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YNOYPI'EIO MNAIAEIAZ,
OPHXZKEYMATQN KAI AOAHTIZMOY
INZTITOYTO EKMNAIAEYTIKHZ
MOAITIKHZ

A. IQANNOQOY -T. NTANOX
A. MHTTAZ - 2. PAINTHZ

H cuyypa®ni Kal n ETTICTNMOVIKIN £TTI-
MEAEIO TOU BIBAiou TTpayHATOTTOINON-
KE UTTO TNV alyida Tou lNMaidaywyikou
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— 2TOIXEIA APXIKHZ EKAOZHZ —

ZUYYPAPEIC:

AAékog lwavvou, INavvng Ntavog
Ayyelog INMATTOC, ZTOUPOC PATITNG

KpITEG:
Avtwviou Nik6Aaog, kabnynTtng MNMa-
VETTIOTNMIOU ABnvwy, w¢ TTpOedpog

EuBupiétrouAog Owpag, Av. Kabn-
vynTAG MavemioTnuiov KpNtng

ApvaouTtakng lwavvng, 2XoAIKOG
2UMBouAog NMEO04 A/6uiag Ek/ong
Kapavikag lwavvng, ZX0AIKOG
2UuBouAog NEO4 A/Ouiag Ek/ong
Mpivt{ag Mewpylog, ZXOAIKOG ZUM-
BouAog NEO04 A/Ouiag Ek/ong

Kotp6lou AikaTtepivn, Puoikog,
M.Sc. Kadnyntpia A/0uiag Ek/ong




PdwTtdkng lwdvvng, KadnynTtng
NMEO04 A/Ouiag Ek/ong».

E.I.E.A.E.K.

Ynonpoypappa 1: FENIKH KAI TE-
XNIKH EKMAIAEYZH

MeTpo 1.1: ANAMOP®QZXH MNPO-
TPAMMATQN MENIKHZ EKIAIAEY-
2H2

Evepyeia 1.1a: MpoypdppoaTa-RiRAia

EPIO: ANAAIATYTIQZH KAI EKZYT -
XPONIZMOZz TQN NMPOIrPAMMA-
TQN ZIMOYAQN TQN ®Y2IKQN ETIlI-
2THMQN ME 2YI'XPONH INAPAI Q-
I'H AIAAKTIKOY YAIKOY




2TOIXEIA EMANEKAOZHZ

H eravékdoon Tou TTapovtog BifAiou
TTPAYHOTOTTOINONKE OTT6 TO IVOTITOUTO
TexvoAoyiag YmroAoyioTwy

& Ek060ewv «A16QAVTOCY

HEOW WYNPIOKAS HOKETAC, N OTToia
onuioupyndnke pe xpnuarodornon
atd 1o EZMNA / EN «Ekmaideuon & Aia
Biou Maenon» / I'Ipa§n «XTHPIZQ».

EK(lﬁEYZ H KAl Q1A O MAEHD H = EINA

=
YMOYPIEID MALY & BPHEKEYM , NOMTIEMOY £ ABAHTIZMOY
EvpwmeikiEvwon EI!AIKH YNHPEEIA AIAXEIPITHE

Eupwmaiict Konsave Tajscio Me

O1 d10pBwoeig npaypmonow’]enmv
KATOTTIV EYKPIONG TOu A.Z. TOU
lvoTiTouTou EKTrauideuTikng MoAITIKAG




H agioAdynon, n kpion

TWV TTPOCOPHOYWYV Kl

N ETICTNMOVIKN ETTINEAEIO

TOU TTPOCapMOCHEVOU BIBAiou
mTpaygaTtoTroigital atrd Tn Movada
Ei101kR¢ Aywyng Tou IvoTiTouTOU
ExtraideuTiKnG MOAITIKAG.

H rpoocapuoyn tou BiBAiou

YO HOONTEG ME MEIWMEVN OpaON
o1rd 10 ITYE — AIOODANTOZ
TTPAYHATOTTOIEITAI ME BAON

TIG TTPOJIAYPAPEG TTOU £XOUV
avaTrTuXOei atrd €101KoUGg
EMTTEIPOYVWHMOVEG Yia TO IEIN.

N

MPOZAPMOI'H TOY BIBAIOY
NA MAOHTEZ
ME MEIQOMENH OPAzH

ITYE - AIOPANTOZ
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(2.10.) OAIkA AvdakAaon

To oynNua 2.33 OeiXVElI MEPIKES OKTi-
VEG HOVOXPWHMATIKOU PWTOG TTOU EK-
TTEPTTOVTOAI ATTO MIO CNUEIOKNA TTN-
v P, Héoa o€ Eva UAIKO a JE OEIKTN
d1a0Aaong n. O1 OKTiVEG TTPOOTTI-
TTTOUV OTNV ETTIPAVEIA TTOU XWPEIEl
TO UAIKO o aT1ro éva deuTEPO dlapa-
VEG UAIKO b TTOU £X€I OEIKTN O1GOAQ-

ong Np.

‘EoTw OTI Ny > np. ATd 1O VOO
ToU Snell, yia Tn ywvia d1ad8Aaong
MIOG TETOIOG AKTIVAG EXOUME

Ny
NUOL = — NMO, (2.17)
b

7168



Etreidn o Adyog % gival NEYaAU-
b

TEPOG TNG HOVAdAG, TO NUOL gival
MEYOAUTEPO TOU NHUO,, ETTONEVWG
B > 6. Apa UTTAPXEI MIA TIMN TNG B4
— pIKpOTEPN a1ro TIC 90° - VI TRV
o1roia 0 VOMOoG Tou Snell divel
nuéy, = 1 eTropévwg By, = 90°. Autd
OUMBaivel OTNV TTEPITTTWON TNG OKTI-
vag 3 Tou oxnuartog 2.33. H ywvia
8, YIO TNV oTtroia n d100AWPEVN AKTI-
va KIVEiTal TTapAAANAQ TTPOG TN Ola-
XWPEIOCTIKN ETTIPAVEIA TWV OUO HECWV
ovoudadeTal Kpioiun ywvia (n opia-
KN ywvia) kol cupBoAideTal pe Ot
OT1av n ywvia TTpOCTTTWONG YIVEI
MEYOAUTEPN aTTO T O (i, N AKTIVA
aVOKAATAI OAIKA ATTO TN O1AXWPEIOTI-
KN ETTIQAVEIQ.

To @AIVOUEVO AUTO OVOMACETAI

8 /68
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oAikn avakAaon. Mia Tétola Trepi-
TTTWON TTOPICTAVETAI ME TNV AKTIVA
4 oto oynNpa 2.33. H akTiva 4 ava-
KAATAI ATTO TN OIOXWPICTIKI ETTIPA-
VEIO OOV VO ETTECE TTAVW O€ VA TE-
A€10 KATOTTTPO. H aKTiva auTth, 6TTWG
KOl OAEG Ol AKTIVES TTOU U@ioTAVTAl
OAIKN avAkKAaoT, akoAouBouv 1o vo-
MO TNG avakAaong dnAadn, n ywvia
TPOCTITWONGS ICOUTAI HE TN YWwVid
avAakAaong.

9/68



DWTEIVEC AKTIVEC NOU EKNEUNOVTAL
ano Tn onuelakn nnyn P, npooni-
NTOUV OTN OlaXWPLOTIKN ENWpAvELd
OUO JlapAVWV HECWV. AV n, > np
KAMOLEC OKTIVEC upiloTavTal OAIKN
avakAaon.

Zyxnua 2-33.
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2Tn O1aTagn @aiveral T6oo n d1A6Aa-
o 600 Kal n oAIKI) avadkAaon oTn Ola-
XWPIOTIKA ETTIPAVEIN VEPOU —aEPOl.
Eikova 2-10.

MTropoupue va BpoUuE TNV KPICIUN
Ywvid 0.it XPNOIMOTTOIWVTAG TO
vOopo Tou Snell. Av otn oxéon (2.17)
0éooupe 0y, = 90 ° TTPOKUTITEN

NMOit = — (2.18)



H oxéon (2.18) ioxvel povo ortav
N, > Np, OI0POPETIKA Ba £DIVE
NUOrit > 1, TTOU gival aduvaro.

ETropévwg,

TO (PAIVOHEVO TNC OAIKNG avakAa-
oNC CUHPBaivel HOVO OTAV TO (PWC
HeTaBaivel ano Heoo (a) o€ HECO
(b) yia Ta onoia 1GXUEI n, > ny. MNa
va EXOUHE OAIKN avdkAaon NpPEnel
N ymvid npoonTmOoNC va gival
HEYAAUTEPN TNC KPICIUNG YWViIdC.

o To pW¢ TTOU KATEUBUVETAI OTTO
TO YUOAI OTOV a€pQ, N KPIioIYNn Yw-
via givar 41,1°. H kpioipn ywvia i-
VOl YEVIKA MIKPR, OTAV £VA MECO EXEI
MEYAAO OgikTn O1A60AaoNS KAl TO AAAO
gival o aEPag. 2T1o OIOUAVTI N KpPioi-
un ywvia givan 24°. H pikpA kpioiun

12/ 69
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YWwVida gival 0 AOYOG TTOU EVO KOTEP-
YOO MEVO OIapAVTI (ME TTOAAEG £OpPEC)
AOQUTTOKOTTA OTO PWGS. TO HEYOAUTE-
PO HEPOC TOU (PWTOC TTOU EICEPXETAI
OTO OIAMAVTI, UQICTATOI OAIKK avd-
KAaon oTig O1a@opec €0peg Tou. Na
va €CEABEI TTPETTEI VO TTPOCTTECEI
oXeOO0V KABETa OTIGC £0pPEC TOU.

45°
- A o
45° . B 45°
O —= y l
+45( as0 459
45°
)

(a) (B) (Y)

[Mpiopata oAnC avakhaonc. To (y)

OEIXVEL NWC AEITOUPYEL TO NEPLOKOMIO.
Zxnua 2-34

13 /69



Edv XpNOIMOTTOINOOUME TO KATAA-
AnAo TTpioud, NTTOPOUME ME TO PAIVO-
MEVO TNG OAIKNG aVAKAAONG va JETA-
BaAoupue TNV KateuBuvon MIOG OKTI-
VoG PWTOG. 2TO oY NMa 2.34 TTapaTn-
POUUE TETOIEC TTEPITITWOEIG. ZTO OXN-
MO 2.340 N @WTEIVA AKTIiVa ME OAIKN
avakAaon ekTpEmeTal Katd 90° evw
OTO OXNMA 2.343 eKTPETTETAI KATA
180° (avTIOTPEPETAI N TTOPEIT TNC).
2TO TTEPICKOTTIO TTOU XPNOIMOTTOIOU-
VTOl OTA UTTORBPUYXIO, O CUVOUAOUOG
OUO TTPICHATWY TNG TTEPITTTWONGS ()
(ox. 2.34y) ETITPETTEI OTO TTANPWHA
TOU UTTORpUYXiou va BAETTEI TI YIVETAI
TTAVW ATTO TNV ETTIQAVEIO TOU VEPOU.

14/ 69



H petddoon NAEKTPOUAYVNTIKWY KU-
LATWYV OTIC ONTIKEC iveg atnpildeTal
OTO PALVOUEVO TNC OALKNG AVAKAQ-

onc.
Eikova 2-11.

Napadsiypa 2.4

YTTOAOYIOTE TNV Kpioiun (oplakn)
vywvia oTn S1aXWPEICTIKN ETTIPAVEIA
vepou-aépa. O deikTng d1a0Aaong
TOU vepoOU gival 1,33.

ATTavTnon:
H kpioiun ywvia divetal amrd Tn
oxXéon
15/ 69
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Np

NMOcrit = —

crit Ng

Méoo a gival To vepo pe ny = 1,33
Kal yEoo b, o agpag ME np = 1.

AvVTIKOOIOTWVTOG TTAIPVOUME OTI
NUOcrit = 0,75 ETTOPEVWG O (it = 49°.

OTav évag duTng BpiokeTal pEoa
OTO VEPO KAl KOITAZEI TTPOG TA TTA-
VW, MTTOPEI va O&l £Ew aT1TO TO VEPO,
MOVO OTAV KOITACEI ME YWVIO MIKPOTE-
pn TNG Kpioiung. OTtav koITadel ue yw-
via JEYaAUTEPN TNS KPIOINNG, O PpW-
TEIVEG OKTIVEG TTOU PTAVOUV OTA Hd-
TIO TOU TTPOEPXOVTAI ATTO OAIKN OVA-
KAOON TOU PWTOG OTN OI10XWPICTIKN
ETTIPAVEIO VEPOU AEPA KOl QUTO TTOU
BAEtrel €ival o BuBog (o). 2.35).

16 /69-70
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(2.11.) Alaokedaouég = AvdAuon
TOU PWTOG

2TO KEVO N TAXUTNTA TOU PWTOG Ei-
val idia yia OAa Ta MRKN KUpaTtog. Mé-
oa oTNV UAnN, OHWG, N TaxuTnTa OI1d-
d00 NG TOU PWTOG ECAPTATAI ATTO TO
M KOG KUMOTOG.

AuTO onpaivel 0TI Kal o0 d&iKTNG O14-
BAaong evog UAIKOU, Oev gival idl10g
Yia OAEG TIG aKTIVOBOAiIEG aAAG eCap-
TATAI OTTO TO MNKOG KUMOTOG TNG OKTI-
vOBOAIOG TTOU TTPOCTTITITEI OTO UAIKO.

H e€apTtnon Tou dcikTn 0100Aa-
oNG ano To HNKOC KUHATOG TNG a-
kTivoBoAiac ovopaleral d1aokeda-
OMOC.

18 /70



AgikTng d1a6Aaong

1,7

1,6

1,5

1,4

400 500 600 700
Mnkog KUpJaTog (nm)

MeTaBoAr Tou O€ikTn dlaBAaoNnG opl-
OHEVWY UAIKWV OE OUVAPTNON UE TO
HUNKOC KUpOToG. Ta UAKa givat; (1) nu-
PLTIKA HOAUBOUAAOG (KPUOTOAAO) (2)
Bopkr HOAUBOUAAOG (KpUOTAAAO) (3)
xaAadiac (4) nuplTikn oTe@avUaA0G
(5) TnypEVog xaAadiac (6) ¢pbopitnc.
Zxnua 2-36.

19/70
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270 oxNMa 2.36 BAETTOUUE TNV £EAp-
TNon Tou O&ikTn O100Aaong £¢1 dia-
(POPETIKWYV UAIKWV, ATTO TO NNKOG TOU
KUMOTOG. H TIMA TOU OUuVvAROWG pEIW-
VETAI, OTOV QUAVETAI TO MNKOG KUMO-
T0G. O O¢iKkTNG O1ABAOONC €ival peya-
AUTEPOG VIO TO IWOEG PWGS KAl MIKPO-
TEPOG YIA TO EPUBPO.

‘EoTWw OTI IO HOVOXPWHATIKA OKTi-
VO QWTOG, TTPOCTTITITEI TTAVW O’ EVa
mPioud, OTTWG oTo oXNua 2.37. H a-
KTiva O100AdTal KOTA TNV £€i0000 TNG
OTO TTPICHA, AAAQ KOOI KATA TNV £€0-
00 TNG ME ATTOTEAECHA VA EKTPETTE-
TOl ATTO TNV APXIKK TNG OlevBuvon Ka-
TA MIO YWwVia O, TTOU OVOUACETAI Y-
via EKTPONNC.

20/70



Mo aKTiva HOVOXPWHATIKOU PWTOGC
EKTPENETAL ANO TNV APXLKN NOpELa
NG OTAV NEPVAEL ANO £va NPIouA.
Zxnua 2-37.

Acg doupe Twpa TI Ba cupuPei oTav
MIa OEOMN AEUKOU PWTOG TTECEI TTA-
VW O€ Eva TTpiopa. To AEUKO @wg
TTPOEPXETAI ATTO TNV AVAMIEN OAWV
TWV XPWHATWYV TTOU ATTOTEAOUV TO
opaATO PWCS. ETTONEVWC atToTEAEITAI
a1TO TTOAAG MAKN KUMaTOG. O d€iKTNG
O01a6Aaong Tou TTpioHATOG OEV Eival
i010¢ yIa Ta O1A@OPU XPWHATA ATTO
TO OTTOIO ATTOTEAEITAI TO AEUKO PUIG.
H eKTpOTT] TTOU TTPOKOAEI TO TTPICHA

21/70-71
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QUEAVETAI OTAV QUEAVETAI O OEIKTNG
O01a0Aaong. O deikTng O1AOAaONG €i-
VOl HEYOAUTEPOC OTA MIKPOTEPO M-
KN KUJOTOG TTOU OVTIOTOIXOUV OTO
IWOEC XpwHa. ETol TO ILWOEC UPIOTA-
TAIl TN MEYIOTN EKTPOTIA, TO EPUBPO
TNV €AAXI0TN. H ywVia eKTPOTTAG YiaA
TA AAAQ XPWHOTA KUMOIVETOI OVAUE-
Od OTIG TIMEG TTOU OVTIOTOIXOUV OTO
EPUOPO Kal TO IWOEG.

OTav 10 W¢ avadubei atro To TTpi-
OMad, OtV ATTOTEAEI TTIA HIA TTAPAAAN-
An 0€éoun (eTTEION N EKTPOTTH TWV
XPWHATWY TTOU TO CUVOETOUV Eival
OI1aPOPETIKN), aAAd diaoKopTTideTAI
o€ HIa OEOUN OXNHATOG BEVTAAIOG
(ox. 2.39) oTnVv otTOIia TO AEUKO WG
EXEl avaAuOei o€ pIa ouveXn Talvia
aTro O1APOPU XPWHATA, TTOU OTTOTE-
AoUv TO (PaoHa TOU ASUKOU (PWTOC.

22 |71

»



O Newton, HEAETWVTAC TO PAIVOME-
VO TG aVAAUONS TOU AEUKOU WTOG
a1TO £VA TTPICHA, OIATUTTWOE YIA TTPW-
TN @OPA TNV ATTOWN OTI TO AEUKO (WG
OTTOTEAEI TN OUVOEOT TTOAAWYV XPWHA-
TWV, TWV XPWHATWY CTA OTTOI0 OVOAU-
ETOI ME TO TTPICHA. T XPWHATA AUTA
o Newton Ta ovopaoe «atrAda» yiari
Ogv avaAuovTal JE TO TTPICUA.

To oupdavio 160, TO OTTOi0 dNMI-
oupyeital NETA aT1Td Bpoxn av n Oé-
on Tou "HAIou gival KAaTtaAANnAn, opei-
AETOI OE OUVOUOO MO TWV PAIVOE-
VWYV TOU OI100KEOAOHMOU KAl TNG OAI-
KNS avakAaong.

23/ 71
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6£'¢ priuXz |
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2710 oxXNua 2.40a TTOPICTAVETAI O
TPOTTOC OXNMUATICMOU TOU. TO pW¢S
TTOU £PYXETAI TTICW ATTO TOV TTAPATH-
PNTN TTEPTEI TTAVW OTA OTAYOVIdI
TTOU UTTAPXOUV OTNnV atuooc@aipa, dia-
OAdGTOI HECO O AQUTA KO, OTN CUVEXEIQ,
a@OU UTTOOTEI OAIKN avAKAOONn oTNV
oTtricOia TTAeUpda TOUGg, Byaivel SIAOAW-
MEVO OTTO TN OTAYOVO KOl PTAVEI OTOV
TTaparnenTn. O O10CKEDACMOC EXEI
WS ATTOTEAECOUA TNV AVAAUCT) TOU
AEUKOU @WTOC OTO pacua Tou. Mepi-
KEG POPESC PAIVETAI KAl EVA OEUTEPO
oUpPAVvIO TOEO, Aiyo MEYOAUTEPO, ME
OVECTPOMMEVN TN CEIPA TWV XPWHA-
TwV (oxnua 2.4006). To T6¢o auTtod
TTPOEPXETAI ATTO OUO OAIKES AVAKAQ-
OEIC OTO EOCWTEPIKO TWV OTAYOVIOIWV.
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40° (1bdeC)
w¢ 42° (gpubpb)

(a)

.
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/

50,5° (epuBpo)
w¢ 54° (1LdeC)

(B)
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(a) OL oTayovecg ToU VEPOU aVAAU-
OUV TO AEUKO (PWC OTO (PACHA TOU.

O napatnpnTNC BAENEL TAUTOXPOVA
NOAAEC OTAYOVEG. TIC OTAYOVEC Nou
BpilokovTtal YnAoTeEPA 0TO NEDIO TNG
OPAOCHC TOU TIC BAENEL KOKKIVEG YlO-
TL aNo TA XPpWHATA oTA onoia avaAu-
OUV TO WG HOVO TO KOKKLVO MEPTEL
OTd MATIA Tou. TIC oTayOVveC nou PBpi-
OKOVTOaL XapUNAOTEPQA TIC BAENEL LWOELC
yla Tov 010 Aoyo. TIC EVOLAUEDEC
OTAyOVeC TIC BAENEL va naipvouv ava-
Aoya e Tn 6€on Toug OLadOXIKA OAA
TA XPWHATA TOU PACUATOC EEKLVW-
VTOC and TO KOKKIVO KAl KATAOAARYO-
VTAC oTo WOEC. (B) 2XNMATIOUOC ave-
OTPAUUEVOU OUPAVIOU TOEOU.
Zyxnua 2-40.
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2. TNV €lKOvVa paivetatl apudpd na-
VW arno TO oUpAvIO TOEO KAl LA ave-
OTPOUHEVN EIKOVA TOU.

Eikova 2-12.
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Zuvoyn

KUpa ovopddeTal gia Siatapaxn TTou
O100ideTal. Katd Tn 01ad00nN TOU KU-
MOTOG METAPEPETAI EVEPYEIN KAI OPMN
OTTO £va CNMUEIO TOU XWPOU o€ KA-
TTO10 AAAO OXI ONWG KAl UAn.
H OepeAindnc kupaTikn e€icworn
givai

U=Af
H e§icwon evog apUOVIKOU KUMOTOG
givai

_ t x
y—Ar]|J21T(T Iy

2UM@WVA JE TNV apXn TNG ENAAAn-
Alag, edv dUo N TTEPICOOTEPA KUMA-
Ta O100idovTal O€ Eva HECO N ATTOMA--
KPUVOnN EVOG ONMEIOU TOU HECOU OTTO
Tn 0€0n 1I00PPOTTIAG TOU Eival ioN ME
TN CUVICTAMEV TWV ATTOMOKPUVOEWYV
TTOU OPEIAOVTAI OTA ETTINEPOUG KU-
MOTO.

31/72
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TOo ATTOTEAECONO TNG TAUTOXPOVNG
010000NG OUO N TTEPICOOTEPWYV KU-
MATWYV OTO id010 HECO OVOuAeTAl
OUMBOAN TWOV KUHAT®V.

H cupfoAn dUo KupdaTwy idiIou TTAG-
TOUG TTOU TTPOEPXOVTOI ATTO OUY-
XPOVEG TTNYEG Kal OladidovTtal o€ Ola-
POPETIKEG OIEVOUVOEIG, EXEI WG ATTO-
TEAECUO TO ONMEIA YIA TO OTTOICO N Ol1a-
POopPA TWV ATTOCTACEWYV TOUG OTTO
TIG OUO TTNYEG €ival AKEPAIO TTOAAQ-
TTAGOCI10 TOU NRKOUG KUMATOG A, va
TAOAQVTWVOVTAI EVTOVA.

Ta onueia yia Ta otroia n diapopd
TWV ATTOCTACEWYV ATrO TIG OUO TTN-

YEG €ival TTEPITTO TTOAAATTAGCIO TOU

MIOCOU HMNKOUG KUMOTOG (%) MEVOUV

OIOPKWG aKivnTa.

‘OAa Ta UTTOAOITTO ONMEIO TOU NECOU
KAVOUV TAOAAVTWON ME EVOIAUECO
TTAATOG.

32/72-73
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ZTACIHO KUHA ovouddeTal TO OTTO-
TEAEOHMA TNG OUHMBOANG OUO KUNA-
TWV 1010V TTAATOUG Kal id10G OUXVO-
TNTOG TTOoU O100idoVTal OTO idIO ME-
00 o€ avTifeTeEC KaTEVUBUVOEIG.
2TO OTACINO KUMO OPICHEVO ONMEIX
gival povipa akivnra (OECHOI), EVW
GAAQ KAVOUV TOAAVTWON ME HEYIOTO
TTAdTOG (KOIAIEG). OAa T GAAG ON-
MEIO TOU HEOOU KAVOUV TOAAVTWOT)
ME TTAATOG TTOU £COPTATAI OTTO TN O€-
on Tous. H arréoTtaon duo diadoyi-
A

KWV OECHWYV 1N KOIAIWV gival >
HAekTpopayvnTIKO KUMA gival n
TAUTOXPOVN 01000 N EVOG NAEKTPI-
KOU Kal EvOG payvnTikou Trediou. Ta
NAEKTPOMAYVNTIKA KUMOTO O100id0-
VTOI OTO KEVO ME TNV TAXUTNTO TOU
PWTOG C.

To NAEKTPOMAYVNTIKO KUMA gival

33/73
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EYKAPOI10, TA OIOVUOUATA TOU NAE-
KTPIKOU KOl TOU HayVNTIKOU TTediou
gival KAOeTa HETAEU TOUG Kal KABeTa
otn 01evubuvon 61adoong Tou KUHA-
TOG.

2TO NAEKTPOMAYVNTIKA KUMOTO
E

IOXUEI 5 = c, 6tTou E ka1 B Ta péErpa

TNG EVTAONG TOU NAEKTPIKOU KOI TOU
MOyVNTIKOU TTEQIOU, AVTIOTOIXA.

Ta NAEKTPOMAYVNTIKA OTTWGS KAl TA
MNXOVIKA KUMOTO UTTOKOUOUV OTNV
apxn TNG eTaAAnAiag.
HAekTpopayvNTIKA KUPJOTA TTOPAYO-
VTOI OTTO TNV ETTITAXUVON NAEKTPI-
KWV QOPTIWV.

O1 31AQOPEC TTEPIOXEC TOU (PACHA-
TOG TNC NAEKTPOHAYVNTIKNG AKTIVO-
BoAiag sival: Ta padioKUpATA, TO M-
KPOKUMOTA, Ol UTTEPUOPEG AKTIVEG,
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TO OPATO PWG, Ol UTTEPIWOEIC AKTI-
VEG, Ol AKTIVEG X KOl Ol OKTIVEG Y.

Karta Tnv avakAaon:

H TTpooTtTiTTTouca akTiva, N avakAw-
MEVN KAl N KAOETN OTNV £TIQAVEIQ
OTO ONMEIO TTPOCTITWONG, BPiIOKO-
vTal oTO 1010 £TTiTredO.

H ywvia avakAaong 6, gival ion He
TN ywVvid TTpOCTITWONG 6

AsgikTnc d1a6Aaonc n, evog diaga-
VOUG UAIKOU ovOoMacleTal 0 AOYOG TNG
TAXUTNTOG TOU PWTOG OTO KEVO (C),
TTPOG TNV TAXUTNTA TOU U OTO UAIKO.

C

n=—

U
Kata tn dia6Aaon
H TrpooTitrrouca akTiva, n O100Aw-
MEVN KAl N KAOETN OTN O1AXWPEICTI-
KN ETTIQAVEIO TWV OUO NECWYV, OTO
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ONMEIO TTPOCTITWONS TNG AKTIVAG
BpiokovTtal oTO i010 £TTITrEdO.

OTav TO WG €ival HOVOXPWHATIKO,
0 AGOYOG TOU NMITOVOU TG YWVIdAG
TpooTTwong (6,) TTpog To nUiTovo
NG Ywviag d1a0Aaong (6y) eival iocog
ME TOV QVTIOTPOPO AOYO TWV OEI-
KTWV 0100Aaong Twv dU0 NECTWV.

OT1av 10 WG peTaBaivel ATTo Eva pE-
00 0& AAAO PJE MIKPOTEPO OEIKTN
01ad0Aaong KAl n ywvia TTpocTTTW-
ong gival HEYOAAUTEPN ATTO TNV KpPi-
ol1uN £XOUUE OAIKN avakAaon.

A1aokedAOHOC ovoualeTal N £€Ap-
Tnon Tou d¢gikTn 81d0Aaong atro 1o
MAKOG KUMOTOC TNG OKTIVORBOAIQG.
OTav AeUKO QWG TTPOCTTITITEI O EVa
mTPIoHA, AOYw dI00KEDATMOU, ava-
AUETAI OTO (PACHO TOU.
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ApaocTnNPIOTNTECG

1. AvakAaon Tou nxXou

OAa Ta KUJOTO avOKAWVTAI AV
TTPOOCTTEOOUV O€ EuTTOOI10. MTTOpPEI-
TE VA OIATTICTWOETE TNV AVAKAQON
TWV NXNTIKWV KUMATWYV KOl VO €TTI-
BeBaiwoeTe OTI N ywvia TTPOCTTTW-
ong €ival ion ME TN Ywvia avakAa-
ong. Oa xpelaocOeite Eva poAol (1Trn-
vyl Xou) U0 CWANVES KATAOKEUO-
OMEVOUG aTTO XaPTOVI Kal £va BIAIo
(avakAaoTIK €TIQAVEIX). TOTTOOETA-
OTE TOUG OCWANVEG Kal To BIAIo TTAVW
OTO TPATTECI OTTWG OTO oY NMa 2.41.
MTTPOOTA OTO AKPO TOU EVOG CWARN-
va (A) TOTTOBETROTE TO POAOI KAI OTO
AKpO Tou AAAou cwAnva (B) BaATe
TO a@Ti 0ag. O1 SUO AAAEG AKPES TWV
OCWANVWYV TTPETTEI VA ATTEXOUV Aiyd
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EKATOOTA A1TO TO BIBAIO (aVOKAQOTI-
KN eTi@avela). MetaBaAAovTag Tig
YWVIEG TTOU oXnuaTti(ouv ol CwAn-
VEG ME TNV AVAKAOOCTIKI ETTIQAVEIQ,
0a OIATTICTWOETE OTI O NXOG AKOU-
YETOI SuvVATA KOl KaBapa oTtav ol dUo
OWANVEG OXNMATICOUV I0EC YWVIEG
ME TNV KABETN OTNV AVAKAAOCTIKA
ETTIQAVEIOQ.

SxAuo 2-41.
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2. 'Eva oupavio 100 oTo Tapavi

MEoa o€ Hia AEKAVN TTOU TTEPIEXEI
Aiyo vepO ToTTO0eTNOTE O€ TTAQYIO O€E-
on £Eva KaBPE@PTAKI TOU OTTOIOU £V
MEPOG va gival BuBIoUEVO HECA OTO
VEPO. TOTTOBETAOTE TN AEKAVN £TOI
WOTE TO PWGS TOU NAIOU VO TTEQPTEI TTA-
VW OTOV KOBpEQPTN. AivovTag TnV Ka-
TAAANAN KAion oTov KaBpEpTn Ba O¢i-
TE OTO TARAVI TO PACHO TOU NAIOKOU
PWTOG. EENYyNOTE TO PAIVOUEVO.

>

| YA 2-42.

3. PWTEIVOC Nidakag

Oa XPEIOOCTEITE EVA ICXUPO POAKO
TTOU MTTOPEI VA €0TIACEI TO PWGS TOU
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KOl Eva O1a@aVES TTAACTIKO TTOTAPI
ME MIO TPUTTA OIOMETPOU 3 MM TTEPI-
TTOU, OTO TTAEUPIKO TOU TOIXWHMA,
KOvTd oTn fAon Tou.

["epioTE TO TTOTAPI ME VEPO KOl PW-
TIOTE TO OTTWG PAIVETAI OTO OXNHA.
Av 10 OWMATIO Eival OKOTEIVO, Ba TTa-
PATNPNOETE OTI TO PWG OEIXVEI VO
TTAYIOEVUETAI MECO OTOV TTIOOKA TOU
VEPOU, HEXPI Eva onueio. EEnynoTe
TO (PAIVOUEVO.

|>:x|'1pc| 2-43.
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EpWTNOEIC

Mnxavikd Kupara

2.1

2.2

H TaxUtnTa evog NXNTIKOU KU-
MOTOG £SO PTATAI

0) a1TO TN CUXVOTNTA TOU
NXOou.

B) a1rdé TNV £vraon Tou fXOu.
Y) a1rdé TO UAIKO OTO OT1roio Ola-
OidETAI TO KUMO.

0) atrd 10 NAKOG KUMATOG.
ETTIAESTE TN CWOTH TTPOTACH.

Tpeig TTNyES A, B kai I dnuioup-
YOUV NXNTIKA KUMOTO OTOV OEPOQ.
To oynua 2.44 TrTapioTAvel ypa-
PIKA TNV TOAAVTWON TWV TPIWV
TTNYWV O€ OUVAPTNON HME TO
XPOVO.
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| ZxApa 2-44.

a) Molo KUpa £xel MEYOAUTEPO TTAG-
TOG,

B) Molo KUPa EXEI MEYAAUTEPO MR-
KOG KUMOTOG;

2.3

To oxynua 2.45 rapIioTavel TO
OTIYMIOTUTTO EVOG GPHOVIKOU

KUMOTOG TN XPOVIKI OTIYHN 4
1) Moio amd Ta onueia A, B, I
EXEI OUTA TN OTIVMN

0) MEYOAUTEPN TAXUTNTA KOATA
TNV TOAAVTWOT) TOU;

B) HeyaAUTEPN ETTITAXUVON;
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2) EmA&Cre amo Ta A, B, I, A
Kal E dUo onueia

0) TTOU Ol PACEIC TOUG OIaPE-
POUV KOTA TT.

B) TTOU OI PACEIC TOUG DIOPE-
POUV KATA 2TT.

Y) TTOU QTTEXOUV ATTO0TAON A.

y

A
\ B :
\T

W

|zx|'1pa 2-45,
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24 Katd unKkog 0Uo ouoiwv Xop-
owvV 1 ka1 2, o1adidovTtal dUO
EYKAPOIN OPUOVIKA KUMATA. TO
KUpa otn Xopon 1 £xel O1tTAa-
o100 CUXVOTNTA KOl TO MICO TTAQ-
TOG OTTO TO KUMO OTN Xopon 2.
[Molgg aT1rod TIG TTPOTACEIS TTOU
aKOAOUOOUV gival CWOTEG;

a) H Taxutnta d1ad00ng Twyv
OUO KUHMATWYV OTIC OUO XOopOES
givai idia.

B) To MAKOG KUNATOG OTN XOP-
on 2 givai JITTAACI0 aTTO TO
MAKOG KUMATOG OTN XopoNn 1.
Y) H pé€yiotn taxutnTa TOAAVTW-
ong €ival NEYOAUTEPN OTA OW-
MaTidla TG XopONnc¢ 1.

0) H pé€yioTn emiTayuvon Ta-
AAVTWONG €ival HEYOaAUTEPN
OTA CWHATIOIO TNG XOPONG 1.
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2.5 Ol gglowoelg TTou aKoAouBouv
TTEPIYPAPOUV TPIO EYKAPOTIA Op-
MOVIKA KUMOTO TTOU O100idovTal
o€ OINPOPETIKA MECQ.

(a) y =107 nu21r(2t-4x)
(B) y =5 x 1073 nu21r (4t-2x)
(y) y =2 x 107 nu21 (2t-3x)

Ta peyEOBN gival HETPNMUEVA OTO
S.l.

1. Moi1o KUpa O100iIdETAI UE ME-
YOAUTEPN TAXUTNTA;

2. 2& TTOIQ TTEPITITWOTN TA MO-
P10 TOU NECOU TOAAVTWVOVTAI
ME MEYOAUTEPN MEYIOTN TOXU-
TNTQ;

45/ 76



ZUHBOAN - oTaoiya Kupgara

2.6 210 OoYNuUO 2.46 aivovTal Ol
KUMOTIKOI TTaApoi A, B, I kai A
TToU O100id0oVvTal OTO 1010 UAIKO
KOTd TN 01EVBuvon X Xx.

Me 1TOI0V OTTO TOUG TTAAOUG B,
I" Kol A TTpEtTel va ouvavtnOei
O TTAANOGC A WOTE VA £XOUUE
aTroofeon;
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Zxnua 2-46.

47 | 76
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2.7

2.8

[Moleg TTnYy£Gg ovopadovTai
OUYXPOVEG;

2UUTTANPWOTE TA KEVA:

2TACIMO KUNO ovOouAdeTal TO
OTTOTEAEC MO TNS CUMBOANG
OUO KUHMATWYV ME i010 TTAATOG
Kal id10 ouxvoTnTa TToU O10di-
OOVTal OTO EAQCTIKO NECO O€E
KaTeuBuvoelg. To OTACIMO KUMO
Ogv €ival KUPA aAAd pia 10160p-
PN TAAAVTWON TOU pEooU. Ka-
TA TN ONMIoOUPYIa EVOC OTACI-
MOU KUMOTOG O€ VO UAIKO UTTApP-
XOUV CNMEIN TTOU ..oevverenrcnrenrnnens
KOl ovopalovTal OECHOI KAl ON-
MEIA TTOU TAAAVTWVOVTAI ME ....
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2.9

H amroocTtaon peragu duo di1ado-
XIKWV OECHUWYV EIVAI ..cuvenrenrennen.

O1 egiIowoelg

(a) y =5 ouvdx nu10t

(B) y =2 cuv2x nu20t

(Y) y =1 ouv8x nudt
TTEPIYPAPOUV OTACINA KUMATA.
Ta x KA1 y €ival HETPNUEVA OE
cm Kal To t o€ s.

1) Z€ 1TO10 ATTO TA TPIA, N ATTO-
oTOON METAEU OUO O100O0XIKWYV
OEO MWV gival HEYOAUTEPN;

2) 2€ 17010 ATTO TIG TTEPITTTW-
OEIC OQUTEG N MEYIOTN TOXUTNTO
TWV CWHATIOIWYV TTOU BPICKO-
VTOI OTIGC KOIAIEC EXEI MEYOAU-
TEPN TIPN;
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2.10 AuUo oUYXPOVEG ONMEIOKEG TTN-
YEG 1 ka1 2 dnuioupyouv oTo idlo
UAIKO eyKAPOIO KUMOTO ME M-
KOG KUHATOG A=3cm. Ta onueia
A, B kai I atréxouv atro Ti¢ OUo
mTnyég: To A, dq = 18 cm kai
do =16cm. To B, rq =19,5cm
Kal rp =16,2cm kai To [ €4=20cm
kal £,=15,5cm. Me To &¢€iKTn 1
ouppBoAilovTal Ol ATTOCTACEIG
TOUG a1TO TNV TTNYN 1 KOl PJE TO
O€iKTN 2 Ol ATTOCTACEIG ATTO
TNV 1TNYN 2.

o) EKTeAEI KATTOI0 ATTO T ON-

MEIO TOAAVTWOT ME MEYIOTO TTAQ-
TOG;

B) MapapEvel KATTOIO0 ATTO AU-
TA OIAPKWGS OKivNTO;
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2.11 To oxnua 2.47 TrapioTavel Eva
OTIYMIOTUTTO EVOG OTACIUOU
KUMOTOG TTOU £X€I OnUIoupyn-
O¢i o€ p1a xopon.

a) MNMola onueia oTO CXAMUA AVTI-
OTOIXOUV O0€ OEOHMOUG Kal Trold
O€ KOIAIEG;

B) Mooco diapEpouv o1 PACEIG
TWV onuEiwyv A Kkai I

Y) IN6co diapEpouV Ol PACEIG
TWV onueiwyv A kal E;

0) Av TO NNKOG KUMOTOG TWV KU-
MATWYV a1TO TA OTTOia ONnuIoup-
YNONKE TO OTACIMO Eival A,
TToI0 N 0PICOVTIA ATTOCTACT
TWV onueiwv A Kal B;
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| £xApa 2-47.

212 %¢ éva OTACINO KUMO, TO ONUEIN
TTOoU BpiokovTal HeTaEU duo dia-
OOXIKWV DECHWYV £XOUV
a) Tnv idia eaon.

B) @aoeig TTOU dIAPEPOUV KO-

Td"
5

Y) @AOCEIC TTOU DIAPEPOUV KOTH TT.
0) PACEIG TTOU OIOPEPOUV KATA 21T.

ETIAESTE T CWOTH ATTAVTNON.
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HAekTpopayvnTika KUHATa

213 To pwcg Kavel va QTacEl a1Td TOV
"HA10 0T I'n TTEPITTOU 8,5 MnN.
NMNoéoco trepitrou atréxein n
a1ré Tov HAIo; (c=3 x 108 m/s).

214 T100C POPEC TO OEUTEPOAETTTO
0a pTITOPOUCE VO KAVEI TO YUPO
TNG 'NG E&va cwHa av eiXe Ta-
XUTNTA ioN ME TV TAXUTNTO
TOU PWTOG;
(Rr = 6400 km, c=3 x 103m/s).

215 EKTTONTI NAEKTPOMAYVNTIKNAG
OKTIVOBOAIOG EXOUME OTAV
a) Eva CWHA Eival QOPTIOUEVO.
B) Evac TTUKVWTNG €ival QopTI-
OMEVOG.
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2.16

Y) @opTia KIVOUVTOI JUE OTOOE-
PN TOXUTNTA OTTWS CUMPBAIVEI
OTOUG ayWwYyouU¢g TToU dlappEo-
VTAl A1TTO OTAOEPO pEUMQ.

0) @opTia ETITAXUVOVTAI 1] ETTI-
BpaduvovTal, OTTWG CUMPai-
VEI OTOUG aYyWwYyoug TTou Olap-
pPEOVTAI ATTO METARBAAAOMEVA
peUMATA.

ETIAESTE Th CWOTH ATTAVTNON.

H cuxvoTnta evog apuoVIKOU
NAEKTPOMAYVNTIKOU KUMOATOG
TTou O100ideTOI OTO KEVO €ival
6x10° Hz. To MAKOG KUMATOG
TOU KUMOTOG OUTOU Eival
a) 5x10m, B) 2x10%m,
y) 5x10m B &) 2x10%cm;
(c=3 x 108 mIs).
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2.17 Xwpic va cuuBouUAeuTEiTE TOV
TTiVOKO JE TO QACHA TNG NAE-
KTPOMOAYVNTIKAS OKTIVOBOAIQG,
QVTIOTOIXIOTE TOUG OI10POPOUG
TUTTOUG TWV KUMATWYV TToU Bpi-
OKOVTOI OTNV ApICTEPN OTHAN
ME OCUXVOTNTEC TTOU BpicKovTal
oTn O&dIq.

Padiokuparta 1073 Hz
MikpokKUuaTO 1017 Hz
AKTiveg X 108 Hz

Ymrépubpo 1010 Hz
Ymepiwdee  107° Hz

AKTIVEG Y 1019 Hz

55/78



2.18 Tllolo¢ TUTTOC NAEKTPpOUAYVNTI-
KOU KUMOTOG £XEI MNKOG KUMO-
TOG CUYKPICIMO ME
0) To NEYEODOC EVOC QUTOKIVA-
TOU;
B) yE TN OIAUETPO MIOG MTTAACG;
Y) ME TN OIAUETPO TOU ATOMOU;
0) M€ TN OIAMETPO TOU TTUPAVA;

(ZupBOUAEgUTEITE TOV TTiVOKA ME
TO PACHA TNS NAEKTPOMAYVNTI-
KNS OKTIVORBOAIaG)

(c=3 x 108 m/s).

2.19 H taxutnta pe Tnv otroia di1adi-
OOoVTaI T NAEKTPOMAYVNTIKA
KUMOTO €ival
0) MEYOAUTEPN OTO KEVO.

B) peyaAUTePN OTOV O100IdO-
VTOI OTNV UAN.
y) TravTou idia.

ETIAECTE TN CWOTH ATTAVTNON.
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2.20 TMoia atro TIC ESICWOEIG TTOU OKO-
AouBouv dgv PTTOPEl VO TTEPIYPA-
PEI TO NAEKTPIKO TTEDIO EVOC Qp-
MOVIKOU NAEKTPOMOAYVNTIKOU KU-
MOTOG TTOU O100IOETAI OTO KEVO;

a) E=100np2m (6x1010t-2x10%x)
B) E=50np21(12x1012¢t-4x10%x)

y) E=100np21r (9x1013t-3x10%x)
OAa Ta pey€dn ekppalovrtal oto S.1.
(c=3x108m/s).

AvaxkAaon - d1a6Aaon

2.21 Eival duvaTto pIa QWTEIVE OKTi-
va va un o1adideTal eubuypapu-
MO; AVO@EPOTE TETOIEG TTEPI-
TTTWOEIG.
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2.22 210 oYNpa 2.48 aivovTal Ol
O1000XIKEG AVAKAAOEIG TTOU
UQIoTATOI IO QWTEIVI OKTIVO
OTIG ETTIPAVEIEC A, B kai [, Av
N ywvida TpocTTTWonNG 6TO ON-
peio A givan 30° réoec poipec
gival ol YwWVIEG avAKAOONG OTIG
emipaveles B kai I

Zxnpa 2-48.
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2.23 Z& 1010 ATTO TO ETTOMEVA OXN-
MOTO £XEl OXEQIOOTEI CWOTA N
O100AWMEVN OKTIVA;

n=1,6




2.24 MovoXpWHATIKO QWG METARI-
VEI ATTO TOV aEPa oTO YUOAIL. Na
OUYKPIVETE TO NNKOG KUMOTOG,
TN CUXVOTNTA KaI TNV TAXUTNTO
01ado00ng ota OUO HETO.

2.25 210 oyxnua 2.50 gaiveral n Tro-
PEIO MIOG AKTIVOG MOVOXPWHAO-
TIKOU WTOG N oTroia OIEPYETAI
aT1ro TPia dlagavn UAIKA. Z€
TTOI10 UAIKO TO WG O100ideTal
ME MIKPOTEPN TAXUTNTA;

(B)

(a) (Y)
| Zxnua 2-50.
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2.26

2.27

A£oUuN AEUKOU pWTOG EKTPETTE-
Tal A1TO €va Trpicua. MNoio xpw-
MO EKTPETTETAI TTEPICCOTEPO, TO
KOKKIVO | TO UTTAE;

2TO OXNAMA @aivovTal TPEIS Ola-
Paveig opIlOVTIEG TTAAKES TTOAU
MEYAAWYV OlaoTacewyv. O1 TTAd-
KEG Eival TOTTOOETNMEVES N Mi
TTAVW OTNV AAAN Kal TO CUOTN-
pa TTEPIBAAAETAI OTTO AEPa. AKTi-
VEG HOVOXPWHOATIKOU PWTOG
E10€EPYXOVTAl TTAQYIA OTIG TTAAKEG
OTTWC OTO OXNMA. Z€ TTOIA ATTO
TIG TTAAKEG €ival SUVATO TO PWG,
META aTTO OINOOXIKES OAIKEG ava-
KAAOEIG, va ByEl a1ro T O£gIA
TTAEUPQ;
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n=1,3
n=1,6
n=1,5

Zxnua 2-51.

2.28 2710 OYNua 2.52 @aivovTal dUo
OKTIVEG MOVOXPWHMATIKOU PW-
TOG, Ol OTTOIEC OTO KEVO £XOUV TO
i010 MAKOG KUMATOG. O1 aKTIVEG
OTNV TTOPEIa TOUG CUVAVTOUV
Kol O1EpYovTal atré dUo TTAOKI-
o1a A kai B, Tou idiou trayxoug d
Kol O10pOPETIKOU OeiKTN O1GOAQ-
ong. To rayxog d avtioToIXEi
ot 3x 104 MAKN KUMOTOG TNG
OKTIVOBOAiag oTO UAIKO A
(o f 2,2x104 MAKN KUJATOG TNG
aKTIVO3OAiag oTO UAIKO B.
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a) lNolo UAIKO €xel MEYOAUTEPO OEi-
KTn O100Aaong;

B) Z& TTOI10 UAIKO, TO QWG OEAEI ME-
YOAUTEPO XPOVO YIO VO KAOAUWEI
TNV amroéotaon d;

Zxnua 2-52.
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AOCKRNOEIC
Mnxavikd Kupara

2.29 'Eva appgoviko Kupa d1adideTal
KOTA MNKOG MI0G Xopdng. O xpo-
VOG TTOU XpPEIAdeTal £VA ONMEIO
TNG XOoPpONG YIA VO UETATOTTIOTEI
a1ro TN 00N MEYIOTNG ATTOMA-
Kpuvong otn B€on 1c0ppoTTiag
Tou givail 0,15s. Moia gival n ou-
XVOTNTA TOU KUNATOG; AV TO MR-
KOG KUMOATOG €ival A=1,2 m
TTOolO €ival n TaxuTnTa o1ado-
oNnNG TOU KUMOTOG;

Am: J0Hz, 2 mis ]

6

2.30 H egiowon evog ypaupIKoU ap-
MOVIKOU KUMOTOG €ival

y=3x102nu(1320t-4x) (S.L).
Na UTTOAOYIOETE:

64 / 80

»



0) TO MAKOG KUMATOG (A).

B) TNV TOXUTNTA TOU KUMOTOG U.
Y) TN HEYIOTN TOXUTNTA TOAQVTW-
ONG TWV CNUEIWV TOU EAAOTIKOU
MEOOU.

0) TnVv amrooTaon METALU dUO
ONMEIWV TOU EAOCTIKOU HECOU
TO OTTOIA TTOPOUCIAlouV OI1aPO-
pd @donc 120°.

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

2.31 Hnyn kupdatwyv O apyidel Tn
XPOVIKA OTIYUN MNOEV VA EKTE-
A€l aTTAR APHOVIKER TAAAVTWON
mTAaToug A=10cm ka1 cuxvo-
TnTag f=0,25 Hz. To KUua TTOU
onuioupyei d10dideTan KATA MN-
KOG YPOMMIKOU OMOYEVOUG
EAACTIKOU HEOOU ME TAXUTNTO
u=3m/s. Na UtTTOAOYICETE:
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0) META ATTO TTOOO XPOVO Ba ap-
XiO€l va KIVEITAI KATTOIO ON-
MEiO B TOU JEOOU, TTOU OTTE-
X&l X = 60 m amrod tnv rnyn O.

B) TNV ATTOMAKPUVOT TOU ONMEI-
ou B, atrd Tn 0€on 1I00ppOTTIaG
TOU, TR OoTIyun t = 21,5 s.

[ATr: 20, 5¥2cm ]

ZTACIHO KUHA

2.32 'Eva oTtdoipo KUpO TTEPIYPA-
PETAI ATTO TNV £gicwon:

y=0,5 ouv% nu40Trt oTTOU T

X KOl y €ival o€ cm Kal To t O€ sS.
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o) No YPAWETE TIG ECICWOEIC TWV
OUO KUHMATWYV TTOU CUNRBAAAOUV
yia va OnNMIOUPYROOUV TO OTA-
OIMO KUMA.

B) Moéoco amréxouv dUo d1000XI-
KOi OEOMOI;

y) TI TaXUTNTO £XEI TN XPOVIKN

oTIyun t = %s EVO ONMEIO TOU
MEOOU TO OTroio aTTéXEl 1cm
a1rd Tn Béon x=0;

0) Mg 11 TaxuTnTa diadidovTal
TO KUMOTO TTOU OnuIoupyouV
TO OTACINO;

[AT: y41=0,25 np2n(20t—%),

y5=0,25 np2n(20t+%), 3cm,

-3,14cm/s, 1,2 m/s ]
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2.33 2710 OXNMO ATTEIKOVICETAI TO OTIY-
MIOTUTTO £VOG OTACIMOU KUMO-
TOG, KATTOIO OTIYMA KATA TNV
OTToia OAQ TO CNMEIQ TOU EAQCTI-
KOU JEOOU £XOUV MNOEVIKA Ta-
XUTNTa. T KUJOTO TTOU CUMBAA-
Aouv yia va OWoOouUV TO OTACI-
MO KUMO €XOouV TTEPIOdO T=2s.
o) Na oxeOIAOETE TO OTIYMIO-
TUTTO TOU OTACIMOU KUMOTOG ME-
T4 a1ro 0,5s Kol peETA aT1ro 1.
B) Na utroAoyioceTe TO TTAATOG TNG
TAAAVTWONG EVOC ONMEIOU TTOU
BpiokeTal otn Béon x=12,5cm.

[ATr: 2¥2cm ]

y (cm)




2.34 Alatraocwyv cuyxvorntag 340 Hz
NXEI NTTPOOTA OE AEIO KATOKO-
pU@O ToiXo. Avaueoca oTo Ola-
TTOCWYV KOl OTOV TOiX0, OTNV £U-
Oeia TTOU €ival KABeTN OTOV TOI-
X0, METOKIVEITAI EVAioONTOC OE-
KTnG. Maparnpouue 0TI o€ dUO
O1000XIKEC BECEIC TOU DOEKTN,
TTOU ATTEXOUV METACU TOUG 0,5
m, n €vO&Ign Tou pnodevideTal.
a) Mola gival n TaxuTnTa d1ad0-
ong ToU NXou;

B) AvTIKOBIOTOUNE TO DIATTOO WYV
ME AAAO AYyVWOTNG CUXVOTN-
TOG. AIOTTIOTWVOUNE dUOo d10d0-
XIKA MEYIOTA EVTAONG O€ BECEIC
TTOU ATTEXOUV METAEU TOUG 0,2 m.
Mola gival n ocuxvoTnTa Tou OEU-
TEPOU OIATTOCWV;

[ATr: 340 m/s, 850 HZz]
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2.35 AUo kKupata diadidovTal TaU-
TOXPOVO KATA MAKOG TOU idIou
oxoiviou. OI eSICWOoEIC TWV
KUMATWYV Eival:
Y1=95numr(5t—x) kai
y2=5nuTT (St+Xx) OTTOU TA Y KO
X €ival METPNMEVA OE CM KOl TO
t o€ s.

a) YIToAoyioTe TNV TAXUTNTA
01a000NG TWV KUMATWV.

B) Bpeite Tn B€on TPIWV ONMEI-
WV TOU OXOIVIOU T OTToid TTapa-
MEVOUV aKiVNTA KOI TPIWV CNEI-
WV TWV OTTOoIWV TO TTAATOG TNG
TAAAVTWONG Eival HEYIOTO.

y) Molio gival To JEYIOTO TTAATOG
TNG TAAAVTWONG;

[Amr: a) Scm/s 8) 0,1cm, 2cm, ...KaI
0,5cm, 1,5cm, 2,5cm,... y) 10cm]
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2.36 Avuo kUpaTta idlou TTAATOUG, CU-
xvornTtag 60 Hz, diadidovTal
avTifeETa O€ X0pON TNG OTToIag
TO AKPO EiVAl OTEPEWHMEVA OE
akAovnta onueia. H tayutnta
010000 NG TWV KUMATWYV gival
120m/s. To OTACIMO KUMA TTOU
ONMIoOUPYEITAI OTN XOPON EXEI
TpEIC OEOMOUC. Bpeite TO uNn-
KOG TNG Xopdng.

[ATT: 2m]

HAskTpopayvnTika KUpATA
2.37 'Evag padlio@wVIKOG OTAOUOG
ekTTéEUTTEI oTa 100 MHzZ.

a) MNMolo gival To JAKOS KUMA--
TOG TTOU EKTTEUTTEI O OTAOUOG;

B) H pEyioTn TIMA TOU NAEKTPIKOU
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TTEQIOU TOU KUMOTOG O€ KATTOId
B¢on eival E 5, = 12x1073 V/m.

Moia gival n pEyioTn TIMN
TOU JayvnTIKOU 1TTeEdiou TOU
KUMOTOG O€ EKEIVN TN O€on;

Y) Av yia Tn AQWn autou Tou
NAEKTPOMAYVNTIKOU KUMOTOG
XPNOIMOTTOIEITAI OEKTNG ME KU-
KAwpa LC, oTo 01T0i0 TO TTNVIO
EXEI OUVTEAEOTN QUTETTAYWYNS
L=5mH, yia TTo1a TIuA TG XW-
PNTIKOTNTOG TOU TTUKVWTI) OU-
vToVi{eTal O OEKTNG;

(c=3x108 m/s).

QswpnoTe m2 = 10.

[ATr: 3m, 4x10°11T, 5x10716F]
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AvakAaon - Aia6Aaon

2.38 Mg mToia TaxuTnTa O100i0ETAI
MOVOXPWHMATIKO PWGS CE YUOAI
TTOU £XEI YI’ AUTO TO WG OE€i-
KTn 01a0Aaong n=1,5; H Tayu-
TNTO TOU PWTOG OTO KEVO Eival
c=3x10% m/s.

[ATr: 2x108m/s]

2.39 21OV TTUBNEVO DOXEIOU TTOU TTE-
PIEXEI VEPO TOTTOOETOUUE MIA
YUAQAIVN TTAAKO. AEouN TTOPAA-
ANAWYV AKTIVWV HOVOXpWHO-
TIKOU QWTOG TTPOCTTITITEI ATTO
TO VEPO OTN YUAAIVN TTAGKO ME
ywvia rpéomTwonc 30°. Bpei-
TE TIG O1EVBUVOEIG TWV AVOKAW-
MEVWYV KAl OI00AWMEVWY OKTi-
VWV.
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AivovTal o1 0gikTeG d1aOAaong
TOU VEPOU KalI TOU YUOAIOU
nq{=1,33 kal ny = 1,52 avri-
OTOIXO.

[ATr: 6, = 30°, nuo,, = 0,4375]
r b

2.40 Méoa og uypoO pe ayvwoTo OEi-
KTn O100Aaong Bubioupe pia
YUAAIvn TTAaka. Mia AeTTT JOVo-
XPWHMOATIKI) OECUN TTEQPTEI OTNV
TTAGKO ME YWVIA TTPOCTTTWONG
84- MeTafaAAovTag TN ywvid
TTPOCTITWONG TTAPATNPOUUE OTI
otav givar peyaAuTtepn Twv 60°
n O€oun Tradaivel OAIKN avAKAQ-
on oTn YUAAIvn TTAGKa. Av o Oci-
KTNG 01a0Aaong Tou yuaAlou E&i-
val n,=1,5, va BpeBei 0 OEIKTNG
01a6Aaong Tou uypou.

[ATT: ‘/5]
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2.41 HAskTpOMOYVNTIKA OKTIVORO-
Aia cuyvornrag f = 5,1 x 104 Hz
EXEl —OTO VEPO— MAKOG KU -
TOG A=4,4%x10"m. Na Bpeite
TO O€iKTN O1G0A0ONG TOU VEPOU.
H TaxuTtnTa TOU PWTOG OTO KE-
vo givan c=3x10%m/s.

[ATr: 1,33 ]

2.42 To PAKOG KUMATOG MIOG MOVO-
XPWHMOATIKAS OKTIVOBOAIQG
oToVv agpa gival 650 nm.

a) Moia gival n cuxvoTnTa TNG
aKTIVOoAiag;

B) Molio gival To uKOG KU -
TOG TNG aKTIVOBOAiag oTav diEp-
XETOI ATTO YUOAI TTOU €€l O€i-
KTn 0100Aaong 1,4;
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[ATT:

2.43

y) Moia gival n TaxuTnTa TNG
OKTIVOBOAiOG OTO YUQOAI;

Aivetal ¢=3x10%m/s.

a) 4,6 x1014Hz,
B) 464 nm,
v) 2,14x10% m/s ]

To KiTPIVO (WG TTOU diVvEl N
AdpuTra vartpiou d1ad0ideTaI O€
KATTOI0O UYpPO ME TAXUTNTO
1,92x108 m/s. lNolog gival o
0gikTnG 0100Aao NG Tou uypou
auUTOU YIO TO KITPIVO PWG;

Aiveton ¢=3x108m/s.

[ATr: n=1,56]
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2.44 MovoXpWHOATIKN OEOHUN PWTOC
TTEQPTEI KABETA OTNV ETIPAVEIA
TTPICHATOG ME OLIKTN O1A6AaoNg

N=v2 OTTwW¢ oTO OYNMO 2.54.
YTTOAOYIOTE TN MEYOAUTEPN TI-
MR TNGS YWVIOCS @ YIA TNV OTToid
n Oéoun v@ioTaTal OAIKN aVda-
KAaon otnv mi@aveia Bl Tou
TTPICUATOG.

[ATT: @max = 450]

B

A

ZxnHa 2-54.
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2.45 MovoxpwpuaTIKi) OEONN TTPOCTTI-
TITEI OTO ONMEIO A MIOG YUOAI-
VNG TTAAKOG ME YWVid TTPOCTITW-
onc 60° (oy. 2.55). Molog pé-
TTEl VA €ival 0 EAAXIOTOG OEIKTNG
O0100Aao NG TOU YUOAIOU WOTE N
O£0UN VO UTTOOTEI OAIKN avA-
KAaon oto onueio B; (H yuaAi-
v TTAAKO BPICKETOI OTOV AEPQ).

[AT: 1,32 ]

Zynua 2-55.
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MpoBAnupara

2.46 Auo ouyxpoveg TTnyéEg 4 kau 15
OnMIOUPYOUV OTNV ETTIPAVEIA
EVOG UYPOU KUMOATA, ME TTAATOG
A=3mm kai Trepiodo T=0,4s.
H TaxuTnTa TWV KUJATWYV Eival
u=5m/s. Eva JIKPO KOMMATI
PeAAOU BpiCKETOI OE KATTOIO OT)-
MEIO TNG ETTIQPAVEIONG, OE ATTO-
OTAOEIG {1 =6 M KAl rp=5,5 m
a1ro TIG TTNYES. H Kivnon Tou
PEAAOU gival ATTOTEAEOHA TNG
OoUMBOANRG Twv OUO KupaTtwy. Na
TTEPIYPAWYETE TNV KivnNOT) TOU.

[ATT: aTTAR} APUOVIKNA TOAAVTWON, ME
TTAGTOC A'= 3Y2 mm kau ePiodo 0,4s]
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247 Xg KATTOIO ONMEIO OTNV ETTIPA-
VEIO EVOG UYPOU ONUIOUPYOUNE
KUpaTa ge Tnv Tnyn . 210 on-
MEIO 2 TNG ETTIPAVEIOG, OE ATTO-
oTAON O ATT0 TNV TTNYHN, TA KU-
MOTO MTTOPOUV VA PTACOUV N
atreuBeiag (akoAoubwvTtag Tn
o1adpopun %) A apou avakAa-
OTOUV OTOV aVvaKAaoTAPa A TTOU
BpioKeTOI OTNV ETTIPAVEIA TOU
Uypou Kdal TTavw oTn MECOKA-
OeTo TOU TMRMATOG . AV pE-
TOKIVI)OOUME TOV OVAKAOOTAPO
TTOPATNPOUME OTI OTAV ATTEXEI
atmréotTaon H amré 1o O, To on-
MEIO Z TTAPOAMEVEI CUVEXEIA OKi-
VNTO, EVW, VIO TTPWTN QOopd, KA-
VEI TOAAVTWON ME MEYIOTO TTAQ-
TOG, OTAV O AVOKAOOTAPOG ME-
TakiveiTal katd d. Na Bpeite TO
MRKOC TOU KUMOTOG.
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[ATr: 244 (H+d)2+02 - 2y4H2 +a?)]

ZxXnua 2-56.

248 Mia onpeiakn TTnyn HOVOXPW-
MOATIKOU @WTOG BpioKeTal o€ Ba-
0o¢ h, yéoa og uypO PE OEIKTN
01a6Aaong n yia TO QWG TTOU
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EKTTEMUTTEI N TTNYN.- Na utTOAO-
YIOETE TNV AKTIiVA TOU QWTEI-
vouU OioKOU TToU BAETTEI OTNV
eAEUOEPN £TTIPAVEIO TOU UYPOU
EVOG TTAPATNPNTAS TTOU BpioKe-
Tal £EW ATTO TO UYPO.

[ ATT: L ]

Yn? - 1

2.49 Mia akTivad HOVOXPWHOATIKOU
PWTOG TTEPTEI TTAVW OE YUd-
Alvn TTAdKa TTaxoucg d. H ywvia
TTPOCTITWONG TNS OKTIVAG Ei-
val @ Kal o O€ikTng d1a0Aaong
TOU YUOAIOU n.

o) Agi¢Te OTI N AKTIiVA TTOU £EEP-
XETAI ATTO TO YUOAI gival TTAPAA-
ANAn oTnVv apxIKA.
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B) YToAoyioTe TNV TTAOPAAANANR
METATOTTION TTOU UQPICTATAI N
OKTIVA OTTO TO YUQAI.

ouv
[ATr:€=dr||.|(p(1— = <p2 )]
Vn? - nu2e

| £xApa 2-57.

2.50 KuAivopiko doxeio £xel OIGUETPO
Baong 8v2 cm kan AYVWOTO UYOC.
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‘Evacg TapatnpentiS BpioKeTal
o€ TETOIA B€0N, WOTE NOAIS VO
BAETTEI TNV ATTEVAVTI ECWTEPI-
KA AKpn Tou TTUuBuéva, étav 1o
doxeio gival kevo. Av 1o doxeio
gival YEMATO ME VEPO O TTAPOATN-
PNTNAG, XWPEIS va aAAdgel BEon
BAETTEI TO KEVTPO TOU TTUBHEVA.
Na utroAoyioceTe TO UYPOG TOU
doxeiou.

AiveTal o011 0 O0gikTNG O1AOAQ-

onNg ToU VEPOU gival n= V2.
[ATT: 8 cm]

Zxnua 2-58.
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2.51 H diaragn Tou oyxnuarog 2.59
ATTOTEAEITAI ATTO OUO OCWANVEG
A ka1 B. O ocwAnvag B ptropei
va peTakiveital. Mg Tov TpotTro
aQUTO METARBAAAETAI TO MAKOG X.
Mia nxnTikA TTnyn I dnuioupyei
OTO OAVOIXTO AKPO TOU CWANRva
nxo ocuyxvorntag 1,25kHz. 1o
AAAO aKpoO (Z) TOU CwWARvVa PTA-
VOUV TauToxpova dUo nxnTi-
KA KUJaTa. Ta KOpoata dnuioup-
youvTal aT1Td TNV TTNYN KAl d1a-
QidovTal HECW TOU OEPO OTOUG
owAnveg A kai B. Otav peTaki-
VOUME TO cwARva B (METORBAA-
AETAI TOTE N ATTOOTAOT X) TTOPO-
TNPOUME OTI N EVTAOT TOU NXOU
OTO ONMEio Z augopeiwveTal. H
EVTAOT TOU NXOU OTO ONMEio 2
gival unOEv OTAV N ATTOOTAON
X gival X9 =0,408 m. Mola givai
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N €TOMEVN TIMN TNG ATTOCTA-
ong x (x>0,408 m) yia Tnv otroia
pNnoevideTal ¢ava n Evraon Tou
NXou;

AiveTal n TaXUTNTA TOU RXOU
oTov agpa u=340m/s.

[ATT: 0,544 m ]
® A I B
=X\
¥
2
Zxnua 2-59.
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2.52 Tnyég kupaTtwy I14 kai I, dn-
MIOUPYOUV OTNV ETTIPAVEIQ
uypou eykapoia KupaTa. Eva
onpeio K TTou aTtrEXEl rq Kal ro
aTTO TIG TTNYEG £XEI KAOE
OTIYMA ATTONAKPUVON
y1=Anu (21t - Trr1 + @) (S.1.)
£CAITIOG TOU KUMOTOC TTOU ON-
MIOUpPYEI N TTNyN 4 Kal
yo=Anu (21t = 1Tr5) (S.l.) €I~
TiOG TOU KUMOTOG TTOU OnMIoup-
vei n Tnyn .

o) Na Bpeite Tnv TaxuTnTa OI14-
000G TWV KUNATWY OTNV ETTI-
@AVEIO TOU UYypOU.

B) Av (p0=g TTOIO TTPETTEI VA Ei-

vai n d10Popa TWV ATTOCTACEWYV
rq—ro TOU onueiou K a1ro T1ig
OUO TTNY£EC WOTE
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I. va O1ATNPEITAI CUVEXWCS OKi-
VNTO Kl

il. vO TAOAAVTWVETAI JE TTAATOG
2A;

y) lMNoia TrpéETrel va gival n TIMN
TNG PO, WOTE Eva onpeio M TnG
ETTIPAVEIONG TOU UYpoOU TTou Bpi-
OKETAI OE ATTOOTAON r{ = 12m
atmro Tnv 4 kai rqy = 10m amo
TNV 5 va TTOpAEVEI SIAPKWG
aKivNnTO;

[ATT : 2m/s,

3
(2N + E)m, N=0, %1, £2,...,

1
(2N + E)m N=0,%1,%2,..., rrad]
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2.53 To akpo O, ypOuMIKOU OMJOYE-
VOUG EAQOCTIKOU NECOU TTOU
EKTEIVETAI KOTA TN O1EUBUVON
TOU nuiagova Ox apyicel, Tn XpOo-
VIK oTiyun t=0, va TaAavTw-
VETOI CUMPWVA JE TNV EEicWOoN:
y=5nu10Trt (Toy oe cm 10 t O€ S).

H TaAdvTtwon tou onueiou O
O100ideTOI OTO HECO ME TAXU-
TnTa U=20Ccm/s.

o) Na ypaweTe TNV €§icwon Tou
KUMOTOG.

B) Na TTapaCTAOETE YPAPIKA
TIG PACEIC TWV CNMEIWV TOU
MEOOU OTO OTTOiO OI1adIdETAI
TO KUMO O€ oUuvAPTNON ME TNV
atroéoTacon (x) atro TNV TTNyYN
O, Tn XpoVIKN OTIyun t4=1s.
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Y) Na oxedI1A0ETE TO OTIYMIOTUTTO
TOU KUMATOG TN XPOVIKN OTIyuN t4.

AT a)y=5np2n(5t—%)

(tax,yocecmrtotoes)]

2.54 2&g YPOAMMIKO EAAOTIKO HECOV
TTOU EKTEIVETAI KATA MAKOG TOU
aova x' x €xel dSnuioupynoOsi
OTAOCINO KUMO TTOU TTEPIYPA-
PETAI ATTO TNV £gicwoNn

X

y=8ouv > nu10rt

(Ta x, y o cm, 10 t O€ S).

a) lMNMola gival n TaXuTNTa TWV KU-
MATWYV N CUMBOAN TWV OTToIWV
£O0WOE AUTO TO OTACIHNO KUMO;
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B) Moia givail, Tn XPOVIKA OTIY-
1

) t=4—0 S, N ATTONAKPUVON
KOl N TOXUTNTO TOU onueiou M
TOU UAIKOU TTOU BPIiOKETOI OTN
Béon x=0,5cm;

y) lNoécol deopoi uTTApYXOUV HE-
TaCU TWV onueiwv A kail B Tou
UAIKOU TTOU BpicKOoVvTal OTIG B€-
O€Ig Xp ==—4cm kal xg=10cm;

[ATr: a) 20cm/s, B) yy=4cm,
uy=40TTcm/s, y) €TTTd ]
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ENOETO

Mepiroxég PadiokupdTwy
O Hertz, rpwTtog, TOo 1887, 0TNPI1{O-
MEVOG OTIC TTPORBAEWEIC TNG NAEKTPO-
MOayVNTIKAG Bewpiag Tou Maxwell,
ETTETUXE TNV TTOPAYWY NAEKTPOMO-
YVNTIKWV KUMATWYV. 2TO XPOVIA TTOU
aKoAouOnoav £yive HeyaAn TTpooCTTA-
Bela yia TN HETAOOO NNVUMATWYV
MECW NAEKTPOMAYVNTIKWY KUMATWV.
To 1900 o Popov otn Pwoia kal o
Marconi KaTa@epav va HETAOWOOUV
MNVUHOTO O€ ATTOCTAON MEPIKWYV
OEKAOWYV XIAIOMETPWV.

2NMEPA EINOOTE ECOIKEIWMEVOI ME
TIG OIAPOPEG MOPWPES ETTIKOIVWVIOG
TTOU OoTNnpifovTal OTA NAEKTPOMAYVN-
TIKA KUpOTA, 11O TO pOadIO@WVO KAl
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TNV TNAEOPAOCT MEXPI TO ACUPMOTA
TNAEPWVA KAl TIC CUVOECEIC METACU
UTTOAOYIOTWYV. H avaTtrTu¢n Twv £1TI-
KOIVWVIWYV ONUIOUPYNOE TOV KivOUVO
VO YivOVTal OIO@OPETIKEC EKTTOUTTES
oTnv idla ouxvornTa, yr' auto, UOTE-
pa atro O1EBveEic CUNPWYVIES, KaBopi-
OTNKAV Ol (WVEG TWV ETTIKOIVWVIWV,
ONAOON TTEPIOXEC CUXVOTATWYV TTOU
olaTifevTal yia To padio@wvo, TV
TNAEOPACN, TIG ETTIKOIVWVIEG TWV
TTAOIWYV, TWV AEPOTTAAVWYV K.A.TT.
[Mp1v TTPOXWPAOCOUNE OTNV TTE-
PIYPOAPRR OUTWYV TWV TTEPIOXWYV Oa
TTPETTEI VA MIAACOUUE Yia OUO TTapd-
YOVTEG TTOU ETTNPEACOUV TIG ETTIKOI-
vwvieg. MpokeITal yia To €0a@OGS KAl
TNV Iovoo@aipa. Ta KUpaTa TTou Ol-
adidovTal KOVTA OTNV ETTIPAVEIN TNG
I'ng atroppowvTal amrdé autn. H
atroppOPNOoN Eival HEYOAUTEPN VIO
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TA MIKPOTEPA MAKN KUMATOG. H 10VO-
oQaIPa Eival CTPWHA TNG ATHOOPAI-
POG TTOVU BPICKETAI OE UYPYOGS ATTO

60 km £wg 350 km kail Trapouciadel
ONMAVTIKA aywyigoTnTa. H aywyi-
MOTNTA TNG IOVOO@AIPAS OPEIAETAI
OTO MEYAAO APIOUO 1I0VTWYV KOl NAE-
KTPOVIWV TTOU TTEPIEXEL. H dnuioup-
Yia auToU TOU CTPWMATOG OPEIAETAI
oT10 BOoMBapPOICHO TTOU UPICTATAI N
I'n atro d1a@opeg akTIVOBOAIES TTOU
TTPOEPXOVTAI KUPIWG atro Tov HAlo.
Ta NAEKTPONOAYVNTIKA KUNOTO TTOU
¢EKIVOUV a1ro TN I'n Kal @Tavouv
oTNV IOVOOo@aIPa, OTAV £XOUV UN-
KOG KUMOTOG MEYOAUTEPO ATTO Eva
OpP10, AVOKAWVTAI KAl ETTICTPEPOUV
otn I'n. 'ETo1 pEOCW TNG avAKAaoNng
TO KUMOTO QUTA (PTAVOUV O€ NEYAAES
OTTOOTACEIG.
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Makpa kupaTta: ‘Exouv pikog Ku-
paTtog atré 1000m €éwg 2000 m. Ta KU-
MOTO QUTA TOEIOEUOUV TTAVW ATTO TO
£00(OG Kal UTTOPOUV va dlavuoouV
MEYAAEG ATTOCTACEIG TTAVW OTN I'Nn
XWpPIC onMAVTIKN £¢a00&vion. Atrop-
POPWVTAI OMWG TTIO EUKOAO ATTO TN
BaAaocoa kal £To1 O PTTOPOUYV Va dla-
VUOOUV HEYAAEG ATTOOTACEIS TTAVW
aT1Td AUTH).

Meoaia kupara: ‘Exouv pikog Ku-
paTtog atro 100m £éwg 1000 m. MNa-
pouci1alouv HEYaAUTEPN aTTOPPOPN-
on Ao TNV emPaveia TnG 'ng aAAa
OVOKAWVTAI TTAVW OTNV IOVOCPAIPA
KOl @TAVOUV O€& HEYAAEG ATTOOTA-
OEIG.

Bpayea xopakTnpeifovral To JAKN
KUMaTog atro 10m éwg 100 m. Al-
OTTEPVOUV EUKOAO TA XOMNAOTEPO
OTPWHMATA TNG IOVOT@AIPAS AAAX
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AVOKAWVTAI OTTO TO UWYNAOTEPQA, TTOU
BpiokovTal o€ UYog TTavw atro 180
km. Mg d1000)IKEGC AVAKAAOCEIG MUE-
TASU I0VOVOO PAIPAS KOl TNG ETTIPA-
VEIOG TNG 'NG pTTOPOUV VA PTACOUV
O& MEYAAEG ATTOOTACEIG, VO KAVOUV
OKOMa Kal TO YUPO TnS 'ng xwpic va
gMTTOOICOVTAI ATTO TNV KAMTTUAOTNTA
TNG. NMoAAoi atrd Toug padiocTaO-
MOUGC TTOU «TTIAVOUME» OTO BpayEa
gM@aviouv aoTabeia Katd Tn AQYn
TOUG. AUTO o@EiAeTal OTNV AOTABEIO
TTOU TTapouciadel n iIovooc@aipa. Ol
OI1APOPES TTEPIOXES TNG IOVOOPAI-
POG METAKIVOUVTAI, ME TO XPOVO, OA-
Adlouv ocUuCoTOON, EKTACT KOI MOP-
®n, avaAoya pge tn 0€on Tou "HAlou,
ME PAIVOUEVA TTOU OCUMBaivouv 0TV
emIQAveIa Tou ‘HAIou, JE TIG ETTOXEG
TOU XpOVOU K.d.
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Nepioxec VHF ka1 UHF. Ta VHF
QVTIOTOIXOUV O€ MNKIN KUHATOG ATTO
1m €éwg 10m (ouxvornTteg 20 MHz
£w¢ 300 MHz) ka1 Taa UHF a1ré 10cm
£w¢ 1m (ouyxvornTteg atrd 300 MHz
£w¢ 30000 MHz). Ta KUpJaTO AUTA
OIATTEPVOUV TNV IOVOC@PAIPA KOl
ATTOPPOPWVTAI TTOAU YPNYOPO OTTO
TO £00@o¢. 'l auTod, oTNV ThALOpA-
on OTToU XPNOIMOTTOIOUVTOI OUTEG
Ol OUXVOTNTEG, TTPETTEI Ol KEPAIES
TWV CTTITIWV HAG VO £XOUV OTTTIKA
ETTOPI ME TNV KEPAIA TOU OTABMOU
EKTTOMTTAG | TOU AVAMETAOOTN TTOU
ouvnNOwcg BpioKETAI OE EVA KOVTIVO
Bouvo.

MikpokupaTa: AvtioToixoUv o€ Hi-
KN KUpatog atro 0,1 mm €wg 1cm.
Ta JIKPOKUMOTA OINTTEPVOUV TNV
I0VOO@AIPA KOl TTPOC@EPOVTAI YIA
ETTIKOIVWVIEG MECW OOPUPOPWV.
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KugpeAwtn (Kivitn) TnAs@wvia

To KUPEAWTO cuoTnUa AEyETal
£ETO1 ETTEION XWPICElI TNV TTEPIOXI) KA-
AuPng o€ OXEOOV £CAYWVIKA KOMMA-
TIO. TO KAOE KOUMATI EXEI OTO KEVTPO
TOU £vav oTtaBuo Baong (kepaia). Mel-
TOVIKEC KUWYEAEG XpNOIMOTTOIOUV OI-
OPOPETIKEG OUXVOTNTEG, EVW HUN YEI-
TOVIKEG MTTOPOUV VO XPNOCIMOTTOIOUV
TIG i01£G, eCao@aAilovTag NEYAAN XW-
PNTIKOTNTA ME EVA TTEPIOPICHEVO EU-
po¢ ouxvoTnTwyv (bandwidth). Kade
OTOOMOGC EAEYXOU EKTTEMTTEI TNV TAU-
TOTNTA TOU O€ Mid KOIVE) ouXvoTnTa
EAEYXOU £TO1 WOTE TO CUCTNUA VO
gEPEl o€ TTola KUWEAN BpiokeTal. Ka-
Bw¢ 0 KIVNTOG OTABUOGC KIVEITAI HECT
OTO OUOTNMA, ETTOVOAAUMBAVEI TV
010 d1adIKaoia KABE (POopa TTOU EVTO-
el OTI BPIOKETAI OE OINPOPETIKN
KUWEAN
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Otav o ouvdpounNTNG OEXETAI
EVA TNAEQWVNUA, TO KEVTPO OTEA-
VEI MEOW TNG KOIVAG OUXVOTNTOG
EVTOAN OTOV aVAAOYO KIVNTO CTOO-
MO (TNAEQPWVO) VA XTUTTAOEI, A@OU
CEPEI o€ TTolIa KUWEAN BpiokeTal. To
KEVTPO OiVElI OTO OTABMO £va CUYKE-
KPIMEVO KOVAAI OTO OTTOIO YIVETAI N
ETTIKOIVWVIO.

NMapopuoia, 60Tav 0 CuvOPOUNTAS
BEAEI va KAvel Jia KARON, OTEAVEI
Mia EVTOAN OTO KEVTPO HECW TNG
KOIVAAG OUXVOTNTAOG. TO KEVTPO OTTA-
VTAElI ME EVA KAVAAI OTO OTTOIO Yive-
TAl N ETTIKOIVWVIO.

Kata Tn O1ApKEIa EVOC THAEPWVNA-
MOTOG, KOOWG TO TNAEPWVO TOU CUV-
opouNnTA (KIVNTOG OTAOMOC) KIVEITAI
MECO OTO CUOTNMO, TO KEVTPO EAEY-
XEI CUVEXWG TNV ICYXU TOU CAMATOG
TToU Aapupavel. 'eitovikoi otabuoi
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Baong ptropei eTiong va Aaupa-
VOUV TO i010 A KaBw¢ 0 KIVNTOG
OTAOMOGC KIvEiTAl TTPOG auTOUG. OTOV
TO ONMA £€a0BEVNOEI APKETA OTOV
apPXIKO oTaOuO Baong kKal Aappave-
TOI TTI0 OUVOTA O€ £EvaVv AAAO, TO KE-
vTPO OiVEl EVTOAR} OTOV KIVNTO OTOO-
MO va aAAGECElI KAOVAAI, O€ EVO KOAVAAI
TTOU OV KEI OTO VEO OTOONO BAONG.
AuTtn n o1adiIkacia Aéyetal hand-off.
Otav aAAadel To KavAaAl, 0 cuvdpo-
MNTAG avTIAQUBAVETAI HOVO Hid MI-
Kpn O1aKOoTTH oTNn MeTadoon. ETol o
OUVvOPOMNTNG MTTOPEI VO CUVEYXIOEI
MIO CUVOMIAIO, OKOMN KI OV METAKI-
vnOei o€ NEYAAEG ATTOOTACEIG.

Ta TTPWTA KUYEAWTA CUCTHMO-
TA ATAV AVOAOYIKA, ONAAdN N ME-
TAOOON TOU AXOU Eival avAaAOVYIKN.
Te€Tola ocuoTAMaTta gival To AMPS
[Advanced Mobile Phone System,
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(Mponyuévo ZuoTnua Kivntwy Tn-
AE@WVWV)] TTOU XPNOIMOTTOINONKE
KUpiwg otn Bopeia AuepIKA oTA
800 MHz, o NMT 450 ka1 900 (Nordic
Mobile Telephone ota 450 Kkail
900 MHz) oTic oKavOIVABIKEG XWPEGS
Kal TACS [Total Access Communi-
cation System, (2UoTnpa ETTIKOI-
vwyviag NMAnpoucg Npocpaong)] mrou
XPNOIMOTTOINONKE O€ NEPIKES EVUPW-
TTAIKEG KOl OOIATIKEG XWPES KAl Eival
oxedov idio pe To AMPS. To rpwTto
EMTTOPIKO ouoTnpa AMPS AgiToup-
vynoe oto Chicago, 1o 1983. ApxIka
XPNOIMOTTOIoUCE 666 KavaAia TTAd-
ToUuG 30kHz, aAAd META ETTEKTAONKE
ota 832. O AX0C JIAMOPPWVETAI ME
olapopwon FM.

2NMEPA XPNOIMOTTOIOUVTAI KUPI-
WS YNPIOKA CUCTAMATA OTTWG TO
GSM [(Global System for Mobile
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communications, (lMaykéouio ZuU-
otnUa yia KivnTég ETTIKOIVWVIEG)],
10 I1S-136 (Industry Standard 136)
Kal To 1S-95 (Industry Standard 95).
To GSM gival To TT1I0 ONUOPIAES TTOU
XpnoigoTtroigital otnv EAAGSA. YTTap-
X&l o€ ekdooeig ota 900, 1800 kai
1900 MHz. ZTnv EAAGOQ AsiToupyei
ota 900 ka1 1800 MHz. XpnoiyoTrol-
£l kavaAila TTAatoug 100 kHz. To ka0e
KOVOAAI ECUTTNPETEI TTEPICCOTEPOUCS
aT1ro £vav ouvOpouNnTEG. AUTO Yive-
Tal MEOW TNS Xpnong TDMA [Time
Division Multiple Access, (IloAAaTTAR
NpooBaon Alaipeong Xpovou)], Trou
MoIpAdel TO KAVAAI O€ 8 XPOVIKEG
oXIOMEC. KaBe ocuvdpounTAG TTaIP-
VEI Mid OTTO TIG OXIOMEG KOl EKTTE-
MTTElI HOVO KATA TN OIAPKEIA TNG, EVW
MEVEI CIWTTNPOG KATA TN OIAPKEIO
TWV AGAAwWV 7. 'ETO1 8 CUVOPOUNTES
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XPNOIMOTTOIOUVE TO KAVAAI OUy-
XPOVWG, £€aoc@aAilOVTaG NEYO-
AUTEPN XWPNTIKOTNTA. AOYW TNG
WYnNQ@IOKAG HETAOOONG N TTOIOTNTA
TOU YOV gival KAOAUTEPN Kal £Ca-
o@aAifel TO ATTOPPNTO TWV CUVOI-
aA£gewy. ETriong yivovTal OUVATEG
OI1APOPESC TTPONYMEVES UTTNPETIEG,
OTTWG N METAOOON OEDOMNEVWYV KAl N
OTTOOTOAN CUVTOMWYV YPATTTWY MN-
VUHATWV.
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Ag€IAoyio 'Opwv

A

adpaveiako ouoTnHa: cuoTnua ava-
POPAS OTO OTroio IOXUEI N apxXn TNS
adpaveiag Tou Newton.

agspoduvapn: n dUvaun TTou dEXETAI
OTTO TOV OEPA N TTITEPUYA TOU OEPO-
TTAAVOU KATd T OIAPKEIN TNG TITN-
ong Tou.

a10£pac: utroBeTIKG afapéc eAOTI-
KO MECO, N TTAPOUCIO TOU OTTOIoU O€-
wpenNOnke atrapaiTnTn yia Tn 61ad0-
o TOU pWTOG.

akTivec Rontgen: nAekTpopayvnTiKi
OKTIVOBOAIO JE MAKN KUMOTOG METO-
€0 108 kot 1013 m. Eivon atrotéAeopa
TNG ETIRPAOUVONG TWV NAEKTPOVIWYV
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TTOU TTPOCTTITITOUV O€& METAAAIKEG
ETTIQPAVEIEG ME MEYAAN TAXUTNTA R
TNG ATTOOIEYEPO NG TWV ATOMWYV TOU
METAAAOU.

GKTIVEG Y: NAEKTPOMOYVNTIKA OKTI-
VORBOAia pE KN KUPMOTOG METAEU

10710 kau 10714 m. Extréutrovral atrd
TTUPAVESC PODIEVEQPYWYV OTOIXEIWV.

akTivecg X: ol akTiveg Roentgen.

akTIvoBoAia: evéEPyEla TTOU EKTTE-

MTTETOI JE MOPEPI NAEKTPOHAYVNTI-
KWV KUMATWV.

CQUOPTICEP: MNXAVIOUOC TTOU XpPN-
CIMOTTOIEITAI VIO TNV ATTOORECN TWV
TAOAAVTWOEWYV TWV AUTOKIVATWV.

avakAaon KUHATOC: TO (PAIVOMEVO KO-
TA TO OTTOI0 OTAV TO KUMO CUVOVTN-
o€l TN S1aXWPICTIKA ETTIPAVEIN OUO
MECWV ETTIOTPEPEI OTO TTPWTO MECO
aKoAouBwvTag opiopEVo dpOUO.
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aovac nepioTpoPne (OTEPEOU OW-
HATOC): n €udgia TTOU EVWVEI TA ON-
MEIO TA OTTOIA TTOPOAMEVOUV OKIVNTO
KOTA TNV TTEPICTPOPI) TOU CWHATOG.

anepiodikn TAAAVT®WON: n Kivnon
EVOG TOAAVTWTI) O OTroiog OEV UTTEP-
Baivel Tn B€on 1I00ppoTTiaG, AOyw
ICXUPWV ATTOORBECEWV.

anopaKpuvon: n arécTaon CWHA-
TOG TTOU TOAQVTWVETAI, ATTO TN B€0on
ICOPPOTTIOG.

ApPHOVIKN TAAQVT®WON: N TAAGVTW-
on oTNV OTToid N ATTONAKPUVOT TOU
TAAQVTWTN €ival APMOVIKH CUuvapTh-
on TOU XpOVou.

apxikn pAaon: n TIPA TTou €Xe&l TN XPO-
VIKI) OTIYMR MNOEV N Ao £VOG ME-
YEOOUG TTOU PNETARBAAAETAI APUOVIKA
ME TO XpOVO.
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r
YEVIKN OEWpPia TNG OXETIKOTNTAC: N
Bewpia TNG OXETIKOTNTOG TTOU CUMTTE-
pIAauBAvVEl KAl un adPAVEIOKA OCUCTN-
MOTO - Bewpia yia Tn BapuTnTa.

YWVia EKTPONNG: N Ywvia TTou oXn-
MOTI(El ME TNV APXIKA TNG O1EUBUvVoN
N MOVOXPWHMATIKA OEouN TTOU Byai-
VEI ATTO MIO OTTTIKA Ol1aTOgN.

YOVIAKN OUXVOTNTA: HEYEOOC TTOU
XOPAKTNPICEI T TTEPIOOIKA PAIVO-
MEVA, AVAAOYO TTPOG T CUXVOTNTA.
2TNV OMAAN KUKAIKA KivnOoT CUMTTI-
TITElI ME TO METPO TNG YWVIAKNAG TAXU-
TNTOG.

A

OcikTnC d1a60Aaonc (UAIKOU): o Ao-
YOG TNG TAXUTNTOG TOU PWTOS OTO
KEVO TTPOG TNV TAXUTNTA TOU OTO
UAIKO QUTO.
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OE0UOC OTACGIHOU KUHATOC: £va on-
MEIO TTOU TTOPAMEVEI OKIVNTO OTAV
OTO EAAOCTIKO NECO OTO OTTOIO AVN-
KEI ONUIOUPYEITAI OTACINO KUMA.

OEUTEPIO: 100TOTTO TOU USPOYOVOU
ME MalIKO aplOuo duUo.

O1a6Aaon KUPaToc: n aAAayn 1ro-
PEIOG EVOG KUMOTOG KATA TN METARO-
ON TOU aTT0 £va NECO O€ Eva AAAO
oTO OTroio O100IOETAI PE OINPOPETI-
KN TaxuTnTa.

O1aKPOTNHA: N auopEiwon ToU
TTAATOUG TNG TAAAVTWONG TTOU EKTE-
AEl Eva CWHO OTAV METEXEI O€ OUO
TAAAVTWOEIG TNG i01a¢ d1EUBuUvVOoNG,
TTOU £XOUV TO i010 TTAATOG KaI OU-
XVOTNTEG TTOU TTAPOUCIA(OUV MIKPN
olagopda.
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OIGUNKEC KUHA: TO KUMO OTO OTToio
TO MOPIA TOU EACCTIKOU HEOOU TOAO-
vTwvovTal oTn 61evubuvon Tng O1d-
OO0CNG TOV.

diapopPpwon nAartouc (AM): n Tpo-
TTOTTOINOoT TOU TTAATOUG TOU nAE€-
KTPOMAYVNTIKOU KUMOATOG TTOU EKTTE-
MTTElI O OTAOMOG, ATTO TO MIKPOPWVI-
KO peUMa.

oiapopPpwon cuxvornrtacg (FM): n
TPOTTOTTOINOCT TG CUXVOTNTAG TOU
NAEKTPOMAYVNTIKOU KUMOTOG TTOU
EKTTEMTTEI O OTAOUOG, ATTO TO HIKPO-
PWVIKO peUMQ.

O100ke0AOHOC (TOU (PWTOCG): N
g€apTnon Tou O&ikTn d1a6AaonNg
E£VOCG UAIKOU OTTO TO MKOG KUMOTOG.

d1aoToAn TOU Xpovou: H paivope-
VIKN €TIRpaduvon Tou XpOvou
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(ald&non Tou XPOoVIKOU dIaCTAHMATOG)
O€ CWHA TTOU KIVEITAI NE OXETIKIOTI-
KA TaxuTnTa.

OIOUHN YEVEON: N HETATPOTTH EVOC
PWTOVIOU O (eUYOC NAEKTPOVIOU-
TToITPOVIOU.

O1eyepon (aTOMHOU): N YeTABOON EVOG
NAEKTPOVIOU TOU OTOMOU O€ OTIRAdA
ME EVEPYEIO HEYOAAUTEPN ATTO TNV OpP-
XIKN.

OIEYEPTNG: TO CWHA TTOU TTPOKAAE(
ECOVOAYKAOMEVN TAAAVTWON EVOG TA-
AQVTWTA- TTOU TTPOCPEPEI TTEPIODI-
KA EVEPYEIO OE EVO CWHA TTOU TAAQ-
VTWVETAI.

ouvaun enavaeopac: n duvaun
TTOU aVOYKA{El EVa CWHA va TAaAd-
VTWVETAI- TTOU TEIVEI VA ETTAVOQEPEI
TO CWHA OTN 0E0N 1I00PPOTTIAG.
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OUVAUIKN AVmOon: N CUVICTWOOA TNG
agpoduvaung n KABeTn otnv TaxuTn-
TO.

E£YKAPOI0 KUHA: TO KUJO OTO OTToio
TA HOPIA TOU EAACTIKOU HEOOU TA-
AavTwvovTal Kadeta otn di1eubuvon
TNG 01A000NG TOU.

£101kN O£wpia TNG OXETIKOTNTAC: O¢-
wpia TTou dI1aTUTTWOE O Einstein yia
OOPAVEIOKA CUCTAMATA OVAPOPAG.
BaolikEG TNG TTOPADOXEG Eival: a) n Ta-
XUTNTO TOU PWTOG Eival AVESAPTNTN
aTré TN TAXUTNTA TOU TTOPATNPENTA,
B) o1 vOuoOI TNG QPUOIKNG €ival idlol
o€ OAO Ta AdOPAVEIOKA CUCTAMATA.

EKKEVTPN KPOUON: N KpouoT ow-
MATWYV TTOU Ol TAXUTNTEG TOUG Bpi-
OKOVTal 0 TTAPAAANAEG gUBEieG.
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€AAOTIKN KPOUOT): 1 KpoUuon KATA TNV
oTtroia dIATNPEITAI N MNXOVIKI EVEPYEIQ
TOU CUCTAMATOG TWV CWHATWV.

eAeUOEPN TAAQVTWOON: N TAAGVTW-
O £EVOG CWHATOG TO OTTOI0 EKTPE-
TTETAI ATTO TN BE0N 1I00PPOTTIOG KA
a@nveTal EAEUOEpPO.

eAAeippa palac: n diagopd TG Ma-
O EVOG TTUPAVA ATTO TN HAda TWV
OUOCTOTIKWYV TOU.

evepyela ouvdeong (nupnva): To Tro-
00 TNG EVEPYEIOG TTOU TTPETTEI VA TTPO-
o@ePOei oTOV TTUPNVA YIA Va dlaoTTa-
OTEI OTA CUCTOTIKA TOU.

EVEPYEIA NPEMIAG: TO TTOOO TNG EVEP-
YEIOG (mcz) TTOU £XEI £Va CWHA OTAV
NPEMEI.

EVTaon akTivoBoAiag: n evépyeia
TTOU TTEPVAEI ATTO TN MOVADO ETTIPA-
VEIOG OTN MOVADA TOU XPOVOU.
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efavaykaougevn TaAAvTwon: n Ta-
AAVTWON TTOU YIVETAI ME TNV TTEPIO-
OIKN TTPOCPOPA EVEPYEIOG OTO TA-
AOVTOUMEVO CUCTNMA.

e€iowon KUPATOG: n oxéon 1ou di-
VEI TNV ATTOMAKPUVON TWV CNMEIWYV
TOU MEOOU OTO OT1roio d1adideTal TO
KUMO KAOe XpOVIKA OTIYUA.

e€I0WON OUVEXEIAG: N oXEOoN META-
¢U TNG TaXUTNTOG EVOGC ACUMTTIECTOU
PEUCTOU KOl TNG OIATOMNG TOU OW-
Alva GTOV OTTOiO KIVEITAl.

E0WTEPIKN TPIPN PEUCTOU: N TPIRA
TTOU OVOTTTUOOETAI METACU TWV MO-
PiWV TOU PEUCTOU AOYW TNG KivnONGg
TOU.

EpPYO £EaywyNC: n eAAXIOTN EVEP-
YEIO TTOU TTPETTEI VA TTAPEI EVA NAE-
KTPOVIO YIO VO EYKATOAEIWYEI TNV E£TTI-

PAVEIO EVOC METAAAOU.
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H

NAEKTPIKN TAAAVTWON: EVAAAQO-
OOMEVO PEUNA MEYAANG CUXVOTNTOG
TTOU TTAiPVOUME a1TO KUKAWwHa LC
OTAV (POPTICOUNE TOV TTUKVWTN.

NAEKTPOHAYVNTIKO KUHA: N TAUTO-
Xpovn 01ado0n £vOg NAEKTPIKOU KAl
EVOC HAYVNTIKOU TTEOIOU OTO XWPO.

I

1I010pMNKOG (AVTIKEIMEVOU): BA. «HN-
KOG NPEHIAG.

1I010xpovoc (adpaveiaKkou OUOTH-
HATOG): 0 XPOVOC TTOU METPAEI Eva
POAOI aKivNTO € Eva adpaAVEIOKO
ouoThMa.

IEWOEC: N eoCWTEPIKN TPIRRA METALU
TWV HOPIWV EVOC PEUCTOU- CUVTEAE-
OTNG TTOU OEiXVElI TTOCO TTAXUPPEU-
OTO €ival EvVa UypoO.
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K

KBavTIOHNEVO HEYEDOC: KGOE péye-
Bo¢ 1TToU TraipvEl SIAKPITEG TIMES TTOU
gival TToOAATTAGOIO PMIOG EAAXIOTNG.

kEvTpo palac (ocwparTog): 1o on-
MEIO OTO OTroio UTTOpPEi va BewpnOei
OUYKEVTPWHEVN OAN N Hala EVOG
OWHATOG.

KOIAIG OTACIMOU KUHATOC: £€va On-
MEIO TTOU TOAOVTWVETAI JE TO MEYI-
OTO TTAATOG, OTAV OTO EAAOCTIKO HECO
OTO OTTroi0 AVNKEI oXNMATI(eETAI OTA-
OIJO KUMA.

KPIOIUN Ywvia: n MEYIOTN TIMA TNG
YWVIiag TTPOCTTTWONG OTN dlaXwpel-
OTIKI ETTIPAVEIA OUO OI10@AVWYV UAI-
KWV YIO TNV OTToia TO (WG TTEPVAEI
OTTO TO TTPWTO UAIKO OTO OEUTEPO
OTO OTT0io TO PWG O1adIdETAI MIE ME-
YOAUTEPN TAXUTNTA.
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KPOUON KEVTPIKN: N KpoUon cwua-
TWYV TTOU Ol TAXUTNTES TOUG BpioKo-
vTal oTnV id1a gVdEia.

KUHOa HNXaviKO: pia SiaTapaxn TTou
METOOIOETAI O Eva EAACTIKO MECO.
KUHATONAKETO: KUUO TTEPIOPICHEVO
OTO XWPO.

M

pala npepiag: n yada Tou £xel £va
CWHA OTAV NPEMEI.

HEAQV OOMA: CWHA TTOU ATTopPoPd
OAEG TIC OKTIVOBOAIEG TTOU TTEQPTOUV
TTAVW TOU.

HETaoxnuaTiopoi Lorentz: ol oxéosig
TTOU OUVOE0UV TIC CUVTETAYMEVEG TNG
B£ong Kal XpOvou EVOC CWHATOG OE

OUO aOPAVEIOKA CUCTAMATO OVO(PO-
PAC TTOU BPICKOVTOI OE OXETIKN Ki-

vhon.
121/ 262

»



HeETaoxnuartiopoi Tou FaAlAaiou:
Ol OXEOCEIG TTOU OUVOEOUYV TIG OUVTE-
TAYMEVEG TNG BEONG EVOG CWHATOG
o€ OUO OOPAVEIOKA CUCTHMATO ava-
(POPAG TTOU KIVOUVTAI JE TAXUTNTO
TTOAU MIKPOTEPN ATTO TNV TAXUTNTA
TOU PWTOG.

HETAPOPIKN Kivion (OTEPEOU OW-
HATOG): N Kivnon TNV O1roia OAd T
OTNMEIA TOU CWHATOS £XOUV TNV idIa
TAXUTNTOA.

HN KOG NPEMIac (avTIKEIHEVOU): TO
MAKOG EVOG AVTIKEINEVOU, OTTWG ME-
TPIETAI OTO CUCTHHO AVOPOPAS WG
TTPOC TO OTTOI0 NPEMEI.

pnko¢G kupgarog De Broglie: To pn-
KOG TOU KUMOTOG TTOU OVTIOTOIXEI O€
Eva owHaTiolo.

HNKOC KUHATOG: N aTTO0TOON OTNV
OTTOIa PTAVEI TO KUUA O& XPOVO HIOG
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TTEPIOOOU- N MIKPOTEPN ATTOOTAON
OUO onuEiwyv, otn d1eUBuvon d14do-
onNg TOU KUMATOG, TTOU BpicKovTal
o€ QPAoN.

HIKPOKUHATA: NAEKTPOUAYVNTIKA KU-
MOTO ME MAKN KUMATOG METAEU 1mm
Kal 30cm. XpnoIJOTrolouvTal OTA
pPAVTAP.

HIKPOOKOMIO 0ApwWOoNG onpayyac:
OPYOVO TTOU ETTITPETTEI VA OTTEIKOVI-
OOUNE OYWYIMEG ETTIPAVEIEG OE ATO-
MIKR KAipoka. H Asitoupyia Tou Ba-

oi{eTOI OTO (PAIVOMEVO ONPAYYOG.

VEUTMVEIA PEUCTA: TO PEUCTA OTO
OTTOIO N EOCWTEPIKN TPIRN €ival YPOU-
MIK| ouvapTNOoNn TG TaXUTNTOG PONG.
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O

OAIKN E0WTEPIKN avakAaon: n ava-
KAaon MIOG QWTEIVHG OECUNG TTOU
O0g ocuvooeueTal atrd d1aBAaon. lNive-
TOI OTNV ETTIQAVEIN TTOU OIAXWPEICEI
Eva O10@AVEG MEOOV ATTO Eva AAAO
ME MIKPOTEPO OEIKTN O1a0A0ONG,
OTAV I YWVid TTPOCTTITWONG €ival JE-
YOAUTEPN ATTO TNV KPIGIMN YWVid.

opun (UAIkoU onpeiou): 1o didvu-
OMa TTOU £XEI TNV KATEUBUVON TNG
TAXUTNTOG KOl METPO i0O ME TO YIVO-
MEVO TNG MAJOC TOU UAIKOU OnMEIOU
ETTi TO METPO TNG TAXUTNTAG TOU.

ouUpavio TOEOD: TO PWTEIVO TOEO TTOU
EM@AVI(ETAI OTOV OUPAVO, WG ATTO-

TEAEOHA TNG aVvAKAAoNg Kal Tou dia-
OKEOAOHMOU TOU NAIOKOU (PWTOG OTA

oTayovidia TnG BPoxng.
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n

poise (nouad): povada PETPNONG TOU
IEWOOUG EVOG PEUCTOU, ICOOUVAUN

ME 10T Nsm™.

napoxn (CwARva n PEVHATIKNAG
PAERAC): To TTNAiko Tou oykou dV Tou
PEVUOTOU TTOU TTEPVAEI ATTO MIa Ola-
TOMN TOU ocwAnva ( N TNS PAERAC) o€
Xpovo dt TTpog To XpOVO aUTO.

nePiodoc (PaIvopEVOU): To TTNAIKO
TOU XPOVOU HECO OTOV OTTOi0 OAO-
KAnpwvovTal N evaAAayEC TOU @al-
VOMEVOU ME TOV aplBuo N- o xpovog
AVANETO O& OUO DIOOOXIKEG OMOIEG
PAOCEIC TOU PAIVOUEVOU.

nAayia kpouon: n kpouorn cwHd-
TWV TTOU Ol TAXUTNTES TOUG BpioKo-
VTOl O€ TUXaia di1guBuvon.

NAAOTIKN KPOUOT): n KpoUon TTou odn-
YEI OTN OUYKOAANON TWV CWHATWV.
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no{ITPOVIO: TO AVTICWHATIOIO TOU
NAEKTPOVIOU - CWHATIOIO NE pala
ion ME TN MACa TOU NAEKTPOVIOU KAl
QopTIiO +e.

nuUPNVIiknN ouvrnén: TupnVvikn avTi-
opaocn oTn OIAPKEIA TS OTTOING TTU-
PRVEG MIKPOU OTOMIKOU apiBuou ou-
VTHKovVTal Kal divouv BapuTeEpPOUS TTU-
PAVEG, ME TOAUTOX POV EKAUOCT EVEP-

YEIOG.

NUPNVIKN 0XAon: TTupnvikn avtidpa-
on oT1n OIAPKEIA TNG OTTOIaG EVAG
TTUPAVOAG MEYAAOU OTOMIKOU aplOuou
XwpileTal o€ OUO TTUPNVEG HIKPOTE-
POU OTOMIKOU OPIOUOU PJE TAUTOXPO-
v €KAUON EVEPYEING.

NUPNVIKOC avTidpaoTnpac: n did-
Ta¢N OTNV OTroid TTPAYHMATOTTOIOU-
VTOIl EAEYXOMEVEG TTUPNVIKEG AVTI-
OpaceElq.
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P

padIoKUHATA: NAEKTPOUAYVNTIKA KU-
MOTO TTOU TTPOKUTTTOUV ATTO TaAQ-

VTOUHEVA NAEKTPIKA OITTOAO KO XPN-
OIMOTTOIOUVTAI OTIG TNAETTIKOIVWVIEG.

PEUHATIKN YPAHHN: N YPOUUN TTOU
ouUVvOEEl TIG OIaOOYXIKES BECEIC EVOG
MOPIOU TOU PEUCTOU.

PEUCTA: CWHATA TTOU dEV £XOUV BIKO
TOUG OXAMO- TO UYPA KOl TO AEPIQ.

ponn adpaveiag (w¢ npoc agova):
TO METPO TNG AOPAVEIONG TWV CWHA-
TWV TN CTPOYPIKN Kivnon- opieTal

wg 10 GBpoiopa Zm:; - riz ,

MIO OTOIXEIWONG NACO TOU CWHATOG
Kal r; N a1T00TAON TNG ATTO TOV (AgO-
Va.

OTTOU m;
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ponn duvaunc (wg npoc atova):
Ol1dvuoMa TTOU £XEI TN O1EUBuvon
TOU Agova Kal METPO TO YIVOMEVO TOU
METPOU TNG OUVIOTWOAGS TG dUva-
MNG TToU BpioKeTal o€ £TTITTEOO KA-
BeTo oTOV ACOVA £TTi TNV ATTOCTACN
TNG ATTO TOV AoVva.

ponn duvapng (WC NPOC ONMEIO):
OIAVUO MO KABETO OTO ETTITTEDO TTOU
opifel TO ONMEIO KOl O POPENS TNG
OUVANNG KAl METPO TO YIVOMEVO TOU
METPOU TNG OUVAMNG £TTi TNV ATTO-
OTOON TOU ONMEIOU ATTO TOV (POpPEX
TNG dUVAMNG.

2

oTafepa anooBeonG: n oTabepd ava-
Aoyiag oTn oXEon TTou ouvOEEl TN
OUvVOuN N OTToia TTPOKOAEI TNV ATTO-
ofleon pIOS TAAAVTWONG ME TV TA-
XUTNTO TOU TAOAAVTWTA.
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OTACIMO KUHA: N Kivnon TTou KAVEI
EVa HECO OTO OTTOIO O100idOVTAI TOU-
TOXpOVa, UE avTiOeTn @opd, duo KU-
MOTA TNG i010G OUXVOTNTOG KOI TOU
idlou TTAATOUG.

OTIYHIOTUNO KUHATOG: N €IKOVA TTOU
TTAPOUCIACEl MIO XPOVIKN COTIYMA TO
EAAOTIKOU HECO OTO OTTOIO O100id0E-
TOI EVO KUMA - N YPOQPIKN TTAPACTO-
on TnG ocuvaptnong y=f(x, t) yia opi-
OMEVN TIMA TOU {.

oTpPOPIAOI: TTEPIOXEC OTIC OTTOIEC TO
PEUCTO KAVEI TTEPICTPOYPIKNA Kivnon.
OTPOMPIKN KIVNON: N Kivnorn evog oTe-
pPEOU YUPpW a1rd A¢ova- n Kivnon otnv
OTToia OAQ TO ONMUEIN TOU OTEPEOU
EXOUV TNV idIa ywvIiakn TaxuTnTa.
OTPOPOPHN OTEPEOU CWHATOC: TO
AOpPOICHA TWV OTPOPOPHWYV TWV
OTOIXEIWOWYV TUNMATWYV TTOU ATTOP-
TiOUV TO OTEPEO.
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OTPOPOPHN CUCTHHATOC CWHATWV:
TO AOPOICHA TWV CTPOPOPHWYV TWV
OCWHATWYV TTOU aTrapTiouv TO OU-
oTNMA.

oTPOPOoPHN UAIKOU onueiou (nou
KAVvEl KUKAIKN Kivon): didvuoua
KAOETO OTO £TTITTEDO TNG TPOXIAG ME
METPO TO YIVOMEVO TOU HETPOU TNG
OPMNG TOU UAIKOU ONMEIOV £TTi TNV
OKTIiVO TNG TPOXIAG TOU.

OTPWTIN PON: N Kivnon £vO¢ pEUCTOU,
otav d& oxnuartifovral oTpORIAOL.

CUHBOAN KUHAT®WV: N TAUTOXPOVI
010000 OUO N TTEPICCOTEPWYV KU-
MATWYV OTNV i010 TTEPIOXK) TOU XW-

POUV.

OUHPBOAOHETPO: OPYAVO TTOU MOG ETTI-
TPETTEI VA TTPOOCOI0OPICOUME ME MEYA-
An akpifela Tn B€on Twv KPOoOoWV
OUMBOANG TOU pWTOG.
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OUVOECN TAAGVTMWOEWV: N HEAETN

TNG Kivnong EVOS CWHATOG TTOU JE-
TEXEI O€ TTEPICOCOTEPES ATTO MIA TA-

AAVTWOEIG.

OUVTOVIOMOC: TO POIVOMEVO KATA
TO OTTOIO £€VO CWHO KAVEI EEAVAYKOA-
OMEVN TOAAVTWON UE TO MEYIOTO
TTAATOG.

OUOTOAR TOU pnkouc: H gpaivope-
VIKI) OMIKPUVOT €VOG CWHATOG TTOU
KIVEITOI ME OXETIKIOTIK TOXUTNTA.

CUXVOTNTA KaTW@AIOU: n eAGXI0TN
OUXVOTNTA TTOU TTPETTEI VA £XEI MIA
QWTEIVH OEOHN YIA VO TTPOKOAECEI
EKTTOMTT) PWTONAEKTPOVIWYV ATTO
Eva METAAAO.

ouyxvornTa ((paivoUEVOU): o api0-
MOG TWV ETTAVAANYEWYV TOU PAIVO-
MEVOU OTN HOVADO TOU XPOVOU.

131/ 264

»



T

TaAavrwon (unxavikn): NaAivdpo-
MIKN Kivnon yupw atro pia 0€on
ICOPPOTTIOG.

NAATOC TAAQVT®WONG: N YHEYAAUTEPN TI-
MA TNS ATTOMAKPUVONG TOU TOAQVTWTIH.
TAON AMOKOMNG: N TIMA TNG TAONG
METAEU TWV NAEKTPODIWV EVOG PW-
TOKUTTOPOU VIO TNV OTroia OIOKOTTTE-
TOI TO PEUMQ.

TUPB®WONC pon: n pon £vo¢ peu-
oTOU OTaVv oxXnuartiovral oTpOBIAOL.
Y

udpPOoOTATIKN MIECT): N TTECT TWV U-
YPWYV TTOU OPEIAETAI OTO BAPOG TOUG.

unePIONC akTivoBoAia: adpaTn nAe-
KTPOMOYVNTIKA OKTIVOBOAIa NE MAKN
KUMaToG a1rd 60 nm péxp1 380 nm.
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o

paivopevo Compton: o okedaouog
TNG NAEKTPOMAYVNTIKAG OKTIVOBOAI-
0¢ aTré Ta CWHATIOIN TNG UANG. ZU-

VOOEUETAI ATTO AUENON TOU NKOUG

KUMATOG TNG aKTIVOBOAIQG.

paivopevo Doppler: n eppdvion dia-
POPAC AVAMECO OTN CUXVOTNTA TOU EK-
TTEPTTOMEVOU KUMOTOG KOl TG OUXVO-
TNTOG TTOU AVTIAAUBAVETAI EVOG TTAPO-
TNENTAG OTaV METARBAAAETAI N ATTOOTA-
ON TOU ATTO TNV TrNyN TOU KUMATOG.

(PAIVOHEVO onpayyaq: n diéAsuon
CWMATIOIWV HECA ATTO EVa PPAY-
MO OUVOMIKOU XWEIC va £XOUV TNV
ATTAPAITNTN EVEPYEIA, OTTWCS ATTAITEI
n KAaoikn Oswpia.

QPWTONAEKTPIKO PAIVOHEVO: N ATTO-
OTTOOT NAEKTPOVIWV ATTO £VO ME-
TaAAo éTav oTNV ETTIPAVEIA TOU
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TTPOCTTITITEI NAEKTPOMAYVNTIKNA OKTI-
vooAia KATAAANANG CUXVOTNTOG.

QPAERA: To oXAMA TTOU OpileTal ATTO
TIG PEVMATIKEG YPOAMMES TTOU AVTI-
OTOIXOUV OTO ONMEIN TOU TTEPIYPAM-
MOTOG MIOG ETTIPAVEING TTOU BPIiOKE-
TOlI OTN POK TOU PEUCTOU.

pwpaon: n d1adiKaoia JE TNV OTToid
Ol1aXWPICETAI TO MIKPOPWVIKO pEUMA
OTTO TO PEPOV KUMA.

(PWTOKUTTAPO: SIATaln JE TNV OTTOoIx
Ol OUCOMEIWOEIC OTNV EVTACN MIOG
PWTEIVAG OEOUNG, KATAAANANG OU-
XVOTNTAG, METATPETTOVTOI OE AUEO-
MEIWOEIC NAEKTPIKOU PEUHATOG.

(PWTOVIO: TO KBAVTO TNG NAEKTPO-
MOYVNTIKAG OKTIVOBOAIAG. ZWMNATIO
MNGEVIKNG padag npeyiag.
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AApaBnTiko EupeTnpio

A
adpaAVEIOKO oUOTNHO Z'34
aKTive¢ Rontgen B'102, ©'37
OKTiVEC Y B'102
aKTiveg X B'102, ©'37
OKTIVOBOAia pEAOVOG

OWHATOC Q'7
avAKAOOT TOU QWTOC B'104
avAAuOT TOU PWTOC 18
aglwpaTa TNG €101KAG

Bewpiag TNG

OXETIKOTNTAC H'22
aTTEPIOdIKA TOAGVTWON A'7T1
aTTopudKkpuvon A'24
apHOVIKR TOAGVTWON A'24
apxn d1aTNPNOoNG TNG

OTPOPOPMNAC E'92
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apxn TNS apBeRaIdOTNTOC ©'57

apxn Tou Pascal A'12
apXIKA @4on A'30
.

VEVIKRA Bewpia TS oxeTikoTnToC H' 104
YWVia EKTPOTTHC 20
YWVIOKHA ETTITAXUVON E'14
YWVIOKA ouxvoTnTa A'21
A

deikTng d1a0Aaong (UAikou) B'112
5e0UOC OTATIHOU KUHOTOC B'56
S5100AaoT TOU PWTOC B'110
S10KPOTHHA A'114, A'116
SIAuNKES KUuA B'14

SIOHOPPWON KATE TTAGTOC B'83
S100KESATHOC (TOU pwTég) 18

136 / 265

»



0100 TOAN TOU XpOVOU
O10(POPIKO
Oiduun véveon

OIEYEPTNG
OUVaMN ETTAVAPOPAG

E

EYKAPOI10 KUMO
EKKEVTPN Kpouon
eAAOTIKH) Kpouon
EAEVOEPN TOAAVTWON
EAAEINpa padag
EVEPYEIQ OUVOEDNG
EVEPYEIO NPEMIOG

H'30
>T'103
H'79
A’82
A'35

B'12
Z'14
Z'18, Z'24
A’ 80
H'78
H'85
H'77

£CAVAYKAOMEVN TOAAVTWON

(nAekTp.)

A’'94

ECOVOAYKAOMEVN TOAAVTWON

(Mnxav.)
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e€iowon Schrodinger ©'69

eSiowon Bernoulli A'39
efiowon KUMATOC B'23
efiowon oTdoigou KUpato¢ B'53
eliowon ouvéxElog A'27
ECWTEPIKO YIVOUEVO

SI10VUTHATWY >T' 84
eTTAAANAId KUMATWYV B'28
EpYo £EAYWYAC ©'28
ECWTEPIKA TPIPA A'52
H
NAEKTPIKA TAAAVTWON A'51
NAEKTPOMAYVNTIKO KUMO B'65

nxokapdioypdenua Doppler Z'139

O
BepeAILLONG VOUOC OTPOPIKNG
Kivnong E'63
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Bswpnpa Steiner E' 56

Bswpnua Torricelli A'44
I

15aVIKA uypd A'19
1I8104AKOC H' 44
1I5100UXVOTNTA A'80
1816 pOoVvOC H' 30
1IEWOEC A'52
K

KAUTTUAWOT Tou Xwpoxpdévou H 115
KBAVTIKOC apIONOC ©'17
KéEvTpo padac (ouoTipartog) Z'55
KEVTPO HGlag (CWMATOC) E' 20
KIBWTIO TAXUTATWYV >T' 93
Kivnon Tou KEVTpou Halog Z'58
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KIVNTIKN EVEPYEIQ:
- OTNV aPMOVIKA ToAGvTtwon A’'45

- OTN OTPOYIKA Kivhon E' 101
KoIAia OTACIHOU KUPOTOC B'56
KpioIun ywvia r's
KpoUo KEVTPIKA Z'13
KUAIoN TpOXOU E'17
KUMA EAAOTIKOTNTOG B'8
KUMOTOTTOKETO ©'60
KUMOTOOUVAPTNON ®'69
M

MAda nPEPiag H' 77
HEAOV CWHO ®'12

peraoxnuartiopoi Lorentz H' 48, H' 60

METOOXNMOATIOMOI EVTAONG
NAEKTPIKOU - HAYVNTIKOU

Tediou H' 91
METOOXNMOTIOMOI
Tou MaAlAaiou Z'49
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METAPOPIKNA Kivnon E'S

MAKOC NPEUIOG H' 44
MAKOC KUMOTOG B'18
uko¢ kKUparog De Broglie 0’52
MNXOVIKG KUpaTa B'8
MIKPOKUpOTO B'95
MIKPOOKOTTIO CAPWONG

ofNPAYYyog ©'131
HIOVIO H' 35
N
VEUTWVEIO PEVUCTA A'57
vopocg petaroémione tou Wien ©'14
vopocg Tou Snell B'113
O
OAIKF} ECWTEPIKA avAKAAoN r'7
oupdvio T6&o r'23
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I

poise (TTouGl) A'56
Tapddofo Twv dSIBUPWYV H' 164
TTapoxn A'23, A'24
meipapa Michelson- Morley  H'11
epiodog A'19
TEPIOOOG NAEKTPIKNAG
TOAGVTWONG A'58
TTNYadl SUVAMIKOU
- yE GrrEIpo BABOC ©'80
- € oploMéEVO BAOOC ©'86
mAdyia Kpouon Z'14, 2' 25
TTAOOTIKA KpoUon Z'19, Z' 31
TTAGTOC TAAGVTWONCG A'25
TolITPOVIO H'81
TpowOnon TTupavuAou Z'67
P
padlokUpaTa B'94
PEUMOTIKA YPOHMA A'20
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PEUOTA A'19
POTTN AOPAVEING

(wg TTpo¢g aéova) E' 51
po1r) dUvauNng

(wg TTpOGg Géoval) E'28
po1r) dUvVAuNG

(w¢ TTPOC onuEio) E'33
2
oTafepd aTTOOREONC A'68
oTaOEPA ETTAVAPOPEC A'35
OTACIMO KUMO B'48
OTIYMIOTUTTO KUMOTOC B'31
OTPOYIKNA Kivnon E'12
oTPOPOpPMN oTEPEOU cwuartoc E' 81
OTPOPYOPH CUCTAMATOC E’'86
oTPOYOPUR UAIKOU onueiou E’78
oTPWTNH PON A'20
OUMBOAR KUMATWYV B'34
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OUMPBOAOUETPO
ouvleon TOAAVTWOEWYV
ouUVvOEeTN Kivnon otepeoU

H 14

A’'104

E'14

ouvOnkn I0oppoTTiag oTepeou  E’'44
OUVOAKN KAVOVIKOTTOIROEWS ©O'72

OUVTOVIONOG
OUVTOVIOHMOU EQAPHUOYEG
oUCTNHA ava@opAg
KEVTPOU paclag
OUOTOAN TOU HAKOUG
ouxvorTnTa
OUXVOTNTO KATW@AioU
OXETIKIOTIKN OPMN
OXETIKIOTIKN EVEPYEIQA
owAnvag

—
TaAAvTWOon (MNXAVIKNA)
TAON ATTOKOTTHG
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H' 44
A’ 20
©'34
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Y

UOPOOTATIKN TTiECN
UTTEPOBEDN KUNATWYV
UTTEPIWONG AKTIVORBOAIX

)

@aivopevo Compton
@aivopevo Doppler
PAIVOHUEVO ONPAYYOS
@Aaocn TAIAAVTWOoONG
PEPOUCO CUXVOTNTA
@POivouoa NAEKTPIKA TAAGVTWON
@Oivouoa TaAdvTtwon
PAEBO pEUMATIKA

Qwpaon

PWTONAEKTPIKO PAIVOUEVO
PWTOKUTTAPO

PWTOVIO

X
XWPOXPOVOG
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