwoToV HEV pe aAyeEPpkEG oy€oelg aAAd
OT®G glmape OV yvoOTAV XPNON TNG EVVOLOG TMV GUVTETOYUEV®V.

OELOVTOC VO GLVEYIGOVUE VO KAVOVE VTTOAOYICUOVS GTOV TPLodtdotato ydpo (Kot 6To eminedo)
elvar avdykn vo opicovpe kdmoleg oAyePpikéc oyéoelc pe TG omoieg Bo pmopovue va
vroAoyifovpe yovieg kot unkn, epPfadd KAT pe pia dtpopd. Ot oxéoelg mov Ba opicovpe yio Tov
VTOAOYIGUO TV TOPAmave pHeyeddv Ba mepEyovv TIC GUVIETAYUEVEG TOV ONUElvV 1 TV
SLVUG ATV IOV £XOVV GYECT] LE TO YEMUETPIKO OVTIKEIEVO TOV LEAETALLE.

Me 10V TpOTO 0WTO O TPLGOAOTATOG YDPOG eUmAovTICETOL HE e€ml TAEOV OOUEC Ol OTOlEC HOG
emTpEémovy va vrohoyilovpe mopomdve Tpdypato amd avtd mov uropovue UGvVo amd TV OouN
TOV SLOVUGHOTIKOD YDPO.

o) Amootaon

Av A = (X1, Y1, Z1), B = (X2, Y2, 22) 600 onueio. Tov TPIGSIAGTATOV YDPOL TOTE 1) OTOCTOOT
HETOEL TOVG opileTan mg

d: R xR >R, 1(AB) > d(AB) = /(X = %)2 + (¥, — V,)° + (2, — 2,)° (2.1)
B) Noppo
| [[:%° > ), :0A=(x,Y,,2,) > H(TA“ = X2+ Y+ 2} (2.2)

v) Ecwtepucod 'vopevo

() RxR > RN:(@b) > (@b)=ap +ab, +ab, =[af|p|ovve
=(a,,8,,8;) (2.3)
= (b,b,,b;)
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Méow 0V €6mTEPIKOD YIVOUEVOD UTOPOVE VO LETPAUE YoOVio LETAED OVUGUATOV - Apa Kot
peTall evBLYPAUU®Y TUNUATOV - AN



0= rofov{albl hl i2b5+ aSbi’J (2.4)
[alle]
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a.b =|a| |b|] Cos6
‘Eoto éva duavuopa pe Kaptesiavég cuvietaypéveg
X= (Xv Yo, 21)

Opilovpe o¢ ovvyuitove katevBovang tov oravbouatos X ta usyédn
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‘Eocto topa ta dtvdspota



1

a=(a,8,a) , b=(o,b,b), b =——
Jb

_(b,.b,.b,)

Opilovue ws opBoywvio. mpofoii tov diavdouatos & wavw oto didvooua b v wapaotaon
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B) I'paptpucod

VieR,va,b eR (1a,b)=(a,ib)=4(a,b)
v) AvtyetofeTikd

va,b e R (@,b)=(b,a)

0) OeTiK®OG opLoUEVO

vaeR®(a,a)>0 (a,a)=0<a=(0,0,0)

GUVG)EU = (||§||auvt9)5u

(2.5)

(2.6)

(2.7)

(2.8)



[Mopatipnon: 10 £0mTEPIKO YIVOUEVO OV 10YDEL 0 KOVOVAG TNG dtoypapng OTmg 6tov Pabuwtd
TOAAOTAQGLOGLO.

(a,by=(a,c)=b=c OXI!
Tyoao: Edv 1o Stévoopa b Bempndei mg 1 dHvaun mov ackeiton og éva odpo paloc M kot & 1

devBvvon g evbeiag S1OPOUNG TOV CAOUTOS M 6TV om0l KIveiTat Yo Kamowo xpovo t tote o
ECMTEPIKO YIVOUEVO T®V OO0 Slavvopdtov glvar to €pyo g dbvaung b katd v evbeia

S1adPOoUT TOV GOUATOS UKOVG OGO TO LETPO TOL SOVOCUATOG a .
B) E€otepico I'ivopevo

To e&mtepkd yvopevo dvo davvopdtmv opiletal cov

el eZ e3
xRxR >R :(a,b) > (@axb)=la, a, a, (2.9)
b b, b

To Sdvuopo axb eivar této0 Gote vo eivor kGdeto ota dovdopato & kor b kor ot
(TpocavaToMopéVol) Popeic Tovg va amoteAovV Eva 0e&l0oTPoPo oot afovey. To o€ uétpo
TOV 1600TOL UE TO EUPadOV Tov mapaAInAoyphupov pe TAevpéc a kol b dnhadn égovue Kot v
oyéon

5] el 210

o6mov @ 1 yovia petad Tmv dVo davoucudtov a ko b.
Eniong 1o euPadov tov tprydvov pe mAevpés a, b kot yovia peta&d toug ¢ 1ovTon pe

€, = 5|axB]=[alfplrus @11)

Yyo6Mo: To eEmtepixd yvouevo Tmv dlavucpdtov a kot b propei vo ypaetel Kot cov

0 — a5 a, b1
axb=la 0 -al|b, (2.12)
-a, & 0 | b

oo epunveia



1) Edv éva copa palog m extedel kokAkn kivnon oe kbxkio axtivag I.'Ecto @ 10 didvucopa g
yoviokng taxdmrag. Tote to dtdvuoua TG TaydTNTOS TOV COUATOG V givat €va S1dvucua oV
vroAoyiletor omd 10 eEMTEPIKO YIVOUEVO T®V SIOVOGUATOV @ Kot T

w) H pomn 7, pog dvvapng F - evog codporog pdlag m mov neplotpipetan

z

L=rxp=rx(mv)
w) Abvaun Lorentz

‘Eva copatidoo pe niektpikd eoptio g kiveitoar pe toaydnta Vo péca oe £vo poyvntikd medio
poyvntikng éviaong B tote n payvntikn dvvapun mov ackeitor 6to goptio g toovTan pe



F =q(VxB) 6mov 10 dtdvuopa B eivat 1o S1Gvuoo TG HayvnTikig éviaong

A F (g positive)

B
Py

Y —F (g negative)

v) Koatavoun tayvt)tov o meploTpePOUEVO GTEPED

‘Eoto éva oteped oopa pdlog M 1o omoio ektedel mepIoTpo @ikt Kivion yopw and £va otabepd
acova.

To ddvoopa ¢ yoviakng Tayxdtntog kabe onueiov tov otepeol ocopatog M etvar cuvaptnon
tov Kapteoiovav cuvtetaypévov tov onueiov tov otepeod. To 1010 woyvel Kat yuo To dtivuouo
0éonc r tov kdOe onpeiov amd v apy” Tov cuotiratog O dNAaomn

@ =0(xY,2)=(o(X,Y,2),0,(X,y,2), o(X, Y, 2))
r=r(xy,z)=0(xY,2),5(XY,2),r,(XY,12))

To dowdvooua g taydtntog V Kabe onueiov tov oTEPEOD €ival KOl OVTO GUVAPTNON TV
Koptecuvov cuvietaypevov tov onpeiov Tov 6TEPEOD KAt 1IGYVEL OTL

0 - o |
VX, y,2)=(@xT1)(X,y,2)=| @0 0 -a|T,
-, o 0 |r

O mivakag avtdg ovopaletan Kot TeAeaThS YwVIaKNHS ToyDTHTOG.
[d0Teg

o) Va,b e R*(@xb)=—(b xa) (2.13)



B) axb =(0,00)<=allb
v) Va,b,c eR®(@+b)xC=(axc)+(bxc)

§) va,b e R®, 1 eRA(axb)=((1a)xb)=(@x(1b))

Q|

,CeR(axb)xc=(a,c)b —(c,b)
Riax(bxc)=(a,c)h—(a,b)c

,Ce

I') Mewto ywvopevo

Opiletar cav

& 8, &
[,,]:R®xR=xR® >N:(a,b,c)>[a,b,cl=|b, b, b,
Cl CZ CS

(2.14)
(2.15)

(2.16)

(2.17)

(2.18)

To pewtd ywopevo eivor Betikd 0tav To OvOGHOTO OTOTEAODV Hid OEEIOCTPOPN TPLAOW,
apyNnTIKOd OTOV OMOTEAOVV U0 OPIGTEPOGTPOPY TPLAd, Kol 100 pe To Undév Otav eivon

GULVETITED QL.

Yyoho: TTapdpoto cuvOnkn €0peong TPOGOVATOAMGHOD 600 dlavucudtov a kot b oto eninedo

etvat ko np opilovoa

&,

b >0 o0elvorpodo Cedyos
2

a
b2 <0 apiore@orpopo (evyos
2

a
bz =0 ypauuinhs eEaprniva
2
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[d0Teg

o) TputpocBeticd



B) Avtiouppetpikd

va,b,c,eR*=I[a,b,c]=-Ib,a,c]=[b,c,a]

Y) Tprypapupko

VAeR Vva,b,ceR®=[1a,b,c]=[a,b,c]=[a,b,Ac]=[a,b,C]
0) TawtdTOL

[a,b,d]c—[a,b,c]d =(@xb)x(Cxd)

a
va,b,c,d,e, f eR®=[a,b,c][d,ke, f]—det{ b |[d,e f]|l=
€) _ ‘ ~
(a, d) (a,e) (a,f)
=det|(b,d) (b,e) (b, f)
(c,d)y (c,e) (c,f)

leopetpikn| epunveia

H amdéivtn Tt 100 pEKTov ywouévou Tplidv Stovuoudtov a, b, kot ¢ givor o 0ykog tov
TOUPOAANAETITESOV e TAEVPEG OGO TO HETPO TOV SlOVUGHAT®V @, b, Ko C.

Emriong o 6yKxoc tov tetpdedpov pe Tig id1eg axpéc 1sovton pe to 1/ 6 g amdAvng TIUng tov
HEIKTOD YIVOUEVOD TV TPLBV OVTAOV SLOVUCUATOV




