NArKYMNPIEZ EZEETAZEIZ 2018-2019
KE®AAAIO 3 AYZEIZ

1. To emmouevo didypaupa deixvel Ta CwaATidla evog PJEOOU TIPIV TN OIEAEUON OTTO QUTO
(Zxnua 1) kai katd 1n diEAeuon atrd autd (ZXAMA 2), EVOG TPEXOVTOG NXNTIKOU KUPATOG.

0000000000000V O0OOVOO0OO0OO0OO
1 IxAua 1 21

AtevBuvon Stadoong Tou KUPHATOC
—>

— OO0V OO~ O—O—-O—O—O—O—O—O—O>
1 2345678510711 12 13 14 1S5 16: ‘17 418 19 20 21

ZxAua 2

+0x

lNa 10 oTIYMIGTUTTO TOU 2XAUATOG 2:

(a) i. va ypaweTe TTPOG TTOI0 KATEUBUVOT KIVOUVTAI TA CWUATIOIO 5, 6 Kal 7 Tou Yéoou

(Movada 1)
ii. va OIKaIOAOYAOETE TNV ATTAVTNOT 0AG.
(Movada 1)
i. MNpog Tnv kateuBuvon +Ox. 1 pov.
ii. Ta cwuatidia 5, 6 kal 7 e€ival onueia TTUKVWPATOG Kal  Gpa 1
aTTopakpuUvovTal atrd TNV Tnyn. Hov.

(B) i. va ypdweTe TTPOG TTOI0 KATEUBUVON KIVvOUvTal Ta cwuaTtidlia 15, 16 kai 17 Tou yéoou

(Movada 1)
ii. va IKalIoOAOYAOETE TNV ATTAVTNOT 0AG.
(Movada 1)
i. Mpog tnv kateuBuvon — Ox. (TTpog TNV TTNYR) (1 pov.) (1 pov.)
ii. Ta owpartidia 15, 16 ka1 17 cival onueia apaiwpaTtog. (1 pov.) (1 pov.)

(y) Na ypdwyete yia 11010 owpaTidlo Tou Péoou n aAyeBpIKn TIUR TNG wkUTATOG €ival
eAaxioTn.

(Movada 1)



To owpatidlo 16 (kévipo apalwpPaTog) (autd OIATTIOTWVETAI ATTO TN

oUyKpIoN TWV BE0EWV TWV CWHATIBIWY OTa ZxAuata 1 kai 2). (1 pov.)

2. Tn Xpovikny oTiyurp t = 0 TO EAEUBEPO AKPO MIOG TEVTWHEVNG XOPONG apXilel va eKTEAEI
atrAf} apuovikry TaAdviwaon atmmd 1n Béon 100ppoTriag he BeTIKA wkuTnTa. H dieuBuvon
01GdooNnG Tou €YKAPOIOU KUPATOG TTOU OnuIoupyeEiTal TauTiCeTal ge Tn dleubuvon Tou
agova Ox. ZTO TTI0 KATW OXNMA QAiVETAI TO OTIYMIOTUTTO TOU KUMOTOG TN XPOVIKA OTIYUA
t; = 0,8s. H TTnyn Tou KUpaTtog Bpioketal otn 6éon x = 0.
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(a) Na xpnoiuotroifoeTe 10 dIdypapPa yia va TTPOCBIOPICETE:
i. TO MAKOG KUPaATOG A
(Movada 1)
44=8,0m = 41=2,0m 1 pov.
ii. TNV TaxuTnTa d1ddoong Tou KUUATOG v
(Movada 1)
p_Ax_8m _,om
At 0,8 s 1 pov.
iii. TN ouxvoeTNTa TAAAVTWONG TNG TTNYNG TOU KUPATOG f.
(Movada 1)
10m;
L
“Af=>f="=—4S _5Hz .
v - A 2m 1 pov




(B) Na ypdayerte Tnv €gicwon Tou KUPATOG.

(Movabdeg 2)

T :%:0,23 [1 pov.]

2 pov.
y(x,t) =Y, 1‘|M|:27Z'(%—§j:| Z(O, 4m)nu{2ﬂ[L—iH [1 pov.]

0,2s 2m

(y) Av n ouxvdétnTa Kai TO TTAATOG TOU KUUATOG TTOU TTapAyel N TNy utrodIrAaciacTouy,
va oXEOIAOCETE TO OTIYUIOTUTTO TOU KUPATOG TN XPOVIKA OTIYMA t; = 0,8 s.

(Movadeg 5)
f'= i =2,5Hz
2
10m
v=orabgpo [1pov.], v=Af"=A'= Y- —A =4m [1 pov.],
f' 2,5Hz
2WOTOG OXEOIAOUOG TOU VEOU OTIYUIOTUTTOU.  [3 pov.] ([1 pov.] yia opB6
TAGTOG, [1 pov.] yia 0pB6 PrKog KUpaTtog, [1 pov.] yia opBry popen).
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3. Auo nxnTikég TTNYEG M1 kan M2 Bpiokovtal oTtov aépa o€ améoTacn 80 cm PETALU TOUG,
OTTWG PAIVETAI OTO TTIO KATW OXAHA.

dlcm

H ouxvotnta taAdviwong Twv dUo Tnywv utropei va PetaBdaAAetal. O duo TTnyég
TaAQvTWVOVTAl TTAVTA 0€ QACN Kal €Xouv Ta idla TTAATN TaAavTwong. ‘Eva pikpdewvo M
Bpioketal o amdéotaon 100 cm atd TNV M1, KaTd pAKoG TNG K&GBeTnG oTtnv M1 M2, Kai
TTAPAUEVEI aKivNTO.

KaBwg n ouxvotnta Twv nNXNTIKWV KUPATwV Twv duo tnywv M1 kai M2 augaveral
oTadIakd, TO MIKPOQWVO M avixveuel EYIOTA Kal EAAXIOTA TNG EVTAONG TOU XOU.

(a) Na ypdawete 16T TO HIKPOPWVO AVIXVEUEI EAGXIOTA TNG £VTAONG TOU AXOU.

(Movada 1)
Av n ouxvotnta €xer TéTola TIMR woTe n diagopd dpdéuou Ad TOU
MIKpO@WVOoU aT1rd TIG dUO TTNYEG Va €ival TTEPITTO TTOAAATTAGCIO TOU JICOU
MAKOUG KUPOTOG TOTE OUMPAiVEl KATAOTPOPIKA CUMBOAN Kal avixveUeTal
eNAxIOTO.
{dz —d, =(2v +1)&} , v=0,12,..
2 1 pov.

n

Av n ouxvotnTa £xel TETOIA TIMN WOTE Ta OUO KUpaTa va pOAavouv OTo
OnueEio TTou BPIOKETAI TO PIKPOPWVO HE dIAPOoPA PACNG ion PE TTEPITTO
TTOAATTAGCIO TOU 7.

[A(p=(2v+1)7z] , v=0,12,..




(B) H Taxutnta TOU rfiYOU OTOV Qépa cival 340?. Na 1TpoodIopiceTe TOV APIOUO Twv

eAaxioTwy, TTOU Ba avixveuBouv atrod 1o PIKPOPWVO M, KaBWGS N cuxvoTNTA TOU AXOU TwV

TTNYwv augaveral otadiokd atod 1,0 kHz o€ 4,0 kHz.

(Movadeg 4)
x, =100cm,
Ad = X, — X, = %2 +(TLIT, ) — X, = \/(1000m)2 +(80cm)” —100cm
=28cm
[1 pov.]
340™
H TrooéTtnTa S —607Hz [1 pov.] 4 pov.

2(d,—d,) 2x0,28m

Agou f =(2v+1) ouveTTayeTal OTI

v
2(d2 - dl)
1000Hz < (2v +1)(607Hz) < 4000Hz [1 pov.]

ATTO 0w TTPOKUTITEI OTI v =1Kal v=2. [1 pov.]
Apa Ba TapaTnpnBoulv 2 eAGXIoTA.

. H évtaon Tou fAxou, tTou TTapdyetal amd Eva o@upi 6tav autd OTTAEl TOIMEVTO, I00UTAl JE

w , , , . , ,
2,0— 0O€ am60TAON 2,0 m ATIO TO ONHEID TNG TTPGTKPOUCNS TOU GQUPIOU TTIavVW OTO

TOIMEVTO.

(a) Na utroAloyioete Tnv €vraon Tou fxou o€ amootacn 50,0 m amd TO onueio

TTPOOKPOUCNG TOU GQUPIOU OTO TOIUEVTO.

(Movabdeg 3)
I 2
|212::12)) = :122 = |2(I’2): |l(l’1)x 122 [1 pov.]
= |2(r2):( 0 %g)x(és )2 [1 pov.] 2 vov.

(B) Na utroAoyioete 10 eTTiTredo évraong (db) Tou ixou oTnv améoTaon Twv 50,0 m.

’ s ’ s ’ — w
Aivetar 6T TO KATWPAIO akouoTdTNTAG gival [, = 1,0 X 10712 —.
m



(Movadeg 2)

ﬂleIog(I

= =10log

lo

jdb [1 pov.]

3,2x10° V%nz
1,0x10™2 V%nz

db=10log(3,2x10°)db =95db[1 pov.]

2 yo

5. 210 MO KATW dlaypduuaTa atreikovifovial Ta OTIYMIOTUTTA VOGS TPEXOVTOG QPHOVIKOU
KUMATOG TIG XPOVIKEG OTIVMEG t1 Kal t2 = t1 + T/4. H 1Ty dpxioe va ekTeAEl KaTakdpuen
AAT 1n xpoviki oTiyuit =0 s.
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H trepiodog TaAdvTwong Twv onueiwy Tou UAIKOU péoou givail 0,8 s.

(a) Na utroAoyioeTe Tn XPOVIKN OTIYUA t2.

t2=2T+T/4=9T/4=18s

Movada 1

(B) Na rpoadiopioeTe 1010 onpeio Tou UAIKOU péoou (A, B, I, A, E kal Z) €xel:
i. TN MEYOAUTEPN AAYEBPIKA TIUA TaXUTNTOG OTNV TAAGVTWOT TOU.



To onueio I Movada 1

ii. TN MIKPOTEPN AAYERPIKN TIUR TaXUTNTAG OTNV TAAAVTWOT) TOU.

To onueio A Movdada 1

(y) 210 XpoVIKO didotnua 0 s <t < 3,6 S va UTTOAOYIOETE TN OUVOAIKI] KATaKOPU®N
dlavuduevn atrooTaon ToU onueiou Z.

At=36s DAt=45T MovaBa 1
To onueio TahavT@vetal yia At = 4,5 T- 2T =2,5 T. ovaoa
S =25 (4yo) =10 yo .

M 1
S=060m ovada

6. 270 M0 KATW oxAua atmeikovi¢ovrtal Ta cwuaTtidla A péxpr P evog povodidoTatou péoou,
KATA PAKOG TOU oTToiou dIadideTal éva SIANNKES KUUA, TIG XPOVIKEG OTIVUA t1 = 0 s Kal t2 =
2T. Tn xpovik oTmiyu t1 = 0 s 6Aa Ta ocwpatidla Tou péoou Bpiokovtal OTIC BEOEI

I0COPPOTTIAG TOUG.

A BT AEZHO©I KAMNTZEZOTDMNP
B=0S 6. 90 9 9 ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 09060 (
V2R SV AR IR SEnRTw a)
b=2T R8ie (F1 F (Fi Gi0ESI6 1 ¥ IFl 6B Na
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00QIOPICETE TTOIA CNUEIQ TOU PJOVOBIACTATOU PETOU, TN XPOVIKN OTIyun t2 = 2T:
i. BpiokovTal OTO KEVTPO TTUKVWHOATOG.

Ta onpeia A, | kai P. Movdada 1

i. BpiokovTal OTa GKPO APAIWUATOG.

Ta onpeia I, H kai A, O. Movdada 1

(B) H améoTaon petagu twv cwuamdiwv A kai E givar 0,40 m kal n PEyIOTN PETATOTTION
Tou KGBe cwpuatidiou amd Tn B€on 10oppoTriag eivar 0,05 m. Na oxedidoere o€
BaBuoAoynuévoug Agoveg TO OTIYMIOTUTTIO TOU KUMATOG TN XPOVIKA OTIiyun t2 = 2T.

Op0On ovopacia agdvwy - Movadeg MéTpnong oe agoveg Movdada 1

Op0On Badbpovéunon Twv Agovwyv Movdada 1

Mopoel ™G Ypa@ikig MapdoTaong (MAatog - Mnkog Movésa 1
Kiuarog)
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7. 'Eva padio@wvikég oTaBudg xpnoigoTrolei dUO TTavOoUOIOTUTTOUG TTOPTTOUG A Kal B, 1Tou
atréXouV JETAEU Toug KaTd a = 3 km OTTwg QaiveTal oTo TTIo KATW oXAua.

TO OTO €uBUypaupo TUNRUa AB, BpiokeTal pia TTOAN.

(a) Na avagépeTe 0€ TTO10 KOTNYOPIA KUPATWY QVAKOUV T padIOKUUATA.

(B) Na utroAoyioete TO HAKOG KUPATOG TWV PABIOKUUATWY.

HAekTpopayvnTika Kopara Movdda 1
m
(3.10° ) .
c:,z_f_ﬂbz—cﬁ Movdada 1
(1,5.10° Hz)
A=200m Movada 1

O
TTOUTTOI
AeIToupyo
uv  oav
oUMQWVE
G TNYég
TTOoU
TTapdayou
v KUpaTta
ouxvotnT
ag 1,50
MHz. 2e
QPKETA
MEYAAN
aTTO0TA0
n amo TIg
KEPAIEG
ot ywvia
0 wg
TTPOG TN
MECOKAGOE

(y) Na utroloyioete Tnv Tiu TNG MIKPOTEPNSG UN MNOEVIKNAG ywviag 6 woTe n 1OAN va

AauBavel ioxupd padio@wvikd CHa.

nﬂezvi—wy,u@:l 200m
a

s 16 = 0,067
3000m  H

Movdada 1




0=382° 15 6=0,0667rad Movdda 1

‘EVOC OyWyOG OEXETAT NAEKTPOHPAYVITIKI] OUVAP OTAV OIOpPPEETal

. A , . . . Movada 1
a1rd NAEKTPIKO peUPa Kal BpioKeTal HEOO OE PAyVNTIKO TTEIO.

8. (a) Na ypdayeTe 11010 QAIVOUEVO OVOUALETOI CUMBOAN KUPATWV.
Op06¢g Opiopdg: ZupBoAn gival TO QAIVOUEVO TNG OUVAVTNONG
OU0 N TTEPICCOTEPWV KUMATWY TNG idl1ag @UOoNG.
(B) Na d1aTUTTWOETE TN OUVONKN EVIOYXUTIKNAG CUMBOANG.
Ot1av n d10@opd TWV ATTOCTACEWYV TOU OnuEiou atré TiIg duo
TNY£ES €ival aképalo TTOAAATTAGOIO TOU HAKOUG KUMOTOG TOTE
TO oOnueio egival onueio eVIOXUTIKAG OUMBOANG ME TNV
TTPoUTT60£0n 01 U0 TTNYEG Eival CUNPWVEG TG id10G @AoNG.
(y) Ta dUo peydowva Tou 1Mo KATW OXNUATOS AEITOUPYOUV 0avV CUUQPWVEG TTNYEG TTOU
TTaPAYOoUV TPEXOVTA APUOVIKA NXNTIKA KUUATA.

Movada 1

Movada 1

A

I

Meyaguwvo | AlgbnTApag rixou
M,

FewrTpIa Aloouvdeon

OUXVOTINTWV

N

Mz
Meydouwvo

m——————--@-
>

W

i. Na egnynoete 11 KaTaypd@el o aiobnTipag NXou Kabwg KIVEITal KAaTtd PAKOS TNG

euBeiag:
a/ OK n otroia atroTeAei Tn JECOKABETO TNG €uBEiag TTOU evwovel Ta dUO Peydpwva
M1 kai Ma.
Oa kaTaypdagel TTAVTa PEYIOTA. Movdda 1

Eival n peookdBeTog Kal atmoTeAei TNV  KEVIPIKY UTTEPBOAN

gvioxuang Ay = 0. Movada 1

B/ AB n otroia eival TrTapdAAnAn otnv guBcia TTou evwvel Ta dUO peydpwva M1 kai
Mo.
Oa KaTaypa@Eel AUEOUEIWTEIG TNG EVTAONG TOU XOU. Movada 1
Otav 6!épx£Tg| amrd or!psia TWV unspBo)\’d)v gevioxuong 0Oa Movasa 1
KaTaypa@el JEYIOTEG TINEG TNG EVTAONG TOU RXOU.
Orav diépxeTal amd onueia Twv utrepBoAwyv amrdéoBeong 6a | Movada 1

10



KATAYypPAPEl EAAXIOTEG TIMEG TNG EVTAONG TOU RXOU.

11




ii. To onueio X amméxel amo 1o peydewvo M1 atréotaon 2,50 m kail atmd 10 heyapwvo Mz

armréoTtaon 2,16 m. Av n TaxutnTa Tou nxou gival

343 m/s va uttoAoyioeTe TIG duvATEG

ouxvoTnTeg oTo didoTnua atrd 100 Hz < f < 2600 Hz tTou TTPETTEl va €XEI O TTAPAYOUEVOG

NXOG YIO VO £XOUME EVIOXUTIKI) OUUBOAN oTo onueio X.

v v Movada
d,—d, =vi—>d,—d =vZ > f=
2 U =V 2~ U Vf V(dz_dl) 1
343M Movdéd
F=v( 4 Yo f (S5 oo
2,50m-2,16m 0,34

v=los f 21523 21009 Hz

0,34 Movdda
Vo2 f =238y L2018 1z 1

0,34

9. A. Ta o KATw dlaypAapuaTa atreikoviouv Tn d1EAeuon PadIOKUPATWY KAl HIKPOKUPATWY

oW atro £vav AOQo.

v

Siaypappa 1

e

Siaypappa 2

padlokUhaTa

HIKpOKUHaTO

(a) Me Bdon Ta oxAuara, va TTePIyPAYETE T TTIOPACH £XEl O AOQOG 0Tn dIEAEUCN TWV

PAdIOKUMATWY KOl TWV  MIKPOKUMATWY. Na

TTapATNPEITAI OTA PAdIOKUUATA.

KATOVOUAOETE TO @QAIVOUEVO TTOU
(2 povadeg)

n o&ievBuvon diddoong Toug,

Ortav 1a padiokuuata TTeEPVOUV atmd 70 AOPo PETABAAAETAI
EVW Ta MIKPOKUMOTO

Movadeg 2

12



dlaTnpouyv TNV apxIkr dieubuvon. [1 pov.]

H petaBoAr) Tng dieuBuvong diddoong Twv PAadIOKUUATWY
KAT@ TNV TIPOOTITWON Toug oTo AOQO ovouddetal
TepiBAaon. [1 pov.]

(B) Na egnyAoeTe yiati, 0TN CUYKEKPIYEVN TTEPITITWON, TO QAIVOUEVO AUTO TTAPATNPEITAI
oTa padioKUuaTa Kal gV TTAPATNPEITAI OTA PIKPOKUUATA.

(1 povada)

210 padlokuhoTa  TO  QOIVOMEVO  TnG  TTEPiBAaong
TTOPATNPEITAI, YIATI TO YAKOG KUPATOG €ival ouykpiolgo pe | Movada 1
TO PEyEBOG TOu AdPou.

B. 2¢ éva TrEipapa pETPNONG TNG £vraong Tou \XOU oav ouvapTnon TnG atmmooTacng
aTTo Jia onPEIaKn TTNYR, XPNOIMOTIOINBNKE N MO KATW TTEIPAMATIKA dIaTaén.

SNUELOKA TTNYH ALGGIHTF]POLC
fxou nxou

A

O1 yaBnTég KaTEypawav TNV £VTaOn Tou AXOU o€ BIAPOPES ATTOOTATEIC OTTO TNV TTNYH.
O1 Tiyég, TTou onueiwoav, akoAouBouoav Tn BewpnTik OXEon TNG €vraong KUPATOGC,
wg ouvapTnon g ammoéoTaong aTrod 1s\% mnyA.
2€ amdéoTacn r =0,5m ato TNV TTNYA ol abnTég péTpnoav TIPN Eviaong Tou AXou [ =
12x1070—

(a) Na utroAoyioeTe TNV TIPA TNG £vTaONG TToU PETpnoav o€ atréoTaonr = 2,0m

(1 povada)

2 2
|2=|1(rr—1} :uuo*%{%} ~75x101 W Movéa 1

2

3

13



10.

(B) Na utroAoyioete Tn dlagopd oTo £miTedo TNG éviaong Tou fxou o€ db, oTIig duo
ATTOOTACEIG.

(1 povada)

)

O TlMéTpog ToTToBETNOE dUO NXEia, TO £va atrévavT Aatmo 10 AANo, o€ amooTacn12,0m.
Ta ouvdeoe oTtnv idla yevVATPIO AXOU (OUXVOTATWY), TNV pUBUICE OTNV TIU 85,0Hz
Kal Tnv €0g0€ o€ Asitoupyia. MeTd TTepTrdTnoe Je oTaBEP TAXUTNTA 0,80m/s O€ €uBcia
YPAMMA aTTO TO €va NXEio 0TO AAAO.

(a) Na trpoodiopioeTe atmmd Té0eg BECEIC PEYIOTWYV TNG £€VTAONG TOU AXOU TTEPACE KATA
TN d1adpopr Tou. H TaxuTNTa TOU rfXOU OTOV aépa gival ion ye 340m/s .

(3 povadeg)

j L) 12x10°W/m* ) _
B, — B, =10log [EJ = 10|0g(7,5x10_1l W/m? =12db Movdada 1

O1 6éoeig X Twv peyioTwv (evioxuTiky OUPBOAA) TNng
évraong Tou NXOU, METALU Twv OUO CUPQWVWY NXEiwv
TTou atréxouv atmrdéaTacn L IkavoTtrololv Tn oxéon:
L—2x

VI 0 Movadeg 3

dy—d,=vi=(L-x)—x=L—-2x=>v=
<x<L
O ap1Budc Twv PeyioTwy TNG £€vTaong Tou rfixou IcouTal PE
TO TTARBOC TWV ETTITPETITWYV TIMWV TOU akepaiou/].

14




Lf _ 12,0mx850Hz _
T 340m/s

3

—L/A<v<L/A, Omou s =
A Unyov

[1 pov.]
—-3<v<3=>v=04+142. [1pov.]

Etrouévwg o MNETPoG, TTEPTTATWVTAG ATTO TO £VA NXEIO OTO
AAAo gvToTTiCEl 5 p€yioTa NG £vraong Tou fxou. [1 pov.]

(B) Na utroAoyioeTe Tov XpOvo TToU XPEIAOTNKE O METPOG va TTEPTTATHOEI ATTO £va OnUEio

MEYIOTNG EVTAONG TOU AXOU PEXPI TO ETTOPEVO. (2 povadeg)
L 2 L 2 2l _ A
s =3l = |G- 0+ DF) - (G-vi)| = |-3] =3
[1 pov.]
At = |xv+1 - xvl _ A/Z _ Unyou _ 340 m/s MOVdaEg 2
U vy 2vgf 2x0,80m/s x85,0Hz
=25s
[1 pov.]

11. AUO0 ouppeTpIKoi TTOAPOI dladidovtal 0€ avTiOETEG KATEUBUVOEIG KATA WPNAKOG €VOG
TEVIWHUEVOU OXOIVIOU. 2TO ETTOUEVO OXNMUOA QOTTEIKOVICETAI TO OTIYMIOTUTTIO TN XPOVIKN

otiyun 1, =0,0s.

)
3

v

1
=

[=]
3
w
3
o
3
\l
D
3

i Y

(a) Na avTiypQyeTe TO OXNUA OTO TETPAYWVIOUEVO XAPTi TOU TETPAdIOU Oag, Kal va
oxedlAoeTe (OXNUATIKA) TNV KaTeUBuvon TNG wkUTNTag oTa onueia M,N, = kai I Twv
TTOAMWV. (2 povadeg)

15



| { | ! 1 ! ! | | [ | Movadeg 2
~10m - 30m —50m 7.0m
[1 pov.] € .
I b

1,0 m/4

(B) Na oxedidoete To oTIypIdTUTIO TIG XpOoviKéG oTiyuég b, =10s t, =2,0S ka

t,=25s. (3 povadeg)
~10 m —t—t
_”S} _1 =_1,D_5 _ | |
| - [1 pov.]
XN
Movadeg 3
10m | 3,0m YWOW; !
- ————
1.0 m/$
OB Tezas
[1 pov.]
10m . 30m 5,0M0m |
- ——
~1,0 m/$

16



[Z-I. pO\.I.]

7.0m

L¥F

12. A. AUo TTavopoIOTUTIO OXOIVIA €ival OTEPEWUEVA aTTO TO OEEi TOUG AKPO O€ aKAGVNTO
Toixo. Ta apioTepd akpa Twv oxoiviwv A kal B gival eAeUBepa. AUo avBpwTTOI KPATOUV
Ta oxoIvIA TevTiwuEva atrd Ta A kal B kal apxifouv va 1a KIvouv ThV idIa XPOVIKI OTIYHN
t =0, Tapdayovtag eykdpaoia KUpaTa. To oxnua dgixvel oTiyUIOTUTTAO TwV dU0 KUPATWY
TN UETAYEVEDTEPN XPOVIKA OTIYUN ¢ =t,.
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Me Baon Ta oTiypIOTUTTO TV OUO0 KUPATWY, va €ENYNOETE:

(a) TTo10 aTTO TA BUO OXOIVIG €ival TEVTWPEVO PE JEYAAUTEPN duvaun.
(2 povadeg)

H taxutnta diddoong Tou KUPATOG OTO OXOIVi ME TO AKPO
B, eival pyeyaAutepn yiaTi aTo 010 XPOVIKO dlAoTnUa EXEI
dlavuoel peyaAuTepn atmooTaon amd To KUPYA OTO OXOlIvi
ME TO akpo A.

[1 pov.] | Movadeg 2
Emeidfl ta oxovid €ival TavopoldTuTTa, Kal n taxutnTa
516500N¢ Tou KUPATOS OTO OXOIvi gival avéAoyn TN VF, T0
oxowvi ye 10 akpo B, TeiveTal pe peyaAutepn duvaun. [1
Mov.]

(B) TTo10 aTTO T BUO KUPATA £XEI MEYOAUTEPN CUXVOTNTA. (1 povada)

H ouxvotnTa Tou KUPATOG OTO OXOIVi JE TO AKpo B, eival
MeyaAUTepN yiaTi oTo id10 Xpovikd didoTnua 1o dkpo B éxel | Movdda 1
oAokAnpwoel 5 TaAavTwaoelg (KUKAOUG) evw TO Akpo A OTO
AAAo oXolvi 2 TAAAVTWOEIG.

B. 'Evag pabntig dével Eva pakpu oxolvi o€ €vav ToiXO atrd Tn Wia Gkpn Tou Kal TO
Kpatd opIfOvTIO Kal TEVTWHEVO aTrd TNV €AeUBepn dkpn Tou A. Tn xpovikr otiyu t =0
0 MaBNTAG apxilel va KIVE TO XEPI TOU TTPOG Ta TTAVW Kal BETEl TNV EAeUBepn dkpn A
TOU OXOoIVIOU o€ Katakopu®n AAT pe ouyxvotnta 3,00Hz. H amoéotaon avayeoa oTo
MEYIOTO Kal TO EAAXIOTO UWOG TNG €AeUBepNG dkpNng ival 0,60m. H Taxutnta diddoong

TOU KUMQATOG €ival 30,0cm/s.

(a) Na TpocdiopiceTe TO UAKOG KUPOTOG TOU KUUOTOG. (1 povada)
v 30,0cm/s
:f_: 3,00Hz =10,0cm Movada 1

(B) Na ypaweTe Tnv €¢iocwaon Tou TPEXOVTOG OPUOVIKOU KUPATOG, TTOU TTaPAyETal ATro
TNV akpn A. (2 povadeg)

y(x.t)= yow[zn[;—.—gﬂ
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0,60m

Yo=—> =0,30m [1 pov.] Movadeg 2

t X
= y(xt)= (0,30m)np{2z(0’333s - O,lOOmH [1 pov.]

(y) ‘Eva onueio K Tou oxolviou Bpioketal o€ amméoTacn 21,0cm atd 10 akpo A. Na

ypawete TNV eCiowon TnG AAT TTOU €KTEAEI TO onueio K kal va TTpoodlopiceTe TNV
Katakopuen B€on Tou onueiou K TN XPOVIKA OTIYUA t = 2,8s .

(2 povadeg)

(x=021m,t) = (0,30 m) [2( ‘ 0'210m>]
Y= Selm, = A N 4T 53335~ 0100 m
rad
y(t) = (0,30 m)nu(6ﬂ ¢
— 4,201 rad) [1 pov. ]

Movadeg 2

rad
y(t =2,8s) = (0,30 m)nu (67r - X 2,8s— 4,20 rad)

= y = (0,30 m)nu(12,6mrad)
=0,29m [1 pov. ]

(8) Na ypayete TTwg Ba eixe petapAnBei n atrdvrnon oto epwtnua (B) (n e€iocwon Tou
TPEXOVTOG QPHOVIKOU KUMATOG), €dv 0 YabnTig cixe B€oel To dkpo A 0€ KATaKOPUYN

AAT ME TO id10 TTAATOG aAAG ouxvoTnTa
6,00Hz . (2 povadeg)
t X
'Xt)=y.nM| 27| ——-—
y'(x.t) yonu[ ”(T' iﬂ
Yo=Yor T'=T/2, [1 pov.]
V=o' =A=' =4(f12f)=11/2 Movadeg 2

Apa n egiocwon Tou KUPATog Ba eivat:

:y(x,t):(O,SOm)np{Zﬂ( 2t 2% HH pov.]

0,333s 0,100m

13. A. Zg éva Treipapa Young XpnOILOTIOIEITAI Mid JOVOXPWHATIKA TNy opatol ¢wTtog. O
TTPWTOG KPOOOOG EVIOXUTIKAG OCUMBOANG TTOPATNPEITAI OE ATTOOTACEIG

d1 Kal d2 a1rd TIG OXIOMEG TNG didTagng Young.

(a) Na emAEgeTe pia TBavr TIA TNG S1IAPOPAS TWV ATTOOTACEWV ’dl - dz‘ atro TIG TTIO
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KATW TIYEG.
() 5x107°m, (ii) 5x10°m, (iii) 5x10'm, (iv) 5x10°m. (1 povada)

(i) 5x 107 "m. Movada 1

(B) Na aitioAoyAoeTE TNV ETTIAOYI OOGC. (1 povada)

Ma TTOAU PIKPA PrKn KUPATOG, OTTWG TOU opaTtoU pwTog, N
Slagopd Twv atmooTtdoewy d, kai d, amo TIg oXIoNéG TG

diatagng Young €ival TTOAU MIKPR) KAl OUYKPIOIUN ME TO
MAKOG KUPOTOG.

Movada 1

B. ¢ ¢€éva Teipapga  Young xpnoidotrolouvTal  VOAAGE  TPEISC  OIOQOPETIKES
MOVOXPWHMATIKEG TTNYEG QWTOGC. Ta UAKN KUPATOG KATTOIWV ATTd TIG TINYEG KAl Ol
QTTOOTACEIS METAEU BIAdOXIKWY KPOOOWV EVIOXUTIKNG OCUMPBOAARG KaTtaypa@ovTal OToV
MO KATW TTiVAKA.

MAKoc KGLOTOC T AtréoTaon pETASU
fnvr L g_n_ “, s s S81050XIKWV KPOOOWV
vn vns EVIOXUTIKAG CUMBOANG
(nm) (mm)
A 404,4 0,8088
B 610,4
r 1,100

(a) Na utroAoyioeTe TIG TINEG TTOU QVTIOTOIXOUV OTA KEVA OTOIXEIO TOU TTiVOKA.

(2 povadeg)

x v A D X, ,—X,
—=—>=x,  —Xx =D—=—=1_r
D « a «a A
. -3
D _(X,u=X,)a :0,8088x199m:20001 ’
o R 404,4x10"m Movadeg 2

(X, 1=X,), = (ij J, =2000,x610,4x10°m =1,221mm
a

[1 pov.]
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A = (%)x (X,.,—X,)s =05 x107 x1,200mm =550,0nm

[1 pov.]

(B) H atréoTtaon PeTagu Twv OXICHWY TOU TTEIPAUATOC €ival 0,20mm . Na uttoAoyioeTe

TNV améotaon D Twv oxiogwyv amd 1o TETAONA, TTAvw OTO OTToio oxnuarti¢ovtal ol

KPOOOOi. (1 povada)
b = 2000,= D =2000,x0,20mm =0,40m Movdada 1
(04

(y) Eav dirAaoiacBei n améoTaon Twv OXIOPWY atrd To TTETAOUA, PE TToIoV TPOTTo Ba
METABANBoOUV Ta O KATW pPeyEOBn; Na aImioAoyAoeTe TNV  ATmAvVINOr OaG.
i. oI aTTOOTACEIG ETAEU OIAdOXIKWY KPOOOWYV EVIOXUTIKAG CUMPBOANG Kal ii. 01 YWViIEG,
OTIG OTToiEG aXnMaTi(ovTal oI BIAPOPOI KPOOTOI EVIOXUTIKAG CUUBOAAG.

(2 povadeg)

i. O1 a1To0TACEIG HETAEU DIADOXIKWY KPOOTIWYV EVIOXUTIKAG
oupBoAng Ba dirrAaciacBouyv, yiaTti gival avadAoyeg Tng
aATTO0TAONG TWV OXIOUWY OTTO TO TTETAONA. [1 pov.]

ii. O ywviec oTIC otoie¢ oxnuartiovial ol didgopor | Movadeg 2
KPOOOOi eVIOXUTIKAG UMPBOAAS &ev Ba uetaBAnbouyv, yiari
gival ave€dpTnteg TNG aTdOTOONG TWV OXIOUWY ATTO TO
TTETAOMA.

[1 pov.]

(8) Edv xpnoiyotroiqooupe TNy AeukoU QwTog oTn diataén Young, TTapatnPouUE OTi

oxnuaTieTal €évag AEUKOG KEVTPIKOG KPOOOOG E€VIOXUTIKNG OUMBOANG, Kal  KPOOGOOi

EVIOXUTIKAG GUMPBOANG TTpWTNG TAENG HE OIaPOPETIKA XpwuaTa. Na KaTaTdgeTe TOUG

KPOOOOoUG eVIOXUTIKAG OUMBOAAS TTPWTNG TAENG WE KOKKIVO, TTPACIVO KAl UTTAE Xpwua

Katd auouoa atmméoTacn amd Tov KeEVIPIKO AEUKO kKpoood. Na aiTioAoyrnoete Tnv

QTTAVTNOTN 0OC. (3 povadeg)
A

= D%ﬂa [1pov.]

/Lcom. > /lﬂpad. > ﬂ’yﬂ/lg [1 |JOV.]

Lzpac. < Xl,Kom. [1 [.IOV.]

XV=1, rpoua

Movadeg 3

=X <X

1Lurle
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14.(a) AUo opBoywviol TTaApoi dladidovTal o AvTIBETEG KATEUBUVOEIG KATA MPNKOG €VOG
TEVIWHPEVOU OXOIVIOU. 2TO ETTOMEVO OXNUA QTTEIKOVICETAI TO OTIYMIOTUTTIO Tr XPOVIKN

oTiyuny ty =0.

]
\
1!,‘0 :lIl/S

Na OXedIAOETE OTO TETPAYWVIOPEVO XOPTI TOU TETPADIOU ATTAVIACEWY 0AG TOV OUVOAIKO
TIAAO, TTOU TTPOKUTITEI OTTO TNV UTTEPBEON TWV TTAAPWY, TN XPOVIKA OTIyuA t; =2,0s.

OpB06 amrotéAeoua utrépBeong TTOApWY  [1 pov.] 2
OpB6n B€on Tou ouvoAikou TTaApou oTov dgova Ox [1 pov.] HoV.

1,0m/s
_—
T 1
| 1
| i
1,0 m 340 m 580 m 7,0 m 9,0 m +0x
i
: \
e ZUVOAIKOG TTAAP0G
1,0m/s
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(B) Eva eykdpolo kKUpa Tagidevel KOTA UAKOG MIOG TEVIWMEVNG X0PdNnGs. To TTapakdTw
O1aypappa OEiXVEl TN METATOTTION EVOC TUNUATOC TNG XOPONG TN XPOVIKA OTIyun t.

y (cm)

15

10

AlsuBuv
AlEU

voi

n
1

Aradoochc
AlJO0OONG

o
»

/" N\
A\

/ \ X(cm)
0
\ 50 / \ 100 / 150

? ./ ./
10 >, N
-15

i. Na uttoAoyioeTe TV TAXUTNTA TOU KUPATOG, av n TTepioddg Tou gival 0,2 s.
MpoadlopIoPOSG PAKOUG KUPOTOG
A=0,60 m[1 pov.]
YT1roAoyIiopdg TaxuTnTog 2 pov.
v A 0,60m 3m [ pov.]

= — = = e V.

T 0,2s S H

Na oxedlA0ETE TO OTIYUIOTUTTIO TOU OUVYKEKPIPUEVOU TUAUOTOC TNG XOPONG META aTTd

TTapéAeuon xpovou 0,1 s atrd TN XPOVIKA OTIYUA TOU OTIYUIOTUTIOU TTOU QAivETAl OTO
M0 TTAvw dIAYPAUMA.

Op6n HopPn YPAPIKAG TTapaaTaong

y (cm)

15

-10

-15

1 pov.

23




15. (a) 'Eva ouykpdTnua nxoypo@ei Tov véo Tou OiOKO O€ nXopovwuévn aiBouoa
eyypaens. O nNXOAATITNG @elyel atmd TO BWHATIO, APVOVTAG TNV TTOPTA QVOIKTH, Kal

OTEKETAI OTO OoNuEio X, OTTWG QAIVETAI GTO TTIO KATW OXNUA.

Apef

O nxoAATITNG TTapaTtnpei 0TI o1 fxol ammd TV KIBApa, TTou gival XAunAAg ouxvoTnTag,
akouyovTal TTdpa TTOAU KOAQ, €vw ol fAxol atrd TO @AAOUTO, TTOU E€ival UWNAAG
ouxvoTnTag, akouyovtal eAaxiota. Na e€Enynoere TIg MO TTAVW TTapATNPACEIS TOu

NXOARTITN.

O1 Axol XaunAng ouxvotntag amod Tnv KIBAGpa €xouv HPEYAAO MNKOG
KUPATOG €VW Ol NXOI UYPNANG ouxvoTnTag atrd T0 @AAOUTO £XOUV UIKPO
MAKOG KUuaTog [1 pov.]

O nxoAATITNG Ba akouel KAAUTEPO TOUG MXOUG XAPNANG ouxvotnTag
emeIdr] ol AXol peydAou pAkKoug kKupartog TrepiBAwvtal [1 pov.] 1o
€EUKOAQ O€ AVOIYUA OUYKEKPINEVWY OIAOTACEWY OTTO TOUG AXOUG UIKPOU
MAKOUG KUpaTog [1 pov.].

3 pov.

(B)
Ta

OeA@ivia €XOuv TNV IKAVOTNTA VA EKTTEPTIOUV UTTEPNXOUG, TOUG OTTOIOUG XPNOIUOTTOIOUV
yla va ETTIKOIVWVOUV HETAEU TOUG Kal yia va evToTriCouv Tnv Tpo®n Toug. H évraon Tou

. . . , . . 10 W . .
NXOU TTOU €KTTEPTTEI Eva OEAQivVI €xel Ty 1=9,95 X 10 — 0€ amooTaon 2 km ato

auTtd. Na uttoAoyioceTe TNV £€vTaon TOU NXOU TTOU EKTTEUTTEI TO OEAPivI o€ atréoTaon 8 km
atmd autd. Na Bewpnroete 0TI 6ev UTTAPXEI ATTOPPOPNON Tou HXou KaTd Tn diadoact| Tou
OTO VvEPO Kal OTI Ol TIUEG TNG €viaong akoAouBouv Tn BewpnTikA oxéon NG évraong

KUMOTOG WG OUvApTNON TNG atréoTaong atrd TnV TTNyn.

PO
I 4rr? I ?
22 _| 1L 1 pov.].
LoP, (rj Hvevd
4rr,

2 pov.
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2 2
I W [ 2km W
I=I|-2% =(9,95><1010—)[—] =0,622x107° — [1 pov.].

? 1(2] m?”| 8 km m?

16. X210 Treipapa Tou Young oI dUO OXIOMEG atréxouv peTagu toug 0,100 mm, kal 1O
TETAOUA ATTEXEI ATTO TIG OXIOMES 1,20 m. Npdoivn povoxpwuaTiKA akTIvoBoAia atrd laser
MAKOUG KUpaTog A = 552 nm, TTpoCTTiTITEl KABETA TTAVW OTIG OUO OXIOUEG.

O1 ammavinoeic oac va 60000V pg Tov owoTo apiBud onUAVTIKWY WN@iwy.

(a) Na utroAoyioeTe Tn ywvia oTnv oTT0ia EPPAVICETAI O KPOOOOG EVIOXUTIKING OUUBOARG

TPITNG TAENG (V=3).

AvTIKOBIOTWVTAG OTn OXEON YWVIOG EUPAVIONG KPOOOWV EVIOXUTIKNAG
OUMBOANG — MAKOUG KUPATOG Yia V=3, BPiOKOUWE:

3x 552><10_9m
31
nuod =—=nu

3 =0,0166 [1 pov.]
a 0,100x10 “m

= 0 =10&n1(0,0166) = 0,0166 rad = 0,949° [1 pov.]

2 pov.

(B) Av TTpayUATOTTOINCOUKE TO TTIO TTAVW TrEipapa pe €va laser 1wWdoUG akTivoBoAiag,
TOTE 0O KPOOOOG €EVIOXUTIKNG OUMPBOAAG TTpWTNG TAgNG oxnuartiCetar oe atréotaon 5,10

mm aTTo TO JECO TOU KPOOoOoOoU evioxuong undeviknG TaENG.

i. Na utroAoyioeTe TO PKOG KUPATOG TNG 1L0O0UG aKTIVOBOAIOG.

3
h=a(8%) (0,100><10 mx( oo 4,25x10" m = 425 nm

1 pov.

ii. 'Evag paBntAc 1oxupietal 611 pe TNV idla meipapatik) diataén 0 KPoooog
EVIOXUTIKAG OUPPBOANG TTpwTNG TaENS (v=1) yia Tnv akTivOBoAia TTOU EKTTEUTTEI £va
KOKKIVO laser oxnuatiotnke o€ amooTtaon 4,35 mm amd 10 YECO TOU KPOoOooU
evioxuong PINOEVIKNG TAENG. ZUPPWVEITE 1] DIAQWVEITE PE TOV IOXUPIOUO TOU padnTh;

Na dIKaloAoy\OETE TNV ATTAVTNOT] 0OG.

Ae > A4 = AX > Ax, [1 pov.]

O 1oxupIopog gival AavBaopévog [1 pov.]

2 pov.
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17. 'Evag pabntig dével To €va AKpo evog oxoiviou pnikous 12 m kai padag 0,150 kg o€
akAovnTo onueio B, 6TTwg @aivetal oto oxnua. O pabnTAg TeVTWVEl TO OXOoIvi ammd TNV
€AeUBepn dakpn Tou A, pe opiddvTia duvapn pETpou 5N, kai To Kpatd opifovTio. Tn
XPOVIKI OTIyurp t=0 o pabntng B£Tel TNV Akpn A O€ AtTA} ApUOVIKR TOAAVTWON KATd TNV
KaTtakopuen dieuBuvon Kal TTPOG Ta TTAVW, N OTToia TTEPIYPAPETAI ATTO TNV £&iocwon:
y = 0,800 mu(5xt) (S.1.).

(+)

—

(a) Na deicete OTI N yPAUMIKE TTUKVOTATA TOU OXOIVIOU €ival u = 0,0125%.

= — = =
# L a 12m

(B) Na utroAoyioete Tnv TaxuTnTa d1ddoong Tou KUPATOG.

M 0,150 k k
222 60125 Fg [1 pov.] 1 pov.

F 5N m
v=|—= kg =20— [1 pov.] 1 pov.
M 4]12,5x10° = 3
m
(y) Na utroAoyioeTe TO UKOG KUUATOG.
rad
i@ T
w=2rf=>f=—= = f=2,5Hz [1 pov.]
27 2rrad 2 pov.
20
v=Af = A1= m/s =8m [1 pov.]

(8) Na ypayete TnVv £€icwaon Tou TPEXOVTOG APUOVIKOU KUPATOG TTOU TTAPAYETAl ATTO TNV
Kivnon Tng akpng A.

y(xt)= yom{zﬂ(%_ﬁﬂ [ pov]
=>y(x,t)=(o,800m)nu{2ﬁ( t X H ‘ 2 pov.

0.400s 8,00m
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= y(x,t):(0,800m)nu[(15,7@jt—(0,785@}} [1 pov.]
S m

(¢) Na oxedidoete o€ Babuoloynuévoug AEOVEG TO OTIYUIOTUTTO TOU KUHPATOG TN XPOVIKA
otiyun t, =0,300s.

X =0t, = (20%}(0,3005) —6m [1 pov.]

2WwoTA BaBuovéunon — xdpagn agovwv — Puoikd pey€dn kai Movadeg 3 pov.
HETpnong. [1 pov.]

2WOTOG OXEOIAOPOG OTIYMIOTUTTOU  [1 poVv.].

y-m)
i /\
0 I I I I . i ; i I I I
1 3 4 5 6 —8 9——10—311 125 {(m)
Lig k.
_1’6 41 ara’i

(o1) Z10 OTIYMIOTUTTO TTOU OXEOIACATE OTO TTPONYOUMEVO EPWTNPA VO OXEOIAOETE TO
didvuopua NG TaxuTNTag TaAdvTwong (WKUTNTAG) TOU onueiou TTou BpiokeTal oTn BEon

X =2m.

OpB6G oxedlaoudG Tou dlIavUCUATOG 1 pov.
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