KEDAAAIO 2°: KYMATA

EMANAAHNTIKA OEMATA

OEMA B
Epwtnon 1.

Katd pnkog tou Betikou nuia€ova Ox dladidstal appoviko Kupa. H e€iowon taAdaviwong
Tou onpeiou O tg Béong X =0 (mnyn) eivat y=Anuwt. To UAIKO onpeio A Tou améxel

, , A
amo v myn X = >

A. £X€L YPAPIKNA TAPACTACH ATTOUAKPUVONG OE OXECN HE TO XPOVO OTMWG 0TO Oldypappa

at)

a)




B. to onpeio A €xel pdon

B1) peyaAUutepn amo to onpeio Tng 6éong X =0.

B2) pikpdtepn amo to onpeio tng 6éong X =0 katd aképato mMOAAATAAsLO Tou 27.
B3) pikpdtepn amod to onpeio tng 6éong X =0 katd .

Na emAEEETE TIG OWOTEG amavtnoelg. Na altloAoynoeTe Tig EMAOYEG 6ag.

Auon

A. Zwoth amdavtnon sivai n a2.

To UAkO onpeio A apxilel va TAAAVIWVETAl TN XPOVIKA oTtypn t, =

C | x
N | =

®uoika, ya t<t, woxvel y=0

B. Zwotn amavtnon sivat n B3.

To UAIKO onpeio A améxel amd TNy mnyn X = > Kal n gdaon Ttou eivat:

P =27
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Apa n dwaopd pdaong Pe tnv mNyn givat:

2nt t 1
Po~Pa B 2“?_2755 = Po Py =T = Py =Pp™T



Epwtnon 2.

Katd pnkog tou Betikou nuuagova Ox Swadidetal appoviké kupa. To onpeio tng B€ong
X =0 tn xpoviki ottypn t=0 diépxetal amod tn B£on wooppomiag pe BeTIKA Taxutnta. Tn

5T A
XPOVIKN otiypn t= vy 10 onpeio g Béong X = > £xel Taxutnta pe PETPO
1) v=0.
2) v=V,,, (HEyloTn).
3) O<v<v,,.

Na emA£€ete TN owoth Tpotacn. Na SIKAlOAOYNOETE TV EMAOYH 0AG.

Auon

Jwotn amavtnon n 1.

. . , A , L T
To kUpa ywa va @tdaocel otn Béon X = > xpelaletal Xpovo (oo pe 5

Apa 10 UAIKO onpeio auto apxilel va TAAAVIWVETAL TN XPOVIKN OTLYHA E, HE BeTIKN
. . . ] , s
TaxUTNTd. XUVETWG, TN XPOVIKN ottyun t :T EXEL TAAAVTWOEL yla XpoVvIKO Slacthua

oo pe At= ST (T :i_
4 2 4

Apa tOo UAIKO onpeio autd Oa Bpioketal o€ apvnTIKA ATOHAKPUVON HE HEYIOTO HETPO
(y=-A) kai n taxutntd tou Ba eivat pndev.

B Tpomoc:

. . A oT — .
Me avtikatdaotaon twv dedopEvwy: X :E Kat t:T oTn YEVIKN €€lowon TOU KUPATOG

t X ,
= Anu2r| ——— | maipvoups:
y nu (T k) pvoup

5T A 5 1 3 3n
—Anu2n| - L s y=Anu2r| 2 - | y=Anu2n| 2 | y=Anul Z | =
y nuan ij y mun(4 2) y nunb) y nu(zj
y=-A

Apa, agpou to UAIKO onpeio Bpioketal oe akpaia Bon Ba €xel Taxutnta pNoEy.



Epwtnon 3.

Katd pnkog €vOog YPAUHIKOU €AACTIKOU HECOU OladidsTal EYKAPOLO APHOVIKO KUHA HE
@opd mPog TNV Kateubuvon tou BetikoU nuidova Ox. To onueio t™ng Béong x=0
TaAavtiwvetal oUppwva pe ™ oxéony =0,05mu(8nt) (SI1.). Zto mapakdtw oxnpd

ametkovidetal To CTIYMIOTUTIO ToU KUHATOG T XPOVIKA oTypn t,, Kkatd tnv omoia To KUpa

£xel 0ladobei os amootaocn 3mM.

¥(m)

0,05 |-----o-—-

s] x(m)

H taxutnta (o) 01ddoong Tou KUPATOg 0To EAACTIKO PECO, eival

1)U=8m.

Na emAé€eTe TN owoth pdtacn. Na SIKAlOAOYNOETE TNV £MAOYH 0AG.

Auon
ZwoTtn amavtnon sivat n 1.

Amo tn oUykplon g oxéong y=0,05nu(8nt), pe tn yevikn e€iowon twv amiwv
APHOVIKWYV TAAavIwoewy, Y =Anu(2xrft) mpokumtel:

1
2nft =8nt , cuvenwg, f =4Hz, kat T:ZS.

. . L . , 3A
J0ppwva Pe to OLaypappa, to KUPa €xel dlavucel amootaonh Xz? n Xx=3m, mou

T 1 1 3
avTIOTOIXEl 0 XpOoVIKO Sldotnua At =T + 7 n At= ZS +§s = At= §S



AX m
Apa V=—=v0=8—.
At S

JUVETIWG N amdvtnon 1 sivat n cwotn.



Epwtnon 4.

Katd pnkog tou x Ox Owadidstal appovikdé Kupa. To onpeio tng Béong Xx=0
TaAavtwvetal cUPpwva Pe T oxéon Yy = Anuot. H diagopd @daong petagu ouo onpeiwv
mou Bpiokovtat otn dlelBuvon 31adoong Tou KUPATOG

1) au€avetal o GXEoN PE TO XPOVoO.
2) eivat ave€aptntn amo To XpoOvo.
3) HEWWVETAL OE OXECN HE TO XPOVO.

Na emAE€eTe TN owoth Tpotacn. Na OIKAlOAOYNOETE TV £MAOYH 0AG.

Auon
ZwoTn €ival n mpdtaon 2.

Ot e€lowoelg TWV Ppacswy yia Ta duo onpeia A kat B eivat:
t X t X
=2n(=——-2) kat @y =2n(=——-2
0 =2n(=2) Kt @, = 2n(~>2)

Me agpaipeon mpokUTTEL:

t X t X
@A—<P3=2n(;—7“)—2n(;—73) = @, —Qg =21

Xg = Xa

Apa n dlaopd @aong PeTall Twv OUo onpeiwv gival aveEaptntn Tou Xpovou.



Epwtnon 5.

To OuWdypappa 1 TAPLOTAVEL TO OTIYHIOTUTIO €VOG €YKAPOLOU APHOVIKOU KUHATOG Hia
0e00pEVN XPOVIKN oTyun t, evw To dlaypappa 2 maploTAVEL TNV ATTOPAKPUVGN ammo TN
B<on ooppomiag Tou oe ouvdpTnon HE TO XPOvo, €vog Oedopévou onueiou A Tou
€AAOTIKOU PEooU, oTo omoio dladideTal To mapamavw Kuud.

t(s)

0,5 1 15 2 25

-AL A

Amd tn peAETN Twv OUO SlayPAUPATWY TTPOKUTITEL OTL N Taxutntd Sladoong ToU KUPATOG
elvat

a) 0,1@.

Na emAé€ete Tn owotn amavinon. Na dIKaloAoOynoeTe TNV amdvtnon oag.

Auon

Zwotn amavtnon sivat n vy.
. o x. 2 . A
Ao 1o 1° S1dypappa TPOKUTITEL: 55 =5cm = A=2cm

Ao 1o 2° dldypappa mpokumtel: 2s—1s=T =T =1s=f =1Hz

Ao T BgpeAiwdn e€iowon TG KUPATIKAG TpokuTtel: L =Af =2cm/s



Epwtnon 6.

To OlWdypappa 1 TMAPLOTAVEL TO OTIYHIOTUTIO €VOG €YKAPOIOU APHOVIKOU KUHATOG Hia
0e00pEVN XPOVIKN oTyun t, evw To dlaypappd 2 maploTAVEL TNV ATTOPAKPUVGN amo TN
B<on ooppomiag Tou oe ouvdpTnon HE TO XPOvo, €vog Oedopévou onueiou A Tou
€AAOTIKOU PEooU, oTo omoio dladideTal To mapamavw Kuud.

t(s)

0,5 1 15 2 25

Tn xpoviki otiypn t mou avtiotolxel To mMapamdvw OTLYHIOTUTIO, N TNYH KAl TO UALKO
onueio A mepvouv amod tn B€on 1ooppoTTiag Toug He

a) apvnTikn Taxutnta.
B) avtiBeteg TaxUTNTEG.
y) Betiki taxutnta.

Na emAé€ete TN owoth potacn. Na SIKAlOAOYNOETE TNV €MAOYH 0AG.

Auon
ZwoTh amavtnon sivat n a.

A6 10 Oldypappa 2 mapatnpoUpe OTL TO UAIKO onpeio A dpXIoE va TAAAVTWVETAL TN
Xpovikn otiyun t=T, omote améxel amd tnv mnyn améotaon X =A. Apa onpeio A Kat
Nyn €ivat o€ cuppwvia @aonc.

To otiygotumo tou Slaypdppatog 1 dsixvel 0Tt To KUpa €xel Oladobel kata 27»+§ , apa

TO OTLYHIOTUTIO AVTIOTOIXE( OTN XPOVIKA OTLyHn t:E+2T. AUt TN XpOVIKNA oty n

Nyn €xelL Kavel GUO MARPELG TAAAVTWOELG KAl Pon €Ml TAéov TaAdviwon, apa SlEpxetal
8



amo tn B€on woppomiag Pe apvnTiKA Taxutntd. Tnv idla Xpovikh oTiypr, To (010 KAVEL
Kal TO onpeio A, €@OcoV gival o€ CUPPWYIA PAoNG e TNV TNYN, OTWG TPoaAvaAPEPONKE.



Epwtnon 7.

210 OumAavo oxipa n mnyn O mapdyel

appoVvIKO Kupa mou Sladidetal mavw o€ YPAPUIKO —5
€AAOTIKO oo pe Taxutnta u. AUo onpeia ® ® ° >
A,B Tou péoou Bpiokovtal mavw otn eubsia O B A X

. , . 4 T
01adoong Kat £XoUV PACELG (pA=? Kat (pB=§ .

A. Na Bpeite av umdpxel AdBog oto oxnpa wg mPog TIG BEoELG Twy onueiwy A kal B ot
oxéon pe tnv mnyn O, Kat av vat va 1o 0lopBwoETE PTIAXVOVTAG TO GWOTO OXNAHA.

Na SIKaloAoyNoETE TNV amavinon oag.

B. Tn xpovikn oty mou to onyeio A Bpioketal otn PEYIOTN BETIKNA TOU amopdkpuvon,
10 onpeio B Ba Bpioketal otn B£on

a) y=A.
B) y=—A
Y) y=0

Na emAé€ete TN owoth amdvinon. Na SikaltoAoyAoeTe TNV emAoyr odc.

Auon

A. Mo Kovtd otnv mnyn €ivat 1o UAIKO onpeio A.

, , t X . . . L, .
Amd tn oxéon ¢ = ZR(?-X) , gaivetat 6Tt 600 MO Pakpld amd tny mnyn €ivat €va uAIKoO

ONUEl0 TOCO PIKPOTEPN PACN EXEL. ZUVETIWG TO ONMEIO Pe TN peyaAUtepn @daon Ba sival
Mo Kovtd otnv mnyn. H ocwotn 6éon twv onpeiwv A kat B @aiveral oto mapakdtw
oxnpa:

10



B. Zwotni amavinon sivai n B.

Emeidn n dlagopd ¢dong twv 0Uo onpueiwv eival ion pe m, Ba Bpiokovtal os avtiBeon
@aong. Zuvemwg to onpeio B Ba Bpioketal o amopdkpuvon y=—A.

11



Epwtnon 8.

Mwa mnyn kupdatwv O apxilel tnv xpovikn ottypn t=0, va ekteAel amAnl appoviki
TaAavtwon, TAdtoug A, meplodou T kat apxikng gaong ¢, =0. To otiypiotumo tou

KUpatog, Tn Xpovikn otiyun t =T, eival onwg to didypappa

(@)

(2]

B>

(v)

S N
x

Na emAé€ete Tn owotn amavinon. Na SIKaloAOyRoETE TV EMAOYH 0ac.

Auon

ZwoTn amdvtnon €ivat n vy.
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2e XpOVo Hlag meplodou To KUpa Stadidetal Katd £va PAKOG KUPAtog. Autd ocupBaivel ota
oTlypiotuTa B, .

2e éva KUPa Kabe UAIKO onpeio emavaAapBavel tnv Kivnon tou mponyoupevoU Tou. XTO

dlaypappa B, to onueio tng Bgong X =A Ocixveral va Eekivd TaAdviwon mPog Ta KATW,
EVW 0To Olaypappa y, Osixvetal va EEKva mpog ta mavw.

Emeldn n mnyn taAaviwvetal cUP@wva HE T oxéon Yy =Anuwt, autd onpaivel 0tl o€

KABe onpeio mou @tavel n dlatapaxn auto EEVIKA apHOVIKA TAAAvVTwon TPog Ta BeTIKA.
Apa owoto dlaypappa sivat to vy.
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Epwtnon 9.

AUo peydpwva M; kat M, tpogodotouvtal amd tnv i0la YEVVATPIA CUXVOTATWY Kdal
TomoBsTouvVTal OTIWG 0TO oXNHA. ‘Evag avixveutig nxou tomobeteital oto onpeio A.

KaBwg n ouxvotnta tng yevvntplag aufdvetat otyda - owya amdé 200Hz —1000Hz
OlAMOTWVETAL OTL O AVIXVEUTAG A Kataypdgel oslpd evioxUoswv Kal amooBéoswy. Ot

ATOOTACELG TOU AVIXVEUTH amd TI¢ TNyEg sival (MlA):40m Kal (MZA) =41m, evw n

TaxutnTa Tou nxou otov agpa sivat 340—. H ouxvotnta yia tnv omoia mapatnpsitat n
S

TPWTN amocBeon eival
a) 200Hz.
B) 510Hz.
y) 850Hz .

Na emA£€Te TN owotn amavinon. Na attloAoynoeTe tnv andvtnon oag.

Auon
ZwoTn amavtnon sivat n B.

Ma va ocupBaivel amdéoBeon mpEMEL yla ta KUpata mou @tdvouv amod ta dUo peydewva

. \ , (2K+1)A ) L
OTOV avIXVEUTH va loxUel n oxéon : I,—r, =———. Avikabotwviag, A= e
m
rL=41m, r,=40m kat v= 340? Taipvoupe:
340m/s

41m—40m:(2K+1)% —=1m=(2K+1) =f =(2K +1)-170Hz

MNna K=0 Bpiokoupe f =170Hz n omoia amoppintetat yiati sivat pikpotepn amd 200Hz.
Na K=1 Bpiokoupe f=510Hz mou eivat n {ntoupevn, evw yua K =2 Bpiokoupe
f =850Hz kAm.

14



Epwtnon 10.

AUo ouyxpoveg TNyEG Kupatwy My kat M, TaAaviwvovtal KABsTa otV EmM@Avela evog
uypou pe Tto i0lo MAAtog A, mapdyovtag appovika kKupata ocuxvotntag f kat pnkoug
Kupatog A. ‘Eva onpeio X NG £MPAVEIAG TOU Uypou amexel f, =44 amd v mnyn My kat
r,=7h amo tnv mnyn M. To TWAAGTOG TAAAVIWONG TOU UAIKOU onyeiou X, a@ou
OUMBAAAOUV O€ auTo Ta KUpATa, LoouTat He:

Na emAé€ete TN owoth amdvtnon. Na SikatoAoynoeTe TNV £mMAoyn odag.

Auon
JwoTtA amavinon sivat n B.

H dwapopd twv amoctdoewv tou onpeiou amd tnv mnyn eivat Ar =1, —r, |=3L, 6nAadn
aKEPALO TOAAATIAACLO PNKOUG KUHATOG. ZUVETIWG £XOUHE EVIOXUTIKA GUUBOAN Kal mMAATOg
TaAdaviwong ico pe 2A.

15



Epwtnon 11.

Katd prikog xopdng pRkoug L, mou n pua tng dkpn eival akAdvnta oTeEPEWEVN, EXEL
OnploupynBei otacipo KUPa, e To eEAsUBEPO AKPO TNG va £ival KotAia.

A. To prikog tng xopdng Umopei va eivat

a) L:ﬁ.
2
B) L:ﬁ+&.
2 4
Y)L=xA

B. Av A eival To TAQTOG TWV APHOVIKWY KUUATWY TOU CUPBAAAOUV Kal mapdyetdl to
OTAGIYO KUMA, TOTE N oxéon Tou OIVeL TN PEYLOTN TAXUTNTA HE TNV OToid TaAavtwvovtdal
ol KOLALgG, givat:

a) v, =0A.

B) v, =200A.
Y) UV, 5 = 20AcVVOL .

Na emAEEETE TIG OWOTEC amavtnoelg. Na SIKAloAOYNOETE TIG EMAOYEG 0aC.

Auon
A. Zwotn amdavtnon sivai n B.

To éva akpo tng Xopdng eival akAovnTo, omote kel Ba uTdpxel GeoPOC. XTo AAAO dKpo,
oUppwWva Pe TNV eKQwvnon, onuloupyeital KolAia. H améotacn petagl plag KotAiag kat

€VOG OEopOU €ival Z’ Aapda to PNKOC TNG Xopdng Ba TPEMEL va €lval MEPITTO MOAAATTAACIO

A A
TOU R Alalpwvtag to PAKog xopdNng HE To 1 Bpiokoupe mePLTTO aplOuo pévo oto B.

_Kr 2 2K+
2 4 4

L

B. ZwotA n amavtnon sivai n B.

16



H péylotn taxutnta evog UAIKOU onpeiou mou ekTeAEl appovikn taAdvtwon divetal amo
N oxéon v, =0A, pe A, va OnAwvel to TAATOG TAAAvIwong tou. Ot KolAieg

TaAaviwvovtal Pe TAATog A, = 2A . Me avtikatdotaon EUKOAd TPOKUTTEL v, = 20A .

17



Epwtnon 12.

AUo oUyxpoveg TNYEG appovikwy Kupdtwv O, kat O, dnpoupyolv Kupata idlou
TAdToUg A Kat prikoug Kupatog A =0,5cm . Av yla TIg amooTtdoelg I, Kat [, VoG onpeiou X
amo TG MNYEG LoXUEL I, — I, =4Cm, TOTE TO onyeio X

a) TaAavtwvetal Ye mAdtog 2A .

B) TaAavtwvetal pe mAdtog A .

Y) mapapével akivnto.

Na emAé€ete TN owoth amdavtnon. Na SIKaltoAoynoeTe TNV emMAoyn oag.

Auon
JWOoTA amavtnon €ivat n d.

M'vwpifoupe OTL yla va oupBei evioXuTiKr cupBoOAR TPEMEL va toxUeL n oxéon I, —r, =NA .
Autd mpaypatt loxuel ylati

L—r,=4cm=1r—-r,=8-0,5cm =r,—r, =8, 6mou

A =0,5cm. ZUVETWG TO UAIKO onpeio X ekTeAel oUVOETN TAAAVTWON PEYIOTOU TAQTOUG.

18



Epwtnon 13.

Katd pnkog xopOng, TOU €XEL OTEPEWHEVO TO €va NG AKpPo, Oladidetal o MaAudg tou
oxnpatog. ‘Otav o maApog @tdoel oto onpeio K, tdte 0 Toixog Ba acknioel dUvapn oto

oxotvi mou Ba £xel TNV Kateubuveon Tng

Fi

Na emAé€ete TN owoth amdvtnon. Na SIKaltoAoyAoEeTE TNV €mMAoYN oac.

Auon

ZwoTn amdvtnon givat n vy.

Fa

[ +——» ]
/

Ze éva KUpa () maApd) kabs UAIKO onpeio emavaAapBdavel tnv Kivnon tou mponyoUpevVoU
Tou. O MaApOG TOoU oXNPATOG Kiveital mpog ta 0€€Ld Kat n Hop@n tou SNAwWVEL OTL 6€ KABE
onpeio mou @BAvel autd Kiveital mpog ta mavw. ‘ETol, otav o MaApog QPTAcel 6To onpeio
K 8a tpaBnfel mpog Ta mAvw TO MPWTO POPLO TOU onpeiou otAplEng. ZUp@wva pe tov 3°
vopo tou NelUtwva to onpeio otAplEng 6a aokNosl OTO AKPO TOU OXOlvioU avtifetn

ouvapn.
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Epwtnon 14.
Katd pAkog opoysvoUg €AAoTIKNG XxopOng amokadiotatal otdoigo KUpa  Tmou

, . , X ,
meplypagetal amo v e€iowon :y=4cmv(E)-nu6nt ,0Tou X, y oe cm Kat t ot s.

A. H ouxvotnta twv KUPAtwy mou cupBAaAAouy givat
a) 6Hz.
B) 3Hz.

y) 10Hz.

B. H amootaon petal dUo Sladoxikwy OECHWY Eivat

a) 5em.
B) lcm.
5

y) 10cm.

Na emAEEETE TIG OWOTEG amavtnoelg. Na SIKAloAOYNOETE TIG EMAOYEG 0aC.

Alon

A. Zwotn amdavtnon sivai n B.
X
Ané t™ oUykplon tng e€icwong y:4csuv(;[—0)-np6nt ME TN Yevikn efiowon Twv
21X 2mt
OTACIHWY KUPATWY Y = ZAGUV(%)T]M(?TC), EXOUE:

$=6nt:>2nf=6n:>f:3Hz

B. Zwotn amdvtnon eivat n .

H amootaon petall dUo SladoxiKwy OECHWY O £va OTACIHO Eival 7

20



, , , X , ,
Ané t™ oUykplon tng e€icwong y:400v(1[—0)-nu67tt ME TN Yevikn efiowon Ttwv

. , 21X 2nt,
OTACIHWY KUPATWY Y = ZAGUV(%)T]M(?TC), EXOUE:

271X X

10’ amd omou mpokumtel A =20cm. Xuvenwg n amdotacn Metal Ouo

A
O1adoxIKwY dsopwy sival d = 2 =10cm.
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Epwtnon 15.

Auo kUpata mou dladidovral mdvw otny 0la eubeia €xouv €ELCWOELG:
T T
Y =Au(Iont- =) kat y, =5np(l0nt+X).

A6 TN GUPBOAR TWV GUO TAPATIAV®W KUHPATWY:
a) Osv pmopei va mpokUWEL OTACIHO KUpA.

B) 6a onuloupynBei otdolpo kKUPa, yuati ta dUo Kupata dwadidovtal otnyv idla dlelbuvon
HE aVTIOETEG POPEG, £XOUV (OLEG OUXVOTNTEG Kal {010 PAKOG KUHATOG,

Yy) 6a OnploupynBei otdcipgo KUpa, ylati Ta 0Uo KUPAta €Xouv {OlEC CUXVOTNTEG, Kdal
oladidovtal o€ avtifeteg KateubBUVOELG.

Na emAé€ete TN owoth andavtnon. Na SIKaltoAOYAOETE TNV ATAVINGN 0Ag.

Auon
ZwoTh amavtnon sivat n a.

Ma va onploupynBei otdoigo KUpa, €ival amapaitnto ta KUPAta mou GUPBAAAoUV va
oladidovtal og avtifeteg KateubBUVOELG Kal va £xouv OAd Ta AAAA oTolxeia toug (TAdTog,
ouxvotnta, taxutnta) ica. Ta ev Adyw Kupata dladidovial o avtibeteg KateubuvoeLg,
€XOUV (0€C OUXVOTNTEG, (o€ TaxUTNTEG Sladoong aAAd Ogv €xouv ioa TAATN. ZUVETTWG Ba
oupBAAAouv, aAAd dev Ba TpoKUWoUV onpeia mou va mapapévouv akivnta, OnAadn
otdcipo Kupa.
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Epwtnon 16.

To NAekTPIKO TESIO €VOG NAEKTPOUAYVNTIKOU KUPaAtog meplypd@etal amd tnv e€icwon
E:60nu2n(12-101°t—4-102X)(SI).

H oxéon mou mepLypd@el To HayvnTIKO mESio TOU TAPATAV®W NAEKTPOHAYVNTIKOU KUUATOG
elvat

o) B=2-10"nu2rn(12-10°t-4-10*x) (S.1.)
B) B=4-10"mu2r(12-10°t-4-10°x)(S.1.)

7) B=3-10"°*nu2r(12-10°t-4-10°x) (S.I.)

Auon
JWOoTA amavtnon €ivat n d.

H dwagpopd petall twv amavinoewy eivat n tPn tou By, dpa apkei va umoAoyicoupe to
B, .

H e€iowon tou payvntikou mediou Ba ivat:

B = Bnu2n(12-10°t - 4-10?x)
loxuel 5 =C.
0

H taxitnta tou gwtdg Bpioketal amd ta otoixeia tng dobsicag e§iowong.

A6 tn olykpon g efiowong E=60np2n(12-10°t—4-10°x)(SI.) pe ™ yevikn

e€lowon Tou NAEKTPLIKOU TEGIOU TOU NAEKTPOHAYVNTIKOU KUPATOG

E =Eompun(f t—%)(S-'-) éxoupe: F=12:10°Hz kat h=-— ioz m.

Me e@appoyn ™G OtgpeAiwdoug e€iocwong TNG KUMATIKAG Bpiokoupe tnv taxutnta
01ddooNng ToU NAEKTPOHAYVNTIKOU KUHATOG,.

U:Xf:( 12 j-(lZ-lOlOHz):o:B-losm:c
4.10°m S

So_ BVIM g _2107T

Apa, B, =—%=
Pd Bo =72 3-10°m/s
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Epwtnon 17.
(H aoknon 006nke amo tov K. Avtwvio MNaAoyo)

‘Eva nAektpopayvntiko kupa Oladidetal katd tn Oetikn KateuBuvon tou oplloviiou
aova. e £va ONMEIO TOU XWPOU N QPACN TOU NAEKTPIKOU TEdiou TEPLYPAPETAL ATO TN

oxéon ¢ =2n(ft-1)(Sl).

2TO ONMElO TOU XWPOU, OTMOU TO NAEKTPIKO TESIO TOU NAEKTPOHAYVNTIKOU KUHATOG
Tapouctadel TNy mapamavw @acn, n €vtacn tou NAEKTpIkou mediou

a) ival o€ cup@wvia @daong Pe TNV €vtacn Tou Jayvntikou mediou.
, . T . . ,
B) mapoucialel dlagopa paong 5 HE TNV £viaAon TOU payvntikou medlou.

Y) €lvat xpovika otabepn.

Na emAE€eTe TN owoth amdvtnon. Na SIKaloAoynoeTe Tty mMAoYN 0ag.

AUon

ZwoTn €ivatl n amavtnon B.

2e €va NAEKTPOHAYVNTIKO KUMA, KOVIA otnv Tnyn n £vtacn tou nAeKtplkoU mediou
mapouctdlel dlagpopd Paong g ME TNV €VTaAon TOU payvntikoU , evw Hakpld amd tnv
mnyn ot dUo €VTACELG Eival o€ cUP@PWVia @daong. Ao tn cUyKplon tng dobsicag e€iowaong
@=2n(ft-1) pe v vevikn e§iowon tng paong ¢ = 27{% —%) TTPOKUTITEL OTL:

% =l=>Xx=A

‘Opwg amootaon ion pe €va PAKOG KUpatog OnAwvel Béon MOAU Kovid otnv mnyn
Onploupyiag Tou NAEKTPOUAYVNTIKOU KUpAtoG. Apa ol OUo evtdoelg mapouctalouv

L T
dlaopa paong >
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Epwtnon 18.

Mwa aktiva povoxpwpatikol @wtog ouxvotntag f, otnv mopeia tng ocuvavid kat
olamepva Kabeta ovo dwagpavn mAakidla A kat B, ta omoia éxouv 010 maxog Kat OEIKTEG

d1abAaong avtiotoixa N, Kat Ny, yid TOUG OTOIOUG IOXUEL Ny >Ny .

A. Ta ta pAkn KUpPatog A, , A, TOU WTOG ota U0 MAAKISIA LOXUEL

B) t,>tg.

y) t, <tg.

Na emAEEETE TIG OWOTEG amavtioelg. Na attloAoynoeTe Tig eMAOYEG 6ag.

Alon

A. Zwotn andvtnon sivat n .

, , c c . , , , , ,
Ao Tn oxéon N=— = L =—, MMPOKUTTEL OTl OTO UALKO PE Peyalo Oeiktn SlabAaong n
v n

Taxutnta 61ddoong Tou PwTog eival PIkpATepn.
Ny >Ng =V, <Ly

Egpappolovtag otnv TteAsutaia oxéon TN BOepeAdlwdn e€iowon NG KUPATIKAG Kal
maipvovtag umoyn otL n cuxvotnta 6ev aAAAleL, TPOKUTITEL:

V) <V AL F <A f =4, <Ag

Apa, T0 QWG oto TAAKIO0 B €xel peyaAutepo PAKOG KUMATOG, ylati Owadidetal pe
peyaAUtepn taxutnta.

B. Zwotn amavtnon sivai n B.
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O xpovog SLEAEUONG TOU (PWTOG amod To KAbe mAakiolo sival t=— (6mou d to maxog tou
L

TmAakidiou). Aedopévou OtTL ta TMAakiola €xouv To (0l0 TMAxog, To Ywg Ba mepdoel o€
HIKPOTEPO XPOVIKO Slactnua amod to mMAakiolo omou dadidetal pe peyaAutepn taxutnta.

‘Opwg L=—, dpa Ba mepdoel Mo ypriyopa amod To MAAKIO0 ToU €XEL HIKPOTEPO OEIKTN
n

O0ldbAaong, OnAadn To OTITIKWG APAIOTEPO UAIKO.
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Epwtnon 19.

Aktiva @wTOg €l0EpXETAlL ATIO OMTIKA TUKVOTEPO OF OMTIKA apaldTeEPo HECO. Av
cupBoAicoupe pe 0, tn ywvia mpooTtwong kat 6, tn ywvia 6iabAacng, TOTE I0XUEL

B) 6,>6,.
Yy) 6,<86,.

Na emAéEeTe TN owoth amdvtnon. Na attiloAoynoete Tnv emAoyn oag.

Auon
ZwoTn amdvtnon sivat n vy.

JupBoAiloupe pe N, To Oeiktn GLABAACNG TOU OTTIKA TTUKVOTEPOU PECOU KAl PE N, TO

deiktn 61ABAAcNG TOU OTTIKA apaloTEPOU, apa Ny <N,
Am6 to vopo tou Snell éxoupe: N,nub, =nNgnuo, .
‘Etol, apol ny <n, mpEmet nub, <Muo, .

Emeldn ot ywvieg eivat o€eieg mpokumtel ot: 6, <6, .

8,

Ne

|
[
[
[
[
[
[
|
|
|
[
|
[
|IBIJ
[

[

[

[

[

I
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Epwtnon 20.

‘Otav PHOVOXPWHATIKO PwG HETABAiVEL A0 OMTIKA TTUKVOTEPO OE OTTIKA APALOTEPO HECO,
101€

a) N GUXVOTNTA TOU PELWVETAL.
B) TOo PNKOG KUPATOG HELWVETAL.
Y) N Taxutntd Tou audavetal.

Na emAé€eTe TN owoth andavtnon. Na atttoAoynoete Tnv emAoyn oag.

Auon
ZwoTnA amavtnon sivat n vy.
H ouxvotnta 0ev aAAdlel moté yiati eival idia Pe tn ouxvotnta tng mNYNG.

‘Otav 10 QWw¢ petaBaivel amd OMTIKA TUKVOTEPO OE OMTIKA apdldTEPO HECO, TOTE
petaBaivel amd PeyaAUTepPo o€ PIKPOTEPO OEiKTn OLlaBAacng.

Ao tn oxéon v=Af mpokUmTEl OTL £MEON N TaxUTnTta AUEAVETAlL TO PAKOG KUUATOG
auvéaverat.
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Epwtnon 21.

Movoxpwpatiko @wg KIVOUPEVO OTO £0WTEPIKO Olapavoug UALKOU pe Ogiktn StabAaong
N, =2, MPOCTITITEL OE SLAXWPIOTIKN EMUPAVELA KAl ELCEPXETAL O OEUTEPO OLAPAVEG UAIKO

pe Oeiktn d1dBAaong N, = \E

A. TNa 1g ywvieg mpoomtwong 0, kat diadAaong 6, 1oxUeL
a) Npo, <Mub, .

B) nub, =npo, .

Y) Nud, >nub, .

Na emA£€ete TN owoth amdvtnon. Na atttoAoynoste Tnv emAoyn oag.

B3

, , , L s . ,
B. Av n ywvia mpéomtwong eivat 6, =§ Kat npg :7, va oxeOIACETE TN TOPEId Hag

AKTivVAg TOU PHOVOXPWHATIKOU PWTOG.

Auon
A. Zwoti amavinon sivai n a.

Me epappoyn tou vopou tou Snell mpokUmTel

n
N, -Mud, =n, -nub, :M=—b=ﬁ<1:>nu9a <nub,.
nuo, n, 2

a

B. Me avtikatdotaon oto vopo tou Snell maipvoupe:

n, -Muo, =n, -Muo, :>«/§nu9b :2§:>nu9b =1=0, :g, OUVETWG N aktiva Ba €xel

mopeia MapdAAnAd otn SLaXwWPLOTIKN EMPAVEL.
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Epwtnon 22.

Movoxpwpatiki aktivoBoAia mou Swadidetal oto YUaAl TPOOTITTEL 0Tn OLAXWPLOTIKA
, . , , , T ,

EM@AVEI TOU YUaAloU pE TOvV a€pa, e ywvia mpdomtwong 0O, =§rad. 0 o¢giktng

d1abAaong tou yuaAtou givat N, = V2 kat tou agpa eivat n=1. H aktivoBoAia 6a

a) dwaBAaotei kat 6a EEABeL otov agpa.
B) KivnBel mapdAAnAa mpog tn SLaXwWPLOTIKN EMPAVELA.
Y) avakAaotel OAKa amd Tn SLaxXwPLOoTIKA EMQPAVELD.

Na emAE€eTe TN owoth amdvtnon. Na atttoAoynoete TNy emAoyn oag.

B3

, T
Alvetat —=—,
nu 3 5

Auon
ZwoTn amdavtnon sivat n 'y (6a yivel oAk avakAaon).

Ma va kpivoupe mola Ba eival n mopeia TNG AKTivVAG HETA TNV MPOOTTWON TG oTNn
OlAaXWPLOTIKA EMPAVELT TWV OUO HECWY, TTPETTEL VA UTTOAOYIOOUME TNV KPIoIUN ywvia.

Me epappoyn tou vopou tou Snell yia tnv Kpiolun ywvia maipvoupe

T 1 1 T
T“'Lecrit ‘n, = n“z ’ n[xspot = T“"Lecrit = n_a = T“"Lecrit = E = ecrit = Z rad

H ywvia mpdomtwong sivat
T

0, =—rad
3

Emedn n ywvia mpoéomtwong, 6, eivat pyeyaAltepn amd tnv Kpiown ywvia, 0., n

a

PWTELVN akTiva 8a umootei oAkl avakAaon.
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Epwtnon 23.
A. MovoxpwHaTtikn aktivoBoAia PAKOUG KUHATOG Ay TEPVAEL ATIO TOV aépa o€ OlAPAvEQ

UALKO, PECA OTO OTOI0 TO UAKOG KUPATOG TNG HEWWVETAL KATA TO 3 NG APXIKAG TOU TIHUAG.

0 dsiktng dtabAaong Tou dtagpavoug UALKOU ival

B. O Adyog tng meplodou TNG akTivoBoAiag oto Slagaveég UAIKO Tpog tnv mepiodo tng
otov afpa, ivat:

Na emAEEETE TIG OWOTEG amavtnoelg. Na SIKAloAOYNOETE TIG EMAOYEG 0aC.

Auon

A. Zwotn amdvtnon sivai n a.
Emeldn to PKog KUPATOG HELWVETAL KATd gko, TO VEO PRKOG KUpATOG €ivat

x:xo—%xosngxo

ATo tov oplopo Tou Osiktn dlabAacng maipvoupe

c Af A 3
n=-=-2= =n=—,
v Af 2

B. Zwotn amavtnon sivai n y.
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H ouxvotnta (kat n mepiodog tou KUpatog) eivat idla peE NG TNYNG, OUVEMWG OF
petaBaAAovrat.
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Ep@ton 24. — QI

2tnv emgavela uypou diadidovral 6Uo appoVIKA £YKApaola KUpata idlou TAAToug A Kat
idlag ouxvdtntag , mou mapayovtal and duo cuyxpoveg TNYEG My M, pe e§lowoelg

TaAavtiwong Y, =Y, = Anuot . Z& €va ongeio M TN EMPAVELAG TOU UYPOU TTPWTA (PTAVEL

10 KUpa amo tnv myn My Kat yetd amo xpovikod didotnpa 3T/4 @tdavel to KUPa amo tny
mnyn M;. Adyw t™g cupBoANG Twv GUO KUPATWY TO onueio M TaAavtwveTal Pe TAATOG

a) A\/E

AN2
0 55t

Yy) 2A

NG

, T
Alvetat: cov—=—
4 2

Na attloAoynoETe TNV amavinon oac.

Auon

ZwoTn amdvtnon sivat n (a).

. . . . . r,—r,
To mAdtog taAdviwong divetal amo Tn oxeon: |A’| = ‘2Aow2n#

Ma 1T amootdoelg Tou onpeiou M amd Tig mNyEg LoxUEL:
n=vt, Kat r,=ut,

3T 3T 3
L—-n=v tl+7 —l)tl = I‘Z—I'l:UT — rZ_rIZI

Me avtikatdotaon otn oxéon (1) maipvoups:

3L

|| = [2Acuv2n A =‘2Acsuv3—n‘ A2
21 4

(1)
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Epwtnon 25. m

Katd prikog xopdng HEYAAou PRKOUG ZA L

Oladidstal eykApolo apHoviko KUpa

mAdToug A Kat pRkoug Kupatog A. To

OTLYHIOTUTIO TOU KUHATOG TN XPOVIKA 0 N4

ottypn t, eival omwg oto oxnya.

, , , 5\ . C e .
To onpeio M mou Bpioketal otn 6on X = ?rn XPOVIKA oTypn t; €xel amopdkpuvon

a) A.

B) A/3.

Y) -A/2.

Na attloAoynoETe TNV amavinon oac.
, n 1

Atvetat: —=—

nu 56 2
Auon

Zwoth amdvtnon givat n (y).
To kUpa meptypapetal and v e§iowon y = AmLZn(%—§J (1)

Tn XpOVIKA OTlypn ty TO KUPA €XEL TPOXWPNOEL 2X+Z. Exovtag umoyn oOtt o€ pa

, . . . . . T
mePiod0 TO KUPA TPOXwpPd KAtd A, TPoKUTTEL OTL t, = 2T+Z.

, , 5\ T,
Me avtikataotaon otn oxéon (1), X= ?Kdl t, = 2T+Z EXOUE:

2T+I o)
4 _

3 9 5 7nj ( nj , A
=Anu2n| —= - | = Anu2n| ———= |= Anu| — |= Anu| —— =——
y=Anpin T 2 nu 75[4 3J nu( 5 ny 6 ny >

35



Epwtnon 26. m

AU0 eAacTIKEG XopOEG 1 Kal 2 sival
OUYKOAANPEVEG OTO £va akpo Toug. ‘Evag
KUHATOTIAAHAG, npttovoeldoug Hop@ig,
0d¢eUgL amod ta aplotepd mpog ta 0e€ld oTo
péoco 1 pe taxutnta v, . péoo 1
2TO TAVW OTIYHLOTUTIO PpaiveTal o

KUHATOTIAAMOG TN OTLyHn TOU (PTAVEL OTO

MECO 2, EVW OTO KATW OTIYHIOTUTIO

paivovtal 0 avakAWHEVOG KUMATOTIAANAG,

Kabw¢ Kat autdg mou Sladidetal oto HECO Héco 1

péco 2

/\ néco 2

2, pe taxutnta v, .

W

A6 TN PEAETN TWV OXNUATWY TPOKUTITEL OTL Ol TaxUTNTEG Olddoong oTo PECO 1 Kal 6To

HECO 2 cuvOEovTal PE TN oXEon
a) v, <v,
B) v, =v,
Y) v, >v,

Na alttoAoynoEeTE TNV Amavinon oag.

Auon

ZwoTn amavtnon sivat n (a).

‘Otav éva Kupa aAAalel péow 01ddoong n cuxvotnTa TApApEVEL oTadepn.

ATO TO OXA Kat ToV 0OpLoHO TOU PAKOUG KUPATOG , TpokUTtel: d = F3 kat d' =

A A,
> -

Emiong amo to oxnpa mpokumtel: d<d" dpakat A, <A, 1 Af<Af N v <v,.
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Epwtnon 27. m

AU0 GUYXPOVEC TTNYEG APHOVIKWY KUHATwY My, M; mapayouv KUpata idlou MAAToOUG oTn
em@Avela uypou. MIKpo Koppdatt @eAAou amexel f, =5m amd tnv mnyn My kat r, =4,5m

amo tv M,. To Péyloto PRKog KUPATOG ToU PTToPEl va mapaxOsi amd Tig mnyEg,
TIPOKEIPEVOU VA TTAPAUEVEL AKIVNTOG 0 PEANDG gival

a) 2m
B) 1Tm
Yy) 0,5m

Na altloAoynoeTe TNV amavinon oac.

Auon

ZwoTtn amdvtnon sivat n (8).

. , , , . , 2(r,—r.
A@oU o peANOG Tapapével akivntog toxUel n oxéon I, —r, = (2k +1)% =A= %
+

Me Baon tnv mapamdvw oxEon To HEYLIOTO A TPOKUTTEL Yid To eAdxioto k, onAadn yia
k=0. Me avtikatdotaon MPOKUTITEL:

)L_Z-(Sm—4,5m)
2:0+1

= A=Im
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Epwtnon 28. m

TNV EM@PAvela vog uypou OUo
oUYXPOVEG TNYEG mMapdyouv KUpata idlou
mAdtoug Kat idlag cuxvotntag. MNa va
onueio M tng empavelag tou uypou, n
YPA@IKN Tapdotacn TG amopdakpuvong y
O€ OUVAPTNON HE TO XPOVo t gival oTwg
oto dldypappa. Av 1, kat r, givai ot

amoOoTACELG TOU M amo Tig duo TnyEG, ToTE

a) |r,—r =251
B) |r,—r|=15A
Y) |r,—1 =51

Na altloAoynoEeTe TNV amavinon oac.

Auon

ZwoTn mpotaon sivat n (B).

y

Mapatnpoupe OTL To onpeio M apxidel va TaAAvIWVETaAl tTn Xpovikn ottypn t; Kat otapatda

va TAAQVIWVETAL TN XPOVIKA ottypn t, . Autd cupBaivel yiati Tn xpovikn otiypn t,

£@ptaoce 10 0eUTEPO KUKA KAl TPOKANBNKE amooBeCTIKN) GUUBOAN.

Ané tn ypagiki mapdotaon mpokumtel: t, —t;

3T 3
r,—r=v(t,—t) =v-?:>r2—r1:?-— :rz—rl:?

2
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Epwtnon 29. m

2e pa xopdn prRkoug L dnuloupyeital otdacipo KUpa, pe dsopoug ota dUo dkpda tng Kat

aAAoug Suo evlldpeoa. Av f ival n ouxvotnta taAaviwong tng Xxopdng, TOTE N Taxutnta

dtddoong tou KUpatog otn xopdn sivat

2Lf

a v=——-
3

B) 1)=L—f
3

L
Y 2

Na altloAoynoETe TNV amavinon oac.

Auon

Zwotn mpdtaocn gival n (a).

2ta 0Uo akpa tng xopdng dnploupyouvtal 0ecpoi, £TGL TO HAKOG TNG X0PANG KAl TO UAKOG

KUpatog cuvdiovtal pe tn oxéon: L= 35 =

Me avtikatdotaon otn OgpeAwdn e€icwon TNG KUPATIKAG TA{PVOUE:

U:%fzz—Lf:D:Z—Lf
3 3
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Epwtnon 30. m

Ot o€lopoAOYOL, TTPOKELUEVOU VA TTPOodLlopicouY TNV amooTacn TNG £0TiAg €vOG OElGHOU
amo €va OCEloPoYpPA®o,  Xpnolgomololv tn Sla@opd Xpovou Aa@leng HeE TNV omola
Kataypdagovtal amd 10 CECHoYPA®o ta OlaPNKN Kal yKapola KUPata mou mapdyovrdal
oTNV €0Tia TOU OElopoU. Av At n xpoviki dlapopd APIENG TwV SIAPNKWV Kal EYKAPCLWY

KUMATWY, Vg, V. Ol TAXUTNTEG TwV OWOPAKWY KAl EYKAPGCIWV KUPATWY avtiotolxd,

(v; >0, ), TOTE N AMOGTACN TNG E0TIAG TOU GEICHOU ATIO TOV GEIGHOYPAPO Eival

Yelwopoypadog

Us

N,

v EXTIA
ke

%) (vs+0, ) At
2
B) (v; +v, )At

v, V. At
y) —=—

1)5 _Us

Na alttoAoynoeTe TNV Amavinon oag.

Auon
ZwoTtn amdvtnon sivat n (y).

Av pe t; kat t, cupBoAicoups Toug XpOVoOUG TIOU amattouvial yia va @tdcouv To

EYKAPOLO0 Kal TO OLAPNKEG KUHPA Ao TNV £0TIA TOU OELCHOU £WG TO GEICHOYPAPO
avtiotolxa, loXUeL:

d d , , , .
t, = ~ kKat t =—, émou d n améotaon eotiag oelopHoypdgou .
3

c

€
Emeidn v, <v; Oa eivar ty<t, .
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L sy , VAN
Apa, At=t, —t;= i—i Kat amo 0w Auvovtag wg mpog d Bpiokoupe: d = Vs U, .
v, V; —V,

€




Epwtnon 31. dﬂﬂ

‘Eva  KUKAWHA  AUEIWTWY  NAEKTPIKWY  TAAAVIWOEWY  TNVIOU-TIUKVWTH  TAapdayel
NAEKTPOUAYVNTIKA KUPata — PAKOUG KUpatog A. Av  au€nOOUHE TOV OUVTEAEOTN
AQUTETAYwYNG TOU TNViou KAtd 44%, To PAKOG KUPATOG TOU NAEKTPOHAYVNTIKOU KUHATOG

a) au€avetal kata 44%
B) pewwvetal katd 44%
Y) au€avetal katda 20%

Na SIKaloAoyNoETE TNV €MAOYN GAG.

Auon
ZwoTtn amdvtnon givat n (y).

1
2nyJLC

H apxikn cuxvotnta tng TaAdaviwong ivat: f =

1 1 o

= A
2nL'C  2m\f1,44LC 1,2

Mpdpovtag tn BepeAwdn e€icwaon TNG KUMATIKAG Yld TNV KABE MEPITTWOoN Kal Slaipwvtag
Katd PEAN Taipvoupe:

H ouxvotnta tng véag taAdvtwong sivat: f'=

CM g M L2 o B =120%
¢ A /1,2 X

Apa, éxoupe augnon 20% .

42



Epwtnon 32. m

H e€iowon Tou NAEKTPIKOU Kal ToU payvntikoU Tediou £VOG NAEKTPOHAYVNTIKOU KUPATOG
mou Oladidetal o€ €va OMTIKO PECO givat:

E=Emaxnu2n(108t—§j 5.1.), B=1O‘5nu2n(108t—§j (5.1.) avtioToxa.

H péylotn €vtaon tou nAsktpikou mediou, E glvat

a) 3-10° V/m
B) 2-10° V/m
y) 4-10° V/m

Na attloAoynoETe TNV amavinon oac.

Auon
Zwotn amavtnon sivat n (B).

Ané tnv e€iowon Tou payvnTtikou mediou TPOKUTITEL:

f=10°Hz , A=2m kat B, =10°T.

H taxitnta dtddoong tou KUPatog oto péco siva: v=Af =2-10°m/s.

, . . E .
Emiong oxvet: Bﬂ =v=E, ., =uB,, :2-108?-10 ‘T=E,, =210

max

v
.
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Epwtnon 33. m

2e pa xopdn é€xel OnpoupynBei otdcipgo KUpa. ‘Eva onpeio M tng xopdng TaAaviwvetat

. . . , . A .
pE MAGTOG A Kat Tn xpoviki otyun t =0 Bpioketal otn Béon X = > KIVOUEVO TIPOG TN

B£on 1ooppoTriag Tou. H XpoVviKn OTLypn TIoU N MTAXUVOH Tou Yivetal pndév yua mpwrn

@opa sivat

a —.

Na altloAoynoEeTE TNV Amavinon oag.

Auon

ZwoTn amdavtnon sivat n (y).

O e€lowoelg kivnong sivat:

X =Anu(wt+¢,) Kat v="v,,060v(ot+,).

Tn xpovikn otiyun t =0 eivat:

A . 1 . .
Xz? Kat v<0 apa nue, =§ Kat ovvp, <0. Emedn 0 <@, <2m Ba eivat

O:Anu(mt+5€nj n K7I=Oot+5§ ﬁmt:m—% Kal yla k=1 €xoupe:
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Epwtnon 34. m

2TA MAPAKATW oXAPATa BAETOUHE Ta OTIYHIOTUTIA HEPOUG HLAG XOpONG TTOU
. , . T . . .
TAAQVTWVETAL, TIG XPOVIKEG OTIYHEG T, Kat t; +Z . MeAetwvtag ta otypldtuTa autd Kat

£xovtag umoyn OTL To onpEio Tng B€ong
X =0 (0gv deixveTal oto oxnua) B 41 \r
TAAQVTWVETAL CUHQWVA HE TN OXEON / \
y = Anumt , cupmepaivoupe 4t

a) éxel OnploupynBei otdoipo KUPaA otn A.B
xopodn.

t1+T/4

B) maploTAvouVv appoVvIKO KUpA Tou
oladidstal mpog T’ aplotepd.

Y) TApLoTAvouv appoviko Kupa mou dladidstat mpog ta O0e€ld.

EmA£ETe Tn cwotr mpotaon Kat OIKALOAOYEIOTE TNV £MAOYN 6dg.

Auon

Zwotn givat n (B).

Aev Ba pmopouoce va sival otacipo Kupa, yiati BAEmoupe ATt Ta onpeia TOU TN XPOVIKN
ottypn t; Bpiokdvrouoav otig BEoELG LooppoTiag, T XpovIKA oTypn t, +% Bpiokovrtatl
OTIG HEYIOTEG ATTOUAKPUVOELG.

Ma va amo@acicoupe mpog ta mou dtadidstal To KUpa Ba otnpixBoupe oTNV Mapatnpnon
0Tl o€ €va TPEXOV KUPA OAd Ta onpeia Tou UAIKOU eKTEAOUV OLadoXIKA TNV Kivnon tou
TTponyoupevoU Toug.

Av 10 KUpa dladidetal Tpog Ta aplotepd, 6TO CTIYHIOTUTIO TNG XPOVIKAG OTypn t; Ta

TponyoUpeva Tou onpueiou A Bpiokovtal o€ BETIKN ATOPAKPUYON KAl TO oniEio A PeTd
amo xpoviko diaoctnua T/4 Ba émpeme va Bpebei otn péylotn BeTIKNA amopdkpuvon.

Av 1o KUpa Sladidstal mpog Ta Oe€Ld, OTO CTIYMIOTUTIO TNG XPOVIKAG oTtyun t, ta

TponyoUpeva Tou onueiou A Bpiokovtal o€ BETIKN amoPdkpuvon Kdat To onpeio A petd
amo xpoviko didotnua T/4 Ba émpene va BpeBei otn PEYLOTN BETIKN amopdkpuvon,
aAAd autd Bpioketal oto -A.

ATIO TN GUYKPLTIKN HEAETN TwWV OUO YPAPNHATWY EUKOAA TIPOKUTITEL OTL TO KUHA
oladideTal mpog Ta aplotepd.
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Epwtnon 35. m

Ot oTTIKEG iveg eival @Tiaypéveg amd 6Uo dlagavi UAIKA 1 Kat 2 , £€ToL WOTE TO
E0WTEPLKO va eival KUALYOPOG Kal yUpw TOU TO UAIKO 2 €ival opoagovikog KoiAog
KUALVOPOG. 2ZTO OXAHa @aivetal Pia Topi Katd PRKog Tou afova tou KUAivopou. Mia
akTtiva laser 61ad1d0pevn 0to UALKG 1 TTpooTimTel pe ywvia 45° otn dlaxwplotikn
EMPAVELA TWV OUO OMTIKWY HECWVY Kal uiotatal oAlKn avakAaon, Omwg oTto oxnpd. Av

o deiktng 61abAacng Tou UAIkouU 1 givat N, =2, ToTe Yia 1o O€iktn S1aBAacng Tou UALKoU
2 LoxUEL

VKO 2 n,

VAKO 1

VAKO 2 1)

a) 1<n2<\/§
B) \/§<n2<2
y) 1<n, <2

Na altloAoynoEeTE TNV Amavinon oac.

Auon

JwoTh amavtnon ivat n a.

A@ou cupBaivel OAIKA avakAaon n ywvia mpoontwong Twy 45° gival peyaAutepn amo v
Kpiown ywvia. H kpiolun ywvia umoAoyiletal amo tn oxéon:

n,

MG 1y =MUO0” 1, = My =%
1

crit

N

n n
=>nuds° > n—2 :>7>?2:>n2 <2
1

45° > 9, = Mud5° >nud,
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Epwtnon 36. m

‘Eva £yKApPoLo appoviko KUpa Sadidstal Xxwpig anwAeleg  Ym ‘xwm=0,4m |
Katd pnkog tou dgova x’Ox. To onueio Tng Béong x =0, A

TAAQVTWVETAlL CUM@WVA PE TN oxeon Y = Anuot . Z1o A /\ £©)
Oldypappa @aivetal yla €va onpeio M tou EAAcTIKou 0 - i
pEoou Tou amexel X,, =40cm amo tnv Tnyn n \/ \\
ATOPAKPUVON OE GUVAPTNON HE TO XpOVO

H taxutnta diadoong Tou KUPATog givat
a. 0,1 m/s
B. 0,2m/s
Y. 0,5m/s

Na S1KaloAoyNoETE TNV MAOYH 0AG.

Auon

ZwoTtn amdvtnon givat n (y).

Amé 10 S1dypappa TPOKUTTEL OTL TO KUPA O€ XpoVIKO dldotnua At =0,8s diavuel
amoéotaon Ax =0,4m.

Maipvovtag umdywn ot n taxutnta diadoong €ivatl oTabepn EXOULE:

_Ax _0,4m

At 0,8s

= v=0,5m/s
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Epwtnon 37. m

‘Eva €yKAPOolo APHOVIKO KUPa OladidsTal XwPIiG AMWAEIESG vy, xm=0,4m |
Katd pnkog tou dfova x’Ox. To onpeio tng Béong X=0, Al

TAAQVTWVETAl OUP@wva pe TN oxéon Yy=Anuot. Xt0 A / \ "
duaypappa @aivetal ywa £va onpeio M tou eAactikou pécou 0.8 I
mou amexet X,, =40Cm amé TNV TMNYN n AmOpdKpuvon o€ v \
ouvdptnon Me to Xpoévo.To Saypappa tng amopdkpuvong

OAWV TWV ONMEIWY TOU €AACTIKOU PECOU (OTLYHIOTUTIO TOU KUHATOG) TN XPOVIKN OTLYHN
y t=0,35s| yI

NA - NA N TAN
\/mxx |\/ \/mﬁ’x \/7w4x

D (I1) (111)
t=0,35s sival to

t=0,35s y [t=0,355

a. ()
B. (Il)
y. ()

Na S1KaloAoyNoETE TNV MAOYN 6AG.

Auon
Zwotn amdvtnon n (y).

Aré 10 O1dypappa TPOKUTITEL OTL TO XPOVIKO dtaotnpa 0,8s £éwg 1,1s avTIOTOIXEL o€
3T /2. 0méte éxoupenn 0,35=3T/2 n T=0,2s.

H xpoviki ottypry t=0,355=0,20s+0,155 avtiotoixei o€ xpoviko dwaotnua 7T/4.
Maipvovtag umown OTl To KUPA O€ XPOVIKO SldoTnpa plag meplodou mpoxwpd Katd Eva
MAKOG KUPATOG A EUKOAQ TIPOKUTITEL OTL G€ XPOVIKO Oiaotnpa 7T /4 mpoxwpd katd
Ax=TA/4.

Apa owoTo ival to duaypappa (I).
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Epwtnon 38. m

Katd PAKog YpapHIkoUu eEAAcTIKoU Pécou Oladidetal EYKAPOLO APHOVIKO KUHA HNKOUG
KUMatog A katd tn dteubuvon tou afova x’Ox. To onpeio tng Béong X =0, TaAaviwverat
oUp@wva pe tn oxéon Y = Anuot . H gdaon evog onpeiou M Tou PHECOU O OXEON LE TO
Xpovo divetal amd Tn oxeon

¢y = Tt—4m (SI)

‘Otav 1o onueio M amoKTAOEL yla TPItn Qopd TN HEYLOTN OUVAMIKN TOU EVEPYELA, N
emraxuvon g mnyng (x=0) Ba sivat

a. Hnogv
B. BeTkn
Y. apvntikn.

Na S1KaloAoyNoETE TNV MAOYH 0AG.

Auon

ZwoTn amdvtnon sivat n (y).
, , , t
H ¢aon tou onpelou M ypagetat: ¢=nt—4n = @:2n(§—2j
Amd tn cUyKpLon PE TN YEVIKN €E€l0WON TNG PAONG TTPOKUTITEL:
X
T=2s ka ZZX = X=2\

H mnyn kat To onpeio M Bpiokovtal 6 cup@wvia @aocng, apou améXouv PeTall Toug
ak€palo MOAAATAAGLO TOU PAKOUG KUKATOG Kal Ba £xouv KABe oTiypn OLeg
amopakpuvoelS. ‘Otav To M amoktd tn péylotn Suvapikn tou evépyela yia 3" popd,
Bpioketal og amopdkpuvon +A, EMOPEVWG KAl N TNYN Bpioketal os amopdkpuvon +A .

Naipvovtac uméyn otL, o = —®%y , TPOKUTITEL OTL TO ONUEI0 M £XEL APVNTIKN EMTAXUVON.
y
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Epwtnon 39. m

210 oxXnpa aivovtal o Kowvo cuotnpa afovwy ta ¢, (rad)
olaypdppata @dong - améotacng 0UO APHOVIKWY KUPATWY 4nT

1 kat 2 ou dtadidovtal Katd PAKOG OUO YPAHUIKWY
EAAOTIKWYV HECWV TN XPOVIKA oTiyun t,. Ta kUpata
Eekivnoav tn xpovikA ottypn t=0 tn diadoon toug amo
TIG TNYEG TOUG XWPIg apXIKn ¢daon.

4 6 x(m)

, o , Ao
0 AGYOG TV UNKWV KUPATOG TWV KUPATWY, k_l , €lvat
2

A1
a. —=—
A, 2
B M_2
A, 3
A 3
Yo T3

2

Na SIKaloAOyNOETE TNV EMAOYH 0Agc.

Auon
ZwoTtn amdvtnon givat n (a).

Ané ta dwaypdupata BAEmoupe Ott:

e TN otypn t, Ta 6Uo KUpATa mpoxwpnoav PExpL X, =4m kat X, =6m avtictoxa.

Emopévwg
X _ Yt v _2 :>7“1'f1=g (1)
X, v,-t, v, 3 A, -f, 3

e TN XPOVIKN OTIYHA t, Ol PACELG TwV TTNYWYV £ival 4w Kat 3 avtiotoixa. Emopévwg:

@ _2nfit, | An £ £ _4
¢, 2nf,t, 3n f, f, 3

Me avtikatdotaon otny (1) TPOKUTITEL:
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Epwtnon 40. m

Katd PRkog ypapHIkou eAAcTikou pécou Sladidetal mpog TNy ¢ | (rad) o]
KATteUBuUVoN TOU apvnTIKOU NPLagova £yKAapolo appoviko o i
KUMa. Tn xpovikn otiyun t=0, to onpeio x=0 Eekiva tnv |
TaAdviwon tou dlepxOpEvo amod tn B€on 1oopporriag pe |
BsTIkn Taxutnta. To dldypappa @daong-amdéotacng t K |
XPOVIKN oTlyHn t; @aivetatl oto SimMAavo oxnpa. To onpeio K~ — 5 L >
Bpioketal otn B€on

A
a. ——

2

3\
B. ——

2
Y. —3A

Na S1KaloAoyNoETE TNV MAOYH 0AG.

Auon
ZwoTn amdvtnon sivat n (a).

Tn xpovikni ottypn t: @ =0 kat @, =3m.

Emeldon 1o kKUpa Sladidstal mpog Tov apvnTiko nuiaova n @daon £vog onpeiou divetal amo

T oxéon ¢ =2n L + X
A CREY
Me avtikatdotaon Twv TIHWY Yid To onpeio M TN XpoviKn oTiyun t; maipvoupe:

(pM=2n(t—l+X—MJ = 3n=2n(t—1+&j = tl=I
T A T A 2

Me avtikatdotaon Twv TIHWY yia to oneio K tn xpovikn otiypn t; maipvoupe:

t, X A
=0 = 0=27n|2+X| = x =—Z=
P (T xj K2
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Epwtnon 41. m

O nyég O Kat O, Tou oXAPATog Bpiokovtal 6 CUP@WVIa
@aong Kat dnpoupyoly oTnNV NPEUN EMPAVELT UYPOU
appoviKa Kupata idlou mAdtoug A, mou dladidovtal pe
Taxutnta YETPOU U=4 cm/s TTapayoviag @atvopsva
oUpBOANG. To onpeio M améxet ry=51,5 cm kat r,=49,5cm
amo Tig mNyEg avtiotowxa. MNa va Bpioketatl to onpeio M og
umrepBoOAN evioxuong, Ba TPEMEL Ol TTNYEG VA EKTIEUTIOUV TA
KUHATa HE GUXVOTNTEG

B. f=2,4,6,8..... Hz

y. f=1,2,3,4,5... Hz

Auon

Zwotn amavtnon sivat n (B).

01 02

) I,

Ma ™ dlaPopd Twv ATooTACEWY Tou M amd Tig 6Uo TNYEG IOXUEL : |r1 - r2| =2cm

Ma va £XOUWE EVIOXUTIKA CUPBOAN TIpEMEL:

N N-4cm/
for|=NA= g -p[=N2 = f:|r1_vrz|: e«

apa f=2,4,6....Hz.

—f=2NHz pe N=1,2,3.......
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Epwtnon 42. m

Ot mnyég O4 kat O, Tou oxnuatog Bpickovtal o
OUMQWVia @aong Kat dnPloupyouv TNy NPEUN EMPAVELT
UypoU appovika Kupata idlou mAdtoug A, ou dwadidovtat
pE TaxutnTa PETPOU U=6 cm/s TapAayovIdag @atvopsva I I,
oUpBOANG. To onpeio M améxet ry=31,5 cm Kat r,=34,5cm

amo Tig mNyEg avtiotowxa. MNa va Bpioketal To onpeio M og

umepBOAn amooBeong, Ba TPEMEL Ol TTNYEG VA EKTTIEUTTIOUV M
TA KUPATA HE CUXVOTNTEG

01 02

B. f=2,4,6,8...... Hz
y. f=1,2,3,4,5... Hz

Na S1KaloAoyNoETE TNV €MAOYN 6AG.

Auon

ZwoTtn amavrnon n (a).

Ma ™ dlaPopd Twv AmooTAcEwWY Tou M amd Tig 0Uo TNYES IOXUEL : |r1 — r2| =3cm
Ma va éxoupe amooBeoTIK GUUBOAN TPETEL:

_(2N+lv  (2N+I1)-6cm/s
2|r,—r,| 2-3cm

A
|r1—r2|=(2N+1)§ :>|r1—r2|:(2N+1)% = f

f=(2N+1)Hz ye N=0,12,3...

Apa f=1357.. Hz
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Epwtnon 43. m

2e €va opl{OVTIO OXOLVi TTOU €XEL TO £vA AKPO TOU EAEUBEPO KAl TO AAAO CTEPEWHEVO
akAovnta, OnploupyoUpE OTAGIHO KUPA OTO OTT0i0 0TO €AsUBEPO dAKpo oxnuartiletat
KolAia. To pRkog tou oxotviou sivat L =7A/4 omou A gival To PAKOG KUPATOG TOU
otdcipou. Tn xpovikn ottypn t =0 OAa ta onpeia Tou oxolviou Siépxovtal amoé tn Béon

LooppOTIiag Toug.

- L=734
0 A B T A
=) M8 W4 A2 A 1,5A
H diagpopd @dong petagl twv onpeiwy B kat I givat
a. A@y = Orad
B. A@gy =mrad
Y. Ay =2mrad
Na S1KaloAoyNoETe TNV €MAOYN 6AG.
Auon
Zwotn amdvtnon givat n (8).
To mAdTog TaAdvTwong Tou Tuxaiou onpeiou ot éva \
. , , , 2nx _A
otaoctpo divetal amo tn oxéon A = 2Acvv§ , OTToU :y
X n opt{ovtia amdéotacn amo pia KotAia, 3w amo To - N2~
— A

eAelBepO AKpo.

To onpeio B améxet A/2 amod tnv KotAia (x=0), EMOPEVWG

Ag =2Acovv @ =-2A
2\

To onpeio I améxel A amd tnv KolAia (x=0), EMOPEVWC

A= 2A0vv2—;tx =2A

NN

A

Ta mpoonpa Twv opwv Ag Kat Ar eivat avtifeta, dpa ta B kat ' €xouv diagopd gaocng .
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Epwtnon 44. m

2e €va opl{OVTIO OXOLVi TTOU €XEL TO £vA AKPO TOU EAEUBEPO KAl TO AAAO CTEPEWHEVO
akAovnta, OnploupyoUpE oTdAoipo KUpa oxnuatioviag oto eAsUBepo dkpo KolAia. To
MAKOG TOU oxowviou givat L =7X/4 omou A ival To PKog KUPATog Tou otactpou. Tn
XpoVvIKN otiypn t =0 OAa ta onpeia Tou oxotviou Siépxovtal amd tn Bon 1oopporiag
TOUG.

- L=7N4

=0 M8 M4 M2 A 1,54

B. _ N2
v 2
A
L)
Vo =3

max

Na S1KaloAoyNOETE TNV MAOYN 6AG.

Auon
Zwotn amdvtnon givat n (8).

Vo _ O Ba g

1)maxl" - A

To TAQTOg TAAGVTIWOoNG TOU TuXaiou onpeiou ot \/\/\ /\§
2nx / \/\/

éva otdotpo divetal amo tn oxeon A = 2Acvv 0 = M2-

— -

omou x n optldvtia améotacn amd pia KolAia, 0w
amo 1o eAeUBepO AKpoO.

To onpeio A améxel opldvtia A/8 amd to onpeio x=0 kat £xel TAATOC
A, = 2Aow% A2,

To onueio I améxel optovtia A amod 1o onpeio x=0 kat €xel MAATog 2A.
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H oxéon (1) yivetat: MzﬁzA—ﬁ = M:ﬁ
A, 2A v 2

max I max I’



Epwtnon 45. dﬂﬂ

Ta dkpa plag eEAdoTiKAg xopdng PRkoug L=2,5m

givat dgpéva ota otabepd onpeia A kat B. Xtn % A B%
xopdn €xoupe dnploupyia oTACIPoU KUPATOG amd

TPEXOVTA KUPATA Tou €ixav taxutnta dtadoong % g
12m/s . B L "

H ouxvotnta pe tnv omoia éva onpeio tng xopdng TaAavIwveTal Pmopei va sivat
a. 5Hz

B. 4,4 Hz

Y. 7,2 Hz

Na S1KaloAoyNoETE TNV €MAOYN 6AG.

Auon
ZwoTtn amdvtnon givat n (y).

Ta dkpa tou oxoviou gival 0eopoi, Apa TO PAKOG TOU OXOLVIoU TPETEL Va €ival akEpalo
TOAAQTAQGLO TOU A/2.

%:Ni ~ f oN 12m/s-N

L:N = —=
2f 2L 2-2,5m

f=24N(SI) pe N=1,2,3,4,...

Mapatnpoupe o6t yia N =3 maipvoupe T =7,2Hz
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Epwtnon 46. m

To yudAwvo mpiopa Tou oxnuartog sivat Bubiopévo oe
O0Xel0 TTOU TEPLEXEL UYPO. H HOVOXPWHATIKN aktiva
PWTAC eloEpxetal kabeta otnv £6pa AB Tou mpiopatog.
Av ol 0gikteg SLlaBAaong Twv U0 UAIKWY cuvoEovTal HE

30°

N K (o)
TN 0XE0N Nppioparoc=2 Nuypos, TOTE N akTiva Oa akoAoubnoel g .
TNV Mopeia (Y)%(B)
a. (a) | mpiopa 6o°
B. (B) 1P°
Y- (V)
Na O1KaloAoyNnoETe TNV MAOYH 0AG.
, ., 1
Atvetatr, nu30 :E.
Auon
Zwotn amavtnon eivat n (B).
B

EUkoAa mpokUTTEl amd tn MewpeTpia yia tn ywvia mpocmtwong, o uipo

=30°. Koo
O BN
Me epappoyn Tou vopou Snell oto K mpokuTteL: rs
n,Mu30° =n, mue, n 2:0,5=mpe, n nue,=1 1 ¢, =90°. A 60
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Epwtnon 47. dﬂﬂ

H pHOVOXpWHATIKA aKTiva wTOg TOU GXNHATOG TPOCTITITEL OTNV
TAvW EMPAVELA TOU YUAALVOU KUAIVOPOU 0To onpeio A pe ywvia
TPOCTITWONG ¢ KAl akoAouBel tnv mopeia Tou oxnpatog. To
nuitovo tng ywviag ¢ sivat

B3
3

o
|6

|

Na S1KaloAoyNoETE TNV EMAOYH 0AG.

B3

Aivovtai, nu30° =%, nueo’ =

Auon
ZwoTn amavtnon sivat n (a).

Me epappoyn tou vopou tou Snell oto A maipvoupe:
nue-1=n-nu30° = nue =n-nu30° (1)

Me e@appoyn tou vopou tou Snell oto B maipvoupe:

Nue0° -n=np90°-1 =n=

2
nue0° @

Juvdudadlovtag Tig (1) kat (2) maipvouye:

1
Mu30® _ 2 3
= —: —_——
wo=" o g MHe ==
2
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OEMA T
Aoknon 1.

Katd pnkog plag EAAcTIKnG XopOng HEYAAOU PAKOUG TTOU To £va AKPOo TNG €ival akAdvnta
otepewpévo, Oadidovtal OUo KUpATA, TwV Oomoiwv ol €€IOWOELS €ival avrtiotoixa:

y, =10nu2n(5t—x) kat y, =10nu2n(5t+x), 6mou y kat X €ivai JETpNUEVA GE CM Kat
10 t oe s. Ztn Béon x=0, mou cival to “eAelBepo” akpo NG xopdng Onuloupyeital
KolAia.

a) Na Bpeite tnv taxutnta d1ladoong Twv KUPAtwy otn xopdn.

B) Na Bpeite tnv €€icwon tou otdoipou KUpatog mou Ba dnpoupynbei amd tn cupBoAn
Twv O0U0 AUTWV KUPATWY Kal To TAATog TaAdvtwong Kabe UAlkou onpeiou tng xopdng,
OUVAPTAOCEL TNG ATTOOTAGNC TOU aTd To “eAgUBEPO” AKPO TNG.

Y) Na oxedldoeTe TIG YPAPIKEG TAPACTACELG ATTOUAKPUVONG - XPOVOU, Yld Tta onpeia A, B
kat I, ta omoia améxouv amd to “eAeUBepo” Akpo avtiotowxd, X, :Z’ Xg :E Kat

Xp =\, agou énuoupynbei To oTactyo.

0) Na Bpeite tn oxéon mou Aivel Tn PEYLOTN TaxUTNTA TAAAVTWONG KABe UAIKoU onpeiou
NG X0pONG. METAU MOV TIHWV KUMAIVETAL TO METPO TNG HEYIOTNG TAXUTNTAG TWVY
UAIKWV onpEiwy TG Xopdng;

€) Mowa sivat n amoéotacn amd 1o “eAsUBep0” AKpo TNG XO0PONg TWV ONUEiwv ToU
TAPAPEVOUY AKivNTA KAl TwV onUeiwv mou maAAovtal Je PHEYLIOTO TAATOG;

Auon

L e . , t X , .
a) H yevikn €flowon Tou appoviKoU KUPAtog €ivatl y:Aann(?—xj. JUyKplvovtag

NV HE Hia amd Ti¢ OU0 €EIOWOEI TWV TPEXOVIWY KUPATWY, £0Tw TNV €€iowon
y, =10nu2n(5t—X) , mpokumTEL:

5t=t 5 T=1s wat X=x=A=1Icm
T 5 x

Me avtikatdotaon otn OgpeAwdn e€icwon TNG KUPATIKAG TTPOKUTITEL:

A 1cm cm
=—=—— D vu=b—
T 1 S
=s
5

B) H yevikn e€iowon tou otdoipou KUpatog divetal amo tn oxEon
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21X 2nt
=2Acvv| — |- — .
Y (x j”“[Tj

Me avtikatdaotaon twv THwV twv A, A kat T mpokumtel: Yy = 20cuv(2nx) -nu@Oont),
omou Yy Kat X eival petpnuéva o cm Kat 1o t o€ s. Apa To MAATOG TAAAVTWONG
ouvaptnoeEl TNG amdotaong sivat:

A'=20|ovv2nx|(cm)

Y) AvtikabiotoUpe otnv €€(0waon TOU OTAGIHOU TIG TIHEG TOU X TWV TPLWY CNHEIWY.

Ma 1o UAIKO onpeio A:

Yu= 20-cov(2nXTA) -(10nt) (em,s) =y, = 20-cov(g]-(10nt)(cm,s) =
Y, =20-0-(10nt)(cm,s) =y, =0cm
To onueio A mapapével akivnto, dapa sivat 0ecpoG.

Ma to UAIKO onpeio B:
Ys =20-cvv(2n X—;) -nu(0nt)(cm,s) = 20-cov(r)-nu0nt)(cm,s), dnAadi

Yg =—20-npl0nt (cm,s) .Apa to UAIKG onpeio B maAAetal pe péyloto TAATOG, EMOHEVWG
givat KolAia.

Ma to UAIKOG onpeio T:

y,. =20- GUV(ZTCX—{) nu(d0nt)(cm,s)= y, = 20-cvv(2n)-nu(10xt) (cm,s) dnAadn

yr =20-nulOnt(cm,s).
Apa kat to UAIKG onpeio I' maAAeTal Pe HEyloTo TAATOC, EMOMEVWG Eival KOLALA.

2x0A10: To apvnTIKO POoNHO otV £€icwon TAAavtwong Tou onpeiou B onpaivel ot to B
Bpioketal otn HEYLOTN APVNTIKNA ATOPAKpuven amo tn B€on lcoppomiag tou Otav To
onueio I Bpioketalt otn péylotn Oetikn amopdkpuvon. Aéhe Ott ta OU0 onpeia
TaAavtwvovtal pe olagopd @aocng Ae=m. Ol YPAQIKEG TAPACTACELG ATOHAKPUVONG
Xpovou @aivovtal ota diaypdppara mou akoAoubouv.
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ylem) anusio A

20

[s) 0,1 0,2 t(s)

ylem} anptio B

VY T — —

9 0.1 u.z\ t(s)
=20 —

ylem) onpeio I

204-----

0) To tuxaio UAIKO onpeio TN xopdng TaAavtwvetal Pe Bdon tnv e€icwon
y = A'nu(10nt)(cm,s), émou A'=20cvv(2nx)(cm).
H péylotn taxdtnta Pe TNV omoia TaAavtwvetal Kabe UAIKO onpeio Ba eivat:

Upax = ®|A | = 2007 [ouv(2nX)|(cm/s)

Emeion OS|GUV(27:X)|£1, TO METPO TNG MEYLOTNG TAXUTNTAG TWV UAIKWY OnMEiwV

, . . . , cm
Kupaivetal petagy tng eAdxiotng tipng v =0 kat g Pé€ylotng v, = 20011?-

€) Ta onpeia mou mapapévouv akivnta améxouv amd to €AsUBEPO AKPO TNG XOPONG,

X = (ZKZ:I'VL — (2K4+1) cm, omou K=0,1,2,3

] . . . . KL (K .
MNa ta onueia mou mAAovtal pe MEYLOTO TAATOG IOXUEL X =——=| — |CM, OTIoU

K=0,12,3..
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Aoknon 2.

Katd pnkog evog YpAuUIKoU EAAOTIKOU PECOU Kal KAtd Tn BeTikn Kateubuvon tou afova
X'0x Oladidetal appoviko Kupa pe e€icwon: y=0,1-nu(4nt—n—2X) (S.1.). Kamowa xpovikn
ottypn t ot @doeilg duo onpeiwv (M) kat (N) tou péoou, ta omoia Bpiokovtal 0e€ld Tng

, , 10n 17 ,
mnyng (0), eivat ¢,, =? rad kat @y =?rad avtiotolxa.

a) Na Bpeite to pETpo NG Taxutntag Oladoong Tou KUKATOG.

B) Na Bpeite molo amd ta duo onueia (M), (N) eival mo kovta otnv mnyn (0), Kabwg Kat
NV andotaocn PeTagl Twv OU0 onpeiwy.

Y) Na oXeSLACETE TO GTLYHIOTUTIO TOU KUHATOG TN XPOVIKA oTiyun t=1s.

0) Na Bpeite tnv amopdkpuvon tou onpeiou (N) amd t B€on 1ooppormiag tou, KABe opd
TTOU TO onpeio (M) amoKtd tn PEyLoTn BETIKN amopdkpuvon.

Auon
a) H taxitnta Owadoong tou KUpatog Oa Bpebei amd tn OepeAwdn efiowon NG
Kupatikngu = Af .

, , X , , ,
2uykpivovtag tnv e€iowon y:O,lnp.(4fct-%) HE TN Yevikn €€lowon Twv KUPATwVY,

t X
= Anu2n(—-—) éxoupe OTL;
y=Anu (T x) v

4nt:$:>T:0,5s:>f:2Hz

n—xzzixzk=4m
2 A

Tuvenwg v=Af =8m/s

, . . , . . t X, .
B) ‘Onwg @aivetal amod tn oxéon mou Givel TN @AcN Tou KUPATOg ¢ = ZR(?-X), 000 TILOo

Hakpld givatl €va onpeio amo Tnv TNy 1060 HIKPOTEPN Eival n @Acn Tou.

, , 10x 20m , , , ,
H ¢don tou onpeiou M, | o, =? rad =?rad , €lval peyaAutepn amé tn @Aacn Tou

, 17n , , . ,
onpeou N, | @ = ?rad . 2UVETIWG TILO KOVTA OTNV TNYN £lval TO onHELlo M.
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O umoAoYIopOG TNG amootaong HETA&U Twv onpeiwv M kat N yivetal pe agaipeon twv U0
(pAaceswv.

t X t X (Xy =Xy )
co =2l LX) o [ L XN ) L o =2 N T M)
Oy — Py TE[T Xj R(T Kj Pn —Ox g N

20m 17m_, (Xy—%u) _ 3n_, (Xy—%y)

6 6 x 6 o O TX) s

Y) YmoAoyiloupe o€ moon amootaon Oa €xet 61adobei To KUpa e Xpoviko dldotna 1s. Xe

xpovo t=1s=2T, to kUpa Ba éxel dladobei amoéotaon ion pe OUO PAKN KUPATOG (2%)
Bpiokoupe TNV Kivnon XapakTnploTIKwY UAKWY onUEiwy.

Ta UAka onpeia otig Béosig X=0, X=A kat X=2A, 6a Bpickovtal og AmOPAKpUvon
y =0 kat givat £Tola va Kivnboulv katd tn Betikn @opd.

0) Eme1dn ta onpeia M, N, améxouv petafl toug 1Im :Z’ mapouctalouv dlagopa gdaong

> pE To onyeio M va mponyeital. ‘Etol, dtav to M eivat otn 0éon pEYLOTNG BETIKNAG

amopdkpuvong, téte to N mepvd amd t B€on 1ooppoTmiag Tou pe BeTIKA Taxutntd.
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Aoknon 3.

Katd pnkog pag eAdcTiking xopdng pnkoug L =16,25cm owadidstal appoviko Kupa tng
21X

HOPYNG: y:8nu(10nt—%) omou X, Yy oe cm kat t og s. To éva dkpo tng xopdng

glval otepewpéva akAdvNTa, PE ATOTEAECHA TO KUPA va avakAaoTel kal va onploupynBei
OTAclpo KUpa. To dAAo dkpo tng xopdng eival eAeUBepo, OnploupyEital oe autd KolAia
Kal Bewpoupe otL Bpioketal otn Béon X=0. H kowia tng Béong X =0 ekteAel amin
APHOVIKN TAAAVTWON XwpPIg apXIkn @aon.

a) Na Bpeite to pETpo TNG Taxutntag Oladoong Tou appovIKoU KUHATOG.
B) Na Bpeite Tov aplBpo twv KolAlwy mou dnploupyouvtat.
Y) Na Bpeite tnv £€icwon tng TaxUTNTAg CUVAPTACEL TOU XPOVOU Yyla TNV Kowia K mou

AmEXEL > amo to onpeio X=0.

d) Av éva onpeio M Ttou BetikoU nuuagova Talaviwveral pe TMAATog A, :8\/50m, va
umoAoyicete TNV amdotacn Tou onpeiou autou amd Tov TANCLEGTEPO GEGHO.

AUon

a) MNa va umoAoyicoupe tnv taxutnta Oa e@appoooups tn BepeAwdn efiowon NG
KUMATIKAG.

pagoupe tn Oobeica e€icwon Ot HOPPN AVTIOTOIXN TNG YEVIKAG £fiowong Tou

X
appovikou kupatog Y = Anu2z(f -t—x)

21X
‘Exoupe Y =8nu(l0nt — %) = y=8nu2n(5t— g) (cm,s)
Ané tn oUyKpLon Twv OUO0 £EICWOEWY TTAiPVOUE:

2 2
2nf =107, ouvenwg f =5Hz kat ?n = Tn’ OUVETIWG A =5cm

Apa v=Af =25@
S

B) To onueio avakAaong eivat akAdvnto , dpa o€ autd Onploupyeital OsopoG. 2XTO
eAeUBePO dkpo dnuloupyeital Kothia. Emeldn og éva otdocipo, o 0sopdg amd TNV Kolia
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améxouv " To PnKog tTng xopdng L ouvdéstal pe 1o PAKOG KUPATOG A HE TN oXEon:

L:ﬁ-i-&
2 4

Me avtikatdotaon tou L kat tou A mPokUTTEL OTL K =6. ZUVETWG PETASU TPWTOU Kal
TeAeuUTaiou OsopoU ot KOlAieg sival 6 kat 0edopévou OtL otn Béon X =0 umdpxel KolAia
oTo oUvVoAo Onploupyouvtal 7 KOLAIEG.

Y) H amopdkpuvon Twv UAIKWY onpeiwy Tou Jécou o€ £va oTdotyo divovtal amo tn oxEon

y=2AGUV2—;:X-T]u(Dt.

. . A . . ,
‘Etol n koldia K tng 6¢€ong X:E 0a TtaAavtwvetal oUP@WVA HE TN OXEON

2n
Yy =2-8 cov%-nplOnt: Y =—16 -nul0nt(cm,s) kat n Taxutnta

TaAdaviwong tg Ba divetal amd tn oxéon:

v, =107(-16)-cvv(10nt) (cm/s) = v, =—-160n-cvv(10nt) (cm/s)

0) To mAdtog cuvaptnoel Tng amootacng amo t 6éon X =0, divetat amd tn oxéon:

SnAasH cuv(z%x) - i?

GLV2TX cLV27TX

A'=2A OUVETWG 8J3=16

) 21X T, 21X T , 5 | 5 , , .
Apd —=Kn+— | — =KT——, OMOTE X =—=F=—CM, omou X n amoctacn amo To
5 6 5 6 2 12

eAeUBEPO AKPO TNG XOPANG TTOU TAAAETAL PE PEYIOTO TAATOG (KOIAiQ).

Ot KOWAieG amExouv amo To eAsUBepo Akpo amootacn X, = > = > (cm)

JUVETIWG KABe onpeio mou MAAAETal pe MAATOG Sﬁcm, Ba améxel amd tnv mMANCLESTEPN

. : 5
KolAla amdotaon d, = Ecm .

Ot deopoi améxouv amod 1o eEAeUBEPO AKPO ATOCTACN

X, :—(ZKHM =5—K+§ (cm).
4 2 4
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JUVETIWG KABe onpeio mou mAAAETal pe mAATOG 8v/3cm , Ba améxel amd tov MANCLECTEPO
deopod amootaon d, ywa Ty omoia oXUEL:

d1+d2:% A 5 5 10

=»d,=—-d,=>d,=—cm-—cm=d,=—cm
4 4 12 12
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Aoknon 4.

. , , , . , T
Movoxpwpatikry aktivoBoAia cuxvotntag f =5-10Hz mpoomintel umd ywvia g otnv

€0pa AB TtplywvikoU LoomAeUpoU YUdAlvou mpiopatog ABI. H SiabAwpevn aktiva péoa
oTo Tpiopa givat TapdAAnAn otn mAgupa Br.

a) Na BpeBei o deiktng 01d6Aaong Tou UAIKOU Tou TTpicHAToG.
B) Na Bpebei To pnKog KUPATOg Kal n taxutnta tng aktivoBoAiag péoa oto mpiopa.
Y) Na oxediacbei n mopeia tng aktivag kat va Bpebei n ywvia pe tnv omoia Byaivel amo

10 Tpiopa.

Aivetal n taxUtnta Tou PwToS oto Kevo €=3-10°—, o Seiktng SidBAaong tou aépa
S

n_3

n =1 E—l Kat =
a—,T]M6 > ﬂM3—2-

~

3

Auon

a) O umoAoytopog tou deiktn S1dbAacng, N, yivetrat pe Baon to vopo tou Snell, apkei
TPWTA va umoAoyicoupe Tn ywvia 61abAaong 6, .

Emeldn n duabAwpevn aktiva KA eivat mapdAAnAn otn mAeupd Bl, n ywvia did6Aaong 0,

. . , T T T
péoa oto mpiopa Ba givat 0, =———=—.
2 3 6
A
w3 ..("/Obi’m\"ﬁ.\')ez
: 4
B r

(To tpiywvo AKA Ba eival emiong LoOTAEUPO)
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Me e@appoyn tou vopou tou Snell oto onpeio K mou cupBaivel 1o @AlVOPEVO TNG
OldbAaong maipvoue:

1nur ﬁ
nb-npeb:na-npea:nb:mjnbz 3:%z>nb:\/§
6 2

B) Amd TOV 0pLloPO Tou OikTn OLABAACNG £XOUE:

8
nb=£:>0b=£=310 m/S:>Ub= 3_108m

v, n, J3 S

JUVETWG amo tn oxéon v =Af mpokumtel oTL:

v, +3-10°m/s B
A== """ % s =23-10"m
"~ f  5.10%" =23

Y) E@appoloupe 1o vopo tou Snell oto onpeio A mou cupBaivel ek véou OldOAacn tng
aktivag, kKabwg n aktiva eEépxetal amd to mpiopa.

H véa ywvia mpoomtwong eivat 0; :E' Me gpappoyn tou vopou tou Snell yia tn vea

ywvia 8id6Aaong 6, maipvoupe:

n,-nuo, _3-1/2 NG
n

1 = nuo, =7:>62=

T
n, -nud, =n, -nub, =npb, = 3

a
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Aoknon 5.

Eykdpolo appovikd kUpa mAdtoug 10cm kat pikoug kupatog A =1 m dwadidetatl katd tn
BeTIKN Qopd oe oplldvTia eAacTiKn xopdn Tou eKTeiveTal Katd tn Olevbuvon tou dfova
X X. @ewpoUpe OTL To onyeio TG xopdng otn Béon X =0 tn xpovikn ottypn t=0 éxel
MNOEVIKA amopdkpuveon amo tn B€on ooppomiag tou Kat Ostikn taxutnta. H taxutnta

. . , m
dladoong Tou KUpatog sivat v =100—.
S

a) Na umoAoyioete TtV mEPIoO0 TAAAVIWONG TWVY UAIKWY CNHEIWY TG XOpONG.

B) Na ypdayete tnv £€icwon Tou KUPATOG 0To S.l. KAl va KAVETE TN YPAPIKNA TAPACTACH
ATOPAKPUVONG CUVAPTACEL TOU XPOVOU, Yid €va UAIKO onpeio A tng xopdng, To omoio

3\
Bpioketal otn Béon X = 7

Y) Na umoAoyicete tnv evEpyeld TNG TAAAVIWONG OTOIXEWWOOUG THAPATOG TNG XOPONG
padag 0,001 kg . (Na BewproeTe T0 OTOIXELWOEG TUAKA TNG XOPONG WG UMKO onpeio.)

0) Ztnv mapamavw xopdn dadidetal Tautdxpova AAAo éva KUpA TTAvVOHOLOTUTIO HE TO
mponyoUpevo, aAAd avtibetng @opdg, Pe amoTEAECHA tn Onploupyia otdoiyou KUPATog

pe KolAia otn Béon X =0. Na umoloyicete oto BeTikd nuiagova t 6€on tou 5°° deopol
TOU OTAGIHOU KUPATOG.

Aivetai: w2 =10.

Auon
. . Ao .
a) Me Baon tn oxéon: L= ? Bplokoupe ott:

A Im

T="=——" = T=10%s.
v 100m/s

t X
B) H yevikn e€iowon Kupartog sivat: y = AnuZn(?—X)

H ouxvétnta sivar f =100Hz, dpa o=2xf = ZOOn%, Kat A =1m.

H e€iowon Tou appovikou KUPATog TPOKUTITEL E AVTIKATACTAON Kal ivat:

y =0,Inu27(100t —x) (S.1.)

, , , 3\
TO omoio Bpioketal otn BEon X = T .
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, . , , , 3 3
H amopdkpuveon tou UALkou onpeiou A, Tou Bpioketal otn Bson X = 7 = Zm

Ba divetal amd tn oxéon Y, = O,lnuZn(lOOt—g) (S1)

Ma va @dcel 1o KUpPa oto onpeio A, mou améxetl amd tn mnyn 3A/4 xpeialetal xpovo ico
X 0,75m

etl=—=
HE =0 T 100m/s

mapandvw e§icwon wxvet yua t>t, [ t>0,75-107s

=1,=0, 75-107%s. Apa yua t< t, to onpeio A eivat akivnro. ‘Etol n

Y v —

025 05 075 1 /1,75 t (10%)

01}

Y) H evépyela tng taAdviwong Ba sivat ion pe TN PEYIOTN KIVNTIKA EVEPYELA TOU UALKOU

2
max

1
onpeiou dnAadn: E=K_ = 5 mv

OpWG, U, = 0A = 2oon% 0lm=v, = 207%

Me avtikatdotaon maipvoups K =2J

0) Amo tov tUmO X:(2k+1)2 mou Oivel TIC Bfoelg Twv OLOPwWV O £va OTACLMO,

BAEMoupE OTL 0 MPWTOG deopog mpokumtel yia K=0, omdte n 6on tou mEuTTou deopOU
Oa mpokUyel yia K=4:

X :(2-4+1)%=9% = X =2,25m
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Aoknon 6.

‘Eva appoviké nAektpopayvntikd kupa ocuxvotntag f =6-10"Hz cioépxetal and tov
aépa ot opBoywvio Slapaveg mAakidlo maxoug d =2,4+/28cm, pe ywvia mpooTITWONG
0=30°. Katd tn 61adocn TOU KUHATOG oTov aépa, TO MAATOC tng éviaong Tou

\%

. ’ ’ -1 ’ p . ’

nAektpikou mediou eivat E, =18-107 —. Katd tnv €icodo tou kUpatog oto mAAKioLo
m

mapatnpeital EAATTwon Tou Prkoug Kupatog A katd 20%, o€ oxéon PeE TNV TN TOU OTO
KEVO.

a) Na umoAoyicete 10 PAKOG KUUATOG OTO KEVO KAl VA YPAWETE TIG £EICWOELS TTOU
TEPLYPAPOUV TO NAEKTPIKO KAl TO PAYVNTIKO Tedio Tou KUPATOG autou otov agpd, Katd
Tn d1adoon tou oTov afova X.

B) Na umoAoyiocete tnv taxutnta oiadoong Tou KUPATog autou oto Slagaveg mAAkiolo Kat
va Bpeite tov dgiktn OldOAaong tou mAakidiou.

Y) Na Bpeite tn ywvia pe tnv omoia €€£pxetal n aktiva amd tnv ameévavil MAsUpd Tou
TAakidiou.

0) Na Bpeite og moco xpdvo n mapamavw TAPAAAnAn Asmti 0éopn Oa damepdoel To
TAakidLo.

e
S

Aivetar: c=3-1

Auon
a) Me avukatrdotacn otn oxéon: C=A,f Bpiokoupe 1O prKOg KUPATOG OTO KEVO,

TpoKUTTeL: A, =5-10"m=500nm.

Ané tn Bewpia yvwpiloupe OtTL:

£ £ 1810 Y
C=—T%=B  =—"%= = B, =610"T
Bmax c 31087

S

ZUVeTWC ol {ntoupeveg e€lowoslg Ba ivat:

E= EmangZR(% —%) = E =18-10"'nu2n(6-10"t-2-10°x) (SI)

B=B_n pzn(% - %) — B =6-10°nu2n(6-101t-2-10°%)(SI)
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=500nm-100nm =400nm =1 =4-10"m

H taxutnta oto mAakiolo Oa sivat:
v=Af =(4-10"m)-(6-10"Hz) = v=2,4-10°m/s

-7
0 ogiktng dtabAaong Ba ivat n = c_ h = 5-10 -=>n=125
v A 4107

Y) Epappdloupe to vopo tou Snell oto onpeio £166dou A Kat To onpeio e€66ou B:

, (o} n (0]
2npeio A: nH30 =—=mnuo, =w
nuo, 1 n
Znpeio B: nuo, =1:>np62 =P
nue n n

Am6 Tn yewpeTpia Tou oxnpatog mpokumtel 6, =6, , £Tol oTig dUo Tapamdvw OXECELG TA
mpwta PEAN eival ioa, omote EUKOAA TAIPVOUHE

nue =nu30°, kat emeldn ot ywvieg eivat ofeieg, mpokUmtel 6TL @ =30°.

(AB)
L

0) O {ntoupevog xpdvog eival t=

YTmoAoYIoHAg TG Sladpopnig (AB).

AT6 10 opBoywvio tpiywvo ABI maipvoupe:

GUV91=AL:>(AB)= d LApat=— (1)
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A6 to vopo tou Snell yia to onpeio €10660u A pe avtikatdotaon, Bpiokoupe T0 nub; .

nu30 =E:>n 5 _nu30 _1/2

4
=——>=>nuo, =—
e, 1 T T T T W T

, , , . 84
A6 ™ oxéon Mu’0@+cvv’O=1, Bpickoupe T0 cLVO,. MPOKUTTEL oLV, = 8

—. Mt
0
avtikaraotacn otn oxéon (1) TPOKUTTEL:
—2
t= d o= 2,4-10 232:%-10105:”:?-1095
L-OLV 1 2’4_1089_ 1804 3
S

Apa o {ntoupevog xpovog Ba gival t = 3 10°s.
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Aoknon 7.

To onueio O opoyevoUug EAACTIKAG X0pdNg peydAou HAKoug, tn Xpovikn otiyun t=0,
apxifel va ekteAel amAn appovikn taAdaviwon pe e&iowon y =0,05mu8nt (S.l.) kabeta
otn Olelbuvon tng xopdng. To appovikd KUpa mou mapayetatl dadidetal pe taxutnta
HETpOU 2M/s, Katd tn BTk Yopd tou afova x Ox, KAtd PRKog TnG XoponG.

a) Na BpeboUv o xpovog mou xpelaletal éva UAIKO onpeio Tou EAACTIKOU PECOU yila vd
EKTEAEOEL Pla TANPN TAAAVTWON KABwg Kat To PHNKOG KUPATOG TOU ApHOVIKOU KUHATOG.

B) Na ypapei n e€icwon tou KUPATOG TToU Tapdaystal Kat va BpeBouv ot €0l OAWY TwV
onueiwy mou Bpiokovtal o€ cupwvia eaong Pe tnv mTnyn.

Y) Na ypdayete kat va oxedldoete tnv £€icwon tnG TaxUTnTAg OUVAPTACEL TOU

XpOVou yla €va UAIKO onpeio A Tou améxel amootacn X = > amd tnv mnyn.

, , . , , T
0) Na oxedldoeTe TA OTIYHIOTUTIA TOU KUHATOG TIG XPOVIKEG OTLYHEG tl:Z Kat

a) Amé v efiowon y=0,05nu8nt (S.l.) Bpiokoupe: A =0,05m, ow=8rnrad/s. H
mEPLOOOC TTPOKUTITEL ATIO TN OXEON wz?n, apa T=0,255 kal cuvenwg n ouxvotnta

geivat T=4Hz. O xpdvog mou xpeldletat €va UAIKO onpeio va KAvel pa mARpn
TaAaviwon, sival n mepiodog taAdvtwong tou, onAadn €ivat icog pe 0,25s.

To YAKOG KUPATOG TTPOKUTTEL amd Tn BgpeAiwdn e€icwon TNG KUPATIKAG.

o= a=222MS s osm.
f 4Hz

t X
B) H yeviki £€iowon Tou KUpartog ivat: y:AnuZTC(?-X) , N omoia pe aviikatdaotaon,
Twv peyebwv A, T kat A yivetat:
y =0,05mu2n(4t —2x) (SI)

Ta onpeia mou ival o€ cupPwvia eAaong e TNV TNYN AMEXOUV ATO AUTH AKEPALO APLOPO
HNKWV KUPatog, OnAadn Bpiokovtal o€ BECELG Yid TIG OTIOIEC LOXUEL

x=ki=k-0,5m k=12,3,...

75



Y) H péyotn taxvtnta 6a eiva: v, =oA=0,4ntm/s, evw n efiowon taxutntag

mi

TAAQVTWOoNG TWV UAIKWY onpeiwy givat:
t X, ,
v= UmaXGUVZTE(? - X) . Apa v =0,4ncuv2r(4t-2x) oto (S.1.).

H vyeviky efiowon tng Ttaxitntag TaAdviwong Twv UAIKKwY onpeiwy  givat

L= Umaxcn)VZTC(l - 5)
T X

H péylotn taxutnta taAdaviwong 6a sivat: v, =wA=0,4ntm/s

m

Me avtikatdotaon otn yeviki €fiowon tNg Ttaxutntag taAdvriwong: T =0,25s,

3 3 3
A=0,5m, X= > =1 m maipvoupe v, =0, 4ncvv2n(4t - E) (SI)
i . 3 , , X, 3 .
To kUpa @Bavel oto A (X, = Zm) TN XPOVIKNA ottypn t, =—2 = §S' Ma t<t, To onpeio
v

A mapapével akivnto. Apa n €€iowon taxutntag - Xpovou eivat:

3
v, =0,4ncLVv2n(4t-2X) yua tzgs oto S.1.

VI ), f R —— I — - S

S—— |

o |w

[ Yraeme
3

ol

t(s)

e .

0) MNa va oxedldooupe TO oTlydidtuTio, Bpiokoupe tnv €ficwon TNG ATMOPAKPUVONG
ouUVapTACEL TNG améotaong Kat umoAoyiloupe Tou €xel pBAcEL To KUPA TNV KABE XPOVIKN
oTyun.

T 1
Tn XpoVvIKN oTlyun R n e€lowon amopdkpuvong - Béong eivat: Y = 0,05nu27:(z- 2X) .

Tn XpOVIKN OTlyH auth To KUPa éxel 0ladobei o€ amdotaon
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X=vt=v

NG
s>

. . , 3T , .
=0,125m, evw t™ XPOVIKA OTLyHN 7 n e€iowon amopdkpuvong -
, , 3
Béong, sivat: y=0, O5mt2n(z -2X).

Tn XpOVIKN OTIYHN auth To KUpa £xel 0ladobei oe amootaon

qut:U3—T:3—X:O,375m.
4 4

005 \ t=T/4

0,05

o / 25 0,250 0,375 X(m)
-0,05
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Aoknon 8.
(H doknon 006nke amo tov €BeAovtni K. ABavdacio Namadnuntpiou)

H elkova maplotavel TO OTLYHIOTUTIO €VOG YPAMUIKOU ApHOVIKOU KUHPATOG Hid XPOVIKA
ottypn t;, To omoio dwadidstal Katd tn BTk KateuBuvon Tou afova X O€ £va OHOYEVEG

EAAOTIKO Péco. To onpeio Tng Béong X =0 dpxioe va TaAaviwvetal Xxwpig apxikn @daon
TN Xpovikn otypn t, =0. H taxitnta diddoong Tou mapamndvw KUPatog ivat v=2m/s.

y (m)
0.2 I

o1 k-

-01 b

—02 |
a) Na Bpeite tn xpoviki oTiyun ti.
B) Na Bpeite tnv e€iowon tou KUPATOG.

y) Na oxedidoete 1o Sidypapua g @dong oe oxéon pe t Béon, @=F(x), yaa m
XPOVIKA oTtypn t; .

d) Na Bpeite tn xpovikni oTtypn mou to onpeio M, mou Bpioketal otn Béon X,, =3,3M, 6a
améxel yua mpwtn @opd 0,1m amd tn 6£on opporiag Tou.

€) Na yivouv ta diaypdppata g @Aacng Kat tTng amopdakpuvong o€ oXEon HE TO XpOVo,
=" (t) kat y="F(t), ywa to N mou Bpicketat otn 8¢on X, =2,4m.

Auon
a) Amé to Sldypappa Tou oTIyHIOTUTIoU (paivetal 0Tt To KUpa O1adobnke, amd TV Xpovikni

ottypn t, =0 péxprnv t, katd x=2,7m.

) X 2,7m
Apa tl:G:2m/s

=1,=135s
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B) Amo ekpwvnon n efiowon taAdviwong Tng mNyng eivat y =A-nuot, omdte n

, , , t X
e€lowon tou (Tpéxovtog) Kupatog Ba ivat Tng popeng Yy = An uZn(? —X) .

- Ao 1o daypappa @aivetal 0t to mAdtog Tou KUpatog givat A=0,2m.
- Ao T0 Olaypappa @aivetal 0t to Kupa 61adobnke, amd tnv xpovikn otypn t, =0

. . A Ao, . .
pEXpL TNV t,, Katd Z+ 2\ = QZ , OTTOU A TO PRKOG KUUATOG.

Apa %k:2,7m:k=1,2m.

- A6 Tn BgpeAwdn e€icwon TNG KUPATIKAG Taipvoupe

e folo2MIs e 1 1_06s
12m 0,6

t x

0,6 1,2)(3')'

Omote n e€iowon tou Kupatog Ba £xet tnv popen y =0, 2nu2n(

Y) H @don tou kipatog, ywa tnv xpovikn ottypn t, =1,35s meprypdgetat amod tn

, 135 X T™X
ouvaptnon o=2n(—-—)=>0=4,51——— (SI) (0<x<2,7m
pren ¢=2n(("E =15 =@ A )
0 (rad)
To {ntoupsvo diaypappa sivat: 4,57
- X (m)

2,7

d) Amo tnv e€iowon Tou KUPatog, yia X =3,3m kat y =0,1m €xoups:

t 33 t 33 1
0,1=0,2nu2n(— ——-—) > nu2n(— ———=) = = omoTtE:
nu2n(g — o) P menge =) =3
21 - 33y okt T 4 2m(-L — 23 ok 28
0.6 12 6 0.6 12 6

79



AoU, yla 1o onpeio M, auto cupBaivel yia mpwtn @opd, deKTh Yiveral n mpwtn Alon

kat pe k=0. AnAadn 2n(0—t6—g) =g amo tnv omoia mpokUTTtel t=1,7s.

€) MNa to onpeio N (X =2,4M) n @don 6a divetal amod Tn oxeon:

t 2.4 t X 2,4
o 2y ooy pe > 2 =S e 121,25
o =2n(y 57 5) = 2n(Gg=2), He T2 0=

¢ (rad)

To {ntoupevo dlaypappa sivat:

t (sec
12 (sec)

MNatoN (x=2,4m)

H e€iowon tng taAdvtwong Tou onpeiou N Ba eivat:

t 2.4 t X 2,4
— 0, 2nu2n(— — 22y =0, 2nu2mn(— —2)(SI) pe t>=="""s=1t>12s
Y nu n(o,a 1,2) nu n(o,e )(SI) u I

0,1 {

To {ntoupevo dlaypappa sivat: \ 1,8
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Aoknon 9.

Mwa nyn kupdtwy O apxidel va tTadaviwvetal thv Xpoviki otyunl t=0, cupewva pe tnv
eglowon y=Anu(2rft). To eykapolo kUpa mou dnploupyeital 61adideTal 6 OJOYEVEG ,
YPAUUIKO €AAOTIKO HECO Katd tn Oetikh KateuBuvon tou dafova xOx. Xto oxipa 1

TTAPIOTAVETAL TO OTIYHIOTUTIO TOU KUHATOG Pl CUYKEKPLUEVN XPOVIKA otiyun t', evw oto
OoXNHA 2 @aiveral n ypagikn mapdactacn amopdkpuvong cUVApTnoEL TOU XpOvou yla €va
UAIKO onpeio X Tou EAACTIKOU PEooU oTo omoio dladidstatl to v Aoyw Kupa. Na Bpeite:

a) tnv taxutnta diadoong Tou KUPATog Kat Tn dlagopd pAaong HETagu Tou UALKOU onpEiou
2 KAl TNG TNYNG KUPATwWV.

B) TN XpOVIKA oTlyun t' oTnv omoida avTIGTOIXEL TO OTLYHIOTUTIO TOU KUHATOG.

Y) TNV amopdkpuvon amd tn B£on Looppomiag Tou UAIKOU onpeiou X Kal tng mNYAG
KUPATWV TNV 0£00pEVN XPOVIKA OTLyun t'.

0) ™ pEylotn TaxutnTd TAAAVTWOoNG Kat Tn HEYLOTN EMTAXUVON TOU UALKOU onpeiou X.

€) Na oxedldoste 10 SIAypappa Tng Acng Tou UAIKOU ONHEioU X oUVAPTACEL TOU XpOVOoU.

Aivetat To mAdtog TaAdvtwong tng Tnyng A =4 cm kat 72 =10.

t(s)

05 1 1,5 2 25
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AUon

AT6 Ta dlaypdappata mPoKUTTOUV Td TAPAKATwW:

210 oxnpa 1, mapatnpoUpe ATt TNV XpoVvIKA oTtypn t' to Kupa €xel dladobei og amootacn
X =5cm (1).

L . , . . . . , 5k
AT 10 (010 oxfua emiong MPOKUTTEL OTL N ATOCTACN AUTH AVTIOTOIXEL O X = El (2)

E€lowvovtag Tig oxeoelg (1) Kat (2) mpokumtel A =2Cm.

210 oxnpa 2 mapatnpoupe Ot n mepiodog TaAdviwong tou UALKoU onpeiou X eivat T =1s,
apa kat n ouxvotnta Oa eivat f =1Hz .

Apa n taxutnta 6iddoong Tou KUpatog eivat: v=Af =2 cm/s.

Emiong mapatnpoupe 4Tt To KUPA Yla va (pTdcel 6To UAMIKO onpeio X ékave xpovo t, =1s.
0 xpdvog autog eival icog pe TNV mepiodo Tou KUPATOG (T =1S) , apa n amoéotaocn mNYAG

Kal onpeiou X givatl ion pe €va prkog KUPATog Kat n dlagopd @daong Petagu tng mnyng O
Kal Tou onpeiou X ivat 2m, dnAadn ¢, — @y = 2.

B) Tn xpovikn otypn t' to KUpa €xel dladobei oe amodotaon

X 5cm 5
X =5cm pe taxutnta v=2cm/s. Apa t'=—= =>t'=—=s.
v 2cm/s 2

5 T
y) H mnyn ™ xpoviki otiypn t' €xet taAdavtwdel yia xpovikod didotnpa At = ES = 2T+E .

Apa mepva amo tn BEon LGoPPOTIAG TNG KIVOUKHEVN KATA TNV apvnTIKN @opd.

To UAIKO onpeio X, EeKIva va TAAAVTWVETAL TN XpoVIKA ottyun t, =1S. Tn xpovikn ottypn

5 3 T
t' éxel Tahavtwbel yia xpovo: At=t"-t, = Es—ls = ES =T +E .

Apa TO UAMIKO onpeio X TN XPOVIKA OTIYHR auth €XEL KAVEL pla TARPN TaAdvIwon Kal Hion
onAadn mepva amd tn B€on 1oppoTiag Tou KIVOUHEVO KAl aUuTO KATd TnV apvntikh ¢opd.
Auto Atav avapevopevo, agou ta duo onpeia mapouctdlouv dlagopd @aong 27.

0) H péylotn taxutnta taAdvtwong divetal amd tn oxéon:

VU =0A=2nf-A=v , =2rn-1Hz-dcm=v —gz "
S

82



, . , , , , cm
H péylotn emraxuvon otn taAdavtwon Oivetal amo Tn oxeon o, = ®?A =160—-
S

. . , . . t X , ,
€) H @aon tou kupatog Olvetal amo Tn OXeon (p=2n(?—x). lMNa to UAIKO onpelo X
(X :k) Ba oxvel ¢ =27n(t—1). H @don éxel vonua yua t>1s.
Alaypappa @aong - xpdvou yia to UAIKO onpeio X:

b p(rad)

2m

v

-
[ ) S —— |

25 t(s)
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Aoknon 10.

Katd pnAKog €vOC YPAUUIKOU, oOpoyevoug, €AAoTIKoU pécou Oadidstal otn BeTiki
KatevBuvon tou afova x'Ox €va appovikd KUpa Tou TepLypd@etal amo tnv e€iowon:

y=4 -10211;1[(2007'&) - 1277”(

}(S.I.). AUo onpeia A kat B Bpiokovtat mwavw otn

dlelBuvon A1adoong Tou KUPATOG, améxouy PETalu toug 17m, kat yvwpiloupe OTL TO MO
KOVTIVO onpeio otnv mnyn O €ival to onpeio A.

a) Na Bpeite tn ouxvatnta Kat tnv taxutnta 6tddoong tou KUPAToG.

B) Na dsiete ot n dlagpopd pdong Twv onpeiwy A Kat B sivat ave€dptntn tou Xxpovou Kat
OTI Ta onpeia autd sivat o€ cupPwvia eaong.

Y) Na oxe0ldoeTe TIC YPAPIKEG TAPACTACEIG ATTOPAKPUVONG - XpOvou ylda ta OUo autd
UAIKa onpeia A kat B, av yvwpiloupe 0Tt To onpeio A Bpioketal otn Béon X, =6,8m.

0) Na Bpeite tn peTaBoAn tng @Acng Tou UALKOU onpeiou A og xpovikn Oldpkela At=1s.

€) Na Bpeite tnv amopdkpuvon amdé tn O£on ooppomia¢ tou onpeiou I Tng B€ong
X =3,4m, tn xpovikn ottypn t mou To UAKO onpeio B €xel amopdkpuvon Y, =2,2cm,
Kal apvntikn taxutntd.

Auon
a) ZUyKpivovtag tnv €§(0waon ToU CUYKEKPLUEVOU KUPATOG
o 107X . e . .
y =4-10""nu[(200xt) —7] HE TN YEVIKN £€(0WON TOU KUPATOG £XOUHE:

X I T m=a=3.4m
L7 5

2nf t =200nt = f =100Hz

Me avtikatdotaon otn BgpeAwdn e€icwon TNG KUPATIKAG EXOUHE:

b= = v=340"
S

t X
B) Ot paocelg twv UAKwV onpeiwv A kat B, divovtal anod tig oxéoelg: @, = 27’[(?—TA)

t X , . . . , ,
Kal Qg = 275(?—73) , avtiotowxa. Apaipwvtag tig U0 TApATAvVW OXECELC BPIOKOUME TN

olagopd eaong Twv U0 AUTWY CNHEIWV:
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_2n(Xg —X,)  2n(l7m) N

— @, =107x rad
x 3.4m  PaT P TIET

Pa—Pp
Apa n Olaopd @dong petall Twv 000 onueiwv sivat ave§aptntn tou xpovou. Emedn
¢Qp— g =10nrad =5-2nrad (aképaio moAAamAdolo Tou 2m) 1 AX=D5L (aképaio

TOAAATAGOLIO TOU HNKOUG KUWATOG) Ta onpeia autd Bpiokovial 6e cupgpwvia @daong
petagu Toug.

17m

Y) To KUpa @TAvEL 6TO ONPEIO A TN XPOVIKNA OTLYHN

tl:X—A: 6,8m = 2:3 4m :tl:iS:ZT, EVw TO onueio B apxilel va
v 340m/s 3,4-100m/s 100

TAAQVTWVETAL TN XPOVIKA OTLYHN

X, 17+6,8m 7-3,4m 7
= = t,=——s=7T
340m/s 3,4-100m/s 100

5 =

B
v

Kat ta dUo onpeia ekteAoUv amAn appovikn TaAdvtwon pe e€icwon TaAdvTwong

Ya =4-107np[(200nt) —4x], 6mou t> %S Kal

;
Yg =4-10nu[(200nt) —14x], émou t> ms, avtictolxa.

¥y (m)
2
#10 SN, A, £, 7N N SN SN 2N ' t(s)
4102 2402 N/ N A NS A NS ‘\,_,/ N
2 _ - . .
440 N N ts)
T T T T T . T e —
4102 70 N o \\
Mnyn
A B
Xa Xs
17m
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0) Ap, =2n-f-At= Ap, =200rrad

€) To onpeio B Bpioketal otn Béon X; =6,8M+17m=23,8m kat amexel amod to onpeio
Xg =X =23,8m—-3,4m = X, — X =20,4mM = X; — X =6-3,4m = X — X =6\

Ta duo onpeia Bpiokovtal o cup@wvia @eaong Kal £€xouv KAds otiyun idla amopdkpuvon
Kal idla taxutnta, apa n amopdkpuvon Tou onpeiou I eivatl y,. =2,2cm.
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Aoknon 11. m

‘Eva €yKApPolo appovIKO KUPa Oladidstal Katd tn BeTikn @opd oc optlOvTia €AACTIKN
xopdn Tou eKteivetal katd tn deubuvon tou dgova x Ox. To onpeio O tng x0pdng oTN
Béon x =0, ™ xpoviki otiyun t=0, €xel ndeVIKA amopdkpuveon Kat BTk taxutnta.
H taxitnta 0iddoong tou KUpatog €ivat v=1m/s. MNa éva onyeio N NG €EAACTIKNAG
X0pONg, N AMOPAKPUVON TOU amd tn O£0n Lcoppomiag o ouvdaptnon HE TO XPOvo
@aivetal otn ypa@ikn mapactacn mou akoAouB«l.

yn(cm)
A

IENAVAV,

a. Na ypayete v e€icwon tou KUpatog oto S.I.

B. Na Bpeite mdoo améxel To onpeio N amo to O .
Y. Na Bpeite mola givat n géylotn taxutnta tTaAdviwong tou onpeiou N.

0. Na Bpeite tn @don tou onpeiou O, TN XPOVIKN OTIYUR Tou to onpeio N Bpioketal ya
TPWTN POoPdA oTNV PEYLOTH TOU ATTOUAKPUVON.

Auon
a. H e€iowon mou meplypdpel éva appoviko KUpa mou Otadidstal Katd tn O€tikh @opd

Tou dfova x 'Ox eivat: y = Anu2n[%—§j . (1)

Mpémel va umoAoyicoupe to TAATOG A, tnV mepiodo T Kat To PNKOG KUPATOG A.
ATo to Oldypappa mPoKUTITEL OTL:
A =5cm kat 2T =8s—4s=4s, apa T=2s.

ATo tn BgpeAiwdn £€icwon TNG KUPATIKAG, BpiOKOUPE TO PNKOG KUPATOG.

V=M = =0T =125 =4 =2m
S

Me avtikatdotaon otnyv (1) maipvoupe: y =5nu2n(%-§j , (y 0 cm, X 6 m).

87



B. Amo 1o Slaypappa @aivetat ott n TaAdviwon tou onpeiou N apxilel Tn XpOVIKA GTLyHn
t=4s. Apa, n anméotacn ON Ba ival ion pe:

Xy=v-t=Im/s-4s n Xy =4m.

Y. H péylotn taxdtnta taAdvtwong tou onpeiou N divetatl amd tn oxéon:

. :mA:ZTn~A=2%‘5-102m/s =, =5tcm/s.

0. To onpeio N peylotomolel yla mpwtn @opd tnv amopdkpuvon Tou amo tn 0éon
looppoTiag Tou HETA amd Xpoviko Owdotnua T/4 amd tn otypl mou apxilel va
TaAaviwvetat. ‘Omwg @aivetat amd to diaypappa to onpeio N apxilel va taAavtwvetal
otlyun t=4s. Katd ocuvénela mpémel va BpoUpe tn don tou onpeiou O Tt XPOVIKN
ottyun t=4s+ T/4 n t=4,5s.

H @don tng mnyng divetat amod tn oxéon:

(p:cot:%tzz?nA,S rad = ¢ =4, 5nrad
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Acknon 12. — I

AUo oUyxpoveg TnyEC Kupdtwy MMy, M, dnuploupyolv oTnv €m@avela uypolu £ykKapold
appovika Kupata. Tn xpovikn ottypn t=0 ot mnyég apxiouv va taAavtwvovrtal e
ATOPAKPUVOELG TTOU Treplypagovtat amo tn oxéon y=0,05 nu(4nt), (S). H taxdtnta
O1a000NG TWV EYKAPGIWV KUPATWY OTNV EM@AVELA TOU UYpoU gival ion pe v=2m/s. Z¢
éva onpeio K, tg emdvelag Tou uypou, To KUpa amd tv mnyn MMy @Tavel tn Xpoviki
ottypn t, =1s, evw 1o KUpa amod tnv mnyn My @tavel oto onpeio K otav n mnyn M, €xel
EKTEAEOEL 4 TTANPELG TAAAVTWOELG.

M, « .,

Na Bpeite:
a. NMooco améxel to onpeio K amo tig duo mnyéEc.

B. Moon Ba eival n ouxvotnTa Kat To MAATOG TNG TAAAVIWONG Tou onpeiou K petda tnv
OUMBOAN TwV U0 KUPATWY;

Y. Ndoeg umepBoOAEG evioxuong UTTAPXOUV avAESA oTo onpeio K Kal tnv JecoKABeTo oTo
guBuypappo tpipa MiMy;

0. Moon givat n taxdtnta tou onpeiou K tn xpovikn otiypn t=4,75s;

Auon
a. A6 v e§iowon taAdviwong twv mywv y = 0,05 nu(4nt) mpokimtet otL:
A=0,05m kat @=4nrad/s.

, 2 2 2
Eivat w=i:>T=l=ls:>T=O,55 .
T ® 4nt

To kUpa dwadidstal pe otabepn taxutnta. Apa n amdéctacn Tou onpeiou K amod tnv mpwtn
mnyn Ba eivat:

n=v-t=2m/s-Is n r,=2m.
H améotaon tou onpeiou K amo tnv éeutepn mnyn Ba eival opoiwg, I, =v-t,.
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To kUpa amo tnv mnyn M, @tavel oto onyeio K otav n mnyn M, €xel eKTEAEGEL 4 TANPELS
TaAavtwoelg, dnAadn t, =4T=4-0,5s N t,=2s.

Omote, r, =v-t, =(2m/s)-2s A r,=4m.

B. To onpeio K petd tv oupBoAn twv OU0 KUMATtwv Ba eKTEAECEL ATAR APHOVIKA
TAAAQVTWON, PE GUXVOTNTA (0ld HE TN oUXVOTNTA TwV 0U0 KUHPATWY TTou cUPBAAAouv. Apa

f:1—=1— =f =2Hz
T 0,5s

To mAdTog TNG TAAAvTwong tou onpeiou K petd tnv cupBoAn twy 6U0 Kupdtwy Ba sivat:

‘AK' = 2-0,05‘00\»27:@‘ ~0,1m.

=0,1-|oov2a| = ‘AK'

=2A cn)v21tﬂ
2\

To onpeio K givat Aotmdyv £va onpeio EVIOXUTIKAG GUPBOANG.

Y. ©a Bpoupe to onpeio K og mola umrepBoAn £VIGXUTIKAG cUMBOANRG avnkel. Eivat
L-L=N-A=>4m-2m=N-Im=>N=2.

Katd ocuvémela avapeoa otnv umepBoAn gvioxuong mou mepva amo to onpeio K (N =2)
Kdl TNV PecoKddeto oto subuypappo tunpa MyM, , mou eivat n umepBoAn evioxuong He
N =0, mepva pia umepBoAn gvioxuong, autn mou avtiotolxei oe N=1.

N=1

N=0
N=2

0. H e€iowon tng amopdkpuvong tou onpeiou K givat:
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r,—r, t o+t t 2+4
—2A-owv2n 2 qon| L8R ) oy o 22 (s =
Yz ehomer T, T (T n ) " [os 2 j( )

b

y=0,1-nu2m(2t—3) (SI).

Apa, n e€iowon Tng Taxutntag Tou onueiou K cuvaptnoel Tou xpovou Ba sivat:

v=0,1-4n-ovv2n(2t—3) = v =0,4n-cvv2r(2t—3)(SI).
Tn xpovikn otiyun t=4,75s n taxutnta tou onpeiou K givat

v=0,47-ovv27(2-4,75-3) = 0,4n-cvvl3n = 0,4n-covn =>v=-0,4T m/s .
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Acknon 13. — QA

2e opllovTia eEAAcTIKn xopdn ToU eKTeiveTal Katd tn devbuvon tou oplldvtiou afova
X" Ox dwadidovtal 6Uo eyKapola appovikd Kupata pe To i6lo mAdtog Kat tny ida
ouxvotnTa o€ avtibeteg kateubuvoelg. Ta kUpata cupBAAAouy Kat dnploupyouv oTAGIHo

KUOpa Tou meptypagetat ané my egiowon y=0,1 cvv(2nx)-nu(107t)(SL).

Na umoAoyioete

d. TNV Taxutnta Oladoong TwY EYKAPCIWY KUPATWY TTou GUPBAAAOUY.

B. tn B€on Tou deUTEPOU OECHOU Kal TNG TPITNG KOLALAG, Bewpwvtag OtL otn BEon
X =0 Bpioketal n mpwtn KolAia.

Y. TNV amoctaon PeTalu Tou deUTEPOU OEGHOU Kal TNG TPITNG KOWALAG TN XPOVIKH OTLyHN
t,=5/6s.

0. To TNAIKO TN QUVAMLKAG TTPOG TNV KIVNTIKNA EVEPYELA, £VOG UALKOU OnEIOU TToU
Bpioketal otn B€on NG TPiTNg KOAIAG TN XpoviKA ottypn t, =5/6s.

Aivovtat: covt/3=1/2, nun/3:\/§/2.

Alon

a. Amo ™ ouykplon tng 6o0sicag e€iocwong Pe TN YEVIKA €€iowon Twv OTAGIHWY
KUPATwvV

27X 2mt
=2Acov— nu—.
y N nu T

TIPOKUTITEL:

2A=0,Im, dpa A=0,05m= 5cm,

2
%IZTEX = A=1m,

2 1
2™ omt >T=02s f f=r=5Hz.
T T

ATo tn BgpeAlwodn £€iGwoN TNG KUPATIKAG TTPOKUTTEL N Taxutnta O1adoong Twy
EYKAPOLWY KUPATWY TOU GUPBAAAouy, v=A-f=1m-5Hz n v=5m/s.

B. O B£o¢e1g Twv deopwy Sivovtatl Yevika amd tn oxéon X, = (2K +1)~Z . H 6éon tou 2%

, , , , 3\
dsopoU A mpokUmtel yia K =1 kat Bpioketal otn 6éon X = " =0,75m.
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O Béoelg TwV KoV Oivovtatl yevika amd t oxéon X, =K-—. H 8¢on tng 3™ kotAiag K

N>

mpokuUTTtel yia K =2 kat Bpioketal otn 6éon X =A =1m.

Y. H tpitn kotAia K tn xpovikni ottypn t, =5/6 s €xel amopdkpuvon mou umoAoyidetat pe
avtikataotaon Twv X, t otnv e€icwon tou otdolpou.

50

y =0,1ovv(2nx) nu(10xt) =0,1 cov (21) nu[lOn%j:O,l nu(gnj I

y=0,1nu(2248nj=0,1 nu(gj i y=0,05y3m.

H {ntoupevn amdéotaocn petafl tou deutepou deopoU A Kat Tng Tpitng KolAiag K, tn
XpoVviki ottypn t, =5/6 s, Bpioketatl pe epappoyn Tou muBayopelou Bewpnpatog yia
TO TPIYWVO ToU oxnpatileTal 0To MAPAKATW OTIYHIOTUTIO TOU GTACIHOU KUPATOG:

(AK):\/O,252+(0,05«/§)2 m=./0,0625+0,0025-3 m =
(AK) = /0,07 m = (AK) = 0,17 m

y (cm)

A

0. To mnAiko ™Ng OUVAMPIKAG TPOG TNV KIVNTIKA EVEPYELA, €VOG UAIKOU onpeiou Tou
Bpioketal otn B£on tng Tpitng KotAiag t xpovikA ottypn t, =5/6s, Ba eivat

1, 2
U 2 DY vy (00s5Bm) 0075 _

U
E-U ;D(ZA)Z—;DyZ (2A) -y’ (O,1m)2—(0,05x/3_’m)2 0,0025 K
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Aoknon 14. m

Mia pHovOXpwHaTIKA aktivoBoAia ocuxvétntag f =6-10"Hz dadidopevn opildvtia 6to
Kevo pe taxUtnta €=310°m/s mpoominmtel KABeta, OMWC PAIVETAL OTO TAPAKATL
OXNHa, Of TPiopa Tou omoiou n Ttopn €ival opBoywvio Kal LGOOKEAEC Tpiywvo. H
TmpooTintouca aktiva efépxetal amd To mpicpa mapdAAnAa otnv TAsupd AB Ttou
mpiopatog. To HETPO TNG HEYLOTNG £VIACNG TOU NAEKTPIKOU TTEGIOU TOU KUHATOG OTO KEVO

givat B, =410 N/C kat péoa oto yuahwo mpiopa E, = 2J2-10*N/C.

a. Na ypayete v e€iowon NG £€viacng Tou NAEKTPIKoU mediou yua tn Oladoon Tou
NAEKTPOUAYVNTIKOU KUHATOG OTO KEVO.

B. Na umoAoyiocete 1o d€iktn OlaBAacng Tou Tpiopatoc.
Y. Na umoAoyioete to pnkog KUPAtog Katd tn dtddoon Tou KUPAtog oto Tpioua.

0. Na ypawyete tnv efiowon tng £évtaong Tou payvntikou mediou yua tn Oladoon Tou
NAEKTPOUAYVNTIKOU KUPATOG GTO YUAALVO TIpiopd.

2

Aivetal nu 45° =5

Auon
a. Amo tn BspeMddn e§iowon TNG KUPATIKNG C=A, -, Bpiokoupe T0 pPnKog KUPATOG O6TO
c_ 3:10°m/s

Kevo. Eival )LO Z?—m:ko =5-10_7m.
. Z

H e€iowon g £évtaong tou nAeKTplkou mediou yia tn Olddoon Tou NAEKTPOHAYVNTIKOU
KUPATOg OTO KEVO €ivat:

t X X X
E=E 2n| ——— |=E 2n| f-t—— |=E =410" nu2x| 610"¢- j Sl

0 0 '

B. Epodoov n mpooTminTouca aktiva EEpxeTal and to mpiopa mapdAAnAa otnv mAsupd AB
TOU TPIiopaATog, N ywvia mpdomtwong @, mou Paivetal 6To mapakatw oxnua 6a tooutat
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A

ME TNV Kpiown ywvia. ‘Opwg, n ywvia ¢ ooltal pe ™ ywvia A, yiati ol dUo ywvieg
£XOUV TIG TAEUPEG TOuG avd 6Uo KaBeteg. Apa 0, =45° .

AT6 10 vOpo tou Snell yua tnv Kpiolun ywvia maipvoue:

1 1
Nud,;n =nu90°n, =n= = —n=4+2.
’ T”’lgcri ﬂM450

A

Y. O d¢eiktng 61aBAacng n Tou PECOU Kal TA HNKN KUPATOG OTO KEVO, A, , KAl OTO PECO, A,
ouvo<£ovTal P TN oXEon:

A, 5:10"m

n 2

= A=2,5J2-10"m.

0. H e€iowon tng évtaong tou payvntikou mediou yia tn 1adoon Tou NAEKTPOPAYVNTIKOU
KUHAtog oTo YudAwvo mpiopa eivat:

t x
B=B_nuln| ———

. , ,
Mpémel va umoAoyicoupe t0 B, .

' ' 4 -4
Er gy B B _ 2\2 1(; Vim g _4jgug
Bl v © 310mis 3

!
max —

n N

Me avtikatdotaon TPOKUTTEL:

=
B

4 X
B=--10"nu2n| 610"t- ———=—— |(SL
3 M [ 2,5\2 -107j( )
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OEMA A
MpdBAnua 1.

¥

i

L

o ®

To mMo mMavw OXAPA TAPIOTA TO OTIYHIOTUTIO €vVOG 00gUOVTOC APHOVIKOU KUHATOG Of
OHOYEVEG YPAUHIKO EAACTIKO PECO KATA TN Xpovikn ottypn t,. Tn xpovikn ottypn t=0
10 onpeio O tng Béong X =0 diépxetal amd t B€on oppoTmiag Tou pe BTk Taxutntd.
Ma Tig onpEWPEVEG 0To oxpa amootdoelg oxvel: (OK) =0,1m, (OZ)=0,3m.

Zntouvtat:

a) H xpoviki otiypn t, kat n p€ylotn taxutnta e TNV OToid TAAAVTWVOVTAl Td UAIKA
onpeia Tou EAAcTIKOU PEGOU.

B) Na xapaxfsi mavw oe BabBpoAoynpévoug AEOVEC TO OTLYMIOTUTIO TOU KUMATOG TN
xpovikn ottypn t, =t,+0,01s. Tnv idia xpovikn otypn va Bpebei n amopdkpuvon evog

onueiou B av yvwpilete o0t T0 onpeio auto améxel amo to O améotaon, OB=1,4m.

y) To o mavw odelov KUpa petapépel evépyela 4,5-102), oe kABs UAIKO onpeio Tou

YPAUHIKOU gAaotikoU pécou. Mdon sival n otabepd taAdaviwong Kabe UAIKoU onpeiou,
0£00pEVOU OTL OAA €KTEAOUY ATTAR APHOVIKA TAAAVTWOoN;

d) Av TO MO MAVW CTIYMIOTUTIO TTAPIOTAVE GTAGIHO KUMA TN XPOVIKN otypn t,, Katd tnv
omoia OAd ta onpeia Tou YPAHHIKOU EAACTIKOU PEGOU, €XOUV UNOEVIKN TaxUutntd, TOTE,
va oXeSIACETE TO OTLYHIOTUTIO TOU TN XPOVIKNA oTtypn t;, omou t, =t,+0,01s.

Alvetal 0Tl n ouxvotnNtd Twv 00EUOVIWY KUHMATWY Tou Onploupyouv TO OTAGIHO KUpA
givat: T =25Hz.

Auon
a) Aivetal 0Tl TO OTIYMIOTUTIO €ival 00gUOVTOG KUMATOG. ZUVETIWGS OE AUTO @aivovrtat ot
O£0€1C TWV UAIKWYV ONUEIWY Tou PECOU TN OEGOHEVN XPOVIKN OTLYHN.
, . , A .
A6 1o Slaypappa xoupe (OK) = i 0,1 ouvenwg A =0,4m.
Emiong, to mAdtog taAdviwong eivat to (0Z), dnAadn n peyaAutepn amdotacn amo tn

0éon ooppomiag. ZuvemwC TO TAATOC TaAdviwong Kabe onueiou Ba  eival
A, =(0Z2)=0,3m.
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m
H taxdtnta diddoong tou KUpatoc sivat v=Af =0,4m-25s" = v=10—.

S

A6 TO OTIYMIOTUTIO TOU KUPATOG (paivetal OTL Tn XPOVikA oTiypn t,, 1o KUpa €xel

5\
O0ladobsi os amootaon >

Sh
Apa, %=X=U~t0:>to=L=5.0’2m:>t0=0,15
2 v 10m/s

Apa t, =0,1s.
H péylotn taxdtnta TaAdviwong Twy popiwv Ba sivat:

o —oA, =501"9.03m=v_ =157
S S

, , . . . 1
B) AedopEvou OTL n MEPLOOOG TNG TAAAVTIWONG €ival T:?

=0,04s, n xpoviki oTiypn

, 5T T , , , . ,
t, =0,1s avtiotowxei o€ > = 2T+E. Ao TV Tapamdvw mapatnpnon MPOKUTTEL OTL N

mnyn, v xpovikn ottypn t, =0,1s mepva amd tn B€on coppomiag Pe apvnTikh popd,

(6nAadn mpog ta KATw). ZUVETMWG Ot Xpovo At =Z=0,01s HETA TN XPOVIKA ottypn t,,

Bploketal otn PEYIOTN APVNTIKA ATMOUAKPUVON, £vw To KUPa £xel OladoBei amootaocn

. A . . . .
EMMAEOV 2 =0,Im kat éxel @Tacel péxpl Tn BEon

x:5%+%:5-0,2m+0,1m =X=11m

Me dedopévo OtTL To TeAsuTaio onpeio mou éxel @Tdcel €va KUPa €ival akopa otn 6éon
looppoTiag Kal £TOIPO va KIvnOel OTIwG TO TPONYOUHEVO TOU, TO OTLyHlotuTo Ba eival to

TAPAKATW:

03+ p—

.'J . .'" g .'J
0.3 S _ 3

To onpeio B Ba mapapével akivnto otn B€on wooppotiag tou, dedopEvou OTL To KUPA dev

EXEL (PTACEL AKOUA EKEL.
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Y) H evépyela tng TaAdvtwong KABe UAIKoU onpeiou tou UAIKOU péocou Oivetal amd tn

, 1 , . N
oxéon: E= E DAZ. Me avtikaraotaon mpokuntelt D=1—.
m

0) Napatnpoupe OtL ta akpaia onpeia O kat A sivat dgopol. MNvwpiloupe OTL 6TO GTACIHO
KUMa 6Aa ta onueia mepvouv amd tn 6€on tooppotiag tnv idla Xpovikn oTiyun.

Ol XpPOVIKEG OTIYHEG t, Kal t, dlapépouv katd 1 Emeldn, oUp@wva Pe TNV eKQwvnon,
OAd TA ONUEIA TOU YPAMPHIKOU €AACTIKOU MECOU TN XPOVIKN OTyHn t, €xouv pndevikn

Taxutnta Kat Bpiokovtal otn HEYIOTN AMOUAKPUVON TOUG, HETA amd Xpovo 1 Ba

Bpiokovtal otn Béon 1ooppormiag amd omou OLEpXovTal He T HEYLOTN Taxutntd toug. To
OTLYMIOTUTIO TOU YPAMHIKOU €AACTIKOU HECOU OiVETAl OTO TAPAKATW OXNAHd, OTO OTOIlo
€Xouv oxedlaoBei kat ol TaxutnTeG Mou €xouv Old@opa UAIKA onpeia.

y (m)A
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MpdBAnua 2.
AUo oUyxpoveg TNYEG Kupdtwy My kat M, dnpioupyolyv otnv €MPAveld UypoU ToU npepel

. . . . cm . , .
gykapola kupata mou Swadidovtal pe taxutnta v=80—. Ot dUo TNYEG TN XPOVIKNA

S
ottyun t=0 apxifouv va ekteAolv amAn appovikn taAdvtwon, o€ Oleubuvon KABetn
2mt
OTNV EMPAVELD TOU UYpoU Kal n e€iowon TaAavTwong Toug sivat 'y = Anu(?)

Me tnv emidpaon twv OUO KUPATWY €va HIKPO KOUHATL @eAANOU Tou Bpioketal otnv
EMPAVELA TOU UypoU TaAaviwvetdal, pe e€iowon amopdkpuvong amd tn B€on toopporiag
TOU:

y =4nu2n(8t—4), 6mou y o cm kat t o€ s.

Ou amootdoelg tou peAAoU amo g mnyeg My kat M, eivat 1, r, avtiotowxa Kat cuvogovtal

HE TN oXxéon I, —r, =2L, OTOU A TO PNKOG KUHPATOG A TwV GUO KUPATWV.

a) Na umoAoyioete To TAATOG TAAAVTWONG TWV TNYWV.

B) Na umoAoyiocete T0 PNKOG KUHATOG A TwV KUPATWY KaBwg Kal TIG amoctdcelg [, Kal
r,.

Y) Na umoAoyicete TNV emtaxuvon TaAdvtwong Tou geAAoU TV Xpoviki ottypn t; =1s.

0) Na Bpeite ™ xpoviki otiyun t, katd tv omoia o @eAAOg mepvdael amd tn O€on
pEYloTNG amopdkpuvong y =4cm yua 1" @opd, ekteAdwvtag ouveetn TaAdviwon.

€) Na Bpeite 1o MAATOog TAAAVTWOoNG TwWVY onpeiwy mou Bpiokovtal otny PECOKABETN Tou
€UBUYPAMHOU THAHATOG TTOU EVWVEL TIG OUO TNYEG.

Auon
a) Zuykpivoupe tn doBeica e€icwon
y = 4dnu2n(8t —4) (cm,s)

HE TN YEVIKN £€lcwon TNG CUPBOANG EYKAPGIWY KUPATWY OTNV EMPAVELD UYpOoU

y=2ACSUV[ (K )} nMZE(?—%j

Ma 1o MAAToG Tou UAIKOU onpeiou LoxUEL:

2Acsov[2“(;x )} dem = 2Acov{2“2(}2f)} _dcm = 2A =4cm = A =2cm

Apa To MAGTOg TaAdvIwong Kabs mnyng eivat A =2cm
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B) To pnKog KUPAtog BpioKeTal P avTiKataotaon otn BgPeAlwon e§iowaon TNG KUPATIKAG
agou mpwta Bpebei n mepiodog T .

Juykpivoupe tn Oo0Btica e€iowon pe TN YeviKA €fiowon TNG OUUBOANRG £YKAPGiwv
KUPATWV:

, . t 1
(i) Na v mepiodo oxvet: 8t= T = T= gs
. . . A m 1 )
YTOAOYIOHOG WAKOUG KUWATOG: L = T = A=0VT=A= O,8—~§S = A=0,Im. Apa
S
A=10cm=0,1Im.
(i) Na Tov 6po M LOXUEL:
2\
L+,

7 =4=r+1,=8L=1r+r,=8-10cm=> r, +r, =80cm

A6 T oxéoelg I +r,=80cm kat r—r,=2A=20cm mpokumtel r =50cm Kat
r,=30cm.

Y) H péylotn emtaxuvon tou gpeAAouU Ba sival

2
o = oA, :(1675@] (4-107°m) = o, 102,42
S S

Apa yua t, =1s €xoupe

t r+r
o=-o 2n| —— 12

j: -102,4-nu2n(8t—4)= a= -102,4-np2n(4) (SI)=

a=0

AnAadn t xpovikn ottypn t; =1S o peANGG €xel PndevIKA emtdxuvon dpa Bpioketal otn

B<on wopporiag (y =0cm) kat n Taxutntd Tou €ival PeEylotn.

0) H Intoupevn Xxpovikn otiyun eival 1 HETA amd Tn XPOVIKNA OTypn dagEng tou

deUTEPOU KUPATOG. MNa TN XPOVIKA oTtypn aPiéng t, tou eUTEPOU KUPATOG IOXUEL:

L, 50cm 5
1 = == f— 1 =-—S
v 80cm/s 8
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Apa n {nToUpEVN XPOVIKA OTLYHN ivatl:

€) MNa ta onpeia TNg HECOKABETOU IOXUEL I} =T, , OTIOTE TO MAATOG TNG TAAAVTIWONG Yld
Ka0e onpeio sivat:

‘ZAGUV(%X_QJ‘ =2Acuv0=2A=4cm

Apa, ‘'OAa ta onpeia tng pecoKABETOU MAAAovTal Pe PEYIOTO TTAATog 4Ccm .
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MpdBAnua 3.

Katd pnAKog €vOC YPAUUIKOU, oOpoyevoug, €AAoTIKoU pécou Oadidstal otn BeTiki
KateuBuvon tou afova x'Ox éva appovikd Kupa. To onpeio O tng Béong X =0 ekteAei
ApUOVIKA TaAQVTIwon Tou Teplypdgetal amd v y = Anuont . 2to mapakdtw ddypappa
@aivetal n ypa@ikn mapdotacn tng 9Aaong ¢ Twv UAIKwV onpeiwy mou Bpiokovtal otn
OlelBuvon 01adoong Tou appovikoU KUPATOG, O€ cuvaptnon He tnv améotacn X amod to
onpeio O, o€ pla 6edopEVN XPOVIKA oTLypn t; .

¢ (rad)

10T

10  x(m)

a) Na umoAoyicete To PAKOG KUPATOG Kat va Bpeite tn @dAcn tTng mNYAG TN XPOVIKN OTLYHN
t,.

B) Na umoAoyioste Tplv amd mOco XpOvo ApXIoE va TAAAVIWVETAl n mnyn, onAadn t
Xpoviki ottypn t;, av yvwpilete L n ouxvdtnta taAdvtwong tng mnyng, ivat f =10Hz.

Y) Tnv mapamdvw xpovikn otypn t;

1) Na Bpeite tnv amopdkpuvon Tou onpeiou tng 6éong X =0 (Tnyn).

2) Na Bpeite Tov aplbpo twv MANPwWY ATAWY APHOVIKWY TAAAVIWOEWY TOU EXEL
KAvEL N TNyn.

3) Na oxeOIA0ETE TO OTIYHIOTUTIO TOU KUHATOG.

Aivetat 6Tt To mAdTog TaAdvtwong tng mNyng eivat A =0,1Im

d) Tn xpovikn otypn t; va Bpeite Tnv taxdtnta He TNV omoia TAAAVIWVETAL €vd UAIKO

onueio, To omoio Bpioketal otn Béon X =5M kat va amodeifete 0TI auto 1o UAIKO onpeio
Bpioketal og avtiBetn pdon pe TNV mNyn.

Auon

t X
a) H @don divetat amd tov tUTO (p=2n(?—x) TOU HTOpPEl va ypagel Kal wg

2n

QZ_(x

2t , , , , . . ,
)X+?. H ox€on auth, yld CUYKEKPLUEVN XPOVIKNA OTLYHR, Taplotd pia subsia.

2n 10
Ané tnv KAion oto diaypappa, Bpiokoupe Tn = 1—: OUVETIWG A =2m.
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H mnyn Bpioketal otn 6éon X=0’ EXEL TN PEYAAUTEPN @Aon amd OAA Ta onpeia Tou

pEOOU Kal oUp@wva Pe To dldypappa n @don tng eivat ¢ =10mrad .

B)

1% tpdmog

. , , m , ,
H taxdtnta tou kopatog sivat L =Af =2m-10Hz = v=20—. Onwg aivetat and to
S

Oldypappa to KUpa €xet 0ladobei og amdéotacn X =10M, cuvenwg

X .,
t=—, amé omou t, =0,5s
v

[o]

2°° 1pomOC

H mnyn taAavtwvetal yla t060 xpoviko Sldotnua t, 600 xpeldletal yla va amoKTHOEL

oUp@wva pe to olaypappa ¢@don 107 rad . ‘Etol pe avtikatdotacn otov TtUTo TG @pAcng
x=10m, @, =10n rad maipvoupe:

t X t 0
o=y = 1022 - 2y~ t =0,5s
o=2n(3=3) Mo om0

[o]

3% tpdmog

H mnyn taAavtwveral yia 1éc0 Xpoviko dldctnua t; 6co xpeldletal yia va dtadobei to
KUpa og améotaon X, =10m. Emiong yvwpifoupe 6Tt To onpeio tng B€ong mou ekiva va
TaAavtwvetal £xel @acn pndev. ‘Etol pe aviikatdotaon otov TUTo TNG paocng X, =10m,

¢, =0 maipvoupe

L_lOm

t X
=2n(—=——-)=0=2 —)=1t =0,5s
¢ Tc(T x) n(O,ls m) .

Y)

1) H e§iowon taAdviwong tg mnyng eivat y=Anuwt. Tn xpovikn otypnt, =0,5s n
e€lowon Oivel

y =Anu(20m-0,5) = y=Anu(lon) =0 = y=Anu(5-2n+0) = y =0, ouvenwg n mnyn
TN XPOVIKA otypn t, mepva amd tn B£on 1ooppoTiag KIvoUpevn Katd tn BTk ¢opd,

onAadn tn gopd mou €ixe Kat tn xpovikn otyun t=0.
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:O’SSZS.APG N TNYA TN XPOVIKA oTlypn t éxel kavel 5 mARpelg

2) loxuel N:l
T 01s

TAAAVTWOELG.

3) Na va oxedlacoupE TO CTIYHIOTUTIO TOU KUMATOG, TNV XPOVIKNA oTtyun t,, ypagpoupe

. . t X . .
v €€iowon Tou appovikoU KUWatog, y=Anu2n(?—X), n omoia PE avTIKATAGTAON
X
yivetat: y=0,1-nu2n(10t _E) (SI)

e A@OU GCUVOAIKA n mNyn €xel KAvel 5 MANPES TAAAVIWOELS TO KUpA Ba €xel
oladobsi os amootaon X =5A.

e Ta x=0, Bpiokoupe OTL N TNYA TN XPOVIKA OTLyPA auth, mepva amd tn 6éon
looppoTiag pe BTk Taxutnta, (y =0).

A
e TwX= 2 Bpiokoupe Y = Anu(l0n— g) =—A

JUVETWCE TO oTIyHLoTuTo Ba sivat:

J/\ AWAWAWAWS

0) H e€iowon tou appovikou KUPAtog givat y = 0,1-np2n(10t—5) (SI) . ApoU kaBs UAKO
onueio ekteAel amAn appoviki taAdvtwon, n eiocwon taxutnTtag cUVAPTAOEL TOU XPOVOU

, t x , , ,
Ba civat: v= wAcuvZn(?—x), n omoia Ye avtikatdotaon yiverat:
L = 271-cvv(207t — x)(SI) .
Me avtikatdotaon X =5m, t, =0,5s mpokumtel
m
v =271-6vv(10n—57)(SI) = v=20n-cuvv(5n) => v=-21t —
S

To onpeio auto Bpioketal os avtiBetn @don pe v mNyn. Auto amodslkvUETAl KAl amd To

OTL N améoTacn Tou X Aamo TNV TNyN £ival TNG HOPYNHG X = K)\,-i-E.
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MpdBAnua 4.

AUo appovikd KUpata idlou mAdtoug (A =2cm) kat idag ouxvotntag (f =10Hz)
oladidovtal pe taxutnta U:ZO% oe eAaotikn xopdn X'OX, pe avtiBetn @opd. Katd
pAKOg TNG Xopdng amokabiotatal otdcipo KUpa Kat oto onpeio O, tng Béong x =0,
dnpoupyeitat kolAia. To onpeio O tn xpovikn ottypn t=0 éxel amopdkpuvon y=0 kat

taxutnta v >0.

a) Na ypayete 11g €€lowoelg Twv OU0 KUPATwY Kal va Bpeite tnv £€icwon tou otdctiyou
KUHATOG TTOU TIPOKUTITEL AT TN GUHBOAN TwV GUO AUTWY KUPATWV.

B) Na TpoodlopiceTe TIG BECEIC TwY OEOHWY KAl TIG BECELG TWV KOWALWY Kal va Bpeite tnv
amootaon PETagu evog deopoU Kal TNG YEITOVIKAG TOU KOLAaG.

Y) Na Bpeite tnv amoéotaon HeETaly twv OUO TMANCLECTEPWY ONHEiwy Tou Bpiokovtal
EKATEPWOEY €vOC GeopoU Kal TaAavtwvovtal Pe TAATog (00 PeE TO PIeO Tou TMAATOUG TNG
KolAiag.

0) Na oxeOldoETE TO OTLYHIOTUTIO TOU OTAGIHOU KUHPATOG Tou €xel dnpoupynBeil katd
T T
t

t,=— 2
HAKOG TNG XOPONG, TIG XPOVIKEG OTIYHEG 4 kat 2

Auon

. , L . , . ,
a) Amo tn oxéon o:kf:ﬂu:F, HE avTiKkatdaotaon BpioKoupe TO HPAKOG KUHATOG

x_20m/s

= =A=2m.
10Hz

Ta 0Uo KUpata mepLypagovtal amo Tig £ELGWOELG:

To dtadiddpevo mpog tn BeTikA Kateubuvon tou afova x Ox,
t X X
y, =Anu2n(—=-=) =Yy, =0,02nu2r@0t —=) (S.l.)
T A 2
To d1adiddpevo PO TNV ApvNTIKA Kateubuvon tou afova x Ox,

Y, = Aann(% + %) =y, =0,02nu2r(10t + g) (S.1.)

2XO0A10: To x Tmaipvel BETIKEC KAl APVNTIKEG TIHEG.

Ma va Bpoupe v e€icwon TOU OTAGIMOU KUPATOG £QAPHOlOUpE TNV apxn TNg
eMAAANAIGG TWV KUPATWV:
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t X t X
y=y,+y,= VZAHHZW(?—X)JrAT]HZﬂ(?‘Fx)

271X 2mt
amd Omou MPOKUTITEL: Y = ZAGUV(%)T]M(?TC)

AvtikaBiotwvtag ta 6edopéva TG Aoknong BpioKoupE:

y =0,04-cuv(nx)-nu20t (SI)

B) Aeopoi Ba sival ta onueia ya ta omoia to mMAdtog TaAdaviwong Oa ival ico pe pndv

] 21X , , ,
Kat LOXUEL | GDVT |=0. Me Auon g e€lowong TTIPOKUTITEL

X, =£(2k +1)% :i(%+k—;), OTIOU TO + UTIAPXEL £MELON TO OTACIHO KUpA Onploupyeital
Kdl 6ToV apvntiko nuagova.

KolAieg Ba sival ta onpeia yla ta omoia o MAATOG TAAAVTWONG £ival PEYLIOTO Kal LoXUEL
|GUV2%X|=1. Me Auon tng e€icwong mpoKUTITEL X :ik—ZX, OTIoU TO + UTIApXEL EMELON

T0 oTdoIHo KUpa OnUIoUpYEiTal Kal 6Tov apvnTiko nuuagova.

H amootaon d petal evog Oeopol Kat puag Kowiag esivat ion pe Z’ oot
A

d={x, =Xg |=—
4

To pnkog KUpatog A €xel umoloylotel amd tn oxéon v=Af kat eivat A=2m. Apa
d =X, —X,[=0,5m

. . . , . . 21X
y) Ta onpeia autda 6a maAlovtat pe mAAtog A, dpa Oa oxuet: 2A|cov%|zA,

onAaon:

2nx , 1
| ooy —|==

A2

amo OTMoU TIPOKUTITOUV Ol TPLYWVOHETPLKEG EEICWOELG:

2nx 1 21X 1
GLV—— == KAl GLV—— =——
A A 2
, , 27X T
H 1" e€lowon divel S = anig

2
H 2" e€icwon Sivel %X =(2k +1)nig

Ot dUo oslpég AUcEWY gvotolouvtal oTny
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A
(kr£—)
ZixzkniE:X: 3

R . .Y
» 3 2 276

Oa OouAéwoupe oto BeTikOd nuaova. Mpo@avwg OtL oxUouv otov dafova autov
avtiotoixa 6a 16XUouv Kal 6ToV apvnTIKO.

H 6£on tou mo Kovtivou onpeiou oto onpeio O mou TaAaviwvetatl pe mAdtog A, 8a Bpebei
av Béooupe otnv mapamavw e§iowon, k=0, omdte mpokUTTEL X, :E. To onueio auto

givat 0e€1d tou onpeiou O, (BAETe oxnpa) Kat Ba €ival To KOVTIVOTEPO OTOV TPWTO OECHO.

. , k 1 , . 40
Av otnv mapamavw Ee€iowon x:(zig)k Béooupe k=1, mpokumtouv xr:? Kal
o
B 6 *

Ta dUo mMAnclécTepa onpeia otov MPpwTto Osopd €ival ta onpeia A kat B pe amootdoelg

, Lo~ A 2\
amo tnv apxn O (oG PE X, :E Kal Xg =€.

Tuvenmwg n Intolpevn amoctaocn Oa eiva: d=X,-X,=—-—=0d=—, dpa

d:

Al
—==m
6 3

2x0A0: ‘Ot toxUel yia ta duo (TMAnoléotepa) onpeia A kat B mou sival ekatépwOev tou
TPWToU deopoU, yia AOYoug cUPpETpiag Ba toxUel Kal yia OAa Ta aAAa onpeia Kat otoug
aAAoug deopoug.

0) To otdowo KUpa eKteiveTal Kal mpog tig dUo KateuBbuvoelg, pe apxni to onueio O.

. , , . T .
Oftovtag otnv £€icwon Tou otdctpou Kupatog t = 2 TTPOKUTITEL:

107



2mt

y= ZAGUV(Z%X) . nu(?) =>y= 2Acmv(2%x) -m,t(g) =y =2Acuv(nX) =

y =0,02cvv(nx)(SI)

, , , T _ ., , ,
Nna x=0=y=2A, dnAadn to onpeio O tn ottyun t= Z Bploketal otn pEYLOTN OETIKNA

amopdkpuvon.
, , T , , ,
Tn xpovikn ottypn t = E n €€lowon Tou oTACIHoU OIVEL

2mt

y= ZAGUV(Z%X) -np(?) =>y= ZAGUV(Z%X) MUT =Y = ZAGUV(Z%X) -0=>y=0

Tn xpovikn otypn t= 3 10 onpeio O, mepvd amd tn B£on 1ooppoTIiag Pe apvnTIKN Qopd,

onAadn mpog ta Katw. Mpogavwg 0Aa ta onpeia Tou EAACTIKOU JEGOU TN XPOVLIKA GTLYHNA
autn, 6a mepvouv amd tn B£on oppomiag toug. MNvwpiloupe emiong, 0TI OAA Ta onpeia
HETAll OUO OladoxiKwy Oeopwy €xouv tnv 0la @don, dpa mepvouv amd tn B€on
loopportiag toug pe idla opd. Evw ta onpeia ekatépwbev evag deopou, £xouv dlagopd
@AoNG T KAl CUVETWG TEpVOUV amod tn B€on 1ooppoTriag pe avTtiBeTeg KateubUVOELG.

JUVETWCE T oTLydlotuTa Oa sivat:

y(m)

x(m)
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MpdBAnua 5.

Aktiva povoxpwpatikol @wtdg cuxvétntag f=5-10"Hz diépxetal and duo dagpavi
mAakida A kat B, idlou maxoug d=3cm, ta omoia €xouv Ocikteg O1ABAaong N, =2 Kat

ny =3,
A) Av n Jovoxpwpatikh GE0HN YWTOG, TTPOOTIECEL KABETA Kal ota dUo MAaKidia
a) va Bpeite toug xpovoug BLEAEUONG TNG PWTELVAG akTivag amod ta Uo mAakiola.
B) va Bpeite Tov aplBud Pnkwv Kupatog mou dnploupyouvtal o€ Kabe mAakidio.
B) TomoBetoupe 10 MAGKiOl0 B, mavw oto mAakidlo A. H mapamdvw HOVOXPwHATIKA
, , , , T , ,
O£0UN PWTOG, TPOOTITTEL PE Ywvia 0 = E oTnyv £MPAavelda tou mAakidiou B.
a) Na Bpeite av n aktiva 6a l0éAB<l oto MAAKiO0 A 1) Ba umooTel OAIK avakAdon Kal
Ba ouvexioel TNV Mopeia g oto mMAakiolo B.

B) va Bpeite TO CUVOALKO XpOVO HEXPL TO YW va £EEABEL TTAAL oToVv aépa.

B3
2

, , , , m
Aivovtal n TaxyTnTa Tou PuTtog oto Kevo, € =3-10° P \/1_3 =3,6 Kat nug =

Auon
A)

a) MNa toug Otikteg OLaOAaong twv dUo MAaKISiwy avtiotoxa 1oxUouyv:

MAakidlo A: n, =— amo OTmoU N TAXUTNTA TOU PWTOG 0TOo TMAAKIOLo A ivat:

UA
8
v, =8 30M g gpm
N 2 s S

MAakidlo B: n; =— amo Omou n taxutnta Tou pwtog oto TMAakiolo B eivat:
Lg

8
Vg :£:3 10 m_ 3.108m

ng 3 S s

Ot avtiotowxol xpdvol diEAsuong Ba sivat:

t, =9 210 ka ty _ 9 _ 30,

Va Lg
To pw¢ Ba dlamepdcel ypnyopotepa To MAAKiolo B.
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d
B) O apBudg punkwv Kupatog Ba divetat amd tn oxéon N = 5 (1)

Ma va umoAoyicoupe ta PAKN KUPAtog A o€ KABe MAAKiO0 Ba XPnGCIUOTTOICOUE TN
oxéon: v=Af, omorte:

v, 15-10°m/s

Ay=—A=2" 2 ) =3.10"m
ATF TTe10%Hz A
8
g =ﬁ:Lm/S:>;bB:ﬁ.1o-ﬁm
f  J3.5:10"Hz 5

Me avtikatdotaon otn oxéon (1) MPOKUTTEL:

N, = % =10° prAkn KUpAToc.

A

Ng = ki =543-10" prikn KUpatoc.

B

B)

a) H @pwtelv aktiva KateubUuvetal amd OMTIKA apalOTEPO TPOG OTTIKA TTUKVOTEPO HECO,
apa dev uTapxouv TPOUTOBECELG Yia va UTOoTEl OALKA avakAaon. H aktiva 6a mepdosl
oTo MAAKiOl0 A mAnoladovtag TNV KABETO 0T SLaXWPLOTIKA EMIPAVELd.

B)Me e@appoyn Tou vopou Ttou Snell ywa tnv mpwtn O1dOAacn, otn OlLAXWPLOTIKNA
em@avela agpa kat mAakidiou B, exoupe: 1-mub =ng-nubd, .

An6 €dw Bpiokoupe 6Tt Nub, = > = nug , ouvenwg 0, = g, O10TL n ywvia eivat o€gia.

210 opBoywvio Tpiywvo AZK €xoupe:

, 2d 2d C 2d
cuvl, :L, apa (AK)=—==vt; > —F==—-=1t;=—
(AK) 3 3 ngt, c
Me e@appoyn tou voépou tou Snell yia tnv Ogltepn OldOAacn, otn OLAXWPLOTIKA
EMPAVELA TWV OUO TAAKISIWY, EXOUE: nko, = n—A,
nud, ng

. n
amo omou nuo, :n—Bnuﬁb .

A
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M 7 r . e _ 3 ’ 7 r 29 + 26 _1
€ avukataotaon MPOKUTTEL: MUY, _T’ OUVETIWG dTOo TN OX&on My U, +cuvv Y, =

V13

TPOKUTTEL GLVO, = —.

d

cuvo,

ATio To tpiywvo KM £xoupe cuvo, = , amo omou (KII) =

, c 8d
Opwg (KIT) =v,t,, apa (KIT) =—1t, =>t, =——.
(KT =v,t,, dpa (KT ==t =1, =

JUVETIWG

8d +2—d =t=4,22-10"s

13 ¢

t=t, +t,

MNAakidio B

NAakidio A
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MpoBAnua 6.

Je opoyevn €AAcTIKn xopdn pRKoug L =22 5cm mou to €va dkpo tng sivat akAdvnta
otepewpEvo, Onploupyoulvtal otdolya Kupata. ‘Eva amd ta appovikd Kupata Tou

X
onploupynoav To oTAcIo KUPa TepLypagetal amo v eficwon Y = 4nu(8nt-%) (t oe

s, Y Kat X oe cm). To €AelBepo akpo tng xopdng Bpioketal otn Béon X =0 kat
yvwpiloupe 0Tl o€ auto dnploupyeital KotAia.

a) Na ypa@ouv ol £EI6WOoELG TOU AVAKAWHEVOU Kal TOU GTAGIHOU KUMATOG.

B) Na BpeBouv o aplBpog twv GeoHwWY Kal 0 aplBpog twv KolAlwy, Tou dnloupyouvtat
Katd pRKog tng Xopong.

, . , . , T 3T
Y) Na yivouv ta otiygidtunma tou KUPATOG TIG XPOVIKEG OTLYHEG tl:Z kat t, =

oTo (010 Olaypappa.

0) Na BpeboUv ol Bécelg twv onpeiwv NG XopdNg mMou €xouv MEyloTn Taxutnta
HETPOU (00U PE TO HIOO TNG PEYLOTNG TaxUTNTAG plag KotAiag.
Auon

, , , X ,
a) H dobeica s€iowon ypapetat: y=4nu2n(4t-ﬁ) (t og s, y kat X oe cm), dpa

, , , , X
£€lowon Tou avakAWPEVOU KUPATOG swaly=4np2n(4t+5) (t oe s, y kKat X o€ cm)

. . . . , 21X
2tn YevIKn mepimtwon n e€iowon Tou otdotyou sivat: Y = 2A-cov%-nu2nﬁ
Apa, n {ntoUpevn e€iowon tou otdotpou Ba ivat:
21X X
y:2-4-covﬁ-nu2n4t :>y:8-cov?-nu8ﬂ:t (t o€ s, y kat X o€ cm)

JUyKpivovtag tnv teAeutaia e€iowon Pe TN YEVIKA €EI0WON TOU OTAGIHOU KUPATOG

2mX X
EXOUE: %:%, apa A =10cm

kat 8nt = 2nf , apa f =4Hz . Juvenwg n taxvtnta diadoong Oa sivat:

v=Af=40cm/s
B) H amootaon kdbe deopou amo tn Béon x=0, dmou dnuloupyeital KolAia Ba sivat:
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A

X =—+4—". Av B¢éooupe omou X =L =22 5cmkat A =10cm Bpiokoupe k=4, cUVETWG

4

ot dsopol Ba eivat cuvoAlka 5, cupmeplAauBavopsvou Kat tou OsopoU OTO akAGVNTO

akpo. Téoeg Ba gival kat ot KolAieg, dnAadn 5.

, . . . X
Y) H €€iowon tou otaciyou Kupatog givat: y:8-cuv%-nu8nt (t oge s, y Kat X o€

cm)

T X
Mat= 7 yivetat: y= 861)\/% (cm).

3T X , , , ,
Ma t=— vyiveta: y= —8GUV?(Cm) . Omote ta otypotuna Ba sival ta Tapakdatw:

y
¥pov. aniyun t=T/4

“eesemegeneaaan

ARRN

¥pov. oTIyuN t=3T/4 —_a

0) Kdbe uAIkO onpegio TNG X0pdNg KTEAEL amAn appovIKn TaAdvtwon. H péylotn taxutnta

TAAAVTIWONG TWV KOWMWY EVAL L o =OA L = Vo

=w2A . Epeig paxvoupe TIg

BEoEIg TwV onpeiwv TG XOpdNG TTOU €XOUV HEYLIOTN TAXUTNTA TAAQVTIWONG L, = OA,

onAadn éxouv mMAdtog taAdviwong A'=A =4cm. To mAdtog¢ TaAdvTwong Twy CnHEiwY

. , . . : X

TOU OTAGCIHOU TEPLYPAPETal amo tn oxéon A'= 8-csuv? (cm).

. , X X 1 nx 1 X 1

Apa exoupe 4=|8-cov—|=>ocLV—=1t— = GCLV—=— KAl CLV—=——,
5 5 2 5 2 5 2

H AUon tng 1™ e€iowong divet:

X 7
%szni%: x=10ki§ (cm) pe 0<x<22,5cm O<x<%cm
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MNna k:0:>x=§cm

MNa k=1:>x:§cm Kat x:§cm
3 3

MNa k=2:>x:%cm Kat x:s—;cm

H AUon tng 2™ e€iowong divel:

n—;:aniz—;:xﬂOki%(cm) pe 0<x<22,5cm i 0<x<i3’5cm

MNa k=0:>X:%cm
Mna kzl:x:4—3?cm Kat x:%cm

70 , 50
Ma k=2=x= gcm (amopplmteTal) Kat X = ?Cm

Ot {nToUpeveg BEoELG gival GUVOAIKA 9.

Huepounvia tpomonoinong: 07/02/2014
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