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ITpbBANpa 1

OcwpnoTe 8U0 CUGTHUIATA VUPOEAS Ot xaepwévn dlapdegpnaoT. Acléte youpxd oTL 1 xivnon
evée oouatog and 1o onueio A(za,ta) oto onueio B (xp,tp) pe tp > ta o010 S, €dv auth
uTopoLoE var YiVEL pE Tary OTNTA HEYAADTERT TOU QOTOS, Yo AVIEGTREPE TNV YPOVIXY| OELRd TKV
YeYovotwy oto S’ xou cuvendg xou Ty e oyéon atiou anoteréopatog YeTod Twv A xou
B, dv auth unhpye. Mnogeite vo yenotdomolticeTe 10 desmos.com yio TNV yeapixy UEAETT.

I[TeoBANua 2
‘Evo ufvopa to€ideter and to onueio (x1,t1) — (22, t2) pe otadepr) toaydtnto v = Az/At < 1.
Aeilte 611 0 yeTaoynuaTiond Teowinong Lorentz,

t'=~(t —vr)

' =y(x — vt)
oTou ¥ = ﬁ, OlTnEEel TN ypovixr CERd TV YEYOVOTWY, dNnAadr av At =ty —t; > 0, toTe
onwodnrote xou At' =ty —t) > 0. I'a yeyovota nov eivar armaxd ovvdedeuéva, n oxéon aitiov

ka1 anoteAéopatos (causality) mapapéver auetdpAntn o€ dAa ta adpaveakd ovotriuata, Adyw
TOU avaTatov opiov mou urdpyer oTny Taxyvtnta 01ddoons omolaoonToTe TANpopoplas.

— Abon —

[TebBANpa 3
Aoxnon 11, KepdAawo 1, Rindler

No amodetydet 611 o1 600 TpwTe €€l0WOES TOL Kathepwévou petacynuotiopol Lorentz

J= 70

UTOPOLY Vol YRUQOLY GTNV Lop®Y

t'"| | coshw —sinhw| |t

x —sinhw coshw | |z
6mou tanhw = v. (YTrevdupilovpe tic oyéoec coshw = cosiw, isinhw = siniw, ondte
®3E TELYWVOUETEXY TAUTOTNTA UTOPEL Vo UETATEATEL O TAUTOTNTA K¢ TEOC TI UTEPPolxég

ouvapw']oag). Tunoloywd mpdxetton yior plor ‘O‘cpoq)f]’l(og TEOC T XOL il, XL WG TETOL OLoTTeE
v mooétnTa 2% + (it)?.

Ynueiwon: To va pddue ya pua otpogr] otov xwpdypovo éxel apketr) 66on ‘vnepBorns’, Guws


https://www.desmos.com
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/causalitymb.sol.pdf
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[TebBANpa 4

Toeewc xepavvol mégTouv Tautdypova 6to S otic ¥éoeic ¢ = —2,0 xou 2. Beelte tic ypovixég
otypée mov Ya mopatnendoly o Tpelc xepowvol ato S’ to omolo éyel Toynta U = 3/5% ¢
TeOC T0 S.

Adon

ITeoBANua 5

Aoxnon 10, KepdAao 1, Rindler Ao @wtévia xvolvTon xatd Yixog Tou dova o Tou S, o€
otodepn uetal Toug andotaon L. Na anoderydel 6Tt 610 S’ 1 andotaon uetold v poTovioy
elvou

1+v

L .
1—w

Trédaén: ypdihre tig Koapmeg rponeg twy 8Vo pwtoviwr i (t), 5 (t) oto S ka1 oo S'. Bpetre

’
0 YwpiKké Kopudtt Tou Azt = x2“ — x" drav o xpoviké tou elvar undév.

— Abon —

ITeoBANua 6

‘Eotw 611 1 otoyeloa CH, X, xou Y elvon tar

1 2 3 4 1 5
5 6 7 8 2 §

. uv) _ _ _ 27—
C=l0"=109 10 1| XTI Y=
13 14 15 16 4 8

A) Xenowornowwvtag ty adpootin| ovuBacr Einstein yia toug enavolapBavouevous deix-
TEC, UTOAOYIOTE T

CX =[C"X,)]
CTX = [C"X,)]
YIX =[Y*X,]
XTY = [X,Y"]

X®Y=[X,Y"

n aAndea elvar éut n xprion wns mapapétpov w = artanh(v) mov ovoudletar (wklTnta, ypnyopdoa,
ofeltdda, yopydtnta ...) ws anédoon tou ayyAikol dpou rapidity elvar ‘vrepfolikd’ xprionin.


https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/thunders.sol.pdf
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/twoPhotons.sol.pdf
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B) ©ewpdvtac 1o otovyeio

1000
0 100
n=lm =g o1 0
0 001

Bhénoupue dnhadi| 6L 1) dpdon twv 1 xou nt oe aprduntind eninedo mpoxoholv amhme
™V aAAoyY) TEOCNUOL Tou Te®Tou cTotyelou Twv X xar Y xou tnv ahhayy|) Tedonuou
ONOXAENG TNG TTEWTNG YEUUUNG (orﬁ)\ng) tou C 6tay yivetow and ta apotepd nC' (5e€Ld
Cn).
Trédetn: XuuPouleuvteite to lo kepdaio (Ymevluuioeas and tyy Jewpla mvdkwr) ané tg
onuewoeas Xpiotooouddkn & Kopgiatn.
— Adon —
GitHub

IHeoBANua 7

o) Aceite ot mpéner va toyler 1 oyéon A*LA,Y = 6 mpoxewévou vo Blotrpeiton To UETEO
AMAL = AFA,, 6mou ta A* xou A, ebvon TavuoTée e NG TEENE, dNhady| uetaoynuoti-
Covtan oUPpwva Ue Tov petaoynuationd Lorentz, émwe to Azt xou Az,

AP A= AP, A
A, = Al =N A,

B) Aci€te 6 npémel A,Y = 1, A1, TEOXEWEVOL Vo Loy VoLV Ol GYECELS A’“A’# = ArA,

O
A;L = UMVAIM
/ UV Al
At = A,
A, = n, A"
At =" A,
Adon


http://theofil.web.cern.ch/theofil/courses/specialRelativity/webfolder/Relativity.pdf
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/matrixOperations.sol.pdf
https://github.com/theofil/CompPhysics/blob/master/examples/matrixOperations.ipynb
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/lambda_matrix.sol.pdf
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[TebBANpa 8

Eotw A* = (A% A,0,0) avtelloiwtoc tavuotic mpmtne téénc?. Beelte T

Yl Tov petocynuatiopd Lorentz oe xadiepwmuévn Slapdegpno):

v —yv 0 0
v _|=w v 00
0 0O 01
6Tou
-1 0 0 0
] = 0 1 0 0
Tl =10 0 1 0
0 0 0 1

o ueTpwog Tavuothc. Téhog, yeddte Tic cuviotdoeg Tov A,Y oe pop®r Tivoxo xat cuYXEiVETE
TIC Ue auTéc Tou AH,.

— Abon —

[TebBANpa 9

‘Eotw 0 yevixdg petaoynuotionée Lorentz mou npoxintel Uotepa and 6V0 SLloboyxés Tpowidr-
oelg og xdeTteg Petadh Toug dleutivoelg

L = A(63)A(57)

ue v1 = 4/5&, v3 = 4/5). Enoadndebote apriunmxd v oyéon L = R.(O)A(v3) pe 03 =
01 + U3/ 72 %ot OTL O PETAUCY NUATIONOS R} avTioTolyel oe po 6TEoYT 610 ENinedo X, Y xuTd TNV
opvnTX popd (aptotepdotpoga) ue ywvia § n onolo éyet cosf = 45/51 xou sinf = —72/153.

2@5@90\’418 Tic oumotdoee A® o Al yvwotéc.

3"71 O
A=l


https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/covariant.sol.pdf
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Atveton 1 yevixr) Lop@n Tou mivoxa tpowinone Lorentz:

Y —V Vg , —V Uy —YV,
= 1O =05 (=15 (-5
-y, (Y=D%E 1+(y-DE (- D%

Vx Uz VyVz vz
—yv. (y=1= (v-1)% 1+ (y—-1)3

AV =v,2 + v, +v,2) =

ue v* = vl + vy 4 2.
Ynuetwon: Bpefte vdomoinon twr oxetikoy mvikwy o€ H/T, oo github tov padnuatog tns vrodo-
VIOTIKNS QUOIKTS.

Trébaén: vrohoyiote mpdta tovs L, L™ ka1 A(v3) ka1 Aote ws mpos tov R.. Xnueadote du ev yéva
L # L" ya tov yeviké petaoynuaniond Lorentz, tapén wyvea éu A = AT xar A=V (¥) = A(—7) ya
TOV YEVIKO METATYNMATIONO TPowinong.

ITeoBANua 10

o Tov mivoxa L tou mponyoluevou npofiruatog deléte 6Tt
1. LTynL =n
2. nLTnp=L7"
3. nLn = (L7HT

xou 6t 1 opiCouvoa tou L etvon det(L) = £1.

1

Ynuetwon: To mpdPAnua avtd eivar tetpiupévo av Suundodue éun =n' = n~t ke n? = I . Bpeire

vdomoinon twy oxetikdy mvdkwy o€ H/T, oto github tov padnpatos tns vtoAoyioTikiiS QUOIKTIS.

ITeoBANnua 11

Edv X = [X#] nivaxac oThAAN 4 X 1 10U avamaptoTé Ti OUVIOTMOOES £VOS avTahho{tTou TETEaOLY-
vuopatoc xau Y = [X,] = nX 1 avanopdotaon we tivoxa oTAAN Tou GUVOAAOIKTOU TETEAdLS-
vuopatoc, detfte ot av to X petaoynuatiletoar we X' = LX tét€ npénet 10 Y = (L7HTY
TPOXEWEVOU TO ECHTEPIXG YWVOUEVO TmV VO va Topoiével avalhoiwto YIX = Y X
Inpeiwon: Ye popgry ovviotwody, X = LF, XY, X| = L,V X,, owends [L*,)] = L ka1 [L,"] =
(L~HYT. v otuBaon twv tonopéver daxtédy ta tapandvo ypdpovtar X = LM pXH, Xy =
L, "X, ouvends [L* ] = L xar (L] = (L HT

Adon


https://github.com/theofil/CompPhysics/blob/master/examples/LoorentzGeneral.ipynb
https://github.com/theofil/CompPhysics/blob/master/examples/LoorentzGeneral.ipynb
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/covariantTransformation.sol.pdf
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ITpbBANpa 12

O TOI 700 d etvon évag e€wmhavitne mou Beloxetoun o andotaot nepinou 100 €tn oToc and
™ I'n. O ewmhovitng autog Eyet wiaitepo evolapépoy yatl Peloxeton eviog NS xATOWHAOUNG
Cwvng tou dotpou tou. Awotnuémioo otéhvetar and TNy I'n yia va tov e€epeuviioel, To onolo
ivelton e ToUTNTo Tou TpoceyYIleL auth Tou gwtdc u =1 —¢, ye € = 0.5 X 107% wc tpoc Ty
I'n.

o) Bpeite méooc ypdvoe (At) Va nepdoel otn I'n, uéyplc 6tou T0 BlooTnUéTAO YTECEL GTOV
eZOTAAVATY.

B) Beeite tdoog ypbdvoc (AT) Yo mepdoet yior Tov 0oTeovadT UEGO OTO BLAGTNUOTAOLO.
AndvTnon: At = 100 étn, AT =~ 3.65 nuépec.
— Abon —

ITebBAnpa 13
"Aoknon 10.23, Griffiths

Yopoatido éyet toynta Yétpou |ui| = 2/v/5 o xaveit 610 S xatd UAXOC TNG Oy OTOUOU
¢ ywviag mou oynuatiletoa and toug dCovee Oz xar Oy. Beeite tny toydTntar xon Ty yovia
(0") mou oynuotiler 7 uy ue toug d&oveg O'x’ xou Oy’ oto §’, T0 dmowo elvan oe xohepOUEVN
OLoOP(PWOT Xa EYEL TayLTNTAL U = \/%fc WS TEOC TO S,

R4 S
u,=

2
& "
Ny

<_©



https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/toi700d.sol.pdf
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Trédbeién: Bolever va gavtaotolue éva vroletikd owpatidio ‘2’ to omoio npeuel otny apyn twv
a&ovwr tov S kar kweltar pe tayvtnta Uy = \/2/5% ovo S. H {nrovpern tayvtnta Ja eivar n
oxetikn tayvtnta peta&l twy 6o owpatidiowy, dndadn n tayvtnta tov ‘1’ oto ovoTnua npepiag
Tou ‘2.

— Aoon —

ITeoBAnua 14

‘Eva Swotnuémioo avayweet and ™ I'n pe mpoopioud tov e€wmravitn TOI 700d, o onolog
Beloxeton 100 €1n @otog poxprd. H xoopur tpoyid tou diactrorhoiou etvar unepBoiiny| xou
TEpLYPdpETAL amd TN oyEoT:

cA ) 2
)= ]S+ (et — <,
o) = |+ 2 - S

oTOoU:
c=3x10°m/s xu ag=9.81m/s.

(o) Aci&te 61110 dlaoTnuomhoto Yo gtdoel otov e€wmiavitn TOI 700d ot nepinou 101 ypdvia,
OTWS AUTA YETELOVVTAL 0TO GUGTNUA avapopds Tng I'ng.

(B) Aci&te 611 0 aoTROVAUTNE, CUUPLVA UE TO BIx6 ToL cUoTnua Neeiog, Vo tepdoet tepinou
5.2 ypovia péca oo dractrnuétioo péyet va gptdoet otov TOI 700d, %o cuvendg To Takidt
elvol TEOXTIXG EPIXTO OO TNV Gmodn Tou YPOVOU TUPUUOVC GTO BIUCTNUOTAOLO XAl TNG
emTdyuvong mou Yo dey el To oA ToL.

’ 7 H ’ / / ’
(Y) Trohoyiote tnv tetpomitdyuvon a* = ddLT TOU BlGTNUOTAOIOL o BElETE OTL Loy hOLY oL
oyéoelc:
o 2
ata, = ag
Mgy —
a'v, =0

Yoo xde ypovix oty tng xivnong.
(6) Aci&te 6T 1 ypovixt petaBolh Tne opuic divetar and T oyéon:
dp .
% = Mmay,

OToL P = ymu T elvon 1 opun XU ay = apd 1) WLOETLTAYUVOY TOL Bl TroTAolou 610
oLoTNUA avapopds tng I'ng.


https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/relativeVelocity.sol.pdf
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(e) Xyedidote oto desmos.com XoUTUAES TOL TEQLYEAPOVTOL and eEIOWOELS TNS LOPYHC:
(x+20)* —t* = x%,
Yior SLAPOPES TWES TNS ToRAUéTEou Ty Tou emAéyete avdalpeta. E&etdote tnv enldpoon
NG ToEAUETEOV To > 0 0TV XOUTUAOGTNTA TN TEOYIAC Xou UEAETACTE TS oyeTileTon 1

emTdy LYo Tou Yo UTOCTEL Eval OOUO UE TNV THLY TNG TUPUUETEOU Xg.

— Abon —

I[TebBAnpa 15

Na Beelte tnv evépyeta Tou my o0To choTnua NeeUiog Tou My xutd TNy ddonacn M — myms.
— Aoon —

I[TeoBANua 16

Beelte v eAdyiotn evepyela mou TEENEL VoL €YEL Lot OEOUT TEWTOVIWY TOU TEPTEL GE Evay
axtvnto 6ToY0 WoTE Vo Topay o0V AVTITEWTOVIL pp — PPPp.



https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/toi700dhypebolic.sol.pdf
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/Mm1m2.sol.pdf
https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/antiproton.sol.pdf
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p

ITeoBANuo 17*

‘Orav éva Baph cwpatidio (X9) exxvel po odinhouyla Sladoyixmy Slactdoewy 800 cwudtey,
1 omola xatohfyel o€ éva abpato cwpatidio (x§) mou dgedyel Tou aviyveutd, ot udlec Twv
EUTAEXOPEVLY COUATWIWY 0Ty dhuotda (mgy > m, > myg) dev ebvau tpocdloploes oxopn
oL oV oL 0ppéc Ty 800 0patmy cwuatdiwy (¢ xau l5) yetpndolv ue ueydin oxplfeto and tov
QVLY VEUTH).

—@P—— 0 —o

: & xs
M WMy, Mo

Hop” Gha autd, umopovy va e€ay oy TEploplolol GTIC PALES TWV CUUUETEYOVTMY XATACTACEWY,
€00 TOU XWVNUOTIX0) 0plou Tne avadholwtne udloc myy twv € xou £, . OétovTac Yo eUXoAia
1 2

(mgg = mx,m;- = my, mge = myg), 6eite 6Tt 10 dve plo elvow:
(mrlréax)2 _ (mz‘ - mz)(mz - m(Z))

2

my

otay T gopTiopéva Aemtoviar £ xou €5 éyouv apelntéot udla oe oyéon pe To UTOAOLTY NG
ahuotdag, dnAadY) otV TEoctyylon my = my = 0.

Yrdébaén: H katavourj mys mapovodler péyioto dtav oto olotnua npeuias tov X3 wa 1,2 efvar
mAdtn-pe-mAden (back-to-back) oynuatilovrag ywvia w. Troloyiote ya tny mepintwon avtr

TO M12.

+ S‘({ ~_

£
)

X T €
& Q >
/]

Mo M\,

421nv medén me = 511 keV xou m,, = 105 MeV vy £ = e, pu eved my ~ 100 GeV.
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IHepapaticd n elpeon evés tétoov kivnuatikol opiov otny avaAloiwtn pdla goptiouévwv Aentoviny
00~ pe b = e, p ota dedopéva tov peydlov emrayvrty adpoviwv LHC, 9a onuatodotoloe évdaén
puoIknS Tépag tov kathepwuérou mpoTUnov, OTwS Yia TapdOeryua 1 XapaKTNPIoTIKY) TEPAUATIKY) UTo-
Voapn X3 — (E0F — 10T XY e wa X9, XY, £ va etvar ta vrepuppetpixa adeppdria twv gauge uroloviov
ka1 Aewzoviov. To XY va efvar iowg to o Sidanjio ‘katalntolpevo’ owpatidio orxotewnig vAnS Ty Urapén
ToU omolou axdua Oev éxouue enaAneloel.

— Abon —
[TebBANpa 18

Oewphote TN didomaon ™ — 7y 670 cloTua Npeptac Tou Toviou (S') 1 omote howPBdver yoHpa
eCohox\ipou el Tou emnédou i = 0, OTwe 6TO Ty U

N @A :
+—
v n°J'<;:
> Qs
2 27
]

Av 0" 1 yovia didonacng o oyéon pe Tov dCova 2 xou f' n ouyvéTnTa Tou PwToviou Tou
dradideton oo eninedo (' > 0,2 > 0) oto ', dellte 6

- m

(o) f'= g5, 6mou m 1 pdla Tou moviou xon h 1 otadepd Tou IMavex.
(B) T 0* =0 n ouyvotnta Tou pwtoviou oto S Yo elvou (on pe

1+wv
1—w

f= I (Bidunpec pouvépevo Doppler).

(v) T 0 = /2 v ouyvotnra tou gwtoviou ato S Yo eivor ion pe f = f;, (eyxdpoto gavéuevo
Aonmep mepintwon 1), evéd yio € = 7/2 n cuyvotnta Tou gwtoviou oto S Ya elvon o
ue f = f;, (eyxdpoto @ouvéuevo Doppler mepintwon 2).

(6) AvTiXaTUOoTAOTE TO TOVIO A6 WLl GTUELXT TNYT| PWTOS TOU EXTEUTEL OUOLOUOPPIL KOl TPOG
Ohec g xateudivoelg oto S, Aci€te 1o awvopevo tou tpofolréa (head light effect), 6t
onAadY| oto S 1) wot| axtivoBolia Yo Beloxetan evtog xvou Ue ywvia tan f = 7%} ol dEova
Tov Oz.

H \oon tou npofifuartog Beloxeton oto https://youtu.be/oqZdOhloE-M.

10


https://theofil.web.cern.ch/courses/specialRelativity/webfolder/solutions/lucPape.sol.pdf
https://youtu.be/oqZd0hloE-M
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ITebBANpa 19

pavs
@ ﬂjbjs VY ®¢
qE

270 G0oTNUO avaoRdS X, Utal ATELRT) GUVEY S YRUUUXY| xaTavour goptiou ue muxvotnTa A > 0,
n omolo Bploxeton xotd YAxoc tou dova z, xwelton pe otadepr ToyLTNTa U = vZ. AuTh 1)
xtvnom dnuovpyel éva otadepd pedua I = Av xotd uixog tou dlova 2. X andcTocT T and To
oVpua uTdpyet optio ¢ > 0, To omolo xiveiton emlong Ue TNV Bl TayTNTA T = vZ. LT0 YopTio
AoXOVVTAL NAEXTEXES XOUL LAY VITIXEC DUVAPELS, oL oToleg Teptypdgpovton and Tn dUvourn Lorentz:

)

—

Fr, = q(E + 7 x B).

O vnoloyloude twv mEdiny xadng xou Tng divoung mou aoxelite oto optio amantel TN yeron
APV TNEG NAEXTEOCTATIXAG XL TNG LAY VNTOCTUTIXAG.

Ao Y= My
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Y évo dhho abpaveloxd aloTnuo avapopds X', To omolo xwvelton pe Toy TNt U = vZ W¢ TPOG
T0 X, 6ha T poptia Peloxovtan oe neepla. Ye autd T0 ol To TEOBANUY YiveTton xadupd
NAEXTEOOTUTIXAC PUCENS, Xt To YayvnTxd medio undeviCeton. H muxvotnta goptiov oto X
elva:

N = ;,

émou v = 1/v/1 — v? elvon 0 mopdyovtac Lorentz.

(o) Trohoylote To nhextpid xan To paryvntid medlo ota dYo cuoThuat avapopdc’. Beelte
TN GuVOAXY| DUV oL aoXElTaL GTO PopTio ¢, xou Sei&Te OTL Ty BV elvan (Bla:

(B) Tmohoylote Tic oLVIGTHOOES TOL TAVUOTH BUVaUNE FH otor 800 GUOTANT AVaPoEdS, X
xou X/, érou:
0 E, E, L,
—-FE, 0 B, —-B,
-E, -B, 0 B,
-£, B, -B, 0

) =

Y1n ouvéyela, etoindelote 6Tt o F'PY mou unolovilete oto X mpoxOntel and Tov FHY
)
0TO X YECW TOU PETAOCYNUATIOUOU:

F/;uz — AuﬁAI/)\FﬁA)

omou A ebvan o mivoxog petaoynuotiopol Lorentz mou cuvdéet ta 500 GUOTAUATA AVAPOEES
Y xou X', Aeléte 611 tor amoteréopatd cog Yo tov F™M eivon ouvent pe tig Tyéc mou Vo

Beloxate yenotwonowwvtog aneudeiog T TES TwV TES{wY (E’, é’) oto cloTnua X'

(Y) Troroylote tic nosdnec (E')? — (B')? xou (E)? — (B)? deilte ot awtée elvon oprdunuixd
{dleg xou oo 600 GUOTAUNTA AVIPORILC.

— Abon —

EmAsyUEVvES AOHNOELS KO EQURUOYES

EmBeBacote 61t elote og €on vo AOoeTE, ywplg Vo XOITAEETE TROTYOUUEVKS TIC AUCELC TOUG,
o €€h¢ TPoBAAUoT omd T oNuELoEls Twv xad. Xetotodouhdnn xar Kopgudtn (n-tdén):

5To mpbBANUa auTé ovaBECVIEL TO UVATAPEUXTO TAVIPEWL TOU HAEXTEIXOD X0l TOU oy vNTixol nediou otny
EVOTIONUEVY] TOU UOPPT| WE CUVIOTMOOES TOL TavuoTh deutépag td€ewe F*Y. H Onopén xou 1o eldog twv nedlwv
e€apTdTon and To CUCTNUN TUPATAENOTNG.
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1. Egoupuoyn 8.5: Mn xevtpid ehaotixry xpovon [0132]
2. Egopuoyn 8.6: Anoppdgnon gwtoviou and axivnto cwuatidio [o134]
3. Egapuoyn 8.7: Exnount| gpwtoviou and axivito cwyotidio [0135]
4. Eqgopuoyy| 8.8: Exmounr gotoviou and xivoluevo cwuotido [0136]
5. Egopuoyn 8.9: Evépyeta xatwehiou [0137]
6. Egapuoyn 8.10: Eractixh) oxédaon [0139]
7. "Aoxnon 9.3.3: AnonAdvnon gwtog [o177]
8. Aoxnon 9.3.4: Anomhdvnon ocwuatidiov [0178]
9. Aoxnon 9.3.17: Evépyewa xon opur| tou ‘1’ 670 olotnua neepiog tou 2’ [6194]
10. "Aoxnon 9.4.4: D’Alembert [0201]
11. Aoxnon 9.5.1: Avdhoon gwtoviou ot xvolpevo xadpéntn [0204]
12. "Aoxnon 9.5.2: Xxédoon @o1c o€ Siepyepévo dropo [6205]
13. Aoxnon 9.5.3: ete™ — 27 [0206]
14. "Aoxnon 9.5.4: Putovixde ndpavrog [6206]
15. "Aoxnon 9.5.5: Elaoctixf) oxédoon npwtovioy [6207]
16. "Aoxnon 9.5.6: xédoon ve — ve [6208]
17. "Aoxnon 9.5.7: Anoppdynon buo gwtoviey ot [6209)
18. "Aoxnon 9.5.8°%: Lxédaon 2 — 2 ye my = my = mz = my [0210]
19. "Aoxnon 9.5.9: Awdonoon 1 — 2 pye my = my [0211]
20. "Aoxnon 9.5.26: Xxédaon compton [6230]
21. "Aoxnon 9.5.28: ete™ — 27 [0234]

Yovoln Bewplag 4.1 — 4.6.

6%t Mom e doxnong 9.5.8 610 epdTnua §) uTdpyEl A&Yog 6T0 TPOOTLO TNG ToYVINTUS GTOV PETAUCY N
TIOPO6 oL pog et and to cbotnua KO oto chotnua epyaotnplov.
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EnmiAeyuéveg aoxnoegc Hiextpouayvnrtiopon

EmuBefawote 61 elote oe 9éon va hoete, ywplc va xottdlete mponyouuévwe Tic AIGELS Toug,
T €€fg meoPAAUTA amd TG OMUELOOELS TwV xal. Xplotodouhdxr xou Kopgidtn (n-téen):

1. Aoxfoec 9.6.1 - 9.6.6: tavuotrc F*, avolholwta xou yetaoynuatiopol Lorentz
2. "Aoxnomn 9.6.9: nhextpoporyvnTind xOuo xou Yetaoynuoatiopol Lorentz

3. "Aoxnon 9.6.10: @optiopévn mAdxo ool Tewta deite o Hopdderypo 1 (oeh. 109)
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