OI NOMOI TOY NEYTQNA
A THN KINHZH TON ZQOMATQN

NEPIEXOMENA

OI NOMOI TOY NEYTQNA A THN KINHZH TQON ZOMATQN
Kivhon é6tavF =0
AYNAMEIZ KAI EZIZQZEIX THZ KINHZHZ
Movadeg
AlaoTtdoeig
KINHZH ZQOMATIAIOY ZE OMOIENEZ MNEAIO BAPYTHTAZ
MAPAAEITMA: MéyioTo BeEANVEKES
O NOMOZ TOY NEYTQNA I'lA THN NArKOZMIA EA=H
MAPAAEITMA: Aopupdpog O KUKALKY TROXIA
HAEKTPIKEZ KAl MATNHTIKEZ AYNAMEIZ ZE $OPTIZMENO ZQMATIAIO - MONAAEZ
To nAekTPIKO TIedio
To payvnTiké nedio kai h duvaun Lorentz
Kivhon gopTicpévou cwpaTtidiou e oTaBepd OHOYEVES NAEKTPIKO TIEdio
NAPAAEIFMA: Eritayuvon npwroviou
MAPAAEITMA: Erutaxuvon nAekTpoviou
MAPAAEINMA: Eykapaola eriiTaxuvon nAeKTpoviou
Kivhon ¢opTicpévou cwpaTiBiou o gTaBepd opOYEVEG uavvnnKéxhe\bio
MAPAAEIMMMA: KUKAOTPOVIKT ouxvOoTnTa
MAPAAEITMA: KukAOTPOVIKY] akTiva
AIATHPHZH THZ OPMHZ
AmodeiEn ue epapuoyn Tou SeUTEPOU Kal TOU TPiTOU VOHoU Tou NeUTwva
MAPAAEITMA: EAaoTiki kpouon dUo cwpdtwy pe oeg paleg, and 1a oroia 10 éva”ieival apxXIKa akivnto
—>
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Kepaialo 3

AYNAMEIZ ENA®HZ: TPIBH
NMAPAAEITMA: Metpnon Tou [
MAPAAEITMA: OAicBnon copatog 6tav navew o€ auto dpd HId EQATTTOUEVIKA dUvaAUN HE HETABANTY dleubuvon
NMAPAAEITMA: OpllovTia kivnon ue otabepry dUvaun TaPng
NMPOBAHMATA
OEMA MPOXQPHMENOY ENINEAOY
dopTIcUEVO CWHATIOIO OE OLUOYEVEG EVAAAACGOOUEVO NAEKTPIKO TTEDiO
MAOHMATIKO ZYMINAHPOMA
A1apopIKEG eE10WOEIQ
IZTOPIKH ZHMEIQZH: H avakdaAuyn Tou KUKAOTpOU
BOHOHMATA INA EKTENEZTEPH MEAETH




Ol NOMOI TOY NEYTQNA IlA THN KINHZH
TQN ZQMATQN

To #e@dhalo autd ava@eQETUL AUQlng 0Tovg voLoug Tou Nev-
TOVU YLC TV %vnon Tov ooidtov. [Tomta eEnvotue Toug vo-
LOVG %L TOUS OLUTUTTMOVOUUE Ue TOVS ouvniiougévoug nabnua-
TLXOVG TUITOVS. MeTd dLVOULLE UEQLAES EGUQUOYVES, VLA VO POT-
ONooVLLE TOV OTTOUSULOTY] YO UTOXTHOEL (UTOTTETOIBNON #UTd TN
ZQNOLLOTTOINON TV VOUMmYV.

210 Keg. 4 g€etdlovue 0QLOUEVA TTQORANIATA TTOU Oy eTILO-
VIGL UE TNV ETTLAOYY TOU OUCTAUUTOS GVUEOQAS %LUl TOV UETU-
oyNUaTLIoIS Tov I'ukthaiov. Mohovotl 1 VA Tov Keg. 4 wro-
00V0E va. ueheTOEL TTQLY IO TNV VAN GUTOU TOU Xeqaialov,
L ®ATTOLO, eUTTELQlT UTd TNV GLLEOT) EEUOUOYT] TV YOuwY O
OLEVXOAUVEL TNV XATAVONOT) TV CITOPEMY TOV ESETALOVIUL OTO
Keg. 4.

Modtog vopog tov Nevrove. Eva oo TAQUUEVEL OTHV

YUTAOTCON TNS NEEULAS 1) TNG %ivnong Le oTadeQ TayuTNTU

(UNOEV ETLTAYLVON), 0V OEV GOXELTOL TTAVL 08 AUTO KoLK

EEWTEQLHY DUV, ANAaON, 1) ETLTAYUVOY TOV £lval

a=0 otgv F;\O

(PLAOCOPLAEG ATTOWELS VLU TO TEQLELOLLEVO TOU JTOMTOU VOUOU,

QTG Ty ) EQWINOT AV 0 VOUOG AUTOC TEQLEYETUL OAOXANQOG

0TO OeVTEQO VOUO, OEV EZETALOVTUL EOW).

AgvTEQOS Vorog Tov Nevtova. O QUBILOZ LUETUROANE TNC 0Q-
LNG EVOC OOUATOS ELVAL GVAAOYOS TTQOG T1) DUV TTOV OQU.
Tavey 0To ooud. H ooun 0olletal mg 1o yLvouevo Mv, 6itou
M elvol n Wala %ol v TO OLEVUOoLLE NG T VTNTOS TOU O()-
uatoc. Exovue dnhaon:

F=k < (Mv)=kM Y =kMa
di dt

OOV 0TO TOLTO %Ol TO TETAQTO LELOS VToTiBeTaL OTL 1) ualo M
elval otabeon. Emthéyouue Tic uovadeg érol, ¢ote K = 1. 210
S.L (Oebvég ovomua novadwv), 1 uala M UeTOLETAL 08 YLALO-
voauua (Kg), 1 eTLTAYLVON @ O UETOU (VG (OEVTEQOLENTO)Z,
(m/s%), nowm dvvaun F oe viovtov (newton, N). ‘Eva viovtov (-
val 1 SUvaL Tov JTE0odIdeL 0e UL WGLU eVOS Y LALOYQGLLIOV,

Ot vopol Tou NeuTtwva yla Ty Kivnon Twv CwRAaTwy

55



56

KepdaAawo 3

eTLTELVON £VOS LLETQOU OvA OEVTEQOLETTTO VG OEUTEQONETTO.
Z10 ovotnua C.G.S., n wéla M LeTQLéTan o8 yoouuaoue (g), 1
ELTAYUVOT A OF EAUTOOTOUETOU av( (DEVTEQORETTTO)?, (cm/s?),
%xau n ovvaun F oe ovveg (dyn). H dvvn elvar n divaun mov
TQOOOIDEL 08 (e WAL EVOS YQUILAQLOV ETTLTHY VVOT) EVOG EXC-
TOOTOUETQOU CVEL OEVTEQOAETTTO (v OeVTEQOLETTO. Elval

IN=1kgx 1 m/s?=107 gx 100 cm/s2=10° dyn

MirtoQovue va yopovue

=4 (v
F_dr(M‘) (3.1
uaL, av dMide = 0,
F=a | 3.2)

H vrébeon 6L n ndta M eivar otabeon, autouatd pnag me-
0L00ILEL 08 TEOPIMUATA OTA OTTOLU OEV UTTELOEQYETUL 1) Oewoid
™G ZHETLROTNTAS, OTTOU MNAOON ¥ << ¢ (OTTOV € N TUVINTU TOV
PTOG 0TO %eV0). Tnv Eduxn Oemict TG ZyeTnOTNTUS TN Ue-
retovue ot Keg. 10 g 14 %al, O GUYREXQUUEVE, TN LETUPOAT
NG UACag ne v TayvTnto v eEetdlovue oto Keg. 12, H vmo-
Beomn g otaBedTTUg TNC NATAG TEQLOQILEL TN UEAETT %L G
TTOC UEQUX(L AT EVOLUPEQOVTU TTQOBANLAUTC, OTTWS TT.Y. OYETL-
At UE TA TQOPANUATU TV TUQUVAWV (LLELETOVUE OQLOUEVE GO
autd T Oénata oto Keg. 6). YEQyeL wotdoo e TAOVOLY
TTOLALALCL OTTO OMUAVTLRG TQOPAUATA Yiat 0TaBen nald.

Toitog vopog tov Nevtova. Otav 000 cmUATY GWANAETL-
doovv, 1 dvvaun F,, ov 1o odua 1 aoxel oto omua 2D, el-
va ton xat aviidem wue ™ dvvaun F, mov 1o omua 2 aoxel
0TO OO 1:

F.=—F (3.3)
Ou dove OTL 0 VOIS ¢UTOS armoTekel (ua Pdon yua T oLd-

™TMonon Tng ooune. H semeoaopévn tayvmnta OLddoons Tev du-
VAUEDY (ELOLXT) OYETLROTNTC) ELOGYEL QUOKOALES OTNV EQPUOUOYT

1 XpnolyoroloUue £8G Tn ouupacn 6T Fij eival n duvaun rou ackeiTal oTo
OlUa [ KA TIPOEPXETAL Ard TO CMUA J.



ALTOV TOV VOUOU. O ETLONUAVOULE AUTEC TLS OUOXOALES OTO
Kegp. 4.

‘Eva onueto mov aEilel va ToVIOTEL £dm, elvol OTL 0L VO OU-
vapewg F, nau F,, 000vv v 08 SL@OQETIAN GOUATO AL OTL,
YLOL T EQEOUOYT) TOV deUTEQOU VOLOD TOV NEVTMV 08 éVa G-
YAREXQUUEVO O, TTQETEL VA ANGOEL VITd YN LOVO 1 dUvan Tov
00 v oe avtd TO owud. H ton xoL aviibetn Ovvoun enoe-
GCEL LOVO TNV %ivnoT Tov AoV cOUOTOC ( Ph. TEOPA. 1 0TO Té-
rog tou reparaiov).

Twoo dlvovue oQLouéva TaQUdElYLOTH EEUQUOYAS TV VO-
v Tou Nevtwvd., Ooot dev yvmlfouv va AHvouv SLapoQureg
eELOMOELS, TTOETEL VA OLOBACOVV 0TO TEAOG TOU REPAUAAIOU T
LoBNUATAG CUUTANQMUATA 08 CUVOUAOUS UE TO TTAQUOEL YL
TG OV AXOAOVBOVV.

Kivnon é6Tav F = 0

H amhi vty meolmtwon amoTerel axQipic To avitkelnevo Tov
TQMTOV vOUov Tov Nevtwva. ['odgovrag

dv _n_
M =F=0 (3.4)

WTOQOVUE (UECMS VO OOUE OTL 1) TAXVTNTA V OelheL va elval
0T0BeQN. ESW 0 dLovuouotinos yoQoxTRQUS TG TaXUINTS €i-
vl BoOLrOg, YLUTE TO00 1 %UTevhuvon 000 ®al TO UETQO NG Td-
A0TNTAG TOETEL VU LEVOLV OIGGEQG. [Mooddevyua: M uaio
TTOV %LVELTOL pe 0TaOeQn ®OT .uér@o\_\wxi)mra LAV OF TEQL-
@EQELLL KVAROV, EXEL TAYVTNTA e SLQUMG UETARUAAOUEVY ®a-
tevbuvon. AQa uia Tétola #ivnon Oev WToQel v TQaYUATOTOL-
noei ue F =0.

‘Otav 1 otabeen Tayvmnta v elval undév, 1 udta M maoa-
WEVEL 08 MEerla. Av n Tuy0TNTA 08V elval UndEv, aAld

dr
V= m = V() (3.5)

TOTE UTTOQOVUE VA OROXANQMOOVUE TNV ESLOMON QLUTY KOl VO,
Boovue OTL

r=v,/+r, (3.6)

omov 1, elval 1o dudvvoua Otong r Ty otuyun £ = 0. AuTtég TUg
eELOMOELG WTOQOVUE QUOLKE VU TLS YOHPOUUE KUl O RUQTEGLA-

Ot vopot tou NeUTtwva yia TV Kivnon Twv SwPATwY
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KegpaAaio 3

VEG CUVTETAYILEVEC.

[T ®x&Oe uwe amod TG TRonyovueves eElomoelg Ba. £xovne
TOTE TEELS eELOMOELS, W yue x(0e ouvtetaypévn X, y, z. M
SLUVUOLOTLXTY ES0MON €LVOL £Vag TEQLEXTLAOG TQOTTOC YQUPNG
AUTOV TOV eElomoewv. T apdoetyna, 1 EE. (3.1) eivau Loo-
duva e TG eELoWaeLg

Fe=%imuy)  F=%m)  E=Tm,

Y odr Yoo dt 2odt
n (3.5) ue g
d
= @ = . = —y = = @ =P
X d ! Ox ¥ d, oy z d t 0z
OOV N . .
Vo= Vg X+ 0§+ 2
xoLn (3.6) 1e Tig:
X=0, +x y=1)Uy1‘+y0 Z=0,, 1 +2,
omovu
N=XX+y,¥+2,2 (E.r.e)]

AYNAMEI> KAl EZI2ZQ2EIZ THX KINHZHZ

[10A0 7TLO ONUAVTLXKES ELVAL OL TTEQLTTMOELS OTLS OTTOLEC 1 OUV-
i F elvar duagoon Tov undevoc. Yo v enidoaon mag ov-
vaung F, éva oouatiowo ue otobeon walo emraydveta, %o,
OVLPWVU [LE TOV OEVTEQOD VOLLO TOU NEVT™V, £Y0ULE:

2
F=Ma=m L5 37
dr

H naOniatin auth éngpoaon elval wa eSlomon e xivn-
ong. Evvoouue pe auto OTL, UeTd agtd OLad0yIRES OMORINQWHOELS
QUTAG TNG SLOPOQLUTC €S{TWONG, WTOQOVUE VO EXPOGTOUVILE TRV
T UTNTA ®aL TN BE0M TOU OOUATOOU OUY CUVUQTHOELS TOV
% OOVOU,

I va AMoovue wwd tétowa eElomon, yeetdletal va yvwQl-
Covue ™ dvvaun F. Na yvoolCouvue dnhadn tny eEdomon tng
dSUvaLUNg oo T Gon %ol TNV TAXINTA TOU COUUTLOWOY, ®uBig
%OL TNV EEAQINON NG ATTO TO %QOVO, TV 1) XOOVLXY £EC.QTNON €X-
(PQALETUL OOV ¥WQLOTY OUVAQTNON TOV yodvou. H Avon ulag
eElomong Tng #ivnong ummoel va eival SVo®olo TEOPANUU OTUV



1 dUvaun elval TOAUTAOXRN CLVEQTNOT AUTMV TV UETURANTOV:
EVTVYMOEC OUWEC, TTOAAEG OTOUdULES KAl OLOUMTUREG TTEQUITWOELG
uvayovtal ae SUVAENELS 0TOHEQES M TTQOE TO YQOVO RUL UHAL-
OTO OLVEEUQINTES OTTO TNV TUYVTNTA.

YRAQoUv UEQLE onuavIid eldn duvauemv Tou eival
YVWOTE 01 DUOLXY YLC TUQAOELYLLA, T OUVOUN TNG BaQUuTnTac,
) NAELTOOOTATLXY OVVALY, 1) LOYYNTLXH dUvEUY), #aBdg %ol GA-
AEG OVVALLELS, OTTWC OL LOYVREG GAAC UE LAY EUBERELA TTVQNVL-
#ég Ovvinels. Ta owuaTiOw WToQoUV v CAANAETLOQOUV UETO-
E0 TOVg 1LE TETOLESG OUVAUELS, CrOU %al gV BOlOROVTAL GTOV %e-
VO %O, LOXQUE TO €va artd T0 GAAO. AV €va oouaTiolo vepl-
OTUTUL LG GUVLOTAUEVE OUVALLY TOV OQPEIAETUL O PUQUTLRES
AAANAETTLOQA0ELG UE (AAC COUOTIOLN 1) OOUAT, UWTOQOVUE V.
tovie GTL TO COUATIOW Poloxetal ot éva medio fauTnTag mov
TOQGVETAL amd exeiva To OOUATR. OTaV Vo MAEXTOURA (EOQTL-
OUEVO OWUATLOLO WPLOTOTAL e SUVALLT TTOV OPELAETAL 08 NAE-
ATQUAG POQTIN XUTOVEUNUEVE OF GAAA YELTOVIRG OPaTidu 1
OMUATA, AELLE OTL TO POQTLOUEVO COUUTIOLO BQLoRETAL LLEOU OF
€vo MAerTOLRO TEdO. '

Ze TOAAG TOORALATA EQUQUOYWYV OTN Mravixy, WAdue
Lo Suvapels €€ ema@ng, OImwg Y. N TUON £VOS VAUUTOE OV
ovYHOATEL TN WAL evOC exxQeUOVES N N OVVOUN TTOU CoUEl £va
emedo o €va aVTLXENEVO TTOV NEENEL TTEvVW 08 QUTO.

ZUYvA oL QUVAELLELS TTEOLOV %Al OL OUVALELS €8 ETTAPNG OUVU-
TEQYOVV, OTWS TT.Y. OTNV TUAGVIWOY TOU EAXQELOVS LETO OTO
7edlo TG PauInTag, OOV 1) ALK TOU EXXQEUOVS CUYHQUTEL-
TUL IO TNV TAOT TOV VAROTOS. 2 TEAEVTAUIC ¢vaivom, OAeC oL
QUVGLLELS €€ eITONG ELVAL SUVAUELS TTEOLOV, AoV TEALXA TTQO-
£0YOVTUL GO MAERTQOUCYWNTILXES CAANAETLOQUOELS UETUED
atowy. [19og 10 maQoV, MOTOCO, ELVAL Yid TO OXOTTO LAG TILO
BOALXG va Bemonoouue OTL £40VUE VU ®AVOVUE LE OUVALELS €5
ETAPNG 1) ATTAMG Ue OUVALELS. ZTN UEAETN TNG MNYUVIXNAG TV
ATOUXMY OVOTNUATOY, WAGLE TTQOMUVHS ULOVO ViU JUVALLELS
Tedlov, AoV GALMOTE OTO UTOUAXO ETTIITEDO OV LUTOQEL Vil VOT|-
Aei emapny ue ) ovviOn AN Tne évvold.

Movadeg

Te auTh TV TUQAEYQUQO EexLvdue ¢l Toug vOUOoug Tou Nev-
OV, YU VO, aQyloovue va ouintdue TO BELO TV HOVADMYV.
AQv0TEQM 0 AUTO TO REEUAULO, O ELOAYAYOULLE TUG NAERTQLYEC
0L LOYVNTLXES OUVAUELS %L Ba eEeTdoovUE TO OVOTNUA TV
HOVAOMWY TTOV TOETEL VA XONOLUOTONOOVY VLU TO NAEXTOHO

Ot vouol Tou NeUTwva yia TV Kivnon Twv cwudtwv
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(POQTIO KOL YL TO MAEXTOLXO %Al TO uayvnuixd medlo. Edm
UOYOAOVLEOTE LOVO LIE TLS UOVAOES TNG MMNYUVLAYC.

T Vo LLETOOMOOVUE TTANQOPOQLES OYETLAES LLE TNV Rivnom,
elval aopuhmg amaQuitnTo va £XovLEe #aBOQLOEL CUYREXQLLLEVT
TQOTUIA YL TN LETONON TOU UNXOUS XUL TOV ¥QOVOV. Evtuymg
TGOy EL OLEDVIC OUUPVIE VI TO TTEOTLITO TOV %QOVOV: TO OEV-
TEQOAENTO (). AQyWd, TO OEVTEQOAENTO ELYE OQLOTEL TUV €Va
#BOQLOUEVO #ALOUG TOU £€TOVG, eV TO £TOC Elye OQLOTEL LE
J.OTQOVOLLLXES TAQUINONOELS. YITNQYUY OLUWG TTQUXTIXES SVOKO-
MEC 0N %ONMON CUTOT TOV 0QLOUOV. 'EToL, T0 O8VTEQOLETTO OQI-
CeTaL ONUeQE UE BAOT) TN OVYVOTNTE TOV YUQUATNQILEL Wa aITtod
TIC EVEQVELUKREC UETUITTWOELS EVOSC OQLOLEVOU GTOLLXOV GUOTN-
LLTOC %OL ELOLAOTEQU L CUYKEXRQLILEVT] LLETATTTWOT) TOV ATOUOV
TOU ®aLotov. O uxQIPNC 0PLOLOC elval: TO OEVTEQOAETTO elval
¥ QoVLHY OLdoreLa (om we 9 192 631 770 meQLddoug TNG UATLVO-
Poirlag ov avtioTolkel oe uLe xaboQLoWEVn LETURTMON TOU
atopov Tov xatotov 133 (133Cs). Av ayvorcoue To Yeyovog OTL
0 0QLOUOC OTNQILETAL O (PUOLLGTOOXOTILXTY TTELQAUATIXY WEDO-
00, Bu WTOQOVOUUE V(U XAVOUULE £VAV TTHQUAIALOUO UE TO TTC-
MO EXRQEUES KAL VAL TTOVUE OTL TO OEVTEQOAETITO ELVUL O £QOVOG
Y TOOEG TTANQELS ULIQNOELS LUTOLOV EXXQENOVG.

T ™ LOVEdA UNXOVS VITAQYEL DLEBVIG CULLGPOVIL GArd Le-
OUrEG ayYAOPMVES yMQES EEUROAOVBOVY VL YONOLLOTOLOVY TO
0o TOUG LOLOWOQWO cVoTnUd. O emLOTHUOVES €xovv BOEL TO
OeraOO VAT UOVADWY UTTAOVOTEQO KUL EVXOAOTEQO OTN
FONoN atd 10 PRETAVIXG OVOTNUC, %L TO £XOUV VLODETNOEL.
EAmiCeTan OTL %Al oL ayyAOpoVeg Ymeeg Ba deyToUV Mol ov-
VIOUA VT EPAQUOCOUV TO SeXUILXG OVOTNUA. ZTO OVOTHUA CLU-
TO, LOVAOQ UNKOVG ELVAL TO UETO, GO TO OTOLO TQORVITTOUV
OERAOLA( VTTOTTOAMAUTALOL XL TTOALUITAG oL, TO ¢QyLnd mo-
TUTTO UETQO NTOV L ELOLXY QAPOOG, TTOU VITUQKEL UHOUN %Al
PUAGYETUL OTLS Sevres, xovid oto Ilaoiol. H odfBdog @éoet
QOGS TA. HQU TNG OVO Y UQUYES KUl TO UETQO £yEL 0QLOTEL (00 e
TV UTOOTAOT AVAEUEDT O€ AUTES TLS YOQYEC. YTTUQYOUV TTOU-
HTLREC OVOROALES OTY YONOLUOTTOLNON GUTOV TOU JTQOTUITOU,
OTTOG TL.Y. TO YOG TWV YUQUYVDV.

‘ETOL, ONUEQU YONOLLWOTTOLOVUE £Ve (ARO, HUAVTEQOD, TQOTU-
710, TOV BaolleTdl 0TO UWAXOC KVUUTOG 0TO %EVO LULOS OQLOUEVNG
AOURLYNG YOUULC TOV (donatog tov 30K (xoumtdv 86): Eva
LETQO (M) elval 100 e 1 650 763,73 TE€TOLE UNKN ®VUATOC. H
EQMTNON UV TO UETQO 1) TO EXATOOTOLLETOO £(VaL TO "DELEALDOES"
UIROC, OEV £YEL TTQOPUVAIS VONULLL, CPOY (AIWOTE O TAQHYOVIUG
UETOTQOTNC elval axouPag 100. [Amd to 1983, 10 néto ooile-
TAL G 1) ATOOTACT JTOV OLUVUEL TO (WC OTO XKEVO OF YQOVO (00




ue 1/299 792 458 1o deUTEQOAETTOV. AVTO £XEL S UTTOTELECLLQL
Ve OQICETAL 1) TAYUTNTE TOV GOTOG 0TO %EVO g 0XOBDE Lo ue
299 792 458 m/s (Z.1.€.).]

Ze avto 10 BLprio B ONCLLOTOCOVUE TO UETQO oav Pat-
LAY Lovaoa uixovs. OL OVoxokieg Ue TO PReTavixG cVOTNUA
TLQOEQYOVTOL ¢Itd TO YEYOVOS OTL TO OVOTNUE uTO TEQLACUE-
VEL SLAPOYES LLOVEOES LKOVE, OL OTTOLES UGALOTA OEV GUVOED-
VTOL GITAG 1) WL LLE TY) GAAN: Ty TO aTO0L (foot) LoovTaL ue Ow-
oexa (vroeg (inches), 1 yudodd (yard) toovTtal ue Tolo TddLe ®aL
10 Wikt (mile) Loovtal e 1760 yudQdes.

O deUTEQ0g VOUOC TOV NeUTVa TeQLACUBAVEL OO anou
Heven: Tn nata xal ™ ovvaun. XQewalouaoTe TQOTUIT AL YL
To OVo cuTd Uueyédn; H amévinon eivol Oyl Agurel va nabogl-
goUE €V TQOTUTO YU TO €Va (T GUTE %0t VoL YONOLULOTOU-
OOVLE TO OEVTEQO VOUO TOU NeVTWVA Y10 VO, 0QLOOVUE TT) LOV-
S0 TV GANOV. 10TOQUAG, TTOMTO 0QLOTNXE 1) LOVEdA TG UAELag
RO OITO £XEL TQOEXVPE 1) pOovada TG duvaune. e ) uala, uo-
vaoa ebval 1o xLhoyoauuo (1 kg), ou Looutal axQung ue
1000 youuudoua (g). To mQOTLITO YLALOYQUIUO (PUALYETUL ETT(-
ong oto Taolol. H ovyruon ualov elval OYETLAN EVROAN OLd-
SUxAOL0 %Al OEV UTNQEE TOS TO TAQOV Avayxn Vi Degtioovte
oav TQOTUTTO MAalog T pala evog 0QLOUEVOD €LdOVG CTONOD
011 UOHQOOTAOTILAN, ®aBnueQLvn, ®xhluoxd.

EToL, B0 ammodeyTOVUE TO UETQO, TO OEUTEQOAEITTO KOL TO ¥L-
MOYQUULLO G OEUEALMOOELS LOVADES TOL WHKOUG, TOV YQOVOU
AHOL TG LWATAS, AVTIOTOLYM, %Ol O LONOLLOTOLNTOULLE TTAQG Y-
YES LOVAOES YO TN dUVALT, TV 00U, TIV EVEQYELD, TNV LOYV,
KATT. AUTO TO GUOTNG POVAdWYV EIVAL ONUEQA YVWTTO WS TU-
otnue Lovadwyv S.L (OLeBvEC oVoTNUa), eVa Aiya 1QOvLL QLY
ovoualotav gvornua M.K.S. 10 nohotego ovotnua C.G.S.,
YONOLULOTOLOUVIOL TO EXUTOOTOUETQO GVIL TO WETQO %Ol TO
VOOUUAQOLO UVTL TC Y LALOYQOULLO,

H uehétn ToU NhexTOLoUO00 %Ol TOV LayvnTIopov Bétel véa
TNTALOTE YLa TLS WOVEOES, TTOL Ba To eEETAOOVIE 0T TUVEXELD
QUTOV TOU HEPUACLOV XAl AXOUN TEQLOGOTEQO OTOV TOUO 2.

AlacTtdoeig

O10v ®AVOUUE EVUV TTOAUTAOXO UITOAOYLONO, ELVUL TTOAD Onua.-
VIO VO EAEYYOLLE XOL VO BERalmwvOuaote OTL OL LOVAEDES OTN
WLa TAEVQA NG %0 e5lomong elval o (OLES Ue exelves TG GA-
g whevdc. Mo maQddeLy L, 0TV VITOLOVIZOULE TO SLUOTNU
TTOU JLaviEL €va oL, TQETEL Vo E€gouue OTL %dmolo AGBog

Ot vopor Tou NeUtwva yid tnv Kivion Twv owudtwy
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EVLVE, OV N TEALXN CIdvInom Olvetdl oe }LALOYoauud. ‘Evog
EAeYOg uTOV TOV €idoVg AfyeTtal ouviOmS dtaoTaTixn avaiv-
on. AV yQELALETUL VU EMUXUAECTOVLE OUYAEXQLUEVES LOVAOEC,
O%EL VO YONOLUOTOIMMOOVUE TIS (PUOLXES DLLOTAOELS TNG NALAC,
TOU UWNXOVUC %Al TOV %OOVOV, Omme Oa (pavel axQLPEoTEQ Lo
AUTW.

[MToleg eival oL OLAOTAOELS TG OUVAUNG; X QNOLLOTOLOTVIE
mv EE. (3.7) xaL BAémoune O0TL m duvaun elval walo enl emutd-
YUVON. AMAG 1) ETLTAUVOT) elval TayTnTa Oud xQOVOo #Ul 1) Td-
HOTNTC elval dudonua dLd xQovo. EToL, xonoLuomoudviag Td
ovuforG M, L var T v tn wéla, T0 UNxog ®at 10 ¥Qovo, Ba
gyouue:

LTa/lm]wl [' [T =T

[Emrdxvvon] = U%T—] — [Ll ETJ— 2
[A bvay fﬂ = [MJ f E-nbraxvvon_i-_- [M] _[L] Vil 2

2V VA TTAQADELYLLA EQUOUOYNS TNG SLUOTUTLANG AVAAVONS,
ag VTTOBECOVUE OTL, AVVOVTAS Eva TQOPANUM, XOTAANEOUE 0TV
eElomon: Auvaun =3 pv? dmov P TTAQLOTAVEL TV TTUAVOTNTC
(WGLa avd Lovada Oy®rov) %ol v TV TayvTNTd. H avdivon dua-
0tdoewv Oe DO Log TTEL TOTE AV O CUVTIEAEOTNS 3/5 £Vl OWOTOC,
oV Evag UOLBLNTLLOC OUVTEAEOTNG OEV £XEL PULOLKES OLUOTA-
0£LS. MToovue OLLwg v eAEYEOULE TO YLVOUEVO pZ. Eyouue:

P1=pAE] " RA=IJ1
Lov =Ml 1’ [y 2=l oy 2

evi) 1 Suvawn, dmwe eidaue, éxel dtaotdoeg [M) [L] [TT2. BAé-
TOUUE €TOL OTL £OVUE KOVEL AOPUIDS ROTTOLO Kaeog, i vo
PTAOOVUE OTNV TLO Tve eElomon. Ao 000 UAALOTE YVWOi-
Couue v TV mieon (Svvaun avd Lovada ELPAVELAS), WITO-
QOVUE VO XATUAGBOVIE OTL TO YLVOLEVO pL? evOEOUEVOIC VL
TTOLOTAVEL LLC TTlEam.



KINHZH QMATIAIOY XE OMOTENEX NEAIO
BAPYTHTAZ

TwOU TEOYMQOVILE OF UEQLXES EGUOLLOYES TOU OEVTEQOL VOOV
1OV NeUTOVH. AV TEQLOQLOOULE TN LEAETN LIS OTO %(MDQO TOU
£0YaoTNOlOV, TOU 0Tolov 1 €xTaomn elval TOAD [WXOY OF OU-
Y®RQLON UE TO UEYEDOC TN e, TOTE LTOQOVILE LIE RUAY) TQOTEY-
yion va Bewonoovue GTL 1 dUvaun BUQUINTAS TTOV AOXELTUL O
€V OWUATIOLO TOTTODETNUEVO TE OTOLOONTTOTE ONLLELD, ELVAL TTX-
VTOU %UTAXOQUEN TTQOG Ta #AT® ®al oTabeQr). H moog ta xdtm
ETTLTAYVVOTN, JTOV OPEIAETAL OE AVTY) TN dUVUUN, SLVETAL ATO TV
TOTLAN TLUT TNG e Tdyuvong Tng faovtnrag g, «u éToL 1o 1é-
TQO TS OUVUUNG TTOV ao%elTOL 0TO oWUATIOW elval mg. H d0-
VO 00V SLAVUOLLD. ILTTOQEL va'vooqet F = -mg¥, dmouv éyouv
eTmLAeyel AEOVEC CUVTETAYUEVIV X XOL Y UE TOUC TQOOUVHUTOAL-
Oovg TOU OelyveL T0-2y. 3.1.

AV LUTOQOVCHUE V(L na@akehpov.ue TIC GAREC OUVALELS,
OTMC .. TNV TON, N eELowon Tng »ivnong, oVUGVL UE TO
OeVUTEQO VOO TOV Nevtwva, EE.(3.7), Ba fTav:

d’c . d 2y .

% §
> dr?

m

AQOU OL GEOVEG TWV CUVTETUYUEVQV £LVOL 0QDOYWHVLOL, CLV(L-
M00VUE T OLUVVLOUATLEY CUTH £EL0WOT 68 VO EELOMOELS HUTH
TOVG (EEOVEG X HUL ¥ HOL TOTE OV YQELGLETAL STAEOV VAL dLeTnOn-
ooule ta novadiaia dvavoouatda. 'Etol malovouue

2
‘%:o, =a=—g¢ (3.8)
dt dt
H 0honANQmar autdv TV eELOMTEWYV, TOU KATIANYEL OF
EXPOUOELS TOV X #UL TOU Y OUV OUVUQTHOELS TOV £, UVUTTTUO0E-
taL 610 Mabnuatixd Tupriomua, ato fé}\og TOU %EQUAULOV.
AauBavovtag voyn TLg ayxeg ouvinixes (Bh. Zy. 3.1, natd
LG ooleg M aynn Béon Tov cmuaTLOlov elval (x,, yo) %L Ol
AQOYMES OUVLOTWOES TNG TAYVTNTAS TOV OTLC ®ATEVOUVOELS TWV
AEOVOV X %0L Y €lvUL D, cosO %L U, sin® avTIOTOLYd, BOLOXOVUE
TS AVOELS:

x=x, +(v, cos 9)1

~ . - (3.9)
y=y,+(v,sin H)I—Egl

110 g ouvnBwg AauBavetat ico ue 9,80 m/s2. Evag KATAAOYOS TIH®Y TOU
g oe dlagpopa onueia g emeavelag g ng divetal otov [livaka 4.1.

Ol vopol Tou NeUTtwva yla v Kivinon Twv copdtwyv 63

2X. 3.1 MAayia piyn cwpatidiou and T BEoN (xy, ¥o) HE ApX!-
KN Taxumta vy, urnod ywvia 8, GTo Katakdpupo erinedo xy. To
owPAaTIOlo UMOKELTAL OTNV enidpacn opoyevouq nediou Bapu-
mrag. To didvuopa BEoNG Tou owHATIdioU, O KAMOLA XPOVIKY
OTLYUR 7, eival r = x%+ y§. To SlAQvuopa g emTaxuvong sivat

dr/di = (Px/di?) X + (Py/di) § = —g§
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[Touriieg €LOLXEG TEQUITTMOELS, OTTWE N TTTOON OMUATLOIOU
OV EEXLVE ¢Itd TNV MOELLA KAl artd aQyLnd MYog i, WTOQOUV
va OLepevvnBouv, diaréyovtag nGbe QOQU RATAMANAL TIS GQYL-
®EC ouvONKeg OoyeTLG ue T Beon xau Ty TaxvTnta. H oteQet-
VNom oONyel og dLAPOQ YVWOTA ATOTELEOUUTO. OQLOLEVES TTE-
QUITTWOELS TTEQLAGUBEVOVTUL 0TU TTQOPANUATU 2 wC 4.

‘Evag omovdaoThg EE0LLMUEVOG LE TNV UVAAUTLAY YEWLE-
1oia, Bu avayvmoioer 6t ov EE. (3.9) eivol maQauetoués eEu-
OWOELS TUQUPOANG [LE TTUQAUETQO TO £. AUTO YiveTal PaVeEQD v
amalenpoue 10 £ PETEED TV do ELoWTEWY, OTOTE Blonov-
LAE:
+vzsin29 g +vnzsin9 cosQl i
y—1y =— x—-\lx +—
B 28 21)02 cos 20 ’ 8

ATy ebval 1 eElowon TaQufoing e ®oQUEN TO ONUELD:

v 02 sind cos@
1~ g
vn2 sin 29
»=x+ T

H muQafoin Ut avolyel TQOog Ta RATM KAl €XEL EVA KUTU-
XOQUEPO AEOVA TUUUETQLUG. AV 1) AVTLOTHON TOU (LEQU NTUV CLLLE-
Intéc, M moonyovuevn avaivon Do JTEQLEYQUME GWOTA TNV Ki-
vnon tov inuatoc. H A0on mwov BoNxae ¢otehel TavIwg e
HOAN TTQOOEYYLON VLU OMUATOA LE ONUAVTLXY UALa, T OTTOLd %L-
VOUVTUL 08 TQOYLES UE TIEQLOQLOWEVY EATAOT UL UE OYETUKA LAL-
Q€S TuxVINTES (BA. TQOPA. 20).

H nooafoilxn TooyLd ue zoQugn To onuelo (x,, ¥,), Ommg
TTQOOOLOQIOTNKE TTLO TV, Oelyvel OTL TO UEYLOTO VYOG OTO
oTolo PTAVEL TO BANULA TEVD AITO TO ONUELD EXTOEEVONG TOU €~
vaL:

; vg sin@
I=X=X%= 28

To Behverég, OMMAUON N OQLEOVTIL ATTOOTAON TTOV SLUTQEYEL
TO BAMROL OOOTOV EMLOTEEPEL OTO OQLLOVILO ETTLTEDO EXTOSEV-
one, dtvetal amd T oxton

21)02 sin@ cos@ UD2 sin28

R=2(xl—x0)= 3 = 7 (3.10)
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MEyi1oTO BEANVEKEG HC AVUAUTLAA, WTOQOUUE VU LONOLUOTOLNOOVIE TO YEYOVOS OTL,
YU VO viver UEvloTo 1o Pehnvexéc R, TOETEL Vo EXOUME
Y7o mola yovia Toéel va extogevbel éva Banuc, i va yivey dR/dO = 0. Zexwvarviag aad v EE. (3.10) folorovue:

UEYLOTO TO PEANVERES TOV;

T1OLV AGVOULLE TOV VITOAOYLOUO, [LTOQOVIE EVXOAA VO OOVLE
OTL UTTGOYEL £va UEVLOTO YU TNV ardoTaor R(6): Av 1o 8 elval
TOA) ULXQO, TO FAia eV TUQUUEVEL O TTTNOT VLU TTOAD %QOVO,
UQXETO YL VU TTUEL LUK, EVE, OTUV TO 8 €lVUL STOMU UEYUAO,
TO PANUC ®ULVELTAL TTQOC TG TTUVM AUL ETELTU STQOS TU AUTW AOAV-
TTOVIOS KON OQUEOVTLL (TOOTUOT. L v AUGOULLE TO TTQOPAN-

drR _ Vo
=2 2c0s268 =0

de 8
29:"2*

_ T _ 450
0—4 45

O NOMOZ TOY NEYTQNA
A THN NACKOZMIA EA=H

TNV TTQONYOUVLEVT TUQGEYQUMO UEAETACUUE TNV TEQITTMON
£vog ouovevoug tediovu Pagitnrag. T 0u cuufel av n artdoTa-
01 [LETAEY CwUATMmY TOU AALNAETLOQOUV UE OUVULLELS BaoUT-
TUC elval LeYGAN 08 OUYHQLON (e TO 1EyeDog Tovg; O vouog Tou
NeUvTmva YUt TNV JTUY~OoULe €AEN AEEL:

‘Eva ooua pe uala M, €hnel éva diho oouna ue nato M,,
OTOVONITOTE UECH OTO OVUITAY, Ue dOvvaun

F=-G > 2¢ | 3.11)

OOV T 10 LovVadLalo diivuoua umd To M, 1005 10 M, %al
G uLg 0tafeQd mou 1 ¢oLOUNTLXY NG TLUN TQOOdLOQLLeTOL
U710 TO TELQAUA %Al ELVaL:

G=667x10""'"Nm2/kg?, (1 6,67x10%dyncm?/g2).

Ag onuewwbel 0TL n EE. (3.11) exgodler ™ dUvaun Tov
aczeltal 010 omua M, To aQvnTird TOoNUO delyvel 6TL 1) dV-
Vo €0vaL eARTIHy.

H dtvaun tng faoimTag eival wa xevro) dtvaun. Avtd
SNUAEVEL OTL 1 OUVEUN TS POQUTNTAS coxelToL XuTd TV gubeia
TOU OUVOEEL TLC OVO UALES, TLG OTOLES BEwQOVUE ONUELUXRES, KL
TO UETQO TNG EEUQTATUL LOVO UTd TNV aO0TAUON TV OV0 Ud-
Zav. O moodLoOLoUOC TNG TLUNS TOV G TEQLYQUEETAL GUVIBmC
ata Buphic tov Avxeiov. To nhaowd weloaua elval cutd Tou
Cavendish (Kdpevtig). Oa dovue apyoteod (Keg. 9) OTL. emeldn



66 KepdAalo 3

B [TAPAAEITMA

Aopupodpog o€ KUKAIKA TpoxX1a

N OvvoUN eZ0QTATUL Gt TO UVILOTQOMO TOU TETQUYMVOL NG
anOOTUONS, £VA OOWU UE CEULQLXLT CUUUETOLE OQa 0OV va NTav
£VOL ONUELAHO TOUUTIOLO 0TO %EVTQO TNG 0QaiQUg, Le OAOXNEN
TN UGLH TOU OpULOLXOV OMUUTOS OUYAEVIQWUEVT EXEL.
O Nevtwvag dev yvoQLZe Tnv T g otabeeds G. ATEdEL-
Ze OLUWg OTL 0 vOUOg TNG OUVALING elvaL £vag VOUOG eERQTNONG
OITO TO AVTLOTQOMO TOV TEQUYMVOU NG UITOOTAONG KAl OTL 6TV
emupdvele TS I'mg Loy ter n oyxéon (cpov N I'n elvat opalouxn):
GmMy

R?

(3.12)

mg =

omov M n udCa e I'mg »av R n axtiva te. ‘Etol, o Nevtw-
vag WtoQovoe va 3oL To GM  nabmg ®aL Tn SUVOUT TOU AOHEL-
Tl 0¢ €va omua ou Boloxetal og odoTaon r ad TO ®EVIQO
™me I'mg. H dvvaun ot eivan (r 2 Rp):

F

GmM,  GmM, R? (Rl-)z
T2 T ez o 2Tms
; RZ r

Emiong, eival TELQUUATIACG OLUTTLOTMUEVO UE LEYEAO Pabud
axoifelag, 6t M wala BuQuinrag %ol N Wala adQaveLas evog
omuaTog eival (ogg (Ba emavelbovie og autd oto Keg. 14). Av-
1O onualvel OTL 1 T NG LWALAG 2 TOU TTQETTEL VA, YONOLULOTTOL-
noel oty Lo TEve eElowon Yo Ty duvaun tng BuQuInTag i-
VoL lon (e TNY TLun e WALUg ToL (OLOV MUATOS 1) OO YON-
OLLLOTTOLELTAUL 0TO OeUTEQO VOO Tou Nevtwva F = ma. H ndla
IOV TTULQVEL UEQOC OTO VOUO TG BrouIntug AEYETUL SUQUTLXT
waka, eved M udla ToU UvVpUiVETUL 0TO OEUTEQO VOUO TOU NeU-
TWVa LEYETUL adQaveLax) nata.

Ta #AaoAG TELQGUATA YId TNV AITOJELEN TNG LOOTNTUG TWV
ovo avtomv nalov meayuatomoubnxay amrd 1oV EOLvOs
(E1fec), evo mQOo@UT %Ol TTOA UXOPEOTEQU. TELQUUAT £YL-
vav ard tovg R. H. Dicke, »au P. G. Roll, R. Krotkov xat R. H.
Dicke (Ntixt, Pok, Kodtxof). To melpaua tov EStvos meouyod-
etal oto Ke. 14, Zmmv EE. (3.12) éxeL oM yiver dext 1 Lod-
™t TV Vo ualov.

Quepdou Ba elvar 1 (Ol LEe TN (POQE TTEQLOTQOWNE TN I'ng.

Ag BewONooLILE EVa DOQUEOQO GE HUAALUY) TQOYLA Ue #EVTQO TO e RURALRT TQOYLA, 1) EAEN NG PaQutntag lval lom ne ™ wi-
%£vtQo g I'ng »al ue emimedo ToyLds To emisTedo TOU LONUEQL- L0 TOMMOTTACCLUOLEVT] HE TV REVIQOUOAO ETTLTAYUVON:

vou. Tu ToLd, axTiva r TG TOOYLAS, 0 O0QUEOQOGC B (PUiVETAL VL

TTUQUUEVEL UxIVNTOG OTUV TTUQUINQEITAUL GO TUQUTNQONTYH TOU GMl;WA =M, 0% (3.13)

Boloxetal otn I'ny; Hoogavae 1 ratetbuvon TeQLpoQds Tou 0o-
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OOV M 4 1 LACK TOL SOQUEOOOV. IOUEOULE TNV EELOMON UUTH UE OTOTE, e @ = @, N EE. (3.14) yodepetal:

T ROQYM
3 OMe _GMT?
02 (2n)?

(3.14)

Otov T 1) meQlodog TEQUEOQAES TOU dOQUEOQO. GFROVUE N %U-

ZILXN GUEVOTNTO @ TOU dOQUEOQOU Vo, €LvaL (oM LE TNV ®uxALxn doa.

OUYVOTNTA @ TNS TEQLOTQOYNS ™S IMg viow wTd Tov Ggov
™G, £T0L WOTE O JOQUPOQOS VO, (aiveTal axivntog. H xuxhuixn
ovvOTNTa @ TS IS elvai:

_2mrad _ 27vad 01075 4 s
I NUEQU 864 x 1045

T

s (6,67x 107 11}(5,98 x 1024
(73 %107 3)?

F=42%10 'm=42 000 km

1/10 seolmou g adotaons I'mg— Zehqvne.

~75%x 1022 m3

67

H axtiva g I'ng elvar 6,38 x 10°m (6380 km). H artéotaon
I TOU d0QUEOEOY elvaL AOLTOV 6,6 oote 1 axtivae ™ I'ng 1 To

HAEKTPIKEX KAl MANHTIKEZ AYNAMEIZ
2E ®OPIZMENO 2QMATIAIO - MONAAEZ

g Ut TV TaQAyQepo Ba eEeTAo0VIE TQOPAULUTC. TOV GO-
QOUV NAEXTOLXES XOL UOYVNTLXES OUVAULELS, OL OTTOLES CO®OU-
VIGL TGVE Of (POQTIOUEVE OMUUTIOW. 2TLE EQYAOTIOLAAES
(LOXNMOELS, Ol OTOVOUOTES WITOQOUV V(L TOQUTNONCOUV %Al VU
UETONOOVV TCL GOTELECUATV TETOLWV OUVALEWY OTLS ULVNOELC
oonatdlwy. To 6ho Oéua Oa eEeTUOTEL AETTTOUEQELUXA OTOV TO-
uo 2. Iloog 10 muov, Ba 0QLOOUUE UE CUVTOULL TLS UOVEOES
0QLOUEVY MAEXTOLAOV UL LAYVNTOV UeveDmV, €TOL (DOTE va,
UITOQECOVLE VA Aoy 0ANBOVUE LE TLG OUVALELS TTOU UITELOEQYO-
VIQL 08 CUTOV TOV ONUovTind ®Aado g Mnyaviung.

YrevOuuiCovue OTL T0 OUOVULG NAEXTOWE POQTIO G-
Bovvtar ue duvdpelg mov aoroVvTIoL ®atd v evbelu Tov Ta
gveovel. H Ovvaun dmoong elval avtiotoopms avaiovn IQog 10
TETOUYWVO NG UTOOTUONG UVAUESH 0T COQTILL RUL CVHIAOYN
TQOG TO YLWVOUEYO TWV EOQTLWY. AVTOC €ival 0 vOuog TOU
Coulomb, 7tov exQGLETUL 0O TN Oéon:

949 . 4949 |
F= ]22r= '32r (3.150)
| r r ‘

OOV I €lval TO JLGVVOWO LE Gy TO (OQTIO ¢, ®OL TEAOC TO
POQTLO @, (Tt poQTia wroTiBevTaL onuelaxd, Fh. Zy. 3.2). H 0v-
vapn F aoxeltal mtéve 0to @ootio g, H dvvaun avti mooéo-
yeTuL omd 10 dhho @ootio ¢,. To uovadiaio didvuoua F elval
{00 ug r/r. Otav 610 POQTIO g, 0o ue duvaun F, té1e 670 ¢,
dou duvaun —F.

H EE&. (3.15a) expodlet To vouo tov Coulomb 010 maild ov-
OTNULC HOVEdMY TOU Gauss. Ze duTO TO OVOTNU, ) LOVAD (OQ-

Tx. 3.2 Ixetkd pe 1o véuo tou Coulomb.
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Tlov 00LleTaL wg eENG: Eva qootio 1oovTal e T Lovadd Qoo-
tlov, Otay, TorrobeTNUEVO o¢ adoTaon 1 cm wmd £va GAO LoO
OQTLO, aoxel TV O auTd dUvaL uag dvvne. H moootta
JUTH NAEXTOLXOV (POQTIOV ELVAL 1) TAEXTQOOTUTLXT LLO VAT (OO-
tiov (1 esu @ootiov 1 HEM qogtiov). OL duaoTéoelg Tov nhe-
KTQLXROD POOTILOV TQoxvTTOVY ad Tnv EE. (3.150) nau elval:

o 172 . 2 32
[q] :Emvamﬂ loamsotaon =M L 17!
- - — -
‘ET0L, @V yONOLUOTOMCOUE HOVADES TOV CLOTNUATOC
C.G.S., 0L LOVADEC TOV (OQTIOV 0TO NAEXTQOOTUTLXO CVOTNUU

Tov Gauss Oa elvol:
rq:[: gllz Cm.vz = 1

Eivar PERaLa eUROAOTEQO VA Y ONGLUOTTOLNOOUUE TNV EXMOUON
esu M statcouiomb 0O TO VU YQUPOVUE TOV TILO TGV oUVOLU-
oo TV DelehmdwV LOVEdLV.

Qo1600, OTTME TO £Y0VUE TEL Atd TV ¢y, eueic Ba yonot-
HOTTOMOOVLLE TO OLEBVES oVoTNUC LOVAdWV (S.1.). ZTO Vot
autd, LoVEda WHovg elval TO LETQO (M) #al UOVAOU dUVAUNG
10 newton (N). 210 S.1., N LOVAEOU NAEXTOLROV (POQTLOV OEV OQL-
Ceton oo 1O vouo tov Coulomb, aikd Pyaivel amd ) povioda
NG EVIUONG TOV NAEXTQLLOV QELLUTOC. H éviaon Tou niextQL-
A0V QEVLLATOS UETQLETUL O ampere (A) %Ol TO NAEXTOO POQ-
1io o coulomb (C), dmov 1 C = 1 ampére x | second = 1A s.
‘E1oL, 670 S.1. 0 vouog tov Coulomb yodpetal:

2 Tame. 2 ¢ (3.15)

omov 1 otabeod k Exer daotdoas: [duvaun] [wixoc]? [¢oo-
11012 #ar n otuded € (N &TQERTOTNTA TOV %EVOV) €yeL UvTi-
O0TQOWES OLUOTAOELG UG GUTEG TOU K. ZTNV NAEXTQOOTUTLXY,
UITAQYOVV TTOAAES TTEQUITTWCELS OTLS OTOLEG eUpUvICETUL O TTU-
Qévovtug 4w, Tuo va ato@UyOULLE TNV EUEAVLOT GUTOV TOU TTU-
QéyovIa og TUITOVUS TOU HAEXTQLOROU TOUE OTOLOUE % ONOLULO-
TOLOVUE TTLO UV aTd TO vOro Tou Coulomb, TQOTLUOVUE Vi
ELOAYAYOVULE TO 47T 0TO VOUO (uTd, 0moTe N 0TabeQa k yodipeTal
UE TN LoQEN 1/4me, (cuth) TN dradtxdod TV ovoudtouue 0Qbo-
AOYLOWO TOV GLOTHRATOC LovadwV). H Tuun g otabeodc k et-
VL



k=-1 =8088x%10% N m2/C?
4me,

To @optio g, TV TQWTOVIOU €lval TO BeUEALMOES (POQTILO
za ouuBoriletar Otehvirg ue To ovuforo e. H tiurn tov oto 6v-
agmua C.G.S. etval:

e=+4.8022x10""Yesu  (HEZM gootiov)
¥10 dieBvic ovotnua wovdodwv S.1., éyovue:
e=+160210x10" 7 C
2TOTE EivVaL EVX0LO VU fROVLE OTL:
1C=2,9979 % 10%.esu

To oQTLO TOV NAEXTQOVIOV elval 100 ue ~e. H ammmotinn duva-
wn eTaE D Sto Towtovimy Tov améygouy 10712 em 1o évo ad 10
@220, glvol, 0TO ovotTnua Tou Gauss:

,102
48X 10 ) 0y

(10-12)°

EV() O VITOAOYLOUOG 0TO S.1. divel:

‘m
SIS

2
2 1.6x 10719
ek € 290 x 100 LOX 10 E)
2 )2

=23N
r (10-14

H ovvaun ueta€l momTovioU KoL MAEATQOVIOU elval eAxTLxn,
TLUTL TC QOQTLA ELVEL ETEQMVULLA.

To nAekTPIKS MEDio

Otav oe £va QOQTLOUEVO COUOTIOLO COXEITUL LWLU. NAEXTOUAN
Avvaun, AMue 6T 1o couatidlo Potoxretar UEoT o8 Eva NAe-
=210 Tedi0. To medio, ®ubMg naL OL SUVAUELS O (POQTLOUEV
SOUATIOW, UE TIG OTTOLES TO TTEDIO EXOMAOVETAL, TTQOEQYOVIL
1O Eva GALO QOQTIO M AITO UL ®OTAVOUT| GOQTLLV T8 OYL Ue-
“aheg amootdoels. H éviaon E 1ov nhextourov mediov 0QileTal
@16 T oxéon:

F=qE (3.16)

2ov g elvan éva "SonUaoTI®G (oQTLO", TThvw 6TO OTolo TTA-
watnoeitoal 1 duvaun F.Etol, 1o didvuoua tng éviaong E tov

O vopot tou NeUtwva yia v kivnon Tov copdtov
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ZX. 3.3 o tov 0plopd NG EvTaong Tou NAEKTPKOU Nediou E:
E=(kq/r?) £, F=q,E=(kq q,/ r)F.

NAEXTOLXOV TTEOLOV OF %ATOLO ONUELD, ELVAL TO OLEVUOUN TNg
QUVALNG TTEV® OF LOVAOM DETLXOU NAEXTQLXOV (POQTIOV TOV TO-
mobeteital 010 onuelo auto.

To Zy. 3.3 elvol WO ETOVAAPN TOU Zy. 3.2 1e 1 Ouapod
OTL Td dgydpaote OTL 1 dvvaun F oto g, opelreTar oty
éviaon E tov mediov, mov magdyetal ad 1o qgootio g,. To dud-
vuoua E oe qut ty meoittwon divetal (010 S.1.) amd v éx-
paaon:

q,

E=k71’ 3.17)
-

7ot n ovvaun F = ¢,E eivar axoog avt mov olvetal amd
oyéon (3.15). H omouvdatdtnta TG UVILUETMOITLONG TQORANUA-
TOV UE TN %ONON TS EVVOLUG TOU JIEOLOV (UIVETUL OTN UEAETN
Tou Hiextolonov. H évvola tou mediov eival touaiteQo 4onoL-
un OTav £xouUe v AOXOANGOVLE TT.Y. ILE NAERTQUXES OUVAUELS
TTOV TTQOEQYOVIUL UTTO AUTUVEUNUEVA (POQTLC, OTWS aId UL
POQTLOUEVN OpaiQa 1) aTtd éva (OQTLOUEVO emimmedo, #ubig emi-
oNng 0TV UeheTovUE (BA. TOUO 2) uayvnTaxd Tedie oV UETU-
Barrovral we to xoodvo.

OL OLIOTAUOELS TNG EVIAONG TOU NAEXTQLXOV TTEdLOV elval OU-
VOUN OVE NAEATOLRO QOQTLO. 'ETOL, N LOVAda TN évIaong elval
10 newton/coulomb. e Adyovg ov Ba eEmyioovue aoyodTEQa,
UTTOQOVUE ETLLONG VO EAPQUOOUVUE TNV EVIHON TOU TAERTOLLOV
medlov og volt/m. OL V0 EXPQUTELS ONUALLVOVY axOLBME TO 10L0
QYL

1 newton/coulomb = 1 volt/m

H 0evteQn €xpoaon Olvel Eupaon 0TO £QY0 TOV JTOQUYETAL 1)
AATAVAAOVETAL OTAY TO uovadlalo QoQTio petaxiveltul #atd
WO LOVEDO UNXOVE UECH OTO TTEDLO, EVM 1) JTOMTN £X1QPQOT
avadeLLVOEL TN SUVET) TTOV AO%ELTAL 0TN LOVEDE TOV (POQTLOU !,

1 510 oUotnua povadwy Tou Gauss (Uovadeg C.G.S.) n EE. (3.16) eEako-
AouBei va eival n e&icwaon optopoU TG évtaong E Tou nAekTtpkou rnediou.
To puetpo E petplétal o dyn/esu-gpoptiou, 1 emiong oe statvolt/cm. Ma v
€vtaon Tou nediou Tou OPeiAeTal o8 éva PopTio g, n EE (3.17) ypapetal
oto cUotnua Tou Gauss:
E=05
r (3.17a)
H oxeon petatporiig ano statvolt/cm oe volt/m eivau:

1 statvolt fem = 2,9979 x 104V/m

1 V/im= % — - statvolt/cm
2,9979x 107 3x 10"



To payvnTiké medio kai n duvaun Lorentz

Qc e0w Bewonoape WOVO TN OTATIXH RATAOTAON, OOV TA (OQ-
TLOWEVA OMUATIOLE OEV RLVOUVTAL TO £Va WS TQOC TO GARO, 1
OYETLAG UE TOV TTAQUTNONTN, UL EXQQUCUUE TNV NAELTQOOTUTL-
%N dUvAUn AV Ot Eva (QOQTLOUEVO OWUATIOLO UE TN OYEON
Fnk =gE. Av 10 (oQTiO g #LvelTUL (g TQOS TOV TRQUTNONTY, TO
neloapa Pefatmvel OTL WLa TQOGHETN dUVALLT WITOQEL VO, ELLPI-
vLOTEL, LE dLEVBUVON ®GOETN TQOC TNV TAXVINTA TOV OWUUTLOL-
ov. H duUvaun auth ebval n payvntixn dvvaun.

Z€ UL0L TTEQLOYN OTNV OO0 LITOQOVV VA, GVATTTUCCOVTL T¢-
TOLES OUVALELS, TTOV eE0QTWVIAL amrd TNV TUXVTNTA TWV (FOQ-
Tiwv, Aue OTL VITGYEL Eva uayvnTixd medio. AT TA TELQUUL-
TG aroteAéonata yvwllovue 011 To didvvoua B g évraonc
TOU LAYVNTLXOV JTEOLOV WtoQel va ouvoebel ue T wayvntixy Ov-
vaun F péow tne oyéong (oto S.1) :

Flnw=avxB (3.18)

OTOV ¢ TO OoQTIO (0 coulomb), v N TaBTNTU TOV XLYOTVUEVOU
oOUATLOWU (08 M/s) %dl F“a\’,\, 1 ovvaun (oe newton). To dua-
vuouaTLxo yuvouevo dtvel m ovvoun F . xabetn moog tnv t0-
YUTNTA V XAl TOS TO oudvuoua B. S0 2,( 3.4 @aivovtal qu-
TéC 0L ®aBeTOINTEC Y1 TNV ELOLN TEQIMTWON, TOV T SLavy-
ouata v o B gival xe qutd 2daBeta netagv toug.

AV avTl yId GOQTLOUEVO CWUUTIOLO UE TAXVINTA V, EXOVUE
QEVLLATOPAQO AYMYO UE QEVUA TTOOG TNV XUTEVOLVOT TNG TUY V-
TNTOG V, TOTE 1) LOYVNTLXY OUVAUTN JTOV GOXELTUL OTOV 0ymyo
€yl TV du xatevBuvon ue exelvny Tov @alvetdl gto Zy. 3.4.

Amo v EE. (3.18) mQORUITTEL OTL OL OLUOTACELS TOU B glvaL
[N[C] Hm] ! [s]. Ta tehevtaio 1oOvIa d6BN®e 0TN LOVADE CUTH
NG £VIGONG TOU uayvntixol mediov 1o dvoud fesla (T), evw
TQONYOULEVING OVOUGLOTAV weber ovd m? (Wb/m?).

AC TAQOVUE OOV TTUQUOELYA EQUOUOYNG €VH NAEXTOOVLO
7ToU ®uveltar ue Tayvthte v =3 x 107 m/s (to 1/10 e TayUTN-
TUC € TOV PwTOC 0TO #evd) 08 OLevBUVOTN ®ADETN TQOC v |10~
ywnuuzd meoto ue évtaon B = 1 T. H egyrdoowa dvvaun mov

UOXELTUL OTO NAEXTOOVLO GITO TO HayvnTLxO Tedio eivar':

F=(1,6x10""{3x107)({1,00=4,8 x 10712 N

H ol dUvaln mov aoxeltal g #LVOVUEVO (POQTLOUEVO

! 510 olomua povadwy Tou Gauss, 1 payvnTkn duvaun divetal and
oxeon: (Suvéxeia oy endpevn oeAisa)

O1 vopol Tou NeUTwva yia TV Kivnon Twv owudTwy
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Zy 3.4 H payvntikn duvaun Flaw

=qvxB
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OMUATION0, €lVUL TO OLUVUOLUTLLO GBQOLOUT TNG NAEXTOLXNG
HOL NG UAYVNTLENG OUvauns. H ovviotawevn vt duvaun ovo-
wéletar ovvaun Lorentz (A0QéviC) (n ovouaoia auty xonov-
HOTIOLELTOL GLYVE LOVO YLaL T moyvntixn dvvaun). Aro tig EE.
(3.16) nau (3.18) éxouute yuo T Suvaun Lorentz!:

F=¢gE+qgvxB (3.19)

Inuavtind péeog g dvowng oyetiCetal (e To deVTeQo vO-
uo tov Nevtwva, F = m a, xauv ue v EE. (3.19). dvowxd, ova-
roYa onuavTLkG UEQOg NG LoToQlag Tng PLoLKAG avapeQeTaL
OTLC TTOOOTIAOELES LT T SLATUIWON GUTMV TWV eELOWOEWMY.
[Todpovtag edw v EE. (3.19) oav TelQauutivd amotéhecua,
OeV ITUAAACOOUAOTE UITO THV VTTOYQEWCT) VO TT) SLEQEVVITOUULE
ot patlog otov HAexTQoUayvNTLoUd|.

210 ®e@dhalo autod Ba yoelaotolue Tug uxorovbeg aoubun-
TULEG TLUES:

Toy0TNTU TOU PWTOS 0TO ®evd: ¢ =2,9979 x 108 m/s
MéaLa tov nhextooviov: m=0,9108 x 10~ 30 kg

MdLa Tov mowtoviou: Mp =1,6724x 10" 27 kg

YrevOhuuifouvue ot oto S.1. yonowomolovue v EE. (3.19)
HOL EXQQACOVIE TN OVvaun F oe newton, Ty éviaon E oe V/m,
TNV TOVINTC D O M/S, TNV EVTAOT TOV UayvnTixov tediov B ot
tesla xay 10 pogtio ¢ o coulomb®),

(Zuvéxeia amno v ponyoupevr gehida)

q
F=2vXxB

O dlaotaoelq Tou B oto cuotnua Tou Gauss eival ot idieq pe Tiq dtaotd-
CEIG Tou E, yiati o Adyog u/c eival kaBapog aplbpog. H avtictolkn povada
Tou B, nmou ovopdZetal gauss (G), eivat n povada rou npokuntel 6tav n du-
Vaupn PeTplETal oe dyn Kal To QopTio g og esu. Me Tig povadeq autég, 1o
TPONYOULEVO TIPORANUA AlveTal wg e&Ng:

F=(48x10"esy %0 (10°G)=4,8x 1077 dyn

enewdn 1 T avrioTolxel oe 104 G (anogelyoupe va ypayoule TNV avTi-
gToXia autr agav 1ooTnTa, ylatt 1o tesla kai To gauss dev €xouv TG dleg
dlaotaocelg).

370 ovotnua C.G.S., n Suvaun Lorentz divetal anoé Tn oxeon:

F=gE+ZLvxB (3.19q)

2BA. uMoonueiwon oV enopevn cehida.



Kivnon @opTIGNEVOU owpaTISiou oe oTaBeEPO OUOYEVEG
NAEKTPIKO TIEdIiO

H eEiowon yua ™ dVvvaun IOV GOXELTUL 08 OQTLOUEVO WU
TidLo e @otio g xal Wata M, otav 10 cwuatiow BeioreTal
wéoa ot 0TudeQd onovevés NhexTowrd sTedlo, 0TabeQd WS TEOG
TO %0OVO, Yotgetal [EE. (3.16)]:

F=Ma=qgE (3.20)

Emoutvme, 1 eSi0won yud TNV ETLTEUVOT TOV OwUATLOWU Ei-
VL

To amOTEREOLLO CUTO ELVOL EVIELG OLLOLO LLE EXEVO YL TNV
nivmon evog oOUGTOC UECH 0 OUOYeEVEC medlo PaQuintag
F = —Mg¥, 6tav 10 00u0 BoloreTol xOVIE TNV ETLQAVELY TNG
I'Mc (10 § TaQLoTdveL TO LOVAOLEO OLEVVOUD e GOQU ¢TTO TNV
emupdvela TN I'mg Toog 10 Tévm). ZT0 TEORINU TS Paoun-
Tag, N eSlowan g xivnong elvat

Ma=-Mg¥ , M a=-gy

ATOOELXVVETAL, e SOULUGOTIXNG 1| LLE AUEOT) OAORANOWOT),
OTL ) EE. (3.20) éxeL n yeviiy Avon:

r(f):—gglz+vﬂt+rU (321)

OOV I, TO dudvuoua Oéong Tov cwuaTdlov ®uTd TN oTLYUN
£ =0 ®dl v, TO OLEVUOUU TNG TAXUTNTAS TOU TNV (0L Y QOVIKT
oTLyLL.
H magaywyion tng EE. (3.21) dlvel TNV £Xgpouon g Tay V-
TNTAS AV OUVAEQTNAT TOV YOVou:
dr _qE
vifjl==-=2"1t+v 322
) M 0 ( )
gIo Omov eanBevovUe OTL 1) CQyLAN TayvmTa (Yo t = 0) ¢i-
VO TTQUYILOTL V.

20 OXECEIG HETATPOIMNG TWV HOVAdwV ToU dOBNKav Lo 1avw cuvoyido-
vTatl we &g (UE Mpoaeyylan, atn deltepn Kal TpITn axEan, apketa uyn-
AN yla Ta ouvnBiolleva npoBAnuata):

1 m/s=100cm/s

[

I V/im= 1 statvolt/cm

1 C=3,0x 107 statcoulomb (i) esu)

1T 1x10YG

Ouvdpol Tou NeuTwva yia TV Kivnon Twv CwHATwY
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[aoaywylloviag Tnv TaxvmTa otnv EE. (3.22) (g 1100g 10 XQ0-
VO, EMLOTQEQOVUE OTNV ETTLTAYLUVON OTTg quTh dlvetal oo v
EE. (3.20), emainbevovrag €10l OTL 1 YEVIXT AUOT TTOV OLVETAL
oo v EE. (3.21) elva 000,

B [1APAAEITMA

EmTaxuvon mpwTtoviou

‘Evd TOOTOVLO0, EELLVOVTUS ¢Td TNV NOEULA, ETLTUYVVETUL UE TN
ponBela evog NAEXTOOV TEdLOV oV EyeL Eviaon E. = 30 000
V/m. AV 1) ety uvon SLoorel £va vavodeuteQdemto (=1077 5).
OO £lval M TEAKE TaxUTNTE TOV TOWTOVIoU; (Bh. 2. 3.5).

H 1oy 0mta olvetal amd v EE. (3.22):
dr _ e
m = M Er+ VO

270 TUQAOELYUG uagl n oyéon auty Sivel

vil= g B v
agov £yxovue vmobéoel OtL v =0 yuo. ¢ = 0. 'ETOL, N TeEALKT) TayD-

™ %oTd T onvy = 1 x 10795 eival meoimou:

=Dz=0

_(1,6x 107 C)(3,0x 10" V/m) {1 x 107 s)
o 2% 107 kg
OOV ZQNOLUOTOMOUILE YIC TN LALU TOV TOWTOVLOU TNV TTQOOEY -
yiot T 2 x 1027kg.

=~24%10° m/s

B [1APAAEITMA

y

+ ] N —
F=Ee

+1| -

+ F _

X

+ _
—

+ E —

+ | | —

Zy. 3.5 Erutaxuvon npwToviou og NAEKTPIKO Medio avapeoa og
QOPTICHEVEG ETAANIKEG MAAKEG.

' H eEiowon eival dlavuouatikn pe E = (£, 0, 0) kat vy = 0, Kat 100-
Suvapel pe Tpelg eEIoWOoEIg KATA TOUG GEOVES X, V. Z:
ay

@x_erpy Yo,

az _
at~ M at at =0

at

EmTayuvon nAektpoviou

Eva nhextovio Eextvd amd Ty noenio ol emLTOUVETUL ¢Td
NiexTaxd medio 30 000 V/m o pia v By OldQow e un-
%0¢ 0,01 m. H x{wnon yivetal moog v aovntixn xatevduvon Tov
GEova TV x. TTO0N elval 1 Teklxy) T UTNTA TOU NAEXTOOVIOU;

Amo 1ig EE. (3.22) #ou (3.21) €youue, ONUELDOVOVTAG ILE —¢ TO
(POQTLO XL UE m TN UGLA TOU NAEXTQOVIOU:

vl G )=

@thovue v AITOAERPOUIE TO %QOVO f %aL va. ooluE TNV Ta-
HOTNTA V. 0aV OUVAOTNON TOU X. MITOQOTHE YL™ AUTO TO 0XOTTO Vit
Bpovie TOOTU TO vf » OTOTE:

vl =l =13 B ) (o £.0) =~ S B, x

Aoa:
2x1,6x 107"
T

‘ET0L, M TEAHN Tay 0Tt elvaL TEQiTou

via 3,0x10* % 0,01 = 10" m%/s?

|v |=10"m/s

H tayvtnta aut eivae o 1/30 e Taydmntag Tov ¢utog oto
7evo. Eival Onhaon aoxetd uinon OoTe v U ¥QeLdleTalL va hit-
Boupe 0w vdypn ™ Oemoice ™G ZYeTrOTNTAS (Ue oxQipela
0,1%).
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Eykdapoia emtaxuvon nAekTpoviou

Zvuveyilovlle 1O JTQONyoULEvo TaQadelyuda. Yitobétovus OTL
éyovue L NAEATROVLAY dEouN, N 0TI, LETE TNV ETLTAYUVOT
™me oo To mEdio £, CLOEQYETOL OF WO TEQLOYN UE Wrog
L = 0,01 m oOtov wrdQyel £va eyzUgQoLo NAEXTOLLO 1edio
£, =-3000 V/m. To medio outé ETUBGEAAEL OTA NAEXTQOVLU. LLC.
E\,}m@ma OTMOXALOY, OTTWE UiVETHUL 0TO Y. 3.6, IToon elval 0
YOvia IOV oynuatiCel n nhertooviky SEoUN Le TOV GEOVUY TOV X,
otav 1 ool Byaivel itd To Tedlo; Ag onuelmBel OTL TO TQO-
BANUG quTtd ival azQLB3mE OLOLO LE TO TTEORANILA TNG 0QLLOVTLUS
Poing wéoa oro medio Paoitnrag g I'nc.

Esteldn too 1 ouviotmou £, tov Tedlov elval Unodey, ) ov-
VLOTMOU b, NG ToyuTnTag Ba péver otabegn. O yooévog T ou
YOELGLETUL TO NAEXTQOVLO YL VO TTEQUOEL LEDQ OO TLE TTAAKES
JLVETAL ETTOUEVING (ITO TN OY€oN:

v T= L
nat, av v, = 107 m/s, Poloxovue:
= L2000y

H »G0etn 0UvIoTOOU TNG TULUTNTAS, TOU TA NAEXTQOVLA (510~
LTOUV %UTE TN OLAQKRELY CLUTOV TOV XQOVOU, OIVETAL UTTO TN) O)E-
on:

—1,6x107"

0 (- 3000)x 10™° = 5% 10" m/s

-_ € ~

V.= Ey T =

H yovig 0, Tou 10 WEvuoud TS TEAKNS T UTNTUS OYILd-

TiCel ue tov GBova TV X, TEOOOLOQILETUL amd TN oyfon
tang = v, /v, ETOUEVIG

3% 10

v,
6 =tan"! 59— = tan o =tan"' 0,05

X
TLa LWKQES YOVIES, LUTOQOVUE VE, deXBOVLE TNV TQOGEYYLON
6~tan' @

ZX. 3.6  Exrtport BEGUNG NAEKTPOVIWYV, MOU TIPOKAAEITAL ATO
eyKAPOIO NAEKTPIKO Medio. H ywvia 8 €éxel oxedlaaTel MOAU HeyaAU-
TEPN ATO EKEIVIV TOU BPICKOUNE OTO TIAPASELYHA TOU KEIYEVOU.

vua @ oe axtivia. ‘ETol foloxovue 8 = 0.05 rad, dnhady megitov
30,

Tua vor eAEYEOLUE TO OQEAUC OTO 8 TTOV TQORVITEL UNO TNV
O TEVW TQOGEYYLOT, GVUTTUCOOVIE Tt ouvdoTnon tan~! @ ot
OELQU RUL TUYAQIVOUUE TO SEVTEQO LIE TOV TTQMTO OQO CUTHE TNG
0eL0UG. Mabnuatizol Tivareg dlvouy TIG OELOES OTLES OTTOLES UVa-
ATVO0OVTAL Ol TQLYWVOUETQUAES GUVUQTHOELG. ZTV) OUYKELOLIEVT
MeQLTTWON EXOVLLE:

0 3 9 5 0 7

_1 = —_—— —_— v e e [ —
tan” 6 =6 Trs oot (~i<8<1)

O de0TEQOS 600C B3/3, yut B = 0,03, ival KOOTEQOS (5T TOV HUi-
QL0 6O B XUT TOV TAQAYOVTE 02/3 = (0,05)%/3 ~ 1073, dnhady o
JeVTEQOS 0005 givan 10 0,1% oV TTEMOTOV 600v. H maodheym tou
OEUTEQOV QO UTTOTEAEL OQEALM TTOV WITOQEL Va. aueAndel, agqou
Eva TETOLO OQALUE ELVOL LULXQOTEQO UITO EXELVO TTOU LVIBWS KA~
VOUUE XOTA TN LETONOM TNG Ywviag 6. Tua mxoés yovies, emroé-
TETOL £T(ONG V&L TULQVOULLE sinf = 8 %L cosB =~ 1-62/2.

Kivnon ¢@opTicHévou owpaTIdiou o oTABEPO OMOYEVEG

HayvnTIKO Tedio

H egiowon g zlvnong gogtiopévou cwpatudiov e nato M

A0L UE (POQTIO g, Néoa ot 0Tabed wayvntirod medio B, vo
ToL [BA. EE. (3.18)):

ape-
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d’r dv
M=——==M"=gqvxB

i a4 (3.23)
‘Eotm 0TL TO LayvnTixo Tedlo ®aTevbUVETUL XUTd TOV dEova
TV Z:

B=B1i

ZUUEOVE UE TOUG KUVOVES TOU OLAVUOUATIHOU YIVOREVOUD,
€/OVILE

_[valrzu),B,' [va]y=—v,\.B» ‘EXB]-Z:O

‘Etou, amd v EE. (3.23) maigvovus!

y = 4 p =— 4 ) =
0= 4 UB. b=—yv Bl D=0 (324)

Biémouue OTL 1 0UVIOTOOU TG TUXVINTAUC ®UTA TV ®RaTevduv-
o1 TOV LOYVNTLROV STEDLOV (TOV (EOVA z ) eival 0TaDEQN.

MzToQOVUE GxOUC VoL DOVILE UITO THO EVO (AAO YAQUHXTNOL-
OTLO NG ®ivnong: H xuwmtuny) eveéQyera

K=%1V11)2=%1WV-V

elval otabeQn, emeldm

%z%/\/](\'/-v+v~\")=1\/lv~\"=
=My (v xB)=0 (3.25)

ViaTi 1o dudvuona v x B eival w@beto 010 V. AQa, TO HayvnTL-
%O TESLO Oev adAdleL TNV XLviTixT) EVEQYELD EVOS TOUATLOION
TTOU KLVELTAL eAeV0eQa néoa 0TO TTedIO.

AC SOAULUGOOVUE VU LAUVOITOLNOOVUE TLC EELOMOELS TNG Ki-
VIONG UE LDOELS TG LLOQYNC 2

T XpnowonoloUpe 5 i apkeTd cuvnBlouévn cUPRAcn yia To cUPBOAL-
opo: H TeAgia mavw amo gva ypaupa onuaivel mapaywylon wg rnpog 1o
Xpovo. EToL F = dr/dt, A= dA/dt Emiong 7 = d 2r/dt?, A = d 2A/dt2.

2 H EE. (3.25) pac Aéel OTL N KIVNTHKY evépyela K eival oTadepr. Mpénel va
CUUMEPAVOUE OTI TO PETPO [V] TNG TaxuTnTag eival eniong otabepd. AuTtd
TO aMOTEAECHA pag odnyel va avalntrooupe pla AJon Mou va ekppaldet
HLa OHAAT] KUKALKY) KIvnon OTO €Medo Xy kat, EI0IKOTERA, A Kivnon oTnv
orola oL CUVIOTWOEG U, Kal U, TNG TAXUTNTAG VA Elval NUITOVIKEG pe Bla-
Popa paong /2. To KAGopa gB/M pnopoupe va 1o Bewpncoulle cav pia
anin otabepd pe SlacTACEIG TO AVTICTPOMPO Tou Xpovou. Ot dlacTagcelg
Byaivouv gukoAa and v EE. (3.24). Mepipévoupe Aomov va Bpoupe pia
AUon Tou va MEPAaUBAveL [ia KUKAKA Kivnon, otny orota n otabepd
gB/Mva cuvdEeTal e TNV KUKAIKA cuxXvoTnTa w.



v ()=v sinwr, v),(1)=vlcosa)1, v_=o0tald.  (3.20)

H mooBokn TNS TOOYLAS LLHS TETOLOS XivNONg OTO €5TiTed0 XY eil-

VoL XUZAOC, TOU 0T0L0V 1 axtiva xabooiletal Tlo xdtw. Tao-

YYICOVTOG TG CUVLOTMOES v, %L v, [EE. (3.26)] taiovouue:;
dv, dv.,

X y .
—= =@V, COSs W, —= =—= v, SIn W/
dt ! dr !

‘Etot, ou EE. (3.24) yodgovral:

gB
WV, cos a)lzﬁ U, cos Wt

. _ qgB .
— @V, sin “”—_ﬁ U, sin !

OL €ELOMOELS QUTES LACVOTTOLOVVTUL, OV

AL

B
o= CZV =0, (3.27)

AVUTH N oyEom 0QICEL TNV XUXAOTQOVLXY) XUXALXY OUXVOTNTA
(1] URALXI] YUQOOUYVOTNT() @, GOV TNV AUXLALAY GUYVOTNTA TNG
%lyNong @OOTLOLEVOY CWUATLOOV LECU 08 uayvnTixd medio.
THETUAG UE TNV TUY TOV v, OTTOLUONTOTE 'u\uﬁ LLOVOTTOLEL TG
eELomoelg Tng xivnome. EOm 1 v, €xeL Mom emthieyel g n L
v, (0). o %aBoolZer Ty oxtiva g TEOPOANG TG TQOYLAS 0TO
emtimedo xy.

H #unAoTQOVIHT HURALAT GUXVOTNTA UITOQEL VO LITOAOYLOTEL
®UL UE €vay GAA0 atho TeOmo. H nayvnuinn ovvaun qv,B, ue
RATEVOUVOT TTOOC TO E0MTEQLXLO TNG TQOYLASG, TTQORGAEL TNV KE-
VTQOUOLO ETLTUYUVOT TTOU GTOLTELTAL YIC TNV XKUY ®ivnon
1OV owuaTLdiow. H %evTooudrhog autn emTGUVON LOOUTUL UE
1)12/ 1 (,uf, r, agov w,r = v, Agu

qBv, = Ma)gr =Mow._.v,

nay W= gB/M, 0TOTE N axTive TOU %Uxhov elvat r = Mv/qB.
(Bh. Zx. 3.7)

[Towa glvan 1 TANONG TEOYLE 0TO xwO; Eldaue O1L 1 moofio-
M TG TQOYLAS 0TO emimedo xy eival xiuhog. Katd tov dEova
Z OUWG, TO GmUATIOLO Oa QoY mEel opard ue oTadeon) TayvTn-
T v, (FTOV PITOQEL VU elval %L UndEV), oo 1 duvan dev xel
CUVLOTMOIC XAT¢ TOV GZove z. OAOXANQWVOVTUS TIS OYECELS
(3.26) zau avTXOOLOTOVICG TO @ UE @), QIOXOVUE TLE (VaLAV-
TWXEC EELOWOELS TNE TQOYLAL:
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Tx. 3.7 Oetikd PopTio g, e apXikh TaxUTNTa v KABeTn TPog
TO opoYeVEQ Tedio B, dtayplgel éva KUKAO e otabepnr Kata
HETPO TAXUTNTA v Kal e aKTiva r = Mu/gB.
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ZX. 3.8 H 1poxIa evog BETIKOU POPTIOU ¢ gival [ia EAKA e
oTaBepd Pripa, OTAV TO POPTIO KVE(TAL IECA OF OHOYEVEG Ha-
YVNTIKO Medio B. H ouvioTwoa g TaxutnTag vy, NapdAAnAn
npog 1o B, gival oTabepn. Av B = B Z TOTE v =v,.

v
Y=yt sinw ! (3.28)
.

z=zU+UZr

Omov x, + (v,/0,), ¥, %Al Z, eival oL 0Tabeéc TG OAoxAQwoNg
OTLE GVTLOTOLYES €SLOWOELS.
Amo g EE. (3.28), Poiorovue OTL

v, Y2 5 (D)2
. ! _ 1
l:x—(l()'f'w*J +(J\)*_\’0) —(F) “
c c
Estonévmg, ov EE. (3.28) meQuyodgpouy 11 €01 1oV 00uetLdiov,
TOV OMOLOV 1) TTEOPOAY OTO ETITTEDD XY KLVELTOL O KUXALXT TQO-

YU UE GRTIVO

v, le

CCIT

4

(3.29)

AUL UE XEVTQO TO ONUELD [Xy + (v /@), Y], H olotduoogn avt
HUKALUN #lvnom oUvOLaLeTaL e uLa oklotnon xatd tn dlevbuv-
om z pe otabeQn TuyvINTa v, ‘Eyovue z = z, 6tav £ = 0. 'E1o1, 1
TQOYLG TNG XIVIONG OTO %WQO ELVCL GTO OUVORO TNG L EALAU
e GEov TUQUAANLO QO TO dLdvuoue B tou wayvntuxov se-
olov, Tov otV MeQIITTWoT avty (2y. 3.8) xatevdivetal “utd,
ToV GEova z. H axtiva r, ovoudletal ouvibwg yvooaxtiva i1
HURAOTQOVIXY) XTIV,

To YLVOUEVO TNG EVIUONG TOU UUYVNTLXOU TEdLOV €Tl TNV
UATIVE TNE EALAAG EXPOALETAL GITO TNV EVOLAPEQOVTH TYEON:

gr =M (3.30)

Ou dovIE 0¢ GALO Xe@GAULOo OTL 1) Y£0T CUTH LOYVEL KL 0T
OYETUALOTUAT WY CVLRY], GV 1) OQUN, TTOU EX(POULETAL 8d™ Gitd TO
ywouevo Mo, aviirataoTabel e TN OYETLRLOTIAT) TG EXPQOLOT).
H oyéon (3.30) yONOLLOTIOLELTAL YIG TOV TTQOOILOQLOUO TG 0Q-
WS (POQTLOWEVQIV OOUATIOIWV, ElTE 08 YaUnhéC €lTe 08 VYNALS
Tayvmteg (Pr. Zyx. 3.9).

EAey0c Otaotdoewmy. Elvul TOVTIOTE YONOWO VL EAEYYOVILE GV
oL OLOTACELS 0T SV UEAN LLag TEMXNG eElomong elval (OLeg.
Etou foioxouvue e0rora To evOoeyoueva Aabn. T 1o deELO 1LE-
roc g EE. (3.30) éyovue (oto S.1.):

e | | LR 2 1A R/ R CE 1)

['a 10 aQLoTEQO UENOG TNE (OLUG EEL0MONG EYOLLLE:
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2X. 3.9 owtoypapia Mg TPOXIAG TTOU GKOAOUBE! Eva TaxU NAEKTPOVIO LECQ Oe UayvnNTIKO nedlo. Mapbnke oe BaAano puoa-
Aidwv He Uypo UdPoYOVO. To h)\aKTpOVLo ELOEPXETAL At KaTw Oe&ld, Onwg deixvel N puToYPAPId, KAl KABWS TIPOXWEEL MPOG
TA MAVW, XAVEL EVEPYEWQ EEQITIAS TOU LOVIOHOU HOPImY USPOYOVOU. JUYXPOVKCS, OO0 TO NAEKTPOVIO MPOXWEEL, TOOO N akTiva
KAUMUAOTNTAG TNG TPOX!IAS péoa oTo payvnTiko nedio e attwveTal. ETol, n Tpoxid gival pa oneipa.
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Brl=[ L5 1= g 0 i =

=paEIrT E (3.32)

yviati, ovugova we tnv EE. (3.18) v T 0Vveun Lorentz, oL dua-
0Td0eLS Tov B 6710 ovoTnue novadwy S.1. elval oLaotdoelg ov-
VOUNG VA (OQTLO %ok avd Taxuinta. Amd Tig EE. (3.31) xat
(3.32) Brémovue OTL mOGyLaTL TO dvo wérn tng EE. (3.30) éxouv
TG (O1EC OLUOTAOELS.

N [MAPAAEITMA

KukAoTpovikh ouxvoTnta H ovyvotnta outh ¢VILOTOLYEL 08 W KOS KULATOS TAEXTQOILL-
YVNTLAOV ZVUATOG, OTO KEVO, L0O U

TToLa lvaL 1 XUXAOTQOVUAT OUYVOTNTO NAEXTQOVIOV Uéod O Eva

8
nayvntud medio 1 tesla; (Tuwég 1,0 — 1,5 T elval TUTTURES vid ov- A o= % ~ 3x 10]5 =0,0l m
VIBLOUEVOUG £0YAOTNOLOHOUS NAEXTQONTYVATES UE GLONQOITVQY)- ¢ 3x10
vat). H #uzho10oVIHY HURALAT oUuyvOTTO D) EVOG TQWTOVIOU, OU-
YAQLVOUEVT) UE EXELVNY TOU NAEXTQOVIOV UECH OTO OO PayvnTLrd
ATIO TV EE. (3.27) £0ULE VLU TNV RURALKH OUYvOTNTO (08 wo-  TTEDL0, Eival uixQOTeQn %ot TOV ouvieheotn 1/1836, dOnkadi xatd
védeg S.1): TO AOY0 TG UGLOS TOV NAEXTQOVIO TTQOG TN UGLE. TOV TQMTOVIOL,

Tu éver TQWTOVIO UEoT G Lty vnTLxo medio 1 tesla, éyovue:
1,6x 107 "9){1,0
® =@:%=1,6x10”md/s 3y
cTm 10 % m ~1,6><10 ~ 10° rad
O =31 Pea™ Tyg3e =101
H avtiotoym ougvomra v, eival: v
H ood meoLoToogns 1oV TRmToviou elval avtibety amd ) go-

v = o, 3% 10" Hz 0t TOV NAEXTQOVIOV HECU OTO LaryvnTLxd TTedio, YLuTl 10 ¢oQTio

< 2z TOU elvdl avTiBeTo UId AUTO TOU NAEXTQOVIOU.
N [TAPAAEITMA
KukAoTpovikij akTiva 6

v, 10 ~6
= s oo =6x10 " m
. , , . , ,6 X

TTola €lval N ®UXAOTQOVIAT OXTIVE MAEXTQOVIOD TOU KLVELTAL ‘
nEoU 0F WeryviTd medto 1 tesla, e toyumTa 100 m/s %a0ety H »urhotovint) axtiva yio éva moeTdvLo ue TV v TaydTn-
QOGS TO TTedLo; Ta, elval peyaliteQn ®utd to hoyo M /.

. 106 -
Amo v EE. (3.29) malovoupe: fe = (6 x 10 )(1836) 0.01m

Mayvyrizg eotiaon 180°. AEOUN (POOTICUEVOV OOUATLOIWY, [Ae
SLePOQETIXES WATEG ®UL TUXUTNTES, UTTA{vVEL OF TTEQLOYY OOV
VITEQyEL OUoYeVES LayvnTukO Tedio B xdbeto otn déoun. Kabe
OOUATIOLO GITOXALVEL GITO TNV QQYLXT TOU XKATEVBUVON ®aL 1)
OATIVO HARITTUAOTNTOS TNG TQOYLAG, P, OlveTal amd Tn oyéon:
Bp=Muv,/q, 60V v,_ 1N GUVLOTOOA TNG TEYVTNTAG TOU OOUATL-
Olov n xdBeTn Toog 10 B. AV eEeTdioouue TN OEOUN UETd o ah-
am watetbuvong 180°, Ba dovue OTL €xel aTAwOel uéod oTo



eTiTEdD NS IvNong. Avtd OGE(AETAL OTO YEYOVOS OTL OL TQO-
YUEC COUOTOIVY Ue OLUEOQETINES UALeS ®aL TuyTNTESG £X0UV
OLCPOQETIXES GxTIVES ®OWTUAOTNTAS (2. 3.10). Av umdoyel
WL AETTTH O%Loun 2000V TNG OEoUNS, N OLGTOEN WITOQEL vV yoN-
ouomombel ouv emAovETS 0QUTE, dNRAOT 0OV OQYUVO LHOVO
va Olvel 0TV £€€000 [Lg OE0UN UE OOUTIOW TNS (0L OYEdOV
OQUNG, UITOBETOVIUS OTL OAC TU OWLUTIOLW €40V TO DO OY-
10 q. ‘OTav TEORELTUL YLO OOUATIOW we TV (0L oQuU R, Tov
OUMC LITALVOUY 0TNV TTEQLOYT TOU JTEOLOU (e ALYO SLUGOQETIKES
yovieg, TOTE, VOTEQU GO ailay) xatevBuvong »otd 180°, ta
COUATIOW E0TLALOVTAL 0TO (L0 TEQITOL oMLLElO.

H axoifieto g eotiaong eivor xabaod yemuetouxo ToRAN-
1oL, OGS 10 ®utahafaiver xavelg oxd ¢ 2. 3.11 o xou P. O¢-
MQOVUE LG TQOYLG %Al TNV EQUNVEVOVUE OQV GITOTEAECULA O-
NG, TOU YIVETOL UE aQyxn) vovig 6. To Peinverés TG TQOYLAS
divetal amd 1 700N € TOU UVTLOTOLOU XUXAOV IOV €YEL GHTI-
va p. H OLoqood ixoug TS OLOUETQOU TOU #UKAOU XL TN LOQ-
ong elvau:

2,0—C:2,o(1—cos@)=,o@2

OTOV VITOBECULE OTL 1) yYovia 8 €ivOL COXETH LLXON, DOTE VU
UTTOQOVUE VU TTEQLOQLOTOULE GTOUC OVO TOMTOVS OQOUS TNC
OELQAC OTNV OTTOLH CVOTITUCTETUL TO COSH
2 4
6 6

ITeQLoyM ouoyevVoUg Ly YNTLXoU TTediov B,
#(OeTOU 07O OYRL /1

/2

3

Afoun LOVTWOV TTOV UTOTEAELTL
OITO LOVTA TOV (dLoV MY, 0l
TTOV OLUITEQVONV T O LOWY)
VTS OLAPOQETLHES YWVIES

[MeQLOY UNDEVLXOU
UOYVITIXOV TTEOLOV

3 2 1]

2x- 3.11 (a) Eotiaon 180° péoca o payvntiké nedio. I6vta e
01ag oppng aAAd dlagopeTikwy Sleubuvaoewy, ecTiAlovTat
oxedov aTo {Glo onueio.
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ITeQLOYN OLOYEVOUG LEYYNTLLOU TTediov B,
#@leTou 0T0 oYU,

AtoUN LOVTWV TTOV
UnoTeEAElTAL QITO
LOVTO. LUE OLAPOQES
OQUES P

L TTEQLoyM Lndevro v
LOYANTLROV TTEDLOV

Zx. 3.10 To payvntiké medio wg emAoyéag opung (p). Ma
S£0pN VTV MEPVA ATd LA TIEPLOXT] HE UNSEVIKG HAYVNTIKO
nedio e pla AAAN TEPLOXY) JE OMOLOHOPPO HAYVNTIKO TIEdIO B
kGBeTo oTO eMinedo g ceAidag.

ToOyLd CmUATLOO
| .~ ue 8=0

_Tooyud couatidiov
ue =0

Il
T

v\ejl
pﬂ*'\ |
Kévtoo naumvhomntag

NG TOOYLES OCmILUTLOIO
ue 00

2p(1 ~cos8)=p@*

(B) Alaypappa nou deixvet Aentouepws ™y eoTiaon 180°. dai-
VOVTAL Ol TROXLEG CWwHATISIWY TIOU UIMAiVouV 0TO XWwPO Tou
payvnTikoU nediou pe ywvieg 6=0n 00,
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ALPOQU QUVOLLKOD ¢Td
TOAOVTWTY, EVUAAACCOUEVY OF
QUOLOPWVIXEG OUYVOTNTES

B
t /y

TThdineg EXTQOTNG
I ™™g déoung

+V

y
b

2X. 3.12 Sxediaypappa evog TUTIKOU KUKAOTPOU XAUNANG
gvépyelag. To Opyavo amoTeAeiTal ano myn wviwyv S, nhe-
KTpOdIa ermTaXUVONG TOMOBeTNUEVA OTO KEVO (ITOU OvOopalo-
viat Dy kat D, AGYw TOU OXNUATOS TOUG) kau éva ouatnua
EKTPOTNG TNG dEoNG. OAOKANPN N CUCKEUT BpicKeTal PECa ae
£Va OUQYEVEG KATAKOPUPO HAyVNTIKO 1edio B. To eninedo g
TPOXIAG KGBe cwpaTldiou eivatl opliovTio. To evaAAacaopevo
NAEKTPIKO TEDiO, TIOU eruTaXuUvel Ta cwpartidia, evroridetal
o710 SldKevo avaueoa ota dUo NAEKTPODLA.

H 10%0¢ TN YOVLORNAS e0TIoNS witoQet va petonbel amo 1o ho-
'\/O'
/0!

2p-C 1,2

2p 29

omote, yue 8 = 0,1 rad poloxouvue v TLY

2p-C

_ -3
20 = 5% 10

Avto delyvel TNV LOvOTNTA £0TLAONG.

Aoy1 Tov smrayvvrij "xvxioteo" Te £va TUTTLKO XUXAOTQO,
(COQTLOUEVH CWUUTIOLN %IVOUVTUL MECH 0F OTUHEQO LAy VNTLHO
TEOLO %UL OLUYQUEOUY TROYLES TTOV EXOUV TTEQITIOU LOQYN) OTTEL-
00, OTWG PALVETUL 0TO ZY. 3.12. T 0RATIOW ETLTALVVOVTAL
#G0e oo ®VxAo (T rad) amo Eva eVOAAIOCOUEVO NAEXTOLLO Te-
oto. Tt vo umoQet va Yivel eQLodlxn emutdyuvon, 1 GUXVOTY-
TG TOV NAEXTOLXOV TTedLOV TOEMEL VL ELVEL [OT) UE TNV HUHAO-
TQOVLXY OUYVOTNTA TOV OMUATLOLWV.

H 20rhoTQoVIXY HUKALLY OUYLVOTNTA VL0 TQMTOVLL UECC. OF
LOYVITIAO TTedto 1 tesla Looutal, drmwe eidaite o méve, ue 108
rad/s, omOTE N AVTLOTOLYN CUYXVOTNTO elvaL:

a)c 7
v ==—=10"Hz= 10 MHz
¢ 2r

H ouyvOoTnta eival aveEdQTnTT oo TNV eVEQYELU TOV CMUd-
TLOLOV, 000 N TAXVTINTA TOV eV elval UxeTixtoTixn. To 2y. 3.13
OElYVEL LLE TTOLO TEOTTO TO WHXOG KVUATOS ¢/v, TTOV CVILOTOLYEL
0TO EVUALIOTOUEVO NAeXTOLXO TTEDL0, EUOTATAL IO TO LLUyVN-
o medio B.

2e wGOE XURALLY OLXOQOUN, TO COUATIOLO TULQVEL EVEQYELU
U0 TO eVAAAUOOOUEVO NAEXTOWMO TTEdL0. AVUTO €)EL O UTOTE-
MEOLA VAL GUEGVEL ) OXTIVE TNG TQOYLAG, %UBMS N #LVITLRY £VEQ-
YELX TOU OUATIOloV avEdvel. ‘Eyounte:

v / 2E/MP

r.= =
cT W, .

omou E ouuPokilel TOQU TNV KLVNTIXT EVEQYELU.

H evéQyeLa yua éva U O ETLALOTLLO OOUATIOLO TTOU ®UIVELTUL
peoo oe 0Ta0eQd LayvnTLo medlo, ®auboQileTar amd v eEwTe-
QUAN OXTIVO TOL ®UXAOTQOV. Tt TOWTOVIO, %ty @, = 108 rad/s
wav r, =05 m, éxovue v = @r, =5 x 107 m/s, Gou

E =%Mp1)2: 10727 (5% 107)% = 2,5 x 102 joule ~ 15 MeV
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2TV TOAEEN, 3 L0 AV TUXVTNTA ELVAL, LE GORETA HAAY TQO-
GEYYLOT), L) OYETIALOTLAN ®OL GVTLOTOLYEL 08 €VA TUTLHO XUKAO- sob
TQO. ’g L
o 60— 2o
é’ 60 H H2+
£ L
AIATHPHZH THXZ OPMHZ § 40—
=t
<
, s P . , ! . . Z 0+
H agyn Otetionong g oQUiG elval Y vwaoT 0TOUS OTOUSUOTES =
azo ™ dvown tov Auxrelov. H onuaoia ¢utng g ayne gpoi- = 0 L I | | | | |
VETOL #VOlwg og oofAiuata xoovong. To Béua eSeTdletal edw) 0 02 04 06 08 1 12 14
OE OUOYETLONO LLE TOV TOLTO VOO Tou NéuTwva, evih 010 Kegp. 4 Mayvntino medio, B (T)
viveTal OLleQehvnom o wud A dsroyn. H ayn SLaTum@veToL
g EENG:

2X- 3.13 SuvBrkn cuvTOVICHOU GTO MP®TO KUKAOTPO TIOU Ka-
) ) ) ; ) TAOKEUACOTNKE, Tou eixe Ouapetpo 0,27 m. O KaATakopUpog
2 Eva amoUOVWUEVO TUOTHILA, OTO OTTOLO OQOVY LOVO E0W- akovag eivat BaBUOAOYNHEVOG GE MK KUPATOG OTO KEVO, Kal
TEQLHEC OUVAUELS (OUVALELS UETAEY TV CUTTATIXWY OTOL-  APOpa TO EVAAAAGOOUEVO NAEKTPIKO TIEBIO (e padloPWVIKN

KelwV TOU CLOTHUATOS), 1 OALXT 0QUT OLATNOE(TaL OTaeor, ~ OUXVOTNTA) TOU epAPUOCETAL OTA TIAEKTPOSIA EMTAXUVONG.
AT Sev ngl—a/))d)b)tgl—aL IE TO OOVO 2TOV OpLLOVTIO GEoVA avaypapovTal oL TIHES TOU HAYVNTIKOU

rnediou B.
H e@aguoyn g agync autic 0TV IEQLITTMmON TNG 1QOVONG
S0 oLUATOWWY 00Myel 0TV axdhoubn meotaon: H okuxn 00-
I UETA TNV %QOVOT elval (oM LLE TNV OAXY 0QUN TOLY GITd (-
™V, LLE TNV TQOVTTODEDT) OTL ) XQOVON YIVETAL Y QIS VO TTULQELL-
Balvouv ezmteQuxes duvauels. Tote
p, (mow) +p, (mow) =p’, (uetd) + p’, (news) — (3.33)
AoV 1) ooy p oolletat amd T oyéon:
p=Mv (3.34)
N,
\\ P = oAxn 00w aoyLxd
>,
pi =M, N p) (LETE)
(J—[QLV) { M]
/ N Y
V4 , , »,
| Py (1etd) PN [/
4 ORLXT) OOUT) ’\l
TeEMAG
p:=M,v,
{(ToLv)
2y. 3.14 (a) Mpw ané v kpoUoT, Ta SLavUoUATA TwV OPUOY (B) Meta v kpouoT, Ta SlaviopaTa TwWV OPUGOV p’| Kal pj

P, Kal p, £Xouv GBpolopa To Slavucpa P g CUVOAIKNAG OpUNG. £X0UV WG ABpolopa To id1o e mpv davuacia P.
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Tooy L tov g,

rd
_ rd
AQyunty atedbuvon -~ i
) rd
xlvynong tov q, .~ -
rd Ve - , ,
7 ~ TAQy U watevhuvon
- “l
P - #“ivnong tov g,
- e

Tooyud Tou g,

+(,

Zx. 3.15 Av 300 Kivouueva Onuelakd GopTia g, Kal g, Mepd-
OOUV TIOAU KOVTA TO £€va ard 10 AAAO, OL TPOXLEG TOUC arOKAL-
VOUV aré TIC apXIKEG KATEUBUVOELS.

Zta Zy. 3.14 a noL 3 anewmoviCovtal Ta dLaviouata ™e OONUNG
UL 0TO Zy. 3.15 oL TQOYLEG OVO OUYXOOVOUEVIV OWUUTLOIWV.

H noovon umogel va eival eAa0Tin 1 un eAoTixn. 2Ty
EMALOTLXY ©QOVOY], 1] OALKT ALVITUAY EVEQVELL TV TWUATOMY
OLITNEElTAL WETE TNV %QOVOT MC XLVNTLXY evéoveld, ouvibng
OLWG LOLQAELETAL OLAPOQETLXA UETUEY TOV COUUTLOIMV. ZTN LN
EACLOTUAT) XQOVOY], REQOC TG KLVNTUANG EVEQYELUS TWV OWUATL-
LV eLLPUVIZETAL LETE TNV XQOVOT (G ETMTEQLXY EVEQYELT (T,
¢ OeQUOTNTA) O€ £Va N TEQLOCOTEQU aTTd T CWLATIOW. TTQE-
JTEL VU TOVIOOUUE OTL 1) OLETNONOT TNG OQUNG LOYVEL CAOLT KAl
OTLS UM EACOTIXES XQOVOELS, KUTA TLS OTOLES 1) %LVITIXY EVEQ-
veud Oev SLuTNQElTAL.

Am6deiEn ye TRV €PAPHOYA TOU S£UTEPOU KAl TOU TPITOU
vopou Tou Neutwva

Katd v %Q000m dU0 0opdTmv 1 %l 2, T¢ OMUATO GoX0TV TO
éva oto ahho dvvauerg F, van F, . ZUpgova (e To 9euteo vo-
1O TOU NEVTwVXY, 1 OUVUUN 0TO omud 1 gival:

_dpi _d

F,=— = (Mv) (3.35)
0L OTO OOUQ 2:
ap, _d
By == = o (Myw) (3.36)
Eqaouotovtag tov toito vouo tou Nevtwva (F,, = —F,,) éxov-
UE:
F,+FE, =0
dp, dp, 4
nulL I S R { =
a dar PP
—1(MV +Mv,)=0
- df (S} 272 —
Emouévog:

pp+tp= /WIV] + 1‘/[2"2 =gtad. =

=p/ +p =MV + My, (3.37)

‘E1oL, n aQy1) OLamionong s 0QUAS elpavileTal »g CUVETELU
TOV OEVTEQOU Xl TOV TOITOV VOUOU TOV NeVTwva.

AV VITEOXOVY TTEQLOOOTEQU UTTO dVO GMOUATH, O (OO TO-
TTOC OUAROYLOUOD WTOQEL Vo emavaingbet, Le 1o (010 amOTERE-
O, OTTOLOOONTTOTE %L GV elval O HOLBUOS GWUATWY OTO UITO-



LOVLLEVO GUGTNULAL.

Me ta moQedelyuuta ToU gxoA0oUB0UY, OIVOUUE OQLOLLEVES
EPUQUOYES TNG AOYNG TNS SLETHONONS NS OQUNS. AVO onueid
TTQETTEL VO TOVLOTOUV:

1. TTQORELTAL YLOL LILOL OLEVUOUATLXY TQYN.

2. E@aouolovtag TV ¢oyn Tng SLETAONOTNG TNG OQUNG #AL LWO-
VO, OEV UTTOQOVUE V& ABOOUUE LOVOONLAVTA €va TTeOPANuT
%QOVOTC.

ZOV TTOQUOELYLLG OYETLXO LE TN OLUTEQN TCQUTNONOT, Og De-
WQENOOVUE TO TQOPANUO TNG 2QOTONG SO owUa TV UE (oeg
uateg, armmd T ool To éva elval aoyLxd axivrto. Xoewalona-
OTE AUL GAAES TTANQOMOQLES, VLU VA GVTLUETWITLOOVUE TO TQO-
Bnua autod, dmwg galvetal amd tig axdhovbleg dVO TEQLITTM-
OgLE:

(o) Yrobétouvue OTL, LETE TRV %OOUON, OL QU0 (0eC UGleS V-
vovtal o€ éva ooud. [ToLo elval To dudvuoua g TaUTNTog
UTOV TOU OMUUTOS;

EOTw 0TL TO 0Qyntd SWVLoUd TNG TOXUTNTAS TS KLVOU-
nevng natag Boloxretat Tavew otov dgova x. Tote

p=Mv, X, p=0

(p', + )= (M, + M)V =2M Vv =p, =MV, X

, v] A
v=—rX
2
() YoDétouue OTL, UETH TNV %Q0V0T], TO TOMOTO COUATIOLO Ué-
vel axivnto. TTowo elval 1o duévuona TNg Tay UTNTUS TOU OgV-
TEQOU;

P +p,=0+My,=Mv, R

viy=0,X

"o va Adgouue Loutov €va TTeOBANUe ®QoUONS, %eLalOMt-
0TE, E4TOC QIT0 TNV 0y OLUTHONONG TS OQUNG, ©al GANES TTAT-
QOQOQLES, OTWGS M.y, QUTES OV LTOBECMUIE OTA TOQUOElyLUTOL
() nat (). AAAEG TTANQOMPOQLES UTOQOVUE VAL TTAQOVUE, VLT, TTd-
QUBELYLU, %Al GITd TNV LOLOTNTA TNG RQOVONG Vi elval U eha-
OTLAN.

Ot vouol Tou NeUTmva yid TnVv Kivnon Twv owpatwy
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H TAPAAEITMA

EAaoTIKA KpoUon U0 6WUATWY HE ioEg naleg, amod Ta omnoia
TO £va gival apXIkKa akivnTo

Othovue vo grrodeifoupe OTL, 0TNV TEQLTTWON AUTH, 1) Ywvia ue-
TOED TV OLEVLOLGTOWV TOV V0 0QUMV I Twv OV0 TUYVTHTWY,
LETG TV %Qovom, elval 90°.
‘Tyovue (agov N udlo M, elvar aQyuud axlvnm):
— —_ ’ e
p,rp,=M v +0=M v +M Vv,

Aoa, e M =M,,

AQOV 1 %QOU0T VTOTIOETAL EAUOTIXT, 1) OMLXKN ULVNTLXY €VEQ-
VELO OLUTNQELTUL 0TABEON. ETTouéving

,2

VI V]’ \&3
v,
D e o )
. Vl
A\
ITowv Metd

ZY. 3.16 EA0OTIKN Kpouon owy ualmy

H eElowon (3.38) uag Oupier 1o stubayogelo Beonia oL,

1 1 2 1
§M,1)12=§M,v 1 +5 Myv

Urtd OOV TQORVITTEL OTL:

2

‘U]_=‘U

OIS EULVETUL UTTO TO JLAVUOUATLHO dLAyQauua Tov 2y, 3.16, 1
TUYOTHTA v, TQETEL v elval 1) UITOTEIVOUCU £vOg 00HoYWVIOY

(3.38) TOWYMVOU, TOV OTTO{0V 0L ®ABETEG TAEVREC UTOTEAOUVTAL Ut TU

ALAVIoUATE V| KOL V.

2X. 3.17 H pnxavn tou Atwood.

[TeQLo0OTEQM TAQUAELYULATA dIVOVTUL oav TQOPMaTa (16
—18). Gu LEAETNOOVIE AETTTOUEQEOTEQU TG HQOVOELG OTO KEPU-
ALO 6.

H unyoeviy rov Atwood. O SeVTEQOS Xl O TQITOG VOUOS TOU
NeUTVa, 1ONOLUOTOLOVVTCL YLOL TNV EENYNON TS AELTOVQYING
NG YVWOTNG UNXAVAS Tou Atwood, Tunua g omolag etkovile-
TUL OTO 2y 3.17. A0 Gvioeg WALES TQOGEVOVTUL OTU (XQU V-
HATOG OV MEQVAEL OO ULM TQOYUAL. YIToBETOVUE OTL 1) TQO-
yohlo el aneintéa wala ol aueintéeg TolPeS.

‘Eotw ot n udla m, elvol peyahvten oo v m,. Tote, n
emLTéUVON Do ExeL, Yo %dbe uala, T QoQd OV MAiVETUL 0TO
OYNUL, EVHD TO UETQO NG emLTdyuvons Oa elval To Do %aL Y
TLG OVO NACEC, eMeELON TO VUK VITOTIOETOL OTL ELVOL OUVEKES HaL
Oev nmoel var tevimbel. Iomta O¢ LToAOYICOUUE TO LETQO TNG
ETLTAYLVVONG,.

Te n@be Lala aoroVVIaL SUO SUVAUELS: 1 TEON TOV VALLATOS
%ot N Ovvaun g Baoutntug. O 1oitog vourog Tov NevTwva LG
PeaLmvel OTL N TAON TOV VALUTOC €xEL TNV (0L TLUT Y XadE-
Vo gto TA dVo ompaTa. O de0TEQOC VOLLOS TOU NEVTwVY LG
ETLTQETEL VA YQUPOULLE:



b v xivnon g walag my;: T—-mg=m,a

(3.39)
Pl Ty xivnon g wakag my: T —m, g =—im,a
\QPULOMVTAG TLG OVO ESLOMOELS XATE LEAY, E(OVULE:
) m,—m,
(m,—m)g=(m +m)a 1 9=, 8 (3.40)

Miopotue va viroroyicovue tny tdon 7, av eLoayGyovue tny
crpaom (3.40) oe wa oo Tug EE. (3.39). Boioxoupe:

_ 2mum,
my+m, ©

1600 vepd moémel va elvol To viua; TTeEmeL va elval (Qxe-
TG ve0O yuo Vo LN OTTA0EL #UTD o TNV €TL0Q0U0N TN TAONG.
AVTS onuaiver Oty OTav 1O VAU elval axlivito, Teémel va
UVTEYEL VO XQUTNOEL (L0 WAL M YL TNV OTTOL LOYVEL:

2 m,in,

mg=T, ONACON uLe WGta  m = m +m,

OTIOV M| < m < M,.

AYNAMEIZ EMA®HZ: TPIBH

ATTO TV TelQu nag YVmQILOVUE OTL T GOUATC VITOLELVTUL CU-
YVE OF QUVGUELS TTOV TTQOEQYOVTUL IO TIC UETUSD TOUS CAAT-
LETLOQUOELG, TT.Y. (O TLECELS 1) TAOELS TTOV OQOVY OTLG ETML(PU-
veleg emagns. ‘Exovue 10N avapeQel duvAaleLs TETOLOV EldoVG,
LY. TNV TEON TOV VAUATOG NG UnNyavig tov Atwood %al, axd-
Ol TTLO TTOLY, TG OUVALELS TTOU GVATTTUO00VTAL €5 eTugng ®uTd
TN OUVTOWUT] OLUQXELE TNG XQOUONG TV CWUATWV.

M GAAN OUvaun €€ eagng, TOAU EVOLUQPEQOVOU TNV
TQUEN, eival n ot (Bh. eLdwoTeQe TNV amoofevouevn xivnon
evoc TahavioTi 010 Keg. 7). H dvvaun g Tolfng eEaQrdtal
ZUTE TTOAV TOAVITAOXO TQOTO GITd TNV TUYVTNTL TOV OWOUATOC,.
Edm Oo gEeTdioovue TNV ATAOVOTATY JTEQLATMON, XUTA TNV
omota M duvaun TIANS Beweltal oTabeon OTaY TO CWUU KL-
VELTAL, VWD OTAV TO OMUA UEVEL AxivNTO, 1) OUVAUN TOLBNG Elval
1601, GO ROELUTETAL YL var OLatnondel 1 LooQoTia, OTaV (-
™ eival duvatn.

H dvvaun touig elval muQdAinin TQog ThV emLpd VeLd end.-
¢Ng o owudtov. To éva amd ta OO GmUOTH UTOQEL Vo elval
WL OTEQEY eaeLpliverd, omoTe 1 dStvaun Touig EE0QTUTUL amd

Ou vouot Tou NeUtwva yia Tnv kivnon Twv owpaTwy 87

N

AlUvaun toupng = -F

A
Y
-

L 1

Xy 3.18 Eva owua Bpioketal nave o opl{oviia emeaveld.
270 owpa dpouv: To Bapog Tou Mg, wa kaetn duvaun N, wa
eEwTteplkn opltovtia duvaun I kai iy Suvaun tping — E.
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uLe GhAn dSUvoun €€ ea@ng, TV XA0eTn dSVVAUN TOV 1) OTEQEN
ETLPAVELY AOREL OTO UXIVNTO OGOUA TTOU ELVAL TOTOHETNUEVO
LAV TG,

To Zy. 3.18 Oeiyvel éva omud mdve o€ ua emimedn oQulod-
M VT etupdveld. Elval paved 6tL n dtvaun g faguintac Mg
000 XUTUAOQUQPU, TTOOE TC. XATM). AQOV TO TMOU ELVOL CXivNTO,
0 TOWTOG VOUOG TOU NeUTmva Aéel OTL TOETEL VoL 00U TGV ¢’
QUTO (LU OVVOUN TTQOS T TTAVW, e WETEO (00 e Mg, Mua Té-
mg < uMg m TOL OUVAUN, STOV £lvaL XGOETN 0TIV ETTLQPAVELL KL EWTOOILEL TO
OO VO. TTECEL LEGU AT TNV ETLPAVELXL, OULBOAITETAL GLVHBWLE
(e N, 0mtwg 010 Zy. 3.18. H 0Uvaun 1 0ol 0ITQMyVEL TO OO
TTQOC TNV ETLPAEVELX ELVaL, OTNV TTEQITTTMOON TOV GYALUTOC, 1 Bt~
QUINTA, WITOQEL OUMC VO ELVAL L0 CUVLOTMOOR TNG dUVAUNG TNG
Baumnrag M #émmowo GAA Vv, AUTO ESUQTATAUL 0T TLG LOL-
aiTeQEC oUVONXKES %GBe COoQd.

Yaobétovue Tga 6TL 010 owua M aoxeitar pia dvvaun F
TAQGAANAT TTQOG TNV ETLPAVELN (E0TW OTL SEVOULE 0TO O
€va VI #aL 0TO GAAO G%Q0 TOU VAUATOG ®QEUAUE £Va FAQO0G,
O galvetal ato Xy. 3.19), aAid OyL CQRETS UEYEAT (OOTE VA

Zx. 3.19 (a) To ohua M dev ohobaivel, yiaTi To BApog g m
elval pkpo.

M UVOYRAOEL TO GO0 VO, OMOONOEL. ZVUQmVa TTGAL UE TOV TQW-
TO VOUO TOU NEVTWV, 1) ETTLPAVELY TTQETTEL VU (OKEL 0TO OWOU
o tom ®ou aveifern ovvaun —F. H dvvaun quty ovoudleta
ovvauns Toupric. H ovvaun ToMg eivar undév ey ol T OTLyU
, ov 1 dUvvaun F Ba epaopootel 0To omuo.
e = uMg o N il paQy !

1600 ueydhn UmoQel va elvar n duvaun e toung, Mmo-
QOVLE TTAVTOTE (EXTOG CITO TNV JEQLITTWON eVOS "OUETURLVTOV
OVTIXELLEVOL") VO EEQLORNOOVLLE ULK GORETA ueydhn duvaun F,
AvY va TEOXAAECEL TNY OAOONOY TOU OMUATOC. ZVUPWVL (L€
TG TTELQUULOLTLAG OESOUEVLL, 1) LWEYLOTN TLUY TNG QUVAUNG TNG TOL-
Mg divetar amd T oyeon:

(B) To cwpa M uoALG apyilet va oAlcBaivel.

Froax = UN (3.41)
Mivakag 3.1 SUVTEAEOTEC OTATIKAG TOBNAS 4 OOV 1 WL OTOOEQd, TTOV OVOUGLETUL OUVTEAEOTIS OTATLXIG

TOLPNG, YOEQUUTNOLOTLAY] TMV EMPETTOUEVIOV ETTUPUAVELDY, ZTOV
Iivaxa 3.1 otvovtal dudgoge TLéS Tng otaleods p. YevBu-
Tuahi oe yuahi 0,9-1.0 pitovue OTL 1 dVVOLN OTUTLANG TOWPNS LITOOEL Ve TTGOEL OTTOL(-

YAlka 1

I"UU)\L, o€ UETAANO ' 0.5-0.7 ommote T g TV Ty uN. H T tng %a0e @ood eEaotdtal
TFoapltng og youpln 0,1 . e , , . ,
’ S 0716 TNV EETEQLHY OUVALT TTOU QOXELTAL GTO OMUML. AVTO (ai-
AGOTLYO € OTEQED BN -4 S 310
4 . ’ /. L )y . y - . .
Yhaxo goéverv oe yutooionQo 0.4 VELOL OT0 2%
[1¢ryog o€ 1dyo 0,05-0,15
ZHL 08 ENeo tdyo 0,04
Xahrog 0¢ yuhro 1.6

ATOGM 08 QTOCAL 0,58
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MéTpnon Tou u

H tuu] tou g 1wtoet vor wrohoyiotel dxd ) vovia 6 Tov nexhl-
HEVOL ETTLTEAOU LLE TO OQLLOVTLO £T(TEN0, YLCL TNV 0Tol0 TO CLud
aQyilel va ohtobaivel.

AVUEQOUEVOL 0TO 2. 3.20 %L VToBETOVTUS OTL TO 0ON. El-
VOL £TOLLO VO OALOBNOEL, OLOCTLOTIHVOULE OTL N OVVLOTULEVN TMV
TOUDHV duvdpewmv Mg, N, zau F_ | motter va ebval undgv, Av ata-
QOVILE TLS OUVLOTWOES TLG HOSETEQ AOL TLS TOQAIANAES TTQOS TV
ETUEAVELD TOU KEXALLEVOD EXLTEdOU, Oa €youle, avtioToly:

N=Mgcos 8, F.=Mgsin @

0

(3.42)

ETeldn, emutiéov, n OUvan ToWHmg €7€L T WEYLOTN TLUH TS, €l-
VoL Fn) = uN, rai folorovue:

Fm Mgsin 6

p=—r=

=52 7 343
N Mgcos 8 G:43)

=tan 8

B TTAPAAEITMA

2x. 3.20 Zopa £Towo va oAlobnoel MPog Ta KATW OE £va KEe-
KALLEVO eminedo.

OAigBnon ocwpartog 6Tav Mavw 6€ auto dpd HIA EPATTTONE-
VIKR duvapun pe petaBAnTti dieubuvon

Eva obua ue wata M noeuel Tévo o éva nerAEVO ex(Ted0 Lie
Suvieheot) TOBNE 1 > tanf. [1ooadloglote 1o uETQo I g Ov-
VOUNG TTOV eLVUL TAQUAXNAN TOQOZ TO ETLTEN0, OyNUOTILEL YOviU
o UE TO RUTUXOQUEO ETHTENO TTOV £lvaL XUDETO OTO xexrALUEVO
£T0Ted0, %Al elval LOALS 120V Va TooxaAéTeL TV oAlobnon Tov
Smuatog (Bh. Zy. 3.21).

Mo T Qaihayn Tov TEORMIMUTOL Eivae: AV (e SUvaun sTd-
OUAINAN TTQOC TO %EXALUEVO ETLTEQO, OYL AVUYRUOTIXG TTQOS TU.
TV M TQOC TU. RATM, UOKLS avayralel TO owua v oklabnhoel,
T0000100loTE TN dLevBuven TEOS TNV Ol A ¢QyITEL VO KLVEL-
IOl TO OMUd, 00V oUVEQTNoY TNS dlevduvong g duvauns.

To Zy. 3.21 delyver TLg TUQGURANAES TQOC TO emiztedo duvi-
LELS. STOV elvaL VITEVOUVES YLO TV L00QQOSTIC. BAEmouue OTL ol
avvanes Ko Mgsind & wa F (e2wteouxn dvvaun) stoémel va oi-
oy d(’)QOLOiua undév. MOALS TO omua agyioel va oiloDoivel, Do
SZOVLE, CUUG@YVE LE TO TQONYOUVLEVO TUQAOELY LM

F. o=uMgcosf

w

AV TGQOVUE TLS OUVIOTWOES TLE STUQUAANAES TOOS T UV
Mg siné, bu grovue:
Fcosa+F,

)

cosff —Mgsing =0

Mgsin 6%

Kdartoyn

2X. 3.21 Z0pa £Toyo va oAoBnaeL Mavw o £va pn) Aeio Ke-
KAWEVO €MMESO, UMO TNV enidpaon pag nNAaylag eEwTepIKAG
duvapng F.

N Fcosa+ Mgcos 6 cosff =Mgsinf
OL oVVIOTMOES oL XADETEC OTNV TTAQATA V™ dLevOuvon divouv:

F sinf~Fsina=0,

w©

M Fsino=pu Mgcosd sinf

AToheigovTag TO B amd autés TIg 0yE0eLS, POloXoVNE:

. .2 .2
F —cosusing +/cos*asin’ 6 + u2cos’8 — sin’ 6

Mg (3.44)
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[ToLe €lvaL N ONUAOEE TOU (QVNTLAOU TTQOOTUOU 0T 0o
(3.44); T Vo QITAVIAGOVLLE. TAOUTNOOVLE OTL tZcos20 > sin’6,
o wtobéouue OTL i > tanf. AQa 0 0Q0G UE TNV TETQUYWVLKN
QUCu elvo LeyaiiteQog amd Tov QO cosa. sinf. Av YONOLLOTOL-
OVOCUE TO TQVNTIXG TQOONUO, TO F Oa TV WL CQVNTLAY TTO00-
TU. AVTO GGG Elval o Oa@ms (W GTodExT AV0N, [La XUl
¢youvue vrodéael OTL TO F TGOLOTAVEL TO HETQO Wi duvaung (F
> 0). AQu TQENEL VO YONOLUOTOOOULUE TO OgTind TodoNuo.
‘Ezouue TIg OYE0ELS:

F=Mgsin @ +u Mgcos 6,
F=-Mgsin @ +u Mgcos 9,

Stav a=0,
otav a=7m

tov O wroovoalle va LS BovIE %KL ¢Tevdelag, ouv eLOLHES

B TTAPAAEITMA

TEQUTTIHOELS. MITOQOUKE etlaong va emuknbevoovus oOtL, av
u=tanf nalL o =7, TOTe F =0, Omomg #UL GVapEVETUL.

‘Otav n dvvoun F elvar wohig ueyakireon amd Ty T mou
divel 1 oyfon (3.44), to omuo Ba oAlobioel ue xatevbuvon avri-
Oetn woog exelvn g F_ . ATO TLQ TOQumdvey o3 £0ELS, N T TOU
B wtooet vo vrco)»oytoréi, %ol Polonovue:

sin 8 = Slza (cos a tan 6 + /1 ? — tan’6 sin’ct)

Mogouue va ehéyEoule avty Tn oxéon, Bétoviag S = m/2.
STV TeQImTwon cuTh oL TEel duvdne, F, Mgsing & nou F_
oynuatiCovv éva 0pBoydVIo TOLY®VO.

OpiZovTia kivnon pe otabepn dUvaun 1p18R¢

Yrobétovpe OTL 0 oUVTELEOTHG TOLBNG UETAED wag 0QLEOVTLUG
ETLEAVELOS HOL EVOG HLVOULEVOL GMUATOC glval oTaOeQdg Kol
{00g ue (. Me TOLO TUUTNTA STQETEL VO EXTOEEVOOULLE TO TOU
TUQGEAIAL TTQOC TNV ETTLPAVEL, £TOL (VOTE TO OMUC VO OLUVVOEL
e ardotaon D oLy oTandTioEL;

Edm éyouue v LOVOSLAOTATO TQOBANIL, e OTUOEQY dUv-

070 ®e@aharo g BaouIntas [PA. EE (3.8) nal (3.9)). Amd v
TTLO TV eELOWOT TTQORVITTEL:

- e 102
D =—pgl+v, KOl X=—juglt+u,t,

OTTOV VITOOEOTULLE OTL X, (ONA. N TL TOV X yiat £ = 0) elvan unodév.
H a0y Ta vinta eival vy, Otay 10 owua otapatioet, Oa elval
v, = 0 xaL t = vy/ug. AviradoTdvIag avty my T otnv egi-
0OoN Tov X xaL Bétovtag x = D, Boionouue:

2 v2
n: . D=_ 0 4 0 0
2 2 . 118 :Ug/] OHE  2ug
d’x d
M ¥l —u Mg, aon at STHS Emtouévoc:
, s . . . . < v, =42Du
Eyovpe Ndn eneeoyootel pug L0on og maoouolo Tooinud 0 e
NMPOBAHMATA TUYVVEL TTQOG TNV TTEQUPEQELTL TNG TTLOTAG %L emolévg Ba ma-

(Znueiwaon: Otav Olvete €va dolOinmTLL0 AITOTEAEON, TTQETEL
TAVTIOTE VO GNUELMVETE TLG HOVEDES. XMQLG UOVADES, £val (QLb-
UNTro amotéheopa dev onualvel TIMOTA).

1. O 10iT0g vouog tov Nevtwva. 'Evag uabntig, mouv éxel ud-
OgL otouyeLmdn duowr, PoloxeTal oT0 NECO LWaS UeYAANG JIt-
0TAG YoV, MeTaS TV TOSUOV TOV KUl TOV YOV UTTAQYEL
£vag 1uxOC 1ev, ahkd raboglouévog ouvtekeotig ToUMg. O
wabnTig GutdHE ExeL dLouyBel Tov TOLTO VOUOo Tov NevTtmva. Mua
XOL O VOLOG AeL OTL o8 %G0e dQGoN LITAQy el L Lom ®al avTi-
GeTn ovTiOQUoT, O UCONTHC TXEPTETUL OTL 1] TUVIOTUUEVI] QAWV
TV OUVALEMV TTOV TOV AEOQOVV, TTQETEL va. elval noév. ‘ETol
AoLoy vTobETeL OTL dev B VITGQYEL QUYL LXAVY Vi TOV E7TL-

QUUELVEL OTO HEVTQO TNG.

(@) Tuv mQETEL VO TOV TELTE VoL KAVEL, YLO. VL TTQOXWQNTEL TTQOG
TV TTEQUPEQELL;

(F) Otav @raoeL otrv meQLEPELELa, TL OU TTOEMEL VU TOV TTELTE YU
TOV OEUTEQO XUL TOV TOITO VOUO TOV NelTva,

2. O mifnxog xat o xvvnyds. Mg ovwnBLopévn emidelEn oe na-
Muata duowng elval TO TELQUIK TTOV elxOVILETAL 0TO Y.
3.22. 'Eva fMijna extoledtal and éva Omho oty Béon O, m0g
€va ®LVNTO 0T0Y0 TToL Boloxetal aQyuxd ot BEéon P. O wvntog
0T0%0¢ agnvetal ehevbegog v Ow oty mov 1o PrAjua
extoSevetal. To SANUA XTUTE: TOV #LVNTO GTOXO XUTd T Sito-
HELT TNG TTTMOONG TOV, MG CAiVETUL 0TO OyNUd. AelZeTe OTL Y
GUYRQOUVOT] TOAYUOTOTOLELTAL GVEEQTNTA atd TNV TUXVTNTA



2Y. 3.22 Eva neipapa. MpopAnua 2.

TOU PARUATOC.

3. ATaiTovuevo ViPog 0QOENS Vit EVU TALYVIOL TETOOEALOUS.
AV0 madLd TaiCovv TETOOEULQU IE 1WA WTAAY OF €V LURQU
oudoNo. To Mpog 0Qo@s elval H. Ta Lo TETOVV %LUl ¢Q-
TATOVY TN UITGAG 0TO VYOS TV DUV TOVE, £0TM A. AV T ;TUL-
OLCL ELVAL LHOVE, VU TTETAVE TNV (GTEAC UE LD TR VTNTA Yy, TTO-
on elvol 1) UEYLOTY ATdaTUoN LETASY TOVC 0TV OSTOLd LLITOQO UV

Am: R=4\(H ~h)[vj2g —(H - h)]

VO TTOLCOUV:

Aglgete oTv, uv H —h > 1)02/4g, T01E R = voz/g. EENYNOTE TN (G U-
own onuaoia tng owbiung H — a > vg/4g.

4. ITvoofoiiopol mpog ta stcven. H Toy0InTa To €yeL €va BAi-

na, Pyaivoviag axo éva 0mho, eival 30 m/s. Evog avBowtog

TUQOBOAEL OTOV QU UE OUyvOTNTU évay TTUQOPOALOUD (vt

OEVTEQOAETTO, 08 XUTAUXOQUEN #aTevuvon. O TOIES OTOV at-

U CUEAOVVTAL,

(a) [Tooeg ogaioes Ba POLoKOVTUL OTOV UfQU G ULY. OTTOLUON-
STOTE L QOVUXY) OTLYILY;

(/) Ze o Wpn GV UTo TO £0CE0S BU TQOOTEQVOUV N Lud
mv GALY;

5. Toiprj wavew o Svo xexipéva exizzeon. Kot ta 910 eximeda

1 %ow 2 010 Ty, 3.23 éy0ouv un Aeleg ETUPAVELES e OUVTERECTES

TS fy may i, i ta oouota M, wow M, avtiotorga. Bosite

™ oxéon UETUEY Twv M|, M, 8,, 8,. 1, #0L L, £T0L OOTE:

(ay n uala M, uokhg va goyloel vu oklobaivel Q05 1o %ATM
07O €TLITEND 1

Ou vouol tou NeuTtwva yla v kivion Twv Cwpatwv 91

ZX. 3.23 AmAO KEKALUEVO eTtiMedo. MpdRANLA 5.

() m wdta M, uohig va agyioer vo ohosbaiver TQog Ta %ATw
oto eximedo 2.

6. Toufprj rov Oev eivar ion pe uMg. To Zy. 3.24 delyver jwa OU-

vaun F ov doa o éva ooua ue pala M. To oopa poloxetal

STEve 08 [ 1 Aeto 0QLOVTLY eTLpdveLd, 1) OTTold €XEL UE TO

GOUC TUVTEAEGTH TOLNG L.

(@) YmobBétovtag 0t F >> Mg, Poeite T néyotn yovia 8y
TNV OTTOL0 1) QUVULLN F OEV LTTOQEL VaL KGVEL TO GO VU OAL-
othoeL, 000 neydhn xL av elval.

(5 Boelte 10 hovo F/ Mg, oav cuvaomnon twv 8 xaL 4, Yiu Tov
05T0l0 TO oOUA OMG Coyiler va ohobaivel. Agifete OTv,
070 OQLO F >> Mg, 1 amavinoTm avayetaL 0T0 UTOTERECUA
e TEQUITTMONG (€1).

2X- 3.24 MpoBAnua teRhg. MpodpAnua 6.
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7. H unyavi tov Atwood. Xt unyavy touv Atwood (2y.3.17),
Boeite ™V TGON TOV VALUTOS OA IOV OUYRQUTEL TNV TQOYUAld.
AglEETE OTL TO OLUVONUTLZO dBQOLOU TV TQUHV DUVHUEMYV :
m\g, Mm,g 0L TG TUQOTEVWL TAoNg, LooUTaL 1E To Quind g
WETOPOMC TS OQUAG AUT( TRV RATUXLOQUEN OLevBuvVOT.

8. AoQugogog xat Xehijvil. TIOLO GO TOELEL TUYUTEQU; 1) Zt-
Mvn, 1 Evag d00VEOQOE TTOU TUEWEVEL YoM atd ™ I'Mm ne
OXTIVO NOALE UEYORVTEQN UTO TNV axTiva Tng Ing; TTowog eiva
0 AOY0G TV TAYVTHTOV GUVCQTHGEL TOV LOYOD TOV UXTIVOV
TV T00%LwV; T10t0g elval 0 G705 TOV TEQLOOLYV; ZEQOVTUS
OTL N ZekAvn €76l TeQlod0 27 NUEQMIV KL X TIVO TQOYLGG 384
000 km »ar 0TV N axtive Tn g ebvar 6400 km. pPoeite Tnyv e-
0L0d0 TOU dOQUEGPOV.

9. HAexT0ooTatixi SUvaiy. AVo (oeg WQES aywyLLES OGaloeg
WaLog m, ®QEUOVTOL 0ITd TO onuelo P e vijuota oo wixovg /.
Agyuxd o oqaloeg Polovovral oe eOqy] UETUEY Tous: 6 = (.
211} CUVEYELT OL OALOES (POQTICOVTUL LIE (O NLEATQUAC (COUTIU
g, %0l TOTE gImBOVVTUL ®UL LOOYOOTOVY O0TIC Béelg tov Ogi-
FVELTO 2. 3.25. BOELTE LT €XQOOT TOU VO GUVOEEL TO (COQTIO
g ue to peyedn m, g, [ xar 0. (Qewiote TG Wroés ogaiges
OUV ONUELURE (COQTIM).

10. ITow1oVio iéoa o€ nhextoLxo Tedio.

(@ Mo ddvaun (oe N) dou T v 8 £vd TOOTOVLO TToU Pol-
OHETOL UECO OE £V0 NAEATOAO TTedlo évTaong 3 x 104 V/m;

(/) Av agnooLUE £va TTOMTOVLO, UE TQYLXY TaLUTNTA UNdéV,
HECU OF £va OLOYEVEC AEXTOLRO TTEQLO UE TNV TUQUTEAVD
£vIgon, oL Do elval 1) TayVTNTA TOV TOMTOVIOV UETE UlTd

2X. 3.25 HAgktpootatikr duvaun. MpdfAnua 9.

1078 s:
(y) 600 naxoud Du Heedel amd ™ Bon ToOv TO APHOCUE UETH
amo yeovo 1078 s;

1. Howtévio péoa o payvntizo medio. 'Evy momTovio (€ =

1.6 x 10719 C) exto8e DTl e TaVTNTO v = 2 X 100 & m/s oe nLa

TeQLOYH Omou  UsTdQyel évd ouoYeveS uayvnuixd medio

B=01zT.

() Ymohoviote Tn dVVOUN (ROTA UETQO %Al XATEVBVVAY ) TOU
00U TGV OTO TOWTOVIO QUEGMS UETH TNV EXTOSEVOT) TOV.

(/) Towo elvar 1) axTiva #EUTVAGTNTIC TN TEOYLES TTOV UHO-
AouDEel TO STQWTOVLO;

() T1po0dLo0IloTE TN BEGT) TOU REVTQOU TG RUKALKNC TOOYLAS,
UV TO ONUELD EXTOSEVONG elval 1] YN TV CUVIETAYUEVOV.

12. AGY0§ nhenToLxdv SUVALEWDV KAt SUVALLEWMY LOQUTNTAS 1E-
TaEY Sv0 nhextoovimy. To WETQO THE NAEXTQOATUTIXAG OUVHL-

LUNG OVANEDH OE OVO NAEXTQOVLY. elval

[N

L ¢ srou =8.988 x 10° N m?/ C2

4ne, i 4xe,

\

[N)

To UETOO NG dUVAUNG NG PUQUTNTAS ELVAL

2
G™. bmov G=6,67x10""' Nm?/kg’
r

[Tow eival  TEEN wevebovg Tou AOYOL TG NAEXTQOOTUTUANG
SUVaUNG TTQOS T OUvauUn TG faQiTnTag avaueso ae dVo nie-
HTQOVLYL; A 1042,
13. Kabeta nlextoued xaw uayvnrixd zedio. 'Eva ¢ooTLouEVO
OWUOTIOWO #ULVELTAL ROTE T OLEVOBVVON X OF UL TTEQLOYY GOV
VITGOYEL £VE NAEXTQURO TTEdi0 E), ®OL v ©GOETO TQOC CUTO LO-
ywnuxo edio B, Mo elvar n avayraia ovvBiun, dote n ov-
VLOTGUEVN OUVOUT TTOV QOXELTOL 0TO GOUATIOW va. elval Lo ue
undév; Tyedudote 1o davvonata v, E xau B oe éva dudyoau-
ne. Kabogiote v moQomave ouvdixn yua 10 v, 0Tav
E,=3x10% Vim, nat B, =3 x 107 T. A v, =107 m/s

14. Extoomy oouatidlov wuéoa oto medio emimedon muxvuTi.
Eva omuatidlo e ¢ootio g xal udta M el aoyurn Taximnd
DR, OTUV eLo€yETalL Ot NhexTowd medlo —£§ (B, Zy. 3.26).
Y oBétovue OTL TO TEDLO ELVUL OUOYEVES, ONh. OTL 1) £VIUON TOV
E civoy otabeon oe Gha Ta onueic g TeQLoXNg UETAED Tmv
TAUAGOV TOU TTURVOTT (eXTOC ¢t LWKQEC HETAPOMES XOVTE aTx
(200 TV TAaXmV, Tou Bu TG ayvoncovue). O mAdxeg Exouv




L
L .
Tyx. 3.26 Extporm) cwuaTidiou. MpdBAnua 14.
unizog L.
(a) TIoleC OUVGUELS EVEQYOUV XUTU TLS OLEVDUVOELS X ®OL ¥
aVTLOTOLY U, AT F . =0, F =-Fq§

(/) Mmogeil L dvvau e dtebuvon vy va. eTnedoel T oUvL-
OTWOM X TNG TAYVTINTUS:

(7)  YmOLOYIOTE TIC CUVLOTAOES U, %Al D, (0G GUVEQTIOELS TOU
HOOVOL, KUL YOUPETE TNV STANON btuvﬁouauxf] EAPQAON TG
Ta0TNTOS V(t). AT VR — (qE/M) Y.

(0) EmiéEete oov oyl 10 onuelo eLo0dou ®ul yodpete TNV
TANON dLavuolaTivy eEl0mor sTov exqpodlel T Béon Tov
oopaTOiov oV GUVAEQTNOY TOU %QOVOU, VLU TO ¥QOVLZO
AGOTU TTOV TO TWUATIOLO PQLOKETUL UVHLECH OTLS TTAG-
HEC TOV JTUAVIDT.

15. Suvéyera tov Toonyouvtévov sTeopAnuatos. Y robEéTovne

OTL TO 6WUATIOLO TOV TEOBINUUTOS 14 elval Eva NAEXTQOVLO Ue

aoywxn vavituzn evéovela 1 mol = 107" joule, 6Tu n éviaon tov

NAEXTOLXOD Tediou eivar 300 V/m xat étu L = 0,02 m. Zntov-

VTOL:

(@) H dovuouatixy Tey0INTa T OTLYIL) STOU TO NAELTQOVLO
EVRUTURELTIEL TNV TEQLOYN LETAED TV TTAURMV TOV STURVE)-
).

() Hyovia (v, R) 0TaV T0 0OUUTION0 eYRATAAE[TEL TLC STAGXES

A 270,

() To onuelo TOUNS TOV dEoVE TV X e TNV evbelu %Utd TNV
oToLu TO JOUATIOW eyraTuielel To Tedlo.  Am: 0,01 m.

TOU TTUAVOTH.

16. Tooyieg avvgovons. Avo couatidw {1 wau 2) folorovial
aQyurd aTig Oéoeig x, =5 m, y, = 0rat x, = 0 waL y, = 10 m, ue
v, =~ 4% m/s ®aL v, 20Td @ixog Tou dEova -§. Omwg 010 Zy.

O vouol tou NeUtwva yla Ty kivnon tov copdtov 93

2X. 3.27 Kpouaon cwuatidiwy. NpopAnua 16.

3.27.

(a) TTowd elval 1 TO0MTA V,, GV TA OOIATIOL TOOXELTAL Vi
ovyxovehoty, AJr.: — 8§ m/s.

(5 TLoom eiva 1 TLUY NG OYETLHNG TEVTNTUG V. TOU GOUUTL-
dlov 1 wg s1o0g 10 2; Aur: 8y — 48 m/s.

(7)) ALQTUTTOOTE EVU YEVILO RQLTHOLO YLOL TIV CVILYVIOQLOT) (LG
TQOYLUS OVYRQOVONS OO OmudTwy, OTav divovtal ol Bé-
OELG TOUG Ty, Ty XOL OL TUYUTNTES TOVG V|, V,.

17. Kuvnuatiun) x0000ewmv. AVO UGTEC, UVUYARUOUEVES VO XL~
VOUVTUL OE €VA OQLLOVTLO ETTLTTEDD, GUYXLQOVOVTUL NETUSY TOVC.
Atvoviar ou waleg M, = 0,85 kg, M, = 2 Kg #oL OL GQyrEC TU~
AUTNTES V) = 6,48 /s ®oL v, = —6,7% — 2§ m/s.
(o) Boeite v olxn oQun Twv d0o (alwv
A =7.96% -4§ m/s.
() Av uetd v woovon eival [w,| = 9,2 m/s nar w, = -4.4% +
1,99 m/s, srova Oa elval 1) dtevbuvon Tov w; (YLa TG Tayv-
TNTES UETA TNV #QOUON XONGLLOTTOLOUUE TO VK300 W),
A — 84° (O TOG TOV GEOVL X,
() Tlow elvar N OYETRN TOUTNTU W, =W, —W,;
AT 54% -11§ m/s.
() Moon eivar N gy ®av OO N TEALLD OLLXY) RLVNTUAN
gvéovewr; H noovom elval eAaotixi 1 pn ehaotinn;

18. My ehaoti) xoovion. Avo oonota (M, =2 kg, M, =5 kg)
EOUV TaUTNTES V,= 108 m/s al v, = 38%+3§ m/s hiyo oLy ov-
YRQOUOBOUY, £V UETE TNV XQOVOT EVIOVOVIAL XUl ITOTELOVY
éva oM.

(o) Towx glval 1 TeEAH) TOVG TayVINT;

(5) TIoLo ®AOU TNG CQYMNG RLVNTLUNG EVEQYELUS YUVETOL KU~
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TG THY %QOVoT;

19. Tooyit dSopuEdov. @ewENoTE OTL 1 TQOYLE £VOS HOQUEO-
OV PoloneTal Aivo o €50 ¢Td TOV LONUEQLYS £VOC OUOYEVOTI
CPALOLXOV TAQVATY] UE TTURVOTNTA p. Ae{Zete OTL 1 steglodog T
THE ®IVNoYG O¢ LG TETOLU TQOYLE EEAQTATOL LLOVO UITTO TV JTU-
AVOTNTA TOV TAAVITY. AmaTe TNV Eiowon yua 1o 7.

20. Bednvenés offidwv Apov. To ToQurdTm eLVUL TELQAIUTUAA
dedouéva oyetvd Le To PeAnveréc xal Ty TaxLTHTU OftdmV
OOV, TOV BEAAOVTUL VIO yoOvid 45° g TQOL TO 0QULAVTLO

enTimedo. Ztov (0w mivana meguhanudvetdal o %Qovog TTong
TOV O ldmV. ZUYRQIVETE AUTG T¢ Sedouéva 1e Ty athn Bewola
™G PoANG. BAETETE ROULY RAVOVIROTNTY;

OEMA NMPOXQPHMENOY EMNINMEAQOY

POPTICHEVO CWHATIBIO OE OPOYEVEG EVAAAQOGOHEVO
NAeKTPIKO nedio

OemQOVLLE TO NAEXTQLXO TTELO
E=E $=E’sinw:}

Omov @ = 2xf eival N nurhn) OUYVOTNTA AL E? TO MAGTOS TNG
EVTUONG TOU NAEXTOLXOV TTedloU. Zuyva o delntne 1nodév () ot-
k0 0T0 £ muQuAelmeTon, av 1) maodherpn dev dMuLoveyel dfie-
putdmra. H eCiowon tng zivnong eival, ovugovy ue ™y EE,
(3.20): .
dx_ g -9 Esinor (345)
at My M
T T Avon dutgoQlemv eELOMGEMY, XONOLLOTOLOVILE GU-
SV TNY TTOAY #aAn uEB0dO TG SOXLUNG %ot TAGYNG, OOYOUUE-
VoL Gitd T QUOLKT] (Lo dtaiabnan. Wdayvouue yu ud Avon g
LOQUMG:

x{()=x sin @+ v +x, (3.46)

OL Ta Uy (YOL TOU NULTOVOD XAl TOV CUVIILTOVOU SIVOVTUL
aTto TG OYEOELS:

2

%sin@zcos@, d—ef_,sine=—sin9
/ 2
d‘—gcos@z—sin@, gc058=—0059

Mooaywyitovrag v EE. (3.46), Boloroune

Tayvtnta BeAnvexnég Xoovog
EXTOZEVONG (M/s) (m) (s)
102 972 144
112 1159 15.7
122 1349 17,0
131 1539 18,2
2
X _ 2y, sin o

dr?

‘Etoi, 1 EE. (3.46) eivay e Avon g eElowong #ivnong [EE
(3.45)], agzel v eLaopaiioovpe OTL:

. q .
- @, sin ot = i E?sin w1 (3.47)
QYL TTOV UTTULTEL:
EO
PR L (3.48)
Mo~

Suvdvdtovrag Tig EE. (3.48) nal (3.46) foloxovue:

[}

qc,
x(t]=——"5sinwr+ v/ +x,
Mo
H tayvmra elvon
0
_de__ 9B,
v (1= d = Mo SO @ F Y,
0moTE, Y £ =0
0 qE'?
v | )__Ma) + 0,

Mn ueodéyete to v, (0). Tov eival N Tay BT T oTLYun £ =0,
LLE TO U IOV Eival 1Lo OTOBEQA OMOXATIOWONG, TETOL, (HOTE TO
0,(0) vau Exer TNV T ov O¢kovue. Av Oghovue N agywnni Ta-
FUTNTO Vo ebval ion ue pndév, tote meémel va Biooupe:

qE}

X

V.=
0 Ma

AvVTLUOLOTOVTAS TO U, 0TI GY£01] TTOV 1o Olvel TO x(1), €xou-
ne




M 1=
" ANVA
0
\/ \/ ol—
.
1+
Mo
ey, |
gL,
0 1 L 1
T 2z 3 4r Smo@l—s
4r-
3l
Mo? ne
)
(q&
T
0 L L 1 L !
. 2r  3n  4rm ST gpf—»

T éva oQTio g néoa oe Tedio E = E"‘_)sin Wt R, £10VUE

a = % E?sin o/
%al _ 0
v, (/):J a di=— W Cos W + v,
Av y(0) =0, 161¢
o 4EY
" Mo
oL
8]
qE,
v (1= o {I—cos wr)

EEGOV x (1) = J v (i dr

L9k
Mo

Av x(0) =0, 101¢

1 .
[— 5 sin a)t)+x (0)

o _4E!  qE!
=370 ' o

sin w!¢

2Y. 3.28 Erutayxuvaon, taxyumnra Kal Jetatonon we ouvapTrn-
OElg TOU oI

Ol vopol Tou Neutwva yia v Kivnon Twv owpatwyv 95

0

E? :
x(l):q - 1 = sin @1 +x,
Mo Mo* 0

AvTo elval £va ZATOS UTQOCIGANTO ATOTEAEOUE. ME TV
00LUXN oVVONXN V. = 0 0N xeoVLX oTLYUN £ = 0, 1 %lvnom aro-
TerelTOL 01d UL TUAGVTOAN 1 0TTola TOOTIOETUL OE HLU Ohi-
agtnon e otabeor tuxvnTa lon ue g& ‘1 /Mo, Autd ouuPaived
VAT TO 0WUATIOLO TTOTE SEV UVOOTQEPEL TNV TUXVTNTA TOV 0TO
£LOL®O VTS TEARANILE. TO 0UATION TQOYWLL TUVEYNS TTQOG
TV (0L STAEVQC. ZNUEUHOTE OTL TO U, elval SLEOQETInG amtd TO
v (I = 0) o0& quTd TO TEOPANUA, GAAGE TO X, LOOUTAL e X(f = 0).

H &Lty vvan, 1) Tay 0Tt oL 1 a00TaoT, TUQLOTUVOVTL
OV CUVAQTNCELS TOV %QOVOU 0TO Zy. 3.28.




96 Kepahalo 3

MAGHMATIKO ZYMINAHPQMA
Alapopikég eElowoelg

Eyouue OeL OTL 1} €5TLTEYLVVON 0 XUQTEOLUVES GUVTETAYUEVES €l-

VL
2
d’z,

dar’

2 AIAEC OUVTETUYUEVEG, N ETLTGHVVON Ot TTeQLAUBAVEL OEUTE-
Q¢ %ot OAVAS TTOMTES TUQUYMYOUS (G TQOS TO QOVO. Av
TEQLOQLOTOVILE OE LLKL OLULOTAO, O OEVTEQOL VOUOZ TOU NeUTm-
v (N €ELOWOoN ®IvNong) YOAGETL:

>

X +

o

7 ¥+

2
d'x

M
ar’

=F, (3.49)

H 7060e0m nag, yodpoviag vty I oyéaon, elvat va foov-
ILE TO X OUV GUVAQTNON TOU £, ONAGON va ABooulE 1¢ TQOS X. H
L00M U TNG £SL0MONE, TOV OVOUGLETUL Ota@ooixi) Siowon.
Ba elval n ovvagnon x(f). o wrogotue vo (oovue Ui té-
o Aom; O ueOnUaTIZOL ££0UV DLUTUTWOEL HUVOVIXES OLU-
OLQOieg VU™ AvTO TO 0%0TTO, 0L PUOLXOL OUMC TOLD CUYVE L~
VTEDOUV LG AU0T %Al QOXLUATOVY ¢v 1) AVoT Liavortolel TNV
E&. (3.49). Yrdoyer évag aolbudc ammd ouvnuouéves LoQpeg
APOQIDV EELOMOEM YV, TOV TUQOVOLULOVTUL TOAD GUY V(L OTN
DUOLEN HUL TTOV ELVAL KONOLLO va BUOUUOTE TIg AVDOELS TOVC.
ESetalovpe mo #atw OVo amd avtés TIG eEL0MOELS, V() TTE-
QLOOOTEQEG (WAES TEQUITMOELS OLEQEVVIOVIUL OTO TEAOG TV
ETTOUEVOV HEPUAULWV,

H mo azthn egittwon aviiotolgel oe F = 0. 'Hén Eégou-
UE TNV UITEVINGT QITO TOV TOMTO VOUO TOU NeUTmVH, UAAG UG
v Sovapeouue AUvovtag TNy eSloman

2v dv
dn; =eso (3.50)
¢

Zéoovue OTL 1 TaQdY®YOS Wag oTadeQds elval Lndéy, dou n
ayéon
v, = 0tal. =

TTQETTEL VL EXPQULEL Utet Avom. H (Ow oxéon yodpetal:

dx
Lt 51
= Yo (351
AOXLUATOVIE OV AUOT) THV €4QQUON:
X = Uol+x0 (3_52)

Orav mgeaywyoouue Wd oQd, foloxovue v EE. (3.51) xaL
OTOV TAQUYWYLOOVUE DO (POQES, Boiorovlte Tnv EE. (3.50). Aé-
LLE AOLTOV OTL 1) £EEL0OOT AVONLE UL LTOQOVLE Vo aTtodelEouue
OTL M A00oM TOL ONHAILE €LVUHL LOVUOLAN.

T TAQLOTAVOVY TA D, #AL X, ; TTQoqaveg eival otabeQéc,
UAAG amod ot meotoovtal, H onuaoia toug nabogiletal asto
TO GUYAEXQLUEVO TTQOPANUA TTov DemQovlie, Ag vIToBEcoVUE TT.%.
1L €youLEe Evd owuaTiow oe neelia otn Béon x = 0 %L OTL 7Td-
VI 0TO OWUOTIOLO dev doa #aud dvvaun. Tote v, =0, x; =0
%L 1 Avon yodgetal x = 0. Me dhha Aoyla, To omuotidlo -
ouuével otn Béon x = 0 yL0 TAVIQ 1) WOOTOU OQUOEL AUV TOV
xéaola dUvaun. Ag viobéoovue Tmoa OTL Bewoolue éva oo-
UaTioLo, stdvey 0TO OO0 OEV EVEQYOUV OUVALELS. GAAG TTOV TN
yoovixn atwyun £ = 0 Poloxretal ot Beon x = +50 %ol wiveltan
TQOG TNV COVNTIHN #UTEVOUVOY TOU (Sova TV X UE TaYVTNTU
25 (aQuAtiztovue TIg novaoeg). Tote x, = +50 »oL v, = —25.
Emouévax

x=-251+50

2OL 1 0%EON CLUTY) OLVEL TO X YLU OAES TLG TLES TOU XQOVOU f, [LE
{2 0. AV EEQOULE OTL AUL YL I < 0 deV OQOUV OTO GWUATIOLO dU-
VAUELS, TOTE TO (OL0 IOTEAETUU OLVEL TO X %AL YLU OAES TIG CQ-
WTLEG TLUEG Tou £ Ou dvo oTabeots, X, naL v, ovoldlovral
ouvnlwg 0TafeQés 0LoxANOWONS nauL TEETEL va »aBoQIlovTal
o T ouvinires TOU TQOPIUATOG, TTov cuviBLG ovotLo-
VTUL aQyixes ouvonxes. Ou dLUqoQUAes EELOMOELS OENTEONG T~
Eng €xouv Tavra oo avbaieTeg 0TaBEQEC, £V OL OLUPOOLHES
eELOMOELS TTOMTNG TUENG EXOVV LOVO L.

H emduevn amhh meglmtmon eival 6tav ¢gouie I, = otal.=
F,. Todpoue Taourdtm y otn O£0m TOU .Y, Y1 v OMOOVUE 0TO
OTTOVdAOT TN OVVUTOTNTA VU GUOYETIOEL TLG AVOELS UE TO TTU-
QAdELTILG STOU dmoule 0Ty aoy Tou xegaraiov. H Elowan
YOapeTaL:

d%y ry
= =
al M (3.53)
dmov a m otadeon ety uvon. Ag dOXLLLKCOUUE TN ABON:
y=Lavv 14y
2 DRASMR() (3.54)

MaoaywylCovrag dVo @ooéc mulpvouue TV EE. (3.53) ral
€101 emaAnfevovue OTL €10UnE TQoryRATIXG Wi Avon. Ta v, ol
Yo elval TdhL oL avbuigeteg otubeQég 1 otabeoés ohoniiomaong,
IOV TTQETTEL v TLE %¢B0QLOOVUE aITd TO TTEORANUE TTOV €EETH-
Covue. Ao ) Puoki} Tov Auvxeiou E¢gouvne OTL N EE. (3.54) ei-
val 1 eElomon Tov TEQLYQAMEL TNV %ivnon evOg omUaTLdlo
LITtd TV £TL0QUaN TNG PuoutnTac. Av Bewanoovue o y OeTrd
TTQOG TU TAV®, TOTE JTQETEL VU, YOMPOUUE a = —g, OTTOU g elval
N emTéruvon e Pagitntag, ton pe 9,8 m/sZ. Alvouue maoa-
AATO LEQUUE TTOQUOELYUTA.




1. T £ve 00ORe OV TEGTEL e QXY TULOTNTC INOEV ¢iTod
vpog 100 m, €zoupe:

v,=0 ., y,=100m
Goa.

y=—4.9 2+ 100 (3.55)

Oc M, OTUV 1O [ glval OF S.

2. Tw éva oHUd TOL DLy VETOL STQOS T, TGVM Le v, =98 m/s
£0ULLE:

»=0, v,=98 m/s

y=—4912+981 (3.56)

o M, OTUV 10 ¢ elval ot s.

ATO TLS OY£0ELE CUTES LIITOQOULLE v JQOVUE TLG TLUES TOU Y
o€ wdBe otrng £ Tl sTeddery L, Toto elval To (tEYLOTO UPog
OTO 0OTTOLO (PTAVEL TO GMLT 0TO JEVTEQO TUOGOELYIY,; OETOVUE:
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dy

—=0=-98/+98
di

aou
t=1s

pledh
y=—49-1+98 - 1=49m

H ouvihix dy/dt = 0 anpaivel v, =0, %l EXQOALEL TO YeYOVOS
OTL TO GOWLE (ETUVEL OTO UEYLOTO VYOG,

ATTO LaONUaTIA IO, OL aQ7 %S OUVORES WTOQOVY V.
evvondolv g oL TULEG TV y ®al dy/df oe Lo, OQLOILEVT] OTLY-
W, STOV OTLS TUQUTAVD TEQUITWOELS elvol n otwyun £ = 0. H
OLOEOQLAY EEL0MON BEVTEQUS TUENG OLVEL TNV XAWTUAGTNTY TN
AOLGTUANG (Y, £), GG OeV dlvel TNV ®Aion oUTE TNV TLLU] TOV Y.
‘ET0L. vi0 v HQOUVLE TNV LOWTUM ®UTE TQOTO LOVOUTULAVTO,
elval grTaQUuitNTO VO sTQOOOLOQLOOUUE TNV ®ALON %GL TNV TU
oe €va OQLolEvo onuelo. O OITOVOUOTHG LUTOQEL VO OUYXQLVEL
TS YQUPLXES TUQUOTUOELS Tov EE, (3.55) = (3.56).

IZTOPIKH THMEIQZH
H avakdAupn Tou KUKAOTpOU

OL TEQLOCOTEQOL (STO TOUS OUVYYOOVOUS ETLTUYVVTES OWUATL-
LoV VYMIUHV EVEQYEUDV XATHYOVIUL U0 TO TQWTO XURAOTQO
TOWTIOVIWY ToUv 1 MeV, ov zrataoxevdotnre u:16 Toug E. O.
Lawrence xuL M. S, Livingston (A0Qevg %L AIPLvyxoTov) 010
LeConte Hall tov Berkeley. H &éa tov ©inhotoou ogelhetal
oTov Lawrence %uL ONUOGLOTTOBNKE YL TOMTY) GOQE ¢ITO TOUG
Lawrence xau Edlefsen og pua oplhic, Tng omoiag teglinyn on-
LOaLeEVOM®E 0TO TTEQLOOWXO Science, 72:376, 377 (1930). To 1932
OMUOOLEVANXAY TU TOWTA UTOTEAEONOTU OF £va wQuio (tobQo
010 Physical Review, 10 #00L0 TeLodixd Dduoxic g
American Physical Society. Mo,ovoTL TO TeQLOOLKO OTOLTEL
OML T¢ GOBOU VO UVOOEVOVTUL (TG EVIUEQMTIXES TTEQLATIPELS,
AMyeg aso qvTég elval TO0O 0Uqels XUl EVIILEQWITLXES OO0 qLTN
OV GVOTUQAYETUL OTIC ETOUEVES OEALOES, UITO TO XAUOLXO T
@Goboo twv Lawrence xal Livingston., AvastgQdyovial €Tiong
#oL VO oyfuuTe ¢itd 10 Bo. O xabnynmig Livingston elval
o010 MIT. O xubnyntig Lawrence mébave o 1958,

O gQyOg NoyVNTNG TV 1T LvToOV SETEQUOTNHE OYEOOV
CUETWS 08 ETLTULUVTIES LOTUOREVAOTIXE, LA YONOLULOTOLE(TAL
gxOuN 08 d TOLLAia EQEVVNTLXMV TQOYQAIUGTOY, OTO
LeConte Hall. Ta ToMTO €TLTUYN TELQUIATY ZVXAOTOOVLAOD
OUVTOVLONOU GOQEWMV EOQTIOL 08 XQUOTURAOVE €YLVAV LE GLU-
TOV TOV Loy Vi,

Mo e evOudgpEopuo TEQLYQUET] TS TTOMLUNG LOTOQLUS
oV ®UxkoTO0V, PAtae E. O. Lawrence, "The Evolution of the
Cyclotron", Les Prix Nobel en 1951, o¢h. 127-140, Imprimerie
Royale, Stockholm, 1952.

Eva and ta npwta KUKAOTRA TOU KATAOKEUAOTNKav.
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THE PRODUCTION OF HIGH SPEED LIGHT IONS
WITHOUT THE USE OF HIGH VOLTAGES

By ErnesT O. LAWRENCE AND M. STANLEY LIVINGSTON
UNIVERSITY OF CALIFORNIA

(Received February 20, 1932)

ABSTRACT

The study of the nucleus would be greatly facilitated by the development of
sources of high speed ions, particularly protons and helium ions, having kinetic
energies in excess of 1,000,000 volt-electrons; for it appears that such swiftly moving
particles are best suited to the task of nuclear excitation. The straightforward method
of accelerating ions through the requisite differences of potential presents great experi-
mental difficulties associated with the high electric fields necessarily involved. The
present paper reports the development of a method that avoids these difficulties by
means of the multiple acceleration of ions to high speeds without the use of high volt-
ages. The method is as follows: Semi-circular hollow plates, not unlike duants of an
electrometer, are mounted with their diametral edges adjacent, in a vacuum and in
a uniform magnetic field that is normal to the plane of the plates. High frequency
oscillations are applied to the plate electrodes producing an oscillating electric field
over the diametral region between them. As a result during one half cycle the electrig
field accelerates ions, formed in the diametral region, into the interior of one of the
electrodes, where they are bent around on circular paths by the magnetic field and
eventually emerge again into the region between the electrodes. The magnetic field is
adjusted so that the time required for traversal of a semi-circular path within the elec-
trodes equals a half period of the oscillations. In consequence, when the ions return to
the region between the electrodes, the electric field will have reversed direction, and
the ions thus receive second increments of velocity on passing into the other electrode.
Because the path radii within the electrodes are proportional to the velocities of the
ions, the time required for a traversal of a semi-circular path is independent of their
velocities. Hence if the ions take exactly one half cycle on their first semi-circles, they
do likewise on all succeeding ones and therefore spiral around in resonance with the
oscillating field until they reach the periphery of the apparatus. Their final kinetic
energies are as many times greater than that corresponding to the voltage applied
to the electrodes as the number of times they have crossed from one electrode to
the other. This method is primarily designed for the acceleration of light ions and
in the present experiments particular attention has been given to the production of
high speed protons because of their presumably unique utility for experimental in-
vestigations of the atomic nucleus. Using a magnet with pole faces 11 inches in
diameter, a current of 10~° ampere of 1,220,000 volt-protons has been produced in
a tube to which the maximum applied voltage was only 4000 volts. There are two
features of the developed experimental method which have contributed largely to its
success. First there is the focussing action of the electric and magnetic fields which
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prevents serious loss of ions as they are accelerated. In consequence of this, the mag-
nitudes of the high speed ion currents obtainable in this indirect manner are com-
parable with those conceivably obtainable by direct high voltage methods. Moreover,
the focussing action results in the generation of very narrow beams of ions—less than

1 mm cross-sectional diameter—which are ideal for experimental studies of collision
processes. Of hardly less importance is the second feature of the method which is the
simple and highly effective means for the correction of the magnetic field along the
paths of the ions. This makes it possible, indeed easy, to operate the tube effectively
with a very high amplification factor (i.e., ratio of final equivalent voltage of acceler-
ated ions to applied voltage). In consequence, this method in its present stage of
development constitutes a highly reliable and experimentally convenient source of
high speed ions requiring relatively modest laboratory equipment. Moreover, the
present experiments indicate that this indirect method of multiple acceleration now
makes practicable the production in the laboratory of protons having kinetic energies
in excess of 10,000,000 volt-electrons. With this in mind, a magnet having pole faces
114 c¢m in diameter is being installed in our laboratory.

INTRODUCTION

HE classical experiments of Rutherford and his associates and Pose? on

artificial disintegration,and of Bothe and Becker®on excitation of nuclear
radiation, substantiate the view that the nucleus is susceptible to the same
general methods of investigation that have been so successful in revealing the
extra-nuclear properties of the atom. Especially do the results of their work
point to the great fruitfulness of studies of nuclear transitions excited arti-
ficially in the laboratory. The development of methods of nuclear excitation
on an extensive scale is thus a problem of great interest; its solution is prob-
ably the key to a new world of phenomena, the world of the nucleus.

But it is as difficult as it is interesting, for the nucleus resists such experi-
mental attacks with a formidable wall of high binding energies. Nuclear
energy levels are widely separated and, in consequence, processes of nuclear
excitation involve enormous amounts of energy—millions of volt-electrons.

It is therefore of interest to inquire as to the most promising modes of
nuclear excitation. Two general methods present themselves; excitation by
absorption of radiation (gamma radiation), and excitation by intimate nu-
clear collisions of high speed particles.

Of the first it may be said that recent experimental studies % of the ab-
sorption of gamma radiation in matter show, for the heavier elements, varia-

! See Chapter 10 of Radiations from Radioactive Substances by Rutherford, Chadwick
and Ellis.

2 H. Pose, Zeits. {. Physik 64, 1 (1930).

3 W. Bothe and H. Becker, Zeits. {. Physik 66, 1289 (1930).

+ G. Beck, Naturwiss. 18, 896 (1930).

5 C. Y. Chao, Phys. Rev. 36, 1519 (1930).
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