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MPOAOIOz

To BLBAlo mou KpaTATe oTa XEPLO 0OG EXEL YpaodTeL oUUdWVA LE TO VEO AVOAUTIKO TIPOYPAULOL
¢ I Aukeiou yla Tn BTk Kot TEXVOAOYLKN KateuBuvon, mou ekmovnOnke amnod 1o Matdaywylkod
IvotitouTo.

H UAn meptAapBAVEL TIC UNXOVLKEG KOl NAEKTPOUAYVNTIKEG TAAOVIWOELG, TOL KUMOTA, TO LOAVIKA
PEUOTA, TN UNXOQVLKH TOU OTEPEOL CWUATOG, T adpavelakd cuothpata avadopds, TIG KPOUOELS
Kal to patwvopevo Doppler. Itn cuvéxela ota SUo TeAeutaio KePAAOLO ELOAYOVTAL KATIOLEG TIPWTEC
YVWOELG oLYyXpovNnG GUOLKAG e TN Bewpla TNG OXETLKOTNTAG KOL TNV KBAVTOUNXAVLK.

Baowkn pog emdiwén ntav va ypadtel éva BLPAlo 660 to duvatdv mo GLAtkd oto pabntr. Mpo-
onabnoape va SLAMPAYHOTEUTOUUE Ta BEpaTa He KaBapdTtnTa Kol ALTOTNTA KAl VA LNV avoiEoupe
S8popoug Ttou To eminedo TNG TAENg Sev eTITPETEL va. akoAouBrjocoupe pPéxpL TEAouc. Eylve mpooma-
Bela va ocuvdeBouv Ta BEpata GUOLKAG TTIOU TIPAYHOTEUOUOOTE E TNV KABNUEPLV EUMELPLA TWV
podntwyv. Ta pobnuatika tou BiBAiou eival anAd, avtiotolyo tou emmédou NG Taéng otnv onoia
anevBuveTaL.

la to cupPoALoO akolouBroape TG mpodlaypad£c mou TEBNKAV amnod To MaLtdaywyLlko LVOTIToU-
10. Tat SlaviopaTa MOPLOTAVOVTOL E TIOXLA HOUPpaA YPAUMOTO EVW TA METPO TOUG HLE KOVOVIKOUG
xapaktipeg. Etot to ovpPoro F napiotavel o Stdvuopa tng Suvaung, evw to cuuBolo F to petpo
NG Ita Xewpdypada xpnotpornoleitatl to cuppoio F .

KaBe kedalato Eekvael pe pLa rp Suo L0AYWYLKEC TtapaypAdouc Tou TeEPLyPAPOoUV TO QVTIKEL-
HEVO UE To omolo Ba acyoAnBouue kal urmtevBUUIlouv KATIOLEG TIPOYEVECTEPEG BACLKEG YVWOELS. OL
Baowkég oxéoelg kaBe kedbalaiou eival ToviopEveg Le yaAdllo kouTti. Ta Aupéva mapadelypata urmn-
peTouv dUo otoxoug. Mépvouv To Pabntr o€ emadr HE TG TPAYHATIKEG SLACTACELS TWV HEYEBWV
Kall UTTOSELKVUOUV €Va TPOTIO EPYACLAG YL TNV EMIAUGCT TWV ACKNOEWV. 2T0 TEAOG TNG Bewplag kABe
kedpalaiov untdpxeL cuvon mou mepAapPavel ta Bactkd cupnepAopata tou kepaAaiou. AkoAou-
Bouv oL 5paCTNPLOTNTEC, OL EPWTHOELG, OL ACKAOELG KAl Ta TtpoBARaTaL.

OL 6paoTNPLOTNTEC £ival ATIAQ TIELPAUATO 1 EPYOOLEC TTOU O HABNTNG UMOPEL VA KAVEL OTO OTIiTL
Tou. OLepwTtnoels Sladopwv TUMWV MpoadEpovTal yLa EAEYXO0 TWV YVWOEWV 0TN Bewpla Kal yla Kpt-
TIKA okéPn mavw ota Bgpata tou kepaAaiou. OL aoKAOELS Elval ATTAEG KoL avadEPOVTOL OE LLO ATtO
TLC £VVOLEC TIOU TIpayHATEVETAL TO KePaAato. Ta mpoBARpata cuvnBwe eival CUVOETIKA Kol KATIOLO
ano autd auénueévng SuckoALag.

210 téAog kaBe kepaAaiov Ba Bpeite Eva ) Suo EévBeta mou Sev amoteAoUV HEPOG TNG EEETAOTEQS
UANG kot amevBuvovtal o€ 000UG Ladnteg BEAouv va SLeupUVOUV TLG YVWOELG TOUG.

Ita napoaptipata tou BiAiov Ba cuvavtioete €va mivaka UE TIG BaolkEG oTaBePEC IOV XpNOLUO-
nowtndnkay, Eva aAdapntikod supetriplo KaBwe Kat Eva Ae€IAOYLO0 Opwv.

EAmniCoupe otL Ba pag 600¢l n sukatpia va EpBoupe os emadn e TNV KPLTIKA TwV cuVadEADwY
niou Ba S16aouv To BLBALO Kal aglomoLwvTag TNV VA TO BEATLWOOULE.

ABnva, ZentépuPplog 1999 Ot ouyypadeic
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( 1.1. ) Elcaywyn

Y€ MPONYOUUEVEC TALELG aoxoAnBnkape pe Suo mepLodika dalvo-
HEVA, TNV OHaAn KUKALKA Kivnon Kol TV oAl opUoVIKH TOAGVTWON.

TNV €vOTNTA QUTH Ba EMEKTEIVOUUE TNV EVvola «TAAAVIWON» yla
VO CUUTTEPLAABOUE KL TIC NAEKTPLKEC TAAQVTWOELG.

Oa efetdooupe eMioNG TIC TOAQVIWOELS TWV OMOlWV TO TAATOG
ehattwvetal -Ti¢ $pOIvouoeg TAAAVTWOELG- KOL TG TAAAVIWOELS OTLC
OTOLEC IPOODEPOULE EVEPYELA OTO CWHO TIOU TAAAVTWVETAL -TLG €€~
VAYKOOUEVEG TOAAVTWOELG.

TéAog Ba aioxoAnBoU e Kal e TNV TEPLMTWON TTOU TO CWHA CUUE-
TEXEL OE TEPLOCOTEPEC ATIO HLA TAAAVTWOELS (OUVOETEC TAAQVTIWOELG).

(1.2.) Neplodika patvopeva

Neplodikd pawvopeva ovopdlovtal ta dawopeva mou egeliooco-
vTaL Kot emavaiapBavovtal avalloiwta o otabepd Xpovikd Slaotn-
poata. TEtolwa pawvopeva eivat n kivnon tng Mg yupw armno tov ‘HAw, n
Kilvnon Tou ekKpeUOUC, TO AV KoL TO oBAoLUo Tou ¢apou K.d.

KaBe meplobikd dpatvopevo xapaktnpiletatl and tnv mepiodo tou
(T), To xpovo dnAadn rou amatteital yio va oAokAnpwOel. Av og xpovo
¢ yivovtat NV emavaAnelg tou pawvopévou, n meplodog eival ton pe To
TinAilko

T:

To avtiotpodo mnAiko ./ =

ToU aplBpol Twv enavaAfPewyv Tou GavopEVOU TTPOG TOV OVTLOTOLYO
XPOvo ovopaloupe cuxvotnta Tou eplodikol dpalvouévou.

Movada puétpnong tng mepldodou eivatto | s
kaL tng ouxvotntagto /s A [ kukhoc/s f 1 Hz.

ATo TOV OpLOUO TOUG, TO UEYEDN TePlodOGg Kol ouxvoatnta €iva

avtiotpoda, cuvdeovtal SnAadn pe tn oxeon f %

‘Eva tpito péyebog mou avadepetal oe OAa Ta meplodika davoueva,

Xwplg dpeon puoLkn onuaoia, elvat n ywviakn cuxvotnta () yia tnv @
ormola LoyveL
27 . v
o TR
T
s , ) , s m
Movada pHETpnong TG ywVLAKNG ouxvotntag eivat to 1 rad/s. To O16:vvaua TG YOVIGKIS ToyDTNTOS

otV KOKLIKI] KIVROT].

Napatnpnon : 3tnv KUKALKA Kivnon opilleTal To SLavUoUaTLKO LEyeDOG Syipa 1-1



. . . do . o
ywvLakn TaxutnTa HE LETPO @ S 3tnv opaAn KUKALKA Kivnon Tto
t
METPO TNG YWVLAKNG TaXUTNTAG TTOU €XEL WG KUKALKN Kivnon elval oo
HE TN YWVLOKA CUXVOTNTA TTOU £XEL WG TLEPLOSIKN Kivnon.

(1.3.) AntAn appovikn TaAdviwon

a) Kwnpartikn mpocéyyion

Mua rteplodikr maAvdpoptkn kivnon ovoudletal taAdaviwon. H ta-
Advtwon mou yivetal o euBeia TpoXLA OVOUATETOL YPOLHULKY) TAAA-
viwon.

H xivion tov ekkpepovg eival pia talaviwon. 2ty pwtoypagio arcikovi{ovral
010.00)1K G OTIYULOTOTCO. TNG KIVHGNGS OTH O1APKELQ UIGHS TEPLOOOD.

Ewkéva 1-1.

H anAn appovikr TaAdviwon ival pLo 81K\ MepimTwaon YpoppL-
KNG TAAQVTWOoNC.

Eotw éva cwpa Tou Kiveital maAlvépoulkd mavw os éva dafova
YUpw aro to onpeio O, ou elval To HECO TNG TPOXLACG TOU.

To oouo 100 oYRUATOC EKTEAEL
YPOUULKTY TOAGVTWOTN KIVODUE-
VO TWOAIVOPOUIKE YOp@ OTO TO
onueio O, mov eivar to péoo
THEC TPOYLAS TOV.

Xyfqpo 1-2.
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Av n amopdkpuven x Tou cwpatog divetal anod tn oxéon

(1.1

N Klvnon Tou cwpatog ovopaletal anAn appovikn tTaAdviwon. To A
elval n péylotn amopdkpuvon, dnAadn n Héylotn anodotacn ano to
onuelo O otnv omola GTAVEL TO KWNTO, Kal oVOUAleTal TTAATOG TNG
TaAdvTwong.

H taxltnta KAl n €MITAXUVON TOU OWUATOG KABe otyur Sdivovtal
OUTIO TLG OXEOELG

L=V __ CLVO!

max

(1.2)
(1.3)

Omou v__ KAl @ __, AVTIOTOLXA N KEYLOTN TLUA TNG TAXUTNTAG KAl TNG
ETUTAXUVONG TOU CWHATOG. To WO EXEL LEYLOTN TOXUTNTO OTOV TIEP-
va amo tn B€on O (x = 0) KaL HEYLOTN EMITAXUVON OTAV TIEPVAEL ATTO TA
okpaia onueta P kat P* (x = A kot x =—A avtiotowya).

KoL

a - _alﬂllx n Hml

Mot Héylotn TaxUTNTA KAL TN LEYLOTN EMLTAXUVON LOXVEL

2
amax =0 A

L =mA

max

KOl

— > > > — —

To ocddua X kaver amAn apuovikn taiaviwon. Aivovialr oynuatiké 1o 01avOoLO-
Ta TG TOXDTNTOS (KOKKIVO YpOue) Kal THS ETMITAYVVONG (Kapé ypouo), otig
diapopeg OBéoeig, kata v kivnon tov. H toydtnto tov couatog givai uéyiotn
™) oTIYU) TOV TO owua 01EpxeTal ano 1o onueio O, evd n exitayvvon eival ué-
yiotn otav 10 ooua Ppicketal otic akpoies Qéoeic P kair P'.

Xyqpo 1-4.

Ot oxéoelg (1.1), (1.2) kat (1.3) LoxVouv og KABE ATAN OPUOVLKH Ta-
Advtwon, Ue tnv mpolndbeon OTL TN XPOVLKH OTyUn Knbév To Kvntd
Bpioketal oto onpeio O kal Kweltal katd tn Btk popa.

AV TN XPOVLKA OTLYUN UNOEV TO KvNTO TtepVA amod KAmolo aAAo on-
pelo, éotw to I (o). 1.5), mou Bploketal og anootacn  ano to O.

XPOVIKT| oTLypn uNdév |

i . A |
- P Q@ al » P @
1 i 1_(1)_>_'_’
I_d_l
XPoViKn oTiypn t
(- P 0 g4 v P
T i }
— X—

To oo T00 CYNUATOS KAVEL ATAN OPUOVIKI TALAVTWaN ue apyikn eoon. Tn
otiyun t = 0 Ppickerar oty Qéon 1.

yqpa 1-5.

Arodoyikd  oriyuiotowa  THS
talavioong opaipoag eaptn-
uévne ano elatipio. To ypo-
VIKO 01G0THUO AVOUETA TE 0DO
010.00)1KG  OTIYUIOTOTA  EIVaAL
otalepo. Xty didpkreta T pw-
Toyphenons N QWTOYPOPIKI]
wAdxo uetotomi{etal opilovria
ue otalepn taydrnra. Etor n
POTOYPAPIO OETYVEL TWS UETO-
palietar 1 KOATAKOPLON ATO-
UAKPOVOEN OE TOVAPTHON UE TO
xpovo.

Ewéve 1-2.

N AN
- Vs
TN
oo
RN N

2Ta O1aypappuato. QoiveTal TM¢
uetafaileror ue 1o ypovo n
ATOUCKPVVAN, 1 TAYXDTNTO KOl
N EWTAYVLVON EVOS OCOUOATOS
TOV KAVEL YPOUULKT OPUOVIKN
Tolaviwon.

Xynpa 1-3.
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olLoxéoelg (1.1), (1.2) kau (1.3) Stadopomolovvtal Kat yivovral:

X = Anp (ot + o) (1.4)

L =V,,0Vv(ol+0)
a=- amaxnu(wt + (P)

H ywvia ¢ Bploketat and tnv (1.4) av AdBoupe undodn OTL TN XpOVL-
KN otyun undév to kvnto Bpioketat oto I. M 7 = 0 elval x = d ko n
oxéon

d
(1.4) yivetar d = Anpe emopévwg MUY = v

H ywvia ¢ ovopdletal apxikn ¢paon. Mia tétola tahaviwon AEue
OTL €XEL apXLKN daon.
H ywvia (@f +¢) ovopdletal pdaon tng TaAdvIwong.

B) Auvapuikiy TPoaoEyyLon

Av €va Kwvnto palag /7 €KTEAEL QAN QPUOVLKH TAAAVIWON OMWG
avadépape, oe pla tuxaia B€on €xeL emtdyuvon o, avedptntn amno
™ ¢opd tng TaxvTNTAG. H cuvoAikr SUvapn Tou SEXETAL TO CWHA KOl
glva umtevBuvn yLa TNV EMLITAXUVOT) TOU givat

2F =ma (1.5)
H (1.5) yivetat amo tnv (1.3)

SF=-ma_nuot N XF=-mo’dnpot  (1.6)

Ko eMed x = Anuos n (1.6) yivetatl

2F = —mw*x (1.7)

ATO TN ox€on auth ¢aivetal OTL OTav £VO CWHA EKTEAEL ATTAN QPUOVL-
KN TaAdviwon n cuvoAlkn duvaun mou SExeTal ival avaAoyn HE TNV
OTIOUAKPUVOH TOU CWHOTOC amod To Héco O TNG TPOXLAG TOU Kol €XEL
avtiBetn ¢opd amod avtrv. Otav 1o cwua MeEpVA amo to onpeio O n
ouVvoALKA SUuvapn mou d€xetal LoouTal pe pndév. Ma to Adyo auto, To
onuelo O ovopaletal O€on Looppormiag TG TAAAVTWONC.

v
= — —> — — -
(')—,r—b——b——b—f—d——d——dlr—b (+)
P (0} P
c— ¢— ¢— — <+ -

2710 oxnuo 0Ivovtal oyNUoaTIKG Ta O10VOOTUATO THS TOYDTHTAS (KOKKIVO YpOua)
Kol TS 0Ovaung (Tpaocivo ypaua), otic orapopes Qéoeig, Kota tnv tolaviwon
EVOS OWUATOG.

Xyqpao 1-7.

Av cupBoAicoupe pe D to ywopevo mo? n (1.7) ypddetat

H mopamndvw ox€on €ival yvwaoTth Kal oav cuvonkn yla TV mopayw-
vy anAng appovikng taldvtwong. H duvaun XF ovopdletal duvapun
enavadopag (yoti telvel va emavadEpel To cwpa otn 6€on Looppo-
niiag) kal n otaBepd avaloyiag D otabepa enavadopdc.

2y pwrtoypopia  @oaivovial
Taidia va kavovv kovvia. Otav
n amoudkpvven givol uéyiori,
n TayvTNTO EIVOL UNOEVIKT.
Ewoévo 1-3.

>><

Ta draypdupata THe OTOUG-
KPOVONG, THG TaXVTNTAS KOl
NG EMITAYVVONG OE [L10 TAAG-
VIwon ue apyiky ¢aocy.

Xyfqpa 1-6.
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Av ot Kamola TAAQVIWON €lval yvwoth n otabepd emoavadopag,
UTTOPOULE VA UTIOAOYLOOUUE TNV MEPLodO TNC.

. . > 2n ) .
Ano tnoxeon D=mw = m(Tnj TIPOKUTITEL

m
T =2m,|— 1.8
1/D (1.8)

Twpa palag 7 €xel mpoodebel 0To KATW AKPO KaTakOpudou Ldavl-
KoU ehatnpiou To AAAO AKPO TOU OTOLOU €lval OTEPEWUEVO OE AKAO-
vNTo onueio. AMOUOKPUVOULE TO CWHO KATOKOPUDA KoL TO apr)VOUHE
eAevBepo. Na umoAoylotel n mepiodog ¢ Taddviwong mou Ba ekte-
A€oEL.

Mapadeyua 1.1

Amevtnon :

Agv gival duvatov va epapuocoue T oxeon T =27 mn (1.8),

D

TIOU LOXVEL HOVO OTLC OPUOVLKEG TAAQVTIWOELCG, av TpwTta dev amodei-
€OULE OTL N Kivnon TOU CWUOTOG lvat oA apoVIKN TaAdavTwon. Na
va yivel auto Ba amnodeiéoupe 6tL N cuvioTtapévn SUVON OE ULA TU-
xaio B€0n Tou CWHOTOC Elval avaAoyn TNG AMOUAKPUVCHG TOU OO Th
B€on Loopporiag kat avtiBeTng popac.

To cwpo apXLKA LOOPPOTIEL £XOVTAC ETLUNKUVEL TO EAATIPLO KATA /
(ox. 1.8.B). Kata tTnv Looppomia Tou cwpatog LoXUEL

F=w (1.9)

‘Eotw pa tuxaia Béon otnv omolia Ba Bpebel To cwpa KATIOLA OTLY-
U KaTa tn SLdpKeLla TG TAAAVTWONG Tou. Oswpwvtag BeTK dopa
™ dopa NG anopdakpuvong x anod tn 6€on wwoppormiag tou Ba LoxVEL:

2F=w—-F"

N, Aoyw tng (1.9),
SF=F-F (1.10)

J0udwva pe To vopo tou Hooke < = K/ kaw F* = K (/+x), omote n
(1.10) yivetat SF = —Kx (1.11)

Amo v (1.11) mapatnpoUUe OTL N cuvioTapévn duvaun eivat ava-
Aoyn TG amopdkpuveong amnod tn B€on Looppormiag kat avtiBetng do-
pac.

Emopévwg n kivnon lvat appovikr TaAdvTwaon pe otabepad emava-
dopadg tn otabepd K tou eAatnpiou. H oxéon (1.8) loxVeL kal yivetat

T:2n\/;
K

(@) ®

0000000000

aa\'4'4%3'4%

! F
L
|
7|‘ w
W
Xyqpo 1-8

¢ @ N ri‘r\ 00QQQQQ

m

l )
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v) EvepyeLoki tpooéyyLon
‘EOTw KO TTAAL TO OWA TIOU EKTEAEL ATTAN APRLOVLKH TAAAvTIwor. To
OWHA, OE pLa Tuxoia B€an, £XEL KIVNTLKN EVEPYELA

1 b) 1 bl bl 1 bl 2 2
K= 5 mu’ = Emu‘ cuv' ol = 5 mo’Acovior  (1.12)

max

Av dextoUpe OTL otn B€on O 1o cwHa €XEL SUVOLLKA EVEPYELA UN-
6€v, og kABe aAAn B€on Ba £xel Suvapuikn evépyela mou uTtoAoyiletatl
we €€AG :

Eav to cwpa Bploketal oto onueio O kal elval akivnto, yla va PeTa-
KwvnBel otn B€on A, mou anéxel andéotacn x ano tn 6€on ooppomiag,
TPENEL va Tou aoknBel duvaun F’ tétola wote va e€oudetepwvel T
Suvapn enavadopdg F. To pétpo autng tng Suvaung, o kabe Béon,
Ba elval /"= Dx.

A
P’ OQfp A F P
| e @—»—n—» F
|
Ixfpae 1-9. Dx| . :

To €pyo tn¢ duvaung F° umoloyiletal and tn ypadlkn mapaotacn
F = f(x), (ox. 1.10) kat givat W%sz. To épyo tng duvaung F’
anoBnkeVETAl WG OUVOULKN €VEPYELD OTO OUOTNUA, ETOUEVWC

U:lDYz [1 13] Ia va peratomiotel katd Xx,

oT0 oOua  oockobue Obvvaun
) 5 - , F'=Dx. To eufadov tng emipad-
Opwg D = mo” kaLx = Anuwtz, onote n (1.13) yivetal velac uetald tov diayphupo-

X X

1 To¢ ka1 Tov alova TwV x gival
2 i sy r
U= *m(DLAznlvlh(Dl (].14) ap1Ountikd (6o pue To épyo wov
2 amolTHONKE Lo TH UETATOTLON.
AT6 Tic oxéoelc (1.12) kat (1.14) tpoKUTTEL OTL N KWATWKA kaw n du-  =x1re 1-10.
VALK EVEPYELQ OTNV ATTAN APUOVLKN TaAAvTwon HetafaAlovtal me-

PLOSLKA pe To Xpovo (oy. 1.11).

XXX,

T t

2to didypauua TopioTadvovral n KIVATIKY, 1] O0VAULKY KAl )] 0VOALKN
EVEPYELA TNG TALAVTWONG, OE GUVAPTNGN LE TO YPOVO.
Xynpao 1-11.

UKE

H evépyela TaAAVTWONG TOU CUCTHUATOG O€ pla Tuxaia B6€on Sive-
TaL anod TN oxEon E=K+U

n omoia amno tig (1.12) kat (1.14) yivetat

1 2 i i i l i bl
E= EmcoLA“(Gthcol +nuwt) = 5 mo-A”
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E = l DA* = lmeAZ
2 2

E= lDAz n lmuim
2 2 B

H evépyela otnv amAr appovikn TaAdvtwon eival otafepn Kat ava-
Aoyn LLE TO TETPAYWVO TOU TAATOUG.

( 1.4.) HAektpkeCc TOAQVTIWOELC

2TOUG OTTALOMOUG TUKVWTA xwpntkotntag C (oy. 1.12) ouvdéoupue
TNVIO PE OUVTEAEOTH autemaywyns L. To mnvio kat ot aywyol dev
€xouv avtiotaon.

@Ooptiloupe Tov MUKVWTH (TL.X. €pvovTag o€ madr TOUG OMALOUOUG
TOU HE TOUG TTOAOUG TINYNG cUVEXOUG Taong) Ke poptio O kat KAeivou-
pe to Stakomtn A (o). 1.13a). Apxilel toTE n ekPOPTLON TOU TUKVWTH
KalL TO KUKAWMO StappéeTal amo pevpa. H évtaon Tou peUpaTtog, AOyw
NG QUTETAYWYNG Tou Tnviou, avavetal otadlakd Kal yivetal LeyL-
otn (/) Tn otyun tng mAnpoug ekpopTLoNG Tou Tukvwth (o). 1.13B).

To pevpa, eéattiag Tou GaLVOUEVOU TNG QUTEMAYWYNE OTO TNVLO,
6e undeviletal aUEOWS LETA TNV EKPOPTLON TOU TIUKVWTH. To KUKAW-
Ha cuve)ilel yla Alyo xpovo va SlappEetal and peUA TTOU CUVEXWG
ehattwvetat. H kivnon auth twv ¢opTiwv £XEL WG ATIOTEAECHO O TTU-
KVWTAG va GoPTLOTEL TAAL, TwPa OUWG e avTiBeTn mMoAkotnta. Otav
1O pevpa pundeviotel o MuUkvwTAG Ba €xeL amoktAoeL AAL dpoptio O
(ox. 1.13y).

+«— ]
Ug U U, Ug
g Pl g L
g T || v ¢
(o) t=0 B) t=T/4
I —»
UF UR UF, UR
g C Q++++
L C = L C—
c
(8) t=3T/4 (e) =T

Tn otiyun undév, mov o mokvwtig éxel poptio O, kleivooue 1o drakomtn. X10
OYNIO PaivovTal OLGPOPES YOOEIS TG NAEKTPIKNG TALAVIWONG TOD KUKADUA-
T0C KOTG TH O1GPKEIO ULOG TEPLODOD.
Xyfpa 1-13.

Ytn ouvéxela n dadikaoia emavalappavetal aviiotpoda. O mu-
KVWTNG apxilel va ekdoptiletal, To mnvio SlappEéetal amd peupa Kot
TO KUKAWMO EMOVEPXETAL OTNV APXLKN Tou katdotaon (oy. 1.136-g).

A
C
C -
C
C

2T00¢ OWALOUODS TOKVOTH EYEL
ovvielel puéow odirakomtn 1d0-
viko wnvio. Evo téroio kdxiw-
no ovoualerar kvxklwuo LC.
Xyqpa 1-12.
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TNV W8avikn mepIMTwon mou eV UTIAPXOUV ATIWAELEC EVEPYELAC N SL-
adikaota emavalapBavetal cuvexeta. To palvopevo ovopaletal nAe-
KTPLKA TaAdviwon.

AmtodelkvUETAL OTL TO GOPTLO TOU TTUKVWTI LETABAAAETAL LIE TO
XpOvo oludwva e TN oXEon

q = Qovvot (1.15)

KalL n €VTaon Tou pEUMATOC OTO TINVIO, CUUGWVA LLE TN OXEON
i=—Inuwt | (1.16)

omouv 1=0w

JTIGC OXEOELC QUTEC, XPOVLKN OTIYUN UNOEV Bewpeital n oTyur mou
kAelvoupe to Slakomtn. Oetikn Bewpeltal n dopd tou pevpaTog 6TOV
OUTO KATEVUOUVETAL TTPOC TOV OTTALOMO TOU TTUKVWTA Tou yLa £ = 0 Atav
BeTika popTLOpHEVOC.

ATO evepyelokn amoyin, N apxLkn eVEpyeLo NAeKTpLKoU mediou oTov

1 O°

TMUKVWTA U, = SO HE TNV EKPOPTLON TOU EAATTWVETAL KOL LETATPE-
TIETAL O€ EVEPYELA payvnTikoL mediou oto mnvio U, :ELI‘. Otav o

TIUKVWTNG EKHOPTLOTEL EVTEAWC N EVEPYELA TOU £lval LNSEVLKH KOl OAN
N EVEPYELA TOU €XEL LETATPOATIEL OE EVEPYELA POyVNTLKOU TteEdlou OTO

TiNVLo, N OTtoLa TWPOL EXEL ATIOKTAOEL TN HEYLOTN TN TNG U, = 5 LI°. 3TN
ouvéxela autn n dtadlkaoia yivetal avtiotpoda, HELWVETAL N EVEP-
YELO 0TO TNVIO Kal AUEAVETAL OTOV TTUKVWTH, HEXPL TNV TARPN GOpTL-

oI TOU OTIOTE TO KUKAWHO ETIAVEPXETAL EVEPYELOKA OTNV APXLKA TOU
kataotaon. H 6An dtadikacia emavalappavetadl.

OL eVEpPYELEG TOU NAEKTPLKOU KOl TOU payvnTikou mediou kamola
OTlyUN €lval, avtiotola

"

1 4

U, =—L

- 2C

1

UB = 5

H oAk gvépyeLa TOU KUKAWUATOG oTnV W&avikh mepimtwon omnou
Sev unapyouv anwAeLeg, Bswpeital otabepn Kat elvat

E:lQ_:lLﬁ
2C 2

(1.17)

Ka Li’ (1.18)

H oxéon (1.17) yivetatl ano tnv (1.15)

2

U, =—=ocvv'et = Eocvv’ot
F=50 (1.19)
katn (1.18) amo tn (1.16)
1 5
U, :EL[')nlu‘a)t:En,uga)l (1.20)

AN
Fanve

Th-»

o
V4

O1 YpoYiKkéES TOPOOTATELS TOV
POpPTIOD GTOV TVKV®TH KO TOD
PEVUOTOC T TOVAPTNGN ILE TO
xpovo, oe kvxloua LC.

T T

Xynpo 1-14.
U, U, E
E g
A/\
| t
u, T

H evépyeio niektpikov mediov
OTOV TOKVOTH, UETATPETETOL
TEPLOOIKG OE EVEPYELO UAYVI-
TIKOD TEDLOV 0TO TNVIO.
Xynpa 1-15.
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ATo T oxéoelg (1.19) kat (1.20) dpaivetal autd MOV MPONYOUUEVWG
TiEPLlypAPOE TTOLOTLKA, OTL SnAadn n evépysla NAeKTpLKoU Tediou
OTOV MUKVWTH UETATPETETAL TIEPLOSLKA O€ EVEPYELA LAYVNTLKOU TIESI-
oU oTo mnvio kat avtiotpoda. 2to oyxua 1.15 BAEMOUE TIC YPADIKES
noapactdoelgtwy U, kal U, o€ cuvaptnon ue To xpovo. Na onpelw-
Bei étL 0 dBpotopa U, kat U, Slatnpeital otabepo.

MeplypaPape TNV NAEKTPLKA TAAAVIWON LE TNV TPOUNOBeon OTL N
EVEPYELQ TOU cuoTtAuatog Statnpeital. H katdaotaon auth, OUwC, €i-
VAL LBaVLKA. ZTNV MPOYHATIKOTATA UTTAPXOUV SUo AOYOL yLa TOUG OTTol-
0UG N EVEPYELA TOU CUOTHMOTOC HELWVETAL. [pwTov, oL aywyol Tou
OUCTAMOTOC £XOUV QVTIOTAON KL EMOUEVWCE £V LEPOG TNG EVEPYELAC
UETATPEMETAL 0 BeppodtnTa. AcUTEPOV, TA KUKAWHOTO NAEKTPLKWV
TOAQVTWOEWY EKTEUTIOUV NAEKTpOUAyYVNTIKA aktwofoAia, dnAadn
XGQVOUV EVEPYELQ.

H mepiobog 7 evdg TETOLOU LEOVIKOU KUKAWUATOC €lval

T=2zJLC | (1.21)

Afloonpueiwto elval 0tL n mepiodog e€aptatal LOVo Ao TN XWPNTLKO-
TNTA KOL TNV QUTETAY WY TOU KUKAWUATOG.

Mapatipnon

H nAeKTpLK TAAAVTWON €VOC TETOLOU KUKAWMATOG, Ttapouatalsl
QVaAOYLEG PE TNV ATTAR APHUOVLKI TAAAVTWON TIoU eKTEAEL cwpa Halag
1 MPOCSEUEVO O€ LOOVLKO eAaTthpLlo otabepdg K. Av TO WA OTO O)-
Lo 1.16 anopakpuvOel amod tn 6€on wooppomiag kot adebel eAelBepo
va KwnBel, xwplc TpLBEG, Ba exkTeAETEL ATTAN APUOVLKN TOAGVTWON. AV
WC¢ XPOVLKN OTLyun undév BewpnBel n oTyun Kotd TNV omoia adpEOnke
e\elBepo, n TaAavtwon Ba €xeL apxLkn ¢aon /2.

OL oX£€0€lg TTou TePLlYpAdOUV TNV AMOUAKPUVON KOL TNV Taxutnta
TOU oWUATOG KAOE oTLyun sivat

x = Aot +  / 2) = Acvvowt

v=v__ oowt+xr/2)=—v__ nuwt
max max

TNV NAEKTPLKA TAAAVTWON To POPTIO GTOV MUKVWTH KAl TO pEUUA
0TO KUKAWHA HETABAAAOVTAL OMWE N QMOUAKPUVON KAl N TaxutnTa
OTN UNXOVLKH TOAGVTWON TIOU TEPLYPAY ALE.

’ 1 ’ 1 ’ l o)
ITO UNXOWVLKO CUOTNUA, N apXLk SUVOLKNA evépyela 5KA HETA-

TPETETOL TIEPLOSIKA O€ KWVNTLKK, EVW N GUVOALKI EVEPYELA - LNXOVLKN
evepyela - dtatnpeital. Avtiotoa oto kKUKAwpa LC, n apxLkni evep-

VELQ E:lQh
2C

-eVEPYELA NAEKTPLKOU TESIOU - LETATPEMETAL TTEPLO-

Slka og evépyela payvnTikoU medlou, EVW n OUVOALKA EVEPYELA TOU
OUCTNOTOC TTAPAUEVEL OTABEPH.

—A—
K .
0 |

H nlextpikn taldvioon mwo-
povoidlel avaloyies ue tnv to-
Advtwon mov exterel o cOU
TOV OYNUOTOG.
Xyfqpa 1-16.
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Mapadeyua 1.2

KokAwpa LC amoteAeital amd mnVio CUVTEAECTH QUTEMAYWYNC
L = 2mH, kat mukvwtn xwpentkotntag C = Suk. Oépoupe otypLaia
TOUC OTMALOMOUG TOU TUKVWTH o€ emadn Pe mnyn taong V= 20V.
o) Nat uTtoAoyLOTEL N CUXVOTNTO TWV NAEKTPLKWY TAAQAVTWOEWY OTO KU-

KAWL
B) Na ypadouv oL oxéoelg mou divouv 1o GopTio 0TOV MUKVWTH KoL TO

PeLUA OTO KUKAWLLOL OE GUVAPTNON LLE TO XPOVO.

Amavinon:
a) H eplod0o¢ Twv NAEKTPLKWY TAAAVTWOEWV 0TO KUKAW Elval

T=2nvLC
Emopévwg n ouxvotnta / =1/ 7 givat

f:;:l6xlOsz

2nN LC
B) Av otiyun undév Bewpnbel n oTyun Katd TNV omoia Gpoptiotnke
0 TIUKVWTAG Ao TNV 1nyr, To $popTLO TIOU OMEKTNOE O TIUKVWTNAG
eKelvn TN oTyun eival
O=CV =(5x10"°F)-20V)=10"C

H ywviakn ouxvotnta ivat o=2nf=10"rad / s
Enopévwe n oxéon mou divel To ¢opTio 0TOV MUKVWTH O€ GUVAP-
TNon UE To XpOVo eival

g = Ocvvor = 104 ouvl0%  (S.1.)
Av Bewprjoou e OTL N EVEPYELO OTO KUKAWHA dlatnpeitat, n HéyL-
0Tn €VEPYELA LOyVNTIKOU TTedloU 0TO mNVvio glval lon e T KéyL-
01N €VEPYELA NAEKTPLKOU TIESIOU OTOV MUKVWTH, ETIOUEVWG

lg:l[JZ apa I:$:1A

2C 2 VLC

H oxéon mou 8ivel To peUpa 0TO KUKAWWUO OE CUVAPTNON UE TO
XPOVvo elval

i=—Inuot =-nul0*t (S.1.)

( 1.5.) POivovoec TAAAVTWOELC

o.. Mnxavikég TaAAQVTWOELG

To cwpa X tou oyxnuatog 1.17 anmopakpuvetal katd A amnd tn 8éon
Loopporiag kat adnvetal eAevBepo otn B£on P. Otav oAokAnpwaoetl
pLo TAAQVTWOon, 600 ULKPN Kat av eivat n Tppn tou pe to damedo, be
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Ba emiotpéPel oto onueio P. Av To cwpa cuvexioel TNV TaAAvTwon
ToU, Xwpig e€wtepikn emépPacn, To MAATOG TNG TAAAVIWONG CUVE-
XWG Ba LELWVETAL KAL LETA ATIO OPLOUEVO XpOvo Ba otapatioel. Mwa
TéTola TaAdvtwon ovopaletal ¢Oivouvoa i anooPevvupevn TaAd-
viwon. OBivouoa sival n TaAGAvVIwon oU KAVEL VA CWHA OTAV Elval
KPEUAOUEVO OO €AATHPLO KAl KWVEITOL LECO OTOV €A, OTIWCE KAl N
TOAQVTWON TOoU EKKPEUOUC. OAEC OL TOAQVTWOELG OTO LAKPOKOOLO El-
vat ¢Bivouoeg ylati kauld kivnon &ev sival anaAlayuévn anod TpLpeg
KOl OVTLOTAOELG.

H anooBeon (eAdttwon tou mAdtoug) odeiletal oe SUVAUELS TTOU
avttiBevrtal otnv kivnon. Ot SUVAELS AUTEC PLETAdEPOUV EVEPYEL
anod To TaAavitoUpevo clotnua oto TeptBaAlov. Etol, n pnxavikn
EVEPYELO TOU CUCTAMATOC LE TNV TTAPOS0 TOU XpOVOU EAQTTWVETOL KL
TO MAATOC TNEG TAAAVTWONG LELWVETAL.

IStaitepn onuaocia €xouv ol $pBIvoUCEC TAAAVTWOELG OTLC OTIOLEG N
avTITBEevn Suvapn eivatl avaloyn tng TaxuTNTAC.

F ' =-bv
-
T = o+
e M . S
P - ¢ — ¢9— — <« -
s > —> ——> > > -

210 oynNuo TOPIOTAVOVTOL GYNUOTIKG TO OLOVOGUATO THG TAXDTNTOS (KOKKIVO
xpouo) kor tng ovvouns F' wov avtitiferar otyv kivnon (Tpdoivo ypoua) otig
o1dpopes Béoeic kKatd ™V TALAVTWON EVOS COUATOC.
Tyfqpa 1-18.

Tétola Suvaun eival n Suvaun avtiotaong MoU OOKELTAL OE UKPA
OVTLKEIPEVA TTOU KIVOUVTOL LECO OTOV OEPQA I LECA OE LYPO.

To b elval pa otabepa mou ovopdletal ota@epa anooBeong Kot
e€aptatal anod TIg LSLOTNTEG TOU HECOU KABWG Kal armo To oxAua Kot
0 [1€YE00C TOU QVTIKELNEVOU TTOU KIVEITAl O pubuog pe tov onoio
HUELWVETAL TO TTAATOG HLAG TOAAVTWONG €€QpTATOL OO TNV TLUA TNG
otabepag h.

Melpapatikd o poAog TnG otabepdg h og pLa pOivouoa Taddviwon
propel va pavel pe tov €€ng tPoOmo: Me tn xpron pog agpavtAiag
UTTOPOUE vVa UETABAAOULE TNV TILEGN TOU O€PO OTO ECWTEPLKO TOU
doxeiou (oy. 1.19), uéoa oto omoio Talavtwvetal n odaipa . H peta-
BoAn tng mieong péoa oto Soxeio petaBaiAel tn otabepd andoPfeong
b. ITnv meplntwon mou To eAatnplo ivat Ldaviko, av adalpoloope
OMAO TOV €pa -KATL TOU OTNV TPAn eival advvato- n otabepd amno-
oBeong Ba Nrtav undév kat n tahdviwon apeiwtn (oy. 1.20a). Otav
avéavetal n ieon avfavetal n T Ttng otabepadc b kot n anocPeon
elvaL tayvtepn.

MeAetwvtag ¢pBivouoeg TAAAVIWOELS AUTAC TNG Katnyoplag Slame:
OTWVOULLE OTL:

Amouaxpdvooue to ocope %
ano tn Oéon 1oopponioc O kot
0 apnvovus elevbepo oto on-
ueio P. To coua Aoyw tpiffov
dev emiotpépel ato P.

Xynpa 1-17.

O kataddtng Oétel oe toldviw-
on to Partipa. To wlatog ¢
TaAGVTOONG pEIDVETAL, AOY®
pifaov.

Ewkovo 1-4.

™M
NNNNNNNNNN
©-0000000000~

oviAio

Merafailovriagc v wicon
uéoo oto ooyeio uetafialiooue
) otalepd omoofeong tov To-
Aovtoduevoo ovotiuatog. Lyn-
pao 1-19.
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B) Z& aKPALEG TTEPLIITWOELG OTLG OTtOLEG N oTaBepd andoPfeong maipvel
TIOAU HEYAAEG TLUEG, N Kivnon yivetal aneplodikr, SnAadn, o tala-
VTIWTAG, ETLOTPEPEL 0TN BEON LooppoTMiaG XWPLG TOTE va TNV UTEP-
Bel (ox. 1.208). KatL tétolo Ba pmopovoe va cUUPEL av To cuoThua
g\atriplo cwpa Bplokdtav péoa o’ €va maxUPPEUCTO LYPO.

y) To mMAATOG TNG TAAAVTWONG LELWVETOL EKOETLKA LE TO XpOVo. loxULEL
6nAadn n oxéon

A=Ae™

To / elval po otaBepa ou e€aptatal ano tn otabepd anooPfeong
Kal tn palo Tou TAAQVTOUUEVOU CWHATOG.

AT6 TNV Mapanavw oxEon MPOKUTTEL OTL 0 Adyog SUo SLadoxLlkwy
HEYLOTWV QMOUAKPUVOEWY TIPOC TNV 6la katevBuvon dlatnpeitat
otaBepog, Snhadn

(a) Otav n orobepa
omoofleong eivor un-
0év i talaviwon gival
oueioty.

() DOivovoa tald-
viwon. H mepiodog di-
otnpeital orobepn kat
ovelaptnty tOoL TAG-
T00G.

(y) Otav o ovvrele-
OTHG OmOTPETNS UEYO-
Aovel, to mAATOS THG
TAAGVTOONG UEIDOVETAL
Lo ypnyopa.

(6) Otav o ovvrele-
oti¢ amoofeons eival
TOAD pueyatog n kiviyon
elval ameplooiki.
Tyfqpa 1-20.

Xe pio pOivovoa taldviwon
0 A0y0¢ TV 01000)IKOV Ué-
yiotwv gival otalepog.
Xyqpoe 1-21.
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To cuoTNUO AVAPTNONG TOU QUTOKLVATOU €lval €va cUoTNUA ATo-
oBevvUpevwyv toAavtwoswyv. Ta apoptioép e€aocdaiilouv Suvaun
anoofeong -mou e€optatal and TNV TaxUTNTA- TETOLA, WOTE OTAV TO
oauTtokivnto mepva amo €va eEoykwpa tou Spouou, va pn ouveyilel
va TAAOVTWVETAL yiot TIOAU Xpovo. KabBw¢ ta apopTloEp MaAlwvouv
kal ¢Beipovtal, N T Tou H EAATTWVETAL KAl N TaAdvtwon Slapket
nepLoootepo. H pBopa autr pewwvel tnv acdpaiela, emeldn oL podeg
€xouv Alyotepn enadn pe to €dadoc.

Evw OpwG otnVv mepIMTWOoN Tou AUTOKWVATOU €ival emBuuntnA n He-
YaAn anodoBeon, oe AAAO CUOTHUOTA, OIWG OE £Va EKKPEUEC POAOL,
ETULOLWKETAL N EAaLOTOMOLNON TNG amooBeaong.

B. HAeKTpIKEG TAAQVTWOELG

Ma va eivat og éva kKOKAwpo LC (o). 1.22) n nAektpiki TaAdviwon
OQUELWTN SeV PETIEL VA UTIAPXEL ATIWAELQ EVEPYELAG, KATL TTOU TPO-
KTKA gival aduvato. Ou nAektplkég Tahaviwoelg ivatl ¢pBivouoec. To
TIAQTOG TOU PEVOTOC KABWC KOl TO LEYLOTO POPTLO OTOV MUKVWTA UL
KpaivouVv Kal TEALKA TO KUKAWMO TAUEL VO TAAQVTWVETOL.

TNV MEPIMTWON TWV NAEKTPLKWY TOAAVTWOEWY, 0 KUPLOG AOYOG TNG
anooBeongeival n WHLKA OVTLOTOON, N avénon TN omoilag CUVETIAYETAL
o ypnyopn amoocfeon tng TAAAvVIwong Kal HKp avénon tng
niepltodou tne. Ta kukAwpata LC mou xpnotpomnolovvtal otnv npaén
napouaotalouyv PULKpH avTiotaon Kot n avénon tng meptodou pmopsl va
BewpnBOel apeAntéa.

o opLopEvN TLUA TNG avTioTaong, N meplodoc ival otabepn.

Av n TLUA TNG avtiotaong urepBel kAmoLo 6pLo N TAAGvVIwaon yivetal
arneplodikn.

(o) Auciotn nle-
KTIpIK) TOAGVT®-
on. (B) xar (y)
DOivovoeg nle-
KTPIKES TAAAVTO-
oeig. (0) Orav n
ovtictaon eivai
TOAD ueydlin to
QaLVOouUEVO dev
eival mepLooIko.
Xyfpa 1-23.

Kixiopa pOivovowv niektpi-

KOV Talavidoewy.
Tyfqpo 1-22.
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( 1.6.) E¢avaykaopevec TAAOVTWOELG

o.. Mnxavikég TAAQVTWOELG

Av 10 odalpidlo tou oyruatoc 1.24 ektpamnel and tn B£on woppo-
niiag tou kot agpebel eAevBepo Ba ekTEAETEL KATAKOPUDN TAAAVTWON. g
Z %

Av 6ev UTIAPXOUV AVTLOTACELG N TaAdvTtwon Ba lval apeilwtn, YUe ou-

xvotnta
.1 |K
Jo= 2\ m

JTNV MpayHaTIKOTATA N TaAdviwon Ba eival ¢pBivouca. H cuyxvotnta
™G Ba elvat Alyo HIKpOTEPN, OTNV TPAEN OUWCE UTOPOUUE va T Bewpn-
GOUUE Lon e TanO' To cdua X aropuarxpvveralr amo
Mua Tétola TahdvTwon Aéyetal eAelBepn Taddvtwon kaw n cuyve- 1 0é0n toopporiac kai apij-

, , , ., vetar eievlepo. H talaviwon
TNTa pe TNV oroia mpaypatornoLeitat Aéyetal LoouxvotNTa (/) TS top civar siectepy.

TaAQvTwong. Tyfipe 1-24.

Av B€Aoupe va Statnpeital otabepod To MAATOG TNG TAAAVTWONG TIPE-
TIEL VOL 00K )OOUUE OTO CUOTNUA Lo TtEPLoSLkr Suvapun. Auth TV mpo-

o0Betn Suvaun tnv ovopaloupue Sleyeipouvoa Suvapun. T,
2tn datagn tou oynpoatog 1.25 to eAatnplo lval depévo Le oxol-
vi, To dAAo dkpo tou omoiou mpoodevetal otov TPoxo T, o omolog, p
. . , s , < T,
pe KataAAnAn Sdiataén, unopel va neplotpedetal. H meplotpodn tou S ‘\
TPOoYoU avaykalel To odalpidio va ekteAel katakopudn taAaviwon. H §
ouUXVOTNTA TNG TOAAVTWONG CUUTILTITEL LE TN oUXVOTNTA TIEPLOTPODNG = \/

Tou tpoxov. H kivnon tou odatpidiov ovopdietal e§avaykacpévn ta-  x
AQVTWOoN KOL TO CWLO TIOU TIPOKAAEL TNV TAAAVTWON LE TNV TIEPLOSLKN
duvapn mou aokel (6leyeipouoa Suvapn) -0To MAPASEYUE HAG O TPO- 74 soua > cxreiei séavayra-

X(')Q- Gstéptnc. ouévny tatavrmaon.
Xyfqpa 1-25.

To paivouevo tng malipporag otov kolrwo tov Fundy orov Koavadd. H fapvtixny
EAEN e Xeinvng elavayrkaler ty palo tov vepod otnv emipaveio tne I'ng oe

taldviwon. ., , ,
2 éva kovpdoLoTo poAdl n amo-

Ewoéva 1-5. Onrevuévny evépyeio oto omei-
. , . . . pocioég elarnpro aviiotalui-
Onwlq smaue,’n ouxvlorr]ra rns s&qvaykaop}evnc tczt)\avrwonql MOV o) e andiciec 26yw tpifarv
ekTeAel To opatpiblo = eivan /Kot Ot /,, SNAadN o bLeyeptNG ETUBAANEL «ai Siarnpei 10 midroc twv
oTNV TAAAVTWON TN ocUXVOTNTA TOU. talavtdoewy auciowro. Kamo-

T . VOVK N SV . . _TE 1] EVEPYELR TEAELDVEL KAL TO
0 MAATOG TG €§avayKkaopeVNG TaAdviwong e§optatal ano Tn ou 061 08151 Kobpiomia,

XvoTnTa / Tou SLEYEPTN. ZUYKEKPLUEVA, av LETABANBEL N ouxvotNTA /' Eikéva 1-6.
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Tou Oleyéptn HETABAAAETAL KAL TO TTAATOC TNG EKTEAOULEVNG TOAA-
vTwonc. Ot TIHEC TOU TTAATOUC EIVOL YEVIKA LLKPEG, EKTOG AV N GUXVO-
tnta / TAnolalel otnv LBloouxvOTNTA /, OTOTE TO TTAATOG TALLPVEL WE-
YOAEG TIPEG Kal YiVETAL HEYLOTO OTAV N cuxvotnta / yivel lon pe tnv
6loouxvotnta /. TOTE AEUE OTL EXOUUE CUVTOVLOMO.

Ztnv Wdavikn mepimTwaon mou n TaAdvtwon Sev EXEL ATIWAELEG EVEP-
YELAG (MPaKTIKA auTo glvat aduvato), /= f, , To TAATOG TNG g§avayka-
OMEVNC TOAAVTWONC YIVETOL ATIELPO.

To waidia, amwo wold puikpn niikio, paboaivovv 0ti 01 KIVIGELS TOD KAVODY UE
T TOO1A TOVG OTAV KAVOVY KODVIO TPETEL VO EYOVV {10 COYKEKPIUEV TUYVO-
mnta. Tote eMITVYYAVETAL OCVVTOVIOUOS KOL TO TWAGTOS THG GLOPNONS YIVETOL
uéyroto.

Ewkova 1-7.

Me tn Sldtagn Tou oyruotog 1.27 UImopOUE VO TIOPATNPI)COUE TO
TIAQTOG TNG TAAAVTWONG OE CUVAPTNON LLE TN oUXVOTNTA TOU SLEYEPTN,
yla dLadopeg TIHEC TNG oTabepag anodofeong. Xto oyxnua 1.28 mopt-
OTAVETAL TO TAATOC TNG TAAAvTwong yla SLadopeg TIUES TNG oTaBEPAG
anooBeong. To MAATOC TNE TAAAVTWONG KATA TO CUVTOVIOMO e€opTa-
TaL anod tn otabepd anooBeonc. Avénon tng otabepag anooBeong,
CUVETAYETOAL LELWON TOU MAATOUC TNG e€avVayKACUEVNG TAAAVTWONG.

To onuelo ano 1o onoio £eKvouv OAEC OL KOUTIUAEC OTO SLAypaUQ,
améxeL and TNV apxn Twv afovwv 000 anEXEL To onueio mpoadeang
TOU 0XOWLOU artod To KEVTPO tou tpoxoL T,.

Evepysiakn HEAETN

ITIG eAeUBepeC TaAaVTWOELS KaTa tn SLEYEpOn TOU cuoTUATOG &i-
VETOL O€ QUTO KATIOLO. UNXOVLKN) EVEPYELA, N OoTola dlatnpeital ota-
Bepn -av n TAAAVIWON VoL AUEIWTN- I} LETATPEMETAL OTOSLOKA OE
Bepudtnta -av eivat ¢pbivovoa. It e€0vayYKAOUEVEC TAAAVTIWOELG,
0TO oUOTNUA TIPOODEPETAL CUVEXWG EVEPYELD PE OUXVOTNTA f LEOW
¢ Sleyeipouvoag duvapungc.

H evépyela ou mpoodEPeTal 0To cUOTNUA AVTLOTAOUIEL TIC amw-
AELEG KL €TOL TO MAATOC TNG TaAdviwong Statnpeital otabepod.

O TPOMOG UE TOV OMOLo TO TAAAVTIOUEVO CUOTNUA ATOSEXETAL TNV

®
Ta Jiaypduuote tov TAGTOVGS
urag  elavaykaouévnge tald-

VIWong, o oovaptnon pe T
oVYVOTNTA TOV OLEYEPTI].

(a) Toraviwon ywpic amdofe-
on. () Taldvrwon ue anoofe-
on.

Xyfqpo 1-26.

ovTAia
—

To copa 2 extelel elavayka-
ouévn taiaviwon, uéoca og 6o-
xelo oto omoio umopodue vo
uetafalloope v mwicon Tov
aépo.

Xynpa 1-27.
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EVEPYELA Elval EKAEKTIKOG KOl XEL VAL KAVEL LE TN oUXVOTNTA UTIO TNV
omnola nmpoodEpetal. KATA TO CUVTOVIOUO N EVEPYELO LETOPEPETOL OTO
olOoTNUA KATA TO BEATLOTO TPOTTO, YU QUTO KAl TO TAATOG TNE TAAGVTW-
ong ylvetal péyloto.

B. HAektpkéG TAAQVTWOELG

‘Eva kUkAwpa LC av SieyepBetl (.. pe otiyptaia emadn Twv omAlopwy
TOU TIUKVWTA LLE TOUC TTOAOUC TINYNC CUVEXOUC TAONC) ekTeAEl eAeUBepn

1
2n~LC
Av T0o KUKAWHa Sev mapouotalel avtiotaon n TaAdviwon eivot apeiw-

. AV OUWG N AVTLOTAON TOU KUKAWHATOG gival Stddopn Tou undevog
n taAdavtwon givat pBivovoa.

NAEKTPLKN TOAGVTWON pe ouxvotnta ToAdviwong f, =

To KUKAWMO UTOopEL va ekTEAEDEL e€avayKaoUEVN TaAdvTwon. Qg
SleyEpTnG umopel va xpnotpomolnBel pia mnyrn evaAAacoOUEVNC TA-
ong (oy. 1.29). To KOKAwQ TOTE SLappEETaL AMO EVOANACCOUEVO PEV-
pa, pe ouxvotnta / idla pe tn ouxvotnta Tng tdong. Av petaBdioupe
TN ouxvOoTNTA TNC TAONG, TO TTAATOC TOU PEUUATOC HETABAAAETAL KOL
naipveL TN HEYLOTN TIUA TOU Otav [ = /.. TOTE £XOULE GUVTOVLOUO.

3to oyfua 1.30 mapLloTAVETAL TO TTAATOG TOU PEUHATOG / OE CUVAP-
TNON KE TN ouxvotTnTa 1, yLot SLAPOPES TILEG TNG WHLKAG avTtiotaonc.

Otov n coyvotnto €vog Nyntikod KOUATOS Yivel (0N UE TRV 1010GVYVOTHTO TOD
KPUOTAALIVOD TOTNPLOD, TO TOTHPL TAAAVIDOVETAL UE TO UEPIOTO OVVATO TAATOG
Kol TEAIKG OTAEL.

Ewkéva 1-8.

EpappLoyEg Tou cuvtoviouou

Ta mapadeiypata tou cuvtoviopol otn duotkn givat moAAd. O ou-
VTOVLOMOG AapBavetatl oAU coBapd unoyn oe MOAAEG edapUOYEG
mou adopoulv TNV KaBnuepvn pog lwn.

To AB (o). 1.31) elva éva LETOAALKO EAOCLQ, OTEPEWUEVO OTO KATW
akpo tou B o€ akAovnto danedo (oy. 1.31a). Av tpaBnifoupe To dkpo A
TOU €AAOMATOC Kal To adrjooupe eAeUBepo, Oa ekTeEAECEL TAAGVTWON,
LE ouxvoTnTa lon Ke tnv dloouxvotnta tou (o). 1.313). Oswpntikd éva
KTiplo (o). 1.31y), av SleyepOel, £xeL tn duvatotnta vo EKTEAECEL EAEV-
Bepn TaAAVTWON, TOPOUOLA E QUTH TOU EAACUATOC HE LBLOoUXVOTN-

TAATOVC
Tala-

700
elavaykaouévng
VI®WOoNG o0& oVVAPTHON UE TN

To Odidaypouuao
prog

ovYVOTHTO TOV OLEYEPTH  YlaL
o1dpopec tiuéc tov b (b, <h,).
2116 talavriwoeic ue amoofe-
on N oVYVOTNTA GOVIOVIGUOD
eivar Alyo upikpotepn amoé tny

/- Oco avidverar n andofeon

n uelwon g ovYVOTHTAS OU-
vToviouod yivetair pueyalotepy.
Avtiy n petaromion tng ovyvo-
THTAG CVVTOVIGUOD €IVOL TOAD
HIKpN Kal oTtyv KAIpoKa TOv
01aYPAULOTOC OE PAIVETOL.
Xyqpa 1-28.

R
—AA

(ap]
—
00000

F

210 kvkiopa LC dnuiovpyei-
tal elavaykaouévn nAEKTPIKN
Taidviwon.
Tyfqpo 1-29.

£ f

To draypoupoata 100 TAGTOVS
¢ évtaong tov pevuatog I oe
éva kvkilopa LC mov ektelel
elavaykaouévny niekTpikn to-
Advtwon oe ovvaptnon ue
oVYVOTHTA TOV OLEYEPTN, VLA
01GpopeS TIUES THS AVTIOTAOHS
tov KvKAoparog (R <R,).
Xyqpa 1-30.
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Ta /. 2Tn SlapKeLa eVOG oELopOU, To £dadog MAAAeTaL HE CUXVOTNTA
f(oy. 1.316) kat ta kTipla e€avaykdlovtal va EKTEAECOUV TAAAVTWON.
Av n ouxvotnta f pe tnv omoia maAAetal 1o €dadog (dleyéptng) sival
{on pe tnv Wloouxvotnta f; Tou KTipiov, To MAATOG TNG TAAAVTWONG
Tou KTlplou Ba yivel peydlo, yeyovog mou UTopEL va. odnyrnoeL atnv
KQTAPPEUOH) TOU.

5

——>

G
(o) ® 2] ®

To ktipio ovumepipépetal OmWS T0 UETOAAIKO Elaoua. Otov talavioveral to
Edagog (oeioudg) to ktipio kavel eCavoykoouéVy TOAGVTOOH.

Xyfqpo 1-31.

H xopdn tou oyrjuatoc 1.320 €XEL OTEPEWMEVA T AKPA TNG OE AKAO-
vnta onueia. Av tnv tpapnfoupe amno to péoov Tng M kot Tnv apricou-
pe eAelBepn, Oa ekteAéoel TAAAVTIWON HE TN GUGCLKN TNG oUXVOTNTA
(Wbloouyvotnta). Napoduola kivnon Umopet va ekteAEEL Kal n yébupa
Tou oynuatoc 1.323 av dieyepOel.

Av pa opada avBpwrniwyv KwvnBel pe Bnuatiopo mavw otn yédupa,
n vépupa Sleyeipetal kat ekteAel e€avaykaopévn taAaviwon. Av n
ouxvotnta Bnuatiopou sival ion pe tnv Wdloocuxvotnta tne yédupag,
€XOUE GUVTOVLOMO, N YEPUPA TOAAVIWVETAL UE PEYAAO TTIAGTOC Kal
UTIAPXEL KivOuvog KaTappeUoNg.

‘Eva tétolo atuxnua ouvePn otn laAAla to 1850. Mia yédupa Ka-
TEPPEVUOE KAl 226 OTPATIWTEG OKOTWONKAV. ATO TOTE, OTAV €val TUAHA
OTPOTOU TEPVAEL MAVW aTO YEDUPQ, OL OTPATIWTEG TTPOXWPOUV UE
e\eVBepO BNUATIONO.

KaBe padlodwvikog oTaOUOC EKTEUTIEL OE OPLOPEVN CUXVOTNTA.
Jtnv kepatia evog padltodpwvou kabe otyun pravouv moAAd nAEKTpO-
pHoyvnTIKA Koupata, e SladopeTikec ouxvotntec. H emiloyn evog
otaBpou oto padlodwvo otnpiletal 0To GALVOUEVO TOU CUVTOVIOUOU.
Otav yupiloupe o KOUUTL EMIAOYAC TWV OTOOUWY HeETABAAAOUUE TN
XWPNTIKOTNTA £VOG LETABANTOU MUKVWTH. O TIUKVWTAG QUTOG lval Ué-
pog evog kukAwpatog LC, to omolo Bploketal og emaywyLlkn ouleuén
LLE TNV KEpaia Tou padlodwvou. ITnV Kepaia Ta NAEKTPOUAYVNTLKA KU-
pota ou Gptavouv avaykalouv ta NAEKTPOVLA TNG va EKTEAECOULV Ta-
Advtwon. H kivnon twv nAektpoviwv otnv kepaia Snuovpyeil o’ autn
€va oAU aoBeveég petaBaAlopevo pevpa. E€attiag tng emaywytkng
ouZeuéng To KUKAwpa LC e€avaykaletal va eKTEAECEL NAEKTPLKN TO-
Advtwon. To MAAGToG tNG NAEKTPLKNAG TAAAvTwong (MAATOG Tou pevpa-
TOC) €lval OOAMOVTO EKTOG EQV €XOUME CUVTOVIOUO. MetaBaAAovtag
OMWG TN XWPNTLKOTNTA TOU TIUKVWTH 0T0 KUKAwpA LC, petafaAAoupe

- -

~ -
_______

®

Mia vyépvpa ocoumepipéperol
omwg n yopon. Mio oudgda av-

Oporwv mov Kkiveitar wTAV®
oty YEQUPO UE PRUATIONO UTO-
pPEL Vo TRV KAVEL VO TALAVTO-
VETOL UE UEYAAO TLATOG.
Xyqpa 1-32.

Kepaia
PAntig

g

@
TUKVETIG UETA
AOPNTIKOTNTOG

—
00000
00000

To koklwpo exiloyng otabudv
010 padiopwvo gival éva KO-
klopo LC, mov elavayraletol
oe NAekTpikl TOAGVTWON Amo
™mv kepaia.

yfqpa 1-33.
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Vv 8loouyxvotnta tou. Otav n WBloouxvoTNTA Tou KUKAWUATOG OU-
UTTECEL LE KATIOLA OTTO TLG OUXVOTNTEC UE TLG OTIOLEG TAAAVTWVOVTAL TO
NAEKTPOVLA TNG Kepailag (GnAadn pe KAmola anod TL§ cuXVOTNTEG TWV
KUUATWV Ta omola ¢pTtavouv oTnv Kepaia), To KUKAwHa cuvtoviletal
Kol SLoppEeTal amd eVOAAQCOOUEVO PEULO LEYLOTOU TTAATOUC. AUTO
TO OXETIKA LEYAAO PEVUQ, TIEPLEXEL TO NAEKTPLKO CNUQA, TO OTOLO, EVL-
OXUHEVO, obnyeltal oto peydadwvo tou padlodwvou Kal To Sleyeipet.

(1.7. ) 20vBeon ToAavtwoewv

To owpa X~ tou oyxnuatog 1.34 Bploketal mavw o opllovtia Baon T,
Kal elval depévo oTIg akpeg U0 eAatnplwy, oL AAAEG AKPEC TWV OTol-
WV Elval OTEPEWHEVEG O€ aKivnta onpeia. To cwpa UMopEL va KIveitat WW
Xwpic TPLBEC. Av TO cwua anopakpuvBel amo tn B€on Loopporiag Tou
kol adeBbel eAelBepo Oa ekTeAETEL ATTAR OPUOVLKH TAAAVTWON (LLE TIE-
piodo T)) . Av kai n Bdon mavw otnv ornoia BplokeTal TO CWHUA -UE
KATAAANAO UNXaVIOHO- eKTEAEL appovIKN TaddvTwon (Le tepiodo T)),

TO OWHA = KAVEL TOUTOXPOVA SUO OPUOVIKEG TAAAVTIWOELG. H Tald- 1o odua X ektelel tavtéypova
vtwon ¢ Baong dev eival amapaitnto va yivetat otn dtevBbuvon tng g%;?fg?_mg'
TOAQVTWONG TOU CWHATOGC.

H kivnon Tou cwpatog X eivat, yevikad, moAUTAokn. H StevBuvon, n
ouXVOTNTA, TO MAATOG KoL N ¢aon tng e€apTwvTal and Ta avIioToLa
XOPOAKTNPLOTLKA TWV ETIL LEPOUC TAAQVTWOEWV.

H kivnon mou KAveL To cwpo Aéyetal 6UVOETN TAAAVTWON KaL 1 LLE-

AETN TNG oUVOECN TAAAVTWOEWV.

2T oUVEXELO Ba LEAETAOOUE EPLKEC ELOLKEG TIEPLTTWOELG OUVOE-

ONG TOAQVTWOEWV.

A. XUvBeon 6U0 AMAWV OPUOVIKWV TAAAVIWOEWV TG idlag ou-
XVvOTNnTag, Tov yivovtat yupw ano to idlo onueio otnv idta 6i-
gvbuvon.

‘EOTw OTL éva CWHA 2 KAVEL TAUTOXPOVA TLG TAAAVTIWOELG LE EELOWOELG
x, = Anuot (1.22) (ox. 1.35a)

x, = A,nu(ot + @) (1.23) (ox. 1.35B)

To copa 2 kaver tov-

A TOYPOVO TIC OPUOVIKES
f talaviaoeic (o) kat
(f). H amoudxpovon
s A, o0 kaBe oTiyun eival

(@

A 4

o -

TR
24

Ry

®

ion pe to alyefpiko
dfpoiopa  twv amo-
HOKpOVOEDY TOV OTIC
EMIUEPOVS  TAAAVTD-
O€IC OTIC OMOIES UETE-

>
?
; 61 (7).
X — Tynpa 1-35.

\ 4

o

_|_-
&

)

\ 4

o
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JUpdpwva Pe TNV apxn TNG eEMaAAnAiag Twv KVACEWV, N AMOUAKPUV-
O TOU oWwHOTOC KABe oTyur) Ba sival To aBpolopa TwvV AmopaKpUV-
oewv Tov Ba eixe av ékave TNV KABe TaAdviwon EexwpLota (oy. 1.35y),
dnAadn

X=x+x, (1.24)

Av AaBoupe urogn Tig (1.22) kae (1.23) n (1.24) yivetat

x = Anpot + Anuei+¢)  (1.25

H oxéon autn unopel va mapeL tn popodn

X=Anu(ot +0) (1.26)
émou A= \/Af + A +2A A GUVQ (1.27)
KL £p0 = __ANKe (1.28)
A + Acvve

To oupmépaaopa Tou TPOKUTITEL amo tnyv (1.26) eival 6TL To cwua =
KAVEL QAN 0pOVLKA TaAdvTtwon yUpw amo to onpeio O, pe tnv dla
SLevBuvon kal tnv 6la cuxvotnta. To MAATOC KAl N apxLkn ddon tng
TOAQVTWONG €0 pTWVTOL ATIO TA OTOLXELO TWV ETL LEPOUG TAAAVTWOE-
wV.

Ztnv €6k mepintwon mou ¢ = 0 (oy. 1.360), oL ox€oelg (1.27) kat
(1.28) 6ivouv A=A, + A, xat 6 = 0, dnAadn to mAATOG TNG TAAAVIW-
ong eivatl (oo pe To aBpolopa Twv MAaTwy Kot N ¢acn Tng eivat idta pe
TN $AoN TWV EMUEPOUS TAAOVTWOEWV.

Otav ¢ = 180°, maAtamnd (1.27) kat (1.28), mpokUmtel 6TL 4 = ]Al — AZ‘
kat 0 =0n 6= 180° (ox. 1.36B), &nAadn to mAdatog eival (oo pe tn Ot
adopd Twv MAATwWVY Kal n ¢aon ton pe t daon tnNg TAAAvVIWong mou
€XEL TO HEYAAUTEPO TTAATOG.

B. ZuvOeon 8U0 appovikwy TaAaviwoewy idtag dtevBuvong, mou
yivovtal yupw amnod to idlo onueio, e 1o idLo MAAToG Ko Sia-
dopeTikéG cUXVOTNTEG.

‘EOTW OTL TO OWHA 2 LETEXEL OTLG TAAAVTWOELS
x, = Anuat (1.29) (ox 1.350)

x, = Anquo,t (1.30) (ox. 1.35B)

Kal otnv mepimtwon auth, n omopdKpuvon ToU CWHATOC KAToLd
otyun Oa sivat

X=X +X, (1.31)  (ox. 1.35y)

n omota amnd tig (1.29) kat (1.30) yivetal

X = Anpo,f + Anpo,t (1.32)

Ayl

(a) Awo tn odovheon twv tala-
viooewv I ko1 2 wov éyovv v
010 paon, TPOKOWTEL 1] TOAG-
viwon 3. (f) Ano tig¢ talavrao-
oeig 1 ka1 2 wov mapovoralovv
Jrapopa @dong 180° mpoki-
wTel  talaviwon 3.

Xyfqpa 1-36.
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Me Bdon TNV TPLYWVOUETPLKH TOUTOTNTA

B o—p o+p
nuownuB—ZGw( 5 jnu[ 5

n (1.32) yivetat

x:z;\m(%tjw[wtj (1.33)

2

ATO tn oxéon autn ¢aivetal OTL N Kivnon Tou CWHATOG glvat TTOAL-
ntAokn. Evéladépov mapouaotdlel n kivnon otnv nepimtwaon mou ot SUo
ETILUEPOUG YWVLAKEC OUXVOTNTEG SLadEpouv MOAU Alyo. Tote o mapa-
yovtag

A’_2Aouv(%q (1.34)
™G oxéong (1.33) petaBaAAetal pe to xpovo moAU 1o apyd anod tov
, o, + O, , , ,
napayovio 1 Tz , 0 omolo¢ HETABAAAETAL UE YWVLAKK OU-

Xvotnta © ion We tn wéon T Twv o, Kat o,. Emedn auteg dade-
POUV EAAXLOTO LTTOPOUHE VA YPAWOUUE O = O, = (0, .
Emopévwe n (1.33) umopet va ypadetl

x = A'mpot (1.35

H ox€on (1.35) meplypddel pa dtopopdn TaAdviwon mou EXEL TNV
(6La meplmou ouxvoTNTA WE TIG ETIL LEPOUC TAAQVTWOELC.

To mAatog |4’ tng Kivnong tou X petafaAAetal, He apyo pubuo,
oo UnbEv puExpL 2A4. A€Ue OTL N Kivnon Tou X mapouolalel SLakpotTr-
pata (oy. 1.37).

O xpovog avapsoa o dUo Sadoxikoug undeviopovg (R dvo &i-
a8OoxLKEG HEYLOTOMOLACELS) TOU MAATOUG ovopdletal nepiodog (7))
TWV SLAKPOTNHATWV.

\ ALV A A A A IV

VU WWWWWWAAT VY VYW W WWWY

Ty

Ano tn odvlheon 000 TALAVTOOTEDY TOD 0L GVYVOTNTES TOVES OLOPEPOVY TOLD Aiyo
(mpaoivy Kol UTAE YPOLUI]) TPOKDTTEL 10IOUOPPY TEPLOOLKT] KIVNoN (KOKKIVY
YPOUUT) TOD TOPOVOLALEL OLOKPOTHUATO.

Xyfqpa 1-37.
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YrtoAoytouog tng meptodouv twv SlaKPOTNUATWYV

®, — O,
To mAdtog A" undeviletal 6tav GDV( . 5 2 tlJ: 0.

I It I |(D1 - (D'_)
AuTO cupBaivel 6tav

ormou K =0,1,2,.....

T
t=Q2K+1)=
( )3

AUO SLaSOYLKEC XPOVIKEG OTLYHEG TTOU amoTteAoUV AUOELG TNG e€lowong
elvatou 7, katz, (ox. 1.37) yia TG onoieg

o, —o, T, . =
L I
2 2 |OJ]—032|
Kall MIZZE A 12:3—n
2 2 |0, — @,

H dladopd 7, - 7, elvaw n mepiodog Twv Stakpotnudtwv.

3n T 27

Eivaw emopévwg 715 =1, — 1, :|® . |_|(o . |:|(0 — |
1 2 1 2 1 2

KOLL TEALKQL

Zovoyn

ATAN appovikn TaAdvtwon ovopdletal n TaAdviwaon otnv omola n
QTMOUAKPUVON TOU CWHATOC amo tn B€on Looppomniag Sivetal anod
Tn oxéon

X = Anpot

TNV TAAQVTWON aUTH N TaxUTNTa Kal n entaxuvon HetaBaiAo-
VTAL JE TO XPOVO CUUPWVA UE T OXECELG
L=U__GLVO! KAl @ =—a, NUOIOMoU L, =mA Kol o, = A

max max max
H 8Uvaun mou avaykalel €va cwHa Vo KAVEL OTTAN OPUOVLKA TOAA-
vtwon eival /' =—Dx kat ovopaletal Suvaun emavadopdg. H oxéon
F'=—Dx amoteAel Tnv avaykaio cuvOnkn yla va eKTEAECEL Eval KLVNTO
OTTA) ApUOVLKA TAAAVTWON.

H nepiodog og pila amAn appovikn TaAdviwon eivat

T =2m i
D
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3TNV amAn apUOVLKI) TOAAVTIWON N LNXAVLKA EVEPyeLla dLatnpeitatl
otaBepn. ’ :

E=—DA>=—mv.,,
2 2 ‘

To KUKAWHA NAEKTPLKWV TAAAVTWOEWV AMOTEAE(TAL QMO €va TU-
KvVWTH ouvSeSeUEVO O OELPA PE LEAVIKO TtNVio. Av éva TETOLO KUKAW-
po SieyepBel, To popTio Tou MUKVWTH KAl TO peUUA LETOBAAAOVTOL UE
TO XpOVOo oUUPWVA LE TIC OXECELG

q = Jovvot i=—Inuont
H oAwkn evépyela Tou KUKAWUATOG Bewpeitat otabepn kat sivatl

p=12 _1l;p
2C 2

®Oivouoeg ovopalovtal oL TAAAVTWOELG OTLG OTIOLEG TO TTAATOC HEL-
WVETOL.

H mepiodog oe pla ¢Bivovoa taldaviwon Siatnpeitat otabepn.
Otav n otabepd anooBeong H LEYAAWVEL TO TTAATOG TNG TAAAVIW-
oNG UELWVETAL TILO ypryopa. Ma oAU PEYAAEG TLUEG TNG OTABEPAC
anooBeong n TaAdvtwon yivetal aneplodikn. Ze pla ¢pBivovoa ta-
AAQVTWOoN TO MAATOG LELWVETAL EKOETLKA LE TO XPOVO.

I8locuyvoTNTA EVOC CUOTNUATOG Elval N cuXVOTNTA LE TNV Omola
TaAaviwvetal eEAeUBepa TO CUCTNUA. ZE€ ULO EEAVOYKOOUEVN TAAA-
VIWGoN N ouxvOoTNTA TAAAVTWONG €lvaL N ocuxvotnta Tou SLEYEPTN.
To mAdtog TN e€avaykaopevng Talaviwong dtatnpeital otabepod
kal e€aptatal and tn ocuxvotnta tou dieyéptn. Otav n cuxvotnta
Tou SLeyEpTn Yivel ton pe tnv BloocuyxvotnTa TOU GUCTAHUOTOC TO
TAATOG TNG TAOAAVTWONG LEYLOTOTIOLE(TAL KOL £XOULE GUVTOVLOUO.

H kivnon mou mpokUnTel anod tn ocuvOeon U0 AMAWY CLPUOVIKWV
TAAQVTIWOEWV EEAPTATOL ATIO T CUXVOTNTEG, TA TAATN, TN Stado-
pa dAaong Kol TIG SLeVBUVOELG TWV ETIL LEPOUG OLPHOVLKWY TOAQVTW-
OEWV.

ATO TN ouvBeon SU0 AMAWV APUOVIKWY TAAOVIWOEWY, TNG dLag
SlevBuvong koL cuxvoTNTAC IOV yivovTal yUpw amo to idlo onuelo,
T(POKUTITEL ATTAN APUOVLKA TAAQVTWON.

ATO T ouvBeon SU0 AMAWV APUOVIKWY TAAQVIWOEWY, TNG dlag
StevBuvaong mou yivovtal yupw armo To (610 onUELO HE GUXVOTNTEG
miou StapEpouv MOAU Alyo, TPOKUTITEL TTEPLOSLKN Kivnon Tou Tmo-
poucoLalel SlakpoThpaTaL.

H ouxvotnTta TWV SLAKPOTNHATWY Eival

f=f-1
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ApaoTNPLOTNTEG

1. E€avaykaopévn TaAdviwon Kat ldtoouxvotnta TaAaviwTn

JTEPEWOTE OTO £va AKPO €VOG ehatnplou peydAou HAKOUG €va
owpa. Kpatnote tnv aAAn akpn tou eAatnpiou Ue To XEPL oag. Apxi-
OTE VO TOAQVTWVETE TO AKPO TIOU KPATATE UE 600 yiveTal Tio otabepo
puBuo (ouxvotnta). AoKLHAoTE TO (610 yla SLadOPETIKEC CUXVOTNTEC.
Mo KATIOLEG CUXVOTNTEG (TOAU ULKPOTEPEG 1) TIOAU UEYAAUTEPEG TNG
dloouxvoTNTAG TOU TAAQVTWTH) TO MAATOG TAAAVTWONG TOU CWHATOG
glval HKPO aKOUN KL 0V TO TTAATOG TAAAVTWONG TOU XEPLOU €lval pe-
yaAo. MNa Kamola cuxvotnTa TAAAVIWONG TOU XEPLOU TO MAATOG TAAA-
VTWONG TOU OWHATOG YiveTal pHéyLoTto. Exete Twpa eviomioel Tnv Lolo-
oUXVOTNTA TOU TAAQVTWTH.

Aoklpdote 10 (610 0poU AVILKATACTACETE TO MTPWTO CWHUA UE Eval
aAAo mou €xeL pala to €va TETapTo TG palag Tou mpwtou. Twpa n
L6LooUXVOTNTA TOU TAAOVTWTH TIPETIEL VA EXEL YiVEL TEpimou SumAdoLa
NG TPOoNyoUEVNG.

Ikedtelte, ylati SUTAAOLAOTNKE N WGloouxvoTNnTaQ;

2. ZUVTOVLOUOG

Mapte €va koutli avauKTLKOU Kal adELA0TE TO TIEPLEXOUEVO TOU.
Adalpéote oAOKAnpn tnv mavw Baon tou. Me éva peyalo PaAidt
KO TE 0TO MAEUPLKO TOU TOLXWH O EMTA KATAKOPUDEG AoupidEC, TN pLa
SimAa otnv aAAn. Ot Aoupideg PEMEL va £XouV TO (610 MAATOC aAAG
SLtadopeTika HAKN (N TPWTN va EXEL UAKOG TtEPLIOU (00 HE TO €va Tpito
TOoUu UYPOUG TOU KOUTLOU Kat n teAeuTaia mepimou (oo pe ta duo tpita
Tou UYoug). Opovtiote wote oL Aoupideg va €xouv otaBepd MAATOG
KOl VOl UTTALPXEL AVAUECA TOUG EVOL ULKPO SLAKEVO WOTE VA UITOPOUV val
KlvouvTtal eEAeUBepa XwpPLg val akoupmouv otig SumAaveg toug. OL emta
Aoupidec mpémel va KataAapBavouv MePLMoOU TO ULOO TNG TTAEUPLKNAG
ETULPAVELOG TOU KOUTLOU. AKPLBWG amEVAVTL Ao TtV TETaPTn Aoupida
(avtidlapetpika) kOPTe pLo akopn Aoupida pe to 8L0 PARKOG PE TNV
TETOPTN.

O¢o01e o€ TAAGvVTWON TNV teAeutaia Aoupida mou koY ate kal Seite
TIOLOL OTTO TLG OTEVAVTL AOUPLOEC TOAQVTWVETAL PE LEYOAUTEPO TIAQ-
ToC. MWC EPUNVEVETE TNV OPATHPNON;

3. Zuleuypéva EKKPEUR

Otav unapxel duvatotnta va HETADEPETAL EVEPYELA ATO £Vl TO-
AavtoUpevo cuotnua o€ €va AAAO TOTE AEPe OTL Ta SUO cuoTApaTA
Bpiokovtal og oUleuén. AUO TETOLO CUCTAHOTA TIAPLOTAVOVTAL OTO
oxnua 1.39. H meplodo¢ evog eKKpeUOUG €APTATAL LOVO ATIO TO UAKOG
TOU o)XoLWLoU ToU Kal TNV emtayxuvon tne Baputntag. Ta SU0 eKKPeEUN
0TO oxXNUa €xouv To (Lo UAKOG oXOWLOoU, EMOUEVWG TNV (Sla L&loou-
Xvotnta Kat ivat cuvdedepéva pe Eva VLA 0TO OTIOLO £XOULE TOTO-
Betoel éva UkpO BAPOC TI.X. €VOl KOUUATAKL cUpUA. KATOoKEUAOTE

Xyqpa 1-38.

AQ O B

Xynpao 1-39.
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N Slataén. O£ote o TAAAVTWON TO EKKPEUEC A QTIOUAKPUVOVTAC TO
odatpidlo tou oe tevBuvaon kABeTN o To eminedo nou opileTal ano
ta SUo ekkpepn. MapatnpAote TNV Kivnon Twv 800 ekkpepwv. Mpo-
onaBnote va neplypAPeTE EVEPYELOKA TO GALVOUEVO.

EpwtnoeLg

ANAR apOVIKA TAAdvIwon

1.1

1.2

1.3

14

1.5

‘Eva cwpo deEVo oTNV AKPN KOTAKOPUDOU EAATAPLOU TOU OTOoi-
oU N GAAn AkKpn €ival oTeEpPEWUEVN aKAOVNTA, EKTEAEL amtAn ap-
HoVLKA TaAdvtwon mAdtoug A. Eav dutAaocldocoupe to MAAGTOG

NG TAAQVTWONG, TToLa Ao Ta LeyEOn
o) ouyvotnta

B) uéytotn taxvTnta v,
y) M€ylOTN ETUTAXUVON @,
8) otaBepa emavadopdg TG TAAAVIWONG
€) EVEPYELA TNG TAAAVTWONG

Ba petapfAnbouy;

‘Eva owpa tou eKTeAEL amAn appovikh TaAdvtwon Bploketal tn
XPOVLKN OTLyun Un6£v otn B€on Looppomiag. Mota eival n apyikn
daon ¢ TaAAvTwong Tou; ATLOAOYNOTE TNV AMAvVINoH oag. Av
yvwpiloupe tn Béon otnv omola BploKeTaL TO CWHA TN XPOVLKN
oTlyun Undév, UmopoUE MAVTO VO UTIOAOYLOOUUE TNV apxLKn
daon TG TAAAVTWONG TOU I TIPETEL VO YVWPLIOUKE KOl TNV Ka-
TeVLBUVON P0G TNV omola Kwveitay;

MoLa Ao TIG EMOUEVEC OXECEL OVAUECO OTN GUVOALKH SUvan
F Tou 0loKeltolL o€ éva cwpa Kol otn B€on x TOU CWUOTOC ava-
dépetal o pia amAn apuovikn TaAdviwon;

) F=10x PB)F=-100x" y)F=-5x &)F=50x"

‘Eva owpa ekTeAEL amAn apuovikn TaAdviwon.

a) e moleg BEoeLg n TaxUTNTA, N EMLTAXUVON KAl N cUVOALKR SU-
vapun eivat: 1) undév; 2) péylotn;

B) e moleg BETELG N KWVNTLKN EVEPYELA €lval ion pe TN SuvauLki
EVEPYELA TNG TAAAVTWONGC;

JUUTTANPWOTE TIC TIUEG TTOU AELTTOUV OTOV EMOUEVO TIVAKO O
omolo¢ avadEpetal oTNV ATAR OPUOVLKA TAAAVIWON EVOG OW-
HOTOG.

U K
317 2]
4]

NN Mo
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1.7

1.8
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Eva owpa ekteAel anAn apuovikn taldviwon pe nepiodo 7. Tn

Xpovikn otyun 7 = 0 To cwpa Bploketal otn B€on péyLotng amo-
pnakpuvong (x = A4). Nola Xpovikn oTyun

a) Ba mepaoel yla mpwtn dpopd amnod tn B€on Looppormniag;

B) Ba ptaocel mpwtn dopd otn BEon x = — 4;

y) Ba mepaoel yia Seutepn dopad anod tn B€on Loopportiag;

To didypappa tou oyxnuatog 1.40 MAPLOTAVEL TNV ETUTAXUVON
€VOG OWHATOG TIOU EKTEAEL ATTAR OPUOVLKH TOAAQVTWON, OE OU-
VAPTNON LE TO XPOVO.

a) MNoto onueio Tou SLaYPAUUATOC AVTLOTOLXEL OE ATTOUAKPUVO -4;
B) 2to onuelo 4 Tou SLoyPAUMOTOC N TAXUTNTA TNE TAAAVTWONG
elval BeTikn, apvntikn A undev;

y) Z€ Mol ATMOPAKPUVON AVTLOTOLXEL TO onpelo 4 Tou SLaypap-
HOTog;

It KATW Aakpa dU0 Katakopudpwv elatnplwv A Kal B Looppo-
mouv 800 cwuata Ke PAleg m  Kawm, avtiotowa (n, > m,). ZTnVv
Kataotaon autn ta duo eAatnpla €xouv Tnv dla empnkuvon.
ATIOaKPUVOUE Kl Tot U0 CWHATA KATAKOPUPA TTPOG TA KATW
KaTd ¢ ko ta adrvoupe eAeUBepa, omoTe EKTEAOUV ATTAN apUO-
VKN TaAdvtwon. To cuotnua A —m , €XEL EVEPYELA

a) lon pe tnv evépyela mou €xeL to cuoTNUa B — 11, .

B) LEyaAUTEPN ATIO TNV EVEPYELO TOU GUOTHHOTOG B —771,, .

y) LLKPOTEPN QTIO TNV EVEPYELD TOU GUCTAHATOG B — 771, .

KUKAwpA NAEKTPLKWV TAAAVIWOEWV

1.9

1.10

1.11

1.12

H mepiodog pe tnv omoia tadaviwvetal éva kUkAwpa LC eivat
3x10°s. Tn oTypr Hn&év 0 omALGUAE A TOU TIUKVWTH £XEL LEYL-
oto BeTikd doptio. MeTd anod moéco xpovo, yla mpwtn dopda,

o) 0 OMALOMOC A Ba ATOKTOEL LEYLOTO APVNTLKO $OpPTLO;

B) o omAlopog A Ba amokTroeL fava péyLoto BeTiko doptio;

y) N Tdon otov MukvwtA Ba yivel unbdéy;

8) n evépyela oTo payvnTiko medlo Tou mnviov Ba yivel péylotn;

‘Evag PpopTIONEVOC TIUKVWTNG OUVOEETAL UE LOAVIKO Tinvio o€
KAELOTO KUKAwWA. Nati dev ekpoptileTal akapLoio o TUKVWTAC;

No CUUTTANPWOETE TOV EMOUEVO TIVAKA, TIOU avadEPETAL OE £va
KOKAWUO QUEIWTWY NAEKTPLKWY TAAQVTWOEWV.
U, 80x103J  120x1073)
U, 50x1073J 120x1073J
E 120x1073J

AtaBétoupe U0 KUKAWHOTO NAEKTPLKWY TOAAVTIWOEWY, Ta A
kat B. Ot xwpnTIKOTNTEG TWV MUKVWIWY oTa dU0 KUKAwHATA
elval {ogg. Zto oynua 1.41 maplotavetal to ¢popTio 0TOUG TU-

—

AN
VAAVA

Xyfqpa 1-40.
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KVWTEC TWV KUKAWUATWY A Kal B, og ouvaptnon pe to xpovo.
No GUYKPLVETE TIC TIUEC @) TNG AUTETAYWYINE TWV TtNviwv B) Tou
HEYLOTOU PEVUATOG, 0T SUO KUKAWUATA.

Xynpo 1-41.

1.13 AwnBétoupe 6U0 KUKAWUATA NAEKTPLKWY TOAQVIWOEWVY. Tal KU-
kKAwpoata A kat B, pe €, =2C kau L, = L,/ 2. Ta KUKAwpata
Sleyeipovtal oe NAeKTPLIKN TAAAvTwon amo nnyn taong /. Na
OUYKpPIVETE:

o) To péyloto $popTio 0TOUC MUKVWTEG.

B) Tig evépyeleg ota SUO KUKAWUOTA.

y) Tig meplddoug TG NAEKTPLKAG TAAAVTWONG TTOU EKTEAOUV.
8) To péyloto pevpa ota SUO KUKAWHOTO.

1.14 16aviko KUKAwpa LC ekteAel NAEKTPLKN TAAAVTWON LE CUXVO-
rta 100kHz. 3to KOKAwpa £xoupe Tn SuvatotnTa va HETABAA-
AOULLE TO OUVTEAEDTH AUTETOYWYNG L TOU TINVIOU LETAKWVWVTAG
TOV TUpnva PaAakoU oldrpou Tou UTIAPXEL 0° aUTO. AV HELW-
OOULE TO GUVTEAEDTH QUTEMOYWYNG Tou Tnviou o€ L/4, n cuxvo-
TNTA TNG NAEKTPLKAG TAAAVTWONG TOU KUKAWMATOG Ba yiveL:

a) 25kHz B) 5S0kHz y) 200kHz &) 400kHz
INUELWOTE TN CWOTA amavtnon.

1.15 e KUKAWPO NAEKTPLKWY TOAQVTWOEWV PEPOUE OTLYLALO TOUG
OTMALOLOUC TOU TIUKVWTN O€ £madn UE TOUC TTOAOUC pmataplag
1,5V. To kOKAwpa Sieyeipetat kal ekTeAel TaAdviwon. Av n SLé-
YEPON TOU KUKAWUATOC YIvOTOV E pmatapia 3V.

1) n oALkn) evépyela oto KUKAwUa Ba ntav
a) n dta  B) SutAdoia  y) TeTpamAdoia

2) TO HEYLOTO peUA 0TO KUKAWUA Ba Tav
a) to (blo  B) Suthdaolo  y) TeTpanAdoio

1.16 ZUpPTANPWOTE T KEVA:
Onw¢ oTIC AUELWTEG LNXAVIKEC TAAQVTWOELG N KIVNTLKH EVEPYELQL
TOU CUOTHHOTOC UETATPETETAL TIEPLOSLKA OE ..eveeveeerenrereereereennenn
KOl N OALKN) EVEPYELO TOU CUOTAHOTOC SLatnpeital, £T0L KAl OTLG
OUEIWTEG NAEKTPLKEG TOAOVTWOELG N vovevererrerrererrereeneenenns niediou
UETATPETETOL TIEPLOSIKA OE .cvveveevenreeeereerereneenenns nedlov evw TtO
OOPOLOUA TOUG v
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®dOivouoa, eEAeUOepn Ko £§AVAYKATHEVN TAAAVTWON. ZUVTOVLOHOG.

1.17

1.18

1.19

1.20

1.21

1.22

1.23

To €pyo TG SUvaNG TIou TTPOKAAEL TNV andoPfeon o€ pLa TaAd-

vtwon eivatl

o) OTIKO av To TAAAVTOUEVO CWHO KIVELTOL TTPOG TN BETIKN KO-
tevBuvon.

B) mavta BeTiKko.

y) TAvTa apvnTLKo.

EmuAé€Te To owaoTo.

Ye pila pOivouoa TaAAVIWON, N EVEPYELA TNE TOAAVTWONG
Q) Tapapével otabepn.

B) uewwveTal pe otaBepo pubuo.

V) LELWVETOL EKBETIKA LLE TO XPOVO.

8) avéavetal.

EruAé€te To owoTo.

Evag TalavIwTAg Tn oTyun 7, €XEL EvEpyela L kat TTAATOG Ta-

Aavtwong 4. H evépyela ToU €XEL XAOEL O TAAAVTWTAG LEXPL TN
OTLyHn 7,, TIOU TO TTAATOG TNG TAAAVTWONG EXEL LELWOEL 0TO HLTO,
elvav a) £/2; B) E/4; y) 3E/4;

EruAé€te to owoTo.

Yto oxnua 1.42 ¢aivetal to Staypappa tng oAKNG evépyeLag £
600 KUKAWHATWY NAEKTPLKWYV TaAavtwoswy A Kal B, og cuvap-
TNnon Ke 1o Xpovo. OL MUKVWTEG ota SU0 KUKAWUATA €XOUV TNV
(6L XWPNTIKOTNTA KAl TA TtNVia TOV (810 CUVTEAEDTH QUTEMAYW-
ync. Noto amnod ta SUo mapouactalel LEYAAUTEPN WULKN OVTLOTO-
on;

Eva owpa ektelel e€avaykaopévn taAaviwon. MNoleg ano Tig

ETOUEVEC TIPOTACELG EIVAL CWOTEG;

a) To MAATOG TNG TAAAVTWONG LELWVETOL LE TO XPOVO.

B) H ouxvotnta TaAdvtwaong eivat lon pe tTnv LtdloocuxvotnTa Tou
ouoTAUATOC.

y) To mAdtog tng TaAdviwong e§aptatal and tn cuxvoTnTa ToU
Sleyéptn.

8) H evépyela mou xavetal AOyw TwV amooBECEWV AVATTANPWVE-
TaL ano 1o Sieyéptn.

Ye pla e€aVayKOOUEVN TOAAVTWON KATA TO CUVTOVIOUO
a) H dloouxvotnta Tou TaAaVTWTH €ivat HéyLotn.

B) H evépyela TnG TaAAvTwong ival YeyLotn.

y) To mMAQTOC TN TOAAVTWONCG Elval HEYLOTO.

6) To taAavtoupevo cuoTtnua &€ XAVeL EVEPYELAL.
EruAé€te Ta owoTa.

To owpa Tou oyruotoc 1.43 KAvel e€avayKaoUevn TOAAVTWON.
AlamiotwOnke OTL OTAV N oUXVOTNTA TOU SLEYEPTN TIALPVEL TLG
TIMEG f, = 2Hz kau f, = 6Hz To MAATOG TNG TAAAvVTWOoNG €ival To

Tyfqpo 1-42.

Xyfqpo 1-43.
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dto. Na tnv loouxvoeTNTA f, TOU CUCTAUATOG LOXVEL
O f<f

B) /i< fy< /o

v) Jo> /s

EruAé€te To owoTo.

Na amnodeiete OtL av 1o MAdTO¢ pLlag ¢Bivouoag taddviwong
HELVETAL oUUbWVA Pe TN oxéon A = Ae oltpég 4, A, 4, ..
Tou MAATOUG Kaw £, £, L. TNG EVEPYELAG TNG TAAAVTWONG
KOLTAL TLG XPOVLKEG oTIyuEG T, 2T, 3T ..., LKAVOTIOLOUV TLG OXECELG:

A A, A

a) —L="2="2
4, A4, A,
E, E, E

B) —L=—"=—.
E, E, E,

ZUvBeon TaAAVTWOEWY

1.25

1.26

‘Eva. OWHO KAVEL TAUTOXPOVO SUO QPUOVIKEC TOAAQVTIWOELG TNC
(6lag ouyvotntag mou yivovtal mavw otnv (dla gubeia, yupw
amno to i6lo onuelo. Ta MAATN TwV TAAQVIWOEWV Elval, avti-
otolxa, 5cm Kat 3cm. Av oL 8Uo TaAAVIWOELG €xouv TNV dla
ddaon 10Tte TO MAATOC TNG TAAAVIWONG TIOU EKTEAEL TO oW
elval A=, EVW OV OL TAAQVTWOEL; €Xouv Slado-
pa ¢aong 180° to MAATOG TNG TAAAVIWONG TOU CWHUATOC Elval

‘Eva ocwpo KAVEL TAUTOXpova SU0 apPUOVIKEC TAAAVIWOELS TOU

i6lou mAdToug A kat tng iblag 6telBuvong. OL cUXVOTNTES f, Kal

f, Twv 8Vo tahaviwoewv dladepouv Aiyo petaty touc. Moteg

OUTtO TLG ETOEVEC TIPOTACELC Elval 0pOEC;

a) To cwpa eKTEAEL ATTAR APUOVLK TAAGVTWON.

B) To mAdtog TG TaAdvTwong LETABAAAETAL e TO XPOVO.

y) H péylotn Tiun tou mAdtoug sival 24.

8) O xpovog avapeoa oe SV0 SLASOXLKEG LEYLOTOTOLNOELG TOU
TAdtoug eivat otaBepog.

€) O xpovog mou pecolafet avapeoa os Vo dtadoxkoug punde-
VLOUOUG Tou TAdToug egaptatat amno tn dtadopd f, - f, kat
HEYAAWVEL OTaV N Stadopd auTr EAATTWVETAL.
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AOKNOELC

ARAR apOVIKA TAAdvIwon

1.27 KdaBe sAatnplo oto oynuoa 1.44 €XeL TO €va AKPO TOU OTEPEW-
HUEVO OE OKIVNTO onueio Kal To AAAO TOU AKPO TPOCSEUEVO OTO
owpa . OLotabepeg Twy Vo ehatnpiwy eivat K, = 120N/m ko
K, = 80N/m. To owpua %, €xeL pala m = 2kg kat pmopet va Kwet-
ToL xwplc TPLBEC. Na amobeifete dTL n Kivnon mou Ba ekteAéoel
TO CWMA 2, av eKTparel anod tn 6€on LWoppOTiag TOU KATA TN
SLevBuvon tou afova twv eAatnplwv gival amAn appoviki Ta-
Advtwon kal va urtoAoyioete tnv mepilodo Tng TaAdviwong.

[Ar: T=0,27 5]

1.28 Iwpa palagm = 2 kg kAvel amAn apuovikn taAdviwon. To mAd-
To¢ TNG TaAdvTwong ivat 4 = 0,5 m. Otav To cwua AMEXELATIO TN
B¢on oopporiag tou x, = 0,3 m n taxvTntd Tou givat v, =4m/s.
a) Yrohoyiote tn otabepd 1 TG TAAAVIWONG.
B) YmoAoyioTe To HETPO TNC TAXUTNTOC TOU CWHOTOC OTAV N ATO-
Hakpuvor tou ano tn Beon wopportiag eivat x,= 0,4 m.
[An: o) D= 200 N/m p) v=3 m/s]

1.29 Jtnv eAelBepn axkpn Katakopudou eATNPlOU KPEUETOL CWUA
ayvwotng palag. H empnkuvon Tou eAatnpiou, 0Tav To CWHa
Loopporet eivat A/ =2,5¢m. Na umtoAoyioete tnv mepiodo tng
Katakopudpng taddvtwong nmou Ba KAVEL TO CWHA, av TO ATOo-
HOKPUVOUUE KaTtakopuda amo tn B€on Looppomiag Tou Kal To
adriooupe eAevBepo.

Atlvetal g =10m/s”.

[Am: 0,314 s]
HAEKTPLKEG TAAAVTWOELS

1.30 KOkAwpa NAEKTPLKWY TAAOVIWOEWVY ATOTEAELTAL ATIO TIUKVWTH
xwpntkotntag C = 5 pF kal mnvio e cuvteAeoTr QUTEMAYWYNG
L = 4x10~ H. Na untohoyioete tn cuxvoTnTa WE TV onoia Taha-
VTWVETAL TO KUKAwHA, av dleyepOel.

[Ar: 1126 Hz]

1.31 KOKAwpO NAEKTPLKWY TAAAVTWOEWYV UE TIUKVWTI XWPNTLKOTNTAC
C = 20x10° F kat mnvio avtenaywyig L = 5x107 H Sieyeipe-
ToL o€ TaAQvIwon. MNa tn SLéyepon Tou KUKAWMOTOG, TN XPOVLKN
OTYUN UNGEV O TIUKVWTAG €PXETAL OTIYULOLO OE €madr LUE TOUG
ntoAoug tnyng taong ' = 50 V. Na ypaeTe TIC OXECELC TOU dop-
TLOU OTOV MUKVWTH KOL TNG EVTAONG TOU PEVATOC 0TO KUKAWUQ,
0€ oUVAPTNON HE TO XPOVO.

[Ar: q=107 covi000t  i=-Inul000t (S.L)]

DOivouoeg Kat EEAVAYKOUOUEVEG TOAAVTWOELG. ZUVTOVLOMOG.

1.32 Jwpa ektelel pBivovoa TaAGvIwaon To MAATOC TNG omolag HELw-
vetal cUppwva e th oxéon 4= Ae . Tn otyur 7 = 0 n tald-

K K,

1
VUVUUUV = VWUV

Xyfpa 1-44.
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viwon gixe mAdtog 4, = 32cm evw tn oty 7, = 10s to mAdtog
yivetar 4, = 16¢m. Mowa Xpovikr oTyun To TAATOG TNG TAAAVTW-
ong Ba eivaw 4 = lem .

[Ar: 50s ]

2UvOeoN TAAAVTWOEWV

1.33 ‘Eva cwpa ekTeAel TauTtoXpova U0 APUOVIKEG TAAAVTWOELS, UE
eflowoelg x, =4 17150t ko x, =4 nu(50f —7)(S.1.), mou yivovtat
otnv iéla tevBuvon kat yupw amod to idLo onueio. Noto eival to
TAATOG TNG TAAAVTWONG TOU CWHATOG;

[Am: 0]

1.34 Eva cwpa ekTeAel TaUTOXpOVA SUO QPUOVIKEG TAOAAVIWOELG UE
eflowoelg, x, =10 7150f ko x, =4 77150, mou ylvovtal otnv
(6l levBuvon kal yupw amo to idlo onueio. Ta mAdtn Twv duo
TOAQVTWOEWV glval petpnuéva o cm. Na ypaete tnv e€lowon
TNG ATIOHAKPUVONG TNEG TAAAVTWONG, TIOU EKTEAEL TO CWHA.

[Ar: x=0,14 nu50t (S.1.) |

1.35 Eva cwpa ekteAel tautoxpova SU0 apPUOVIKEC TAAAVTWOELG UE
gflowoelg x, =8 7750t xau x, =6 17u(507t — ), MO ylvovtal
otnv dLa StevBuvon kat yupw armo to dLo onueio. Ta MAATH TwWV
600 TaAavTWoeWV elval peTpnuéva o cm. Na ypAeTe TIG OXE-
OELG TNG TaXUTNTAG KOLL TNG EMLTAXUVONG TOU OWUOTOG OE CUVAP-
TNon L& To XpOVO Kal va uTtoAoyioete tnVv nepiodo TnG TaAdviw-
ON¢ Tou.

[An: v=3,14 cvv50xrt (m/s), a=-493 nu50xt (m/s?), T=0,04s]

1.36 To Slamacwyv mapaAyeL ApUOVLKO AXO Ttou e€avaykAalel To TUUTA-
Vo Tou adtiol va Kavel Taldviwon. Evag mapatnpntng akoveL
Tov NXo amo SVo dlamacwy, Tou AEITOUPYoUV TAUTOXPOVA Kall
TaPAYOULV rXouG pe ouxvotnteg f,= 2500 Hz xaa f,= 2500,5 Hz.
O napatnpntng avtltAapBavetat Evav nxo mou AAAOTE «GRNVEL»
(to mAdtog NG TaAldavtwong undeviletal) Kot AAAOTE QMOKTA
HEYLOTN €vtaon (To TMAATOG TNG TAAAVIWONG yiveTal HEYLOTO).
MoLog eivatl o xpovog avapeoa o€ U0 SLadoXLKOUG UNSEVIOUOUG
NG €Vtaong Tou nXovu;

[Ar: 2 5]

MpoBARuota

1.37 Iwpa ekteAel amAn appovikn taldviwon pe neptodo 7' = 0,27 s.
Tn xpoviki otyun undév 1o cwpa Bpiloketal otn 6éon x = 2cm
Kal €XEL TaXUTNTA L = —0,2\/§m/s. Na ypaete TIC OXEOELC TTIOU
Slvouv TNV Amopakpuven, TNV TaxUTNTA KL TNV EMTAXUVON TOU
CWHATOC O€ CUVAPTNON LLE TO XPOVO.

[Ar: x=4x10 377;1(/()f+m) L= 0,4GUV[1()I+M)

6 6

S
az—mﬂ{””+(§j,ﬁﬁﬁ
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1.38 Ztnv kAatw AaKpn Katakopudou ehatnpiou, otabepag K = 100 N/m,

A AAAn AKpn TOU omolou elval OTEPEWHEVN OE AKAOVNTO ONLELD,

Loopporel cwpa paog 7 = 1 kg, To cwpa amopokpUVETAL K-

TOKOPUGA TIPOG TA KATW KOTA = 5 cm amd tn B€on Loopporiog

TOU KOl TN oTypn undév adnvetal eAsvBepo.

Na urtoAoyioete:

a) TN ouxvoTNTA TNG TAAAVTIWONG TIou Ba eKTEAEDEL.

B) Tnv apxikn dacn otnv TAAAVTWOTN) ToU.

Y) TN HEYLOTN TaXUTNTA TTOU ATTOKTA KATA TNV Kivnor Tou.

6) Tn HéyloTn EMITAXUVON TIOU EXEL.

€) TN HEyLloTn SUvaN ToU SEXETAL ATO TO EAATAPLO KOTA TN &L
ApPKELA TNG TAAAVTWONG TOU.

Alvetar g = 10 m/s”.

[An: @) 5S/m Hz B) n/2 7 3n/2 y) 0.5m/s 0) 5m/s® ¢ I5N]

1.39 Iwpa ekteAel amAn appovikn TaAdvtwon mAdtoug 4 = 20 cm ue

nieptodo 7' = 10 s. Tn XPOVLKN OTLYMN KNGEV TO cWUA TTEPVA ATIO
TN B€on wopporiag. Na urtoAoyloTel emti mOco xpoévo (UEXPL va
emotpéPel otn B€on Looppomiag) n amopdkpuvon tou Ba slvat
HEYQAUTEPN amo x = 10 cm.

[Am: 10/3 s ]

1.40 O gunpooBlog mpoduAaKTAPOC EVOG AUTOKIVATOU CUUTEPLOE-

peTaL oav WSaviko ehatrplo otabepdc K =25x10°N/m.

a) H pdia tou oxrjpatog, podi e toug emuBdreg tou sivan M = 1000 kg.
To aUTOKIVNTO OUYKPOUETAL UETWTILKA UE OKivnTo €UmoOdio,
EVW Kwettal pe taxvutnta v = 18 km/h. YmoAoyiote tn pEYL-
OTn CUOTIElPWON Tou eAatnpiou -MpodulakTripa- KaBwE Kat
TN XPOVLKH SLAPKELD TNG CUCTIElPWONC.

B) Evag emiBatng €xel pala m = 60 kg. YmoAoylote tn péylotn
optZovtia Suvaun mou mpEmel va dextel and tn {wvn Mpoo-
beoNng, WOTE va PNV eKTVAXTEL Ao To KABlopa Katd tn Sldp-
KELOL TNG oUYKPOUOoNC.

Inueiwon: Oa BewproETE OTL KATA TN SLAPKELX TNG CUYKPOUGCNG

OL TPLREG KOl OL AVTLOTAOELG ElVAL AUEANTEEG KOL OTL O KLVNTAPOG

TOU oxNuatog o€ Asttoupyet.

[Ar: o) 0,1 m, w/100s, B) 15<10° N]

141

Akivnto cwpa palag M = 100 g Bploketal mavw og Agio opllo-

VTLO £Timedo Kal ival mpoodenEvo otnv akpn opllovtiou Aa-

plou otabepag K = 300 N/m, n dAAn akpn Tou omoiou ivat

OTEPEWMEVN aKAOVNTA. BARpa palag 7 = 20 g, Ttou KWeltaL otn

StevBbuvon tou agova tou eAatnpiou pe taxvtnta v = 30 m/s,

OUYKPOUETAL LE TO owua M Kal opnvwvetal oe auto. Na urtoAo-

yloete:

a) TNV Kown TaxUTNTA TTOU OMOKTOUV Tt SU0 CWHOTA AUECWE
HETA Tn olyKpouon.

B) To ddotnua mou Ba SLavUoEL TO CUCCWHATWUA, UEXPL va
OTOMOTACEL OTLYHLOLO YLa TTpWTN dopa.
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y) 0€ OGO XPOVO Ao TN OTLYUN TNG CUYKPOUONC TO CUCCWUA-
TwHa 60 CTOHOTACEL OTIYHLALO Yo TTPpWTN dopa.
H xpovikn dtdpkela tng kpolong Bewpeital apeAntea.
[Ar: 5m/s, 0,1 m, 3,14x107s]

1.42 KOkAwpa LC ektedel nAektplk TaAdviwon HE ouxvotnta

5000
~——— Hz. To uéywoto doptio otov mukvwty givar O =5x10"C.
T

o) Na urtoAoyiloeTe To MAATOC TNG £VTACNC TOU PEULATOC OTO KU-
KAWL KoL TO POPTIO TOU TTUKVWTA TN OTLYLI TTOU TO pela
oto KUKAwpa givati =3x 107 A.

B) OewpnoTe OTL N XWPNTLKOTNTA TOU TUKVWTNA givat 1/, Na rta-
POOTNOETE OE KOWOUG AEOVEG TNV EVEPYELD TOU NAEKTPLKOU
Tedlou TOU TUKVWTH, TNV EVEPYELA TOU HayvnTkoU Tediou
TOU MNVIOU KOl TNV OALKI) EVEPYELO OE ouVAPTNON UE TO pop-
Ti0o TOU TTUKVWTN).

[Ar: SmA  4x107C ]

1.43 Mukvwtic xwpntwotntoc C = 4x 10 F poptiletat og téon /= 100 V.
Tn xpovikn otyun ¢ = 0 oL omAlopol Tou cuvdéovtal ota AKpa
ninviou pe ouvteAeoth autenaywyng L = 0,9 H kat to KOKAwUa
eKTEAEL NAEKTPLKA TAAQVTWON.

a) Moto gival To péyLoto GopTio IOV ATIEKTNOE O TIUKVWTNG KOTA
™ $oOpTION TOU;

B) MNovo €ival To $oPTIO TOU MUKVWTH TLG OTLYUEG TIOU N EVEPYELQ
NAeKTPpLKOL Tedlou oTov MUKVWTH €ival lon PE TNV evépyELa
TOU payvntikoU mediov oto mnvio;

y) Mola Xpovikr OTyUR N €VEPYELD TOU NAEKTPLKOU Ttediov yi-
VETAL, Yla TIpWTN Popad, Lon LUE TNV EVEPYEL TOU HOYVNTLKOU
nedilou;

[Am: a) 4x10°C B 232x107°C ) 1.57%x107s ]

1.44 KOKAwpO NAEKTPLKWY TAAAVTWOEWV TEpLAAUBAvVEL TNvio Ue ou-
vteAeot autenmaywyns L = 16 mH kal MUKvwT XwpenTLKOTn-
tag C' =4x10" F. K&mola oTypr T0 $opTio oTov mukvwTr ivat
g =20 nC Kat n £vtoon Tou PEUUATOC 6TO KUKAWHA [ = 25+/3 mA.
Molo eival To HEYLOTO GOPTILO TTOU ATIOKTA O TIUKVWTHG KOTA TNV
NAEKTPLKN TaAdvTwon;

[Ar: 40 uC ]

1.45 Iwpa palog m = 2 kg ektehel tavtdxpova SUO OPUOVLKEG TO-
Aavtwoelg t¢ blag StevBuvong yupw amod 1o 6o onueio.
Ou gflowoelg twv talaviwoewv eivar X =10 725071 ka
X, =9 (507t — 7). Ta mAdTn Twv 8V0 TAAaVIWoEWV eival pe-
TPNUEVA OE cmM.
a) Mota gival n otaBepad D TG aApUOVIKAG TAAAVTWONG TTOU EKTE-
A&l o cwpa;
B) Mota ivat n evépyela TNG TAAAVTIWONG;
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y) Molo ival To LETPO TNG TaXUTNTAC TOU CWUATOG OTAV N
OTIOUAKPUVOT) TOU lval x=4 cmy;
Alvetat 77 ~10.

[Ar: D =5x10°N/m, E=625J v=3y2,5m/s]

1.46 Ta cwpata X, KAl X, TOU 6XAUATOG eival TortoBetnuéva o Agio
opuovtio eninedo katl epdmnrovral petagl toue. To X, eival de-
HEvo oTnv akpn opldvtiou ehatnpiov otabepag & = 100 N/m.
To ehatrplo €xeL To PUOLKO UAKOG TOU KOl TO CWHATO LOOPPO-
TOUV. METAKIVOULE TOL CWHATO WOTE TO EAATHPLO VO CUCTIELPW-
Bel kata 4 = 40 cm koL oTn cuvéxela ta adrnvoupe eAeVBepa.
Na Bpeite:

a) tn B€on otnv onola Ba anoxwproBei to =, and 1o .

B) To MAGTOC TNG ATANG APHOVLKAG TAAAVTWONG IOV EKTEAEL TO
2, adou anoxwplobel and to X,.

y) TNV ar6oTacn Twv CWHATWY 6Tav N TaxuTNTa Tou =, undevi-
letal ya mpwtn dopa.

Aivovtau oL paieg Twv cwudtwy 71, = | kg kawm, = 3 kg avtiotoxa.

Xyfpa 1-45.

[An: o) oty Oéon 1oopporioc  p) 20 cm, ) 11,4 cm |

1.47 Koatakopudo ehatrplo pe otabepa K = 00N /m €XEL TO KATW
OKPO TOU OTEPEWHEVO 0TO SATedO. ITO EMAVW AKPO TOU EAATN-
piou £xelL mpocbebel owpa =, palag m, = /kg, mou LooppomeL.
Aevtepo owpa %, pdlag 7, Bploketal mavw anod To MPWTo o€
dyvwoto UYPog /1. METAKWVOUUE TO CWHA X, TIPOG T KATW KATd /
= (), 2m koL to adprivoupe eAeVBEPO, evw TNV (SLa 0Ty adrvou-
He eAeVBepo KaL To SeVTEPO CWHA.

a) Ao roto uog /2 peTeL va adeBei To 2, WOTE va cuvavTh-
oeLTo X, oTn B£on Loopportiag toy;

B) Mowa eival n taxvtnTa KABE CWUATOG TN OTLYUA TIOU OU-
yKpouovTal;

Y) Av n xpovikn SLapKeLa TG cUYKPOUONE TwV U0 CWHATWV
elval apeAntéa Kol To KABE cwUa ATOKTA HETA TNV Kpouon
ToxUTNTO AVTIOETN OO AUTH TIOU ELXE TIPLV CUYKPOUOTEL, val
umoAoyloete To Xpovo avapeoa o U0 SLaSOXLKEG KPOUOELG.

Atvovtau: g = 10m/s?, 7° =~ 10.

[Ar: 0,125 m, 2m/s, 1,57 m/s 0,314s]

1.48 Zwpa X, pagag m, = 0,3kg avaptdToL 0TO KATW AKPO KOTAKOPU-
¢dou ehatnpiou To AAAO AKPO TOU OMOLOU Elval OTEPEWUEVO OE
aKAOVNTO onueio. Otav TO CWHA LOOPPOTIEL N ETILUAKUVON TOU
ehatnplou eivat 0,25m. Aevtepo owua =,, pddag m, = 0,45kg,
BaAAetal katakopuda ano to €5adog Kal oTnV MOPELX TOU OU-
VOVTAEL TO X, KOL GUYKPOUETAL pE auTd. To CUCCWHATWHA TTOU
npoékuPe amo tnv kpolon GTAveL ExPL Tn B€on otnv onola to
eAOTPLO £XEL TO PUOLKO TOU UNKOC.

a) Mola gival n TaxVTNTA TOU CUCCWHOTWHOTOC AUECWE HETA

TNV Kpouon; Zyfpa 1-46.
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B) Nota gival n péyLtotn TaxUTNTA TIOU OTTOKTA TO CUCCWHATWUA
KaTta TNV KaBodo tou;

y) Metd and noéco xpovo, amod tn CTLYU oV TO CUCCWUATWHA
dtavel otnv avwtepn B€on, n TaxUTNTA TOU YIVETAL, yLa TTPW-
™ dopd, pEyLoTh;

Aivovtat: g=10m/s".

[Ar: 2m/s, 2,5m/s, 0,4s]

1.49 Ito kUKAwpa tou oynuatog 1.47 Sivovrat FE =12V, r=0,
L=10mH, C=1uF, R=200. ApXikd o peTaywyog BpiokeTal
otn Béon A kal To mnvio Stappéstal and otabepo pevpa. Tn
XPOVLKA oTyun 7 = 0 0 HETAYWYOC HETAPEPETAL aKapLlaia oTn
B¢on B.

a) Molog onMALoPOG Ba amokTroEL TpwTtog BeTikd dopTio;
B) Mpayte tig e€lowoelg mou Slvouv TtV €vtaon Tou PEUATOG
Kall To GopTiO TOU TIUKVWTN O€ CUVAPTNON LE TO XPOVO.
[Ar: &) O omAoUOS TOV TVVOEETAL LUE TOV OPVHTIKO TOLO THG THYHG.
B) i=0,6 covl0Pt  gq=6x107 nul0’t (S.1) ]

1.50 1o KUKAwpa TOu oynuatog 1.48 &ivovtal E=6), R=20,
L=0,2x10"H , r=0. ApXKd o Stakomtng A sivat KAELOTOC, TO KU-
KAwpo SloppEetal amd otabepod pevpa KOL O TIUKVWTNAC €ival
adoptiotoc. Otav avoiéoupe To SLaKOMTN 0 TUKVWTNG poptileTal.
a) E¢nynote ylati poptiletol o MUKVWTAG;

B) Mola PETEL vaL €lval N XWPNTLKOTNTA TOU TUKVWTH WOTE N
TAON 0TOUG OTMALOLOUG TOoU va pnv urtepPet ta 10V;

[Ar: I8 uF']

Xyfpa 1-47.

C

00000,

R TI -
I_/<A=

[
E.r
Tyqpo 1-48.
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EUpEeon TNG TAXUTNTAC KAl TNG EMTtayuvong otnv AntAn Appovikn Ta-
Advtwon pe to Atadoptko NoyLlopo

Appovikn TaAaviwon eival n euBuypapun kivnon otnv omoia n
OTIOUAKPUVON X, TOU CWHOTOC anod tn Béon Loopporiag divetal amo

TN cuvdptnon X = Anuot

H taxVuTnTa eVOg OWUATOG, TIOU KLVELTAL EUOUYPAU, KATIOL XPOVL-

' . ’ . X
Kr) otyun, elvat: v = lim — .
A—0 At
To 6pLo AUTO, av UTIAPXEL, OVOUATETOL TTAPAYWYOC TOU X WG TPOG 7 KL

. . , dx
TO CUUBOAO ToU Elval —— .

dt
H tax0TnTa L EVOC CWUATOG IOV EKTEAEL ATTAR APUOVLKA TAAQVTW-

a
on elvar v = j; =[Anpot] (1.36)
H mapdywyog pLag ouvBetng cuvaptnong f(g(?) eivat
[/ (g@)]' = f'(g(®)g'(®)
OL mapAywyoL TwV CUVAPTACEWV 741 KOL gV VAL
nWu=cvvu  cvvVu=-nuu
apa
[4A nuot] = A nu'ot(ot) = Ao covot

kat n (1.36) yivetat
L= A® cLVO! (1.37)

To ywopevo Am eivat otabepo, €xel SLACTACELG TaXUTNTAS KoL EKPPA-
{eL TN pEYLoTN TAXUTNTA TIOU QUTOKTAEL TO CWHaA. O€tovtagy, = A ®
n (1.37) yivetadt:

V=V__CLVO!

max

H emtayuvon €vog oWUATOC, TIOU KWveital euBuypapua, KAamola

. . Av
OTWMUNA elva: g = [im — .
A—0 At
To 6plo AUTO €ival N MAPAYwWYog TG TaxUTNTOC WG TTPOG TO XPOVO

(oupPoAiteTal av ).
dt

_dv
dt

a =[Ao cuvet] = Ao cuv'ot (of) =—Aw” Muot (1.38)
To ywopevo Ao’ sival otabepo, €xXel SLOCTAOELC ETUTAXUVONG KOL EK-
dpalel TN PEYLOTN EMUITAXUVON TIOU OTOKTA TO CWHA KATA TNV Kivn-
ofj Tou. AvtikaBlotwvtag An’=a n oxéon (1.38) maipvel tnv 1o
ouvnBLopévn Tng Hopdn

max

a=-a_ Nt

max
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(2.1.) Elcaywyn

H évvola «kOpa», amnod Tig o BaolKEG EVVoLeG TNG GUGCLKNAG, XPNolL-
poro0nke yLa tnv meplypadn GavopEvwy ou KAAUTTTOUV £va eupl
daopa.

Itnv evotnta auth Ba mepLypAPOUUE TO PUNXOVIOUO TOpaywyng
TOCO TWV UNXAVLIKWVY 000 KOL TWV NAEKTPOUOYVNTIKWY KUUATWY KaBwg
KOl Lo o€Lpd GalvouEVWY TIoU €ival KOA o€ OAQ TAL KULOTA -TNV ava-
kAaon, tn StaBAaon kot tn cupBoAN.

(2.2.) Mnxavika Kbpata

Av mipokAnBet pLa dratapaxn o€ €va UALKO Tou npepel (Looppometl),
TO LOPLA TOU, OTNV TTEPLOXN OTOU TTPOKANBNKe n Statapoaxr, LETATO-
nifovtal amno Tig B€celg Loopporiag Toug. EMeldn OUwG Ta WOPLA QUTA  Kyua otpv exipdavera e G-
oAANAETILOPOUV LE TO YELTOVLKA TOUG S€XOVTAL SUVAELG TTOU TElVOUV  tacoacg.

Va Ta EMAVAPEPOUV OTLG APXLKEG TOUG BEOELC evw oTa SUTAAVA TOUG Eucévo 2-1.
aokouvtal SUVAELG TToU Telvouv va ta ektpéPouv amnd tn B€on Loop-
poriag. Etol, n Statapaxn Stadidetal amnd tn pia mePLOXr Tou UALKOU ¥

oTnNV AAAN Kal OAa To onUELR TOU UALKOU eKTEAOUV SLadoxLKA tnVv iSLa v ) /\
Kivnon. H 8tadoon autig tng dtatapaxng 0To XwpPo OVOUAZETOL KOO, X
Ma tn dnuloupyia evog kUpatog xpetalovtal n mnyn thg datapa- \:)/

XNG N Ny Tou Kupatog, SnAadn n attio mou Ba mpokaAéoel tn Sta- Y
Tapaxn Kat €va UALKO (M€do) oTo omolo KaBe popLo aAAnAerudpd pe v
TQL YELTOVIKA TOU (EAAOTIKO UECO). //\ N x
Ta kUpota tou Stadidovtal og €va eAAOTIKO HECO ovouAlovTal n- \O\/ \/
XOVIKA KUpata. O KUPATIONOG oty endavela tng Balaocoag, n Sta- |y
600N Twv SovRoEWV KATA KOG EVOC OTEPEOU KOL O YOG ElVaL LEPLKA
TAPASELYHATA LNXOVIKWY KUUATWV. /\

4—

/N x
N VYN

Kata tn dtadoaon evog KUHATog 8ev €XoUUE HeTadOPA UANG ATTO pLa
nieploxr} Tou eAaoTIKOU péoou ae GAAN. To nopla tou ehaotikol pé- Y v ;
00U KlvouvTal yUpw amod tn B€on Loopporiag Toug. /\ x
Ma vo TIPOKAAEGOULE TNV KUMOTLKY dlatapayn TPEMEL va SWOOUUE / \/ \
EVEPYELA OE KATIOLOL TLEPLOXT TOU HEoou. H evépyela auth petadépetatl

HE To KUMA o AANEC TIEPLOXEC TOU péoou. Katd t Stddoon evog ko- Y v
HOTOG LETADEPETOL EVEPYELA KALL OPILN OLTTO TO £VA ONLELO TOU HECOU /O\ /\X
010 AAAO, OXL OLWG Kat UAN. \/ \/

y :

L A
N\

Ta xouato oty 0d- Koatd tn Siadoon evég kbuatog
Alacoa  uetapépovy  oe évo £lacTiké puéco TO O7-
ueydio mood evép-  ueio Tov uécov KIvovvTal yopm
yela¢ kal ovyvd mpo- and uie Oéon 1ocoppomiacg.
Kalodv xatactpopéc Koatd tn diddoon tov Kdpatog
OTIC OKTEG. e petagéperol vAN.

Ewkéva 2-2. Tynpa 2-1.
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Av o€ xpovo t pa Statapayn Stadidetal oe amdotacn x ano tnv
TiNyN mapaywyng tg, To mnAiko

v==2 (2.1)
t
glvat n taxvutnta S1adoong Tou KUHATOG.

H taxvutnta pe tnv onola dtadidetal éva kKUpa oe €va Léoov efap-
TATOL LOVO AT TLG LOLOTNTEG TOU PECOU TIOU SlatapAcosTal Kot OxL
oo To MOoo LoXupn ival n Statapaxr. Adyou xapn o nxog, os Beppo-
kpaoia 20 °C, Stadidetat otov agpa pe Taxutnta 344 m/s, aveédptnta
aro To av gival L.oxupog 1 aoBevic. Ita oteped o Nxog dadidetal e
pueyaAuTepn taxvTNTA.

3TO ONUELO AUTO VA ETILONUAVOULE TN SLAKPLON AVAUETO OTNV TOXU-
TNTA TOU KUPOTOG, oV €ival otabepn, Kal TV TaxUTNTO UE TNV OTola
KlvoUVTOL Ta OnpEla ToU PECOU YUpw amod thn B£€on LooppoTtiag Toug,
mou Sev elval otabepn).

Me kpttrpLo tn dteBuveon oty omola KlvouvTaL Ta CNUELX TOU EAa-
OTLKOU HECOU, TO KUpOTO SlakplvovTal 08 EYKAPOLA KOl OE SLOLAKD.

Ta eykapotla kUpata dtadidovtal ota oteped. Ta dtapunkn diadido-
VTOL TOOO OTOL OTEPEA OCO KL OTO UYPA KaL T a€PLal.

Eykdpola ovopalovtol Ta KUPOTA oto omoia OAa ta onuela Tou
e\aoTikol péoou taAavtwvovtal kabeta otn Stevbuvon Siadoong
TOU KUpATOC. TETola KUpata Stadidovtal Katd UAKog pLag xopdne. Ta
kUpata ou dtadidovtat otnv emipAVELD TWV UYPWV UTTOPoUV va Be-
wpnBoULV KATA TPOCEYYLON EYKAPOLO.

Artopikn ovopaovtal Ta KUUOTO 0Ta Onola Ta onpela Tou eAaoTL-
KoU péoou taAavtwvovtal mapdAAnAa otn StevBuvon dtadoong Tou
KUUATOG. TETOLo £lval To KUpa mou Stadidetal Katd HAKOG Tou eAaTn-
plou oto oynua 2.3.

Av n ninyn ekteAel mepLlodikn kivnon ta cwpatidio Tou LEcou Kvou-
vTaL eniong meplodika. To KUMA TTOU TIPOKUTITEL TOTE £lval €va Tepl-
081KO KUpa. ElSIkOTEpQ, v N Kivnon NG mnyng ivat armAr appoviKn
ToAQvtwon OAa ta cwpatidla Tou pEoou ekteAOUV miong amAn ap-
HOVLKH TAAGVTWON KOl TO KU OVOALETAL NULTOVOELSEG 1} OLPLLOVLKO.
To apUOVIKA KUPOTO £XOUV alTAR Hadnuatikn eplypadr kat mailouvv
évav olaitepa omoudaio poio. Omoladnmote Kupatiky Statapaxn,
000 TIePLITAOKN Kal va lval, pmopei va BewpnBel OTL mpogpxeTal ano
To ABpolopa EVOg aplBoU aPUOVIKWY KULATWV.

H nepiodog (T) touv KUpaTOG lval To XpOVIKO SLACTNUA 0TO Omoio
€Va oWUATLSL0 Tou HECOU OAOKANPWVEL TNV Kivnor) TOU (pLLOVLKH TO-
Aavtwon). Eav dwtoypadilape to péco oto onoio dtadidetal Eva ap-
HOVLKO KOO SUO XPOVIKEG OTLYUEG TTou SladEpouv Katd pia tepiodo
Ba BAEmape OTL O Ta cwHATIOLA TOU LECOU, €XOVTAC EKTEAEDEL LA
mAnpn taAdavtwon, Bplokovtal MAAL OTIG ap)LlKEG Toug Béoelc. Etol,
TIAPOAO TIOU TO KUUA Ba £XEL TTPOXWPNOEL, N KUMATLKA €LkOVA TTou Ba

To kbpoto oTNV EMIYPAVELO TOD
vepov eivair Katd mpooEYyian
eykapoia.

Xyqpa 2-2.

Argunkeg Kouo.
Xyfpa 2-3.

y

AN

N\

2TIYUI0TOTO EYKAPOLOD APUO-
VIKOD KOuaTOC.
Tynpo 2-4.
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napoupe Ba eivat idla. EmMopévwe mepilodog Tou KUMATOG ival eniong
TO XPOVLKO SLACTNLOL GTO OTOLO N KUMOTLKI ELKOVA EMAVOAQpPave-
TalL.

H cuyvotnta (1) pe TNV omola TaAavTwvovTal To onueia Tou péoou
OVOMAZeTAL KOL CUXVOTNTA TOU KUMATOC. H ouxvotnta Tou KUPOTOC
Selyvel Tov aplOpo twv Kopudwv (av TPOKELTAL yla EYKAPOLO KUUA)
1 TWV TIUKVWUATWV (ov TipOKELTal yla SLAnKeG) mou ¢tdvouv o€ Ka-
TIOLO onlEelo Tou péoou otn povada tou xpovou kata tn Stadoon tou
KUUATOG.

H andotaon otnv onoia Stadidetal To KU OE XPOVO HLOG TLEPLO-
60v ovopaletal pRKog KUHAToG Kot cUMBOALeTOL pE A.

3to oynua 2.6a BAémoupe SUO OTIYULOTUTIA EVOG EYKAPCLOU OPUO-
VIKOU KULLOTOG O€ XPOVIKEC OTIYUEG TTOU SLadEpouv kata At. 2 auto To
XPOVLKO SLACTNUA Lo KOpUPH TOU KUUATOG LETAKIVAONKE KOTA
v Af. Z€ XPOVIKO SlaoTtnua pLog mepLlodou pia kopudn (E0Tw autnh He
1o Beldkt) Ba €xel petakwvnBel katd éva pnkog KOpatog (oy. 2.6B).
Ermopévwg n anootaon duo Stadoxlkwv Kopudpwv lvat on pe .

Oa pumopoUoapE, va OplOOUE TO MRKOG KUMOTOG WG TNV amootaon
HETalL SU0 SLASOXLKWV ONUELWV TOU HECOU TIOU QNEXOUV TO (610
arno t 0€on LooppoTmiag TouG Kat Kvouvtal Katd thv idia dpopa.

Av otn oxéon (2.1) avTIKATAOTACOUE TO / UE TNV TIEPLOSO TOU KU-
HOTOC N amoOoTacn x oTnV onoila Stadidetal To KU elval A Kal n oxé-

on naipvel tn popdn A
v=— (2.2)
1 T
Enedn 7 =— noxéon, TeAKQ, yivetal

(23)

H oxéon autr) ovopadletal OgpeAlwdng e§lowon TG KUUATLKAG.

H padnpatikn nepypadn Tou appovikou KUHOTOG

Ag urmoBéooupe OTL N mnyn appovikng diatapaxng O apxilel va
TAAQVTWVETAL TN XPOVIKA oTiyun 7, = 0 kat 6Tt N TaAAvTwor TNG Te-
plypadetal ano tn oxéon v = Anuwt. Eva onueio M tou €eAaoTtikou

, , , , , X
peEoou Ba apxlosl va TAAQVTWVETOL TN XPOVLKH oTwyun f, =—. Emo-
v
MEVWE TN XPOVLKA OTLYUN 7, To onueio M Ba TaAavTwveTal €Ml xpovo
X . . . .
[—t =1t—— KoL, Y TNV TpolndBeon OTL To MAATOG TNG TAAAVTWONG
)

tou M eivat oo pe to Adrtog taldviwong tou O.' n e€lowon tng kivn-
on¢ tou Ba eivat

X 27 X ¢t x
)= Anuw| t—=—1| 1 =Anu—1 \t——| n = Anulr| ———
Y nr ( UJ n vy 14 T( Uj n vy 1L (T UTJ

n, emewdn vl = 1,

tr x
= Anurn| = -2
y=Anu ”(r ﬂ,j (2.4)

y xpovufr'l
v oTtyun t

I\
N\
y xpovic

v onypn
t+T

N\

Metd amd ypovo piog mwepio-
000 N KOUOTIKY ELKOVO, ETAVO-
Aoupfaverar.
Xyqpa 2-5.

vty
LN =
X XK
()

— i

/\ z X
S

Y

®
(a) Xe ypovo At pia xopoen
TOV KOUOTOG UETAKIVEITAL KOTA
uAt. () Xe uio mwepiodo ueto-
Kivelital Kata \.

Xyfpa 2-6.

“x

To onueio M améyer amdotaon
x arnd tnv 7nyn O 100 KOUATOG.
Xyqpa 2-7.

Y H zpovmélean avty exkmin-
POVETAL GTNYV TEPITTWOGN KO-
Latwv mwov diodidovtar o€
YPOUULKG ELOCTIKG pHETO (T.).
XOPOES) ywpic amwleles evép-
yeLog.
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Av 1o kUpa Stadidetal kata tnv avtiBetn dpopa toTE

4 X
v=Anu2rx| —+—
=z £ %

H (2.4) amoteAel tnv €§lowon tou kKUpatog kat divel kaBs oTyun
TNV QMOUAKPUVOH TIOU £XOUV TA CNUELX TOU EAQOTIKOU HECOU QTIO TN
B€on Looppormiag Toug.

To A ovopdletal MAATOC TOU KUHMOLTOG KOL ElvaL N LEYLOTHN TLUI TTIOU
UTTOPEL va TIAPEL N ATIOUAKPUVON EVOC ONUELOU TOU HECOU KATA TNV
OPHOVLKH TAAAVTWON TIOU EKTEAEL.

p r X . . . ;
Hywvia 27| ——— | ovopaletal paon Kol LETPLETAL OE AKTLVLAL.
T 2
Emeldi n ¢aon efaptdral and tnv anodctacn x omo TNV 1Ny mpo-
KUTITEL OTL TA ONUELD TOU EAAOTIKOU LEOOU TNV (8Lal XPOVIKN) OTIYUNA
€xouv S1adopeTIKEG PATEL.

padikn mapaotacn Tou KUHOTOG

Ao tn oxéon (2.4) dpaivetal OTL n amopdkpuvon y KATOLoU onueiou
Tou PEoou eival ouvaptnon dUo peTaBANTWY, Tou XPOVOU 7 Kal TNG
anooTacNnG X TOU onUelov amo tnv mnynA. Na 1o Adyo autd dev sival
duvatod n oxéon (2.4) va napaotabel ypadika os eninedo oxriua. Av
OMWCE N Ha amo Tig dvo petaPAntég BewpnBel otabepn, n amouad-
kpuvon glvat cuvaptnon Kovo tng AAANG LetafAnTAg kot eivat Suvatn
n ypadLkn tng mapdotaon.

A) ZTIYULOTUTIO TOU KUMOTOG

Mo 8ebopevn Xpovikn oTyun (1=7)) n oxéon (2.4) maipvel tn popdn

yv=Anu2r (02‘0(0 — %j

Kal Slvel TV amopdkpuveon KABe onpuelov Tou LEGOU CUVAPTAOEL TNG
anooTacng Tou and tnv nnyn. To SLaypappa auTtng TG cUVAPTNONG
(o). 2.8), blvel tn B€on Twv SLadOpwWV CNUELWV TOU PLECOU L0l OPLOUE-
VN XPOVLKIN OTLYHI KAl OVOUAZETOL OTLYULOTUTIO TOU KUMOLTOG,.

B) TaAdvtwon VoG onUeiov TOU HEoOU
Mo oplopévn amootacn ano tnv nnyn (x=x,), n oxéon (2.4) naipvet
™ popdn
t
yv=Anur (? - aran

Kall SLVEL TNV OTMOUAKPUVON €VOC CUYKEKPLUEVOU OnUElOV TOU PETOU
OUVAPTHOEL TOU XPOVOU.

H ypadikn mapdotacn tng oxéong autng (oyx. 2.9) eival n yvwotn
Ho¢ ypadLkn mapaotacn TG armAnG APHOVLKNAG TAAAVTWONG.

W A A

|\ N
«— L—>

Evo otiypidotomo tov KOUOTOG.
To onueio B ka1 I’ mov éyovv
Jrapopa @dong 2w, améyovy
EVo KOG KOUOTOG.

Tyfqpa 2-8.

—>—

<+— T —»

I'pogikn mwapdaotaocn tng xivy-
oNg €VOS anueiov tov gAooTi-
KOD UETOV T TGOVAPTNON WUE TO
xXpovo.

yqpa 2-9.



48

(2.3.) EmaAAnAia R YnEpOeon Kupdtwyv

Tt oupBaivel 6tav oto 6L0 €AaOTIKO péCO cupBaAlouv, Tpwrn N
dnhadn Sradidovtal tavtdypova o ) meploodTepa KUUATAQ; ‘“’V“”"‘m/\

Mowa gival TOTE N Kivnon Twv Hopilwv Tou LECOU;

. ' . , , Kazé tn cvvavm X
Exel SlamiotwOel 6TL Ta kKUpATa akoAouBouv tnv apxn emal- B o [\

AnAtag i unépBeong, cUpdwvaA LLE TNV omola

y y y y . ’ ’ y 5 i —->
otav ot éva eAaoTIKG péco StadiSovtal SUo i meplocdte-  MET T cvvavmon N\
PO KUHATO N ATTOUAKPUVON EVOG ONUELOU TOU LESOU Eival pag

ion ME TN cuVIoTOUEVN TWV OMOUAKPUVOEWV Ttou odeilo- Lyfqpe 2-10.

VIOl oTa ENL LEPOUG KUMOTAL.

Yto oxnua 2.10 paivetal To anotéAeopa TS TauToXpovne Stadoong
600 MAAPWV KATA LAKOG EVOG oXowLou, oto (blo emtinedo, pe avtiBeteg
kateuBuvoelg. Otav ot Suo MAApOL CUVAVTWVTAL, TA LOPLO TOU O)OL-
vIoU €XOUV OITOUAKPUVON LoN UE TO aAyEBPLKO ABPOLOUA TWV QTIOMO-
kpUvoewv Tou Ba eixav av ol duo maApot Stadidovtav Eexwplota.

Itnv elkova 2.3 daivovtal Svo kupata ta omola Stadidovral katd
UNRKog evog ehatnpiou. Onwc daivetal, Ta KUpOTa SLEpYOVTAL TO Eva
pHéoa amo to aAAo xwpic va petafAnBouv kaboAouv. Ta kKUpaTa tou St-
adidovtal oto i6lo péoo, dev aAAnAemidpouv puetall Toug. Kabe kbua
Sladidetal oav va pnv unrpxe to aAlo. H cuvelodpopd kaBe KUPATOC
OTNV QMOPAKPUVON €VOG ONUELOU TOU PECOU elval avefdaptntn amo
Vv UTapén Tou AAAou KUUATOG.

H apxn tng emaAAnAiag mapaBlaletol povo otav tTa Kupata givot
TOO0O0 LOXUPA WOTE VAL LETABAAAOUV TLG LOLOTNTEG TOU LECOU OTO OMOLo
Stadidovtal (6tav oL SuvApELS TTOU ackouvtal ot cwpatidla Tou
pnéoou Sev elval avAAOYEG TNG AMOUAKPUVONG). TETOLEG TTEPLITTWOELG
omou 8ev LoYVEeL N apxn TNG eEMaAAnAiag, €Xoupe oTa KUMATA Tou 6n-
pLoupyoLvTaL anod pia €kpnén.

Ta KUPOTIKA paLvOpEVA TIOU amaviouv otn ¢uon eival cuvnbwg
QpPKETA oUVOeTa. OnMwg TNV Kivnon evog BARUATOG TNV aVOAUOUUE O€
OUVLOTWOEC, opl{OVTLA KL KATaKOpUdN, €va cUVOETO KU UTTOPOUUE
va 1o Bswpnooupe w¢ anotéAeopa tng emaAAnAiag evog aplbuou ap-
MOVLKWV KUMATWY, LE ETUAEYUEVA TTAATN KO LAKN KUUATOG.

H tautoxpovn &iadoon 800 N MEPLOCOTEPWY KUUATWY OTNV SLa

TEPLOXN EVOG EAAOTLKOU PEoOU ovopaletal cUBOAN. Dwtoypapicc and 5do Kouati-
, , , , , KOUG Taiuods mov dradidovrol
2Tn ouvexela Bo LEAETHOOUNE LEPLKEG ELOIKEG TIEPUTTWOELG OUUBO-  wq14 wikoc evic eiaqpioo.

ANG KUPATWV. Ewkéva 2-3.
-»> <« -
/a\ /a\ /a\ |
, , a To armotéleoua tng ovufolng
Igf{r&“itos?\:’;f)aﬂv © « 000 OUOIWV KOUATIKOV Tal-
Z‘a pap n Hov kar g ooufoing dvo

ouorwv 0oAld avtifetwv mwol-
HOV.

/:L /:L /'F\ Tyfpe 2-11.
‘ ‘ :
\e/
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(2.4.) ZupBoAnR Avo Kupdtwv
2tnv Emudaveia Yypou

Ol etkoveg 2.40 kat 2.4 &gixvouv To anotéAeopa tng cUUPBoAng Suo
OUOLWV KUUATWVY otnv emipavela vepou. Ta KUpATA TipoKaAouvTal
otnVv emdAveLla VEPOU Ao TIG mnNyEg A kat B.

BAEmoupe OTL umAapxouv onueia (ta omoila paAlota oxnuatilouv
VPOLUEC) TIOU TTAPAUEVOUV OKivNTA, EVW GAAX TAAQVTWVOVTAL TTOAU
gvtova.

¥to oxfua 2.12 to onueio @ elvaw eva onpeio otnv emdpdvela Tou
VEPOU Ttou améxel e€ioou amd ta onueia A kau B, (r, = 7).

Emeldn ta dUo kupata eKvouv TAUTOXPOVO ATO TIG TINYEC KAl N

anootaocn mou dlavuouv uéxpl va ¢tdcouv oto @ eival ibia, dtav (a)
oto @, dptavel «6pog» arnd T pa Ny, Ba Gtdvel «6poGgy» KoL ard Ty
AAAN. Z0pdwva pe v apxn tng enarindiag, oto O Ba dnuoupyn-
Bel «6pog» pe dutAdoto UPog. Metd amnd xpovo 7/2 oto onueio O, Ba
dtacouv tautoxpova dU0 «KOLAASESGY, £ToL N KolAada mou Ba Snut-
oupynBei oto @, Ba €xeL Suthdoio BABoG. ZTnv mepintwon autr Aépe
otL Ta SU0o KUMATA CUUPBAAAOUV EVIOXUTLKA.

Evioxutikry cuBOAN €xoupe Kol oe AAAQ onpela. Na mapadeypa
kat oto onueto @, oto onoio 7, —,=4. Otav oto onueio O dtdvel
«OPOC» TIOU TIPOEPXETAL ATO TNV TINyN B, Tautoxpova ¢ptavel «dpogy»

TIOU TIPOEPXETAL ATO TNV TNy A Kol Snpoupyndnke pia nepiodo vw-

pitepa. To (6o oupPaivel oe OAa ekelva Ta onpeia ota onoia n dla- B

$opd Twv aMocTACEWY TOUG aTto TLG SV TNYEG eivat aképata MOAAa- 1 ovufolij dio kvudtwy ony
TIAGQOLA TOU PLAKOUG KUMATOG,. Eﬁféﬁfﬁfﬁov'

Ag e€eTdooUE TWPA TNV TIEPITTTWON EVOG onpeiou 2, (o). 2.13), oTo
OTI0(0 OL ATIOCTAGCELG 7, KOL 7, ATIO TG TTNYEG A Kaw B, Stadepouv katd
A/2. Onwg elmape ta «opn» EEKVOUV TAUTOXPOVA ATO TIG SUO TNYEC.
Otav oto onpeio =, dptdvel 6pog PoePXOUEVO Ao TNV Ttnyn B, and
v nnyn A Ba ¢tavel koldada, pe amotéAleopa ta Vo Kupata va
aAAnAoavaipouvtal. Metd and xpovo T/2, oto onueio X, Ba dptdoel
«kotAada» amo to B kal «6pog» anod 1o A. To aBpoloud toug Ba sivat
MAALun&év. To onueio X, mapapevel dlapkwg akivnto. To i6lo cupBai-
VEL LE OAQ eKelva TOL ONUELQ, 0TNV EMLPAVELQ TOU VEPOU, GTA OTOLa N
Sladopd TWV AMOCTACEWYV TOUC Ao TL¢ U0 TNYEC lval Lon Ye TepLt-
TO MOAAATAAGLO Tou 4/2. EMOUEVWCG

Ta onpeia Twv onoiwv oL ANoCTACELS 7, KaL ), and TG 600 mNyEg,
Stadépouv Katd aképato TOAAAAAOLO TOU HRKOUG KUpLaToG A

(6nhadn 7 —r, =NA omou N =0,£1,+2,...)

Sta onueio D (pl’ (DZ"" yia

. P ) P P . 0’
TaAaviwvovtol He PEyLoTo NAAToG. Tote £XoUlE evioxuon. ta omoia 01 amocThoElc amd

TIGC 000 TNYES O1APEPOVY OKE-
poio TOLAATAGOLIO TOV UNKODG
Stadépouv Katd meptttd MOAAANAACLO TOU HULOOU MAKOUG KUHATOG  kduazog éxovue eviayvon.
(/\/2) Tyfqpo 2-12.

Ta onpeia Twv onoiwv oL ANOCTACELS 7, KaL ), and TG 600 mNyEg,

(6nhadn 7 —r,=(2N+1)A/2 émov N =0,+1,£2,...)
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HEVouv SLapkwe akivnta. Tote €xoupe anooPeon.

‘OAa ta untoAona cnUELo KAVOUV TAAAVTWON HE EVOLAUETO TAATOG.

XOovTa\ amno T mnyéC A kal B, améxel and auteg
TUXOLLOL XPOVLKI) OTLYUN 7 TO CNUELO QUTO £XEL ATTOUAKPUVON,

(3]

v , .
P’ gfautiag tou devtepou

Ol CUUTIEPACHATO QUTA UITOPOUV VA YIVOUV TILO TIELOTLKA OV UE-

| kaw 7, avtiotot-

d j gfautiag Tou MPWTOU KUATOG KA (2.5)

(2.6)

(2.7)

Kavovtag xprion tng TpLyVOUETPLKAG TAUTOTNTOG

nua + nup :201)\/(

y=2Aovv2r
24

a-p
2

hn—n

[\

t
71' — —
G

24

y(%} n oxéon (2.7) ylvetat

n+5j

Emopévweg to anotélecpa tng cUUROANG €lval TAAGVTWGON TIOU £XEL

TIAQTOG

kal daon

JUpdwva pe tn (2.8), To MAATOC TNG TAAQV

(A'=24)06tav

1 otav

GUV27Zm=i1
24

(2.8)

oNngG yilvetal YEyLOTO

Zto onpeio 2], 22,... yia to
oOmolO 01 OWOCTACEIC AMO TIC
dbo mnyég diapépovv mEPITTO
TOALOATAGG10 TOV IGO0V UNKOVS
Kbpatog éxovue anoofeon.
Tyfqpa 2-13.
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onAQdén ota onuela yla ta onola

=NA omou N =012

n—r

Otav
r—r,
oLV2T =0

dnAadn

S-

2N+1)% pe N=0,1,2..

n (2.8) diverott 4" = 0. AnAadn ta
akivnra.

O YEWUETPLKOG TOTIOC TWV OhUELWV yLa T oTola Loy VEL 7 — 7, = oTal.
elvat umtepBoAr). EmMopévwg Ta onuela oTa omola £XOUUE EVIOXUTLKNA
oUMPBOAR Kal ta onueia ota omoia €xoupe amocPeon, Ppiokovrtal
TAvw o€ UTtEPPOAEG.

pela aQUTA TTAPAPEVOUV SLOPKWG

Inueioon : H peiétn 1ov gorvopévov tng cvuPoing, 6mmg £yive, apopoVoe
611N GLVUPOAN dV0 kKVUdTOV TOV omolwVv ot TNYES Ppiokovial 6e @don (On-
Aadn dnpiovpyodv TavTOYpOVA HEYLGTO Kol eAdyltota). Tétorteg mmyég ovo-
pélovtatr cvyypoveg. Zvufoin, opmg, £€xovue kabe @opd mov dvo kduata
dtadidovtal 6to 1810 péco.

Mapadeyua 2.1

AUO ONUELAKEC TINYEG AXOU A KoLl B EKTIEUTIOUV OLPOVLKO HXO (6Lag
ouxVOTNTaG Kal Bplokovtal og ¢aaon. 2To PEso M TnG amoOoTACK G TOUG,
0 NXOG AKOUYETAL £VTOVOG. 21O onpelo /, ou BplokeTal mavw otV €u-
Bela 4B, o anodotacn x = 4 cm amo To onueio M, o nxog undeviletal
yla pwtn popd. Na Bpebel n ouxvoTNTA TOU NXOU TIOU EKTTEUTIETAL
amo tig dVo mnyEC. H taxVutnta tou nxou otov agpa sivat v = 340 m/s.
Amovtnon :

AmnooBeon €xouue ota onuela, TnG eubeiag AB, ota omola LoyVEL
n—, :(2N+1)/1/2 ormou N =0,+1,+2...
Y10 onueio ' omou yla mpwtn ¢opad mapatnpeital andéofeon N = 0

Emopévwg
n—r=A4/2

Av 1o onpeio I Bpioketal mAnoléotepa oto B tote

AM +x—(BM —x)=A4/2 Q4 2x=1/2 &pa A=4x=16cm

Kall f:%:2125Hz
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(2.5.) Ztaoilpo Kopota

AVo kUpata i6lou mMAdToug kat dlag ouxvotntag Sdadidovtal pe
avtiBetn dopad péoa oto (6lo eAaoTikd péoo (o). 2.14).

AN ALY AN AT ANAN
VAV VAR

—_—

Ta 000 kduata diadidovral 1o 1010 €AaoTIKO wédo pue avribetn popd.

Xyfpa 2-14.

Ta 6U0 kUpata cUBAAAOUV. H Kivnon Tou HEoou ovouAleTOL OTACLUO
KOO

ZTACLUO KU OVOMATETaL TO anotéAeopa tnG cUBOANRG 8Uo Ku-

HATwV TG idlag cuxvotnTag Kot Tov idlou mAdtoug mov dadido-

VTOL OTO 610 HEoO pe avTiOeTeg KaTteUBUVOELG.

Kpatape tnv eAelBepn akpn EVOC TEVIWUEVOU GXOLVLOU, TTOU N AAAN
TOU AKpn €lval oTepewPEVN O AKAOVNTO ONUELO Kat TNG Slvoupe pla _/\—’ I
wBnon. Me auTto Tov TPOTO SNULOUPYELTOL £VAC KUUATIKOG TTOAALOC O -
omnoiog dtadidetal KaTd HAKOg Tou oxowiol. Otav n KUpaTikn data- N\ I
paxn ¢TaceL oTNV AKPn TOU OXOWLOU TO oXOWi ackel pa Suvaun oto —;f

i

onuelo otnpténg. H avtibpaon o autr tn duvaun dnuloupyet Evav
QVAKAWEVO TIAAMO TIOU KIVELTAL 0TV avTiBeTn KateLBUvon (o). 2.15). F

Eav e€avaykaooupe 1o eAeUBEPO AKPO TOU OXOLWLOU VA KAVEL ap-
povikA TaAdvtwon (oxnua 2.16) To appoviko KUua tou dnuloupyei-
TOL KOL TO OMOLO TOU TTOU TIPOKUTITEL Ao TNV AVAKAACN cUUBAAAOUY ‘_V
Snuoupywvtag otaotpo kupa. Av pwrtoypadicoupe to oxowl o€ St- 0 xoparixéc raiuds avari.d-
APOPEC XPOVIKEG OTIYUEG, Ba MOPATNPCOUUE OTL UTAPXOUV ONUEla  7ar oto otabepé sumddio ka
0TO GXOWL - OL BEGHOL - TTOU TTOPAREVOUV BLAPKOC akivnTa evd dAata  O'*0i0etar aveifeta.
aAAa ekteAoUV TaAdviwon e Tnv dla cuxvotnta. To MAATOC TN Ta-
Advtwong dev eivat idlo yla 0Aa ta onpeia mou tadavtwvovtal. Meyt-
OTO TTAQTOG £XOUV TO CNUELO TTOU BPLOKOVTOL OTO EGO TNC ATIOCTACNC
petafL dVo Sladoxikwv deowV -0l KOLALEG.

H ovopaoia (otaoipo = akivnto) opeiletal oto yeyovog otL edw Sev
€XOUUE VO KAVOUUE HE €va KU, SnAadn pe pia mapapopdwaon mou
Sadidetal. 2to kU OAa Ta onueia ekteAouv StadoxLka tnv dLa kivn-
on evw oto otaotpo & cupPaivel To (dlo.

<+

Xyfqpa 2-15.

H elowon tou oTAGLUOU KUHATOG

‘EOTW TO APUOVLKO KU UE e€lowon

t x
W= A’W”{;‘;j (2.9)

riou Sadidetal kata tn BTk popd tou afova x (oto oynua 2.14 to
KOua 1).
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Eva deUtepo KUpa pe (&lo mAdtog Kal idta ouxvotnta, mou Stadi-
Setal kata tnv avtiBetn katevBuvon (oto oynpa 2.14 to Kuua 2), Ba
neplypadetal ano tnv eflowon

t X
= Am2r| —+=
v, = Anu (T /J (2.10)

Juudwva pe TNV apxn tg emaAAnAlag, n amoudKpuvVon evog on-
petouv M tou péoou TN XPOVLIKN oTyun 4, Ba elvat v =V, + ¥, n onola
yivetat ano tig (2.9) kat (2.10)

y= A{ny27z(%—%)+77,u27r &+%ﬂ (2.11)

Kdavovtag xprion tng TPLYWVOUETPLKAG TAUTOTNTOG

nya+nuﬂzzauv(a;ﬂjnﬂ[a;ﬂj n oxéon (2.11) yivetat

X 27
=2Aovv2r—nu—=a
y T (2.12)

NapatnpoUpe dtLo dpog A = 2Aauv27z% (2.13)
e€aptatal povo amno tn B€on X TOU CNUELOU KAl TIAPAUEVEL OTABEPOG
LE TO XpOVO.

H oxéon (2.12) maipvel tn popdn
., 2, .
y=A77ﬂ7t ny=Anuaot

mou €ival n eélowaon ¢ amANRg aApUOVIKNC TAAAVTIWoNG. Emopévwg
KAOe onuelo tou pécou eKteAel amAnl appoviki taAdaviwon. To
nAdtog tng tadavtwong | 4’| dev eival idLo yia 6Aa ta onpeia aAAd
egaprartat anod tn O£on tou [oxcon (2.13)].

Ta onueia ta onola Bplokovtal oe B€on x TETOLA WOTE

A= 2Am)v27r% -0

Z (2K+)E
272 2
3

34
"4

X

dnAadn 2r—

n n 7
A A

: xX=— oo 2K +1)— 2.14

€XOuV UNdeviko mMAATog Tahdviwong, dnAadn MOPAUEVOUV CUVEXWC
akivnta. Eivat ol ool Tou oTACLHOU KUPATOG,.
Ta onueia ta onola Bplokovtal oe B€on TETOLA WOTE

A= 2AGUV27I% —4+24

t=T

2TIYUIOTOTTO OTACIILOD KOUOTOS
oe yopon.

Tyfqpo 2-16.
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dnAadn 2r—==0,7,...Krx
A 20 KA
,'] x:O,—,T, — (2.15)

€XOUV UEYLOTO TTAATOG TAAAVTWONG, (00 pe 24. ATtOTEAOUV TIC KOLALEG
TOU OTAGCLOU KUHATOG.

Ao T1¢ (2.14) ka (2.15) mpokUmTeL OTL

n anéctacn HeTa U0 SLadoXLKWV SEcHwWV, | KOLALWV gival ion pe
TO MLOO TOU MAKOUG KUMOTOG A TWV KUMATWY amo tn cURBOAR Twv
omnoiwv nponABe To OTACLUO KUHAL.

TNV MAPATMAVW HABNUATIK UEAETN, N apxn HETPNONG TWV ATIO-
OTAOEWV €ival kolAla (yta x = 0, €xoupe KolAla).

JTAoLHa KOPATA UITopouV va SnuoupynBouv kot og éva HECO ToU
omoiou ta dvVo dkpa eival akivnta, 6nwe os pLa xopdn €vog pouot-
Kol opyavou (sik. 2.5). Itnv mepimtwon auth, av BéAoupe wg apxn
HUETPNONG TWV ATIOOTACEWY VO TIAPOULE TO €vol AKPO (OTTOU UTTAPXEL
6eoudg), n oxéon (2.12) xpelaletal Tpomonoinon wote, yia x = 0 va
Sivel deopo.

XTAOIUO KOUOTO GE YOPOEGS.

Eiwkova 2-6.
EvepyelaKn TPoOoEyyLon

Edboov 0TO 0TAGLUO KUHO UTTAPXOUV ChLELQ TTOU TTOPAUEVOUV TTA-
vta akivnta, € petadEpetal eVEPYELA OO TO £va ONpElO Tou HEoou
oto AAAo (autog emiong eival évag Bactkdg Adyog mou dladoporot-
€l TNV KOTAOTAON TOU OTACLUOU KUMOTOG Ao aUTO TIOU OploapE wg
KOua).

H evépyela mou eixav ta apxlkd KUpata, n cuUPBoAn Twv omoiwv
€6woe To OTACLHO KUMA, eYKAwPBIleTal avapeoa otoug Se0UoUC. 2e
pLa xopdn), otnv omola €xeL SnuLloupynBel oTACLUO KUUA, N EVEPYELD
LETATPEMETAL CUVEXWG ATIO EAQOTLKN SUVALKE EVEPYELQ, OTOV N XOP-
on elval oTypLaio akivntn, o Kvntikn otav n xopdn SLEpxetal amo tn
B€on Looppormiag. ITIG eviLlAueoeg BEaeLg Ta popLa Tng Xopdng, £xouv
KOl KLVNTLKA Kot SUVALKA EVEPYELQ.

Mapadeyua 2.2

9 9

, t t
To kOpata )V, =8 ny2n[03—5xj Kot y, =8 nHZﬂ((UJFSXJ

Sadidovtal 0To 1610 EAAOTLKO HECO o€ avtiBeteg kateuBUvoeLg. Ta x

211¢ yopoég tng xibapag oyn-
patifovror  oTAOINO  KOUOTO.
Ta axpo kable yopong eivai
VTOYPEDTIKG OETLOL.

Ewkoéva 2-5.

2TIYUIOTOTO, OTACILOD KOUO-
T0¢ ag yopon. Tn ortiyun undév
n yopon eivai axivnty, omote
K=0, oin n evépyeia givor ov-
vouixn, U, Loyw thne mopouop-
pwons s xopdis. Tn otiyus
1=T/8, n yopon xiveitair. Eyet
Kol  KIVHTIKH KOl OOVOUIKN
evépyera. Tn otiyun t=T7/4, n
xopon dev eival mwapouopPw-
wuévy (U=0), ovvemas oin n
evépyeta Exel uetoatpomel o€
KIVNTIK].

Ta péin deiyvoov tig taydTn-
TEC TV OLAPOPWY TNUETWV THS
xopois.

Xyfpa 2-17.
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KaL y Elval o€ cm KoL TO 7 O€ .

a) Mota eivat n e€lowaon Tou OTACLOU KUMATOG TTou SnpLoupyeital;

B) Mowo eivat to MAATOG TNG TAAAVTWONG EVOG oneiou Tou BplokeTtal
otn Béon x = 3,025 cm;

Anavrnon :

r x
H e€lowon evog appovikol kpatog ival V=4 77;127[(?—Ej
JUYKPLVOVTOC TN OXEON QUTH UE TIG EEL0WOELG TWV KULATWVY TTOU CU-

BaAAouv yla va SnULoupynoouV TO OTACLUO KOO €XOUME OTL 4 = 8
cm, T=03s kat 1 =0,2 cm

) ) ) ) x 2r
H e€lowon Tou otdotpou KOpatog eivar v = 24 UUV27T;’7/1?I

2
Emopévwg y=16 Guv107rx77ﬂ—ﬁt

To MAATO¢ TNG TAAAVTIWONG TOU onpeiou mou BplokeTal otn ééon X =
3,025 cm elvat

A'_‘M aUV27z%‘ =[16 ovV30,257] —‘16 auv(307z+%j‘ =16 g—&/zcm

(2.6.) Napaywyn HAEKTpOpOYVNTIKWV
Kupatwv

2to kepaAalo auto Ba acxoAnBoUuE e TNV TTapoywyn Kal Ta Xo-
POKTNPLOTLKA TOU NAEKTPOUAYVNTIKOU KUMATOC. Ta KUMATO TTOU YVW-
ploape (unxavika) adopovoav otn Stadoaon pLag UALKAG dtatapaync.
Me tpdmo avaloyo, omwe Ba dovpe, Stadidetal Kat pLo NAEKTpoUA-
yvnTikn dtatapayn.

Vwpiloupe OtL éva cuotnua 6o doptiwv +O kat -0 dnuioupyet
NAEKTPLKO Tedio (o). 2.180a) Kal OTL £vag aywyog mou SlappEsTal amno
pevpa dnuloupyel yUpw Tou payvntikd medio (oy. 2.18B). Av ouvde-
ooUHE SUO HETAAALKOUG aywyoUE 0TOUC TTOAOUG ULAC TINYNC CUVEXOUC
Tdong, oL aywyol dpoptilovtat pe doptia +O kat -0, aviiotolxa (o).
2.18y). OL i6lot aywyoli, av cuvbeBolv e yevvAtpLla EVOAAACCOOUEVNG
TAoNG, Onw¢ dpalvetal oto oo 2.186, AmoKTouV eTEpOTNUA POopPTLa,
+( KaL -¢, TTou LETABAAAOVTOL NKLTOVOELOWG HE TO XPOVO. AUTO On-
paivel 0tL ol SUo aywyol dtappéovtal amo evaAAacoOUEVO peUpa. To
oUOTNHUO QUTWV TWV OYWYWV OVOUAZETaL TAAAVTOUMEVO NAEKTPLKO
Sinolo.

Oa SoUpe 0TN CUVEXELA OTL TO TAAAVTOUUEVO NAEKTPLKO SimoAo
OTOTEAEL TNV KEPALQ EKTTOUTING TWV NAEKTPOUAYVNTIKWY KUUATWY OE
padLodwvikoug Kal TNAEOTTLKOUG 0TaOOUG.

3to oynua 2.19 anewkoviletal n dtadlkacia mapaywyng NAEKTpo-
HOYVNTLKOU KUHPOTOCG amo €va TOAAVTOUUEVO NAEKTPLKO SimoAo. Tn

+Q +q

(6] ()

(a) Hlektpiko medio oo on-
uetaxov poptiov. (f) Mayvn-
T1k0 medio evbbdypaupov ayw-
yov. (y) Metallikoi aywyoi
ovvoEovTal e TNYN GVVEXODS
taong. O1 aywyoi poptilovral
ue poptia £Q. (6) O1 aywyoi
OVVOEOVTAL LE YEVVIITPLO EVOA-
Aooaouevns taong. To poptio
TV aywyov uctafdlietol
nuitovoeldwg ue to ypovo. H
oraraln orappéetal amd eval-
Aoocaouevo pevua.

Xyqpa 2-18.
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XPOVLKNA oTyun undév oL aywyol eivat agpoptiotol (oy.2.19a). Kabwg n
evaAAaooOpEVN TACN LETABAAAETAL, OTOV ETTAVW AYWYO epdaviletal
apvNTLKO doptio -g, evw otov dAAo gudaviletal Oetikd poptio +q,
LE CUVETIELO VA SNULOUPYELTAL yUPpW OO aUTOUC NAEKTPLKO Ttedio. Tn
XPOVLKN oTyun =7/4 tat popTiat 0TOUG aywyouUG £XOUV TIAPEL TN UEYL-
otn Tun. To nAekTplko medio mou eixe dnuloupynBel amod tn otyun
UNGEV HEXpLTN oTyun 774 €xel amopakpuvBel amo Toug aywyouc (oy.
2.19B). And tn oTyun autn, tTa doptia 0TOUC AyWwYyoUs PELWVOVTOL.
AuTO ouvemAyeTal HElwoN TNG €VTaonG Tou NAEKTPLKOU Tediou mou
dnuioupyoulv. Eva TETapTto TnG meplodou apyotepa Ta ¢popTia £xouv
undevioBel. Ev Tw peTall to nAekTplKO medio mou eixe dnuloupyn-
Bel HEXpPL TOTE ATIOMOKPUVETOL ATIO TOUG AywyoUg, e TaxuTnTa ¢ (o).
2.19y). Itn oUuVEXELD, KABWC N TMOALKOTNTA TNG MNYNS aAAAleL, oTov
EMAVW aywyo epdaviletal BeTIKO GoPTIO Kol 0TOV KATW apvnTiko. Ta
doptia maipvouv tn péyLotn TLUA Toug tn otyun 3774, kot pndevilo-
vtal tn otyun 7. To dpawvopevo emavalapBAaveTal CUVEXWG.

a0 +Q
_ LAl
(~) E=0 ? y
E=-E,,
q= +Q q= Q
() t=0 (B) t=T/4 (v) t=T/2 (0) t=3T/4

O xvklog Aeitovpyiog tatavroduevov niektpikod dimolov. Xto oynuo ameiko-
vifetal Lovo to niexktpixo medio mov onuiovpyeital. To oyédio dev aviamokpi-
VETOL OTIG TPOAYUOTIKES O1AOTATEILG.

Tyfqpa 2-19.

210 (610 Xpoviko dlaoctnua dnuoupyeital kot payvntikod nedio S1o-
TL oL aywyol dlappéovtal and evaAAaooopevo peupa. H évtacn tou
PEVUATOG -ETIOUEVWE KAL TO HAYVNTIKO Tedio - €XEL TN UEYLOTN TLUA
TN XPOVLKA oTyun pnéév (o). 2.20). To pevpa pndeviletal T oTUR
7/4. ¥to PeTaty To payvntiko medio mou eixe dnuioupynOet amAwve-
Tal 0To XWPo. Tn otyun 772 ot aywyol Stappéovtal MAAL amno pevua,
HEYLOTNG €vtaonc. Auth tn ¢opd, OpwE, N dopd Tou PEVUATOG - KOl
TWV YPOUUWY TOU HayvnTikoU Ttediou - eival avtiBetn amo tnv apxLkn.
MNpw amno toug aywyoug €xeL dnuLloupynBel ek vEou payvnTLko medio.
To payvntiko medio yupw armo Toug aywyouc LeETOBAAAETOL LUE TN OU-
XVOTNTA UE TNV OoTtola HETABAAAETAL TO PEUHA OTOUG QyWYOoUC.

AUTO Tou €xeL onuaocia sival otL, kabwg ta nAekTpLka dpoptia ta-
AavtwvovTal, To NAEKTPLKO KOl TO payvnTikd medio mou cuvexwg on-
pLoupyoLV amopakpuvovTal ano to SimoAo (Stadidovtat) pe tnv Tayu-
™nTa tou dwtog (c).
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Mua Siatapayni mou Stadidetal ovopdotnke KUpa. H kKatdAAnAn
ovopaoia yia autol tou £idoug TIg Statapaxég (NAEKTPLKWY Kol po-
yvntikwyv ntediwv) mou dtadidovtal eival «NAEKTPOROAYVNTLKO KUHLOLY.

l i=T
S-S —

(a) =0 (B) t=T/4 (v) =172

To talavtoduevo nlektpikd dimodo drappéetal amd evallacoouevo pevyua Kol
onurovpyel yopw 100 UETAPAAIAOUEVO HaYVNTIKO TEDLO.

Xyfpa 2-20.

HAektpopayvntikd KUpa gival n tavtoxpovn ditadoon evog nAe-

KTPLKOU KOl EVOG HayvnTKoU Ttediou. Ta NAEKTPOUAYVNTIKA KU-

pata Stadidovtal 6To KEVO UE TNV TaxUTNTA Tov PwToGC. I OAa T

UVAWKa Stadidovtal e pKpOTEPN TOXUTNTA.

ATIO TN MEAETN TWV NAEKTPOUAYVNTIKWY KUHATWY Slamiotwinke otL:
To nAeKTPOHAYVNTIKO KU ival eykapoto. Ta Staviopato Tou nAe-
KTPLKOU KOlL TOU MayVvNTIKOU Tediou eival kaBsta petay toug Kat
KaOeta otn dtevBuvon dtadoong tou KUUATOC.

KAaBg otiypn) To MNAIKO TWV HETPWV TWV EVTACEWV TOU NAEKTPLKOU
KOLL TOU pLatyvnTLikoU mediov Loovtal e tnv toxutnto tov pwtog

6]

Ta NAEKTPOHAYVNTIKA KOPOTA - OTIWE KOLL TOL LNXOLVIKA - UTLALKOUOUV
otnv apxn thg emaAAnAiog.

Ta nAekTpopayvNTIKA KUpata dnuioupyouvtal and PHetaBaAAope-
Vo NAEKTPLKA Kal payvntika media. Eva otabepd nAektplkod medio N
€va 0TABEPO HayVNTLKO Tedio SV MAPAYEL NAEKTPOUAYVNTLKO KUUAL.
AuTO onuaivel otL Ta akivnta ¢optia KaBwg Kal Ta GopTia ou Ki-
vouvtal pe otaBepn taxvtnta (otabepd pevpata) S pmopouv va dn-
MLOUPYAOOUV NAEKTPOUAYVNTIKO KUPA. MOvo nAekTpLKA dopTia Ttou
emtayvvovtal SnULOUPYOUV NAEKTPOUAYVNTIKA KUUOTO.

H attia dnuioupyiog Tou NAEKTPORAYVNTLKOU KUMOTOG Eival N mLta-
XUVOMEVN Kivnon Twv NAEKTPLKWV GopTiwv.

OL kepaileg TV PaSLOPWVIKWYV 1 TNAEOTITIKWY OTABUWV glval TaAa-
vtoUpeva NAekTpLka SimoAa. Katd tnv taAdviwaon tou ¢poptiou otnv
KEpPOLO TAPAYETAL NAEKTPOUAYVNTIKO KUUA. To peUa 0TNV KEpALa yi-
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VETOL LEYLOTO OTav Ta poptia ota dkpa T undevilovtal evw otav Ta
doptia €xouv péyLotn TN, To pevpa undeviletal. Autod onuaivel OTL,
KOVTA OTNV KEPALO, TO NAEKTPLKO KOl TO HayvnTko medio €xouv dla-
dopa paong 90° (6tav To €va eival péyloto to @AAo sival pndév). e
UEYAAN OUWC ATOOTOON Ao TNV Kepaia ta dvo nedia sival os paon.

OLe€lowoelg Ttou meplypddouv To NAEKTPLKO KOL TO LAYVNTLKO Ttedio
€VOG OPUOVLKOU NAEKTPOUAYVNTIKOU KUHATOG Ttou Stadidetal kata tn
SLevBuvon x givatl

X

t
E=F 127 ———
max 771‘ (T j

A
B=B_ 1 127T(L — i]
max 7IL T ﬂy

310 oxnua (2.21) ¢paivetal To OTIYULOTUTIO EVOG OPUOVIKOU NAEKTPO-
HOoyvVNTIKOU KULLOTOG.

ZTIYUIOTOTO OPUOVIKOD NAEKTPOUAYVATIKOD KOUATOS, OLAOLOOUEVOD KATO TN O1-
evbovon x.

Tynpa 2-21.

(2.7.) H Metddoon kai AQPn InpATwV HE
HAektpopayvntika Kopota

H emoxn pag 6a umopouoe va XapoKTNPLOTEL «EmoX TNG ANPO-
doplac». AcUAANTTO pHeyAAog aplOpog mAnpodoplwy peTadEpovTal
Qo TOV MOMMO 0To 8£KTN TN TAnpodopiag, e KaAwdia XaAKoU ) He
OTITIKEC VEG 1 - OTNV ACUPUATH TNAETLKOWWVIO - LECW TWV NAEKTPO-
HOYVNTIKWY KUULATWV.

Ye kKABe popdn tnAemkowwviag, n mpog petadoon mMAnpodopia -
NXOG N ELKOVA - KUETATPEMETALY PE TO KOATAAANAO HEOCO - HKPOPW-
VO N BLVTEOKAUEPQ, QVTLOTOLXA - O€ €VOl NAEKTPLKO pevupa (onua). To
NAEKTPLKO QUTO PEUHO OTNV KEPALO TOU TIOUTOU UETATPETETAL OF
NAEKTPOUOYVNTIKO KUHUO TIOU KIVOULLEVO HE TNV TaxUTNTA Tou $wTtog
dTAVEL 0TO GEKTN YLO VO KUETATPATIED KOL TIAAL O€ PEUMA KAL OTH CU-
VEXELOL O€ NXO I ELKOVA PE pla Katd Bacon aviiotpodn Stadikaoia.

ITn ouvéxela Ba mepLypAYPOUHE WG YiveTal N HeTadoon evog nxou
oTNV acUPUATN TNAETLKOWVWVLA.
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H exmopnn

Me éva ukpodwvo, Evag Ao Umopel va pog dwoet petofal-
AOUEVO NAEKTPLKO pevpa. Ot SLOKUPAVOELC TOU ULKPODWVLKOU
peLUATOC E€apTWVTAL ATTO TOV NXO TIOU GTAVEL OTO ULKPODWVO.
‘Evag amAog NXog, T.X. 0 NXOG eVO¢ dlamaowy, SIVEL LLKPOPWVLKO
pevpa ToU €XeL TN popdn Tou oyruotoc 2.22a. Me aAAn diata-
&n, o Moumog mapdyel vPiocuxvo apUoVIKO pevpa (oxnua 2.223)
LE OPLOUEVN CUXVOTNTA, XOPAKTNPLOTLKA TOU KABE oTtabuou (pe-
pouca ouxvotnta). 3to VPiouxvo auto pelpa TPOoTiBeTal To
HULKPpODWVLKO peva. To peupa Ttou TPOKUTITEL, adol evioxuBEl,
obnyeital oTnV KEPALOL EKTIOUTIAG, N OMOLa EKTTEUTEL NAEKTPOUO-
YVNTLKO KUUO TNG 8Lag popdng.

H Stadikaoia mpocBeong twv SU0 PEVUATWY Elval pLa TTOAU-
rtAokn Sadikaoia mou ovopaletal drapopdpwon. Katd tn Stadt-
Kaolol aUTH TO KPODWVLKO PEVOL «ATIOTUTIWVETOLY 0To Uiou-
XVO peuAL.

H Stapdpdwon pmopel va yivel pe duo Tpomouc. Itn Slapop-
dwon katd nAdatog ) AM (oo tig Ag€elg amplitude modulation)
TO ULKPODWVIKO pevpa HeTaBAAAeL To MAATOC Tou uicuyxvou
PEVUATOG. ITNV TEPLMTWON TOU HLKPOPWVIKOU PEUUATOG TIOU
naipvoupe armo anAo nxo, To SLopopdwHEVO peUA TTAPOUCLALEL
N popdn tou oyruatog 2.22y.

Ztn Stapopdpwon kata cuyvotnta i FM (frequency modulation)
(ox. 2.23) n ouxvotnta tou Stapopdpwpévou pevpatog dev eival
otaBepn aAAd petafaAAetal mePLOSIKA avAAoya LE TNV £viacon
TOU ULIKPODWVLKOU PEVUATOC.

To MAeoVEKTNUA AUTNG TNS Slapdpdwonc eival OTL TO EKTIEUTO-

HEVO NAEKTPOMAYVNTIKO KUUA SV EMNPeAlETAL ONUAVTIKA ATO |

napaotta.

H Stapdpdpwon eruBarAetal yia 500 Adyouc. a) To UAKOG pLag

KEpaLOg TPETEL val VOl CUYKPLOLUO LE TO UKOC TOU NAEKTPOUO-

YVNTLKOU KUUOTOG TIOU EKTTEUTIEL. Tl LLKPOPWVIKA PEVUATA EXOUV |

ouUXVOTNTEG oV Kupaivovtat amno 20Hz - 20000Hz (akouoTég ou-

XVOTNTEC). EMopévwg, yia va ekmedOel NAEKTPOUAYVNTLKO KU €[

HE TETOLEG OUXVOTNTEG amalteital kepaia HRKoug MoAAwWVY XtALo-
HETPWV. B) KaBe moumodg mpeEmMeL va €XEL KATIOLA TAUTOTNTA WOTE
va gival duvatn n avayvwplon Kol n €mntAoyn Tou ano KATMoLo
SEKTN.

2to oynua 2.24 divetal to yevikd Stdypappa evog padlodpwvt-
KoL Toprou.

(

i(ukpo@viko)

)

”””””” JANEYVAN

NS N\t
(o)

I(vy. ovyy.)
(1T rT T T rT il

i(oyming suyvéTnTag)

iGrapoppopivo)

(B)

. TI(\)\V‘ ovyy.)

- |¢

(7)
(a) Mikpopwviko pedua ()
pevua vyniing coyvornrog (y)
OLOUOPYWUEVO PEDLLA.
Xyfqpa 2-22.

4 NEEw RN

(o)

et mLii
B)

(o) Mikpopwviko peduo ()

PEVUA OLOUOPPWUEVO KATE TV-

xXVoTnTO

Xyfpa 2-23.

To yeviko d1aypauio vog po-
0109 @WVIKOD TOUTOD.
Xyfqpa 2-24.

RN
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HAARYn

H Anyn tou nAekTpopayvnTikou KOpATog anod to §ktn (padlodpw-
VO) yilveTal He éva aywyo (kepala) mou, cuvnbwg, eivat éva anAo cup-
po. H kepaila tou 6£KTN «eKTIOETALY OTA NAEKTPOUAYVNTLKA KUPOTO
TIOAAWYV oTaBOUWV. H emAoyn eVO¢ CUYKEKPLUEVOU TIOUToU (oTtaBpou)
nipaypatonoleital pe eva kUkAwpa LC, emaywyikd cuvbebepuévo pe
NV Kepaia tou §€ktn (o). 2.250a). O TMUKVWTAG TOU KUKAWMOTOG QUTOU
elvat petaBAntoc. Otav HeTABAAANOULE TN XWPNTLKOTNTA TOU TIUKVW-
™, otpédovtag To Kouuni ertAoyng otabuwy, HeTafAAAOUE TNV LOL-
oouxvotnta tou KukAwpatog LC.

KaBe padlopwvikog oTabuog, e To NAEKTPOUAYVNTIKA KULLOTO TTOU
EKTIEUTIEL, SNULOUPYEL OTNV Kepaia €va NAEKTPLKO pevpa. To pevpa
TIou €XEL ouyxvotnta (on pe tnv Wloouxvotnta tou kKukAwpatog LC
gVIOYVUETAL 0TO KUKAWUA. To pevpa auto ival 6polo Ye To Slapop-
dWHEVO PEVLOL TOU TIOUTIOU TTOU €XEL ETILAEYEL. 2T CUVEXELQ, TO pEVUA
ouTO, HE pLa Stadikaoia mou ovopadletal pwpaon f anodlapdopdw-
on, Staxwpiletal oto, axpnoto mAEov, UPLoUXVO PEUUA KaL OTO pEV A
XOUNANG ouXVOTNTOG, TTOU EVOL OLOLO UE TO ULKPOPWVLKO pEVA TOU
nioumovU. To xapnAng cuxvotntag pevpa, adou evioxubei, dtapiBale-
TOL OTO PEYAdWVO TO OTOLO TIAPAYEL X0 OLOLO LLE TOV X0 TIoU SnL-
oUPYNOE TO ULKPOPWVLKO PEUUA CTOV TIOUTIO (0). 2.2503).

Yto oxfiua 2.25B Sivetal To yeviko Slaypappa evog padlodwvikou
SEKTN.

(o) (B)

(a) To kOklwua emiloyng () Lynuatixy mopaotaocn tng o1adikaciog ANYng
Tyfqpa 2-25.

(2.8.) To Paocpa Tng HAekTpOOyVNTIKAG
AktivofBoAiag

HAekTpopayvVNTIKA KUpOTO SEV TTApAyovTOL LOVO O TAAQVTOUE-
va nAeKTpLka SimoAa. ZRuepa yvwpiloupe 0tL cuvdéovTal e Eva TTAR-
Bo¢ duokwv patvopévwy OMwe eival n anodléyepon Twv aAToUwY, oL
TIUPNVIKEG SLAOTIAOELG K.A.. T NAEKTPOLOYVNTIKA KUHOTO KAAUTTTOUV
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€va eupuTOTO GACUA PNKWV KUUATOG KAl CUXVOTATWV. H éKktaon Tou
daopatog avtol mapouctaleTal oto oyna 2.26, 0TO OMoilo ONUEL-
WVOVTOL TIPOCEYYLOTLKA OL TIEPLOXEC MNKOUG KUHMATOG KoL ouxvotn-
TOC TWV SLadopwv TUNUATWY Tou. Mapd TIg TEPAOTLEC SLadOPEC OTLG
£dAPUOYEG KOL OTNV TAPAYWYI) TOUC, OAQ T NAEKTPOUOYVNTIKA KOO
TO €XOUV TA YEVLKA XOPAKTNPLOTLKA TIOU TEPLYPAYAE OTNV TTapAypa-
do 2-6.

Edbooov OAa Sladidovtal oTo KeVO HE TRV TAXUTNTA ¢, N CUXVOTNTA
TOUG KOl TO LAKOG KUUOTOG CUVOEOVTAL LE TN OXEON

c=Af

Oa KAVOUUE ULa oUVTOWN TiepLypadr Twv SLadopwy MEPLOXWY TOU
dAoUATOC TNG NAEKTPOUAYVNTLKAG OKTWVOBOALOC KATA OELpA EAATTOU-
LEVOU UNKOUCG KUUATOG. MpEmel Opwe va €Xoupe umodn pog otL Sev
UTIAPXEL PG SLaXWPLOUOG Tou KABE TUNRUATOC ToU GACUOTOC TNG
NAEKTPOUOYVNTLKNAG OKTVOPBOALOG Ao Ta uTtOAOLTTAL.

PadlokUparta. Eival ta NAEKTPOUAYVNTIKA KUUATO HE KOG KUUO-
T0C amno 10° m €wg HEPIKA EKATOOTA. AnpoupyolvTal amd NAEKTPO-
VIKA KUKAwpaTa, 6nwg ta KukAwpoata LC, kat xpnotlgonolouvtal otn
padlodwvia kal tnv tnAedpaon.

MuwpokUpata. To HAKOG KUUATOG TOUC eKTelveTal amo 30cm €wg
Imm mepinov. Napdayovtal and NAeKTPOVIKA KUKAwpata. Ot polpvol
ULKPOKUUATWVY |LE TOUG OTIOLOUC LayELPEVOULE 1) (ECTALVOUE Ypryo-
pa 1o $paynTo AeltoupyouV Pe KOUATA QUTAG TNG TIEPLOXNG. MLKPOKU-
LLOTOL XPNOLUOTIOLOUV KOl TA pavTap.

Mnjkog xbOpaTog oe m

10" 10? 10° 10* 10° 10° 10’ 10° 10° 10" 10" 10" 10" 10"

B — <« Ymnépobpo <« Axtiveg X >

TV .«  Muwpowdporaa « Ymepubdeg <«  Axrivegy
10° 10° 10° 10" 10" 10® 10* 10° 10%,. 10" 10® 10° 10* 10" 10®

Zvyvotnta os Hz

650 600 550 500 450 Mnijkog KOpoTOg o8 nm

Opatd pag

To @pdopo thg NAEKTPOUOYVNTIKNG oKTIVOSOoAliag. XTn AemTouépeio Qaivetal n
TEPIOYN TOV 0POTOD POTOG.

Xyqpo 2-26.

YriépuBpa kuparta. Kahumtouv tnv neploxf amod Imm éwg 7 x 107 m
nepimou. Ta KOPATA QUTA EKTIEUTTOVTOL Ao Ta Bepud ocwuata Kol
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amnoppodwvTal EUKOAA ATO T TEPLOCOTEPA UALKA. H umtépuBpn aktL-
voBoAia mou anoppodatal ano Eva cwpa auEAVEL TO TTAATOG TNG TO-
Advtwong Twv ocwuatdiwv and ta onoia amoteAeital, avédvovrtag
€tolL tn Bepuokpaoia Tou.

To opato pwe. Eival To HEPOG eKElVO TNG NAEKTPOUAYVNTLKAG QKTL-
voBoAiag mou avixvevel o avBpwrnivog opOBaApOC. To WAKOG KUUATOG
TOU 0patoU PpwTtdg kKupaivetal amo 400 nm €wg 700 nm (dnAadn amnd
400 x 10m éwg 700 x 107m). To opatd dw mopAyETAL atd TV ava-
KOTOVOUA TWV NAEKTPOVIWV OoTa ATopa Kot ota popla. Kabe umnorne-
pLOXN TOu 0paTOU PACUATOG TIPOKAAEL 0TOV AvBpwrmo TNV aicbnon
KATIOLOU OUYKEKPLUEVOU XPWUATOG. MPOCEYYLOTIKA TA KN KUUATOG
TwV SLaPOpwWV XPWUATWY TOU opatol GAcUATOC Eival:

700 ewg 630 nm EpuBpo
630 ¢wg 590 nm [MopTokaAi
590 ewg 560 nm Kitpivo
560 ¢wg 480 nm Mpaowvo
480 ¢wg 440 nm Kuavo
440 ¢wg 400 nm lwoeg

Mta aktwvoBoAia Tou TEPLEXEL UAKN KUMOTOG O ULa TIOAU OTEVN
Tieploxn xapoaktnpiletal povoxpwuatiki. Mo mopddelypa, plo oKTL-
voBoAia and 490 éwg 491 nm lvat pLo TPAGCIVN LOVOXPWHOTLKI OKTL-
voBoAia. Tétola akTwoPBoAio UTTOPOUUE va TIAPOURE UE Tn XPNon
eL8LIKwV Ttnywv 1 ¢piAtpwv. Otav XpnoLUOTIOLOUE TNV EKPPOCH «LLOVO-
XPWHATIKO WG PE LAKOG KUMATOG 580 nm» oTNV MPAyUATIKOTNTA EV-
VOOUUE WG OE UL OTEVH TIEPLOXH UNKWV KUUATOG yUpw ota 580 nm.
To amoéAuta povoxpwHaTkO ¢wc, SnAadn to dwe mou amoteAeitat
HOVO amo £va pNkog Kupoatoc, anoteAet pia e€ldavikevon. Ta Aélep
mapAyouV ¢pwg mou TANCLALEL TTOAU GTO ATOAUTO LOVOXPWLATLKO.

Ynepuwdng aktivoBoAia. H aktivofolAia autrh KAAUTITEL TA UHAKN KO-
patog amno 3.8 x 107 m éwg 6 x 10°* m nepimou. O "HAwog sival toyxuph
Tinyn uneplwdoug aktvoBoAiag. OL UTtEpLWOEL OKTIVEG €lval UTIEV-
Buveg yLa To «paUpLopo» OTaV KAVOUpE NAtoBepareia, To KaAokaipt.
MeyaAec 660¢elg unteplwdouc akTvoBoAiag BAdmtouv Tov avBpwrnivo
0pYyavIopO. To HEYOAUTEPO HEPOG TNG UTTEPLWOOUG aKTIVOPBOALAG, TTOU
¢dtavel otn M amnod tov HALo anoppoddtal anod Ta ATOUA KAl Ta popLa
NG AVWTEPNG aTHoodalpag (otpatoodatpa).

To 6lov tng otpatoodatpag, amoppodd Katd KUPLO AOyo TNV €Ml
Kivbuvn umeplwdn aktvoBoAia. Inpepa avnouxoUE yla Tnv oavn
KATOOTPOdr) AUTAG TNE MPOCTATEVUTLKAC OOTILOAC EVAVTLA OTLG UTIEPL-
woeLg akTiveg Tou 'HAlou. To 6lov NG otpatdéodalpag LELWVETOL €L~
TlaG eKTETAUEVNC XPOoNG Twv XAwpodBopavOpdkwy, EVWOEWV TTIOU
Xpnotpomnolouvtal ota Puyeia, Ta KALLATIOTIKA TOuG PEKACTPEC KOl
aAAou.

Ou aktiveg X (7 aktiveg Rontgen) eival NAEKTPOUOYVNTLKY QKTLVO-
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BoAia pe prkn kOpatog and 10°* m éwg 1077 m nepinou. H o kown
attia mapaywyng aktivwv X givatl n emiPpaduvon NAEKTpoviwv Tou
T{POOKPOUOUV E PEYAAN TaXUTNTA O €va UETAAALKO 0TOXO0. OL OKTi-
VEG X XPNOLULOTIOLOUVTAL OTNV LATPLKA, KUPLWE yLa SLayvwoTikoUG OKOo-
moU¢ (akTwoypadiec), kot otn HEAETN TwV SLadOpwV KPUGTAAALKWY
Sopwv. OL akTiveg X umopouv va nmpokaAécouv BAGBeC otoug lwvta- l I .
voUG 0pyOVLOHOUG Kol YU auto TIPETEL va amodeVYOUUE TV £€KBeo)
HOG 0’ aUTEC Xwpig ooBapd Adyo.

Ot aktiveg y. Elvat nAektpopayvnTik akTvoBoAila mou eKMEUTIETAL
oo opLopEVOUC padlevepyoU MUPHVES KOBWG Kal 0 aVTLOPACELS TTU-
PAVWV KAl OTOLXELWSWV CWHATLOIWY N aKOUA Kol KOTA Tn dtaomaon
OTOELWS WV cwpaTdiwv. Ta puikn KOPOTdC toug apyilouvv amo 107 m
Kot ptavouv we ta 1074 m. Eiva toAl SLetoSUTIKEC Kat BAATTTOUV TOUG
0pPYOVLOHOUG TIOU TLC artoppodouv.

®)
(2.9.) AvakAaon kot AtaBAaon (a) Katorepiij avixiaon ()

oidyvon

, , Xyfqpa 2-27.
A. AvakAaon tou dwtog

Otav 10 dwg mou Sladidetal og €va HECO ouvavThoEL Tn Slaxwpl-
OTLKA ETLPAVELQ AVAETA OTO aPXLKO LETo Sladoaong Kal o€ Eva AAAo,
EVOL LEPOG TOU ETLOTPEDEL OTO APXLKO HETCO.

Ito oyxnua 2.27a BAEMOUKE MWCE AVAKAWVTOL Ol OKTIVEC pLlag dw-
TEWNC MAPAAANANG S€CUNG TTOU TIPOOTILTIITEL TAVW OE A€la Kol OTLA-
nivn emudavela, (katomtpo). OL avakAwWUEVEG akTiveg e€akolouBolv
va eival mapAaAAnAeg HETAEL TOUC Kal N avakAaon auth ovopaletal
KOTOTTTPLKA avAKAaon.

Eav n emupavela mavw otnv omoia MPOCTIITEL N SEoUN EXEL QAVW-
HaALeg, ol akTiveg mou tnv amoteAolv avakAwvtal o Stadopeg Sleu-
BUvoelg (o). 2.27B) kot okoprilouv 6To YUpw XWpPo. H avakAaon autr), 4idracn yia v meipopetici
OTNV OTtolaL 0L AVOKAWHEVEC OKTIVEC Sev eival Tia TTapdAANAES, ovo-  HEAEen Tis avikiaons Tov po-

- ) T0¢.
padetal diayuvon. Ewkéva 2-7.

Tn vUxTa, av o §pouog eivat oteyvog, To pwe amod toug poBoAeig
TOU OUTOKLVATOU Slaxéetal kot €ToL 0 dpopog ¢aivetatl kaAd. Edv
OUWCG €XeL BPELeL, TO veEPO yeUITEL TIC AAKKOUBEC Kol TO dwC TwV MPo-
BoAéwv avakAATaL KOTOTTPLKA TAVW OTNV EMLPAVELA TOU VEPOU UE
amotéAeopa va pn ¢wrtilovral 6Aa ta onueia
Tou popou, o omolog, oTnV epimTwon auth 8¢
Slakpivetat kKaAd.

ITN OUVEXELQ, OTAV XPNOLUOTIOLOUUE TOV OpOo
avAakAaon Bo EvVOOUHE KOTOTITPLKY avakAaon.

To cidwio mov Plémovue oTtnV emipavela
e Aluvng mpoépyetalr amd OKTIVES TOD
PTAVOVY 0€ UOG APOD OVOKAACTOOV OTHY
EMIPAVELQ TNG.

Ewkoévo 2-8.
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EoTw OTL pla PWTELVH AKTIVA TIPOOCTIIITEL UTIO YWwVia TTAVW CE JLa
Aela emupavela kot avakAatal (oy. 2.28). Tn ywvia avapeoa otnv op-
Xk 8LevBuvon tng aktivag kal otnv KABetn otnv emdAvELA TNV OVO-
nafoupe ywvia mpéomtwaong (7 ), kaltn ywvia avdpeoa otnv kabetn
otnv enudpavela kat otn dtevBuvon TG AVOKAWUEVNG AKTIVAG, ywvio
avakAaong (7). Melpapatikd TPOKUTTEL OTL:

1. H npoonintovoa aktiva, N avakKAWKEVN KoL N KAOETN otnV €MmL-
daveia oto onpeio mpdontwong, Bpiokovtal oto idLo eninedo.

2. H ywvia avakAaong 0 , eivou ion pe tn ywvia npéontweng 0.

0/‘ = 9{/

B. AtaOAaon tou dwTtog

Otav 10 dw¢ ouvavtnoel tnv enidpavela mouv Slaxwpilel To pEoov
oto onoio Stadidetal amnod éva allo Stadaveg péco, oto omoio Sla-
Sidetal pe SladopeTiki ToXUTNTA, VOl LEPOC TOU AVAKAATAL KOL TO
umtoAouno pépog tou SlabAdtat, SnAadn mepvael oto §eUTEPO PETO,
aAAalovtag mopeia.

H ywvia mou oxnuatilel n StaBAwpevn akTiva pe tTnv KABeTn otnv
emupavela Agyetal ywvia dtablaong (oy. 2.29).

Vwpiloupe otL T0 dwc SLadidetal pe tn peyaAltepn taxUTNTA OTO
KEVO.

0O Adyog Tng TaxutnTag Tovu GWwIog 0TO KEVO () , TPOG TNV TOXUTNTA
tou (v) oto UAKO

n=—
v

ovopaletal eiktng StaBAaong () Tou ontikol VALKOU.

O 6&eiktng dLabAaong eival kaBapog aplBuog Kal yla omolodnmote
UALKO ival peyaAltepog tng povadag. Emeldn n taxvtnta tou ¢pwtog
OTOV 0€pa ElvaL TIEPLTIOU LON HE TNV TaXVUTNTA e TNV omola Stadidetatl
0TO Kevo o deiktng StaBAaong tou agpa cuvnbwg Bewpeital loog ue
Tn povada.

MELPOUOTIKA TIPOKUTITEL OTL

1. H npoonintovoa aktiva, n StaOAwpevn Kot n KAOETN otn SLayw-
pLOTKN eripaveLla Twv SU0 HECWV, OTO CNMUELO MPOOTITWONG TNG
aktivag Bpiokovtal oto iblo eninedo.

2. Otav 10 pwg givor LovVoOXpWHATLKO, 0 AOYOG TOU NUiTovVou TG yw-
viag npdorntwong (¢ ) mpog to nuitovo tng ywviag tdbAaong (7))
glvau ioog pe tov avtiotpodo Adyo twv detktwv SLtaBAaong Twv
U0 pHéowv.

mul, _m g
Y 711’1 9/7 na

n,nul, =n, nuo,| (2.16)

H oxéon autr ovopadletal kat vopog tou Snell (Zvel).

IIpoomninttovca *Avakimdpevn
aKTiva axtiva

Avaxioocn @wteIvig aktivag.
0, etvar n yovia mpéontwong
kar 0 15 yovia avéxlaong.
loyder 6“191_.
Tyfqpa 2-28.

Mpoonintovoa  Avaxdpevn
oKtivo, oKtivo,

Avaxioon xoair Joiabloon @w-
TEIVIG HOVOYPWUOATIKNG  O0&-
oung kotd tn uetafoocny omo
EVa 010QavES uéoo ae GAlo.
Xynpa 2-29.
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H oxéon (2.16) delyvel 6tL O0Tav pLa aktiva SLEPXETAL Ao £va UALKO
0. o€ €va UALKO b oTo omolo n taxutnta tou $wTog ival HIKPOTEPN
(1, > n,), TotE N ywvia StaBAaong eival pikpodtepn amnod tn ywvia npo-
ontwong, 6nAadn n dStabAwpevn aktiva mAnolalel otnv KABeTN, 0TO
onuelo mpoomTwong. AvtiBeta av n taxuTnTo Tou GwToC 0To SeUTEPO
UALKO (h) elval peyaAuTtepn TN TAXUTNTACG TOU O0TO TpwTo (77, <7,), n
SLAOAWUEVN OKTIVA OTTOUAKPUVETAL OTTO TNV KADETN.

O beiktnc StabAaong tou kevou eival €€ oplopol (00G E TN HOVA-
ba, emouévwe otav pLa aktiva SLEPXETAL OO TO KEVO OE €va UALKO,
MAnoLaleL mavta tnv KAOEeTN.

Otav pLa aktiva mpooTintel KABeTa 0T SLOXWPLOTIKA ETLPAVELQ,
0, =0,nud, =0 kot and (2.16) npokvmtel 6t kat &, = 0. Ankadn n
oktiva dev aAAaleL katevBuvon.

Ao Toug VOpoUg TNG SLaBAaong TPOKUTITEL OTL N TTOPELX TTOU OKO-
AouBel pla aktiva gival ibla eite avtn petaBaivel anod to UALKO o 0To
b eite avtiotpoda.

Otav T0 HOVOXPWHATIKO PwG SLEPXETAL ATO €val UALKO OE KATOLO
AaAAo, n ouxvotntad tou (f), dev aAldlel. Apoul n TaxuTNTA KE TNV OTtola
Stadidetal to pwe eival dtadopetiky ota Suo PETA KOL N CUXVOTNTA
NG akTvoPBoAilag pEVel oTabepr, TO HAKOG KUMATOG TNG akToBoAiag

TPEMEL va elval StadopeTiko ota duo peéaoa. (u = /1(}")
Eav to éva pé€oo elval TO KEVO 1) - 0TNV MPAEN - 0 a€pag TOTE
c=1

Omou /, To HAKOG KUHATOG TNG akTvoBoAiag 0To Kevo. Ze KABe UAKO
LoYUEL

v=Af

Alalpwvtag T U0 OXECELG TTPOKUTITEL
c_h A on= A
v A A

, A
onote A =~
n

ETIOUEVWCE TO MNKOG KUMOTOG HLOG HOVOXPWHOTLKNAG aKTVoBoAiag
TIOU METAPAIVEL OO TO KEVO N TOV AP OE KATIOLO AAAO LECO MEL-
WVETAL.

2to ¢awopevo tng StabAlaong odeilovtal MoAAEG opOAApATATEG,
OTWC TO POLVOUEVLKO OTIACLUO pHlag paBdou mou €va TURpa tng sivat
BuBlopévo oto vepo. Mia aAAn odpBaApamnatn dailvetal oto oy
2.31. To patL avtidappavetal to pwg oav va dtadidetal eubuypappa.
‘Etol BAEmeL To PApL 0TNV TTPOEKTAON TNG OKTIVOC (ECTIYUEVN YPOAUUN),
TILO KOVTA 0TNV €MLAVELX ATIO OTL ELVAL TIPOYULOTLKA.

MeAetioape ta dawvopeva tng avakAaong kat tng dtabAaong yLa
T0 dWG KL auTd ylati o poAog Twv dawvopévwy otov KAado tng du-
OLKNG TIOU UEAETA TO PWC KOl OVOUALETAL OTTIKA €lval GNUOVTLKOC,
oAAG Kat ylati, pe 1o pwe Ta dpavopeva ival eOKOAA TTapaATNPACLUA.

4

Movoypwuatikn oakxtivofolia
TEPVOEL ATO TOV QEPO 0 EVa
Jrapovés puéoo. To unkog ko-
HaTOoS THG OKTIVOPoliag ueim-
VeTOL.

Xyfqpa 2-30.

Eloaitiag tng o1a0laonc éva
OVTIKEIUEVO UEOO OGTO VEPO
paivetal va fpiocketol wio Ko-
VT4 OTHV ETIPAVEIN OTO 000
elVal TPAYUOTIKG.

Xyfqpa 2-31.
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QOTO00 TIPETIEL VAL ETILONUAVOUUE OTL T paLVOUEVO auTA eV TTEPLO-
pilovtal povo ota dwtewva Kupota aAAd gival kowa os OAa Ta €idn
KUUATWY, NAEKTPOMOYVNTLKA KL LNXAVLKAL.

IStaitepo evlladépov mapouaotalel To yeyovog OTL T padloKUpoTa
avVakAWVTAL 0 LETAAALKEG ETUPAVELEC. Oa EXETE TAPATNPNOEL TLG KE-
PALEG EKTIOUTING UE LETAAALKO KKATOTITPOY I TIG KEpaieg SopudopLKNG
ANYNG mou eniong p€pouv KATomTpo. Ot LETAAALKEG ETLDAVELEC TTall-
{ouv yla ta padlokupata to poAo mou mailouv oL KaBpEPTES yla To
dWG. Z€ MOAAEG KEPALEG EKTTIOUTING, UTIAPXEL pLa TTOPaBOALKN LETAAAL-
KN erupavela (KATOMTPOo). XwPLg TO KATOMTPO, TO KUK TIOU TTapAyETAL
Qo TO TAAAVTOUHEVO NAEKTPLKO SiroAo Ba Slackopmilotav o OA0 TO
XWPO YUPpwW Tou. ME TO KATOMTPO, LETA TNV AVAKAQCH ToU To KUpa Sla-
SidetaL mpog pa povo katevBbuvon. To KUpa auTo lval LKavo va GTa-
OELTIOAU POKPLA Xwpilg onuavtikn e€aocBévion. ITig kepaieg AnYng, to
KATOTITPO AVAKAQ TA NAEKTPOUAYVNTIKA KUUATA TTOU TMEPTOUV TTAVW
TOU KOlL T E0TLALEL OTNV KEPALQ, LE OTIOTEAECHA TO OHO OTNV KEPALOL
va €lval 1o Loxupo.

Hopoafolikéc Kepoies padioTnleckomLon.

Ewkoéva 2-9.

Ytov mivaka ou akoAouBet avadépovtat ot Seikteg StabAaong opt-
OUEVWV UALKWY, yLa TO KITpLvo GwG HE MAKOG KUpATOG 4 = 589 nm.

Otav o Kopatikog ToAUoOS oL
Jdrodidetar oro wéso 1 ovvo-
VINOoEL TO uéGO 2 €V LEPEL VO~
Kldtal kol ev puépel ovveyilel
oto uéoo 2, ue AL toyvTHTO.

yfpa 2-32.
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. AeikTng , Aeiktng
e AlaBAaong Ve AlaBAaong
ITepea Yypa
Mayog 1,309 Nepo 1,333
Muptrikn ote@avualog 1,52 ALBUALKN aAKoOAN 1,361
MoAuBduahog (kpUoTtalho) 1,66 BevzoAlo 1,501
®Bopitng 1,434 Aépua
XAwplouxo vaTpLo 1,544 Agpag 1,000293
Adapag 2,419 Awo€eidio Tou avBpaka  1,00045

Mapadeyua 2.3

Aktiva wTtog piKkoug KUpatog 4, = 590 x 10 m petofaivet amnod tov
agpa o€ yuaAi, mou €xel deiktn StdBAaong 1,52. H ywvia mpocmtwong
NG aktivag eivat ¢ = 30°. Na urtohoyioete:

) TN GUXVOTNTA TNG OKTVOROALOG GTOV 0€paL KAt 6TO YUOAL,
B) Tnv Taxutnta dtadoong oto yuaAl,

Y) TO UAKOG KUHOTOC TNC aKTvoBoAlag oTo yuaAdl,

8) tn ywvia dtaBAaong tng aktivag.

H taxUtnta Tou $wtdc oTo Kevo sivar ¢ =3x 10" m/s.

Amévrnon:

a) Otav 1o pwc dadidetal otov agpa n TaxUTNTA Tou eival oxedov
00N Kal n TaxVTNTA Tou oTo KeEVO dnAadn c. Ao tn BepeAlwdn
e€lowon NG KUUATLKAG EXOULE

c=Mf R f=— =5x10"Hz
//L()
H ouxvotnta piag aktivoBoliag dgv aAAdlel otav To dwg PeTO-
Baivel amd to €va péco oto GAAo. Emopévwg, Kot oTo yUaAl n
ouxvoTNTa TG akTwoPoAiag eivat / =5x10" Hz.

B) O &eiktng StaBAaong tou yuaAloL eivat

C 14
11=— ETMOUEVWC
v

0=S=1,973x10"m/s
n
y) Ma va BpoUpe To UAKOC KUUATOC TNG akTtvoBoAiag oto yuaAil xpn-
oLlomoloUpe TAAL TN Bepedlwdn e€lowon TNG KUMATLKAG yla TN
Sdtadoor) tng oto yuaAd.

v=Af onote /1:;_:395><10‘)m

6) ZUpdwva pe To vopo tou Snell
n(x 771[16(1 - nh ’71”8/)

To apxtko péoo () eivat o agpag pe deiktn 6LtaBAaong 7, =1, Evw
HEoo b glval to yuaAl pe deiktn StabBAaong 77, = 7. EMOpEVWG
nu30°

nue, =nnud, apa nub, = =0,329, 6, =19,2°
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(2.10.) OAwn AvakAaon

To oyrua 2.33 Sely Vel LEPLKEG AKTIVEG LOVOXPWHATIKOU PWTOG TTOU
EKTIEUTIOVTOL ATIO pLa onUeLakn tnyn P, péoa o€ éval UALKO o pe SelkTn
81dBAacng 7, . OLaktiveg tpooTtintouy oTnv eridaveLa Tou XwpileL o
UALKO oo amto éva delTepo Sladaveg UALKO b ou €xelL Seiktn SLlaBAaong

n b

Dwreivéc axtivee mov exméumovral and i onueiaxy wnyy P, mpooriztovy oty 2T drataln paivetar 1600

droxwplotiky emipaveia 000 drapavoy uéowv. Av n >n, kéwoieg akxtiveg vpi- 1 diabiaon 6oo kai n olixi

otovtal oAkl avakiaon. avaklacn otH  OlOYWPLOTIKN

Tyfpa 2-33. emipaveia vepov - aépa.
Ewkéva 2-10.

Eotw Ot 7 >n, . Ané to vouo tou Snell, yia tn ywvia 81dBhacng piog

TETOLOG OKTIVOC EXOUUE
n
a

nub, =—-nub, (2.17)

n,

Emeldn o Aoyog 7, /n, elval peyaAitepog tng povadag, to 7740, el-
val HeyaAUTEPO ToU 77440, , EMOUEVWG O, > 0 . Apa UTLAPXEL LA TLUA
¢ 0, - uikpotepn amo tig 90° - yia tnv omnoia o vopog tou Snell &i-
VEL 7710, =1 emopevwg 6, = 90°. Auto cupBaivel otnv mepintwon tng
akTivag 3 Tou oyfuatog 2.33. H ywvia &, yla tnv omoia n StabAwpevn
OKTlva Kwveitot mapaAAnAa mpog tn SLaXwpeLoTIKA eMtdpaveLla Twv SUo
HEowV ovopaletal Kpiolun ywvia (q oplakn ywvia) kot cupBoAiletat
pe 0. Otav n ywvio mpodomTwonc yivel peyaAitepn amod n 0.,.N
OKTLvVaL OVOKAAQTAL OALKA OTTO TN SLAXWPLOTLKE EMLPAVELQL.

To pawvopevo auto ovopaletal oAk avakAaon. Mo TETola Te-
plmtwon maploTaveTal Ye tnv aktiva 4 oto oyiua 2.33. H aktiva 4
ovakAdtal arnd tn SLaxwpeLoTIK EMLPAVELD OaV VO ETIECE TTAVW O€ EVal
TEAELO KATOMTPO. H aktiva autr), Onwc Kal OAEC Ol AKTIVEG TIou UdL-
otavtal oAk avakAoon, akoAouBouv To VOUOo TG avakAaong dnAa-
61, n ywvia mpoomtwong LoouTal KE TN ywvia avakAaong.

. XPNOLLOTIOLWVTAG TO
vopo tou Snell. Av otn oxeon (2.17) Becoupe 6, = 90° mpokUTTEL

MmnopoUpe va Bpouue tnv Kpiolun ywvia ¢

_n

nuo.,., =— (2.18)

crit

a
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H oxeon (2.18) woxveL uoévo otav n > n, , dadopetikd Ba €dwe
nud. . >1,mou glvat advvaro.

Enopévwg,

10 PAVOUEVO TNG OALKAG aVAKAaonG GUUBaAivEL pOvo Atav To WG
petaBaivel and péoo (a) o péco (b) yra ta onoia woxveL 7 > n,. Na
val €XOUME OALKN OVAKAOON TIPETEL N ywvia MPOCTTWONG va ivat
HeEyaAUTEPN TNG KPloLNg ywviag.

Ma to $wc mou kateuBUveTOL Ao To YuaAl oTov agpa, n Kploun
ywvia eivat 41,1°. H kplowun ywvia gival yevikad pikpn, otav éva Héco
€xeL peyalo Seiktn StaBAaong kat to aAAo €ival o agpag. XTo Slapa-
VTL N Kplown ywvia givat 24°. H pikpn kplowun ywvia givat o Adyog
TIOU €Vl KATEPYAOUEVO Slapdvtl (Le TIOAAEG €6peC) AapmoKond oTo
dwe. To peyaAUTEPO UEPOG TOU PWTOG IOV ELOEPXETAL OTO SLOPAVTL,
vdlotatat oAwkr) avakAaon otig dtadopeg £6peg Tou. Na va eEEAOeL
TIPETIEL VA TIPOOTIECEL OXEOOV KABEeTA OTIC €6pEG TOU.

w
' 45° ——

(@ ®

Hpioparo odikng avakiaong. To (y) deiyver mag Aeitovpyel to
TEPIOKOTILO.

Xyfqpa 2-34

Eav xpnolpomolioou e To KATAAANAo pilopa, UmopoU e Ue To dal-
VOULEVO TNG OALKAG OlVAKAQONC VoL LETABAAOUE TNV KateLOuvVon HLog
oKTivag dwtoc. Zto oynua 2.34 mapaTnPOUE TETOLEG TIEPUTTWOELG.
2to oynpa 2.34a n pwTtewn aktiva e OALK aVAKAQOCN EKTPETETAL
katd 90° evw oto oy 2.343 ektpénetal kata 180° (avtiotpédetal
N Mopeia TNG). ZTA MEPLOKOTILA TIOU XPNOLUOTIOLoUVTaL O0Ta UTtoBpuyLa,
0 ocuvbuaopog SUo MPLOUATWY TNG TtEpimTwon () (o). 2.34y) emuTpé-
TIEL 0TO MANPWHA Tou urtoPBpuxiou va BAETEL TL YIVETAL TAVW OTO TNV
emupavela Tou vepou.

MNapadeyua 2.4

YroAoyiote tnVv Kpiowun (opLakn) ywvia otn StaxwpLlotikn emda-
vela vepou-aépa. O deiktng StabAaong tou vepou eivar 1,33.

Amavinon:
n
H kpiown ywvia Sivetal amo tn oxéon 7740, = ’h

a

H petadoon mniextpouoyvnri-
KOV KOUATOV OTIC OTTIKES [VES
otnpileTtal oTO0 QAIVOUEVO TS
oldikng avaxloong.

Ewkova 2-11.
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Méoo o eival to vepd pe 7, =1,33 kal péco b, o agpag pe 7, = 1.

AvtikaBlotwvtag naipvoupe ot 740, = 49°.

=0,75 emopévwg &

crit

Otav évag dUTNG BplokeTal LEoa 0TO VEPO Kal KOLTALEL TPOC TA TTAVW,
umopel va 8eL £€w Ao TO VEPO, LOVO OTAV KOLTATEL PLE YWVIO ULKPOTE-
pN TNG Kplowung. Otav kottalel pe ywvia peyaAutepn tng KpLoLung, ot
DWTELWVEG AKTIVEG TTOU GTAVOUV OTA HATLA TOU TIPOEPXOVTOL OO OALKH
avakAaon Tou ¢wtdg otn SLaXWPLOTIKN ETLHAVELD VEPOU AEPA Kal
auTo mou BAEmel eivat o BuBog (oy. 2.35).

O dvtng mov fpioketal oto onueio P, déxetal gwTEIVES AKTIVES ATO TOV Qépa
aALG KOl QKTIVES TOV WPOEPYOVTAL OTO OMIKN OVAKAACH OTNV ETXLPAVELQ TOV
vepod. Etol, koitalovrag otnv emipavera flémer 1 ovuPfaiver ato folo.

Xyfqpa 2-35.

( 2.11.) Awaokedaopac - AvaAuon tou Qwtoc

3TO KEVO N ToxUTNTA Tou GWTOG £lval idla yia OAa tal prKn KUUATOG.
Méoa otnv UAn, 6uwg, n taxvtnta dtadoong tou dwtog efaptatal
Ao 1O UAKOC KUMOTOC. Agixmg Suahacmg
AuTd onpaivel OTL Kot 0 Seiktng StdBAaong evog uhtkoy, dev eivar 17
1610¢ yLa OAeC TIC aKTIVOBOALEC aAAA e€apTATOL OTIO TO KOG KUUATOC
NG OKTWVOROALOG TTOU TIPOCTILIITEL GTO UALKO. 1,6

H e§aptnon tou deiktn SLABAaoNG anod To HRKOG KUKOTOG TNG OLKTL- —
voBoAiag ovopdaletal SLAOKESACUOG. 1,5

Ito oynua 2.36 BAémoupe tnVv e€aptnon tou Seiktn dtabAaong £EL
SLaPOPETIKWV UALKWVY, artd TO UAKOG TOL KUMATOG. H TLp Tou ouviBwg | 4

MELWVETAL, 6Tav auEAVETAL TO UAKOG KUUATOG. O deiktng StaBAaong &i- 400 500 600 700
VoL LEYAAUTEPOC VLA TO LWEEC PWC KAl UKPOTEPOC yLa To EpuBPO. Mrikog kdpatog (nm)

EoTw OTL pla LOVOXPWHATIKY aKTiva pwToG, MPooTintel mavw ¢ Merafols tov deikty dradia-
éva Tiplopa, 6mwe 6To oxApa 2.37. H aktiva SLabNdtal katd Ty el- 71 OPLoHEveY vlikdy o6 ov-
, , , , , ) , VAPTNON UE TO UNKOS KOUATOG.
0060 NG 01O Tpiopa, aAAA Kol KATA TNV €§080 TNG UE ATMOTEAEOUD 74 viikd eivar: (1) mopitici
VOl EKTPETETAL ATIO TNV aApPXLKN TNG SlelBUVON KATA UL ywVia 0, IOV poivfdbaios (kpbotaiio) (2)

OVOUATETOL ywVia EKTPOTAG. Bopikij  poivfdbatos  (xkpd-
, , L, , , , , otalio) (3) yalaliog (4) mo-
Ag doupe Twpa tL Ba cupPel otav pLla 6eopn AeukoU GWTOG MECEL  pitiks otepaviaioc (5) tnyué-

MAvVw o€ €va Tplopa. To AEUKO pwG TIPOEPXETOL ATO TNV OVAULEN OAwv VoS yxaltaliac (6) plopityg.
TWV XPWHATWY TIoU amoteAolV To 0pato ¢we. Emopévwe anotedeitar  Zxipra 2-36.
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oo moAAQ pRkn kKupatoc. O deiktng StaBAaong Tou mpiopatog dev i-
val (5log yla ta Stadopa xpwpata anod ta onoia anoteAsital To AsUko
dwe. H ektpomn mou mpokaAel to mplopa avédvetal otav avéavetal
o deiktng StaBAaong. O deiktng dtabAaong elvat HeyaAUTEPOG OTA UL
KPOTEPA UAKN KUUATOG TIOU QVTLOTOLXOUV 0TO LwdeC xpwpa. Etol To
wbeg udlotatal tn HEyLoTn ekTporr), To epubpod tnv eAdxiotn. H yw-
via eKTpOTAG yla Ta GAAQ XPWHATA KULOIVETAL OVALESO OTLC TLUEC
TIOU QVTLOTOLXOUV 0TO EpUBPO KL TO LWOEG. Mia axtiva povoxpwparixod

Otav 10 dwe avaduBel and to npiopa, Sev amoteel ma po ma- %’Czoiogggjzrflofx ;Z;V‘Z’; )
pAAANAN S€opn (EMELSN N EKTPOT TWV XPWHATWY TIOU TO GUVOETOUV 476 éva npioua.
elvat Stadopetikn), alAd Stackopriletal o plo S€opn oxNUATOS Be-  Eyfpa 2-37.
VTAALag (o). 2.39) otnv omoia to Aeuko dwg €xel avaAuBel o pia ou-
VEXN Tawia ano dtadopa XpWHATA, TTOU AMOTEAOUV To GACHA TOU

H ovalvon mov veiotatar to

AgukoU PwTaG.
AevKO @wg, otav mEPVA amo

Eva zmpiopa, KAVEL 0pOTA TA
Jidpopa  ypopota and  TA
omola amoteleital.

Xyqpa 2-38.

Xynpa 2-39

O Newton, peAetwvtag To GaVOUEVO TNG OVAAUONG TOU AEUKOU
dwTOC amo éva nplopa, Slatumwoe yla mpwtn dopa tTnv amoyn OtLto
Aeuko dwc anoteAel T cUVBeoN MOAAWY XPWHATWY, TWV XPWUATWY
ota omola avaAvetal pe To mpiopa. Ta xpwpota autd o Newton ta
ovOuaoE «amAd» ylati Sev avalvovTtal Pe To pioua.

To oupavio T6£0, To omoio dnuLoupyeital Hetd anod Bpoxn av n 6on
Tou ‘HAlou eival katdAAnAn, odeidetal o cuvdLAOUO TWV GALVOUE-
VWV Tou SlaokedaopoU Kal TNG OALKNC avakAaong.

/4 (o) O1 oTayoves tov vepod avaidoovv 1o Aev-
f KO pw¢ oto gdouo tov. O mapoatnpntng Pré-
TEL TOVTOYpOvVa TWOALES otayoves. Tigc otayo-
veg mov Ppiockovral wnlotepo 6to medio THS
/,J Opacng tov Ti¢ PAETEI KOKKIVES Y10TI OO TO
= XpOWOTO OTO OTOLa AVAALDOVY TO S LOVO TO
KOKKIVO WEQPTEL 0TO patio tov. Ti¢ aroyoveg
wov Bpickovral youniotepo ti¢ PLETEL 1WIELS
yio. tov 1010 Adyo. Tic eviidueoes atoyoveg
ti1¢ fAlémer vo maipvoov avaloya e tn Oéon
TOVG O10.00)1KG OLO. TO XPOLUOTO TOD POTUATOS
EeKIVOVTOS OO TO KOKKIVO KOl KOTAANYOVTAGS
010 100¢e¢. (B) Zynuotionos aveotpaupévoo
| ovpaviov tolov.

(@) (B) Tyfqpo 2-40.

40" (1HdeQ) 3
g 42° (epufpo) > 50,5° (£puBp6)
\N > g 54° (1bdeg) | -

—

oy |
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Ito oynpa 2.400 MAPLOTAVETAL O TPOTIOG OXNUOTIOMOU Tou. To dwg
TIOU €PXETAL TILOW QIO TOV MOPATNPENTA MEPTEL MAVW OTa oTayovidia
TIOU UTTAPXOUV OTNV atpoodalpa, StabAdtal péoca o’ auTd Kal, ot
OUVEXELA, adoUu UTtooTel OALKH avakAaon otnv omniocBia mMAgupd Toug,
Byaivel SLtaBAwpevo amo tn otayova Kal ¢pTavel otov mapatnpenth. O
SLaokedaouoGg €XEL WE AMOTEAECUA TNV AVAAUGCN TOoU AEUKOU dWTOG
oto daopa tou. Mepikég dopég daivetal kal éva Se0TEPO oUPAVLO
TO0€0, Alyo PEYaAUTEPO, UE QVECTPAUUEVN TN OELPA TWV XPWHUATWY
(oxnua 2.40B). To 00 AUTO TTPOEPXETAL O SUO OALKEG AVAKAAOCELG
OTO ECWTEPLKO TWV oTOYOoVISLWwv.

2TV e1K0Va Qaivetol apviopd TAVw aro TOo 0VPavio T0L0 Kal (ia OVETTPAUUEVT
EIKOVQ TOD.

Ewkova 2-12.

Zovoyn

KOpa ovopaletal pla dtatapaxn mou Stadidetal. Katd tn dtadoon
TOU KUMATOG LETADEPETAL EVEPYELO KOL OPUN ATIO £va ONUELO TOU XW-
POU O€ KATIOLO AAAO OXL OUWC Kal LAN.

H BgpeAwdng kupatikn e§iowon sivat v = A f

H eflowon evog appovikoU KUPOTOG Elvat

r X
)= Anu2r| ———
= dpiza{ £

JUpdwva pe TNV apxn te emaAAnAiag, eav SU0 ) MeEPLOCOTEPA KULLO-
Ta Stadidovtal o€ €va HECO N ATIOUAKPUVON EVOG CNUELOU TOU HECOU
amno tn B€on LooppoTtiag Tou €lval Lon KE TN CUVIOTAUEVN TWV QTTOMO-
KpUVoewV Tou odeilovtal oTa EMLUEPOUS KUUATAL.

To amotéAeopa tng tautoxpovng dtadoong SUo 1 MEPLOCOTEPWV KU-
MATWV 0TO (610 Héoo ovopaleTal CURBOAR TWV KUMATWV.

H oupBoAn Vo kupdtwv iSlou MAATOUC TTOU TIPOEPXOVTAL ATtO GUY-
XPOoVveg TnyEg kat dtadidovtal oe SLadopeTikéG Sleubuvoelg, €XEL WG
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amoTéAEoHa Ta onUela yla Ta omoia n dtapopd TwWV ATIOCTACEWY TOUG
aro tic U0 TNYEG elval akEPaLo TTOAAATTAGCLO TOU PRKOUG KUUATOG /,
va ToAavtwvovTal Evtova.

Ta onueia yia ta onoia n Stadopd TwV AMOCTACEWV Ao TG SUo Tin-
VEC elval TePLTTO TOAAATTAQGCLO TOU PLOOU HKOUCG KOMATOG (4/2) pE-
vouv Slapkwg akivnta.

OAa Ta UTTOAOLTTOL CNUELD TOU LECOU KAVOUV TOAAVTWON LE EVOLAUEDO
TIAQTOG.

ZTAOLUO KOO OVOUATETAL TO ATIOTEAECHA TNG CUUBOANG SUO KUPATWV
(6lou mAdtoug kat idlag cuxvotntag mou Stadidovtal oto idlo péco oe
avTiBeteg KateuBUVOELC.

3TO OTAOLMO KUMA OpLopEVA onuela eival povipa akivnta (6eopot),
€EVw AAAa kAvouv TaAdviwon HE HEYloTo MAATog (KotAieg). OAa ta
AAAO ONUELD TOU HECOU KAVOUV TOAQVTWON LE TTAATOC TTou e€apTatal
ano tn 6éon tous. H amoctaon dUo Sladoxikwv SECUWV 1 KOLALWV
elva //2.

HAektpopayvntiké KU gival n tauvtoxpovn dtadoon evog nAekTpl-
KoU Kall VoG payvnTLikou Tiediou. Ta nAekTpopayvnTika kKupata Stadi-
SovTal 0TO KEVO PE TNV TaxUTNTO Tou GWTOG C.

To nAekTpopayvnTIKO KUPA €ival ykapolo, ta SlavuopaTa Tou NAe-
KTPLKOU KOIL TOU HOyvNTLKOU Ttediou eival KaBeta HeTafl Toug Kot KA-
Beta otn 6tevBuvon dLddoong Tou KUUATOGC.

E
2Ta NAEKTPOMOYVNTLKA KOPOTA LOXUEL % =c¢, Omou £ kal B ta hEtpa

NG €VTaong ToU NAEKTPLKOU Kol TOU payvntikol nediou, avtiotolya.

Tot NAEKTPOUAYVNTLKA OTIWE KAl TAL LNXOVLIKA KUMOTOL UTIAKOUOUV OTNV

apxn TG emaAAnAlag.

HAEKTpOUAYVNTLKA KOUOTA TTOPAYOVTAL OO TNV ETILTAXUVON NAEKTPL-

Kwv GopTiwv.

OL8Ladopeg eploxeg Tou pAoUATOG TNG NAEKTPOHAYVNTLKNG OKTLVO-

BoAiag ival : Ta padlokUPOTA, TA ULKPOKULOTA, Ol UTIEPUBPEG aKTi-

VEG, TO 0paTO PWG, OL UTIEPLWOELG OKTIVEG, OL AKTIVEG X KOl OL AKTIVEC Y.

Kata tnv avakAaon :

H npoomintovoa aktiva, N avakAwWUEVN Kal n KABeTn otnv enidpavela

0TO onuelo mpoomTwong, Bplokovtal oto (Slo eninedo.

H ywvia avdkAaong ¢ eival ion pe tn ywvia npéontwong 0,

Aciktng SL1aBAaong n, evog Stadavouc UAKoU ovopdletal o Adyog tng

TaXUTNTOG TOU PWTOG OTO KEVO (¢), TPOG TNV TaXUTNTA TOU » OTO UALKO.
n="S

Kata tn 6tabAacn v

H nmpoonintovca aktiva, N SLaBAwUevn Kot n KABETN oTn SLaxwpeLoTL-

KN empavela Twv dU0 PECWVY, OTO ONUELD MPOOTITWONG TNG AKTIVAC

Bpiokovtatl oto (6Lo emnimedo.

Otav 10 dwe elval LovoXpWHATLKO, 0 AOYOG TOU NULTOVOU TNG Ywviag

npoontwong (¢ ) mpog to nuitovo tng ywviog dtabAaong (7,) eivat toog

LE Tov avtiotpodo Adyo Twv Selktwv dtabhaong Twv U0 péowv.
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Otav 10 dw¢ petaBaivel amo Eva HEco o€ AANO HE UIKPOTEPO OelKTn
SLabAaong Kat n ywvio mpoomtwaong ival LeyaAUTepn amo tnv Kplot-
un €Xoupe OALKN avakAoon.

Araokedaopog ovopaletal n e€aptnon tou deiktn StabBAaong anod to
UAKOG KUHATOC TNG aktwvoPoAiag. Otav Asuko dwc mpooTintel o’ éva
nplopa, Aoyw Slaokedaopol, avaAUeTal 6To pAcHA TOU.

ApaoTNPELOTNTEC

1. AvakAoon Tou nxov

OAa T KOOt AVAKAWVTOL 0V TIPOCTIECOUV OE EUMOSLo. Mmopeite
va SLOMLIOTWOETE TNV AVAKAQCH TWV NXNTLKWV KUPLATWVY KoL va mLpe-
BalwoeTe OTL N ywvio MTPOOTITWONG €ival Lon Ke Tn ywvia avakAaonc.
Oa xpelaobeite Eva poAoL (rnyr nxou) U0 CWANVEG KATAOKEUACUE-
VOUG aro xaptove kat éva BiBAio (avakAaotikn emipavela). TomoBOe-
TNOTE TOUG OWANVEC Kal To BLBALo MAvw oTo TPAMETIL OTIWG OTO )1 LLO
2.41. MTpOOTA 0TO AKPO TOU €VOG owAnva (A) TomoBetnote To poAsL
KOl 0TO AKpo tou @AAou cwAnva (B) BaAte to adti oag. Ot Vo dAAeg
OKPEC TWV CWANVWVY TIPETIEL VAL ATTEXOUV Alya ekaTooTA amo to BLBAlo
(avakAaotikn emidpavela). Metafailovtog TIG YwVIeG Tou oxnuati-
{ouv oL CWANVEC HE TNV avakAooTikn emidavela, Oa SLamoTwoeTe OTL
0 NXO¢ akoLyeTal duvata Kot kabapd otav oL U0 CWANVEC oxnUOTI-
{ouv (0€G YWVLEG HE TNV KABETN 0TNV aVAKAQOTLKN ETLPAVELQ.

Tynpo 2-41.

2.'Eva oupavio t6€o oto tapavt

Méoa og pia Agkdvn Tou mepLEXEL Alyo vepO TomoBeTAOTE OE MAQ-
yla Béon éva kaBpedTakl Tou omoiou éva pépog va eival Bublopévo
HEoa oTO VEPO. TomoBeTAOTE TN AeKAVN £TOL WOTE TO WG TOU HALOU
va TEDTEL MAVW otov KaBpédtn. Alvovtag tnv katdAAnAn kAlon otov
kKaBpedtn Ba deite oto Tafavi to pacpa tou nAtakol Pwtoc. EEnyn-
oTe T0 GALVOUEVO.

3. DwTewvog nidakog

Oa xpelaoteite €va LoXupo dakod mou umnopel va eotidlel o dwg
TOU Kall £val SLopaVEC TTAAOTLKO TIOTHPL KE Lo TPUTIA SLAPETpoU 3 mm
Teplmou, 6To MAEUPLKO TOU TolxwHa, KOVTA oTn BAcn tou.

e

L y

>

Xyfpa 2-42.

Xyfqpa 2-43.
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leploTe To TOTAPL HE VEPO Kol GWTLOTE TO OMWG Ppaivetal oTto oxN-
pa. Av to Swpadrtio sival okotewvo, Ba mapatnpnoete OtL To Ppwg Sel-
XVEL va TtayldeveTal PEoa oToV Tiidaka Tou VEPOU, LUEXPL Eva OonuUElo.
E€nynote to pawopevo.

EpwtnoeLg

Mnxavika KOpota

2.1

2.2

H taxvtnta evOg NXNTLKOU KUHOTOC s€opTaTal
a) amnd tn cuxvoTnNTA TOoU AXOU.

B) amd tnv évtaon Tou nxou.

y) arnd 1o UALkO oo omolo Stadidetal To KUUAL.
6) amo to PRKkog KUUATOC.

EruAé€te Tn owoth mpotaon.

Tpelg mnyeg A,B kat I dnuioupyolv nxnTIKA KUUATO 0TOV 0€PQl.
To oynua 2.44 mMapLOTAVEL YpadLKA TNV TOAAVTWON TwV TPLWV
TINYWV OE€ CUVAPTNON UE TO XPOVO.

B

I\ SYND
N NN

Xyfqpo 2-44.

2.3

24

a) Moto kKO €XEL LeYaAUTEPO TTAATOC;
B) Moto KOO £XEL LEYAAUTEPO UNKOC KUUATOG;

To oyfjpa 2.45 MAPLOTAVEL TO OTLYHULOTUTIO £VOC APUOVIKOU KO- ¥

MQTOG TN XPOVLKA OTLYMA 7,
1) Nolo amnd ta onueia A, B, I' €xeL autA Tn oTyun
o) HeyaAUTEPN TAXUTNTO KATA TNV TAAAVIWOT) TOU;
B) peyaAltepn enitayuvon;
2) EmuAé€te ano ta A, B, [, A kat E duo onueia
o) ou oL pAoELg Toug SladEpouv KaTA 7.
B) mou oL paoelg toug StadEpouv Kata 27.
y) TIOU ATEXOUV AMOoTOON .

Katd punkog Suo opoiwv xopdwv 1 kat 2, Stadidovtat Suo eykap-
ola appovika Kupata. To kupa otn xopdn 1 £xel Suthdola ou-
XVOTNTA KOL TO L0 TTAATOG Ao To KU oTh xopdn 2. Moleg anod
TLG TTPOTACELG TTOU 0lkoAOUBoUV €lval CWOTEG;

/A\\Br ﬁ -
VARV

Xyqpa 2-45.
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a) Hrtaxutnta Stadoong twv U0 KUPATWV oTLg U0 XopdEG elval
oLa.

B) To unkog kLUAToG otn xopdn 2 sival SUTAACLO Ao TO UAKOG
kOpatog otn xopdn 1.

y) H péylotn taxvtnta tTaAavtwong ival LeyaAUTEPN OTA OW-
patidia tng xopdng 1.

6) H péylotn emtayuvon TaAdviwong ivol PeyoAUTtepn ota
owpatidia g xopdng 1.

Ot e€lowoelg ou akoAouBouv meplypadouv Tpla eykdpaola ap-

HOVLKA KUpata tou Stadidovtat og SladopeTikd HEoa.

(@ y=10"nu2r (2[ — 4x)

(B) y=5x10" r],u27r(4t - 2x)

(v) y=2x107nu2x(2t-3x)

Ta pey€dn eival petpnuéva oto S.1

1. Moto kKU Stadidetal pe peyaAltepn TaxLTNTA;

2. Xe mola mepintwon ta HépLa Tou HECOU TOAQVTWVOVTAL UE
HEYAAUTEPN HEYLOTN TaXUTNTA;

ZupBoAn - otaciua Kopato

2.6 2tooynua 2.46 daivovtal ol kupatikol maApol A, B, I kat A mou

Stadidovtat oto 1610 UALKO katd tn StelBuvon x .
— - e

1] A R= 2 I I rl..

<

Xynpo 2-46.
Me motov amnod toug maApoug B, I kat A mpémnel va cuvavtnBel o
TAAUOG A WOTE va €XoupE amocBeon;

2.7 Moleg mny€g ovopaovtol CUYXPOVEG;

2.8 ZUUTANPWOTE TA KEVA:

JTAOLHO KUMA ovopaletal To amotéAeopa tng cupBoAng duo
KUMATWV Pe (8lo mAdTog Kat iSta ouyxvotnta mou Sdtadidovtat
OTO EAQCTLKO ECO OF€..vvveneererrereneenenne kateuBUvoeLg. To oTACLUO
kOpa &ev eivatl kOpa aAAd pa 1dlopopdn TaAAvTwaon Tou Hé-
oou. Katd tn dnuioupyia evog 0TACLUOU KUUATOG OE VOl UALKO

UTTAPXOUV ONUELAL TTOU oveeeererreeeneereseeeeneesennans Kal ovopdlovtal
Seopol Kol ONUEL TTOU TAAAVTWVOVTOL HE ..veeveereeerenrereneene Kol
OVOUOLOVTOL «vovvvererereneenenans H andotaon petaty Suo Stadoxt-

KWV SECUWV EWVAL weverenreeeeriererenee
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2.9 Ouleflowoelg
(a) y=5 cvovax nulOt
(B) ¥y =2 ocuv2x nu20t
(v) v =1 ocvv8x nust
neplypAdouv oTAoLa KUpaTa. To x Ko y Elval LETPNUEVA OE cm
KOL TO 7 OF .

1) Ze mowo amno ta Tpia, n anoctoaocn Letafl duo Stadoxikwv de-
oMWV gival peyaAutepn;

2) Ze mola amo TLG TEPLMTTWOELS QUTEG N UEYLOTN TAXUTNTA TWV
owpatidiwv mou PBpilokovtal oTiG KolAleg €xel peyaAUTepPn
Tn;

2.10 AUO oUYXPOVEG ONUELOKEG TtNYES | kat 2 dnuloupyolv oto 6o
UALKO €YKAPOLO KUPOTO LLE UAKOG KUATOG A=3cm. Ta onueia A, B
kat I” anéxouv amd tig 6vo nnyeg: To A, d, = 18cm kaw d, = 16cm.
To B, r, = 19,5¢cm kaw 7, = 16,2cm kawto I/ = 20cm kaw /', =
15,5cm. Me to 6eiktn 1 cupPoAilovtal oL AmMooTACELS TOUG ATO
Vv ninyn | Kat pe 1o S€iktn 2 oL AmooTACELS Ao TNV tnyn 2.

a) ExteAel kamolo amnod ta onueia TaAAvtwon YE PEYLOTO TTAA-
T0G;
B) MapopEVEL KATIOLO A0 AUTA SLOPKWE aKivNTO;

2.11 To oynua 2.47 MAPLOTAVEL EVA OTLYULOTUTIO £VOG OTAGLUOU KU-

HOTOG TIoU €XEL dnuLoupynOel o€ pia xopdn).

a) Mol onpeia oto oXAUA OVTLOTOLXOUV O SE0OUG KOl TIoLa
o€ KOLALEG;

B) Nooo StadEpouv ol pAceLg Twv onueilwv A kat I;

y) Nooo dadépouv ol dAcEL TwV onueiwv A Kal E;

6) Av TO UAKOG KUHOTOC TWV KUMATWY Ao Ta omoia Snuoup-
ynonke to otdolpo sival 4, mola n opllovtia andéotacn Twy
onuelwv A kat B;

Xyfqpo 2-47.

2.12 e éva OTAOLUO KUMQ, T onpela mou Bplokovtal petafy dvo Si-
adoxLkwv SecUWV €XoUV
a) tnv idla daon.
B) daoelc mou StadEpouv Katad /2.
Y) daoslc mou StapEpouy Kata 7.
6) daoelg mou dadépouv katd 2.
ErmuAé€te Tn owoth andavtnon.

HAeKktpopayvnTikad KUpato

2.13 To dwc kavel va ¢ptaocel and tov HAlo otn M nepimou 8,5 min.
Néoo nepimou améxel n M arnd tov ' HAW; (¢ =3x10° m/s ).

2.14 MNoboeg dopég to deutepolemnto Ba umopoloe va KAVEL TO yUPO
™C¢ Mg éva ocwpa av eixe taxvuTNTa o KE TNV TaXUTNTA ToU dw-
10G; (R. =6400 km ¢=3x10°m/s).

2.15 EKmoum NAEKTPOUAYVNTLKAC aKTIVOBOALQG EXOUpE OTAV
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2.17

2.18

2.19

2.20
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a) éva ocwpa gival hpopTLopEvo.

B) €vag mMukvVwWTNG gival GopTIOUEVOG.

y) doptia kwouvtal pe otabepry taxLINTA OMWCG cupPaivel
OTOUC aywyoug mou Stappéovtal amnod otabepo pevpa.

8) doptia emtayvvovtal 1 emBpadivovtal, OmMwe cupPaivel
O0TOUG aywyoug mou Slappéovtal and HeTafaAAopeva pev-
pata.

EruAé€te Tn owotn andavtnon.

H ouxvotnta evOg apUoVIKOU NAEKTPOUAYVNTLKOU KUUOTOC TOoU
SradidetaL oto kevo eivat 6 x10° Hz. To HAKOG KUUATOC TOU KUHO-
T0G auTou giva a) 5x10°m, B) 2x10°m, y) 5x10m i 8) 2x 10’ cm;
(c=3x10°m/s).

Xwpi¢ va oupPouleuteite tov mivaka pPe to pAcpa TNG NAE-
KTPOUAYVNTLKAG akTwoBoAlag, avtiotolyiote toug Stadopoug
TUTIOUG TWV KUPATWV TIoU Bplokovtal oTnv aplotepr oTthAn He
ouxvOTnTeC ou Bplokovtal otn dela.

PadtokOpata 10" Hz

MikpokUpata 10" Hz

Aktiveg X 10 Hz
YriépuBpo 10'° Hz
Yrieplwdeg 10" Hz
Aktivegy 10" Hz

MoLog TUTOC NAEKTPOUAYVNTIKOU KUUATOG €XEL UAKOG KUMOTOG
ouyKploLpo pe

a) To HéyeBog EVOG QUTOKLVATOU;

B) Ue TN SLAUETPO pLAG UGG

Y) HE Tn SLAUETPO TOU ATOUOU;

8) pe tn dLapeTpo Tou upnva;

(ZupBouAeuteite Tov TivaKa PE TO GACUA TNG NAEKTPOUOYVNTL-
KAG aktwvoBoAiag) (c=3x10°m/s).

H taxutnta pe tnv onoia dtadidovtal Ta NAEKTPOUAYVNTLKA KU-
pota givat

o) HeyaAUTEPN OTO KEVO.

B) peyaAltepn otav Stadidovtal otnv UAN.

y) mavtou ibia.

ErmuAé€te Tn owoth anavtnon.

Mol amo T e€lowoelg mou akoAouBouv dev pmopel va mept-
ypAdEL TO NAEKTPLKO TteSi0 EVOG APUOVIKOU NAEKTPOUAYVNTLKOU
KOMOTOG TTou SLadidetal oTo KeVo;

a) E =100 nu27r(6x10"°1-2x10°x)

B) £ =50 nu27(12x10°¢-4x10"x)

V) £ =100 np27 (910"t -3x10°x)

OAa ta peyédn ekdppdlovtat 6to S.l. (¢ =3x10%m/s).
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AvakAaon - 8taBAaon

2.21 Eival duvatd pa dwrtevh aktiva va pn dtadidetal eubuypap-
po; AvopEpaTe TETOLEG TIEPLITTWOELG.

2.22 310 oynua 2.48 daivovtal ot SLadoxlKEG avakAAOELS Tou Udi-
otatal pia pwtelvh aktiva oTig emidaveleg A, B kat I, Av n yw-
via mpoontwong oto onueio A eivat 30° moéoeg poipeg sival ot
ywvieg avakAaong otig emidpaveleg B kat [

2.23 e TOLO OO TO EMOUEVA OXNUATA EXEL OXESLOOTEL CWOTA N SLa-
BAWUEVN akTiva;

n=1,6

n=1,4 n=1,8 n=1,4

() (B) (v)

Xyfqpo 2-49.

2.24 MovoxpwHatikd dwc petafaivel amod tov agépa oto yuaAl. Na
OUVKPIVETE TO HUAKOG KUHOTOC, TN CUXVOTNTA KAl TNV taxuTnTa
dladoong ota duo péoa.

2.25 3to oynua 2.50 dalvetal n mopela plag aKTivag LOVOXPWHATL-
KoU dwtocg n omoia Stépxetal and tpia dtadavr) UALKA. Z€ oLo
UALKO TO Ppw¢ Stadidetal pe HIKPOTEPN TAXUTNTO;

2.26 Afopn AgukoU GWTOG EKTPEMETAL OO £va Mplopa. Moo xpwua
EKTPETIETOL TIEPLOCOTEPO, TO KOKKLVO | TO UTTAE;

2.27 1o oxnua ¢aivovrtal tpelg Stadaveig opl{OvTLeG TTAAKEG TIOAU
peyaAwv Slactaocewv. OL TTAAKEG elval TOMOBEeTNUEVEG N Uia
TIAVW 0TNV GAAN Kol To cuoTtnua TepLBAAAeTAL Ao agpa. AKTi-
VEG MOVOXPWHOTIKOU PWTOC €LoEPXOVTAL TTAAYLO OTLG TTAAKEG
OTWG O0TO oXNUA. Z€ moLa oo TIG TAAKES eivat Suvatod to Pwg,
UETA amd SLadoXLKEG OALKEC avaKAAOELG, va Byel amod tn Sefla

TIAEUPQ;
~ 11=1,3
/, n=1,6
/, n=1,5
/
Xynpa 2-51.

2.28 3to oynua 2.52 ¢paivovtal SU0 aKTIVEC LOVOXPWHATLKOU PWTOC,
0L OTIOLEC O0TO KEVO £XOUV TO (610 UKOG KUATOG. OL aKTiveg oTnv

Xyfqpo 2-48.

n=1,6

n=1,3

(8)

(@) )

Xyqpa 2-50.

®
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TIOPELO TOUG cUVAVTOUV Kal StépyovTtal amo duo mAakidia A Kat
B, Tou 18lou mayoug d kat dtapopetikov Seiktn dtabhaonc. To
ndxog d avtiotolyel og 3x 10" uAKN KOPATOG TNG aKkTvoBoAiag
0710 UAWKO A 1j og 2,2x10" uAkn KOPATOC TNG aKktvoBoAiag oto
UALKO B.

a) Moo UALKO €xeL peyaAutepo Seiktn StabAaong;

B) Z& moLo UALKO, To dwg BEAEL peyaAUTEPO XPOVO yLa VA KOAU-

PeL TV anootaon d;

AOKAOELC

Mnxavika Kopato

2.29 ‘Eva appovikd kupa dtadidetal katd uAkog pLag xopdng. O xpo-
VOG TIOU XpELAleTal £Va ONUELD TNG XOPSONG YLO VO LETATOTILOTEL
arno tn B€on HEYLOTNG amopdKpuvong otn B€on Loopporiag Tou
elvat 0,15 s. Mowa elvat n ocuxvotTNTO TOU KUUATOC; AV TO UNKOG
kOpatog sivat /=1,2 m mota elvat n taxvtnta dtadoong Tou KU-
HoTog;

[Ar: 10/6 Hz , 2 m/s |

2.30 H etlowon €vOG YPOAMULKOU QPUOVIKOU  KUHMATOG  €lval

y=3x10"" 77,u(1 320¢ - 4x) (S.L).

Na umtoAoyioete:

Q) TO MNKOG KUMATOG (4).

B) Tnv TaxvTNTA TOU KUUOTOG .

y) TN HEyLoTn TaXUTNTO TAAAVIWONG TWV ONUElWY TOU EAOOTL-
KOU HEOOU.

6) Tnv anootaon petaly dUo onueiwv Tou EAACTIKOU PECOU TA
orola napouctalouvv dtadopa aong 120°.

[Am: 1,57 m, 330 m/s, 39,6 m/s, 0,523 m]

2.31 H ninyn kupdtwv O apxilel Tn Xpovikn oTypn undév va ekte-
Ael anAn appoviky tTaAdviwon nmAdtoug 4=10 cm Kat cuxvotn-
tag /=0,25 Hz. To kOua mou énuioupyet dradidetal katd prkog
YPOLLLKOU OHOYEVOUG EAAOTIKOU LECOU UE TaxUTNTA =3 m/s.
Na umoloyioete:

o) LETA amnd noco xpovo Ba apxioel va Kwveltal kamolo onueio B
TOU UEOOU, Ttou améxel x = 60 m amnd tnv nnyn O.

B) Tnv amopdkpuvon tou onueiouv B, anod t 6€on wooppormiag
TOU, TN OTLyunA 7 = 21,5 s.

[Am: 20 s, 52 cm |

ZTAOLHO KU
2.32 ‘Eva oTaoLo KUpa meplypadetal ano tnv €lowon:

X ' .
y=0,5 O'UVTIZLI4OJZ'Z‘ OTTOV Ta. X KLl ) ElvalL O€ cm KALTO 7 O€ S.

Y

Y

“—>

Tyfqpa 2-52.

B

d

v
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a) Na ypaypete TI¢ €€lowoelg Twv SV0 KUUATWY TIOU CUHUBAA-
Aouv yLa va dnpLoupynoouV TO OTACLUO KUUAL.

B) NMoco améxouv duo dladoxikot deopol;

y) TLTaxutnta €XeL TN XPOVLKN oTyun / = 9/8 s éva onueio Tou
HECOU TO omolo améxetl I cm amo ) Béon x = 0;

6) Me tL taxvtnta dtadidovtal ta kKOUATA TTOU SnULOUPYOLV TO
OTAOLUO;

[Azm: v, =0, 25////2/7(2()1—%). », =0, 251//1/2/7( 2()/‘+(;‘)~ 3cem,=31,4 cm/s, 1,2 mis]
h b

2.33 310 OXNAUO QTELKOVIZETOL TO OTLYULOTUTIO EVOG OTAGLUOU KUMO-

TOG, KATIOLO OTLYUA KOTA TNV omoila OAa Ta onuela Tou EAOOTL-

KoU pEoou €xouv pndevikn taxvtnta. Ta KUMATA TTOU CUUPBAA-

Aouv yLa va Swoouv To 0TACLUO KUPa €xouv mepiodo 7 = 2 s.

o) No oxeSLAOETE T OTLYULOTUTIAL TOU OTACLUOU KULOTOG LETA
aro 0,5 s Kot HeETA amo 1 s.

B) Na umoAoyioete 10 MAATOC TNG TAAAVTWONG €VOG ONnUELov
niou Bploketatl otn Béon x = 12,5 cm.

[A: 232 em /

2.34 Awmoowv cuxvotntag 340 Hz nxel umpootd og Aelo katakopu-
¢do Tolxo. Avaueca 0TO SLAMACWV Kal 0ToV Toixo, otnv subeia
Tou elval KABETN oTOV TOlXO, HUETAKLVELTOL EVALOONTOG SEKTNG.
MNapatnpolpe 0tL oe SU0 SLadoXLKEC BETELC TOU BEKTN, TIOU ATTE-
Xouv HeTafL Toug 0,5 m, n évdel€n Tou undeviletal.

a) Mowa gival n taxvtnta Stadoong Tou nxovu;

B) AvtikaBiotolpe to Slamacwv e AAAO AyvwoTng ouxvotn-
TOG. Alamiotwvoupe Suo Stadoxkd péylota évtaong o Bé-
O£Lg ToU améyxouv petafl toug 0,2 m. Mowa elvat n ouyxvotnta
Tou Seutepou Slamaowy;

[Am: 340 m/s, 850 Hz]

2.35 AvVo kUpata Siadibovrtal Tautoxpova KOTtd MAKOG Tou (8lou
oxowtoU. Ot e€loWOoELS TWV KUPATWV glval:
V, =5 num(5t—x) ko y, =5 numn(5i+x) 6mou T ¥ KAl x givat
HETPNUEVA OE CIM KO TO / O€ S.

a) YrmoAoyiote tnv TaxutnTa d1adoong Twv KUPATWV.

B) Bpeite tn B€on tpLWV onpeilwv Tou oxowvLoL Ta onoia mapa-
HEVOUV aKivnTa KAl TPLWV ONUELWV TwV OMoilwv To MAATOG TNG
TOAQVTWONCG lval HEYLOTO.

y) Molo givat To pEyLoTo MAATOC TG TAAAVTWONG;

[Az: o) S5cm/s ) 0,1cm, 2cm, ...ko1 0,5¢m, 1,5¢m, 2,5¢cm,... y) 10cm]

2.36 Avo kUpata idlou mAdtoug, cuxvotntag 60Hz, Stadidovtat avti-
Beta og xopbr) TNG omolag Ta AKPA ElvaL OTEPEWUEVO OE AKAOVN-
Ta onuela. H taxutnta dtadoong twv Kupatwy givatl 120m/s. To
OTAOLHUO KUMA TIou SnuLoupyeitat otn xopdn £xeL Tpelg SeopoUg.

y(cm)

‘:J\ 1 5/\ x(cm)

IR

Xynpa 2-53.

NS
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Bpeite T0 punkog tng xopdne.
[Ar: 2m |

HAEKTPOMAYVNTLKA KUHOTOL
2.37 Evog padlodwvikog otabuog ekméunel ota 100 MHz.

a) Molo lval To LAKOG KUUATOG TIOU EKTIEUTIEL O OTAOUOC;

B) H péylotn TLUAR Tou NAEKTPLKOU TESIOU TOU KUUATOG OE KA-
nota Béon eivaw £, =12x10" V/m. Mowa givaw n péylotn
TLUA TOU payvnTkoU medlou Tou KUUATOC o€ ekeivn Tn BEon;

y) Av yla tTn AR autol Tou NAEKTPOUAYVNTIKOU KUUATOG XPN-
olpomoleital 6éktng pe kUkAwpa LC, oto omoio to mnvio €xel
OUVTEAEOTH auTenaywyng L=5 mH, yla mota Tiur tTng xwpen-
TLKOTNTOG TOU TIUKVWTH cuvtovileTal o S€KTNG;
(c=3%x10"m/s ). Oewpnote 7° ~ 10.

[Am: 3m, 4x107"'7, 5x107"°F]

AvakAaon - AldOAaon

2.38 Me mota taxvtnta Stadidetal povoxpwpatiko ¢wg o yuaAl
Tou €XeL yU auto 1o pwc deiktn StabAaong 7 = 1,5; H taxvtnta
TOU PWTOG 0TO KeVO etvat e = 3x10%m / .

[Ar: 2x10°m /s ]

2.39 Jtov muBuéva Soxelou TOU TEPLEXEL VEPO TOMOBETOUUE pLa
YUAALVN TAGKa. Aéopn TapAAANAWY aKTIVWV LOVOXPWHOTIKOU
dWTOC TMPOOCTIMTEL ATO TO VEPO OTN YUAALVN TTAGKA UE ywvia
npoomntwong 30°. Bpeite TI¢ S1eUOUVOELC TWV AVAKAWUEVWVY KOl
SLABAWUEVWY OKTIVWV.

Atvovtal ot Seikteg SL1aBAaong Tou vepPoU Kol TOU YUaALoU

n, =133 ko n,= 1,52 avtictoa.

[Ar:60 =30°, u6), = 0,4375 ]

2.40 Méoa og uypo pe ayvwaoto deiktn StabAaoncg Bubiloupe playva-
Awvn mAdka. Mot AETTH LOVOXPWHOTIKA SE0UN TEPTEL OTNV TTAQ-
Ka HE ywvia poomtwong ¢ . MetaBallovtag tn ywvia npdo-
TITWONG TTAPATNPOUKE OTL OTaV €lval peyaAltepn twv 60° n 6€-
oun maBaivel oAlkr) avakAaon otn yuaAvn mAdaka. Av o giktng
d1aBAaong tou yvaAiou eivat 7, = 1,5, va BpeBel o deiktng dia-
BAaong tou uvypou.

[Am: /3]

2.41 HAexktpopayvntiky aktwoBolia cuxvétntag [ =5,1x10"Hz
€XEL - OTO VEPO - PAKOG KUpatog A =4,4x10" m. Na Bpeite t0
beiktn SLaBAaong tou vepou. H taxutnta Tou Ppwtodg 0TO KEVO
glvatc =3x10" m/s.

[Anr: 1,33 ]
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2.42 To MPAKOG KUHMOTOC HLOG HOVOXPWHATLKAG OKToBoAlag otov
aépa eivat 650nm.
a) Mowa gival n cuxvoétnta TnG aktTvoBoAiag;
B) Moo €ival to uNRKog KUPOTOC TNEG akTvoBoAlag otav SLEpxe-
TaL ano yvaAi ou €xel deiktn StabAaong 1.4;
y) MNota gival n taxVutnta tng aktvoPfoAiag oto yuaAi;
Atvetatc =3x10° m/s.

[Ar: a) 4,6x10"Hz, B) 464nm, y) 2,14x10°m/s |

2.43 To kitpwo dwg mou Sivel n Aduma vatpiou Stadidetal o€ kAmoLo
uypo e TaxvTnTa 1,92 x10° m/s. Motog eivat o Seiktng StdOAa-
onNg Tou LypoU AUToU yLa To Kitpvo dwg;

Aivetatc =3x10° m/s.

[Ar: n = 1,56]

2.44 Movoxpwpartikr déoun dwtodg medptel kABeTa otNV emipaveLa
nplopatog pe deiktn dtabAaong 2 = V2 OMWC 0To oYNua 2.54.
Yrniohoyiote tn peyaAUTEPN TLUA TNG YWVLOG ¢ YLt TNV omola n
6éoun udlotatal oAk avakAaon otnv empavela B/ Tou npi-
OMLOTOG,.

[A7T ngﬂélX - 45(7

2.45 MoVOXPWHOTLKN SECUN TIPOCTILMTEL OTO ONUELO A HLOG YUAALVNG
TMAGKOG PE Yywvia mpoomtwong 60° (oy. 2.55). Nolog mpemel va
elvat o eAdaylotog deiktng SL1aBAaong Tou yuaAlol woTe n SEoun
va UTtOOTEL OALKN) avakAaon oto onueio B; (H yuaAwvn mAdka
Bploketal otov aépa).

[Ax: 1,32]

MpoBARuota

2.46 Avo ouyypoveg mnyeg [l kau [1, dnuioupyoulv otnv erdpdvela
€VOG LYpOU KUpaTa, pe mMAAatog A = 3 mm kot epiodo 7' = 0.4 s.
H taxVutnTa Twv KUPATWV ivat v =5 71/s. Eval UKPO KOUUATL hEA-
AoU Bploketal o€ kAmoLo onpeio TNG eMLPAVELOG, OE ATTOOTACELG
7, = 6mkairr, = 5,5 m ano g nnyee. H kivnon tou peAAou eivan
amotéAeopa TG cUUPBOANC Twv SUo Kupatwy. Na meplypaete
TNV Kivnon tou.

[Ar: amin opuovikn taldviwon, ue midrog A =3 V2 mm xa mepiodo 0,4 s|

2.47 Xekamolo onueio otnv emipavela evog uypol SnULoupyoU e KU-
pata pe tTnv nyn 1. 2to onueio X tng emudpavelag, oe anootaon
o, amnod TNV mNyn, Ta KUPOTO Unopouv va ¢tdcouv 1 ansuBeiag
(akoAouBwvtag tn Stadpoun I1X) n adol avakAaotouv oTOV
avakAaotinpa A mou BplokeTal otnv emipaAveLa TOU VYpoU Kal

A
Xyfpa 2-54.

Xyqpa 2-55.

Xyfpa 2-56.
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TIAVW OTN LECOKABDETO TOU TUAUATOC [1X. AV LETOKLV)OOUE TOV
OVOKAQOTI PO TIAPOATNPOULE OTL OTAV ATEXEL anootacn H amo
10 O, TO oNueio X MAPAPEVEL CUVEXELO OKIVNTO, EVW, YLa TPWTN
dopa, KAVEL TAAAVTWON HE LEYLOTO TTAATOC, OTOV O OVAKAAOTH-
pa¢ pLeTOKElTal katd . Na Bpelte TO UAKOG TOU KULLOTOC.

[Am: 2JA4(H +d)’ +a° —2V4H +a’ ]

2.48 Mia onuelakn TNy HOVOXPWHATIKOU GwTog Bploketal os Ba-
Bo¢ h, péoa oe vypo pe deiktn SlabAaong 7 yla To pwg mou
eKTEUTEL N TtNyA. Na uTtoAoyiloeTe TNV akTiva tou pwtewvou bi-
oKkou Ttou BAEmeL otnv eAeUBepn emidpaveLa Tou vypoU Evag Ta-
pPATNPENTAG MoV BpilokeTal £€w amod to vypo.

V]

et

n —1

2.49 Mo OKTLvO LOVOXPWHATIKOU GWTOC MEPTEL TTAVW OE YUAALVN

TIAGKa TtaxouG d. H ywvia mpoomtwong tTng aktivag elvat ¢ Kat o

Selktng SLaBAaong Tou yuaALlou 7.

a) Aei€te OTL N akTiva ou e€€pxeTal anod To yuaAl eival mapdA-
ANAn otnV apXLKN.

B) Yrmoloyiote tnv moapdAAnAn petatonion mou udiotatol n
OKTLva OTtO TO YUOAL.

[Ar: [ =dnup| 1- S j /

't —nle

2.50 KuAwéplko boxeio €xel dapetpo Baong 8/2 cm kat AyvwoTo
Uy o¢. Evag mapatnentig Bploketal os TéTola B€0n, WOTE POALG
va BAETIEL TNV ATEVAVTL ECWTEPLKA AKPN TOU MUBUEva, OTav To
Soxelo eival kevo. Av to doxelo eival yeATO UE VEPO O TIOLPATN-
pNTAC, XwpPLic va aAldalel Béon BAEMEL TO KEVTPO TOU TUOUEVA.
Na urtoAoyioete o Uog tou Soxelou. Alvetal otL o Seiktng SLa-
BAaong Tou vepou eivatz =/ 2.

[Ar: 8 cm]

[Ar:

2.51 H éudtagn tou oyxnpatog 2.59 anoteAeital and duo cwAnveg A
kat B. O owAnvag B pmopel va petakiveital. Me tov Tpomo auto
HeTaBaiAetal to unkog x. Mwa nxntikn minyn 11 dnuioupyet oto
avoltd Akpo tou ocwAnva fxo cuxvotntag 1,25kHz. 2to dAAo
aKpo (%) Tou ocwAnva ¢ptavouv TauToxpova U0 NXNTLKA KUUATA.
Ta kOpata dnuioupyouvTal anod TNy mnyn Kat dtadidovtal péow
TOU a€pa 0Toug owAnveg A kat B. Otav petakwvoUpe To cwAnva
B (netafaAAetal TOTE N amOCTACN X) MAPATNPOUVLE OTL N EVIAON
TOU AXOU OTo onueio = avéouelwvetal. H évtacn tou nxou oto
onueio X glvaw undév étav n anootaon x eivax, = 0,408 7. Mol
glval n emopevn TN TG anootaong x (x > 0,408 m) ywa tnv
omnola pundeviletal Eava n évtaon Tou Axou; Alvetal n taxvtnta

Xyfqpa 2-57.

Xyfqpa 2-58.
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TOU NXou otov agpa v = 340m/s.
[Arm: 0,544 m ] .

o
)

) yfqpa 2-59.

2.52 Tinyég kupatwy 1, kau 1, dnuioupyolv otnv erddvela uypou

gykdpola kupata. Eva onueio K mou améxel 7, Kol 7, ano TG

TINYEG EXEL KABE OTLYUR amopdkpuveon v, = Anu(2xt —r + @)

(S.I) e€autiag Tou kbpatog mou dnuoupyel n mnyn 11 ko

v, = Anu(2rt —rr,) (S.1.) e§artiog tou kUpatog ov dnuoupyet

n mtnyn 11,

a) Na Bpeite tnv taxvtnta Stddoong Twv KUPATWY otnV enida-

VELQ TOU UypoU.

Vs
B) Av ¢, = 5 ToLa TIPETEL va elval N Stadpopad Twv ATIOCTACEWVY

7~ r, Tou onueiou K amd tig 6vo nnyeg wote
i. va dlatnpeital cuvexwe akivnto Kat
ii. va TaAavTtwveTal e Aatog 2.4;

y) Mota mpemeL va elvat N T TG ¢, WOTE Eva onpeio M tng
erudaveLlag Tou bypou Tou Ppioketal og anootacn 1, = 12m
ané v 11, kaw 7, = 10m and v I1, va mapapével dlapkwg
akivnto;

>

Z

JArc: 2m / s, { 2N + 3/,,;, N=0,+172,...., { 2N+
9

1
)//7 N=0=+1,%2,...., zradl

2.53 To dkpo O, ypapuLlkol opoyevoUs EAAOTIKOU LECOU TIOU EKTEL-
VETAL Katd tn StevBbuvon tou nuiaéova Ox apyxilel, Tn xpovi-
K otypn ¢ = 0, va ToAavTwveTol cUpdwva pe TV eflowon:
v =>5nul0xt (to y o€ cm T0 t O€ ).

H taAdvtwon tou onueiou O SLadidetal 0To HESO HE TaXUTNTA

v =20 cm/s.

a) Na ypaete tnv e€lowaon tou KUUATOGC.

B) Na mapaotroste ypadika Ti¢ pACELS TWV ONUELWV TOU HEOOU
oTo omolo SLadideTal To KOO O GUVAPTNON UE TNV AMOCTA-
on (x) ané tnv rinyry O, TN XPOVIKA oTyun 7, = Is.

y) No oXe6LA0ETE TO OTLYULOTUTIO TOU KUMATOG TN XPOVIKA OTWYUA 7,.

x
[Am: a) vy =5nulx ( 5t —Z) (o x,y o cm 10 t 0 5) |

2.54 e ypapplkd EAAOTIKO LECOV TIOU EKTELVETAL KATA MAKOG TOU
afova x'x €xel SnuoupynBel oTACLUO KUMA TTOU TteplypadeTaL
. ’ X
amno tnv e§lowon v = 860v717;1107rt (ta x, y og cm, tO t O€ 3).
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a) Mol elval n TaxuTNTA TWV KUUATWY N cUUPBOAN Twv omolwv
€6Woe AUTO TO OTAGCLUO KUUQ;

B) Mowa givat, tn xpovikA otyun ¢ = 1/40 s, n amoudkpuvon Kat n
TayutnTa Tou onpeiou M Tou UALKOU Ttou PBplokeTtal otn B€on
Xy = 0,5cm;

y) Ndéool deopol umtdpxouv HeTaly Twv onpeiwv A kat B tou UAL-
koU Ttou Bpiokovtal oTig Béoelg x , = -4cm ko x, = 10cm;

[Ar: o) 20 cm/s, p)y,, = 4cm, v,, = 40w cm/s, y) enta |

Meploxec Padiokvuatwyv

O Hertz, mpwTtog, to 1887, otnpl{opuevog oTig TPoPAEPELS TNG NAEKTPO-
poyvnTikng Bewplag tou Maxwell, emétuxe TNV mopaywyn nAEKTpopa-
YVNTLIKWV KUPATWV. ITa XpOVvLa TTou akoAouBnaoav €ywve PLeyain mpoomad-
Bela yla Tn HETAS00N UNVUUATWY HECW NAEKTPOUAYVNTLKWVY KUUATWV.
To 1900 o Popov otn Pwoia kat o Marconi katadepav va HETASWOOUV
UNVULOTO O€ AmO0oTAon LEPLKWV SEKASWV XIALOUETPWV.

INUEPA ELMOOTE ECOLKELWUEVOL ME TIG SLAPOPEG HOPPEG ETULKOLVWVIAG
Tou otnpilovtal ota NAEKTPOUAYVNTIKA KUUATA, arnd To padlodwvo Kat
NV thAedpacn LExPL Ta aclpuata TnAEdwva Kal TIG CUVOETELG LETAED
UTTOAOYLOTWV. H avamntuén tTwv enkowvwviwv dnpioupynoe tov Kivéuvo
vaL ylvovtal SLapopETIKEG EKTIOUTEG oTNV (Sla cuxvoTnTa, yU autod, UoTe-
pa amnod Siebveic oupudwvieg, kabBoploTnKkayv oL IWVEC TWV ETILKOWVWVLWY,
dnAadn meploxEg ouxvoTHTwy mou dlatiBevtal yia 1o padlddwvo, TN
TNAEOPOON, TIC EMLKOWVWVLEC TWV TTAOLWY, TWV AEPOTTAAVWY K.A.TL.

Mpwv MPOXWPNOOUUE OTNV EPLypadr) aUTWY TwV MEPLOXWV Ba TpEMEeL
va UAROOUE yla SUO TTAPAYOVTEC TTIOU EMNPEALOUV TIG ETILKOLWVWVLEG.
Mpokettal yla to £6adog kat tnv Lovoodatpa. Ta kUpata mou dtadido-
VTOL KOVTA 0TV emdavela tne Mg amoppodwvtal amno auvth. H anoppo-
dnon eivat peyaAluTtepn yla Ta PLKPOTEPA KUAKN KUUATOG. H Lovoodalpa
elval otpwpa tng atpuoodalpag mou Bpioketal og LPog amod 60 km €wg
350 km kot TapouoLAleEL ONUOVTLKI OYWYLHOTNTA. H aywyLoTnTA TG LOo-
voodalpoag odpelAetal 0TO HEYAAO aplOUO LOVTWV Kol NAEKTPOVIWVY TToU
nepLéXeL. H dnuioupyia autol Tou oTpwpatog odeiletal oto Boupapdi-
ouo mou udiotatat n M and dtadpopec aktvoPorieg mou mpogpyovral
KUplwg amod tov ‘HAlo. Ta NAEKTPOUAYVNTIKA KUMATA TTOU EEKLVOUV Ao
N M Kat pTavouv otnv Lovoodalpa, OTavV £XOUV UNKOC KUUOTOC LEYAAU-
TEPO ATO £va OPLOo, AVAKAWVTAL KAl EMLOTPEPOUV 0T M. EToL LEoW TNG
OVAKAQONC TOL KUUOTO QUTA PTAVOUV OE EYAAEC ATIOOTAOELG.

Makpd kupata : Exouv unkog kupatog and 1000 m éwg 2000 m. Ta
KOpoto autd tafldevouv mavw anod 1o £€5adog Kal Umopouv va dltavu-
OOUV HEYAAEC QMOOTACELS AVW OTN M XwpLlg onuavtiky e€aoBEvion.
Amoppodwvtal OUwWE 1o eVKOAQ amo tn BdAacoa kot €ToL 6€ pumopouv
va SLavUooUuV PEYAAEC ATMOCTACELS TTAVW OO QUTH.
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Meoaia kOpata : Exouv pnkog Kupatog and 100 m éwg 1000 m. Na-
pouctalouv peyaAltepn amoppodnon amno tnv empavela g Mg aAla
OVAKAWVTAL TIAVW OTNV LoVOodaLpa Kot GTAVOUV O€ LEYAAEG ATIOCTAOELG.

Bpaxéa yopaktnpilovral ta HAKN KUpatog and 10 m éwg 100 m. Aa-
TLEPVOUV EUKOAQ TA XOAUNAGTEPA OTPpWHOTA TNG LOVOodatpag aAAd ava-
kKAwvtat ano ta vPnAotepa, mou Bplokovtat og UPog mavw amod 180 km.
Me SLaboXIKEC avaKAAOEL HETAED LOVOVOOdaLPOG KOL TNG EMLPAVELAG
NG MG Umopouv va GTACOUV O€ LEYAANEC ATIOCTACELG, VA KAVOUV OKOUA
Kal To yupo tn¢ Mg xwpic va epmodilovtal anod tnv KAUMUAOTNTA TNC.
MoAAotl amo toug padlootaduolg mou «mLdvoupue» ota Bpaxéa eudavi-
{ouv aotabela kata tn ANPn touc. Autd odeilleTal otnv aoTabela ou
napouctalel n Lovoodatpa. OL SLadopeg MEPLOXEG TNG LOVOODALPAG HIE-
TOKLoUVTOL, LE TO XpOvo, aAldlouv cUoTaOoN, EKTACN Kal popdr, ava-
Aoya pe tn 6€on tou HAlou, pe pawvopeva mouv cupPBaivouv otny emipa-
vela Tou ‘HALOU, LE TIG ETTOXEC TOU XPOVOU K.d.

Neploxég VHF kot UHF. Ta VHF avtiotolyoUv o€ PRKn KUPATOG ano 1
m €wg 10 m (ouxvotnteg 20 MHz éwg 300 MHz) kat ta UHF and 10 cm
€wg 1 m (ouxvotnteg amo 300 MHz éwg 30000 MHz). Ta KUpATO QUTA
Slamepvolv TNV Lovoodalpa Kol amoppodwvTal oAU ypriyopa amod 1o
€dagdoc. I autod, otnv TnAedpacn OMoU XPNOLLOTOLOUVTAL QUTEC OL OU-
XVOTNTEG, TIPETIEL OL KEPALEG TWV OTILTLWV HAG VO £XOUV OTTTIKN emadr UE
TNV Kepaia Tou otabuol eKMOUTIAG } TOU avapeTadotn mou ouvhiBwg
Bploketal o€ €va KOVTVO Bouvo.

MuwpokUpata: AVTIOTOLXOUV O€ UNKN KUpatog and 0,1 mm éwg 1 cm.
Ta pkpokUpata Slamepvouv tnv Lovoodatpa Kot TpoodEpovTal yLa ETL-
KOLWVWVIEG LEow Sopudopwv.

KuygeAwrn (Kwvntn) TnAspwvia

To kuPeAwtd ouvuotnua Aéyetal £tol
eMeldn xwpilel tnv meploxn kaAuvyng oe
oxebov e€aywvika koppatia. To kaBe Kop-
HATL £XEL OTO KEVTPO TOU €vav otabuo Ba-
on¢ (kepaia). Mettovikég KUPEAEG XpNOLUO-
ToloUV SLadOPETIKEG GUXVOTNTEG, EVW KN
YELTOVIKEG UTIOPOUV VO XPNOLUOTIOLOUV TLG
16leg, e€aodalilovrtag peyaiAn Xwpntiko-
NTA HE €Va TIEPLOPLOUEVO EUPOG CUXVO-
twv (bandwidth). KaBe otaBuog eAéyyou
EKTIEUTIEL TNV TAUTOTNTA TOU OE pia Kown
ouxXVOTNTA EAEYXOU £TOL WOTE TO CUCTNUA
va E€pel og mola KUPEAN Bpiloketal. Kabwg
0 KWNTOG oTaBuog Kiveital péca oto ou-
otnua, enavalapPavel tnv dla Stadika-
ola kaBe dpopa mou evromnilel Ot BplokeTal
oe StadopeTikn KUPEAN

Xynpa 2-60.
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Otav o ouvdpountng déxetal €va TNAedwWvVNUA, TO KEVTPO OTEAVEL
MECW TNG KOLWAG OUXVOTNTOC EVTIOAN OTOV avAAOyo Kvnto otabuod (tn-
Aédwvo) va xtumnoel, adou E€pel o ola KU EAN Bploketal. To KEVTpO
Slvel 0TO OTABUO £va CUYKEKPLUEVO KOWVAAL OTO OMolo ylveTal n emLKoL-
vwvia.

Mapopola, 6tav o0 cuvEpPoUNTAG BEAEL va KAVEL Lia KANON, OTEAVEL pia
EVTOAI OTO KEVTPO HECW TNG KOLVNE OUXVOTNTAC. TO KEVTPO QNMAVTAEL UE
€Val KOWVAAL OTO OMoL0o YIVETAL N EMLKOLVWVLA.

Kata tn Siwapkela evog tnAepwvriuatog, kabwe¢ 1o tnAédwvo Tou
ouvdpounth (Kvntog oTabuog) Kweltal péca 0To cUCTNUA, TO KEVIPO
€AEYXEL OUVEXWC TNV LoXL TOu onuatog mou Aappavel. fettovikol otaBb-
pol Baong umnopel eniong va AapBdavouv to idlo onpa Kabwg o Kvntog
oTaBOuOC Kveltal mpog autous. Otav to onua e€acbeviosL apKETA OTOV
apXLKO 0TaBuo Bdong kat Aappavetal o duvatd o €vav aAAo, To Ké-
vTpo Sivel eVTOAN oToVv KvNTO oTtaBpo va aAAAEeL KavaAl, o€ €va KavaAl
TIOU aVNKEL 0TO VEO oTtaBud Baong. Auti n Stadikacia Aéyetal hand-
off. Otav aAAdlel To kavaAl, o cuvdpountng avTtAapBavetal povo pia
pLkpn dtakomn otn petadoon. EToL 0 cuVEpOUNTHG UMOPEL va cuveXLoEL
ULO CUVOULALO, QKON KL OV LETAKLVNOEL 0€ LEYAAEG ATMOCTAOELC.

Ta mpwta KUPEAWTA cCUCTAKATA ATAV avaAoyLka, SnAadn n petadoon
TOU NXou eilval avaloyikn. Tétola cuothiuata eival to AMPS [Advanced
Mobile Phone System, (Mponypévo Zuotnua Kivntwv TnAedpwvwv)] mou
xpnotuomnolnonke kupiwg otn Bopeta Auepikn ota 800MHz, to NMT 450
kat 900 (Nordic Mobile Telephone ota 450 kat SO0MHz) otig okavéva-
Blkég xwpeg kat TACS [Total Access Communication System, (ZUotnua
Erukowwviag MAnpoug NpooBacng)] mou XpnoLUonolNOnKe O HLEPLKES
EUPWTTALKEG KOL OOLOTIKEG XWPEC Kal elval oxedov idlo pe to AMPS. To
TIPWTO EUMOPLKO cuoTtnua AMPS Aettoupynoe oto Chicago, To 1983. Ap-
XIKA xpnoLpomnolovoe 666 kavaAla mAdtou¢ 30kHz, aAAQ PETA EMEKTA-
Bnke ota 832. O xog dtapopdwvetal pe dtapdpdpwaon FM.

IAUEPOA XpNOLoMoLlouvVTaL KUpilw PndLakd cuoTtipaTto Onwc to GSM
[(Global System for Mobile communications, (Maykooplo ZuoTnua yla
Kwntég Emkowwvieg)], to 1S-136 (Industry Standard 136) kat to 1S-95
(Industry Standard 95). To GSM &ival to 1o SnNUOBLAEG TTOU XPNOLULOTIOL-
eltat otnv EAAGSa. Ynapyxel oe ekdooelg ota 900, 1800 kat 1900MHz.
Jtnv EAAGSa Asttoupyetl ota 900 kat 1800 MHz. Xpnolpomolel kova-
Ao mAdtoug 100 kHz. To kaBe kavaAl e€umnpetel meploocdTEPOUG ATIO
€vav ouvdpounTEC. AuTo yivetal péow tng xprnong TDMA [Time Division
Multiple Access, (MoAAamnAn MpooBaon Alaipeong Xpovou)], mou potpad-
{eL TO KOWVAAL O€ 8 XPOVLKEG OXLOMEC. KABe ouvdpounTng malpvel pia anod
TIC OXLOUEG KOL EKTIEUTIEL LOVO KOTA TN SLAPKELA TNG, EVW UEVEL OLWTIN-
POG KaTA TN Slapkela Twv AAAwvY 7. EToL 8 cUVSPOUNTEC XPNOLUOTIOLOU-
VE TO KOVAAL ouyxpovwe, e€acdaAilovtag LeyaAUTEPN XWPNTLKOTNTA.
Aoyw tng Ynodlakng petadoong n moLdTnNTA Tou NXOU €ival KAAUTEPN Kot
e€aodalilel To andppnto Twv cuvdlaAéEewv. Emiong yivovtatl Suvateg
SLadopeg MponyUEVEG UTNPEDLEG, OMWG N HeTAdoon Sedouévwy Kat n
OTTOGTOAN CUVTOUWY YPOTTTWVY LNVUUATWV.
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(3.1. ) Elcaywyn

Ot puotkol kal oL pnxavikol amodidouv To XapaKTNPLOUO «PEVOTAN
0T UYPA KoL TA A€PLO. CWHOTA, TO omola - avtiBeTa Ye Ta oTeEpPEq -
bev €xouv 61ko Toug oxrua aAAd maipvouv To oxfua tou dSoxeilou ou
TO TIEPLEXEL.

H SLakplon Twv peUOTWV OE LYPA Kal aépla Baoiletal otn otabe-
poOTNTO TOU OYKOU TouG (Yo oplopévn Bepuokpacia). Ta vypd sivat
TIPAKTIKA acupnieota, £xouv SnAadn otabepod Oyko, aveédpTnTo Ao
NV Tieon. AvtiBeTa ta aépla €lval CUMTMLECTA. AUTO Onuaivel OTL O
OyKOG TOUG €€0pTATAL ATIO TNV TILEDT) TOUC.

Kwoupaote péoa o peuOTA (0TOV ATHOODALPLKO OEPQA 1) OTO VEPO
NG BaAaocoag) peTaPEPOUNE TEPAOTLEG TTOCOTNTEG PEVCTWY HE OW-
ANVEC, EKUETAAAEUOUQOTE TNV EVEPYELA TWV PEVUCTWV YL VO AUGOULE
TIPAKTLKA LOG TTPOBANHATA ...

H avantuén tng texvoloyilag oToug ToUElG autoUg BacioTnke oTn
UEAETN TWV VOUWV TIOU SLETIOUV TNV KIVNON TWV PEUCTWV.

(3.2.) Yypa 2€ looppormia

H nieon! ota Siddopa onueia Tou XWPOU TOU KATAAAUBAVEL Kd-
TIOLO UYPO KOlL OTA TOLXWHATA TOU SOXELOU LECA OTO OTIOLO TIEPLEXETALL
odeiletal  0To BAPOG TOU LYPOU N OE EEWTEPLKO aitLo. QG EEWTEPLKO
aitlo umopouue va Bewprooupe TNV mieon mou Kamnolo €UPoAo aokel
O£ JLa TIEPLOXN Tou uypoU. H Tiieon mMou UETPAEL TO LAVOUETPO OTO
doxelo tou oynpatocg 3.1 opeiletal kot oTo BAPOC TOU LUYPOU TOU TE-
pLExetal oto Soxelo aAld kat otn Spacn tou eUPfoAou.

YSpootatikn nieon

H niieon movu odeiletal oto Bapog Tou uypou ovopaletal vdpo-

OTOTLKN Tigon.

H uSpootatikni mieon €xelL vonua povo epooov to uypo PBploketal
puéoa oe medio Baputntoc.

H oxéon mou &ivel tnv udpootatiki mieon o€ KAmolo onueio I tou
XWPOU Ttou KataAapBavel éva uypo o€ LooppoTia eival
p=pgh
omnou /: To BaBo¢ tou onueiou I (n andotacn anod TNV avVwTePN ETL-
davela Tou vypou) Kal
p: N TIUKVOTNTO TOU LYPOU.

(@gpeAwdng vopog tTnG USPOOTATIKAG)

Apxn tou Pascal (MaokaA)
Otav €va vypo Bploketal ektog mediouv Baputntag, o€ OAN TOU TNV
€KTaonN eTKpOTEL N (Sla migon. AuTo TPAKTIKA onpaivel OTL

n mieon mou dnuioupyel Eva eEWTEPLKO ATLO OE KATOLO ChMELO
TOU UypoU petadépetatl avalloiwtn o€ OAa Ta onueia Tou.

H rmicon oto diapopa onueia
evog vypod ogpeiletar oto Pa-
poOg tov ka1l o0& eCWTEPIKG O~
Tia.

Tyqpa 3-1.

f
h
!

H vopooratikn wicon oe fdabog
h eivar pgh.
Tyqpa 3-2.

1Y7rev6’vﬂiﬁferal ot n wigon
opiletal wg 10 TRAiko Tov Ué-
POV TNG ODVOUNG TOV AOKEIL-
to1 kaleta oe pio emipavelo
TPOGS 10 EUPAIOV THE EXLPAVEL-
¢ avTHG! dF
. p:—.
dA

2to S.1. n mwicon uetpiétar oe
Pa (Pascal). 1 Pa=1N/m>



o1

(opxn Tou Pascal)

Ma moapadeypa, oto Soxeio Tou oynuatoc 3.3, Ta pavoueTpa Sei-
Xvouv OAa tnv idLa mtieon otav to Soxelo Bploketal ektog mediov Ba-
putnTaG. Av auénBel n Suvaun mou aokeital oto €puBolo katd AF Ba

auénBel kaL n ieon og OAQ T LAVOUETPA KOTA AL (A epBadov tou
EUBOAOU). 4

Eav twpa to oxeilo Bploketal eviog tou mediov Baputntag, n mie-
on mou Selyvouv Ta pavopetpa sival StadopeTiky oTo KABe éva amno
auta avaloya pe to BaBog oto omoio Bploketatl. Av maAL auénBei n
Suvapn mou aockeitat oto EuPoro katd AF Ba avénbel kal n nieon oe

, , , AF
OAQL Tl LOVOULETPA KATA U

Znueiwon : Av KATIOLO UYPO LOOPPOTIEL O avoLXTO SoXElD, OTNV EAEV-
Bepn emudpaveld Tou aokeltal n atpoodatpikn nieon. Etol n nieon os
BaBog h Ba eival

P=D,+pgh,

akpLBwg emeldn, onmwe poPAEmEL n apxn tou Pascal, n atpoodatpikn
niieon petadEépeTal o€ OAa T onpeia Tou vypou.

() (B)

(a) To doyeio Ppioketar exktog mediov Papdtnroag. H micon mov dnuiovpyei n
ovvoun petapépetol o oda ta onueio tov vypod (P) Av avénbei n dovaun, n
wieon oto VYPO AVEAVETOL OUOIOUOP PO TE OAQ TO OHUELA TOV.

Syfqpa 3-3.

Mapadeyua 3.1

Y&pauAkog avupwtnpag xpnotponolLeital yia tnv avupwaon auto-
kwhtou Bapoug w = 18000 N. Moon SUvapn MPEMEL VOL ACKACOUE OTO
ULKPAG Statopng €uBoAo Tou oyruotoc 3.4 WOTE VO TIETUXOUUE TNV
avUpwaon Ue To peyaing dtatoung EuPolo; Ta EuPola sivat KUALVSPL-
K& Kal £xouv akTiveg 7y = 4cmka 7, = 20 cm avtiotolya.

Amavtnon :

JUpdwva pe Tnv apxn tou Pascal n emumA€ov nieon mou odeiAeTal otn
Suvapn mMou aoKACAUE 0TO ULIKPO €uPoro Ba petadepbel kat oTo pe-
yaAo.

Apa Ap,=Ap,=p (3.1)

Opwg Ap, =F /4, (3.2)

Ko Ap, =F,/ 4, (3.3)

Blaise Pascal (1623-1662).
I'éAlog emiotiuovog kot pilo-
copog. Aviovyo mwvedua, mo-
Atvdpoupovoe ovoveEymws avaueco
oto Opnokevtiké tov ocOLVOI-
oOnua Kol TIC EMIOTNUOVIKES
00 avnovyieg, Tpoomalavrog
va to coufifdoet.

Ewkova 3-1.

!

T
>

Xyfqpa 3-4.
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AvtikaBlotwvtag Tig (3.3) kat (3.2) otnv (3.1) mpokUmTEL
il
AI

o

onote F =

!
~ [ =

AapBavovtag umtodn OTLTo PETPO TNG /-, MPETEL VAL ElVOL TOUAAXLOTOV
(00 HE TO HETPO TOU BAPOUC W TOU QUTOKLVATOU, KOTOA)YOULLE

"
2

n(4x10*2m)

F, =(18000N)- -=T720 N

ﬁ(20><10’2m)

(3.3.) Psuota 2 Kivnon

Kata tnv kivnon Twv peuctwy avamntuooovtal SUVAELS TPLBNG He-
TV TWV poplwv Touc (eowTteptkn TPLPR) aAAd Kat peTafl Twv poplwy
TOUG KOl TWV TOLYWHATWY TOU CWANRVO LECO OTOV OTOLo TMpayuaTo-
noleital n kivnon (duvapelg ouvadeiag). Av ot SUVAUELG TTOU TIPOQ-
vadEpape urtepBouv KATIOLO OPLO TO PEUOTO SNULOUPYEL KATA TN pon)
Tou Siveg kal n por Aéyetal tupBwdng N otpoBLAwdNG. H HeAéTn pLag
TETOLAG Kivnong eivat moAUmAokn. Epeic Ba meploplotoUe ot HEAE-
TN TNG PONG EVOG PEUOTOU TOU SeV MOPOUGCLATLEL ECWTEPLKEC TPLREG Kall
TPLBEC E TA TOLXWHATO TOU CWARVA LECO OTOV OTIOLO PEEL KOLL ETILTTAE-
ov elvatl acupmnieoto. Eva TETOLo peUOTO Xapaktnplletal we Ldaviko.

3TNV MPOYHUATLKOTNTA N CUUTIEPLPOPA TWV KIVOUEVWV PEUCTWV SL-
adEpel MTOAU A Alyo amnd tn ocupumnepltdopd Twv LOAVIKWY PEUVOTWV. Ma
va SLOKPIVOULE TOL UTTOPKTA PEVCTA ATO Ta Ldavika Ba ta ovopdlou-
LLE T(PAYHOTIKA PEVOTAL.

H pon evog bavikou peuotol eival otpwtn, SnAadn dev mapouaot-
aleL otpoPiloug.

Pevpatikég ypappuég - OAéBa - Napoxn

To oUvolo Twv BEoewv amo TIG OToleg TtepVA KABE UOpPLO TOU pEL-
oToU 0Tn SLapKeLa TNG Kivnong Tou opilel pia ypOUA TTOU TNV OVOo-
HA{OUUE PEVHATIKA YPOUKA. EPOOOV N pEUUATIKA YPOUUN Elval oTNV
TIPAYUATIKOTNTA N TPOXLA TOU poplou, N TaxuTnTd Tou o kKaBe Béon
Ba elval epaATTOUEVN TNE PEUMATIKIG YPOAULNC TIPAYLLO TIOU ONUOIVEL
OTL SU0 PEVUATIKEG YPOUMES Sev elval Suvatov va tépvovtal (o). 3.5).

Av Bewpnooupe pla emipavela A kabetn otn dtevBuvon Tou ocw-
AMjval, uéoca otov omoio Kiveital éva peuoTo Kat oo kabe onpeio tou
TIEPLYPAUUOTOC TNG A OXESLACOULE TNV AVTIOTOLXN PEUUATLKA YPOAULN

Q¢ owiijves Oewpovue kKéOe poppic totxyduata tov wepLopilovy T0 KIVOOUEVO
pevoto. I'a mapadderyio cwlnves umopodv vo Bewpnlodv 1 koitn kol to TAv-
PLKC TOLYDUOTO GTH PO TWV TOTAUDV 1] 01 KOILAOES OTNV KIVIIGH TWV AVELDV.

Piyvovragc ypouato uéca oe
EVa pEVOTO TOV KAVEL TVPLAIN
PON EYOVUE UL EIKOVA TOV Ol-
vV oo oxnuatifer.

Ewkova 3-2.

Pevpotikn ypopun eivar n tpo-
X1G €vOC popiov Tov vypodv.
Zynpa 3-5.

-

2e Kabe onueio oto mepiypou-
po g emigaveiog A avri-
oTOol)YEl UIO PEVUOTIKI YpOL-
un. Olec ovTEC 01 PEVUOTIKES
ypauués opilovv uia piéfa.
Xyfqpa 3-6.
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LEOQ OTO PEVOTO oXNUATIlETAL £VAG VONTOC CWANVAC TTOU ovoualeTal
bAEBa (o). 3.6).

Onwg ¢aivetal and Tov 0ploHd TNG TO PEVUCTO TIOU KUAAEL OE KA-
riola dAEBa Sev avapulyvUeTal e TO EPLEXOUEVO AAANG dAEBaG Tou
owAnva.

ATO pa Statopn tou cwAnva 1 tng PAERAg os xpovo Af mepvael
€vag oykog vypou AV, To mnAiko

AV

H:z; (3.4)

ovopdletal tapoxr Tou cwAfva A tne PAERAC Kol LETPLETAL OF 1717/5.
Av n Slatopn Tou cwAnva eivat 4 KoL To uypo 0TO XPOVLKO SLacTnua
At €XEL LETATOTILOTEL KATA Ax, UTTOPOUUE VA YPAYOUUE

AV =AAx  (3.5)
AvtikaBlotwvtag tnv (3.5) otnv (3.4) mpokUmTeEL
- AAx
At
. , A . . .
Kal €MELSH To MNAiKo XY tooUTaL PE TNV TaXUTNTA TOU uypol oTn
t
Béon autn
II1=Av

H napoxn ocwAnva N PpAéBag oe kamowa O€on eival ion pe to yi-
VOLLEVO TOU EMPadol tnG SLatopng eni TV TAXUTNTA TOU PEVCTOU
otn Oéon avutn.

(3.4.) Awatiipnon YAn¢ ko n E€lcwon
ZUVEXELOC

OewpolE £va QACUUTILECTO PEVOTO TIOU PEEL LECA O’ €val cwAnva
petaBAntig Statoung (oy. 3.8). YmoBétoupe OTL n pon eivat oTpwTh.

Ereldn to peuoto Bswpeitat acupmnieoto Ba mpemeL n pdida Az, tou
nepvAeL ano pia dtatoun 4, tou cwAiva og xpévo A7 va givat ion pe
TN pada A, mou TEPVAEL 0TO {810 Xpovikd StdoTtnua amo pia dAAn
Slatour tou cwArva A4,. Elval dnAasdn

Am, = Am,
A pAV, = pAV,

(3.6)

orou AV, kat AV, oL oToXELWBELG OyKOL TIou KataAapBavouv peca

0TO cwARva oL pageg Am, kaw Am, avtioToya.

ANNG AV = AAx, = A VAl kaw AV, = A,Ax, = 4,0,At émou v, KaL,
OL TaXUTNTEG TOU PEVUCTOU OTIG Slatopég 4, kat A, avtiototxa.!

A v At = 4,0,At (3.7)
Ao, = 4,0,

H eflowon (3.6) yivetal

KOlL TEALKG (3.8)

Ax
210 ypoviko oidotnua At, ano
uio ortatoun A tov ocwiiva
TEPVAEL VYPO Oykov A Ax.
Xyfpa 3-7.

Ax,
Av t0 pevoTO TOL péEl 0TO CW-
Afva eivar acvuriecto, to yi-
vouevo A v eivar arobepo.
Xyqpa 3-8.

YrevOouilerar 6t1 10 pevotd
Oewpeitar acvumicoto. Avto
oNpoIvel 0TI 1] TOKVOTHTA TOD
eival idia e OAn v éktooh
T00.
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H e€lowon autr ovopaletal e§lowon TnNg GUVEXELAG KAl Elval AUEDN
OUVETIELO TNG apXNC dLatripnong tng LANG.

Eredn 11 = Ao n (3.8) ypadetal kat

I1, =11, N II=otabepd (3.9)
H ox€on (3.9) toxvet yia cwAnva aAAa kot yia dAEBa Kot StotumwveTat
WG E§AG

Katd pnkog evog cwAnva n pag pA£Bag n mapoxn Siatnpeiton
otaBepn.

AT tn oxéon (3.8) daivetal OTL KATA UAKOC EVOG CWANRVA TIou eV
€xeLotabepn Statopn, n TaxUTNTO TOU LYPOU Sev eival tavtou dLa. 2
onueia 0mou 0 cwWANVOCG OTEVEVEL N TAXUTNTO PONG VAL TILO HEYAAD.
Katd punkog evog motapou pe otabepd mAdtog oAAES dopég To Babog
T[OLKL}\F.'L. Omnou TO TIOTGHL EXEL WKPO Ba('%)oq EXEL KO WKPR BVKAPOLOL  © o e eivan weya-
Siatopn. Emeldn n mapoxn eivat otabepn, OTLG TTEPLOXEG OTIOU TO TO-  jsreny excei zov TvIVGYODY 01
TAUL Elval pnxo To VEPO KUAAEL ypnyopoTePQ. MapAOTATIKA UMOPOUNE  pevuatiréc ypoppéc.
VoL TIOULE OTL EKEL TTIOU OL PEVMOTIKES YPOUMEC TTUKVWVOUV N TaxUtnTo,  Zxipe 3-9.
PONG €lval 1o peyain (oy. 3.9).

MNapadeyua 3.2

‘Evag KUAWVSPLKOG owArvag ouvdéstal pe Bpuon apoxnc 0,001 77/,
a) Eav o cwAnvag €xet SLAUETPO 3 cm ToLa N TaXUTNTA PONG TOU VEPOU
pHEoa 0To owAnva; B) Me TLTaxUTNTA EKTOEEVETAL TO VEPO AV UELWOOU-
UE UE TO SAYTUAOG HOC, OTO ULOO, TN SLaTour Tou cwAnva;

Arcvnon :
AV , 1 AV ,
a) —=Av apa v =———  OMOTE
At A At
1
v=————10,001 m'/s=1,42m/s
(3><10’2m)
72'7

4

A
B) Av, =Auv, onote L, =V, j KotL TEALKA

2

v, =(L,42m/s)2=2,48 m/s

(3.5.) H Awatipnon Evépyelag Kat
n E¢iowon tou Bernoulli (Mmtepvouly)

ATO TV KaBnuepwn pog eumelpia yvwpiloupe OtL n Tieon €vog
PEUOTOU TIOU PEEL PEOA OE €val CWANVA Elval, €V VEVEL, SLOPOPETLKN
avapeoa os dVo onueia mou €xouv uopetpiky Stadopad. To vepo
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OTLC BpUOEG TOU TTEUTITOU 0pODOU EXEL LLKPOTEPN TILECH ATIO TO VEPO
oTLC BpUOEC TOU LoOYELOU.

Ye €va cwAnva mou n dtatoun tou dev ivat mavtou idla, n Taxu-
TNTA Tou Uypou petaBalAetal (e€lowaon tng ouvéxelag). AnAadn pa
utkpn pada Am Tou UYpoU O€ AAAEC TIEPLOXEC TOU OCWANVA ETULTOYUVE-
ToL KoL o€ AAAec emBpadUveTAL, 3TIC TIEPUTTWOELG AUTEC N CUVOALKNA
Suvapn mou Séxetal auth n palo ano to neptBaAiov vypo Sev ival
MNGEVLKA KAl KOTA CUVETELA N Ttieon &€ umopetl va elval idla oe OAeG
TLG TIEPLOXEG TOU CWANVA.

To 1738 o EABetoc Daniel Bernoulli BpAKke pio. oxeon mou cuvOEEL

TNV ieon UE ThV TaxLTNTO Kot LE To UWOoC.

Eotw OTL €xoupe €va owAnva petapAntig Slatoung HEca otov
omolo pEeL £€va AoUUTILEOTO PeUOTO (o). 3.10). Oa e€€TACOUE TNV TTi-
gon og dvo onuela B, I, tou cwAnva. To onueio B Bploketal og UYPog
v, aro 1o £86adog kat 0 cwAfvag ExeL oTnV TtepLoxn Tou B Slatoun 4.
H rtieon tou pevotou oto B eivat p,. To onueio I Bpioketat og uog v,
arno to £6adog, n Slatoun Tou cwAnva ekel eivat 4, kawn mieon p,. Av
Bewpriooupe cov cUOTNUA TO PEUCTO amod to B puéxpL to [, PAEmouue
OTL SexeTaL amo To UTOAOLTTO PEUOTO Wi duvapn p 4, otV TepLloxn
Tou B kat pia duvaun, v p,4, otnv eploxr tou I, ue dopd avtibe-
TN pe ™ dopd TG p A, I’ €va TIOAU ULKPO XPOVIKO Sldotnua A7 €va

OTOLXELWOEC TUAUA TOU PEUOTOU OTNV MEPLOXN Tou B petatomiletal

Kotd As, VW €voL aVTIOTOLXO TUAKA TOU PEUCTOU iong palag, dpa Kot

OyKou, oTnv epLoxn Tou [ petatoniletal katd As.,.

Aovuricoto pevoto péel ue otpwtn pon uéoo oe éva cwlnva. To pevotd mwov
Ppioketar 610 péEPOg TOL CWANVO UE UNKOC AS/ HETAKIVEITAL OTO UEPOS TOV
ocwANVa TOV Exel UNKOG AS_,. 01 0yK01 TOD PpEVOTOD TTA 0DO Uépn €ival iool.
Xynpo 3-10.
Oa epapUOCOUUE TO BewpPnUa EPYOU - EVEPYELOG OTO ULKPO XPOVLKO
dtaotnua Az, ZUpdpwva Pe aUTo
W+W,=AK (3.10)

Daniel Bernoulli (1700-
1782). EAPetdoc @voikds kai
noOnuotikog, oamo oikoyévela
ordonuwv palnuatikov. H tio
QnuUIcUEV] TOVL Epyocio NTOV
Tavew otnv vopoovvauikn. O1
uerétes tov Bernoulli mwavow
OTO. PEVOTA OTOTEAEGOAYV TNV
omopyn e KIvnTikng Oewpiag
tov oegpiov. O Bernoulli ti-
unbnxe mold otn didpkeia tng
Cwng tov ue oeipa amd olim-
poto kai 0éceis ota maveTi-
OTHUIO THG ETOYNS TOD.
Ewkéva 3-3.
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ornou /¥ 1o £pyo Tou TPOOhEPETAL OTO TULNLLO TOU pEUCTOU ortd to B

oto I ano 1o nmeptBaAov peucTtod. To £€pyo auto Ba elval To €pyo TG

duvaung p A4, (BeTikd) ouv To £pyo NG p, 4, (APVNTIKO)
W = pAAs —p,A4,As, [3.11)

Opwg AAs, = A,As, = AV

Onéte W=(p =p AV

To €pyo tou Bapoucg ato (6lo xpoviko dtaotnua givatl /
W,=-Am g(y2 —yl): —pAV g(y2 —yl) (3.12)

KaBwg, oTnv ouoia, €vo TUNLO TOU PEVUCTO 1 €puye arnd to uPog y,

kat Bpednke oto UYOG V.
H petaBoAn tng KnTikng evépyetag Ba sivatl

1 1 1 )
AK zzAmui —EAmUlz :;pAV(UZ“ —012) (3.13)

OOV v, N TAXVTNTA TOU PEVCTOU OTO B Kal v, N TAXVTNTA TOU PEVCTOU
oto [.

AvtikaBlotwvtag Tig (3.11), (3.12) kat (3.13) otn oxéon (3.10) €xoupe
1 )
(pl _p2>ﬁ/_pﬂg(yz _yl) - EPW(Uzz _Uln)
AmAonoloUpe ta AV kal avadlataooovtog tnv e€lowaon EXOUNE
1 | B
P +5 pUlz +pg =D, +§ pL, +pgy,

H oxéon autr oxveL yla onolodnmote {eVyog onpeiwv apa Unopel va
ypadTel KAl Ye TN popdn

p+% pvL’ + pgy = otabepd

H mapamnavw oxéon sivat n e§icwon tou Bernoulli yia tdaviko peu-
oToO.

Ao tnv g€lowon tou Bernoulli mpokUmteL OTL Ti evvoei €dw o

10 GBpolopa TG TiEoNS (p), TNG KWNTIKAG EVEPYELOG QVAL HOVA- nomnTng;

S6a dykou (% pL’) Ko TNG SuvapKiig EVEPYELAG avd povasa 6ykou N
(pgy) éxeLtnv idla otaBepn TLUA OE OTIOLOSATIOTE ONUELO TG PEL-
HOTLKAG VPO,
H e€lowon tou Bernoulli amotelel ékppaon tng apxng dtatrnpnong

TNG EVEPYELAC OTN PON TWV PEUCTWV.

Av o ocwAnvag sivat optlovtiog n e€iowon tou Bernoulli maipvel tn

Hopdn 1
Py pL’ = 61abePd

ano onou daivetal OTL O€ TIEPLOXEG OTIOU TIUKVWVOUV OL PEUMATLKEG
VPOAUUES (Lkpn) Sltatopn Tou cwAnva) Kot n taxutnto pong auéAveTtal,
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Τί εννοεί εδώ ο ποιητής;
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n mieon EAATTWVETAL.

A B T 210 0TEVO UéPOG TOL OW-
Afva n toyvTtnTa Tov vVYPOD
eivar pueyalvtepn. To dyog
g otdbung tov vypod
TAV® AT TNV TEPLOXN OVTH
deiyvel 0t1 N wieon 010 6W-
Afva givar pikpotepn.
Xyfpo 3-11.

Epaproyn 3-1

Mati o Suvatog AVENOG MAPACEPVEL TIG OTEYEG TWV CTIXLWV;

arno auTo, ue anotédecpa n GAERa tou agpa vaetevelel otn Beon 2,
elval peyaAutepn amno

Epapuoyn 3-2

Oswpnpa Torricelli (YmoAoylopdg taxvtntag EKpong vypol amno
OLVOLKTO 60)El0)

‘Eotw OTL €Xoupe To doxeio Tou oy atog 3.13 otn BAon Tou onolou
UTIAPXEL OTOULO EKPONC.

Edapudloupe to vopo tou Bernoulli yia tig Oéoelg E (eAevBepn emi-
davela) kat K (otopto ekpong):

1 1
Pl O pgh=p{ 4= 0 +0 (3.14)

H mieon 1600 otnv eAelBepn emidpavela 660 Kal 0To onpeio e€66ou
elval n atpoodatpikn, dnAadn :
Pr = Px = Pu (3.15)
H taxutnta pe tnv onoia katePaivel n otddun tou vypol Umopel va
BewpnOel apeANTEN CUYKPLTLKA E TNV TAXUTNTA LE TNV OTola pEEL TO
vepo oto K
v, =0 (3.16)

Aappavovtag urmtoyn Tig (3.15) kat (3.16) kat emtAvovtag v (3.14) wg

npog v, Ppiokoupe
Vg =+/28h

Tynpa 3-12.

h

!

Tynpa 3-13.
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TIOU aMOTEAEL TN paBnuatikn ékppoaon Tou Bewpripatog tov Torricelli
(ToptkéAL).

H tayutnta kpor uypol amnod oTtopLo tov Bploketal og Babog /
anod tnv eAeVB0epn emidpaveLd Tou €ival ion HE TRV TaXUTNTA TTOU
Oa sixe to Uypo av énedte eAeLBepa anod LY og /.

apuoyn 3.3

o Suvapn avuPwvel Ta aEpPONAAva;

OL MTéQUYEC TWV agpomMAAVwY Eival £€Tol oXgOLAOUEVEG WOTE, OTAV
KLVoUVTOL, Ol PEVUATLKEC YPOUUEG TOU a€Pa X TTapoucLlalouV MUKVW-
0N OTO EMAVWNIEPOG TOUG Kol apaiwon oxd katw (o). 3.14).

H mieon oto AW HEPOG TwV MTEPUYMV Elval ULKPOTEPN OO AUTHV
0TO KATW MEpOC. H

koyOmoAoyLopot.

Mapadeyua 3.3

To poopetpo tou Ventouri. To oyrjua 3.15 Segiyvel pla diatagn mou
XPNOLUEVEL yla TN UETPNON TNG TAXUTNTAC PONG O €vol CWANRva. Av
elval yvwoTeg oL dlatoueg A kat A, Tou CWAAVA Kat N VPOUETPLKA
Stadopd /2 otn otddun Twv Vo KATAKOPUPWVY avoLXTwV cwANRvwy B
kat [, va Bpebel n TaxutnTa pONg oTNnV MEPLOXN TOU CWARVA TIOU £XEL
Slatoun A

Xyqpa 3-15.

>
<
2
<
<«

Xyfqpo 3-14
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Anavtnon :

Edapuodlovrag tnv e€lowon tou Bernoulli ota onueia 1 kat 2 mou
Bpiokovtal oto 6o LY og Exoupe

. [,
pl+5pl)1 :pz'i'EIOUz (3.17)

AT tnv e€lowon TNG CUVEXELAG EXOULE OTL

, A
Av, = 4,0, A v, ZA—‘Ul (3.18)

2

AvtikaBlotwvtag tnv (3.18) otnv (3.17) éxoupe

1, 14>, 1 Z(Af )
p+—po =p,+—p—-v" {4 P—P,==pu | —5—1 (3.19)
1 2 1 2 2 Azz 1 1 2 2 1 Azz

Opwg Py = Pu+ PEh L Py = P+ pEh (3.20)
Omou /2, To oG NG OTHANG TOU VEPOU TTAVW A0 TO CWAAVA HETPN-
MEVO arto To onueio 1 kat /2, To UPog TNG GTHANG TOU VEPOU LETPNUEVO
amno 1o onueio 2.

Adalpwvtag Katd HEAN TLS (3.20) maipvoupe

b= D :pg(hl —h2>=,0gh (3.21)
AvtikaBlotwvtag otnyv (3.19) tnv (3.21)

, L4 , 2gh
Bplokoupe  pgh= E'OUI ?—1 KOLTEAKQ U = [ 5
2

( 6.)] H TpBn ota Peuota

MéxpL Tepa OewpnoapE OTL TOL PEVOTA PEOUV XWPLE vorbvantlo-
oovtal SUVAUELS TPLRNG 0TO €0WTEPLKO Toug, SnAadrn Buvauelg ou
Vo aVTITiBevTal OTHLKIVNoN EVOG TUAMOTOG TOU PEPSTOU WE TTPOG Eva
OAAO TUAMO TOU. ITO MPEYHATIKO PEUOTA Ol SUVAIELC AUTEG UTIALPXOUV
KL €XOUV TIOAU ONUAVTIKEG TTRAKTIKEG EdapPaVEC, OTIWG Lo TTAPASELY-
po oTn Altavon Twy TUNUATWY Qg Lnxevng mou Ba ntav advvatn av
To AlmavTiko dev mapouoiale kot TPON ToU TETOLEC SUVAUELC.

H eowtepkn TpLPN péoa o’ EvA peuoTHQVopaleTal LEWSEG.

A¢ Bewpniooupe Vo yugXlveg opllovtieg MABKES eUBadol 4 Omwg
oto oyxnua 3.16. ZtaBegpOmoloVe TNV KATW TTAAKE. KOl OTTAWVOUUE
TIAVW TNG £va OTPWHO amd HEAL TTAXOUC /. 3TN CUVEXELE. TOTTOOETOU- Stpdua vypobd mov Tepiézetar
pe TN SeuTepn TIXOKO TTAVW OTO MEAL KOLL TN LETOKWOUUE UETTABEPN  yerads b0 yudtivav opilov-
TaxuTnTa v ge'oXEcn Ke TNV KATw akivnTn TAAKA. ALATILOTWVOURE OTL @V TAaxkdy, amé tic omoies n
yla va oyvEXLOTEL N Kivnon aratteital va aoknBet kamota Suvaun F.F "erlf;lvt"‘;l“ﬂ";vt’;;'z)f;g ’Z}f”“'
Suvoys autn anatteital yio va avtiotabuiost Tig Tppég (L€wdeg), mou Y fua 3-16.
oA TUOCOVTAL LETOED TWV OTPWHATWY TOU HEALOU TIOU KLVOUVTOL TO
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€va o€ oX€on Ue To aAAo.

BAEMOUUE OTL TO AVWTEPO OTPWHA EXEL TIPOOKOAANOEL oTnV/Mmavw
TAGKQO KoL KWVELTOL LE TAXUTNTA » EVW TO KATWTEPO EXEL TTPOOKPAANBEL
OENV KATW TTAAKA KL TPaEVEL akivnTo. OAa Ta evoLlapeoa STpWHO-
TA €XOUV TAXVUTNTEG SLaPOPETIKEG UETAED TOUG, TIOU auéayouv oTa-
Slakiy amnd 0 éwg v kKaBwg Nyaivoupe amod TV KATw TTAAK Tpog TNV
TIAVW.

EQv oy TIKATAOTCOUE TO LEAL PE EVOL AANO PEVCTO KOU PEEL EUKO-
Aotepa, ywa mopdadelypa 1o AadL, Slamotwvoupe oty n duvaun mou
TIPETEL VOL QOKOULE OTNV TTAVW TTAAKA yla va dtatngéltat n taxutntda
NG otaBepn\elvat pikpodtepn. Emiong n Suvaun eivot pikpotepn €av,
yla to i6lo peuoto, petafl twv MAaKwy aunooyue to Tdxog Tou /.
AvtiBeta n Suviun yivetal peyaAltepn av oL EMKPAVELEG TWV TIAAKWV
glval peyaUTepEC N OV ETUXELPHOOUUE VA LETAKIVICOUUE TNV TAVW
TAGKO e peYaAUTEPN TaXUTNTA.

AmtodelkvUeTaL OTY TO METPO TNS SUvauNG / Sivetal amod tn oxéon

(3.22)

)

O ouvteAeoTng 1] ival XOpOKTNPLOTKOG KABE peUCTOU ovopaleTal
cuvteAeoT ¢ LEWSoUG Kal Oontwe dpaivgtal kot amo tnv (3.22), oto S.1.,
HeTplétat oe N -s/m’. Ztnv Rpdén o cuvteleoThg LEWEOUC PETPLETAL
o€ poise (mouval) (leldyn- \/ C )

MNapakatw mapabétovpe évaw mivaka e to ouviedeot LEwdoug
SLapopwv peucTwv.

Pevoté 0 (°C Xvvrereotng [EDdovGg

7 (Ns/m?2)
Nep6 20 ,0x1073
Nepo 100 0,3x107°
Aipa 37 2,7x107
Ihvkepivy 20 830x107°
Mnyavéhato (3ekép 30 250%x107°

Mpémet va moYlue OTL eV UTIAKOUOUV OAX T PEUDTA oTNnV e€lowan
(3.22). Aev um@pyxeL oe OAa TA PEVCTA YPAUULKA avgloyila avapeoa
otnVv eowtepdn TP ToU apouoLalouV KATd Tn Pof) TOUG Kot TNV
TaxUTNTO POAC. T PEUOTA TTOU UTTOLKOVOUV OTNV (3.22) T ovopaloupe
VEUTWVELA PEVOTA.

To aipo/mapouoialel kanola evdladépouoa tdlattepotnta. To aipa
elvat évyl alwpnua oTeEPEWV cwHATLOlwY péoa og vypo. Kabwg auéa-
VEL N TelYUTNTA PONG, yla va punv auénBouv UTTEPUETPA Ol ECWTIEPLKEC
TPLBEY, Ta ocwpatidla mapapopdwvovTal Kot TPocavatoAilovial pe
TETOLO TPOTIO WOTE va SLEVUKOAUVOUV TN poN.

x|

A1dypoupo tayvTTOV yLo Eva
PEVOTO 0 KVALVOPIKO GWANvVa
oktivog R.

Xyqpa 3-17.
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Zovoyn

Ta uypad KaL Ta A€PLA TA OVOUATIOUE UE EVaV OPO PEUCTAL.
ZUMTILEOTA AEYOVTAL TA PEVCTA TWV OTOLWV N TIUKVOTNTA PETABAAAE-
TaL av PeTaBAnOel n ieon Toug yia dedopévn Bepuokpaaoia.
Acuunisota A£yovTal Ta PEVCTA TWV OTOLWV N TIUKVOTNTA b€ pEeTa-
BaAAetal av petaPAnBeil n mieon toug maAL yia pia Sedouévn Beppo-
Kpooia.

H mieon mou dnuloupyel éva e€WTEPLKO QUTLO O€ KATIOLO ONUELO TOU
uypoU petadEépetal avalloiwtn oe OAa ta onueia tou. (NOpog Tou
Pascal).

H mieon oto e0WTEPLKO EVOG aKivTOU peUOTOU OE oXEon UE To BAabog
aro tnv eAeVBepn emidpaveld tou divetal amo tnv e€iowon
P =D, +pgh
‘Eva peuoto Ba Bewpeital Ldaviko
1. Av KWeltal xwplc EOWTEPLKEC TPLREC Kal TPLREC LE TO TOLXWHOTO
TOU cwAnva mou To TepLopileL.
2. Av 10 peuOTO ival acuuTmieoTo.

Ma 6Aa ta onueia pag epAEBac peuotol n mopoxn ivat otabepn.
Av, =40, (e§iowon ocuvéxerag)

H eflowon ouvéxelag ekdpalel Tnv apxn dlatripnong tng UANG oto

PEVUCOTO.

To dBpolopa NG mieong, TNG KWWNTLKAG EVEPYELAG QVA LOVASaA OYKOU

Kall TG SUVALKAC EVEPYELAC OV ovada OyKou €XEL TNV 8L otabepn

TLUN O€ OToLoSATIOTE ONHELO TNG PEVUATLKAC YPOUUNAC.

1
p +Epl)2 + pgy =oralspsd  (e§iowon touv Bernoulli)

H e€lowon tou Bernoulli anoteAel ékdpacn tng apxng dStatnpnong tng
EVEPYELOG OTN POI TWV PEUCTWV.

H ecwteptkn TP €vog peuotol ovopaletal LEwOEG.
To HETPO TNG CUVLOTAUEVNG TWV ECWTEPLKWV TPLRWV TTOU AvVAnTUCo0-
VTOL OTO PEVOTO KATA TN por) Tou Sivetal anod tn oxéon

F:UA%

OOV 7] CUVTEAEOTAG LEWOOUG.

OTNTEC

1. Kpatrote ota xépla oag SUo GpUAAA XaPTIOU WOTE va KpEUOVTOL
Katakopuda, He TIG emidAveLlEC Toug mapAaAAnAes. Quonéte ava-
HLEOA TouG. Oa ta Seite va mAnoldlouv. Nwg e€nyeital To pawo-
HEVO;
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TomoBetroTe TNV AKpn piag xaptivng Aoupidag avaueoa oTig oe-
Aideg evog BLBAlou. Kpatrote to BLpAlo omwe oto oyrpa 3.18 kat
duongte pe duvaun mavw amo tn xaptvn Aoupida. H Aoupida
avuUPWVETOL KoL LAALOTA TTIEPLOGOTEPO OTAV pucdape o Suvatd.
Tue€nynon bivets;

. TNV AKpPI EVOC VI LOTOC OTEPEWOTE EVA UTTOAAKL TOU TILVYK-TIOVYK.

Kpatwvtag tnv &AAn akpn Tou OXOWLOU TTANCLAOTE TO UITAAAKL
KOVTA 0TO VEPO HLag Bpuonc. To UIMOAGKL KIVELTAL TTPOG TN HEPLA
™™g dAEBaG Tou vepou; Mwg e€nyeital auto;

. TormoBetnote €éva KaAopAKL péoa o€ €va MOTAPL PE VEPO (o).

3.19). Me éva aAAo kKaAopakt dpuon€te oTn MAVW AKPN TOU TIPW-
Tou. @a mpokAnBel Pekaopuos. Nwg e¢nyeital to pawvouevo;
Elvat to (610 eUkoAOG 0 PeKAOUOG OTToLa KaL AV Elval N AmooToon
1; ENéyEte TO MElpapaTIKA. MWC TO ALTLOAOYELTE;

EpwtioeLg

YSpootatiki nieon - apxn tou Pascal

3.1

3.2

3.3

JUUMANPWOTE TA KEVA :

Acuunieoto xopaktnplletal €va peUcTO OTO OTIOLO N...veveveeeee.
Tou 6g petofAAAeTol OTAV UETABAAAETOAL Neveorrerrereenvennens TOU.
3TNV MPAEN QCUUTILECTO PEUCTA DEWPOUUE TA. ..veeveevenrernnes

Mo molo Adyo ta GpAYHATA OTLG TEXVNTEG ALUVEC KOTOOKEUA-
{ovTal OXETLKA AETTA O0TNV Kopudr Toug Kot oAU dapdld otn
Baon toug;

Y10 oyxnua 3.20 ¢aivovtal técoepa Soxeia dtadopetikol oxNn-
LLOTOG TIOU OL BACELG TOUG £XOUV TO 1610 UPASOV.

a) Mowo doxelo mepléxel MEPLOGOTEPO LYPO;

B) Zuykplvarte TIg TLEOELG OTOV TUOUEVA TWV Soxelwy.

- A

Tynpa 3-20.

3.4

Yto oynuo 3.21 daivetal éva uvdpaulikd mieothplo (apxn).

AckoUue 6To UKo EpPoro duvapn petpou .

1) H nieon ota onueia A kat B tou vypou Ba auénbel a) katd to
1610 Moo B) meploodTEPO OTO A y) MEPLOCOTEPO oTO B.

2) To pétpo tng duvaung I, mou Ba ackoeL To uypo oTO peyalo
€uBolo Ba eivat a) ico pe /', B) peyahitepo amo /-, y) Likpo-
TEpo amod /.

Xyfqpa 3-18.

%

Xyfqpa 3-19.

Tyfqpa 3-21.
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3) To épyo tng I, Ba eivar a) ioo pe to €pyo tng I, B) peyaAutepo
arno to £pyo tne I, y) Likpotepo amnd to épyo Tne I
EruA€€Te TIC OWOTEG MPOTACELG.

H elowon ™G ouvEXELag

3.5

3.6

3.7

3.8

3.9

JUMMANPWOTE TIG AE€ELG TTou Asimouy :

‘Eva peuoTo XapakTnpileTal LOavVIKO av 8ev epdavilet....................
TOWPBEG KAL cevverereeeeereesreeeeeevenee HE TA TOLXWLATA TOU CWARVA TTOU
TO TEPLEXEL. ETIONG TIPETIEL VAL EIVAL ..

H dA£Ba Tou vepou tng Bpuong yivetal otevotepn Kabwg me-
dteL. E¢nynote yati oupBaivel auto.

¥to oyAua 3.22 Sivovtal ol tapoxEg (o m7/s) kot oL kateuBUv-
OELG OTLG OTIOLEC KIVELTOL TO UYPO OE OPLOUEVEG TIEPLOXEG TOU OW-
Anva. Mowa elvat n mapoxn Tou cwAnva Kal n katevbuvon otnv
omola KWeltal To uypo oTNV EPLOXH TOU CNUELOU A;

ynpa 3-22.

‘Eva motapL €xelL otaBepo mAatog. EEnynote ylati 6mou to nmota-

UL elva pnxo To vepod KIVeltal mio ypriyopa. H mapoxr Ttou mota-
poU o€ pLo TETola TIEPLOXN) Elval PeyaAUTepn amd Tnv mapoxn
TOU O€ MEPLOXECG TtoU To BABog ival peyaAltepo;

H Siatoun tou cwAniva otnv meploxn A €ival TeTpamAdoia tng
Sltatoung tou otnv neploxn B.
1) e éva Seutepolerntto amd tn Swatopn A Siépxovral & cm’ .
Ztov (610 xpovo amo tn Statoun B SiEpxovtal
a) 8 cm® B) 16 cm? y)32cm’® 8)4cm’ € 2cm?’.
2) H taxutnta v, Tou LypoL otnv meploxn A eivat 10 cm/s. H ta-
xutnta otnv neploxn B elvat
a)2,5cm/s B)5cm/s y) 10 cm/s 8) 20 cm/s €) 40 cm/s.
EruA€é€te Tn owoTtn andavtnon os Kabe mepimtwon.

3.10 Otav 6éAoupe va GTACEL LaKPLA TO VEPO TTOU ByaiveL armo To Ad-

OTLYO TOU TOTIOMATOG KAEIVOUUE UE TO SAXTUAOG Hag Eva UEPOG
™N¢ SLaToUNC Tou N MLEloUE TNV AKpn Tou. Nw¢ e€nyeital auto;

A
Xyqpa 3-23.
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H e€iowon tou Bernoulli

3.11 To mAoia Sev emITPEMETAL va KlvoUvTOL TAPAAANAQ, OE ULKPN
UETAEL TOUG AOOTAON, YLOTL «TO PEULA TA OTIPWXVEL VAL TTANOL-
AOO0UV TILO TIOAU KOl UTTAPXEL KivOUVOG va GUYKPOUGTOUV». Mwg
Sikaloloyeltal autr n mpotaon;

3.12 E&nynote ylati n otadun Tou vepou oto cwAnva B gival ro xa-
UNAQ armo oO,TL otoug owAnveg A kot I

A B r

Xynpa 3-24.

3.13 [iati ot AGTOL TPOTLHOUV VA ATTOYELWVOUV TO OLEPOTIAAVA AVTi-
Beta oTOV AVEWO;

3.14 Eva agpomAdvo mou TMETAEL Je oTabepn opl{ovTia TaxuTNTa O
OYog /1 6éxetat Suvautkn dvwon 4 . To (8o agpomAdvo otav me-
TAEL Pe TNV (6la Taxutnta og UYPog 2/ S€xeTal SUVALKN Avwon
A, ylwa tnv omnolia oxveL:
a) 4 <4, B) 4 =4, y) 4 >A4,
EruAé€te Tn owoth andvtnon

3.15 To oxnua MoPLOTAVEL £Vl CWARVA LECA OTOV OTOLO PEEL VEPO.
Tafwounote ta onuela A, B, I koL A KOTA Tn O€LpA e TNV omola
o) av€avetal n TaxVTNTA PONG TOU VEPOU.
B) auv&avetal n mieon.

3.16 JUMUTMANPWOTE TIC TPOTACELC :
JUpdwva e To vopo tou Bernoulli to aBpolopa tng nieong, tTng
................ EVEPYELOG KAL .................. EVEPYELOG VA pOVASA OYKOU
EXEL TNV OLa TN o€ KABe onpeio KOTA UAKOG MLOG PEUVUATLKNAG
ypoupnG. O vopog tou Bernoulli eivat €ékdppacn TG apxng ...........
.................................................... oTa PEVOTA.

Xynpa 3-25.

3.17 MégxpLmolo udog Ba ptdoel o midakag Tou vepoU; OewprnoTe OTL
n emdAavela Tou vepou oto doxelo eival oAU HeydAn Kat OtL n
avtiotaon tou agpa elval apeAntéa. ATLOAOYAOTE TNV AMAVTN-
on oag.

AOKNOELC

NOpQc tou Pascal - YSpootatiki mison
‘ 3.18 >Io ULKPO €uBoAo udpaulikol avupwTHPA TIOU XPNOLUOTIOLETAL
yla tnv avipwon auToKWATWY éxeL Statopr epBadol 3 cm’ evw
10 peydAo €xet Statopr) epBadou 200 cm?”. Ndon SUvaun mPEmeL

Xynpa 3-26.
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va 0.oknNBel 0To HIKpO €EUPBOAO WOTE TO peYAAO va avuPwoeL Eva
autokivnto Bapoug 10000 N;

[Ar: 150 N ]
E§lowon ouvéxelag

3.19 JH taxutnta e TV omoia pEOUV Ta VEPA EVOC TTOTAUOU oTaOE-
poU TAGToUG o€ éva onueio omou to péco Babog eivaw /, = 1,5 m,
givawv, = 1,3 m/ s, Mooo eivar to péco BdBoc o’ éva AAAo onueio
OToU Ta VEPA TPEXOUV HE Taxutnta v, = 0,3 m/s;

[Am: 6,5 m ]

H Tapoxn evog mupooPBeotikol kpouvou eivat 0,012 m” /5. To

AAOTIXO TNG MUPOOCPECTIKNAG KATAANYEL 0TO EAeUBOEPO TOU AKPO
0’ €vo OTEVWHA ECWTEPLKNG SLapETpou 2.2 cm. Me TL taxuTnTa
EKTOEEVETOL TO VEPO ATIO TO OTEVWUQ;

[Am: 31,6 m /s ]

E€iowon tou Bernoulli

A6 To MAEUPLKO Avolypa pLag avolytng de€apevig Byaivel vepo
He toxvutnTa 8,86 m/s. Me moon taxutnta 6a Byaivel av n nieon
otnv eAelBepn erupdvela yivel 2 atm; Alvetal n mukvoTnTa TOU
vepol p =10"kg /m’ kawdt Latm =1,033x10° Pa.

[Am: 16,76 m /s |

Kata tn dtdpkela katatyidag o aépag Kwveltal mavw amno Tn oTé-
yn €vog omutov pe taxvtnta 108 km/h. Mowa n dtadopd otnv
TiLEON KATW KoL TTAVW OO T oTéyn; YoAoylote TNV avulwTLkn
Suvapn mou €xetal n otéyn. H oTéyn elval eminmedn kat €XeL -
Baddv 4 = 100 m”. OewproTe TNV MUKVOTNTA TOU aépa oTaBEPN
kot ion pe 1,2 kg/m?.

[An: 540 Pa, 54%10° N ]

MpoBARpoata

@ dAEBa tou vepol TG PBpuong yivetal otevotepn KabBwg To
epo médtel. H Statopn tng dAEBag eivat 4, = 1,2 cm? kovtd oto
otopLo NG Bpuonc kat A, = 0,4 cm? og andotaon /2 = 4 cm and
auTO. Yrohoyiote TV mapoyr Tne Bpuonc. Alvetat g =10 m /s”,

[Ar: 1,2V/10x107 /s ]
@ AvoLKTI) S€€QLEVH TIOU TIEPLEXEL VEPO EXEL OTO TAEUPLKO TOLXWHUA
NG, o€ BaBog /2 = 1.8 m kATw amo tnv eAeLOepn emipAveLD TOU

uypou, Bpuon Satoung 4 =0,5cm’. Moon wpa XpeLdleTal yia
va Yepilooupe éva Soxelo oykou | L amo tn Bpuon;
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Aivetarg =10m /s,

[Ar: 3,33 5]

3.25

Nepo péel og opllovTio ocwAnva (o). 3.27). H dtatopr) tou cwAnva
otn Béon A eivaw 4, =10 °m” kaw otn Béon B yivetaw 4, = 4, /2.

H mapoxr tou cwAnva givat IT=2x10" m’/ 5. Na Bpeite tn Sia-
dopa TN mieong tou vepou avapeoa ota onpeia A kot B. Alve-
TaL n mukvoTnTa tou vepou p = 10" kg / m’,

[Ar: 6000 Po. ]

3.26

Nepo mou Kiveital péoa o€ opl{ovtio cwAnva (oy. 3.28) Byaivel
amo To Akpo A pe toxvtnta v, =10 m/s. To epPadov SLatopng
Tou owAfva ota onpeia A kot B eivat 16 cm? ka 20 cm?, avti-
oTolya.

a) Méoa m* vepou Sivel o cwAfvag oe pia wpa;

B) Mowa n mieon oto onueio B;

H rmukvoTnTa Tou vepou eivat p = 10" kg/m?. Gewpriote dtLn
atpoodatptkn riieon eivat 10° Pa.

[Ar: 57,6 m?, 118 kPa]

3.27

Mua avTtAio xpnoLomoLEeiTal ylo TV AvTAnon vepou armo nnyadt
BaBoug 5m. To vepo PByaivel amod tnv avtAia pe cwAnva dtato-
uAc 10 em? kot pe taxvtnta o = 20 m/s. Yrohoyiote thv oxy
™G avtAiag. Aivetal n mukvoTNTA T vepol p = 10" kg/m?® kot
g=10m/ s

[Ar: S KW ]

3.28

[AT:
3.29

Mua avouytn de€apevr vepou, peyalou oykou, Bploketal YnAd
navw amno to €dadog (oy. 3.29). Otav XpNOLLLOTOLOUE TO VEPO
™G Se€apevng n TaxVTNTO TOU VEPOU, OE KATIOLO CNUElo A, 0TO
owAnva mou Bpiloketal oto €dadog eivat v = 12 m/s. YmoAoyi-
OTE TNV Tieon oTo onuelo A. Alvetal OTL n oTABUN TOU VEPOU
Bploketal og VPog /7 = 10 m mMavw amno to €dadog. H mukvotn-
TaL Tou vepou givat o = 10" kg/m?, n emdyuvon tng Baputnrag
2 =10 m/s” kawn atpoodatpiki mieon 10° Pa.

128x10° Pa. ]

Y10 doxeio A médtel ouvéyela vepd amo tn Bpuon B (o). 3.30). To
Soxelo 6e pumopel va yepioel emeldn xuvetal vepd amo 1o MAgU-
PLKO Avolypa A. Av n mapoxr TS Bpuonc sivat 22 cm’ /s KoL To
epuPaddv tou avoiypatog | cm?, va Bpeite o€ moto UYPog /i mavw
amno 1o onueio A Ba otaBepomnoindel n eAevBepn emidavela. Ai-
vetat g =10 m/s".

[Am: 24,2 cm ]

3.30

‘Eva oxelo pe katakopuda toywpata (o). 3.31) mepLlEXEL vepO

HEXPL UYPog /. Ze molo UYPog (x) amd tov mMubuéva mpeEnel va
Tpunooupe To Soxelo, wote n PAERa mou Ba dnuioupynBel va

A
Xyqpa 3-27.

Tyfqpo 3-28.

Xyfqpo 3-29.

Syfpa 3-30.
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ouvavta to €dadog otn peyaAuTtepn Suvath amocTaon amno Tn
Baon tou doyelov;

[Arm: x=h/2]

3.31 |Moootnta vepol eival amoBOnKEUUEVN O AVOLKTO KUALWVSPLKO

Soxelo. To UYPog Tou vepoL oto Soxeio eivat /2 = 1 m . To Soxelo
EXEL ULKPN TPUTIA OTO TTAEUPLKO TOU TOLXWHUA KL OE AMOCTOON
20 em kATw amnod tnv eAeVBepn emidpaveLla Tou vepou. Na uTtoAo-
yloete:
a) Tnv taxvTnta pe TNV omoia Byaivel To vepod amod tnv Tpuma.
B) NMooo anéxel amnd to Soxeio to onueio tou Samédou oto omnolo

dtavel n dAEBa tou vepol. Lyfipe 3-31.
y) Ze moto uog amnd tn Bdaon Tou Soxelou MPEMEL VoL AVOLXTEL

6eUTePN TPUTAL OTO MAEUPLKO TOlXWHA WOTE N GAEPRA TOU Ve-

poU mou Ba Byaivel and auvth va EdTeL oto (6lo onueio pe

TNV TPONYOULEVN.
8) Ze moto UYog amnd tn Bacn Tou KUALVEPOU TPETEL VO avoifou-

HE TpUTa WoTe N GAEBa Tou vepou va dtavel oto damedo otn

pneyaAltepn duvatr) anootoon anod to Soxeio.
Atvetar g =10 m/s".

[Ar: 2m/s, 0,8m, 0,2m, 0,5m]
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( 4.1.) Elcaywyn

ITNV MPOOTIAOELA HOC VO ATTAOTIOL)COUE TN LEAETN TNG Kivnong Twv
CWUATWY, OVTILETWIICOHE WG TWPA T CWHOTO WG UALKA onpeia. To
UALKO onpeio oplleTal wg owpa TTou £XeL OAEC TIG AAAEG LOLOTNTEC TNG
UANG €KTOC amod dLooTtaoelS. Eva UALKO onpelo, pn €xovtag SLaoTAOELS,
€xeLtn duvatotnta va eKTeAEl LOVO LETAPOPLKEG KIVAOELG.

ITNV MPOYUATIKOTNTO OAQ TAL CWHATA £XOUV SLAOTACELG KAl YU auTo,
EKTOC QIO TO VO EKTEAOUV peTAdOPLKNA Kivnon, Lrmopouv va aAAalouv
T{POCAVATOALOWO OTO XWPO, va eKTEAOUV SnAadn eplotpodikn (oTpo-
dkn) n, akéun, cuvBetn kivnon, SnAadn cuvduaouo HeTadopLKAC KaL
OTPOdLKAG Kivnong.

Av 0€ KATIOLO OTEPED CWHA 0.oKNBOUV SUVAELS TO CWHA TTOLPAOP-
dwvetal, Alyo i oAU Kal povipa n mpoowpLvd. Ta UTIOBETIKA oTEPEQ
nou dev mapapopdwvovTal OTAV TOUG AoKoUVTAL SUVAHELS AéyovTal
HNXOWVLKA OTEPEQL.

Y10 kedpaAalo auto Ba aoxoAnBoupe pe TN LEAETN TNC LOOPPOTTLOG
KalL TNG Kivnong UnXavikwy otepewv. Omou avadepOUaoTE O OTEPED
Ba EVVOOUE UNXAVIKO OTEPED.

( 4.2.) Ot KlLvROELC TWV ZTEPEWV ZWHATWV

‘Eva oteped owpa UIMopEL va KAvel petadoplkr), otpodLkn Kal oUv-
Betn kivnon.

2tn petadopikr) Kivnon KAOe oTiypur) OAd TOL CNMUELD TOU CWHATOG
£Xouv tnV idLa tayvtnta. Napadelypa tétolag Kivnong eivat n kivnon
€VOG KLBwTLou ou oAloBaivel mavw og opl{dvTio eminedo. Itn PETO-
dOopLKN KIVNoN TWV OTEPEWV LOXUOUV OL VOUOL TTou SLEMOUV TNV Kivhon
TWV UALKWV onuelwv.

Metadoplkr pUmopel va €ival Kat po. KapmuAdypapun kivnon. To
OWHA TOU OYNUaToC 4.20 KAVEL HETAPOPLKA Kivnon av n taxuTnTa Tou
onuelou A eilval ton pe Tnv Taxvtnta Tou onueiov B. Auto sival duva-
T0. Otav éva oteped KAVEL PETOPOPLKH Kivnon, To EuBUYPAULO TUAO
Tou ouvdEel SUo tuxaia onueia Tou petatoniletal mapaAAnAa mpog
TOV €0UTO TOoU. MeTtadopLkn gival kal n kivnon mou ekteAouv oL BaAa-
uiokol otov Tpoxo Tou Aouva mapk (o). 4.20).

(0) (B)

—
—>

To kifdtio ektelel peragopi-
ki kivyon. Ola tov 0 onueia
Eyovv v (010 TAYOTNTO.
Xyfqpa 4-1.

(a) H tpoyia kadble onueiov
eivor kaumvln. H xivyon tov
ocOUATOS  Elval  UETAPOPLKN
apov 10 evOlypauuo TuRuUO
AB moapouéver Jiopkag mwa-
paiinio mpog tov eavto tov.
(B) O tpoyog tov Lovva mapk
Kaver atpopikn kivinon. Qoto-
oo kale Qalauiokog kaver ue-
TaQopikn Kivion.

ynpa 4-2.
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Ztn otpodkn Kivnon 1o cwpa aAAAleEL TPOCAVATOALOUO. 3TN OTPO-
dLKn Klvnon umapyxel pa eubeia - o agovag mepLotpodng - TOU OAa
NG TA ONUELO TTAPOLEVOUV aKivnTa VW TA UTIOAOLTTA CNUEL TOU OW-
HOTOG KAVOUV KUKALKH Kivnon.

KataAAnAo péyebog yia va meplypa el To OGO ypriyopa EPLOTPE-
deTOL £va cwHA KATIOLA 0TI, ElVOL N ywVLaKK ToxuTnTa w. H ywvt-
oKn taxvTnTa ival dtavuopa mavw otov agova mepLoTpodnG.

3T0 owpa TTou oTpEdeTal, KABs onUelo Kveltal e ywviakn TaxuTn-
TOL (O KOL YPOUULKE TaxUTNTA TIou UTtoAoyilleTaL amno tn oxéon v = wr,
OToU 7 N AmOoTAC TOU Ao Tov dfova MepLoTPOdNC.

Av n ywviakn tox0tnTa €VO¢ CWHATOG TIOU TEPLOTPEPETAL Elval
otaBepr Oa Aépe OTL KAVEL opaAn otpodLki Kivnon.

Ag urtoBécoupe OTL 0 6ioKOG TOU O UATOG 4.3 TN XPOVLKA OTLYUN 7,
EXEL YWVLAKNA TaXUTNTA O, EVW TN XPOVLKA OTYUA 7, =7, + df N YWVLOKA
Tou TaxUTNTA yivetatm, = o, +do.

Qyoy

I4 I4 I4

z z zZ

(a) H yoviaxn taydtntoa tov dickov avéavetar kota dw. O dickog éxel yovi-
0K1 ETITAYVVON O

yov

Xynpo 4-3.

O puONOG HeTABOANG TNG YWVLAKAG TAXUTNTOG TOU CWOTOG T OTLY-
KA t, OVOUATETOL YWVLAKK EMLTAXUVCH TOU CWLOTOG.

dom

U“y(uv - dt

H ywviakn eritayuveon £XeL thv katevBuvon tou dtavucpatog dm
Ko povada 1 rad / s

Otav éva cwHO HETOKLVEITOL OTO XWPEO Kal Tautoxpova aAAdlel
0 MPOOCAVATOALOHOG TOU AEUE OTL KAVEL oUVOETN Kivnon. TETold Ki-
vNon KAVEL TLY. O TPOXOG EVOC AUTOKLVATOU, OTAV KIVELTAL TO QUTOKIVN-
T0. OnMw¢ oupPaivel KAl LE TO UTTOAOLTTO AUTOKIVNTO, 0 TPOXOG aAAdleL
B€on oto xwpo (pnetadopikn Kivnon) Kal Tautoxpova MePLOTPEDETAL
YUpW oo tov afova tou. TUVOETN Kivnon lval Kal n Kivnon mou KAveL
MLl pOKETA OV KpATWVTAG TN oo tn Aafn tnv metafoupe YnAd. H
oUVOeTN Kivnon pnopei va peAetnOsi wg emaAAnAia pag petadopt-
KNG Kal pLag oTpodLkng Kivnong.

To oynpa 4.4 Seiyvel €éva Tpoxd mou KuAietat. H kivnon tou pmopet
va BewpnBel w¢ To amotéAeopa tNG EMAAANALOG HLOC UETAPOPLKAG
kivnong, otnv omola 0Aa Ta cnuela TOU TPOXOU, KABE oTlyun, €Xouv
v 6l taxvtnta v, (o). 4.4a) Kou pag otpodLkng kivnong, yupw
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ano afova mou MEPVAEL Ao TO KEVTPO TOU TPOXOU Kal gival KABETOC
o’ autov (oy. 4.4B). Itn otpodlkn Kivnon OAa ta onpeia Tou TpoxoL
TIOU ATéXoUV To 610 armo tov afova mepLoTpodng EXOUV TAXUTNTEC UE
TO (610 HETPO v, EPATITOUEVEG OTNV KUKALKN TOUG TpoxLd. H taxutn-
Ta kdBe onueiou Tou TPoXoU eival n cuvioTapEYn TNG TaxXLTNTAG »_ ,
Aoyw petadoplkng Kivnong Kat tng » Adyw NG otpodLkig (oy. 4.4y).
Onwg yvwpilloupe yla Tnv toxuTNTA © AOYW 0TPODLKNAC Kivnong LoXUEL
v = wR .Oa doVUE MOPAKATW OTL LOXVELKALY, = @R, dnAadnv =0v

cm cm®

® )

v,=2v

H tpoyid evog uikpod Laumtipo mov tomoletnOnke atny mepipépeia kvlioue-
vov tpoyod. To kévipo tov tpoyod kiveitar evlodypauua.

Eiwkéva 4-1.

To kévtpo palag.

Mta €vvola TTou OTTAOTIOLEL TN LEAETN TOU OTEPEOU CWHATOC ElvaL n
€VVOLa TOU KEVTPOU MAlo TOU CWHOTOC.

Itnv elkova 4.2 dpaivetal n kivnon evog KAELSLOU Avw o€ Aelo opl-
{ovtio eninedo peta ano pia wbnon mou d€xtnke. H cuvoAlkr Suvapun
TIou alokeltal oto KA£LSL elvat pndév. Av to KAeLdL Tav UALKO onueio
Ba €kave euBLYpapUn opaAn kivnon. Mapatnpriote OTL UTTAPXEL Eva
ONUELO TOU ToU KAVEL akpLBWC TEToLa Kivnon. To onueio autod eival to
KEVTPO palog tou KAeLSLoU.

H kdlion tov tpoyod (y) eivai
emoaliniia  THG UETOPOPLIKNG
kivnong (o) kar tng oTtpo@i-
kg xivnong (B). H roaydtnra
kale onueiov Tov TPOYOD €ival
N OOVIOTAUEVH TNS TAYVTNTOAS
OV EYEL LOY®W UETAPOPLKNG Ki-
vipong (v, ) kKol ting taydTnrog
Adyw mepiotpognc (v).

ynpa 4-4.

To kleidi tng @owrtoypapiag
xaver ovvOetn kivnon. To xé-
VTpo nadag tov OUwS KAVEL EV-
Odypopun onain xivnon.
Ewkéva 4-2.
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Kévtpo palag (cm) evog otepeol ocWHATOG OVO-
HAleTaL TO ONMUELO EKEIVO TTOU KLVEiTAL OMWG £val
UALKO onueio pe pada ion pe tn palo Tov cwpa-
TOG, OV OE QUTO QLOKOUVTAV OAEG OL SUVALELG TTOU
OLOKOUVTOIL 0TO CWHLAL.

To KEVTPO HA0G OLOYEVWYV KOL CUMETPLKWY CWUA-
TWV CUUTILTITEL LE TO KEVTPO CUMUETPLag Toud. M.y.
TO KEVTPO palag evog kUBou eival To onpeio TOUAG
TWV SLaywviwv Tou, To KEVTpo paloc plag opaipog
elval to ké€vtpo tng odaipac.

To kévtpo palag evog ocwuaTog Umopet va Bpi-
oKeTAL KOl £€w amd To cwua. TETola elval n mept-
TITWON LOOTIOXOUG OLOYEVOUC SAKTUALOU, TO KEVTPO HAlaG Tou omoilou
BplokeTal 0TO KEVTPO TOU. AV éval oWUa BPLOKETAL LECO OE OLLOYEVEC
nedio BapuTNTOg TO KEVIPO HALOG TOU CUMTILTIITEL UE TO KEVTPO PBa-
poug, To onpeio SnAadn amod to omolo mMepvVAEL mAvTa To BAPOC Tou
OWHATOG, OTWG KoL va TormoBetnO«l.

H kUAwon Tou TpoXOU

Ac¢ emavéABoupe otnv KUALON TOU TpoXoU (o). 4.5). Katd tnv kUALon
KAaBe onueio tou Tpoxou €pxetal Stadoxlka os emadr Pe To dpopo.
‘EToL, 6tav 0 TPoXOG o€ XPOVOo df HeTAKVNOEeL kata s, éva onueio A
NG mepLdépeLlag tou Ba €xeL otpadel katd T0§o URKoug ds, 0To omolo
avTloTouxel N emikevtpn ywvia d6. H taxbtnta v, TOU KEVIPOU MALog
TOU TpOXOU £ilval

ds

V,,=— .
cm dt (41)

équd@=% nds=Rdo

avtikadlotwvtag otnv (4.1) €xoupe v

cm

do
= R— ka, eneldn ﬁ =,
dt dt

TEALKA TTaipvoupe v, =oR

cm

‘Eotw €vag tpoxog mou KUAleTal mavw o€ AdyLo emninedo (o). 4.6).
H ywviakn Taxutnta tou Tpoxou avéavetal, SnAadr £XEL YwVLAKH ETTL-
Tayxuvon. To KEvTpo Palag Tou TpoxoU EKTEAEL OUAAQ ETUTAYUVOUEVN
Kivnon. Av n TaxutnTa TOU KEVTPOU HAlaG TOU TPOXOoU KATOLA OTLYUN
elvaLv,,,, Ba oyvel

, dv. dow ,
U =mR omote —“ =_""R KOLTEAKA

o dt  dt

a =a R

cm yov

Omou ¢, N EMTAXUVON TOU KEVTPOU MAZAG KAL ¢ N YWVLAKNA ETUTA-

Xuvon mepLoTpodr¢ Tou Tpoxou.

ywv

To kévipo palog tov diockov
Kiveitalr 0mw¢g éva vAiko on-
ueio mov Pfallerar whayia.

Eixéva 4-3.

Otav to kévipo palag tov
poyod uetaxivnlei kotd ds,
Kale onueio otnv TEPIPEPELG,
00 OTPEPETAL KATA TO (010
t0co.

Xyfqpa 4-5.

(0]

Py

2T0V Tpoyo TOv KvLAEL:
a(‘lil :a}/(Q\’R

Xynpa 4-6.
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(4.3.) Porti AUvapng

Av aoKnooupe pLa Suvapn o€ €va WO TTou €XEL T Suvatotnta va
otpédeTal yupw amod otabepd dafova To cwua MEPLOTPEDETAL EKTOC
av o popéag TN Suvapng mepvael ano Tov afova meplotpodnc. Amo
NV eumelpla pag yvwpi{oupde OTL N MEPLOTPOGN TTOU TIPOKAAEL pLa
Suvapn eéaptdtal OxtL Lovo amno tnv katevBuvon Kot To UeEyebog tng
Suvapung aAAd kat amnod to onueio oto omolo aokeital n Suvapn. Ma va
KAELOOUME pLO TTOPTA TN OTIPWYXVOUE KOVTA OTO TOUOAO Kal OXL KO-
VTA otov afova mepLoTpodnG TNG (LEVTECEDEG), YLIaTL aKOUA KOL ULKPN
Suvapn umopel va mpokaAéoel otpodn NG noptTog otav epapuoletal
HOKPLA Ao Tov dfova mePLoTPOoPNG.

To péyebog to omoio meplypddeL TNV LKAVOTNTA ULlag SUvapng va
oTpédel éva owpa ovopaletal pomn TG Suvapng kot cupPBoAiletal
LLE TO EAANVLKO 7.

A) Pontj 8Uvapung we pog afova

EoTw €va cwpa Tou €XeL TN duvaTtotnTa va oTPEPETAL YUpW AT
Tov afova z'z. Ito owpa aokeital Suvaun F mou Bpiloketal o eninedo
KAaBeto otov afova ePLOTPODNG.

Pormn tn¢g Suvaung F, wg mpog tov afova nepiotpodrg ovopaletat

TO SLOVUOUOTIKO HEYEDOC OV £XEL METPO (OO LLE TO YLVOLLEVO TOU

HETPOU TNG SUVaUNG e TRV KABETN andotaon / tng SUvaung ano

tov aova neplotpodng (LoxAoBpayxiovag).

t=Fl

H pornn €xeL tn S1eVBuvon Tou afova neplotpodrg Kat n dopa tng
Sivetal ano tov kavova tou Se§Lov XepLov. Movada porrg ival
ol Nm.

Na va mpocdlopicoupe tn dopa tnG pomng KAeivoupe ta Saytula
ToU 8e€LoU XepLov Kal Ta TomoBeToUE €TOL WoTe va Selyvouv tn dpopd
KaTd TNV omola teivel va mepLotpePel To cwpa n duvaun. O avtixel-
pag tote divel Tn dopd Tou SLavUoUATOC TNG POTIAG.

Av n &uvaun F 6¢ Bploketal o eninedo kabeto otov afova mept-
otpodng, n porr TG lval ton pe Tn pormn mou SNULOUPYEL N CUVLOTW-
oo TG Tou PBplokeTtal mavw oto KaBeto eninedo (oy. 4.9)

Y10 KepAAOLO OUTO Bl LEAETI)OOUE LOVO TIEPLTTTWOELG OTLS OTIOLEC OAEC
oL SUVAELG TToU ackoUVTaL 0T cwuata Bpiokovtal oto (6Lo eninedo.

Ze TéTola TPOPBAAUATA, YLO VO TIEPLYPAYOULE TNV TAOoN Ulag duva-
UNG va TEPLOTPEPEL Eva cwWHA TTPOC TN Uia i TNV GAAn dopad, xpnot-
HOTIOLOUUE TNV aAyePpLKn TN TNG pomnc. Katd cupPacn Bewpoupue
BeTikn T pomn tnG SUvaUNG Ttou TElVEL va TTEPLOTPEPEL TO cWHA avTi-
Beta amod tn dopd Twv SEIKTWY TOU POAOYLOU KOl ApVNTLKA TN POTH
NG SUVOUNG IOV TElVEL va To TEPLOTPEYEL KATA T dopa Kivnong Twv
SeLKTWV TOU poAoyLou.

H idia dvovaun mepiotpéper tnv
TOpTO WO EVKOAA OTAV Q.OKEI-
Tl uakpid awo tov alovo mwe-
piotpopns. H F" mwov o popéag
¢ diépyetal amo tov alova
0& UTOPEL VO TEPLOTPEWEL TO
ooua.

yqpo 4-7.

H gopd tn¢ pomijc tne dbvaunc
F Bpioketor ue tov kavova tov
0e100 yepiod.

Xynpao 4-8.

H pori g ovvaung F éxer ué-
tpo I 1
Xyfpa 4-9.
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210 owpa tou oxnpatog 4.10 dpouv oL duvdpels I, kal F, . To cwpa
€xeLtn duvatdtnta va otpédetal yupw amo afova mou SLEPYETAL Ao
1o onueio O kat elval kaBetog oto eninedo tng oeAidac. H cuvoAikn
POTIN TIOU SEXETAL TO CWHA Elval

T=1,+7,=Fl-F)l,

B) Pomj SUvapng wg nPog onpeio

Av o’ éva eAevBepo ocwpa acknBel Suvaun mou o popéag tng ot-
EPXETOL ATO TO KEVTPO palag tou, To owua dev meplotpedetal (Ba
eKTEAEDEL peTaPOPLKN Kivnon). Av Opwg o popéag tng dSuvaung de dt-
EPXETAL QMO TO KEVTPO MAlaG TOou, TO owHa Mall pe Tn HeTadOPLKN
Kivnon Ba ekteA€oel Kal MePLOTPpOodLKN YUpw amod éva vonto afova
(eAelBepoc aovac) mou SLEp)eTal amo To KEVIPO HA0C TOU CWHATOC
Kal elval kaBetog oto emninedo mou opiletal amo tn duvapn Kol To KE-
VTPO MAlaC TOU CWHATOC.

Mropeite va SLAMLOTWOETE TA APATIAVW UE €va LOAUPL Tou Ppi-
OKETOL TIAVW o€ €va Tpanell. QBwvtag To LOAUBL 0To KEVTPO palag
TOU, TO HOAUBL KAVEL LOVO PeTadOPLKN Kivnon. Av OLwC aoKAoeTe SU-
VON ot pla tou akpn (o dopéag tng Sev mpenel va SLEpYeTAL Ao
TO KEVTPO MAlog Tou) TOTE TO HOAUBL oTpédeTaL YUPW ATIO £vav vontod
afova mou SLEPXETAL ATIO TO KEVTPO LAL0G TOU KL TOUTOXPOVA LETAKL-
veltal. H petadopikn kivnon pnopet va punv givat epdpavig av n telpn
QVAUEDQ 0TO HOAUBL KAl TO TPATIENL €lval ONUAVTLKA .

ITIG TIEPLIITWOELG TIOU Sev UTTAPXEL 0TOOEPOC Afovag MePLOTPODNC
XPNOLUOTIOLE(TAL N €VvoLa TNG POTIAG TNG SUVANG WG TTPOC ONELo.

Pon 8uvapng F wg npog onpeio O ovopudloupe To SLOVUGHATIKO

HEyeBOG OV €XEL METPO {00 LE TO YIVOHEVO TOU METPOU TNG SUva-

KNG eMi TRV andotaocr thg anod 1o onpeio O

t=FI

SLevBuvon kaBetn oto eninedo nmov opiletal ano tn SUvaun Kat Tto
onueio O kat popd mou Sivetal and Ttov Kavova Tou SeELov XePLoU.

Afloonueiwtn elval n mepimtwon mou o éva cwpa dpouv duo
avtipporeg duvapelg F| kat F, pe {oa petpa. Auo tétoleg Suvapelg
anoteAolv {elyog SuVANEWVY. AV n amOoTach TwV PopEwv Twv duo
duvapewv eivat d, n alyeBpLki TR TNG POTAG Tou {EVYOUG WG TTPOG
karoto onpeto A (oy. 4.12) mou améxeL anootaon x, anod tn dvvaun I
katx, ano v F,, eivat

r=Fx+ Fx, =F(x +x,)=Fd

ETIOUEVWG

r=Fd

To (6lo amotéAeopa Ba eiyape kol wg mMpog omolodnmote AAAo
onuelo. Emopévwe, n pon {elyoug duvapewv gival idla w¢ mpog
onoLodnmnote onpeio.

F,

210 copua ackodvrolr oir ov-
VAueLS Fl Ko Fz. H gopa
TEPLOTPOPNHS TOV COUATOC KO-
Qopiletar amnd 10 alyefpiko
dabpoiouo twv poradv.

Zyfqpa 4-10.

\
Ilpoodiopiouds tng popag tng
pomijs Sbvauns g mpos o1-
neio pe tov kavova tov 0eé10d
xepiov.
Tyfqpa 4-11.

[

S

O1 évvduerg ¥ ka1 F, arote-
Aovv {edyog. H pori tovg ei-
vol (010 wg TPOg OmMO100NTOTE
ONUELIO TOV ETITEIOD TOVG.
Xyqpo 4-12.
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NMapadeyua 4.1

To oteped Tou oynpatog 4.13 anoteAeitatl and dVo opoafovikoug
KUAlvépoug, pe aktiveg R, = 4 cm katL R, = 3 cm, ou oTtépovtal yupw
arno otabepo dfova xx. O dfovag xx CUUTILTITEL LE TOV Afova CUULLE-
TPLOG TwV KUALVSpwv. EE attiog Twv Bapwv mou KpEUOVTOL Ao TOUG
800 kuAivépoug, Ta oKOWLA AGKOUV GTOUG KUAIVEpoUG Suvapelg /7, =
6 N kau /7, = 10 N. Na untoloyioete thv OMKN portr) Tou SEXETAL TO
oTEPEOD.

Amovinon:
H &Uvaun F| teivel va otpéel to oteped katd tn Betikr dopd Kot
Sdnuioupyel Betikn pony 7, = /| R, .
H 60vaun F, teivel va to otpéet katd Tnv apvntiky dopd Kot dnut-
oupyet pony 7, =1, R,.
H ouvoALKr) portr) TTou SEXETAL TO OTEPED elval

r=1,+7,=FR -F,R,=-0,06 N-m
To apvntikd mpoonuo Seixvel 0TL To oteped Ba otpadel OMWE OTPE-
dovtal ol deikteg Tou poloyLou.

Mapadeyua 4.2

H aBapng paBdog tou oyrpatoc 4.14 unopel va otpédetal yupw
arno afova mou SLEpxetal amnod to onpeio O kot ival kABeTog og auTh.
To O amnéexel amd ta dkpa TG pdPdou x, = 5 cm kaLx, = & cm. T AKpa
NG pdPdou ackouvtal ot duvdpels /7, = 50 N kaw /7, = 40 N. H duvaun
I, oxnuartiCet ywvia ¢ = 30° ue tn pdpdo. Noon eival n oAwkn portr
niou &€xetal n papdog;

Arcavnon :
H pomn tng /7, elvaw Betikn yiati n 6uvaun teivel va otpéeL tn paBsdo
kata tn Btk dopd. Eival

7, =Fx, =2,5Nm

Mo va urtoloyiooupe tn portr g F, tTnv avaAUoUpE 0TIG CUVIOTWOEG
F, kau F2y ME pETPQL [, = F, ovv30" kaw I, =F, 1u30°. H pomn tng
F, elval undev 5L'OTL o c!aopsaq e 5L8p2(£'tdl ans tov c’JLEova (n ano-
otaon tng F, amnd tov dfova eivat undev), evw n porr tng F2y elval
0pVNTLKN Kal lon pe
7, =—F, mu30°x, =—1,6 Nm.

H ouvoALkr) porr) mou 8€xetal n paBdoc ivat

T=1,+7,=0,9Nm.

H ouvoAwkn pormn eival BeTikr, emopévwe n paBdog Ba otpadet avrti-
Beta pe tn dopd TNG Kivnong Twv SELKTWY Tou poAoyLou.

Tyfqpa 4-13.

F,
o)
v Fz
v F, D F,,
Xynpa 4-14.
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(4.4.) looppornia ZTeEpEOL ZWHATOC

Ac 6oUpE pE TOLEG TIPOUTIOBEDELG LOOPPOTIEL Eval apXLKA aKivnTo
oTEPED 0TO Omoio aokouvTtal SUVAUELC.

Av T0 oTeped £xel 0TaOepO afova pmopel va KAvel povo otpodikn
kivnon. Emopévwg, yLa va LooppoTmel, apKel N CUVLOTAUEVN TWV POTIWV
w¢ TTPOC Tov agova va eivat pndev.

‘Eva eAeUBepo oTEPED, OPWC, UIMOPEL va eKTEAEDEL KOl LETADOPLKN
Kal otpodLki Kivnon. Av n CUVLOTOMEVN TwWV SUVAUEWY TTOU 0LOKOU-
VTOL O0TO oWHA glval pndév to cwpa &g Ba ekteAEoel LeTadopLkr Ki-
vnon. Auto opwg ev e€aocdalilel otL 6e Ba otpadel. Av umapyouv
pOTEC TO cwpa Ba otpadel. Otav n cuviotapévn duvaun eivat pndey,
OV UTIAPXOUV POTIEC, AUTEG Ba odeilovTtal og (evyn duvapewv. H pomn
levyoug, OuwWG, elval dLla wg mPog OAa ta onuela. Emopévwg, yla va
un otpadel To cwpa Ba MPEMEL N cUVICOTAUEVN poT va glval pndév
w¢ TPOG £va omolodnmote onpeio (tote Ba eival pndév Kot wg mpog
KOs aA)o).

ETopEVWG yLa vaL LOOPPOTIEL £Va APXLKA OLKIVNTO OTEPEG CWHOL GTO
omnoio aockoUvtol MTOAAEG OLOETIESEG SUVAELG Ba TPETEL TPWTOV
N ouvLoTapEvn duvapn va sivat pndév

TF =0

2F=0n ZF;‘:O

Ko SEUTEPOV TO AAYEBPLKO ABPOLOA TWV POTIWV WG TTPOG OTIOLOSI-
TOTE onMelo va elva pndév

Mapadeyua 4.3

Oupoyevng optlovtia dokog Al mou €xel unkog / = 4m kol Bapog
w, = 200N, kpgpetaL ano duo katakdpuda okowLd mou eival Seuéva
oTa AKpa TNG Kot Looppornel. Navw otn 60ko kat o€ andéotacn x = Im
arto TO AKPO TNG OTEKETAL AvBpwrtog Bdpoug w, = 600 N. Mola eivat ta
METPA TWV SUVALEWVY TTIOU ACKOUV TOL OKOWLA 0T §0KO;

Amévrnon :

OL buvauelg mou ackovvtal otn Sokod ivat To Bapog tng (w,), n duva-
pn mou d€xetal and Tov AvOpwo - €lval ton pe To BAPOG Tou W, - Ko
otduvapelg 7, kat T, amo ta oKowLd. Tyfpo 4-15.

Edbbdoov n paBdoc Loopporel N CUVICTOEVN TwV SUVAUEWV gival pn-
Oév

YF =0 enopévwg 7, +7, —w, —w, =0 (4.2)
Kol To aAyePBpLko aBpoLlopa TwV POTwWV TWV SUVAPEWY, WE TTPOC OTIOLO-

oénmote onuelo eivat emiong undév. OL umoAoyLopol pog anmAouotevo-
VTOL OV Ol poTéG avadEpovTtal o€ onpelo amod To omolo mepvael pia
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oo TIG AyVWwoTeg SuUVAELS. ETAéyoupe To onueio A.

)
27, =0, apa Tzl—wlz—wzxzo,

. , , wl+2w,x
amo onou npokunteL ot [, =————=250N

- 21
AvtikaBlotwvtag otnv (4.2) Bpiokoupe 7, = 550N

MNapadeyua 4.4

Opoyevng dokog AT, unkoug / kat Bapoug w = 400 N, Loopporel opt-
fovtia. To akpo A tng Sokou otnpiletal pe apBpwon o€ Katakopudo
Toixo. To aAAo akpo tng I cuvdEeTal e Tov TOiXO LE OKOWi TTou oxn-

patilet ywvia ¢ = 30° pe tn doko. Na Bpeite Tig Suvapuelg mou déxetat F, F T T,
n 60KOG Ao To oKowi Kal amo tnv dpBpwan. 0 ¢
Anavinon :

AvaAUOUUE OAEG TIG SUVAUELG O pLa 0pL{OVTLA KAl PLa KATaKOpUdN e 4 16w v

SLevbuvon,.
T.=T ovv30° ko T, =T nu30°
Ebooov n paPdog Looppormet
SF =0 i Touv30" =F. (4.3)
SF =0 0 TyB0°+F, =w (4.4)

Entiong 27 = 0 w¢ mpog omoLodnmote onuelo
YrioAoyiloupe to aAyePBpLlkd ABpoLopa TWV POTIWV WG TIPOG TO CNUELO
A

TW30°/—Wé=o (4.5)
Oubuvapels /7 F kaw 7 €XOUV UNOEVIKEG POTIEG WG TIPOG TO ONUELD A.
Aré tn oxéon (4.5) mpokUmTeL
2T nu30"=w emopévwg 7 =400N  (4.6)
AT tnv (4.3) AapBavovtag urtoyn tnv (4.6) Exoupue
F.=2003N
KalL oo tnyv (4.4)
F,=200N
Enopévwg n 80vapn F éxet pétpo £ = /(F, )2 + (E )2 =400N

Kal oxnuoatilel pe tnv oplldvtia StevBuvon ywvia ¢ yla tnv omoia

F_\

F 3

X




118

(4.5.) Ponl Adpavelag

‘EOTw €va 0TEPED TO Omolo oTpEdeTal YUpw armod To otabepd afova
2z (0%.4.17). XwpiloupEe TO WA OE CTOLXELWSN TUAMATA LE PAleq m,
m, ..., TO00 MIKPA WOTE KaBEva amo autd va pnopei va BewpnBel uAL-
k6 onueio. OL pdleg m, m,... KvouvTaL KUKALKA yOpw amd tov déova,
0€ KUKAOUG QKTIVWV 1T, ...

Ovopalouvpe porr adpaveLag EVOG 0TEPEOU WG TPOG KATOLo Go-

va TO AOPOLoHA TWV YIVOUEVWV TWV OTOLXELWSWV palwVv amno Tig

OTOLEG AMOTEAEITAL TO CWHA ETL TA TETPAYWVA TWV ANMOCTACEWV

TOUG o Tov afova eEPLoTPOPNG.

To oteped umopei va Oewpnbei
0Tl amoTEAEITOL OATTO OTOLYELD-

I=mp’ +mr +... on tuipata.
Xyfpa 4-17.

H pomn adpavelag eivot povopetpo péyebog kat €xeL povada to
1 kg m?.

O UTtOAOYLOMOG TNG POTING ASPAVELOG EVOC CWHATOC ouvhOwG dev
elval eLKOAOG.

Ytov mivako mou akoAouBel divovTal ol pomEC adpAVELOG KATIOLWV
OWUATWVY WE TIPOG €vav ATIO TOUG ATIELPOUC AEOVEG TTou SLEpXOoVTaL
oro To KEVTIPO palog toug. O cUYKEKPLUEVOG Afovag yLo KABe cwua
elkovileTal oTo OoXNUQL.

NINAKAZ ME TIZ PONEZ AAPANEIAZ OPIZMENQN XAPAKTHPIZTIKQN
2ZOMATQN Qz NMPOZ A=ONA MOY AIEPXETAI AMO TO KENTPO MAZAZ

ey A

(o) Agmrhy (B) Opboydvia () Zoumoyfg
p6pdog TAGKQ KOALVSPOG
1 1 1
I=—MI? I=— M(a*+b%) I=— MR?
12 12 2

¢R+: ¢R*:

(8) Aioxog (e) Zopopkog (o1) Zvpmoyhg
elo1O¢ oeaipa
1 2 2

I=— MR’ I=§MR2 I=gMR2
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MetagU tng porng adpavelag /  evog CWHATOG WG TPOG A&ova TTou
SLEPXETAL OO TO KEVTIPO UALOC TOU KoL TNG POTNG adpAveLag 1[) w¢
nipog omnotodnmote aAAo afova p, TaPAAANAO LE TOV TPWTO OE ATIO-
oToon d amd AuTOV, UTIAPXEL LLOL ATTAR OXEON, YVWOTH WG To Bswpnpa
nopaAAnAwv afovwv N Oswpnua Steiner (Itdawep).

Av I, n pomn adpaveiag evog cwuatog uagag M, we npog dfova
TIOU SLEPXETAL OO TO KEVTPO MATaG, N POMH AdPAVELAG TOU WG
npog éva dfova mou cival mapdAAnlog kat anéxel andotacn d 1o fedpnua mapaiiiioy als-

, . . , %0 , 5006 vov Jdiver Tt pomn adpavel-
ard Tov npwto eivai ion pe 1o ABPOLOHA TG POTUE ASPAVELAC WG, 1s0c ruyaio dova mov
TPOG ToV A§ova Tou SLEPXETAL ATTO TO KEVTPO HATOG TOU OWHNATOG  aréye: andoracy d amd to Ké-
KOl TOU YLVOHEVOU TNG HAT0G TOU OWHATOC ETL TO TETPAYWVO TNG VTpo palag.

andéotaong d. Zyipae 4-18.

1,=1,+Md’

cm

Mapadeyua 4.5

YrnioAoyiote tn pomn adpavelag opoyevols SaktuAlou palag M kat
aktivag R, wg mpog afova mou SLépxetal and To KEVTPO TOU Kal givatl —
k&Betoc oTo eminedo mou opilel. To dyoc Tou Saktuliou gival ape- S v O )
Antéo og ox€on UE TNV aktiva Tou.

Amcvnon : »
OewpoUpe OTL 0 SAKTUALOG amOTEAELTOL ATO TLG OTOLXELWOELG LATEG  Zynipa 4-19.

m,, m Etvaw pavepo otum, +m, + .. .. =M

My e

Emeldn 1o maxog tou SakTtuAiou eival apeAntéo oe oxEon UE TNV
OKTlva TOU R, OAEG OL OTOLXELWOELG Laleg €xouv TNV Sla amootaon R
amno Tov afova MepLoTPOdnC.

J0udwva E TOV OPLOUO TNG POTING ASPAVELOG

2 2 2 2 2
[ =mnr” +m,ry +.=mR+m,R+...= (m] +m, +...)R

2

Apa 1 =MR"
Mapadeyua 4.6

Avo ocwpata apeAnTéwy SlacTacewy, Ue (oeg padeg m, kaw i, , (m, z |
= m, = m), cuvdéovTal PeTagy Toug pe aBapr paBdo, urikoug /. Mota o
elval n pomn adpAvelog ToU CUCTAMATOC, WE PO afova Tou elval m, z'| m,

KaBetog otn papdo kal SiEpxeTal a) amnod to peEcov NG paBdou B) anod
™ pada m, ;

Amévrnon :

B
2 2 2 )
a) [ =m, z +m, L =2m L zﬂ Tyfqpa 4-20.
2 2 2 2

B) I=ml*+0=m]
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Napadeyua 4.7
YrioAoyiote tn pomr adpavelag evog AemTol opoyevoug dlokou, Ha- z
lag M kat aktivag R, wg mpog agova mou eival KABeTog oto eninedo
TOU, TIOU TTIEPVAEL ATIO TO AKPO Tou Slokou. .
Amavinon : Lyfipe 4-21.

H pomn adpavelag tou lokou wg mpog afova mou TEPVAEL Ao TO
KEVTpO palag tou ivat
I, =MR*/2

Edapuodlovrag 1o Bswpnua mapaAAnAwv afovwy yia ¢ = R €XOUUE

MR? 3MR’

I =1, +Md*= +MR2:—2

p_ “cm

(4.6.) OepeAwdng NOpog tnG ZTPodLkAC
Kivnhong

Itnv meplmtwon evog UALKOU onueiou, anod to BgpueAwdn vouo tng
punxavikng X F = mo mpokUMTeL OTL yla va PetaBAnBel n TaxuTNTA TOU
TPEMEL va aoknBel o autd duvaun. AvTioToL oG VOUOC LOXUEL OTN
oTPOdLKN KIvNoN OTEPEWV CWHATWVY. ZUUPWVA LLE QUTOV, VLA VO LLETO-
BANBEel n ywviakn taxuTNTA EVOC CWUATOC TIOU OTPEPETAL YUPW ATIO
otaBepod agova mpémnel va aoknBeil o’ autd pomn. H oxéon avaueoa
oTnV attia (pormn) Kal To anotéAsopa (LeTaBoAn TNG YWVLAKNAG TaXU-
™ntag) eivat

ZT = ]a}/ﬂ)l/ ( 4'7 )
. . , , s ) To ocoua 2, uéow tov okoi-
H mapanavw oxeon eival yvwoth wg o BepeAwsdng VOUOG TNG OTPO- 1105, aokei pors otov dova

¢kng kivnong, 6nAadn, TEPLOTPOPIG le amoTéleopa N
. . , , yoviekn toydtnra tov ualov
10 aAyeBpPIkG AOPOLOUO TWV POTLWV TIOU §POUV AV OF EVAL OTE- |\ 1y sdverar.
ped owpa To omoio meplotpidetal yipw and otabepd Afova y, g 4-22.
LooUTalL LE TO YIVOUEVO TNG POTIRG adpaveLag (UTOAOYLOHEVNG WG
npog Tov afova NePLoTPodnC) Kot TNG YWVLOKAG EMLTAXUVONG TOU
CWHATOG.
AT tn oxéon (4.7) daivetal 6TL 600 peyaAutepn eivat n pomr adpad-
VELOC EVOC OCWHOTOC TOOO TLo SUOKOAA aAAALEL N TTEPLOTPODLKI KOTA-
otaon Tou cwpatog. H ponn adpavelag ekdpalel otnv neplotpodn,
0,TL ekdppalel n pala otn petadopikn kivnon, dnAadn tnv adpdvela
TOU oWHATOC 0TN 6TPOodLKN Kivnon. Evw opwg n pala evog cwpatog
elval otaBepo péyebog, n pomnr adpavelag e€aptatal KAbe popd anod
TN B€on Tou dfova meploTpodnc.
Av to aAyeBplkd aBpolopa Twv pomwv eivatl pndév, anod tn oxéon
(4.7) mPOKUTITEL OTL KALL N YWVLOKI ETUTAXUVON TOU CWHATOG €lval Un-
6€v, eMoUéVWE To cwia Slatnpel TNV mponyoU eV TEPLOTPOdLKH TOU
kataotaon, dnAadn av to cwpa eivat akivnto Ba e€akoloubrost va
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NPEUEL evw av otpédetal Ba cuvexioel va oTpédeTal e oTabepn yw-
viakn TaxutnTo.

MeExpL Twpa avadepOnkape o oTPodIKEG KIVAOELS YUPW OO OTa-
Bepo dfova neplotpodng. Ta CUUMEPACHUATA KOG YL TNV Kivnon autn
UTTopOoUV va eMEKTAO0UV Kal OTLC TIEPLTTWOELS TTOU O Aafovag Tepl-
oTpodnG petatomniletal. AUTO CUUPALVEL OTLG CUVOETEG KIVIOELG, OTLG
OTIOLEC TO CWHA KAVEL TAUTOXpova LeTadOopLKn Kal oTpodLKn Kivnon,
OTWC OTNV Klvnon evoc Tpoxou mou KUAAEL. O BgpeAlwdng vopog tng
OTPOPLKAG KIvNong LoXUEL KAl OTLG TIEPLTITWOELG QUTEG, OPKEL O Afo-
VaG YUPW OTIO TOV OTIOL0 TTEPLOTPEPETAL TO CWHA VO SLEPXETAL ATIO TO
KEVTPO HAlOC TOU CWHATOC, va gival afovag CUPUETPLAC Kal Vo punv
aAAaleL katevBuvon kata tn SldpKela TNG Kivnonc.

Mapadeyua 4.8

Opoyevig kUAwbdpog patag M = 40 kg kat aktivag R = 40 cm, pmno-
pEl va oTpédeTal XwPLg TPLREC YyUpw amod Tov Afova Tou Tou eival
otaBepog. Itnv emipavela tou KUAIvEpou €xoupe TUAifsL okowi, to
€AeVBepo dkpo tou omoiou EAketal e otabepr) Suvaun F = 6 N. To
okowi EeTuliyetal, xwpic oAioBnon, meplotpédovtag Tautdxpova Tov
KUAWVSpo. Mola elval N YwVLaKH EMLITAXUVON TOU KUAivdpou;

H pomn adpavelag tou kKUAivEpou wg mpog tov dfova TePLOTPOPNG

1 ]
Tou elvat / = EMR‘.

Aravtnon :
H Suvapn mou aoKel To okowi otov KUAWVEpo mpoKaAel pony 7 = FR
Zopdwva pe to Bepelwdn vopo g otpodikrg kivnong 7 = /o, A
L,

FR=—MR'a,,
AUVOVTOC WC TPOC ¢ KOL AVTLKOOLOTWVTOC TIG TIHEC TwV peyebwv Bpi-
OKOUME

_2F 26N
Y MR  40kg-40-107m

o =0,75 rad / s

Mapadeyua 4.9

Mia tpoxaAia aktivag R, kal pomng adpavelag / Umopel va oTpé-
detal xwpic TpLBEG, yUpw amod opllovtio atova mou SLEPXETAL amod To
KEVTPO TN, OTWG paivetal oTto oxnua. Mpw amno tnv tpoxaiio £€Xoue
TUALEeL aBapég vijpa otnv eAeVBepPn AKPN TOU OTIOLOU KPEUETAL CWHLA
padag 7. Na UTTOAOYIOETE TNV ETTAXUVON TOU CWHATOC, TN YWVLOKH
ETTAXUVON TNG TPOXAALOC KOL TNV TAON TOU VAHATOC.

Anavinon :

Oa epOopUOCOUUE TOUG VOUOUC TNG HNXOVLKAC XWPLOTA O KABe
owpa. Ol SUVAUELG TTOU OOKOUVTOL OTO cwia 72, Elval To BApog Tou
mg Ko n taon tou vAapotog T.

Xynpo 4-23.

ynpo 4-24.

mg
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Z0pudpwva pe To BepeAwdn vopo g unxavikng mg — 7' =ma ( 4.8 )
Ytov Tpoxo aockouvtal n T (amod to vAua), n duvaun F (and tov afova)
KaL to Bapog tou Meg.
OLduvapelg Mg kat F &g dnpioupyouv pormn ylati o opéag Toug mep-
VAEL a0 tov afova mepLlotpodng. O BepeAlwdng VOUOG TNG LNXAVLKAG
yla tn otpodikn kivnon Sivel

r=la,, n TR=Iao

YoV

(4.9)
Abvovtag tny (4.8) wg pog 7' éxoupe 7' =mg —ma
AvtikaBlotwvtag otnv (4.9) mgR—mRa=lao,,, (4.10)

H emtdyuvon ¢ Tou cwpaTog ival ton Ue To pubuo mou augavetal n
TaxUTNTO EVOC onUElov TG mepldEpelag tng tpoxaAiag. Ma tnv emta-
XUVON auTr LoYUEL

_du_d(a)R)_Rda):

a= - - a"/(uvR .
dt dt dt ’ (4.11)
ondte n (4.10) yivetaw  mgR -mR’a.,,, = la,,,
mgR
: a,, =88 412
Emopevwg ) T+mR’ ( )

AvtikaBlotwvtag otnv (4.11) BploKOUUE yLa TN YPOUULKE ETILTAXUVON
- mgR’
[ +mR>

H tdon 7 umoAoyiletal av avTikataotiooue Tnv (4.12) otnv (4.9)

(4.13)

/ I/ ,
r=Lo :_&Rz r-_1ms_
R 7 R I+mR I +mR”
NMapadeyua 4.10

To ylo - ylo amote)eital and éva UKpO KUAWVOPO, OTO KUPTO E-
POG TOU omolou £l TUALYXTEL TTOAAEC POpEC Eva oKowi. KpatwvTag To
eAeVBepO AKPO TOU OKOLWLOU Kol adrAvovtag Tov KUAWSPO va TMECEL,
TO okowi EeTuAiyeTal Kal 0 KUAWVOPOC epLloTpEPETAL YUPpW ATIO €val
vonto opllovtio afova, Tov xx'.

Na urtoAoyioeTe TNV EMITAXUVON TOU KEVTPOU HAaG TOU KUALv-
6povu.

Aivetal n pornr adpavelag tou KuAivépou [ = %mR2 KoL N €TTL-
Tdxuvon tng Baputntag 2. OewpnoTe OTL oe OAN TN SLAPKELD TNG
KLlvnong Ttou KUAvEpou To OKOWi MapapEVEL KATAKOPUPO.
Aravnon :

Ou uvapelg mou ackouvtal otov KUAWVEpO eivat To Bapog Tou
mg katn duvapn T amno to okowti. Mo tn petadopikn kivnon tou
KUAivEpou LoxVeL:

LF, =ma

Tyfqpa 4-25.

o, N mg—T=ma, onote I'=mg—ma, (4.14)
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Edapuolovtag to BepeAlwdn VOUO TNG OTPOPLKAG KIvNoNnNg w¢ Tpog :
Tov afova xx €XOUUE ‘

Yr=lo,, "N TR=lo,, (4.15) L
AvtikaBlotwvtag tnv (4.14) otnv (4.15) Bplokoupe v
<
mgR-mRa,, =lo,,, ’: -
, 1 , 1 S
n ng —mR(J”” = _mR %y n g—a, = —Ramw (416) To viiko onueio udlog m Ki-
2 ' veitar kokAika. H otpopopun
, , _a., o0 eival kaletny oto emimedo
Oqu Aoy = Ra;/mv OTMOotTE  Uyov — ? THG TPOYIGE TOV.
Xyfpa 4-26.
AvtikaBlotwvtag otnv (4.16) Bpiokoupe
1 , 2g z
—d.,, =<4, a(‘m:—
g cm 2 cm r] 3
r. W
14 7m1
( 4.7. ) 2tpodopun B o
m,
H opun amodeixtnke péyebog Ldlaitepa XprioLpo yla tnv neptypadn 2
NG HETAdOPLKAG KIVNONG TWV OTEPEWV. TO AVTIOTOLXO TNG OPLLNG TOU S

otepeoy 0TN oTPOodLKr Kivnon to ovopdlovpe otpodopur. To oteped pmopei va Bewpnei
oTl1 0(770'[8/181'[0” amo O0TOol)YEL-

Oa oplooupe mpwta tn otpodopur VOGS UALKOU ONELELOU TTOU KAVEL b Tuipata us phles m, 1

n,

KUKALKR kivnon, otn cuvéxela Ba opiooupe tn oTtpodopur) OTEPEOY ... Kalbe udla extelei kvkliki
OWHATOG KL, TEAOC, TN 0TPODOPUN CUCTAUATOC CWHUATWV. kivion ybpw and tov déova
TEPIOTPOPNG.
Xyfpa 4-27.

A) Zxpodopun UALKOU onpeiov
‘Eotw €va UALKO onpeio nalag 7 Kat opung p o Kveltal og mepLpe-
peLa KUKAou aktivag 7 (oy. 4.26).
Ovopafouvpe otpodoppur) Tou UALKOU CNUELOU WG TtPog Eva afova
Z'Z IOV SLEPXETAL A0 TO KEVTPO TNG KUKALKAG TPOXLAG KOl ElvaL KA-
010G 0TO £MINESO TNG TO SLAVUCHATIKO HEYEDOG TTOU £XEL HETPO © %_ﬁ
| L=pr | n |L:murl
S1evBuvon autr tou afova z'z kat popd mov kabopiletal and tov
Kavova tou 8£§Lol xepLol. Movada otpodoppieivarto 1 kg m?/s.

5

odopun 0TEPEOL CWUATOG

€0 tou cxnuatoq 4.27 T[OU nsptorpscberal

4

z

O K®VOoG TOV TYNUaTOS TEPL-

oTtpépetol Yopw arwo tov alova
z'z ue yoviaxy taydtnro o. H
OTPOYOPLI] TOD CAOUATOS EIVAL
lw, Bpiocketol mavew otov ao-
va KoL 1 Qopd TG OiveTol amo
T0V Kovovo tov 0100 yepiov.

Xyfpa 4-28.
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oo autd va pnopet va BewpnBel UALKO onpeio. OL otpodopUES
OTOLXELWOWV aUTWV palwv £xouv OAeG TV iSLa katevBUVON KAl PETPA
L muvr, L, =m,v,r,,... Hotpodopun tou cwpatog eivat to @0pot-
OHONTWV 0TPOPOPWYV TWV UALKWV ONHELWV TTOU TO AIOTEAOYV.

L =muvyr +mo,r, +...

L ToXUTNTEG
K.0.K. OTIOTE

Emeldn T UAkd onpeia 772, 71, ... KAVOUV KUKALKH kivnon
TOUG 1, 1, \. UTIOPOUV va ypadouv v, = w1, L, =T,

L= mlwrlz+mza)r22+ e = w(m1 1‘12+ m, r;+
I 2 2 i
OUWC 7, 1; +m\;, +...= 1 enopévwg

H otpodopun EVOG OTEPEOU CWLATOG TIOU EPLOTPEDETAL YUPW

anod afova LooUTOL HE
1)

€xeL tn S1eVBuveon toy afova kot n popa TnG opileTal ano Tov Ko-
vova tou 8e§Lov xeplotl.

LTPOQOPUT] HEPLKAV CONEATOV

Tpoxtakn kivnon tg Mg 2,7x10% kg m?/s
Neplotpodr TS Mc 5,8x10% kg m%/s
Tpoxog avtokwntou (v = 90 km/h) 10* kg m?/s

Aiokog mik-arm (33 otpogic ¢lva min) 6x10~ kg m¥/s
Tpoxtakn kivhon nAektpo¥iou 1,05x107> kg m%/s
T nAeKTpOviou 0,53x107* kg m%/s

Tn otpodopun nmgu oxetiletal pe tnV mePLoTPodLkn Kivnon €vog
oWHATOG YUPpW ard dfova Tou MEPVAEL A0 TO\KEVTPO HAlag TOU OU-
XVQ TNV OVOUAIOoYLE OTILY, YLla va. TN SLaKPIVOUUS amd Tt oTpodopun
TIOU UMOpPEL va£xeL To owpa AOyw AAANG kivnong\ta mapadelyua, n
M €XEL OTTILV £ZALTLOC TNE TIEPLOTPODNC TNE YUPW ATTO ToV Aova TG Kot
otpodopunEattiog Tng Kivnong tng yupw amo tov HAlo, SnAadn tng
TPOXLAKAC/ANG Kivnong.

Ta otglxelwdn ocwpatidia - NAEKTPOVLA, TIPWTOVLA KON VETPOVLA -
éxouv gruv pétpou 0,53 %10 Js. Auth n otpodopun omiy cuviBwg

exdgaletal wg %h, émou /1 =1,05x10 " Js (mpodépetal értg pmdp)

kel elvatl pla BepeAlwdng moootnta 0TPodopunG mou epdavileTol ou-
va otn KBavTIKr GuoLKN.

) Ztpodopun CUCTANATOG

Ze €va oUOTNUA CWHATWY, 6TPOdOPIN OVOUATETOL TO SLavuoHo-
TIKO AOpOoLoHA TWV CTPOPOPHWV TWV CWHATWY TIOU anapti{ouv To
ocuotnua. Eav SnAadn ol oTpoPopHEC TWV CWHATWY TOU CUCTHOTOC
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elvat L, L, ..., n otpodopun L tou cuotripatog eivat
L=L+L,*..

levikotepn Alatunwon tou OsusAtwdous Nouou
T™n¢ Ztpo@iknc¢ Kivnong

0. TN oxeon 4.17 MPOKUTTEL OTL AV OE ATIELPOCTO po xpovo dt
] LKOTA dw, n otpodopun

yov

dL

X2T=—
dt

(4.18)

10 aAyeBpPLko AOpoLoHA TWV POTIW pouv o€ £va
OTEPEO TOU MEPLOTP V] 5 otaBepo afova, sival ico
HE TNV aAyeBPLKN] A 1G_TNG 0TPOdOPHNG

H oxéon autn eivat yia tn otpodikni kivnon to avaloyo tou SgUtEpOU
vopou tou Newton.

O VOUOG aUTOG LOYVUEL KOL O CUCTNUO CWHATWV. € £va cUOTNUA
OCWHATWY, To aAyePpLkd aBpolopa OAwv Twv ponwy, SnAadn Twv po-
TtwV ToU odeiAovTal oTIC EEWTEPLKEC SUVANELG KABWC Kal EKEVWV TTOU
odeilovtal OTIC E0WTEPLKEG SUVAELG, Elval (00 PE TO puBuO petapo-
AN¢G TNG 0TPOodPOPUNE TOU CUCTAUATOC.

H oAk pOTtH TWV ECWTEPLKWV SUVANEWV gival undevikn. ZUpPwva
LLE TOV TpiTO VOO Tou Newton oL E0WTEPLKEG SUVAUELG ATTAVTOUV KOTA
tevyn (6paon - avtidpaon). Ze kABe téTolo L{eUyog oL SuvapEeLg elvat
avtiBetec. H pomn kabe tétolou {elyouC wWC MPOC OTMOLOSHTIOTE ON-
pelo elval undevikn kat eMopEVWG To aAyeBpLlkd ABpoLlopa Twv pomwyv
OAWV TWV E0WTEPLKWV SUVAUEWV va elval undév. EtoL n ox£on 4.18 yla
oUOTNUO CWHATWYV YpadeTal

dL

2T, =—

C o dt

OMov 7. N porn piag e§WTePLKAG duvaung Kal L n 6tpodopur Tou ou-
OTAUATOC.

(4.19)

(4.8.) Aiatiipnon tng Ztpodopung

Ytn otpodikn Kivnon LoxveL évag VOUOG dlatripnong, avaAoyog Ue
TO VOUO 8LaTrpnong tng OpUng ou LoxUeL otn petadoplkn kivnon. To
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puéyebog mou dlatnpeital otn otpodiki Kivnon elval n otpodopun).

H datipnon t¢ otpodopung os Eva cwpa
Av o€ €va ocwpa To alyeBplkd aBpolopa Twv ponwv eival undey,
, . dL , , dL ,
amno Tn oxéon X7 = o T(POKUTITEL OTL 0 =0, enopévwg, L = orab.
t t
H otpodopur Tou CwHATOC TapaUEVEL oTOOEPN.

Ma napadetyua, Katd tnv neplotpodn tne Me yupw amo tov eauto
¢ (WBlomeplotpodn), emeldn n eAKTIKY SUvan Tou SEXETOL O TOV
‘HAlo 6¢ dnuioupyel pomny, adou o dopéag tng SLEpxeTal anod 1o Ké-
VTpO pHalag tng, n otpodopun tng Mg mapapével otabepn. EMopévwg
N Xpovikn SlapkeLa meplotpodn TN M¢ yUpw amod Tov EAUTO TNGMA-  H orpopopusi tne I'ne -Adéyw

popéVeL 0TaOEPH -24 WPEC. NG 1010TEPLOTPOPNS THS- O1a-
ypeitar otabepi.

Tyqpo 4-29.

H &watripnon t¢ otpodopurG 6 CUCTNHA CWHATWV.
O 6eUtepog vouog Tou Newton yla th oTpodLKr Kivnon atnyv me-
, , , , , dL ,
PLMTWON CUCTANATOG CWHATWY EXELTN HOPN) 27 . = ? Ao n
: t
OXECN QUTH TIPOKUTITEL OTL AV TO AAYEBPLKO ABPOLOUA TWV POTIWV
TWV €EWTEPLKWV SUVAPEWY 0TO cUoTNUA ival undéy, n otpodop-
Un Tou cuotnuartog Statnpeital otabepn. H mpotaon auth sivatl
YvVwoTr wg apxn tng Statipnong tng otpodopuig.
EGv n ocuvoAwkn e§wTePLKN pOoM o€ Eva cuoTNUA Elval Undév
n oAk 6TPOdOPHI TOU CUCTANATOC TAPAUEVEL OTAOEPN.
Av, A\Oyw ovakatavopng tng palag (e€attiog eowtepikwv, Hu-
v), HetaBAnBel n pomn adpavelag evoc cwWUATOG TPOG
ToV aowa TepLoTPodNnG Tou, LeETaBAAAETAL KaL N ywvLiak] Tax0Tn-

TA Tou aAAQ N otpodopun Tou Statnpeital otabepy, Mnopoulpe
ETIOUEVWC VA

o =1w,

Ta mapadeiypata psuwvouévwy ota oEdla diatnpeital n otpo-
dopun elvat moAAA. ITnVislkova 4.4 daivetal pLo abAnTpla tou
KaAALTEXVIKOU TtaTval, TouNgTpLdoyupilel oto mayodpouto. H
aBAATpLa UTtOpEl, CUUTTTUOOOVRAC Ta XEpLa KoL Ta Ttodia Tng, va
auénoel tn ywviakn taxutnyd neptarpodng tng. Eav n tppn twv
mayonéSIAwV e Tov mayeBewpnOel apeAntéa, ol e€wteplkég Su-

H yopedtpia coumtdocoovrag
0 GKpo THG OVEAVEL TH YWVIG-
KN Tox0TNTO TEPLTTPOPNS THG.
Ewxova 4-4.
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oéQa CUUTITUCOOUV Ta XEpLa Kat Ta odla touc. Katd tnv kivnon xbu
okpoBatn otov aépa, povadikn e€wtepikny Suvaun eivat tofapog
TOU, TO OWolo, emeldn SLEpXeTAL Ao TO KEVTIPO palag, b€ drjuloupyet
porn Kal nsgpodopun tou dtatnpeital. Me tn cUUTTYEA TWV AKPWV
LELWVETAL N PORY) ASPAVELAG, ETIOUEVWG AUEAVETAL YWVLOKH TaXUTN-
Ta MePLOTPOPnC. 20 oyna 4.30 paivetal mwG, M€ TNV TEXVLKN QUTH,
pLa kataduon pnopetva yivel moAU Beapatt

Ta aotépla Ta omoia wI0 teAevtaio gtadio tng Lwng Toug €xouv
pala and 1.4 éwg 2,5 dopég tn palar’tou HAlou, petatpémovTal o€
Q0TEPEC VETPOVIWV 1) pulsars. TwgeTépla autad, otav e€AVTANOOUV TIG
TINYEG EVEPYELAC TTOU SLaBETouy, oLRPELKVWVOVTAL AOYyw NG Baputntog
MEXPLG OTOU OL TIUPAVEG TWYATOLWVY TOYG apXioouv va epATTOVTAL, LE
QTOTEAECHA N AKTIVA EYOC TETOLOU AOTEPLOU va gival povo 15-20 km.
Emeldn n ouppikvworf opeiletal og ecWTEPLKEG SUVAUELG N oTpodOp-
un dtatnpeital grabepn kat emeldn n pomr adpAVELOG TOU 0OTEPLOU
MELWVETAL SpdaTIKA £XOUHE HLO avTioTolXn aU&Ron TNG TaxUTNTAC
nieplotpodNc. Ymoloyiletal OTL €voC OOTEPOC VETPOMIWV TIEPLOTPE-
detae ouxvotnta 3000 otpogic o devTepOAETTO. ML BYYKPLON, VA
avadépoupe otLn nepiodog meplotpodng tou HALou eival LEPEG,.

Mapadeyua 4.11

O avBpwmog oto oy 4.31, €XEL T XEPLO TOU TEVIWHEVA KAL OTO
KABe x€pL Tou Kpatdel va Bapdkt palog M = 4 kg. Eartiog piag won-
oNg ToU SEXTNKE, 0 AVOPWTTOG TTEPLOTPEDETAL UE YWVLOKK TaxUTNTA
w,= 4 rad/s. Me mola ywviakr taxutnta Ba otpedetal av CUUMTUEEL
T XEPLOL TOU;

To kaBlopa mavw oTo omoio KABeTaL, 0 AvOpwTog Unopel va otpéde-
Tal Ywpic TPLBEC, YUpw amd Katakopudo atova, Tou eival o afovag
ouppeTpiag. H porr adpavelag tou avBpwrou (xwplis ta Bapdkia tou
KPATAEL) OTAV £XEL T XEPLA TOU TEVIWHEVA gival 3,25 kgm? Kat otav
OUUMTUOOEL Ta XépLa Tou eivar 2,5 kgm?.

Ka&Be Bapakt anéxel anod tov afova neplotpodnig | m, otnv apxn Kat
0,2 m oto téAo¢. H pomn adpavelog tou kabiopatog eival apeAnTéa.
Aravtnon :

H apxwkn pomn adpdvelag /; Tou cUCTAUATOG WG TTPOG Tov d§ova
neplotpodng, 6tav o AvBpwIog elXE TA XEPLA TOU TEVTIWUEVA, NTAV TO
abpolopa TG pomng adpavelag Tou avBpwIou Kal TNG POTAG adpa-
VELAG TWV CWHATWYV TIOU KPATAEL.

L =177 + 1/ = I"” + 2MR} =11,25 kgm’

H pomni adpavelag /, Tou cuotipatog, otav o dvBpwrnog katefdoet
Ta X€pLa TOu £lval n véa pomn adpavelag Tou avOpwrou Kal n pomn
adpAVELAC TWV CWHATWV.

L=I%+10 =" + 2MR; = 2,82 kgm’

Me t ocoumtoln twv dxpwv
HEIOVETOL 1 POTNH 0OPOVELOS
NG KOTAODTPLOG UE OLVETEL
v adénon NG YOVIOKNS TO-
X0THTOC TEPIOTPOPHS THG.
Xyfqpa 4-30.

ynpa 4-31.
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Emeldn oto ovotnua Sev evepyolv eEWTEPLKEC POTIEC WG TTPOG TOV Ao-
va teplotpodnc, n otpodopun Tou datnpeital. AnAadn Loxvet:

I
Lo, =Lo, | o, =[—'a)l =16rad /s
2

( 4.9.) Kwntikni Evépyeia Aoyw
Neplotpodn

To owpa Tou oynuotoc 4.32, Tou OTPEPETAL LE YWVLOKI TaxUTNTO
®, YUPpW amo Tov afova 7'z, EXEL KWVNTLKN EVEPYELA.
MPOKELUEVOU VA UTIOAOYLOOULE TNV KLWVNTLKN EVEPYELX TOU CWHATOC,
TO XWPLLOUUE OE OTOXELWOELG MALEG 771, 711,... OL LATEG QUTEG EXOUV TNV
(6La ywviakn Taxutnta o Kot YPAUULKEG ToXUTNTEG Tou SivovTtal ano
TIC OXEOELG
v =7, U, =0T, . (4.20)

H KlvnTLKA EVEPYELO TOU CWHATOC €lval (on Ye To ABpolopa Twv KvnTL-
KWV EVEPYELWV TWV palwv amod Tig onoleg anoteAeitat, SnAadn

1 1
K =—muv} +=m; + ...
2 2 °°
H oxéon autn yivetat, amno tnv (4.20)

1 1 1

K=—maor’ +—mo’rl +..=—(mr* +mr +...)o°
5 M@ TSRO, 5\ 215

1 2 2 1]

Opwg m,1;” +m,ry +...= 1 KoL EMOUEVWG

K=110°
2

Mpémel va TovioTel OTL n evépyela autn Sev elval pLa véa popdn
eVEpYELaG. H oxéon otnv omola kataAngape amoteAel anAd pa BoAt-
KN €kdpacn yLa TNV KWVNTLKA EVEPYELX EVOC CWHLOTOC TTOU OTPEDETAL.

Av TO cwpa eKTEAEL TAUTOXPOVA HETAPOPLKA KAl OTpOodLKA Kivnhon,
OTIWC 0 TPOXOG TOU OXNLaTOC 4.33 n KWVNTLKN TOU EVEPYELA €lval (on
LE TO ABpoLoUa TNG KWVNTLKAG EVEPYELAG AOYW UETADOPLKAG Kol AOYyw
oTPOdLKAG Kivhong

K:lMu2 +lla)2
2 2

cm

omou M n palo Tou CWHATOG KAL » N TAXUTNTA TOU KEVTPOU HAlag

TOou.

cm

(4.10.) ‘Epyo Koata tn Ztpodiki Kivnon

Otav matape ta netdAla Tou mTodnAAToU aoKoUUE SUvapn Kot mo-
payoupe €pyo. Epyo mapAyeTal KoL and Tn Unxavn Tou AUTOKLVATOU

H xivytikiy evépyeio tov oo-
potog gival to alpoiopo twv
EVEPYELOV TOV GTOLYELWOIDV

pnalwv amo Ti¢ 0moieS ATOTE-
Aeita.

Xyqpao 4-32.

>

O tpoyoc éxel KIVNTIKN €VEP-
yELO AOY® LETOPOPIKNG KOL
Aby®m mep1oTpoPIKNG KIVNong
Tyfqpo 4-33.
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KaBwg otpédel Tov dfova Twv Tpoxwv. To €pyo piag duvaung mou
OTPEPEL EVO CWUO UTTOPOULLE VA TO EKGPACOUE OE GUVAPTNON UE TN
porA NG,

‘Eotw OtL n duvaun F aokeltal otnv meplidEpela eVvOg TPOXOU QKTIVOG
R, xata tn &levBuvon tng edamtopévng (oy. 4.35). Katd tnv amelpo-
OTA MLKPN OTpodn Tou TPoXoU KaTd ywvia df n Suvaun mapayetl €pyo

daw =F ds

Av n ywvia peTpLETOL O€ aKTivia ToTe ds = R d O kal
dW =F R d#

To ywopevo FR glvat n pomr) 7 tng duvaunc.

Enopévwg dw=7d0 (4.21)

Ma va urtoAoyioou e to €pyo pLag Suvaung Kabwe Evo CwHo OTPE-
detal kata ywvia ¢ xwplloupe TN ywvia o€ ATIELPOOTA ULKPEG YWVIEC
do,, do,.. xau aBpoiloupe Ta avtiotoxa £pya. Av n pomh tng duva-
pNng eivat otaBepn, OMwg otnv mepimtwon tou oynuatog 4.35, and 1o
abpolopa MPOKUTTEL

W=t60
Amo tnv (4.21) maipvoupe
aw_ do
dt dt

O puBuog mapaywyng Epyou 1/ dt eival n loxog P tng §uvapung kat
To df) / df elval n ywviakn TaxutnTa @ ToU CWUATOG, EMOUEVWE
P=rw
H pomn pag Suvapng LeTaBAAAEL TNV KVNTLKY EVEPYELO TOU CWHA-
TOG KOTA TOoOTNTA LoN e To €pyo TnG. Etol, otn otpodikn kivnon, To
Bewpnua €pyou - EVEPYELOG TTALLPVEL TN HopdN

szllwf—llwf
27 2

6nAadn to aAyeBpLkd ABpolopa TWV £PYWV TWV POMWYV OV QLGKOU-
VTOL 0TO CWHA €ival (0o Pe TN LETABOAN TNG KIVNTIKAG EVEPYELOG TTE-
PLOTPOGNG TOU OCWHATOG.

Mapadeyua 4.12

Oupoyevng kat oomaxng papdog punkoug L = 0,3 m kot palag M,
otpédeTal xwpic TpLBEC yupw amod oplovtio afova O mou Sitépxetal
amo To €va AKPo tNG. ApXLka n paBdog sival opllovTia Kal 0T CUVE-
Xela adrivetat eAelBepn. Mola ivat n ywviakn TaxuTNTA TNG TN OTLY-
un mou Ba mepacel and tnv katakdopudn B€on; Alvetal OTL n pomn

adpavelag tne paBdou wg mpog tov atova O elvat %ML2 KaL n EmLta-

xuvon tng Baputntag g =10 m/s".

Me v emidpoaon g Oodvo-
ung F 1o oo otpépetal kata
yovio dO. To onueio epapuo-
yn¢ e F peraromileror xatd
ds=R d@.

Xynpa 4-34.

Tynpo 4-35.
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Aravtnon :

H pnxavikr evépyela Tou cuoTtipatog dtatnpeital. EMAEyoupe w¢
emninedo undevikng SuvapLKng eVEpyeLag to opllovTio eninedo mou bi-
EPXETOL ATIO TO ETOV TNG paBSou A otav BplokeTal otnv Katakopudn
B<on. To péoov tng papdou sival To KEVTpo palag Tng.

Otav n paBdocg Bpioketal otnv opllovTia B€on €xel SuvapLKA EVEp-

L
YELQ MgE
Otav n papdog mepdoel anod tnv Katakopudn B€on, Ba £xeL KvntL-
| , , ,
KI eVEpyeLa 5 o™, 6mou / n ponn adpavelag tng paBdou wg mpog tov

atova O.

J0pdwva pe to Bewpnua SlatApnong TNG HNXAVIKAG EVEPYELOG
LoYUEL

L 1. ,, . L 11 .,
Mo —=—]w" Mo—=——ML"w"
8571 NMEL =53
o
oo OMou = T@:lO rad /s

Mapadeyua 4.13

Opoyevng KUAWSpog palag M kal aktivag £ adrvetal va KUANOEL
Katd pKkog mAdylou emunmédou ywviag ¢. Mota ival n taxvTnTto TOU
KEVTPOU palog tou KUAivepou otav n Katakopudn LETATONLON TOU &i-
vat h.

H emutdyuvon tng Baputntag (g) Bswpeital yvwotn. H porr adpa-

1 >
VELOG TOU KUAVOpOU w¢ mpog tov afova tou / = EMR“.
Amavnon :

H kUALon tou kUAivépou odeiletat otnv TpLn. H porn tng teLrig wg
TPOG TOV A€ova CUUUETPLOC Tou KUAIvEpOU €lval auTr) TIOU EPLOTPE-
deL Tov KUAWSpo. H tpLpn 6& petatonilel To onueio epapuoync tne,
adou kabe otyun aockeital oe SladopeTikd onpeio tou KUAivépou.
Mpokettal, SnAadn, yLa otatikn TPLPN. EMOUEVWC N LNXOVLKH EVEPYELDL
Tou KUALvdpou Slatnpeital.

Av Bewpriooupe OTL 0TNV KATWTEPN BEaN TOU N SUVOLKH EVEPYELQ
Tou KUAilvdpou eival ton pe pundév, otnv avwtepn B6€on tou 0 KUALV-
Opog €xeL duvapkn evépyeta Mgh.

Ztnv Katwtepn B€on Tou 0 KUAWVEPOG €XEL KLVNTLKA EVEPYELQ, TIOU
LooUTOL LE TO ABPOLOMA TNG KIVNTLKAG EVEPYELAG AOYW HETADOPAC

1 5 , , , L (1
(EMU(;”) KQL TNG KLVNTLKNG EVEPYELAG AOYW TIEPLOTPOPNG (5 I(o“j .

JUpPwva pe To Bewpnua SLatripnong tng LNXOVLKAC EVEPYELOC

/\//gh:l/\//u2 Lo A /\4;;/1:1/\402 PNV P
2 2 2 22

cm cm

Xyqpa 4-36.
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|
—v’ +—R'o’

; h=—0’ 4.22
f gh=2 f (4.22)
Ouwg n taxvtnta U, Tou KEVtpou palog eivot

v, = OR (4.23)

H (4.22) yivetat amo tnv (4.23)
1 1 v ’ L 1, 1, ,
gh — _ij + ZRZ ((—mj Qo Ornov gh = EU(’m + ZU('W Kot TE)\[KQ

Avtiotoiyion tng Metapopikn¢ Kivnong Xtepeou

ue tn Ztpopikn Kivnon

Metadoplkn Kivnon

@éon x
o dx
oaxutnta U =——
dt
) dv
Emtayvvon a = —
dt
Abvapn F
Mala m

OepeAlwdng VOUOG TNG UNXOAVLKAG
XF=ma

Opuy P=mVv

AeUTepoC vOpoG Tou Newton

d
sF=22
dt
Alatripnon TG opUAg

avIF, =0 p= otabepd
Kwntikn evépyela Aoyw petadopadg

K:imu2
2

Ztpodikn Kivnon

fwvia. ¢
, \ do
TwVLoKA ToxvTnTa @0 = ——
dt
, , do
fwviakd emedyovon @, = o
4 t

Portn T
Pomr adpdvetag [

OepeAlwdNE VOO TNG 0TPOdLKAG Kivnong
rr=la,,

Stpodopuy L =/w

AgUTEPOC VOUOG TOU Newton oTh oTpodLKN

dL
kivnon 27 =-—
dt

Awatripnon tng otpodopung
Av 27, =0 L=otabepo

Kwntikn evépyela AOyw meplotpodng

K:l]a)z
2
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Zovoyn

H ywviakn entdyvvon eivatl ion pe to pubud petafolng g ywvia-
KNG TaxuTNTOC.

_do

dt

Pomn duvaung F, wg npog agova neprotpodng ovopaletal to dlavu-
OMATLKO LEYEOBOC TTOU £XEL LETPO

t=FI
omou / n kaBetn andotaon Tng dSUvapng amno tov afova nepLoTpodng,
StevBuvon autni Tou dova meplotpodnig kat popad mou Sivetal ano
Tov kavova tou dg€lov xeplov. H povada pomnc ivat to 1N m.

yov

Porn uvaung F wg npog onpeio O ovopaletal To SLAVUGUOTIKO HLE-
yebog mou €xeL pétpo 7 = F/ omou / andotacn Tou onueiov amnod to
dopéa tng Suvaung, povada to 1N m, dtevBuvon kaBetn oto eninedo
Tou opiletal amo tn duvaun kot to onpeio O Kal popd mou Sivetal
aro tov kavova Tou de€lov xeplov.

Ma va LooppoTiel Eva akivnTo OTEPED MPEMEL
SF. =0

SF=0f _
SF, =0

Kot 27 =0
Pomn adpavelag evog otepeol wG MPOC KAToLo afova ovoualetal
TO AOPOLoUA TWV YWOUEVWY TWV OTOLXELWSWV HalwV amo TLG OMOLEG
QMOTEAEITAL TO CWHA €ML TA TETPAYWVA TWV ATIOCTACEWY TOUG OO
Tov afova MepLoTPOdnC

I=mr’ +myry +...
0 BgpeAwdng vopog tng oTpodLKAG Kivnong sivat

2t =lo

yov

Ztpodopur) UALKOU ONIELOU -TIOU KIVELTOL KUKALKA- WC TIPOG ToV afova
TIoU SLEPXETAL ATIO TO KEVIPO TNG KUKALKNG TPOXLAG KOl Elval KABETOG
oTo eninedo6 tng ovopaletal to SLAVUCUATIKO LEYEBOG IOV £XEL LETPO

L=pr N L=mor

SLevBuvon tn devBuvon tou agova kat popd ou kabopileTal amno tov
Kavova tou 8g€Lov xeplov. H povada otpodopurc eivat to Tkg m?/s.
Ztpodopur) OTEPEOU CWHATOG -TIOU OTPEPETAL YUPpW OO afova- €i-
VAL N CUVIOTAUEVN TWV OTPOPOPUWY TWV OTOLXELWSWV Halwv amo TLg
ormnoleg anoteAeital To oteped. H otpodopur otepeol elval Lon pe

L=1w

H otpodopun evog cuotripatog dtatnpeital otabepn AV n GUVOALKN
€EWTEPLKN POTI 0TO CUCTNUA Elval PNOEV.

. . .. . d
O deutepog vopog tovu Newton otn otpodikni Kivnon sival > 7 = I
t

. s . 1
H KwnTtikn evépyela otepeol AOyw nepLotpodng ival K = 5 o’
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To £pyo piag otaBsprg pomrng Katd tn oTpodr) EVOC OTEPEOU KATA
ywvia ¢ givat
W =10
H woxV¢ pag pomig sivaw P =@
To Bewpnpa €pyou - eVEpyeLAG 0T oTPOodLKA Kivnon ypddeTtal

ZW:ll(of—lla)l2
2 72

ApaoTNPELOTNTEG

o pédag

1. Bpeite 10 KEVTPO A0 EVOG CWHATOG SUO0 SLACTACEWV.

Koyte €va xaptovi mou Sev £XEL YEWUETPLKO OXAUA KL OLVOPTIOTE
To amno éva onpelo tou. OTavV LOOPPOTNCEL TO XAPTOVL XAPAETE TTAVW
TOU TNV Katakopudn mou MePVAEL amod To onueio avaptnong. Emeldn
TO OAYEBPLKO ABpOLoUA TWV POTIWY TIPETEL VA lval UNSEV, TO KEVTPO
palag Tou xaptoviou Ba BpilokeTal 6’ autn TNV Katakopudn. 2tn cUVE-
XELOL KPEUAOTE TO CWHA ATIO €val SEUTEPO ONUELO Kal eEmavaAdPBete Ta
16La. To k€vtpo palog BplokeTal 0To ONUELO TOUAC TWV SU0 YPOUUWV. o a

Xyfpa 4-37.

2. Kataokevaote pa Juyapla.

Kote €va xaptovL o€ oxnua TeTpaywvou. KpeUAoTe To o€ €va Kap-
¢l mou mepvael anod to onueio O oyriua 4.38a, WOTE va UMOpPEL va
otpédetal eAelBepa. ITo 6L0 KapPl KPpEUAOTE KoL €va euBUYpAULO
ouppa ou Ba delyvel tn SlelBuvon TNG KATAKOPUPNG. ZTEPEWOTE OTO
€val AKPO TOU XopToviou €va avtifapo yvwotig palag (/) kat oto
AAAO €va GUVOETNPO WOTE VA UTTOPEITE VO KPEUACETE ILKPA OVTLKEL- (@)
peva (oy. 4.38B). INUELWOTE MAVW OTO XAPTOVL TNV KATAKOPUDN OMWG fo
opiletal ano to cUPUA. ZEKPEUAOCTE TO XAPTOVL KOL LE EVA LOLPOYVW- [}
HOVLO XOpAETE TTAVW TOU KALHOKO yla TN HETPNON YWVLWV. To pundév
NG KALHAKOG VO OVTLOTOLXEL OTN ypauur TIou xapdfate pe Baon to
oUpUO. ITEPEWOTE TIAAL TO XAPTOVL. Av amtd TO CUVOETHPA KPEUAOETE
€Va ULKPO QVTIKELUEVO AYVWOTNG HaAlag UMopElTe va UTTOAOYLOETE TN
pada tou.

Ytn B€on woppormiag To alyeBplkd ABpPOLOUO TWV POTIWV WE TPOG TO B
O elvat pnbdév.

Mgx—mgd =0 N Mg a nub—-mga ocovd =0
onote m= M epd

Me tnv npoinoBeon 6tL n palo Tou XapToviou €ival Kikpn, av yvwpl-
foupe TN pala M Kal LETP)COULE TN ywVia KATA TNV omola oTpEdeTal
TO XOPTOVL UTTOPOUE VO UTIOAOYIoOUUE TN pada 7.

3.’Evag KUAWSpog ou «aynga» tn Baplutnta. o

KOAANOTE OTO E0WTEPLKO €VOG KUALVOPLKOU KOUTLOU UEYAANG Slapé-

, . , , © Xynpoa 4-38.
TPOU HLa KPR LETOAALKN paBdo, mapdAAnAa pe Tov dfova Tou KouTLou.
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AdoU onueLWaoeTe TN B€0n TNG 0TO EEWTEPLKO LEPOC TOU KAELOTE TO KOUTL.
Mmopelte va Kavete Toug piAoug oag va Ta xaoouyv, vouilovtag otL
TO KoUTL 6V akoAouBel Toug yvwotoug vopoug TnG duong:
TomoBetriote Tov KUAWVOPO 0€ TAAYLO ETITIESO UE ULKPH KALON, OTWG
Selyvel To oxnua kat adpnote tov eAeUBepo. Na Aiyo o KUAWSPOG min-
yaivel mpog ta emavw. Mwg e€nyeitat auto;

EpwtnoeLg

Kwnpatikn tng nepiotpodng

4.1

H ywviakn taxvtnta neplotpodng evog tpoxol HetaBaAAetal
LE TO XPOVO OMwC¢ paivetal oto o). 4.40a MNMolo ano ta Staypap-
pata 3, v, 6, € TUPLOTAVEL TN YWVLAKH ETILTAXUVON TOU TPOXOU O€
ouvApPTNON E TO XPOVO;

aymv

Xynpa 4-39.

aymv

(@) (B) () (8)

Xynpo 4-40.

4.2

4.3

4.4

‘Eva cwpa KAvel opaAn otpodikn Kivnon. Mola gival n ywviokn
TOU emLTAyuvon;

‘Evag diokog oTpedeTal yUpw amd afova mou SLEPXETAL ATO TO
KEVTPO TOU Kal elval KABeTog oto eMminedo tou. H ywviakn ta-
xutnta tou Slokou o€ cuvaPTNON HE TO XPOVO TOPLOTAVETAL
oTo Stdypappa tou oyrpoatoc 4.41. Mota amnod Ti MPOTATELG IOV
akoAouBouv sival cwoTnh;

a) H ywviakr €mtaxuvon To XpOoViKo SLdotnua /-7, au§aveTaL.

B) To METPO TNG YWVLOKNAG ETTAXLVONG TN XPOVLKA OTIyUH 7, €ival
MLKPOTEPO AT’ O,TL TN XPOVLKA OTIYUH 7.

y) Tn XPOVLKr OTLYMA 7, TO SLdvuopa TNG YWVLAKAG ETULTAXUVONG
€XeL avtiBetn katevBuvon amo tnv KatevBuvaon Tou €XEL TN
XPOVIKA OTLyUA 7,.

8) Tn XPOVLKI OTLYUA 7, N YWVLOKH ETUTAXUVON EXEL LETPO HEYQ-
AUTEPO T’ ,TL TN XPOVLKH OTYMA .

‘Eva 0Teped oTpEdeTal yUpw amo otabepod afova. Oswpriote SUo
oTolXELWdELG HAleC TOU CWHATOC 0 SLAdOPETLKEG ATOCTACELS
armo tov afova meplotpodnc. Mola anod ta LeyEON a) yPOUULKN
TaxUTNTA B) ywviakn Toax0TNTA y) YWVLOKH EMLTAXUVON Kot 8) Ke-
VTPOUOAOG emLTdyUVon, £€Xouv TNV (dla Tiun yia T Suo palec;

(¢)

,,,,,,,,,,,

Xyfqpa 4-41.
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4.5 Eilvol duvato éva cwpa va €XEL, LA XPOVLKA OTLYUH, YWVLOKA TO-
XUTNTA LNSEV KAl yWVLOKN ETLTAXUVON SLdOPETLKN amo undéy;

4.6 ‘Eva oteped kAvel oUVOETN Kivnon. YIAPXEL KATIOLO ONUELO TOU
otepeoy, £€w amo Tov afova TEePLOTPOdAG TOU, TIOU EXEL TTAVTA
TV 6la taxvTNTA PE TO KEVTPO HAlag; ALTLOAOYAOTE TNV OMA-
vTnon oag.

Ponn - Looppornia oTtepeOV

4.7 IUUTANPWOTE TA KEVAL:
H pomr Suvaung wg mpog onueio €xeL LETPO (0O UE TO YWVO-
LLEVO TOU HETPOU TNG SUVAUNG ETL.cveerveers ceveereerees veeveereene cereeneenns
............ , 6levBuvon mou eival kabetn oto emninedo mou opiletal
(01 (o RN Kal popd mou opiletal amo .....

4.8 TaAswdopela kat ta peyala poptnyd £€XOUV TLHOVL HEYAANG Si-
apETpou. TLe€unnpetel auto;

4.9 3tnpaPdo tou oyuatog4.42 AoKOUVTOL TIEVTE OUOETIMESEC Su-
VALELG TOU 8Lou pétpou. H paBdog umopet va otpédetal yupw
amno atova mou SLEpxeTal ano To onueio O Kal gival KABeTog
oto emninedo Twv duvapewv. Na KATATAEETE TIG SUVAELS KOTA
TN OELPA JLE TNV oMol TO LETPO TN POTIHG TOUC WE TIPOG TOV Afo-
VaL QUTOV auéavetal.

F;

F,
F,
Xynpo 4-42.

4.10 H paPdog tou oyxnuatoc 4.43 eival Katakopudn Kal Umopel va
otpédeTal yupw amo opllovtio dfova mou SLEPYETAL Ao TO on-
ueto O. Ito €va akpo NG paBdou aokeital n optovtia duvaun
F,. Matva pn otpédetal n paBdog aokoupe opllovtia duvaun 7,
0TO AAAO AKPO TNG.

a) Mowa npéneL va eivaw n katevBuvon Tng /;
B) Zuykpivete Ta HETPA TWV /| KO /7.

4.11 1o oynua 4.44 daivetal pa oplovtia papdog mouv unopel va
oTpédeTal yUupw amo katakopudo dfova o omoiog SLEpxeTal
aro to onueio O. Ita Vo akpa tng paBdou ackouvtal oL opLlo-
VTLEG SuVApELG /| kaL /7, KABeTeG o€ auThv. H paB6og mapapével
akivntn. H andotaon tg duvaung /7, ano tov agova mepPLoTPO-
énc elvat ton pe ta 2/3 tou puAkoug TG paBdou. To HETPO TNG
duvapung 7, elvau

Tynpo 4-43.

Xynpo 4-44.
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Q) F /2 B)2F /3 Y)E /3 8)2F €3F /2 o1)3F
ErmuAé€te Tn owoth anavtnon.

Pomn adpavelag

4.12

4.13

4.14

4.15

4.16

H paBdog tou oyruatog 4.45 elvat aBaprig kat ol paleg 7 ome-
Xouv To (6lo amnd tov afova meplotpodnG. Av n amoOoTUoN TWV
palwv amno tov afova neplotpodng SUTAACLAOTEL, N pomn adpa-
VELOG TOU CUCTAHOTOC

o) mapapEveL LbLa.

B) Suthaoidletal.

y) TputAacialeTal.

8) tetpamAaocialeTal.

‘Evag TPOXOG OLUTOKLVITOU KOl £VOIG TPOXOC TTOSNAATOU TEPLOTPE-

dovtal, xwpig TPLRES, yupw armod tov afova toug e tnVv ibla yw-
viakn toxvtnta. Mowog amod toug SU0 TPOXOUG aKLVNTOMOLETAL
IO €UKOAQ; ALKOILOAOYHOTE TNV OMAVTNON 0OG.

¥to oxnua 4.46 daivovtal Tpla UALKA onpeia mou meplotpedo-
vTal YUpw amo tov afova zz. H pala kat n anéotacn kabevog
arno tov afova neplotpodng daivovtatl oto oxnua. Na cuykpi-
VETE TIC POTIEC ASPAVELAG TOUG WCE TTPOC Tov afova z z.

’ m ()30

2m O 8¢g

/
Tyfqpa 4-46.

H pomn adpavelag evog otepeol wg pog dfova mou SLépyeTal
OO TO KEVTPO MAlaC TOU £ival ULKPOTEPN amod tn pomn adpd-
VELAG TOU WG TpOog omoLlovdnmote aAlo afova mou eival mapaA-
AnAog o’ auTtov. MNwg MPOKUTITEL AUTO;

pdte pe avfouoa oelpd Tig pomég adpavewag /;, /,, / kau/,
opBoywviou mapaAAnAemunédov w¢ mMPog Toug TapdAAnAoug
afoveg 1, 2, 3 kat 4 (oy. 4.47)

OegpeAwdng vopog tng nepLlotpodng

4.17

H ywvlakn entayuvon evog oTEPEOU TIOU OTPEPETAL YUPW ATIO

otaBepo agova eivat

o) avaioyn Ue Tn porn adpAveLaS TOU 0TEPEOL WG TTPOG TOV Ao-
va EPLOTPOdNG.

B) avaioyn pe TN Hala TOU CWHATOC.

y) avaAoyn pe tn SUvapn ToU 0OKELTAL OTO CWHAL.

8) avaloyn L& TN POTIA TTOU QCKEITOL OTO CWHOL.

EruAé€te Tn owot anavnon.

8

Xynpo 4-45.

4 3
Xyfqpa 4-47.
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4.19

4.20
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Ito oynpo 4.48 BAEMOUUE TNV TOUN HLAG TTOPTOG

ue o optlovTLo eminedo. H mopta anoteAeitan and [

600 SladopeTikd UALKA. To UALKO 1 €xeL peyaAlte-

pN TIUKVOTNTA amod To UAKO 2. Ta SUo UALKA Kata-

Aappavouv tov (610 xwpo. Ao moLa LEPLA TIPETIEL VA TOTIOBETN-
BoUV oL HEVTECESEG WOTE N TTOPTA VA OVOLYEL KaL VO KAELVEL TTILO
€UKOAQ; ALKOLOAOYNOTE TNV ATIAVTNOH OOg.

O optlovtiog biokog tou oyruotoc 4.49a Umopel va oTpedeTal

YUpw amod otabepd dfova mou SLEPXETAL OO TO KEVTPO TOU Kall

elval kaBetog o’ autov. 2to Sloko aokeital optlovtia Suvaun F

nou edpamntetal oto dioko. H Suvaun /' LeTaBAAAEL TN YWVLOKN

TaXUTNTA MEPLOTPODNG TOou Slokou Omwe paivetal oTo dLaypapl-

ua 4.49B.

MoLeg Ao TIC EMOUEVEG MPOTACELS (VAL CWOTEC;

a) H ywviokn emtayuvon sivat otabepn.

B) Tn XPOVLKA OTLYHA 7, TTOU N YWVLaKN TaxVTnTa givat undéy, n
S60vaun F gival pndév.

y) H pomr tng duvapung avédvetal Pe To XpOvo.

6) H &uvaun F €xeL otabepo pétpo.

Mua odaipa adrvetatl oto onueio A mAAylou emumédou Kal Ku-
Aletal xwpic oAioBnon mpog tn Bdaon tou (o). 4.50). Kata tnv
Kivnon tng au€Avetal TO00 N ywviakn taxUuTnta mePLoTPodng
000 Kal N ToxUTNTA TOU KEVTPOU PAlag TG, EMOUEVWE N odaipa
OTTOKTA KOL YWVLAKA KOL YPOUULKY €mitayuvon. MNolteg SuvApeLg
glvat umevBuveg

a) yla To OTL N odaipa Sev oAloBOaivel.

B) yla tn ywviakn emtayuvvon tng odaipac.

y) yla tn peTadopLkr EMITAXUVOTN) TNG.

Ztpodoppn - Slatiipnong tng oTPodoppAg

4.21

4.22

4.23

‘Eva autokivnto Klveltal mpog to Boppd, oe oplloviio dpopo.

Mowa gival n katevBuvon tNg oTPOPOPUAC TWV TPOXWV TOU;

To oynua 4.51 Seixvel éva cupmayn KUKALKO 6loKo Kal €val Ku-
KALKO SaKTUALO Ttou €Xouv Ttnyv (dLa aktiva kat tnv dla pala kat
UTtopoUV va otpEdovtal yupw amd optlovtio afova. Tn oTLyun
uNnd&v, mou ta Vo cwpata ival akivnta, ackovvtal o’ avtd du-
VAUELG TOU (8Lou UETPOoU, EDATITOUEVEG OTNV TIEPLPEPELA TOUG.
No GUYKPIVETE TIG OTPODOPUEC TOUC TN XPOVLKH OTLYUN 7.

H otpodopun €vog ocuoTNUATOC CWHATWV O peTaBaAAetal

otav

0l) N CUVLOTAUEVN TWV SUVAUEWYV TTOU ACKOUVTOL OTO CWHA lval
undév.

B) Ta cwpaTA KAVOUV LOVO TTEPLOTPODLKNA Kivnon.

y) oL d€oveg meplotpodr ¢ TWV CWHATWYV lval otabepol.

6) To aAyePpKO ABPOLoUA TWV POTIWY TWV EEWTEPLKWY

1

Xyfqpa 4-48.

v '

(B)
Xynpa 4-49.

Xynpo 4-50.

Xynpa 4-51.



4.24

4.25

4.26

4.27
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Suvapewv givat pnbdév.
EruAé€te To owoTo.

‘Evag KaAALTEXVNG Tou matval mepLoTPEDETAL. ITNV apXN O KaA-

ALTEXVNG EXEL TA XEPLOL ATTAWUEVQA KOL 0T CUVEXELQ TOL CUUTITUOC-

oel. Mola ano T MPOTACELS Tou akoAouBoUv elval cwoTh;

a) H pomr) adpAaveldg Tou wg mpog Tov afova MepLoTPodnC Tou
auvéavetal.

B) H otpodopun Tou avavetal.

y) H ouxvotnta meplotpodng Tou auiavetadl.

8) O kaAAtéXvng maveL va epLoTPEDETAL.

Av éAlwvav ol moALkol mayol, Ba avéBatve Alyo n otadbun tng Ba-
Aaocoag. TL enmintwon Ba elxe autd otn cuxvoTNTA MEPLOTPODNG
™¢ MG yupw amod tov afova tng; AITLOAOYNOTE TNV AMAVINON
0aQ.

‘Eva ol kabetal oe KABLOUA TO omolo Umopel va oTpedetal

XWPLG TPLBEG. ZTa XEPLA TOU KPATAEL KATAKOpUDA TOV dfova eVOG
TpoxoL modnAdtou. O TpoxoC oTpedeTal. ApxLKa To Ttaldl kot To
kKaBlopa eival akivnta. Tt Oa cupPel, av to maldi otpéPel Tov
afova kata 180°; Eav mpayuatomnolovoate To neipapa, Ba dla-
TILOTWVOTE OTL N SUvVaN IOV amalTelTal yla va yupilosL avamoda
0 TPOXOG, OTaV OTPEPETAL, €lval TTOAU HeYaAUTEPN o TN Suva-
un mou Ba xpetalotav av Atav akivntog. Nwg to e€nyelte;

O opuZovtiog diokog 1 (o). 4.52) otpédeTal Le ywviakn taxuTnTa
®, YUpWw amo katakopudo atova mou SLEPYETAL ATO TO KEVIPO
nalog tou. Mavw oto dioko adrvovtal va EGoUV oL dlokol 2 Kot
3 oL omoiot givat 6épotot pe tov 1. H ywviokn Taxutnta fe tnv
orola Ba meplotpédetal To cuoTnua Ba sivatl:

a)w, PB)2w, vy)3w, 8)w/l, €) w3

EruAé€te Tn owoth andvtnon.

‘EpYo KoL EVEPYELA KATA TNV IEPLOTPODI)

4.28

4.29

‘Evag kUBog amod mayo Kal pia odpaipa adrvovtal and to idlo

Uog oe mAaylo emninedo. H odaipa KUAleTal KaTd UAKOG TOU
mAdylou eTunédou evw o KUBOC oAoBaivel xwpig tppn. OL pa-
{e¢ Twv SUO ocwUATWVY lval L0Eg KaL oL SLACTACELG TOUG ULKPES
o€ ox€on Ke to UYPog anod to onoio adédnkav va kivnBouv. Na
OUVKPIVETE

1. To épyo Tou Bdpoug KATA TNV Kivnon Twv SU0 CWHATWV.

2. Tnv TaxLTNTA LE TNV OTtola Tal cwpata ¢tavouv otn Bacn Tou

mAayiou erumédou.

Y€ TPOXO 0 OMoloG OTPEPETAL YUpW aTtd 0TaBepd dfova aoKeital
Suvapun F mou petafAaAAeL tn ywviakn Tou toxutnTo:

a) and | rad/s og 3 rad/s.

B) amo 4 rad/s og 6 rad/s.

y) amno -2 rad/s o€ 5 rad/s.

Xyfqpa 4-52.
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6) amo -3 rad/s og 4 rad/s.
Y€ TIoLOL TIEPLITTWON TO €pY0 TNG SUVAUNC Elval LEYAAUTEPO;

4.30 >wpo ou adrvetal anod To onpeio A mAAGyLou emmESOU KUAie-
TaL uExpLto onpeio I, mou Bploketal otn Bdon Tou MAAGyLOU ETTL-
nédou. To onueio B eival éva evdilapeoo onpeio tng Stadpoung
ToU owpatog. Na cupumAnpwOetl o Tivakag.

Kwntikn evépyeta  Kwntikn evépyela

oy ST and T eplotpo-
A 120 ]
B 40 ] 20]
I 0 80 J

4.31 JUPTTANPWOTE TOV MivVaKO:

ZupBolo ‘Ovopa MéyeBog* Movaéa oto S|
[oviakn
Toaydvtnra
rad/s?
SLOVLGHOTIKO N m
1
L

Tpawte uia and tic Aééeic povouetpo 1 S1oVVGUATIKD.
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AOCKNOELG

KwnuaTikr Tov otepEOD

4.32

H ywviakn tax0tnta evog tpoxol mou otpedetal peTtaBaiAeTal
LE TO XPOVO, OWG dalveTAL OTO SLAYPAMUA TOU o)X LaToC 4.53.
Mol €lval n ywvlakn €mtdyuvon Tou Tpoxou; Mola Xpovikn
OTLYUA N YwVLAKA TaxuTtnTo Tou TpoxoL Ba éxel Tiun 20 rad/s;

[Am: 0,25 rad /5%, 72 s ]

4.33

‘Eva oxnua Kweital eubuypappa pe otabepn taxvtnta 20 m/s.

OLtpoyxot Tou €xouv aktiva 40 cm. YroAoyloTe tn ywviakn toxv-
NTA UE TNV omola otpédovTal.

[Ar: 50 rad/s |

4.34

‘Eva 6xnua, oL tpoxol Tou omoiou €xouv aktiva » = 40cm, KWel-

TaL pe erutdyvvon 2 m/s’. Me molo puBuod au€dvetal n ywviakn
TaxUTNTO TWV TPOXWV TOU;

[Ar: 5 rad/s’ ]

4.35

[AT:
4.36

‘Evag dlokog aktivag & cm KuAietal mavw o€ opl{ovtio eninedo.

H taxutnta Tou kévtpou tou Slokou eival 5 m/s. YmoAoyloTe:

Q) TNV TaXUTNTA KE TNV omola KLWVELTOL TO OVWTEPO CNUELO TOU
Silokovu.

B) tn ouxvoTNnTa UE TNV oMol oTpEPETOL.

10 m/s, 99 Hz ]

Tn XPOVLKI OTLYUI UNSEV TO KEVTPO £VOG TpoXoU, aktivag R = 20 cm,
Tou KUAietay, €xeL Taxvtnta v = & m/s. H taxytnta Tou Tpoxou
undeviletal adov Stavuoel andotacn x = 20 m.

Mowa elval n ywviakn emiBpaduvon tou, av Bewprnooupe OTL €i-
val otaBepn otn SLapKeLa TG Kivnong;

[Ar: 8 rad/s’ ]

Pormn 8Uvaung

4.37

‘Evag gpydtng, yia va odifel pia Bida, xpnotpomnotel KAeLSL un-
koug 20cm. H péylotn dUvapn mou Unopel va Aok OEL 0 EPYATNG
elvat 200N. MNota elvat n PéyLotn POTIH TTOU UTIOPEL VOl AOKAOEL;
Nwg mpémeL va aoknBel n Suvapn wWoTe N POMN va elval LEyLoTn;

[Ar: 40 Nm ]

4.38

O tpOoXOC Tou oynuoatoc 4.54 €xel aktiva X = 0,5 m kot pmo-
pel vaL oTpEdeTal yUpw Oo Aova TIou SLEPXETAL ATIO TO KEVTPO
tou O kal elvat KABeToCg 0TO eMiMeSO TOU. ZTOV TPOXO ACKOUVTAL
edarntopevikd ot Suvauelg 7, = 20N ko /7, = 30N. Mowa eivawn
OUVOALKI pOTIA TIOU SEXETAL O TPOXOC;

[A: SNm]

o(rad/s)

t(s)

Xynpa 4-53.

Xynpo 4-54.

16

F,
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4.39 H paPdocg tou oynuatog 4.55 €xel apeAntéo BApog Kal pmopel
va oTpEPETAL YUpwW amo afova mou SLépxetal and to onueio O AF,
kat eival kaBetog o’ autn. Ztn pafdo ackouvtal oL SUVAUELS X X X

abpolopa Twv PomwV Twv SUVALEWY TTOU acKouvTal otn papdo
w¢ 1pog to onueio O. Alvovtat: x =2m kat @ =30".

[Am: 16 Nm ]

F=20N, F, =2 N kau I, =10 N. N urtoAoyioete 10 alyeBpLko y
F,

vF,
Xynpa 4-55.

looppomnia 6TEPEOY CWHATOG

4.40 To BapoUAKo gvoc MNyadlol amoTteAiTol Ao TUUMOVO OKTIVOC
R, =20 c¢m, oTo onolo ivat tpoocapuoopevn XeLpohafr, Hrkoug
R,=0,5m.Otav otpedetal n xeLpolapn, to okowi TuAiyetal oto
topunavo Kot kel doptio (kouBdg pe vepd) Bdpoug 150 N. Nao 4 o B
uTtoAoyloete TNV eAdXLOTN SUvaUn MO MPEMEL va acknBel otn
XELpoAaPr wote va aveBaivel to ¢poptio.

[Am: 60N ]

W W,
4.41 Amo ta akpa A kot B afapoug paBdou, unkoug / = 2 m, KpEUo- Exipa 4-56.
vtat pe okowtd 0o Bapn w, = 200 N kaw w, = 300 N (oy. 4.56).

Z€ TIOLO oNUELD TPETEL va oTnpLxTel n paBdog yLla va L.oopporel

opllovtia;

[Ar: 1,2m ano 10 arpo A |

A

4.42 O eAALOXPWHATLOTAC TOU O)NUaTOC 4.57 OTEKETAL TAVW O€ S0KO
uAkoug / = 4 m kot Bdpoug w, = 150 N. H dokdg otnpiletal ota A W,
onueia A kot B mou anéxouv to kaBéva 1 m, and ta akpa tng.
To BApog Tou eAatoxpwuatioth eival w, = 700 N. Ze méon ano-
otoon amnod TG AKPEC UMopEel va 0TaBEel 0 EAALOXPWHATLOTAS XW-
pic va avatparet n 60koG;

[Ar: 79 cm ]

>
<—
3

Xynpo 4-57.

4.43 Opoyevig dokog Al pe pnkog / kat Bapog w, = 100 N toopporet
optlovtia (oy. 4.58). To akpo A tng dokol cuvdeeTal e apbpw-
on o€ katakopudo toixo. To dAAo dkpo tng [ cuvdéstal pe Tov
Toix0 pe okowl mou oxnpatilel ywvia ¢ = 30° pe tn doko. Ito
dkpo I" kpépetal pe okowi owua Bdpoug w, = 40 N. Yroloyiote
TNV TAon ToU oKowLoU Kal tn duvapun mou d€xetal n SokoO¢g ano
TOV TOl)O.

[Az: T=180 N, F=163,7 N, £p0=0,32 ] Zxipe 4-58.

Pomn adpavelag kot OgpeAtwdng vopog tng otpodLkng Kivnong

4.44 KaBéva amod ta TEooepa MTEPUYLA TOU EALKO TOU EALKOTITEPOU
(o). 4.59) umopel va BewpnOet opoyevig paBdog. To punkog kabe
nitepuyiou elval 6 m kot n pala tou 100 kg. YroAoylote tn ponn
abpAVELOG TWV TECCAPWVY TITEPUYLWV WG TIPOG ToV dova TepL-
otpodng Touc. Alvetal OTL n porr adpavelag opoyevolg papdou
UAKOUG L, wG Mpog afova Tou SLEPXETAL MO TO KEVIPO UAlag

Xynpa 4-59.
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TNG Ko givat KABeTog o’ aTh, eivat / = éML2

[Am: 4800 kg m’ ]

4.45

[Az:
4.46

[AT:

Itnv mepLdEpela evog tpoxou, palog M = 2 kg kol aktivag
R = 0,5 m, mou otpédetal ue ywviokn taxvtnta o = 100 rad/s
YUpw amnod tov afova tou aokeital otabepn Suvaun F, edarmnto-
LEVLKN 0ToV Tpox0. O TPOXOG OTAUATAEL LETA amo 5s. Na uttoAo-
yloete:

o) TN ywviakn emtayxuvon (emBpaduvon) tou tpoxou.

B) To pétpo TN Suvaung F.

1 5
H pormr adpdavelag tou Tpoxou eival / = 7MR”.

20 rad/s? ION ]

Optovtia opoyevng papdog, punkoug L = 1 m, UMOPEL va oTpé-
deTal yUpw armod opl{OVTLo afova ou SLEPYETOL ATTO TO EVa AKPO
™G (oy. 4.60). Nowa elval n ywviakn emnrayuven tg papsdou,
TN OTWUA Tou, amo tnv opllovtia Béon, adnvetal eAeVBepn;
H pomn adpavelag tng pafdou wg mpoc tov afova mepLoTPodnC

™G eival / = %ML2 Kol n emtdyuvon T Paputnrag g = 10 m/s”,

I5rad/s’]

Ztpodopun - apxr Statpnong tng ctpodopuig

4.47

[AT:
4.48

[Ar:
4.49

[Ar:

Avo odaipeg, mou n kaBeutd €xel pala m = 100 g ouvdéovtal
uetafL toug pe afapn paBdo, 6mwe oto oynua 4.61. To cvotn-
po eplotpédetal og opl{OvTio eMinmedo PE ywVLaKN TaxuTnTa
@ = 16 rad/s, yOpw amnod tov katakopudo afova zz. Na urtoAoyi-
O€TE TN 0TpodopUn TOU cuoTAUATOC. Alvetal /= 0,8 m.

512kgm’/s]

Yniohoyiote tn otpodoppn evog tpoxou pdalag M = 2 kg kat akti-
vag R = 0,4 m, mou otpédetal pe ywviakn taxvtnta o = 10 rad/s
YUpw arod Tov afovd tou. OswpnoTe OTL N pala tou TpoxouL Ppi-
OKETOL CUYKEVIPWHEVN OTNV EPLPEPELA TOU.

32kgm’/s ]

Opuiovtiog blokog aktivag 20 cm kot pafog | kg otpédetal pe
ouxvotnta 2 Hz yupw amno katakopudo afova mou MepVAEL Ao
TO KEVTPO Tou. ATtO KAmolo UYPog adiveTal Evo KOUUATL AAoTIN
uagag 100gr, mou koAAdeL oto Sioko og andotaon 10 cm anod
Tov agova neplotpodns. Na UTTOAOYLOETE TN VEQ CUXVOTNTA TTE-
pLOTPODNG.

H pomnr adpavelag tou iokou wg mpocg Tov dafova mepLoTPodng

Tou lval / = %MR‘

19 Hz ]

E';.

Xynpao 4-60.

z

«— ] >|—2] —>

— |

7
Xynpa 4-61.

m



143

Kwntikn evépyela - €pyo

4.50

Opoyevig paPdog palag M = 3 kg kat pnkoug L = 40 cm otpede-
TOL e ywviakn toxvtnta o = 10 rad/s yOpw oamo otabepo ago-
va TIou SLEPXETAL Ao TO €val AKPO TNG Kat elval kABetog o’ au-
V. Na urtoAoyloeTe TNV KIVNTLKN EVEPYELA TNG paBdou. H pomi
adpavelag tng paBdou wg mpog afova Tou SLEPXETAL OO TO KE-

cm

VTpO MAlag tng Kal eivat kaBetog otn paBdo sivat /,, = EMLZ.

[47'[.' 8 J]

4.51

[AT:
4.52

Oupoyevig diokog patag M = 8 kg kot aktivag R KUuligtal o€
optlovtio eninedo. To kEvTpo Tou Slokou Kiveital pe taxluTnTa
v = 5 m/s. Na Bpebel n Kwntikn evépyela tou Slokou. H pomn
adpavelag tou 8iokou w¢ Pog Afova ToU TIEPVAEL OO TO KE-

1 )
VTPO TOU Kal €lval KABETOC oTo eMinedo tou eival / = ?MR‘.
150J ]

‘Evag Kwntnpog aokel porn 4 Nm Kot oTpEPETAL HE oUXVOTNTA

50 Hz. Mota givat n toxug tou;

[Ar: 4007 W ]

4.53

Ouoyevig 6lokog padag m = 40 kg kat aktivag R = 20 cm, oTpéE-
detal pe ouyxvotnta 5 Hz yopw amno afova mou SLEpXeTaL Ao To
KEVTPO TOU Kal eival kaBetog o’ autov. a) MNoco €pyo anatteital
yla va akwntomnolnBet o diokog; B) YoAoyiote tn péon Loxu tng
POTING TIOU TIPETEL VoL aoknBel oto dioko yla va akivntononel
o€ 5s.

1 ) )
Alveton / = EmR‘ kot z- ~10.

[Am: 4007, 80W ]

4.54

H paBdog tou oyrpatog 4.62 mou €xeL MAKog L = 2 m kot pala
M =3 kg, elvat opLZovtia kot otpedeTal yUpw anod otabepod Ka-
Takopudo afova mou Stépxetal and to dkpo tng O. ITto dAlo
akpo A tng paBdou aokeitatl opt{ovtia duvaun pétpou = 10 N
mou ivat Stapkwg kabetn otn tevBuvon tng paBdou. H paBdog
apXLKA ATav akivntn Kal he tnv enidpaon tng duvaung 7 apxilet
va otpedetat. Na urtohoyioete:

a) To £pyo tng duvaung 7, o pia meplotpodn tng papdou.

B) Tn ywviokn taxvtnta mou Ba €xel amokthoel n paBdog tn
OTLYUN KATd TNV omoia Ba €xel OAOKANPWOEL Ll TIEPLOTPO-
én.

y) To puBuo pe tov omoio n duvapn petadEpeL EVEPYELA OTN PA-
Bdo (Loxuc tng duvaung) tTnv dla oTyun.

H pom adpavelag tng paBdou wg mpog Tov afova nePLoTPodhng

|
™e eival / = EML‘.

[Ar: W= 40r J, =79 rad/s, P=158 W]

Xynpo 4-62.



4.55

[AT:
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H opoyevng paBdocg AT, unkoug / = 30 cm kat palag m, sival
KaTakopudn Kol Umopel va oTpeédetal xwplg TPLREC yUpw amod
opLlovTLo afova Tou SLEPXETAL Ao To akpo TnG A (o). 4.63). H
paBdog adrvetal anod tnv katakopudn B€on. Na umoloyioete
TNV TaXUTNTA TIoU €XEL TO onueio I, tn oTyun mou Gtavel oto
€dadog. H pomn adpavelag tng paBdou wg mpog atova kaBeTo

[
0To Héoov NG eivat / :% KaLl n emtayuvon tng Baputntag

g =10m/s?,

23m/is]

MpoBARpota

4.56

[Ar:
4.57

[A:

4.58

S >w

Oupoyevng dokog AT punkoug / kat Bapoug w = 100 N tooppomet
onw¢ ¢aivetal oto oynpa 4.64. Na umoAoyloete TIg SUVAUELG
TIou S€XeTOL N S0KOC ATO TO OKOWL Kal oo tnv dpBpwon A. Al-
vetal ¢ = 60°.

: 7=50V3N, F=5077N, epf=2v/3/3]

To eunodio oto oynpa 4.65 €xel UPoG /2 KaL 0 TPOXOC aktTiva R
Kal BApog w. Ma ToLeg TIHEG TNG opLlovTiag duvaung /' o Tpoxog
Ba unepnindrioeL to eumodio.

VA (2R~ /z)]
R—1

Oupoyevng okaAa pmnopel va Looppormnnost otnpllopevn oto €da-
¢dog kat otov Toixo (o). 4.66) udvo OTav N ywvia ¢ mou oxnuati-
el pe 1o €dadog eival peyaAutepn twv 30°. Na urtoAoyioete 1o
OUVTEAEOTH 0PLAKNC OTOTIKNG TPLPAC TNG OKAAAG e TO 0pL{OVTLO
eninedo. Oswpnote apeAntéa TNV TELRN AVAUECSO OTn OKAAQ
KaL Tov Toixo.

[Ar: J3/2]

4.59

[AT:
4.60

O niow tpoxo¢ evog modnAdtou £xel aktiva R = 0,30 m kot pala
1 kg. O tpoxog otpedetal pe ouxvotnta 100 otpodég ava Aemto
- Xwplc va épxetal og emadr Le To £6ad0og. XpnOLUOMOLWVTAC TO
dpPEVO OKLVNTOTIOLOUE TOV TPOXO O€ 5 5. O cUVTEAEOTAG TPLRNC
oAioBnong otnv emadn tpoxouL - dpévou, sival /5. Na urtoAoyi-
OETE TNV KABeTN dUvapn ToU aoKeL To PppEvo aToV TPoXO. (Osw-
PNOTE OTL TO PPEVO EPYETOL OE EMAPH LE TOV TPOXO LOVO OO TN
LA TOU TTAEUP A KAl OTL N LA TOU TPOXOU €(VOL CUYKEVTPWHLEVN
oTNnV NMepLPEPELA TOU).

IN]

H paBdog tou oynuatog 4.67 eival opllovtia Kol Umopsl va
OTPEPETAL YUpW Ao KATAKOpUDO dfova ou SLEPXETAL Ao TO
Héoov tnG. To unkog tng paBdou eival L = 1 m kat n pala tg
M = 0,6 kg. Ze andotaon » = 0,2 m and tov dfova neplotpodng

Xynpo 4-63.
T r
@
A
Tynpo 4-64.

Xyfqpa 4-65.
Xynpo 4-66.
n
T
<+—> M,L
m
=l%
-]
Xynpa 4-67.



[Ar:
4.61

[Az:
4.62

[AT:
4.63
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Bpiokovtaldvuo petaAAikoi SaktuAtotpalagn = 0,1 kg o kabévag,
TIou ouvdEovtal PeTtafl Toug e €va vijua. To cUoTNUA OTPEdE-
TaL yUpw amd tov agova pe ouxvotnta /, = 10 Hz. Kamowa otyun
TO VAUa oTtdel Kal ot SakTUALoL, Aoyw adpdvelag wbouvtal ota
akpa ¢ papsdou. YoAoyiote Tn véa ocuxvoTnTa LE TNV omola Ba
otpédetal to cuotnua. H pomr adpavelag tng paBdou wg mpog

o
afova mou SLEpxeTal amod to KEvTpo palag tng eival / = > ML,

58 Hz ]

H taxvtnta tou Ké€vipou palag plog odaipag mou KUALeTal oe
opLlovTio eninedo eival 5 m/s. H odpaipa otnv mopeia tng ou-
vavta mAdaylo emninedo ywviag kAtong 30° kat cuveyilel mavw o’
QUTO TNV Kivnon tng. H kivnon tng odaipag yivetal xwpic oAl-
o6non. Na urmtoAoyioete to Stdotnua mou dtavuel n odaipa oTto
mAaylo eminedo pEXPL va oTaApATACEL. H pormr adpavelag tng
odaipag, wg mpog afova ou SLEPYETAL ATIO TO KEVTIPO TNG, Elval

2
ng”. Aivetat g =10 m/s?

35m]

Tuunayng odaipa katefaivel ywpic oAloBnon oe mAdylo enine-
60 pe kAion 30°. H pomtn adpavelag tng odaipoac, wg mpog atova

. . . , 2 .
Tou SLEpXETAL amd TO KEVTPO TNG, €lval / = ng‘ KoL n ema-

xuvon tng Baputntag g = 10 m/s’. Na UTtoAOYLOETE TNV EMUTAYUV-
on Tou KEVTPOU TNG odalpag.

25/7m/s° ]

H tpoxaAia tou oynpatog 4.68 gival opoyevng pe palo m = 2
kg kot aktiva R. Ta owpata =, Kol X, €xouv pdleg m, = 3 kg,
m, = 1 kg. No vrohoyicete ue moa emrdyvvon Ho kvnbovv ta
coparta av agedodv elevbepa. H pomn adpdvelag tng tpoyoiiog
¢ TPOg Tov dEova g elvan [ = %mR2 Kot M emrdyvvon g Po-
putntag ¢ = 10 m/s?. To Bapoc Tov viporog Dempeitar apeAntéo.

Inueiwon: H tpfr avapeoa otnv tpoxaAia Kol 0To oKowi givat
OPKETA LEYAAN WOTE va pNnVv mapatnpeital oAiocbnon.

[An: a=4m/s’]

4.64

[Ar:

To odatpidlo = tou oy. 4.69 €xel pala 200 g kat dStaypadel KO-
kAo aktivag 30 cm pe ywviakn taxvtnta 40 rad/s. To okowl oto
omolio eival depévo to adalpidlo mepvacL amod KATaKOPUPOo ow-
Anva KA. MNowo gival to €pyo Tng dUvaung F mou mpémneL va aokn-
OOUUE oTnNV EAeVBEPN AKPN TOU OKOLVLOU PEXPLE OTOU N aKTiva
neplotpodng tou odatpldiov X yivel 15 cm; (Qa Bewpnoete OTL
o’ 0An tn SLApPKELX TOU POLVOUEVOU TO OKOLWVL elval opl{OVTLO KOl
OTL 6V UTTAPYOULV TPLREC LETAEY TOU OKOLVLOU KaL TOU CWANVQ).

24327

3 Z,

Xynpo 4-68.

Xynpa 4-69.
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4.65 O TtpOXOG Tou oynuatog 4.70 €xeL pomr adpAvELOG, WG TPOG
tov afovd tou, 0,18 kg m? katl oTpEdpeTal He YwVLaKH TaxuTnTa
w = 25 rad/s yOpw amod opllovtio afova mou SLEpXeTaL anod 1o
KEVTPO TOU. ACKWVTAC 0TO onpeio A tou afova rmeplotpodng Tnv
KATAAANAn dUvapn Tov HETAKIVOUUE WOTE Va YIVEL KATOKOPU-

==
do¢. Yrohoyiote 10 HETPO TNG LETOBOANG TNC 0TPODOPLUNE TOU
TpoxoU. A
[Ar: 4,5\/§kg m’/s]
4.66 Itnv nepudEpela pLog akivntng tpoxaiag, aktivag 20 cm, eival Tu-
Aypévo okowi. Aokwvtag 0To okowi optgovtia duvaun 20m N nept- 5 Cina 4-70.
otpEdoupe TNV TpoxaAia. BpgBnke OtL OTav N TpoXaAia £XEL KAVEL

TEOOEPLG TIEPLOTPODECG EXEL YWVLAKN TOXUTNTA 0 = 87 rad / s. Na
umoAoylotel n pala tng. Aivetat otL n pormr adpAveLag TNG TPO-

1
XaAlog wg mpog tov afova mepLlotpodn TG elvat / = EMRz'
[Am: 50 kg ]
4.67 'Evag tpoxog adrvetal va KwvnBel oe mAdylo emninedo mou oxn- P
Hatilel pe To opllOVTLO Ywvia ¢. a TOLEG TLUEG TOU CUVTEAEDTN

OPLOKAG OTATIKAG TPLRNG N Kivnor tou yivetal xwpig oAioBnon;
Atvetal n pomr adpdvelag Tou Tpoxol w¢ mPog Tov datova yupw

F

>

Xynpa 4-71.

, , , | ﬁ
oo Tov omolo otpEdetal / = EmRﬂ
[Am: u>epp /3 ]
4.68 To yLO - YLO TOU OXNHOTOG amoTeAeital amo KUAWSpo pe pala

m = 120g kot aktiva R = 1,5 cm, yUpw Ao Tov onoio €xeL TUAL-

XTel MOAAEG dpopEg viua (o). 4.72). KpatwvTtag to eAeUBepo akpo

TOU VNATOG, adprvouue Tov KUAWVSpo va katePaivel. Na urtoAo-

yloete

a) To pubuod pe Tov omoio au€avetal n oTPodOpPur TOU KUALV-
6pou kabwg katePaivel, kot

B) TNV toxVuTNTA TOU KEVTPOU MALaG Tou KUALvEpou tn oTyun
Tou €XeL EeTUALXTEL OKOwWIL pnkoug 30cm.

OewproTe To VApa Katakdpudo. H porr adpdvelac tou Kuhiv- =xre 4-72.

. . , 1 2 A
8pou w¢ mpog tov aova tou givat / = —mR”. Aivetat g = 10 m/s?,
[Am: @) 6x10" kgm?®/ s>, ) 2m/s]

4.69 Mua pkpn odaipa palag 7 Kol oaKTivog 7 adrivetaL amo To on-
peio A, mavw oe obnyo, omwe daivetal oto oyrua 4.73. Av n
Kivnon ¢ odaipag yivetal xwpic oAioBnon, molo eival To pi-
KpOTEPO UYOC /2 amo To omolo mpémnel va adebel n odaipa yla
va KAveL avakUkAwon; Alvetal £ = 20 cm. H portr) adpdvelag tng

odaipag wg mpog afova Tou SLEPXETAL ATIO TO KEVIPO TNG €lval  Eynpa 4-73.

2, , , , , , ,
[= gmr‘. H aktiva tng odaipag sivat ToAU (kP O€ OXEoN UE TNV

aktiva R.
[Ar: 54 cm |
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O aoveg 800 opoiwv KUAivepwv K kat K, eival mapaAindot,
Bpiokovtal oto (6Lo oplldvTio eninedo kal og anootaon 4. Adn-
VOUUE uila Loomayr opoyevh cavida 2 mavw otoug KUAivépoug
£€TOL WOTE TO PECOV TNG VO BploKETOL TAVW OO TO UECOV TNG
anootaong K K, kat pe katdAAnAo pnxavioud Balouvue toug
KUAlvOpoucg oe mteplotpodn, Omwg deixvel to oynua 4.74. Meta-
toniloupe Alyo tn cavida amnod tn B£on LooppoTmiag TG Kol TNV
adrvoupe ehevBepn. Na Bpeite tnv meplodo g TaAdviwong
miou Ba ekteAéoel. O ouvteAeoTnG TPLRNAG oAloBnong tng cavidag
HE TouG KUAivEpouG ival kot n gritdyuvon Tng Baputntoag g.

[ 27—
2u.8

4.71

‘Eval NAEKTPLKO TPEVAKL LAlag 7 = 2kg Pmopel val KWveltal mavw

o€ éva peyalo optlovtio Tpoxo (o). 4.75). O TpoXOg Umopel va
OTPEPETAL YUpW amd Katakopudpo afova mou SLEpXETAL Ao
TO KEVTPO TOU. APXLKA KOl O TPOXOG KAl TO TPEVAKL elval akivn-
Ta. Kamola otyun To TpevakL apxilel va Keltal pe taxutnta
v = 8,4 m/s. Na UTIOAOYLOETE TN YWVLOKN TaxUTNTA LLE TNV omoia
Ba otpédetal o TpoxOG. Alvetatl OTL n pom adpAvelag Tou Tpo-
XoU w¢ Tpo¢ Tov dovd tou eivat / =11,52 kem’ kat OTL TO TPE-
VAKL ATEXEL OO ToV dfova eplotpodnig 2 = 1,2 m.

[Ar: 1,75 rad/s |

Xynpa 4-75.

<

Xynpo 4-74.

d —»
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E§wtepLko Mvopevo

YdpxeL €va YIVOULEVO TIOU XPNOLUOTIOLE(TAL EUPEWG 0T PUOLKA.
Ovopaletal e€wteplkd ywvopevo. To e€wTEPLKO ywopevo duo Slavu-
opatwv A kat B (cupBoAiletal A x B) eival €€ oplopoU éva dtavuoua
KaBeto oto eminedo twv A kat B, pue pétpo

C = AB|nug|
omou ¢ n ywvia avapeoa ota dStavoopata A kat B.

H dopad tou dtaviopatog C opiletal amo To AEYOUEVO «KavOva TOU
be€lootpodou koxAlar. ZUppwva pe autdy, To PWTOo Ao ta dvo Ot-
avuopata (A) otpédetal mpog to Sevutepo (B), akoAouvBwvtag tn Wi
KpOTeEPN ywvia avapeoa ota dStavuopata. H dopa tou C eivat n popa
TPoG tnVv omola Ba kwnBel évag de€lootpodog koxAlag, mou otpéde-
TOL OTWG To Stavuoua A.

‘Evag aAAog Tpomog yia va kaboplotel n popd tou Staviopatog C
elvat o kavovag Tou 6e€lol xepLou: Av ta ddyxtula tou Se€lol xepLov
Bplokovtal Katd pnKog Tou A Kal kKapgdBouv yia va Seixvouv mpog
10 B (H€ow TNG ULIKPOTEPNG YwViag avapueoa ota duo Staviouata), o
avtixelpag deiyvel tnv katevBuvon tou C.

Onwg mpokuntel anod tnv eiowon mou divel to pétpo tou C, 10
€EWTEPLKO yVOUEVO avapeca o dUo mapdAAnia Staviopata sivatl
un&év.

Av A, A, A, elvaL oL ouviotwoeg Tou Slavuopatog A, og tploopbo-
ywvio cvotnpa agovwy kat B, B , B , oL cuvioTwoeg Tou Staviopotog
B, 10 e§WTEPLKO YIVOULEVO OE KAPTECLOVEG CUVTETAYMEVEC SiveTal amd
v e€lowon

=0

C=AxB

v

m:; [
s

=4
B,\’ v
omou i, j kat k ta povadiaia Staviopoto 0toug ASoveg x, v Kol z, avti-
otolxa.
To e€wTePLKO YIVOLEVO SV €lval OVTLLETAOETIKO aAAd

AxB=-Bx A

EdappoyEég Tou e§wtepkol yVopévou
H pomn piag duvaung F wg mpog onueio O opiletal anod tn davu-
OUATLKA OXEON
T=rxF (4.24)
Ormou r elvat éva dtavuopa pe apyn to onueio O Kal TEAOC €va onuelo

Tou Stavuopatog F. Z0pudwva pe ToV OPLORO TOU €EWTEPLKOU YIVOUE-
vou n porA elval kaBetn oto eninedo mou opiletal anod ta Stavioua-

EN@ETO

/4

_.—jz—’”””'—’

A
Zyfqpa 4-76.
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ta r kat F kat n ¢popad ¢ divetal and tov kavova tou de€lov xeplou.
To LETPO TNG POTINC TTOU TIPOKUTITEL OTTIO TOV OPLOKO AUTO €ival

t=rF nue (ox. 4.77)

Av Ttdpoupe urtogn otL 77up = d Omou d, n KABETN amodoTACH AVALE-
oo oto onueio O kat to Stavuopa F, kataAfyoupe otn yvwoTr oxéon

T=Fd (4.25)

Emopévwe n katevBuvon kot To PETPO TNG POTIAG Elval avetdptnta
aro to onpeio tou F oto onolo kataAnyeL to dtavuopa r.

O oplopdG TNG pomnG oUWV UE T oxEon (4.24) mAeovekTel Eva-
vTLTNG (4.25) SnAadn TG 0XEONG LE TNV OTOL € IPONYOULLEVN TTAPA-
ypado opiotnke to peyebog, S10tL N (4.24) opilel Ot ival Stavuopa-
TIKO péyebog kat Sivel To HETPO Kal TNV KatevBuvon TNG.

H otpodopun UALKoU onpeiou Tou oTpédetal yupw amo onueio O,
opiletaL anod tn oxéon

L=rxp=mrxov (4.26)

omou r n emPatiki aktiva. Moapatnpriote mMAAL OTL AUTOG O TPOTIOG
oplopoU sival oAU 1o Ko og arnod Tov oplopo mou §60nkKke otnv na-
paypado 4-7. H e€lowaon (4.26) Slvel mAnpodopieg yla To HETPO, TN
StevBuvon kat T popd TNE oTPOPOPUNAC.

Mépa amd tnv amAOTNTA KOL TNV KOUWPOTNTA, KE TNV oMol HEOW
ToU €€WTEPLKOU YIVOULEVOU OpLloTNKAV N POTIH KoL N 0TPOdPOpPUR, UTIAP-
XEL Kal pLo Babutepn attia mou KAVEL AUTO TOV TPOTO OPLOKOU TOUG
anapaitnto. Ztn GuoLKr oL EELOWOELG TTEPA ATIO TN CUVETIELX TWV MO-
VAWV KoL TwV SLOCTACEWV TIPETIEL VAL £XOUV KAl SLAVUGHOTLKY] CUVE-
mela. Auto onpaivel 0tL Ta Stavuopata unopolyv va pootebouv 1 va
e€lowBouv povo pe dtavuopata. O e€lowoelg (4.24) kat (4.26) €xouv
outn TN SLAVUCUATLKI) CUVETELQ.

Kat aAAo pey€0n otn ¢uaotkr), omwc n SUVAN OV 0oKEL TO payvn-
TIKO meblo o€ KvoUpEevo NAeKTPLKO dopTio, opilovtal pe dtavuopati-
KO ywopevo. H duvaun autn (6uvaun Lorentz) opiletat amnod tn oxéon:

F=guxB

0 1
r
Tyfqpa 4-77.
L
(O
m
Xynpo 4-78.

Tyfqpa 4-79.
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KiBwtio TaxutAtwyv kat Metadoon tng Kivnong oto Autokivnto

¥’ éva auUTOKIvNTO, QVAUESA OTOV KWVNTAPO KAl TOUG KLVNTAPLOUG
TPOXOUC UTIAPXOUV UNXOVLOUOL TTou eTTpEnouV 1 epmodilouv va pe-
tadidetal n oTpodLKN Kivnon ToU KvNTrpa 6TOUG TPOXoUC. OL pnxovL-
oMol auTol EMITUYXAVOUV eMionG SLAPOPETIKEC CUXVOTNTEC TEPLOTPO-
dNC avapES OTOV KIvNTrpa Kal TI¢ podec. To ouvolo twv Statdfewv
OUTWV CUVLOTOUV TO CUCTNHA LETAS00NG TOU QUTOKLVATOU.

To Aurntpaytad (cuumAéktng)
To aumpayldl eival TomoBeTnUéEVO aAVAUECSO OTOV KlvnTAPA Kal TO
KLBWTLO TWV TAXUTATWV. To aumpayLal EMITPEMEL
®  vOLOUMTAEKOUE, SnAadr va TPAYHOTOTOLOUUE ULO TTPOOSEU-
TIK oUVOEDN AVAESA OTOV TPWTEVOVTA Aova TIEPLOTPODIC
ToU Kwvntnpa, (0Tpodarodopo) Kal To UTTOAOLITO CUCTHHO HE-
tadoong.
* VO AMOCUUTTAEKOUME, SnNAadH va KATOPYOULE TIAPOSLKA aUTH
TN ouvoeon KAt Tn SLAPKELA TWV OAAQYWV TOXUTHTWV.

To KiBwtio Tayutitwv

ITNV TEPLMTWON €VOC KAAOLKOU QUTOKLVATOU €av ebapuolape am’
guBelag tn otpodikn kivnon tou otpodaioddpou 0TOUC TPOXOUC,
TOTE, yla ouvnOlopéveg ouvBnkeg Aettoupyiag tou Kwvntipa (4000
OTPOYEG/mIn), TO aUTokivnTo Ba Empere va Kweital pe taxvtnta 450
km/h. OL Tpoxol mpéEMeL va MepLoTPEDOVTAL TILO apyad Ao To oTpoda-
Aodopo.

To KIBWTLO TAXUTATWY TETUXAIVEL AKPLBWG AUTOV TOV UTIOTIOAAQ-
TIAOCLOOUO TWV OTPOPWV.

To kiBwtio tayvtAtwy divel tn duvatotnta

®  OTOUC TPOXOUC va oTpEdovTal Mo apyd armo Tov Kvntnpa,

e va petafdaAloupe, avaAloya PE TG OVAYKEG TNG OTWYUAG, TN
porf tou {eVyoug SUVAUEWV! TTOU AOKELTAL OTOUG KLVNTAPLOUG
TpoXOUG.

To kiBwTtio TaxutATWyY nepthapPBavel éva cvotnua ypavallwv dla-

DOPETIKWV SLOPETPWV.

ATIOCUUTTAEKOUUE TIATWVTAC TO apmpaylal. Me to HOXAO Twv Ta-
XUTATWV pépvoupe oe emadn €va ypavall Tou Seutepevovtog afova
(€€060¢ Tou KIBwTiov) pe Eéva tou evdlapéoou agova (oy. 4.80). Adn-
VOUUE TO aumpaylal, o otpodarodopoc BETel o€ meploTpodn TOV EV-
Slapeoo agova (eioodog Tou KIBwTioU) KL AUTOG HE TN OELPA TOU TO
Sdeutepevovta agova.

Y dbo ovtifegteg dvvapeigs ue
oo UETPa KOI OLAQOPETIKODG
popeic amotelovv (evyog. To
Uétpo tne pomng tov (edyovg
eivol 100 Ue 10 YIVOUEVO TOD
HETPOV TWV  OJLVOAuUEWYV  ETI
v kaletn omootaony uetalv
twv popéwv tovg (1 =FI)
porn €vog (edyovg €ival idia
WG TPOS OTOI0ONTOTE GHUELO
avopopags.

Xynpo 4-80.
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ZTnv Npwtn,

T0 ypavall A, Tou 6eutepeLOVTOG AEOVa CUVAPHUOTEL LE TO ypaL-

vaqL E, tou evbldpeoou (oy. 4.80). H aktiva tou ypavallov A

(R,,) elvaw mepinou tecoepts Gopeg peyalitepn amd TNV akTi-

va Tou ypavadou E; (R, ). AVAUEST OTIG YWVLAKEG TaXUTNTES
W, R

1 lil LA

nepLotpodng Twv ypovallwyv LoXUEL n oxéon —- :R— ano

W, A

TNV onoia MPOKUTITEL OTL N ouxvoTNTa TEPLOTPOdrG Tou A &i-

Vol TE00EPLG GOPEG UKPOTEPN atd authv Tou E,. Tautdxpova
n pormn tou {evyoug mou oTpedeL Ta ypavalla Ba sival Técoe-
pLG dopég peyalltepn yla To A, o€ oxéon We To £, yati evw
oL duvapelg elval loeg n anootaon HETALY TwWV GOPEWV TOUG
tetpamhactaletal oto A (o). 4.81).

To autokivnto 6& pmopel va avamtuéel PEYAAEG TaXUTNTEG, OMWE
nipoékuPe éva aAAo 6deAog. To kivntrpLlo {eLyog SUVAEWY LETAOXN-
patioBnke o' éva {evyog, Tou o€ TEALKA olvAAuoh aoKE(TaL 0TOUG TPO-
XOUG, UE HLa TIOAU onuavtikotepn pomn. Eival tkavo va Eekivroel To
autokivnto 1 va to aveBaocel oe avndopLEC LE LeYAAn KALoN.

MatwvTtog To apnpayLldl anocUUNAEKOULE To oTtpodaiodopo anod
TO KLBWTLO TOXUTATWYV KAl PLE TO LOXAO TWV TAXUTATWV LETAKIVOUE TO
Seutepeviovta afova o oxEon UE TOV EVOLAUEDO.

Itn deutépa,
T0 ypavall A, cuvapuolel pe to ypavad E, (oy. 4.80). H oxgéon twv
R 2
aKTivwy Twpa gival R—A = T H ouxvotnta neplotpodng Tou A, eival
E,

N Kion autig Tou E, kaw n portr tou KwntApLlou {evyoug SutAdola.

Itnv Tpitn 0 Seutepelwy afovag oTpEdeTal e ocuXVOTNTA LoN UE Ta
2/3 auTAG Tou EVELOUEDOU, OTNV TETAPTN OL CUXVOTNTEG Elval epimou
(O£C KoL OTNV TEUMTN N Tieplotpodn elvat ypnyopotepn otnv £€odo
Tou KIBwTiou TayutATWVY ar’ otL otnv elcodo. H méumtn taxutnTa £ML-
TPETEL VA TIETUXAVOULE LEYAAEG TOXUTNTEG KATAVAAWVOVTOG OXETIKA
Alyotepo KaUGOLHO. OTav £XOUME TTEUTTN TaXUTNTA, OLWC, N POTIH TOU
{elyoug €xel LeLwBel TOAU kat gival SUCKOAO va ETTAXUVOULE TO QU-
ToKivNTO Qv XpeLaoTEL, TY. 0’ £€va TPOCTIEPACLAL.

Ztnv ormcOey,
o Seutepelwy afovag yupvael pe avanodn ¢opa amnod auTrv mou yup-
voUOE OTIG AAAEG TAXUTNTEG. AUTO ETUTUYXAVETAL LE TN LECOAAPBNON
€VOG Tpitou ypavallol avapeoa oto SeutepevovTa Afova Kal TOV EV-
Sdlapeoo (oy. 4.80).

OL OX€0€L¢ OKTIVWV TwV ypavallwv TOLKIAOUV amd autokivnTo o€
autokivnto.

Aéovac Metadoong kat ALapopLko

Avapeoa otnv £€060 o To KIBWTLO TAXUTHTWY KoL TOUG KLVNTHPL-
0UG TPOXOUC Bplokoupe Evav 1 TEPLOCOTEPOUC AEoVEG LeTAS0ONG KOl
T0 SladopLko.

Xynpa 4-81.



152

Otav to autokivnto oTpiBEL 0 TPOXOC TTOU BPLOKETAL OTO ECWTEPLKO
¢ otpodnG SLavUEL ULIKPOTEPO SLACTNUA ATIO TOV EEWTEPLKO TPOXO.
Eddoov 1o 16£0 TG 0TPOdNG YLO TOV ECWTEPLKO TPOXO Elval LLKPOTEPO
B pEMEL v OTPEPETAL EKEIVN TNV WPA UE ULKPOTEPN OUXVOTNTO OO
TOV €EWTEPLKO.

Tynpo 4-82.

Alopoplkd glval €KelvOC O UNXOVIOUOG TIou BplokeTal oto pETOV
Tou afova kivnong (o). 4.82) kat polpalel Tig oTpodEC oToug Suo Tpo-
XoUG waoTe va yupilel o kaBévag pe tnv KAtdAAnAn cuxvotnta. To &t-
adopLko emiong LolpaleL 6TOUC TPOXOUE TNV LoXU TIou GTAVEL OO TOV
KlvnTnpa.

Av o afovag kivnong NTav HOVOKOUUATOCG TO autokivnto Ba eixe
TIOAU Bapu TLovL, Ba ftav oAl SuckoAo otnv 0drynon kat Ba €dOst-
PE TIOAU ypriyopa Ta EAACTIKA TOU.
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( 5.1. ) Elocaywyn

H toxUtnto Kol n entayuvon Twy

CWHATWY, KABWC Kal T LeYEON Tou
opilovtal pe Baon autd, OnMwg n
KLVNTLKA EVEPYELA KOL N OPUR, ovN-
KOUV OTNV Katnyopia twv peyebwv
Tou eV €XouV pLa LOvo Tun. H tun
Tou¢ e€aptdtal amno To mou Bploke-
TOL EKELVOC TTOU Ta peTPAEL. Etal, o
emPBATNG TOU TPEVOU VOILEL OTL O
OUVETURATNG TOUu E€lval oakivntog,
OLWG €V MopaATNPENTAG OTNV OTTO-
BaBpa tou otabuol tov BAEMEL va
KLWElTal pe tnv TaxUTNTO TOU TPE-
vou. Otav avadepOUAoTE OTA LEYVE-
On auvtad, xwpic aAAn dieukpivnon,
Ba evvooUle TIG TIUEG Ttou PBplokel
€VOG TAPOTNPNTAG OKIVNTOC TAVW
otn M.

OLmapatnpnTEg, mou meplypddouv pe StadpopeTikd TPOTO TNV Kivn-
on TWV CWUATWY, TIPETIEL VAL CUVEVVOOUVTAL LETAELY TOUC. ¥ auTr TV
ovaykn avtamnokpibnke o AL alog e TOUC HETOOXNUATLOUOUG TOU,
TIOU ETUTPETOUV va peTatpéPoupe ta Sedopéva tneg Kivnong os €va
ocuotnua avadopdg oe dedopéva yla éva aAAo cuotnua avadopag
TIOU KIveital pe otabepr TaxuTNTA WG TPOG TO MPWTO (AdpaveLOKO CU-
otnua).

TN LEAETN TWV MPOPBANUATWY LG UTTOPOULE VO ETUAEEOULLE TO OU-
otnua avadopdg tng Kivnong, LE 0TOXO VO KAVOULE TOUG UTTOAOYL-
OMOUG LaG 000 YIVETOL ATTAOUCTEPOUG. ZUXVA, WG cuoTnUa avadopag
TIALLPVOULE QLUTO TIOU CUVOEETAL JLE TO KEVTPO UALAG TOU CUOTHAATOG.
‘Eva tétolo cuotnua avadopadg, A.x. 8o SLeUKOAUVE Tn UEAETN TNG Ki-
vNonG Twv TUpaUAWY, TIOU XWPLE auToUG OL YVWOELS Lag yLa TO NALAKO
ocloTNUa Ba ATav MOAU PTWYOTEPES.

TENOG, OXL LOVO N TOXUTNTO TWV CWHATWY OAAA KaL N TAXUTNTO TWV
KUHATWV e€apTatal anod Tn OXETKA Kivnon mtnyng - mapatnpentr. Auto
onuaivel otL StadopeTikol mapatneEnTES avtidappavovtal pe dtado-
PETIKO TPOTO TO 610 KUpA. To patvopevo Doppler, Onwg eivat yvwaoTo,
TO a&lomoLlolV yLa T HETPNON TNG TAXUTNTOG TWV AUTOKWVATWY 1 TWV
OEPOTIAAVWV LLE TO POVTAP, OL ALOTPOVOMOL YL vVa TtapakoAouBricouv
TNV Kivnon oAU HaKpWWV OUPAVIWYV CWHATWY, 0AAAQ Kal oL yLatpol
yla va tapakoAouBroouv tn por) Tou alHaToG.

Extolevon draoctnuikod lew-
popeion.
Ewkova 5-1.

(5.2. ] Kpouoelg

Kpobon avaueoo oe 6o pumd-

Otav 8o cwpata cuykpoloVTOL, yla TAPASEYHO OTAV XTUTIAVE
H vkp » ¥ P YH X Aeg umidiapoon.

U0 umaAeg tou prAtapdou (oy. 5.1), n KWWATIKA KOTACTACH TOUC N
TOUAGXLOTOV €VOC amod autd petafaAletal amotopa. Ol anmOToUES
QUTEG AAAQYEG TNG Kivnong PoKaAoUVTaL Ao TIG LOXUPEG SUVAUELS

Xynpa 5-1.
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TIOU QVOTITUCOOVTAL AVAUECO OTO CWHATO TTOU CUYKPOUOVTOL, KATA
N SLapKeLa TNG emadrg TOUG.

H évvola tng kpolong €XEL EMEKTAOEL KL OTO UIKPOKOGHO OTIOU OU-
purepLAopBAveEL Kal Gpotvopeva OOV TOL «GUYKPOUOUEVO» CWHATIOL
Sev épyovtal oe enaodrn. Na mapdadeypa otav éva cwpatidlo o (mu-
pnvag He) kweital mpog éva aAlo mupnva (I1), ot aAAnAemudpaocelg
TOUG, Ttou lval ToAL aoBeveig 0tav BplokovTtal pakpld, yivovtal moAu
LOXUPEG OTAV TOL CWHATIOLA TTANOLACOUV LLE ATIOTEAECLA TNV ATIOTOUN
oAAayn) oTnV KWWNTLKN Toug Katdotaon. H xpovikr Sldpkela petaBo-
ANG TNG KWVNTLKAG TOUG KATACTOONG £lval TTOAU pikpr). Av umopoUoopE
va Klvnuatoypadnooupe To patvopevo Ba BAEMapE OTL LOLATEL UE TN
ouyKpouon 800 CWHATWY, LOVO TIou 6w Ta CWHATA SEV EpXOVTaL O
enadn. Ovopdloupue, Aoumoy, kpolon Kot KABe PpaVOLEVO TOU ULKPO-
KOGOWOU, OTO OTIOLO TO «OUYKPOoUOpeEVa» ocwiuatidia, aAAnAemidpouv
LE OXETIKA UEYAAEG SUVAUELG yla TIOAU UIKPO Xpovo. To dpatvopevo
QUTO 0T ouyxpovn uaLkr) ovopaletol Kal okEdaon (o). 5.2).

v,

Kpodon evog couotiov o, ue oapyika axivnto mvpnva.
Xynpo 5-2.

Avaloya pe tn StevBuvon Tou KvoUVTOL TO CWHATA TIPLV CUYKPOU-
OTOUV 0L KpOUOELG SLakplvovTal 08 KEVTIPLKEG, EKKEVTPEG KOl TIAAYLEG.
Kevtpkn, (1 LeTwrkn) ovopdletal n Kpolon Kota tnv omola ta St-
aVUOLOTO TWV TOXUTATWY TWV KEVTPWV MAlaG TwV CWHATWY IOV CU-
ykpouovtal Bpiokovtal mavw otnv idta eubeia. Av Ta cwuata mou
ouykpouvovTal eival odpaipeg kal n kKpoUoN TOUG lval KEVTPLKH, OL TO-
XUTNTEC TOUG UETA TNV Kpouon Ba Bplokovrtal emiong otnv idla (apxL-
k) 6tevBuvon (oy. 5.3).

v, v, v’ v’
C— @ ++8r O
TPV TRV Kpodaon UETE TNV KpoDan

Kevtpikin kpovon puetalv 0vo ocpaipdv.

Xyqpa 5-3.

‘EKKevTpN, ovopaletal n kpolon oTNV onoia oL Ta-
XUTNTEG TWV KEVIPpWY HAlaG TwV CWHATWY TIOU OU-
YKpouovtat eivat tapdAAnAeg (oy. 5.4a).

MAdyla ovopdZetal n Kpouon OV OL TOXUTNTEG TWV
owpatwv Bplokovtal oe tuyxaieg dieuBuvoelg (oy.
5.4p).

Iidyrta kpodon
Ewkéva 5-2.

®
(0) éxkevipn Kkpodorn.
(p) wiayia kpodoy.
Xynpo 5-4.
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H diatripnon t¢ oppng oTLg KPOUOELS

Emeldn n kpouon eival éva patvopevo mou Stapkel oAU Ailyo xpovo,
oL WONOELG TWV EEWTEPLKWY SUVALEWY - OV UTTAPXOUV - Elval aApeANTE-
£¢ Kata tn Slapkela TNG Kpouong. To cUOTNUA TWV CWHATWY TTOU CU-
yKpouovTal Umopel va BewpnOel pHovwEVOo, yLa TN XPOVLKH SlapKeLa
NG KpoUOoNG, EMOUEVWC N OPUI TOU cuotipatog dtatnpeital.

H opun €EVOG CUGTAMATOC CWHATWY, KOTA TN SLAPKELA TNG KPOU-

ong, datnpeitat.

Avp, .N OPHI TOU CUCTHAKMOTOG AUECWG TPV TNV KPpouaon Kal p
0PI TOU CUCTAHOTOG OUECWE ETA TNV KPOUON, LOXVEL:

peta n

prrpw: pps:r(i
H gvépyela oTIC KPOUOELG

Kata tn olykpouon 800 CWUATWY €val HEPOC TNG UNXAVLKNAG TOUC
EVEPYELOG LETATPETETAL O BeppoTnTa. 2TNV LOAVIKN TTEPIMTWON TIOU
N UNXQAVLKN EVEPYELX TWV OCWHATWY &g PeTaBAAAETAL PUE TNV Kpouan,
n Kpouon ovopaletot eAactikr. Emeldn n kpovon eival eva pavope-
VO QUEANTEQG XPOVLKNG SLAPKELAG, N SUVOLLKI EVEPYELO TWV CWUATWV
-Tiou e€aptatal anod tn B€on Toug oTo XWPo- 6 petafaArAetal. Emo-
MEVWG :

EAaotiki €lval n kpoUon otnv onola Statnpeital n KLYNTLKn evép-

YELO TOU GUOTHHOTOG TWV CUYKPOUOHUEVWV CWHATWV.

JTO LOKPOKOOMO N €AOOTIKN Kpouon amoteAel pa e€ldavikeuaon.
MpooeyyloTikd eAaoTIKA Unopel va BewpnBel n kpolon avaueoa oe
600 oAU okAnpd cwpata, OMWE avapeca o€ U0 UMAAEG TOU WTTL-
ALapdou. 2T0 ULKPOKOOUO OUWE EXOUUE KPOUOELG ATIOAUTWG EAQACTLKEG
OTIWG AUTH TIOU TIEPLYPAOLLE TIPONYOUUEVWG AVALECA OTO CWUATLO
0. KOlL TOV Ttupnva.

AveAaoTikr, ovopaletal n Kpouon otV onoila £va HEPOG TG ap-

XWKAG KWVNTLKAG EVEPYELAG TWV CWUATWY KETATPENETAL O OEpUO-

™mra.

Mua €181k mepimtwon aveAaoTIKNE KpoUOoNG lval eKelvn Tou 0dn-
Vel 0TN OUYKOAANGN TWV CWHATWY - 0TN SNULOUPYLO CUCCWUATWO-
TOC. AUTH n KpoUon ovoualeTol TTAQLOTLKN.

( 5.3.) Kevtpwn EAaotikr) Kpouon Ao
2dopwv

Av0 coudtio o cvykpodovral.
To éva, mpiv tnv kpodaon, NTav
TPOKTIKG OKIVNTO.

Ewkéva 5-3.

H xpovon aviuecoa ota ovto-
KIVNTO TG E1KOVAG EIVAL O)E-
00v whaotiky.

Ewkova 5-4.

Avo odaipeg X, kaL X, pe UAleG 7, Ko
7, KoUvTaL PE TaxUTNTEG U, KaL V,, OTWG v, v,
oto oyAuo 5.5. Ou odaipeg ouykpovovtalr — > g
KEVTPLKA KOl EAQLOTLKA KOl LETA TNV Kpouaon . @
€Xouv TaXUTNTEG VL', Kawv’, . Edv yvwpiloupe

TLG TAXVTNTEG TWV OPALPWY TPW TNV KPOUON 41y 19w xpobon
KOl TL MATEC TOUG UTIOPOULE Vo UTtoAOYI-
OOUUE TLC TaXUTNTEG TOUG UETA TNV Kpouaon.

™
v, v,
— —»
UETE TRV Kpoboy
Xynpa 5-5.
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la tnv Kpouaon LoXUouV :

mu, +m,0, = mu, +mu; (Statipnon tng oppng)  ( 5.1)
1 1
—mu] +—m,0; =—mu+—m,’  (SLTAPNON TS KWNTIKAC evép-
2 2 2 2
Y€Lag) (5.2)
n (5.1) ypadetaw kar 72, (0, —v)) = m, (L] —v,) (5.3)
evw N (5.2) ypddetar m, (v — ") =m, (07 —v5) (5.4)

AwatpoUpe Tig (5.4) kat (5.3) katda péAn kot Bplokoupe
v +U =0+, (5.5)

Erdbovtag to cuotnua twy (5.1) kaw (5.5) wg mpog v, kat v, Bplokou-

e
2m, m, —m,

b = L, + — U (5.6)
m, +m, m, +m,
2m m,—m

Kol V] = L_p +—2—"Lv, (5.7)
m, +m, m, +m,

Ztnv nepintwon 6mnouv m, = m,
oL (5.6) kat (5.7) ylvovtal
v =0, KALY L= 0,
AnAadn ot odpaipeg avtaAAdooouv TayUTNTEG.

Ztnv nepintwon nou n X, ftav akivatn npw thv kpovon (v,=0)
ot (5.6) kaw (5.7) yivovtat

m, —m
’ 1 2
v = b ( 5-8)
m, +m,
2m
r__ 1
KoL v, = ) [ 5.9]
m, +m,

(5.4.) EAaotikn Kpouon Zwpato¢ pe aAAo
Akivnto NoAv MeyaAnc Malag

Av n odaipa %, TnG tponyoUuevng mapaypddou ExeL TOAD LeyaAv-
TEPN WAL amd TN X, KaL elvat akivntn LY TNV Kpouon oL oXEcELS (5.8)
kat (5.9) Sivouv

AnAadn n odaipa pikpng palog avakAdtal pe taxutnta idlou HETpou
Kal avtiBetng ¢popdg amod autnv mou ixe mpwv tnv Kpolon. To cwua
MEYAANG Lalag TMapapEVEL TTPOKTLKA aKivnTo.

Znueiowon : Koatd tov vmwoloyi-
OUO TWV TAYVTHTWOV TWV TYOI-
pov vwobécaue 0tL 01 cpaipeg
Hete v kpodon ocvveyiloovv
Va KIVoOVTOl TPOS TNV (010 KO-
tevQovon. Av peta ti¢ mpaceig
TPOKVWEL OPVNTIKN TIUN Plo
v v, Qo cvumepdvovue 8tL n
2 d/Haa_fe Qopao. KIVoNG UETA
v kpodon.

Av n kpobon eivar elaotiky n

opaipa avokAdtol pue tayvTy-
T (0100 UETPOD.
Xynpa 5-6.
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JUpudwva PE TO MOPAAVW OTav pla odaipa pkpng palog mpo-
OKPOUEL EAQOTLKA KoL KABETA 0TNV eMmLpAVELD EVOG Tolxou 1| 0To 6a-
nedo avakAAtal pe taxutnTa dlou pETpou Kal avtiBetng popac (oy.
5.6).

ItV nepLmTwon mou n odaipa MPOoKPOUEL EAACTIKA KAl TTAQYLO OF
€vav toixo avaAloupe tnv TaxVuTNTA tng o€ SUO CUVIOTWOEC, TN Kia
(v,) K&Betn oTOV TOiXO KaL TNV AAAN (V) TaPAAANAN pe autov (o). 5.7).

JUUPWVA PE TA TTOPATIAVW N KABETN GTOV TOLXO CUVLOTWOA TNG TA-
xvtntag Ba aAldel popd kal Ba SlatnpAoeL To METPOo TG (V7 = -v ).

H dUvaun mou aokeital otn odaipa Katd TV Kpouon elval KAOe-
TN OToV ToiX0, Apa N vy CUVLOTWOO TNG ToxUuTNTog e petaBaiAetal
(v, =v).

To pHETPO TNG TaXUTNTAG UETA TNV Kpouaon givat

, r2 r2 2 2
v =, +U =,|u, +V; =V

6nAadn to pétpo TG TaxuTnTag tng odaipacg e petafaiAetal.
Av 7 KaL o oL Ywvieg mou oxnuatifouv n v katn v’, avtiotoya, e TV
KABeTn oTOV TOLXO LOYUEL

4

v, v’
NUT =—= Kol "NUX=—
v v
OHWE v, =0, kK L=
OTOTE NUT =nuo
KO T=a

AnAadn n ywvia mpdéontwong tng odaipag elval ton e Tt ywvia ava-
KAoong.

Mapadeyua 5.1

BAnpa pagag m = 0,02 kg kweital opllovtia pe taxvtnta o = 200
m/s ko opnvwvetal o€ akivnto §UAo palag M = 0,98 kg ou BplokeTal
navw oe optlovtio eninedo. Na Bpebel a) n TaxVTNTO TOU CUCCWUA-
TWUATOG ETA TNV Kpouan, B) n LNXOVLKA EVEPYELA TTOU XAONKE KATA
TNV Kpouon, y) to dtaotnua mou Ba SlavUoeL TO CUCCWUATWHO UE-
XpL va otapatiosl. O cuvteAeoTn¢ TPLRNG TOU CUCOWUATWHOTOC LE
To oplfovTio emimedo eivat 1, = 0.5 ko n emtdyuvon g Baputntag
g =10m/s?.

Anavinon :

o) Eotw V n tax0TNTA TOU CUCCWUOTWHATOC ECWE LETA TNV Kpouaon.

s >

A

X

Av n kpobon eivalr elaotikn n
opaipa avakidtol pue toayvTy-
Ta (0100 uétpov kai n yovia
TPOoTTWONG €ival lon we
yvio avakiaong.

Xynpo 5-7.

Xynpa 5-8.
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ZuuBoMZouus HE p
Kpouon Kal JE p

apry TNV opur’] ToU ouorr']uaroq auéowq TPV TNV
tnv OpHN OUECWE UETA TNV KpoUoN.

peTa
pnpw= ppsrd

EruAéyovtag BeTikn kateuBuvon mpog ta Sefla (oy. 5.8), n apxn dtatn-

PNONG TNG OpHNG ypadeTal ahyeBpikd:

mv=M+m)V qpa V = =4m/s

M +m
B) H unxavikn evépyela mou xabnke katd tnv kpouon eivat

K -K :%muz—%(/\/[ +m)V* =392J

ptv HETA

y) Edapudlovtag to Bewpnua £pYou - EVEPYELAC VLA TO CUGCWHATWHO
EXoupe

1
K _+W +W +W,=K_, r']E(Mer)Vz—,uK(M+m)gs:Odp0L

apy w

SZV—=1,6m
28

Mapadeyua 5.2

AVUo cwpata pe ua(sq m= 2 kg kaw m,= 3 kg KwvouvtaL og KABETES
SLevBUVOoELC pe TaxUTNTEG v =10 m/s Ko 0,= 5 m/s Kat Kamowa ottvun
OUYKpOUOVTOL TTAQCTLKA. Na Bpebel n taxurnra TOU CUCCWUATWHA-
TOG TIOU SnpLoUpyELTaL Ao TNV MAACTLKA KpoUon TwV SU0 CWHATWV.
Amavnon :

‘Eotw V n tax0TNTA TOU CUCCWHATWHATOG OHECWE UETA TNV KpoUu o).
Av P N OpuUA TOU ouotr']uaroq auéowq TPV TNV Kpouon Kat p

TO r]
opunN apéows LETA TNV Kpolon Ba ival .

pﬁpw_ pps‘r(i
Avalboupe to Sldvuopa V og 600 GUVIOTWOEG TN // KaTd TNV SLev-
Buvon x kaLtn Vy katd tn StevBuvon v (oy. 5.8). Otav dvo dlavuopata
glval loa, elval (O€C KaL OL CUVIOTWOEC TOUG, EMOUEVWC

LY — HETA — (1
_ p.x‘ p,\’ . my, = (nll +m2)V\'
pnpw ppsrd n

p= pyﬂ;,-nz myv, = (m, +m,)V,
v , mu, m,0
and ornou Bpiokouvpe V, =————=4m/ska V, =—>*2-=3m/s
171] + 1712 : 1711 + 1712

2 2 V 3
kat V= (V)" + (V) =5m/s xau 6‘(0927):2

X

(5.5.) Abpaveiakd kat Mn Adpaveiaka
Zuothpata

H kivnon evog avBpwrou o omoiog HeTAKIVELTAL TAVW OE €va TTAOLO
TIOU TAEEL KATA PNKOG TNG OKTNG O€ ylveTaL AVTLANTITA LE ToV i6lo TpO-

Xynpa 5-8.
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TIO amod €va MapATNPENTA TIOU KABETAL 0TO KATACTPWA TOU TTAolou
KOl oo €va TopaTnENTH TToU KABETAL OTNV aKTH.

Ytn ¢uon ta navta Bpilokovtal og kivnon. Otav BplokOpaoTE péoa
o€ €va aUTOKivNTO Tou Kiveital, cuvnBiloupe va avTILeTWI{OUUE TO
S8popo w¢ akivnto. Opwg Sev lval akivntog. OAOkAnpn n M mepLloTpé-
deTal, yupw amod Tov €auTo TG Kal YUpw ard tov HAlo. OUte Kal o
‘HAwog elvat akivntog, Kweital oto Stdotnua.

i O O O
==

H kivnon evég avlpaormov oto katdotpouo 0& yivetal pue tov 1010 tpomo avtl-
AnmTy amé kamoiov mwov fpicketal 0To WLoi0 KAl OO KATOLOV TOv PpiokeTal
otV OKTH.

Xynpa 5-9.

MpoKeLEVOU va TTEPLYPAYOUE TNV Kivnon evOg cwpatoc, Bewpou-
pe aubalpeta éva xwpo akivnTo Kol LEAETAE TNV Kivnon wg mpog To
XWPO auTO. EToL 6Tav avadepOUAOTE 0TNV KivNon €VOG QUTOKLVATOU
Bewpoupe tn M akivntn. Otav HEAETANE TNV Kivnon Twv TTAQVNTWY,
Bewpoupue tov ' HALo akivnto. O xwpog mou kabe dopd Bewpeitat aki-
VNTOC KATA TN LEAETN pLag Kivnong, ovopdletal cuotnpa avadopag.

MpokUTITEL EUAOYQ TO EPWTNUA, TIOLO CUCTNUA avadOopPAC TTPETIEL VA
SlaAéyoupe kABe popd yLa voL LEAETACOUE [La Kivnon;

H mpwtn andvtnon evog popavtikol Ba ntav otL omolodnmote ou-
otnua avadopag kat va StaAéfoupe Ba ATV To (6L0 pLa Kol av oL
duoLkol pag vopol ival cwaotol MPETEL va LoXUOUV OE OTIOLOSHTIOTE
ocloTNUA.

Itnv mpaén OpwG, kamola cuotnuata avadopdg eivat o BoAkd
arno kamola AAAa ot LEAETN TWV PALVOUEVWV.

Ac umtoBéooupe OtL KaBwg taflbevoupe e Eva TTOAUTEAEG TPEVO
gvBuypappa opaAd mailovpe prAtapdo. O maiktng Umopel va mpo-
BAEYeL To Mwe Ba KivnBOUV oL UMAAEG HETA Ao €va KTUTNUa to (6lo
KQAQ OTWC OV TO TPEVO NTAV aKivnTo. AV OPWC KATA T SLAPKELA TOU
TLaLXVLOLoU TO TPEVO HETAPBAAEL TNV TaXUTNTA TOU O Ttaiktng Oa Bpebel
Tpo ekMANEEWC yLatl ol umaAeg Ba Kwouvtal Pe €vav anpoodoknto
TPOTO ToV oToilo paAlota dev Ba pmopel va epunveVosL EUKOAQ ML
kal dev umdpyouv podaveic SUVAUELG LECO 0TO GUOTNUA TOU TIOU VAl
ouv&€ovTal e TNV Kivnon Twv odatpwv.

O mnaiktng, av yvwpilel puoikn, Ba avapwtnBel pnnwg Sev LoxVEL
0 PWTOG VOHOG Tou Newton (VOpog tng adpavelag) cupudwva e ToV
Omoio €va CWHO TTAVW OTO OTMoio SV aoKOUVTAL SUVAELG EITE NpPE-
KEL €lte Kwveital Lootaywe. Ouwg €vag mapatnentng mou sivat akivn-

v=61taf.

2Ty devTEpN TEPITMTWAN TOV TO
ocoavoép ewitayvverol {vyopid
ppiocker to ocouo Poapdtepo
oo 600 €IVOL OTNV TPAYLO-
rikotnra. O mwopoaTnPNTHS TOL
ppioketar péoa 6to acavoép
odvvatel vo dwoel enynon.

Xynpo 5-10.
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TOC £€W ATIO TO TPEVO UTIOPEL VO EpUNVEVCEL HLO XOPA TNV Kivnon Twv
odalpwv BAEMovTag OTL TO TPpATElL TOU UrtitAtdpdou otpifel pall pe to
TPEVO Kal OTL oL odaipec ouveyilouv va Kvouvtal euBUypappo opa-
Ad, 6nwg opilel o MpwToG vopog Tou Newton.

@aivetal AoLmov OTL Eva aKivNTO TPEVO, N £Val TPEVO TIOU KIVELTOL LE
otaBepr) taxvutnTa sival BoAkad cuothuata avadopdg, o avtibeon
LE €va TPEVO TIOU N TaxUTNTA Tou HeTaBAAAeTal, ylati otig duo mpw-
TEG TEPLTTTWOELG N KLVNTLIKA CUUTIEPLPOPA TWV CWUATWY EPPNVEVETAL
QamAQ e TN XPron TwV BACIKWY VOUWVY TNG ILNXAVLKAG.

Ta cuotApata avadopdg ota onoia LOXVEL 0 VOLLOG TNG ASpAVELAG
tou Newton ovopaovtol adpaveLlokd cucTHpATA.

‘Eva cUotnpa avadopag mou Kveital He otadepr) Tayxutnta o oxéon
KE éva adpaVELAKO CUCTNHA ELVaL KL OUTO ASPAVELAKO CUCTNAL.

Evo amd ty I'n 1 Zeinvy pai-
VETAL VO KIVEITAI KUKAIKQ,
omo 1o diaoTnue n Kivion
¢ Oa umopovoe va gaiveral
OTW¢ 010 TYNUQ.

Ta cuotipata avagopdg ota onoia Sev LOXUEL 0 VOHOG TNG adpa-
velag tou Newton ovopddovtal pin adpavelakd GUCTHHOTA.

‘Eva cvotnua avadopds mov mtayUVeTaL 0 oXEoN ME éva adpa-

. . , . Tyfpo 5-11.
VELOKO cUoTNHA Elval in adpavelako cuoTnua.

(5.6.) 2xetikl Toxvutnta oe Adpavelokd
Zuotipota

H taxvtnta evog kivoupevou cwpatog 6€ yivetal e Tov 6Lo tpomo
QVTLANTITA a6 OAOUG TOUG TOPATNPNTEG.

‘Evag avBpwrog kablotog péoa o £va TPEVO TOU KLVELTAL e TaXU-
™TTa v Bewpeltal OTL lval aKIvNTOG WG MPOC TO TPEVO AAAA KLVE(TAL pE
TaxUTNTO U WE TTPOC £VOL TAPATNPNTA TIOU Elval akivnTog ato oldnpo-
SpouLKO oTaBuo Kot mopakoAouBel to Tpévo.

Edv maAL o emPBdTng TOU TPEVOU MEPTATAEL Ue TaXUTNTA v, HECQ
OTO TPEVO 0TN $OPA Kivnong TOU TPEVOU £XEL TAXVTNTA U, WG TTPOG TO
TPEVO, AN TaxUTNTA L + v, YLOL TOV 0KivnTO TtapatneNnT oTov oTab-

uo.
$ I 1)1

H taydtnra evog emifiatny tov tpévon, pivetal avtIANTTH [LE O1OPOPETIKO TPOTO
omo Eva mwapatnpntn A mov fpiocketal aKivnTos HETO 0TO TPEVO KAl OO Ka-
To10 wapaTnpnTy B mov gival akivntog 010 atafuo.

yqpa 5-12.
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Ma tn PeA€Tn g Kivnong eivat anapaitntog o KaBopLlopog tng 8- |y
oN¢ TOU oWUATOoG KABe aTiyun. H B€0n evOg CWUOTOC 0TO XWPO MPOOo-
SlopileTal amod TG GUVTETAYHEVEG TOU (X, ), Z) OE EVOL TPLOOPBOYWVIO  |.......q- """ "-
oLOTNUA AOVWV. ITNV MEPIMTWAON TOU N Kivnon Tou CWUATOC YiveTal .
navw o€ emninedo apkolV SU0 cUVTETAYUEVEG. Epeic Ba aocxoAnBoupue !
MOVO UE TETOLEC IEPLMTWOELG. Ta cupmepAaopata mou Ba Byouv evko- L : :

Ao yevm’sbovrag KoL oTOV ,rpto&dcrta’to xu')pol. ' ' H 0éon evée soduatoc mov

Emedn n peAETn HLoG Kivnong OXETIZETOU TAVTA LE KATIOWO OUOTNHUA  pyrpisi zidyia Boisi mpoodi-
avadopdg, sival anapaitnto va Bpebel KATOLOG TPOTIOG WOTE SUO QV-  opilerar kale oriyus and tic
Bpwrol (mapatnpnTtég) mou mapatneouyV To (6lo GalVOUEVO Ao Sla-  ovvietayuéves tov X Kot ).
bOopETIKA cuoTAUaTa avadopdg va UmopoUlV va cuvevvonBolv. Autd  Iyfpa 5-13.
yivetal pe tn Bonbela ox€oewv PetaoxnUatiopol tng B€ong, Tng ta-

XUTnTOg KAl KABe dAAou pey£Boug ou mBavov yivetal avtiAnmto pe
SLadopeTIkO TPOMOo amo dtadopa cuoTrhpata avadopag.

Av KoL UTIAPXOUV cuoThHuaTa avoadopdg pe dlaitepa peyaAo evol-
adEpov, 0w To cUOTNUA TTOU OTPEDETAL e oTABEPN ywVLaKN TaXU-
™ta (tétolo cvotnua gival n M), epeic Oa aocxoAnBoupe pHovo pe pe-

TOOXNHOATIONOUC OVAUESA O adpavelakda cuothpata. Kabe tétolo
cuotnua Ba to pavtalopaocte ePpodLACUEVO e Eva cVOTNUA AEOVWV
WG TPOG TO OTtolo YivovTal oL LETPHOELG. y

, , , , , , , u

Eotw eva adpavelakd cuotnpa avadopag = Kot eva aAAAo +—
2" KlvoUpEevo pe otaBepn taxVTNTA u W¢ POoG to 2. MNa Ao-
youg amAouoteuong ag dextoupe OtL Ta SUo cuoTApaATA o x -pal
avadopdg tavtilovtav tn xpoviky otyun t = 0 kot 6tL n u PR I .
elvat mapdAAnAn pe tov afova Ox tou X (o). 5.14).

H B€on evog UALKOU onpeiou P 0To cuotnua X Tt XPOVLKN
oTyun t, Slvetal amo TG CUVTETAYUEVEG X, V. 0

H Béon Tov (6lov onueiou oto cuotnua X divetal amnod TG Syipa 5-14 *
OUVTETOYUEVEG X, V.

OL oX€0€lG HETAEY TWV CUVTETAYHEVWY TOU P oTo €va oU-
oTNMO Kot 0Tto dAAo gival ’ LY )

x=x"+ut

Y.
y= y’ 14

‘Eotw OtL 10 onpeio P kweltal pe otabepn taxutnta v, W¢
npog to cvotnua 2. H v  avalvetatotig o’ , v’ 0To cUoTNUA
Y’ (ox. 5.15). “ 0
ATO TOUG LETACXNUOTIOMOUG BEoNG EUKOAQ TTPOKUTITOUV
Ol CUVLOTWOEC TNG TaXUTNTOC Tou P Omwg yivetal avtiAnmti
amno 1o 2.

Xynpa 5-15.

, , Ax Ax" At , , ,
X=Xx+ufapa — =—+1— OMOTE L =V _+1U v, Y

At At At YI :

y A Ay , ,
y=yapa 2V 2 ondre L, =0V, =

At At
Av n ToXUTNTO U PE TNV OTIOL0L KIVETAL TO X" WG TPOGTo =
dev eival mapdaAAnAn otov Ox , avoaAUOUUE TN u OTL CUVL- U, x
oTwoeg u, u  (ox. 5.16). Tyfipa 5-16.

u, u
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Ol petaoxnuatiopol B€ong kat TaxVTNTOC TaipvouV tn popdn

X=x+ul v, =0, tu,
y=y tut v, =V, tu,

Slavuouatika yla thv toyutnta v =1 +u

OL mopanmdvw HETAOXNUATIOUOL €lval YyVwoTol W¢ HETACXNHOTL-
opot tou MAtAaiov.

AT tnv e€lowon v =" + u MPOKUTITEL

Ab AV Au
_——+_

— (5_10) Talidaiog (1564-1642) Italia.
At At At Ocucliotiic e oOyYpovNg
, , , Au unyovikng. AiodyOnke yia tig
kaL emeldn n u eivat otabepy  — =0 anéyeis tov axé v emionun
At ekKANTia THS EMOYNGS TOV.
, , . AL AU , Ewkéva 5-5.
Amo tnv (5.10) €xoupe oTL —=— A |loa=d
At At

F=ma kot F'=ma onodte

Otav 6nAadn, éva UAKO onpeio P §€xetat SUvaun Kot emtayUVeTaL
n SUvapn Kat n emTtaxuvon yivovtal avtiAnmTég Ye Tov (Lo TPOTmo Kat
amno ta duo cuotuata avadopag, und Tov 6PO MAVTA OTL TA X Kal X
elvaL adpavelakd, dSnAadn n u ival otabepn.

TéNOG, av n opun €VOC CUCTANOTOC CWHATWY Slatnpeital wg mpog
To cuotnua avadopdc = Ba Slatnpeital Kal wg PO To CUCTNUA AvVa-
dopag X" . To (6Lo LoyVEeL Kal pe T SLaTrpnon TG EVEPYELOC.

leVikA, oL VOpoL NG UOLKNG LoXUoUV UE TN Hopdn Ttou Toug EE-
POULE oTa adpaveLaKd cuoThipata avadopag.

Mapadeyua 5.3

To ocvotnua X" Kweltal pe TaxuTnTa U we Pog To 2. Eva cwua Ki-
veltat pe taxvtnta v oto x° (o). 5.17). Mowa elval n TaxvTNTA v TOU
OWHATOG WG TPOG TO 2

y

Xynpa 5-17.
Amovtnon :
Q¢ 1pog 0 X cLUPWVA LE TOV HETACKNUATLOMO Tou MaAtAaiou Ba
oxVeL L=V +u. Metatpénovtac tn oxéon auth o alyefpikn Ba
gYoupus L =1 + u.
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Mapadeyua 5.4

2TO MPONYOUHEVO MapAdelya ag uTtoBEcoupe OTLN v’ elval avtiBe-
¢ dopdg Kal OtL OAa Ta AAAa otolxeia mapapévouy (da (oy. 5.18).
Mola gival Twpa N TAXUTNTA TOU CWHUATOC WG TTPOC TO 2;

y
u

—>

0

Xynpo 5-18.
Amovtnon :

TOUPWVOL LE TOV HETAOXNUATIOUO Tou MaAtAaiou Ba loxVet L=V +u
Kol aAyeBpika Ba €xoupe v =~ + 1

Mapadeyua 5.5
Na BpeBel n TaxUTNTA TOU CWHATOG WG TTPOC TO = AV N 1~ EXEL pLa
tuxatia StevBuvon navw oto eninedo x' Oy" O6nMwg oto oy 5.19.

y

u
—

N

0

Xynpa 5-19.
Anavinon :

JUUPWVA PE TOV HETOOXNUATLOUO Tou faAtAaiou n taxlTnTA YE TNV
omoia KWELTOL TO oW WG TTPOC To X Ba eival L= U’ +u kot alyeBPLKA

' 2 2 I . .
Ba €xoupe L = \/U' +u” +2uv'cuve érou ¢ n ywvia mou oxnuatifouvv
Ta Stavuopato v’ Kal U.

( 5.7. )Zt’)ctnp.a Avadopac Kévtpouv Malag

Y€ MEPUMTWOELG OOV N opun dlatnpeital, n epapuoyn tng apxng
SLatApnongG TG OpuNG UIMOPEL vaL AITAOUGTEUTEL UE TN XpNnoLlonoinon
NG €VVOoLaC TOU KEVTPOU palag.

3TO PONYOUEVO KEPAAALO UANCOLE YLOL TO KEVTPO HALAG EVOG CWA-
T0¢. ESw Ba Acou e yia To KEVTPO HA0G EVOG CUCTAUOTOG CWUATWV.
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Mou Bpiloketal To KEVTpo palag;

Av 10 cuoTnpo amoteAeltal amnod éva aplBpd cwWUATWY TIOAU ULKPWVY
SLSIOTGGEUJV HE ua’Zeq My My .. Avx,v, Z glvau mpuvrerayusvs'q Tou
OWHOTOG 777, TO KEVTPO HALAG TOU CUOTHUATOG Eival 0TO onueio pe
OUVTETAYUEVEC

_omx, +myx, e tmx, Zln,-X, Zmixl.

n’’n

o m,+m,+..... +m, z m; M
o me V; B Zmizl.
cm - M Kal’ Z(‘I” - M

omou M n cuVOALKN HAla TOU CUOTAUATOG.

Ma éva cuotnUa SU0 CWHATWY ULKPWV SLACTACEWY, TTIOU UTTOPOUV
va BewpnBouv UAKA onueia, n BEon tou kévtpou palag Bploketal
oo TN OXEON

_mx, +myx,

cm

m, +m,

OToU X, Kal X, oL B€oelg Twv 8V0 palwy 6" éva CUCTNUA CUVTETAYHE-
VWV TIOU oav afova Twv x €XeL TNV eubeia ou mepvael amnod ta duo
UALKG onpeta (oy. 5.20).

H kivnon tou Kévtpou palog

O 8eltepog vopog Tou Newton yla €va GUCTNO CWHATWY EXEL TN
Hopr

orou 2F . T0 8LavuopaTIKO ABpoLopa Twv EEWTEPLKWY SUVANEWY OTO
ovotnua, M n WAda TOU CUCTAUATOG, 0 N ETUTAXUVON TOU KEVIPOU
HAZoG TOU CUCTAUATOG KOL P N 0P TOU CUCTANATOG,.

AnAadn to KEVTpo PAlog Tou CUCTAHATOG KIVEITAL oav éva UTtoDe-
TLKO UALKO onpeio palog iong e TN GUVOALKNA HAla TOU GUCTAMOTOG
ov OewpPrOOUNE OTL OAEG OL EEWTEPLKEG SUVAMELG TTOU SEXETAL TO OU-
oTNHA aocKoUvToL 0’ aUTO.

A6 T0 8€UTEPO VOO TIPOKUTITEL OTL AV TO CUCTNUA EIVaL LOVWUEVO
(ZF . =0) n oppr Tou cuoTApATOG SLatnpeital oTabepr) KL TO KEVIPO
palaG Tou CUCTHMATOC Kveital Pe otaBepr Ttaxutnta.

Edboov to KEVTPO PAlaC TOU CUCTAUOTOC OE QUTEG TG TIEPLTTTWOELG
KLWeltal pe otabepn Taxutnta, €va cuotnua avadopag we mpog To
omoio To kévipo palag elval akivnto ival éva adpavelokd cuoTnua.
Auto to oclotnua avadopag Ba to ovopdlouvpe clotnpa avadopdg
TOU KEVTPOU palag.

Av yLa TNV QVTLLETWTILON EVOG MPOoPANUATOG 0TO omoio n opun dla-
npeltal emAé€oupe w¢ ouoTNUA avadopds To CUCTNA TOU KEVTPOU

y
— X—

m,

<X, >
«—X,—>

Xynpa 5-20.

Ta Opavouata kivodvror ue
TETOIO0 TPOTO WOTE TO KEVIPO
ualag tovg va akolovbel tnv
poyta mwov Ho akxolovboboe
Kal av 0ev elye eKkpayel 1o mo-
poTEYVHUA.

Ewkéva 5-6.
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palag to mpOPANUa amAoMoLETaAL ONUOVTLKA. QG PO auTo To oUOTN-
MO TO KEVTPO palag ival akivnTo Kal N GUVOALKN Opur TOU CUCTAUA-
TOG UNEV.

Mapadeyua 5.6

Ol ouvteTayueveg kabevog anod tpia cwpata eivat (1,0), (3.0) kat  y (m)
(2,5) (ox. 5.21). Ot paleg Twv owpdtwy gival 22, 2m kal 4m avtiotoya.

Na npoodloplotei n B€on Tou KEvtpou PAlog TOU CUGTHLOTOC. ] P ’
Aravrnon : 2 K o
domx,  2pix, +2pmx, + 4y,  2-142-3+4:2 16 — S @
x(_m = T 1 2 3 m=—m= 2 m EX"]P«U 5.21.
M 2+ 2 +4m 8 8
> my, 2.0+2-0+4-5 20
Vo = = m= ? m=2,5m

M 8

Apa to kévtpo palag K Bpioketal otn B6€on (2, 2,5).

Mapadeyua 5.7

BARpa BAMAETAL e apXLKH TAXVTNTA V) UTIO YwVia ¢ WG TPoG opLio-
VTLO eninedo. Yno tnv enibpaon tou Bapoug Tou to PARUa Bo eKTEAE-
oeL mopafBoAlkn TpoxLa kal Ba emoTpEPel oto oplldvtio eninedo (o).
5.220a). To BAAUa Og KATIOLO ONUELO TNG TPOXLAG TOU EKPrYVUTAL KOl
xwpiletal og dvo Bpavopata (o). 5.22[). Tukivnon Ba KAVEL TO KEVTPO
palag Tou CUCTAUATOC TWV BpauoudTwy;

(a) (B)
Xynpa 5-22.

Amovtnon :

H ouviotapévn duvaun oto cvotnua twv Bpavopdtwv dnAadn
10 Slavuopatikd adpolopa Twv Bapwv Toug givat idla pe To CUVOAL-
KO Bdapog tou BARpatoc. H Suvapn Aowmdv mou aoKELTOL OTO KEVTPO
Ualag TOU CUCTAUATOC Elval (8La TPV Kol LETA TNV €KpNnén, OMOTE TO
KEVTpOo palag Tou cuotnuatog Ba Staypael tnv dla TpoxLa mou Ba
SLEypade kat av dev elxe yivel n €kpnén.

Mapadeyua 5.8

Kpatape Vo pikpEg avtiBeta dpopTlopévee odaipeg akivnteg oe
anootacn /= 0,5 m tn pia and tnv aAAn Kal oTn CUVEXELA TIG adn-
vouue eAelBepeg va kvnBoLv. OL odaipeg £xouv udleg m, = 0,001kg
kot 72, = 0,002 kg kat poptia g kat -g avtiotoyxa. Av ot odaipeg dev
aokoUVTOL AAAEC SUVAHELS EKTOG OO TLG METAEY Toug aAANAeTdpd-
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oelg va Bpebel oe moon amdotacn and v apxiky Béon tng 7, Ba
ouvavtnBouv ot Suo odaipsg.

Amovtnon :

EruAéyoupe oav oUOTNUO CUVTETAYUEVWY QUTO TOU OMOLoU N apxn
TaUTICETAL PE TNV ap)LKr BEon NG 72, KaL 0 G§OVAG TWV X ME TN OLAKE-
vTpo twv duo odatpwv (ox. 5.23). H apxkn B€on tng 7, eivaroto x, = ()
KaL auth TG 77, oTo X, = /.

To kévtpo palag twv Vo cwuatwy Bploketal o€ opl{dvTia aAmocTa-
on amno tnv apxn Twv afovwy

m,x, +m,x,

x, =—==0,33m
m, +m,

ApXLKA T cwpaTa ivat akivnTa apa Kot To KEVTPo Halag Toug elval
akivnto.

H ouviotapévn twv SuVAPEWY 0TO cuoTtnua sival pndév, apa n
OpPMNA TOU TIPETEL va Slatnpeital Kot To KEVTPo palag va Slatnpel tnv  [«---x, ----- >
OPXLKI TOU KLVNTLKN Kataotaon SnAadn va mapapével akivnto o’ 0An ..
N Sdpkela tng Kivnong twv odatpwv. Ot odaipeg Ba cuvavinbBouv
TAVW OTO KEVTIPO palag toug, dnAadn oe anodotaon 0,33 m and TNV Tyfpa 5-23.
apxikn B€on tng ;.

(5.8.) MpowBnon tou NMupavAou

H nmpowBnon twv mupavAwv otnpiletal otnv apxn dtatipnong tng
OPUAG.

O mUPAUAOG Kalel T KAUOLUA TIOU apXLKA BplokovTal PLETa TOU Kal
EKTOLEVEL TA KAUOAEPLA TIPOG Ta TTLoW. Ta KavoagpLa d€xovtal pia SU-
VON oo Tov MUPAUAO Kol 0.oKoUv avtiotolya pia avtiBetn Suvaun
o’ aUTOV ToU aToTEAEL KOl TNV MPOWOTIKN dUvapn Tou upavAou.

Ag umtoB£coou e OtTL e€eTaloupe Evav MUPAUAO Tou KLve(Tal oto Sia-
otnua (pakpld and kabe Baputikn EAEN).

Oa epapuoocoupe TNV AAO w¢ Pog To cUOTNUA avadopAg TOU KE-
vTpou palag. Epocov dev aokouvtal EEWTEPLKEG SUVALELG TO KEVTPO
padag (apa kat to cuotnua avadopag pag) 6 Ba petaBAaAAeL TNV Ki-
VNTLKA TOU KATAOTAOoN, avetdptnta Pe onoladnmote HeToBoAn cup-
Bel oTNV KWVNTIKA KATAOTOON TWV TUNUATWY TTou amoaptilouv to oL-
otnua. EmAéyoupe tov afova x wote va tautiletal pe tn dtevBuvon
Klvnong Tou mupauvlou.

O MUPOUAOC KATIOLOL XPOVLKH OTIYI EXEL Lala M + dm Kol UNSEVIKN Ta-
XUTNTA WE IPo¢ To cuotnua avadopadg rmou emAé€ape. O mupavlocg, o
EVOLTIOAU ULKPO XPOVLKO SLACTNHLAL /7, EKTOEEVEL TIPOG TA TILOW LLLAL TIOCO-
T Kavoaepiwyv dm Pe TaxuTNTA U WE TPOG TO KEVTPO palac. MNpaktl-
KA N ToxUTNTA AUt €lvat Kot n TaxUTNTo TwV KOUOAEPLWV WG TTPOC TOV
TUpawAo. O MUPAUAOG TWPA EXEL AUENCEL TNV TAXUTNTA TOU OE OXEON HE
TPV Katd dv Kat n pala tou €xeL eAaTTWOEL katd dr. Q¢ TPOG TO KEVTPO
palog TOU CUCTAMATOC KWVELTaL e dv Tpog Ta UmpooTa. (2. 5.24).

O mopaviog Tpowbeital ekto-
Sevovrag mpo¢ ta micw KOv-
caépia.

Ewkova 5-7.
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Xynpa 5-24.

Edboov to olotnua sival povwpévo epapudlouvpe tnv apxn dlatn-
PNONG TNG OPUNAC ME TLC TaXUTNTEC va avapEpovTal OAEC 0TO cUOTNUA
avadopadg Tou KEVTpou palag.

Puw= Ppew apa 0=—dmu+ Mdv

O£AOULE TWPA VA UTIOAOYLOOUUE TNV MPOWOTIKN SUvapn Tou SExeTal
0 MUPAUAOG.

Ao tnv tedevtala e€lowaon MPOKUTTEL

Mdv = dmu

do _dm

Kat dt  dt
dm
dnAadn Ma=u——-
nAaon dt
dm
KOLL TEALKQL F=u—r-
dt

, dm , , , ,
ornouv d— (0] pUGlJ.OQ UE TOV oroLo EKTOEEUOVTGL Ta KavoaepLla Tou Tu-
t

pavlovu.

(5.9.) @awopevo Doppler

Eav kaBopaote akivntol otnv anofdabpa evog otabuol TNV wpa
Tou ANoLAlel €éva TPEVO KWVOUUEVO Ue oTaBepr taxUTNTA, OKOUUE
TOV X0 TNG CELPAVAC TOU 0EUTEPO (LEYAAUTEPNG OCUXVOTNTAG), ATIO O,TL
OTAV TO TPEVO ATTOUAKPUVETAL ATIO EUAG, adoU Lag EXELTIPOOTIEPAOEL.

H ouxvotnta Tou Xou mou avtlAauBAavetal o pnxovodnyog eivat
o’ 6An tn Slapkela tn¢ kivnong otabepry. H ocuxvotnta Tou fXou Tou
avTiAapBavopaote Otav To TPEVO HAC MANOLAleL sival peyaAltepn
anod autiv Tou avTlhappavetal o pnxavodnyog. AvtiBeta n ouxvo-
TNTA TOU XOU TIOU aVTIAQUBOVOUAOTE OTAV TO TPEVO ATIOUAKPUVETAL
elval pkpotepn amo autryv mou avtiAapBavetal o pnxavodnyoc.

H ocuxvotnta nou avtiAapfavetal o napatnpntig dev ival idia
HE QUTAV TIOU EKMEUMEL pia Ry OTavV O TOPATNENTHG Kal n tnyR
Bplokovtal o€ OXETKN Kivnon HETaL TouG. To GalVOUEVO aUTO AE-
vetau pawvopevo Doppler.

Akivntn mtnyn - akivntog mapatnentng

Mia akivntn wg nmpog to pecov dadoong (aépag) mnyn S mou eKTE-

Xynpa 5-25.
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MTIEL AXO ouxvoTNTAC /; Snuloupyel yOpw TG £va odatplkd NXNTIKO
KOpa tou Stadidetan pe Taxvtnta . loxVel /. =v /A Omou A To un-
KOG KUMOTOG TOU HXOU TIOU EKTIEUTIEL N TTNYN. 2Tto oxfua 5.25 BAEmnou-
LE €Va OTLYHLOTUTIO TOU KUMATOG. Ol OUOKEVTPEG TIEPLPEPELEG TTOPL-
oTAvVoUuV Ta SLadoXLKA LEYLOTA TOU KUUATOC yila pic SeSopévn oTiyun
Kall améXouv HETAEL TOUG Eva UAKOG KUUATOG /. Evag mapatnpntng A
TIoU €lval €miong akivnTtog wg mPo¢ ToV a€pa HLETPWVTOC TA HEYLOTA
Tou ¢$TAvouv ¢’ aUTOV 0TN povada Tou xpovou UTtoAoyilel Tn cuxvo-
TNTA TOU X0V f, 61wg TNV avtilapBavetal autds. Opwg 6oa peylota
TAPAYEL N TNy 0Tn povada Tou XPovou Tooa TAAL 0T Hovada Tou
Xpovou dtavouv aTov mapatnpnth, dpa /= = v/ L.

Akivntn mtnyn - KWoUUEVOG apatnpnTig

O mapatnpntng A MANGLALEL TPOG TNV AKLVNTN NXNTLKN TNy HE Ta-
xvtnta v, (0% 5.26). Twpa otov mapatnpnt GTAvouv MEPLOCOTEPQ
UEyLOTO OTN povada Tou Xpovou amod 6oa mapayeL otov idlo xpovo n
ninyn. H taxvtnta pe tnv omola dtadidetal o nXog w¢ mpog Tov mapa-
penti Ba eivat v + v,. H ouxvotnta mou avtilapuBavetal o mapatn-

) ) . v+,
pntng Ba etvan /, = e
A
, . ) , . L+V,
Av B¢ooupe O6mou A =— TPOKUTTEL [, = S
s v/ f
) . v+u,
KoL TEALKA fi= ~ fs
v

O mapatnpnTAg akoUeL AX0 HeyaAUTeEPNG ouxvotntag (ofutepo) amo
QUTH TIOU TTAPAYEL N TINYA.

Av 0 TapaTNPENTNG ATIOROKPUVETOL Ao TNV akivntn nxNTKn mnyn
ue Taxvtnta v,, TN povada Tou xpOvou oTov mapatnentr GTavouv
AlyOTepQ HEYLOTA ATIO QUTA TIOU TIOLPAYEL N TNy oTov i6Lo xpodvo Kat
n ouxvotnta nmov Ba avtidappavetat Oa ivat

fi=""0
v
O mapatTnENTNG OKOUEL NXO ULKPOTEPNG cuxvotntag (Baputepo) amnod
QUTA TIOU TTAPAYEL N TINYA.
Zuvoyilovtag Tig SU0 MEPLMTWOELS KATAAYOUUE OTN OXECN

. v*yv, .
Ja= Ss
v
OTou TO (+) LoXUEL OTav 0 MAPATNPNTAC TTANCLALEL TTPOG TNV TtNyN Kot
T0 (-) OTAV ATMOUAKPUVETAL OO QUTH.

KwoUpuevn mtnyn - akivntog mapatnpntig

YroBetoupe twpa OTL N TNyR KWeltal looTaxwg PeE TaxuTnTa o,
nAnowadovtag Tov akivnto mapatnpenth (ox. 5.27). H taxvtnta pe tnv
orola dtadidetal o NX0g wg pog Tov agpa Ba eivat mAAL v ylaTi n ta-
xutnta Stadoong evog KUPATOG e€apTATOL LOVO Ao To péoov dlado-
on¢. To UAKOC KUMATOC TTIou GTAVEL OTOV TTAPOTNPNTH ULKPALVEL yLoTi N

o)
)

o

ynpa 5-26.

Tynpo 5-27.

LN
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TtNyN 0KoAOUBEL Ta KUPOTA LE OTOTEAECHA TA LEYLOTA VA TTANCLA{OUV
peTagL Touc.

O mapatnpntig A avtltAapfavetal wg KAKOG KUPATOG TNV andota-
on petafL dUo SLadoxLKWV PEYLOTWV TToU GTavouv ¢’ auTtov. O xpovog
Tiou pecoAafel avapeoa otnv ekmounn duo peylotwy eival pia mepi-
060¢ (7). Av TN OTWYUN 7 N TNy EKTTEUTEL €VAL LEYLOTO TN oTyun 7 + 7
TO uéytoro Ba €xeL n?\notdoatov napatnpntr'] KATA / aAAd koL n Ttr]vr']
Ba tov exem mAnclaoel katd v 7. TOTE EKMEUMETAL QMO TNV r[r]yr] 10
snouevo péyloto. H anooraon avapeoa ota dvo 6La60xu<a ueytora
glvat 4 —v, 7 . AutA tnv andotacn avttAapBAavetat wg LAKoG KUUATOG

0 TapPATNPNTAG.

Emopévwg A, =1-v, 7 AQ Ay = - U*S -2 _.Us
fs fs  Js
fi=r=—t
Opwg A v
Js

KOLL TEALKQL

/4 :[ ? ]fs
U*US

6nAadn n ouxvotnta mou avtiAapBAvETOL O TOPATNPNTAG ElvaL LEya-
AUTepN Ao QUTHV TIOU EKTIEUTIEL N TTNYA.

ITnv TEPLMTWON ToU N TNy AmMOUAKPUVETAL OO TOV TTapatneEnTN
ue otabepn Taxvtnta v (o). 5.28), TO UAKOG KUUATOG TIOU GTAVEL GTOV
nopatnenTh auv§avetal katd tov 6po v, 7. EnavaiauBavovtag tov npo-

v .
} s
L+0Ug

aro tnv onoia paivetal OTL N CUXVOTNTA TOU NXOU Tou avtiAappfave-
TOL O TTAPATNPENTNG EIVOL UIKPOTEPN OO TN CUXVOTNTA TOU NXOU TTOU
EKTIEUTIEL N TINYN).

JuvBETovTag TIG SU0 MEPUTTWOELS KIivnoNng TNG TtNyNG O€ Uit oxEon EXOUUE

.n—( - )ﬁ
U+ Ug

OMou TO (-) LoxVeL 6tav n mnyn MANoLAaleL Tov mapatnEnTn Kat to (+)
0TV OTIOUAKPUVETAL QT QUTOV.

Eav kwvouvtal T6o0 n mnyn 600 Kol 0 TapATNPNTAG O 0XECN HE TO
pnéoov 8Ladoong TOTe N oxX€on mou SIVEL TNV CUXVOTNTA TTOU AVTIAAU-
Bavetal o mapatTnpEnTAG elval

: v+U, |,

/11 L — 2 jf\‘
U+ Uy

O mapatTnPNTAG AKOUEL X0 LE CUXVOTNTA LEYAAUTEPN OO TN OU-

XVOTNTA TNG TTNYAG OTAV N HETAEY TOUG AIMOOTOON HELWVETAL KOL E

CUXVOTNTA KLKPOTEPN ATIO T CUXVOTNTA TNG TTNYNG OTAV N AnooTa-
O TOUG LEYAAWVEL.

NYoUpEVO GUAAOYLOUO KataAfyoupe oTtn oxéon :[

Mio wnyn mapdysr kduato
OTNYV ETIPAVELD DYPOD KO TAD-
0ypovo Kiveital.

Ewkova 5-8.

=

Xyfqpo 5-28.
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To ¢awopevo Doppler woxvet yia kdBe popdng KUPOVON aKOUN
KOL yLOL T NAEKTPOUAYVNTIKA KUHATA, OMwG To dwc. To pawvopevo
Doppler 6ivel aloBnta amoteAéopata LOVO av oL TINYEC Tou GwToC n
OL TTAPATNPNTEG KLVOUVTAL E TAXUTNTEG CUYKPLOLES E TNV TOXUTNTA
ToU PWTOC.

Mapatnpwvtag To Gwe MOV EKTEUTIEL Eva ACTPO PAEMOUUE OTL T
UAKN KULOTOG TTOU EKTTEUTTOVTOL AT TA OTOLXELO TOU AoTPOU Eival Si-
opopomoLNUEVO O OXEON UE TA UK KULLOTOC TIOU EKTIEUTIOUV T (6La
otolxela mavw otn M. Ano tn dtadopomnoinon autn, mou odeiletal
oto ¢awopevo Doppler, Byaloupe cupmepaopata yio TNV toxuTnTa
LE TNV omola KLVELTAL TO AOTPO O oXEoN WE TN M.

H oxéon mou meplypdadel to pawvopevo Doppler yia 1o pwg sivat
Sladopetikn and autAv otnv omnoia KataAnfaue ya tov nxo. H dia-
dopomnoinon odpeiletal otnv WLattepdTnTa ToU PWTOC, Mou Ba TN pe-
AET|OOUE EKTEVECTEPO OTO ETOUEVO KEPAAQLO. ETlypaaTIKA ava-
dépoupe OTL To pwg dev xpelaletal péoov yla va Stadobel kat OtL n
Taxutnta dtadoong tou eival n tdla yla OAa ta cuotipata avadopag.

H aotuvoplia eival epodLacuévn Le CUCKEVEG PAVTAP TTIOU EAEYXOUV
TLG TaXUTNTEG TWV oxNUATWY. To pavtdp, akivnto wg mpog Tto dpduo,
EKTIEUTIEL £VOL NAEKTPOUAYVNTLKO KULQ TO OTIOLO OVAKAATAL TAVW OTO
Slepxopevo oxnua. To KUHQ ETULOTPEDEL OTO POVIAP HE CUXVOTNTA
ehadppd SLapOpPETIKN La KAl N TInyr Tou (To oxnua) Kweltal os oxeon
LE Tov mapatnenth (pavtap). Ano tn Stadopd Tng cuxvoTnTA ava-
LLECQ OTO KUMO TIOU EKTIEUTIETAL KOl AUTO TIOU ETILOTPEDEL N CUCKEUN
umtoAoyilel TNV TaUTNTO TOU OXHHOTOC.

Mapadeyua 5.9

‘Eva Tp€Vo KLVElTaL LooTaxwg e taxutnta 50 m/s Kal XpnoluomnoLel
N odupilXTPA TOU, IOV EKMEUTIEL CUVEXWE NXO cuxvotntag 400 Hz,
ocUudwva He To unxavodnyo tou. To TpEVo TTEPVAEL A0 OTABUO XWPILG
va oTapatioet. TLouxvotnta avtliAapBAavetat o akivntog oTadudpxng
KaBwg to TpEVo MANOLALEL KL TL CUXVOTNTA KABWC TO TPEVO ATIOMA-
kpuvetal. O nxog Stadidetal otov agpa pe taxvtnta 343 m/s.

Amévrnon :

H ouyvotnta tou xou mou avtihapBavetal o otabudapxng, 0tav 1o
TPEVo MANoLAleL To oTabuo eival

V-0

KalL OTAV TO TPEVO ATOUAKPUVETAL ATO TO OTAOUO

1 =[ . jf;
U-I-US

Apa f, :( /s 400Hz = 468 Hz
o 343m/s—50m /s

o 343m/ s
! 343m/s+50m/ s

Kol ]400Hz =349Hz
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Mapadeyua 5.10

‘Eva epUToAKO Tou Kiveltal pe taxutnta 140 km/h ekmépmet pe t
oglprva tou nxo cuxvotntag S00/z. Mola cuxvotnTa akoUEL 08nyog au-
TOKLWVATOU TIOU KLVeital otov (6lo §popo, avtibeta e TO TEPUTOALIKO e
taxutnta 110 km/h, a) dtav mAnolalel oto epUToALko Kat B) otav amopa-
KPUVETOAL QO QUTO; H ToyUTNTA TOU X0V OToV aépa eivat 343 m1/5.

Amcvtnon :

140 km/h = 39,9 m/s
110 km/h = 30,6 m/s

. , , . ) v+o, | ,
Oco ta oxuata nAnolalouv To €va to aAAo Ji= N Is
S

343m/s+30,6m/s
343m/s—39.9m/ s

Apa —[

jSOOHz =616,3Hz

. . . , . [v-v, ] .

Otav to oxAUaATo amopaKpUVOVTOL LETAEY TOUG [, = fs
L+ U

" / 343m/s—30,6m/s ’

o [ =

P o 343m/s+39,9m /s

jSOOHZ =408Hz

Zovoyn

Kata tn Stdapkela plag kpoluong n opun TwV CWUATWY TTOU CUYKPOUO-
vtal dlatnpeital.

Avaloya pe TG SleuBUVOELS TWV TAXUTATWY TWV CWHUATWY TOU OU-
YKpoUovTal ol KpOUGOELS SLakpivovTal WG KEVIPLKEG, EKKEVTPECG KO
TIAQLYLEG.

TNV eEAAOTKA KPoUON N KLVNTLKI EVEPYELO TOU CUCTHUATOG SLtatnpei-
Tal. ITNV AVEAQOTIKN KpoUon HEPOC TNG KIVNTLKAG EVEPYELAC TOU OU-
OTNMOTOC LETATPENETAL O BgpuodTnTaA.

AdpavelaKkAd cuoTApaTa ovopdlovtal Ta cuothuata avadopds ota
orola LoxUeL 0 vOpog TG adpdavelag tou Newton.

‘Eva clotnua avadopdg mou Kweltat pe otabepn TaxlTnTa 0€ OXEoN
LE €va adpaveLaKO cUOTNUA E(VOL KAL AUTO aSPAVELAKO.

Ta cuotipata avadopdg ota onoia Sgv LOXVEL 0 VOUOC TNG aSpAVELAG
Tou Newton ovopalovtol pn adpoVELOKA CUGTALLOTOL.

‘Eva oUotnua avadopdg o KIVELTAL UE ETMLTAXUVON OE OXEON HE Eva
adpavelako cuotnua eivat pn adpavelako cuoTNUA.

‘Eva cuotnua avadopdg 2 Kveltal LooTaxwe Pe ToxUTNTA U WG TTPOG
aAAo cvotnua avadopag =. H B€on, n Taxyutnta, n EMITAXUVON €VOC
owpaTog, Kabwe kat n duvapn mou SEXETAL TO CWHA OTWG yivovTtatl
QVTIANTITEG Ao MaPATNPENTH OV €ival akivnTog 0To = 0 Ox€on UE
QUTEG TOU avTLAapBAveTal apatnpntig akivntog oto =" Sivovtal
OO TOUC LETACXNHATLOHOUG Tov MaAtAaiou:



X=x"+ut V. =0 tu, a=a

y=y'+ut v, =0, +u, F=F

To KEvTpo HAlaG EVOG CUOTHLATOG CWHATWY EXEL CUVTETAYUEVEC

Yomx o _Xmy . _2ma

m.Xx, mz
x(‘m = M y(’lu M cm M
Av €va oUOTNUA CWHATWYV EVaL LOVWHEVO TO KEVTPO UATOG TOU KLVEL-
TOL YUE oTaBepn TaxvTNTA.
‘Eva cuotnua avadopd¢ wg mPog TO OMolo To KEVTPO UAlag cuoTh-
HOTOC CWHATWV gival akivnto ovopadlstol cuotnua avadopds Tou
KEVTPOU Malag. Av To cUOTNUO TWV CWHATWY Elval LOVWUEVO TO CU-
otnua avadopdg Tou KEVTpou palag eival adpavelako cuoTnua.

H npowoTtiky SUvapn evog mupavAou Sivetal amo tn oxeon

OTIOU /N TAXUTNTA UE TNV OTIOLO EKTIEUTIOVTAL TAL KAUCAEPLA WC TIPOC
ToV MUPAUAO Kal dr/df 0 pUBUOC EKTIOUTIHG TWV KAUCOEPLWV.

®awopevo Doppler Aéyetal to GavOUEVO KATA TO Omolo €vag ma-
patnenTAG avtlAapBavetatl cuxvotnta SLadopETIKN Ao QUTAV TIou
EKTIEUTIEL LLOL TTNYH KUPOTOG AOYW TNG OXETIKNAG Kivnong LETAEL TOUC.

Eav kwvouvTtal toéoo n mnyr 600 Kal 0 TapatnpenThG 0€ 0XEON UE TO UE-
oov 8Ladoong n ocuxvotnTa ToU AVTIAAUBAVETOL O TAPATNPNTAG Elval
vtv,

Ja=

2411,

L F Uy
Otav PelwVETAL N AMOCTACN TINYNG - TAPATNPNTA N CUXVOTNTA TIOU
OKOUEL 0 MaPATNPNTAG €lval LeYaAUTEPN QMO AUTHV TIOU EKTTEUTIEL N
TiNyn, EVW otav au€AVeTaL N LETAEL TOUC AmOOTACN N MAPATNPOUE-
VN CUXVOTNTA €lVaL ULKPOTEPN TNG EKTIEUTIOUEVNG.

ApaoTNPLOTNTEC

1. Kpouon odarpwv

Oa xpelaoteite €€L (OLeg umiAleg kal €va AoUkL - 0dnyo (umopeite va
XPNOLLOTIOLI|OETE KAl £VO OXOALKO XApaKa LUE AOUKL).

TomoBetroTe TIG MEVTE UTIALEC 0TO AOUKL -08nYy0, TN Hia SimAa otnv
AaAAn, wote va edpantovtal. Pifte Tnv €ktn pmilia pe dopa, onwg Sei-
XVELTO o) 5.29. Oa Selte 6tL N pmiAla mou piate aklvntomoleital
LETA TNV Kpouaon Kal OTL N TEAeUTAlO 0T OELPA ATIO TIG OKIVNTES EKTO-
Eevetal. Nwg egnyeital auto nou eidarts;

2. Ektogevon «nupavAou»

Oa xpeLAOTELTE : pla Tpouma modnAdtou pe cwAnva, pla Beddva tpo-

Xynpa 5-29.
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UTTOG, OOV QUTEC TIOU XPNOLUOTIOLOUUE YL VO POUCKWOOULLE TIG UTTd-
&g, éva TAQOTIKO UTTOUKAAL TOou Altpou amod avaukTiko, Eva ¢eANO,
€va AETTO TPUTIAVL.

Avoifte pla tpuna oto GeANO PE TO TPUTIAVL, TETOLAG SLOUETPOU
WOTE VO TIEPVAEL N BeAOVA TNG TPOUTOG KoL VoL opnvwVveL. MepioTe To
UTTOUKAAL KATA TO €va TETAPTO UE VEPO, KAELOTE TO e ToV PeANO Kal
OUVOEDTE TO JLE TNV TPOUTO OTIWC 0TOo o) La 5.30. ApxloTe va tpouna-
pete. O peANbG ypriyopa Ba ekTvaXOel mpog T KATW, EVW TO UTTOUKA-
AL Ba ektofeutel Mpog Ta MAVW.

Kavte To nelpapa og avolytd Xwpo, LoKpLA amod KTipla kat KaAwdia
NG AEH. Tnv wpa TTOU TPOUTIAPETE KPATHOTE Pla andotacn aodalei-
ag.

3. ®awopevo Doppler

Oa xpelaocTtelte : éva modnAato pia odupixtpa, Kat.... Eva ¢ido oag.

ZntAote anod 1o ¢iAo oag va MEPACEL OO UMPOCTA 0aG 08NYWVTAG
apya to modnAato kat opupilovtag cuvexela. Mapatnpeite kamola
METAPBOAN OTN oUXVOTNTA TOU RXOU;

ZntRote Twpa anod to ¢ido oag va emavaAdBel to (6o odnywvtag
000 UTopEL 1o ypriyopa. Noapatnpeite twpa kamola avéopeiwaon otn
ouxvotnTa Tou NXou; Mol odeiAetal n dStadopd AvVARESH OTNV TTPWTN
napatipnon kat tn Sevtepn;

EpwtnoeLg

Kpouoelig

5.1 Mrmopel éva cUOTNUO CWHATWY VO EXEL KLVNTLKN EVEPYEL XWPLC
VoL EXEL OPUN);
loxUeL To (610 KaL oTNV mMepiMTWon EVOG CWUATOG;

5.2 JUUMANPWOTE TA KEVA:
Avo odaipeg pe nateg m,= 2 kg kaw m,= 3 kg, mou Kwouvtal o€
OVTIBEeTEC KATELOUVOELG KOl CUYKPOUOVTOL TTAQOTLKA, £XOUV TIPLV
TN oLYKPOUOTK| TouG TaXUTNTEG v, = 3 m/s Ko v,= 3 m/s. H opun

NG MPWTING odaipag mpLv TN cUYKPOUGCN EXEL LETPO.............. kg
M/S KoL TNC SEVTEPNG vvvenvenrnnes kg m/s. H oppn Tou cuoTAUOTOG
Twv 600 odalpwyV TPV TNV KPOUON EXEL LETPO......uc.u...... kg m/s
KOl LETA TNV KPOUOH................ kg m/s.

5.3 [olo amnd ta mapakatw HUeYEDN dlatnpeital oe kKAOe kpouon;
o) H KvnTLK EVEPYELA CUCTIUATOG.
B) H unxavikn evépyela.

y) H opun tou.
ErmuAé€te To owaoTo.

5.4 Kotd tnv eAaoTikr kpovon U0 CWUATWY
o) N OALKN KVNTLKA EVEPYELX TOU CUCTHOTOG TAPAUEVEL OTAOEPH).
B) n KwNTLKA eVEpyELa KAOE CWHUATOC TOPAUEVEL OTOOEPH.

Lyfipe 5-30.

IloAd evioropépov 10 paivoue-
vo Doppler!

Ewkéva 5-9.



5.5

5.6

5.7

5.8

5.9

175

Y) N KWWNTLKA EVEPYELX TOU CUCTAUATOC AUEAVETOL.
8) N KWNTLKr EVEPYELO TOU CUCTNUATOG LELWVETOL.
EruAé€te tn owoth mpotaon.

Katd tnv mAaotiki kpouon U0 CWUATWY N UNXOVLKA EVEPYELA
TOU CUOTAUOTOC

o) mapapevel otabepn.

B) av&avetadl.

Y) LELWVETOL.

EruAé€te To owoTo.

Ao odaipeg lowv palwv Kwvouvtal avw otnv dla euBela kat
KTA TNV 18l popd pe tayutnteg v, =10 m /s kow v, =20 m /s. Av
UETA TNV Kpouaon n opaipo I éxeLtaxvtnta v, =16 m /s TLoupmé-
paopa Byaletal yia tnv Kkpouon; Eival eAaoTikn 1] OXL;

M cpaipo A OCUYKPOUETOL LETWTIKA Kol EAAOTIKA ME OKivNTn
oopaipa B, tong padag. H taxUtnta tng coipag A LETA TNV Kpouon
a) Ba elvai Lon pe TNV TAXUTNTA TTOU ELXE TIPLV TNV Kpouon.

B) Ba eival avTiBeTn TNG TAXUTNTAC TTOU ELXE TIPLV TNV Kpouaon.
y) Ba givat ton pe tnv taxvtnTa ou Ba amokTAoEL N cpaipa B.
6) Ba undeviotel.

ErmuAé€te Tn owoth mpotaon.

MoLeg amo TIC TPOTACELG TTOU atkoAouBoUV elval CWOTEG;

Q) ZTIC LETWTILKEG KPOUOELG U0 odalpwy oL TAXUTNTEG TWV OW-
HATWV TIPLV KOL LETA TNV KpoUaon €xouv Tnv (dla StevBuvon.

B) Kata tnv eAaotikn kpouaon U0 adpalpwyv n UNXOVLKNA EVEPYELQ
Tou cuotiuatog diatnpeital otabepn.

y) Katd tnv mAaotikr kpouon SU0 CWHUATWV N EVEPYELO TOU OU-
OTNUATOC HETABAAAETAL.

6) Av n petwriki Kpouon dUo odalpwyv e Loeg pLaleg ival eAa-
OTLKN, oL odpaipeg avTaAAACOOUV TaXUTNTEG.

Jwpa palag m Kweitol oplovtia pe TaxuTtnTa . ZTNV MopELa Tou

OUYKPOUETOL EAAOTLKA LLE KATOKOPUGO TolXo. H petafoln otnv

0PN TOU cwHOTOC EXEL WETPO: a) (); B) mv/2; y) mv; 8) 2mu;

ZuotAuata avadopadg

5.10

5.11

‘Evag avBpwrog mou elval akivntog péoa o€ TPEVO TO OMoLo Ki-

veltal pe otaBepr) opl{dvtia taxuTnTa, piXVeL Katakopuda mpog
TO TIAVW £Val ULKPO OVTLKELEVO. MNepLlypAYPTE TNV TPOXLA TOU OW-
HOTOG OMw¢ TNV avTiAapBavetal o avBpwrog ou 1o £pLEE Kall
OMWG TNV avTIAapBAvVETOL €Vag aKivnTOog mapatnenTng nou Bpli-
OKETOL OTO OTAOUO.

Eav Bewpricoupe tn M adpavelakd cUCTNA TTOLO ATTO TA TP AL-

KATW ocuoTtnuata avadopdg eival emiong adpaveLlaka;

a) Eva tpévo mou Kiveital eubuypappo opaAd.

B) Evag Slokog ou meplotpedeTal Pe oTabepr) ywvLakr) tax0Tn-
TO YUpW a6 dfova mou TEPVAEL AT TO KEVTPO Tou.



5.12

5.13

5.14

5.15

5.16

5.17

5.18
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y) Evag aveAKuoThpag mou KAVEL EAeVBepn MTwWon.
6) H ZeAnvn.

Adpavelokd cUoTNUA OVOUAlETAL TO cUoTNUA avadopds oTo

orolo

a) éva cwpa ¢ailvetal akivnto.

B) n kivnon Tou ocwuaTog MEPLYPADETAL LE TOV TILO ATTAO TPOTIO.

y) KABe cwpa Kwveital pe otabepn TaxUTNTA O€ OXECN LUE OTOLO-
oénmnote aAAo cuotnua avadopdc.

8) LoxVeL o mpwtoc vopog tou Newton.

EmAé€te To owoToO.

‘Eva tp€vo Kiveltal pe taxutnta v. Evag emBatng kwveltal amno to

TIPWTO TIPOG TO TEAEUTALO BayOvL TOU TPEVOU PE TAXUTNTA U, WG
TPOG TO TPEVo. TLTaxuTNTA £XEL 0 EMBATNC WG TIPOG To £6adog;

[Thoio A Kwveltal pe Taxutnta u. Amo To pavtap Tou tAoiou yive-
ToL avTIANTTo AAAo mAoio (B) mou Kiveltal wg mpog To mpwTo HeE
ToxutTnTa v, o€ KABeTN dLtevBuvon. Molo To PETPO TNE TAXUTNTOG
Tou Aoiov B w¢ mpog tnv aktn;

‘Evag mapatnpentng, akivntog oto adpavelakd cuoTnUa X, mo-

patnpel cwpa palag 7 mou emtayuvetal. Amo adpavelakod ou-
oTnUa 2 TOoU KLVEITAL WG TTPOC TO MPWTO HE TaxuTnTo U SevTe-
POG TIAPATNPENTNG, AKIVNTOC WC TPOC TO X, apATNPEL emiong To
ocwpa 7. Ma mola ano ta mapakatw UeyEdn cupdwvolv ol dvo
adpavelakol mapatnpnteg: a) yia tn 6€on tou cwuatog; B) yia
TNV ToXUTNTA TOU; V) yla TNV emtayuvor) tou; &) yia tn duvaun
Tou SEXETAL TO CWHO; €) YL TNV OPUN TOU; OT) yLa To pubuo
LE Tov omoio petaBaiAetal n opun tou; ) yLo TNV KWWnNTLKA TOU
EVEPYELQ;

Av n 0puI CUCTANOTOC CWHATWY SLatnpeital wg mpog To adpa-
VELOKO cuoTnua X, Ba Statnpeital kal wg tpog kabs aAAo adpa-
VELOKO oUOTNU; AITLOAOYNOTE TNV AMAVTNor 0OC.

To ovotnua avadopdc Tou KEVTPOU HAlog €VOG GUOTHUOTOC
CWUATWV €lval mavta adpavelakod cUoTNUA; ALTLOAOYNOTE ThV
amavtnon oag.

H mpowBnon tou mupavAou otnpiletat

o) otnv apxn dLatrpnong tng EVEPYELAC.

B) oto vopo 6paong - avtibpaong.

y) otnv apxn datipnong tng opunc.

8) otnv apxn dlatnpnong tng oTpodopun.
ETUAESTE TIGC OWOTEG AMAVTHOELC.

®awopevo Doppler

5.19

ITIG OXEOELG TTou TtepLlypddouv to dpawvopevo Doppler ot taxutn-
TeC avadEpovTal
o) oto cuotnua avadopdg TnG MNYAG.
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B) oto cuotnua avadopag Tou APATNPNTH.
y) oto cuotnua avadopdc tou péoou dtadoong.
EmuAé€te To owaoTo.

5.20 Xto oynuoa 5.31 1o ypappa I avadépetal og pia mnyn apuovi-
KoU fXOUu Kal To ypaupa A otov napatnpntr). No cuykpivete oe
KABE TePLMTWAON TN CUXVOTNTA TOU XOU TIoU avTIAQBAvVETOL O
TIAPATNPNTAG LE TN CUXVOTNTA TOU XOU TIOU EKTIEUTIEL N TINYN.

<

) ® 5) ®
I A I A
>
p @ g @
I A o A
< >
) ® oT) [
I A I A
Xynpo 5-31.

5.21 ‘Eva Tp£VO EKMEUTIEL AXO KoL KATELBUVETAL TPOC TOUVEA Ttou PBpi-
OKETOL O KATOKOpUPO Bpaxo. O Yo Mou eKMEUTETAL ATIO TO
TPEVo avakAdtal oto Bpdyxo.

a) O unxavodnyog Tou TPEVOU OKOUEL TOV X0 TIOU TIPOEPXETAL
ano avakAaon HE ouxvoTNTA HEYOAUTEPN ULKPOTEPN N (on
HE TN OUXVOTNTA TOU )XOU TIOU EKTIEUTIEL TO TPEVO;

B) Evag mapatnpntng mou BplokeTal LETAEY TOU TPEVOU KAl TOU
eUmodiou aKOUEL TOV X0 TIOU TIPOEPXETAL ATIO TO TPEVO KOl
Tov X0 Tou $ptavel amo avakAaon. Ou cuxvotnteg Twv Vo
AXWV OTIWC Toug avtidapBavetal eival (ogg; Av OxL, ToLog amno
TOUG XOUG TTIOU OKOUEL EXEL LEYAAUTEPN CUXVOTNTA,

y) Evag mapatnpntig mou PplokeTal KOVIA OTLG YPOUMES Kal
Tow armo To TPEVO aKOUEL Kot autog duo nxoug. OL ouyvo-
NTEC TWV SUO NXWV IOV aKOUEL elval Loeg; Av OXL, TOLOG Ao
TOUC AXOUG EXEL LEYQAUTEPN CUXVOTNTQ;

AOKAOELC

KpouUoelg

.22/ BAAua uddag m = 0,4 kg kwveltaw optgovtia pe taxutnta o, = 400
m/s. To BARUOL 0TNV TTOpELD TOU cuvavtdeLl cwpa palag M =2 kg
TIoU NTav akivnto og opllovTio eninedo, To dlamepva Kot Byaivel
e taxvtnta v, = 300 m/s. O cuvteAeoTtig TPLBNG 0AicBnong tou
ocwpatog M, pe 1o oplovtio enimedo eival 0,5. Na urtoAoyioete:
a) TNV TaxUTNTA TOU CWHATOG M, AUECWC LETA TNV Kpouon.

B) TN LNXOVLKA EVEPYELX TTOU XABNKE KATA TV Kpouaon.


Γούλας Κωνσταντίνος
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y) To Stdotnua movu Ba Stavuoel to M HEXPL VO OTAUATHOEL.
Aivetaw g =10m/ s

[Ar:20m /s, 13.600J, 40m ]

@Z(bua padog 72 Tou Kveltal he taxutnta v = 12 m/s ouykpoUEeTaL
HMETWTIKA KoL EAACTIKA e akivnto cwua tputAdotag palac. Na
UTTOAOYLOTOUV OL TAXUTNTEG TWV CWHATWVY UETA TNV Kpouaon.

[Am: 6 m/s, 6m/s avtifetwv KotevOdvocwv |

Avo odaipeg pe pateg m = 10 kg kaw m,= 20 kg Kwolvtal pe
avtibetn dpopd mavw otnv idla euBeia pe taxvTnteg v, =3 M /s
Kot v, =2 m/s, avtiotola, Kat cuykpouovtol TMAAOTIKA. Na
Bpeite TNV TAXUTNTA TOU CUCCWHOTWHATOC KAL TO TIOCOOTO TNG
KLVNTLKAG EVEPYELAG TOU CUCTAATOC TTOU XAONKE KOTA TNV KPoU-
on.

[Am: 0,33 m/s, 98% ]

5.25 Jxdaipa (1) pdlag m, =1 kg mpoomnintel pe toaxvTNTA L) OE OKiVN-
N odaipa (2) Kal CUYKPOUETAL EAOOTLKA KOL KEVTPLKA UE QUTH.
Metd tnv kpolon n (1) Kweital pe taxvtnta pétpou U =u,/3,
Mova mpémel va eivat n udda 72, tng odpaipag (2) wote
a) Hv/va eivat opdppornn tngu,. B) Hu, va eivat avtippornn tngu..

[Ar: 0,5 kg, 2 kg ]

(5.2? Ipaipa palag 7, =2 kg mou Kweltaw pe taxvtnto v, =4 m /s
OUYKPOUETOL HETWTIKA Kal EAOOTIKA PE AAAN odaipa palag
m, =4 kg mou Kweltat avtiBeta pe taxvtnta v, =5m/s. Na
UTIOAOYLOETE TIG TAXUTNTEG TWV CWHATWY HETA TN ocLUYKPOUO.

[Anr: 8 m/s, 1 m/s |

@Zcbmpa uadag 7, MEPTeL we TaxvTNTA v, OE akivnTn odaipa pd-

(oG 71, KAl CUYKPOUETOL EAQOTIKA KOl KEVIPLKA ME auTr. Mol
TPETIEL VAL €lvaL N 0XEON METAEL TWV 72, KAL 777, WOTE UETA TNV
kpouon n odaipa 717, vaL EXEL UEYLOTN KVNTLKA EVEPYELQ;

[Am: m, =m, |

5.28 Qtav £va KIVOULLEVO VETPOVIO CUYKPOUOTEL UE OKlvNTO Tuprva
XOQVEL LEPOG TNG KIVNTLKAG TOU €VEPYELAG Kat emiBpadivetal. Tt
TLOOOOTO TNG KLVNTLKNG TOU EVEPYELAC XAVEL TO VETPOVLO AV CU-

YKPOUOTEL ) e TTUPAVA TIPWTLOU ( I‘H), B) ue mupnva deutepiou
<|H) Kal y) Ye mupniva nAiou (4He) ; OL KpoUoeLg BewpouvTal
EANQLOTLKEC.

[Azx: 100%, 88,9%, 64% ]|

00 odaipeq pe paleg m, =6 kg ko m, =4 kg , Kwouvtal 0ToO
PpLLovTLO eMimedo, Pe TaxuTNTEG U, = & m /s kAL v, =9 m /s KABE-
TEG HETAEV TOUG, KaL cuyKpouovTal MAaoTkA. Na uTtoAoyioeTe:

Q) TNV KOWI TOUG TaxUTNTA LETA TNV Kpouon.
B) TN peTtaBoAn TNG KIVNTLKAG EVEPYELOG TOU CUOTHUATOC.


Γούλας Κωνσταντίνος

Γούλας Κωνσταντίνος

Γούλας Κωνσταντίνος

Γούλας Κωνσταντίνος

Γούλας Κωνσταντίνος

Γούλας Κωνσταντίνος
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[Ar: 6 m/s, ep@ =3/4, —174J ]

CUAWVN mAdKa pe palo M = 5 kg eival dgpévn amd okowi Ko

pEueTaL katakopuda. Eva BARua pe pala m =50 g kal opLlo-
vtla taxutnta v, = 520 7 /s, XTUTd TV TAGKA 0TO KEVTPO TNG TN
Starmepvad kat Byaivel pe taxvtnta v, = 80 m /s, H andotacn tou
KEVTPOU TNG MAAKAG Ao To onuelo Omou eivat SeUévo To oKowi
glvat / = 2 m. Noco Ba ekTpATEL TO OKOLWL AT TNV Katakopudn
B¢on; Aivetat ¢ =10 m / s’. @swprote OtL n MAdka apyilel va
KLVeltal otav tnv €xeL Slamepacel to PANUAL.

[An: mepimov 60°]

KwNOE&LG 0€ adpaveLOKA CUOTHHATA

5.31 ‘Eva motaponAolo Kwveltal pe taxutnta v = 20 km/h wg mpog to
vePO. To pela TOU TTOTA OV EXeLTaxuTNTA 5 km/h. L€ MOOO XPO-
vo Ba kavel to motaponiolo tn Stadpoun ABA, émou A katl B
Suo moAelg ou améyxouv 24 km petafl Toug;

[Ar: 2,56 h ]

5.32 O mAOTOG eVOC agpOmMAAVoU Tou Klveital Bopeta pe taxvuTnTa
400 m/s, avTLAQUBAVETAL LE TO PAVTAP TOU Eva AAAO OLEPOTIAG-
VO TIOU KIVeltatl avatoAlkd pe tayvtnta 300 m/s. Mowa lval n
TaXUTNTA Tou SEUTEPOU AEPOTAAVOU WG Ttpog tn Mn;

[Am:500m /s, ep@=4/3]

5.33 e adpavelakd cUoTNUA 2 EVOC TTAPATNPNTAG TapATNPEL TO dal-
VOLLEVO TNG KPOUoNG EVOG oWUATOC Halag 7 = 2 kg Tou Kwveital
katd tn &tevBuvon x, e TaxVuTNTA v = 6 71/5 KAl CUYKPOUETAL
TMAQOTLKA PE AAAO akivnTo owpa palag M = 4 kg, a) Yrolo-
ylote Vv TaxVTNTA TOU CUCCWUATWUATOG TTOU TIPOKUTITEL OO
TNV Kpouon, OMwWCE TN UETPAEL O TAPATNPNTAC oTo 2. PB) Asifte
OTL Kall £VOG TIAPOTNPNTHG TTOU KLVELTaL Kata tnv StevBuvon x pe
Taxvtnta u = 2 m/s, TaPOAo ou avtiAappavetol dtapopeTikd
TIG TAXUTNTEG TWV CWHATWY TIPLV KAL LETA TNV KPoUOT, CUUDW-
VEL JE TOV IPWTO OTL N opun dlatnpeital.

[Ar: 2 m/s |

Kévtpo palog - IXETIKEG KLV OELG

5.34 Tpelg opoyeveic odaipeg éxouv paleg 20 kg, 20 kg, kaw 30 kg kat
Ta Kévipa Toug ota onpeia (1,1), (2,2) kat (3,1) Tou emunedou xy.
Na tpoodLoploToUV OL CUVTETAYUEVEG TOU KEVTPOU HAlag Tou
CUCTAHOTOC TWV odalpwy.

15 9

[Ar: | —, =]

7 7

5.35 A€pe ouxva OTL N M neplotpédetal yupw amo tov HALo. To akpl-
Bég elval otL n M kat o HAlog meplotpédovtal yupw amod To Ké-
vtpo palag tous. Na Bpeite og moon andéotacn amno To KEVTPO


Γούλας Κωνσταντίνος
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Tou ‘HAlou BplokeTal To KEVTPo palog Tou cuothpatog Mm -"HAlog
KOl VOL CUYKPLVETE TNV amdoTaon auth UE TNV akTiva Tou ‘HAlou.
Aivovtat n pdda tng Mg 7, = 5,98x10™ kg, n pdla tou HAlou
m,, =1,99x10" kg, n aktiva tou ‘HAov R, =6,96x10" m ka n
SLdkevtpog Me -'HAwou d = 1,49 10" 1.

[Am: 4,48x10° m ]

5.36 Ztnv dkpn pag akivntng Bapkag pe paa M = 120 kg kot pAkog
5 = 6 m otékeTal AvBpwmog pe pala m = 60 kg. Na urntohoyioete
nooo Ba kwnbel n Bapka av o dvBpwmog KwnBel and tn pa
akpn ™G Bapkag atnv aAAn. OLTpLPEG petaty Bapkag Kot vepou
BewpouvTal apeAnTEEG.

[Am: 2 m ]

5.37 Ta kavoaépla Byaivouv amod €va MUPAUAO TIOU KLVE(TAlL OTO
Sldotnuo pe pubud dm/dt =140 kg /s kat oxetikn taxluTnTa
1 =1000 m /s w¢ mpog tov mupavAo. Na urtoAoyiloeTe TNV mpo-
wWOoTIKA SUvapn Tou TMUPAUAOU KOl TNV EMITAXUVON TOU KAToLd
XPOVLKN OTLYUH Ttou N pada tou gival M =10 ton.

N

[Ax: 140.000 NV, 14 m/s7]

5.38 Evag mUpauAog Ttafldevel 0To SLACTNUO KOL KATIOLO XPOVLKH
oTypn éxeL pala 4000 kg, padl pe ta kawoLud Tou. H taxutnta
LE TNV omola ektoéevovtal ta kavoagpta givat 1500 71/s w¢ mpog
Tov TUpavAo. Nooa kg kavoaepiwv MPEMEL va armoBAAAEL ava
SeuTEPOAETITO O MUPAUAOC WOTE VA OMTOKTACEL OTLyULala EMLTA-
xuvon 15 m /s”.

[An: 40 kg/s |

®doawopevo Doppler

5.39 Me noon taxUTNTA TPEMEL VOL ATIOLAKPUVETOL TTAPATNPNTAG ATLO
HLOL OKLVNTA TTNYA NXOU WOTE VAl 0KOUEL X0 LLE oUXVOTNTA LoN HE
Ta evvE SEKATA TNG CUXVOTNTAG TOU 1XOU TIOU TIAPAYEL N TtNYN;
H tayutnta Tou Axou otov aépa eival 340 m/s.

[Am: 34 m/s |

5.40 ‘Evag mapatnpntng, mou eival akivnto¢ otnv dkpn tou §pouovu,
oVTIAQUBAVETAL TOV AXO TNG OELPNVOC EVOG TIEPLTTOALKOU TIOU
mAnotalel, pe ocuxvotnta /,= 500 /z. Otav to mepumoAikod aro-
HOKPUVETOL, O XOG TTOU OKOUEL O TTAPATNPNTAC EXEL oUXVOTNTA
/, =450 Hz. Me mota Tax0tnTa KWeltol To MEPUTOALKO Kol Tola
glval n MPayUATLKA cuxXVOTNTA TOU NXOU TN oelprnvag; H tayu-
TNTA ToU Xou otov aépa eivat 340 m/s.

[Am: 17,9 m/s, 473,7 Hz |

MNpoBARpoata

5.41 Mua odaipa cuykpoUeTal EAQOTIKA HUE AAAN OpoLla odaipa ou
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opXIKA npepel. Aeifte OTL av n kpouaon Sev elval KEVTPLKN, LETA
TNV Kpouon ol odaipeg Oa KivnBouv oe SteuBUVOELG KAOETEG pe-
To€L TouC.

‘Eva BAApa pe palo m = 50 g kweital oplloviia pe toxutnTa v
=200 m/s ko odnvwvetal og §UAO pe pala M = 950 g mou eilval
okivnto og Aelo optlovtio tpanell (o). 5.32). H otaBepd tou eha-
tnplov givat £ = 10000 N/m. Na. umoAoyioete:

o) TN UEyLOoTNn cuoTielpwon tou eAatnpiou

B) To MOCOGTO TNG LNXAVLKAG EVEPYELAG TIOU XAONKE.

[An: 0,1 m, 95% ]

5.43 ‘Eva BARua pe pdla m = 20 g kweital oploviia kat opnvwvetal

0€ KOUPATL E0Aou pe pala M = 1 kg 1o omolo elval Sepévo oe
Katakopudo okowi pnkoug 1 7. Metd tn olykpouon To vAua
EKTPEMETOAL ATO TNV Katakopudo katd ywvia ¢ = 60°. Na umo-
AOYLOTEL N LNXOVLKI) EVEPYELD TTOU XAONKE KATA TNV Kpouon.
Atvetat g =10m/s%.

[Ar: 255 T ]

5.44 Eva cwua pe pdda m, = 20 kg wooppornel o€ mAdyLo emninedo pe

kAlon ¢ = 30°. Eva 6eUtepo cwpa pwe uada 7, = 30 kg mou ave-
Baivel oto mAAyLo eMinedo, CUYKPOUETAL TTAQCTIKA LE TO TPWTO
gxovtag toxvtnta v = /0 m/s. O cuvteAeotng TPLPNAG oAloOnong
HETAEL CUCOWMATWHUATOC Kal emumédou eivat +/3 /3. Na umo-
Aoyioete 1o SLdoTnuA MoU SLAVUEL TO CUCCWHATWHO LEXPL VOl
OTOMOTAOEL. Oa €MIOTPEYPEL TO CUCOCWUATWUA ot Bdon Tou
nAdylou erunédou; Aivetat g =10 m / s7.

[Ar: 1,8 m, oy1 ]

5.45 AmO tnv Kopudr MAAyLoU ETLITESOU, TTOU EXEL UAKOC 5 = 4,2 m KoL

Ar:
: 13

oXNMOTLZEL e To opLovTio eminedo ywvia ¢ = 30° adrvetal va

oAoOnoeL cwpa pe pala m = 1 kg, xwpig tpLpn. Katd tnv kabo-

86 tou Kal evw €xeL Slavuoel dlaotnua s, = 1,6 m cuvavtd aki-

VNTO CWHA TNG 8Lag HAlaG Kol CUYKPOUETAL TTAQCTLIKA LE QUTO.

To cucowWPATWHA TTOU SnULoUpYELTaL amod TNV Kpouaon oAloBai-

VeL 0To MAQyLo eminmedo kol ptavel otn BAcn Tou pPe UNSEVLIKNA

taxvtnta. Na urtoAoyloeTe:

a) To ouvteAeoTth TPLPRC OALoONONG TOU CUCOWHLATWHOTOC UE TO
ntAayto eninedo.

B) Tn cuvoAlkn BepudTnTa MOV TTAPAXONKE KATA TN SLAPKELA TOU
dalvopévou.

Aivetat g =10m / &7

53

, 347 ]

5.46 Acpootato palag M awwpeital (loopporel) o vYog / and to

€60¢dog. ATtO TO AEPOCTATO KPEUETAL L0 AVEUOOKAAQ TTOU PTA-

Xynpo 5-32.
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VEL LEXPL TO £€601¢0C. ITO KATW AKPO TNG AVEUOOKAAACG OTEKEL
€vag avBpwmoc pe pala 7. Av o AvBpwrmog apxiosl va oKap-
daAwvel, umoloyiote mOco Ba KATEPREL TO AEPOCTATO HEXPL VA
¢dtaoeL o’ auto. Aivovtal M, m, H.

m

[Ar: H ]
m+M
5.47 Iwpa pddag 7, EXEL TAXVTNTA U KAL T(POCKPOUEL OE aKivnTo ., v,
owpa pddag m, = 2m, mou Bpioketal og anodotaon x = 1 m (oy.
5.33). Meta tnv Kpouaon, ToU €ival EAACTLKH, TO TIPWTO CWHO u
ETULOTPEPEL KAL OTAMATA OTNV apxLkn Tou B€on. O oUVTEAEDTNG «— X —»

TpLBRg oAioBnong twv duo cwudtwy Ue To damedo eivat i = 0,5.  EZxfipa 5-33.
Na untoAoyioete:
a) TNV apxLKr TaxUTNTA v, TOU TPWTOU CWHATOG.
B) To Staotnua ou Ba SLavuoeL To SEUTEPO CWHLA LEXPL VA OTA-
HOTAOEL.
Aivetat g =10m / s°.

[Am: 10 m/s, 4 m |

5.48 EAatrplo otabepag K = 200 N/m Bpiloketal mavw o€ Aelo TAQ-
yLo emninedo, pe kAion ¢ = 30° 6nwg oto oyxnpa 5.34 ITo navw
dkpo tou elatnpiou Loopporel cwpa pe pdda m, = 1 kg evw
TO KATW AKPO TOU £Vl OTEPEWUEVO O OKAOVNTO onueio. Amo
T0 onueio A mou améxel anodotaon / = 4 m anod to m, adrve-
TaL va oAwoBrioel cwpa pddag m, = m,/3. To m, katePaivovtog
OUYKPOUETAL HETWTILKA KoL EAACTIKA HE TO m, . Nat utoAoyLoTel
0€ OOoN AmoOoTOCN Ao TO ONKELD TNG CUYKPOUGONG OL TOXUTNTES
Twv m, Ko m, otiyptaia 8a pndeviotouv. Aivetat g =10 m /s,

[A7: 1 \/jtxl()fl/ﬂ]

5.49 Toowua 2, Tou oxAUaTog 5.35 exeL wdla m, = 4 kg kat Bploketal v,
ndvw o€ Aeio opliovtio danedo. Ndvw oto X, Ppioketal devte-
PO oWHa =, TOU €XeL uaga m, = 950 g. To eninedo enadrg Twv

OWUATWY 2, 2, €ival 0pL{OVTLO Kal 0 CUVTEAESTAG TPLPBAG HETAEL

Toug eivat iz = 0,5. 210 =, odpnvwvetat eva BAApa, pagag m, = 50

g Tou Kuveltal pe opgdvtia taxvtnta v, = 100 m/s. H xpovikn

SLdpkeLa TNG kpouong tou PARHATOG HE TO owua =, Bewpeital

QUEeANTEQL.

a) Mota ivat n kown TaxLTNTA TTOU ATTOKTOUV Ta cwHaTta =, 2 ;

B) Moon, cuvoAlka, Bepuotnta peTapEpeTaL oTo TEPLBAAAOY;

y) Metad and moco xpovo amnd tn oTLyur TG Kpouong T CwaTa
2, Kol 2, amoKToUuV Kown Taxutnta;

8) M6o0o peTakVABNKE TO =, TTAVW OTO CWHA %, HEXPL TN OTLYMA
autn;

Atvetatg =10m / s7.

[Anm: 1 m/s, 2475 J, 0,8 s, 2 m |

Xynpa 5-34.

Xynpa 5-35.

5.50 e opulovtio Spouo Kiveital AvBpwmog pe Tax0TNTA U, KPATW-
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VTOG OUTPEAQ, yla va tpoduAaxTel amod tn Ppoxn mou MEPTEL
katakopuda pe TaxuTnta v,. Mola eival n katdAAnAn Bgon ting
OUTPEAQC yLa TN peyaAltepn duvatr KAAuvn;

[Ar: ep 9 ="2]

L,

5.51 ‘Eva¢ HOTOOUKAETLOTAC Tou Bploketal og amootaon d = 400 m
ano Lo akivntn nxntikn mnyn ocuxvotntog 540 Fz apyilel va
KWeltal pog auth pe otabepn emtayuvon. H ocuxvotnta tou
AXOU TIoU avTIAaUBAVETAL TN OTLYUN TTou GTAVEL GTNV TINYN €ival
603,5 Hz. Not UTIOAOYLOETE TNV EMTAXUVOI TOU KOL VA TTOPOOTH-
O€TE ypadLKA TN cuXVOTNTA TTOU OVTIAAUPBAVETAL O LOTOOUKAE-
TIOTAC OE GUVAPTNON HUE TO XPOvVo. H Taxutnta Tou Xou oToV
aépa eivat 340 m/s.

[Am: 2 m/s* ]

5.52 Mua nXNTLKA Tty KWVeltaL e toxutnto 8 kni/h Kol EKTIEUTIEL X0
ouxvotntag 400 Fz. Evag mapatnpntng mMou KLWVELTaL UE TayU-
ta 54 km/h, akoAouBel tnv nxntikn mtnyr. No uTtoAoyloETe TN
OUXVOTNTO TTIOU AKOUEL O TIOPATNPNTAG. AlveTal n TaxUTNTA TOU
nxou 340 m/s.

[Am: 415 Hz |

5.53 Z16npodpoutkds untaAAnAoc Bploketal otn HéEon pLag yédupag
ue unkog 1000 m, otav BAEnel o andotaon 1500 m pia apao-
otolia, va mAnolalel odpupilovtag. H ouxvotnta Tou Xou mou
akoUeL gival 360 Hz evw EEpeL OTL N TPAYUATLKA oUXVOTNTA ElvaL
340 Hz. Na va amoduyel Tov Kivduvo KLVELTOL LOOTAXWG KAl Kot-
tadEpvel va GTACEL 0TNV AKPN TNG YEPUPAS, TN OTLYUN ToU GTA-
VEL KaL N apagootolyia. YoAoyloTe T ouxvoTtnTa TOU AXOU TIoU
Aakouye o UTtAAANAoG otn Slapkela TG Kivnong tou. H tayxutnta
TOU NXoU oTov agpa sivat 340 mi/s.

[Ar: 355 Hz ]

Hxokapdioypadia Doppler

Ol ylatpol xpnoLUOoToLoUV TOUG UTIEPNXOUG YLa SLaYVWOTLKOUG OKO-
moug. OL umtépnyot eivat nxoL pe cuxvotnta navw amno 20.000 Fz. To
avBpwrivo adti b& pnopel va avtiAndBel tétoleg ouxvotnteg. OL uTE-
PNXOL TIOU XPNOLUOTIOLOUVTOL GTNV LATPLKI €XOUV CUXVOTNTA KOVTA
ota 2 MH:z.

OL umépnyol €xouv tn duvatotnta va oxNUATilouv oTeVEG SECLEC,
UTTAKOUOUV 0TOUG VOUOUG TNG avakAaong Kat tTng StabAaong Kal pumo-
poUV Vo aVaKAWVTOL 0 EUMOSLa TOAU pikpwy Staotacswv. Ta eUno-
Slo auta pmopet va sivat otabepd (TT.X. Ta TOLXWHATA TWV ayyeiwy, Evog
AiBog oTtn xo0And0ox0 KUGTN K.ATL.)  KVNTA (M. Ta epuBpa atpoodaipla).

Ztnv nxokapdloypadia Doppler oL umépnyol avakAwvTal o€ KvnNTd
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eunodia. Otav pla d€oun umépn-
XWV CUVAVTNOEL €val EUMOSLO, Eva
MEPOG TNG EVEPYELAC TTIOU UETADE-
peL avakAdtal, emotpédel SnAadn
OTO apXLKO MECO. Av n avakAaon
ylvel mavw o€ akivnto gumodlo 1o
KULLOL TIOU ETLOTPEPEL £XEL TNV (Ol
OUXVOTNTA HE TO OPXLKO KUpa. Av
OUWG N avakAaon yivel og Kwntod
EUMOSLO N CUXVOTNTA TOU AVAKAW-
HEVOU KUpATOG Ba gival pLKpOTe-
pn N HEYaAUTEPN AMO TNV OPXLKA
ouxvoTnTa, avaloya HE TO av TO
EUMOSLO ATMOUAKPUVETAL 1| TTANOL-
alel Tn Slatagn mou kataypadel
TV avakAwpevn déoun. H dtado-
PA TWV CUXVOTNTWV NG S€0ung
TIOU ETULOTPEDEL KAL TNG OLPXLKNG OE-
ounG - Aéyetat ouyxvotnta Doppler.
H ocuxvotnta autr cUVOEETAL UE TN Jio Sractioewy vrepnyoypi-
OUXVOTNTA TNG APXLKNAG BECUNG KOL TNV TAXUTNTO TOU EUMOSIOU METN  gyua Doppler ue ypwpati-

O'XéGI’] Kl xaptoypeencn ponc &vog
] vovvh aclevodc ue éuppakto peco-

.fo‘ :2_fr7 kotdiakod Odiappaypatog. H

c avoualn pon (pélog) draxpi-

VETOL OAV TOPTOKAAOYPOVG Ti-
Omou /, n ouxvotnTa TG apxIkAG SE0UNG, v N TAXUTNTA TWV OLUO-  dakag ue poij axd TV aplotep
odalpiwy, ¢ n TaxvTNTa 5LEd8oonc Twv UTEPNXWV Kat & n ywvia mov  Kothia ”(fo,g “Zevfgﬁ’f‘ 7’/\’16?,’),0"
oxnuatiCeL n taxvtnTa Tou eumodiou pe Tov agova Tng deoung. :Zf Kﬁf ;O;f,'m,fp (52 ‘;;Z;OSM

Ao tn oxéon autn ¢aivetat OtL Elvat Suvatog o MPOSSLOPOHOS Eikéva 5-10.

NG TaxuTnTag Tou epmodiou av sivatl yvwotn n taxvtnta dtadoong

Tou nxou, n ocuxvotnta Doppler kat n ywvia 0. Na tv teAevtaia,

eMELSN 0TN OXE0N UTIELOEPXETAL TO CUVNUITOVO TNG, va BUUNBOUUE OTL yLa PLKPEG TIHEC TNG YwViag
(6<20°) To ouvnuitovo maipvel TIHEC TOU poaoeyyilouv tn povada.

‘Etol, elvat Suvatog o mpoodloplopdg TG TaxUTNTAS TWV EpUBPWV alpoodalpiwy Kal EMOUEVWE N
ToXUTNTO PONC TOU aipatoc ota atpodopa ayyeia. Av, pe aAAn uéBodo, mpoodloplotel kal n Stato-
U A Tou ayyeilou gival Suvato va mPoodLopLOTEL N TOPOX) TOU AYYELOU O TNV Omoia cuvAyovTaL
CUMMEPAOUATA YyLa TN AELToupyia TnNG KapSLag.

O mpoobloplopog TNG MapoXnG Yivetal og peyaing Slatoung ayyeia, O0mou n por} Tou OipaTog
uropet va BewpnBel otpwTh Kot N taxVTNTA OAWV TV atpoodatpiwy idla. Ita ayyeia pkpng dtato-
UNG N TaXUTNTA TNG KEVTPLKAG PEVUATLKAG YPAUMNAG Elval ONUAVTIKA LeYaAUTeEpN amod Ty taxvTnTa
TIOU QVTLOTOLXEL O ONUEla KOVTA OTA TOLXWLATA TOU ayyeiou.

Méow tng nxokapdloypadiag Doppler givat Suvatodcg o apecog MPoodloplopog tng Stadopag mi-
eong (N aAAwG NG Pabuidag mieong) oe mMePLOXEG TIOU Ta ayyeia MapoucLlalouv OTEVWOELG. TNV
neplmtwon autn n pon yivetat tupPwdng Kot N TaxUTNTO TOU QLLOTOG TIPLV TN OTEVWON KO LETA ATt
autn Sev eival 6ia.
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( 6.1.) Elcaywyn

ITIG apXEC Tou £€Toug 1905 €vag AyvwoTtog ELKOOLEEAXPOVOG UTIAAAN-
Aog g EABetikng Yninpeolag Eupeottexviwy, o Albert Einstein, dnuo-
olevoe Tpelg epyaoieg tepaotiog onpaociag. H mpwtn adopoloe otnv
epunveia tng kivnong Brown (amodelén umapéng popiwv). H deutepn,
TIoU TLURONnke pe to BpaPeio Noumel to 1921, adopouce oto pwton-
AEKTPLIKO patvopevo (kBavtikn Bewpia Tou dwTog). ITNV TPLTN ELONYE
NV €101k Bewpla TNG OXETIKOTNTAG.

H Bewpla TNG OXETIKOTNTAC EPEPE EMAVACTTACN OTNV AVTIANYA Hag
yla TOV KOOUO Kol €Swoe VEO TTEPLEXOUEVO OE PACLKEG EVVOLEG OTIWC
0 XWpPOG, 0 XPOVOG, N UAN Kal n evépyela. ZUpdwva pe Tn Bewpla Tng
OXETIKOTNTOG OL SLAOTACELG EVOG CWLATOC KAL N XPOVLKA SLAPKELO EVOC
dawopévou dev eival idla yta OAoUC Toug mapatTnENTEC. Mo mopAadeLy-
MO, TO HNKOG €VOC TIUPAUAOU TIOU KLVELTAL PE TTOAU PeyAAn taxvTnTa
Kal n xpovikn SladpKela evO¢ cUPPBAVTOC OTOV MUPAUAO HETPLOUVTOL
SLapopETIKA Ao TOUG ETLBATEC TOU MUPAUAOU KL ATtd KATIOLOV Ta-
patnenTh akivnto oe oxéon e tov mupavlo. Mpwv Statumwbel auvtn
n Bewpla n VAN Kal n evépyela Bewpolvtav EEXWPLOTEG OVTOTNTEC.
Me tn Bewpla TNG OXETIKOTNTAG OUWG, AMOSELXTNKE OTL N pia pumopel
Vo LETATPETETAL TNV AAAN. ETOL EpunVeVETAL N TOPAYWYN EVEPYELOS  Eikévo 6-1.
otov HAvo.

Ta cupmnepaopata tng eldIKNG Bewplag TNG OXETIKOTNTOC avTITiOE-
vtal og Babia pllwpéveg avtlAnyelg, mou odeilovtal otnv Kabnue-
pwn eumelpia, kot yU autd SUokoAa yivovtal amodektd. AKOMN Ko
ETLOTAUOVEG TIOAU peyaAnc euPéAelag, onwc o Lorentz, oe epyooieg
Tou omoiou otnpixtnke o Einstein yla va dtatunwoel tn Bewpia Tou,
Sduomiotouoav amEvavti Tne.

H 181k Bewpla TG OXETIKOTNTAC £XEL, EVTOUTOLG, SUO TIOAU LoXUPA
nAgovektnuata. To mpwTo sival OtL €xeL emBePalwOEL MELPAUATLKA.
To b6eutepo €lval OTL 0€ OPLAKEG TNG TIEPLITTWOELG (OTAV TA CUCTAMATO
avadopadc Kvouvtal HETAEY TOUC e TAXUTNTEC TTOAU ULKPOTEPEC ATO
TNV ToxuTnNTa Tou dwtog, SnAadr TaxUTNTEG TOU «XWPAEL O VOUG TOU
avBpwrou») Sivel amoteAéopata mou eivat amoAUTwWES CUUBATA HE TLG
TIPOPBAEYELG TNG VEUTWVELAC PUGCLKNG.

To 1915 o Einstein dnuoaoieuoe pla epyacia yla Tt YEVLKH OXETLKO-
™NTa. To BEUa AUTO EMPOKELTO VA TOV ATAOXOANRCEL yLa TTOAAQ XpovLa
oKOWN. H KevTplkn 16€a TN yevikng Bewplag Atav va emektabel n Loxug
TWV VOUWV TNG GUOCLKNAG 0€ OAa Ta cuoThpata avadopdg, SnAadn oxt
HOVO oTa adpavelokd aAAd KoL 0Ta ETUTAXUVOUEVA. ITNV TPOCTIABELA
Tou Slatunwoe pla véa Bewpla yia tn Baputnta n omola eumnepleiye
Kal tn Bewpia tou Newton cav eldLkr mepimtwon.

H yevikn Bewpla mapouciale pabnuatikd mpoBAnuata Le Ta onola
Sev Atav efolkelwpévol ol pUOLKOL TNG EMOXNAC OKOUN Kal o 8Llog o
Aivotaw. Tote o pidog tou Grossman (Tkpoopav) tov Edepe o€ emadr Ewkéva 6-2.
ue epyaoieg pabnuatikwy (Pipayv, KpiotodeA, Pitol-Koupundotpo kat
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NeBi-TolBita) mou tov edpodiacav pe ta anoapaitnTa LabnUaTIKA p-
yaAeia.

To 1919 ocuvéRn pLa oAwkn ékAewpn tou ‘HAlou, yeyovog mou €dwoe
N SuVaATOTNTA VO YIVOUV KATIOLEG TTAPOTN P OELG EVOAPPUVTLKEG yLOL TN
YeVIKN Bewpla.

Av KOl - AKOUN KOl OAUEPQ - N YeVLKN Bewpla Sev £xel emuPefatwbel
MARPwG, oL dpdpoL tou avolée emnpéacav Badld tn clyxpovn GUCLKN.

(6.2.) To Neipapa Michelson - Morley

Mpwv Slatumtwoel o Einstein tn Bewpla tng oxetikdTNTAC, BEWPOU-
oov OTL To dwG, ONMWE cuPPaivel Kal LE TOV NXO, XPELAIETAL KATIOLO
pEoo yla va Stadobel. YnébBetav OTL unpxe €va péoov, o aBépag,
Tou YEULLE OAOKANPO TO CUUTTAV Kal 0To omoio dtadidetal To Pwc.

Otav o emPBATng VOG AUTOKWVATOU TANCLATEL e TaXUTNTOA O JALOL TTN-
yn Axou, o nxoc Stadidetal wg mMPOg AUTOV He TaxuTNTO Oy o0 TUs EVW
dTaV AMOPAKPUVETOL QIO Mia TNy AXoU N TaxuTnTo Stddoonc Tou
NXOU WG TTPOG QUTOV eiva Oyop ™ V- Eav to pwc dtadldotav katd ava-
Aoyo tpomo, n Kivnon evog mapatnentr mpog N anod pa tnyn ¢wtog
Ba ennpéale TV TAXUTNTA TOU GWTOC, OMWE TNV avtlilaufavetal o

nopaTNPENTAG.

<

nyov LY nyov

B

: — >
—> —>
O nyog dradidetar pe toyvrnra U,

1yov
xivnto winoialer tyv Tnyn kot pe toyvrnro U, —U 010V QTOUOKPOVETOL

, , nHxov
amd avty.

+U w¢ mpog 0V 00nyo Otav TO0 AVTO-

Xynpa 6-1.

To 1887, otic H.M.A., ot A.A. Michelson (MdatkeAoov 1852-1931) kat
E.W. Morley (MopAel 1838-1923) oxediaocav kat ektEAecav Eva L&Lo-
dUEG MElpapa yla va LETPrioouV TNV taxuTNTa ¢ MC. XTo meipapa
QUTO €ylve mpoomaBela va petpnBbouv Stadopég oTnv TaxUTNTA TOU
dwtd6 mou odeilovtal otnv kivnon tng Mg.

To melpapa auTtO ATOSELXTNKE EMAVAOTATIKO yLOTi, TEPA ATO TLG
ETUOLWEELC TWV EUTIVEVOTWV TOU, AToKAAUYE TNV mapdagevn ¢uon Tou

dwtode.
. . . . . . Michelson (1852-1931). Ape-
H kevtplkn O€a twv Michelson - Morley Atav otL av duo §€oueg Ho- pixavée mpwoiKic KaTayoyc.

VOXPWHATIKOU dwTOG CUPPBAAOUV SnpLoupyolV éva CUCTNHUA KPOO-  Stadiodpouia oto apepixd-
owv cupBOoANG. Av pe omolovbAToTe TPOmo petaBdAoupe Tn Sladopd  Viko vavTiké xar mapalinia
ddonc avapeoa ot SE0HEC oL Kpooool GUBOANC Ba epdavicBolv gg%z:?a.g’é’”;ggi:’gkzﬂg;f‘:;:
METATOTIOMEVOL. TiG BECELG TWV KPOOGWY GUUPBOANG KA, KAT EMEKTO-  voc mov Képdioe to Bpafeio
on, TIG EVOEXOUEVECG LETATOTILOELG TOUG UMTOPOUUE Val TIG tpoadlopl- Noumel.

OOUUE PE peyaAn akpifeta pe tn BonBela evoc cupPoAOUETpOU. Ewkéva 6-3.
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(@) ()]
(o) To coufolouetpo tov Michelson. () Eva coyypovo coufoiouetpo

(y) Eixova kpooowv coufoins and coufolopetpo.
Xynpa 6-2.

To cupPoAOUETPO TOU TELpApATOC (o). 6.20) meplAauPAavel pia tpad-
Tiela TIOU UTIOPEL VOl TIEPLOTPEDETAL, LA TINYH LOVOXPWUATIKOU dw-
106 (1), évav aviyveutn (A) pe Tov omolo mapatnPoUE TOUG KPOOo-
ooug oupBoAng duo katormtpa (M, M) KL Eva NULIKATOTTPO - SLapétn
S6€oung (A). Me eldIkEC SLaTAEELC (UIKPOUETPLKOUC KOXALEC) UTTOPOUUE
Vol LETOBAANOULE TIG ATIOOTACELG LETAEY TWV OTOLXELWV TOU cuUPo-
AOUETPOU UE TIOAU peyAAn akpiBeLa.

H minyn (ox. 6.3) mapdyel pla povoxpwuatiky déoun ewtog, éva
TUAMA TNG omolag avaKAATOL OTO NLKATOTITPO Kol GTAVEL OTO KATO-
ntpo M, evw to urtdhourto tng deopung StabAdtal o’ autd Kot dptdvel
0TO KATOMTPO M,. ZTOV aviXVveuTn KataAryouv 800 SE0UEG: QUTH TTOU
avakAdtatl to M, kat otn cuvexela SlaBAdtoL 0TO NULIKATOTTPO Kal
auTr Tou avakAdtal TpwTta oto M, Kot HETA 0TO nuikdtomtpo. Ot
S6€opeg oupBaAlouv Kat Sivouv Lo ELKOVA KPOGOWV CUUPBOANC OMwCG
oUTA TIou paiveTal oto oy 6.2y. ZUVOTTTLIKA ot SLadpopEC TTou SLa-
vUouv ot cupBairovoeg deopeg eival [ TAM AA kot [TAM,AA.

PuBuiloupe tig anootdoelg [1A, AM,, AM,, AA va eivatl OAeg akpl-
Bwg loeg pe L. Eotw otL 0 dafovag [IAM, elvar mapdAAnAog pe tnv ta-
XUTNTA TNG MG KO OTL N LOVOXPWHATLKA SECUN EKTIEUTIETAL LE Popd
avtiBetn autng tng kivnong tng Mg. YrnevBuuiloupe OTL TO TPATEN
UTTOPEL VO OTPEDETAL EMOUEVWE UTIAPYXEL KATola B€on tou tpamellov
yla tnv omola 6a cupPaivel autd. H M Kwveital oto Staotnua pe péon
TaxvtnTo v =30x107m /5.

JUUPWVA HE TOUG PETAOXNUATIONOUC Tou laAtAaiou otov agova
[TAM, n taxutnta tou wtdg we mpog tn M Ba énpene va elvalc + v
yla tn petaBaocr) tou amnd to [ mpog to M, kat ¢ — v yia tn petaBoon
Tou amnd to M, mpog to I1. (o). 6.4)

(9]

M,
Y
1| A
> — M
/ 2
Y
Y
A
H 7mopeia  twv poteivov
oxtivov oto oovufoiouetpo
Michelson.
Xynpa 6-3.
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ATAAPOMH IIAM, AIAAPOMH M,A AEONAX AAM,
¢ Tpog afépa ¢ Tpog afépa

c v c v v v

— «— | ———— «—
y
wgmpog I ®g Tpog I
c+v _ c-v c\ [cxv? c\ [fcxv?
» 4—

Xynpa 6-4.

2tov dgova AAM, to dwg Empere, va dLadibetal kaL TPog TG Suo Ka-
TeVBUVOELC oLUdWVA PE TOUC LETAOYXNUATIONOUC Tou faAlAaiou, pe

ToxutnTa /2 — % (ox. 6.4).

O xpovog mou xpelaletal o ¢w¢ ywa va davuoel tn Stadpoun
[TAM,AA Ba glvan
L L L L

+ + +

2 2

t p—
1
c+v c+vL cCc—0U c-—-0U"°

EVW O XPOVOoC TMou xpelaletal tTo dwg yla va dtavuoet tn Stadpoun
[TAM,AA Ba givat
L L L L L

2_C+U+\/Cz—l)2+\/Cz—l)2+\/cz—z)2

H Stadopa
L L L L
_|_

c+0v C_U_\/C2_U2_\/CZ_U'_’

At=t —t, =

elvat urtevBuvn yla tn Sltadopd Paong pe TNV onoia ptavouv Ta duo
TUAMOTO TNG SE0UNG OTOV AVLXVEUTH UE AMOTEAECUA TN Snuloupyia
TWV KPOGOWV CUMBOANRG.

Kata tn SLapKela Tou TELPAMOTOC TO CUUBOAOUETPO TieEPLOTPEPO-
tav katd 90° yia va aAAGEEL n TaxuTNTA ToU GWTOC WG TTPOG Eval ATIO
Toug afovec. H meplotpodr EMPETE va £lXe WG AMOTEAECUA TN UETA-
TOTILON TWV KPOoowv oUMBOANRC. Qotdoo Sev mapatnpndnke Kauld
petatomnion. To melpapa paypatornotnke moAAEg dopég, Sivovtag
TavTa To 610 amotéAeopa.

To amnotéAeopa tou netpapato¢ Michelson - Morley mpoBAnudrtios
TIOAU Toug duaoLkoug pExpL to 1905 omodte e€nynBnke MARPwWE amnod tov
Einstein pe tnv ek Bewpla TG oXETIKOTNTOC.

(6.3.) Ta ASiwpoata tng Eldikng Oswpiac
NG ZXETLKOTNTOC

O Einstein otrpLe tnVv €161k Bewpla TNG OXETLKOTNTOC O€ SUO ATTAEG
Kol GOUVOEVIKA aBweG TopadoxEG.
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1. Ou vopol tnG Ppuoikng sivar idlot yia 6Aa ta adpaveLaKA CUOTH-
pata avagopdgs. AnAadn ol BepeAlwdeLc vopoL TNG GUCLKAC EXOUV
NV 6La pabnuatikn popdn yia 6Aoug Toug adpavelakoug mopa-
TNPNTES.

2. H taxitnta tou pwtog eivan idla yra 6Aa ta adpavelakd cuotn-
pota avadopdg Kat eivat ave§aptntn ano tnv Kivnon tng pwrel-
VAG TNyAG.

JUupdwva pe v mpwtn mapadoyxn, dev sival duvatod va yivel SLa-
KpLon HeTafL SUo cuoTNUATWY avadopPAg Ta omoia KlvouvToL HETAED
ToUuG He otaBepn tayvtnta. OL vopoL TnG GUCLKAG LOXUOUV LE TNV dLa
popdn kat ota SU0 AdpaAVELAKA CUCTHUATA.

H &eltepn mapadoxn e€nyel To amMoTéEAeoUA TOU TELPAPOTOC TWV
Michelson -Morley. To ¢wg 6&v UTIAKOUEL OTOUG HETOOXNUATLOUOUG
Tou lAthaiou. Ag otaBoupe Alyo og auth TNV TOAUNpPr untobeaon, OtTL
SnAadn 1o Ppwg €xel TNV dLa TaxUTNTA 0 OAQ Ta ASPAVELAKA CUOTH-
pota. Eotw ot dUo mapatnenTEG LETPOUV TNV TaxUTNTA ToU GWTOG
TIOU EKTIEUTIETAL ATO i dwTewvn mnyr. O MPWTOC Elval aKivnNTOg WG
T(POG TNV TINYN KAl 0 SEUTEPOC ATOUAKPUVETOL UE TIOAU EYAAN TOXU-
™ta art’ avtr. Kat ot §Uo Ba petpricouv tnv idla taxutnta yio to pwc.
Elvat mapadoo, wotdoo to neipapa tov Michelson to emiBefatwvet.

( 6.4.) Xwpoxpovog

O xwpog pnéoa otov omoio {ovupe eival tplodidotatoc. H B€on evog
UALKOU onpeiou pmopel va mpoodloploBel pe TPEL OUVTETOYUEVEG
mou avadépovtal ¢’ €va cUCTNHUO CUVTIETAYUEVWY TIPOCOEUEVO OTO
ocuotnua avadopdc pag. Emiong to péyebog eVOC OVTLKELLEVOU UTTO-
POULE va To tpoodlopicoupe pe Tpelg Slaotdoels. Eva mapaAAnAeri-
1ied0 KOUTL meplypAadeTal e TO PAKOG, TO TTAATOC Kal To UYog Tou. To
KOUTL Opw¢ Sev ATV TTAVTA KOUTL. KAmoLla XpovLKr oTlyUN KATOOKEU-
AoTNKE Kal kamota aAAn mbavov va kataotpadel. Etol n neplypadn
TOU KOUTLOU péoa oTo Xwpo Oev €xeL vonua av Sev avadepouaote
TOUTOXPOVA KAL OTN XPOVLKN SLAPKELD TNG UTTAPENG TOU.

Agv €xeL vONnua Vo UAGUE yLo XWPO XWPLG va cuvurtoAoyiloupe
1O Xpovo. KaBe avtikeipevo, mpdowmo, mAavntng, aotpo, yalasiog
UTTAPXEL LECA O’ AUTO TTOU OVOUA{OUE XWPOXPOVLKO CUVEYEG.

(6.5.) H Zxetikotnta tou Xpovou

AG pavTaoToUE Eva TPEVO TOU KIVELTAL PE TaXUTNTO U WG TTPOGC Ta-
pATNPENTH akivnto 0To oTaBUd. 210 6AMESO TOU TPEVOU UTIAPXEL LA
minyn PWTEWWY AVAAQUTIWY EVW O0TNV opodr, aKPLBWC EMAVW OO
TNV mNyn, UTtapxeL kaBpedtng (oy. 6.5).
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T Kabpéptng

M

T ©

(0) Evog¢ pwteivog maluog mov ekméumetol ano tnv xnyn O kol emiotpépel
ovaklouevog and évo kalpépty, onwg moapatnpeitar oo 2. (f) H diradpoun
700 10100 PWTEIVOD TAAUOD OGS TopaTypeital oto 2.

Tyfipe 6-5.

To xpoviko dldotnua péoa oTo omoio to pwc StavueL Tnv andotacn
Tinyn - KaBp£Ptng - mnNyn, OMwWE yivETAL AVTIANTITO Ao £vav eniBatn
TOU TpEvou, Ba elval
_2d

-

A¢ SoUpe TTwG HETPAEL TN SLapKeLa Tou (Slou dalvopévou vag ma-
PATNPNTAG TTIOU OTEKETAL AKIVNTOG 0TO 0TABUO. ATtO TN OTLYMN TIOU EK-
MEUPONKe To PwWC PEXPL va ETILOTPEPEL OTNV TINYH TOU, To TpEvo Ba
EXEL HETATOTLOOEL - yLa TOV aKivnTo apatnentn - Kata As = uAf. Eno-
HEVWGE, YU auTtov n dtadpour tou dwtog Ba eivat StadopeTikr. Oa xeL

OUVOALKO pfkog 2/ érou [ = | d° J{%j .

At, (6.1)

To dwg €xeL TNV dLa TaxUTNTA yLa OAOUC TOUC tapatnenTeC. O xpo-
VoG Tou Xpelaletal to ¢we yla va Slatpefel autn tnv anootacn Oa

elvat
2.|d* +(UA[J
A=l 2 (6.2)

C C

Moo ox€on ouVOEEL TIG SUO XPOVIKEG SLAPKELEC TOU (8Lou dpalvopévou
OMWC YlveTOL AVTIANTITO o Toug SUo SLaPopPETIKOUG MAPATNPNTEG;

AUvoupe to cuotnua twv (6.1) kat (6.2) wg mpog Ar anaAsidovtag to
d kol Bplokoupe:

At
At = 0

V1-u?/c? (6.3)

BAémoupe O0tL Ar>A7, dnhadr) 6TL TOo i6L0 Pavopevo £xeL SLadopeTikn
Suapkela yla kaBéva amnod Toug Suo MapaTnPNTEG.

‘Eva yeyovog mou cupfaivel péoa o’ éva cloTnua avadopds >’ To
omolo Kleltal wg mpog éva cloTNUa avadopag = EXeL LeyaAUTEPN
SLapKela yla €vov apatTnENTr oV Elval aKivnTog 0To = ar’ OTL yLa
€Vav TTapaTNPNTA OV £lval akivnTog oto X
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To ouumépaopa auto kablepwbnke va Aéyetal SLacToAn Tou Xpo-
vou.

KaBe adpavelako cuotnua €xeL Tov L&LOXpovo tou. O 18Loxpovog
TOU adpavelokol CUCTAUOTOC lval 0 XpOVOG TTOU HETPAEL Eva POAOL
0KLVNTO W¢ TtPo¢ To adpavelakd cuotnua. Av cuyxpovicoupe duo ma-
vopoLOTuTIa poAdyLa Kal oThn cuvéxela BEcoUE O Kivnon To éva amo
OUTA, TO KIVOUHEVO poAOL Ba mnyaivel iow o€ oX€on UE QUTO TOU
Bewpnoape akivnro. O xpovoc, Aownov, Sev sival amolutoc. E€aptatatl
amno TV ToxUTNTA KE TNV omola éva adpavelakd cUOTNUA KLVELTOL WG
TPOG KAmolo aAAo. Me aAAa Aoyla e€aptdtal and tnv MEPLOX TOU
XWPOXPOVOU OTNV omoia PPLOKOUAOTE.

OAeg oL SLadikacleg - PUOLKES, XNULKEG, BLOAOYLKEG - TToOU cupPai-
vouv o’ €va cuotnua avadopdg mou Kweltal oe oxéon W éva ailo,
TIou Bewpeital akivnto, LETPOULEVEG LLE POAOYLO TOU OKLVNTOU CUCTN-
MOTOG, CUVTEAOUVTOL TILO apyd Ao TLG avTtioTolxeg mou Ba cuvePal-
VaVv 0TO oKivnto cvotnua. Eav petpriooupe Y’ éva poAol tng Mg to
puUBUO UE TOV OTtolo KTUTIA N Kapdld VoG aoTpovautn 0co BplokeTtal
otn I Katl Petd pe to i6lo poAdL tnv wpa mou talldevel Ba Bpouue
OTL O0tav Tagldevel n KapdLA TOU KTUTIA PE apyoTepo pubuo. O idlog o
Q0oTPOVAUTNG, OUWG, & VIWBOEeL Kapia aAlayr).

Napadeyua 6.1

‘Eva tpévo tagidevel pe taxvtnta v =108 km /7 =30 m/ 5. Evag emi-
BATNG TOU TPEVOU, TIOU OKOUEL €val TPAYOUSL, KTUTIAEL T XEPLA TOU
TPOOTIABWVTAG VO KPATHOEL TO pUBUO. o Tov emBatn o xpovog ava-
ueoa oe duo dladoxikd xtuniuata eivat Az,. Nécog Ba eivat o xpovog
QUTOG Lo VAV TOPATNPNTH TIOU OTEKEL aKivNTOG 0TV anofabpa;
Amovtnon:

]
At =
/0,99999999999999

To Af glval MPOKTIKA (00 pE TO Af, . ITO OPLOL TNG TIPOAYLOATLKOTNTOG
niou Loupe Sev elvat avtiAnmti n SLaoToAr Tou Xpovou AOyw TG Kivn-
oNg €vO¢ ouoTNUAToG avadopdg os oxéan Ue Eva AAAo. H maylwpévn
avTiANy pHog OTL 0 Xxpovog ival amoAuTog ival amoAUTwS SLkoloAo-
YNUEVN, 600 OL TOXUTNTEG LE TLG OTIOLEG KLVOUVTAL TO CUCTAUATA Qv
dopag pag eivat oAU PLKPOTEPEG TNG TaXUTNTAS TOU PWTOG. Av TpEvo
Tou mpoPAnpatog tatideve pe TaxvTnTa

u=05c Banrav Ar=1155Az

av n toxVTNTA ToU ATV

u=09c Banftav  Ar=2,294 A1,

evwav u=099¢ Banftav Ar=7,089 Az,
O mapatnpntig otnv anofdabpa umoBETEL OTL 0 eMIPBATNG TOU TPEVOU
OKOUEL Eva TpayoudL pe TTOAU Tto apyo puBuo.

At,

Jupdwva pe tn oxéon (6.3)

ITO HOKPOKOOUO, TOXUTNTEC CUYKPLOLUEG UE TNV TOXUTNTA TOU dw-



193

TOC elval aduvaTteg yla ta onuepva dedopéva. To moood NG EVEPYELAG
TIOU QUTOLTELTAL YLO VO ETUTOXUVOUUE £va SLaoTNUOTMAOLO 6’ QUTEG TLC
TaxUTNTeG €ival dtoekatoppvpla dopég peyaAlTeEPO amod aUTO TOU
xpnotuomnoLeital yia va tebel o tpoxLa éva Sltaotnuiko Aswdopeio.
H &taoTtoArn tou xpovou map’ oAa autd €xel emiBePfalwbdel melpa-
poTikd. To 1972 eMLOTAUOVEG CUYXPOVLOOV OTOULKA pOAOYLA KALlGLou,
nou éxouv akpifeta 1/10" 5. Kamowa amd ta ouyxpoviopéva poldyla
Ta mnpav poll toug os éva peyalo talidt pe asplwbBolpevo aspomAad-
VO VW Kamola dAAa ta adnoav otn M. Emotpédovtag otn M ta po-
Aoyla tou tagideav mapouaciacav tnv MpoPAenopevn anod tn Bsw-
pla TNG oxeTkOTNTAC Sladopd TN LETPNON TOU XPOVOoU Tou Ttaldlol
0€ OXE0N HE aUTA Tou EUELvay ot M. Ma tnv otopia avadEépoupe OTL
n Stadpopd Arav g Tagng Twv 10 s (1 1s),
AAAN melpapatikn emuPefaiwon mpogpxeTal amo TN UETPNON TOU
XPOvou SLaoTmaong Twv poviwy. Ta pdvia (1) elval aotadn cwuorti-
SLa mou mapayovtat 0tav Kooplkn aktwvoPoAia BouPapdilel ta avw-
TEPA OTPpWHATA TNG atpudéodatpag. H péon didpkela {wng Toug elval ) )
-6, . . . . To CERN eival eykateatnuévo
7,=2.2x10"s 6tav 0 XpOVOG HETPLETAL WG TTPOG EVAL CUOTNHA QVO- 450 526 oy Tevedn xai ypnua-
dopdg OmoU T ULOVLA NPEUOUV. Tl ULOVLOL KIVOUVTOL UE TOXUTNTA  rodoreitar and i to cvopo-
TIou mpooeyyilel tnv taxvtnta tou dwtdc (0,99¢). AKOUN Kal e pa.  7eixd kpdzy. O kékkivog Ki-
tétola taxUTnTa, otn Stdpketa TG {wAE TOUS SLavlouy Tiepimou 600 <#0€ ot pwtorpapia deiyver
™y Qéon €vOog vmoyEIov EMITO-
m. Eivat Aoumov mapadoo To yeyovog OTL aviXVELOVTAL APKETA HLOVLOL  yuvr/ swuaridiov
otnVv eripavela g Mg £xovtag dLovUoEL APKETA XIALOUETPA OO TO  Eikévae 6-4.
onueio mopaywyng Toug otV avwtepn atpoodatpa. To mapadofo ai-
PETAL OV CUVUTIOAOYLOOUUE TO PatvOUEVO TNG SLACTOANG TOU XPOVOU.
Ma €vav mapatnpenth otn M o péoog xpovog Lwng evog poviou Ba
z-()

J1-(0,99¢)’ /¢

To Xpovo eni tnv taxvtnta 0,99¢ Bplokoupe OTLTA pLOVLIA TTPLY SLooTta-
oBouv Slavuouv katd péco 6po 4800 m. Aev gival, EMOUEVWC, TTAPA-
600, TO OTL APKETA HLOVIa dTAvouv oTnv emtpaveLa TnG MC.

To 1976 oto Eupwmaikd Kévtpo Mupnvikwv Epeuvwv (CERN), otn le-
VEUN, EMLOTAHUOVEG ETUTAXUVAV HLovia o€ taxutnta 0,9994¢ kot pétpn-
o0V TO W€D XPOVo {wn¢ Toug. To amoTEAECUO E6WOE YLA TOL KIVOUUEVA
HLovia péoo xpovo wng 30 ¢popEg HeyaAUTEPO Ao AUTOV TWV OKivn-
TwV, 0w MpoéPAeme n ldikr Bewpla TNG OYXETIKOTNTAG.

-6 ' ’
~16x10 "5 . Av mOANQTTAQCLACOUE QUTOV

glval 7 =

(6.6.) H Zxetikotnta tov Mkoug

Onwc¢ to Xpovikd dtaotnua mou pecolafel avapeoa og duo yeyo-
vota e€aptatal amo To cUoTNUA avadopAs OO TO OTOL0 TO UETPALE,
Kal N anootoon avapeca o duo onuela e€aptatal and to cLoTNUA
avadopdg Tou mapaTnenTh.

A¢ KAvoupe TAAL €va vonto Melpapa, XPNOLUOMOLWVTAC TO TPEVO
NG mponyouuevng mapaypddou (oy. 6.5).



‘Evag xapakag £xeL TomoBetnOel péoa oto tpEvo otn SlevBuvon Ki-
vNonge. XTo éva AKPO TOU XAPOKO OTEPEWVOUUE HLa TINYR GWIEWVWV
avaAaunwy evw oto aAAo dkpo évav kaBpédtn. MNa tov mapatnpntn
Tou TagldeVEL HECO OTO TPEVO O XPOVOG TOU XPELAleTal pia GwIELWVN
OVOAQUTIH YLO VAL ETILOTPEYEL GTNV TINYH AVAKAWUEVN 0TOV KOBpEDTN

Oa sivat

Omou /, To HAKOG TOU XAPOKO OTIWE TO avTIAaBAVETAL O TapaATNPN-

TG TOU TPEVOU.

Ma tov mapatnpent oto otabuo, To dwe EeKvwvTag anod tnv rnyn,
yla va ptdoel otov kaBpedtn dtaviel andotaon o =/ +ulf kot yla
va eTotpEPEL oTnV inyA andotacn d =/ —uAz, énou / to uiKkog Tou

(6.4)

Xapaka 6w To avtliAapBavetal o mapatnenTig.

To pwg dradidetal pe tnv dLa TaxvTNTA KAl OTIG SUO TEPLMTWOELC.

Emopévwg pmopoupe va ypaoupe
d =cAt, KoL

Ko [ —ult, = cAt,

1

o\ [ +ult, = cAt,
Qo TLG OTIOLEG TIOLLPVOULLE

At =

1

c—u

O OUVOALKOG XpOVOG OTOV OTIOL0 TO PWE SLATPEXEL TNV QOO TACN TINYN

- KaBpEdtnc - mnyn Ba eivatl:

At = At +At, =

KOLL TEALKQL At =

AT Tig (6.3), (6.4) kat (6.5) Bplokoupe

kot A, =

c(1-u?/c?
( )

(6.5)

(o) Evog @wteivog mwaiuog
EKTEUTETOL OTO W10 THYH TOD
ppicketar octo GKpO €VOS YO~
poka, avakidator omo Eva
kalOpéptn mov Ppicketar oto
GO  GKpO Kal EMIOTPEPEL
otnv Tnyn. (B) H xivyon tov
PWTEIVOD TOAAUOD OTWWS TOV
Prémer Evag mapoTnpntig oTo
2. Orwg gaiverar oto oyn-
no, n aroorocny wov tolideveEl
0 TOAUOG yla VO QTACEL GTOV
kalOpéptn eivar peyaivtepn
Katd tnv mwoocdtnrta uli, and
70 unxog (1) tov yapoaxa oTwg
0 avtidlaufavetrar oavTog.

Xynpa 6-6.
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Z:Z 1*—j
0 e (6.6)

BAEmoupe OTL TO UAKOG (/) OV METPAEL O TOPATNPNTAG TIOU Elvat
akivnTog 0To oTabuo Eival KPOTEPO ATtd TO MAKOG (/ ) TOU HETPAEL O
TapaATNPENTNG Tou BplokeTal oTo TPEvo. To GaLVOUEVO QUTO TO OVOUA-
{OULE «OUOTOAN HAKOUGY.

To UAKOC EVOC OVTLKELLEVOU OTIWG UETPLETOL OTO cUOTNUA avodopag
w¢ P0G To omoio npepei (to /, oto melpapd pac), ovoudietal Léloun-
KOG TOU OVTLKELMEVOU 1 LAKOG NPEULAG.

Amnodei€ape 6tL unkn o dtevBuvon mapaAAnAn otn dtevBuvon TG
OXETIKNG Kivnong Suo adpavelakwV cUCTNUATWY avadopdg CUCTEA-
Aovtal. AmodelkvUeTaL AKOUn OTL Urkn KaBeta otn dtevBuvaon TG Ki-
vnong &g cuotéAAovtal (o). 6.7).

ESw ailel va onuelwooupe OTL 0TNV TPAYUATIKOTNTA O CUOTEA-
Aetol To (610 To avTikeipevo, aAAd n LETPNON TOu amod éva aAAo oU-
otnua avadopadg. Eival o xwpog mou mapapopdwveTal Kal OxL TO
OVTLKELEVO, OTIWG EMioNG elval 0 XpOvog mou mapapopdwveTal OTOV
BplokoupEe OTL KATIOLOL POAOYLA TINYQLLVOUV TILO apyd Kal OxL Ta iSta ta
poAoyla. Ot umoAoyLlopol pag 6€ LETpNoAV MAPAUOPPWOELG AVTLKEL-
HEVWV 1 yeyovOotwv oAAG SladopeTIKEG CUVONKEC TTOU ETILKPATOUV
oTIC SLAPOPEC TTEPLOXEC TOU XWPOXPOVOU.

Mapadeyua 6.2

A¢ umoBéooupe TAAL €va TPEVO ToU TafLdeVeEl pE TOXUTNTO
u=108km/h (30 m/s). ‘Evag emBATNG TOU UETPAEL, UE LA UETPO-
Tawia, To pRKog Tou Bayoviou oto omoio Bploketal Kal Tto Bplokel 25
m. Néoo Ba gival to pukog Tou Bayoviol yLa mopatnenTH okKivnTo oTo
otabuo;

Amovtnon :

Jupdwva pe tnv e€lowon (6.6)

2
u

5= (25m)-\/0,99999999999999 =25m

I=1,[1-

O akivntog napatnentng Bpiokel otnv oucia, / = /,. H maylwpevn pog
avTiAnyn ywa To avaAlolwTto Tou PAKouG eival amoAUTtwe SikaloAo-
YNUEVN GO0 Ol TAXUTNTEC LLE TIC OTIOLEC T CUCTAHATA aAVOPOPAG LG
glval TOAU ULKPOTEPES TNG TaXUTNTAS TOU PWTOC.

AG UTtOBECOUE OTL AVTL YLOL TO TPEVO TOU TPOPBANUATOC EXOUE Eva SL-
aoTnUOmAoLo Tou Taldevel pe taxutnta « = 0,5 ¢ kal o emPATng TOU
TIAAL LETPAEL TO UAKOG TOU Kal To Bplokel 25 1. Noco Ba to €Bploke o
aKivnTog TapaTNPNTAG TG M;

L =1, [1-2 =(25m)-0,866 = 21,65 m

1
C

<—>
1,4 cm 0,84 cm
() ®)

(o) Kvfog arivintosc wg mpog
tov mapatnpntn. (B) O idiog
KOBOC KIVODUEVOS UE TAYDTHTO
u = 0,8c wg wpog t0V WOpPOTN-
pnti.
Zyfqpa 6-7.
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av to dtaotnuomnAolo tagideve pe tayvtnta = 0.9 ¢
Bantav /, =/,-0,436=10,9 m

evw av taideve pe taxvtnta « = 0,99 ¢

0 koG tou Ba Atav PoA /, =/, -0,141=3,525 m .

(6.7. ) Metaoxnpatiopoi Lorentz

IT1g mponyoLueveg duo mapaypadouc deifape OtL n HETPNON TOU
LNKOUG Kol Tou xpovou ¢ Sivel ta (bla anoteAéopata yla duo mapa-
TNPNTEG IOV €ival akivnTol w¢ mpog Ta cuoTtuata avadopdg Toug, av
To cuoTnua avadopac Tou evog (X') Kveltal He TaxuTNTA U WC TTPOG
To cuoTtnua avadopdg Tou aiAou ().

XpeLlalOUAOTE KATIOLOUG «KOWVOVEG» TIOU Val HeTaoxnuatilouv tnv
ELKOVA TNC TTPOYHATIKOTNTAG TOU EVOC TAPATNPNTH OE OLUTAV KATIOLOU
AaAAou. Mo cuyKeKPLUEVA XPELO{OUAOTE KATIOLEG OXECELG LETOOXNMO-
TLOMOU, OUTWG WOTE Ol LETPHOELG TIOU KAVEL O TTOPATNPNTAG OTO X val
elval amodektég oto X KoL avtioTpoda.

AG UTIODE00UE OTLTO X KIVELTAL WC TTPOG TO X apAAANAQ TTPOG TOV
afova Twv x Kol OTL TN Xpovikn otyun 7 = 0 ta Vo cuoTAuaTa Tau-
Tilovtal (o). 6.8). Eva onueio K Ba €XeL WG TPOC TO X CUVTETAYHEVEG
(x, ¥, 2) KAl WG P0G TO X" CUVTETAYUEVEG (¥, 1, z'). Tta To x Ba LoxUEL
X =ut+x’. OpWG UWAAQUE yla €va x" Omwe to PAETEL O MOPATNPNTAG
TOU X Kal 0L Omw¢ to BAEMEL 0 mapatnenTAg Tou = dnAadn, cuve-
OTOAMEVO.

x X!

A4

=
=3

ut

Xyfqpa 6-8.

Ma va to Eexwpilovpe Ba to ocupPoAilovpe *; . Mo cwotd AoLmov
x =uf+x; . Metagly touv x; KoL Tou x’ LOoXUEL n oxéon (6.6) 6nAadn

2
x=ut+x’,/l—% (6.7)

u’
x; =x"[1-

2

c
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, i , ; X —ut
AUvovtag wG TPOG X' IPOKUTTEL X' = ———rr (6.8)

{— uﬁ

2
Mo ta v, 2 Ba oxlel v =y (6.9)
KoL z=z (6.10)

‘EtoL av o mapatnentig tou = StafLBdacel o’ autdv Tou X" OAEG TOU TLG
METPNOELS (X, , z, 1, [) TOTE O MAPATNPNTAG TOU X" pmopel va BpeL Tn
B€on tou K xwplig va KAvel SIKEG TOU LETPHOELG.
Kavéva adpavelakd cuotnua 6e pmopel va Bewpnbel amoAutwg
okivnto. Onwg BewpnoapE TO X 0KIVNTO KOLTO X" KIVOULEVO LLE Ul UTTO-
\ , > od > . o .
poupe Gz::wpncou!u-: 0 I’ akivnTO KaL TO X KWOUUEVO UE -u (?a MPE- 4 Lorentz (1853-1928),
TLELAOLTIOV VO LOYUEL KA TLALAL [LLOL OXEON ATOAUTWE CURUETPKA LE TNV 017 4vd6c kopvpaioc Oewpyti-
(6.7). AvtikaBlotwvtoag otnv (6.7) TOUG TOVOURLEVOUG XAPOKTAPEG UE k6 pvoikdc. O Lorentz eiaij-

1N TOVOUHEVOUG Katl avTioTpoda KoL TNV TAXVUTNTA 1/ UE -1/ , TIPOKUTITEL  V#VE TOVS UETAOXNUATIONO0DS
tov to 1890, mpokeiuévon va

” Jdraocoer tnv Hlextpouoyvn-
x =—ut'+x,/1- Tikn Qewpio tov Maxwell wov
c” 0EV VTAKOVE GTOVG UETOTYN-

AvTikaBLoTWVTOG TO X' UE TO {oov Tou amod tnv (6.8) kat AUvovtag wg  Aattouois tov T'alilaiov. O
, . Einstein ntav o mpwtog mwov
TPOG 7" KATAARYOUUE . .
R KaTavOnoe 1 QUOIKN TOVGS ON-
¢ t—ux/c” pacio to 1905.

1_£ (6.11] Ewkova 6-5.
\} Cz

O e€lowoelg (6.8), (6.9), (6.10) kat (6.11) ovopalovtal HETAOXNUATL-
opot Lorentz amé to 2 oto 2. Toug mapaBETOULE CUYKEVTPWTLKA, Hall
LE TOUG QVTLOTPOPOUC LETAOXNUATLOUOUG (0o To X 0TOo ).

= X—ut | & AnotoXotol’ = X'+ut’
2 2
1- 1——
CZ CZ
y'=y =y’
z'=z z=2z'
,_z‘—wc/c2 _t'+ux’/c2
- e
_CT Ano Y oo X — _c_z

BAémoupe oOtL otav u {{¢ ol peracynuoatiopol Lorentz Sivouv
x'=x—ut, y=y, 2=z, t'=t, 6NAabA CUUTILITOLV HE TOUG PETO-
oxnuatlopoug tou MaAtAaiou.

Entiong BAEmoupe OTLTO X €€0pTATAL KOL OTTO TO / KOL TO 7 ATto TO .
YtV 8Lk Bewpla TNG OXETLKOTNTOG O XWPOG KaL 0 XpOvog eivat aAAn-
AévbeToL. MIAQUE TiLA YL XWPOXPOVO.
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To Tautdxpovo Kat N Oswpia TG IXETIKOTNTAG

A¢ untoBéooupe 6tL Suo yeyovota cupBaivouv TauToxpova yLo Eva
TIapATNPENTN aKivNTO W¢ MPOC To cUoTNUA X" 0TI OE0ELg (xl v/, z/, tl')
Kall (xz’, Vos Zyy by ) Oa cupPaivouv TauToxpOoVA Kal yLa EVOV TapaTh-
pNTN akivnTo wg mpog To %;

JUpPwva pE Toug avtiotpodoug HeTaoXNUATIONOUG Lorentz (amo
T0 X" 070 X) n Xpovikn oty ou Ba cupPet To yeyovoc | ya tov ma-

’ 4 2
t/+ux//c

patnpnth tou = Ba eivaw 7, = KalL N XPOVLKA OTLlyUn mou Ba

, ) , t, +ux, /c?
oupPet to yeyovos 2 Ba glvat 1, = ——————-

(S}

O xpovo¢ mou pecoAdfnoe avapeca ota duo yeyovota yLa Tov mo-

At +ulx’/ ¢
patnenth Tou  Ba sivat Ar =1, — 1, = # (6.12)
[— u;
c”
Av Ta yeyovota €lval TAUTOXpOVA Yla TOV TOPATNPNTA Tou X' TOTE
Ax’/c?
At"=0, onote Af = % =0
u-
1- 2
.

AUTO onpalvel OTL yla Tov tapatnentr mou Bploketal oto X ta ye-
yovota dev elval tautoxpova. BéBata av ta yeyovota cupPaivouv oe
ULKPA amootaon HETAED TOUC WG TTPOG TO X KALTO = KLWVE(TAL e TayV-
TNTA TTOAU HLKPOTEPN TOU C WG TIPOG TO = To Af €lvail TTPAKTIKA Undevi-
KO KOlL TAL YEYOVOTA TAUTOXPOVA KAl WG TTPOG TO 2.

Mapadeyua 6.3

‘Eva HaxnTLko agpomAavo Kiwveital pe taxutnta 680 m/s (SumAdoia
NG TaXUTNTAG TOU NXou). To agpomAdvo €xel pRkog 20 7. O TAOTOG
avTiAapBavetal tTautoxpova Suo eKPREELG, pLa amd To pUYXOC TOU ae-
POTAGVOU KOl [La oo Thv oupd. Me mola Stadopd xpovou avTiAap-
Bavetal Tig ekpgeL Evag mapatneNTAG akivntog otn n;

Amavnon:
‘Evag mapatnpntig Ba «dew» tig AdueLg pe xpovikn dtadopa
B ulx’/ c* B 680-20/9-10"

- u; | 680

c 9.10'¢

At

=0,00000000000015 s

H Stadopd auth elvat mdpa moAU pikpr kat 6€ yivetat avtiAnmrn.
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(6.8.) Metaoxnuotiopoi Taxutitwyv
Lorentz

‘EoTw OTL 0’ €va CNUELO TOU CUCTAUOTOCG CUVTETAYUEVWY 2 Bploke-
TOL €VOL CWHO IOV PeTatomniletal, Kivoupevo otn dteuBuvon tou ago-
va Twv x. Mo évav mapatnpnti akivnto oto X o Xpovo Al To cwua
peTakvnOnke katda Ax. Evag moapatnpntig akivntog oto X  avtlAau-
Bavetal OTL To yeyovog SLapkeoe Xpovo Ar’ Kal OTL N LETATOMLON ATOV
Ax".To X', OpwG, Kveital pe toxutnta © mtapdAAnAa otov afova Twv x.

. Xx-—ut o t—ux/c?
, , x'= - = ——
ATIO TIG OXEOCELG u” Kol u”
I 2 1- 2
c c
— At —ulx/c?
Ay’ — Ax —ult A=

€UKOAQ TPOKUTITOUV | 2 Ka . u?
¢ ¢’

KOlL YLOL OTOLXELWOELG LETAPBOAEC

dx —udt . dt—udx/c?
= dt' = ——MM—

- 2 KOl 2
u u

- -2

C C

H taxvutnta o’ Tou Kivntol wg mpog to X Ba sivat

dx’

U,_@_ dx —udt
dt”  dt —udx/c?
dx
E_u
n v u dx
1-———
¢ dt

, dx , , . ,
Opwg " = €lvat n TaxVLTNTA TOU KvNToU OTWG TNV avTiAapBavetal
t

mapaTnENTNG Tou 2. EMopévwg, n teAeutaia oxéon maipvel tn popodn

v—u

e (6.13)
I—TU
i

H oxéon autn ekppalel Tnv TaxUTNTA 0 TOU KWVNTOU, WE TPO¢ To X,
O€ oUVAPTNON HUE TNV TAXVUTNTA TOU » WE TTPOG TO CUCTNUA 2.

gt
Avtiotpoda, noxéon | v = % (6.14)
1+ TU’
C

ekdpalel TNV TAXUTNTA 0’ TOU KIVNTOU, WE TPOC TO CUOTNUA X O OU-
VAPTNON KE TNV TaXUTNTA TOU WG MPOG TO 2.
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MapatnpoUpe OTL OTAV OL TAXUTNTEG v KoL 2 TIOAU PLKPOTEPEG OO ¢
Ba elval v~ —u KOl L=~V +u OTIWG TTPOBAEMOUV Ol HETACXNUATL-
opot tou MAtAaiou.

AKOUN, O6Ttav L =c¢ MPOKUTTEL U'=¢ KL, avtiotpoda, otav U =c¢
TIPOKUTTEL L = ¢, SNAadn dTav Eva CWHA KWVETAL LE TNV TAXUTNTA TOU
dwWTOC N TaAXVUTNTA TOoU €lval n dLa yLa OAa ta adpavelakd cuoTHUATA
avadopac. To cupnépacpa cupdpwvel pe tn debtepn mapadoxn tng
€181kN¢ Bswplag TNG OXETIKOTNTAC.

Mapadeyua 6.4

‘Evag mapatnentig otn M BAEmel duo Staotnuomiota A, B va Ki-
vouvTal tavw otnyv dla euBela, pe taxvtnteg 0.8¢ kat 0,7¢, avtiotol-
XQ, avtiBetng dopag. (oy. 6.9). Me Tt TaxvTnTA Kveital to B wg mpog
TOA;

Amdvtnon:

JUUPwWvVA HE TOUC HETACXNUOTIOMOUC Tou laAthaiou o TLAOG-
To¢ Tou A Ba €BAeme to B va mAnoldlel mpog autov UE TaxutnTa
0,8¢+0,7c=1,5¢ . H tax0tnta autn givat peyalltepn anod tnv ta-
XUTNTA ToU PWTOG Kal EPXETAL O oUYKPOUON UE ThV mapadoxn otL
Tirmote Sev KWeltal Pe toxuTnTa peyaAutepn tou ¢. Ag SoUUE TL tpo-
BA€mouv ol petaocynuatiopol Lorentz. Av Bewpriooupe cav = tn n
kal oav =" to StaotnuomAolo A, n taxutnta tou B wg mpog to A Ba
Slvetal amod tn oyéon 6.13 dnAadn
v = L, —U

l—lu
2’
Av Bewpriow tnVv TaxvTNTO TOU A WG TPOG TN M BTk Ba éxw 1 = 0,8 ¢
kat v, =—0,7¢ onodte
—Uu

v, = BT KL TEALKG,
1-—=u,
_O )_08]

v} = o’;C» 2 —0,9¢
1-—25(-0,7¢)

c

Mapadeyua 6.5

AtaotnuomAolo mou Kveltal pe taxvtnta 0,6¢ wg mpog tn M ekto-
gevel mupauAo pe taxvutnta 0,5¢ w¢ Mpog auTo, Kol e KatevBuvaon
(6La pe TNV katevBuvon g taxvTNTag Tou StactnuomnAolou (oy. 6.10).
Mota n TaxuTnTa Tou IupavAou wg tpog Tt n;
Aravinon:

JUpdwva UE TOUG PETaoXNUATIOMOUS Tou laAlAaiou, o tapatnpn-
¢ otn M Ba €BAeme Tov MUPAUAO VA KLVELTAL LE TNV TAXUTNTA TOU SL-

y
0 X
yV
A B
¥ETD et
— <+—
0,8¢c 0,7c¢
0 x'
Xyfqpo 6-9.
y
0 X
yl
D
—_
0,5¢

yfqpo 6-10.
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00TNUOTIAOLOU GUV TNV TAXUTNTA TOU WG PO To StactnuomnAolo &n-
Aadn 0,6c+0,5¢=1,1c.Htayvtnta autn eival LeyaAUTEPN Mo Tnv
TaxUuTnTo ToU PwToG. To ATOMO QlPETAL AV XPNOLUOTIOL)COUE TOUG
petaoxnuatiopoug Lorentz. Av Bewpricoupe oav X tn M kat oav X’ 1o
StaotnuomAolo n TaxvtnTa Tou TupavAou wc tpog tn M Ba Sivetal
amno tn oxeon 6.14. Elvatl SnAadn

v _ven OTMOTE L :M:O,%c

1+ v 14 %0¢0 5

C C

[6.9.) H Zxetikiotikny Opun

20pdwva pe TNV apxn Slatipnong tng oppng, N oppn CUCTHKATOG
U0 N MePLOoOTEPWY CWHATWYV Slatnpeital otabepr), av To cUOTNUA
TWV CWUATWV EVaL AMOUOVWHEVO.

Mtia cuvnBlopévn epapuoyn TN apxngs dLatripnong tng opung eivat
n mepintwon tng kpouong SUO CWHUATWV.

X
y y y
—> < «— —>
v, D, Uy Dy
© O o © O
0 X 0 X 0 X
o
y' y' u y'
BT v, o
© O Qo o O
0 X' 0 X' 0 X'
Xynpa 6-11.

Ag untoBéooupe OTL Suo cwpaTta KvouvTtal tapaAAnAa pe tov ago-
VO TWV X TOU CUOTAMOTOC X HE TaXUTNTES V), KaL U, (o). 6.10) kal ou-
ykpouovtal. MeTd tnv Kpouon Ta cwpata Ba xouv TaxUTNTEG V), Kol
v, , avtioToa. ZUpudwva PE TNV apxn dlatripnong tng opung Ba toxv-
gL MU, —IL0, = NL,0,, — 0, . O 8elkTEG (77, /1) TTIOPATIEUTIOUV OTO
«OLLECWE TIPLV» KAl OTO KAUEOWE LETA» TNV Kpouon.

A¢ apatnprnooupe thy (dla kpouon amo éva cuoTNUA avadopag
> IOV KIVeltal Pe TaxVTNTO U WG POC TO . OL TAXUTNTEG HE TLG OToL-
€¢ Ba avTIAQUBaVOUAOTE Va KIVOUVTOL TO CWUATA TPV KOL LETA TNV
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kpovon Ba eivaw v/, v, v/, L], , TOL blvovtalL Ao TN CXEON Me-
TOoXNUATIOHOU TaxutAtwy tou Lorentz (6.13). Av untoAoyilooupe tnv
0PN TOU CUCTAMATOG UE BAoN TIG TIMEG QUTEG, Ba SLATILOTWOOUUE
OTL yla To obotnua X' n apxn Slathpnong tg opung, Ke tn popdn
mou yvwpiloupe, Sev LoxVel. Ouwg ot vopol tng Ouotkng Ba Empene
va LoxUouv UE TNV 0Lla pabnuatiky popdn yla 6Aa ta adpavelokd
cuotAuata avodopac.

MPETMEeL, EMOUEVWG, VO OPLOOULE TNV OPHUN LE TETOLO TPOTIO WOTE N
apxn dLatpnong TN OpHNG Vo LOXUEL KOL OTLE TIEPLITTWOELG OTLG OTTO(-
€C epapUOlOUE TOUC HETOOXNUATIOMOUG Lorentz.

H amaitnon autr) LKaVoToLEiToL OV OPLCOUE TNV 0P CWHATOG HA-
{ag m mou KLveltal pe TaxuTNTO v UE TN oXEon:
mo

P=—F—— 6.15
Vi-v°/c” ( )

(OXETIKLOTIKOG OPLOUOC TNG OPUNAG)

Napatnpnoeig

1. Me TOV OXETLKLOTLKO OPLOUO TNG OPUNG e€aodaliletal n LoxXUG TNG
apxng dlatrpnong tng opUnG yLot OAa T adpaVvELAKA CUCTHUOTO
avadopdac.

2. Otav n taxVTNTA TOU CWHATOG » ElVaL TIOAU ULKPOTEPN TOU ¢ TIPO-
KUTTTEL p = 71 L. BAémoupe, SnAadry, OTL 0 mPonyoUUEVOC KAQGLKOG
0PLOMOG TNG opung Sev Katapyeital, omAwG amoteAel po el6Lkn
TEPLMTWON TOU OXETIKLOTLKOU OPLOMOU.

H OXETIKLOTIKI opun €lval YEVIKA LeYaAUTEPN TNG KAQCLKNAG.

4. 'Otav n taxVTNTA TOU CWHOTOC TEVEL OTO ¢ N 0PI TOU TElVEL OTO
anetpo. (oy. 6.12).

5. To péyeBog m tautiletal pe autod mou AEPe pala oTn VEUTWVELL
UNXOVLKA Kol ekppalel kot 6w TNV adpAvVELX TOU CWHOTOC. ITn
OXETLKOTNTA TO OVOUALOUUE pHala NPENLOG TOU CWUATOC.

6. EdoOoov n opun Sev elval ma avaioyn tng taxUTNTAC KoL 0 PUBUOG
petaBoAng tng opung, SnAadn n duvaun, & Ba sival avaloyn pe
TO pUBUO peTaBoAng tng taxutntag, SnAadn tnv enttayuvon. Eival
davepo O0TL, 000 AUEAVETAL N TOXUTNTA EVOG CWHATOG, N ETLTAXUV-
on mou odeiletal oe pLa Sedopevn SUVANN CUVEXWG UELWVETAL.
Otav n TaxUTNTO TOU CWHATOC TEIVEL OTO ¢ N EMITAXUVOT) TOU TELVEL
0TO UN&Eév. AuTO onuaivel OtTL N taxvTNTA Tou GWTOC Eival N avw-
tepn Suvatn taxvtnta otn puon.

(6.10.) IXETLKLOTLKNA EvEpyeLa

‘Eva amo ta ormoudaldtepa cupnepacpata tng L8NG Bewplag tng

p ZYETIKIGTIKT] OPUN|

0 C )
Hopoatnpovue 6t1 yio v<<c o1

0v0 KaUTOAES TPOKTIKG OU-
UmizToov.

Xyfqpo 6-12.
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OXETIKOTNTAG £lval Mw¢ éva ocwpa palag npepiag 72 mou Kwveltal pe
TaXUTNTO 1 EXEL EVEPYELQ

2

mc
2 2
NJl-v/c

Tnv evépyela autr) € PmopoUpe va tn OewpnOOUE LOVO KIVNTLKA.
Av Béooupe o6mou v = () Bplokoupe £ = mc” kat dxtL E = 0.

E= (6.16)

To OGO EVEPYELAG 71¢° TIOU KOTEXEL £vVa CWUA 6TV NPEUEL TO
OVOLA{OULE EVEPYELA NPEULAG TOU CWHATOG.

H evépyela npepiog sival éva mooo eVEPYELAG TIOU CUOXETLIETAL
HOVO UE TN pala npepiag tou cwpatog. Me aAAa AdyLa, pLa Tocotnta
paag 7 LooSuvapel Pe éva ood evépyetag 7 ¢ NMiyaivovtag To GUA-
AoyLopO éva Brpa Tio Tépa Aépe OtL n palo Kal n evépyela ivat Suo
oYeLg g dLag ovtotnTac.

Elval mapa moAAd ta melpapata Omou Eva LETPAROLUO TTOCO HAlag
e€adaviletal kat Sivel tn B€on tou o€ éva toodUvapo (m¢”) Tood evép-
YELOG KL, avTioTpoda, Eva OCO EVEPYELOG LETATPEMETAL O Hala.

Z€ LA TUPNVLKNA oxAon to dBpolopa twv poalwv npepiag twv npoi-
OVTWV TNG oXAoNg elval UIKPOTEPO amo tn pala NPEULOC Tou ap)LkoU
nuprva. To éAAetppa pdlog toANarmAactalopevo mi ¢’ Sivel To mood
NG EKAUOLLEVNG EVEPYELQLG.

Otav nmupnveg ubpoyodvou cuvdEéovTal yla va OXNUOTIO0UV TTUPHAVEG
nAtou, oxedov 1o 0,1% tng LAag TOUG LETATPETETAL O EVEPYELA. AUTO
oupBaivel ota aotépLa Kal puotkd, otov HALo. ZuykekpLuéva, n pala
Tou ‘HAlou glattwvetal pe pubud 4.5 skatoppvplo. TOVOLS TO dEVTE-
porento. Mapdho Tou
0 PUBUOC aUTOC yla Ta
Ska pag dedopéva eivat
TPOMOKTIKOG, o ‘HAlog
elvat tepaotiog. H pala
QUTH TIOU  «XAVETOLY
otov HAlo petatpemnetal
O€ €EVEPYELA. 2TO WEPOG
OUTAC TNG EVEPYELAG,
nou ¢ptavel otn M, odei-

Aetal n Swatipnon g
{wNG oToV TAQVATN KOG,

To 1932 o Apepikavog ¢uotkog C. D. Anderson (Avtepoov) avokd-
Aue nwg éva dwtévio aktoPBoAiag vy, LETATPATINKE OE Eva (VYOG
owpatidiwv. To éva Atav NAEKTPOVLO Kal To aAAo rolitpovio. To dat-
VOUEVO OVOPAOTNKE Slduun yéveon. ITo PpalvopeEVO aUTO EVEpYEL
(tou pwtoviov) petatpemnetal o UAN.

OL apyxég Slatrpnong tng KAalog Kot TNG EVEPYELAG ouvTtiBevtou
oo tn Bswpla TNG OXETIKOTNTOG OE Lo EVPUTEPN apxn dratripn-
onG naloag-eveépyeLag.

Evo gwtovio aktivoforiag y
TPOTKPOVEL & EVO NAEKTPOVIO
Kal petarpémeral o’ évo nie-
Kktpovio kai éva mwolitpovio.
To gpaivouevo Aéyetar oiooun
yéveon. Eva mooo evépyer-
o¢ uetatpannke oe 0An. Xty
pwToypapia 1 viomoinon TOL
PWTOVIOD £YIVE GE YOPO OTOD
vrapyer payvnriko meoio. To
wolitpovio éyer avtifeto pop-
Ti0 amd to NAEKTPOvVIO KO Y1’
oVT0  dLaypapEl  OTEIPOELON
poYLa  avTioTPOPNS POpPag
OO AVTAV TOV OLOYPAPEL TO
nlekTpovio.

Ewkova 6-6.
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MaOntéc evog Avkeiov ato Maiaui yroptalovv tnv eKOTOOTH ETETELO THS YEV-
vnong tov Einstein.

Ewkéva 6-7.
Eav BéAoupe va umtoAoyilooupe TNV KvNTLKN evépyela (K) tou ow-

LOTOG TIPETIEL QIO TNV OALKA TOU evépyela (£) va adalp€COupE TNV
evépyeLa npepiag (7¢°) Tou CWUATOG

mc”

K=—— —mc* (6.17)

J1-0%/c?
1 2
H oxéon (6.17) yua v {{ ¢ va Sivel K = Em v, (Na tnv anodelén tng
oxeong PAEne o). 216). BAémoupe eniong otL n oxéon (6.17) yia v = 0
Sivel K = 0. Emiong, 6tav n v TelveL O0TO ¢ N KWWNTLKN EVEPYELA TELVEL
07O dmelpo, 6nwg daivetal kat ot ypadiky mapdotacn K = /(v)
Tou oxnuatog 6.13

Mapadeyua 6.6

H pdZa tou mpwtoviou kat Tou vetpoviou ivatl,67309x 10 kg kat

1,67538x10" kg avtiotoya. H udla evog muprva Seutepiou (:H) el-
vaw 3,34451x10 7 kg. NMoon evépyela MPETEL vaL TPOOHEPOUE VIOl VL
SLawpLloouUE ToV MUpPrVa ToU SEVUTEPLOU OTOL CUCTATLKA TOU:

Anavinon:
Eav aBpolooupe TN pala Twv CUCTATIKWY TOU Tuprva Bplokoupe

OTL elvat peyaAUtepn amo tn pala tou mupnva katda A7 . YroAoyilou-
UE TO Am.

Am =(1,67309+1,67538—-3,34451)x10" kg =0,00396 x10" kg

H dtadpopd palog Hetall tnG HAlag TWV CUCTATIKWY TOU TTUPNVA Kot
NG LAlag ToU TUPNVA AVTLOTOLKEL O EVEPYELQL

E =Amc* =0,00396 ><10’27-(3><108>2J:0,03564 <1077

ZYETIKIGTIKN
KIVITIK]] EVEPYELLL

Koo

KV TIKT] EVEPYEL
0 c v

Hopatypovue ot1 yia v«c o1
0V0 KOUTOAES TPOKTIKG OV-
UTITTOVV.

ynpa 6-13.
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To neipapo emaAnBeVEL OTL TOCO €ival TO TTOOO EVEPYELAG TIOU TIPETIEL
va tpoodepBel otov muprva Tou Seutepiou yLa va SLaxwpLoTEL oTa
OUCTOTLKA TOU. H evépyela autr AéyeTal evépyela cUVSECNG TOU TU-

pAva.

Mapadeyua 6.7

‘Eva nAektpovio kwveital pe taxutnta v = 0,85 ¢. Na BpeBel n evép-
VELOL NPEULOC TOU NAEKTPOVIOU KOL N KWVNTLKI Tou evépyela oe eV. H
Hdla npepiog evog nAektpoviou eivat 7 = 9,1x10 " kg.

Amravinon:
H evépyela npepiag Ba sivat

me* =(9,1x107"kg)-(3x10°m /s ) =81,9 10757 =0,511 MeV’

s 11 Me
H oAwkn) evépyela eival E = me. - 0,5 v =0,97 MeV

\/l_uj \/1_[0,850J2
c c
H kwntikn evépyela BplokeTal av amo tnv oALkr evépyela adalpEcou-

LLE TNV EVEPYELA NPEULQG
K=E-mc’>=0,97MeV —0,511 MeV =0,459 MeV

(6.11.) 2xéon Evépyeiac - OpunG

MoAAamAactaloupe Kot SlalpoUpe Tov aplOunth tng oxéong (6.15) pe
mcv/c

J1-0*/¢?
v
AUVOUUE WG MpoG — Kal Bplokoupe
c
v V4

c onote Bplokoupe p =

c /pz +mc?
AuTO cuvemdyeTtal OtL

[ mc
I—Uz/cz =
2 2.2
\p +mc

AvtikaBlotwvtag otny (6.16) To /10’ /¢’ pe To {oov Tou Bplokoupe

E =m’c" + p2(72 (6.18)

Mapatnpolpe OTL 6TV N OpUA TOU CWHATOC Elval Lon Ke To pndév
(to owua NPepEl) EXeL evépyeLla E = m ¢’ , OTIWE AVOUEVOTOV.

Eniong, otav n pala npeplog Tou CwHATOG lvat undevikn, LOXVEL N
oxéon E = pc.
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AvopwTlETal Kavelg mwg eivat duvatov Eva cwpa vo €XeL PUndevi-
KN pala npepiog kot opun diadopn tou pundevoc. To epwtnua eivat
Baowuo povo av AaBoupe umtoYPn HoG ToV KAQGLKO 0OPLOUO TNG OPLNG
p=muv. Av Opw¢ AdBoupe umodn LOG TO OXETLKLOTIKO OPLOUO TNG

, mo . . . , . .

OpHUNG P =—F———— PBAEMOUUE OTL AV EVa CWUATIOLO £XEL UNSEVIKA
Nl1-v"/c”

pada npepiag Kot Kveital he Tnv TaxVuTNTa Tou GWTOG N 0PN LoouTaL

, , . . 0 . ,
W €va pabnuotikd anpoodloploto KAAGH 0 Ko, Tavtwg, 8ev &l-

val lon pe To undév.

H unapén cwpatidiwv pe pndevikn pala npepiag €xet emiPBefatwbel
TIELPOULOTIKA. MMPpOKELTAL VL0 CWHATIOLA TTOU KIVOUVTAL E TNV TAXUTN-
TO TOU dWTOC OMWC TOo PWTOVLO Kol TO VeTpivo. Ta cwpatidia avta
HETADEPOUV OpUN Kal eVEPYELa aAAd OXL pala, KATL TTou pog Bupilet
€vtova To KUaL.

(6.12.) Metaoxnpatiopoi Evtaonc
HAektpikoU - Mayvntikou Mediov

MexplL ebw eldape Mwg pEow Twv peTtaoxnuatiopwy Lorentz ot Ba-
OlKOl VOULOL TNG LNXAVLKAG LoxUouV Looduvapa o€ OAa T adpaveLOKA
ocuotApaTta Xwplc va mapaBLlalouv TG apxEG TNG Bewplog TNG OXETL-
KOTNTAG. TL ylveETOLl OUWG HE ToV AAAO peyalo topéa tng QuoLkAg, Tov
NAEKTPOUOYVNTLOUO;

Y€ TOAAQ GALVOUEVO TOU NAEKTPOLOYVNTIOUOU UTIELOEPXOVTAL LLE-
Y€6n 6mw¢ n taxvTNTA, TO UAKOG, 0 XPOvoC. Ma mapadetypa n Suvaun
TIOU OLOKEL €val LoyvNTIKO TeSio o€ €va GOPTIOUEVO CWHATIOLO KIVOU-
HEVO KABETO OTLG SUVAULKEG YPOAUUESG Elval [ = Bu ‘q’ , e€aptatal 6n-
Aadn apeoca and pia taxutnTa. AKOUN n €vtacn tou mediou peTagy
TWV OTMALOHWY €VOG TNESOU POPTIOUEVOU TTUKVWTH e€apTaTOL Ao
TIC SLOOTAOELG TWV OMALOUWYV KoL TN LETAEL TouG amootach. Epocov ot
TAXUTNTEG KAL TA LAKN €XOUV SLadOPETLKEG TIUEG oTa Sladopa adpa-
VELOKA cuoTtnuata kotaAaBaivoupe OtL Kot HeEYEDN OMwGg n évtaon
ToU nAeKkTplkoU mediovu i Tou payvntkou nediou Ba €xouv Stadope-
TIKA €kdpaon, avaioya Pe To cloTNUA avadopds amod To omnoio ma-
paTNPOUUE Ta palvopeva.

Elvat avaykn va BpoUpe LETOOXNUATIOUOUE TTOU VOl GUVEEOUV TIG
LETPNOELG TWV MapAmavw peyebwv amnod duo mapatnpnteg os diado-
PETLKA aSPOVELAKA CUOTAMATA. H TTapoywyr oUTWV TWV PETAOXNMUO-
TIOHWV 0TNV MANPOTNTA TOUG Elval pLa eTtimovn poabnuatikn Stadika-
ola. Epeic amAd Ba peAetiooupe kamola erAeypéva napadsiypota
Kall 0TO TEAOG Ba TapaBECOUE TOUG LETOOXNUATLOUOUG.

Kivnon ¢optiov napaAAnAa pe pevpatodpopo aywyo

‘Eva Betikd ¢popTiopévo cwpatidlo Kiveital pe taxvtnta «# , otn Ot-
gvBuvon Tou afova TwV x EVOC CUCTAUATOG avadopdc 2 Kal TTapaA-
AnAa mpog €va peupatodopo aywyo. Ma évav mapatnpentr akivnto
WG tpog To 2 to dpoptio Ba SexBel Suvaun F = Bu g amod To LayvnTLKO
niedio mou dnuLoupyet o aywyog kat Ba mapekkAiveL TnG euBLYPOAUUNG
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nopeiag tou (oy. 6.140).

O aywyocg 6ev aokel kapia nAektplkr) Suvapn oto cwuatidlo. H nu-
KVOTNTA apvNTLKOU ¢popTiov Elval amoAUTWE Lon HE AUTHV Tou BeTIKOU
doptiou. Almhouotevovtag Alyo UTTOPOULE Vo UTTOBEGOUE OTL PEoa
OTOV OYWYO UTIAPXEL LA YPOULULK KOTOVOLLN apvNTLIKWV PpopTiwy mou
KLWVELTOL LooTaxwG Tpog Ta efld he TaxlTNTA L KOl Lo YPORMLKA
Katavoun, lowv kat’ amoAutn TR UE Ta apvnTikad, BeTikwv dopTiwv
Tou eivat akivntn. H ypappikn mukvotnta (poptio ava povada prkoug)
Kall 0TI SUo KaTtavopE eival idta, dnAadn n andotaon petafL dvo dia-
Soxkwv Ppopewv popTiou eival n L8La Kat yLa TIg SUO KOTAVOLEC.

oooooooo—”’» Secucecucy
00000000 = HOOO0O0OO

""""" @'—-—bu @
Fl - \F
o
u
S A
X X!
() ()
Xyfqpa 6-14.

Ac doupe Twpa Mwg avitAapBavetal To ¢avouevo Evag mapatn-
PNTAC OKIVNTOG WG TTPOG clOTNUA avadopag =" IOV KIVELTOL WG TTPOC
TO X pe Taxutnta # mapdAAnAn nmpog tov afova twv x. (o). 6.14 B) Tov
TIapaTNPENTI AUTOV Ba TOV AEUE CUVOTTTIKA 2.

O X" BAénel to dopTIOPEVO OWUATLO akivnto (6.13). Ae umopel Aot~
TIOV VOl EPUNVEVCEL TN SUvan Tou S€xeTal To GOPTIOUEVO CWHATIO0
wg Suvapn payvntikoL mediou. O X" dpwg BAEMEL KaL TO peUUATODO-
PO aywyo dladopeTika amod tov . Q¢ mpog Tov X ta BeTikd doptia
Sev elval akivnta, Kivouvtal pe TaxuTnTa v’ = —1 EVW TA APVNTLKA HE

., L —U . , , L
v =——— OLtoxutnTeG L, KoL L  Bev eival LoEG.

AuTo onuaivel 6tL n anootaon HETAEL Suo SLadoXIKWV APVNTLKWV
doptiwv Ppaivetal dtadopetikn and tnv anoctacn duo BeTikwv dpop-
Tlwv (6.6). H ypapULIKN TTUKVOTNTA TWV apVNTIKWV GopTiwv Onwe thv
avtilappavetal o X eival SladopeTKA ATIO TN YPAUULKY) TIUKVOTN-
TO TWV OeTkWV Poptiwv. Me Alya AdyLa, yla tov X 0 peupatodOpog
aywyog epdaviletal GopTLoUEVOS Kal HaAloTta BeTikd. H Suvaun mou
S€xetaL AoLmov 1o GoPTIoUEVO CWHATLO YLl ToV X lval NAEKTPLKH KoL
ooKeltal amo to nAekTpLko medio Tou aywyou. H duvaun autn sivatl
akpLBwg ton He autAv Tou payvntikol mediov mou avtilaupdavetal
o 2.

Ol OXETIKLOTIKOL LETAOXNHOTIOHOL TWV EVIACEWV TWV MEdiwv
KAvouv AAAote éva NAeKTPLKO nedio va dpaivetal oav Hayvntiko
kot dAAote avtiotpoda.
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Opoyevég edio GOPTLOUEVOU TIUKVWTH

Eotw doptiopévog enimedog mMukvwtng (oy. 6.15a) e Toug OmAL-
opoUG Tou mapdAAnAoug oto eminedo xOz evog cuoTAUOTOC avado-
pAg¢. OL omALOMOL WG TIPOG TO 2, WG TTPOG TO OTOL0 0 TIUKVWTAG Elvat
oKilvNTog, €Xouv SLACTACELS/ x (7 . H €vtacon tou mediou petafd Twv

OMALOM®WY TOU TUKVWTH givat 7 — 7, dmou o n embavelakr TUKVO-

&
0

tnta poptiou oToug onmAlopoug (moocotnta goptiov ava povada -

davelag).

y Z y' Z'

- gl | -c

N
+
Q
\
S
N4
+
q—
V\p

l'
() ®)
Xynpa 6-15.

EOTWw Twpa mopatnenTAg akivntog wg mpog cuotnua avadopag =’
TIOU KIVELTOL WE TIPOG TO = tapAAANAa e Tov afova TwV x JE TaxuTnTa
u. MNota elval n €vtaon Tou Tedlou 0TO ECWTEPLKO TOU TIUKVWTI TIOU
avtilappavetal o X

O X" BAETEL TOV MUKVWTA VA KLWVELTAL WG TTPOG QLUTOV UE TOXUTNTA -1/
(o). 6.14B). To UAKOG TWV OMALOMWY TOU TIUKVWTA yLa tov =" Ba eivat

EVW TO TMAATOG TWV OTALOUWV a'=a

To epPadov Twv onAlopwy Ba gival A'=l'xd = A1 ——

Kal n empavelakn mukvotnta ¢optiov o' = in =

Apo. n évtoon tou mediou eivat E =—=

Ot eikteg | umodnAwvouv otL HAape yla éva medio pe tnv évtaon)
Tou KABetn otn dLevBuvon Kivnong.

TNV Mapamavw enefepyacia olwmnnpd SextAKape OTL 0 X" BAEMEL
v 8la moodtnTa Poptiou () 0TOUC OMALOUOUG TOU TIUKVWTN LE TOV
2. Npayuatito poptio ivar, Omwg Kot n pala npeuiag, pio availoi-
WTNn mMoooTNTa yla 6Aa ta cuctipata avadopag.
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Eav n €vtaon tou mediovu Atav mapdAAnAn otov afova Twv x Ba
KATAARYOUE OTO CUUTIEPOOUA OTL £/ =, |

Me avaAoyoug Tpomou¢ BPlOKOUUE HETAOKXNUATLOUOUC YLa OAEC TLG
SLeuBUvoELg Kal yLa TO HayvnTko edio aAAd kot yla cuvéuaouo nAe-
KTPLKOU KoL payvntikou mediou.

OL petacynuatiopol otov mivaka mou akoAouBel avadépovtal
OTNV MEPLTTTWON 0TNV Omola To cUCTNMA X~ KWVELTAL WG TTPOG TO X Ta-
pAaAAnAa pe Tov atova x.

) ) (E\_—uB_) ) (E_+uB\.)
E,\ — E,\ E}. :'7; E: — “77
1_L17 1_117
c” c”
(B+MZE_] [B%E\]
c c”
B =B B = - B =
l_uj l_uj
c’ c’

AtileL va mopaTnPr)COUE OTL O€ XPELAOTNKE VA TPOTIOTIOL|OOULE OE
KOVEVQ CNUELO TOUC OPLOOUC TIOU YVWPLIOUE HEXPL TWPA YL TOV NAE-
KTPOMOYVNTIOUO OTIWG KAVOUE yla TIAPASELYUO TIPONYOUUEVWE yLa
NV opun 1 6nw¢ Ba kAvoupe apyotepa yLa Tn Bewpia Tou Baputikou
niediou. H nAektpopayvntikr Bewpla ival cuppatr pe th Bswpia tng
OXETIKOTNTOG.

[6.13.) H levikn Oewpia TNG ZXETIKOTNTAC

Ztnv €61k Bewpla TNG OXETIKOTNTAG ACXOANONKOLE ATIOKAELOTIKA
LE TNV MOPATAPNON TwV POLVOUEVWY a0 adPOVELAKA CUOTHUOTA
avadopds. Opwg adpavelakd cuotThpata avadopdas e TNV auoTn-
pn évvola Tou 6pou, dnAadn cuothuata ota onoia v aokeltal Ka-
pula Suvapn, He amotéAeopa, av KvouvTal va KlvouvTtol euBuypayp-
po opaAd, dev umtdpyouv. Eva cuvnBilopévo cuotnua mou Bewpole
adpavelako eival n M. H M opwg emtayuvetal, adol nmeplotpédetal
YUpw amo tov ‘HAwo uno tnv enidpacn Baputikwyv duvapewy. To idlo
oupBaivel kot pe tov ‘HALo Kat pe to yahagia pag. Mpokumtel Aoumov
N QVAYKN VO EMEKTEIVOUUE TA CUUTIEPACHOTA LOG KOL OE ETILTAXUVO-
peva cuotipata avadopdc. Na mpocappocoupe dnAadn Tig Oswpleg
HOG WOTE VA LoXUoUV oL U0 BaCLKEG TApPaSOXEC TNG OXETLKOTNTOG TTOU
avapépOnkav otnv apxn Tou kKepaAaiou Kol oTa EMITOXUVOUEVA CU-
otnuata avadopdc. Auto slval TO AVTIKELULEVO TNC YEVLKNG Bewplag
TNG OXETLKOTNTAC.

H nAektpopayvntik Bewpla, mou otnpiletal ot €ELOWOELS TOU
Maxwell, 6ev mapouoialel mpoBAnuata, eivatl cupfatr He TIC TTapa-
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S80XEC TNG oxeTkOTNTAG. EKEl TOU uTtAp)xouv mpoBAnuata gival n Be-
wpla tou Baputikol mediov tou Newton. MNa moapddelypa cupudwva
pe tn Bewpia tou Newton ot Baputikeg aAAnAerudpdoelg dtadidovrtat
akaplaia oto xwpo. Opws cupdpwva Pe TN Bewpla TNG OXETIKOTNTAC
Tinote &€ pnopel va Stadobel pe taxvTNTA LEYAAUTEPN TNG TAXUTNTOG
ToU dWTOC.

H yevikn Bewpla TnG oxeTIKOTNTOG 0TNPilETAL OTNV LOOSLVALL TNG
BapuTtikAG Kat TG adpavelakng palog.

‘Exoupe ouvavtnoel tn pala pe duo oPelc. Tn pala Snuoupyo Kat
Mm
7"2
adpavelag evog cwpatog (£ = ma). OLduo autég paleg ivat Looduva-
HeC HeTall Touc. H kevtplkn 6€a tou Einstein otn yevikn Bewpla tng
OXETIKOTNTOG ELvaL OTL UTOPOUUE VO LEAETHOOUUE EVA ETIITAYUVOUE-
VO oUOTNUO avadopds ayvowvtag OTL EMTAXUVETAL KAl UTTOBETOVTOG
otL Bploketal 6’ éva BapuTiko medio kat avtiotpoda va LEAETHOOUUE
€va ocuotnua mou Pploketal péoa o’ Eva Baputiko medlo ayvowvtag
To BapuTikd Tedio kat umtoBETovTag OTL emitayuveTal. OAa autad sivat

Alyo acadr. Ag S50ULE TO MAPAKATW VONTLKO TMElpapa:

umoBepa Baputikou mediou (FB =G j Kal tn palo METPO TNG

‘Evac avBpwmog Bploketal péoa o’ éva StaotnuonAolo xwplic mapad-
Bupa. To SLacTNUOTAOLO KIVELTOL LOOTAXWE LAKPLA OO OToLodATOTE
nedio Baputntag. O AvBpwIog KAl Ta AVTIKELPEVA TIou BplokovTal
eAelBepa péoa oto dlaotnuomnAolo de dExovtal kapia Suvaun, apa
awwpouvtal péca 6’ auto (oy. 6.16a).

EOTw Twpa OTL TO SLaoTNUOMAOLO ETITAXUVETAL HE ETTLTAXUVON . O
avBpwrog «koAAAEL» 0TO SATESO KaL TOL AVTLKELLEVA TTOU aLwpoUvVTaL
YUpW Tou EDTOUVY, oav va anéktnoav advika Bapocg (oy. 6.160). Eav
0 avbpwmo¢ ayvoel OTL To SLHOTNUOTAOLO EMITAXUVONKE TO TPWTO
Tipaypa rov Ba okedpOel ival OTL TO SLACTNUOTTAOLO UTINKE OE JLOL TTE-
pLoxn omou umadpxel medio Baputntag. Me anAd nelpapata paAlota
Umopel va umoAoyiloel TV €évtacn autou Tou mediou Baputntag. Oa
TN Bpel amoAUTWE (on e TNV EMLITAXUVON TOU dlaoTnpomAoiou.

Ag umoBéocoupe Twpa OTL Ao €va ULKPO AVOLYHO OTO TIAEUPLKO
TOLYWHA TOU ETUTOXUVOREVOU SlaoTnUomAoilou Umaivel Eva cwua To
orolo, cUpPWVA PE Evav aPATNPENTH TIou BpilokeTal £€w amo to dla-
OTNMOTAOLO, KIVelTal euBUypappa opaAa (oy. 6.17a).

To cwpa Ba TpookpoUCEL 0TO AMEVAVTL TOlXWUA O€ pLa B€on mou ¢
Bpiloketal akplPw amévavtl anod To avolyua, aAAd Alyo mio katw. Ma
ToV €EWTEPLKO TOPATNPNTH AUTO £lval amoAUTwS GuctoAoyLko. AAAA
KOL ylO TOV E0WTEPLKO apatnent dev umapxel mpopAnua. Ebdoov
€xeL untoBeoel OtL Bploketal péoa oe medio BapuTnTag TLTLO PUGCLOAO-
YIKO aro 1o va okedtel OTL To cwpa Staypadel pia mapaBoALkn Tpo-
XLA OTWG KAVOUV OAQl TOL CWHATA TIOU EKTEAOUV opLlovTia BoAr otnv
natpida tou ™ M; MEXpL edw AOLIIOV 0 ECWTEPLKOC TTOPATNPNTAG UE
NV undBeon otL Bploketal péoa og Baputiko medio epunvelel OAa ta

Xyfnpo 6-16.
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dalvopeva, TOU 0 eEWTEPLKOC OPATNPENTAG ATtodISEL OTNV EMITAXUV-
on tou SlacTNUOMAOLOU.

I
i \gD cl D i i \gj
(o) (o) (o) ®
2ti¢ wepintwoelg (o) PAémovue wadg aviilaufavetor Tnv Kivnon 100 6OUOATOS
o0 elwrtepikdg mopatnpntng. Xty mepintwaon (f) Pflémovue twg avrilaufove-

Tal TNV KIvHRon Tov couatog o exifarns tov diaotnuonloiov. Ta idia 1oyvovv
KOl 0V QVTIKGTOGTIOOVUE TO COUA LLE UIA YOTELVI] OETUT.

Xynpa 6-17.

AT to (610 avolypa pmnaivel twpa pa déopn pwtog (oy. 6.17). Kat
o’ autn TtV epinmtwon epooov To Pwg TaELSEVEL UE TIEMEPACHEVN TA-
XUtnTa, n 6€oun Ba cUVAVTAOEL TO ATIEVAVTL TolxwHa Alyo xaunAote-
pa aro to LPOoC Tou avolypatod. Ma Tov e€WTeEPLKO MaPATNPENTH AUTO
elval amoAUTw¢ duaclohoyko. O ECWTEPLKOG MAPATNPNTAG, €AV BEAEL
va SlatnpnoeL tTnv untdBeon Tou yla to BapuTikod edio oto omnolio Ppi-
OKETOL TO SLACTNUOMAOLO, EIVOL UTIOXPEWHEVOG VA TIAPEL YO YEVVALiQ
anodaon yla va e€nynoeL TNV KAUmUAwaon tTng 8€oung Tou GpwTog.

JUpdwva pe tn veutwvela Bewpla, To Baputikd medio aokel duva-
LN HOVO o€ cwpata mou €xouv pala. Opwg to pwg dev éxel pala. O
EMLBATNC TOU SLACTNUOMAOLOU TIPETIEL VAL EYKATAAEIPEL TN VEUTWVELD
Bewpla kal va umoBéoel O0TL To BapuTikd Tou medio umopel va Kapumu-
AWOEL TNV TPOXLA OXL LOVO EVOC CWHATOC TTOU EXEL LAlo aAAQ KoL EVOG
NAEKTPOUOYVNTLKOU KUUATOG.

Oa pumopoloaE va TIOUKE OTL 0 SUCTUXNAG EMLPBATNG TOU dLaoTnUo-
mAolou éumAege aoxnua KoL odnyeital oe mMapavoikeg okEPELS ylati
6e yvwpilel Tnv moAU anAn aAnBela otL to Baputiko tou medio Sev
UTTAPXEL KL OTL TO SLOOTNUOTIAOLO ATIAWG ETULTAXUVETAL.

To eVIUTIWOLAKO OUWE glval OTL dalVOUEVA EKTPOTNG GWTEWVWV O€-
OHWV amo Loxupad Baputika medla €xouv mia mapatnpnOel kat emt-
BeBalwBel. Kata tn Siapkela ekAeipewv tou HAlou, mapatnpndnkav
0o TOUG AOTPOVOUOUG QOTEPEG 0 DE0ELG SLADOPETIKEG ATMO QUTEC
OTLC omolec BplokovTal otnV mpaypatikotnta (o). 6.18). To pawopevo
odelleTal TNV KAUMTUAWGN TNG TPOXLAG TOU PWTOC TTOU EKTIEUTIOUV TA
aotpa anod 1o L.oxupo Baputiko nedio tou ‘HAlou.

O emuPBatng tou StaotnuomAoiov pag avakaAue pia GuoLkr tpay-
HOTIKOTNTA, LEVOVTAG AMTAWC CUVETTHG OTNV OLPXLKN Tou umoBean.

Mo va elpaoTe o akplBelc, TOUAAXLOTOV OGO AG ETUTPETIEL TO ETUI-

ynpa 6-18.
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nedo autou tou BiBAiou, mpémel va moupe OtL o Einstein, yla va €€n-
YNOEL TNV EKTPOTIN TOU PWTOC amod Tnv euBUypapn Topela Tou, OTav
Sladidetal péoa og Baputikd nedio, dev anédwoe oto dwe LOLOTNTES
avtioToLXEG ME TIG LBLOTNTEG TNG HAlag. YIEDeoe OTL N Mapousia LLag
padag, mou dnuloupyel yupw tNG €va BapuTiko medio, KAUTTUAWVEL TO
Xwpoxpovo.

Elval moAU SUckoAo va TeplypAPEL KAVELG TTOLOTIKA VOV KOUTTU-
AWPEVO XWpo TecoApwV dlaoTtacswyv. H SuokoAia mPoKUMTEL amod To
YEYOVOG OTL ELLOOTE OVTA TOU BLWHATIKA avTAapBavovtal Xwpoug
TPLWV SLACTACEWV KOl ETULITAEOV OO TO YEYOVOC OTL TO BACLKO UG
EPYOAELO YLO TNV KATAVONOHN TOU XWPOU, N eUKAELSela yewpeTpla, Sev
LOYXVEL O€ KAUMUAWHEVOUG xwpous. Me duo mapadeiypata Ba mpo-
onabnooupe va ¢pwticoupe Alyo ta mpdypato Kal 6o oTAUATCOUUE
eKel.

MNavw oe pLa Aeta eninedn pepPpavn ektofevoupe opllovtia Eva
odatpidlo moAl pikpng pnalag. To odpalpidlo, MPAKTIKA, KAVEL EUOU-
YPOUUN OHOAR Kivnon. 2To KEVTPO TNG LEUBPAvVNG TomoBeToUE pLa
odaipa oAU peyaAng palag. H emupavela g HepBpavng mapapop-
dwvetal (oy. 6.19).

Xynpao 6-19.

Exto€evoupe aAL €va MOAU Hkpo odatlpidlo mavw otnv entpavela
NG HepPpavng. To odatpidlo Twpa mpodavweg SV MPOKELTAL VAL KLVN-
Bel euBuypappa. H tpoxld tou Ba eival KopmUAn. H kapumuAwon tng
TPOXLAG Tou adalpLdiou eival evtovotepn Kovtd otn odaipa, oTo KE-
VTPO TNG HEUBpPAvVNG. H kapmUAwon auth dgv odelAeTal otn BapuTiki
€AEN mou aokel oto odatlpidlo n peyain opaipa aAAd otnv mapapodp-
dwon mou POKAAEDE N pLeyaAn odaipa 0To enimedo MAVW 0TO OMoLo
KLWeltal to opatpidlo. Me avaAoyo tpomo pia oAl peydin pala ma-
PAUOPPWVEL TO XWPOXPOVO YUPW TNG 0TO ZUUTTAV.

Ma va yivel atoBntr n KaumuAwaon Tou XwpoXpOvou MpENEeL n pala
TIOU TNV TPOKAAEL va €lval TepAoTia. o MoPASELYUA N KOUTTUAWGN
Tiou mpokaAel n M dev elvat kav atebnth. Ta Stactnuka Taidla mou
yivovtat and tn M otn ZeAnvn av Kal anattolv eEaLPeTIKA akpiBela
umoAoylopwyv oxedlalovtal pe Bacn tn veutwvela Bewpla Baputn-
TAG. ATO TA YELTOVLKA PO OUPAVLO CWHATO LOVO 0 'HALOG £XEL ApKETNA
pada yo va mopapopdwoel To xwpoxpovo atcdnta (oy. 6.20).
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To nlektpopayvnrikd onpoato mov éotelve atn I'n to diactnuomltoio Viking
KaTd TN OLApKELQ TG AmMOTTOANG Tov atov Apn wapovoialov uia kabvotépnon
0TH 0160001 TOVG GE GYETH UE TOV AVOUEVOUEVO ¥povo otav o Hliog fpioko-
Tav avauegoo oto orootnuomioro kot tn I'n.

H tpoyia twv nAektpouoyvntik@v kKopuatwy 0tav tepvodv kovtd ano tov HAio
KOUTOADVETAL UE OTOTEAETUA VO XPELALOVTAL TEPLTTOTEPO XPOVO YL VO PTA-
coovv atn I'n oo ot1 Oa yperalovrav av dradidovrav evfdypaupuo.

Xynpa 6-20.

H yevikn Bewpla TNG OXETIKOTNTAG €iXe APKETEG ETUTUXIEC UEXPL
TWPA. YIIAPXOUV OUWG AKOUN KATIOLO AVOTTAVTNTA EpwTAaTta. Ma ma-
padeypa &g yvwpilouvpe nwg dStadidovtal ol Baputikég emibpaoelc. O
Einstein uniéBeoe otL Stadidovtal pe BapuTikad KUMOTA TTOU KIVOUVTaL
HE TNV ToxUTNTA TOU PWTOC OMWG OL NAEKTPOUAYVNTIKEG ETULOPATELG
Sladidovtal Pe NAEKTPOUAYVNTLKA KUMOTO. BOPUTLKA KUUOTO OUWG
HEXPL Twpa dev €xouv avixveuBel lowg ylati, ocupdwva Kal Ue TNV
nipoPAedn, elval e€alpetikd acBevn. Av oté avixveuBouv n ¢uoikn
Ba €xeL KAVEL Eva TTOAU PeyaAo Bripa otnv avantuén plag eviaioag Oe-
wpLag yla TNV MPoEAEUON TWV NAEKTPOUAYVNTIKWY Kol BapuTtikwy Su-
VALEWV.

20voyn

To neipapa Michelson-Morley £€6e1€e otL

n taxvtnta 6tadoong Tov GwToG SEV UTTAKOUEL OTOUG LETOLOXNLOLTL-
oMoUG Tou MAtAaiov. Eivaw n i6La yia 6Aa Tot aSpaveLAKA GUOTHHO-
ta avadopdg.

H eldwkn Bewpia tng oxetikdoTNTOC 0TNPLleTaL 0 Suo aflwpata.

1. Ouvopot tng puoLKNG ival idlot yia OAa Ta adpaveLOKA CUOTH-
poata avagopag.

2. Hrayutnta tou ¢pwtog ivarl idta yia OAa Tot adpaveLAKA CUOTH-
pata avadopdg kat eivat ave§aptntn ano tnv kivnon thg pwrtel-
viig mnyng.

AwaoTtoAn Xpovou

H xpovikr Stapkela evog datvopévou e€apTtatal amo To cUCTNUA avVa-
dopag amno 1o onoio mapaATNPOUUE To dawvopevo. Eav to pavouevo
oupBaivel 0’ éva cuotnua avadopdg TO OMOoLo KLVELTOL WG TPOC EUAC
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LE TaXUTNTA U KA, Yla £va Tapatnpentr akivnto oto cuotnua avado-
At
0

Ji-u*/¢? .

pag Stapkel A7, yla pag to dawopevo Ba dtapket Ar =
Ka&Be cuotnua avadopdg €xeL To SLKO TOU LELOXPOVO.

ZUoTOAN MAKOUG

To UNKOC €VOC OVTLKELWEVOU e€opTATAL OO TO cUOTNUA avodopag

OO TO OTOLO MAPATNPOUE TO AVTLKEIMEVO. EAV TO avTikeipevo Bpi-

OKETOL PEoO 0’ €va cuotnua avadopds To Omoilo KWEelTal wg mpog

EUAG MUE TaXVTNTA U KAl £VOG TOPATNPNTAG oV BploKETAL 0TO CUOTN-

pa avadopadg Bpiokel 6tL To pNRKog tou, otn StevBuvon NG Kivnong
2

TOU ouoTAMATOG, givatl l{) , yla pag Ba €xeL uAKog / — l ]_u_7 . Ta
pe
UNKN Tou eivat kaBeta otn dtevBuvon Kivnong Tou CUCTAUATOC Elval

(6La yla Toug mapatnenNTEG Twv U0 CUOTNUATWY avVoPOopPAc.

Metaoxnuatiopoi Lorentz

Eav yvwpilouue tiq cuvteTtayueveg (x, v, z, 1) i EVOG YyeyovoTtog o’ éva
cuotnua avadopadg = oL petaoxnuatiopol Lorentz pag divouv tig ou-
VTETAYUEVEC TOU 0° €va oUOTNUA 2  TO OTOLO KIVELTAL PE TaXUTNTA U
WC¢ TPOC To 2. Av n u gival mapdAAnAn otov afova Twv x KAl To X Kot
> tavtilovtal tn otyun ¢ = 0, oL petaoxnuatiopol Lorentz €xouv tnv

akoAoubn popdn ) )
, X—ut X tut
— x —

x'= «— Andbt0X 010X’ = =
u u
1-— 1-—
¢ c’
y': ) y= Vi
z'=z z=2z
2 ’ , 2
, t—uxl/c , , t"+ux’/c
t'=—— Anot0 X 010 X —> =
u- u
1-— 1-—
c c

Otav u ({ ¢ ol petaoxnuatiopol Lorentz cupmnintouv Ue Toug peTa-
oxnUatlopoug tou MaAtAaiou.

OL CUVTETOYUEVEC TOU XWPOU €€QPTWVTOL ATIO TIG CUVTETAYUEVEG TOU
XPOvou Kal avtiotpoda. ZTnv 18Ik Bewplo TNG OXETIKOTNTAS O XWPOG
Kall 0 xpovoc ival aAAnA£vdetol. MIAGUE TILO IO XWPOXPOVO.

Mestaoxnuatiopol taxutitwy Lorentz
‘Eva owpa TTou KWveltal pe taxlutnta v o€ cuoTNUa avadopag = mao-
pAaAAnAa otov afova Twv X, WE TPOG cuaTnUa avadopdc =" o KLVE(-
TOL WG TIPOC TO X UE TaxVTNTA U, TAAL TopAAAnAQ pe Tov afova TwV X
EXEL TAXUTNTA )
v—u , U +u
v =————  xkaitavtiotpopa V=———
1-%p 1+ L—i v’
C C
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Av oL TaxUTNTEG v Kal ¢ €lval TIOAU UIKPOTEPEC TOU ¢ TOTE LOXUOUV Ol
peTaoxnuatiopol tou MaAthaiou. Otav éva cwpa KWeltal pe tnv Ta-
XUTNTA Tou PpWTOC N TOXUTNTA TOU €ival n dLa yla OAa Ta adpaveLlaka
ocuotnuata avadopdag.

IXETLKLOTLKN OpUN
mo

J1=0?/¢?

Otav n taxutnta v givat ToAU PLKpOTEPN Tou ¢ Ba ival p = mv. H oxe-
TIKLOTLKA OpUn €lval yevika peyaAutepn TnG KAQGLKAG.

Otav n toxUTNTA TOU CWHOTOG TEIVEL OTO ¢, N OPUN Tou TEivel OTO
QTELpO.

To péyebocg m TauTiletal He auTo Tou AéUe HAlo 0T VEUTWVELD LNXaL-
VLKN Kol eKPpAlet Kot £6wW TIG aSpAVELAKEC LOLOTNTEC TOU CWHATOG. TN
OXETLKOTNTA TO OVOUALOUHE pala NPEMLOG TOU CWUATOC,.

Otav n taxVTNTA TOU CWHUOTOC TEWVEL OTO ¢ N EMITAXUVON TOU TEIVEL
OTO UN6Ev.

H taxVutnta tou ¢wtog elval n peyaAutepn Suvatn taxutnta otn
duon.

IXETLKLOTLKN EVEPYELQL

To Mood eVEPYELAG /71 ¢ TTOU KOTEXEL £val CWHA OTAV NPEUEL TO Ovo-

HA{OULE EVEPYELA NPEULAG TOU CWHATOG.

H 6uVOALKR EVEPYELO EVOC CWATOG TTOU KIVELTOL PE TaxUTNTA v €lval
m C2

J1-v*/¢?

H Kwntikn evépyela evOG CWHATOG TIOU KIVELTAL LE TaXUTNTA 0 Elval

E=

N
mc” 2
K=——-mc’

JI-0v*/¢?

1,
NMa v (¢ Slvel K:5mzf

Otav n taxVTNTA 0 TEWVEL OTO ¢ N KIVNTLKH EVEPYELA TEIVEL OTO ATELPO.

Ixéon eVEPYELAG OPUAG

E =\m’c* + p’c’

Av n opun Tou cwpoatog gival on pe to undév (to cwpa npepel) n
gvEpYELA Tou Ba eival £ = mc’.
Av n pala npepiag tou cwpatog eival pndevikn Ba oxveL: £ = pec.

3tn ¢uvon unapxouv cwpatidia undevikng palog npepiag, omweg to
dwtovLo. Ta cwpaTiSLa AUTA KvouvTal e TNV TaxUTNTO Tou GWTOG.
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ApaoTNPLOTNTEG

1.

2.

KapumuAwon xwpou

KaAUYTe pe pLO TEVTWHEVN EAQOTIKN UEUBPAVN HLO HEYAAN
Aekavn. Ektofelote Pe pLKPR apXLKh ToxUTNTA VOl UITAAAKL TOU
TIWVYK-TIOVYK TIAVW 0T MEUPBpavn. MapatnpnoTe TNV TPOXLA TOU.
TomoBetrote €val AVTIKEIMEVO OTO KEVTPO TNG HEUPBPAvVNG Kal Ea-
vapiéte To UMAAAKL TOU TILVYK-TIOVYK. ZaVOKAVETE TO i6lo pe éva
QVTIKELLEVO LEYOAUTEPNG LATOG OTO KEVTPO. EXETE TWPA LA ELKO-
VO TOU TTWG HLa Lala KOUTIUAWVEL pLal eTtimedn emudAvela Kal Tou
WG N KAUTUAwWoN erdpa otnV Kivnon Twv CWHATWY TIAVW TNV
emudavela.

TeAwka 6ev ATav Kot T6co SUCKOAO....
Mua mapdotaon TG HopPig (1 + \) uropei va ekdppaocBei wg
abpolopa 6pwv we €ENG

n(n —1) 5 n(n—l)(n —2)

(1 +X)” =1 +nx+——Xx +—x" Foreinn,
1-2 1-2-3
Me tn BonBeLa Tng mapanavw Labnuatikng oxeong npoomnabnaote
va Sei&ete OTL N oXéon

mc? 5 , 1
K =————=—-—mc” yia v{{c blvelL K :51711)2.

J1=0?/¢?

EpwtNoELC

6.1 [lowo ATav To CuTEPACHA amod To meipapa Twv Michelson kat
Morley, yita Tnv tox0TNTO TOU GWTOC;

6.2 JUUTANPWOTE TIC TPOTACELG:
J0udwva pe To MPWTo aflwpa TG Bewplag TNG OYXETIKOTNTAG OL
VOUOL TNG PUOLKAG EWVAL evevererrereeeeresreinens o€ OAa ta adpavel-
oKA cuothuata avadopadc. Z0udwva pe to devtepo aflwpa n
TOXUTNTO covrrereees cevereereenennes EWVOL cvevrerieiees e, o€ OAa Ta
adpavelakd cuotipata avadopdag.

6.3 Zuykpivete ta amoteAéopata Tou AapuBAvovTtal yla LETPHOELS

6.4

LNKOUC KoL XpOVOU QIO MAPATNPNTEG OE CUCTAUATA avaPOopag
TWV OTIOLWV N OXETIKA TaxUTNTA £lval c. Me Ttola €vvola, amno tnv
anoyn auTn, To ¢ yivetal oplakn taxutnTa;

H xpovikn Sidpkela evog dpuoikou Gpalvouevou oTo adpaveLlako
ocvotnua X givatl Ar. H xpovikn Stapkela A7" tou idlou poatvope-
VOU, OTOV QUTO TTAPATNPELTOL OO TO AdPAVELAKO CUCTNUA X' TO
orolo Keltal wg mPog To MPWTO KE TaxUTNTA 1/ CUYKPLOLUN UE
NV TaxVTNTa Tou dwtoc, elvat

a) ion pe Az; B) peyaAltepn amno Az y) LkpOtepn amo Af;
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6.6

6.7

6.8

6.9

6.10
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ErmuAé€te Tn owoth andvtnon.

‘Evag mapatnpntrig oto adpaveLlakd cUOTNUA 2 SLATILOTWVEL OTL

€vag ¢papoc avaPel og loa Xxpovika StaoTpata. Oa SLamoTWVEL
To (610 KaL évag mapatnpntig mou Pploketal oe AAAo adpavela-
KO oUOTNUA; ALKALOAOYHOTE TNV OMAVTNON COG.

‘Eva StaotnuomnAolo anopokpuvetat and tn M pe taxvutnto mou
nAnoladetl Tnv toxvTNTA Tou PpwTot. Evag mapatnpntng akivn-
To¢ 0tNn M, LETPAEL TO UNKOC Tou SlaotnuomAotlou. To i8lo kavel
KalL £VOLG TOpaTNPENTAG HECA 0TO SLaoTNUOMAOLO. ZUdWVOUV Ta
OTIOTEAECUATA TWV LETPAOEWYV TOUG; Av OXL, TTOLOG BPLoKEL pLEya-
AUTEPN TLUA Yyl TO UAKOG;

ZUOTOAN UNKOUG €lval To PpavopEVO KATd To omolo:

a) O mapatnentAg tnNg Mg dtamoTwvel OTL To dLooTNUOTAOLO
TIoU Ta€LOeVEL £XEL UIKPOTEPO HNAKOG OTIO QUTO TTOU ELXE OTAV
TO PLETPNOE akivnto otn M.

B) O aotpovauTng SLamoTwveL OTL otn SldpKela Tou Taldlou
TOU TO SL0TNUOTAOLO €XEL ULKPOTEPO UNKOG ATIO OUTO TTOU
elxe otav 1o pétpnoe akivnto otn M.

MoLa armo TG MPOTACELS €lval 0pBON;

AkivnTto¢ mapatnpntig A LETPAEL TIC SLOOTACELG EVOG OVTLKEL-

HEVOU aKIiVvNTOU WC TPOC AUTOV KAl CUUTIEPALVEL OTL TIPOKELTAL

yla kUBo akung d. Evag debtepog mapatnpntng B, mou kiveitatl

LE TaxuTnTa n omoia mMAnoLaleL Tnv TaxUTNTA TOU GWTOC, o€ OI-

gvBuvon TMapAdAAnAn o€ pLa akun Tou oTepeoy, Ba kataAngel

OTO CUUTEPACUA OTL:

o) POKeLTaL yla KUBo pe akun d.

B) mpoKeLtal yLa KUBO HE aKUn UIKPOTEPN ATIO d.

yY) TPOKELTAL yLo KUBO UE QK LEYAAUTEPN ATIO 4.

6) oL 8Uo dlaotaocelg Tou otepeol elvat d aAAd n Tpitn eivat pe-
yaAutepn.

€) oL 6V0 SLaoTAoELg Tou OTEPEOU €ival ¢ aAAd n tpitn elvat pi-
KPOTEPN.

EruAé€te To owoTo.

Edbooov o xpovog Lwng Twv pLoviwy Toug eMLTpEMEL va SLavUoouV
niepimou 600 m mpotoU SlacmacBouyv, mwg katopBwvouv va
$TACOUV -aTO TA AVWTEPA OTPWHOTA TNG ATUOOPALPAG - OTNV
emupavela tng Mg;

Amo SlaoctnuomnAolo ektofeletal mUpauvAog otn StevBuvon TG
KLvnong Tou. Z€ Tola MePLMTWOon N TaxUTNTO TOU TTUPOUAOU yLa
€vav napatnentn otn M sivat peyaAvtepn.

a) Av to SLaeTNUOTAOLO KIVElTOL WG TPOG TN MN;

B) Av to dlaotnuomnAolo eival akivnto we tpog tn M;

6.11 Na amnmavtrioeTe TNV MPONYOULEVN EPWTNGCN OV OVTILKOTAOTIOE-

TE TOV MUPAUAO UE €va PWTEWVO TTAAUO.
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6.12 YmoBéote OtTL éva Bayove KWVelTal Pe TaxuTnTa i, ou TANoLaleL

TNV TaxUTNTA ToU PwTOE. ITo HECOV OUTOU ToU Bayoviou Tapa-
yovtal tauvtoxpova dUo dwtewvol maApol. Ot maApol dtadido-
vtal Kata tn StevBuvon x, Tou CUUTIITEL e T StevBuvon g
Kilvnong tou Bayoviou, o avtiBeTeg KateuBUVOELg, Kal GTAVOUV
oTLg Suo amévavtl MAEUpEG Tou Bayoviou A kal B.

Xynpa 6-21.

6.13

6.14

6.15

6.16

Moleg amo TLG TPOTACELG TTOU akoAouBouv elval opBEg;

a) Evag mapatnpntig mou Bploketal péca oto Payovi Ppilokel
otL oL duo maApot ptdvouv Tautoxpova oTIC TTAEUPEG A Kal B
Tou Bayoviou.

B) Evag mapatnpntig mou Bpiloketal péoa oto Payovi Bplokel
OTL 0 TAAUOC ou SLadidetatl mpog 1o B ptdavel mpwtoc.

y) Evag mapatnpntng akivntog oto otabuo Bplokel otL oL duo
naApol ptdvouv tavtdxpova otig mAeupeg A kat B tou Ba-
yoviol.

8) O mapatnpntrng ou Bpioketal oto otabuo Pplokel OTL 0 MaA-
Ho¢ mou Stadidetal mpog to A Kiveitol pe peyaAltepn tayL-
TNTA Ao auTov mou tafldevel mpog To B.

€) O mapatnpntng ou Bploketal oto oTabuo Bplokel OTL 0 MaA-
noc¢ mou dladidetal mpog to B dpravel mpwtog.

‘Evag akivntog mapatnpntng BAEMEL va TIEPVAEL UITPOCTA TOU HE
TIOAU HEYAAN TAXUTNTA VO KUKALKO QVTIKELUEVO. TO OVTLKELLEVO
Kweiltal otn StevBuvon x kal to eminedd tou Bploketal oto £mi-
nedo x, v. TLoXAUa EXEL TO AVTLKELUEVO, YLOL KATIOLOV TTOU KLveiTal
poll pe auto;

To payvntiko medio mou SnULoupyEeLTaLl Ao KIVOUUEVA NAEKTPL-
Kd doptia e€aptdral and tnv kivnon Tou mapatnenth. AWoTE
€va anAo mapadelypa mou va emBePALWVEL TNV TPOTAON.

Elval n evépyela pia avaAloiwtn noootnta; Eival SnAadni n idla
og O\ ta adpavelakd cuoThpata; loxUel og OAa Ta 0dpavELAKA

cuotAuata n apxn dlatnpnong tng eVEpyeLag;
Edbdoov umdpyel avw 6plo otnv TaxlTNTa £vog cwuatiov Ba
UTTAPYXEL KAl AVW OPLO OTNV OPUN KAL TNV KIVNTLKH TOU EVEPYELQ;
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‘Eva TpWTOVLO Kal £€va NAEKTPOVLO TTOU KLVOUVTOL PE LEYAAEC TO-
XUTNTEG €XouVv TN (Bla evépyela. H KvNTIKN EVEPYELD TOU NAE-
KTpoviou givat

a) lon, PB) ukpotepn | y) HEyaAUTEPN ATIO TNV EVEPYELA TOU
mpwtoviou;

EmuAé€te To owoTo.

H evépyela cuvd€oew Tou atopou Tou udpoyovou eivatl 13,6 el.

AuTO onuaivet 6tL n pala Tou atopou Tou udpoyovou eival:

o) MeyaAUTEPN OO TO ABpoLlopa TwWV palwv EVOG TPWTOVIOU KL
€VOG nAekTtpoviou.

B) ukpOTeEPN amd to abpolopa Twv palwv EVOG TpwToviou Ki
€VOC NAEKTPOVIOU.

y) lon e to aBpolopa twv palwv evog PwToviou KL VoG nAe-
KTpoviou.

AOKNAOELC

‘Eva opBoywvio tpanéll Staotacswv 10 m x 20 m Bploketal péoa
oe Sladavég SLaoTNUOMAOLO LE TN HEYAAN TOU TTAEUPA TTAPAA-
AnAn otn SlevBuvon kivnong tou StactnuomnAolou. Me TL TaxU-
TNTA TPETEL VO TIEPACEL OO UMPOOTA UaG To SlactnuonAolo
WOTE TO TPATEN VA pag Gavel TETPAYwWVO;

0,87 c]

EruBatng SdtaotnuomAoiov mou tafldevel pe tayvtnta 0,99 ¢
KoLpatatywa 5 min , cUpudwva Pe To poAdL tou. Moon wpo KoLun-
Bnke, cupudwva e Tapatnpentn otn M;

35,5 min |

EvolkLaoTAG OXETIKLOTIKOU TtodnAdtou enLotpedel To modnAato
LETA amo pla wpa onwc £56eiée to S1KO Tou PpoAoL. ITo ypadeio
EVOLKLAOEWV EMLUEVOUV OTL EAele Suo wpeG. Mota ATav n Taxv-
NTA tov;

5
5 </

O€AETE VA EVOLKLACETE €vav MUPAUAO - Taél mou Tagldevel e
taxvtnta 0.5 ¢. H xpéwon yilvetal pe tnv wpa. Moco Ttolg ekatd
okpLBotepn Ba sivat pa Stadpopn av N wpa tou tafldlov pe-
TpnOsl pe to poAdLTou ypadeiou evolkiaong mou edpevel otn M
aro O,TL av LeTpNnBOEel pe To poAOL Tou TIAGTOU - TadLtln;

15,5% ]

Katd tnv €kpnén uiag mupnviking Boppag 10 mg UANG eéadavi-
otnkav. Moon evépyela ameAevBepwONKE;

Atvetatc =3x10° m/s.

9%10"J ]
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‘Eva Staotnuomioto palag 1000 kg mpdkettal va emctayuvOel o
tayvutnta 0,5 ¢ .

MNoéon evépyela anatteital yU auto;

Atvetatc =3x10° m /s.

1,4x10"°J ]

Moéon evépyela amatteltal yia va emtaxuvOel €va nAektpovio
a) amnod 0,5¢ og 0,9¢.

B) artd 0,9¢ og 0,99¢.

AlveTal n evépyela npepiog tou nAektpoviou 0,511 Mel.

[An : 0,582 MeV, 2,45 MeV |

MpoBARuota
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‘Eva yeyovoc cupBaivel oto adpavelakd cluotnua = o€ Béon pe
ouvtetaypéveg x = 100km, y = 10km, z = 1km tn XpOVLKN OTYMA
1=0,5ms. MNoLeg OL CUVTETAYUEVEG TOU YEYOVOTOG (X, V', Z, 1) yLat
€va mapatnpentr oe aAAo adpavelakd cUOTNUA =  TTOU KIVelTol
pe taxutnta -0.8 ¢ wg mpog 1o = pe dtevBuvon mapdAAnAn ctov
Kowo agova x; (Tn otyun 7 = 0 Ta cuotiuata tavtilovrtal).

X" =367km,y =10km,z =1km,t" = 1,28 ms |

‘Eva StaotnuomAolo o€ npepia, otn M, €xeL unkog 100 m. Evag
napatneEnTng otn M HETPAEL OTL OTAV TO SLOOTNOTIAOLO KLVE(-
TaL XPELAeTaL 4 s yla va TIEPACEL Amd UMPooTd tou. Mola n
TaxUuTnTa Tou SlacTnUOmMAoLou we mpog tn Mn;

0,083 c ]

O nAnBuopog evog eldoug Baktnpldiou dumAaocialetal kabe 20
HEPEC. AUo amod auta ta Baktnpidia tomoBetolvtal o’ €va dla-
otnuomnAoLo kat ta€ldevouv yla 1000 yAveSg NUEPEG pe TaxLuTNTA
0,995¢ wg mpog tn M. Mooca Baktnpidia Ba umtdpyouv pEoa O0TO
Staotnuonolo otav erotpeéPel otn M; Néoa Ba unrpxav av
To SltaotnuomAoLo mapépeve auTteC T 1000 puépeg otn Mn; Ayvo-
NOTE TLC ETUTAXVUVOELG KAl EMIBPaSUVOELG TIOU TIPETTEL VAL UTTOOTEL
TO SLAOTNUOMAOLO 0T SLAPKELA TOU TaELSLOU.

64 Baxtnpioa, 2°! Paxtnpiow |

AVo mUpavdol A kat B tagldevouv o avtiBeteg kateubUVoELg
ue taxutnteg 0,8¢ kat 0,6¢, avtiotowa, wg mpog T M. Mota n
ToXUTNTO TOU TUPOUAOU A WC TIPOG TO adpavelakd cUCTNUA TOU
nupavlou B;

0,946 ¢ |

Mo Ta TPWTOVLA, TO VETPOVLA KoL TOUG TTUPHVEG SEUTEPLOU LOYU-

ouv 7
m_=1,67261x10""kg,
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m =1,67492x 107" kg,
m, =3,34357x107 kg.
MNoon evépyela Ba aneAeuBepwOel KATA TO OXNUATLOUO EVOG TTU-
priva deutepiou amod éva eAelBepo MPWTOVLO Kal Eva eAeUBepo
VETPOVLO;
Aivovtatc =3 x 108m/s, 1 el = 1,6 x 10777 ].
[Arm : 2,22 MeV']

6.31 Mua &¢éopun padievepywv cwpatidiwv mapatnpeital kabwg Si-
ao)ilel To epyaotrplo. Bp£Onke O0TL KABe cwpaTidLo «IEl» KOTA
HECO OpO yla €va Xpoviko diactnua 20ns. Otav Bpiokovtal o
npepia oto epyactriplo ta ibla cwuatidia, {ouv Katd PEco 6po
7,5ns. Mota givat n taxvtnTo Twv cwHaTLSlwy TNE S€0UNC;
Alvetaic = 3 x 10° m/s.

[Am : 278 x 10° m/s |

O Einstein ko oL Oswpieg TNG IXETKOTNTAG

O Albert Einstein yevvn0nke oto OUuAp tng Mepuaviag to 1879 amo
leppavoePBpaioug yoveig. O matépag Tou NToV LAAAOV ATOTUXNLEVOG
ULKpOBLOUAXavVOG LE OPKETA PLAEAEVOEPEC, yla TNV £MOXH TOU, ATO-
Petg. Q¢ ta Sekamévie xpovia tou o Einstein mapakoAolBnoe pabn-
LLOTOL 0T YEVETELPA TOU. ATIO ULKPOG £6€L€e KALON OTOL LABNUATLKA KO
™ duoLKn.

To 1894 n OLKOYEVELA TOU HETAVACTEUCE, YLOL OLKOVORLKOUG AGYOoUg,
otnv ItaAia 6mou tnv akoAouBnoe yla Aiyo kot o veapog Albert. AekaéL
XPOVWV Trye otnv EABeTia yla va GUUITANPWOEL TLG 0TIOUSEC ToU. YoTe-
pa amnod &va TPOTIAPACKEVUAOTIKO £TOC OTN OXOAN TOU AapAou, UTIAKE
oto MoAuteyveio NG Zupixng, amod omnou mrpe To SimAwua Tou To 1900.
Mo éva Staotnua Sidate oe katwtepa oxoAeia kat, To 1902, adou amno-
KTNoe oto HETAgL TNV eABeTikn Bayévela mpooAndOnke oto OpooTov-
Sloko lpadeio Eupeottexviwv tng Bépvne. Tnv idla emoxn o Einstein
mavtpevutnke pe tn MAEBa Maptutg, pa Ouyyapéla cupdoltrTpLd Tou.
Améktnoav SUo yLoug, £Vag arnod ToUG OToLoug EyLVe SLATPETIAG KaBnyn-
™G MnxavoAoyiag oto MNavemiotruto tng KaAwpopviag.

H neplodog mou epydotnke oto ypadeio eupeattexviwy tng BEpvng
UTNPEE LOWG N TIO YOVLUN YL TNV EMLOTNUOVLK 6paoTnpLlOTNTA TOU
Einstein kat to 1905 €ide va wptpalouv ot Kapmol Twv okEPEWV mou
EKOVE OO KALPO. MpayHaTIKA, EKEIVO TO XPOVO To TtePLoSLIKO Annalen
der Physik dnuoocicuoe BepeAlwdn dpBpa tou veapou emtotripova. To
mpwto apBpo nepleixe Tn Statumwon TS KPavTikng Bewpiag Tou dw-
ToNAeKTPLKOU Ppatvopévou - ailel va avadepbel oTL emionua to Bpa-
Belo NoumeA tou 1921 amoveunbnke otov Einstein akplpwg yU auvtn
TNV gpyacia tou - Kal to SeUTEPO, PE TOV EAAXLOTA NXNPO TiTAo Mepi
NG NAEKTPOSUVOLILKNC TWV EV KIVHOEL CWUATWY, TAV N TTPWTN 0VOKOL-
vVWwon yla TIG apxES TnG Bewplag TnG ELOLIKNG OXETLKOTNTAC.
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Tov (610 xpovo avélafe éva afiwpa oto MNavemotiuio tng Zupixng,
armo omnou to 1910 nrye otnv Mpaya, Tou TOTE BPLOKOTOV KATW OO au-
OTPO - OLYYpPLKN Kuplapxia. To 1912 Eavayuploe otn Zupixn wg Kadnyn-
TN¢ oto MoAuteyvelo Kol Epeve otn Béon autr wg to 1914, onodte, UoTe-
pa oo pecoAdBnon tou Max Planck mryye oto BepoAivo. Ekel mappelve
elkool oxedbov xpovia, Katoxog tng £€6pag tng duoikng otnv Mpwolkn
Axkadnuia Emotnuwv kat dtadoxog (1914) tou Van’ t Hoff otn StevBuv-
on tou lvottoutou Quatkng «Kaiser Wilchelm». 2to BepoAivo o Einstein
niipe Stadlylo amod TN MPWTN Tou cUIUYO KoL TAVTPEVTNKE TNV e€adEADN
Tou EAoQ, Tou oTadnke n ot ocuVTPodog TNG {wNG Tou.

Jta petd to 1905 Xpovia, MapOAo TOU oL UEAETEG TOU OTpEPOvVTOV
KQTA TTPWTO Kol KUPpLo Adyo otnv avamntuén tng Bewplag Tng oXETIKOTN-
TOG aoXoAnOnke Kal e AAAOUC TOUELG TNEG BewpnTiknAG GUOLKAG : To 1906
€6woe tnv KAaowkn dtatunwon ¢ Bewplag g Kivnong Brown Kkat To
1907 dlatunwoe tnv KPavtikn Bewpla twv eldikwv BepuotnTwy, BEpata
TIOU TOV QIA.OXOANCAV KOL 0T EMOUEVA XPOVLAL.

H omoudadtnTa AUTWVY TWV EPYACLWY VAL TOON WOTE VA SLKALOAOYEL-
TaL n kpion MoAAWV GUGCLKWY, KOTA TOUG OTTOLOUG KAl av akOun o Einstein
bev elxe ypaeL oUTE pLa ypapn yLa tn Bewpia TG oXETIKOTNTAG, OL AA-
Aeg Tou gpyaocieg Ba éptavav yla va tou e€acdalicouv pia omovdalota-
N 6€on otnv wWotopia tng PpuoLKNG.

2tn yevikeuon tng Bewplag TnG oXETIKOTNTAC KOl 0TN oXEon LETAEL TwV
dawopévwy TNS BaplTNTAg KOL TWV ETITOXUVOUEVWV KLVIOEWV o Einstein
adLEpwoe peyalo HEPOG TNG SpactnplotnTag Tou otn Zupixn, Tnv MNpa-
ya Kal to BepoAivo, avtAwvtag anod tig BepeAlwdelg umoBéoelg moootL-
KA CUMTMEPACHATA TTou Ba prmopouaoayv va emaAnBgubolv TELPOUOTIKA :
SLoKkAPUEE OTL OL PWTELVEG AKTIVEG TWV ACTEPWY KAUTMUAWVOVTAL KABwWG
TepvouV kovtd amd tov ‘HAlo (1911), €édwoe pla EpUnNVELD OPLOPEVWV
OVWHOALWYV TNG Kivnong Tou Epur) ou & pnmopouoayv va e€nynbouv péoa
oTa MAALoLa TNG VEUTWVELOG UNXAVLKAG (1915), e€nynoe BewpnTikd tn pe-
TOKLvNoN TPOC To puBpd TWV ypapupwV Tou pacuatog. Kapmog okéPewv
SEKa XpOVWV Kal teploooTepo, unnpée n dnuoacicuon (1916) tng Bewplag
TNG YEVLKNG OXETIKOTNTAG. AUTO ATAV TO £pyo Tou o (81og o Einstein Bew-
poloe wg tn onoudaldtepn cUUBOAN TOU OTNV ETLOTNUOVLKN OKEYN. Z€
Sladopec eukatpieg eime mwc n Bewpla TG €L8LKAC oXETIKOTNTOC Bat €lxe
StatunwBel kat Sixwg autoy, yati Bplokotav Adn dlaxutn oTov EMLOTN-
HOVLKO KOOMO. Opwe e€attiag tng EAAEWPNC EVIUTIWOLOKWY TIELPOUATWY
Ba NTav moAU SuokoAOTEPO va €ixe OKEPTEL KATIOLOG VO ETIAVEEETAOEL
™ Bewplia tng BaplvnTag, mou GavoTavV OPLOTLKA CUCTNOTOTIONUEVN
arno tov Newton. MNa va yivel auto xpelalotayv n eEALPETIKN TIVEUUATLKA
Slopatikotnta tou Einstein kat n peyain adéopeutn kpion tou. To €pyo
TIou anaoXoAnoe WoLaitepa 1o puad tou Einstein oxedov 30 xpovia, Atav
N mpoomaBeld tou va enefepyaocBel pla eviaia yevikr Bewpla, mou Oa
gvomnolovoe tn Bewplia Tou nAekTpopayvntikou nediou Kat tou mediou
Baputntag. NapoAo mou n mpoondBela autr BewpnTikig emefepyaoiog
6ev KatAAnge o OPLOTIKA AMOTEAECUATA, TIAPOEVEL TTAVTO €Val ATIO T
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vnAdtepa onpela ota onola £PTace n EMOTNUOVIKN OKEPYN OAWV Twv
ETIOXWV.

H epyaoia tou oto mpoBAnua mou tov evllédepe e mABOC Kal mou
anoppodnoe oxedov OAOKANPWTIKA TN 6paoTNPLOTNTA TOU OTaA TEAEU-
Taia xpovia tng {wng tov, dev eunodioe tov Einstein va mapepBaivet evep-
ya otig oulnTAoELS yla ta BepeAlwdn InTtpata NG cuyxpovng GUGCLKAG,
pe 16€eg peydAng afiag. MapdAAnAa UE TIC EMLOTNUOVLKEG TOU EPEUVEG,
OVANTUEE ONUAVTLKN 6pAcn 0ToV TOUEQ TNG LOTOPLAC TN ETLOTAUNG, KOL
oto nedio Twv ptAocodikwv culnTHoEWV yLa Ta BEPUEALD TNG EMLOTAUNG .

Otov avaykAoTnKe, AOYWw TWV QVTLONULTIKWY PUAETIKWY SLWEEWV TwV
vallotwy, va eykataAeipel tn feppavia (1932), o Einstein eykataotdOnke
apXLKA 0To BEAYLO Kal apyotepa oTIG HVWHEVEG MoALTELEG, OTTOU €YLVE Ka-
Bnyntn¢ oto Ivotitouto Avwtépwv Imoudwv tou Princeton. To 1936 eixe
TNV atuyia va xaoet tn culuyo Tou, Tou £iXe oTABEl yU' QUTOV MPOYUATIKN
ouVTPodog TNG Lwng tou. To 1940 EAaBe TNV AUEPLKAVLKH UTTNKOOTNTA.

AvBpwrog anAog kat Babutata euyevikog, tepldpovoloe KABe e€wte-
pwkn enidel€n kat dnuootdotnta. OL APETEC AUTEC EMALEQV ONUAVTLKO POAO
OTO VQ QTIOKTHOEL TN cUUABetla tou peyaAou kowvou. Wuyxn e€alpeTika
gevaloOntn €tpede peyain ayamnn yla tTnv KaAn Pouaotkn kot Atav o (&log
e€aipetog kaAATéxvng Ttou BLloALov.

H eniSpaon tou €pyou tou Einstein oto pLAocodpikd oToXaoUO RTOV
Kal elval peyaAin. H plllk TpOMoOnoincn Twv EVVOLWY TOU XWPOoU Kol Tou
XPOVou, TIou elonyaye n Bewpla TNG OXETLKOTNTAC EIXE TEPAOTLAG OO~
olag ¢pthooodika emakoAouba. H e€alewn anod 1o medio TNG PUOCLKNAG
TWV EVVOLWYV TOU AmOAUTOU XWPEOU KOl TOU ATOAUTOU XPOVOU, QTOTEAE-
oe aAnBbwn emavAacTacn OTNV EMLOTNUOVLKA oKEYN. Mo va TAoeL Ka-
VEIG O£ pla TO00 emavaotatiky arodn xpetalotav s€alpetikr) eAevbepia
oKEYPNG n omola Ba METPEME va AvATPATIOUV EVVOLEG TTOU artoteAovoay
TOUC akpoywviaioug AiBoug tng puotkng yia Suo aLwVEC.

O Einstein, péxpt to T€Ao¢ NG {wnG Tou embiwée To 16avVIKO TNG KAQ-
olkNg duaolkng, cuudwva e To omoio yla kabe dpalvouevo umopet va
npoodLoploBel pla cadng oxéon attiou - anoteAéopatod. Tn B€on autn
OTIOPPLITEL O)UEPA TO UEYAAUTEPO HEPOC TWV CUYXPOVWV GUOLKWV OL
omnoiol Baaotlopevol ot apxEG TNG KPavTikng Bewpiag Bewpolv OTL Ta
dawopeva mou ektuliooovtal o€ atoplkn KAlpaka eivat advvatov va
npoodloplobolv pe amoluto tpomo. Ot §popol mou akoAoubnoe n kBa-
vtk Bewpla Bprkav avtibeto tov Einstein mou, av kat BepeAlwTnG TG,
TPOTLUNOE va anmopovwOel and tnv UTOAOLTIN EMLOTNHOVLKA KOwoTnta
KOl VOL EPYAOTEL LOVOG TOU OTLG TEAeuTaleg SekaeTieg TNC {wNG TOU.

MAoUoLa ATaV KAl N TIOALTLKH KAl Kowwvikn dpdon tou Einstein. To 1914
apvnOnke va umoypaet pla dStaknpuén feppavwyv Stavoolpevwy mou St-
KaLoOAOyoUOE€ TN yEpUAVLIKN €miBeon evavtiov Tou Belyiou. Aywviotnke
yla tnv mpootaoia Twv ERpailwv kat yla va toug EavadoBel pia natpida
otnv MNaAatotivn. Tou mpoodépBnke n B€on Tou TPWTOU MPOESPOU TOU
Kpatoug Tou lopanA aAAad tnv apvnOnke. To 1939 tou {ntriBnke va umo-
oTNpi&el To ox€SL0 avanTuéng TNG ATOULKAG BOUBAG amod Tig HVwuEveg
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MoAuteiec. To SiAnupa Atav peyado. O Einstein néepe otL n XtAepikn lep-
povia nén eixe Eekivnoel éva avaAoyo mpoypappa. TEALKA LE pLa LoToPL-
KI TOU €MLOTOAN oTov tpoedpo Roosevelt TaxOnke umép tou oxebiou. Tnv
tehevtaia dekaetia tnNg {wnG TOU, HETA TNV OTOULKN Kataotpodn tng Xi-
pooipa kot tou Naykaodkt (1945), tTnv adpLlEpwaoe oTNV EKOTPATELN yLaL TNV
ELPNVLKI XPNON TNG ATOULKNG eVEpyELag. NMEBave oto Princeton to 1955.

To Napadoo twv ALSUpwWV

Avo Sidupa adéAdla, o Mwpyog kat o Oavaong, €xouv TIOAL Slado-
PETLKOUC Yapaktnpes. O Nwpyog eivat oAU avriouyo mvelpa Kol Ya-
XVEL CUVEXELA YLOL KALVOUPLEG eUTiELpiec. O Oavaong sival évag nouxog
avBpwrnog. Otav ta duo adéAdla Bpiokovtal oe nAkia eikool Xpovwy o
Mwpyog maipvel T peyain amodoaon va talldePel o’ Eva LaKPLVO aoTEPL
mou améxel ano tn M 30 £€tn ¢wtdc. To StacTnUomAoLld Tou Umopel va
TafL6eVel pe TaxUTNTA TTOU TTANOLALEL TNV TAaXUTNTA ToU PwTOG.

Otav o NMwpyog GTAVEL OTOV TPOOPLOUO TOU SLATILOTWVEL OTL KAVEVQL
HEPOG BeV TOU apéoel TOoo 600 n matpida tou n M kat anodacilel va
emotpEPEL. Ouwg, otav emoTpEdEL TN M TPLAVTA XPOVWV ... TAOUGCLOG
OE EUTIELPLEC KOL TILO WPLUOG TOV TIEPLUEVEL pLa EKTTANEN. Ta tpaAypaTo
€xouv aAAdgel oAU kat o adeAdog Tou o Oavaong ival yépog oydovta
Xpovwv!

Mtia Blaotikn mpoogyylon Ba anédide tn dtadopd otnv NALKIO TwWV
800 adeAdpwv otnv emiBpaduvon Twv BLoAoylkwy AELToUpyLWV Tou Mwp-
you eneldn talidee yla peyalo dlaotnua o oxéon Pe to Oavaon Ue
TaxUTNTO KOVTA OTNV TOXUTNTA TOU GWTOC.

Oa punopouoe OUWE KAVELG eUAoya va avapwtnBel yiati va Bswprjoou-
He tov NMwpyo va taldevel wg mpog to Oavaon KL 0xL To Oavacon w¢ mpog
To Mwpyo. Avapeoa o SUO ASPAVELOKA CUCTHLATA TTOU KIVOUVTAL TO £va
WC¢ TTPOG TO AAAO £XOUUE TAVTA TNV EVXEPELA VA DEWPOULE TO €vVal OKIVN-
TO KOl TO AAAO KIVOUHEVO WG TIPOC TO IPWTO Kal avtiotpoda.

Mati Aowmoév va pnv givat o Mwpyog mou YEPAOE TIEPLOCOTEPO ATIO TOV
Oavaon; Edw Bploketal to napadofo.

To obotnua dtactnuomnAolo - M dev mapouaotalel cuppetpia. Av n M
elvatl adpavelako cuotnua to dtaoctnuoniolo dev sival adpavelakd ou-
otnua o’ 6An tn Stapketa Tou takldlou. Na va ¢TaceL TV TaxUTNTA TOU
dWTOG MPEMEL va eTTAXUVONKE yla KATIOLO XPOVIKO Siaoctnua. Emiong
dTAvoVTOG OTOV TPOOPLOUO ToU, yla va eTilotpéPeL otn M, XpELAOTNKE
va aAAdgel katevBuvon dnAadn va petafaAAel kot MAAL TV TaxLTNTA
Tou. TEAOG yLa va mpooyelwBel otn M mpemnel va emPpaduvOnke yla Ka-
TIOLO XPOVLKO SLaotnua.

Agv pmopoupe Aowmov va epapUOCOUE TILOTA 0TO TPOBANUA Twv St-
SUUWV QUTA IOV pPABape yLa TNV 8Lk Bewplia TNG OXETIKOTNTOG.

YrnievBupuiletal OtL Ta cupnepdopata tng €l8kAG Bewplag oxvouv
HOVO yLa aSpaVELAKA CUCTAUOTO KoL OTL LOXUEL yLa €va CUOTNUA =~ WG
TPOG €va AAAO cUOTNUA 2 LOXVUEL KaL avTtioTpoda yla TO X w¢ TPoG To 2.
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( 7.1. ) Elcaywyn

O Maxwell, pe tnv evomolnuévn Bewpla TOu yla TOoV NAEKTpOUQ-
yvntlopo (1864), sixe mpoBAEPEeL TNV UTIAPEN TWV NAEKTPOUAYVNTLKWV
KUMATWVY WG LNXavLopoU 8tadoaong tng eVEPYELAG TOU NAEKTPOMAYVN-
TIkoU Tedilou oTo XWPOo. APKETA Xpovia apyotepa, To 1886, kal evw o
Maxwell eixe meBavel, o feppavog Heinrich Hertz mapryyaye nAektpo-
HOYVNTIKA KUUATA UE TOAOVTOUHEVO NAEKTPLKA SUmoAa Kal ameéSeL-
€e otL auta Stadidovtal oTo YwpPo PE TNV TaxuTNTA Tou GWToG. Eixe
avoi€el o dpopocg yla tn Slepevvnon NG aAAnAenidpaong aktvofo-

At ket GANG. EVeL NAEKTPOMAYVTIKG KUKA MITOPOUCE VOt HETadEPEL

H kAaowkn Bewpia ripoPAEmeL 0TL N NAEKTPOUAYVNTIKA OKTWOBONQ v/, pranch (1858-1947) [up-
(opEIVeN ST EPENOTOIO O OTENTO0ONEVEPVEICIGMOVGINGVOMNENER o oc, Ospusiiotic tne KfavTi-
oUXVOTNTA TNG. EVTOUTOLS pia OELpd amd GaVOHEV, OTWG N aKTL- I/ Juopios Nouris dooieis

1918. H {wn tov onuadevtnke
voBoAia tou pélavog cwpatog, To GWIONAEKTPIKO dawodpevo, ta o o eaoapmY
VPOUHIKGA PAGHATO EKTTOUTNAG KO TO PALVOUEVO TNG OKESAONG TWV 7015/ ron oTH J1GpKELO TV
aktivwv X (bawvépevo Compton), dev umopoloay va EPUNVEUTOUV PE 900 Toykocuioy Tosipomr. v
— Kail avoiytd avtiferog ato va-

(1ot1k6 Kabeotwg mapéuerve

To 1900 o Max Planck kavet tnv oAU pLLooTIACTIKY UTOBEON OTUN o)y /o pinvio woorde zon ton
S ST IeRo PO ROV TIREEVONROROIO® oo/ :0c oc Jiovieic uéypt o
QKPLTEG TTOOOTNTESG (KATE KBAVTA) M, O OMAQ, KATA WIKPE TaKETa. /0 fov B aewociion o
H ouvolikn evépyetla Aowrov Sev umopei mapd va eival aképato moA- Aépov.

AarAdoto Tou KBAvTou evépyetag. H unéBeon auth anobeixBnke e ¢ 77

H kBavtwon evog peyéboug Sev pag sival ayvwotn unobeon. Na
napadelypa to NAeKTPLKO doptio eival kKBavtiopévo puéyebog pe kBa-
vto o poptio Tou nAektpoviou. Omotadnimote moodTNTA POpPTIOU El-

VoL TavTa aképalo ToAAAAAGLo Tou ¢popTtiou Tou NAeKTpoviou.

H kBavtiki Bewpla epunvevel GavoOUEVO O ATOULKO ETtimedo ta

ornola aduvatel va eppnvelosl n KAaolkr Bewpia. OTAV EEETATOUIE

(7.2.) H AktwvoBoAia tou MéAavog
2ZWHOTOG

‘Eva omolodninote cwpa & paivetal 0to okotddl evw av To pwTi-
ooUUE To BAETOUE. AUTO cupPaivel ylati 0Ao ) éva LEPOC o To pwC
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TIOU TEPTEL OTO CWHA EMAVEKTEUTETAL (SLaxEeTal) oto meplBAaAiov
LLE OTIOTEAEC A KATIOLEC ATIO TG ETAVEKTIEUTTOUEVEC PWTELVECG OKTIVES
va ¢tavouv ota patia pog. Me Baon auvtr tn Stadikacia kabopile-
TOL KOL TO XPWHA TIoU amodiboupe oTo cwua. Mo CUYKEKPLUEVA, AV
dwrtilooupe Eva cwpa e AsUKO dwG €V YEVEL amoppodd KATIOLA LAKN
KUUATOG EVW AAAQ TAL ETTAVEKTIEUTIEL. ATIO TAL ETAVEKTIEUTIOMEVA UAKN
KUUaTOoG KaBoplleTal TO XpWHA TOU CWHATOG TTOU BAETIOUYE. TNV £L-
SLKN TEPLTTTWON TIOU ETIAVEKTTEUTIOVTAL OAQ TA UAKN KUMOTOC TOU AgU-
KoU ¢wTOC 1o cwpa daivetatl Aeuko. Itnv avtibetn nepintwon, SnAa-
6 otav to cwpa anoppodd OAa Ta PNKN KUPOTOC, pailveTal pauvpo.
MéAav cwpa otn puoikn Bswpeital To cwpa nov anoppodd thv
NAEKTPOHAYVNTLKN OKTIVOBOAL OV TTPOOTIiNMTEL 6’ AUTO, 0 OAO
1o paopa tnG (OAEG TIG CUXVOTNTEG).
Jtnv mpaén, LEAavV ocwpa puropet va BewpnBel £€va omolodnmote avti-
KELUEVO HE aBOAWUEVN TNV eMLPAVELA TOU.

AKTwvoBoAia LEAAVOG CWATOG

H évtaon tng aktvoBoAiag Tou EKTTEUTIEL EVA CWHA EEQPTATAL ATIO
N Bepuokpacia Tou.

ISlaitepo evdladEpov, Adyw Tou poAou mou Ematge otnv eEEALEN TNG
dUOLKNAC, €XEL N LEAETN TNG BEPULKNC OKTIVOBOALOG TOU PEAOVOC OW-
HOTOG.

To péAav cwpa, ¢’ onotadnmote Beppokpacia kL av BplokeTal k-
TIEUTIEL EVEPYELOL UE TN HOPPN NAEKTPOUAYVNTIKAG akTwoBoAlag o’
OAo t0 dpacpa TNG. To LeyaAUTEPO OUWCE TUAKA TNG EVEPYELAC TIOU EK-
TEUMETOL W AUTO TOV TPOTIO TEPLOPLIETAL OE LA OTEVH TIEPLOXH, HE
€O U » KAToLo urkog kupatog (4 ), SladopeTiko yia kabe Bepuo-
Kpooia. e Beppokpaocieg yupw otoug 1000 K to péEAOV CwHO EKTTE-
UTTEL KUPLwG oTnVv umépuBpn TepLoxn, evw o€ PnAotepeg Bepuokpa-
ole¢to /.  Hetatomiletal o€ HKPOTEPQ UNKN KUUATOG (LEYAAUTEPEG
OUXVOTNTEC), 0TNV TIEPLOXN TOU opatou (o). 7.1).

H oxéon mou ouvdéel Tnv anoAutn Bepuokpaoia (7') Tou péEAavog
OWHOTOG ME TO MAKOG KUpATOG auxung (4 ) givat

Ma TNV €pUNVELX TWV TIELPAUATIKWY SESOUEVWV OL EPEVVNTEC OE-
XTNKAV OTL TOL ATOMA TWV CWHATWV ToAavtwvovtal. To TTAAToG TG Ta-
Advtwong Toug gival cuvdaptnon tng Bepuokpaciag otnv omnola Bpi-
OKOVTOL TOL WHATA. ATTOTEAECUA AUTHG TNG TAAAVTWONG TWV ATOHWY,

\ T=3000K

N \T 2000K
AN T-1000K

N S
0 1000 2000
Mnjkog KOpoTog (nm)

"Evtaon avd povada pkovg KOHaTog
\—__
T —

Aidypoupa e EViaons ava
HOVEOO UNKOVDS KOUATOS OE
ocOVApTNON UE TO UNKOS KO-
HOTOG Y100 TO UELOY OOUA, OE
pels drapopetikég Oepuorpo-
oieg. To uéyroto e KOuUmTOANG
uetotomi{etar oe  UIKPOTEpPQ
unkn koduatog otav avéaveral
n Oepuoxpoacia.

Xynpo 7-1
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TIOU UTTOPOUE va Ta SOUUE WE OTOLXELWON TAAOVTOUEVO NAEKTPLKA
SimoAaq, gival n eKMOUM NAEKTPOUAYVNTLKAC akTvoBoAiag. H umoBe-
on Opw¢ autr 6V UMOPEDE VAL EPUNVEVCEL LKAVOTIOLNTLKA TAL TIELPOLLOL-
TIKA QTOTEAECUATAL.

To patvopevo epunveltnke MANRPwC to 1900, pe tig Suo umoBEaoelg
mou Slatunwoe o Planck.

1. H evépysia TwV TAAAVIOUHEVWV OTOUWVY 8 HMOPEL va TApEeL
onoLadnmnote Tiun. Mnopei va mapeL povo SLakpLteg (KPAVILopHE-
VEG) TLHEG. OL TLHEG TNG EVEPYELOG TIOU UMOPEL va £XEL TO TOA-
VTOUHEVO ATOHO Eival

E =nhf

F

OTIOU 71 £Vag BETIKOG AKEPALOG ApPLOUOC TTOU OVOUALETOL KBAVTLKOG
apLOpog, /'n ouxvotTnTa TAAAVTWONG TOU ATOMOU Kl /1 Lo oTabe-
pa ToU apyotepa natée peyaAo poAo otn GpUOCLKK KOl OVOUAOTH-
ke otaBepa Spaong tou Planck. H tiun tng Bpédnke

h=6,626x107*J -5

2. To Mooo NG EVEPYELAG, TTOU UITOPEL VL ATtOPPOPNOEL ) VAL EKTLEW-
PeL éva dtopo, und popdr) NAEKTPORAYVNTLKNG OKTIVOBOALAG,
UIOpPEL VoL TTAPEL LOVO SLAKPLTEG TLUEG.

210 oxfuo 7.2 SlvoupEe plol EIKOVO TWV EVEPYELOKWY OTABUWY OTLG
omnole¢ umopel va Bpebel to dtopo. Av To ATOUO amoppodrosl Eva
KBavto evépyelag SnAadn evépyela £ = /if, auEAVEL TNV EVEPYELA TOU
KATA €va OKOAOTIATL 0TNV KALPLOKO TWV EVEPYELAKWY OTAOUWV. AV TTAAL
TO ATOUO eKTMEUPEL Eva KBAVTO EVEPYELAG UTIO Hopdr NAEKTPOUAYVN-
TIKAG akTvoPoAiag Tote KatePaivel €va okaAomatt otnv (Sla KALpaka.
0oo0 éva dtopo mapapével otnv idla evepyelakn kataotacn (otadun),
OUTE EKTIEUTIEL OUTE amoppodd eveépyela. Ta AToUa, AOLTTOV, ATIOPPO-
doUV N EKTIEUTIOUV EVEPYELA OXL CUVEXWC OAAQ KAVOVTAG EVEPYELOKA
aAparta.

Mapadeyua 7.1

Eva owpa pagag m = 50 g elvol dgpévo oe glatrnplo otabepdg
K =5 N/ m koL ekteAel amAn ypopky TaAdviwon mAdtoug A = 5 cm.
Av BewpnBel OTL To cuoTnua amoTeAel KBAVTIKO TAAQvVIWTH (TaAa-
VTWTNA TIOU N €VEPYELA TOU UIMOPEL val TTAPEL LOVO SLAKPLTEG TLUEG) val
UTTOAOYLOTOUV : a) TO €VEPYELAKO SlAoTnua PeTaty SU0O EVEPYELOKWV
otaOuwy, SnAadn to KBAavTo evépyelag autol Tou Tahaviwth Kot B) o
KBaVTIKOG aplBOC 77 TNG EVEPYELAKNG OTABUNG 0TV omola BplokeTatl
0 TAAQVTWTAG.

Amavinon :

a) Houyxvotnta tng taAdviwong Ba sivat

(O8]

KBavtikog apOude
()

—

Xynpo 7-2.
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f‘—L E_L SN/m —iv’]
© 27z \m 27\ 0,05kg T

Edv o Tadavtwtng xavel evépyela Aoyw TpLpwy, cuudwva Pe TV
um6Beon tou Planck Ba mpémel va XAVEL TNV EVEPYELA TOU KATA AA-
HLOLTaL TTOU TO UEYEBOC Toug Ba eival

AE = hf = (6,626 x 1034J's)'(islj =10,551x10*J
T
MpOoKeLTal yLo £€va TOoO €VEPYELAG TTOU TTOAU SUCKOAQ va aviyveL-
£TAL.

B) H oAlkn evépyela Tou TaAavTwTh £ival

E :%KA2 :%(SN /m)-(0,05m)* =6,25x107J

E  6,25x10°J \
Opwc eniong £ = nhf. Apon =— = — = —6x10%
/- Ap hf  10,551x107*J
MpOKeLTAL YL VO TEPACTLO APLOUO.
Y€ ovAAOYQ ATIOTEAECHOTO KATAA)YOULE AV ETILXELPI)COUE VAL QVL-
XVEUOOUUE TNV KPBAVTIWON TNG EVEPYELAG OE OMOLOSNATIOTE cUOTHUA

OTO LOKPOKOGHO.

(7.3.) To OwtonAektpiko Doavopevo

To dwtonAekTpLko poavopevo eival to Gatvopevo KOTa To onoio
pa petaAAkn enidpavela aneAeuOepwveL NAEKTPOVLIA 0TO TLEPLRAA-
Aov otav MAvVW TG MPOCTUNTEL GWG.

Ta nAekTpOVLO TIOU UTIAPXOUV OTO ECWTEPLKO EVOC Qywyou TIEPLO-
pilovtal 0To XWPO ToU KATaAaUBAVEL 0 aywyog, amd SUVAUELG TTOU
eunodiouv tn SLaxuor toug oto eptBaAiov. Otav pia Séopun pwtog
TIPOOTITTEL TMAVW OTNV €MLPAVELD TOU aywyoU KAToLo NAEKTpOVLIA
anoppodolV EVEPYELO OPKETH YLO VO UTTEPVLKI)OOUV OQUTEC TLG Suva-
MELG Kal Byaivouv amo to pEtaAlo (pwrtonAektpovia).

Mo tn MEAETN TOoU dwTONAEKTPLKOU davopévou Ba xpnolpomnoLn-
oOUUE TN dtdtagn Tou oyruatoc 7.3 .

Méoa o€ éva owArfva upnAol kevol (=10 atm) TonoBetolpe SVo
NAekTPOSLa. To MPWTO, TTOU XPNOLUEVEL WG KABO0S0G, £XEL LEYAAN ETIL-
davela, pépel emiotpwon amo eva aAkaAlpétario (K i Cs) kat otav
dwrtiletal ekméumel nAektpovia. Ta nAekTpovia autd cUAAEyovtal
armo to Sevtepo nAekTpOdLo TV avodo. Me tn BorBela plag motevaol-
OUETPLKNG SLaTtagng UmopoUpe va LETABAAAOUUE TNV TAON Ttou edap-
poletal ota NAekTpodia. TEAOG, e €va ULKPOOUTIEPOUETPO TIOU TIa-
PEUBAAAETAL OTO KUKAWLLOL UTTOPOUE VAL LETPHOOUE TNV €VTACH TOU
peLUATOG IOV odeiAeTal 0TA NAEKTPOVLA TTOU EKTTEUTIEL N GWTLLOUEVN

Movoypopatd | <—®
bs O

Avodog T KéabBodog

Zynuotiky wopoaoTacy EVOS
KOKAOUOATOS QOTOKDTTAPOD.

Xyqpo 7-3.
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kaBodog. Otav n kaBodocg pwtiletal ekMEUTEL NAEKTPOVLIA (PwTONAE-

KTPOVLA) TOL OTtolal EMITAXUVOVTAL ATIO TO NAEKTPLKO TTeSI0 HETAEY TWV

NAekTpodiwv (o). 7.3) kaL kataAfyouv otnv dvodo.

MeLPOUOTIKA SLOTLOTWVETAL OTL

1. Ekmounr GwTonAEKTPOVIWV EXOUHE HOVO OTAV N ouXVOTNTA TNG
TipooTiinTovoag aktvoBoAiag eival peyaAltepn 1 on QoG opt-
OMEVNG ouxVOTNTAG, N omola €ival XapoKTNELOTIKY YLa TO LETAA-
Ao. Autn n oplakn ouxvotnta ovopaletal cuxvotnta KatwdAiou
('ft‘w)'

2. O aplBudg Twv NAEKTPOVIWY TIOU AMOCTIWVTAL And To METAAAO
ava povada xpoévou elval avaAoyog tng €vtacng tng GWIELVNG
0KTLOBOoALOC TTOU TPOOTIMTEL 0TO HETAAAO.

3. H taxvutnta pe tnv omnoia e€€pyovtal ta NAekTpovia Sev e€opta-
TaL anod TNV Evtaon TnG GwTeVAS akTvoBoAiag aAAd povo amo T
OUXVOTNTA TNG KAl AUEAVETOL OTAV N CUXVOTNTA TNG AKTVOBOoALaC
LEYOAAWVEL.

To Staypappa 7.4 TOPLOTAVEL TNV EVTOON TOU PEVUUOTOC OE CUVAPTN-
on MEe TNV Taon petafl avodou kabodou 0To KUKAWMO TOU O)LOTOC
7.3. NapatnpnoTe OTL yLa TAon UNdEV €XOUE PpEUUA, TTOU ONUALVEL OTL
Ta dwrtonAekTpovia eE€pyovTal amo TNV KABoS0o e KVNTLKI EVEPYELD
TIOU TOUG ETUTPETEL VA KlvnBouv UéXpL TNV dvodo. Pelpa €xoupe Kal
yla TAOELG Alyo HLKPOTEPEC Ao To UNdEV. Taon apvntiki, edw, onuai-
VEL OTL N Avod0G EXEL LIKPOTEPO SUVAULKO Ao TV KaBodo. Itnv nepi-
TITWON AUTH TO NAEKTPLKO Ttedio petafl avodou - kKaBodou mapeuUmno-
SileL Ta nAekTpovia ou e€pyovTal amo tnv kabodo va ptacouv otnv
avodo. EhbOoov yLa KATIOLEG ApVNTIKEG TLUEG TNG TAONG EXOUUE pEVUUQ,
N KWNTLKN EVEPYELX OPLOUEVWY NAEKTPOVIWY, OTAV eEEpXOVTAL ATIO TNV
KaBodo, elval ApKETA PLEYAAN WOTE VO UTIEPVLKIOOUV TO QVTITIOEEVO
NAekTPLKO Tebio Kal va dptdcouv otnv dvodo. H tdon (/) otnv onoia
SLoKOTTETOL TO PEVLO OVOUALETAL TAON OUITOKOTIAG.

To dawoduevo be pumopel va e€nynbel povo amnod to yeyovog OtTL To
dwg elvatl NAEKTPOUAYVNTLKO KUUAL.

Ma va UTLEPVLKAOEL TIG SUVALELG TTIOU TO GUYKPOTOUV OTO UETAAAO
EVa NAEKTPOVLO TIPETIEL VO TIPOOAAPEL Eva EAAXLOTO TTOCO eVEpyeLag. H
EVEPYELX QUTH ovoudleTal €pyo §aywyng Kat cupBoAiletal pe ¢. To
€pyo e€aywyng mMolkiAeL and HETAAAO o PETAANO.

To dwg, WG NAEKTPOUAYVNTIKO KUUA, LETADEPEL EVEPYELQ, ETIOLE-
VWG, €lval avapuevVOUEVO OTL To NAEKTPOVLA KATIOLOU HLETAAAOU UTTO-
poUV va amoppodroouv evépyela amo to dwe Kal va eEEABouv amod
10 HETaAAo. H kAaowkn Bewpla Opw 6 UMOPECE VA EPUNVEVUCEL TO
YEYOVOC, OTL N e€aywyn NAEKTPOVIWY armo to HETAAAO KAl N KWWNTLKA
EVEPYELO HE TNV omola e€€pyovTal e€aptatal and Tn ocuxvotnTa TG
TIPOCTIIITOUCAG OKTWVOPBOALOG KOl OXL QTIO TNV EVEPYELA TIOU HETADE-
peL N dwTtewvn §€oun mou mpooTintel oto PETAAAO, SnAadn anod tnv
€vtaon tnc aktwvoPfoAiag.

—

v \Y

0
Aidypoupo tHS EVTOOHS TOD
PEVUATOS € GOVAPTNON LE TNV
TA01 0T0 QWTOKDTTOPO.

Xynpa 7-4.
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To dawvopevo epunvevtnke to 1905 amnd tov Einstein o omnolog, emne-
Ktelvovtag Tig amoyelc tou Planck, uméBeoe otL

«T0 pwC amoteAELTAL ATO HIKPA TIAKETA EVEPYELAG, TTOU OVOUA{0-
vtat kBavta ¢wtog | pwtovia»

H evépyela kdBe Ppwtoviou eivat
E=hf (7.1)

OToU f 'n ouxvOeTNTA Tou Kot /2 n otaBepd tou Planck.

Kata tov Einstein, kaBe pwtovio tng déoung nou pwtilel tnv kabo-
60 petabideL OAn ToU TNV EVEPYELA /if O€ €va LOVO aTtO TO NAEKTPOVLA
Tou peTdAAou. Av n evépyela /if Tou dwTtoviou gival LLKpOTEPN Ao TO
€pyo eaywyng, To NAekTpovio de pmopel va eykataAeiel To HETAA-
Ao. Eav elval peyaAltepn n (on pe To €pyo e€aywyng ¢ To NAEKTPOVLO
EVKATAAELTEL TO LETAAAO LLE KIVNTLKH EVEPYELA TTOU UTtOAOYI{ETAL OO
Tn ox€on.

fotabepn

21

|

—

A%

-V

0
didypoupa THS EVIOOHS TOD
PEVUATOS & GVVAPTHON LE TNV
TA0N Y10 OLAQOPETIKES TIUES
¢ évraong tng aktivofoliacg.

Tynpo 7-5.

K =hf —¢ | ®dwronAektpixn e€iowon tou Einstein (7.2
< Sk
5 Z, _ .
Kiwvytixn Evépyeia ‘Epyo 42,7 QL Hf, K J/é :"DEME i
evépyela = mzpoomintovrog - &laywyng - 4, ﬂlm;;ov/;
niexTpoviov poToviov 4?7hf, i
172 mv? = hf - D = S
O ETOILYIO
0980 P50
© 90 6 0 © B« Hixmpovio
e
Mérodio

ZANUOTIKN TOPAOTOGH TOV PWTONAEKTPIKOD QALVOUEVOD.

Syfipe 7-6.

H pwtonAektpikn e€iowaon tou Einstein eppnvevel 6Aa Ta melpapa-
Tika Sedopéva.

Mo va e€€ABeL Eva NAeKTPOVLO A0 TO LETAANO TIPETEL
hf —¢>0
dnAadn n evépyela Tou mpoomintovtog pwtoviou va gival peyaivte-
pNn f opLaka ton pe to €pyo eaywyng /f > ¢
, 9
n 2
S P
H ouxvotnta f, —;ﬁ elval n ouxvotnta katwdoAiou.
1

Av n cuxvotnta TNG MPOooTiintovoag aktvoBoAiag eival peyaAutepn
aro tn ouxvotnTa KatwdAiou n avénaon Tng Evtaong tng MPOCTILITTOU-
oag aktwoBoAiag cuvenayetal avénon tou aplBpol Twv GwToviwv
Tiou TEdToUV 0TV KABod0o ava povada xpovou Kal EMOUEVWG auénon
TOoU aplBpol Twv pwtonAekTpoviwy mou eé€pxovTal amo To PETAAND
oToV 1610 Xpovo. TEAoG onwe daivetal amo tn pwtonAekTpLkn elow-
on, N KWNTLKN €VEPYELA LE TNV omola eE€pxovTal Ta NAEKTPOVLIO ATO
KAToLo HETAAAO €aPTATAL LOVO OO TN CUXVOTNTA TNG MPOCTIMTOoU-
00¢ akTwoBoAiag.
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H opun Twv pwrtoviwv

Itnv mapaypoado 6-11 eidape OTL éva CWHATIO PE UNdeVIKN pala

npepiog - tétolo eival to pwtovio - €xeL evépyela £ = poEEiSINND
He emiong OTL N evépyela evog dwtoviou eival £ = /if . EUkoAa Bplokel

h
KQVELC OTL p = s . Av AaBoupe untoyn otL ¢ = A f KOTOAYOUE OTO
C

CUUTEPAOUA OTL N 0pUN Tou pwToviou Sivetal amnd tn oxéon

_h
)

To dw¢ 0T0 GPWTONAEKTPLKO POLVOUEVO CUUTIEPLDEPETAL TV EVal
pevpa cwpatidiwy (pwtoviwy). e AANEC TTEPIMTWOEL, OUWCE TO PWC
ocuuneplpEpetal cov Kupa (.. divel pawvopeva cupBoAng). H oye-
on (7.3) eivat élaitepa onpavtikn yati pwrtilel tn duadikn puon Tou
dwtoc. Juvdeel pia kabBapd cwpatidlakn WBLoTNTaA, OMWG N OPUI, UE
pLa KaBopd KUPOTIKA WLOTNTA, OTWE TO UAKOC KUAToC. O cUvOeopOog
petafy Toug eivat n otabepa tou Planck.

(7.3)

(7.4.) Pawopevo Compton

Ot aktiveg X

To 1895 o Wilchelm Réntgen (Pévtykev) avakaAue OTL Otav éva
pHETaAAo «PBouPapdlotel» pe nAeKTpOVLIA TTIOU KIVOUVTAL UE HEYAAN
TAXUTNTO EKTIEUTEL NAEKTPOUAYVNTIKA okTwoPBoAia. H aktwofoAia
OUTN OVOUAOTNKE AKTIVEG X 1 akTiveg Rontgen. Aktiveg X xpnotpormnot-
ouVTAL KABnUeEPLWVA onpepa yla thv AnPn kowwv aktvoypadlwv. Ot
OKTlveg X €xouv pnkn kopatog amo 0,001 nm, €wg 1 nm.

O UNXaVLIOPOG opaywynGg TwV aKTivwy X glval akpLBwg o avtiotpo-
$0G ToU GPWTONAEKTPLKOU GALVOUEVOU. ITO GWTONAEKTPLKO PaLVOLLE-
VO pla HeTaAALKNA emidpavela «BopuBapdiletal» pe NAEKTPOUAYVNTLKO
KOMOL KOl EKTTEUTIEL NAEKTPOVLA. ITIG OKTIVEG X N HETAAALKN ML AVELD
«BouPapdiletaly e NAEKTPOVIA KOL EKTEUTEL NAEKTPOMOYVNTLKO
KOUOL.

Otav ta nAektpovia tng 6€oung ptavouv otnv emPpAvELD TOU E-
TaAAou emuBpaduvovtal anodtopa. H emiPBpaduvon auth cuvodeveTal
OO EKTIOUT) akTWoBoAlag, To dwTOVIO TNG omolag Ba £xeL evépyela
HULKPOTEPN N (0N PE TNV EVEPYELA TOU NAEKTPOVIOU 0TO Omoio odeile-
TOL 1 EKTIOUTIN TOU.

Yriapxel kat AAAN attia yla tnv omola eKMEUMETAL akTvoBoAla and
N MeTaAAkn emdavela. KabBwg ta nAeKTpoOvia cUYKpoUOoVTaL UE T
atopa tng emipavelag Tou PeTAAAou ToUG petadépouv evépyela. Ta
atopa Sieyeipovtal, to NAEKTPOVLIA TOuG dnAadn petadEpovtal o
otifadec peyaAutepng evépyelag. Otav anodleyeipovtal, 6tav SnAa-
o1 ta nAekTpovia emaveABouv TNV apxLKn Toug oTLRada, EKMEUTIOUV
oTo TepLBAAlov evépyela U pHopdr NAEKTPOUAYVNTIKAG aKTwvoBo-
Aloc.

Wilchelm  Réntgen  (1845-
1923).  Ollavdia, Elfetia,
Tepuovia. H avakdiloyn tov
OUDVOU®Y — AKTIVOV  £@epe
emoavaotaocny otnv 1atpikn. No-
ured @voikng to 1902.

Ewkoéva 7-2.
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H okédaon Compton (Koumntov)

H Omapén dwtoviwv emiPefalwdnke melpapatikd to 1924 amnod tov
Apepikavo Arthur Holly Compton. O Compton mapatfipnoe otL otav
OKTLVEG X TIPOOTILIITOUV TIAVW OE UL UALKN ETILHAVELA EVA LEPOC TOUC
EKTPEMETAL ATIO TA oWHATIOL TNG UANG (okeddaletal). O Compton Sia-
TloTwoe OTL To oKESALOMEVO TUAUA TNEG OKTWVOBOALOC EXEL UKOG KU-
HOTOG LEYAAUTEPO ATIO TO UNKOG KUUATOC TNG TPOCTILMTOUCAG AKTLVO-
BoAlag (ukpotepn ouxvotnta). OL petproelg tou Compton €6eL€av OtTL
N LETABOAN TOU PAKOUG KUUATOG OVAUECO GTNV TTPOCTILIITOU O KOLL TN
okedalopevn 6éoun e€aptatal LOvVo amo T ywvia avapeoa otig SUo
OE0UEC KAl LAALOTO UTIAKOUEL OTN OXEON

A=A :i(] —oLvY)
mc

omou 4’ To WAKOG KUMATOG TNG okeSalopevng S€oung, 4 TO UAKOG KU-

HOTOG TNG TtpooTiintoucag d€oung, 72 N LAa Tou NAEKTPOVIOU KAl ¢ n

ywvia PeTatl Mpoomintouoag Kot avVoKAWUEVNG S£CUNG.

JVudwva Pe tnv KAaoLkr Bewpla €va NAEKTPOUAYVNTIKO KU OU-
XvVOTNTOG f TIOU MPOOTINTEL 0” €VO UALKO aVOYKAZEL TOL NAEKTPOVLA TOU
UALKOU va TaAavTwvovTal KE TNV idla cuxvotnta Kat, emakoAouBa, va
TIAPAYOUV UE TN OELPA TOUG OaV ULKPEG KEPALEG, NAEKTPOUAYVNTLKO
KOpa tng idtag ouxvotntag /. H kAaowkr Bswpia, Aowndy, Ba nepipeve
n okedalopevn d€oun va €xeLtnv (dla cuxvotnta Kat, avtiotowya, (dlo
UAKOC KUUATOG UE TNV MpoaoTiimtovca S€oun.

Ta mpaypata ¢wtilovtal av So0UUE TNV NAEKTPOUOYVNTIKI OKTL-
voBoAia w¢ pevpa dwtoviwy, dnAadn cwuatiwv pe undevikn pala
neeuiag mou petadpEpouv evépyela Kal oppr. Tote to MPOPBANUA TNG
okedaong tng aktvoBoAiag peTatpEmeTal o€ MPOBANUA KpoUonG ava-
peoa o’ éva pwtovio Kal Eva NAEKTPOVLO.

A¢ umoBéooupe OTL éva pwTOVIO HAKOUG KUUATOG /4 OUYKPOUETAL
W éva TPAKTLKWG aKivnto nAekTpovio (oy. 7.7). Metd tn okédaon To
dwTtovLo Kveital oxnuatilovtog ywvia ¢ e tnv apxikn SteuBuvon ki-
vNonG Kal £€XoVTag XAOEL TUAUA TNEG OPXLKNG Tou eVEpPyELaG adol Eva
HEPOC TNG OPXLKNG Tou evépyelag Ba petadepBel oto nAektpovio. To
okedalopevo pwtovio Ba €xel petatpanel oe pwTOVIO LAKOUG KULO-
To¢ /. pe . > 4. Katd tn Stapkela tng okESaong mpéEmeL va Statnpou-
VTOL N EVEPYELA KOL I OPLLI) TOU CUCTHUOTOC.

Arthur Holly Compton (1892-
1962) Auepiki.
Ewkova 7.3

Zxedolousvo
POTOVIO
v
Higxpévio e Mezd. ) oxédaon
) o€ npeuia N
IIpiv ) oxédaon . ™~ OKESALOUEVO PWTOVIO
. . AN 'E/@) evépyeto = h f
TPOCTITTOY PWTOVIO AL ! opun) = h/i’
2 _ Ipoorwiztov ,
2V h/f f pareévio nAekTpoVIO
opun = evépyeio, = K,
0puI = p,
Higxtpovio
LETd T oKEdaoN

Xynpa 7-7.
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To dwtdvLo €XeL ipwv TN okESaon evépyela £ = /hf =he/ A ko petd
T okedaon £ = hc/ 1. Oa mpEMeL AoLmov va LoyUEL
h h
ne_ne + K

PRRE .
omou K, n KWNTLKA EVEPYELD TOU OVOKPOUOUEVOU NAEKTPOVIOU.

AnAadn

AT g (7.4)

Mapadeyua 7.2

Aéoun aktivwv X pe 1 =0,1 nm (107" m) okeSdletar and emubdvela

avBpoka. H okedaobeloa S€oun oxnuatilel ywvia 90° pe tnv mpoorti-
nitouvca. Na Bpebouv :

a) H evépyela kal n opur Twv GWTOVIWV TNG MPooTintovcag SEoUnG.

B) To pNKOG KUMOTOG, N EVEPYELA KOL N 0PN TOU PpwToViou TG OKe-
daléuevng 6éoung.

y) H kwntikn evépyela ou mpoodidetal o€ €va aAVAKPOUOEVO NAE-
KTpOVLO.

Amovtnon :
he (6,626x107°J -5)-(3x10°m /s

a) E=hf =—= — =19,878x107"°J=12424 eV’
A 107" m
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h 6,626x107* J - y
pP= S22 13710 J g=6,626><107“l kg-m/s
m

P
B) i’—izi(l—m)vgo)

mc

=1,024x10""m

-34
apa A :/I‘FI—?(I—GUV(p):lO’IOm+ 6,6%6x]0 J-s
mc (9,11><107’1kg)-(3><108m/s)

he (6,626x107 J-5)-(3x10° m/s)
E'=—= — =19,412x107° J =12133 eV
A 1,024x10"" m

,_h _6,626x107 J s
7 A 1,024x107" m

=6,471x10™ kg-m/s

YV K =E-E'=291¢V

(7.5.) H KU”athﬁ (DI.'JGI'] tnq 'YAnq Ipiykimog Louis de Broglie
(1892-1987). I'ailog apioro-

Kpatikng katoywyns. Bpafeio

Noumehd 1929.

Ewkova 7-4.

Elkool mepimou xpovia PeTd tnv undBeon tou Einstein otL éva nAe-
KTPOMAYVNTLKO KUMA, OTIWG TO WG, EXEL CWHATLOLOKN UTIOOTACH, OTA
1924, o faAAog Louis de Broglie (Aoul vte MmpoAl) miotevovtag ot
OUUMETpla TNG dUONG €6e0e To afiwpa OTL OMOLOSHTIOTE CWUATLO 0Op-
KNG p eivat ouvbedepévo e €va KUPA LAKOUG KULOTOG /4 Ttou Sivetal
OTtO TN OXEON

=2
14
H unéBeon de Broglie v apynoe va emaAnBeuBel. To 1927, otnv
Apepikn, ot Davisson kat Germer Stamiotwoayv OTL pia 6€opun nAekTpo-
viwv Tou KivouvTal Pe HeyaAn TaxutnTo MePOAATAL LE TPOTIO AVAAO-
YO E QUTOV TtoU TepLOAATAL Pla SECUN NAEKTPOUAYVNTLKAG OKTIVOBO- (a)
Alag, pa §éoun aktivwy X yla mapadelypa. ZOVTopa, VEQ TIELPA AT
€6e1€av OTL KUPOTIKN cupmepLdopa MaPouoLalouV Kol SECUEG CWHL-
TWOLWV o KaL SE0UEG VETPOVIWV. T ATOTEAECUOTO HTAV TETOLO TIOU eV
adnvav kavéva meplBwplo va apdloBntnBel otL Ta cwudtia €xouv
KOl KUPLOTLKY duon.

Mapadeyua 7.3

Moo pnkog Kupatog mpoPAEmel n unoBeon de Broglie a) yla pia
MTtAAQ Tou UTAoKET, palag | kg, mou kweltal pe taxotnta 3 m/s , B) (1))
yla tn odaipa evog mupofolou omhou palog 20 g mou Kweltal e ta- (@) Eixdéva mepifiaone axti-
xotna 300 7/s , y) yia évo nAektpovio pddag 9,11x10°" ko mou éxet V@V X (B) Eikova mepifiaone

, 6 oeoung niektpoviwv.
taxvtnta 7x10” m/ s. Eikéva 7.5
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Aravtnon :

Kal ta tpla cwpata, akopn Kat To NAEKTPOVLO, KIVOUVTAL LE TayU-
TNTEG ONUOVTLKA ULIKPOTEPEC TNG TAXUTNTAG Tou PwTtog, de xpelaletal
AOLTTIOV VAl XPNOLUOTIOLCOULE TN OXETLKLOTLKA OXECN YLOL TNV OPUN.

h o 6,626x107 J-s

a) A =—= =2,21x10"* m
)4 2 (1 kg)-(3 m/s)
—34 )
B A4, :]_1: 6’€26X10 S =1,1x107* m
P, (20x107 kg)-(3x10° m/s)
34
v A G 0,626x10 " J s =1,04x107""m

Ps B (9,11x107 kg)-(7x10°m / s)

A6 ta SVo mpwta amoteAEéopata BAEMOUE OTL £€vVa CWUA TOU Ua-
KPOKOOHOU CUVOEETAL UE UNKOC KUUATOG TOOO HLKPO TIoU AAAoV Sev
Ba UTOPECOUE VO TO AVLXVEUCOUE TIOTE. ETOL UIMOPOULE VA TIOUE
OTL n uméBeon tou de Broglie yla tnv kupatiky duon TG UANG €XEL
OUCLAOTIKA £dappoyr HOVO ylo CWHATLA ATOMLKNAG KOL UTTOOTOULKNAG
KAlpOKaG.

(7.6.) Apxn tnc ABeBatotntog

EiSape OTL T NAEKTPOUAYVNTIKA KUHATO CUMTEpLdEPOVTAL AA-
Aote cav kUpata Kot dAAote cav S€0UEG owpaTtiwy. Emiong 6€éopueg
KAQOLKWV CWHATLSLWY, OTWwE Ta NAEKTPOVLA, £XOUV KOl KUMOTLKH CU-
unepltdopd. MmopoUpe va TOUE OTL N UAN, LE TNV EUPUTEPN EVvola
(cupmeplAappavovtag KoL TNV eVEPYELa), EXEL SLTTAR OVTOTNTA -CWHA-
TISLaKN KAl KUPOTLKY. NPOKELTAL yLo €VOL CUUTIEPOOO TIOAU KaAQ Oe-
UEALWHUEVO TIELPOLLOTLKAL.

Katw amod pia tétola Bewpnaon MPoKUTTEL £Vl CNUAVTIKO TIPOPAN-
pa. Eva cwpatidlo, 6nwe to avtidapfavovrtal ol KAaowkol puaotkol, i-
VOl KATL TOU omtoiou n B€on 0To XwWPo ATV AuoTNPA MPOocSLOPLOUEVN.
AvtiBeta, éva KUUO eKTElVETOL OTO XWPO. Eva owpaTiSLlo PUE KUMATLKN
ouumnepldopd mou PBpioketal, H amavinon tng KBavtikng Bewplag,
000 KL Vv LOG OOKAPEL, gival:

«8&v pnmopoUpe va yvwpiloupe nou akplBwg Bploketatl.»

Ac Bewpr)COUUE VO CWUATLOLO TTOU €XEL KATIOLOL CUYKEKPLUEVN XPO-
VLKA OTlyUn oppn p mopdAAnAn otov dfova twv x. ZUpdwva LE TNV

unoBeon de Broglie kat tn oxéon 1 - , €Aav yvwpiloupe emokpl-
p

Bwg TNV opun Tou cwuatidiou auTo Ba cuVEEETAL KaL e Eva KUUOL UE
EMAKPLBWG OpLOEVO URKOG KUpATOG 4. H e€lowaon mou meplypdadel To
OTLYULOTUTIO €VOC TETOLOU KUUATOG OTO XWPO TN XPOVLKNA OTyun 7 =0

2
glvaL v = 4 nu(%j Kal n ypadlkn tTng mopdotaon ivol autr Tou

oxnuatog 7.9.
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H afefoiotnra tng Oéong, Ax , eivar areipr.
Tynpa 7-9.

To OTLYULOTUTIO EKTEIVETAL ATIO TO —o0 OTO + 0. MoV BplokeTal To ow-
poatidlo mou eival ouvdedepévo pe autd to KUpa; Mrmopet va Bpioke-
TaL ormoudnmoTte.

Ma va pn KataotPEPOUUE EVIEAWG TN CWUATLOLOKN ELKOVA XPELALO-
HUOOTE KUPOTO TIEPLOPLOUEVA OTO XWPOo. Oa OVOUAIOUUE QUTA T KU-
HOTO KUROTOTIAKETAL. MTopoUpE va PTLAEOUE KL Vo TtEpLypaPouE
pobnuatika onoladnimote kupatopopdn pe tn LEBodo tng unépDe-
on¢ ocuvdualovtog KataAAnAa Stadopa KUpOTO PE ETUAEYUEVA UAKN
KOpOToC MAATN Kal GACELS. YIIAPXEL OUWE KATIOLOG TTEPLOPLOOG. Oo0
TILO EVTOTILOEVO OTO XWPO (Mo cwpatidlako) BEAoupe va eival To Ku-
LLOTOTIOKETO TOOO TEPLOGOTEPA KL TILO SLOOKOPTILOUEVA UNKN KUMO-
TOG MPEMEL va xpnotpomnotiooupe (oy. 7.10). MAnpwvoupe dnAadr tov
EVTOTILOMO NG B€ong Tou owpatidiou-Kupatog pe anpoodloplotia
OTO UNAKOC KUMOTOC TIOU TOU OVTLOTOLX({OUME KOl - KAT' EMEKTAON -

/
OTNV OpUN TOU (p = ij .

v
(@)

“« Ax >

iy HM

v 1 S A\\w“\‘u‘\““‘ﬂ‘[\

M\f“\w“\w‘n\\'\ VL H\M R0 VU““\“H‘\‘H\\‘“\“H“‘w
LA \ \.“J\‘J

(B V‘VU‘U‘H‘MH ‘W

Il ‘U |V

i

(0) O1 KOKKIVES KAl 01 HODPES YPOLUUES OELYVOVY KOUATA e TOAD Uikpn o10.Qo0-
PG oTO UNKOG KOUaToS T0Vv6. H vmépbean tovg diver to kdua (f) (draxpotnua).
Me tnv vaépbleon ueyalov apiBuod xopudtwv umopovue vo covlécoovue éva
KOUOTOTOKETO, OTMS ODTO TOV TYNUATOC (V), e mepropiouévy afefarotnro Ax
w¢ wpog ™y Béan tov ato ywpo.

Xyfqpoe 7-10.

H aduvapia pag¢ va mpoodlopiooupe emakplpwg TAUTOXpOVA TN
B£on kot TNV opur evog cwpatidiou Sev odpelAeTal O TELPAUATIKES
atéAeleg. Eival cupdutn pe tnv idla tnv kBavtiki Soun tng UANG.

O Heisemberg 10 1927 kwblkomoinoe Ta mapandvw SLoTUMWVoVTOG
™V apxn tng apeBardtnrag ( anpoodloplotiag) pe tn oxéon:

Ap -Ax = i
2

Aev giva Suvatov va PETPOOUE TAUTOXPOVA KoL T O£on Ko TV
OPHI EVOG CWHATLSLOU LE ATEPLOPLOTN OKPIPELAL.

ESWw MpEMEL va ONUELWOOUUE OTL Ta cUMBOAA Ax kat Ap 6e onuai-
vouv tn PeTaBoAn twv peyebwv aAAd to €Upog TN afefatdTnTog HE

X

Werner Heisemberg (1901-
1976) Tlepuoavia. Xe nlixia
TePimov €ikool ypovav olo-
KAllpwoe Ty facikn tov Epyo-
oia yiro v kfoavrikn Oewpio.
Bpoafeio Noumeld yio tnv apyn
¢ afefoiotnrog to 1932.
Ewkova 7-6.
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TNV onoia yvwpiloupe ta peyéDn. AvaAoyeg OXETELG LOXUOUV Kal yLo

h /
TG aMAeg StevBuvoelg | Ap Ay = —, Ap Az > 2.
: 2 ) 2

Mia dAAn Sdtatunwon tng apxng tng apfePfatdtntag tov Heisemberg
glvatn

AE-AZZ/—z

27

H apefairotnta oTn HETPNON TNG EVEPYELAG HLOG KATAOTAONG EVOG
ouoTAHATOC lval avtiotpoda avaloyn HE TOV XPOVO MOU TO oU-
OTNHO TTOPAUEVEL 0° QUTH TNV KATAoTOON.

AnAadn OAeC oL LETPNOELG EVEPYELAG TIEPLEXOUV HLa afefalotnta,
EKTOC av SLABETOUE yla TN LETPNON ATIELPO XPOVO.

Ye éva SLeyEPUEVO ATOUO Eval ) TIEPLOCOTEPA NAEKTpOVLIA &€ Bploko-
VTOL 0T BepeAlwdn Toug KATAoTaon, AAAQ O KATAOTACH HEYAAUTE-
pNG evépyeLag. Otav €va TETOLo NAEKTPOVLO peTamnOnoeL ot Bepell-
wdn Tou KATAoTAON, EKMEUTIEL £va GWTOVIO EVEPYELAG /1f, loNG LE TN
Sladpopa evépyelag Twv SU0 KATAOTACEWV OTLC OTOLEC BPEBNKE.

‘Eva SLEYEPUEVO ATOUO EKTIEUTIEL OKTIVOPBOALO OTAV €va 1) TTEPLOOO-
TEpA NAekTpovLa Tou dev Bplokovtal otn BepeAlwdn katdoTaon -
oTpEYPouV 0’ aUTH. I€ KAOE TETOLO «KPAVTLKO GAUA» EKTIEUTIETAL EVAL
dwtoVLo. H HeAETN TwV PaopATwy ekmounng Selyvel otL ol daouartt-
KEC YPOAUUEC Sev elval auotnpd kKaBoplopéves aAAad n kabe pia epda-
vilel éva duoko gVpoc. To eVPOG TwV GACHATIKWY YPOUUWY UITopEL
va €€nynBetl pe v apxn tng apefatodotnrag.

‘Eva Sleyepuévo Atopo Umopel va ekmépet éva dpwtovio onoladn-
TIOTE OTLYUI OTO XPOVIKO dtaotnua amo undev pexpt anelpo. O pEoog
XPOVOG OTOV OTOL0 £VaG LEYAAOG apLlOUOC SLEyEPUEVWV ATOUWY EKTTE-
pret aktvoBolia eivar tng ta€ng tou 10%s.

Amo tn oxéon AE-Af> 2/—1 ko emeldn AL =/ A/ mpokUTTEL
T

haf=—"
27w At

Kat Af >
2 At

Bétovtag omou A7 = 10°%s éxoupe

Af >1,6x10" Hz
émou 1,6x10 /= eivat to eAdx1oTo €0pog TNG GACUATIKAG YPOUUNAG.

Mapadewyua 7.4

‘Eva NAektpovio Kwveitatl pe tax0tnTa 3x10° m/s METPNUEVN HE
akpiBeta 0,1%. Me mola akpiBela pumopoVUe va MPooSLoplooupE
TN B€on tou; Eav otn B€on Tou NAEKTPOVIOU €XOUUE LA UTTAAQ TOU
YKOA® mou €xel pala 45 g kat kweltal pe taxvtnta 20 m1/s, LETpNUEVN
pe tnv ibla akpiPela, pe mola akpifela umopoUUe va utoAoyioou e
T B€on tng;
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Amovtnon :
@) p,=mo, =(9.11x10""kg)-(3x10°m / 5) = 27,33x10 kg -m /s
H aBefatdotnta Ap, Ba eivaito 0,1 % tng mapandavw Tpung SnAadn
27,33x107> kg -m/ s.
H afeBatdotnta Ax otn B€on Ba elval to Alyotepo
h 6,626x107* J /s

= = — =0,38x107" m,
2r-Ap,  6,28-27,33x10" kg-m/s

Ma ti¢ Staotdoelg tou nAektpoviou n afeBatotnta B£ong eival te-
paocTtia. MpokeLTal ya €va NAEKTPOVLO TIou dev Ba To BpoULe TIOTE.
Elval oa va Payvelg PuAAoug ot’ axupa.

B) Me tnv 6la Stadikacia, yla 1o pmaAdkt Tou YykoAd Bplokoupe
apeBatdTnTa WG mPog T Béon Ax = 1,16x10" m.

Ma éva cwpa Twv SLooTAcEWY TNG UAAag tou YKoAd n aBefaldtn-
To autn elvat pndapvn. NpoakTikad yvwpilovpe pe akpifela tn B£on
Tou.

(7.7.) Kupatoouvaptnon kat Eficwon
Schrodinger (Zpévtivykep)

ElSape OTL éva OMOATOMIKO GWHATIOE, yio mapadelypa Eva nAe-
KTPOVLO, 6€ pmopel va meplypadel GOV UAIKO GAUELD, e TPELG OUVTE-
TOYHEVEG OTO XWPO. YO OPLOUEVEC OUVONKEG CUUTEPLDEPETAL GOV
KOpa. Mo tnv meplypacdrn Tou XPELO{OUAOTE Uia KUMOTOOUVAPTNON
oe avaloyia pe tnv efiowon KUPOTOG TOU XPNOLUOTIOLOUUE yLo TNV
nieplypadr evog punxavikol i evog nAekTpopayvntikol Kupotoc. TA

ITa LNXAVIKA KUpOTa N €€lowon KUPOTOC HAC SIveL yla KABE XpoviIKN)
oTlyun Tt 6€on kABe onpelou Tou UALKOU pEoou oTo omoio Stadidetal
TO KUMO. 2TO NAEKTPOUAYVNTIKA KUUOTA Ol EELOWOELG KUMOTOG TTOU Tal
neplypadouv pag divouv yla KABe XpoVLK CTLYUA TNV TIUN TNG évTa-
ONC TOU NAEKTPLKOU KOl TOU HOyvNTLKoU Tiediou og kaBe onueio Tou

Xwpou otov oroio Sadidetat To kupa. HkUpaTOoLVERTHON P EHWE
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GOV EVOTATONOECHIEVENNOVEIBENOREE An\atn, av opicouue
€vav OTOLXELWSN OYKO ) yUpw amd €va CUYKEKPLULEVO onueio (x, v, 2)
TO YWOUEVO ‘\{1‘ dV 8ivel Tnv mbavaotnta va BploKeTAL TO CWHATLO

Héoa otov dyko ¢/ GRiIDEDONEVITNPOVIKINGEVILD

Av xwplooupe To GUVOAO TOU XWPOU O€ OTOLXELWSELG OYKOUG /) Kall
o€ kdBe onueio Tou xwpou BPoUE TNV TIUA TNG ¥ yLa KATTOL XPOVIKA
OTLYHUA TO ABPOLOUA TWV YWOUEVWY \‘P\ dV mpémnelva elval (oo pe tn

povada.
> |wfar =

QPTNON TOU cwHOTLO-

Max Born (1882-1970). I'ep-
novia. Meyalog Oecwpntikog
pvoikog. Xpnoipomoinoe TIg
wiavotnteg yia vo epunven-
OEL QAIVOUEVO THG KPAVTIKNG
unyoavikng. To 1933 eykatéler-
we tn Lepuoavio apyikd yia to
Edwuflovpyo kar oty ovvéyela
yioo 11¢ Hvouéves Ioliteieg.
Nourel 1954.

Ewkova 7-7.

Erwin  Schréodinger  (1877-
1961). I'evviOnke oty Biévvy
oo Avatpiakd motépa ko1 Ay-
yhida puntépa. Kalliepynuévn
Kol kaAliteyvikn @von eiye
0 taiévio va moapovoialel
TIC AWOWELS TOV UE YONTEVTI-
K0 tpomo. Aidale otn Zvpi-
xn, omov diatdmwoe Kai TRV
wepipnun eliocwon tov, O0TO
Bepolivo, otnv OCpopdn kai
oto Aovflivo. Xto télog ¢
Cwng tov eméotpeye oty Biév-
vi. Moipdotnke pue tov P.A. M.
Dirac to Noumed ®@voikng to
1933.

Ewkoéva 7-8.
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(7.8.) Zwpoatidio NMNaywdsvpévo oe
Mnyaét Auvapikou

Jwpatidlo mayldeupévo og mnyadt Suvapikou eival Eéva cwpatidlo
TIoU AOyw €€wTePLKWY SUVAUEWV Elval TAYLOEUUEVO OE pia TteEpLOXN)
TOU XWpPou. Av BewprooulE yla MopASELYUA 0OV CWHATLO €va NnAe-
KTPOVLO, TETOLOU €ldoug mayideg eivat Ta atopa. H Sidtaén tou oyn-
potoc 7.11 pag Slvel pia o XELPOTILOLOTH ELKOVA TOU TL £lval £va Tin-
yadtL duvapikou.

(o)

(B)

0 L

(o) H o1ataln avry mepropiler ta eledbepa nlektpovia tov aywyod o’ éva
unkog L wavew orov aéova twv x. () To anyddr dvvauikod mov onuiovpyei n
ordroln uog. Ta elevbepa nlektpovia mwov Ppickovrol ota opia tov L Exovv
ovvourkn evépyero, U=0 evao éCw and ta opia tov L dvvauikn evépyeia U # 0.
o va fyet éva nAektpdvio oo 10 TNYAOL TPETEL VA EYEL KIVNTIKN EVEPYELQ
ueyalbvrepn and to fabog tov mnyadiod U, Jtnv mpaln to mnyddt dvvauixod
Tov onuiovpyel N o1ataln pac éxer oTPOYYVAEUEVO YEIAN KOI TOIYDOUATA TOV
yépvoov elappa tpog ta ééw.

yqpa 7-11.

a) Mnyadt Auvapikou Aneipou Baboug

EoTw OTL £XOUHE €va NAEKTPOVLO TIOU KIVELTAL POVO KOTA TN OLev-
Buvon twv x Kal eival mayldeupévo o’ Eva tnyadt SuvapLkou ATELpou

BaBoug 6mwe oto oyrua 7.12. AutO onuaivel OTL Qv TO NAEKTPOVLO g g
Bpioketal oto dtaotnua 0 < x < L €xeL Suvapkn evépyela U = 0 evw
avx <0 7 x> L nduvaplkn evépyela anelpiletal. Me toug mopamnd-
VW TEPLOPLOPOUE N AUon Tne e€iowonc (7.6) givat Ux) Ulx)
Y(x)=0 av x<0 1 x>L ko =0 «
LI’(,\'):Aiw% yla 0<x <L omou n=1,23 ... L

Xyfqpo 7-12.
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H W(x) elvat n Kupotoouvaptnon mou MEPLYPAPEL TO NAEKTPOVLO UG
yla kamota 6eSopEvn XPOVLKA OTLYUN.

To UAKOC KUMATOG TNC NULTOVOELSOUC aUTNC popdnG UIopel va tapeL
TG TLUEG

2L
/12—(11 =1,2,3,..... )
n h
Av B€00ULE TIG TLUEG TOU / TTOU BprKape oTn oxéon 7 = 7 T(POKUTITEL
nh
P=77 (7.7)

BA€moupe OtTL n opur Tou nAektpoviou Sev UmopeL va mapeL onoladn-

TOTE TLUA O0AAQ TLUEG TTOU €lval aképala TTIOAAATTAGCLO TG TTOCOTNTOG
%L' AnAadn n opun ival KBavtiopeévn.

KatL avtiotolyo cupBalvel Kal Pe TNV EVEPYELA TOU NAEKTPOVIOU TTOU

"
2

UTTopEL va. elval HOVO KWVNTIKA. £ = K = P

2m,
AVTIKOOLOTWVTAG 0TN OXEON QUTH TNV 0pun amo tnv (7.7) Bplokoupue
2

i
E=n"

(7.8)

Sm(,L2

H evépyela Tou NAEKTPOVIOU PG VAL UTTOXPEWTLKA KBAVTLOUEVD.
Ag S0UHE TWPA OV UTTOPOUE VO EVTOTILOOUUE TN BEon Tou NAeKTpO-
viou.

Eidape o011, cUpuPwva pe TNV mapadoxn tou Born, To TETpAYwWVO TOU
UETPOU TNE KUPATOoUVAPTNONG elval n mbavotnta 6€ong ava povada
OyKOU. XT0 TPOPBANUA TTIOU UEAETAWE TO NAEKTPOVLO KLVELTAL LOVO OTN
StevBuvon Ttou dgova Twv x. Apa To ‘Lll(x)’h Ba eivat n mbavéTnTa

B£onc ava povada PURKoug yla tn 6e80uévn OTIYUN TToU €ETAIOUE.

B) Mnyadt Nenepacpuévou Baboug

EOTw OTL TO NAEKTPOVIO TNG TPONYOUUEVNG Ttapaypddou eival
eykAwBLopévo o’ éva mnyadt menepacpévou Babouc (oy. 7.14). Twpa,
av to nAekTpOVLIo Bploketal oto dtaotnua [0-L] €xel SuvauLkn evép-
vela U = 0, av Bploketal €€w amo to dtaotnua [0-L] €xel Suvapikn
evépyela U, . To nAekTpOVLO TTOU EETALOULE EXEL EVEPYELX MIKPOTEPN
arno U,. Me aUTEG TIG OPLAKEG CUVOAKEG, N 7.6, yia () < x < L, EXEL LLat
nutovoeldni Avon avaioyn UE autr Tou BpNKOLE OTO TNYAdL amel-
pou Baboug. Ma x <0 katx > L, Opwg, 6ev mpokumtel Y(x) = 0, omwg
TP, aAAd pia ekBetikd dpBivouoa ocuvaptnon Tou x. TEALKA N KUUATO-
ouvaptnon €xeL pia popdn ocav avtryv tou oynpatog 7.15 .

n=3 9E/
n= 4E,
n=1 E/
E=0
)

(0) I'pagpikés mapaoctdoeic tng
Y(x) yio tovg TPEIS TPADTOVS
kfavtikodg apiBuodec. (B) O1
avtioTolyes mWapaoThoElg yia
70 “P(x) H i tov “I’(,\‘)‘_
yia xale onueio deiyver v
wibavotnta va Ppelei to nie-
KTpOvio ¢’ €va OTOILYEInoES
dx yopw amo to onueio avto.
(y) O1 avtiotoiyec evepyelo-
Ké¢ otalueg tov niextpovioo.
H amooraocn avaueco e 600
ora0oyikés atabueg dev eival
otalepn, ueyatlover 6co avla-
VEL TO 1.

Xyqpo 7-13.



243

w(x)

AN .
JAVAY,

Xyfqpo 7-15.

Xynpo 7-14.

Kat otnv nepintwon tou nnyadlov nenepacpévou Baboug oL kata-
OTOOELC OTIG Omoleg pmopel va BpeBel To nAekTpovio sival SLAKPLTEG
(kBavtiopéveg). Ekel ou pag neptuévst uia KBavtikn €KmAngn sivatl

otn VpOtd)LKI’] TapAcTOOoN TOU “P

TO “P ’ 6¢e unbdeviletal apéowg yia x < Okatx > L. An}\aén QaKOUN
KL 0V TO NAEKTPOVLO SEV €XEL TNV QATIALTOUUEVN KIVNTLKN EVEPYELA YL
va ByeL ano to mnyadt, cupdpwva e Tig TPoPAEPELS TNG KAAOLKAG Ot-
wplag, urtapyel kamotla mBavotnta va Bpebet £€w am’ auto.

Ac ocuvoliooupe 60a EXOUUE MABEL LEXPL TWPA :

1. To nAektpovio - avtiBeta pe 6,tL mpoPAETEL n kKAaowkn Bewpla - be
UTTOPEL val £XEL OTTOLOOATIOTE TLUN EVEPYELAC | OPUNG OTav Bploke-
TOL HECOL OTO TINYASL.

2. To nAektpovio dev npepnel péoa otnv nayida tou. H xapnAotepn
OTAOUN KWWNTLKAG EVEPYELAG OTNV OoTola pmopel va Bpebel avtl-
otoletl og n=1 kat givat dtadopn tou pndevog. Elval katL ou €p-
XETAL O€ avtiBeon pe tnv kKAaoikr Bewpla.

3. To nAektpovio sivar mbavotepo va Bpebei o€ oplopéva THRATO
™G nayidag ar’ 6,tL o AAAa. Av Bpiloketal otn BepeAlwdn kata-
otaon (n=1) (avadépetat kal oav edadikr kataotTacn) eivat oAU
mBavotepo va Bpebel yupw amd to péoov Tng mayidag mapd Ko-
VTA oTo AKpa TNG. Movo yla PnAEC evepyELaKES OTABUEC N BavVO-
NTa va Bploketal oe KAmola B€0n KATAVEETAL TILO OpoLOpopda
Kall cUYKALveL otnv amoyn tng KAaokng Bewplag mou Bewpel OAeGg
TI¢ B€0eLg e€loou TBavVEC.

4. To nAektpovio punopei va dtaduyel and thv nayida tou. Edv to

ninyadt tou SuvapikoU Sev €xel amelpo BaBocg To NAEKTPOVLO €XEL
kamota mbavotnta (Uikpry aAAd oxL undevikn) va Bpebel £€w amod
TO TtNYASL KL G NV €XEL TNV BEWPNTLKA ATIALTOULEVN EVEPYELA YLAL
va oUpBel auto. H mbavotnta autr) peyaAwvel 600 To NAEKTPOVLO
Bpiloketal og PNAOTEPN EVEPYELAKN OTABUN.

(7.9.) To @awvopevo ZRpayyac

Itnv mponyoupevn napaypado eidape 1o mapadoo OtL av eykAw-
Blooupue éva nAektpovio péoa o’ éva tnyadt SuvapLkoU UTTAPXEL N TL-

Bavotnta va Bpebet £€w amod to mnyadt. Eivatl cav va kAgivoupe éva

UTTAGKL 0” €va KOUTL KL aUTO, LEPLKEG POPEG, va BplokeTal arm’ €€w.

=/ L2 E,
0 L
(o)
Ux)
U,
n=3 E;
n=2 E,
n=1 E,
X
0 L
®»
lwl’
n=3
n=2
n=1
X
0 L
¢¢}

(o) I'popikés mopactaoels e
P(x) yra tOovS TPEIS WPADTOVGS
kfoavrikods apiBuodsc. (f) Ot
OVTIOTOLYES EVEPYELAKES OTAO-
ues tov nlektpoviov. (y) Ot
avnaroz;;ag Tapactdosis yia
70 “I’ ‘ H tiun zov |‘P |
yia kdbe onueio deiyver tnv
wifavornra va fpebei to nle-
KTpovio o’ éva 0Tolyel®oieg
dx yopw amd to onueio avto.
Biémovue ot1 o1 koumdleg
extelvovtal kai éCw amo Ta
opra Tov TNYadLov.

Xyfqpo 7-16.
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‘Eva avtiotowxo ¢awvopevo eival to pavopevo onpayyas. ESw to
NAEKTPOVLIO BPIlOKETOL OVTIHETWIO HE Eva dpaypa Suvaptkol PnAo-
TEPO ATIO TNV EVEPYELA TOU. ZUUPwva Pe TNV KAaoLkr Bewpia to nAe-
KTpovLo Ba avakAaotel kal Ba emotpéPel miow. H kBavtiky Bewpla,
OUWG, Lo 0dnyel 0TO CUUTEPAOUA OTL, LEPLKEG HOPEG, TO NAEKTPOVLO
Slamepvael to dpayua. H Bewpntiki autr mpoPAedn emBefatwve-
TOL TELpOOTIKA. Elval oav va metape éva unaldkt o’ €va tlapL Kot
KAmoleg GpopEG To UmaAdkL va BplokeTal amo tnv AAAn PEPLA XWPLG
va oTtAoEL To tlapL. Tétola dawvopeva BEBata s cuppaivouv MoTE pe
ocwpata Onwg éva UMaAAdkL, cupBaivouv OpwG e cwpatidla Omwg
€va NAeKkTpOVLO.

Ag 6oUpe mpwTta Tt elvat éva ppaypa duvaptkov. Eva Tpevakl Tou
Aouva mapk (o). 7.17) €xeL oto XaunAotepo onueio A tng Stadpo-
MNG Tou TaxutnTa v,. Av BewproouUE OTL 0TO A N BUVOULKH EVEP-
YELOL TOU TPEVOU €ival UNdeVLIKN TOTE N OALKN Tou eVEpyeLa £ Ba gival

E=K, = lm - MmMpooTd 0To TpEVAKL BplokeTal éva LPwpa UPoug
A 2 A

/1 og oX€on He To onueio A. EQv To TpevakL katadEpel va Bpebel otnv
kopudr A tou vpwuatog Ba €xel Suvauikn evépyeta U, = mgh. Eva
TETOLo UPwHa oav autod mou BploKETOL UTPOOTA OTO TPEVAKL UIOpEL
va xapaktnplobetl ocav éva ppayupa duvaukou vpoug mgh. EGv dev
untdpxouv TPLREG KaL £ = U, totTe To TpevakL Ba unepmndroet To VP w-
pa kot Ba cuveyioel tnv mopeia tou. Eav £ < U, 1o tpevakL Ba dptdoet
HEXPLEVA UPOC ULKPOTEPO TOU /1, N TAXUTNTA Tou Ba undevioTel katl Ba
KUAAOEL TIPOG Ta Tiiow. AvtioTtolxa ¢ppaypota SUVAULKOU UTTOPOUE
VO UAOTIOLI)COUE KOl OTO NAEKTPLKO Tedio, OTIOU TO POAO TOU TPEVOU
Ba nailel Eva nAeKTpOVLO Kot To dpaypa Suvapikou Ba avtiotolyel o
SuvapLkn evépyela nAektpikou mediou. (oy. 7.18).

H AUon tng (7.6) av AdBoupe umoyn Toug MEPLOPLOKOUG TTIOU ETIL-
BaAAeL to dppaypa Suvapikou dnhadn [/ =0 yla x <0 kot x > L kot
U=U, ywa 0<x<L,elvartng popdng tou oxnpotog 7.19.

Ux)

U,

Apiotepd koar 0el1d TOV PPAYUOTOS 1] KOUOTOGVOVAPTNON EIVAL NUITOVOELONS

eV 0T0 e0wWTEPIKO TOV ekbetinny plivovoa.

Tynpa 7-19.

Méyioto Hyog A
KOL UNdEVIKN
TaydTnTa

Otav E < U, 10 tpaivakt dev
umopei  vo omEPTNONOEL  TO
Qpayro SvvoulKoo.

Xynpa 7-17.

0 L
Ppdypa dvvaurkod vwovg U,.

Eva nlexktpovio  evépyeiag
E<U, obupove pe tny kiaoi-
k1 OQewpio dev umopel va me-
paoel awd Ty pio TAevpd TOL
PPOYLOTOC OTNY GAAN .

Xynpo 7-18.
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BAEMOUUE OTL N KUPLATOOUVAPTNON UTTAPXEL Kal S€€Ld Tou ppayua-
TOC Qv Kol PE aloOntd pLKPOTEPO TTAATOG. AUTO ONUOIVEL ULKPOTEPN
mBavotnta UTtapéng tou nAektpoviou Se€ld tou dpdyuatog ar’ o,tl
aplotepa.

H mubavotnta epdaviong tou nAektpoviov de€ld tou ppaypatog
e€aptatal amo TNV EVEPYELA TOU £ Kal To EUPOC Tou dppaypatog L. Mo
OUVKEKPLUEVQ, N TiBavoTNTa yivetal peyaAutepn av auvénbel n evép-
YELQ TOU nAeKTpoviou (mapapévovtag Ukpotepn amo to UPog Tou
dpdyuatog U,) kat av ehattwbel to ebpog Tou Ppdyuatog.

To dawvopevo onpayyag £xeL TOAAEC epOpUOYEC.

O xaAkog ofelbwvetal. Eva yupuvo cUppa arnd xaAko KAAUTITETAL OO
€va Aemto otpwpa ofeldlou Tou xaAkoU Tou eival HOVWTAG. Ouwc,
oMol yvwpiloupe OtL n emadn Suo XAAKWVWY CUPUATWY VAL OLywYLUN.
Mwg UrtopouV Ta NAEKTPOVLA KOL TIEPVOUV OUTTO TO £vVa GUPUA 0TO AAAO;
Me Tto patvopevo onpayyoc.

Kata tn padievepyo diaomacn GAda, o TupRvag EKTIEUTIEL VA OW-
patio dAda (muprvag tou otolxeiou NAlov). Ma va dtaduyel o ow-
patio aAda amno tov mupnva MPEMEL va Slamepdoel Eva ¢ppaypa du-
VOULKOU TIoU OodelAeTal OTIG EAKTLIKEG TIUPNVLKEG SUVAMELG KOl OTNV
anwoTtikn duvaun Coulomb avapeoa o€ AUTO KAl GTOV UTTOAOLITO TTU-
prAva. Imopadikad, KAMOoLo cwHATo aAda katopBwvel va Slamepdoet
oUTO TO hpayua.

Mta upnvIKn avtidpacn cuvTNENG mpayuatomnoleitat otav dUo mu-
pAVEG €pBouv TIOAU KOVTA WOTE OL LOXUPECG TIUPNVLKEG TOUC SUVAUELS
UTTOPECOUV VOl TOUG KAVOUV VO CUCCWHATWOO0UV Kal va TIPOKAAEGOUY
™ ouvtnén. To mMAnclaopa OPWG TwV TUPAVWY Ttapeunodiletal anod
TIC AMWOTIKEC Suvapelg Coulomb mou telvouv va Toug AmOUaKpUVOUV.
Ma va emteuxBel n ouvtnén ot U0 MUPIVEC TIPETEL VO SLOTIEPATOUV
To dpdyua Tou SnULoUpYELTAL OO TI( OMWOTIKEG SUVAUELS. AuTo
oupBaivel otov HALO KoL o€ OAa Tat GAAQ AOTEPLAL.

To ¢pawopevo onpayyoc Bpiokel emiong edpappoyn otig Stédoug on-
PAYYAG, 0TO NAEKTPOVIKO ULKPOOKOTILO orjpayyag Kot aAAoU.

Zovoyn

To pélav ocwpa gival to LSEATO EKEIVO WA TO Oomoio anoppodd
OAn thv aktwofoAia n onoia MPOCTILITEL MAVW TOU.

OL unoB£osLg mou £kave o Planck otnv mpoomndBeld tou va epunvey-
OEL TNV akTwoPoAla Tou PEAOVOC CWHOTOG ElvalL:

H evépyela TwV TAAAVTOUHEVWV ATOUWV SEV UIOPEL VOL TAPEL OTTOLA-
énmote tiun. Mnopei va mdpeL Lovo SLakpLtég (KBAVTIOMEVEG) TLHEG.
OL TLHEG TNG EVEPYELAG TIOU UTTOPEL VA £XEL TO TAAOLVTOULLEVO ATOHO

eivout
E = nhf
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OToU 7 €vag BeTIKOC aKEPOLOC apLBUOG TToU ovoualeTal KBOVTIKOG
aplOUoG / n ouxvoTNTA TAAGAVTWONG TOU OTOOU Kot /2 n oTaBepd tou
Planck (/1= 6,626x10""J s},

To mooo NG evépyeLag, UNe Hopdn NAEKTPOHOYVNTLKNAG AKTLVOBOAL-
oG, MOV UMOpPEL val amoppodoEL 1 va eKMEUYPEL EVOL ATOUO UTOpPEL
VOL TLAPEL LOVO SLOKPLTEG TLUEG.

OLunoBéoelg autég amoteAouv to BepéALo TG KPavTikng Bswplag.

To pwtonAektplkd Pawvopevo eival to GaLVOUEVO KATA TO OmMoio
pia petaAAikn enidpavela aneAevBepwvel NAEKTPOVIA 0TO TEPLRAA-
Aov Ootav MAvVW TG MPOOTUNTEL GWG.

To eAdyloto Moco evépyelag Tou amatlteitatl va mpoodepbel o’ éva
NAEKTPOVIO €VOC UALKOU yla vol SpOTETEVOEL AmO TO UALKO A€yeTal
£pyo e€aywyng ko cupBoAiletal pe to ¢.

O Einstein epurvevoe 10 GpWTONAEKTPLKO GALVOUEVO UE TNV TapaAdoxn
OTL T0 PWG LETAPEPEL TNV EVEPYELA TOU OE MLKPA TIAKETO, TTOU OVO-
padovtat kpavia ¢wtog n pwiovia.

H evépyela kaBs pwtoviou sival E=hf

H KwnTikn evépyela evog pwtonAektpoviou katd tnv £€060 Tou amod
Vv kaBodo eival

K=hf—¢ (PpwronAektpikn e§icwon Einstein)

omou /1 n otaBepad tou Planck kat A Tou pAkoug KUPATOG Tou PWTOG.

h

H opun kaBs pwtoviov eivat 7 = 7

®dawopevo Compton givat To paLvopEVO KOTA TO Omolo n okedalope-
vn aktwvoBoAia X amd éva UALKO €XEL LEYAAUTEPO LAKOG KUUATOG OO
TNV npoonintovca. H dtadopad e€aptatal anod tn ywvia okédaong.
A=A zi(l —oLvY)
mc
OnoLoSAMOTE CWHATLO OPHNG p Eival CUVOESEREVO HE Eva KUMA, LUE
UNKOC KUUATOG /A Ttou Sivetal amod tn oxéon

A=l

P
H apxn tng apefarotnrag AgsL OTL Sev gival SuvaTtov Vo LETPROOUUE
Ko Ttn O€on Ko TRV oppn EVOG CWHATLE0U, TAUTOXPOVA, LLE ATEPLO-
pLotn akpifeta.

Na éva cwpatidlo mou Kweltal mavw otov afova Twv x

/
Ap -Ax = A
’ 2r

H aBefatdotnta otn HETPNON TNG EVEPYELOG MLAG KATAOTOONG EVOG
CUOTANATOG Elval avtiotpoda avaAoyn LLE TOV XpOVO OV To cUCTN-
MO TTOPAEVEL O’ AUTH TRV KATAoTAON.

h

AE-At > —
27
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Kupatoouvaptnon W eival n ouvaptnon tng 0€ong Kot Tov Xpovou
nou meplypadeL Eéva cwpatidio - KUpa. H Kupatoouvaptnon sivatl
AUon tng e€lowong Schrodinger.

To TETPAYWVO TOU UETPOU TNEG KUUATOOUVAPTNONG “P‘q ylaL CUYKEKPL-
HUEVO ONUELO KATIOLA CUYKEKPLUEVN XPOVLKA OTLYUN €lval n mbavotn-
T €UPECNC TOU CwWHATLSOU ava povada oykou (rmukvotnta mba-
votntag). H mBavotnta va Bpioketal 1o cwpatidlo KAToOU 0To XWwpo
elvat ton pe tn povada

Z“}"zd V=1 (ouvBnkn kavovikomoinang)

Mnyadt duvapikou ival pLa mepLoxr Tou xwpou omou av Bpebet éva
owHATLO Ba €xeL ULIKPOTEPN Suvapkn evépyela arm’ OTL o€ omolodn-
note aAAo onpeio tou meptBaiAovtog xwpou. Eav n dtadopd tng du-
VOULKNG EVEPYELAG LETAEY ONUELWV EKTOC TOU TINYadLloU Kol EVTOC TOU
ninyasdlov eivat U, KoL To CWHATLO EXEL KWVNTLKA EVEPYELO LIKPOTEPN
Tou U, TOTE TO CWHATLO TtaYLBEVETAL OTO TtNYASL.

-To cwpdTio gV Umopel va EXEL OTIOLAOATIOTE TN EVEPYELAG I OPUAG
otav Bploketal péoa oto mnyadt.

-To owpatio ev Umopet va nPeUEL p€oa otnv mayida Tou.
-To owpartio eivat mBavotepo va Ppebel oe oploPéva TUAMATA TNG
nayidag an’ ot og AAAa.

-To owpaTtio sivatl mBbavov va Bpebel kat ekTdg mnyadlou.

Dawopevo onpayyag eival To GavoUEVO KATA TO 0ol £V CWUATLO
Slamepva éva ppaypa SUVALKOU XwpPLg va EXEL TNV KAQOLKA ATaLToU-
HEvVN evépyela yU auTo.

EpwtRoELg

MéAav cwpa

7.1 MNapatnpwvtag pia vOXTa ToV oupavo PeE €va TNAECKOTILO TIWG
UTTOpOoUUE Vo EeXxwPLl{OUPE TA AOTPA TIOU €XOUV ETLPOAVELOK)
Beppokpaaoia PLKpOTEPN Ao AUTAV Tou HAlou;

7.2  Ymdapxouv KPBAVTILOUEVEG TTOCOTNTEG OTNV KAAOLKN duaoLkr; Av
vat, SwoTte éva Tapadelypa.

7.3 Ta nAektpodvia Kot Ta dwtovia eival cwpdtia. 2 Tt Stadépouv
petafL toug;

7.4 M\apue yio dwtovia epubpol pwtog ) dwrtovia twdoug pwToc.
MTmopoU e va IARCOUUE yia dwTévia AeUKOU dwTOG;
DwtonAektpiko pavopevo

7.5 [wg epunVveVETAL TO YEYOVOC OTL Ol PWTONAEKTPLKEG UETPHOELC
e€aptwvrtal ano tn duon TS PWTONAEKTPLKNG EMLPAVELOG;
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MoLeg amo TIG EMOUEVEG IPOTACELS €lval 0pBEG;

o) Av aUENOCOULE TNV £VTACN HLOC LOVOXPWHATLKAC SE0UNG TToU
TPOOTITTEL 0TV KAB0do TOou PwToKUTTAPOU AUEAVETAL O
0PpLOUOC TWV NAEKTPOVIWY TTOU EKTIEUTIOVTOL OE OPLOUEVO XPO-
vo.

B) O aplBUOC TWV EKTIEUTIOUEVWV PWTONAEKTPOVIWV YLOL OPLOUE-
VNG €vtaong GWTELVI) LOVOXPWHATLKY SEoun, e€apTdTtal ano
TO MUNAKOG KUMOTOC TNG SECUNG.

y) Ta dwtonAektpovia Byaivouv pe peyoAutepn Taxutnta otov
N ouUXVOTNTA TNC MPOCTILMTOUCOC AKTIVOBOALAC LEYAAWVEL.

) Na va mapatnpnOei 1o PWTONAEKTPLKO PALVOUEVO aTaLTETAL
HOVOXPWHUATLKN aktivoPBoAia.

OL emopeveg MPOTACELS adhopoUV 0TO GWTONAEKTPLKO PaLvOpLE-

vo. lNoleg amo auTég sival opBEG;

a)H tdon amokomng eaptdtal amo Tn ocuxvotnta tng GwIEL-
VAG SE0UNG KaL elval HeyaAUTEPN yla TNV Kitplvn aktvoBoAia
Tapa yla tTnv mpactvn (f,'\_ > f )

B) H avénon tnc évtaong tng d€oUNG CUVENAyEsTaL avénon tng
ouxvotntag katwddAiou.

y) H ouxvotnta katwoAiou e€aptdtal amno To €pyo e€aywyng Tou
HUETAAAOU Kol glval peyaAUTepn yla To KAALO (gbk, =2,2 eV)
and 6,TLyLa To kaioto (¢, =1.4 eV),

6) H taon amokomnng e€aptatal anod to £pyo €aywyng Tou LE-
TéAAou Kat eivat peyaditepn yia o KdAw (F, =2.2 ¢V) and
6Tyt to Kaitoo (¢, = 1,4 V).

€) Ta pwtonAekTpovia €xouv HEYAAUTEPN KIWVNTLKN EVEPYELA
otav n kabodoc pwtiletal pe Kitpvo Ppwg amo o,tL étav pwti-
leTal pE TPAoWO WG (fk. > f )

0T) H tdon amokomng e§apTdtal amo TNV EVEPYELX TWV GWTOVI-
WV TNG GWTELVNC SEGUNG KOl EAATTWVETOL OTAV PWTI{OUUE TNV
KABobo pe pwtoVLa HEYAAUTEPNG EVEPYELAG.

®dawopevo Compton

7.8

7.9

JUUTTANPWOTE TO KEVA:

To pAKoG KUpATOG TNG okedalopevng aktwvoBoAlag X Katd to
dawopevo Compton €VAL ....ccceeveereeeeeneeniee. Qo ouTO TNG TPO-
omnintoucag. AUTO onNUALVEL OTL TOL OKESALOUEVA ....veevvenrenrerenenee.
EWVOL v EVEPYELAG ATIO T TpooTintovta. H
SLadopd TNG EVEPYELAG TWV ..eeeveereerrenreniene LOOUTOL UE TNV EVEP-
VELAL TOU evevenreeeereeeeeneenns

AVo 6éopeg aktivwv X pe pAKn KUpatog A, ko 4, (ua A > /12)

okedalovtal o NAekTpovLa. Na tnv idla ywvio okESaong os moLa

arto TIg U0 MEPUTTWOELG AVTLOTOLXEL

o) LEYAAUTEPO KUPOTOC TNG oKeSalOUEVNC aKTIVOPBOALOG

B) LeyaAUTEPN TLUA TNG EVEPYELOG TOU OLVOKPOUOUEVOU NAEKTPO-
viou.
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7.10 H Swadopd HETAEU TWV UNKWV KUPOTOG TNG TIPOCTILIITOUCAC
okTwoBoAiag X kat tng okedalOPeVNG YIVETOL LEYLOTN OTAV N
ywvia petad tng okedalopevng KoL TnG mpoomintovoag S€0UNG

elvat

a) 0°
B) 450
V) 90()

ErmuAé€te Tn owoth anavtnon.

H kupatikn ¢uon tng VANG

7.11 ‘Eva nAeKTPOVLO, £va CWHATLO GAda Kal £va VETPOVLO KlvoUvTaL
HE TOXUTNTEC APKETA UIKPOTEPEC OO TNV TaXUTNTA TOU PWTOC
Kall €XouV TNV (8La KvNTLKA EVEPYELA. Z€ TIOLO OO T cwHaTidla
OVTLOTOLXEL TO LEYAAUTEPO KAl OE TIOLO TO ULKPOTEPO UNKOG KU-
uatog de Broglie;

7.12 310 oxnuo daivovtal TECCEPLC TMEPLMTWOELS NAEKTPOVIWY TIOU
KLvoUVTOL HECO O€ NAEKTPLKO 1 pEoA O payvntko mebio. e
TIOLQL I) OE TIOLECG TMEPLMTWOELG TO KOG KUpOTOC de Broglie a) pe-
YaAwVeL; B) pkpaivel; y) Hével i81o;

v
o 2o ‘o o

< P < <

E E B B

(@) ® (6] )
Xynpa 7-20.

7.13 H unoBeon de Broglie 6tL og KABE KIVOUEVO CWHA AVTLOTOLXEL
€va Kupa dev €xel epapuoyn ota GaVOUEVA TNEG KABNUEPLVNG
{wNG. AuTo cUPBALVEL YLATL TO QVTLOTOLXO UAKOG KUUOTOG
a) elvatl oAU pikpo
B) eival oAU peyalo;

Apxn t™¢ apeBatotnrog

7.14 H apyn tng afeBatotntag dev adopd otnv KABNUEPWVOTNTA LOG.
Mol odeiletal auto;
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AOCKNOELC

DwtonAeKTpLko Ppatvopevo - Opun pwrtoviwv

7.15 Ta nAektpodvia mou Byaivouv amo tnv enidpavela evog LETAAAOU
mou PwTileTAL LE LOVOXPWHUATIKI aKTIVOBOALQ UAKOUC KUUOTOG
400nm €xouv Kwvntikn evépyela 0,8¢V. Me mola eVEpyELa EKTTE-
urovtal ¢wrtonAektpovia amnod tnv idla emipavela PUE AKTVO-
BoAia prkoug kUpatog 500nm; Atvovtal /= 6,626x107"J s,
c=3x10° m/s,1eV =1,6x107"J.

[Am: 0,18 eV]

7.16 Qwrtewvn aktvoBoAia punkoug KUHATog 400 nm MPOCTILITTEL OE [LE-
ToAALKA eTdAveLa. AuTr eKTEUTEL PWTONAEKTPOVLA TTIOU €XOUV
TaxuTnTa 8% 1077/ 5 . Moto elval To £pyo eEaywync yLa to PETaA-
Ao TG KaBoddou; Aivovtal /1 = 6,626 x 107" J -5, ¢ =3x10" m /s,
m, =9,1x107" kg, 1eV =1,6x107"°J.

[Arm: 1,3 eV ]

7.17 To épyo e€aywyng yLa éva petaAlo ivat 1,8 V. Nolo Ba eival to
SUVAULKO OTOKOTING yla pwE TTou €XEL UNKOC KUpatog 400 nm;
Aivovtat: 1=6,626x107*J s, ¢=3x10"m/s, e=1,6x10"C,
leV =1,6x107"J.

[An: 1,3V ]

7.18 [ola amnd ta mapakAatw VALKA Sivouv dwtonAektpovia otav dpw-
Tilovtat pe opato ¢wg (400-700 nm); TavtdAio (4,2 V), BoA-
dpauto (4,5 ¢V), Baplo (2,5 ¢V), AiBo (2,3 V). Ztnv napévOe-
on avadépetal To £pyo €€oywyng TOU QVTIOTOLXOU HETAAAOU.
Atvovtat: 1 =6,626x10*J -5, c=3x10° m/s, 1 eV =1,6x107"J.

[Ar: Bépio kou Aibio |

7.19 To SuvOpLKO OTOKOTING yLal pLlot LETOAALK ETLPAVELD TTOU dw-
Tiletal pe pwg punkoug kKupatog 491 nm eivar 0,71 V. Otav n
6la emupavela pwrtiotel pe dwg AAAOU HAKOUG KUHPOTOC, TO
Suvaptko amokomng yivetat 1,43 V. No urtoAoyiloeTe: a) To €pyo
e€aywyng yla to HETAAAO auTo Kal ) To VEO UNKOG KULOTOG.
Aivovtat: £ =6,626x107*J -5, ¢=3x10"m/s, e=1,6x10""C,
leV =1,6x107"J.

[Ar: 1,82 eV 382 nm |

7.20 H ouyvotnta kotwdAiou yia éva pétalo sivat 5,6x10" 1z,
Na Bpebel n KwnTk €evépyela PE TNV omola eyKOTAAEL-
MEL TO HETAAAO £va PwTONAEKTpOVIO OTOV TO UETAA-
Ao odwtiletar pe odwg ouxvotntag 8,6x10" Hz. Aivovtau
h=6,626x10""J-5,1eV=1,6x10"J

[Ar: 1,2 eV ]

7.21 Mua Adumo mou €xeL Loyv 200 W, ekméumel opolopopda o OAEC
TIC SLEVOBUVOELG HOVOXPWHATLKO dwC pNKoucg Kupatog 600 nm.
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Ye anootaon 10 m and tn Aduna kat akplPwe micw anod KUKALKO
avolypa aktivag 20 mm Bploketal atcOntipag. Noca pwtovia
¢dtavouv otov atodntnpa o€ xpovo 0.1 s;

Oa umoBéoete OTL OAN N evEpyela tTNG AAumag yivetal pwTewvn
evépyela. Alvovtat ¢ =3x10" m/s kot /i =6,63x10 " Js.

[Ar: 6,03x10° pwtovia ]

7.22 T UAKOC KUMOTOC TIPETIEL VAL €XEL ULOL NAEKTPOLOYVNTLKA OKTL-
voBoAia wote éva GwTOVLO TNG va €XEL TNV (SLa opur UE €va
NAEKTPOVLO TtoU Kuveltal pe taxltnta 2 x10° 1/ s;

Aivovtat: c=3x10°m/s, h=6,63x10"* Js, m, =9,1x107" kg,

[Ar: 3,64 nm |

7.23 Mooa ¢wtovia e UAKOC KOUATOG 4 = 663 nm TIPEMEL va TPO-
OKpoUOUV avd SeutepOAemTo KABETA OE pLat amOAuTa avakAa-
OTIKN €MLPAVELN, WOTE va aokioouv ¢’ autr duvaun IN.
Alvetar /1 =6,63x10""Js

[A7: 5x10°%° powtévials |

7.24 Erudaveia Ni, yLa to omoio 1o €pyo e€aywyng ival 5 eV, d€xetal
umeplwdn aktvoBoAia punkoug kupatog 200 nm. Moo to duva-
HLKO QUTIOKOTTAG;
Aivovtat: c=3x10°m/s, h=6,63x10"" Js, 1eV=1,6x10"J.

[Az: 12 V]

7.25 To €pyo €€aywyng yLa to vatplo eivat 2,7 eV. Molo ivat To pe-
YOAUTEPO UNKOG KUUATOG TTOU UIMOPEL va TpoKaAéoel pwTonAe-
KTPLKI) EKTTOUTTH Ao TO VATPLO;

Atvovtat: c=3x10°m/s, h=6,63x10"* Js, 1eV=1,6x107"J,

[Am: 460 nm |

7.26 Mua petaAAkn emipavela pwtiletal pe dwg HAKOUG KUUOTOG
A, =550nm kot ekméumnel pwtonAekTpovia yla ta omoia to du-
vapLko amokomng eivat /, =0,19 V. Na urtoAoyioete:

a) To €pyo e€aywyng Tou HETAAAOU.

B) To SUVALKO ATIOKOTIG OTNV MEPLMTWON ToU N eMlpaveLla dw-
Tietal pe aktwoBoAia pakoug kbpatog A, =190nm .

y) Tn ouxvotnta katwdAiou yla to pEtaAlo auto.

Alvovtat: c=3x10m/s, h=6,63x10"" Js, e = 1,6x10"7C,

leV = 1,6x1017J.

[Ar: 2,07 e¥] 4,47V, 500x10" Hz ]

®dawopevo Compton

7.27 Qwtoévia pAkoug kupatog 2.4 pm TPooTintouv ot €AevBOe-
pa nAektpovia. Na Bpeite 10 PAKOG KUPOTOC £VOG PWTOVI-
ou mou okedaotnke a) kata 30° kat B) kata 60°. Alvovtot:
h=6,626x10""J-s, c=3x10° m/s, m, =9,1x10""kg.

[Anr:2,7 pm, 3,6 pm]
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7.28 Dwtoévio aktivwv X pAkoug kKupatog 107" m mpookpoUel o€ nhe-
KTPOVLO PETWTILKA Ko okedaletal kata 180°. YmoAoyiote moco
HeTaPARONKe n evépyela tou dwtoviou.

Atvovtat 7 =6,626x107*J -5, ¢=3x10° m/s, m, =9,1x107" kg,
1eV=16x10"1J.

[An: Meiwbnie kard 41,4 keV']

7.29 Mua 6éopun dwtoviwy mou €xouv evépyela 0,2 MeV okedaletal
amo Ta NAEKTPOVLA EVOG 0TOXOU amod avOpaka.
a)MNoto elval To pRKog KUPOTOC TwV PwTtoviwv TnG d€oung mpLv
TN okédaon;
B) Moto eival To pAKOg KUMATOC TWV PpwTtoviwy mou okedalovtat
Kata ywvia 90° og oxéon He TNV apxLkn Toug StevBuvon;
y) Mola sival n evépyela evog dwTtoviou To omolo €XeL okedaOTEL
Kata ywvia 60° o oxéon Ue TV apxLkr tou SlevBbuvon;
Aivovtat: ¢=3x10° m/s, h=6,63x10"*Js, 1eV =1,6x107" ],
m, =9,1x 107 kg.
[Am: 6,2x10 " m, 8,6x10"m, 0,168MeV ]

Kupatiki ¢puon tng UANG

7.30 Na Bpeite to punkog kUpatog de Broglie mou avtlotolyel
a) o€ NAEKTPOVLO (me =9,1x107" kg) TIOU KWVElTaL pE TaxUTnTa
2x10° mis.
B) o mpwtoVIO (mp =1,67x10 "' kg) Tng i61ag TayvuTnTag.
Y) o€ pumaAdxL (m =0,2 kg) NG i6Lag taxvTnTag.
Alvetar /1 = 6,63x10 " Js.
[A7: 3,6 x10"m, 2x10 " m, 1,65x10 " m ]

7.31 ‘Eva nAeKTpOVLO EMITAXVUVETAL ATTO TNV NPEULa pe taon 150 V. Na
uTtoAoyloeTe To UnKo¢ kupatog de Broglie Tou nAektpoviou.
Aivovtaw: 1=6,626x107J s, e=1,6x10""C, m, =9,1x10 kg.

[Ar: 10" m ]

7.32 «) Mola gival n evépyela evog dwTtoviou Pe HAKOG KUPATOG | nim;
B) Nota elval n KWnTIK eVEPYELA EVOG NAEKTPOVIOU yLa TO OToLo
TO pUNKog kupatog de Broglie ivat | nm;
Atvovtat: /1 =6,626x10 " J-s, m,=9,1x10""kg, c=3x10° m/s
1eV=1,6x10"J,

[Ar: 1242 el] 15 eV ]

7

Apxn tng afefarotnrag

7.33 Av unoBéooupe 6tL n otaBepd tou Planck gixe tnv twun 0.6 J s,
nota Ba tav n aBeBatdtnta B€ong yia pa pdAa padog 0,5 kg
Tou Kweltal pe taxvtnta 20 m/s av n afefatdotnta TN OpUNS
™¢ eivan 1%;
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Oa UmopoUCOLE VO TILACOURE EUKOAQ QUTH TN UMAAQ;
[A7m: Ax = 0,96 m ]

7.34 To NAEKTPOVLO EVOC OTOMOU TOU USPOYOVOU TIOPAUEVEL OTNV KATA-

otacn 7 = 2 - P PETANECEL 0TNV Katdotoon 7 = | -emi 10°%s.
Mowa €ival n aBefaltdtTnTa otnv EVEPYELA TOU EKTIEUTIOUEVOU
dwrtoviou;

Alvetau: 1 =6,626x107*J-5,1eV =1,6x10" J.

[Am: 0,66x10 eV ]

7.35 Eva cwpatiblo Kweital oe gubeia, pe TaxTNTA TOAU UIKPOTE-
pn amnod tnv taxvTnTa Tou GWTodG. Av n afeBatdtnta Ax tng O¢-
oNng Tou elval lon Pe To UNRKOC KUUATOG o £XeL kata de Broglie,

1
beifte 0TL N afefatdtnta Tng TOXVUTNTOG TOU ElvaLt Av, = 2—1) .
T
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To Mikpookomio Zapwong Zrpayyas (Scanning Tunneling Microscope
STM)

H unéBeon tng uMapéng Twv atopwyv vdiotatal XIALASeg xpovia.
ZeKLVAEL TOUAAXLOTOV amd to Anpokpito. Méxpt mpoodata Ta Atopa
TIPEPEVAV UTIOBETLKA KoL OXL TTOPATN PN OLUAL.

To 1982 ot EABetol duaoikotl Gerd Binnig kat Heinrich Rohrer avé-
ntuéav TO ULKPOOKOTILO odpwaong onpayyag (STM) mou pag €édwoe tn
Sduvatotnta va «dolpe» atopa. Ma tnv avakaAuvpr toug TLundnkov
pe 1o BpaPeio NOumeA poAg TEcoepa XpOVLOL LETAL.

H Aettoupyia tou STM otnpiletal oto KBavtopnxaviko Gavopevo
NG onpayyoc. ESw Ba EEKVOOUUE XPNOLUOTIOLWVTOG VA KOVTIVO
avAaAoyo, To GaLVOUEVO TNG OALKNAG ECWTEPLKAG avakAaong (mapdypa-
do¢ 2-10) yia va kataAdBoupe tnv apxn Aettoupyiag tou STM.

Mia povoxpwpatikn Séoun ¢wtog mou Stadidetal péoa oe éva
YUGAwo TAaKiSLO KOl TIPOOTIMTEL O Mo €6pa TOU ME ywvia Heya-
AUtepn amod tnv Kplotun ((9”,,,) OVOKAQTOL KOTA EKOTO TOLG €KATO. To
davopeVo AEyeTaL OALKN ECWTEPLKI AVAKAQCH. ZTNV TPAYUATIKOTNTA
TO KUHO TOU dWTOC 6 OTAUATAEL AKAPLALO TTAVW OTNV AVAKAQOCTLKA
emipavela. Ma moAU PLkpo dtaotnua, Eva TUAMA TNG SE0UNG, CUVEXL-
leL TNV mopeia Tou Kal €€w amo To YudAwo mAakiSLo. AuTO UMOpPOUUE
va to deiéoupe mAnowalovtag éva SeUTEPO YuaAlvo TAOKISLO KovTd
0TOo MPWTO. To PWTEWVO KU TIOU TIEPACE £EW OO TO TPWTO YUAALVO
mAakidLo kat e€aoBevel Taxutata napalappavetal anod to dsUtepo
mAakidLo kat Stadidetal péoa ¢’ auto. H évtacn tou petadldopevou
KUUatog oto deUtepo MAaKkiSLlo e€aptdtal amnod to mMOco KoVId dEpaE
ta §Uo mAakidia petay Toug (o). 7.21).

T'vaAivo mAakidio 1 IT'vaAiivo mtAokidto 2
Xyfqpoe 7-21.

MLa oo TLG CNUOVTLKOTEPEC AVAKOAUYPELG TOU ELKOGTOU ALV Elval
OTL Ta. cwpatidla cupmepldpEpovtal we Kupata. Onwg To pwc Umopet
va SLATEPACEL TNV «OTOYOPEVUEVN TIEPLOXN» AVAUETA oTa TTAAKISLA
€TOL KoL TaL cwpaTiSLa pmopolv va SLamepAcouV e To GpaLvVOUEVO Of)-
payyag EPLOXEC TTou cLUdwva e TNV KAaolkh Bewpla elval amayo-
PEVUEVEC. Eva amAo mapadelypa tou GalvouéVou oRpayyacg EXOUUE
otnVv mepintwon dVo petdAAwv mou PBplokovtal MOAU KovTd To éva
0TO AAAO XwpIic OpwWC va €pxovtal os emadr. Mia dtadopd Suvapt-
KoL edapuoletal avapeoa oto SUo PETaAla (oy. 7.223). Ta eAelBepa
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NAEKTPOVLO TOU KOUUATLOU OTO apLOTEPA OEV £XOUV QPKETI EVEPYELA
yla va TTEPACOUV O0TO KOUMATL ota de€ld. EvtouTolg, onwe ta Pwtel-
va KOpaTa, To Kopata mou sival cuvéedepéva Pe to nAeKTpovia de
OoTAMATOUV akoplaio ota opLa tng emtpAvelag Tou HETAAAOU aAld
ekTelvovTal Kal €€w amo autod efacBevwvtag oAU ypriyopa. Eav to
KEVO avapeoa ota SU0 Koppatia LeTAAAOU gival TIOAU PLKPO, TO nAe-
KTPOVLO - KUUO UTAVEL OTO SEUTEPO KOUUATL TPV e€aoBevioeL olo-
KANPWTLKA Kot Stadidetat péoa 6’ auto. Eva pevpa pEEL OVAUETO OTA
600 peTaAAkad NAekTpOdLa. To pelpa AUTO aVEAVETAL EKOETIKA KABWC
Ta SU0 TUApATA LETAAAOU TTAnGLAlouV HETAED TOUG.

(o) To nAekTpovia 610 E0WTEPIKO EVOS UETAAAOD gival «pviakiouévay uéoa o’ avto yiati fpickovial uéoa
o’ Eva TNYGo1 dvvaulkod Tapoyouevo ano tnv EAEN twv Oetikdv mopnvov. O1 evEPYeLes TWV NAEKTPOVIOYV AVTIL-
0To1Y00V 0T oklaouévy weptoyn. Eivar pavepo ot 1o nAekTpovia 0V EXovV OPKETH EVEPYELO VIO VO «OPOATE-
TEVGOVY ATO TO UETALLOY.

(B) Epapuolovrog puia d1apopa 0vvoulkod ovaueso ge 000 YEITOVIKG UETOALIKA TUNLATO WHADOVOVUE TA TOL-
XOUOTO OVVOULKNG EVEPYELAS TOD EVOC TNYAO0L0D 0€ oyéon ue 1o dLlo kata eV. Xoupwva ue tnv klaoikn Qewpia
Eva ppdyua ovvouikod eéakolovbel voa eumodilel ta nlektpovia va mepa.oovy oo 10 Eva TURuA 6Tto Gllo. H
Kfovrounyovikn Tpoflénel 0TI KATOLA NAEKTPOVIO UTOPODY VA OLOTEPLTOVY TO QPAYUO.

Xynpa 7-22.

Ot Binnig kat Rohrer métuxav va KATOOKEUAOOUV VA ULKPOOKOTILO
EKUETAAAEVOUEVOL TO daLvOpEVO onpayyag. To eyxelpnua mapouasia-
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o€ peyaAeg SuokoAieg. H teAikn ertuyia anoteAel anodelén tng LLo-
dulag Twv epeuvnTWV.

H kevtpikn 6£€a Toug NTav va pipnBouv KATolov ou tpoomabel va
npoaobloploel TNV udn plag avwpaing emidpavelag LECH O €va OKO-
TEWO SWUATLO 0APWVOVTAC OXOAAOTLKA TNV eMLdAVELX UE Ta SAKTUAA
ToUu TOAAEG dopéEg.

YnoBéote OTL avti yla éva SAKTUAO XPNOLULOTIOLOUE L TIOAU alLy-
unpn akida tnv onoia mAnoltdloupe o’ £va aywylpo delypa xwpic va
NV d€pvoupe ToTE o€ emadr Ue auto. Epapuolovtag pla dtadopa
Suvaptkou, amd Alya millivolts éwg Alya volts, avaueoa otnv aki-
da kal To Selypa MPoKaAoUUE €va peVO CrPOYYOS TNG TALEWS TWV
10" A(nA). Eav n axiba kweitow mapdAAnla otnv emidavela tou Seiy-
HOTOG, TO PEVMA LEYAAWVEL 1 UIKPALVEL avaAoya UE TO av To delypa
napoucotalel «AOPouc» Kal «KOIAASES» oTnV emidAveLd Tou. Ma va St
atnpnOet to pevpa otabepd MpPEMeL n anootaon akidag -Seiypatog
va Slatnpeital otabepr). Mpémel SnAadn n akida va Kweltal cuvexwg
TMANGLaovTag ) AmMopaKPUVOUEVN amo To Selyua. MapakolouBwvtog
TNV Kivnon tng akidag €XOUPE PLa ELKOVO TWV OVWLAALWY TTOU TTOPOU-
olaleL n emupavela tov delypatog os kaBe BEon.

Xynpa 7-23.

Me oANQTTAEG CAPWOELC TNC ETLPAVELAG TOU Selypatog Kal pe e€o-
HMOLWOELG TIOU TeETUXAlvoUpE ME Tn Bonbela NAEKTPOVIKWY UTIOAOYL-
OTWV KATAANYOUE OE QTELKOVIOELG OYWYLHWV ETILPAVELWY OE OTOUL-
KN KALHaKa, OTwG OTLG £Lkoveg 7.9 kat 7.10.



257

Ilpoouiéeic atouwv ypvoov oe Atouo avlpoko otnv emipa-
ETLPAVELD YPOQYITI. veila ypopiti.
Ewxova 7-9. Ewkoéva 7-10.

levVIETAL TO EpwTNUA WG Elvat Suvatov n akida va Kweltal umpog
- ilow PLE TNV aMALTOUUEVN akpiBELa KATA TN odpwaon TG ETULDAVELOG;
Jiyoupa auto bev Ba umopoloe va YIVEL LE LNXOVLKO TpOTo, UE Bideg
kat ypavadla. Ot Binnig kat Rohrer xpnotpomnoinoav mielonAekTpLkoUg
KPUOTAAAOUC yla VO OTEPEWOOUV TNV akida toug kat va eAgyéouv TNV
Kivnon tng oto eninedo xy (odpwon) kal otov afova z (MAnolaopa -
amoudakpuvaon).

OumielonAekTpikol KpUOTAAAOL AVATITUCCOUV OTA AKPO TOUG Mo SL-
adopa Suvapikol otav cupmiélovtal Kat, avtiotpoda, cupmielovtal
N ekTelvovTal otav pa Stadopd duvapikou epoapuoletal 6’ autoud.

Edav edapuootel n katdAAnAn Stadopd duvapikol oToug x Kal v
KPUOTAAAOUC UmopoUpe va e€aodaAlocoupe TNV Kivnon ocdpwaong tng
OKLOOG e TaxuTNTEG TG TAENG Twv 10 nm/s.

KaBw¢ n odpwon mpoxwpdel, éva KUKAwHO «ViwBel» kaBs aAlayn
OTO PELA ONPOYYOG KAL TIOPAYEL TNV KATAAANAN TAon, TTou ebapuo-
{eTOL OTOV KPUOTAAAO z HETAKIVWVTAC TNV akida pEXPL va amoKaTo-
otobel N otaBepOTNTA TOU PEVUATOG CrPAYYAC.

ATo tnVv apxn Asttoupylag Tou to STM, 8¢ Umopel va amelkovioel
ETULPAVELEG LN OYWYLHLWV UALKWV. Mo téTolou eldoug armelkovioels xpn-
olpomoleital to SFM (Scanning Force Microscope), To omolo otnpiletat
OTNV aVIiYVEUON TWV OMWOTIKWY SUVAUEWY TIOU QVOITTUGOOVTAL aVA-
HLECO OTA ATOMO OTAV AUTA TANGLAGOUV TTOAU UETAED TOUG.

Tyfqpa 7-24.
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NMivakeg ZtaBepwv - Xpriotpa Mey€0n

OepeAlwderg Puoikég Ztabepég

Ovopa

Toxutnta Tou PWwTog

@optio nAektpoviou
(amoAutn Tn)

Baputikn otabepa (ota-
Bepa TG maykOouULag EN-
€ng)

JtaBepa Planck

Ytabepd Boltzmann
Ytabepa Avogadro
Jtabepd Twv aepiwv
MaZa nAektpoviou
Mala vetpoviou
Mala mpwtoviou

AinAekTplk otabepa
TOU KEVOU

YtaBepd Coulomb
Mayvntikn Slamepato-
TNTA TOU KEVOU

AAAEG XpNOLUEG ZTaOePES

Mnxaviko LooSuvapo
¢ BepuoTnTog
Kavovikn atpoodatlpikn
niieon

AmoAuto undév
HAektpovioBoOAT
Evépyela npepiag
nAektpoviou

MpappopopLaKOG OYKOG

8avikou aepiou (O °C, latm)

ZUpBoAo

Twn

3x108 m /s
L6x107"° C

6,67x107"" N -m?*/ kg*

6,626x107* J -5
1,38x10% J /K
6,023x10% uépio/ mol
8,314 J /mol-K
9,1x107" kg
1,675x107 kg
1,673x107 kg
8,85x107* C*/ N -m’
9%x10° Nm*/C?

47107 Wb/ A-m

4,186 J/cal

latm 1,013x10° Pa (N/mz)

0K 273°C

1eV 1,6x107"° J
mc’ 0,511 MeV
Vo 22.4 L/mol



260

Ne€&Aoylo Opwv

A

adpavelako cuoTnUA : cUoTNUA avadopdg oTo
ormolo LoxVeL n apxn tng adpavelag tou Newton.

aepodivapn: n duvaun mou Séxetal amd tov
0€pa n MTEPUYA TOU OLEPOTIAGVOU KaTA Th dLap-
KELAL TNG TITAONG TOU.

aOépag: umoBeTIkO aBapéc eAAOTIKO MECO, N
nmapoucia tou omoiou BewpriBnke amapaitntn
yla tn dtadoon Tou pwToGC.

akTtiveg Rontgen: nAekTpopayvnTIKy akTtivoBoAia
HE MAKN KUpatoc petasy 10 % kat 10" m. Eivau
amotéAeopa NG emBpaduvong Twv NAeKTpovi-
WV TIOU TIPOCTIMTOUV O€ UETOAALKEG ETILPAVELEG
UE HEYAAN TaxVuTNTA 1 TNG amodléyepong Twv
OTOMWV TOU PMETAAAOU.

OKTIVEG Y: NAEKTPOMOYVNTIKY OKTWOROALQ HE
unkn kopotog petafy 107" ka 10714 m. Ekmépmno-
VTOL QTTO TIUPHVEG POLOLEVEPYWV OTOLXELWV.

aktiveg X: ol akTiveg Roentgen.

OKTIVOBOALQL: EVEPYELQ TIOU EKTIEUTIETOL LE HOP-
dN NAEKTPOUAYVNTLKWVY KUPATWV.

OLOPTLOEP: UNXAVIOUOG TIOU XPNOLUOTOLELTAL
yla TV anoofeon tTwv TAAQVIWOEWV TWV AUTO-
KLV TWV.

avakAaon KOpatog: 1o (PalvOPEVO KATA TO
omoio Otav To KUUO CUVAVTHOEL TN SlaXwpLoTL-
KN emdavela SUo PECWV EMLOTPEPEL OTO MPWTO
HUEoo akoAouBwvtag oplopévo dpopo.

agovag neplotpodng (0TEPEOU CWHATOC): N €U-
Bela ou evwvel Ta onela To omola MopapévVouv
oKivnTa KaTd TNV MEPLOTPOodr TOU CWUATOG.

aneplodikn TaAdvtwon: n kivnon &vog taAa-
VTIWTN o omoiog dev unepPaivel tn B€on Looppo-
niiag, Adyw Loxupwv anooPBEcewy.
OLTIOUAKPUVOT): N OIOCTOO!N CWHOTOC TTOU TOAQ-
VTWVETAL, ano tn Béon Loopporiac.

OPLLOVLKN TAAAVTWON: N TaAdvTwaon otnv omola
N ATOUAKPUVON TOU TAAQVIWTH £VOL QAPOVLKN
ouvVApPTNON TOU XPOVou.

apxkn GAaon : n TLUA TTOU EXEL TN XPOVLKN OTLYUN
unéev n paon evog peyEBoug mou petaBarAetal
OPUOVLKA HLE TO XPOVO.

r
VEVIK Oewpla TG OoXeTKOTNTAG: N Bswpla
NG OXETIKOTNTOC TTOU CUMTIEPLAAUBAVEL KOL UN
adpavelakd cuotipata - Bewplia yla tTn Bapu-
nra.

ywvia EKTPOTNG: N ywvia mou oxnuoatilel pe tnv
apxtkn tng tevBuvon N HovVOXPWHATIKN SEoun
mou Byaivel anod pa omtikn datagn.

ywviaKkn cuxvotnta: LEyebog mou xapaktnpilel
TO TIEPLOSIKA PALVOUEVA, OlVAAOYO TIPOG TN OU-
XvOTNTA. XTNV OMOAN KUKALKN Kivnon CUUTILTITTEL
LE TO HETPO TNG YWVLAKAG TaXUTNTAC.

A

beiktng dtaBAaong (UAkoU): o Adyog tng Tayu-
NTAC ToU PWTOG OTO KEVO TPOC TNV TaXUTNTA
TOU OTO UALKO QUTO.

6E0OG OTACLLOU KUMATOG: £Va ONELO TTOU Ta-
POUEVEL aKivnTo OTAV OTO €AACTIKO UECO OTO
omolo avrkel SnULoupyeital OTACLUO KUH.

Seutéplo: LooTomo tou udpoyovou HE Hallkod
aplOuo dvo.

SLaBAaon KOpatog: n aAlayr mopeiag evog KU-
HOTOG KATA TN HeTABach Tou and éva UECO O€
€va aAAo oto onoio Sladidetal pe StadopeTikn
Tayutnta.

Slakpotnua: n avéopeiwon Tou MAATOUC TNG Ta-
AdvTtwong mou ekTeAEL €va CWUA OTAV PETEXEL
oe duo TaAavtwoelg TG WLag dtevBbuvong, mou
€xouv 1o (6l0 MAATOC Kal CUXVOTNTEC TIOU -
pouactalouv uikpn diadopa.

SLapnkeg KOpa: To KOO 0TO OToio Ta HépLa Tou
e\aoTIkoU péoou TaAavtwvovtal otn StevBuv-
on tng duadoorng Tou.

Stapopdwon mAatoug (AM): n Tpomormoinon
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TOU TAATOUG TOU NAEKTPOUAYVNTIKOU KUUOATOG
TIOU EKTTEUTIEL O OTOOUOC, OO TO ULKPOPWVLKO
pevua.

Swapopowon cuxvotntag (FM): n tpomomnoinon
NG oUXVOTNTAC TOU NAEKTPOUAYVNTLKOU KUUOQ-
TOG TIOU EKTIEUTIEL O OTAOUOG, Ao To HKpodpw-
VLKO peUOL.

Staokedaopog (tov ¢dwtdg): n e€aptnon Tou
Seiktn 6LaBAaong evog UALKOU Ao To HAKOG KU-
HaTOG.

6LaoTtoAn Tou Xpovou: H dawvopevikn emippa-
duvon tou xpovou (avénon tou xpovikou Sla-
OTNUATOC) OE WO TIOU KLVEITOL UE OXETLKLOTIKNA
TayutnTa.

6i8upn yéveon: n petatpormnn evog dwtoviou os
{evyog nAektpoviou- molitpoviou.

SLéyepon (atopouv): n petapaocn evog nAektpo-
viou Tou atopou ot oTiBada pe evépyela HEYA-
AUTEPN amod TNV apxLKn.

SLEYEPTNG: TO CWHA TIOU TIPOKAAEL E€avayKaoUE-
VN TAAQVTWON EVOG TAAQVTIWTI- TTOU TIPOOHEPEL
TLEPLOSLKA EVEPYELO OE £V CWHA TTOU TAAAVTW-
VETOL.

duvaun enavadopdg: n duvaun mou avaykalel
€VOl CWUO VO TOAOVTWVETAL- TIOU TEIVEL val EMa-
vadEpeL To owpa otn B€on Looppormiag.
SUVAMLKA AvVwon: N ouVLOTWOoA TNG aepoduva-
KNG N KABeTN otnV TaxvTNTA.

E

EYKAPOLO KU TO KULOL 0TO OTIOL0 Ta LopLa TOU
e\aoTIKOU pHEoou TahavTwvovTal KaBeta otn Si-
gvBuvon tng Stadoong Tou.

eldkn Bewpia tng oxetkdTNTAG: BeWpla TOU
Slatunwoe o Einstein yla adpavelakd cuothua-
Ta avadopds. Baolkég Tng mapadoxEg sival: a)
n TaxVuTNTa Tou GWTOC Elvat aveéaptntn amo In
TaxutnTo TOu mapatnenth, B) ot vopol tng ¢u-
OLKNG €lval (6lol og OAa Ta aSpaVELOKA CUOTNA-
pata.

€KKEVTPN Kpouon: n KpoUOon CWHATWY ToU ol
TaXUTNTEC TOUG Bpilokovtal og MapdAAnAeg gu-
Belec.

€AaOTIKA Kpouon: n Kpolon KATA tnv omoia &t
atnpeltal N LNXOQVLK EVEPYELO TOU CUCTHUOTOG
TWV CWUATWV.

€AelBepn TaAdvtwon: n TAAAVIWON €VOC OW-
LLOTOG TO OTIOLO EKTPEMETAL ATO T B€0N Looppo-
Tilag kat adrivetal eAevBepo.

EAAelppa palag: n dStadopd tng palag evog mu-
prva armo tn HAalo Twv CUCTATLKWY TOU.

evépyela ouvdeong (mupnvay): To moood TG VEp-
VELOC TIOU TIPEMEL va ipoodepBel aTov mupnva
yla va SLaoTtaoTEL 0TA CUCTATLKA TOU.

EVEPYELO NPEUIAG: TO TTOCO TNG EVEPYELAG (Mmc?)
TIOU €XEL EVOL CWHA OTAV NPEUEL.

€vtaon aktvoBoAiag: n evépyela MOU TIEPVAEL
arno tn povada emipavelag otn povada tou Xpo-
Vou.

€€avayKaopuEVN TAAAVTIWON: N TAAQVTIWON TIOU
ylvetal pPe tnV MePLOSIKA TPOodOopa EVEPYELAG
OTO TOAQVTOUUEVO CUCTNLA.

eflowon KUpATOG: N ox€on mou Sivel Tnv anouad-
KpUVON TWV CNUELWV TOU PECOU oTo omoio dla-
SL6eTal TO KU KABE XPOVLKN OTLYUN).

eflowon ouvEXELOG: N OXEon HETAEU TNC TaXU-
TNTAC EVOC AOUUTILEOTOU pEUOTOU Kal tn¢ Slato-
UNC TOU owAnva oTov omoio Kiveitadt.

E0WTEPLKN TPLPN peuctol: n TpLBr mMou ava-
TMTUOOETAL METAEY TWV HOPLWV TOU PEUCTOU
AOyw TNG Kivnong tou.

€pyo e€aywyng: n EAAXLOTN EVEPYELA TIOU TIPETIEL
va TIAPEL €val NAEKTPOVLO yla va eyKaTaAeiel
NV emLpAveLa EVOC LETAAANOU.

H

NAEKTPLKN TAAAVTWON: EVOAAACOOUEVO pELUQL
HUEYAANC oUXVOTNTAC TIOU TIOLPVOUUE amo KU-
kAwpa LC otav popticoupe Tov MUKVWTA.

NAEKTPOLAYVNTLKO KUML: N Tautoxpovn Slado-
on €VOG NAEKTPLKOU KoL VO payvnTikou rediou
OTO XWPO.
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|
LSLOMNKOG (AVTLKELUEVOU): BA. K HLAKOG NPENLAGY.

L610xpovog (adpavelakol CUGTAKATOC): O XPO-
VOG TIOU HETPAEL €va poAOL akivnto o€ éva adpa-
VELOKO cUOTNUO.

L€wdec: n eocwteptkn TPLPA UETALL TWV Hoplwv
€VOG PEUOTOU- OUVTEAEOTNC Tou Seixvel MOCOo
TIaXUPPEVUCTO Elval Eva UYPO.

K

KBavtiopévo péye0og: kabe péyebog mou mnaip-
VEL SLOKPLTEC TLUEC TIOU Elval TTOAAXTTAGQCOLOL ULOG
e\ayLotng.

KEVTpo palag (owpatog): To onuelo oto omoio
umopet va BewpnOel cuykevTpwuévn 6An n pala
€VOG CWHATOGC.

KotAia otdolpou KUpaTog: €va onpeio mou ta-
AQVTWVETAL YE TO MEYLOTO TAATOG, OTOV OTO
€ENQOTIKO HUECO OTO OMOlo aviKel oxnuoatiletal
OTOOLUO KUMAL.

KPLOLUN ywvio: n LEYLOTN TLUN TNG ywviag mpo-
oTTwong otn Slaxwplotiky empavela Svo St
adavwv UALKwV yla tnv omoia to ¢we MEPVAEL
OTIO TO MPWTO UALKO 0TO SeUTEPO OTO OMOLO TO
dwc Sladidetal pe peyautepn taxutnIa.

KPoUoN KEVTPLKA: N KpOUGCN CWHATWV TIoU oL Ta-
XUTNTEC TOuC Bplokovtat otny (dla eubeia.

KUMOL UNXOVIKOG: pLa Statapoxr mou petadide-
TOL O€ £va EAAOTIKO HETO.

KUMOTOTIOKETO: KULOL TIEPLOPLOKEVO OTO XWPO.

M

pala npepiag: n pala mou £xeL €va cwpa otov
nPEUEL.

HEAQV owHa: cwUa TIOU amoppodd OAEC TIC
oKTLoBoAieg mou mEdTouv mAvw Tou.
HETAOXNUOTIOMOL Lorentz: oL OX€0ELG TTOU OUV-
S8£€0UV TIC OUVTETAYHUEVEG TNG B€0NG KoL XpOvou

€VOG ocwpatog o Suo adpavelakd cuothpata
avadopdc mou Bplokovtal oe OXETIKN Kivnon.

petaoxnuatiopoi tou laAtAaiou: oL OXEOCELG

TIOU GUVOEOUV TIC CUVTETOYUEVES TNG BE0NC EVOG
owpatog o Suo adpavelakd CUCTAPATA AvVa-
$opAg OV KLVOUVTOAL HE TaXUTNTA TTOAU ULKPO-
TEPN ATO TNV TaXUTNTA ToU WTOC.

petadopikn kivnon (otepeol owpatog): n Ki-
vnon otnv omoia OAa Ta onUEla TOU CWUATOC
€xouv tnv dLa TaxuTnTa.

MAKOG NPEULAG (QAVTIKELLEVOU): TO HAKOG €VOC
OVTLKELMEVOU, OMWG HETPLETOL OTO oUOTHUA
avadopdg wg PogG To omoio npepEL.

MAKog KUpatog De Broglie: to pikog tou Kupa-
TOC TIOU QVTLOTOLXEL o€ éva owpatidio.

MAKOG KUMOLTOG: N aOoTaon oTnVv onola ¢ptavel
TO KUMQ O€ XpOVO pLag meplodou- n ULKPOTEPN
anootaon dvo onueiwv, otn dtevBuvon dlado-
ong¢ Tou KUPAToG, ou Bpilokovtal og dpaon.

MUIKPOKUMOTO: NAEKTPOUAYVNTIKA KOUOTA WE
UNKN KUpATog petaty Imm kat 30cm. Xpnotpo-
TIOLOUVTOL OTA PAVTAP.

MLKPOOKOTILO 0ApwWOoNG CHPAYYOG: Opyavo TIoU
ETUTPETEL VO OTELKOVIOOUUE QYWYLUEG ETLDA-
VELEC OE ATOMLKA KAlpaka. H Asttoupyia tou Ba-
olletal oto palvopevo onpayyag.

N

VEUTWVELQ PEVCTA : TAL PEVCTA OTO OTIOLAL N EOW-
TEPLKA TPLPRN €lval ypappuki cuvaptnon tneg ta-
XutnTag pong.

o)

OALKN) E0WTEPLKN AVAKAQON: N OVAKAOCN HLOG
dwtewng 6€oung mou 6e ouvodevetal anod Sia-
BAaon. Fvetal otnv enudpavela mou dtaxwpilel
éva Sladaveg peoov amo éva AANO E ULKPOTE-
po Seiktn SLaBAaong, otav n ywvia mpdontwong
glval peyaAltepn amo tnv Kplolun ywvia.

opun (VAkoU onpeiou): to Slavuopa mou Exel
TNV KatevBbuvon TG TaxUTNTAG KAl LETPO (00 e
TO YWVOUEVO TNG HLAlog Tou UALKOU onpelou emito
METPO TNC TOXUTNTAG TOU.

oupAavLo TO&0: To PWTELWVO TOEO TTou epdavileTal
OTOV oupavo, WG ATIOTEAECUA TNG avAakAaong
Kal Tou Slaokedaopol Tou nAlakol ¢wTog ota
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otayovidia tng Bpoxnc.

n
poise (mouval): povada pétpnong tou LEwdoug
€vO¢ peuotoU, LooSuvaun pe 107" Nsm™.

napoxn (owAnva n peupatikng pAEBag): to nin-
Aiko Tou Gykou d)/ Tou peuaTtol TIOU TTEPVAEL ATIO
pLa Statoun tou cwAnva ( A tng dAEBAG) og Xpo-
VO ¢/ TPOC TO XPOVO AUTO.

nepilodog (pawopévou): to mnAiko Tou xpovou
pHEoa oTov omoio oAokAnpwvovtat N evaAlayEg
TOoU PavouEVoU HE Tov aplBuo N- o xpévog ava-
peoa og Suo SLaSOXLKEG OpOoLEC PAOELG TOU dal-
VOUEVOU.

nAdyLa Kpouon: n Kpouon CWHATWY TIOU OL Ta-
XUTNTEC TOuC Bplokovtal og Tuxaia dtevBuvon.

TAQLOTLKN KpoUon: n kpouon Tou 0dnyel otn ou-
YKOAANGN TWV CWHUATWV.

no{ItpOVLO: TO avTLoWwHATiOL0 Tou NAekTpoviou -
owpatidio pe pala ion pe tn palo Tou NAEKTPO-
viou kat ¢poptio +e.

mupNVvIkn olvtnén: mupnvikn avtidpaon otn
SLapKELA TNG OTOLOG TIUPAVEG ULKPOU OTOULKOU
aplOpou ocuvtnkovtal kat Sivouv Baputepoug
TIUPAVEG, LE TAUTOXPOVN EKAUCH EVEPYELQC.

TIUPNVLKA oXAon: Tupnvikn avtidpaon otn &t
APKELO TNG omolag €vag muprnvag LeEyaAou ato-
ULKOU aplBpoU xwplletal o SUO MUPHVEC ULKPO-
TEPOU ATOULKOU aplBuoUl pe Tautoxpovn EKAucn
EVEPYELOG.

TMUPNVIKOG avtidpaoctipag: n Swataén otnv
ormola MPayATOMoLoUVTaL EAEYXOUEVES TTUPNVL-
KEC avTIOpAOELC.

P
padLOKUpaTA: NAEKTPOUAYVNTIKA KUMATA TIOU
TIPOKUTITOUV Ao TaAavtoUpeva NAeKTplka &i-
TIOAQL KOLL XPNOLLOTIOLOUVTAL OTLG TNAETIULKOWWVI-
€G.

PEVHOTLKN YPOLLKN: N YPOUUN TIOU CUVSEEL TIG
SLadoxLkeg BEoelg evog Lopilou Tou peuaTou.

PEVOTA: cwHaTa ToU Sev €xouv SLKO TOUg oXNA-

LLO- TOL UYPA KOL T AEPLAL.

pormn adpaveiag (wg mpog afovay): To LETPO TNG
aSpAVELOG TWV CWUATWY 0T 0TpodLKA Kivhon-
opiletal wg to abpoloua Z””f -1, émou M. Je
OTOLXELWSNG KA TOU CWHATOG KAL 7, N ATOoTa-
or TNC amo tov afova.

pormr duvapung (wg mpog agova): Stavuopo mou
€XEL TN SLevBuvon Tou Afova Kol PETPO TO YLVO-
HEVO TOU HETPOU TNG OUVLOTWOAG TNG SUVAUNG
mou Bploketal oe eninedo kabeto otov afova
ETL TNV anootaoh tng anod Tov dfova.

pormn dUvaung (wg mpog onueio): dtavuopa Ka-
Beto oto eminedo mou opilel To onueio kaL o
dopéag tng Suvaung Kal LETPO TO YLVOUEVO TOU
HETPOU TNG Suvaung Mt TNV andéotacn Tou on-
peiou amnod tov popéa tn¢ Suvaunc.

2

otafepa anooPeong: n otabepd avaloyiag otn
ox€on mou cuvSEeL tn duvapn n omola poKaAel
NV anoéofeon QoG TAAAVTIWONG UE TNV TaxuTn-
TO TOU TOAQVTWTH.

OTAGCLUO KUMOL: N Kivnon Tou KAVEL €va PECO
oTo omnolo Sladidovtal TauTtoxpova, HE avTIBeTN
dopa, duo kupata TG LdLag cuXVOTNTAG KoL TOU
i6lov AdToug.

OTLYMLOTUTIO KUMATOG: N ELKOVA TIOU TTOLPOUCLA-
(€L pLa XPOVLKA OTLYUN TO €AOOTIKOU UECO OTO
omoio Sdadidetal éva kupa - n ypadlkn mapa-
oTaon TG ouvaptnong y=f(x,/) ylo. OPLOUEVN
TLUA TOU 1.

oTPOPLAOL: TTEPLOXEC OTLC OTIOLEG TO PEVOTO KAVEL
neplotpodikn Kivnon.

otpodKkn Kivnon: n kivnon evog otepeol yupw
ano afova- n kivnon otnv omoia OAa ta onueia
TOU OTEPEOU £XOUV TNV (dla ywviakn taxuTnTa.

otpodopun OTEPEOU CWHATOG: TO ABpolopa
TWV OTPOPOPUWY TWV OTOKELWOWY TUNUATWY
Tou amapti{ouv To oTePEOD.

otpodOopI CUCTAHATOC CWHATWV: TO ABpoL-
OO TWV 0TPODOPUWY TWV CWUATWY TIOU aap-
Tilouv TO cUOTNUA.
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otpodopun UALKOU OnUELOU (ITOU KAVEL KUKAL-
KA kivnon): dtavuopa kabeto oto emninmedo tnC
TPOXLAG ME UETPO TO YWOUEVO TOU UETPOU TNG
OPUNAC TOU UAKOU ONUELOU ETL TNV OKTva TNG
TPOXLAG TOU.

OTPWTN PON: N Kivnon €vog peuctou, otav 8e
oxnuatilovtal otpofLiol.

oUMBOAR KUpATWV: N Tautoxpovn Stadoon duo
I TEPLOCOTEPWV KUUATWYV oTnV (&la meploxr Tou
Xwpou.

OUMBOAGMETPO: OpyavVO TIOU HOC ETUITPETEL vVa
nipoodlopilovpe pe peyain akpifeia tn Béon
TWV KPOGOoWV CUUPBOARC Tou dwTOC.

ouvBeon talaviwoewv: n HEAETN TNG Kivhong
€VOG OWUATOG TIOU LETEXEL OE TIEPLOCOTEPEC OO
pLa TOAQVTWOELG.

OUVTOVLOMOG: TO GALVOUEVO KATA TO OTolo €va
owHa KAVEL eEQVAYKAOUEVN TAAAVIWON LE TO
UEYLOTO TTAATOC.

ouOoTOARN TOU PRKOUG: H datvopevikr opikpuvon
EVOC OWHOTOC TIOU KLVELTOL E OXETLKLOTIKN TO-
xutnta.

ouxvotnta katwdAiou: n eAdxlotn cuxvotnTa
TIOU TIPETEL va €XEL ol dwTevh §€oun ya va
TIPOKAAECEL €KTOUT PWTONAEKTPOVIWY aTIO
€va LETaAO.

ocuxvotnta (dpawopévou): o aplBU6S Twy ena-
vaAnPewv tou ¢oawvouévou otn povada Ttou
XpOvou.

T
taAdavtwon (punxavikn): MaAwdpoptkn kivnon
yYUpw amo pia 6éon woopporiag.
MAAQTOG¢ TaAAAvVTWONG: N HEYAAUTEPN TLUN TNG
QIMOMAKPUVONG TOU TAAQVIWTH).

TAON OMOKOMAG: N TN TNG TAoNG METAEL TwV
NAEKTPOSLWV EVOC GWTOKUTTOPOU yLa TNV omola
SLOKOTTETOL TO PEVUOL.

TupBwdNG pon: n pon evog peuctol OTAvV OXN-
patilovtal otpofiiot.

Y

USPOOTATIKA TILEON: N TILEON TWV UYPWV TIOU
odeilAetal oto BAPOC TOUG.

UMEPLWONG  akTwvoBoAila: aodpatn nAEKTpo-
HOyVNTLKA OKTWVOPBOAlQ pE UAKN KUUATOC ATo
60 nm péxpt 380 nm.

0]

dawopevo Compton: o okedaopUOG TNG NAEKTPO-
HOyVNTLKAG aKTWVOBOALOG OO Ta cwuaTidLa TG
UANG. 2uvodevletal and avénon Tou PNRKoUg KU-
HOTOG TNG akTwvoBoAiag.

dawopevo Doppler: n eudavion Sladopdg
OVAUECO 0T OUXVOTNTA TOU EKTIEUTTOUEVOU KU-
HATOG KAl TNG oUXVOTNTOG TTou avTAapBavetal
€VOG TopATNPENTAG OTaV UETABAAAETAL N ATO-
0TaoN TOU amod TNV Ny Tou KUUATOG.

dbawopuevo onpayyag: n StEAevon ocwuatidi-
WV pEoa amo éva ¢ppaypa Suvapkol xwpeig va
€XOUV TNV amapaltntn eVEPYELA, OTIWE ATIALTEL N
kAaolkn Bewpla.

dwrtonAektpikd pawvopevo: n andomacn nAe-
KTpoViwv amnod éva PETaAAo Otav oTtnV EMLPAVELA
TOU TIPOOTILTITEL NAEKTPOMOYVNTLKY OKTIVORBOALQ
KatdAAnAng cuxvotntag.

bAEBa: To oxrjua Tou opileTal Amod TIC PEVUATL
KEC YPAUUEC TIOU OVTLOTOLXOUV OTA OnUEla Tou
TIEPLYPAUMOTOC HLag eTLdAVELAG TTOU BplokeTal
OTn PON TOU PEVCTOU.

bwpaon: n dtadikaoia pe tnv onoia Staxwpile-
TOL TO ULKPOPWVLKO pEUHA OTIO TO GEPOV KU,

dbwtokuTTApO: Slataén pe tnv omoia oL auvfo-
HLELWWOELS OTNV £vtaon MLaG PwTewng d€oung,
KATAAANANG oUXVOTNTOG, LETATPEMOVTAL O€ QU-
EoELWOELG NAEKTPLKOU PEVATOC.

bwtoévio: to KBAVTO TNG NAEKTPOMOYVNTLKAG
aktwoBoAiag. Zwuatio pndevikng palag npeui-
ag.
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