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KYMATA

W

§2.1. Baoikég évvoleg

> H évvoia «<EAAZTIKO MEZO»: Eivai KOs UAIkO péco, To omoio Bswpolpe
OTI amoTeAsiTal amd onpeiakd avTikeipeva (xwpic 31a0TAoEIC - YEWUETPIKA ohpeia, e
pala), Ta omoia KAAUTITOUV Ao To €AAOTIKO HETO Kal kaBéva amd Ta oToid ouvdEeTal
HE TA YEITOVIKA Tou pe eAaoTikéC duvdpelg. To eAaoTikO HECO €XEl €AAOTIKOTNTA OXN-
parog, OnAadn HikpéC TTapapoppwoeic v aAAolwvouv To oxXAKa Tou.

OTtav 10 €AdoTIKO HEOO PpiokeTal gg 100ppoTrid, oI SUVANEIC TTOU aokoUvTdal o€

KaBéva amod Ta onpelakd avTikeigeva £xouv ouviaTapévn ion pe To pndév. OTav yia ka-
o0 Adyo diatapaxOei n 1goppoTria evog onpelakoU avTIKEINEVOU, TOTE O AUTO AOKEI-
Tal amd TA YEITOVIKA TOU onyeia, auviotapévn duvapn The Hopephc ZF = - Dx, n omoia
Teivel va To emavagépel atn ©éan 100ppoTiag Tou.
TauTtoxpova To oNUEIAKO AVTIKEIUEVO AOKED Kal auTO €AAOTIKEC OUVAUEIC OTA YEITOVIKA
TOU onleia Kal autd He Th ogipd TOUG OTA YEITOVIKA TOUuG, e amoTéAsopa n diatapaxn
TTou UTtéaTh To éva onpeio va 81adoBci pe Tnv Tdpodo Tou XpOvou o OA0 TO €AAOTIKO
Héao.

‘Eva eAaoTik6 péco xapakthpiletar OMOTENEZ d6tav éxer oTaBeph TTUKVOTNTA
oe 6An Tnv éktach Tou kai IZOTPOTTO 6Tav n diatapaxh diadiderar pe Tnv idia ora-
Oeph TaxUTNTA TPOC OAEC TIC KATEUOUVOEIG.
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To €AaoTIKO péoo avdAoya pe To oxhpa Tou xapakTthpiletar wg TPAMMIKO
(T.x. TevTwpévo vAapa) h ETTI®ANEIAKO (m.x. emgaveia evég uypou) A XAPOY (m.x.
o aépag)

§2.2 H évvoro « KYMA®.

2Tnv kadnuepivih Cwh n évvola KUUA XpnoIHOTIoIEiTAl HE JIAPOPETIKO TPOTIO ATIO OTI
oth duaikA (T.x. BaAdooio kUpa K KUPA kavowva).

2Tn @uaikn pe Tnv évvola KYMA evvooupe Th 81dadoon piag diatapaxng, €1al WaTte va
HETaPéPETAl EVEPYEIA KAl OpUA HE oplapévhn TaxuTnTd, aAAd oI UAN.

Ma va dnpioupynBei éva kupa xpeidletar n TTHTH Tou, éva onueio dnAadn To
omoio eKkTeAei e€avaykaopévn TaAdvtwon, WOTE N EVEPYEID TTOU TOU TIPOCPEPETAI ATTO
1o d1eyépTh va peTapipaletal pog OAeg TIC KaTeuBUvaoelg. Emopévwe Ta onpeia ota
oToia @Tdvel To KUUa Ba ekTeAoUv e avaykaopévn TaAAvTwan oplodévng evépyelac.

Av n TThyA Tou KUpartog ekTeAei (e€avaykaopévn) appovik TaAdvtwaon, o€ opi-
opévn d1eUBuvon, T6Te To KUpa xapakthpiletar we APMONIKO KYMA. Z1nv mepi-
TTWON auth, To TAATOG, N ouXVOTNTA - TTEPiodOC - YWVIAKAR oUXVOTNTA ThG TTNYAGC Ka-
Bopifouv To TAATOC, Th OUXVOTNTA - TEPiodo - YWVIAKA ouxXvoTnTd Tou KUpartog. H
d1e0Buvon mpo¢ Thy otoia d1adidsTar n diatapaxh Tou dnpioupyei h Ttnyh civar n AI-
EYOYNZIH ATAAOZHZ TOY KYMATOXZ.

Av n di1eUBuvon di1ddooncg Tou Kupatog civai KAOETH otn 81e0Buvon TaAdvTw-
ong TnG TNYAG Tou, dpa Kdl 0AwWV TWV onUEiwy Tou €AdoTIKOU pETou, TOTE To KUpA Xd-
pakTnpiletar wg ETKAPZIO KYMA, evw av 31adidsTal mapdAAnAa mpo¢ Th dieUBuvon
TaAdvTwong TnS TNYA¢C Tou, XapakThpiletar w¢ ATAMHKEZ KYMA (3idpunkeg).

Av T0 KUpa yia va 81adoBci amaitei Thv UTtapén eAacTikoU péoou, TOTE XApAKTN-
piCetar wg MHXANIKO KYMA (m.x. udaTnpd, ociopikd, NXNTIKA KATT).

Ta kupaTta ou mapdyovTal amd TaAavtoUpeva NAEKTPIKA diTtoAd A eTITAXUVOHEVA NAg-
KTpIKd @opTia A amd amodieyépoeic aropwy, ovopdlovrar HAEKTPOMATNHTIKA
KYMATA. Ta nAekTpopayvnTikd kUpata yia Tn 81ddooh Touc AEN amaitoUv Thv UTtap-
&n eAaoTikoU péoou, aAha diadidovtar KAT ato KENO.

XAPAKTHPIZTIKA APMONIK(QIN KYMATON

TAXYTHTA (v) Tou kUpartog: OpileTal amd Th oxéon UZ;’ Kdl gival oTaOephA

oc 100TpoTo £AdoTIKG péoo. Ekppdlel Tnv TaxuTtnTa diddoong Thg diaTapaxg Tpog o-
piopévn kateVBuvon. EapTaral amoKAEIOTIKA Kal HOVo amd TIC IBIOTNTEC ToU £AaA-
oTIkoU péoou Kai 6xI amd TNV Ny Tou KUparog (T.X. To TOgo ypAyopd TaAavTwve-
Tar). Emopévwe n Tax0tnTa Tou KUPATOC HeTAPAAAETal povo av aAAdEel To EAAOTIKO Wé-
0o. (To gaivépevo The aAAayng Thg TaxUThTAg Tou KUPATog, otav aAAdler To péoo did-
doong, ovopdletai ATAOAAZH). H taxUtnTa 81d300Nn¢ TWV NAEKTPOUAYVNTIKWY KUUA-
TWV 0TO KeVO gival n PEyIoTn TaxUThTa Tou pTopei va uttdpel, oUewva pe To aiThud
ThG Oewpiag TNG OXETIKOTNTAG, Kal 100UTAI HE TV TAXUTNTA TOU QWTOC OTO KEVO
c=3-10"m/s.
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ZYXNOTHTA (f) Tou kUuatoc: Eivai n koivih ouxvétnta TaAdvTwong The Tin-
YAGC Kdl Twv ongeiwv Tou €AacTikoU péoou. E€apTaral amokAeloTIKG amd To mo6o0
Ypiyopa TAAQVTWVETAI N whyR Kdl O0X! amo TIC 1810TNTEC TOU €AAOTIKOU pEoou. Au-
TO onuaivel 0TI av KATd Tnv Topeia Tou To KUUA aAAder péoo diadoong, Oa aAAder n
TaxUTNTA Tou aAAd o1 n ouxvoTnTd Tou. Me dAAa Adyia katd To @aivopevo Tng didBAa-
ong AEN petaPpdAAeTal n ouxvoTnTd Tou KUpaTog. Ta idia akpiPwe 1oXUouv Kai yid Thv
mepiodo T KAl Th YWVIAKA ouXvOoTNTA W.

MHKOXZ KYMATOZXZ (A) Tou kuuartoc: Eivar n améoracn mou diaviel To kUua
oe xpovo ioo pe Tnv mepiodo T Tou KUpATog (dnAadh To Xpdvo yia pia TARpn TaAdvTw-
on TnG ThyAg Tou). To pAKog kupatog e€aptdrar KAT amd Ti1¢ 1810ThTEC ToU €AACTIKOU
Hégou aAAd KAI améd thv mnyn Tou KUPATOG.

Av OTOV 0pIoUO TNG
TaxuTnTag TOU KUWa-
TOG AVTIKATAOTACOUUE
TO XpOvo T pe Tnv Te-
piodo, TOTE MpéTel va
avTIKATAOTACOUUE Th
HETATOTION X HE TO

pAKOC KupaTtog. Anha-
T on via t = T eivai

X = A. Apa
X
L=—">2DLV=—=
t T

A=v-T] (2.1)

1
Emeidh T=—, pe a-
S

VTIKATdoTaon TPOKU-
\ TITEl TEAIKA OTI

v=Af 2.2)

|>’
>

Tn XPOVIKA OTIYHA TToU 0AoKANpWYETAI N TAAGVTWON ThG TTNYAG TO KUUA €XEl TPOXWPNOEI KATA A.
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> MAOHMATIKH TTEPITPAZH TOY APMONIKOY KYMATOZ

Oa avagpepBOoUupe og appovikd KUua To omoio d1adideTal KATd PHAKOC YPAHHIKOU opoyeE-
voU¢ eAaoTikoU péoou. @a mpoomaBnooupe va dnHIOUPYAOOUKE Hid auvdpThon, n oTroid
va Teplypd@el TRV KATdoTaon KaBe anpeiou Tou eAdoTIKOU HEOoU, KABE XPOVIKA OTIVUA.
Eivai mpogpavég 611 yia va To TETUXOUHE auTd TPETEel va avagepBoupe o éva cUoTnua
avagopdc Kal va opicoupe TV dpxh HETphang Twy xpoévwy (T = 0), n omoia Ba civai
KOIVA yid 0Ad Ta onpeia Tou eAdoTIKoU Héaou.

OctwpoUye 0TI To YPAUHIKO £AAOTIKO Hédo TauTileTal Ye Tov TpoaavartoAiopévo dafova
XX, 0TI n 81e0Buvon TaAAvTWONG TWV ohpeiwv Tou eAdaTikoU péoou eival o daovag
y 'y Tou eival kKABeTog aTov X X Kai wg apxh O (x = 0) éva onpeio Tou €AAOTIKOU pé-
oou To omoio T aTiyun t = O diépxeTar amd Tn Béon 10oppoTmiag Tou (y = O) kivoupevo
pe BeTikA TaxuTtnTta. H e€iowon mou Ba mepiypdeel Thv TaAdvtwon Tng apxhc O, alp-
pwva He TIC apXIkEG ouvOnkeg Tmou Bewphoape, eivar y = A npwt. KdBe onpeio Tou ¢-
AdoTikoU péogou Oa ekTeAei, emopévwe, dpuoviKR  TaAdvtwon e  e€iowaon
y = A nwt’. Av Aoimdv Bswpnooupe éva Tuxaio onueio M Tou €AdoTIkoU péoou, aTh
B¢éon pe ouvteTaypévn X, auto Ba éxel Tnv idia amopdkpuvon y HE AUTAV TOU €iXeE N
apxh O, mpiv amd xpdvo i0o He To XPOVO T TOU XPEIAOTNKE To KUWA yid va @Tdoel 0To

M, dnAadn mpiv amod xpovo =X Emopévwe via f=t-ret=t-2 n e€iowon TaAd-
1% 1%

VTWONG Tou ahueiou M ypdgetal y = Am{a)(t—fﬂ (2.3)
19

TTapatnpoupe 611 n e€iowon yia Thv TaAdvTwaon Tou Tuxdiou ohpeiou M eival ouvdpTn-
on 8Uo aveldpTnTwy HeTAPANTWY, ThE B€oNng X Kal TNG XPOVIKAG oTIyuA¢ . H ouvdpTn-
on auTh amoTeAei Thv e€iowan Tou appovikoU KUpatog. MTopoUue va Th ypdyoupe Kal
HE dAAeg pop@éc, avTikaBioTwvrag Ta w Kai u. TT.X. apxikd pe avTikatdotaon Tou

. 2 ,
a)zz—ﬂ, gExoupe y=Anu i PO = y=Anu2nr r_x Kal pge Tn PonBeia TG
T T v T v T

2.1, maipvouye: y =A77,u271(%—%} (2.4)

ZXO0A10: OTav BéAoupe n efiowaon auTh va avagépeTal
d. 0t OUYKEKPIPEVO onueio Tou eAaoTikoU péoou (m.X. oTo onueio otn Béon
x1 =10 m) KAOE XPONIKH ZTIFMH t /
p. ZE OAA TA ZHMEIA Tou €AdoTikoU HéOOU, Hia OUYKEKPINEVN XPOVIKA OTIYHA
(m.x. Tn oTIyuA t1 = 1 8), Mpémel va pooé§oupe
1. av 1o KOpa @Tdvel otnv apxh O Th xpovikh oTiyuR + = 0 R
2. av 1o Kupa £xel 81ad0B¢ci ae 6Ao To €AAOTIKO HETO.

2.Tnv mepimTwon al Tpémel va UTTOAOYiOOUHE Th XPOVIKA OTIYHUA TTOU To KUKA @TAvel aTh
doopévn Béan x1 = 10 m, pe Tn Pondeia Tng axéong v =%:> =2 2UVETIWG PEXP!I TN
1y

OTIYHA AUTA To ohyeio €ival akivnTo.
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2Tnv mepimTwon Pl mpémer va utoAoyicoupde ge Téon améoTacn amo Thv dpxh O éxel
01ad00¢i To KUMa Th doapévn XPoVIKA OTIVUA, He Th PonBeia Tng idiag oxéong
U:%:szu-tl. 2UVETIWG PETA Tn ©éon auTh, 6Ad Ta onpeia Tou €AdaTIKoU péaou
Oa cival akivnra.

Ma Tnv mepimtwon 2 3¢ Xpeidletal va e§Tdooupe KATI.

2.Tnv TrepimTwon a. h e€iowaon Tou KUPATOG ivel TNV ATTOPNAKPUVAN TOU OUYKEKPIHEVOU
ongeiov améd Tn Oéan 100ppoTiac TNG TAAAVTWONG ToU g€ ouvdpTnon HE To XPOVO, VW
othv mepimTwon P. diver Thv amopdkpuvon OALIN Twv onpeiwv Tou eAaoTikoU péoou,
oTa omoia €xel TACElI TO KUMA, amod Th Béon 10oppoTtidc Tou, Th S0OUEVN XPOVIKA OTIY-
pA. H ameikévion auth civar 1o Aeyopevo ZTITMIOTYTIO Tou KUpatog (dnAadn pia

pwTOoYpAYid TOU).
tm m m

Ty

WY

Alo kovTivd oTiypidTuTta KOpatog (tz > 1)

PAZH & Tou kUuatog ovopdleTal To T6§0 TOU NUITOVOU TNG amopdkpuvang, dnAadn n
pdon civar ® = 27:(%—%} Kai gival guvdptnon dUo peTaPpAnTwy. (2.5)
Av To KUpa di1adidetar katd Thv APNHTIKH ¢popd Tou d€ova x ' x, T6Te n ¢don TaAd-
vVTWaong Tou onpeiou M mponyeital Xpovikd amé Tn edon TaAdvtwong Thg apxnc O, ka-
Td Xpovo x/vu, omdTe n e€iowon TaAdvTwaong Tou onpeciou M Ba ypdeeTal oTn HopPh

y=A77,u27r(%+%) (2.6)

TAXYTHTA TAAANTQOQIHZ (V)
Acev ipémer va ouyxéeTail e Tnv Taxuthta didadoong Tou Kuparog (v).

YmoAoyiCeTai pe Th porBeia Tng oxéong 2.3: V = a)Aaw{a)(t—%ﬂ n

V=wA vazﬂ(L—ij (2.7)
T A
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Tlapéaeuyua 2.1, ra éva apHoVIKO KUpa To omoio 61adideTal katd Th OeTIKA
popd Tou afova X ' X, va UTToAoYioETE
A. Tn diapopd @dong petall dUo onueiwv Tou €AAOTIKOU HECOU, TA OTIOIA ATTEXOUV HE-
Tall Touc kartd Tn di1eUBuvan d1adoong Tou KUWATOC, amoaTach ion pe d, Tnv idia xpo-
VIKA OTIYHA.
B. Tn diapopd 9dong TnG TAAAvTwaong €vog onpeiou Tou eAdaTikoU péoou, HeTall duo
J1AQOPETIKWY XPOVIKWY OTIVHWY T1 Kai t2. (f2 > 11).

Adon
A. Eotw M kai N 8Uo onueia Tou gAaoTikoU péoou, OTIC BEOEIC X1 KAl X2, HE X2 > X1,

avtioToixd. I'ia Tn ¢don Tou onpeiou M 1oxUel @, :27{%—%} Kail yia Tn ¢don Tou N

. t , ,
loxver @, = zfz(?—%j. Emeidn X1 < X2, civar & > &,.

To anueio M w¢ KovTIvoTepo oThv apxh O TaAavTweOnke TepigodTEPO XPOVO aATod OTI TO
N, emopévwe éxer peyaAUtepn wdon. Me Tn ponBeia Thg TapaThpnong autng KaTtaAa-
Paivoupe 0TI éva KUpa d1adideTal dvra Pe KaTeUBuvon and onpcia pe HeyaAn gaon
TPOC onyeia He HIKPOTEPN Yaon.

Eivai Ad=0, —, :2n(%—ﬁj—27z(i—ﬁJ:27z(ﬁ—ﬁJ=27z 2 (a0 :27”-51

A
(2.1.1)

B. Ma éva onpeio Tou eAaoTikoU péaou atn Béan x, 800 S1AQYOPETIKEC XPOVIKEG OTIVHEG
t X

loxvel @, = 2;{%—%} kal @, = 27{?2—1) Emeidn 12 > 11, eival kai 3, > @y,

A(DZQDZ—(DI:27[(1—2—£J—27r(t—1—1j:27r[t—2—t—1j=2ﬂﬁ:> AD=w-Ar.  (2.1.2)
T A T A T T T
**TTapadeiypa 2.2. TYMBONIA kai ANTIOESH gdonc.

A. Na amodcifete 611 n amdoraon Ax petaly dUo onpciwv Tou eAdoTikoU péoou, Td
omoia Tnv id1a XpoVIKA OTIYUA PpiokovTal gc ige¢ amopakpUvoelg amod Th Béan 1goppo-
Tid¢ ToUu¢ Kai KivouvTal pe ioeg Taxutnteg (katd péTpo Kai kateUBuvon), diveTar amd
Th oxéon

Ax=k-A, keZ (ouppwvia gdong) (2.2.1)
B. Na amodcifete 611 n amdoraocn Ax petall dVo onueiwv Tou eAdoTiKoU péoou, Td
omoia Tnv idia XpoVIKA aTIYUA PpiockovTal ge avTiOeTe¢ amopakpuvoelg amd Tn Béan I-
00pPOTIIAC TOUG Kal KIvouvTal He avTiBeTeg TaxuTnTeg , diveTal amod Tn axéon

Ax =(2k+1)%, k eZ (avtiBeon gdong) (2.2.2)
Auon
A. Eotw M kai N dUo onpeia Tou €AaoTikoU pédou, OTIC BETEIC X1 KAl X2, HE X2 > X1,
avrioToixa. INa Tto onpeio M pe Tn Pondeia Twy oxéaewyv 2.4 kai 2.7, €XOUlE:

V= Anyzz[%—%) kal ¥V, = wAauvzz[%—%j. Oupoia yia 1o onpeio N €xoupe:
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r x t
= Anqu2z| ——-2| kat V,=wAovv2z| ——-2|. Eivary1 = y2 kat V1 = V
Y, =Anu ”(T /J ol ”(T /J Y1 =Yz Kal Vi = Vo,

r X r X X, r x
Anq2r| ——=L |=Anqur| ——-2 27| ——2L | = 2l o2
warli-2)ama(t-2) | war(i-2) man(z-2)\

wAovv2r LAY =wAovv2rx .5 ovv2r rox = ouvv2rz LAY
T 2 T A T A T
M[%—ﬁjz‘xk}x\ﬂx[%—ﬁ]:ﬁ —k=>Av=kA keZ,

B. Eivar y1 = - y2 ka1 Vi = - Va.

r X r x X, r x
Amq2r| ==L |=—Am2r| — -2 2r| =—L = —pu2r| —-=2
e E(T lj e ”(T ij s E(T lj e ﬁ[T lj 3

wAovv2r % =—-wAovv2r LA ovv2r rox = —ovVv2rx LA
T A T 2 T A T

2&(% )(2k+1)>&+2>&(% j ();2—%)=2k+1:>Ax=(2k+l)§,keZ.

TTAPATHPHZH 1: Av otn oxéon 2.1.1 avrikataoTAooupe Th 2.2.1 éxoupe

AD —ka A= A® =2knz . AnAadh n iapopd @dong petall 2 onpeiwv Tou AAOTIKOU

Héoou Tou PpiokovTal og cuPPWvia gdong gival dpTio ToAAaTTAdoIo Tou .

Av oth oxéoan 2.1.1 avtikataoTAooupe Th 2.2.2 £XoUupe

AD = zj(zkﬂ)’; = A® =(2k+1)7. AnAadi n diagopd edong petagy 2 onpeiwv Tou

eAaoTIkoU péagou Tou PpiokovTal e avTiOean dong cival TepITTO TOAAATTAdOIO TOU TI.

TTAPATHPHZH 2: Am6 Tn oxéon 2.2.1 yia k = 1, mpokUTITEl 6TI N €AdX10Th amoéaTach
peTall dUo onpeiwv Tou PpiokovTal oe ouppwyvia edong civail ion pe éva PHAKOG KUWa-
ToG. MmopoUpe AoitOv va opicoUHE TO PAKOC KUWATOC Kal oav Thv €AAXIoTn amo-
otaon petafl dUo onpeiwv Tou €AAOTIKOU HEOOU mOU TAAAVTWVOVTAlI Of CUHQWVId
paong.

Tlapc'(6e|y|.|a 2.3.| Katd phkoc evéc ypappikoU opoyevoUc £AdOTIKOU HEGOU, TO
omoio TauTi{eTalr e Tov MpooavatoAigpévo dfova x ' x, d1adideTar kKUYa pe TaxuTnTa
50 m/s. @cwpolue w¢ apxh Tou afova éva onpeio aTo oToio PTAVE! TO KUKA Th XPOVI-
kKA oTiyuh T = O kai To omoio apxiCel va TahavTwvertar pe eiowon y = 0,04 nudmt
(8.1).

a. TToia xpoviki oTiyun Ba apxioel va TahavrwveTtal éva onpeio M Tou eAaoTikoU pé-
oou Trou ppiokeTal ae améoracn 500 m améd To onucio O;

p. Na umoAoyioeTe Th diapopd pdong Tou onpeiou M kai Tng apxic O Tnv idia xpovikn
oTIYHA.

v. Na umoAovioeTe Tnv amopdkpuvon Tou onueiou M amd Tn B€on 100ppoTiag Tou, Tn
xXpovikh aTiyun t = 20 s.
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d. TToia cival n TaxuTnTa Kai moia n €mMITAXUVON Tou ohpeiou M Th XPOVIKA OTIVUA
t=20s;
€. Tloia civai n petaPpoAn @dong Tou onpeiou M peTal TwWv XPOVIKWY GTIVHWY
t1=20skai t2 = 30 s;
Abon

a. Na va ¢tdoel To KUpa amé Tn Béon x = 0 otn Béon x = 500 m, amaiTeital xpdvog

x (51) 500m
T=—= 7=

v 50m/s
B. H diapopd pdong petall Twyv dUo onueciwv O kar M Ba umoAoyioTei amd Th axéaon

=7=10s.

2.1.1 tou mapadeiypatog 2.1: AD =27”-d. To pAKo¢ Kuparog A ©a utoAoyioTei amod Tn

oxéon2.1: A=vuT.

Eivai w = 41 rad/s kai T:2—”:>T =0,5s5. Apa A =50:05 m=2>A=25m.
w

AD :i—;’-soo = AD =407 (rad).

v. H e€iowon Tou Tepiypdger To appoviké KUud givar: y = 0,0477;127:(%—2—);) (S.1.)
(2.3.1)

Ma x =500 m ka1 t = 20 s, aipvoups:

y=0, 0477;127[[2 -20 —%j = 0,0477y27z(40 — 20) = y=0,047u407r = y=0.

0. Ma x =500 m n e€iowaon 2.3.1 ypdeyeTar:

y=0, 0477;127[[% —%j: y=0, 0477/1(47zt —407[)(S.I.)

H eiowaon Tng TaxuTnTac TS appoVvikAC TaAdvTwaong Tou ahpeiou M givai

Vv :0,04-47T-GUV(47U—407T) =V :0,167Z-GUV(47U—4072) (S.]) , h omoia yia t+ = 20 s

divel V = 0,1672'-0'1)1/(472'-20—4072') =V =0,167-covd0r =V =0,167m/s

H emitdxuvon Tng appoVviKAC TaAdvtwaong Tou M ouvdéeTal ge TRV aTTOUAKPUVAR Tou
amé Tn ©éon 10oppoTmiagc He Th axéon a = - wz-y. EmeidA 6pwe Tn XPOVIKA OTIYHA
t=20s eivaiy = 0, Ba eivai kar a = 0.

. H diapopd pdong Ba umoAoyioTei amd Th oxéon 2.1.2 Tou mapadeiypartog 2.1. Eivai

(8.1)
AD =w-At = AD =47(30-20)= AD =407 (rad)
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Tlapc'tBeuyua 2.4 Kara HAKOG €VOC YpdpHikoU opoyevoUg €AdaTIKoU HéEoou, TO
omoio TauTi{eTal e Tov TpooavaToAiopévo 1™
aova x'x, d1adideTal eykdApolo ApPHOVIKO
KUpa. Oswpolpe wg apxn Tou afova éva
onueio oTo omoio @TAvEl TO KUUA Th XPO-
vikn oTiypn t = 0 kai To omoio apxilel va
TaAavTwveTtar pe e€iowon y = 0,02 npwt
(8.1.). Z10 di1dypaypa Tou oxAuartog dive-
Tdl N HETAPOAA TG pACNG Tou KUPATOG O€
ouvdpTnon e Th Béan X, Th XPOVIKA aTIy-
pnt=0,5s. il
a. Na umoAoyioeTe Tnv Tepiodo Kai To PA- T TR T B TR S T
KOG KUUATOG TOU KUHATOG. w2
B. Na ypdyete Tnv €€iowan Tou KUKATOG.
v. Na oxedidoeTe To OTIYHIOTUTIO TOU KUMATOC TN XpoVvikA oTiypn t = 0,625 s.
8. Na oxedidoeTe TnV amopudkpuvon amd Th Béon 100ppoTiac Tou evOG onpeiou Tou &-
AaoTikoU péaou, Tou PpiokeTal otn Béan 0,25 m, oe ouvdpTnan pe To Xpovo.

Abon
a. H e€iowon TaAdvtwong tng apxhc O éxel pdon & = wt, emopévwe To KUpA Tou dia-

.

2T

It

Sni2

T

3nl2t

nt

dideTal mpo¢ Th OeTIKA KaTeVBuUvon Ba éxel pdon @ :27[(%_%}' 2 0ppwva pe Tn d0-
ouévn ypagikh TapdoTtaon Th Xpovikh oTiyui t = 0,5 s, yia x = 0 civar & = 4m (rad),
evw via X = 0,4 m civar & = 0. Emropévwg:

3

Fia x=0xatt=0,5s:47=21—-—-=T=0,25s, dpa w=81 rad/s Kai

yiax=0,4 kart=0,55:0=2x 05 04 =>1=0,2m.
0,25 A
B. Me avTikardoTtaon oTtnv e§iowan Tou KUUATOG: y = 0,02-77;127:(&—%) =
y=0,02-nu2x (4t -5x) (S.1) (24.1)

v. To oTiypiéTUTO €ival n ypaikh tapdoTtaon y = f(x) yia t = oTaBepo.
Ma t = 0,625 s n e§iowon Tou Kuparog 2.4.1 yviverar: y=0,02-7u27(4-0,625—5x) =

y=0,02-77,u27z(2,5—5x):>y:0,02-77,u(57z—107zx):>y=0,02-77,u(4ﬁ—+7r—107rx):
y=0,02-nu(7—107x)= |y=0,02-7ul0zx (S.1.) (2.4.2)

Eme1dh 1o KUpa @Tdvel othv apxh O Th XpoVikA oTiyuR t = O, ipémer va PpoUpe péEXpPI
Toia Béon poAaPe va gtdoel Th doapévn xpovikA aTiyun T = 0,625 s. YmoAoyiloupe

b

Tnv TaxUTNTA TOU KUKATOG amd Th oxéon A=vl = v =

=0v=0,8m/s
0,25s

ATO Th axéon Ax=v-At= x=0,8-0,625= x=0,5m. ZTn ouvéxela axedidloupe oc d-
¢oveg y - x Tn ouvdpTnon 2.4.2
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T v(cm)

t=0,625 s

x(m)_

TTIPOZOXH: ZTnv TepimTwon auTh TTpéTel OMWOdNTIOTE TO TEAEUTAIO
onueio va éxel amopdkpuvon y = 0.

d. Edw Cnteitar n ypagikA mapdoTtaon y = f(t) via x = aTaBepo.
Ma x = 0,25 m n e€iowon Tou KUpatog 2.4.1 yvivetar: y=0,02-nu27z(4-1-5-0,25)=

y:0,02-77;1(87r-t—107z~0,25):y:0,02-77;1(87[-1—2,57[)3)/20,02-77/1(87[1‘——2—7{——%]3

y=0, 02-77u(8m—%j = y=-0, 02'77/1(%—87”) =|y=-0,02-cvv8xrt (S.1.) (2.4.3)

Eme1dn 1o kOpa @tdver othv apxhh O Tn xpovikA oTiyph T = O, mpémer va ppoupe Toia
XPOVIKA OTIYUA @TAvel To KUYa orth doopévn Béon x = 0,25 m. Amé Tn oxéon
0,25m
0,8m/s

Ax=v-At=>71= =7=0,3125s.

H e€iowon 2.4.3 1oxVel yia £>0,3125s . TIpiv Th XpOVIKA OTIYUA T TO OnUeio ATAV aAKi-
vhto. TTpémer yia t = 0,3125 s va eivar y = 0. AnAadn, mpémel Tn XPOVIKA OTIYHA
t = 0,3125 s, 1o onycio Tou eAaaTikoU pégou otn Béon x = 0,25 m va PpiokeTar oth
Oéon 10oppomiac Tou. Emopévwe Th xpovikA aTiyun T + T/4 mpémel va PpiokeTal ot
kdmoia akpaia Béon. Na va ppolpe oc ToId, ApKEi va avTikaTtaoThooupe othy 2.4.3 To
tuet+7T/4=0,3125+0,25/4 = 0,375 s. Eivai

y=-0, 02-0‘1)1/(872'-0,375) =-0,02-cuv3zr = y=+40,02m

21n ouvéxela oxedidaloupe oe doveg y - T Tn ouvdptnon 2.4.3
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T y(cm)

0.05 0.1 015 02 025 0.6 0.65

x=0,25 m

TTIPOZOXH: ZTnv mepimTwon auth TPETEl OTTWOSATIOTE TO TTPWTO
onueio va éxel amopdkpuvon y = 0.

v **KYMA ME APXIKH 2AXZH
Av n emAoyh Tng apxi¢ O Tou dova x "X Kai N dpxXh TWV XPOVWYV Yivouv £€Tal, WaTe N
TaAdvtwon The apxic O Tou dafova va éxel apxikf @don, TOTE auTh h dpxikA gdon Ba
ouvodelel 6Ao To KUpa. Av, emodévwe, n Tahdvtwaon Thg apxhe O meplypdgeTal amd
v e§iowan y=A-nu(wt+¢,), He 0< @, <27z, T6Te h e€iowan Tou KUPATOG TroU J1adi-

deTal KATd Th BeTIKA Yopd Tou dfova x ' x Ba civai

t , t
y=A-nu[27r(;—%j+%} A y=A'Uﬂ2”(?—%+&j (2.8)

Av To KUUa éxel 81adoB¢ei oe 0A0 To €AAOTIKO HETO KAl aTTAWC h SIKA HAC €TIAoyA TwWvV
apXIKWV ouVONKWY ATAav auth Tou «dnuioUpynae» Tnv dpXIKA @dcn, TOTE N HEAETN Tou
KUpartog dev mapouaidalel KATI To 181aiTePO.

Av OUw¢ To KUUa @Tdvel othv dapxh O Kdmola oTIYHA KovTd oTh Xpovikh oTiyui T = 0,
T0TE (Kavovikd) mpémel va doO¢i To oTIYHIOTUTIO Tou KUpaTtog T oTivuA T = 0. (E€aipe-
on amoTeAgi n TePIMTWON TTOU To KUpA @Tdvel oTnv apxh O WwaoTte va €xel apxIkn @don
Qo = TM). ZTNV TEPITTTWON AUTA To KUKA Tn oTiypA t = 0 éxer 81adoBcei péxpl T Béon Xo
Kl ETTOPEVWE Yid TN HETATOTIION ToU KUUATOC Th XPOVIKA oTiyuA t, Ba 1oxvuel Ax=u At
AX-Xo=UtNX=Xp+UTt, 0mmou x n Béon atnv omoia éxel eTAoE! To KUKA Th XPOVIKA
oTIVYHA t.
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Av Z cival To TeAeuTaio onpeio oto omoio éxel 81adoOei To KUpa T oTiyuR T = 0 Kai
PpiokeTal atn Béon xs, TOTE N edon Tou onpeiou 2 ekeivn Th oTiyun Ba givar O K . Oa
gival yndév 6Tav TIC apéowC ETTOUEVEC XPOVIKEG aTIVHEC Oa Ppebei ae OeTikéC amopa-
kpUvaeic (V > 0), diapopeTikd Ba civai .

Av petall tng apxnc O kai Tou Z umtdpxouv Kai dAAa onpeia Tou Th XPOVIKA OTIYHA
t =0 éxouvy = 0, 16T ovopdloupe K To mAnoiéaTepo atnv apxn O améd Ta onueia au-
Td, To oToio PpiokeTal oTn Béon, éoTw, Xk. H diapopd pdong petall Twv onueiwv O
kai K gival @o, av TI¢ apéowg emopeveg XpoVIKEC aTIYHEC To K PpeBei og BeTikéG ato-
pakpUvaeic (V > 0), diapopeTikd Ba civar go - m. H oxéon 2.1.1 ypdgeTai

AD :277[-Ax = ®, ~ D, :27”(x,< ~ X )= @y~ D, :27’%,{ (2.9)
Me dedopévo To Xz, To Xk ekppdleTal og ouvdpTnon HE TO HAKOG KUKATOC ATo TO OTIY-

moéTumo. (T.X. x, =x2—%). AvTikaBioTolpe otn 2.9 10 Xk Kai ToO CI)(O)—Q)(K) HE @o A

@o - T Kal AUVOUHE WG TIpo¢ To dyvwoTto HéyeBog (ouvhBwcg To A).

Tlapc'xaelvua 2.D.| Katd phkog evoc ypappikol opoyevoUuc eAdoTikoU péoou, To
omoio TauTi{eTal Pe Tov TpogavatoAiopévo dfova x ' x, d1adideTal eykdpalo APHOVIKO
KUpa pe AdTto¢ 10 cm, phko¢ kUpatog 20 cm kai Taxutnta 2 m/s. To kUpa diadideTal
TPoG Th BeTIKA KATeUBUVOn Tou Kai Th Xpovikh aTiyun T = O ¢Ttdvel ato O, apxnh Tou
a€ova x " x. Tia 1o onpeio O diveTar 71 TN XpoViKA aTiyuA T = O diépxeTal amd Th Oéon
I00pPOTTiIAC TOU KIVOUHEVO KATA ThV dpVNTIKA @opd.

a. Na ypayete Tnv e€iowon Tn¢ amopdkpuvang Tou ohpeiou O amd Tn B€on 10oppoTiag
TOU 0€ oUVAPTNON HUE TO XPOVO.

B. Na ypdyete Tnv e€iowan Tou KUKATOG.

v. Na oxedidaeTe Th Hopphn Tou €AaaTikoU Héoou, Th XpoVikA aTiyun t = 0,25 s.

Auon
Aivovtai: A=0,1m,A=0,2 mkaiu =2 m/s.
, , , 2 , ,
H mepiodo¢ Twv TaAavTwoewy givar T = i: 2 ;n =7 =0,1s Kdl n ywvidkn ouxvoTnTa
19 mi/s

a)zz—ﬂzz—”:a):%ﬂrad/s.
T 0,1s

a. MNa 1o O diverar 6T via t = 0 givary = O kai V < 0. YmoAoyiCoupe Tnv apxXikh ¢don
TNG TAAAVTWONG Tou

y = Anu(at +¢,) Anu( ot + ) =0 i@, =0
—

a)Aauv(;o{+(oo) <0

Apa via 10 O: |y =0,1-5u (207t + 1) (S.1.)

>:¢0:ﬂ.

V =wAovv(wt+¢,) ovvg, <0
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B. Ma To KUpa, pe avrikardotach atnv efiowoh Tou (oxéon 2.8), maipvoupe:

y=01pu2r| L X | [y =0.1qu2r (10— 5x+0,5) (S.1.) (2.5.1)
0,1 0,2 2rx

y. Z0ppwva He Thv ekpwvnon, To KUPa @tdvel atnv apxh O Th xpovikA oTiyun + = 0,
emopévwe dev £xel 81adoBcei kaBoAou Ttpog To BOeTikd nuiIdova.

ApKei va uttoAoyiooupe Tnv amootacn otnv omoia Ba éxel 81adoOei péxpl TN OTIVHA
t =0,25 s. Ao Tn oxéon x=uvr=>x=2-0,25m=x=0,5m. ZTN ouvéxela TPoadio-
piCoupe Tn ouvdptnon y = f(x), avrikaBioTwvTag otnv e€iowon Tou KUpatog 2.5.1 To
Xpovo t.
y:0,1-ny27r(10-0,25—5x+0,5):y=0,1-77,u27z(3—5x)y:O,l-n,u(éﬁ——IOﬂx):

y=-0,1-nul0zx (S.I.)|ue 0<x<0,5m. To OTIYHIGTUTIO TOU KUPATOG ATTEIKOVI{ETAI OTO

TapakdTw oxAua.

A y(m)

0.15

x(m)
0.6 0.7

**Tlapéaelyua 2.6.| Kara HAKOG €VOC YpdApHIKoU opoyevoUg €AacTikoU péoou,
To omoio TauTi{eTal Pe TOV TTPOOAVATO-
Aiopévo d§ova Ox, 81adideTal eykdpaoio
dpHoVIKO KUpa TAATOUC 2 cm Kal ou-
xvotntag 10 Hz. Tn XxpovikA oTiyun B Y AU U _
t = 0 n apxh O diépxeTar amd Th Béon \ 19

Ty (cm t=0

y=§. 2710 01mAavé axnpa divetal To 0 g

OTIYHIOTUTIO TOU KUMATOG Th XPOVIKA a4
oTiyun t = 0, katd Tnv omoia To KUUa
éxel 01adoBei oe amooTracn amdé TNV

apxh O ion pe %m 1

a. Na ypdyete Thv e€iowon TaAdvtwaong Thg apxhc O.
p. Na umoAoyigeTe To HAKOG KUPATOG Kal TNV TaxUTnTA Tou KUPATOC.
v. Na ypdyete Tnv e€iowon Tou kUpAToC.
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0. Na umoAoyioeTe Tnv 9don TnG TaAdvtwaong Tng apxn¢ O KaTd Tn XPOViKA OTIyUA
t=0.

€. Na oxedidoeTe To OTIVHIOTUTIO TOU KUUATOC TN XPOVIKA OTIYHA z:% s.

Auon
Aivovtai: A=0,02 m f = 10 Hz ka1 x5 :%m )

a. Ao To oxhpa eaiveTal 0TI Th Xpovikn oTiyun t = 0 n apxn O éxer V > 0.
YmoAoyiloupe Thv apXIkA @don @o Tou O KATd Ta yvwoTd.

A LY o
y=4-nu(ot+g,) >g ATO =S o TS Vg, =L
—_— . 0_ |

V =wA ovv(a)t+(/7o) a)A-O'UV(00>0 ovvVY, >0 6

w = 2nf = 201 rad/s. Emopévwe n e€iowon TaAdvtwaong Tne apxnc O civai
y=0, 02-77#(207rt+%j (s1)|

B. Emeidn petall tng apxnc O Kal Tou TeAeuTaiou ahpeiou X, 0To oTToi0 £XEl TATEI TO
KUda, Tn omiyun t = 0, undpxouv 3 onyeia mou diépxovral amd Th ©éan 100ppoTiag
Toug, ovopdloupe K 1o AnoiéaTtepo athv apxh O. Emeidn Vi > O, n diagopd @dong civai

T
Pioy =Py =00 =

[y (cm)
2__
t=0
n K L L L L X(m)L
- 1 2 3 4 ’
2 31
« > S

ATé To OxNApa eaivetar 0TI xz—xK:%:xK:xz —%. AvTikaBioTolpe otn 2.9:

X 2% 34 1 2x 2x, 19 12 12 W
I G Y R B S I T a7 Sy s L
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H TaxuTnTta Tou KUpaTog umoAoyieTar amé Th oxéan u = A f dpa .
y. lNa o kOpa 1oxvel

T
i x 6 1
0,02 mu2r| =X+ 6 | = 120,02 27| 100 -0,5x+— | (S.T.
4 o 2 22 |7 T ( 12j( )

8. H @don Tou onpeiou Z, Tn xpovikh oTiyun T = 0 civar  (V < 0).

27 Zr 19 257 7
(D(O) _CD(Z) :7')62 :>q)(0) :ﬂ+7'zﬁ®(0) :T: CD(O) :47Z'+g

TMTaparipnon: Eivar &gy > go. AuTO ouppaiver emeidn amd Tn oTIYHA TTou To KUpA épTaoe oTo O, péxpl Kai
Th Xpovikn oTiydh T = 0, To O mépaoe amé Tn Béony = A/2 pe V >0, 0o popég.

€. Th xpovikA oTiyph T = 13/60 s To kUpa Ba éxer petatomioTei, amd Tn Béon mou Atav
™ XpovikA oTiyun t = 0, katd Ax = u At = 20 - 13/60 m = 26/6 m. Emopévwe To KUua
Ba éxel pTdoel ath Oéon x = 19/6 + 26/6 = 7,5 m.

AvTIkaBioToUue oTnv e€iowon Tou KUpatog To t = 13/60 s:

13 1 27 27x
=0,02- 74271 10-—-0,5x+— |= y=0,02-nu27| —-0,5x |= »=0,02- —7
y N ( 60 12] y N (12 x] y 77/1( 6 xj

:>y:0,02-77,u(4,57z—7zx):y:0,02~77,u(4ﬁ+%—7zxj:>yz0,02-0'UV7rx (SI) HE

[0 <x< 7,5m]
y(m)

A

0.03

0.02

0.01

-0.01

-0.02

-0.03
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2.

Epwthoeic woAAaTARC emIAOYAC

Odnyia: Na va amavrrioeTe oTIC TaApaKdTw pWTHOEIC TOAATIANS ETIIAOYAS QOKE va ypdyeTe oTo
YUAAo amavTrioewy Tov apiBUé TNE EpWTNONG Kai Oe&id amé auTov To ypduua mou avrioToiXEl oTh
owaoTh andvrnon fi Tov avTioToiXEl OTo oWaTo OUUTIAHoWd THG.

ITaparrionon: Xpnoomoiovue ta ouufoAa v yia tnv raxurtnTa Tou Kuparo¢ Kai V yia tnv raxurnra
TaAdvTwons Twv Lopiwv Tou EAGOTIKOU LIEdou.

1. Kard tn d1adoon evog KUUATOC 0 £va €AAOTIKO HETO

a. petapépetal UAn.

P. peTagépeTal evépyela Kai UAn.

Y. 0Aa Ta onpeia Tou €AAOTIKOU HETOU £XOUV Thyv idia gdaon Tnv idia XpoVIKA GTIVHA.
0. peTaépeTal evépyeld KAl oppn He oplodévn TaxuThTd.

2. Orav éva ep10diko kKUPa aAAdler péoo diadoong

d. n 1axuTnTda Tou pével aTadeph.

P. n ouxvoTnTd Tou pével oTabepA.

Y. TO HAKOG KupaTtog d¢ peTaPpdAAeTal.

0. petapdAAovTal To HAKOG KUKATOC Kal i OUXVOTNTA Tou.

.3. Kartd ynkoc¢ ypappikoU opoyevoUg eAaaTikoU péoou 01adideTal eyKAPOI0 APHOVIKO

KUHa XWpi¢ amwAeleg evépyelag.

a. Ta popia Tou eAdaTikoU pégou TaAavTwvovTal katd Th di1evBuveon diddoong Tou KU-
Harog.

p. ZxnuatiCovrar “6pn" kai “koiAadec”.

y. H péyiotn Taxutnta TaAdvTwong TwWv popiwv Tou €AdcTikoU péaou KaBopileTal
amoé Th oxéon V = Af.

8. H Taxurtnta diddoonc Tou KUpaTtog kabopileTal amod Tnv e€iowon U = WA .

2.4. Kard pnko¢ ypappikoU opoyevoUg eAaoTikoU péaou diadidovral diaunkn apyovi-
KA KUPATa XWpic amwAegIeg evépyelag.

a. Ta popia Tou eAacTikoU pégou TaAavtwvovrtal kaBeta otn d1eUBuvon diadoong

Tnh¢ diaTapaxng.
p. H péyiotn TaxuTnTta TaAdvTwong Twv Hopiwv Tou €AdoTikoU péoou kaBopileTal

amoé tnv eiowaon V = %

Y. Zxnhuarifovrar "mukvpara” kai “apaiwpara”.
8. H TaxuTtnta diddoonc Tou KUpaTog kabopileTal amod Tnv e€iowon U = WA.
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2.5. To pnko¢ KUPATOC €VOC apHOVIKOU KUMATOoC To omoio O1adideTal KATA HAKOC
YpdupikoU opoyevoUg eAdaTikoU péoou
a. cival n améoracn petal dUo onpeiwv Tou eAdaTikoU péoou Ta oTroia £xouv dia-
popd gdonc T (rad).
p. cival ico pe Tov ApIOPO TWV TAAAVTWOEWY TIOU eKTEAEI éva HOpIo ToUu eAAOTIKOU
Héoou ag xpovo 1 s.

Y. €ival n amoéaraon mou diavuel To KUKA o Xpovo K omou T n mepiodog Tou KUWa-

TOC.
9. cival n amoéoTaon mou diavUel To KUPA o Xpovo Hiag TTeplodou.

2.6. Znueio O ypappikoU opoyevoUG €AdOTIKOU HEOOU, TO OTOIO EKTEIVETAI KATA TN
di1eBuvon Tou dfova x'x, eKTeAei apeiwTn appovikh TaAdvtwon pe efiowon
y = Anuot. H €€iowon Tou appovikoU kUpaTtog tou 81adideTal katd Tn OeTIKA KATEU-
Buvon Tou d€ova, pe apxh To onpeio O, civai

t t
a. y:Anun(?—%j p. yzAnuzn(?—%)

t x t x
. y=Anem[ 4+ 2 .y=Anem[ -2
Y- y=Am H(TJFAJ 3.y =An "(T uj

2.7. Avn eiowaon evog ypappikoU appovikoU kupatog givar y = 0,5 nu2m(10t - 20x),
(8.I) ToTe
a. n ouxvoeTnTa Tou KUuartog civar 10 Az kai nh Taxutnta diddoonc Tou civar 10 m/s.
B. napxn (x = 0) Tou KUPATOG TAAavTWveTal XWPic apXIKAR gdon pe mrepiodo 10 s
Y. O0Aa Ta onueia Tou ypdppikoU €AdOTIKOU HEOOU €XOUV, TNV idid XPOVIKA OTIYHA,
TAATo¢ TaAdvTwong ico pe 0,5 m.
O. 10 KUua diadideTtar mpog Th OeTikA KaATeUBuvon Tou dova X pe TaxUTnTd
1,8 km/h.

2.8. Kard pnkoc ypappikoU opoyevoucg €AdoTIKOU HETOU, TO OTTOIO0 EKTEIVETAI KATA Th
d1eUBuvon Tou déova x'x , diadideTal eykdpaio appoviko KUUa. To oTIYHIOTUTIO ToU KU-
HaToC TApIoTAVEI
d. Tnv amopdkpuvon y Twv diagdépwyv onpeiwv Tou péoou, wg ouvdptnon Thg Béong
TOUC X, yid T = aTaBepo.
p. Tnv amopdkpuvon y evog onpEiou Tou EAAOTIKOU HEGOU WG ouvAPTNON TOU XPOVoU.
Y. Thv TaxUTnTa TnG TAAAvTWONnG €vOC onpeiou Tou €AacTikoU Héoou w¢ auvdpTnon
TOU XpOVvou.
0. Tnv TaxuTnTa TnG TaAdvrwaong Twyv d1a@épwV CNHEIWY ToU €AAOTIKOU HETOU WG
ouvdpTnon TG B£€ong Toug X, Thv idia XPOVIKA OTIVUA.
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2.9. H ¢pdon evog ypappikoU appovikoU KUPATog TTAAToug A, To omoio apxilel va dia-
dideTal Tn XpovikA oTiyuR t = 0, divetar amd Tn ouvdptnon &(t, x) = 02Tt -4 m x
(8.I). Zuvemwg

a. To kKUpa diadideTal ye Taxutnta v = 10 m/s.

B. Tn xpovikA oTiyuA T = 5 s 710 KUPA €xel HeTATOTIOTEI KATA 2 M.

Y. To onyeio Tou péoou oth Béon x = 10 m apxilel va TaAavTwveTal Th XPOVIKA GTIY-

pn t =200 s

0. Th xpovikh oTiyun Tt = 20 s 10 onpeio Tou péoou atn Béan x = 0,75 m éxel amo-

pdkpuvon y = A.

2.10. Kard pynko¢ tng euBciagc diddoong evog appovikoU KUPartog, n diagopd ¢dong
Twv TaAavTwoewy dUo onpeiwv Tou eAdOTIKOU PETOU, ThV idId XPOVIKA OTIYUA , OV &-
EapTdTai

a. amoé 1o MAATOC TOU KUUATOG.
. amod To HAKOG KUPATOG TOU KUHATOC.
. amd Th ouxvOTNTA TOU KUKATOG.
. amd Thv améotaon peTall Twy dUo onpeiwv.

A< T

2.11. To kUua Tou dnpioupyeital Katd To KTUTThUA Tou KoudouvioU eival
d. YPAHUIKO. p. emgaveiako.
Y. NAEKTpOHAyvNTIKO. 0. Xxwpou.

2.12. H raxuTtnTa v diddoong Tou KUHATOG, N TtePiodoG Tou T Kal To HAKOG KUHATOG A,
ouvdéovTal e Th oxéon

T v
a. A=— . T==
v P A
Y. U=+/AT 6.u=%
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EpwTthoeic Tou TUmou Zwotd /AdBoc

QOdnyia: 'a va amavrioeTe oTIC TapakdTw EPWTHOEIC QOKEI va yodweTe oTo YUAAO amavTrioswy Tov a-
pIBLG TNC £0WTNONS Kal Oeéid amo auTov To ypdupa 2 av Thv KpiveTe owaTl i To ypduua A av thv
KOIVETE AavBaauévn.

2.13. Kupa ovopdletal kaBe diatapaxh KATd Tnv omoia HeTAPEPETAI EVEPYEIA KAl OPHNA
He oplopévn TaxuTnTa.

2.14. Ta unxavikd kUpata diadidovral oe UAIKA péoa.
2.15. Ta nAekTpopayvnTtikd kUpata d¢ d1adidovral oTo Kevo.

2.16. Orav 81adideTal eykdpolo KUUa @' £va €AdoTikO Hédov, Ta popld Tou €AdoTikoU
Hégou TaAavTwvovTtal kdOeTa otn d1eUBuvon diddoong Tou KUKATOC.

2.17. Otav diadidovTal diapuhkh KUPata ¢ éva €AacTiké péoov, axnuartilovrar "opn”
Kal "KoIAddec".

2.18. Orav di1adidovTal diauAkn KUPATA @ éva eAdoTIKO Pédov, Ta HOpIa Tou eAAGTIKOU
Hégou TaAavTwvovTtal tapdAAnAa atnh di1eUBuvan diddoong Tou KUUATOG.

2.19. H ouxvotnta evog kUpartog dev e€apTdral améd 1o Yégov aTo omoio diadideTal To
KUua.

2.20. Av éva kupa aAAdlel péoov d1dadoong, To HAKOG KUPATOC Tou Oe peTaPpdAAsTal.
2.21. To kUua Tou dnpioupyeital amd To KTUTNPA Tou KoudouvioU eival eTTIQAVEIAKO.

2.22. Kard pPAKOC YpapuIkoU opoyevoug eAaoTikoU péoou diadideTal appoviké KUpa,
HAKou¢ Kupartog A. H diapopd pdong petall dUo onueiwv Tou eAacTikoU péoou, Tnv idia

XPOVIKRA OTIYUA, ival @ = 211%, omou d n améoTaon peTall Twy ohpeiwvy.

2.23. H eiowon y:AnuzTn(uT—x) TEPIYPAPEI dpHOVIKO KUpa To oTroio diadideTal

KaTtd Tn OTIKA kKaTeVBuvon Tou dfova x'x.
2.24. H efiowon y = Anp(wt + kx), 6mou k = ZTTT TEPIYPAPEl ApHOVIKO KUUA TO 0TToi0
d1adideTal KATd TNV ApvNnTIKA KaTeVBuvon Tou dfova x'X.

2.25. To oTIyHIOTUTTO apHOVIKOU KUPATOG TApIOTAvEl TNV ATTOPAKPUVAN €VOC OhuEiou
TOU eAaoTIKoU Héoou, aTo oTroio 81adideTal To KUHA, ge ocuvdpTnon HE TO XPOVO.

2.26. To OTIVHIOTUTIO YpAHHIKOU dpHOVIKOU KUHATOG TAPIOTAVElI ThV dmropdkpuvan y
amé Tn ©éon 10oppoTiac Twyv S1aPopwV GnUeiWV Tou €AdaTIKOU HéTOU, WC ouvdpTnon
™G Béong x .
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2.27. Appoviko KUUa Trou d1adideTal o ypdupIKO pEdo TreplypdgeTal amo Thy  e€iowon
y=0,03nu2n(%—%) (S.I). To kUpa @Tdver atnv apxh O (x = 0) Tn Xpovikh oTIYHA
t = 0. TNa 1o onucio Tou PpiokeTal aTn Béon X = 6 M Kal yid TIC XPOVIKEC OTIYHEG

0<t<2seivaiy=0.

2.28. H kAion otn ypagikh mapdoTtaon TG ¢Aong £vog YpduHikoU appovikoU KUUATOG O€
ouvdpThon pe To Xpdvo ekppdlel Tn ywviakh (KUKAIKR) ouxvoTnTa.

2.29. Kard pnkog €vog ypappikoU opoyevoug eAaaTikoU péoou d1adideTal mpog Th Oe¢-
TIKA KATEUOUVON £YKAPOI0 dpHOVIKO KUpd.
a. H gdon tng apxhc O aufdvetar ypappikda o ouvdpTnon HE To XpOvo.
p. H pdon evog anueiou M, Ttou PpiokeTal apioTepd amo To O eival peyaAUtepn amo
Th ¢don Tou O.
vy. OAa Ta onpeia Tou eAaoTikoU Hédou TTou TaAavtwvovTtal €xouv Thv idia péyioTn
TaxuTtnTa.
9. Oaa onpceia Tou eAaaTikoU péoou TaAavTwvovTal, diépxXovTdl TauToxXpova amo Tn
©éon 100ppoTiag Toug.
€. Av Oev éxoupe amwAeia evépyeld¢ To TAATOC TNG TAAAVTWONG TWV GnEiwY Tou
eAaoTikoU péoou eival oTabepo.
oT. AKOUN KI av To eAdoTIKO Héoo dev eival oloyevég, Ta didgopa onyeia Tou TaAa-
VTWVvoVTal He Thv idia ouxvoTnTa.
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EpwTtRoeic avTioToiXionc

Oodnyia: 'a va amavTtrioeTe oTIC TapakdTw EPWTHOEIC APKEI va yodWweTE oTo YUAAO amavTHoewy Tov
ap/BL6 TS EpWTNONS Kai Ta KatdAAnAa Jevyn voaupdTwy - apiBuuv.

2.30. X710 mapakdTtw oxnpa diveTalr éva oTIYHIOTUTIO €YKAPOIoU dppovikoU KUpATog,
Tou d1adideTal o€ YpaAUUIKO opoyevéG eAaoTIkO Hédo. Na avTioToixioeTe Ta onpeia Tou
eAaoTIKOU péaou TnG oTRANG I pe Ta otoixeia Tng oTAAng IT.

Ty
1
1 XL
O A N
1 M P
ZTHAH I ZTHAH II
A. Znueio K 1. Eivai o¢ oupgwvia gdong pe To O.
B. Znpeio A 2.TTapouaoidlel diapopd pdong 377[ pe 1o O.
I Znueio M 3.BpiokeTal oTn péyioTn OeTIKA amopdkpuvan.
A. Znpeio N | 4.TTapapéver 8iapkWw¢ akivnTo.
E. Znucio P 5. AiépxeTal amé Tn Béon 100ppoTiag Tou pe BeTIKA TaxUThTda.

6. Exel undevikh Taxurtnra.

EpwtRoeic avoikToU TUmOU

2.31. Ti ovopdloupe KUUa;
2.32. TToio kUpa ovopdletal apHoVIKO;

2.33. TToia kUpara ovopdlovral

da. pnxavikd. P. nAekTpopayvnTikd.

2.34. TlToia cival n guon Tng dilaTapaxnc yia Ta uddTikd, nXnTIKA, ociodikd Kal hAe-
KTpopayvnTikd kupata; Na avagépete éva mOavo amoTéAeoud Toug.

2.35. Ao T1 e€apTdTal n ouxvoTnTa £vO¢ TEPI0dIKoU KUUATOC;

2.36. Ti pyeTaPpdAAeTal 6Tav éva Tepiodikod KUPa aAAaler péaov diadoonc;

2. Kouoidng
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2.37. Tloia kUpaTa ovopdlovrai:
a. eykdpoid p. diaunkn Y. Ypauuikd 0. empaveiakd €. XWpou.
OT. TtepI0diKd. Na avagépete amod éva mapddeiyua.

2.38. Kard pAko¢ ypauuikoU opoyevoUC €AdOTIKOU HECOU TO OTIOIO €KTEivETAl OTh
d1eUBuvon Tou dfova x'x d1adideTal eykdpaio appovikd KUpa. OcwpoUpe apxh Tou ao-
va éva onpeio O Tou €AaoTIkoU Héaou To omroio apxilel va eKTeAei apeiwThn TaAdvTwaon
TN Xpovikh aTiypn t = 0 pe eiowon y = Anuwt. Na ypayete Tnv e€iowon mou mepiypd-
€I TO APHOVIKO KUMaA, 6Tav auto diadideTal

a. Tpo¢ Th OeTIkA KaTeVBuUvan Tou dova.

p. Tpo¢ Thv apvnTIKA KaTeUBuvan Tou afova.

2.39. a. Ti ovopdloupe aTIYHIOTUTIO KUUATOG;
p. Na amodwaoeTe ypa@ikd To OTIYHIOTUTIO dPHOVIKOU KUHATOG.

2.40. Eva appovikd KUpa pe mepiodo 0,5 s, diadideTal KATd PAKOC YPAUUIKOU EAAOTI-
KoU péoou, To omoio TauTieTal e Tov dfova x x. To kUpa @Ttdavel athv apxh O Th
xpoVikf oTiyui T = 0. Tn xpovikh oTiypi 1 = 10 s ¢Tdvel og éva onpecio M Kai Tn xpo-
VIKA aTiyun T2 = 12 s oe éva onueio A. H diapopd ¢dong, kamoia Xpoviki oTiypn t
(t>12 s), Twv onueiwv M kai A civai

a. 2m. p. 8m. y. 10m. 5. 121
Na emAé€eTe TN OWOTH amdvTnon Kai va dikaloAoyROETE ThY ATTAVTNONA 0dg.

2.41. Kard pnko¢ ypappikoU opoyevoUC €AdoTIKoU HEOOU, TO OTOIO €KTEIVETAI OTH
d1e0Buvon x'x, d1adideTal pe TaXUTNTA PETPOU U €YKAPOIO dPHOVIKO KUpa. Otwpolpe
apxh Tou afova éva onpeio O Tou eAaoTIkoU péoou To omoio apXilel va ekTeAei apeiw-
TN TaAdvtwon Tn XpovikA oTiyuR t = 0, pe e€iowon y = Anuawt.

Me 1010 K TTo1a aTé TA TAPAKATW CUHQWVEITE Kal YIATi;

a. H eiowaon mou mepiypdgel To dppovikd KUpa étav autéd diadideTal tpog Th OcTI-

, , , , 2
KA kaTevBuvon Tou dfova eivar y = AnuTn(u‘r - X).
p. H e€iowon mou mepiypdeerl To aploviké KUpa oétav autd diadideTal Tpog TNV dp-
, . . , t X
vNTIKA KaTeuBuvon Tou dfova eivar y = Anp2m T +X :
v. AUo onpcia Tou gAdoTikoU péoou Ta oTroid TaAavTwvovTdl 0g oUHQWVid edong

améxouv pHetall Toug amdoTaon ion pe aképaio TOAAATTAGOIO TOU HAKOUG KUUATOC.
8. 270 €AdoTIkG péaov dnuioupyoUvTal "TTUKvpara” kar “apaiwpara”.

2.42. Kard pAKo¢ yYpapuikoU opoyevoUC €AAOTIKOU HEOOU TO OTIOIO €KTEiveTal aTh
d1eUBuvon Tou afova x'x di1adideTal eykdpaio appovike KUKA, HAKOUG KUMAToG A, KaTtd
Tn OeTIkA KaTeVBUvan. Ocwpolpe apxh Tou daova To onpeio O Tou eAdcTIKOU HETOU TO
omoio Th XpovikA oTiyuA t = O apxilel va ekTeAei apeiwtn TaAdvrwon pe eiowon
y = Anuwt. O1 pdoei¢ TnG TaAdvTwong dUo onpeiwv M kair N Tou eAaoTikoU pégou, Thv
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, , . 207 27 ,
id1a XPOVIKA OTIVUA, €ival ¢, ZTKGI Py = R avrioToixd.

Me 1010 K TTo1ad ATTO T TTAPAKATW CUHQWVEITE N dIAQYWVEITE KAl YIATI;
, . . , t X
a. H egiowon mou mepiypdgel To KUpA gival y = Anp2m ?JFX )

Pp. To kUpa diadideTal pe kareVBuvan amoéd To onpeio M mpog To onpeio N.

y. Ta onpeia M, N améxouv petall Toug amoéoTaon h omoia civalr aképaio ToAAa-

TAAG10 TOU HAKOUG KUKATOG A.

O. To OTIYHIOTUTIO TOU KUUATOC deiXVel Th XWPIKA TTEPI0dIKOTNTA TToU Ttdpouaidlel

TO €AAOTIKO PEOOV.
2.43. Kard pnkoc ypappikoU opdoyevoUg eAaoTikoU péoou d1adideTal eykdpaio dpHoVIKO
KUHa, HAKOUC KUPATOC A, KaTd ThV dpvnTIKA KateUBuvon. Ocwpolpe apxh Tou dova
éva anpeio O Tou eAdoTikoU péadou, To oTroio T Xpovikh oTiyuA t = O apxilel va ekTe-
Aei apeiwTn TaAdvTwon pe e€iowon y = Anpwt.

O1 pdoeic Tng TaAdavTwaong dUo anpeiwv K, N Tou gAaaTikoU péagou, Tnv idia XpoVvikA

157

. hY/4 ,
oTIVHA, ival ¢, :T Kai @, :7, avTtioToixd.
Me Tro10 ® TTo1ad aTté T TAPAKATW CUHQWVEITE N dIAQYWVEITE KAl YIATI;
, . . . t X
a. H egiowon mou mepiypdgel To KUpA gival y = Anp2m ?er )

p. To kOpa diadideTar ye karewBuvan améd To onpeio N mpog To onpeio K.
y. Ta onueia K kar N améxouv petal Toug améaTach h omoia gival TepITTO ToAAG-

, A
TTAdCI0 TOU 5'
3. ZTn ypagikn mapdotacn Tng efiowong Tou KUHATOG Y = Anu2n(%+/\), OTToV

X , , , . .
A= e oTad., d1amIoTWVOULE Th XPOVIKA TTePIodIKOTNTA TToU Ttapouaidlel n kivhon

€VOG onpeiou Tou eAacTIKoU HéEooU.
2.44 . Katd pnkoc¢ ypappikoU opoyevoUg eAdaTikoU péoou, To oTroio €xel Th dieUBuvan
Tou da€ova x'x, d1adideTal eYKApOIo APHOVIKO KUpa, HAKoug kuuatog A = 20 ¢m, Tipog
Tn dpvnTIKA KaTteVBuvon Tou dova. H amopdkpuvaon evag onpeiovu O, To omoio Bew-
poupe wg apxh Tou afova, divetar amd Tnv eiowaon y = 2nu20mt (y oe cm, t o€ s).

Me Tro10 K Tto1ad aTté TA TAPAKATW CUHQWVEITE R dIAQYWVEITE Kal yIaATI;

a. H egiowon Tou KUparog eivar y = 2nu2n(10‘r +%) (x,y oe cm, t og s).
p. H diapopd pdong &4 - g petall Twv Tahavrwoewy dUo onuciwv A (40 cm) kai

B (- 40 ¢cm), Tnv idia XpoVIkA oTiyuR, ivar 8.

y. H Taxitnta TaAdvtwong Tou onpeiou B Tn Xxpovikh oTmiyun t = 3 s civai

V = —aom EM
S

0. H taxurtnrta d1adoong Tou KUPATOC €ivar U =2 %
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2.45. >ta mapamAeUpw¢ oxhAuarta divo- 3

vral Tpia d1adoxIkd OTIYHIOTUTIA €VOC - .

YKApPOIoU dppovikoU KUpaTtog, mepitodou T A i<—>»—§—>i 1)

Kdl HAKOUC KUPAToC A, To otroio diadideTal

0¢ YPAUHIKO OHOYEVEC €AAOTIKO HETOV o) N ‘

mpo¢ Tn OeTikA KatevBuvon Tou dfova \ "X
-A

x'X.
Me Tro10 N TTola amd Ta TAPAKATW OUW-
QwveiTe N d1dQWVEITE KAl YIATI;
a. To omiymétumo (2) avTtioToixei oth @)

, , T t
XPOVIKN OTIYUN 1, = R \ /\ /\
p. To omiymotumo (3) avrigToixei ath > X
XPOVIKA oTiyun t, = T. \/ \/
Y. X710 oTmiymotumo (1) o1 taxutnrteg
NG TaAdvtwong Twv onpeiwv M kar N

I @3
givar avtiotoixa V = wA kai V, = —wA. t
8. Z7o oTiypiétuto (3) ol emiTaxUuvoeig A
\/ )

Twv onpeiwv I kar A eivar avtioToixa
a, =-w’A kai a, =0.

2.46. Kard pnkog ypappikoU opoyevoUC €AdoTIKoU HEOOU, TO OTOIO €KTEIVETAI OTH
d1eUBuvon Tou aova x'x, d1adideTal eykApalo apHoVIKO KUHA To OTroio TTeplypd@eTal amo

Tnv efiowon y = 4mm(10‘r - %) (x,y oe cm, T o¢ s).

Me 1010 A Tro1a aTé TA TAPAKATW CUHQWVEITE R O1dQWVEITE Kal YIATi;

a. To kUpa d1adideTal TPog TNV dpvNnTIKA KaTeVBuvon Tou dfova x'x.

BP. To mAGTOC TOU KUMATOC cival 4 cm Kai h Tepiodog Tou 0,2 s

v. To pAkog Kupatog civar 20 cm kai h TaxUthTa 8iddoong 1 m/s.

8. H taxuTtnta tng TaAdvTwaong Tou ongeiou Tou €AAOTIKOU HETOU HE OUVTETAYHEVN
x = 20 cm Th XpovikA oTIYyuh T = 2,5 s, civar V = 401 cm/s.
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2.47. Z71o0 dimAavo oxnpa @aiverar éva OTIYHIOTUTIO
EYKAPOIOU dpHovikoU KUWAToG. Av n ouxvoTnTd TnG
TNYAC TIOU To Tradpdyel ATAv HeyaAUTephn, n amoéaTaon
AN Ba Atav 3

a. peyaAuTtepn.

p. idia.

Y. HIKpOTEPN.

Na emiAé€eTe TN OWOTA amdvTnon Kai va Th dikaio-

AOYAOETE.

2.48. Kard pnkoc ypappikoU opoyevoUg eAaoTikoU péoou 81adideTal TTpog TV dpvnTIKA
kaTeVBuvon, eykdpoio appovikd kUpa. Avo onpeia K kai A Tou eAaoTikoU péaou pPpiokovTai

oTo BeTiIkO nuiaova Ox kai ol doeIc ThG TAAGVTWONG Toug, TNV idia XPOVIKA OTIVUA givai

157 S , , . , s , .
— Kai B avtioToixa. TTolo améd Ta dUo onpeia autd PpiokeTal o kovtd atnv apxh O;

2

AZKHZEIZ - TTPOBAHMATA

2.49. Kartd pnko¢ ypappikoU opoyevoU¢ eAacTikoU péoou 81adideTal, Katd Th OETIKA Ka-

TeUBULVON, nuITovoeldég KUpa ouxvotTnTag f = 500 Hz, pe TaxuTnTa U = 1000% Kal TAd-

To¢ A=5cm.
a. Na umoAoyioeTe
i) TO HAKOG KUMATOC.
i) TV Tepiodo Kal TNV KUKAIKA ouxvoTnTa ThG TaAdvTwong €vog Hopiou Tou

eAaoTIKoU péoou.

B. Na ypdyete Tnv e€iowaon Tou KUPATOC.

H mnyA Tou kOuatog Ppioketal athv apxh O Tou dfova x'x Kal T XPOVIKA OTIyUA
t =0 yia Tnv tnyn divetar 6T y =0,V > 0.

[AT. (@) D)2 m i) 2-10%s, 1000z "% (p)y = 0,05nu2m(500t - 0,5x) (ST)]
S

2.50. Mia mnyn O mou Ppioketal ath Béon x = O Tou dfova x'x apxilel Th oTIYUA
t = 0 va ekTeAei amAn appoviki TaAdvTwon, pe e€iowan y = 0,04np4mt (SI). To mapa-

yopevo kupa d1adideTal katd Th BeTIKA KaTeBuvon Tou aova pe TaxuTnTa u = 50 s

a. Na utroAoyigeTe To HAKOG KUPATOC TOU dpHOVIKOU KUMATOG.

B. Na ypdyete Tnv e€iowan Tou KUKATOC.

y. TToia xpovikA oTiyun Ba apxioel va Kiveital éva onpeio M Tou d€ova x'x Tou ppi-
okeTal oth Béon x = 500 m;
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8. Tn xpovikn oTiyun T = 20 s, va Ppeite yia To anpeio M
i) TNV amopdKpuvan Tou y amoé Th Béaon 10oppoTiag Tou.
i) Thv TaXUTNTA TOU.
iii) ThV EMITAXUVOH TOU.

[AT. (a) 25 m (ﬁ)y:0,04nu2n(2t—%j(81) ()10 s (3))0 ii) 0167 ™ iii)0]
S

2.51. H efiowon ypappikoU appovikoU KUparog givar y = 0,1-nu2m(2t -0,1x) (SI).
Na ppcite

a. Thv TaxiTnTa Tou KUKATog.

BP. Tnv améoTacn dUo ohpeiwv Ta oToia KATold XPOVIKA OTIYHA €xouv peTall Toug

.. 3n
dlagpopd pdong B
Y. Th diapopd @dong evog onueiou HETAEU TWV XPOVIKWY OTIVHWY 7, =20 sKai

t,=25s. [ATt. (a) 20? (B)7.5m (v) 20 7 rad)

2.52. Mia nyn O apxilel va ekTeAei, T oTiypn t = 0, amAR aplovikA TaAdvTwaon pe
e€iowon y = 0,08numt (SI). To mapayopevo kUpa d1adideTal katd Tn BETIKA KATEUOUV-

. . m
on Tou d€ova x'x pe TaxuThTa U =2 —.
s

a. Na ppeite Tnv Ttepiodo, TN ouXvOTNTA KAl TO HAKOG KUHATOG.

p. Na ypdyete Tnv €€iowan Tou KUKATOG.

v. Na ypdyete Tic e§iowoeic mou divouv Tnv TaxUTnTa TaAdvTwong Kai Thv emiTd-
XUvon gg guvdpTnon Pe To Xpovo via éva anpeio M ou PpiokeTal otn Béon x =2 m.
0. Na mapaotnosTe ypagikd Tn 9don & Tng TaAdvtwong via Ta didgopa onyeia Tou
nmdaéova Ox, oe ouvdpTnon Pe Th CUVTETAYHEVN X, Th XPOVIKA oTIyuR T = 5 s.

[AT. (a) 25,05 Hz, 4 m (p) y =0,08np2m(0,51 —0,25x) (v)

V =0,08mouv2m(0,5t - 0,5), (8) @ = 51 - 0,57x (6Aa o1o S.I.)]

2.53. Huitovoe1dég kupa di1adidetar katd tn OeTikA KaTeVBuvon Tou dova x'x ot
YPAUUIKO OpOoYEVEC €AAOTIKO HEooV Kal €Xel HAKOG KUpaTog A = 24 m. H efiowon dovh-

, , , , . , 21 .
0ew¢ TNG TNYAG n omoia PpiokeTal atnv apxh O Tou dfova eivary = Anu?‘r. Kamoia
XPOVIKA aTiyuh T 8Uo UAIKA onpeia M, N Ta omoia pPpiokovTtal Tdvw otov d§ova £xouv

, , St 207
avrtioToixa 9doeig o, ~ Kar ¢, = ——.

a. Na amodeifete 011 To KUpa d1adideTal pe kaTeUBuvon améd To onpeio N pog To M.
p. Na umoAoyioeTe Tnv améotacn MN. [Am. (B) 70 m]
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2.54. Eva nuitovoeidéc kUpa d1adideTal Tpog TNV apvnTikA KaTeVBuvon Tou dfova x'x
Kal €xel Ta €€AC XapakTnpIoTIKA: 4=0,05m, A =0,8m, f =4 Hz. Na ypayete Tnv £€i-
owan Tou KUHAToG o KAOe Hia amod TI¢ TApakdTw TEPITTWOEIG:

a. 2tnBéonx=0,viat =0 eivary = O ka1 V> 0.

p. ZnBéonx=01myiat=0civary=0ka V>O0.

[A. (@) y=0,05nu2n(4t+1,25x)(SI) (B) y= 0,05nu2n[4t +1,25x + %) (8I)]

2.55. TTnyn kOpatog O, n omoia PpiokeTal oThV dpxn Tou dova X X, Th XPOVIKNA OTIy-
R t = O apxiCer va ekTeAei amAn appovikn TaAdvtwon pe efiowon: y = 0,04npot
(8.1.). TTavw oTov BeTik6 nuid€ova Ox Ppiokovrar dUo onueia K kar A Tou gAacTikoU
péoou, Ta omoia améxouv amoé Thv apxh O amootdoeic Xy = 24 cm kai X4= 36 ¢cm, a-
vTioToixa. Katd tn xpoviki aTiyun #= 0,15 s 1o KUua @Tdvel ato onpeio K kai thv idia
OTIVYHA n @don Tng TaAdvtwong Tnhg Thyng O civar ¢ = 6.

a. Na umroAoyioeTe To TAdTOC, Th TTEPiodo Kal TO PAKOG KUKATOG TOoU KUHATOG.

B. Na ypdyete Tnv e€iowan Tou KUPATOC.

y. TToia onueia Tou euBUypappou TuARHaTog KA Ppiokovtal oc avTiBeon ¢dong pe Thy

mnyn O Twv KUPATWV;

0. Na oxedidoeTe, ge ouvdpTnon e To XpOvo, ThV aTopdkpuvaon amo Th B£aon 100ppoTri-

ag, TnG TaAdvTwaong Tou onpeiou A.

€. Na oxedidoeTe To GTIYHIOTUTIO TOU KUUAToG Th Xpovikh oTiyun t = 0,15 s,

2.56. Aivetal To appovikéd kUpa pe e€iowon y = 0,08 (30t —0,24x +m) (SI).
a. Na umoAoyioeTe
i) Thv TaxUTNTA Tou KUKATOG.
i) TN HEYIOTN TAXUTNTA TAAAVTWONG £VOC ONHEIOU TOU €AAOTIKOU HETOU.
Bp. Na umoAoyiogeTe Tnv TaxuTnTa TG TaAdvtwong, Th oTiydn t = 0, evdc onpeiou Tou
eAdoTIKOU PEoou TTou PpiokeTal oTh Béon x = 25m/3 m.
vy. Na umoAoyioeTe Tnv TaxuTnTa TnG TaAdvtwong, Th oTiypun t = 0,1 s, evdg onpei-
0V Tou £AaoTIKoU Héaou Trou PpiokeTal oth Oéan x = 50T m.

[Am. (@) i) 1252 iiyv. =24" P)v=—24" ()r=24"]
S S S S

2.57. Eva nuitovoeidéc kUpa di1adidetal mpog Th OeTIKA KaTeUBuvon Tou daova x'x
Kal £xel mTAATo¢ A4 =0,1m, pyhAkog KupaTtog A = 0,4 m kai ouxvétnta f = 4 Hz H mhyn
ToU KUuarto¢ PpiokeTar athv apxhh O Tou d€ova. MNa t = 0, otn Béon x = O n amoud-
kpuvon eivary = 0,1 m.

a. Na umroAoyioeTe

i) TOV KUHATIKG apiOpo k = 2%
i) Thv TEPiodo Kal ThV KUKAIKA ouxXvoTnTA TOU KUKHATOC.
iii) Tnv Taxutnta diddoong Tou KUKATOG.
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p. Na mpoadiopioeTe Thv apXIKA @don Tou KUUATOC Kal va ypdyeTe Tnv efiowan Tou
KUHATOG.

[AT. (a) i) 5 m i) is, s7 7% iy 1.6 (p) g yzo,mﬂzﬂ[m-z,sx&j (ST)]
) )

2.58. TInyn mapaywyn¢ huitovoeidwy Kupdtwy PpiokeTar othv apxhi O opoyevoug
X0pdAC peydAou phkouc. H e€iowaon doviicewc Tou onpeiou O eival y=4-10"2nulOnt
(SI) kai To mapayopevo KUUa d1adideTal Katd Th OeTIKA KaTeuBuvan. To PAKOC KUWa-
To¢ civai 0,8 m.

a. TTéon cival n TaxutnTa diddoong Tou KUKATOC;

B. Na ypdyete Tnv e€iowan Tou KUKATOC.

y. TTéon civar n amopdkpuvon amé Th O&on 100ppomidC Tou, Th XPOVIKA OTIYHA

t=125s €vo¢ onueiou TG Xopdn¢ To omoio améxel amd thv mnynh O amdéortaon

x=4m. [AT. (a) 4 () y=4-102nu2n(5t—1,25x)(SI) (y) 4-107m]
S

2.59. Kard pnkoc¢ piag tevrtwpévng xopdhe Ox 81adideTal appoviko KUpa mpog Th Oe-
TIKA KaTeWBuvaon, pe Taxutnta 1 m/s Z1ic ©éocic 1 m, 1,5 mkai 2 m civai Ta onpeia K,
A kai M avrigToixa. H e€iowon kivnong Tou onpeiou A eivar y =0,027u(107t) (S.1.).

Na ypdyeTe Ti¢ €€10Wwoeig Kivhong yia Ta onpeia K kar M.
[AT y, =0,02770(1071 +57), y,, =0,0251(107t = 57) (S.1) ]

2.60. Aidunkec appoviko KUpa Siatpéxel éva eAaTApio pAKouC 5 m o xpovo 2 s. Av
TOo MAATOC TNG TAAAvTWONG gival 2 mm Kal h améoTaon £vo¢ TUKVWHATOC Kal TOU €TO-
gevou apaiwparoc civar 10 ¢m, va umoAoyioeTe Tnv evépyela TAAAvTWONG TOU avTi-
oToixei og KABe oTeipa Tou eAathpiou. AivovTar: o apiBué¢ Twv oTEIpWY Tou eAaTnpi-

ou N = 1000 kai n ypapuikh TUKVOTNTA W :%: 4g/m. [Am. 25107 J]

2.61. Kard pnkoc¢ ypappikoU opoyevoug €AadTikoU péoou diadideTal mpo¢ Th OeTIKA
KaTeUBuvan Tou dfova x'x eykdpalo NUITOVOEIdEC KUKA He TTAATOC A = 4 cm, WAKOG KU-

pato¢ A = 20 ¢m kai TaxuTthTa v 2 Tn xpovikh oTiygh t = O To kKOpa @Bdvel oTo
S

onpgio O, apxh Tou dfova x'x. Tia To onueio O divetar OTI Th XPOVIKA OTIYHA
t = 0 diépxeTal amo Tnh Oéan 100ppoTiAC ToU KIVOUHEVO KATA ThV dpVNTIKA gopd.
a. Na ypdyete Tnv efiowon Tng amoudkpuvong Tou onueiou O ge ouvdpTnon He To
Xpovo.
B. Na ypayete Tnv efiowon Tng amopdkpuvong evog onpeio A Tou €AacTikoU péoou
To omoio £xel auvteTaypévn x = 15 cm, ge ouvdpThon pe To XpPOvo.

Y. Na oxedidoeTe Th Hop@h Tou eAaaTikoU péoou, de€id Tou anpeiou O, TIC XPOVIKEC

, T 3T 5T
OTIYHEG: 0, —, T, —, 2T, —.
YHEG > 5 >

[AT. (@) y=4nu20nt+m) (P) y= 4nu(20nt —gj (yoecm, toes) ]
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2.62. To dakpo O ypappikoU opoyevoUg eAaaTikoU péoou apxilel, Tn oTiyun t = 0, va
eKkTeAEl apeiwTn appovikA TaAdvTwon pe e€iowon y =10nu20nt (f oe s, y oe cm), omo-
Te d1adideTal, katd pAkog Tou nuiaova Ox, KUKa e TaxuTnta v =1 ?

a. TTéoo cival To HRKoG KUUATOC;

p. TTote apxiCer va TahavtwveTal éva onueio M Tou €AdoTIKOU HETOU TO OTTOIO ATTEXE!
amé Thv mhyn O améotaon X = 2 m;

v. Na ypdyete Thv €€iowon Tng amopdkpuvong Tou anueiou M Kai va utoAoyioeTe Thv
TIMA TNG TN XPOVIKA oTiyuh 1 = 5,625 s Tloia €ival h TIgA TG @dong Tou onpeiou M
TNV TApamdvw XPOVIKA OTIYUA;

8. TTéoo améxer amd 710 onueio M, éva onueio N To omoio Tnv idla XPOVIKA OTIVHA

(t1=5,625 s) éxel pdon oy = 727”2?7:; Kartd moia gopd d1adideTal To KUUA;

€. Na mapaoThoeTe ypagikd Tn peTaPoAn ThG @dong Tou onpeiou M o€ ocuvdpThon He To
xpovo. [Am. (@) 01 m (BP) 2 s (v) yy =10nu2n(10t—20) (toes, y oecm), 10 cm,

Py :72n+§, €)] &m amé 1o N mpog 1o M]

2.63. Oswpolpe onueiaknh tnyn O Tapaywyng KUPATWY ThG OTroidg n amopdkpuvon
amé Tn Béan 10oppoTiag diverar amé Tnv e§iowon y =2nu(2m-t+¢) (toe s, y oe cm).
H minyn O PppiokeTtal oth Béon x = O kal apxiel va TAAQVTWVETAI TN XPOVIKA OTIYHA

t= —%, omou T n mepiodo¢ TaAAvTWONG TnG. Tn xpovikA aTiyun t = O n Tnyn PppiokeTal

oTn péyioTh BeTIKA amopdkpuvan amd Tn ©éan 1coppomiac Tng. OTav n nyn mepvdel
améd Tn Oéan 100ppoTiag TNG yid TPITh Yopd HeETA Tn XpoVvikA aTiyuh t = O, To KUUa Tou
TapdyeTal amd auThv €xel peTatomiotei kata d = 25 em.

a. Na ppeite Tn ywvia ¢.

B. Na ypayete Tnv e§iowon Tou KUpaTog Tou d1adideTal KATd PAKOC Tou dova x'x Tou
eAaaTIkoU péaou, pe apxh O Tn B€on TnG TNYAC Kai Ttpo¢ Th BeTIKA Yopd.

v. Na ypdayete Ti¢ €€1owaeic mou divouv TRV TaxUTnTa TN TAAAVTWONG KAl ThV €TTITA-
Xuvon gg ouvdpTtnon He To XPOVo, yid évd HOPIO TOU €AdOTIKOU HEOOU TTou PpiokeTal
oth ©éon x = 10 em.

0. Na mapaoTnoeTe ypagikd Tn @don @ TnG TaAdvtwong via Ta didgopa onyeia Tou n-
malova Ox, g ouvdpTnon He Thv améoTaoh Tou¢ X amd thv mnyn O Th XPOVIKA OTIYUA
t=Hs

€. Na oxedidoeTe To OTIYHIOTUTTIO TOU KUPATOG Th XPOVIKA oTiyuh + =45 s

[ATt. (a) g ®) y= 2nu2n(t+%—2x—0j (t oe s, x,y oe cm)

(y) V = 4novv2n t—l (toes Voe an ), a=-8z’nulz t—l (t oe s, aoc E)]
4 4 2
N S
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2.64. T1a oxhuata gaivovtal 30o vpapikég Y (cm) )
TAPACTACEIC VI £YKAPOIO RUITOVOEISEC KU- ooy
Ha To omoio di1adideTal KATd HAKOG YPAHUI- /\ /\
KoU opoyevoUG €AdoTIKOU HEOOU, TPOG Th
OeTIKA KaTeVBuUvan Tou afova x'x. 5 10 15 20 % (em)
Oewpoupe w¢g dapxh x = O Tn pia drpn \/
TOU YpduHikoU €AdoTikoU péoou. Me Pdon -2 --mmmmmmmmmssdommmo oo
TIC TTANPOWYOPIEC TTOU TTAPEXOUV 01 YPAPIKES
napaotdoeic (I) kai (IT), va ppeite y (cm) (I
d. TO UAKOC KUHATOC KAl TNV TTEPIOOO TOU  2f--opmommmmmmmmmmmmsmmm e mmmmm oo
KUUarog. /\
p. Tnv Taxutnta 81ddoon¢ Tou KUKATOG. 0,4 08/ 12 Lo L. s)
y. Tnv eiowan Tou KUKATOG.
8. Tnv amopdkpuvon amd Th Oéon 100p- \/ \/
poTriag, TV TaxUTNTA TAAAVTWONG KAl TRV  ~2[ s

EMITAXUVON €VOC HOpioUu Tou €AAOTIKOU pé-
oou To omoio PpiokeTal otn Oéan x = 10 cm Tn xpovikh oTiyuR t = 0,8 s.
€. Na oxedidoeTe To OTIYHIOTUTTIO TOU KUPATOG KATd Th Xpovikh oTiyun t = 0,4 s.

[Am.a.10cm, 0,8 s (p) 12,5 om Y. y= 2nu2n(1,25t—%j (t oe s, y kal x o cm)
S

5.0, 512 0]
S

2.65. Huitovoeidéc eykdpoio KUpa mAAToug 4 =0,1m 81adideTal KaTd UAKOC Ypapi-
KoU opoyevoUC €AdOTIKOU HEOOU KATA Th BETIKA Ka- ¢ (rad)
TeWBuvon Tou dfova xx. H efiowon dovAcewg ThG ¢,
mnyh¢ O, Tou PpiokeTal oThv dpxh Tou dfova x'x,
gival y = Anuwt. 210 OXAUa diveTdl n ypd@IKA Ta-
pdoTtacn ThNG ®Aong Tou KUWATOC Ot ouvdpTnon e
TNV améoTaon X améd Tnv TNYA Th XPOVIKA OTIYHA T = >x (m)
2s.
a. Na pPpeite Tnv mepiodo Tou KUPATOC KAl TO HAKOG KUPATOG.
p. TTéon sivai n TaxutnTa d1ddoong Tou KUKATOG;
v. Na ypdyete Tnv €€iowan Tou KUKATOG.
9. Na ppeite yia Th Xpovikn oTiyuh t = 4 s kai yia éva onpeio K Tou eAaoTikoU pé-
oou To oroio améxel amé Tnv mnyn O améotaon x = 1 m,
i) TNV ATTOUAKPUVOR Tou amod Tn ©€an 100ppoTTiag Tou.
i) Thv TaxUTNTd TOU.
iii) TNV ETITAXUVOR Tou.
€. Na oxedidoeTe To OTIYHIOTUTTIO TOU KUPATOG Th XPOVIKA OTIYUAR T = 2 s.

[AM. (@)04s 04m (B) 12 (v) y=0,Inu2n(2,5t—2,5x) (SI)(3)i)0 ii) —0,51 2
S S

iii) 0]
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2.66. Eykdpaio appoviké KUpa 81adideTal KaTd HAKOG YPdHHIKoU opoyevoUs eAAoTIKoU
HEOToU TToU CUUTTITTTEN He Tov d€ova X "X, KaTd Tn OeTikA KaTeVBuvon. H thyn PpiokeTal
oth ©éon x = O kai apxilel va TahavTwveTal Tn Xpovikh aTiyun T = O ocUppwva pe Thv
eCiowon y = 4.10% nuwt (S.I). 1o didypappa diveTal h HeTAPOAR ThC 9AONC Tou KULA-
TOG 0€ ouvdPTNON HE Th TETUNHEVN X TWV ONHEiwY Tou €AAOTIKOU HETOU KATA Th XPOVI-
KA oTiyuh 1 = 1s.

a. Na ypdyete Thv efiowon Tou

KUHATOC. ® (rad)
p. Na 1o onpeio Tou €AdoTIKOU Wé- 107
oou Trou PpiokeTal oth Béon x = 4 m, va t=1s
TAPACTAOETE YPAYIKA 0 ouvdpThon HE TO
Xpovo,
1. Ttnv amopdkpuvon améd Tn Béon
I00pPOTTIAC TOU Kal 5 m .

2. Tn pdon TnG TaAdvTWONG Tou.

y. lia To onpeio Tou eAaoTIKOU Hé-
00U, TOU 0TToioU N @doh Th XpovikA oTiyuR t = 1,6 s cival 4 T rad, va TapaoTRoeTE
YPa@IKd Thv €MITAXUVON TOU 0€ ouvdpTnon He To Xpovo.

0. Na oxedidoeTe TO OTIYHIOTUTIO TOU KUMATOC TIC XpovikéC aTiypéc 0,6 s Kai
0,65 s. [AT.y = 4102 nu2n(5t - 0,5x) (S.I)]

2.67. Eykdpoio appoviké kopa Y (em)

O1adideTal KATA HAKOC YPAUHUI=  4lcepmommmmmmmmcememe e gt oo
KoU opoyevoug €AdoTIKoU HEToU
TOU OoUUTITTEl He Tov dfova

2 4 6
X' X, KATd Th BeTIKA KATEVOUV- x'(m)
on. H mnyn ppioketar atn ©éon
Qe N NN

x = 0 kai apxilel va TahavTw-
VETAI Th XpoVIKA oTiyun t = 0
oUdpwva pe Tnv efiowon y = 4.102 pp(wt + m) (S.I). ZTo0 didypaypa diveTar To OTIy-
HIOTUTTO TOU KUMATOC Th XpoVvikh oTiyun t = 0,6 s.

a. Na ypdyeTe Thv efiowon Tou KUPATOC.

p. Na mapaoThoeTe ypagikd oe ouvdpThon He TNV TETUNUEVN X Th @dAon Tou KUWa-
TOC Th XPOVIKA aTiyun t = 1's.

v. Na mapaotiosTe ypagikd oc ouvdpTnon He To XPOVO Th @doh TG TAAAVTWONG
EVOC onpeiou Tou €AAaTikoU Héoou, To omroio PpiokeTal ot Béon x = 8 m.

0. Na oxedidoeTe To OTIYHIOTUTIO TOU KUHATOC Th XpoVvikh aTiyun t = 0,7 s.
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2.68. H efiowon taAdvrwong tng apxnc O evog y (cm)
YPAuHIKoU €AdOTIKOU pEoou, To oToio TauTiCeTar pe T l=el
Tov npid€ova Ox, e ouvdpTnon He To Xpovo civai

_ 5 S , , . \xq R
y =4x10 77;1(1072’~t+?j (S.1). ZTo oxhpa Sivetal o T =t
TO OTIYHIOTUTIO TOU KUMATOG Th XpovikA oTiyun t = 0 _4__\_‘_\1 ________________________________
Katd Thv omoia To KUpa éxel d1adoOci o amoéoTaon

, , , 5
amo Tnv apxh O ion pe x, :5 m.

a. Na umroAoyioeTe To HAKOC KUKATOC KAl ThV TaxUTNTA TOU TTdpayopEVOU KUUATOG.

B. Na ypdyete Tnv e€iowaon Tou KUPATOC.

v. Na mapaoTthoeTe ypagikd Th ¢don TN TaAdvTwong Twyv ohpeiwy Tou huidova O,
oc ouvdpTnon He Th Béon X, KaTd Th XpoVvIKA oTiyuR = 1 s.

8. Na oxedidoeTe To OTIYHIOTUTIO TOU KUPATOC Th XpOoVIKA oTiyuh T = 13/12 s.

€. Na mapaoThoeTe ypa@ikd Tn @don TG TAAAVTWONG Tou Ohleiou ToUu €AddTIKOU
péoou, Tou PpiokeTal oTn Béon X = 29/3 m, o ouvdpThon e To Xpdvo.

[AT. 2 m, 10 m/s, y =4x107* 77,1127r[5t —0,5x+ %j (S.1)]

2.69. H e€iowon TaAdvtwong Tng apxhc O evog ypappikoU eAdcTIKoU HEOOU, TO OTTOIO

TauTieTal pe Tov nuid€ova Ox, age ouvdpTnon He To Xpovo civai y (em)

y=4x10"277,u(107r-t+5?ﬂj (S.1). 4 =0

270 oxAua GiveTal To OTIYHIGTUTIO TOU KUHATOG Th XPOVIKA OTIY- =
un t = 0 katd Tnv omoia To KUpa éxel 81adoOci e amoaTaon amo

X (m)

, , 2
Tnv apxh O ion pe x, :§m.

a. Na utmroAoyioeTe To HAKOG KUKATOC Kal ThV TaXUTNTA TOU TTdpayoHEVOU KUUATOG.
B. Na ypdyete Tnv e€iowan Tou KUPATOC.

v. Na mapaothoeTe ypagikd Th @don Tng TaAdvTwaong Twy ohpeiwv Tou npid§ova O,
o€ ouvdpTnon He Th Béan X, KATd Th XPOoVIKA oTIyuR t = 1 s.

0. Na oxed1doeTe To OTIYHIOTUTIO TOU KUUATOC Th XpoVIkA oTiyph T = 13/12 s.

€. Na mapaotnoeTe ypagikd th @don ThG TAAAvVTWONG TOU onpeiou Tou €AAaTIKOU
péoou, Tou PpiokeTal otn Béon x = 29/3 m, og ouvdpThon Pe To Xpdvo.

[AT. 2 m, 10 m/s, y =4x10~* 77/127r[5t —0,5x + %j (S.1)]

2.70. 'Eva onpcio O evdc opi{dvTiou ypappikoU eAacTikoU Hédou eKTeAEi TauToxXpova
dU0 KATAKOPUWEC apHoVIKEG TaAavTwaelg, yUpw amd Th Béon 1coppotiac Tou O, Tou
mepiypdgovTal anéd Tig e§iowoeig y, =0,lpu2xt kar y, =0, W3- ovov2nt (S.1).
a. Na amodcifete 611 Kivnon Tou onpeiou O dnpioupyei 0To EAAOTIKO HECO APHOVIKO
KUua.
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Bp. To kUpa mou mapdyetar d1adideTal mpog Th OcTIKA KaTeLBUvon Tou dfova XX, o
otroio¢ TauTi{eTal He TO €AAOTIKO HETO Kal €xel apxh To anpeio O. H TaxuTtnta d1d-
doong Tou KUparog cival 2 m/s. Na ypdyete Thv e€iowan Tou KUPATOG.

y. Abo onpeia K kai A ppiokovtai oTi¢c Béoeic +3 m Kai +8 m, avTioToixd. Av KAToId

XPOVIKA OTIYUA h 9don Tn¢ TaAdvTwaong Tou K eivai MT” Told gival n ¢don TnG Ta-
AdvTwong Tou anpeiou A Tnv idia oTIVUA;

[AT. a. Yoy = 0,277;1(27rt+§j (S1),p. y= 0,277,u27z£t—0,5x+éj (S.1),v. —%]

2.71. Z¢ éva onpcio O, aTthv €AelBepn ekTeTAUEVN eTIQAvEId VEPOU TIOU NPEUED, TTé-
@ToUuV He oTaBepd puBuod 120 otayéveg To Aemtd. Anpioupyeitar £Tol éva eTIQAVEIARO
dpHoOVIKO KUpa To oTroio BswpoUpe eykdpalo. To TAATo¢ TaAdvTwong The mhyng O cival
oTaBepo, ioo pe A. TTaparnpoUpe 0TI KATd pnko¢ piag aktivag diadoong Ox Tou KUUa-
To¢ axnhuatiCovral 6 diadoxIkd “épn" Ta omoia kaAUTTouv amdéotaon d = 2,5 m.

a. Na Ppeite Thv epiodo Tou KUPATOC KAl TO HAKOC KUHATOC.

p. TTéon sivai n TaxutnTa d1ddoong Tou KUKATOG;
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§2.3 ZYMBOAH KYMATAON

2uppoAn éxoupe dTav dUo R TrepIoaoTepa Kuparta diadidovTal Tautoxpova ato idlo eAa-
OTIKO HEDO.

H peAéTn TG oUPPOARG TWV KUPATWY YiveTal pe Th PorBeia Tng APXNC TNC €maA-
AnAiag, ocUpgwva pe Thv oToia n amopdkpuven VoG OhUEioU Tou eAAOTIKOU HETOU aTd
Th B€0n 100ppoTiag Tou, €ival ion pe To aAyePpiké dBpoioua TwWv ATOPAKPUVOEWY TTOU
Ba mpokahoUoe To kABe kupa {exwpiaTd aTo idio onpeio. AnAadn av yi Kai y2 €ivai ol
aAvePPIKEG TIHEC TWV ATTOHAKPUVOEWY TTIOU TTPOoKdAEi To KABe KUpa og éva onpeio Tou
eAaoTikoU péoou, TOTE N aTTOPAKPUVAN Tou onueiou autoU €€ aiTiac ThG OUUPOARG Twyv
300 kupdTwy Ba eival y = y1 + ya. (AvTioToixa 10XUel Kai yid TIG TAXUTNTEG (I7 =V, +I72)

Kal TIG emTaxOvoeig(a=a, +a,) ).
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2.1a dUo oxnhuara @aivetal n cuuPoAn dUo KUHATIKWY TtaApwy idlou TAdToug Trou d1adi-
dovTal 0¢ YPauUIKO €AdOTIKO Héoo ot avTiOeTeg kateuBuvoeig. TTapartnpeioTe OTI ol
O0Uo maApoi HETA Th oupPoAnR Toug ouvexiCouv va diathpoUv TNV dpXIKA TOUG Hopyn ad
va pn ouvavthenkav ToTE.

> ZYMBOAH KYMATSIN ZTHN ETTIZANEIA YIPOY

Ocwpolpe oTnv emipdveia evog uypoU dUo onuelakég mthyég TTy kar TTz kupdTwy idiag
ouxvoTntag pe pndevikA diagopd @dong ( Tétoleg mhyéc ovopdlovrar ZYFXPONEZ,
EVW av £xouv Xpovikd oTaBepnh diagopd pdong ovopdlovrar ZYMESINEL).

o1,
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Ocwpoupe OTI ol TNYEC eKTEAOUV appoVIKEC TaAavTwoelg idlou TTAATOUC TTou Treplypd-
povTal amd Tnv eiowon y = Anpwt.

‘Eotw E; éva onueio Thg emipdveidg Tou €AaoTikoU Héoou, To O0TIoio PpiokeTal oTh He-
ookdBeTo Tou TTiTT,. Emeidh o1 Vo mnyég cival o€ @don kKai Ta kKUUATd yid va ¢Tdoouv
oto E; diavUouv Thv idia amoéaTach aTov idio Xpdvo, 6Tav amod Th Hia TTNYA @TAVEl «O-
poc» Ba @Tdvel «6poc» Kal amd Thv dAAn, dpa oto anueio Ba dnpioupyeital 6pog Héyi-
oTou Uyoug 2A Kal avTioToixd, 0Tav amod Thv Hia mnyn gtdvel «koiAada» Oa @Tdavel Kai
amd Tnv dAAn «koiAdda», dpa oTo onueio Ba dnuioupyeital kKoiAdda péyioTou PABoug
2A. ZTnv mepimTwon auTth Aépe 6TI Ta KUPata cupPdAAouv evIOXUTIKA Kal n cUUPOAR
ovopdletar evioxuTiki. (To onpcio E; dev cival To povadikd onpeio Tou pégou oTo o-
Toio oupPaivel eviaxuTIKA ouUPoAR, dTTwe Ba doUpe Kal oTn ouvéXEld.) Z € KATTOI0 dAAO
onueio 6Tav amo TN Hia TNy @TAVEl «6p0oC» Kal amod Thv dAAn «kolAdda», TTe oTo Oon-
Heio autd ouppaivel avaipeon kair To onpeio mapapével akivnto. H ouppoAn Twyv dUo
KUHATWY auTwv AfyeTdl avaipeTikn | arooPeoTikA. 2 dAAa onpeia Tou €AaoTiKoU pé-
oou, TTou dev TapATnpEiTal eviaxuon K amooPpeon Ba Eéxoupe TAAAVTWOEIC e TTAATN He-
Tall Tou péyioTou 2A Kai Tou gAdaxiaTtou O.

Ma va ppolue Thv efiowon TaAdvtwaong Twy diagoépwy cnpeiwy Tou eAdoTikoU péoou
epappoloupe Thv dpxh ThG emaAAnAiag. Emiong Bswpolpe 6T To TAATOC TAAAvTWwONG
€€ aiTiac Tng KAOe TTNYAG o€ KABe anpeiou Tou pEoou cival oTabepod Kai ioo pe A.

‘EoTtw Z TUuxaio onueio, To oToio améxel amd TiI¢ thyég TT1 kai TTz amooTdoeig ry Kai ro,
avTioToiXd. ZTo X To KUUa Tou @Tdvel amd Thv nyh TTq éxer e€iowan

i . . , , . .
v =A-nulr T Kal To KUUa Tou @Tdvel amo Thy mnyh Tz éxel e€iowon

Vv, = A~77,u27r(%—%) lMa Tnv TaAdvtwon Tou Z Ba 1oxVel Y = y1 + Y. AvTIkaBioToUpE

t t r
=A|nu2r| ——-L |+nulr| ——-=2 2.10
y {Wt (T /1] nu (T iﬂ (2.10)
H aykUAn mepiéxel éva dBpoiopa nUITOVWY, TO OToio peTaoxnpati{eTal o YivOUEVO
. , , A-B A+B
oUdeWva PE TV TPIYWVOUETPIKA TAUTOTNTA: nuA+nuB =2ocvv 5 nu >
Epappoloupe Tnv TautétnTa otnv e€iowon 2.10 kar maipvoupe:
2z %—FI -2z /7?—’3 ol L_lilio L2
A A T 2 T 2
y=A4-2ovv ‘MU =
2 2
271'(7” —”) t rn+r
=24dovv— 2 Y. p2z| ——1 2 2.11
4 YO (T 27 j (2.11)

ATo Tnv 2.11 maparnpoUpe OTI 0 CUVNUITOVIKOC TTapdyovTag sival avedpTnTog amod To
Xpovo 1, aAAd e€apTdTal amd Th B£on Tou onpeiou X, evl) 0 NUITOVIKOC TTApdyovTag
TEPIEXEI Th 9don ThG TAAAVTWONG TOU Z, N oToid €KTOC amo To Xpovo T e€apTtdrail Kai
amd Th Oéon Tou ohpeiou (OTTWG akpIPWe ae éva TpEXoV KUKQ).
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MTmopoUpe emopévwe va ypdyoupe Tnv 2.11 otn Hopon yZA'-nﬂzﬁ(%—rﬁ—%) oToV

24
' 27[(}’2 —l’i) ’ . 3
A'=2Aocvv———= . Ovopdloupe TAATOC TNG TAAAvTWONG TO
2 —

1] = 2400y 222 1) (2.12)
TTpogavuig givar 0<|A'|<2A4.
» ZYNOHKH ENIZXYTIKHY YMBOAHZ
|4..|=24| 6Tav

- 2 — —
JuvM=lz>o-uvM:i1:>M=k>&:>rl—rzzkﬁ ue kEZ ﬂ
24 72
|r1—r2|=nﬂ,, ue n=0,1,2... (2.13)

> ZYNOHKH ANAIPETIKHZ >YMBOAHZ

|4..,| =0| 6Tav GUV—27r(r2—rl) =0:>60V—2ﬂ(r2_r1)=0:>—%(r2_r1)=k>&+z:>
24 22 ZA 2
A A , A
r—r=kA+==r—-r=(2k+1)=, keZ Q ||n—n|=(2n+1)=, pue n=0,12... (2.14)
1 2 2 1 2 2 2

Emopévwe Ta onpeia Tou eAdoTikoU HEOOU TWV oToiwy N d1dPopd ATTOOTACEWY ATIO TIC
0Uo mnyég cival aképaio ToAAATAATI0 TOU HAKOUG KUUATOG, TaAavTwvovTdl HE HEYIOTO
TAdToG¢ 2A (eVIOXUTIKA OUPPOAR), eV Ta onyeia Tou €AdoTikoU HECOU TWV OTOIWV h
dlagpopd amooTdoswy amo TIGC OUO TNYEC €ival TTePITTO TTOAAATTAGOIO TOU HIoOU HAKOUG
KUpaTo¢ mapapévouv akivnra (avaipeTikh cUUPOAR).

> KPOZZOI ZYMBOAHZ

Av oTn axéon 2.13 dwaoupe opiopévn TIUA 0TO UOIKG apIBUd N, TOTE TTPOKUTITE! OTI

i —n|=0tab. (X ri-rz = +3A). H oxéon auth eivar £vag YEWHETPIKGG TOTOG, TOU
dnAwvel 0TI 6Aa Ta ohpeia ou Thv emaAnBelouv aviikouv ot T6o YTTEPBOAHZ, mou
ovopdletar KPOZZOZ ENIZXYTIKHZ ZYMBOAHZ.

Ouoiwg, av otn axéon 2.14 dwaoupe opigpévn TIUA OTO QUOIKO h, TOTE TIPOKUTITEI OTI

i —n|=0tab. (X -1, = J_r7§). OAa Ta onyeia mou Thv emaAnBelouv avAkouv g T6-

€o YTTEPBOAHZ, mou ovopdletal KPOZZOX ANAIPETIKHZ ZYMBOAHZ.
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\ k=-3

k=0 k=+3

I

I

2.nyeia Tng emgdveldg Tou uypoU Tou etaAnBelouv Th oxéon |r1 —r2| =3/, avAkouv oTou¢ 3Uo KAASou¢

TNG UTTEPPOAAC, TWV OTIOIWY o1 £0Tie¢ gival o1 Thyég TTy kai TT,.
H peookdBeToc Tou TTiTT, €ival 0 Kpooodg eVIoXUTIKAG oUPPoAnG pe k =0.

ZXO0A10: ATO TIC e€iowaoeic 2.13 kai 2.14 tapatnpoUue OTI TNV EVICXUTIKA CUUPOAR Ta
dUo KUuata @Tdvouv gt cupgwvia gdong (dec Tn oxéon 2.2.1), evw oThvV avaipeTIKA
ouppoAn Ta dUo KUpaTa eTdvouv oe avTiBeon pdong (8¢ Tn oxéon 2.2.2).

Tlapc’x6e|yua 2.7. Ao oUYXPOVEC TNYEC dpHovikWwy kKupatwy TT; kai TTz, dnpi-
ouUpyoUvV oTnv emipdvela €vog uypoU Kuparta idiou mAdtoug 0,5 cm kai ouxvoTnTag
5 Hz. H taxurtnta 81ddoong Twv KUpdTwy oThv £migdvelda Tou uypoU civar 40 cm/s.
‘Eva pikpd KoppdTi peAAoU PpiokeTal o€ onpeio Z TG EMIPAVEIAS TOU UYpoU Kal aTréXEl
amé Ti¢ 8o mnyég TT; kai TT, amoaTdoeic 28 cm kai 44 cm, avTioToixa.

a. TToia givai n diapopd @dong petall Twv dUo KupdTwy, Tnv idla XPOVIKA GTIYUA OTO
2

p. TTéoo cival To TAdTOG TNG TAAdvTWONG Tou YeAAOU;

y. TTéoo civar n amopdkpuvan Tou @eAAol amd Th Oéan 100ppoTiaC ToU Tn XPOVIKA
oTiyunt=2,25s;

8. Kard pnkog Tou euBuypdupou TuAdaTog TTiTT, PpiokeTal éva deUTepo KOUPATI @EA-
AoU. TToia mpémel va eival n eAdx10Tn améoTach Tou @eAAoU amd To HéECO Tou suBu-
ypdppou TuApartog TTiTT2, woTe o eAAGC va Ttapapével d1ApKWCE akivnTog;

Auon

Aivovtat A= 05cm=510m,f=5Hz> T=0,2s,ri= 28 cm, r> = 44 cm kai
U=0,4 m/s. Ta To yAkog KUPaTog Twv 8U0 KUHATWY 10XVEl
A=0T = A1=0,4-0,2m= A =0,08m
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a. Ta dUo kUpata 6Tav eTavouv aTo Z TPokaAoUv TaAavTwaoelg He e€ioWaeiIg
t 0,28

=5.10" - mu2r| ——-=
i " (o,z 0,08
L_0,44
0,2 0,08

H Siapopd ¢dong eivar @, -, =(107t—77)— (107t -117) = O, —®, =4z . AnAadh Ta

j:yl =5-10" -77,u(107zt—77r) (S.1.)

y,=5-10" -77,u27z[ j:yz =5-10" -ngu(107t —117) (S.1.)

dUo kUpaTa @Tdvouv oc ouppwvia edong, dpa oTo onpeio autd Ba £XOUHE EVIOXUTIKA
oUHPOAA.
p. A6 Tnv e€iowon 2.12 éxoupe

27z (r, 1) 27(0,44-0,28)|

|4'|=24 m
2:0,08 |

oLV =|4)=2-5-107 -|ovv

|4'|=107 |ovv2z|=|4'|=107 m
y. Ao Tnv £€iowon 2.11 mou mepiypdger Th oUVOETH Kivhon Tou @eAAoU, HE avTIKATA-

oTaon

¢ 0,28+0,44 727 =225

=107 -oov2r-m2n| ————"— |=> y=10" qu| 107t —— | =
7 s [0,2 2.0,08 j 4 W( 8 J
y=107-nu(22,5z-97)= y =107 -pul3,57 = y=—10"m= y=—1 cm.
0. Na va mapapével akivntog o deUTEPOC YEAAOC TTPETTEl va IKAVOTIOIEITAI N OUVONKN
2.14, dnAadn mpémel

|r1—r2|=(2n+1)0’708 m, ue n=0,1,2...Q |rl—r2|=4(2n+l) cm, us n=0,1,2...

«— 0 e 5

v

Hl M (D HZ

—_ X —

Eivat :x+H§[2 ratn = lel'lz —x. Emopévwg |x+ lel/_lz/— Hfz/+x =4(2n+1) cm=
2|x| :(8n+4) cm:>|x| :(4n+2) cmn:>:0|x|mm =2cm=x_ =12 cm

AnAadi n ehaxiotn amoéoTaon améd 1o péco M eivar 2 cm Kai h ©éon Tou peAAoU pTTopEi
va eival 2 cm de€1d K apiaTepd Tou péoou M.
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v' T ouppaiver oTnv euBcia mou opilouv Ta TTy, TTz;
A. Eotw onpcio Z tng euBciag TTiTT,, €é€w améd To €ud. Tphua TTiTT, kar O To péoov
Tou TTiTT,. @ewpolpe To pégo O aav apxh Tou dova x x, o omoio¢ TauTi{eTal He ThV
euBcia TT1TT,, pe OeTikA wopd Tpog Ta dedid.

< r >
! «— 2 —»
Py ° r ] .—’
11, 0) I, z
< d >
X >

ATIO Ue To oxAua TpokUTTEl OTI |y - rz| = (TT4TT2) = d. Emiong 7, :x+% Kal 7, :x—%.

, , , 2 2
Me avTikatdotaoh otnv fiowon 2.11 éxoupe y = 2AO‘UV2L/{Z-T7/127Z'(%—§J =

y= 2Aauvﬂ7d~77y27z (%—%) TTapatnpoUpe OTI TPOKUTTEI KUKA, TOU OTTOioU To TTAATOC

|4'|=24 auv%d e€aptdTal and thv améotaon d petaly Twv dVo mnywv. Etol av
. ’ ”nﬁ/ i ’ ' .
d = nA, ToTe |4|=24|cvV 4 =|4'|=24|ovvnr|=|4|=24|t]|=|4| =24, dnAadh To

KUpa trou d1adideTal éxel TAAdTOC 2A. Av d =(2n+1)§, TéTE

T
UUV(I’UZ'-I—EJ‘ =

PpiokovTal oTov dfova x ' x ekTOC Tou €uB. TpApaTog TTiTT,, ival akivnra.

7r(2n+1)£

|4'|=24 ausz = |4]|=24 A

=0, dnAadn 6Aa Ta onpeia Tou

B. EoTtw onucio A tou ppioketal mdvw otov dfova x ' x kai petal Twyv mnywv T Kai
..

< 0 re 2 —»
. . . . >
I O A I,
X —»

Ta 0o Kkuparta mou dnpioupyolv ol Tnyéc diadidovTal ge avTiOeTeg KATEUOUVOEIC, €-
Topévwe ol e§10WaoeIg TTou Ta Treplypdg@ouy, e apxh Tou aova To onpeio O, cival
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V= A-szz(%—%j Kot y, = A-77,u27z(%+%j . 20ppwva pe Tnv dpxh Thg £emaAAnAiag

r x r x
=y +y, =>y=4 2r| —+— |+ 2w ——— | |=
Y=t =Y {77/1 (T /J nu (T ﬂ

A
2r %+x -2r %_x 2r t+§\ +2r t—%\
4.2 A A T T
=A-2ovv : =
y 5 nu 5
2
y=2A-ovv?-mu% 4] y:2A-0'UV%-77,ua)t (2.15)

TTapathpoUpe 4TI n @don TS TaAdvTwong Tou Tuxaiou onpeiou A, AEN e€aptdrar améd
Tn ©é0on Tou onpeiou A, eTtopévwe autod Tou meplypdyer n e€iowon 2.15 AEN pmopei va
gival kUpa. To ovopdloupe opwg ZTAZIMO KYMA pe Tov 0po «KUWa» va eival mpo-
PaAvwe KartaxphoTikog. TTepiypdeel appoviki TaAdvTwon ThG omroiag To TAdTog diagé-
pel amd onpeio oe anpeio, dAAd gival ouvdpThon Hovo ThG B€ong Tou onueiou auTou.
Zraoigo KUpa ovopdloupe To amoTéAeopa TnG ouppo-
ARG OUo Kupdtwyv idlou mAdToug, id1agc ouxvoeTnTAG
1ou d1adidovTal oTo id10 OHOYEVEC YPAHUIKO €AAOTIKO
Hégo pe avTiBeTn @opd.

Eme1dh Ta kUpara diadidovral oTo id10 EAAOTIKG HECO £XOUV i0eC KATA HETPO TAXUTNTEC
Kal emeIdn €Xouv Kal idia auxvoTnTa Ba £xouv Kai ioa HAKN KUUATOG.

2. T1doipo KUPa ptopei va dnpioupynOcei kai povo amoé pia wnyn, av To KUKA Tou dnpioup-
YEI QUTA n TTNYR avakAaoTei oe akAdovnTo eumodio K oTo eAeUOEPO AKPO HIAC TEVTWHE-
vh¢ Xopdne. (PAéTe ZTdoipo amd AvdkAaon)

27wx
ovy—|.
A

(2.16)

TuppoAifoupe pe |A”| To TAdTOG Tou oTdoipou. Eivai ||4'|=24-

ATO Tn oxéon 2.16 civai |A’|mm:0, orav ouvznTx:O:z%x:kn+g:>x:(2k+1)%,

k e Z Ta onyeia autd tapapévouv ouvexwe akivnta kai ovopdlovral deopoi Tou aTdaol-

Hou.

21X

Emiong amo tnv 2.16: |A'|  =2A, 6Tav ouvz%x =1:>T=kn:> X = k%, keZ.

Ta onueia autd TaAavTwvovTtal de péyioTo TAAToG Kal ovopdlovTal KolAieg Tou oTdal-
Hou.
2UVOTITIKA o1 B€0e1¢ Twy SeoUWY Kal TWV KOIAIWY avTiaToixd, divovTal amo TIC aX£0eIg

X, :(2k+1)% k (2.17)
=z (2.18)
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v AnooTtaon dUo d1adoxIKWV dETUWY.
Ma va umoAoyicoupe Thv améoTach HeTal dUo diadoxIKWy deopWy, apKei va dWooupe
oTov aképaio k dUo 81adoXIKEC TIMEG, TI.X. TIC TIHEC p Kal p+1. ATté Thv 2.17 Ba éxoupe
A

A A A A
X :[2(p+1)+1]Z-(2p+1)Z:>Ax6 :(2p+3-2p-1)Z:> Ax, =5 (2.19)

v Amootaon dUo 31adoxXIKWV KOIAIWY.
i nv amoéoTtaon peTall dUo diadoXIKWV KoIAIWY, apKei va dwaoupe
ov aképaio k dUo 81adoXIKEC TIHEC, TI.X. TIC TIHEC p Kal p+1. AT Thv 2.18 Ba éxoupe

A A A A
xk:(p+1)§-p§:>Axk:(p+1-1)—:> Axk=5 (2.20)

|>9.‘I=1
<

N

v' AnooTtaon petall deopol Kal TG emOpEVNC KolAiag.

(2]

O¢A Tou deopoU, mpémel dnAadn X« > X3, dpda
k%> (2n+1)%:> 2k>2n+1=k >n+%. lMa tnv apéowg emépevn Kolhia mpémel k=n+1
Apa Ax, ; :(n+1)%-(2n+1)%: Ax,; :(%+2-%-1)%:>

oyl (2.21)

(Tha Tnv améoTaon peTall KolAiag kai Tou eTToHEVOU deapol TTPETTEI

X5 > X, :>(2n+1)%>k%:>2n+1>2k:>k<n+%, emopévwe BéToupe k = n.)

Ta onyeia Tou gAaaTikoU péoou Tou emaAnBelouv Ti¢ 2.17 kai 2.18 n ©a mapapévouv

KivnTa i Ba TahavTwvovTtal pe péyioTto mAdrog. Ta umoAoima onpeia Oa TaAavTwvovral

pe TAGTN peTal 3
y

N
>

y

AN

o

>

.

7

A

N\
o

a

A\

N
>
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§2.4 Aiapopa paonc

ATIO TO OTIVHIOTUTIO TOU OTACIHOU TIPOKU-
TITEI OTI TA ONUEid ToUu PHETOU TTou Ppioko-
vral petall Vo diadoXIKWy Beopwyv é-
XOUV Thv idia oTIyPAR amopdkpuvon He TO
id10 aAyeppikd mpoonyo, dpa OTWCE TIpo-
KUTITEl Kal amd Thy e€iowan Tou oTdoipou
(oxéon 2.15) éxouv Thv idla @aon wt.

lMa Ta onycia mou pPpiokovral ekatépwOev
Tou idiou deopovl (8e€id kal apiaTepd) oe
amoéaTaon HiIkpdTePN amd A/2, Exouv KABe
OTIYHA aTopakpUVaeIC He avTiOeTo mpo-
ongo, dpa av yia To £va ongeio e€ivai

v, =24-

Y, =24-

27X
ovY ——
A

) RETAED O10O0YIKAV OECUDOV

y

auv%‘ nut , yid To dAho Ba givar y, =-24-

27rx‘
O'UVT nuwt =

nu(wt+ ), dnAadn Ta onpeia autd éxouv diagopd gdong .

Oév N .

Fevika: Xe éva oTtaoigo KUHa n diapopd @aong
peTall dUo omolodNmOTE onpeiwv Tou cival R HN-

Evépyeia oTo oTaocipo.
H evépyeia oe éva atdoipdo KUpa, OewpnTikd, cival «eykAwpiopévn» petall dUo diado-
XIKWV deopwy. Emopévwe oTo oTdoipo dev £XOUNE HETAPOPA EVEPYEIAC.
** Zrnv modén BéBaia, or deouoi Jev eivar TEAEIWS ariviTol, aAAd éoTw Kai Aiyo tadavrwvovrai, £Tor
WOTE va <mepvder» N EVEQYEIA yia va diaTnpEiTal aueiwTn N Taldviwon Twv onueiwy Tou péoou. AAMw-
OTE TO OTdoIIO KULA €ival €va TUTTIKO TTaodoElyLia ouVTOVIOUOU, OTToU N EVEPYEIA TIPOOYEPETAl amod THY
Inyr e To PEATIOTO TPOTO yia va avTioTaBuios! 1o WEYIOTo pUBLIG amwAeias Adyw diapdpwyv aiTiwv a-

mogpeonc.

Aiapopéc petall oTdoipgou Kai TpEXovroc KUHATOC.
1. H ¢don ato Tpéxov KUpa e€apTdTal amd Tn B£on Tou onpeiou, vy aTo oTACIHO N
diapopd @dong petall Twv onueiwv Tou péoou givar pndév \ .
2. 270 TPpéXOV KUMA n @don petaTtomileTal ge Tnv TaxuTnta diddoong Tou KUKUATOC,

EVW 0TO oTdoigo d¢ petaTtomileTal.

3. 270 TpéXOV KUUA €XOUHE HETAPOPA eVEPYEIAC KAl OPHUAC, EVW OTO OTAOIHO dgv
EXOUHE oUTE HETAPOPA eVEPYEIAG OUTE HETAPYOPA OPHAG.

4. Y70 TpéXoVv KUHA O0Aa Ta onpeia eKTeAOUV apUoOVIKEG TaAavTwaoelg TAATouG A,
EVW 0TO OTAOIMO To TAATOC TaAdvTwong peTaPpdAAetar amdé pndév otoug Oe-

opoUg, Héxp! 2A aTIC KolAigG.

2. Kouoidng
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Tlapc'tBeuyua 2.8. Kara HAKOC Tou idlou ypaupikoU €AdoTIKoU HEOOU Kdl TIPOG
avTiBeTec kareubuvaoeig, diadidovral Tautoxpova dUo eykdpaid dppovikd Kupara, Td

, , , , t X
omoia  TeplypdgovTal amé  TIC e€lowaoeic: y,=A- nuZH(? - X) Kai

Y, = A-nu2n(%+;j. ATO Th oudPpoAnR Twy dUO aUTWV KUPATWyY dnuioupyeital oTo €-

AaoTIKO HECO OTATIHO KUA.
lMa 1o ordoipgo kKUpa yvwpiloupe OTI
i. OUo diadoxikoi deopoi Tou améxouv HeTall Toug katd 20 cm.
ii. éva onueio Tou €AaOTIKOU péooU, TTou PpiokeTdl aTh Béon HiIag KolAidg eKTeAgi
appovikfn TahdvTwan ocuxvotntac 5 Hz kai mAdroug 8 cm.
a. Na e€etdoeTe av oth Béon x = O utdpxel deaudC A KolAia Tou oTdaoipou.
p. Na umoAoyioeTe Tnv TaxuTnta diadoong Twv dU0 APHOVIKWY KUHATWV.
v. Na ypdyete Tnv e€iowon Tou oTdaoipou.
8. Na axedidoete oToug idloug AEoveg Ta OTIYHIOTUTIA TOU OTACIHOU KATA TIC XPOVIKEG

, T ar o, , ,
OTIVHEG £, =0, 1, :E Kai t, :T' omou T n mepiodoC TWV KUHATWV.

Auon
ATO To dedopévo i. Exoupe OTI %= 20em=>A=40cm=>A1=0,4m.

ATtO 1o dedopévo ii. éxoupe OTi f = B Hz via Ta dUo kUpata, aAAd kai yia 6Aa Ta onpeia
ToU £AdoTIKOU péadou, eKTOC PéPaia Twy deopwy. Emiong, emeidA To onpeio Tou Ppioke-
Tal oThv KolAia ekTeAei TaAdvTwaon péyioTou mAdToug 2A Oa civai 2A = 8 cm =
A=4cm.

, t t ,
a. Na x = 0 éxoupe y, = A77,u27r? Kol y, = A77,u27z? , OUVETTWG

t
yEnty,=>y= 2A77ﬂ27r;
T y(em)

H Béon x = O ekTeAei TaAd-
vTwon péyioTou TTAdToug 2A,
dpa civalr KolAia Tou OTdOI- t3
Hou.
p. Eivai
v=A-f=v=0,4m-5SHz =
v=2m/s,yidTo KAOe KUUQ. PR VY AR O A S U (RN AN S
y. To ortdoigo mou Oa dnpi- t1

oupynBei Ba éxer efiowon

2zx  2xt

y= 2Aauv7ny7 7] o
y=0,0800v57zx -l 0zt (S.1.)
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8. Na t1 = 0 eivar y = O via kdB¢ x, ouveTWg To OTIYHIOTUTIO eival euBeia TTou TauTiCe-
Tai ge Tov dova x'x.

Ma t —%—ﬁ =%s eivar y=0 08ouvg—4nu10n%:>
7 2nx (1 _
y =0,080uvbmx - Wirad 0 OSoqu 2172 =y =-0,040uvbnx (S.I.)
MNa t; = 3: 4355 %s etva
=0,080uv 2™ 10— = y=0,080uVBTx -~ = y =0,080uv 27X .(-1) =
YRR RO g W e T YT " 7T 0.4

y=-0,0800v57x (S.1.)

'I'lapc'xaelyua 2.9.|Ma TeEVTWHEVN X0pdN eKTeAei TaAdvTwaon cUHwva He TNV &-
1007x

Eiowaon y=0,05-nu

-ovv40rt (S.1.) (2.9.1)

a. TTolo gival To TAATOC, TO UAKOG KUPATOG Kal h TaxUTNTA TWV KUPATWY atméd Th OU-
PoAn TwV oTroiwv TTPoHABe To Tapamdvw oTdaido KUUQ;

B. Na ppeite TiIc Béoeigc Twy deopv KaBuwe kai Thv améotach HeTall dUo d1adox iKWy
0eapwy;

y. TToia gival n TaxUutnta evog anpeiou ThG XopdNC Tou PpiokeTal oTn Oéan x = 1,5 cm

TN XPOVIKA OTIYUA tz%s

Auon

TTapathpoUpe 671 n doB¢cioa e€iowon Tou oTdaipou cival d1APOPETIKAG HOPPAG ATIO ThV
e€iowon mou amodeifape otnv Bewpia. (E€iowaon 2.15). TTpémer Aoimov, Tnyaivovrag
TWwpa avdmoda, va Ppolpe Ti¢ e§iowoei¢ Twy 800 KUPATWY atmd TIC o0Toie¢ TPORABE To
oTdoigo. ©a xpeldoToUUE TRV TAUTOTNTA ATTO TV TPIYWVOHETpIaA:
2npA-ouvB=np(A+B)+np(A-B)

H 2.9.1 vivetar:y = 0,05 [nu(mgﬂx + 40n‘rj + nu(lOcs)nx - 40n‘rﬂ =

2

:O 05 nuZn(20T+5OXJ—nu2 (20T—50—X) =
2 3 3
y= 205{nu2n(20‘r+5ng+np2 ( 5gx ;ﬂ Emopévwe Ta Vo KUupara Tepl-

ypdgovTal amo TIg §10WTEIG: y, = 0,025-77/127[(201—%+0,5j (5.1.) kai

Vv, = 0,025-77,u27r(20t+%) (8.1).
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AvTioToixiovtag Tnv efiowon yz pe Tnv e§iowan evog kupatog mou S1adideTal mpog

TV dpvnTIKA KaTelBuvaon, maipvoups: A = 0,025 mn A =25 cm, 20)\ :?:> T=0,05s

Kal %=50—x:>/1=0,06m h A=6cm. H Tax0thnta U Tou KUpato¢ cival
:&:O’O6m/s:> v=12m/s.
T 0,05

p. ZTouc deopouc Tpémel |A | = O dpa apkei
1007zx 1007z x

T =0=

x = 0, dnAadn n apxn eivar deopog.]

H améoTtaon dUo diadoxIKwy deopwyv Ba umoAoyioTei av dWwooupe atov aképaio k duo

01ad0XIKEC TIHEG, TIX. TIC p Kal p+1,

:kﬂ:x:%k(m)kez [TTapatnpeiote 611 via k = O civai

Mak=p: x, =%p kaiyia k = p+1: x| :%(p+l). Emopévwe n {ntoupevn amdoTa-

on eivai Ax:xp+1—xp:>Ax:%m;7' Ax=3cm.

v. H TaxutnTa TaAdvTwong €vog anpeiou ThG Xopdng eivai

V= % — ¥V =0,05-407 - L 007 (~nud0mt) =V = —27[-77/1100%77/1407ﬂ (S.1) (2.9.2)

1007-0,015 9

Max=15cm=0,015mkai tzgs ,n2.9.2 divel V==2r-nu nud0r ==

V ==2r -nuSrt -nudSz =V =0.

[Zx6A0: Emeidh n e€iowon Tou kUpatog civar ouvdpthon 8Uo aveldpThTwy HETAPANTWY, TNC
0

Béong x Kai Tou Xpovou t, o owaTd¢ oupPoAiopdC yia Thy TaxuTnTa TaAdvtwong civar V' :a—y (nepikn
t

Tapdywyog).

MTopoUpe, av BéAoupe, va amo@Uyoupe ThY Ttapaywyioh. ZThv TEPITTWON auTh apkei othv e€iowon Tou
otdoipou 2.9.1, va avTikatacTAgouds povo TnV TIWA TG Béong X, omdTe va PpoUde Th ouvdpTnon
y = f(t) & y = A'ouvwt, omdte V = w A'ouv(wt + m/2) & V = - w A'npwt. ZTn ouvéxela avTikabdi-
oToUWe Kai To t kai umoAoyiCoupe Thv TaxutnTta V.]
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§2.5 ZTAZIMO ATTO ANAKAAZH

Onwc¢ avagépBdnke, eival duvaTtév va Snuioupynooupe OTACINO KUPA XPNOoIHo-
TOIWVTAG HOVO Hid TNYA APHOVIKWY KUHATWY, EKHETAAAEUOUEVOI TO @AIVOHEVO TRG avd-
KAdoNg TwWv KUPATWV.

Ortav éva kKUpa Tou Trapdyel Hid ThyA avakAdral oe éva eutddio, cUUPAAAE! e To KUpA
TTOU TIPOEPXETAI ATO THV TINYA Kal, e KATAAANAeC TpoUmoBEaoeig, dnuioupyeiTtal aTdol-
go.

Ymdpxouv dUo mepimtwaoeic (a) kai (B), n avdkAaoh va yivel ato oTaBepd dkpo A 0To
eAeUBepo dkpo.

Ortav n avdkAaon vivel ge oTa@epd dkpo, TOTE 0TO AKPO AUTO dnpioupyeiTal
AEZMOZ, evh av n avdkAaon vivel o eAcUBepo dKpo, TOTE 0To AKPo AUTO
dnuioupyeital KOIAIA.

Ac Beswpnooupe pia TevTwpévn xopdn ThC oTroid¢ To éva dkpo eival akAovnTto. ZTh
xopdh d1adideTal £€vag KUPATIKOC TTaAUdc, Omwe gaivetal oto axhpa (al). O maAudc di-
adideTal mpo¢ To akAdvnto dkpo (a2) kar gTdvel ¢ autd. ZTh Béaon auth (a3) n xopdh
aokei duvapn F oto onpeio othpiéng. Zuppwva pe 1o vépo APAXZHY - ANTIAPAIHZ
Kal To onpeio aTApIEng aokei dUvapn F° avtiBetn Tnhg F. To amotéAcopa Tng dUvaung
F* eivai nh avtioTpogh Tou TtaApol (a4), o omoiog d1adideTal avTiOeTa. Av TWpa avTi yia
TaAl6 TpooTtimTel KUPA, To avakAwpevo KUpa Ba diadideTar avTtiOeTa pe TNV gykdpoia
amopdkpuvan Tou avTiBeTn. To akAdvnTo onueio de pTopei va KivnOei, eTodéVWE yid To
ongeio autod eivary = 0 =2 y; + y2 = 0 = y, = - y1. AuT6 onpdivel 0TI To avakAWHevo
KUUa Kal To TpooTimTwy Tapoucidlouv diapopd wdong .

,f'/\ ﬁ o ri

I
| ;"f \
\ A il
s
:-_».‘ 1 5 | ‘_'_-_--':_f/_\ '-_\

\\/f

al ¥ i (B
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Kard tnv avdkAaon oe akAévnto eumddio mapouaidleTai
pia douvéxela otn gdon katd ™ A aAAiwg éva TTHAHMA
PAZHZ.

Av avTi va 0é0oupe To dkpo ThG X0pONG o€ akAdvnTo anpeio, To déooupe ae €va eAagpu
0axTuAidl, To omoio eival TTepdopévo O KATAKOPUYO CWARvA Kal UTTopEi va KiveiTal
Xwpic Tpipéc, (oxAua P) o KUPATIKOC TTAAMOC avakAdTal oTo dkpo autoé XSCIPIZ aAAayh
pdong, oToTE 0TO AKPO AUTO, AV AVTi Yid TTAAHO TPOOTITITEl KUUA, £XOUHE KolAid.

Kard tnv avdkAaon oe €AelBepo dKkpo TO TIPOCTIITITWY Kdl
To avakAwpevo kUpa éxouv Thv IATA AT H.

<D

2 A

()

A <(s)
Zta oxfpara (a) kai (p) gaivetar n dnuioupyia oTdoigou pe Thyh éva diamacwyv > I
kal avdkAdon ae akAdvnTo dkpo (a) kar oe eAeUBepo dkpo (B). i [

ESIZOYH ZTAZIMOY ZE XOPAH OPIZMENOY MHKOYZ

To dkpo O piac Tevtwpévng xopdhnc OB opiopévou pnkoucg / ekTeAei aplovikA TaAd-
viwon pe egiowon y = A npwt. To kUpa mou dnpioupyeital, d1adideTal KaTd HAKOG TNG
X0pdN¢ Kal avakAdTal oto akAdvnTo dkpo TnG B. To avakAwpevo KUHA cuPPAAAel pe To
TPOOTITTWY Kal €701 OnpioupyeiTal otn xopdn oTdoigo Kupa. Ocwpolpe 0TI n xopdh
OB avnhkel otov dafova x“x, To dkpo O TauTileTal Ye Thv dpxh Tou dova kai aga OeTIKA
popd amd To dkpo O Tpog To dkpo B.

To kUpa Tou dnpioupyei n TaAdvtwon Tou O éxel eiowaon y, = Anyzn(%—%j. (2.22)
H TaAdvtwon Tou dxkpou B (x = /) eivai Yis) = A-ﬂ/lZﬁ(%—%]. lMa 1o avakAwpevo KU-

. , . . , . 14 ,
pa, Adyw Tou TthdRKartog gdong, ato idio onpeio B 1oxUel Yas) = A-ﬂﬂ{d)(l‘——}%—ﬂ} 7
19
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yz(B):A-n,uZE(%—£+lj. H amopdkpuvon

22 o) s BZ x
amé Tn ©éon 100ppoTiAC TOU €VOC Tuxdiou x=0 X X:,zé
ongeiou X otn ©éon x €& aitiag Tou ava-
KAWWEVOU KUPATOC €ival
{ (—x t 0 l—x
—A-qulo|t-————=|+7|= y, =A-qu| 27| ———— +7
¥ m{ ( S ) } ¥ m{ (T T UT] }
t 20 x 1
>y, =Anlr| ———+—+— 2.23
= dmza =24 (2.23)

lMa Tn ouvoAIKR amopdkpuvon amo Th B€on 100ppoTia¢ Tou 2, cUdwva Pe ThV dpXh
TNG emaAAnAiag, 1oxlel y =y, +y,, EMOHEVWG pE avTikatdotaon Twv 2.22 kar 2.23

Taipvoupe
y 20 x 1 Y x t 2 1 t
e -= e e Bl
[ZTZ ) 2} (ZrZ /1] (T A k/& 2) (T \i]
y=2A4-ocuv2r U2 =
2 2
l—x t /
=2A-qu2nr—=-oov2r| ——— 2.24
y p2E—="ovv ”[T /J (2.24)

To AATo¢ Tn¢ TaAdvtwong divetal amod Th oxéan A’ fox (2.25)

= 2A‘77,u27r

TTapaTthpoUpe 6T1 yia x = /civar |A"| = 0, 8nAadh h Béon B (x = /) civai dsopdc.
Av B¢éAoupe n apxh O va givai kolAia, Tpémer yia x = 0 va eival |A°| = 2A , 3nAadh ap-
Kei

77,u27z£_70|:1:2X§=k>&+%:%f:%(2k+l):> f:(2k+l)%, keN (2.26)

2 0gpwva pe Tnh axéon 2.26 oTdoido oTnv TepITTWON auTh, dndioupyeital Hovo av n

ouxvoTNTa TaAAVTWONG ThG TTNYAG €ival TTepITTO TOAAATTAADI0 ThG TTOCOTNTAG ﬁ

Ma k = O mpokUTTEl f :%, TIOU gival n HIKPOTEPN TIUA TG OUXVOTNTAG Yid ThV oTroid

dnuioupyeital oTdoipo kai ovopdZertar 17 dpHOVIKA. Ouoiwg yvia k = 1 éxoupe Tn 8c0-
TEPN APHOVIKA K.0.K.

Me mtapoépolo TpOTIO UTTopEi va yivel n HEAETN yid dAAeC TTepIMTTWOEIC dnuioupyiag oTd-
olIlou o€ XopOn opIoHEVOU HAKOUG.
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Tlapc'tBeuyua 2.10. 1o dkpo O piag opoyevoug xopdng OB dieyeipeTal ae TaAd-
vTwon Kai 1o dAAo dkpo Tng B aTepewvetal oc aPpapég daxTuAidl, TTou pmopei va oAi-
o0Baivel xwpic TpIPEC, KATA HAKOG KATAKOPUYOU owAnva HIkpoTepng diapéTpou. 210 O
TPOKAAEiTAl €yKApOld dPHOVIKA TaAdvTwon mou TepiypdgeTal amé Thv efiowon
y = 0,04 np20mt (S.I.). To KUpa Tou mapdyeTal d1adideTal KATd HAKOG TNG XopdNg He
Taxutnta 4 m/s.

a. Na utroAoyioeTe To HNKOG KUPATOC TOU dpHOVIKOU KUMATOG.

p. Na ypdyete Tnv e€iowon Tou oTdaidou KUPATOC, TToU dNHIOUPYEITAlI ATtd TO TPOOTTi-
TTWV Kal To avakAWpevo oTo dkpo B, kUpa. To pAko¢ Tng xopdng civar 1,2 m. Osw-
poUpe oa xpovikn aTiyun t = O Tn aTiyun mou apxiel va TahavtwveTtal 1o dkpo O Tng
X0pdN¢ Kai apxh Tou ouaThpaTog ouvTteTaypévwy( x = 0) To dkpo O pe BeTIKA Yopd yia
Tov npida€ova Ox amd 1o O mpog To B.

v. Na kaBopioeTe TI¢ B€0e1C TwY S0PV Kal TWV KOIAIWY.

8. Na oxedidoeTe To OTIYHIOTUTIO TOU OTACIHoU, amd Th Béon x = 10 cm w¢ Th Béon

x = 120 cm katd Tig xpovikég oTiydég t1= 1,025 s kai 12 = 11 + %.

Ocewpolpe 0TI aTh Xopdn dnuioupyeital oTdoido e KolAieg ota dkpa O kai B.

Auon
ATo Tnv efiowon TaAdvtwong Tou dkpou O TmpokumTel 6Tt A = 0,04 m kai
w = 20 rad/s. Eivai T:2—”:>T:2—”:>T=O,l s Kai f:l:>f:10 Hz .

w 207 T

a. Na 1o pAko¢ kupatog 1oxVel A=v-T=>A=4m/s-0,1s=>1=0,4m.
p. Eotw Tuxaio onueio M atn Béon pe ouvteTaypuévn X. H TaAdvtwon Tou M €€ aiTtiag

TOu KUpatog mou dnpioupyei n Tahdvtwon Tou O eivar y, :A-Wa)(t—f) To dkpo B,
19

, , . , , , 4
Aoyw Tou idiou KUpaTog Oa ekTeAei TaAdvtwon e e€iowon Yin) =A-77,ua)(t——j. Emei-
1%

On To dkpo B cival eAelBepo, To avakAwpevo KUUa eival oe @don We To mpoomimTwy. H
e€iowon TaAdvtwong Tou M €€ aiTiag Tou avakAwpevou KUpatog  givai

r /—x x 2/ t x 2
v,=Anuo|t—-————— =y, =A-quo| t+——— =y, =Anu2r| =+ —-——|=
1)) 1)) v U T v

t x 2

= A-qu2r| —+=-=—
2 nu (T ) J
H ouvoAikh amopdkpuvon Tou M amé Tn Béon 100oppoTtiag Tou egival y=y,+y, 2

t x 22 t x l—x t /!
= A m2r| —+=-= 2| ——= =24cov2r——mu2r| ———| (2.10.1
y [77# ”(T+,1 ,1)“7“ ﬂ(T Eﬂ:y oVV2T— =1 ”(T /J ( )

y=0,08c0v27x l’g ;x 77;127[(#— (l)’ij = y=0,0800v27(3-2,5x)nu2x (10t -3) 1

y=0,08-cvv5zx-nu20xt (S.1.) (2.10.2)

b
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v. Ma Ta onpeia Tng xopdnc Tou cival deayoi, mpémel, améd thy 2.10.1 va civai

oovar 5 c 0= 22 5 iy T =02k 1) Dy =12 (2 +1) 22
A A 2 4 4

=
x, =1,1-0,2k (m) (2.10.3)
TMpémer 0<x, </ =0<L1-0,2k<1,2=-1,1<-0,2k<0,1= -0,5<k <5,5=
k=0,1,2,3,4,5. AVTIKABIOTOUUE TIC ETITPETTEC TIHEC Tou aképaiou k atnv 2.10.3

k 0 1 2 3 4 5

xa (m) 11 0,9 0,7 05 0,3 01

Ma Ta onpeia Tng xopdng Tou eivai KolAieg, pémel amo Tnv 2.10.1 va eivai

:1:>auv27r£_/1x’< :ilzz/_;K —kr=x, :£—k§:>

Xg

ovv2r

X, =1,2-0,2k (m) (2.10.4)
TMpémel 0<x, </=0<1,2-0,2k<1,2=-1,2<-0,2k<0=0<k<6=>
k=0,1,2,3,4,5,6 . AVTIKaBIOTOUWE TIC EMTPEMTEC TIHEC Tou aképaiou k otnv 2.10.4

k 0 1 2 3 4 5 6

x(m) |12 1,0 0,8 0,6 0,4 0,2 0

8. AvTikaBioToUue atnv efiowon Tou otdoipou 2.10.2 Tnv TIUA Tou Xpdvou t1 = 1,025 s
kai éxoupe: y=0,08-cvvSzx-nu20xt, = y=0,08-cvv5zx-nu20z-1,025=

3 =0,08-c0V57x- 77;1(20% +%) — $=0,08-c0v5zx (S.1.)

Ty(cm)

t1= 1,0

Tn XpovIKA OTIYHA T2 = 11 + 3TT TO

dkpo O Oa ditpxeTal amd Th Béon
I00pPOTTIAC TOU KIVOUHEVO TIPOC Th
OeTIKA KaTeVBuvon. Emopévwe 6Aa
Ta onpeia Tng Xopdnc Ba diépxovTai
amd Tn ©éan 100ppoTiAC TOUC Kal N
xopdh Ba TauTileTar pe Tov dfova.

0,1 0,2 0,6 1,0

»
»

0,4 0,8 1,2 x (m)

Ta péAn deixvouv Thy kaTelBuvaon Kivnong Twy KolAiwy.
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Epotinosic morlroming emioyng

Odnyia: Na va amavrrioeTe oTIC TAPaKdTW EPWTHOEIS TOAATIANS ETIIAOYAS QOKE va ypdyeTe oTo
YUAAo amavTrioswy Tov apiBLUo TNE pWTNONG Kar Oe&id amo auTov To ypdupa Tou avTIoToIXEl oTh
owoTH andvrnon f mou avTioToIXEl OTO oWaTo TULITIAowId THC.

ITaparrionon: Xpnoomoiovue ta ouufoAa v yia tnv TaxutnTa Tov KUuaro¢ Kai V yia rnv raxornra
TaAdvTwong Twv Lopiwv Tou EAGOTIKOU LIEdou.

2.72. Auo inyéc xapakTnpilovral w¢ oUyXpoveg oTav
a. €xouv idia ouxvoTnTa Kai 1o id1o TAdTOoG.

p. dnuioupyoUv TauTdxpova péyioTa Kal eAdxioTa.

Y. éxouv otaBepn diapopd wdong.

9. apxiCouv va TaAavtwvovTal TauTdxpovad.

2.73.Tia va éxoupe paivopevo oupPoAng pémel Ta KUPATA va
a. diadidovrai arto idio péoo.

p. mpoépxovTal amd oUyXpoveg TTNYEG.

Y. €ival ynxavikd.

0. va gival eykdpola Kal va TpoépxXovTdl amd oUYyXPOoVeG TTNYEG.

2.74. Abo oUyxpoveg mnyéc TTp kai T, TaAavrwvovrdl Xwpi¢ dpXIKA @don oThv
EM@Aveld eVOC UypoU pe auxvoTnta 2 Hz kai 1o idio mAdatoc 0,05 m, mapdyovrag
dpHoVIKd eykdpaia kUpara, mou diadidovTal pe Taxutnta 12 m/s. ‘Eva onpeio M Tng
EM@AveIAc Tou uypoU améxel amd TI¢ mnyéc TTi kai T2 amootdocic 4 m kait 6 m
avTioToIxd. 2ZUVETIWG

a. 1o ongeio M €€ aitiag Tng oupPoAnc Twy dUo KupdTwy TaAavtwvetar pe Adrog 0,1
m.

B. H Taxurtnta thg ouvOeTNG appovikKAG TaAdvTwang Tou M divetal amd Tnv eiowaon

V=027 Guv(47z . —%} (s.1)

Y. Th OTIYUA TToU To KUKa amo Tnv tnyh T2 ¢Tdvel ato onpeio M, n amopdkpuvon Tou M
a6 Th ©.I Tou sival 2,543 cm.

9. 1o onpeio M apxilel va ekTeAei Th oUVOETN dpHOVIKA TAAAvTwWaNn TN XPOVIKA OTIVUA
t= l S.

3
2.75. Ao olyxpovec TnyéC TaAavTuwvovtal pe To i810 TTAATOC OThV emI@AvEId £VOC
uypoU TrapdyovTa¢ kuparta pe PAKoG Kupato¢ A = 1 m. H efiowon TaAdvrwong evog
onpeiou M Tng emigdvelag Tou uypoU, e€aitiac Tng ouPPoARC Twy dUo KUPATWY gival

y= —2A-77/127Z(%—%) (S.I). Zuvemwg To onpeio M

a. 1oaméxel amoé Ti¢ 0Uo TnyEC.

B. TaAavTwveTtal pe TAdTOC - 2A.

Y. améxel amé Th pia Ty améoTtach 2 m Kail amé Thv dAAn améoTtaon 1 m.

0. TaAavTwveTal pe Tepiodo dimAdoia amd Thv TeEPiodo TAAAVTWONG TWV TTAYWV Twv
0Uo KupdTwy.
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2.76. H améaraon petalu duo diadoxIkwy deauwyv @' éva oTdoido KUpa sivai

A A
a. Z ﬂ. 5
Y. A 9. 2A

OTIoU A TO HAKOC TWV KUHATWYV TTou dnpioupyoUV To OTACIHO KUKA.

2.77.H améoraon petall dUo diadox KWy KolAlwy ¢’ éva oTdoigo kKUUa ivai

A A
a. — .=
2 b4
A

.2 A 5. —
Y 8

010U A TO HAKOG KUPATOG TWV KUPATWYV TTou dNnpioupyouV To OTACIHO KUKA.
2.78. Z¢ éva oTdoigo KUUA To TAATOC TAAGVTWONG TWV onpeiwy Tou péoou divetar amo

TN oxéon:|4'| =24 . 2Th oxéon auth To X oupPoAilel Tnv améoTaocn

27x
ovV ——
A

d. amoé Tov mMpwTo dE0U0.
p. amod Tnv TpWwTh KolAid.
Y. HeTall dUo B1adoXIKWV SEOUWVY.
8. petall dUo d1adoxIKWV KolAIWY.

2.79.0Aa T1a onueia ToU €AdoTIKOU Wéoou Tou TepiAaupdvovtar peTall dUo
01adoxIkWV OETUWY €VOC OTATIHOU KUHATOC £€XOUV

a. 01aPopETIKA ouxvoTNTA TaAdvTwong.

p. idio TAdTOC TaAdvTwaong.

Y. 01aQOopPETIKA pdaon.

0. idia pdon.

2.80. AUo onueia evé¢ ypappikoU opoyevoUC €AdoTIKOU HEOOU, OTO OTOiI0 EXEI
dnuioupynBei oTdoipo eykdpaio KUpa, PppiokovTtal To £va dploTepd Kal To dAAo de€id
evog deopoU A kai améxouv pHeTall Toug % Ta onueia auta €éxouv

a. 01dYopETIKA ouxvoTNTA TAAAVTWONG.

p. diapopd pdaong .
y. idia gpdon.

0. diapopd pdong g y

2.81. 2710 oxnua @aivovrar dUo
OTIYHIOTUTIA OTACIHOU £YKAPOIOU

KUUATOC, TO oTroio dnpioupyeiTal ] } ] \ ] \ ! > X
, , , ! \ ! \ 1 \ II

0t YPAUUIKO opoyeVEC €AAOTIKO / S N/ N

péoov. Av To oTiymotumo (1)

avTIoToIXEi OTR XPOVIKA OTIYHA

T , , . . , ,
t = (T n mepiodo¢c Twv KUPdTWV TIOU dhpioUpynoav To oTdoIgo KUpa), TOTE TO

2. Kouoidng
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oTIyHioTUTIO (2) avTIoToIXEi OTh XPOVIKA OTIYUA
3T T T
a. — .= . T 5. —
4 P 2 v 3
2.82. Kard pnkog opoyevouc xopdng OB, n omoia ekteivetar atn 81eUBuvon Tou
mpooavaTtoAiopévou huiafova Ox , éxel YAkocg L, pe akAovnta Ta dkpa tng O kai B,
dnpioupyeiTal aTdoipo KUpa pe efiowan y = 2Anu2%avva)t.

A. O1 B¢ocic Twv KolAIy uttoAoyilovTal amé Tn oxéan: (keN)

a.x=Qk+DI  p.x=k% v.x =k 5. x = KA.
B. INia 1o phkog L Tng xopdnc 1axUel n oxéon (keN)
a.L = KA. p. L=k v.L=kZ. 3.L=(2k-1%

Epotiosic Tov Tomov Xmoto /Adog

Oonyio. o vo. omavTioeTe oTIS TOPOKATW EPWTHOELS OPKEL VO. YPOWETE OTO POALO OTOVTHTEDY
70V ap1uo e epwTNoNS Kot €10 A0 AVTOV TO YPOLUUO. X v THY KPIVETE GWATH 1 TO YPOUUO.
A av v kpivete AavBoouévy.
2.83. To @aivopevo TnG oUUPoARC epgavileTal povo av ol mhyéc Twy dUo KupdTwy
gival aUyxpoveg Kai pe 1o id10 TAATOC.
2.84. Ta onpcia mou TaAavtwvovTtal e péyioTo mAATog, €€ aitiagc Tng ouuPoAng duo
OHOIWYV APHOVIKWY KUPATWY, PpiockovTtal Tavw og tapdPoAEG.

2.85. To otdoipo kUpa eival To amoTéAeopa Thg oUUPOoARG dUo KupdTwy idiou TTAdToUG,
id1a¢ auxvoTnTag, ou £xouv idia TaxutnTa kai diadidovral po¢ TV idia katevBuvaon.

2.86.H améoTtaon petall dUo diadox iKWy deopwy oTdoIpgou KUUATOC cival % oTou A

TO HAKOG KUPATOG TwV KUPATWYV TTou dnpioupyoUv To 0TAdIHO KUKA.

2.87.H améoTtaon petall dUo diadoxIKWy KolAIWv aTdaidou KUPAToC €ival % otou A
TO HAKOG KUPATOG TWV KUPATWY TTou ONHIoUpyouv To oTAdIHo KUpd.

2.88. 2710 oTdoido KUPa, n amoéotacn evog deopol aAmo ThV TANCIEGTEPN TOU KolAia

givai 7 4Tou A To HAKOC KUUATOG TWV KUPATWY TToU dhpioupyoUv To oTdaoipo KUua.

2.89. OAa Ta onpeia ypappikoU opoyevoU¢ €AAOTIKOU péTou, aTo oTroio dnpioupyeiTal
oTdoIpo KUpa, TaAavTwvovTal He To id10 TAATOoC.

2.90. Z¢ pia xopdn dnpioupyouvTal oTAINA KUKATA, ZUVETIWG

a. 7o mMAdTo¢ TaAdvtwong KdOe onueiou TNG XopdAC civalr otabepod, avefdpTnTo TOU
Xpovou

p. umtdpxouv onueia TNG XopdNE OV givail akivnra.

Y. 0Aa Ta onpeia Tng Xopdng £xouv Tnv idia evépyeld TaAdvTwong.

9. n evépyeia d¢ peTadideTal, aAAd KAOe onpeio £xel TNV JIKA TOU eVvEPYELd.

2.91.>¢ ordoigo kUpa, 6Aa Ta onpeia Tou €AacTikoU pégou Ta omoid TepiAappdvovral
peTall duo diadoxIkWwy deapwv £xouv Thy idia @daon.
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2.92. 2 ¢ oTdoipo KUpa, h diagopd @dong peTall dUo onpeiwv Tou gAdoTikoU pHédou Ta

oToia PpiokovTal To éva apioTepd Kai To dAAo de€id evog deopoU, oe améoTach 3

peTall Toug, civar T (rad).

Epoticesic avrietoiyionc

Oonyio: I'to vo, 0TaVTHOETE OTIC TOPOKOTWD EPWTHOELS OPKEL VO, YPAWETE TTO YPOALO
OTOVTHOEMY TOV OP1OUO THS EPWTNONG KO TO KOATOAANLO0. (EDYN YpouuaTV - apiBuav.

2.93. Tn xpoviknh oTiyun 1, To OTIYHIOTUTIO OTACIHOU KUUATOG To oToio axhuarileTal
oe Xopdh ThG omoiag Ta dkpa A kai B eival atepewpéva sivai 1o (a).

Na avrigToixioete Tta otiypiotuma (B), (v), () pe Tic xpovikég oTiyuéc The de€idg
OTAANG.

(Ta péAn apioTdvouv TiI¢ TaxUTNTEC TWY ahpeiwy ThS Xopdng).

t

A B (o) 1 t +Z
!

3T

2 -

A B @ "

T[T i . 3. t1+5

.
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2.94 Na avrioToIXioeTe TA OToOIXEid TNG
aploTepAC OTAANG He Ta oToixeia The 8e€Idg
oTAANG.

A. ®don TaAdvtwong evog Hopiou ypdappikou
oHoyevoU¢ €AdoTIKoU péaou oTo omoio d1adideTal
dpHoVIKO KUMa Tpo¢ Th OeTIKA kaTeuBuvon Tou
aova x'x

1. 4=24

27x
oVV ——
A ‘

B. ®don TaAdvtwong evog popiou ypdupikoU o
opoYevoUC €AAOTIKOU pédou aTo otoio diadideTal 2. ¢=7(Uf+x)
dpUOVIKO KUUA TPOC TNV dpvnTIKA KaTeuBuvon
Tou aova x'x

. TIAdto¢ otdoigou KUpATo¢ TO  OTOIO 3. (P:zn(i_ij
T

Onyioupyeital 0t YPAUHIKO OHOYEVEC €AAOTIKO A
Hégov amd T oUpPoAR dUO APHOVIKWY KUPATWY
idlou TAdToUuC A, idiag ouxvoTnta¢ f kai idiou
HAKOUG KUMHATog A.

Epotnoeic avolkTov TOToV

2.95. AUo Kupatikoi TaApoi KivoUvtar pe ™
avTiOeTeg TAXUTNTEC KAl oUPPdAAouv. Av To
dimAavé oxAua ameikovilel To OTIYHIOTUTIO Th 0 5 7
xpovikhp oTiyuhb t = 0, va oxedidoete TO -2’“ ————————— «
OTIYHIOTUTIO TIC XPOVIKEC OTIVHEG

t1=1skait;=125s.

2.96.0 maApyoéc A Tou dimmAavol aoxhpaTtog, oOTav A
ouvavtnonke pe évav dyvwoTto TaApo B, dnpioUpynoe Tov . 3 . .
maApé T. Na oxedidoete Thv €1kdva Tou TtaApol B mpiv

ouvavthOei pe Tov A.

A Ae

2.97. T ovopaloupe otdoipo kKUpa; TTola onpeia Tou €AaoTikoU péoou ovopdlovral
dcooi Kal Trold KolAieg;

2.98. 2 ¢ ypappikd opdoyevéG eAAaTIKO péoov dndioupyeiTal oTdoipo kupa. TTéon eivai n
amoarach Hetalu

a. dUo J1adoXIKWV dEOHWY;

p. dUo diadoxIkwy KolAlwy;

Y. €vog 0eopoU amod Thv TANCIEGTEPN Tou KolAia;
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2.99. AUo pikpd koppdTtia @eAAoU @1 kai &, emimAéouv oThv emipdveld uypoU oThv
omoia d1adidovral KUUATA, TToU TipoépxovTal amod dUo olyxpoveg mnyég TTy kai TT,. O
PeANOC &1 PpiokeTal mAdvw oTh peookdOeto Tou TTiTT,, evw o @eAAog P, éxel
avTioToixa amooTdoeiC r; Kai rp amo Tic mnyé¢ TTi kai TTz. O1 péyioteg TaxuTnTeg
TaAdvTwong Twy dU0 @eAAWV gival avTioTOIXA Uimax = 2 Uz max. Mia TIOavA TiuA yia Th
diagopd |r1 - r2| givai
a. % p. A Y. Wia TigA petao % Kai A.
Na emAé€eTe TN OWOTH amdvTnon Kai va dikaioAoyYROETE TV €TIAOYH 0ac.

2.100. AUo olUyxpovec TNyEC ApHOVIKWY KUPATWY TaAavTwvovTdl oThv Apepn
EM@AveId €VOC UYpoU He To idlo MAATOC A Kal Tapdyouv KUPaAta He HAKOG KUWATOG
2 m. Eva onpgio M Tng emmipdveldg Tou uypoU améxel amd Tic dUo TNyEC AToaTACEIC Iy
Kal rz, kai Tahavtwvetar €aitiac TNG oUPPoARC Twyv dU0 KUPATWY cUppwvad HE Thv

e€iowon y, = —2Anu2m (% - %) 2 UVETIWG

a. To onpeio M TaAavtwveTal ge TAATog - 2A.

BP. To dOpoiopa Twv ATOOTACEWY Iy + Iz, gival 1 m.

Y. To ongeio M améxel amé Ti¢ tnyé¢ amooTtdoeic 1 m kai 2 m.
Me Tro10 K TTo1a aTéd Ta TAPATIAVW CULQWVEITE R OIAQWVEITE;
Na dikaioAoyHoeTe ThV aTAvTNon oag.

2.101. Alo oUyxpovec mnyéc TT; kai TTz, dppoviKWY KUpdTwy TaAavTwvovTtadl oThv
APEUN €TIQAvEId €VOC UYpoU pe To id10 TTAATOC A Kal Ttdpdyouv KUPATA HE HAKOG
KUpatog A. Av n améoTtaon petall Twv mnywv civar 1,3A, 16Te TAVW 0TO €UBUYpPAUO
TuAda TT4TT, udpxouv

a. £éva onpeio eVIOXUTIKAGC oUHPOAARG.

B. Tpia onueia evioXUTIKAG OUUPOARG.

Y. TEVTE ONpEia eVIGXUTIKAGC OUUPOARG.
Na emAé€eTe Th OWOTH amdvTnon Kai va dikaioAoyYROETE Thv eTIAOYH 0ac.

2.102. Kard pnko¢ ypappikoU eAaaTikoU péoou diadidovral Vo appovikd kUpara Tmou

, , , r x r x
TeplypdgovTal ané Tig e§1oWaeIg y, = AU#ZH(?—ZJ Kar y, = Anyzﬂ(?+zj.

a. Na ypdyete Tnv efiowon Tou OTdOIMOU KUWATOC Trou dnUioupyeiTal amé Tn
ouppoAn Twy U0 aUTWV KUKATWV.

p. Na mpoadiopioeTe TI¢ BéoeIC TWV dEOPWY KAl TWV KOIAIWV.

Apxn Tou dova x'x Bswpeital To anueio O yia To omoio Tn oTiypR t = O givary = 0
kar V> 0.
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2.103. Auvo appovikd kUpara di1adidovTtal KaTtd HAKOC YPApHIKoU opoyevoUC eAAOTIKOU
péoou oTn d1eUBuvan Tou dfova x'x pe avTiBeTeg KATEUOUVOEIC KAl TTEPIYPAPOVTAl ATTO

Ti¢ eiowoeig y, = Anu(kx—awt) Kar y, = Aqu(kx+wt) o6mou k :27” (kupaTIKOG

ap1Bpog).
Me Tro10 K TTo1a aTéd Ta TAPAKATW CUHQWVEITE R dIAQYWVEITE Kal yIATI;
a. H e€iowon Tou otdoigou KUPATog Tou dnpioupyei N oUUPOAR Twy duo KUPATwyY
givalr y =2 Anukx - covot.

p. O1 Béoeig Twv KoIAIWY gival x, = (2n+1)%, neZ.

v. O1 Béoeig Twy deopwy eivar x, = (2n+1)%, nel.

*3. H TaxutnTta TaAdvtwong Twv KolAlwv oTig¢ BéceIg x, =(4n+1)%, neZ divetal

amné tnv e€iowon V = 2wA nuowt

y
2.104. Kard pnAkoGC  ypappikoU A 1
opoyevoUC  €AdoTikoU  pégou \\ r//\\A //’\\ //‘\t -
’ 3 ’ 1 \ J \ 4 K 1=
oxnuarifetar otdoigo KUpa, Tou \ L \ L \ Y
\\-' \ / \\;' \ / N \\;' M I 2 )
oTroiou Tpia di1adoxIKd oTIyHoTUTTA - +—%F——F——% f X f S---eXx
. , i\ " \ I i\ "
paivovTal gTo oXAua. AN AN A AN A
’ ) , y \ 4 \ 4 \ %]
Me moio n Tola amd Ta TApAKATW SN NN L N N3

oUHQWVEITE N dlapwVveiTe Kal yiaTi;

a. To oTiypioTuto (2) avTioToIXei OTN XPOVIKA OTIVHA t, :%, EVW TO OTIYHIOTUTIO

, , , T
(3) avTiaToixei TN XPOVIKA OTIVHA t, =7

B. Tn xpovikA oTiyuA t, To onueio M Tou €AacTikoU pédou KiveiTal TTpog Th BETIKA
KaTewBuvan evw To anpeio N KiveiTal TPOG Thv APVNTIKA KATeuBuvon.

v. H diagpopd pdonc petall Twv TaAavTwoeswv Tou ekTeAoUv Ta onueia T kar A
gival ion pe pndév.

0. To onueio M Tou €AaoTikoU HETOU, Th XPOVIKA OTIYUA t, +At 6TTOU At<} (Tn

TePiodog ThG TAAAVTWONG ToU eKTEAOUV TA ohpeia Tou eAaoTikoU HEdou) €xel, Adyw
TNG TAAAVTWONG Tou, HOvo BUVAMIKA evépyeld.

2.105. A. Tia kolAhia kair 8eopd OTACIHOU KUMATOG vad Yivouv ol t=0
YPAWIKEG TTAPACTACEIC

a. TAATouG o€ ouvdpTnon He To Xpovo.

p. amopdkpuvaong amé Th B€on 100ppoTia¢ oe ouvdpThon He To

Xpovo.

B. X710 dimAavé axAua diveTal To OTIYHIOTUTIO OTACIHOU KUUATOG
o€ TeVTWHEVO VAPA Tn Xpovikh aTiyun t = 0, katd Thv omoia 6Aa Ta onpeia Tou
VAUAToG €xouv Undevikh TaxuTnTd.
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a. Na oxedidoeTe TO OTIVHIOTUTTO ToU KUHATOC TIGC XPOVIKEC OTIVHEG:
T T 3T

AR
P. Me moieg Hop@éc sppavileTal n evépyeld TAAGVTWONG TWV HOPIWV TOU VARATOC
TIC TAPATIAVW XPOVIKEG OTIYHEG,

9

2.106. 1o oxfAua (I) divovrar dUo oTmiymiétuma (1) kai (2) oTtdoigou eykdpaiou
KUUATOC TO OTToio dNHIOUPYEITAl O€ YPAUHIKO OHOYEVEC €AAOTIKG HECO Kal TTepIypdETal

. . t
amo Tnv efiowaon y = 2Aauv27r%ny27z?

y

AN AN A
AVILVARY,

Kwntun evépyern K

~
—
~
~
N
~

)

an
/— K=1f(x)
- — M m  ——————————- »X
Kwntun evépyero K f K=f(®x)
(I11)
------ e e e e L L e R L E LT .4

Me 1010 K TTo1ad ATTé TA TTAPAKATW CUHQWVEITE R dIAQYWVEITE Kal yIaATI;
a. Zto oniymortumo (1) avriotoixei To didypappa K = 1 (x) Tou oxApartog (II).
*B. ZT10 oTiymdTumo (2) avrioToixei To didypappa K = £ (x) Tou oxhpatog (III).

y. Ta popia M, N Tn xpovikA oTiypA t, €xouv TaxutnTteg V,, = —4T7[A kal ¥, =4?”A

’

avrioToixd.
8. H diapopd @dong petall Twv TaAavTwoswv Tou ekTeAoUv Ta pépia T, A Tou
eAaOTIKOU péaou eival ion pe Pndév.
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AZKHZEIZ - TTPOBAHMATA

2.107. Amé dUo alyxpoveg TTNYEC APHOVIKWY KUPATWY dnuioupyoUvTal OThV £TTIQAVEID
€VOC uypoU, kKupata mAdatou¢ A = 0,1 m. H Taxutnta 8iddoong Twv KUpdTwy oTnv
empdveld Tou vypou civar 0,4 m/s kai or Thyé¢ TahavtwvovTal pe mepiodo 0,2 s. Eva
KOUHATI @eAAOU PpiokeTal oTo onueio M, Tou améxel améd Tic Vo TnyEC ATTOOTATEIG
32 cm kai 28 cm.
Av o1 thyég apxiCouv va TaAavTwvovTal Th Xpovikh oTiyun T = 0,

a. va PpeiTe Tn XPOVIKA OTIYUA TTou o eAAOC Oa apxioel va TaAavTwveTal kai Th

XPOVIKA aTIYUA TTou Ba apxioel n oUvOeTNn TAAAVTWON Tou.

p. va ppeite kKai va oxedidoeTe TN HeTAPOAR Tou TAATOUC ThC TaAdvTwong Tou

@eAAOU o€ ouvdapTnon e To XPOVo.

Y. va ypdyeTte TI¢ €€10WOEIC TTOU TTEPIYPAPOUV TOV TPOTIO TAAAvVTWONG Tou @eAAoU,

o€ ouvdpThon pe To Xpdvo, € aiTiag Thg KABe TNyAC EexwpioTd.

8. va oxedidoeTe TIC Tapamdvw e€iowaoeigc oto 0<t<1,2s.

€. va oxedldoeTe TNV ATOUAKPUVON Tou @eAAoOU amod Tn ©éon 100ppoTia¢ Tou o€

ouvdapTtnon He 1o xpovo yia t > 0.
2.108. Am6 dUo ouyxpoveg mnyé¢ kupatwy TT; kar TTz, mou améxouv petall Toug
Katd 58 cm, ekméumovTal appovikd Kuparta idiou AdToug , pe ouxvotnta 200 Hz. ZT1a
onueia K kai A, omou KA = x = 10 cm, v « N
€XOUME eVIGXUTIKA ouppoAn. MeTall Tou o . -
péoou M Tou TTiTT, kai Tou K umdpxouv ’
dUo onpeia evioXUTIKAC aupPoAng, evw petall Tou K kai Tou A umdpxel éva akopn
ONUEio EVIOXUTIKAC OUUPOARG.

a. Na ypayete Th oxéon mou divel Th dilapopd amoaTdoswv Tou onpeiov K amo Ti¢

OUo Tnyég, g€ ouvdpTnon HE TO HAKOG KUKATOC TWV KUHATWV.

p. Na ypayete Tn oxéon mou divel Th dilapopd ATTOGTACEWY ToU onpeiou A amo TI¢

0Uo Tny£g, o€ ouvdpTnon UE TO UAKOG KUPATOC TWV KUUATWV.

v. Na mpoaodiopioete Tn Béon evog anpeiou N, To omoio PpiokeTal Tdvw aTo €ud.

TuAda TTiTT2 kai €ivar To mAnoiéoTepo mpo¢ Thv mhyn TTi, TTou TaAavTwveTtar pe

HEYIOTO TTAATOC.

0. Na umoAoyioeTe To Adyo Twv PéYIOTWY TAXUTATWY TaAdvTwong Tou anpeiou N

Kal evo¢ anpeiou Z, To otoio améxel amd thv thyh T1; améoTtaon /= 7,75 cm.
2.109. Avo 6poia peydpwva civar TomoBeThuéva oe évav Toixo oc amdéotaon d = 3m
petall Touc. Evac dvOpwmog¢ oTEKETAl AKPIPWG UTPOOTA amd To €va Heydewvo,
KdBeTa oTnv euBcia TOU TA evwvel KaAl g€ amooTach X1 = 4 m amd 1o Toixo. Ta
peydpwva AsiToupyoUv pe Tov idio TaAavTwTh ouxvoTntag f = 300 Hz.

a. TToia civar n diagopd @dong petaly Twv dU0 KUpdTwy OTAV OTAVOUV OTOV

avepwo;

p. TToia eival n mAnaiéoTtepn ota 300 Hz ouxvoTnTa O0ThY OoTroia PTopEi va pudpIoTEi

0 TAAQVTWTAG, WoTe 0 AdvOpwTo¢ va akoUel Tov eAdXI0TO NXO;

Aivetai n TaxUtnTa Tou Axou oTov aépa u = 340 m/s. [Am. (a) 310—77[ (p) 170 Hz]
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2.110. Zta onpeia TTy kai TT2 Tng opi1lovTiag emigdavelag evog uypoU Ppiokovrarl dUo
TNY£G KUPATWYV Trou TaAavTwvovtal oupggwva pe tnv efiowon y = 0,1 nu(40mt), (S.I).
Ta kupara mou mapdyovTal
amé TIC 000  Tnyég -
d1adidovrtal oTnv em@dveid - \
TOU UypoU e TAXUTNTA - \
40 m/s kai oupPdAouv. - \
Eva onupgio P TNng -7 \
em@dvelag  Tou  uypou - .
améxer amé Tig mnvég Ty, (0] B 1,
kai TT, amoortdoei¢c 60m
kai 40m avriotoixa. Ta
KUpgarta ¢Ttdvouv oto P oc
gpdon. H umepPoAn (kpoaodc) evioXUTIKAC oUPPOARC TTou Tepvdel amd To P Tépver To
euB. Tunua TT1TT2 oTo onueio B.
a. Na amodciete 6T1 n peookddeToc¢ Tou €uB. TuAuarog TT1TT, cival emiong Kpooodg
EVIOXUTIKAG OUUPOARG.
p. TTéool dAAol Kpooooi &€VIGXUTIKAGC OUUPOARC umtdpxouv MeTtall Twv U0
TIPONYOUUEVWY KPOOOWYV;
v. Na umoAoyioeTe Tnv améotaon OB.
8. Av 1o onpcio B améxel amé tnhv mnyA TT, améotaon 3m, va ypdyeTte Thy e€iowan
TaAdvTwong Tou ohyeiou B.
2.111. AUo appovikd kUpata idiou TAdTOUG Kai idiag ouxvétntag diadidovral ato idio
eAaoTIkO péagov, atnv idia dieUBuvon pe avTiOeTn @opd Kai idlo péTpo Taxurtntag. H
Koivh d1eUBuvon di1ddoong Twv KupdTwy gival o afovag x'x.
Ocwpolpe apxh Tou dfova TO onueio O, oOTOo oOTOI0O O ATMOPAKPUVOEIC TIOU
TpokaAoUVTal amod Ta KUPaTa mou 9Bdvouv ¢ autd éxouv Tnv idia efiowaon y = Anuwt.
AnAadn via t = 0 givar y = 0 ka1 V > O yia kaBéva amdé Ta kOparta otn Béon O Tng
apxA¢ Tou dova.
a. Na ppeite Thv €iowan Tou oTdoIgou KUUATOC TTOU TPOKUTITEI aTtd Th GUHPOAR
Twyv 0U0 QUTWY KUPATWV.
B. Na mpoodiopioeTe TI¢ O€aeic Twy oUWV Kal TIC OE0EIC TWV KOIAIWVY.
v. Na ppeite Thv améaTaon petalu
i) 300 diadoXIKWY dEaUWV.
i) 0o d1adoXIKWVY KoIAIWY.
iii) evog deopoU Kal ThG YEITOVIKAC Tou KolAiag.

8. Na oxedidoeTe TO OTIYHIOTUTIO TOU GTAOIHOU KUHATOG TIG XPOVIKEG OTIVHEG T, =} Kai

_ 3T 2nx 27

1, 7 [ATt. (a) vy = 2Aouanu?‘r (p) B¢oeig deapwyv: x, =(2n +1)%, neZ

A WA L A LA
Béocic KOIMWY: X, =h—, neZ i) — i) = i) =
¢ ¢ =n3 ODESDERDES
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2.112. ¥’ éva otdoigo KUpa dUo popld Tou €AddTIkoU Hédou améxouv amo Tov idio
. . A A ,
deopd A amootdoeig E Kal 3 avTioToixd.

a. TToia ivar n peTall Toug diagopd @dong;

*p. TTolo €ival To TAATOG ThG TAAAVTWONG TToU eKTeAOUV, av To TTAATOoG KaBevog amd

Ta KUPATA TTOU ShuIoupyoUV To aTAGIHo KUpd givar 4; [AT. (@) O A T (rad), (B) 43 ]
2.113. H eiowon appovikoU KUpato¢ To omoio diadideTal Katd Tn OeTIKA KaTeUBuvon
Tou d€ova x'x pmopei va ypagei pe Tn Hopehn y = Anp(kx —wt). Tia kVpa mou diadideTal
KATd TNV apvnTIKA KaTeUBuvon Tou dfova x'x , n e€iowan éxel T Hopph

y = Anu(kx + wt), 6mou k = ZT"

AUo kUpata Ta omoia ouppdAiouv Kai dnpioupyoUv oTdoipo KUpa oc Xopdh peydAou
HAKoug, €xouv e€iowaoelg y, = Anp(kx —wt) kar y, = Anp(kx + wt).
a. Na 0dcifete o611 n efiowon Tou OTdOIMOU KUPATOG £EXEl Th  HOPYH
y = 2Anpkxouvwt.
P. Na ppeite TiI¢ B€0eIC TwV deOUWV Kal TWV KOIAIWVY.
v. Na umoAoyioeTte Tnv améoTaon petau:
i) 0Uo 81ad0XIKWY GETUWV.
i) OUo 31adoXIKWY KOIAIWY.
iii) €vOG deopoU Kal ThG YEITOVIKAG Tou KolAiag.

[AT. (B) x, :n% Xy =(2n+1)%,neZ D) % i) % iii) %]

2.114. Tpappikd opoyevéG €AaoTIKO HEoov ekTeiveTal KaTtd Th d1e0Buvon Tou dova
xx. AUo onpeia Tou A, B améxouv petal tou¢ amdotacnh 20 cm kai apxifouv va
TaAavTwvovTal Katakopuga He Tnv idia ouxvotnta f = 5 Hz kai mAdtog A =4 cm.
Katd pnko¢ Tou eAaoTikoU péoou diadidovral Ta dUo nuITovoEldN eykdpold KUUATA TTOU
TiapdyovTal Adyw Th¢ TaAdvTwong Twy onpeiwv A kai B. To pAkog kupartog givai A = 4 cm.
Ocwpolpe apxh Tou aova x'x 1o péco O Tng amoéoTaong AB, pe To A apioTepd Kai To
B de€1d. Emiong Bswpolpe apxi Tou Xpdvou, Th XPOVIKA OTIYUA KATA Tnv oToid Td
kUpaTa ouvavtwvral oto O Kai eival, yia 1o ohpeio O,y = O ka1 V> 0.
a. Na ypdyete Tnv eiowon Tou oTAOIHOU KUPATOC TIOU TIPOKUTITEI aTtd Th GUHUPOAR
Twy dU0 KuPdTWwy.

*B. Na ppeite TiIc Ofocig Kal Tov apiBud Twy deopwy Kal KolAiwyv Tou oxnuarifovrai.
(ZTdoido KUpa katd PAKOC Tou eAacTikoU pégou axnhuatiletar povo peTally Twy
onhueiwv A, B. ApioTepd Tou A kai de€id Tou B Ta kUpata diadidovral katd Tnv idia
kaTtevBuvan).

v. Na ypayete Tnv eiowon Tng amopdkpuvong y o€ auvdpTnon He To XpOvo yid Tn
deUTepn Tpo¢ Ta de€1d kolAia HeTd To onpeio O.

[ATt. (a) vy = SGUV%XHLIIOTTT (x,yoecm, t oes)

(P) x, =(2n+1)cm, —-5<n<4 10 deopoi, X, =2ncm, -5<n<5 11 kolAieg
(v) y=8nulOmt y oecm, toes]
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2.115. Mia xopdn ekTeAei TaAdvTwon pe egiowon y = 0,080uv S0mX nulomt (S.I)

a. TToéoo cival To péyioto TAATOC TNG TAAGVTWONG;
p. Na ppeite Thv mepiodo, To HAKOC KUpATOC Kal Thv Taxutnta diddoong Tou
TPEXOVTOC KUUATOG.
*y. Na ypdyete TI¢ €€10W0eIC TWV TPEXOVTWY KUUATWY Ao Th cUUPOAAR TWV oTroiwy
TIPOEKUYE TO OTACIHO KUKA.
Osgwpolpe apxn Tou dfova To onpeio O yia To omoio Tn oTiyun T = O eivar y = 0 kai

V>0. [Am. (@) 8 cm (p)0,2s, 12 cm, 0,6 2
S
(v) y, = 477;127[(5t —%j , Y, = 477;127[(5t +%} (x,y1,y20e cm, Toes)]

2.116. Kard pynkoc¢ ypappikoU opoyevoUg eAaoTikoU péoou diadidovrtal dUo eykdpaia
nuiITovoeidn KUgata 1d  omoia  TeplypdgovTdi amo TIC e€lowaeic:

y, = 2,5nu2n(20t—%+3 Kar y, :2,577;12”(20”%}, OToU Td X, Y1, Y2 HETPWVTAI OF

cm Kai o xpovog t oc s.
a. Na ppeite Tnv mepiodo, To PAKOG KUUATOC Kal Thv Taxutnta diddoong Twv
KUHATWV.
p. Na ypdyete Thv e€iowon Tou oTACIHOU KUPATOG TTOU TIPOKUTITEI ATTd Th GUHPOAR
Twyv 0U0 QUTWY KUHATWV.
y. Tloia givai n 1axutnta €vo¢ onpeiou Tou €AAOTIKOU HEOOU HE OUVTETAYHEVN

, , 9
x =15 cm Tn XpOoVIKA OTIYUA ¢ = < s;

[AT. (a) %s, 6cm, 127 B) y= 50;1%001/40”2‘ (x,yoecm, toes) (v) V=0]
S

2.117. Tpappikéd opoyevéG eAAOTIKO Hédov ekTeiveTal KaTd T d1eUBuvon Tou dova x'x.
ApHoviko KUpa d1adideTal kaTd PHAKOG Tou €AdoTIkoU Hédou Katd Th OeTikA kaTeUBuvon

Kail Treplypd@eTal amd Thy eiowaon y, = 477;1;:[1 —%) , OTToU Ta X, y1 0 cm Kai To T o€ S.

a. Na ypdyete Tnv efiowon Tou nuiTovoeldol¢ KUpaTtog, idiou TTAATOUC, TO OTOIO
oTav oupuPdAAsl pe To TponyoUHevo dnuioupyei KATd HAKOG Tou €AAOTIKOU HéTou
otdoigo kUpa. Na Bewphoete 611 otn Béon x = O Tn oTiyun t = O eivar y = O kai
V>0.

P. Na ypdyete Thv efiowon Tou oTdoIHoU KUPATOC TTOU dNUIoUpYEi n CUUPOAR Twyv
0Uo0 TTponyoUHEVWY KULATWV.

v. Na ypayete TI¢ €§i0Wwoeig, ge ouvdpThon HE To XPOVO, Yid ThV TaxUTNTa Kai Thv
EMITAXUVON €VOC onpeiou Tou eAaoTIkoU Héoou, To omoio PpiokeTal oTh Oéan e
ouvTeTayuévn x = 2,5 cm.

[AT.a. y, = 4mm(f +%) ,X,y20ecm,toes p.y= 8ouv1;—())<nun‘r ,X,yoecm, toes

cm
29
S
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2.118. Katd pnkoc ypapuikoU opoyevoUC HECOU TO OTOiI0 €KTEIVETAl KATA Th
d1evBuvon x'x, dnuioupyeiTal oTAoIdo €yKdpolo KUPA To OToio Treplypd@eTal Ao Thv

e€iowon y= 6ouv%nu10nt (x,y oe cm, t o s).

a. Na ppeite To TAATOG, ThV TEPiodo, To PAKOG KUPATOC Kal Thv TaxutnTa diadoong
Twv U0 TPEXOVTWY KUHATWY TWyv oTroiwv n cupPpoAn dnpiolpynoe To oTACIHO KUKA.
*B. Na ypdyeTe TI¢ €€10WoeIC TWV TPEXOVTWY KUPATWY Ta oTroid pe Th cUUPOAR Toug

dnuioupyolv To 0TACIHO KUKA.

y. TTéoo eivai To mAdTo¢ TaAdvtwong 8Uo onueiwv M, N Tou €AaoTikoU péoou Tda
omoia PpiokovTal oTig BéoeIg x, =—25cm Kal X, =+25cm avTioToIXa;

0. Na ppeite Tov apiBUé N TWV KolAIWY Tou aTdoipou KUUAToC TTou axnuartilovrai
peTall Twyv onueiwv M kar N.

*e. MeTapdAAoupe KAtdAAnAa Th OUXVOTNTA TWV OUUPAAAOVTWY KUPATWY OTOTE
dndioupyeital Katd PAKOGC Tou €AacTikoU Wéoou éva véo OTdoIgo  KUud.
Aiamiotwvoupe 6T1 petaly Twv onpeiwv M kai N Tou eAaoTikoU péoou
oxhupatiCovral n - 2 KolAieg. Aedopévou 6TI n KIVNTIKA KATdoTaoh Twv ohpsiwv M
kai N ¢ peTaPAnOnke,

i) va Ppeite molo egival To véo HPAKOC KUPATOC Kal n véa mepiodog Twv
KUHATWY TToU dnpioupyouv To oTdaipdo KUud.
i) va ypdyete Tnv €iowan Tou véou oTdoIoU KUPATOC.

[AT. (@) 3 cm, 0,2's, 20 cm, 1? ) v, =3nu2n(5t—2x—0j, y, :3nu2n(5t+%j (X, y1,

y20e cm, Tt oes) (v) O (8) 5 koihieg (g) i) % cm, % s i) y= 60UV35L511H675'[ (x,y

oe cm, T o¢ s)]
2.119. Z¢ ypappikd opoyevéG €AaoTIKO péoov, peydAou pnkoug, diadidovrar dUo
apuoVvIKd Kupata Ta omoia OnpioupyoUv OTACIHO KUUA Kal Treplypd@ovTdl amd TI¢

e€lowaoeic vy, = Anu(ot —kx+g)kar  y, = Anu(wt + kx), o6TOU k:% 0 KUHATIKOG
ap1Opoc. Na deifeTe oTi
da. n Taxurnta d1ddoong Twv KUPATWY gival v = %
*B. n auBaipeTn apxIkA @don ¢ aAAdlel Tic Béoeic Twy SEOUWY Kal TWV KOIAIWY, EVW
dev aAAdlel Tnv amdoTacn peTall diadox iKWy deopwyv R 1adoXIKWVY KOIAIWY.

[AT. () Béoeig deopwy: X, = 41A +(2n+ 1)%, neZ
T

9®
41t
Y/

, , A
Béoeig KoIAIWY: X, = A+n5, neZ]j

, , . , , , 2
2.120. 'Eva ordoipo KUpa meplypdgetal and tnv e€iowon y=2A4cvv -nuwt . Na

Ppeite TN oxéon mou divel Thy amdaTaon Hetalu
a. dUo deopwv ny Kai na. (N1 < n2) [nodes = deapoi]
p. d0o KolAIWV a; Kai az. (a1 < az) [ antinodes = avTideopoi, nA KotAieg]
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Y. Tou deopoU n Kai Tn¢ KolAiag a.

[AT. (n, —n, )%, (a, —a, )%, |n—a|%i% (H)avn=al
2.121. To dkpo M piac papdou MN pnkoug /= 0,9 m eivar eAeUBepo, evh To dkpo N
™NG pdPpdou civar akAovnta otepewpévo. Eva appovikdé kUpa mAdToug A = 4 cm
d1adideTal pe TaxuThTa U = 4 m/s amd 1o dkpo M mpoc To dkpo N, avakAdtai aTto
akAdévnto dkpo N kai di1adideTalr tpo¢ Tnv avTiBetn kareUBuvon. AiamioTwveTtar OTI
peTall Twy dkpwv M kai N urtdpxouv 4 onpeia TG pdPpdou TToU TTAPAUEVOUV GUVEXWCE
akivnra.

a. Na ypagouUv o1 €§10WaeIC TOU TTPOCTIITITOVTOG KAl TOU AVAKAWHEVOU KUUATOC KABWG
Kdl ToU aTAoIHoU KUHATOC TToU TTPOKUTITEI attd Thv oupPoAn Twy 600 auTwy KUPATWV.

p. TToiec cival o1 ouxvOTNTEC TWV KUKATWY TTOU UTTOpoUV va dnHIoupyYRoouv aTdoipd
KUpaTa mavw oth pdpdo MN;

Na BswphoeTe gav apxh péTpnong Twy amootdocwy (X = 0) To dkpo N ThG pdpdou Kai
oav apxf péTphong Twv xpdévwy (T = 0) Tn oTiyuAR Tou To KUpa @Tdvel ato dkpo N, He
OeTIKA TaxUTNTA.

X X T-X
AT () y, = 427 (10t + ), v, = —4nu27(10f — ——), y = Snu— - cLV 207t
[Am. (a) y, = 4nu2x( 40) ¥, nu2r( 40) y =8

() f:%(2n+1), n=012...1

2.122. Eva sAagpd vApa phkoug / = 1,5 m TomoBeTeiTal katd pAkog Tou dfova x . To
vhua dieyeipeTal o TahdvTwaon He To £va dkpo Tou aTaBepd oTo ohpeio x = 0.
a. TToio gival To HAKOG KUKATOC TOU OTACIHOU KUPATOC TTOU AVTIOTOIXEl aTh OgpeAiludn
TaAavrtwon;
p. Av To vAua ouvTovileTal oTh TETAPTN dpHOVIKA oe auxvotnta f4 = 320 Hz, moia
gival n TaxuTNTa TWV €YKAPOIWY KUPATWY 0TO VAUA;
v. Tpdyte pia ékgppaon yia thv €iowaon Tou OTACIHOU KUPATOG TTOU AVTIOTOIXE( OTh
TETAPTN APHOVIKA, av h péyIoTn amopudkpuvon oTo onpeio X = A/4 civai 4 cm.

[Am. (@) 6 m, (B) 274,3 m/s, (v) y = 0,04nu(7,33x)ouv(20101)]

2.123. Kard pAko¢ ypappikoU opoyevoUC €AdoTIkoU HEOOU, TO OTIOIO EKTEIVETAI OTNH
d1eUBuvon Tou dfova x ' x, éxel dnuioupynOei oTdoido KUPA To oTroio Treplypd@eTal Ao
Tnv efiowon: y = 80vvnz—x77u10nt (x,y oe cm,t oe s).

a. Tn XpovikKA oTIYUA t = z—(l) S, va UTtoAoyiogeTe Thv TaXUTNTA KaAl TV ETMITAXUVON £VOC
onpeiou Tou eAaaTikoU Hédou TTou PpiokeTal aTh Béon x; = % cm.

B. Kamoia xpovikh oTiyui t, n deUtepn Kothia 8€1d Thg apxnc O, éxel amoudkpuvon
y = + 4 cm kivoupevn mpog Tn BeTIKA KaTewBuvan Tou dfova y. Na umoAoyiceTe Thv
TaxUTNTA Kal ThV €TTAXUVON TG ETTOUEVNG KOIAIAG.

v. Alo onpeia Tou eAaoTikoU péoou améxouv amd Tov deUTepo deopd 8e€1d TG apXAC
O, amooTtdoeig % Kal % avtioToixa. Na umoAoyioeTe Tn diapopd @dong Twv TaAAvTw-

OEWV TTOU €KTEAOUV Kal To TTAATOG ThG TAAAVTWONG TOUG.
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8. Eotw éva onpcio M Tou péoou To omroio TaAavTwveTal ge TAatoc 4 cm. TTéon civai
n améoTaon Tou amo Tov TAnCI1£0TEPO OEOUO;
€. Tn xpovikA aTiyuA to BcwpoUpe OTIYHIOTUTIO TOU OTAGIHOU KUWATOG OTO THAWA Tou
€AdoTIKOU péoou pe —8 cm < x < 8 cm. INia Tnv KolAia otn Béon x = O eivary = + 8 cm.
Na oxedidoeTe To OTIVHIOTUTIO TOU OTACIHOU TIC XPOVIKEC OTIYHEG t; =ty + 0,05 s Kal
t, =ty +0,1s.
Aivetai m? =~ 10

[AT. a. -0,2m m/s, 20\/§Sﬂ2 p. —0,4n\/§%,40 sz v. 0 A 1 (rad), 4V3 cm, 8. % cm]
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§2.6 TTAPATQQ'H HAEKTPOMAITNHTIKOQN KYMATSIN

Onwce yvwpiCoupe (Buaikn T.TT. B" Aukeiou), éva akivnTo hAeKTpIKO @opTio N €va oU-
OThUA NAEKTPIKWY @opTiwv dnpioupyei oTo yUpw Xwpo HAEKTPIKO TTEAIO. Emiong
yvwpiloupe 0TI £vag aywyog o omoioC SlappEéeTdl amd NAEKTPIKO peUpa oTadBepnc é-
vTaong dnpioupyei oto yUpw xwpo Tou MATNHTIKO TTEAIO. (Zxhua la kai 1p)

HQ [Hd
a "Q  Av owvdéoouus OToUS TOAOUS wias TMYHS
) — 1 : evaAaooouevng Tdong ovo LETaAAIKoUS ayw-
= ) e——— A3, youc, autoi Ba Jigppéovrar amd evarlacodye-
g Vo peula kar Ta dwpa Touc Ba «poprifovrars
o] " TEP100IKd LIE YopTio +g kai - g. (Zxria 10)
i ) 1 -q
(«) (&) (v) (3)

2 xhApa 1
Av o1 dUo Opoieg HeTAAAIKEG apaipeg Tou oxApaTog la ouvdeBolv peTall Toug pe évav
aywyo, Ba apxioel peTagopd NAEKTPIKOU YOPTiou HEXP! OI 0QAIPEC VA ATTOKTAGOUV TO
id10 duvapiko, To oToio oThv TepimTwon Tou eeTdloupe Ba civar undév. MNa 600 xpovo
dldpKei N EKPOPTION, 0 aywyog Oa diappécTal amd peUpa KAl €11 EVW TO NAEKTPIKO Tre-
dio (0x. la) Ba e§aoBevei, Oa dnuioupyeital payvnTiké medio. Av popTiloupe TTEPIOBIKA
T1¢ OU0 oaipeg, TOTE Ta dUo media ou dnuioupyolvTal Ba peTaPdAAovral kair autd me-
p1odikd. AuTO PTopoUpE va To TTETUXOUHE av ouvdéaoupe TIC OU0 o@aipeC Ue TOUG TTO-
Aou¢ TnyA¢ evaAAacoodpevng Taong. Ta goptia Oa evaAAdooovtal (TaAavTwvovTail) omo-
Te Oa peTaPpdArovTal Teplodikd Kai Ta Tedia. To aUoThua Twy 800 @opTiwv TTou TaAd-
VTWwveTal ovopdletal TaAavroupevo NAeKTpIkO dimoAo. Ta dUo media diadidovral aTo
KEVO PE ThV TaxUThTa Tou ewToc ¢ = 3x108 m/s.

Av TWpa avTIKATAGTACOUHE TOo aUaThua Twv dUo @opTiwv He évav amAd gubuU-
YPAUpo aywyo, oTn péan Tou oToiou éxel auvdéael TThyh evaAAacoopevng Tdong (ox.
1a), Ba éxoupe pia Kepaia TTapaywyng NAEKTpopayvnTikoU KUPAToC.

[mh T=i] {8} =T/
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2 xhHa 3

2Ta oxhHata 2 kair 3 @aiverdl o TPOTOC TApAywyYAS Kai d1ddoong Tou NAEKTPIKOU Kal
TOU payvnTtikoU mediou avTioToixa.

TTapatnpoUpe 6TI 6Tav To payvhTikO Tedio €ival HEYIOTO, TO NAEKTPIKO Tredio gival pn-
dév Kal avTioTpopd. AuTo ocupPaivel KovTd oThv TThyA Tapaywyhc Tou H/M kUpatog
(kepaia), evy pakpid amod authv amodeikvUeTal 0TI Ta dUo Tedia cival oe @don, dnAadn
TAipvouV TauTéxpova TIC HEYIOTEG TIHEC TOUC Kal TauToxpova pndevilovral.

2xnua 4

270 oxhpa 4 gaivetar To oTiyHIoTUTTIO £vO¢ H/M KUpaTog o peydAn amdéotach amd Thv
Kepaia Tou To e§Emepye.

IATOTHTEZ TIN HAEKTPOMAINHTIKOQN KYMATOQN

Me pdon Tov Tpomo Tapaywyng evoc H/M klpartog kair Th OswpnTiKA Toug HEAETN,
pmopoUe va amodwooupe ato H/M kUua Ti¢ Tapakdtw 1310ThTEG.
1. Ta diavUoparta E kai B Twv 8o mediwv civar kdOeta petall Toug oe kaBe on-
HEio TOU XWpou.
2. H 8i1evBuvon d1adoong Tou H/M kUpatog eivar kaBeTn ota diavuopata E kai B.
AnAadn ta diavUopara E, B kai ¢ amoteAolv TpioopBoywvio oloTtnua (ox. 4).
3. H gopad diadoong Tou H/M kUpatog Tauti{eTal pe Th @opd Tou Ba mpoxwpolaoe
pia 8e€160Tpopn Pida n omoia Oa mepioTpepdTav OTTWCG (voNnTd) TEPIOTPEPETAI
10 E via va «méoel mdvw» oTo B.
4. Ta H/M kupara givai eykdpoia kUpard.
O1 gvrdoeic Twy 0Uo mediwv peTaPpdAlovTal dppoviKd HE To XPOVo Kal pakpid
amoé Tnv Kepaia eival oe gdon.

o
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6. Ta H/M kuUpata di1adidovral 0To KEVO HE ThV TaxXUTNTA TOU QWTOC C Kal 0 KAOe
dAAo UAIKG pédo pe TaxuTnTa HIKPOTEPN ATIO C.
7. Ta H/M kUpata umtakoUouv aThv apxh The emarAnAiac.

8. O Adyo¢ Twv evrdoewv g KdBe oTiyun cival otaBepd¢ Kkai igo¢ pe ¢, dnAadn

10X Vel E =cC. (2.27)
9. O e€ioWwaoeic TTou Teplypdpouv TN HETAPOAR Twy evTdoswy Twv dUo Tediwv €i-
t X t X
vat E=E__ - 211(———) kai B=B - 211(———).
max n“ T A max nu T A

10. Ta To pAKo¢ KUpaToG A Kai Thv Trepiodo T 1oxUel n axéon A = ¢ T, epdoov To
KUHa d1adideTal oTo KEVO.

TO EAZMA THZ H/M AKTINOBOAIAZ

To TaAavToUpevo NAEKTPIKO ditoAo dev cival o povadikog Tpdmog mapaywyhc H/M ku-
HATwy. AAAOI TpOTIOI TTApAYWYNG cival ol amodieyéPaeiC aTOpwY, dIAoTIAoEIC TTUPAVWY
KA. AveldpTnTa amod Tov TPOTIO TTAPAYWYAC TOUC £XOUV éva HeydAo gdopa ouxVvoTh-
Twv ( Kal gnkwv Kopartog) mou amoteAolv To HAEKTPOMATNHTIKO 2AZMA. Mmo-
poUpe va xwpiooupe To H/M @dopa oc meplox£C, Xwpic 6w va eivar eudidkpiTa Td
opia Twyv meptoxwy. O1 meplox£g aTic omoiec Xwpilouphe To gdopa eival emTd.

1. PAATOKYMATA pe pfikn kUpatog amé 10° m wg 30 cm.

TTapdayovTar amé TaAavroupeva NAeKTPIKA JiTToAd Kal XpNOIHOTIOIOUVTAIl OTIC ETTIKOI-

VWViEG.

2. MIKPOKYMATA pe pikn kupatog amé 30 cm wg 1 mm (= 107 m)

TTapdyovrar amé TaAavroUpeva nAeKTpIKA diTToAd Kal XpnoIHoTToIoUVTAl OTIC ETTIKOI-

VWViEG.

3. YTTEPYOPA KYMATA pe phkn kUpatog amé 1 mm we 700 nm. (1 hm = 10 m)
TTapdyovtar amd TahavroUpeva nAeKTpIKd diTtoAd, amd amodicyépoeiC ATOPWY Kl €K-
TEUTOVTAI aTd Oepud owpard, amoppoPwVTdl amd owydrta kai au§dvouv Tn Beppokpa-
oia Toug.

4. OPATO 30QF e pnkn kupatog amé 700 nm wg 400 nm.

TTapdyeTar amé amodieyépoeic aropwy ( avakaravoun Twv hAEKTpoviwyv oTd dToud Kai
popia). KaBe umomepiox Tou opatoU @dopaTog TpokdaAsi oTo avBpwmivo pdTI TnV ai-
oBnon evog xpwuaroc.

5. YTTEPIQAHYZ AKTINOBOAIA pc pAkn kupatog amd 400 nm we 60 nm.
TTapdyovrar kupiwg amé tov HAIO, cival utteUBuveg yia To «pavpiopa» 6Tav KAvoupe
nAloBepameia aAAd kai yia kapkivoug Tou dépparog. To peyaAUTepo HEPOC TNC NAIAKAG
akTivopoAiag mou @Tdvel oTn yn amoppowdTal anmé To OZON Ttn¢ aTparéopaipag.

6. AKTINEZ X ( 4 AKTINEZ Rintgen) pe pfikn kUparoc amé 60 nm we 1073 m.
TTapdayovrar amé tnv emippdduvon nAeKTpoviwy TToU KivouvTal pe HeydAeg TaxUTnTeg,
oTav MEPTOUV TTAvw o€ HETAAAIKO aTOXO.
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XpnoipomotoUvTtal athv IatpikA (akTivoypagieg) aAAd Kai oTh HEAETN KPUOTAAAIKWY
OopWwv.

7. AKTINEZ y pe pAkn koparoc ané 10° m we 10 m.
TTapdyovTar amd amodieyépoeiC MUPAVWY Kal dTtd TUPNVIKEG avTidpdoelg. Eivar oAU
01€100UTIKEG KAl ETTOHEVWE ETIKIVOUVEG YId TOUG opyaviopoUg.

TTapc'erlyua 2.11 | 5¢ ¢va onueio O, To oToio PpiockeTaAl HAKPIA ATTO TNV TTNYN
Tapaywyh¢ evoc H/M kupaTog Kai To oTroio Bswpolpe w¢ apxh eva¢ TpioopBoywviou
ouoThApaTog afovwy Oxyz, To payvnTikd medio Tou H/M kUpaTog TaAavTwveTal o€ ou-
vapTnon pe To Xpovo, oUppwva pe Thv e€iowon B = 810 nu(2:108nt) (S.I). To H/M
KUpa d1adideTal oTo Kevo KaTd Tn OeTIKA popd Tou dfova x.

a. Na ypdyeTe Thv e€iowon TaAdvTwaong Tou hAekTpikoU Trediou aTo id1o anpeio O.

p. Na umoAoyioeTe Th ouxvOTNTA Kai To HAKOC KUpaATog Tou H/M klparog.

v. Na ypayete Ti¢ §ioWaeic ae auvdpThan pe To Xpdvo, TTou Teptypdgpouv To H/M KU-
pa oc £éva Tuxaio onpeio X Tou nuid§ova OX.

AiveTal n TaxUThTa Tou WTOC oTo Kevd ¢ = 3108 m/s.

Nuon

Emeidn To H/M kUpa ppiokeTal pakpid amd Tnv Thyh Tapaywyng Tou, Ta dUo medida, To
NAEKTPIKO KAl TO HAYVNTIKO, ival og ¢dan.

a. ATo Tnv e€iowaon 2.27 TpokUTTEL:
Ezc =E=cB=E=3-10°-8-10" -nu(2-10°nt) = E = 2,4-10° -nu(2-10°nt) (S.I)
p. AT6 Th 30B¢ioa e€iowon B = 810 *np(2:108nt) (S.I).mpokumTel 6TI
w = 210%7 rad/s kai Bpax = 8107 T.
8
Eivai u.;:21n‘:>f=%:>f=2;?T T [f=10°Hz
c 3-10°m/s
C:Af:>A=¥:>A=WZ> A=3m
v. T- % — T=10"5 Kai Enex = 2,410° V/m
t X . t X . X
B- BmaxnuZH(?—xj . B-8.10 4nu2n(10_8 ‘5) —B=8.10 4nu2n(108+ —EJ(SI)
t X T X X
E=E 2m| —— = E=2,4-10°nu2 ( ——j E=2,4-10°nu2 (IOBT——) SI
maxr“‘I Tr(T Aj = nu T 10—8 3 = nu T 3 ( )
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Epotiogic morlroming emioyng

0dnyia: I'io. vo, OTOVTHOETE OTIC TOPOKATW EPWTHOEIS TOILATANG EXIAOYNG GPKEL VO, YpaweTe aTo YVALO amavti-
eV TOV apIOUs TS EPDTNONG Kal 0CIG OO AVTOV TO YPOUILO. TTOD OVTIOCTOLYEL OTH OWOTH OTAVTINGNH 1 TOD OVTI-
OTOLYET OTO 0WOTO COUTAPWUE, THG.

2.124. H ywvia petall Twv diavuoudTwy TnG £vraoncg E Tou nAekTpikoU mediou Kai Tou

payvnTikoU mediou B, kaBe xpoviki oTiyuR, givai
a. 0. p. 30°, y. 45°. 3. 90°.

2.125. Av B cival To pétpo TnG évraong Tou payvnTikoU mediou £vOC nAEKTpopayvnTi-
KoU KUUATOC O€ éva onygeio Tou XWPoU Hid opladévhn XPOoVIKA OTIYUA, TOTE To péTpo E
TG £évraong Tou nAekTpIkoU Trediou aTo idio anpeio Tnv idla XPOVIKA OTIVUA, €ival

a. avdAoyo Tou B.

avTioTpoypa avdAoyo Tou B.

avdhoyo Tou B2,

avedptnTo Tou B.

Nx®

2.126. Mia koivh 1816TNTA TWV NAEKTPOHAYVNTIKWY KUPATwy Trou d1adidovTal oTo Kevo
gival 0TI €xouv
a. 70 id10 HAKOC KUKATOG.
p. Tnv idia ouxvéTnTa.
y. Tnv idia Taxurnrta d1adoong.
5. Emax = Bmax-

2.127. O1 diapopeTikéG 1810TNTEC TTOU eKONAWVOUV Ta didYopa hAEKTpoHAyvNTIKA KUUa-
Ta (padiokupaTa - HikpokUpaTa - uttépuBpa KATT) ogeiAovTal
a. othv TaxuTnTd Toug.
. 0TO TTAATOC TOUG.
oThv KaTeUBuvon 31dd00NG TouG.
0TO HAKOG KUKATOG TOUG.

Nx=w

2.128. TTnyn mapaywyAng NAEKTPOUAYVNTIKWY KUHMATWY HIKPAG ouxvoTnTag Bcwpeital
TO AKivnTO NAEKTPIKO YopTio.

TO KIVOUMEVO He aTaBepn TaxuTnTa NAEKTPIKO opTio.

TO EMITAXUVOHEVO NAEKTPIKO QopTio.

TO oUVEXEC NAEKTPIKO pelpa oTaBepnc €vraong.

o< ®a

2.129. TToia amé TiI¢ TapakATW TPOTACEIC €ival CWOTH;
a. Ta padiokUpara éxouv HeyaAUTEPEG OUXVOTNTEG aTTO Ta HIKPOKUUATA.
P. O1 umépuBpec ExoUV HIKPOTEPEG OUXVOTNTEG ATTO TIC 0PATEC AKTIVOPOAIEG.
Y. H opath mepioxh Tou @doparog €xel HeyaAUTepo €UPOC OUXVOTATWY Ao Thv
TEPIOXN TWV PAdIOKUHATWY.
0. O1 akTiveg X tapdyovral amod TaAavTeudpeva NAEKTPIKA KUKAWHATA.
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2.130. HAekTpopayvnTikd KUpa 31adideTar oTo Kevé pe TaxuthTa ¢ = 3x108 m/s kai To
NAEKTPIKO Tredio Tou KUpatoc pndeviletai kdBe 107° s. To phAkoc KUPATOC TOU NnAe-
KTpoUayvnTIKoU KUUATOG gival
a. 600 nm. p. 300 nm.
y. 150 nm. 6. 1800 nm.

2.131. Z10 dimAavd oxnpa eaivetar éva i A + N _’ ,‘I}
NAEKTPOHAYVNTIKO KUUA To oTroio diadide- A‘ E\ N /-'; ,_\ OO Al A x
Tal KATd pAKo¢ Tou déova x. ‘\f AN 3

a. H karegvBuvon mpog Tnv omoia dia- \v By/ Y \| | "%

3ideTal mapioTdveTal amd To PéAog (a). N s \y/

p. H karevBuvon mpog Tnv omoia dia- %E

dideTal mapioTdvetal amd To PéAoc (P).

v. Ae pmopoUpe va yvwpiloupe Tnv katelBuvon mpog Thv otoia diadideTai.

8. Ac pmopei va uttdpx el TETOI0 NAEKTPOHAYVNTIKG KUpA.

2.132. TToia amé Ti¢ TapakdTw TPOTACEIC €ival CWOTH;
Av 0g €va nAeKTpoHayvnTIKG KUUA, TO 0Troio PpiokeTal oTnv TeploxXi

a. Tou uttépuBpou, au§nooupe To HAKOG KUPATAOC Tou, TOTE Ba Ppedcei oThv meploxh
TOU oparou.

B. Tou umepiwdouc, au§hooupe To HAKOG KUPATAC Tou, TOTE Oa Ppedcei oTnv Treplo-
XA Tou oparou.

Y. Twv akTivwyv X au§hooupde To PAKOC KUUATOC Tou, TOTE Oa PpeBei aTnv Teploxn
TWV AKTIiVWV V.

0. Twv HIKPOKUHATWY, au§Aooupe Th ouxvoTnTd Tou, TOTE Ba PpeBei aThv Teploxn
TWV padioKUPATWV

Epotmioesic Tov Tomov Xmeto /Adboc

Odnyio: T'io. vo, amaVTHOETE OTIS TOPOKATW EPWTHOEIS OPKEL VO YPOWETE 0TO POAAO amavTioewy oV aplOuo e epaTh-
ONG KO OC1G OO aDTOV TO Ypago. X av Ty Kpivete owoti 1 To ypouua A av v kpivete AavBaouévn.

2.133. To nAekTpopayvnTiké KUPA HETAPEPE! EVEPYEIA HOVOV TOU NAEKTPIKOU Trediou.
2.134. To nAekTpopayvnTIKO KUPA HETAPEPEI EVEPYEIA HOVOV TOU HayvnTikoU Trediou.

2.135. To nAekTpopayvnTiko KUUA HeTagépel evépyeld TOU NAEKTPIKOU Ttediou Kal evép-
YEId Tou payvnTtikoU mrediou.

2.136. H €€iowon E =Emaxﬂﬂ2”(%—%) TePIypd@el ApHOVIKO NAEKTPIKO KUWA, TO OTT0i0

’ A . , A !
d1adideTal Katd Tn OeTIKA kKaTeUBuvon Tou dfova X X
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2.137. H €€iowon B = Bmaxny%(chtx) TEPIYPAPEI APHOVIKO HAYVNTIKO KUUA, To O-

moio d1adideTal oTo KEVO KATA ThV ApVNTIKA KaTeUBuvon Tou dfova x'x.

2.138. ZT1a nAekTpopayvnTika KUPaTa dev TApAThPEITAI TO PAIVOUEVO TG GUUPOARG He
amoTéAsopa va pnv HmopoUv va dnpioupynBoUv aTdoipa nAEKTpopayvnTIKkAd KUpaTd.

2.139. Tn xpoVIKA OTIYUA TTOU Td @opTid evOC aywyoU - NAEKTPIKOU dITTOAOU- TTOU Tpo-
podoTeiTal amd evahAacodpevn Ttdon, undeviovral, To diTtoAo diappéeTal amd PEYIOTO

pelpa.

2.140. Ta nAekTpopayvnTikd KUPaArta mapdyovrdi Hovo amd TaAavroUpeva hAeKTpikd i-
TIoAd.

2.141. Ta pAkn KUPATOG TTOU AVTIOTOIXOUV OTO 0pdATO YWGC, OTToU KI av auto diadideTal
givar yetagu 400 nm kair 700 nm.

2.142. H umepiudng akTivopoAia mou @Tdvel oth 'n amoppogdral katd kUpio Adyo amod
10 6oV TG ATHOOPAIPAC.

2.143. H mo koivA aiTia Tapaywyng aktivwy X eivai n emippdduvon Twv VETPOViwY Td
0TIOid TTPOOTIITITOUV HE HEYAAN TaxUTNTA o€ HETAAAIKO OTOXO.
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Oonyia: TI'io. vo, amovTnoeTe oTIS TOPOKATW EPWTHTEIS OPKEL VO YPAWETE GTO POALO ATOVTHOE-

Epoticsic avrietoiynonc

WV TV apIOUO THES EPDOTNONG KO TO. KOTAAANAa (eDyn ypouudty - apiBuav.

2.144. Na avTioToiXioeTe Ta aToIXEid ThG ApIOTEPNG OTAANG He Ta oToixeia Tng deidg

OTAANG.

A. Mnxavikd kupara

B. HAekTpopayvnTikd kKUuata

. MAKo¢ KUpaTog

A. ZTiymoéTumo kUpaTog

2.145. Na avTioToixioeTe Ta oToIXEid TN APIOTEPAC OTAANG He Ta oToixeia Tng deidg

oTAANG.

A. y=Anu(wt —kx)

B. y= AI],U%(UZ‘-FX)

Ax
. Ag=27r—
$=2m—

t X
A. E=E 2r| ——=
maxnﬂ (T lj

E.B=B,, y2n(i+£j
T 2

1°TEA IETPOYIIOAHX

1. MeTagépouv evépyela nAeKTpIKOU Kal payvn-
TIKoU Trediou.

2. H améoraon mou diaviel To KUUA ge XpOvo
Hiag mepiddou.

3. MeTagépouv Unxavikn evépyeia.

4. Eivai n ypagikh mapdotach ThG §iowaong Tou
KUPATocg yia x = o1aBepo.

5. Eival n ypagikh mapdotach the e€iowong Tou
KUparog yia t = otaBepo.

1. Eiowon évraong payvntikoU mediou nAe-
KTpOHAyvNTIKOU KUpato¢ To omoio diadideral
TPOG TNV dPVNTIKA KaTeUBuvon Tou dova x'x .

2. E€iowaon pnxavikoU kKupato¢ To omoio d1adi-
deTal TPOC TNV dPVNTIKA KaTeUBuvon Tou afova
x'X.

3. Efiowon évraong nAekTpikoU Tmediou nAe-
KTpopayvnTikoU KUpaTto¢ To omoio diadideTal
Tpo¢ Th OeTIKA KaTeVBUvon Tou dfova x'x.

4. Aiapopd ¢dong petall Twv TAAAVTWOEWV
OUo onueiwv Tou €AdoTIKoU Pédou aTo omoio OI-

adideTal appoVvIKO KUpa, Thv idia XPOVIKA OTIVHA.

5. E€iowon pnxavikoU kUpatog To omoio diadi-
deTal Tpo¢ Tn OeTIkA KaTeLBUvON Tou dova x'x

6. E€iowaon oTdoipou KUparog.

2. Kouoidng
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KepdAaio 2

2.146. Na avTigToiXioeTe Ta oToIX€id TG APIOTEPNG OTAANG He Ta diaypdupara The de-

€1dg oTAANG.

A. ZTIYHIOTU-
TT0 nAe-
KTpopayvn-
TIKOU appo- 1.
vikoU KUua-
TOC

B. ZTiypi6TUTIO 2.
apHovikou
HNXavikou
KUUaTog

3.
B]TlaX
. ZTiypiétumo
oTdoipou
KUUATOG
4.

2. Kouoidng
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Epotnogic avolkTov TOToV

2.147. Ti ovopdloupe nAekTpopayvnTiko Kupa; Na ypdyete Tic e€iowaeic Tou mepiypd-
POUV TO NAEKTPIKO Kal TO HAyVvnTIKO Tredio €vOC dpHoVIKoU NAEKTpopayvnTikoU KUpa-
TOC, TO oTroio d1adideTal KATA TN OETIKA kKaTeUBuvon Tou déova x.

2.148. Ta nAekTpopayvnTikd KUpara sivai eykdpaia i diaunkn; Mmopei va dnpioupynOei
oTdoido nAekTpopayvnTikd kUua; Na oxedidoeTe To OTIYHIOTUTIO €VOC NAEKTpoUAyvNTI-
KoU KUpaTog Tou 31adideTal KaTtd Tov dfova X ' X .

2.149. H egiowon E = 3000~nu2n(12~1010’r+4-104x) (S.I.) umopei va mepiypdgel To

NAEKTPIKO TTedio eVOC NAEKTpOHAYVNTIKOU KUKATOG, To oTroio d1adideTdl 0TO KEVO;
Na 8ikaioAoyAoeTe Thv amdvTnoh oac. Aiverai ¢ = 3x108 m/s.

2.150. AmodciTe 0TI n oxéon E = B ¢ cival owoTh amd mAeupdg diaoTtdocwy, dnAadn
amodeiTe 0TI 10XVel 0To S.I n mapakdTtw oxéon HeTall Twv Hovddwy:
1 volt _1teslq. meter
meter second

§827 KYMATIKA ZAINOMENA 7ou 2QTOZ

Oa peAeThooude dU0 KUHATIKA @aivopeva Tou owToc (paivodeva oTa omoid To pWe |-
gavilel To KupaTiké Tou TtpdowTo), Thv ANAKAAZH kai tTh ATAGAAZH.

Eicaywyikéc évvoieg

v MéTwro KOpatog: Kartd tnv mepiypaghn Tng diadoong evog KUPATOC, ouxvd xpn-
oigoTrolgiTal n £vvold Tou HeTwTou KUHaTtog. Opiloupe gav HETWTIO KULATOC TO YEWLE-
TPIKO TOTIO AWV TWV ohueiwy 0Td omoid N don TG TAAdvTwWong Uidg QUAIKAG TT0g0-
TNTag, ouvdedepévng Pe To KUWA, gival aTabeph.

‘Eva mapddeiypa civar Ta kUpata mou dnpioupyoUvTal 6Tav piXvoupe éva meTpaddki
oTnv Rpepn emgdveia piag Hikpng Aipvng. Or kUKAol Ttou oxnuatiovral amo TIC Kopu-
P&C TWV UAATIVWY KUPATWY KaTd Th 01adoon Toug eival HETwTa KUKATOG.

AAAo Ttapadeiypa gival n diadoon Twv NXNTIKWY KUPATWY Péda o€ akivnTo aépd, Trou
Tapdyovrar amd onpeiakA mnyA. (OQuunBeite 4TI 0 RXOC gival SIAUNKEC pNXAVIKG KUUA
oTo omoio HeTaPpdAAovTal Tepiodikd TOOO N Tieoh 600 KAl h TTUKVOTNTA Tou aépa.) Kabe
OQAIpIKA ETTIPAVEIA HE KEVTPO TN ONUEIAKA TTNYA €ival HETWTIO KUPATOG. Z TNV TTEPITITW-
on auTh ol Kopuwég Tieong, dnAadn ol emi@dveleg ge 0An Thv EKTAON TWV OTTOIWV N Tri-
eon eival pé€yiotn, dnuioupyolv oUVOAd OHOKEVTPWY OQAIpWY, TWV OTIOIWV N AKTiva pe-
vaAwvel kaBw¢ 1o KUPa amopakpuveTal amé Tnv mnyA Tou. OTav OéAouue va avamapa-
OTAOOUHE TNV KUWATIKA Kivnon, ouvABw¢ oxedidloupe TUAKATA Aiywv HOVO HETWTIWYV
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KUHaTog, emAéyovTag d1adoxIkd HETWTIA Ta oTroid améxouv HeTall Toug éva HAKOG KU-
Hato¢. Mg id1o TpOTTO HUTTOPOUNE va avamapdoTACOUHE Kal
éva NAEKTpopayvnTikO Kupa (.. opdTd @wc), HOVO TToU

TWpa avTi yia Thv Tieon Tou nXNnTikoU kUpaTog, Ba €xou- /Mm_.
HE TO NAEKTPIKO N TO HayvnTIKO Tredio. 5 A"
2nueiwaon: Togo Ta nXNnTIKA, 600 KAl Td NAEKTpOHAYVNTI- \ fifs-”_ I

KA Kuparta eivar kopara XWwpeou Kail Td HETWTA Toug €ivai /é“_:_ -
OQaIpIKEC em@dveleC. 2& HeydAe¢ amooTdoelc amd Thv '
TINYA, OTTOU 01 AKTIVEC TWV 0QAIpWV £XOUV Yivel TTOAU pe-
YAAeG, éva TUAPA HIAC OQAIPIKAG €TTIQAvelag UTtopei va BewpnBei emimedo, oTmoTE TOTE
éxoupe emimedo KUpa.

v Pwreivil AkTtiva: TToAAEC @opéC cival EUKOAOTEPO va TTAPIOTAVOUKE éva QWTEI-
vO KUUa pe Th PonBeia Twy akTivwy. Z0ppwva Pe Th owlartidiakh euon Tou wTog ol
aKTiveg eival ol TpoxI1€¢ Twv owpaTidiwy (pwToviwy). ZUHewva He TRV KUPATIKA @Uoh
TOU QWTOC Hid aKTiva €ival pia UToBeTIKA ypaupn KaTd HA- | Al
KOG TG KateUBuvong mpo¢ Tnv omoia mpoxwpdel To KUpd.
O1 akTiveg cival kABeTe¢ oTa pHETWTIA KUKATOC. AV Td HETW-
TTa KUUATOG €ival oQaIpIKEG ETIPAVEIEC TOTE 01 AKTIVEG gival 4 ! -
Ol YEWUETPIKEG AKTIVEC TWV o@aipwy. ZTa emimeda KUPATA, :
oTa omoia Ta PETwWTA eival mapdAAnAa emimeda, o1 AKTiveG
gival euBeie¢ mapdAAnAeg, kaBeTecg oTa emiteda.

v Movoxpwpartiki akrtiva: H xpnon €1dikwy tnywyv R @iIATpWY pag emTpETel va
emiAé€oupe pia otevA {Wwvn Tou nAeKTpopayvnTikoU @dopaTog, pe €Upog HNKWY KUWa-
To¢ TnC Taéng Twv 10 nm. Mia TéTola akTivoPoAia ovopdleTal HOVOXPWHATIKA AKTIVO-
PpoAia. To améAUTA HOVOXPWHATIKO QWC, EVOC Kal HOVOU HAKOUG KUpaTog, sival pia €1-
davikeuon Tou d¢ pPtropoUpe va emiTuxoupe. OTav, yia tapddeiypa, XpnotdomoloUe Thy
£KPPAOTN HOVOXPWHATIKA akTiva pAkoug kupatoc 600 nm, gvvooUue oThV TTPAYHATIKO-
ThTa pia otevh {Wvn pe PAKN KUpatog amé 595 nm wg 605 nm. H mepioodTepo povo-
XPWHATIKA TTNYA TToU éXouple onpepa atn d1dOeson pag, He peydAn diagopd amod oTtold-
onmoTe AAAn nyn ewTog, cival o Aénlep. O ouvnOiopévog Aénlep He - Ne ekmépmel
£pUBpPO pwc oTa 632,8 nm pe eUpog TEPIoXAC TS TAEng Tou 107 nm.

Pl e e

Mol sumiod s

ANAKAAZH TOY 30QTOX

Orvav pia déopun ewTtog, mou diadideTal oe éva omTIKO HECO, OUVAVTATElI OTNV
Topeia TG Th dIAXWPIOTIKA eM@AvEId avdpeda oTo HECO auTd Kal o€ éva dAAo, TOTe
éva Pépoc TNG déoung emioTpéel aTo apXIké péco. To @aivopevo autd ovopdleTal a-
vakAaoh Tou pWTOG.

Av n d1axwWpPIOTIKA eTipdveld gival Tpaxeida, TOTE ol
aKTivVEC TOU amoTeAoUv Th déopn avakAWwvTal Tpo¢ KdBe
kaTeUBuvon (1aokopTmifovTal) Kal To gaivopevo ovopdleral
diaxutn avakAaon n diaxuon. 210 GAIVOUEVO AUTO o@eiAe-
Tdl TO YEYOoVvOC OTI UmmopoUpe va doUe Ta owpata mou dev

2. Koucoidng 1° TEA IETPOYIIOAHE
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éxouv 31k Toug pwc (eTepdpwTa).

2Tn didxuon opeiAeTal KAl To yeyovag 0TI PAETTOUNE Hia peydAn Teploxh To Ppd-
du 6Tav odnyoUue o€ OKOTEIVO OpOHO, KABWC To WS TWV TTPOPOAEWY TOU AUTOKIVATOU
dlaxéeTal amd 1o 0d60TPWHA.

Av n 01axwpIOTIKA eTigdveld eival Agia Kal OTIATIVA N\ "
(yuaAioTeph), TOTE o1 AKTiveg TTou amoTeAoUv Th déoun Ttapa- \ \(/ /
Hévouv TTapdAAnAeC Kal HETA Thv avdkAaon Toucg. H avdkAaon \x /
auTh ovoldleTal KATowTPIKA avakAdon. ZTn ouvéxeld He Tov
0po avdakAaon O©a evvooUpe TNV KATOTITPIKA avdkAaon.

NOMOI THZ ANAKAAZHZ

1. H mpoomimTouoa akTiva, n avakAwpevn akTiva Kai
n KAOETOGC OTNV KATOMTPIKA ETIQAVEId OTO ONUEio TIPO-
ontwong O, PpiokovTal oTo id10 emitedo, To oToio €ivai
KABOeTO OTNV KATOTITPIKA ETIPAVEIQ.

2. H ywvia 6, ou oxnuarilel h TTpooTiTTTOUOA AKTI-
va He TNV KABeTN 0TNV KATOTITPIKA £TIQPAVEIA OTO OhUEio

oV YiveTal h mpoéomTwon (ywvia poéomTwaong), ivai ion piaadilied o
He Th ywvia ©, mou axnuatilel n avakAWPevn akTiva pe

Tnv id1a kdOeTn (Ywvia avdkAaong), dnAadn 1oxVel:

B, = 6/ (2.28)

ATAGAAZH TOY 2QTOZ

OTtav pia povoxpwpdTikn J€é0Un QWTOC TETE! ——
oTn Acia Kai aTIATTVA d1aXWpPIOTIKA eMi@dveld SU0  wsrives
OTMITIKWY Héowv, éva PéPOC TG d€0UNG avakAd- \
TAl KATOTITPIKA €VW TO UTTOAOITTO HEPOG €10EPXE-

Tal oTo dAAo oTiTIKO péodo (oxAua 2.7.1). Emeidn
n Tax0TnTa Tou WTOC (6TTWC Kal kKABe KUKATOC)
e€apTdral amd To péoco oTo omoio JIAdIdETAI, TO  Awiwhirvre =
HEPOC TNC QWTEIVAG déoUNng TTou elgépxeTal oTo '

AdAAo oTITIKO HEoo Oa éxel dlapopeTIKA TaxUTNTA.

To gaivépevo autoé ovopdletar 81aBAaon Tou PWTOG. 2xhua 2.7.1

Al e

COXEINIT

TToAAéC popéc xdpiv eukoAiac oxedidloupe povo  umminmima:

Hia akTiva yia kdOe déopun, OTWG @aiveTal oTo ' \
oxhua 2.7.2. To oxAua autd mapioTavel id ew- %

Kl
Teivhh 0éoun mou d1adideTal oTo OTTIKO HECO a _-_-_"-T-L I: :IL-.-”
(mpoomimTouca akTiva). H éoun auth mpooTi- e s
TTEl 0Th Agia S1aXWPIOTIKA €TIQPAVEIA TOU HETOU AR
a amd To OTTIKG Héoo b kai éva pépoc Tng 8é- - .
oung avakAdtai ( avakAwpevn akTiva) ev To UTTOAOITTO 2 xAua 2.7.2

1° TEA IETPOYIIOAHE z. Kouoidng
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pépog cloépxeTal oTo Héoo b (d1aBAwpevn akTiva). TTapatnhpolpe o1 e€aiTiac Thg ah-
Aayng Tn¢ TaxUTnTAg Tou QWTOC, N TPOOTTTOoUdd Kal n d1aBAwpevn akTiva dev Ppi-
okovTail atnv idia euBceia.

OpiCoupe éva @uUOIKO adldaTaTo HEYEOOC, XaPAKTNPIOTIKO Yid Th HOVOXPWHATIKA AKTiva
Kdl TO UAIKO ToU OoTTIKoU Héadou, To omoio ovopdloupe deiktn d1dOAaong,(wg Tpog To

Kevo) He aUuPoAo To ypdupa h, oav To ThAiIKo ThG TaxUTNTag C ToU QWTOG OTO KEVO

, , ., , c
TPOC ThV TaXUTNTA U ToU QWTAC 0To oTtTIKG péco. AnAadh |n = ol (2.29)
Eme1dn n TaxUtnTa Tou pwTOC O0TO KeEVO eival peyaAUTtepn amd Thv TaxUTnTA ToU QWTOC
o€ omolodATOTE UAIKOG, cival Tdvta n>1, pe n = 1 pévo yia To Kevd h KAtd Tpooéyyion

yia Tov aépd.

NOMOI THZ ATAGAAZHZ

1. H mpoomimTouoa akTiva, h avakAwpevn akTiva n diabAwpevn akTiva Kkai n kade-
TOG 0TNV dIAXWPIOTIKA emipdveld Twy dU0 HEOWV OTO onpeio TpdomTwaong , Ppiokovrai
oTo id10 emiTtedo, TO OTOIO €ival KABETO aTN dIAXWPICTIKA EMIPAVEIQ.

2. H ywvia 6, mou oxnuaTtilel n TMPooTiTMTOUOA AKTivd He ThV KAOETN OTNV KATO-
TITPIKA €MIPAVEIA OTO ONUEio ToU yiveTal h mpoéomTwon (Ywvia TpdomTwang), sivai ioh
pe Th ywvia 6, mou oxhpaTtilel n avakAwpevh akTiva pe Thy idia kdOeTn (ywvia avd-
KAaong),yia 6Aa Ta pAKN KUUATog Kai yia 6Aa Ta {elyn oTTIKWY UAIKWY pe KoivA dia-

XWPIOTIKA emipdveid, dnAadn 1oxter:  Bq = O,.
3. IMa povoxpwpaTikd we Kai yia ouykekpipdévo (elyog OTTIKWY UAIKWY a Kai b, o
AOYOC TWV NUITOVWY TWV YwViWy B, kai B, (ywvia 8id®Aaong), mou axnhuatifouv avTi-
oToIXd, h TPOOTITTOUdd Kal h d1aBAWUEVN akTiva pe TV KABeTNn aTn dIaXWPIOTIKA &-
m@dveia, 1I000Tdl HE TO AVTIOTPOPO ToU Adyou Twyv JeIKTWV 81aBAaonc:

o, _n, (2.30)
nug, n,
A 10080vapa n,npd, = nnp6, (2.31)

H e€iowon 2.30  n e€iowon 2.31 ovopdleTal vopgog Tou Snell
OTtav povoxpwpdaTikd w¢ petapaivel amd €va omTikO Hédo a, aTo oToio N TaxuTnTd
TOU €ivdl Uy, 0€ £€va dAAO OTITIKO HECO OTO OTTOi0 N TAXUTNTA TOU YiveETAl Up < Uq TOTE
amé Thv e§iowan opiopoU Tou deikTh diIdBAaoNng TTPoKUTITE! OTI:

c
n, = U_
Up <Uq
PR Y% ST N n, <n,.Amod Tnv e§iowon 2.30 mpokUTITEI 6TI
_¢ T n,

nb e

Uy
—n”gﬂ >1=np6, >nu, = 6, >6,, dnAadn dtav n perdpaon yvivetar amod éva péco a oe
nHGS,

éva dAAo b pe peyaAUTtepo deikTn 81aBAaong, n ywvia didOAaong civar HIkpoTEPN ATO TN
ywvia TpoomTWonG.

2. Koucoidng 1° TEA IETPOYIIOAHE
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AuTO onpaivel oTI:

OTtav povoxpwpaTike 9wc HeTaPpaivel amod omTIKA apaid Héao
a o€ OTITIKA TIUKVOTEPO HETO b, n TaxUThTa ToU QWTOC HEIW-
vETAl Kal N 0€éodn KAUTTTETAl WoTe va TtAnaidlel Thv KAOeTo.
Eme1dn 1o apaidTepo oMTIKO PETO Eival To KEVO, dTav pid Ho-
VOXPWHATIKA akTiva petapaivel amd 1o KevO o€ 0TTOIOONTIOTE
OTITIKO HECO h TPOOTITTOUOd AKTivd KAUTTETAlI WOTE vd
mAnoi1dlel Thv KABeTN.

AvTioTpog@a, 60TAv HOVOXPWHATIKO Qw¢ peTapaivel amd éva
OTITIKO HEOO O€ éva OTTIKA adpaldTeEPO, TOTE h TaxUTnTa Tou
PWTOC auédaveTal KAl N aKTiva KAUTTTETAI WOTE va amopakpU-
veTal amd Tnv KdOetn. Etol av pia akrivag petapaiver amod
éva oTTIKO HEOO OTO KevO, N diaBAwpevn akTiva KAUTTTETAI
WOTE vad amopakpUVETal amod Thv KAOeTN.

Otav n ywvia mpéomTwong civai 64 = 0°, 3nAadh dTav n TpooTiTToUsd AKTivd eival
KABOeTn aTn diaxwpIoTIKA emipdveld Twy dU0 OTTIKWY Héowy, TOTE N ywvia 81aBAaong
gival B, = 0°, dTw¢ mpoKUTITEl amd To vopo Tou Snell (EE. 2.31) kai n akTiva dev Kd-
pmtreTal. Opwe Kai oThy TepimTwon auth e€akoAouBolpe va piAdpe yia didBAacn dedo-
HéVou 0TI €xel HeTaPAnBei n TaxuTnTa TG d1aBAWpevng déoung.

Eidape 611 katd To @aivépevo Tng d1aBAaong peTaPdaAAeTal h TaxUThTa ToU Yw-
10¢. TI ouppaivel 6pwWE Pe Ta dAAa dUo KupaTiKd peyéOn, Tn ouxvoTnTa Kal To HAKOG
KUUAToG;

H ouxvoTnta evég Kupartog civar €€ opiopol o apiOUdC TWV KUPATWY TTou diépxovTal
amo pia emedvela avd povdda xpovou. Emeidn opwe n diaxwpioTikh emigdvela Twy 300
OTTIKWY Héowv dev Umopei va dnpioupynaoel véa kupara (dev givail thyr), oUTe OPWCE va
e€agpavioel Ta umdpxovta (dev civar kataPpoOpa), o ApIOPOC TWV PWTEIVWY KUUATWY
TTOU @TAvVouv 0Th O1aXWPICTIKA €mipdveld eival i0o¢ Pe Tov dpiBud Twv KUPATWY TTou
Thv gykaTtaAcimouv ato id10 Xpoviké didoTnua. Emopévwy n ZYXNOTHTA f Twv pw-
TEIVWV KUPATWY KaTtd To paivépevo Tne did6Aaonc AE METABAAAETAT.

Ma tnv TaxuThTa, 6TWCE civar yvwato 1oxVel N OgpeAlwdng kupaTikh efiowan u = Af.
Eme1dn n Taxutnta katd tn didOAaon peTaPpdAAeTal, vl n ouxvOTNTA TTAPAUEVE! OTA-
Oepn, mpéTel va peTaPdAAeTal avdAoya e Thy TaxUTTa Kdi To HAKOG KUKATOG.

Av oupPoAicoupe He Ag TO HAKOG KUHATOC TNG HOVOXPWHATIKAC akTivoPpoAiag oTo kevd
Kal He A TO HAKOG KUUATOC TG id1ag akTivoPoAiac oTo oTTIKO HECO, TOTE ATTO TOV Opl-

opo Tou deiktn 81aBAaong (EE. 2.29) mpokUTTEl: h = U =n= AO{ =n= A (2.32)

AF

‘Otav n petdapaon ThG HOVOXPWHATIKAC d€ouNng YiveTdl ammd To OTITIKO HECO d OTO OTTIKO HETO

. %
A N A h_ Ay
b, Té6Te amé Tnv e€iowon 2.32 mpokUTTEI ¢ - , OnAadn Ta PAKN
A b

KUWATo¢ €ival avtioTpopa avdAoya pe Toug O€IiKTEC 6|a9Aacng.
1° TEA METPOYIIOAHE z. Koucidng
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TaxuTnTa 2,25x108 m/s kai mpo-
OTITITEl OTOV YUdAIvo TUBuéva
Tou doxeiou pe ywvia B = 60°
2Th Ouvéxeld eloEpXETAl  OTN
YudAivn TtAdka, n omoia éxel dci-
KTh 81aBAaonc 1,52 via Tnv akri-
vopoAia authh. Na uttoAoyioeTe

a) 7o dcikTn 81dBAaong Tou vepoU
B) Th ywvia didOAaong oth yudAi-
vh TTAdKa.

Aivetai n Taxutnta Tou QWTOC
oTo Kevo ¢ = 3x108 m/s.

Auon

ﬂapdaelyua 2.12 | Mia HOVOXPWHATIKA @wTeIVA akTiva di1adideTal oTo vepd He

a. Amé tnv e€iowon opiapol Tou deiktn 81dBAaong (EE. 2.29) maipvoupe:

3x1 S

c ,
n=—=n= =>h=—~R
U 3

2,25x 1

n=133

B. ATt To vopo Snell (EE. 2.31) AUvovTag w¢ mpo¢ huby, Taipvoupe:

_n, 1,33

nue, = —-nud, = nud, = >~ -nu60 = nud, =0,758 = 6, = 49,3°.

n, 1,52

Xwpi¢ va ahAdoupe Tn
©éon TNG MPOOTITTOU-
0a¢ akTivag, oTpéyou-
HE TO KATOTMTPO KATA
ywvia ¢ yUpw amod a-
ova kdOeTo OTO E£TII-
medo MPOOTTTWANG, KA-
Ta moégo Oa oTpagei h
avakAwpevn akTiva;

(n)

(K1)

/

Tlapc'(aeayua 2.13 | Mia pwrevi axriva avakAdtai amé emimedo katomTpo. Av,

(K2)

(%)

(A1)

Auon

‘Botw E; 1o emimedo
avdkAaong, TT n mpo-
OTiTTOUOd aKTivd, Kdl

Ki n kaBeTo¢ aTo emitedo E; (PA. oxhApa). Eotw 61 n ywvia mpoonTwoswe Kai 6; n yw-
via umé Tnv omoia avakAdtai h TT amé Tnv emipdveia E; (n avakAwpevn tng TT givar n
akTiva A; oTo oxhpa). ATé To vopo Tn¢ avdkAaong (EE. 2.28) éxoupe

2. Kouoidng
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91 = ez. (2.13.1)
2 1pépoupe To emimedo E; katd ywvia ¢1 = ¢. Eotw E2 n véa Béon Tou emimédou, Kz n
KdBeTo¢ oTo E, kai Az n avakAwpevn The akTivag TT améd 1o Ez. H ywvia ¢z (KiOK?)
KaTd Tnv omoia Oa otpagei n kKABeTOC, cival ion Pe Th ywvia @1, wg oeieg ywvieg pe
TAEUp£EC pia TTpo¢ pia kaBeTeg, dnAadn civai . (2.13.2)
H véa ywvia mpoomTtwoeswg Ba civar n wy = TTOK2 kai n ywvia avakAdoew¢ amo tnv e-
mgdveid E, Ba civai n w, = K2OA,. ATté To vOpo ThG avdkAaong £XoUpe

wi = wi, (2.13.3)
Zntdue va utmtoAoyiooupe Tn ywvia x = A1OA2 Katd Tnv omoia £€xe&l oTpd@ei N avakAw-
Hevn akTiva.

2133
ATIO Th YEWHETPIA TOU OXNHATOG TPOKUTITEI 0TI @, + @, =0, + X =0, + & = 0, + X
2131

Emiong 1oxUe1 0TI @, = 6, + ¢, . Me avTikatdoTaon oTnv ponyoUUEVh 0X£0N TIdipVOUHE:
(2.13.2)

(/)2+/9{+g02 =%+X:>X=2-(p2 — |[x=2-9|
AnAadn, 6Tav To emimedo avdkAdaong oTpé@eTal KATA ywvid ¢, h AvAKAWHEVN aKTiva
oTpEPETAI KATA ywvia 2¢.

OAIKH ANAKAAZH

ATO To vopo Tou Snell mtaipvoupe nud, = :—“ -nu6, . (2.33)
b

TTapaTtnpouUpe 0TI av Ny > N, TOTE NUO, > NUBL K By > B4, dnAadn av n petapaon TnG Ho-
VOXPWHATIKAG AKTivdg Yivel amd HETO OTITIKA TTUKVO 0g HECO OTITIKA apaloTEPO, N Ywvid
d1dBAaonc civar peyaAUlTeph amd Th ywvia mpoéomTwong. Emopévwe umdpxer pia TipA
TNnC ywviag mpéomTwong B, < 90° via Tnv omoia Oa eivai B, = 90°, 3nAadh n SiaOAWYE-
vn akTiva Ba civar mapdAAnAn ot d1axwpIaTIKA emi@dveld Twy U0 OTTIKWY HEOWV
(MpakTikd aduvaTto, cUHPWVA HE TNV dpXA TS AVTIOTPETTAC TTOPEIAC TOU YWTOC).

270 diImMAavé oxAua @aivovTal PEPIKEC AKTIVEC TOU ! ! e
EKTTEPUTIOVTAI aTro [ia Tnyh P povoxpwparikol gwTtoég, ! !‘ / ! !

n omoia PpiokeTdl 0TO OTMTIKO HECO a pe OcikTn did- ::;" !F“ﬁ'""'.:
©Aaong n.. O1 akTiveg TTPooTiTTTOUV OTN S1AXWPICGTIKA
EMPAveId PHE €va AAAO OTITIKO HéEdo pe deikTn di1dOAa-
oncg Ny < ha. H aktiva 1 mpoominrel kKAOeTa Kal dev &-
KTPETETAI, N AKTiVa 2 TIPOOTITITEI UTTO Yywvid B4 Kal n
ywvia d81dBAaoncg civai B, evw n akTiva 3 TTPOCTITITEI
UTté TETOld ywvia WwoTe n ywvia didOAaong va civai
90°. H ywvia auTh ovopdleTal Kpioun ywvia i opikf ywvia kai cupPoAileTal e Ocrir
(amé 1o critical = Kpioiun). Av n TpdoTTWON Yivel UTTO ywvia HeyaAUTEPh TNG KpioIuNng
(akTiva 4, oto axhua) ToTe dev uTtdpxel S1aBAWUEVN aKTiva Kal h akTiva avakAdrai €€
0AOKARPOU 0T BIaXWPICTIKA €MI@Aveld. To @aivopevo auté ovopdletal oAIkR avakAa-
on kai pmopei va ouppei MONO av n mpoomTwaon yiveTar oTn diaxWpIoTIKA £TI@dveld
He éva deUTePO OTTIKO HEDCO TOU oTroiou o OeikTng d1dBAaong cival HIKpOTEPOC ATTO TO
deikTn d1dOAaonc Tou oTTIKOU Héoou aTo omoio 81adideTal n akTiva.

1° TEA IETPOYIIOAHE z. Kouoidng
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MTmopoUue va umoAoyiooupe Thv Kpigiun ywvia yia dUo dedopéva oTTIKA péoa Kail yid
oploUévn HoVOXPWHATIKA akTivoPoAid, apKei va avTikataoThooupe othv e€iowon 2.33
™ ywvia 31d0Aaong 8, pe 90° oméTe npby, = 1:
n, Ny

0. .= 0., =——
ﬂbﬂﬂ crit 77/'1 crit ,7,_-,

(2.34)

Tlapéaeuyua 2.14 | Mua HovoxpwpaTikA akTiva 01adideTal oe yuaAi pe OeikTn
01a6Aaonc 1,52 kai mpoominTel aTn dlAXWPIOTIKA emi@dvela pe Tov aépd. Na umoAoyi-
OETE TNV Kpioipn ywvia.

AUon

AT Tnv e€iowon 2.34 pe avTikatdoTtaoh Twv N = 1,52 kai np = 1 (aépag) maipvoupe:
nluecr/f = é = Uﬂ‘gcr/'r = 0'658 ﬁ eCI“iT = 41,10-

2 x0Aia:

1. Emei®A n kpioipun ywvia yia 1o ouvduaopd yuaAi - aépag civai
HIKpOTEPN amd 45°, éva yudAivo Tpiywviké Tipiopa pe ywvieg 45°, 45\
45°, 90° pmopei va XpnoipomoinBei we oAikdC avakAdoThpac. ZTo ‘
oxXAHa @aivetal h Topn evog TéTolou mpiopartog ( Tou sivar opOo- Y
YWVIO 1000KEAEC TPiywvo), OTO OTOI0O h HOVOXPWHATIKA akTiva
TPOOTITITEl KABETA aTNV UTTOTEiVouod Tou. H akTiva petd améd dUo
d1adoxIkEC OAIKEC avakAdaeic e€épxeTal emiong KABeTa amod Tnv uToTeivouaa, £XovTag
ekTpamei katd 180°. Mmopoupe pe ouvdUAOHO TETOIWY TIPICUATWY VA EKTPEYOUVE TNV
akTiva katd 90° K va Tn petaromicoupe TapdAAnAa oTov €auTo TNG KATT.

**2. Otav pia pwTtelvh déopn cioépxeTal ae pia diagavi pdpdo, amd To éva dkpo Thg,
TO YWC avakAdTal oAIKd 0To €0wWTEPIKO ThG Kal TtayideveTal péoa ath pdapdo, HéExp! va
Pyel amd To dAA0 dkpo ThG, akoun Kai av n pdpdog éxel kaugOcei, ap-
Kei N KAUTUAOTNTA va pnv gival umepPoAikd peydAn. Mia Tétola pd-
pdoc ovopdletal pwraywyo¢ owAnvag. To idio ouppaivel av xpnoi-
HoTrolIngoupe AETTEC iveg, YUdAivee N TAAOTIKEG, aAAd To peydAo
TAEOVEKTNHA, EKTOC ATTO TNV EUKAPYia TToU £X0Uv, gival 0TI Adyw TNnG
oAU pikphg diapétpou (0,002 mm), pia Aemth deopida pmopei va
amoTeAciTal amd XIANIAdeg TéTolEC iveg (omTIKES IVES).

O1 epappoyé¢ TwWy OTTIKWY IVWYV gival Tdpa ToAAEG, XpnoidoToloU-
VTdl oav evOOOKOTIId, OTIC TNAETIIKOIVWYIEC Yid HeTAdoan diapop@wpévng déopng Aén-
(ep, oTNV TTANPOWOPIKA Yid HETADOON TNC TTANPOYOPIAC KATT.

2. Koucoidng 1° TEA IETPOYIIOAHE
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Tlapc’eruyua 2.15 | To mpiopa Tou dimAavoU oxhuaroc éxer dei-
KTh 31a6Aaonc 1,48. AUo TAapdAANAEC HOVOXPWHATIKEC AKTIVEC TIPO- 700
OTITTOUV KABeTa oTn PeydAn €8pa Tou mpiopaTog. TTola givar n peTalu
TOUC ywvia, 6Tav e€€pxovTal TaAI aTov agpa; ———

30°
Auon

Eme1dn o1 akTiveg mpoomimTouv KABeTa aTh HeydAn TAeupd Tou Tipi-

opaToC €10€pXOVTdl 0 AUTO XWPIC EKTPOTIA. ZTN OUVEXEId TPOOTIITITOUV OTIC HIKPEG

TAEUPEC ToU TipiopaTog umé ywvia 6, = 30°. ( Ofei-

€C ywvieg pe TAeupéc KaBeTeg). YmoAoyiloupe Thv

Kpigiun ywvia, Wwote va eeTdooupe UATTWG oI AKTI-

VEC avakAaoToUv oAlkd kaBw¢ petaPpaivouv améd To

Tipiopa oTov aépa. Eivai

MO,y = Z—b = UG, = 11%8 = b, = 0,676 =

Ocrit = 42,5°. EMeI1dA O < Ocrir, O AKTIVEC B1ABAWVTAI

ota onyeia B ka1 T, e€épxovral atov aépa kai Téuvo-

vTail oto anueio O.

YmoAoyiloupe TI¢ ywvieg d1dOAaong Oy, He Tn Pon-

Ocia Tou vépou Snell.

nub, = :—awea = nub, = I'fs u30° = qud, =0,74= 6, = 47,7°.
b

ATIO Th YEWHETPIA TOU OXAUATOC TPOKUTITOUV:

Az = 30+30 & Az = 60° (E€wTepikn ywvia Tpiywvou)

B =90° -4,

r, =90° - g,

As=Bi+ Az > Ay=423%+60° 3 Ay =102,3° (EEwTepiki ywvia Tpiywvou).

x+ Ag+T5=180° > x = 180° - (102,3° + 42,3%) > .

}:Bl ~T,=90°-47,7° =B =T, = 42,3°.

Tlapc’tBsuvua 2.16. M HovoxpwpaTikn déoun ewTog Tou dia-
OideTal oTov aépa, MPOOTITITEl OTO onueio A piag diagavouc TAAKaAg
uTtéd ywvia 60°, omwc¢ @aiveTal ato oxAua. Na umoAoyioeTe TV gAdxI-
oTn TIUA Tou TpéTrel va éxel o deikTng 81dBAaong, wote n déoun va
uttooTei oAIkA avdkAaoh oTo anpeio B.

Auon
‘Eotw n o dcikTng 31dBAacng The diagavouc TAAKag kai © n ywvia did-
©Aaong.

AT6 To vopo Shell éxoupe: 1-7160° =n-nud = nub = 2—\/,57 (2.16.1)

1° TEA IETPOYIIOAHE z. Kouoidng
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Ma Tnv kpiopn ywvia 1oxver (EE. 2.34): nué,,,, :% (2.16.2)

Av ¢ cival n ywvia TpéomTwong oTo onyeio B, T0Te amod Th yewpeTpia 60° ! N
ToU oXAUATOC TipoKUTTE: B + ¢ = 90° D ¢ = 90° -6 (216.3) '

Ma va umtooTtei n déopun oAk avdkAaonh ato B mpémel n ywvia umo tnv

oTroid TPOOTITTEl va eival yeyaAUTepn amod Tnv Kpioipyn ywvia, dnAadn
(2.16.3)

Tpémer: 9 >0, = 90° -0> 0

)+ ETEIBA 01 6AeC ywvieg eivar ofeieg
Kdi n ouvdpTnon nux eivar yvnoiwg avfouaa oo [0, 90°], umopolpe va

vpdyoupe: nu(90°-8) = nub,,;, = ouve = nub,,,, = ouv’e = Ni’e,,,

crit

(2.16.1) \/§ 2 1 2 3 1 7 \/7
1-ny®6 > ny’e,. 1-| = | >| = 1-—>—=1>—"— >
= n“ nu cr‘lf(zi) ( 2n } (nj = 4n2 nZ = 4n2 =N 2
J7

dpa Min :T /7, Pin = 1,32 .

Epotmioeic molhamiig emroyng
0dnyia: I'io. vo, OTOVTHOETE OTIC TOPOKATW EPWTHOEIS TOILATANG EXIAOYNG GPKEL VO, YpaweTe 10 YVALO amavti-
oe@V TOV 0pIOUo THS EPWTNONG Kal OCIG OO OTOV TO YPOUHC TTOV OVTIOTOLYEL OTH GWOTH OTAVTHON 1 TOV OVTi-
OTOILYET OTO OWOTO COUTANPWUA, THG.

2.151. MovoxpwHaTIKA akTiva HAKOUC KUPATOC Ao = 6-107 m aTo Kevé, Tepvdel amd To
Kevd 0To yuaAi. Av n ywvia mpdomtwong eivai 60° kai n ywvia 31d0Aaong 30°, ToTe
da. To HAKOG KUKATOC TNG aKTivag aTo yudAi givai J3nm.
B. av n ouXveTNTA TNC HOVOXPWHATIKAC akTivoPoAiac sivar 510 Hz, n taxutnta

d1ddoan¢ TNC akTivag oTo yudAi gival v = J3x108 g

Y. o dcikTng 81dBAaong Tou yuaAioU givail ioog He ?

8. n ouxvoTnTa 6TTWCG Kail h TaxUTnTa ThG akTivoPpoAiac de petapdAAcTai.

2.152. O d¢cikTng 81dOAaong (W¢ TPog To KeVA) £vOC OTITIKOU HEOOU Yid OpIOHEVN HOVO-

XPWHATIKA akTivoPoAia, iooUTal He To TThAiKO

d. ThG ywvia¢ mpdomTwaong Tpo¢ Th ywvia didOAaong.

B. Tng TaxUTNTAG TOU YWTOC OTO KEVO TTPOG TV TAXUTNTA TOU WTOC OTO WEDO.

Y. ThG ouxvoTNTAC TG akTIvoPoAid¢ aTo KEVO TTPoG Th oUXVOTNTA ThG akTivoPoAiag
0TO HEéoo.

0. TOU PAKOUC KUPATOC TNG aKTIVOPoAidg oTo OTITIKO HECO TTPOC TO HAKOG KUPATOG
TnG akTivoPpoAiag oTo Kevo.

2.153. MovoxpwudaTikh akTivopoAia mou d1adideTal ato omTikd péoo (1), mpoomimTel
oTh 31axXwWpIOTIKA emmi@dvela He dAAo oTtTikd péodo (2). O1 deikTeg 81dOAAong TwWv OTITI-
kWwv péowv (1) kai (2) yia Tnv akTivoPpoAia auth eivar avrioToixa hi Kai nz (ng < n2).

2. Koucoidng 1° TEA IETPOYIIOAHE
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2 UVETIWG
a. emeldn n geTaPpaon yivetal amd omMTIKA Apdid 0 OMTIKA TTUKVOTEPO HéETo, dev U-
TApX €l AvaKAWPEVN aKTiva.
P. n mpoomimTouoa akTiva, n 81aBAwpevn akTiva Kal n KABeTo¢ aTn SiaxwpIoTIKA
em@dvela ppiokovral oto idlo emimedo.

Y. 0 Adyoc Twv deikTWwy di1dOAaong LS IgoUTal Pe To AOYO TOU NUITOVOU ThG ywviag
m
TPOOTITWONG TIPOC TO NWiTovo ThG ywviag 81aBAaong.
9. n d1aBAwpevn akTiva amopakpUVETAl ATO TNV KAOETO aTnV dIAXWPIOTIKA £TTIQA-
VEld .

2.154. Ovav pia akTiva povoxpwpartikoU @wTOC peTaPpaivel amd Tov aépd oTo YUdAi
TI01d ATO TIC OEIPEC TOU TTAPAKATW Trivaka Treplypd@el TiI¢ HeTAPOAEC TTou cuppaivouy;

TaxouTnra Zuxvornta | Mnko¢ KUpArog
a. HIKpOTEPN ida HIKPOTEPO
p. HeyaAUTepn id1a HeEYaAUTEpPO
Y. HeyaAUTepn | peyaAUTepn idlo
5. idia HIKpOTEPN HEYaAUTEPO

2.155. Ovav pia akTiva HovoxpwHaTIkoU wTOC HeTaPaivel amo £va oTTIKG HEoo ae éva
dAo pe diapopeTiko deikTn d1dBAaong, n ywvia 81aBAaong ouykpivopevn HE TN ywvid
TPOOTITWANG

a. gival geyaAutepn.

p. givai ion.

Y. €ival HiIkpOTEPN.

0. cival gyeyaAUTepn N HIKPOTEPN.

2.156. Mia povoxpwuaTikR akTiva petaPaiver amd Tov aépa oTo yudAi, Tou oTroiou o
0cikTng d1dOAaoncg via Tnv akTivopoAia auth gival n. O Adyo¢ Tou HAKOUG KUPATOC TG

akTivoPoAiag oTov aépa MPo¢ To HAKOG KUKATOG ThG akTivoPpoAiag oTo yuaAi ivai

a. ”iz p. % Y. 7. 3. n°.
2.157. Tloia amé Ti¢ apakdTw TpoTdoeic Tou avagépovrdl o dU0 HOVOXPWHATIKEG

akTIvoPoAieg, pia KOKKIVN Kal pid 1wdn, gival n owoTh;
d. 2T0 KEVO TO PAKOG KUUATOG TG KOKKIVNG akTivopoAiag eival eyaAUTepo amd To
HAKOG KUPATOG TNG 1WO0UG.
B. 2710 Kevo n TaxuTnta 81ddoong ThG KOKKIVNG akTivoPpoAiag eival geyaAUTtepn amo
Thv TaxuTnta diddoong TG 1WAOUG.
Y. 270 KEVO h oUXVOTNTA TNG KOKKIVNG akTivoPpoAiag eival peyaAUTtepn amo Th ouxvo-
TNTAa TNG 1Wd0UC.
0. OTtav o1 dUo akTIvoPpoAicg eigépxovTal o€ yudAivo Tipiopa, o 8€ikThg 81aBAaong Tou
UAIKOU Tou TtpiopdTog cival HeyaAUTEPOG yid ThV KOKKIVN akTivoPoAia.

1° TEA IETPOYIIOAHE z. Kouoidng
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2.158. Zt10 dimAavd oxApa @aiverar n mopeia Hiag pHovo-
XPWHATIKAG akTivag. To ouutépaopa mou TPpoKUTITEl atd
TN HEAETN TOU OXAKATOG €ival OTI

a. 7o péoo 1 eival omTIKA TUKVOTEPO ATO TO HéEDO 2.

B. n TaxUuTnTa TOU PWTOC AUENONKE.
Y. h ouxvotnTta auhBnKe.
0. 1oxUel A1 < Aa.

Ny, 0y, Ay

2.159. Mia povoxpwidaTIKA akTiva Tepvdel amd £va omTI-
KO péoo ot éva dAAo Tou oTroiou o deikTng d1dOAaong civar katd 20% peyaAUTepoc.
2 UVETIWG

d. To PAKo¢ KupaTo¢ auédvetal katd 20%.
B. To yAKo¢ KUpaTog pelwveTal katd 20%.

Y. h Taxutnta d1ddoong pelwveTal katd 16,6 %.

3. n TaxutnTa d1ddoong pelwveTal katd 33,3 %.

2.160. Iwdnc akTivoPpoAia mou d1adideTal aTo Kevo, €Xel RKkog Kupatoc 420 nm. H a-
KTiva TpoomiTTel KAOeTa ge yudAivn TTAdka, n otroia éxel dciktn d1IdOAaong yia Tnv a-
KTivopoAia auth, n = 1,5, Zuvemwg

d. n aktiva Adoyw d1dOAaonc aAAdler disuBuvon.

B. n ywvia 8idBAaonc eivai 0°.

Y. n akTiva dev gival opdTh aTh yudAivh TTAGKaA yidaTi To HAKOC KUPATOC ThG OTO YUudAi
givar é€w amd Thv meptoxh Tou opartou ( 400 nm - 700 nm).

3. n TaxutnTa d1ddoong aTo yudAi peilveTal katd 66,6 %.

2.161. Evac avBpwmo¢ mou oTéKeTal €W amod pia Aipgvn, Tapathpei éva pIkpo Yapdki
TTou PpiokeTal akivnto oe PdBoc H. O avBpwmog eKTINA OTI To Yapdki PpiokeTal o€
PaBoc pikpdTEPO amd H, e€aiTiac Tou waivopévou TG

a. avdkAaong. p. didxuong.
y. d1d6Aaong. 0. 0AIKAC avdkAaong.

2.162. H Topun yudAivou mpiopatog éxel oxhua opBoywviou 1000keAOUG Tpiywvou ABT
(A = 90°). MovoxpwHATIKA aKTiva wTOC TéPTEI KAOeTa oTnv £8pa AB kai e€épxeTal
€QATITOHEVIKA 0TV uTtoTeivouoa BIM. O deiktng d1dBAaonc n Tou mpioparog civai

a.n=\/§ v.nZ\/E
p. 1<n<2 a.n:g

2.163. H kpioipyn ywvia yia opiopévn HoVOXpWHATIKA akTivoPoAia TTou TpooTimTel aTh
diaxwpIoTIKA eTipdvela peTall aépa - vepoU, TpoepXdpevn amd To vepd, e€aprtdral
da. amoé Th ywvia mpdomTwong.
. amd Tn ywvia avdakAaong.
amé Tnv TaxUTNTa ThG akTIVoPoAidg oTo Kevo.
. amo 1o dcikTn 81dBAaong Tou vepou.

2. Koucoidng 1° TEA IETPOYIIOAHE
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2.164. OAkA avdakAaon pmopei va ouppei 6Tav Hia HovoxpwHdaTiki akTivoPoAia mou di-
adideTal oe €va omTIKO HECO TIpoaTrédel oTh S1AXWPIOTIKA eTTipdAveld e €va AAAO OTITI-
KO HETO TTOU €XEI
a. HIkpoTepo deikTn d1aBAaonc. p. Tov idio deikTn didOAaonc.
Y. HeyaAUTepo deikTn d1dBAaonc. 0. dcikTn 81dOAaong ico pe Tn povada.

2.165. Mia povoxpwpaTikA akTiva @wToc Tou d1adideTal oTo VEPO, TPOOTITTEI ATV
eAEUBEPN emipdveld Tou uTtd ywvia 45°. Av o deikTne 31aBAaonC Tou vepoU yid Th d-

, . . 4 ,
KTivopoAia auTth givalr n = 3 n akTiva

d. Katd éva pépo¢ avakAdTal Kai Katd To umoAoito diaBAdrai.

p. 01aBAdTal kal KiveiTal kKABeTa PO TN SIAXWPIOTIKA €TIQAveld vepoU - aépd.

y. 81aBAdTal kai Kiveital TapdAAnAa tpog Tn dIaxwpIaTIKA eTigdveia vepoU - agpa.
0. upioTaTtal oAk avdkAaon.

2.166. Na opigpévn povoxpwpaTikh akTivoPpoAia or deikteg d1aBAaong Tou vepou Kai
ToUu yudAioU gival avTioToixd g Kot % lNa Tnv akTivoPpoAia auth eival duvarév va ma-

paTnpnooupe oAIkA avdkAaon 6Tav petapaivel amo
a. Tov aépda aTo VePO. p. Tov aépa oTo yudAi.
Y. To yuaAi aTo vepo. 0. To vepd aTO YUQAI.

Epotiegic Tov Tomov Xmoto /AdOog

Odnyio: T'io. vo, amaVTHOETE OTIS TOPOKATW EPWTHOEIS OPKEL VO YPOWETE 0TO POAAO amovTioewY ToV aplOuo S epaTH-
oN¢ K01 0eC1G. OO AVTOV TO VPO, X av TV Kpivete owoth 1] To ypduua A av v kpivete AavBaouévn.

2.167. Ovav o1 akTiveg pia¢ mapdAAnAnG déoung akTivwy HOVOXPWHATIKOU QWTOC ou-
vavtouv Th d1axwpIoTIKA emigdvela U0 OTTIKWY HEOWY, TOTE
a. £vd HEPOG TOU dpXIKOU QWTOGC ETIOTPEPEI OTO APXIKO HETO.
B. n ywvia avdkAaong civai ion ge Th ywvid TpooTTTWONG.
Y. ol avakAwpeveg akTiveg e€akoAouBolv va cival petall Toug TapdAAnAeG.
0. n Taxurnta diadoong TNG avakAwpevng d€oung eivar PIKPOTEPN ATd AUTAV TNG
TPOCTITITOUTAC.

2.168. O d¢cikTng 81aBAaoNC €voC OoTTIKOU HETOU cival HIKPOTEPOG amd To deikTh d1d-
©Aaong Tou Kevou.

2.169. Ta gaivopeva Tng avdkAaong kai Thg d1dOAaong ouvavTwyTdl HOVo oTd NAEKTPO-
HayvnTikd KupaTda.

1° TEA IETPOYIIOAHE z. Kouoidng
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2.170. To dimAavé oxnua decixvel Th d1dBAacn piag
HOVOXPWHATIKAGC aKTiva¢ Katd Th HeTdPpach Th¢ amo
TO OTITIKO PETO A OTO OMTIKO Hédo b. TToieg amod Tig
TApPAKATW TIPOTACEIC €ival OWOTEG,
a. H ywvia avdkAaong civai ion pe Th ywvia 81a6Aa-
ong. . i
p. O dciktng d1dOAaong, yia Tnv akTivopoAia auth,
ToU péoou b eival HIKpOTEPOG aTrd aUuTOV aTo HEOO a. i
Y. H ouxvoTtnta tng akTivopoAiagc ota dUo omTikd i
|
i
i

péoa civai idia.
0. H taxurtnta d1adoonc Tng akTivoPpoAiac oto péoo t,
a eival yeyaAUTepn amoé auTh aTo Péoo b.

2.171. O d¢iktng 81aBAaong evog omTIKoU HEOOU, Yid OpIOHEVN HOVOXPWHATIKA AKTIVO-
PoAia, ekppdlel TOOEC Yopég cival
a. HIkpoTepn N TaxuTtnta diddoong TnG akTivoPpoAiag ato péco oe oxéon He Thv Ta-
XUTnTa d1dd00NG TNG OTO KEVO.
P. HIKpOTEPN N OUXVOTNTA TG AKTIVOPOAIag aTo HEdo oe axéon He AUTA OTO KEVO.
Y. HIKPOTEPO TO HAKOG KUHATOG ThG akTIvoPpoAiag oTo pHégo amod autd aTo KeVO.

2.172. To gaivopevikd «omdoipo» Hiag suBuypappng pdpdou, mou civar pioopubiopévn
0To vePO, opeiAeTal aTo aivopevo Tng didBAaong.

2.173. E€aitiagc Tou gaivopévou Tng 31dBAacng, éva avTiKeipyevo Héoa oTo VeEPO @aiveTal
amod évav mapathpnTth éEw amé To vepd o HIKpOTEPO PABo¢ amod 6oo TpayuaTIkd gival.

2.174. Ovav n ywvia mpdomTwWong HIAG HOVOXPWHATIKAG aKTivag gwTocg ath diaxwpi-

OTIKA em@dvela U0 OTITIKWY Péowy gival ion HeE TNV Kpioipn ywvid, TOTE dev UTTAPXE!
d1aBAwpevn akTiva.

2. Koucoidng 1° TEA IETPOYIIOAHE
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Epotosic avolktov TOTON

2.175. Mia povoxpwpaTIKA akTiva gwTOC HeTapaivel amo Tov ag-
pa oTo YUdAIVo Tpiopd, Tou oTroiou n TouA eivalr opOoywvio 100-
okeAéC Tpiywvo ABT, mégTovTag kaBeta atnv é€dpa BI'. O deikTng @ A
01d6Aaonc Tou yuaAioU yia authAv Thv akTivopoAia eivai 2. Na
oxedidoeTe Kal va OIKAIOAOYNOETE TNV TTopEia TNG AKTIvag HEXP!
va Pyel avd oTov aépa.

r

2.176. Na dikaiohoyhoeTe Thv TipdTaon: «Aev givar duvatoév va umtdpEer oTTIKO péoo To
0TT0i0 va €ival OTITIKA APAIOTEPO ATTIO TO KEVO».

2.177. Akriva govoxpwpartikoU @wTog mou dia-
0ideTal aTo oTTIKG Hédo A pe deikTn d1aBAaong
Na TIPOOTIITITEl HE Ywvid HIKPOTEPN TG KPIOIUNG
otn d1axXwWpIOTIKA emi@dvela pe dAAo diagavég
omTIKO péoco B pe deiktn di1dOAaong ng, 6ToOU A
ng < Na.

;

A. Na peTagépete To oxhApa oto TeTPAdIO B "\
oac Kkail va oxedidoete Tn 81aOAWevVN akTiva. : \
B. TToia amé Tic dUo ywvieg eivar peyaAuTe- : \
pn: :

d. n ywvid TpooTTWoew¢,

B. n ywvia diaBAdoswc.
Na aiTioAoyhoeTe Thv amdvTnon odg. [H. Nokero Ma 2002]

2.178. 2710 oxhHa ou akoAouBei @aiveTar n mo-
peia Wiag akTivag HovoxXpwpdaTikoU @wToC n o- (2)
moia di1épxeTal amd Tpia diagavh UAIka (1), (2)
kai (3), pe deikTeg 81dOAaong ni, nz Kai hz avri- |

oToixd.

TToia axéan i1kavomoioUv o1 dcikTe¢ S1dBAaong;

a. n3 > n2 > nl (1) |

l}. N3 =Nz >N |

Y.h1>hz2>nh3. |

, , , (3N
Na aiTioAoyRoeTe Thy amdavTnon oag. . \\
[Eom. Aukeio Md 2004]

2.179. MovoxpwpaTikh akTivopoAia mou 81adideTal aTo yudaAi TPOOTITITEl OTN

d1axwpIoTIKA €m@dveld Tou yuaAioU He Tov aépd, pe ywvia TpoomTwaong 64 TéTola

woTe NPO4= g O deikTng d1aBAaonc Tou yuaAioU givai ng = V2 . H akTivopoAia Ba:

1° TEA TIETPOYIIOAHE . Koucidng
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a. diaBAaoTei kal Oa £€£AO¢e1 aTov aépa.

P. kivnOei TapdAAnAa Ttpog Tn S1axXwpPIoTIKA €Mipdveld.

Y. avakAaoTei oAIkd amo Th S1axwpIoTIKA €TTIQAveld.

Na aiTioAoynoete Thv andvrnon oag. [Huep. Noreio Ma 2004]

2.180. MovoxpwpaTtikn akTivoPpoAia pe HAKOC KUUATOG Ag OTO KEVO Trepvdel atd To Hé-
oov a pe deikTn 81dBAaong ng o1o péoov P pe deikTn 81dOAAoNG np TPOOTITTOVTAG KA-
OeTa oTn dlaxwpIoTIKA emi@daveld Twy dUo0 PEowy. AV ng=2np, TOTE TO HAKOG KUUATOG Ap
TNG akTivoPoAiag oto péoov P Kal To HAKOG KUHATOG Aq ThG akTivoPpoAiagc oTo péco a
IKAVOTIOIoUV Th axéaon

A
a. /1,6’:70{ b. Ab:ZAq Y. Aﬁ:4Aq
Na emiAé€eTe To ypdpUa TTOU AVTIOTOIXEI OTO OWOTO CUUTTARPWHA.
Na dikaioAoyhoeTe Thv eTIAOYA 0ac. [EE. EAdnvwy EéEwrep 2005]

2.181. MovoxpwpdadTIiKA aKTiva @WTOC TIPOCTITITEl TN SIAXWPIOTIKA €Tigaveld peTalu
yuaAioU Kkai aépa mpoegpxoHevh amd To yudAi. Av n Taxutnta diddoong ThG akTivag oTo
yuaAi givail u kai otov aépa ¢ (v # ¢), TOTE yid TNV Kpigipn ywvia B.rit 10XVl N axéon

2
a. n“ecrif = < p. n“ecrif = E ' Y- n“ecr'i‘l' = U_z .
v c c
Na emiAé€eTe To ypdppa TTOU avTIOTOIXEI OTH OWOTA axéan.
Na dikaioAoyhoeTe Thv TIAOYA 0ag. [EE. EAnivwy Eéwrep 2006 ]

2.182. Mia povoxpwpaTikA akTiva diatmep-
vd kKdOeTa dUo TAdKeg A kai B pe deikTeg <« d» « 2d
01d6Aaong na Kai ng avrioTtoixd, atov idio
xpovo. H mAdka B éxer dimAdaio mAATOC
amod Thv MAdka A, OTTWC @aiveTdl Kdl OTO
dITTAavo oxnpa.

Y
y
v

I. Ta Tou dcikTeg di1dOAaong 1oxvel n A

oxéon

n.t b M2 y Mol
n 2 n 1 n 4

Na emiAé€eTe To ypdppa TTOU avTIOTOIXEI OTH OWOTA axéan.

Na dikaioAoynaoeTe Tnv €miAoyn oag.

II. Av oTnv TAdka A Xwpdve akpipug 10° puhakn kUpartog, TéTe oTnV TAdKa B xwpdve
a. 10° kupara. p. 2-10° kupara. y. 4.10° kopara.

Na emiAé€eTe To ypdppa TTOU AvTIOTOIXEI OTN OWOTA axéan.

Na dikaloAoynoeTe Tnv €miAoyn oag.

2. Kouoidng 1° TEA IETPOYTIOAHE
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AXKHZEIXZ - TPOBAHMATA

2.183. Ztov muBpéva doxeiou Tou TepiExel vepd, TomoBOeToUe yudAivo TAakidio. Ta
dUo diapavih UAIKA éxouv To idio Ttdxog d = 18 cm. Mia déoun TapdAAnAwy akTivwy po-
VOXPWHATIKOU @wTOC, Tou d1adideTal oTov aépd, TPOOTITTEl KABeTa oTnV €AeUBegpn
EMI@AvEIa TOU vepoU Kal aguvexilovTag Tnv Topeid TNG TPOOTITTEl KABETA KAl aTo YUd-
Aivo TtAakidio.

a. Na oxedidoeTe Tnv Topeia ThG akTivag Héxp! Tov TTUBUEVA Tou doxeiou.
p. Av n akTiva diamepvd To vepd 0g Xpovo t1 kal To TAakidio oe xpdovo 12, va umoAo-
vioeTe To Adyo L.
T,
vY. Na umoAoyioeTe Th Xpovikin kaBuoTépnan Tou TpokaAeital otn diddoon ThG aAKTi-
vag oTo vepo amod Tnv mapeHPoAn Tou TTAakidiou.

Aivovtar o1 8cikTeg d1dBAaoNC Tou vepoU Kdai Tou yudAioU %KGI% avrioToixa Kai n

TaxUTNTa Tou WTOC aTov aépa 3-108 m/s. [ATt. p. 8/9,v. 10 5]

2.184. Eva diapavég TAakidio éxel mapdAAnAeg emiedeg mAeupéc, epiPdAAeTal amd
aépa kai éxer maxoc 15 cm. Mia povoxpwpdaTikiA akTiva tmou di1adideTal oTov aépda,
TIPOOTITITEI OTNV €MIPAveId Tou uTd ywvia 60°. O SeikTng 81dBAaong Tou TAakidiou ei-

vai +/3 kai n TaxutnTa Tou wTdc oTov aépa civar 3-108 m/s.
a. Na amodceifete 0TI n akTiva e épxeTal améd To mAakidio.
p. Na oxedidocsTe Thv Topeia TNG AKTivag Kail va amodeieTe 6TI n avadudpevn akTiva
gival TapdAAnAn oTnv mpoomiTToUada.
v. Na umoAoyioTe To Xpdvo, amd Tn oTIYHA TG €10600u TG oTo TrAakidio, Tou Oa
XPEIAOTEI yid va Pyel Eavd oTov aépa. [ATt. v. 107 s]

2.185. Eva doxeio mepiéxel uypd Uyoug 30 cm. ZTnv eAelBepn emipdvela Tou uypoU
eMITAEEI KUKAIKOG OioKog, apeAnTéou Ttaxoug, Siapétpou 10 cm. Akpipw¢ Tavw amo To
KEVTPO Tou QiOKOU Kal oc amoaTacn 5 ¢m PpiokeTal onyelakn Thyn HovoxpwpdaTikoU
ewT0¢. Na umoAoyioeTe Tn S1AUETPO TOU oKoTeIVOU KUKAoU Trou oxhuatiletar atov

TuBpéva Tou Soxeiou. Aivetai o SeikTng 31dBAaonc Tou uypol 2 kai 6T /3 =1,73.
[ATt. 44,6 cm]

2.186. Mia povoxpwpuaTikA akTiva gwTtoc di1adideTal péoa ae Uypd Kdl TPOCOTITITEl OTH
SIaXWPIOTIKA £Tpdveld e Tov aépd. O SeikTne 31dBAdoNC Tou uypoU eival +/3 Kai h
d1aBAwpevn akTiva eival kadBeTn oTnv avakAwpevn akTiva. Na uttoAoyioeTe

d. Th ywvid TpooTTWaeWG.

3

B. To nuiTovo TNG Kpioiung ywviag. [AT. a. 30°, p. ?]

1° TEA IETPOYIIOAHE z. Kouoidng
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2.187. To opBoywvio doxeio ABAE, mou

paiveTal aTo diAavo oxAua, éxel adiaga- B
VA Toixwpara kai opi{ovrio uBpuéva. lMe- e
dioupe MARPpwWC To doxeio HE UYPO TTOU

éxel 0ciktn d1aBAaong 4/3. To Uyog Tou —

Soxeiou eivar (AB) =h=+7 cm. Na u- e
ToAoyioTei To e€AdxioTo pAkog (BT) Tng AL

E

EMPAVEIAC TOU UYpoU, TO OTIOi0 TPETIEI

va KaAUyoupe pe adiapavh TAAKa, WoTe N kR A va eival aépatn amd oTolodATIOTE

onyeio.

[AT. 3 cm]

2.188. Evacg yudAivog KUAIVEpog £xel Uyog igo pe Tn didueTpo TnS Ppdong Tou ( n Topn
Tou eival TeTpdywvo) Kai deikTh 31dOAaong V2. Mia pwTeivi HOVOXPWHATIKA aKTiva
TEPTEI ATIO TOV A€pA OTO KEVTPO ThG TAvw PACNG TOU HE ywvid TIPOOTTTWONG 45°,

a. Na amodcifeTe, 6TI petd Th 81d6Aacn TN oThv TAvw PdAoh, h AKTiva TTPOCTITITEI
0TO TTAEUPIKO ToiXwpa Tou KUAiVOpOU Kdal va UTTOAOYIgETE Th Ywvid TPOOTITWONG.

B. Na amodciete 6TI TeAIKA Pyaivel aTov aépa amod Tnv KATW PAon Tou KUAiv3pou.

v. Na umoAoyioeTe Th ywvia eKTpoTAC TG akTivag. (Th ywvia petal Tng s1oepxoOpe-

vh¢ Kail TG e€epXOpeVnG atmd Tov KUAIVOpO akTivag)

[AT. a. 60°, p. pia oAikA avdkAaon, y. 90°].

2.189. X710 yudAivo mpiopya ABT Tou oxAparog
TPOOTITITEl HOVOXPWHATIKA akTivoPpoAia, mpo-
gpxoHevn amd Tov aépda, umod ywvia a; (ywvia
TpooTITWOoNG) Kai e§épxeTal umd ywvia 8, (Yw-
via avaduong) wate a; = d2. Av A cival h ywvia
TOU TpiopaTog Kal h o deikTng 81dBAaonc Tou,
va amodceifeTe OTI:

a. H ywvia ekTpomi¢ € diveTal amo Th axéon

€= 2C(1 - A.
p. O dcikTng 81aOAaong umoAoyileTal amo Th
c+ 4
. nu )
oxéon: n= y
77#;

2.190. TudAivoc KkUAIvVOpo¢ diapé- :

Toou d = 0,10 ¢m kar pAKoOUG
h = 1,52 m (muphvag) civar emika-

Auppévoc oddkevTpa pe dAAov TOAU
AeTtTO YUdAIvo KUAIVOPO TTOU €XEI HI-

|

|

| <
al

|
|
h >

kpOTepo OeikTn 81aOAaong. ZT1o Ké-

VTPO TNG HIAg PAong Tou KUAiVOpoU - TTUpAvVA TPOCTITITEI, TPOEPXOHEVN aTtd Tov dépd

HOVOXPWHATIKA aKTiva QWTAG, OTTWG YaiveTdl 0TO OXAKA.

2. Kouoidng

1° TEA IETPOYIIOAHX
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O d¢eikTng d1dOAaonc Tou yuaAioU Tou KUAivdpou - muphva civai 1,60 gvy Tou yuaAioU
Tn¢ emkdAuyng eivai 1,20.

A. i.) Na umoAoyioeTe Tn €AdXI0TN TIPA ThG Ywviag PE TNV oToia TPETEl va Yivel h
TPOOTITWON OTO E0WTEPIKO TOU KUAiIVOpou (TTUpAvag - €TikAAuyn), WoTe h akTiva va
TaOel oAIKR avdkAaaon.
i) Na amod¢eifeTe 6T1 via omo1adATOTE TIUA TG ywvidg TPOOTTWONG OTh Wia Pdon
ToU KUAiv8pou, n £€£0806¢ Tng Ba vivel amd Thv dAAn pdon Tou KUAivdpou.

B. MNa ywvia mpéomTwoncg ion pe 30°,
i) va umoAoyioeTe Th TIPHA TNC Ywviag didBAaonc.
ii) va uroAoyioeTe To TARBOC TWV J1AdOXIKWY EOWTEPIKWY avakAdoewy ThG aKTivag
péxpt va EavaPpyei oTov aépa.
iii) va mpoodiopioeTe To onpeio TG PAong Tou KUAivdpou amd To omoio £€€pxeTal h
aKTiva.

Aivovrar: n(18,2°)=, nu(48.6°)=3., nu(71,8°)=0,95, £0(71,8°)=3,04

[Am. A. 48,6°B. 18,2° , 500, kévTpo]
ZxoAia: a) Ma TiI¢ diaipéoeIC ioWE XPEIAOTEITE KOPTTIOUTEPAKI.

B) Auth eivai n apxh Acitoupyiac piagc OTTTIKHZ INAZ. ZApepa kara-
okeualovTal omTIKEC iveg pe SidpeTpo The TaEne Twy 4 pm = 4-10* cm. H &idragn Tou
oxhuato¢ Ba pmopoloe va Atav évac BOTATQFOX ZOAHNAZ, via va petapepOei
TO QWG gg onpeio ou dev pmopoUle va Anoidooupe. Xpnoidomoleital emiong otnv La-
TPIKA Yid evO0OKOTNON, TT.X TNG 0UpodOXoU KUOTNG. To HeydAo TTAEOVEKTNHA TWV OTITI-
KWV Ivwy gival PéPpaia o TepdoTio¢ OYKOG TTANPOYOPIWY TIOU UTTOPOUV vad HETAPEPOUV,
pe Th PonBeia KATolou KupaTikoU wopéa (pwc, padlopwviké KUpa KAT). Ma mapddeiy-
pa apkei MIA omTIKA iva yia TI¢ avdykeg piag ouyxpovng katoikiag (ThAspwvhuara,
TnAcdpaon, Acdopéva H/Y kAT). To kdoTo¢ duwc civai, Tpo¢ To Tapwyv TouAdxioTov,
aTayopEeUTIKO yid KATI TETOI0.

v) Buoika 8¢ xpeldleTal n akTiva va €10épxXeTal ATO To KEVTPO TNG Pdong
oUTe 0 KUAIVpo¢ (iva) va eival dkaumrog. AKOUN Kai av KapeOei, apKei N KAPTUAOThTA
va pnv eival uepPoAikd HeydAn, To 9we A h TTAnpowopia Ba mayideuTei ekei péoa PEXP!
va Pyel amdé Tnv dAAn pdon.

2.191. Av A civai n ywvia Tou TpIywvikoU
Tpioparog, a givai n ywvia mpoéomtwong, 6 h
ywvia avaduong Kal € n ywvia eKTPOTAG, vd
dcieTe 6TI N ywvia ekTpoTA¢ BiveTal amd Th
oxéon:

e=0-a+A. el

1° TEA IETPOYIIOAHE z. Kouoidng
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TYTTOAOTIO

A. MHXANIKA KYMATA

TaxuTnTta KUPATog L=

X
t
Mnko¢ KUpaTog A=uT

u=Af

E€iowon appovikoU kUpartog y= Aﬂﬂzﬂ(%—%) (popd d1dadoong n O€TIKRA)

y= AnyZ;r(%wL%j (popd d1adoong n APNHTIKH)

t x t o x
&don appovikoU KUPATo O=27|——=| QA O=27| —+—
n apu HaTog [T /J n [ T /J
. s , . 27[(1*2—1’1) t 1+
2uppoAn dUo appOVIKWY KUPATWY y =2Aocvv ——=-mqur| ———=
24 T 24
27 (r, —
TTAdTOG |4'|=24 UUVM
EvioxuTikf oUHPOAR i —n|=nA, ue n=0,1,2...
ATIOOPETIKA OUHPOAR I —n|= (2n+l)%, ue n=0,1,2...
2. 7d401do KUPa y=24- Guv%ﬁ,uwt
TTAGTOC |4'|=24- auvz%
’ ’ 4 ’ ﬂl
AnooTaon dUo d1adoXIKWY dETUWV Ax; =
Amdotaon d0o 31adoxIKWV KolAIWV Ax, zg

Amnootaon petall deopol Kal TnG emOHEVNG KolAiag Ax, :%

A. HAEKTPOMAINHTIKA KYMATA

T X T x
E€iowon H/M Kopar E-E . Zn(———j,aze - 211(———)
giowan HaTog mex " MM —— == mex *NM2TT| = =
— =C Kal Q =C
B Bmax
AcikTne 31dOAaong n= S n= %
Népog Snell n,nu6, =n.np6,
Kpiclun wiia NGy = ﬂ_b (nb < na)
ﬂa
OAIKAK avdkAaon O4a > Ocrit

2. Koucoidng 1° TEA IETPOYIIOAHE
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TPIT'QNOMETPIKEX EEIZQXEIX
x =2kn+6 x =2kn+6
nux =nué — (N keZ GLVX = oLVl = ( N keZ
x=2k+1)m-6 x =2kn-0

ocuvx =01 |77,ux|=1—>x=kn+%, keZ

nux =0n |o1)vx|:1—>x:kn, keZ

epx =eph > x =kn+0 keZ obpx =008 > x =kn+06 keZ
YXEXEIX METAZY TPIT'QNOMETPIKQN APIOMQN
T g
pwi:;%f ;p Heot nuo ouvvl €0 o0
€00 1
5 o B
o — EVIZow 0 | reg® | £ylro0'0
- 1 (oJ0J)
o Elne — lrep’0 | £\1+op%
c00 e ++/1-cvv’0 1
° +/1+1u’0 cuvl o
0 +./1—-nmp0 ovvl 1
c N - _— — L
¢ nuo ++/1+cvv’0 S0l

TPITQNOMETPIKOI APIOMOI AOPOIEMATOX KAI ATA®OPAX

np(o +p) = npa - suvp + npp - sova

ouv(a + ) = ovva - Guvp —nua - uP

nu(a —B) = npa-ovvp —nup - cuva

ouv(a —B) = cuva - GuVP + nua - Nup

QO+ € cpa-opPp —1
S ey
EQU—¢€ opa.- B +1
so(o~p) = 24P co(u-p) = 2L %P1
1+eopa-eop oo —opa

TPITQNOMETPIKOI APIOMOI AIITAAXIAY 'QNIAX

nu260 = 2nuo - cuvo

owv20 = cuv 0 —nu’0 = 2o0v 0 —1=1-2nu’0

2e00 20— _
€020 = ® 4 6020 = 60 6—1_ogb—epb
1-ep6 2600 2
METAXXHMATIZEMOX AOPOIZEMATQON XE I'INOMENA
nuA+nuB=2nuA;BvaA;B nuA—nuB=2nuA;BvaA;B
GDVA+GDVB=201)VA+BGUVA;B chVA—csWBzZnuA;LBnuB;A
8(|)A+8(|)B=M SQA—S@BZM
ouvA -cuvB oLVA -cuvB

METAYXXHMATIEMOXZ 'INOMENQN YE AOPOIXMATA

NUA -nuB = %[GDV(A —B)—-ocuv(A + B)]

6UVA -oVvB = %[GUV(A +B) +ouv(A - B)]

1°TEA IETPOYIIOAHX
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TPIMTCINOMETPIKOI APTOMOI OPIZMENSIN F(QNIQN

2. Koucoidng 1° TEA IETPOYITOAHZ
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