AUoelg kepoahaiov 11
Oéuata A

11.A1

a. Ao tnv e€lowon taldvtwong tou onpeiov M Bpiokoupe OTL Ta SUo kUpata GBAvouv TaUTO-
Xpova oTo onueio M tn xpovikn otypun 2s apa n andotacn MM, eival ion pe

(MIT,) = vt =2m/s-2s = (MII, ) = 4m

B. Ano tnv e€lowon tahdvtwong tou M mpokUTttel 6tL w=10m rad/s.

H ¢don tahdvtwong tou onueiov M eivat
Py = lOn(t - 2) (S.L)

Av to elvat 0 xpovog mou xpetdlovtal tTa KUpata va ¢tacouv oto O, tote n ddon TaAdvtwaong Tou
onueilou O elval

0o =0(t—ty) =10m(t—t,) = tom(t— 42y = 0, =10m(t—0,25) (SI)
L

Apa n Stadopad pdong Twv TAAAVTWOEWVY TwV onpeiwv O kat M eivat
@ — Py =10m(t —0,25) - 107(t - 2) = ¢, — @y, = 20m—2,57(rad) =17,57rad

y. To unkog kupatog eivat

A=2=Lor =2 20im=A=04m

f o 107

Mo ToL onpEla oTa omola €XOUKE EVIOXUTLKI CUMBOAN 0TO €VBUYPOUUO TUAKA QVAMESA OO TLG
800 TNYEG LoUEL OTL

r,—1,=NA
r+1,=d
Om<1 <Im=0m<(0,2N+0,5m<Im=-0,5<0,2N<0,5=-2,5<N<2,5
N=-2,-1,0,1,2

}:2r1:Nx+d:rl=Nk2“i:>r1=(0,2N+0,5)m

Apa £XOUHE 5 onpela eVIOXUTIKAG GUUBOANAC.

6. Ao 0s €wg 2s kavéva Kupa Sev €xel $pBAoEL oTo onueio M, EMOUEVWG N TAXUTNTA TOU UALKOU
onuelou eival undevikn. 2To XPoviko Staotnua amod 2s £wE 2,55 To UAKO ONELo £XEL EKTEAETEL
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AUoelg kepaiaiov 11

N = At_2,55-32 2,5 TAAQVTWOELG
T 0,2s

H péylotn taxutnta taAdviwong tou onueiov M eivat
Upe = OAy, =0, =10m-0,2(m/s) = v, =2wm/s

H toxdtnta tou onpeiou M mieplypddetal vy y (mis)
and tn oxéon 2,[

v =2ncvvl0n(t—2) (S.I), 2s<t<2,5s

Kat n ypadkn tng mapdotacn Seixvetal
oto Suthavo oxfiua.

-27[]

11.A.2

o. ATO TLG €ELOWOELG TAAAVTWONG TTALLPVOU UE TG £€N1G MANPOdOPLEG:

A=0,02m

®=20nrad/s
v L 0,2

A=—=—D22n=A= 2n(SH) = A =0,02m
f o 207

b m 14 5mmr = 19002 op 6 145m
A 2n

znrxz =105t =1, = 10’52.0’02(31)35 =0,105m

T

B. To kOpa $pOBavel anod tnv My 6To M TN XPOVLKI OTLYUR

Tnv (6l otypn n anopdkpuven tng tnyng My Ba elvat
y, = Anpot, =0, 02nu(20n -0, 725)(SI) =0,02npl4,5n(m) =y, =0,02m

y. Bplokoupe tn otyur mou ¢Bavel to kKUpa oto onpelo M amo tnv mnyn Ny

L, 0,105m
t —

t,=—=—= =
v ’0,2m/s

=0,525s
Bplokou e 1o €160¢ TNG cUKPBOANG mou cupBaivel oto onpeio M

-1, =0,145m—0,105m = 0,04m = 2. = N\
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AUoelg kepoahaiov 11

Apa €XOUUE EVIOXUTLKA OUKMBOAN yLat N=2, EMOEVWE TO TIAATOG TAAAVTWONG META TN cUpBoAN Ba
eivat 0,04m.

0 aptBuodc Twv talavtwoewv oto Stdotnua 0,525s <t <0,725s eivat

At _0,725s-0,525s

N, == =N, 2
T 0,1s

0 aptBuodc Twv talavtwoewyv oto Stdotnua 0,725s <t <0,925s eivat

At 0,925s-0,725 Yma (m

N, AN, - ,9255s 0,7 S_5 (m)
T 0,1s 0,04¢
0,029

H ypadikn mapdotacn anopdkpuvong - xpovou

Selyvetal oto Suthavo oxrua. 0 0,525\/ dzfmv vis

ATto Tn ypadikn mapdotacn MPOKUMTEL OTL Ol £ELOWOELS TOAAVTWONG 0 KABE €va XPovikd SLa-
oTnua lval

Om yia 0s<t<0,525s

102,5j (S.L) yw 0,525s<t<0,725s

y= 0,0anZn(lOt -

0,04np207( t—0,725) (S.I1.) yia 0,725s <t<0,925s

6. EQv 1o onpeio M elval cuveuBelako pe tig mnyég My kat My, TOTE n andotacn HETAE) TwV MNYWV
Ba elval n péylotn duvatn, apa Bo €XOUNE TOV PEYLOTO OPLOUO EVIOXUTLKWY UTIEPBOAWV avapeca
artod TG U0 mNyEG. TNV MEPIMTWON AUTA N andotach avapeca ot dUo mnyEg Ba eivat

d=r1+1,=0,25m

Mo ToL onpela oTa omola €XOUKE EVIOXUTLKI] CUMBOAN 0TO €VBUYPOUUO TUAKA QVAMESA OO TLG
800 TINYEG LoYXUEL OTL

r,—1r,=NA
1 }:2wﬂ%+d:q:mwd:q:mﬁm+&U$m
r,+1,=d

Om<r <0,25m = 0m < (0,0IN +0,125)m < 0,25m = -0,125 <0,0IN < 0,125 = -12,5 < N <12,5
Apa éxoupe 25 onueia evioxutikng ocuBoAnG yra N=-12 éwg N=12.

11.A3

a. Amo tnv e€lowaon taldvtwong tou onueiou K Bpiokoupe:
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AUoelg kepaiaiov 11

2A=0,2m= A =0,Im

mzs—nrad/s
3
T2 2 Tonos
o 5%
3
) PR 2nm = A =0,6m
f o Sn
3

B. Ano tnv e€lowon PAEmoupe OTL N cUPBOAN EEKLVAEL TN OTLYMN 25, APA N AOOTACH TNG TILO OO~
MOKPUCHEVNG TTNYNG oo To onueio Ba elval

r=vut, =0,5-2m=1m

To onueio K elval To MANGLECTEPO TPOG TO HEGO M Tou AB OU TAAQVTWVETOL PE HEYLOTO TIAATOG
EMOUEVWG OTO ONKELO aUTO Ba €XoUpE eVioXUTLKN cUUBOAN yia N=1 dpa

-5, =A=1n=r—-A=r1=Im-0,6m=0,4m

y. To mANB0¢ twv onpeiwv tou euBUypappou TURpaTog AB mou Adyw TG cUPBOANG £XOUV TTAATOG
{00 pe to mMAdTog Tng Tahdvtwaong tou onueiou K elval (oo pe to mAnBog twv onueiwv ota omoia
€XOULLE EVLOXUTLKI) GUUBOAN.

H andotaon avapeoa otig Vo mnyEg ivat
d=r+1,=d=14m

Mo ta onpeia ot onola £XOUHE EVIOXUTIKN CUMPBOAR 0To €UBUYPAUUO TUAKA OVARESA OO TLG
600 TINyEG LoXUEL OTL

r,—1, =N\
r+r1,=d
Om<r1 <1,4m = 0m<(0,3N+0,7)m<1,4m = -0,7<0,3N <0,7=-7/3<N<7/3
N=-2,-1,0,1,2

}:ml =Nx+d:>r1:%3rl = (0,3N+0,7)m

Apa £XOUME GUVOALKA 5 onueia VIoXUTIKAG CUMBOANG oTo UBUYpappO TURa AB.

6. To mAnBog twv onueiwv Tou euBuypappou TuRpatog KB ota onolo cupBaAlVEL AVALPETIKA CUL-
BoAn eivat
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AUoelg kepoahaiov 11

A
-1,=C2N+1)—
ih = )2 :>r1—(d—r1):(2N+1)5:>2r1:(2N+1)&+d:>
2 2

L+n=d=r=d-g

Aod
rl=(2N+1)Z+5:>r1:(2N+1)-0,15+0,7(S.I.)
Im<r<lL4m=1<(2N+1)-0,15+0,7<1,4=0,3<(2N+1)-0,15<0,7=0,5<N<11/6
N=1

Apa éxoupe 1 onpelo avaLPETIKAG oUBOANG oto euBUypappo TuRpa KB.

11.A.4
a. Na to onueio B loxvet otL

P TS TRV b _L-5 l):0,3m

. =0,5m/s
L L v At 0,6s

t

B. Adou to onueio B Bpioketal otn deUtepn HETA TN LeGOKABEeTO untepBoAn anooPfeong Ba Exoupe
N=-2 apa

r1—rz=(2N+1)%=(—4+1)%=—3%:>x:‘0’6

m=0,2m

H ouxvotnTa TAAAVTWONG TWV tNywV elvat

Ao TN péylotn TaxVvTnTa Taldviwong Bplokoupe To MAATOC TAAAVTWONG TWV TNy WV

v T
Vo = WA= A =10 A

max = (Sl) = A= 0,2m
O] 2m-2,5

Apa n e§lowon Tahdviwong KABe Tnyng elvat
y=Anpot =y =0,2npu5nt(S.L)

y. MNa 1o onueio A oxleL otL
m

r=vut, =>15=0,5—-0,8s=1=0,4m
s

AdoU to onueio A BplokeTal TNV MPWTN EVIOXUTIKA UTEPBOAN aplotepd amod tn pecokabeto Ba
€xoupe N=-1 dpa
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AUoelg kepaiaiov 11
-1, =NA=-A=r1=r+A=r1=0,4m+0,2m=0,6m
6. H xpovikn otyun otnv omoia to kUpa and tnv M, pOdavel oto onuelo A eivat

fy=2=t, =
v 0,

>

s=>t, =12s

Mo va oxeSLACOUNE TO SLAYPOUUO TNG ATTOUAKPUVONG TOU ONpElou A og axéon e Tov XpOvo yla

10 Xpoviko Stdotnua 0s < t<1,6s Bpiokoupe Tov aplBud Twv TOAAVTWOEWY e TAATOG (00 e A

TIOU KAVEL 0TO SLdotnpa amno 0,8s, mou EekvAeL va TaAaviwvetal, €wg 1,2s

At 1,25-0,8
N == =257 0%

— 1
T 0,4s

KOl TOV aplOpo twv ToAavtwoewv Adyw cUUPOANG Twv U0 KUMATWY Ue TIAATOG (oo pe 2 A oto
Staotnua amno 1,2s £wg 1,6s

At_L6s—12s

N, =
T 0,4s

. . , , Yay (m)
H ypadiki mapdotacn amopdkpuvong - Xpovou -
Selxvetal oto SUTAQVO oA, '

0,2

OL €€lOWOELG AMOAKPUVONG - XPOVoU We Bdon ! /\

. , . 0 0.8 \ }[2 \jé t(s)
TO MAPOTIAVW SLaypappa gival

y=0m, 0s<t<0,8s
y:0,2nu5n(t—0,8)(s.l.), 0,8s<t<1,2s
y:0,4nu5n(t—1,2)(S.I.), 1,2s <t<1,6s

11.A5

o. MNa ta onpeia mou Bpiokovtal atn LecokABeTo LoXUEL OTL

-5, =NA=0=NA=N=0

Apa, adou enaAnBeletal n cuvBnRkn evioxuong Ba €xouv MAGTOG TAAAVTWONG (oo e 4mm.

B. H urtepBoAn (a) eival n 21 umepPoAr aplotepd TG LECOKABETOU, YLOL TNV OTIOLOL £XOULE EVLOXU-
TWKN cUUPBOAN, dpa Ba £xoupe N=-2. EMOUEVWG ATIO TLG ATIOOTACELS TOU ONpEeiou M armo TG mnyEg

Ba €xoupe

1, —1, = —2A =36cm —48cm = 21 = A = 6cm = 0,06m
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AUoelg kepoahaiov 11
Apa n ouxvoTnNTa TAAAVTWAONG TWV TNYWV givat

f:E:fZOABm/SDf:SHZ
A 0,06m

v. H Xxpovikn otiyun mou to kUpa ¢Bdavel amno tnv ninyr 01 oto onueio cupBoAng M eivat

I, _ 0,36m

t, :i:tl =0,75s

©0,48m/s

H xpovikn otypun mou to kKUpa ¢pOdavel anod tnv Oz oto onpelo cupBoAng M eivat

L, 0,48m
t,==2=t,=————=1s
0,48m/s

O aplBuoC TwV TAAAVTWOEWY OTO TAPATTAVW Sldotnua eivat

NoAt_1s-075s

T 1

META TNV EVIOXUTIKN GUUBOAN 0 aplBudg Twv TOAAVTWOEWY OTO XPOVLKO SlaoTnua amd 1s €wg
1,125s Oa eivait

N A l,lZis—ls »
T —S
8

H amopdkpuvon tou onueiov M meplypadetat ano tn oxéon

Om , 0s<t<0,75s
y =40,002nul6m(t-0,75) (SL), 0,75s<t<lIs
0,004nu16n(t—1) (S.I) ,1s<t<1125s

KaL n ypadikn nopactacn elval Omwg oTto oxpa.

Y™

‘|
i
1

(mm)

AN
0_75\/ \)}.0 \1\./125 t(s)
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AUoelg kepaiaiov 11

6. BplOKOULLE TLG AMOCTACELG TOU ONUELOU T, yLat TO OTIOLO €XOULE EVIOXUTLKI) GUMBOAR, amo tig duo
TUNYEG

{rl'—r; =-2.0,06m =1, -1, =—0,12m

2 =21 =0,12m=r, =0,06m, r, =0,18m
r+1,=0,24m

OL XPOVLIKEG OTIYUEG OTLC Omoieg Ta SUo kUpata ¢pBavouv oto onueio I eivatl

f=fiog = 000m o
L 0,48m/s

f=Rm =g 575,
v 0,48m/s

O aplBuoG Twv Tohavtwoewv oto Stdotnua amnd 0,125s €wg 0,375s elvat

N= At _ 0,375s—0,125s _5

T 15

O aplBuoc twv Tohavtwaoewv oto Stdotnua amnd 0,375s éwg 1,125s eivat

oA 1,12551—0,375s e
T —S
8

H amopdkpuvon tou onueiou I meplypadetat and tn oxéon

Om , 0s<t<0,125s
yr =10,002npul6m(t-0,125) (SI) , 0,1255<t<0,375s
0,004nu16n(t—0,375) (S.I.) , 0,375s <t<1,125s

Ka n ypadtkn mapdotacn SeXVETAL 0TO MOPAKATW OXNUA.

¥r 4 (mm)

L AL
AT

€. Otav to onueio M €xeL Staypadel LAKOG TPOXLAC SM=8mm=4A, auTO onuaivel OTL EXEL EKTEAEDEL
OKPLBWE pia AN TAAAVTWON Kol €XEL TEPAOEL pia epiodog amo tn oTyun mou Eekivnoe va ta-
AQVTWVETAL, AP N XPOVLKA OTLYUH TOU gpwTtrpatog Ba ivatl

400



AUoelg kepoahaiov 11
t=0,75s+0,125s = 0,875s
J€ QUTO TO XPOVLKO SLdotnua To onueio I Ba €xeL ekteAéoeL apLOUO TOAAVTWOEWY

0,875-0,125s
0,125s

ST 5U0 TPWTEG OO AUTEG TLG TAAAVTWOELG TO MAKOG Stadpoung eivat 8A (2 . 4A) KOl OTLG UTTO-
Aouneg TEooepELg TANAVTWOELG TO PKOoG Stadpoung sivat 32A (4-8A) , Gpa TO CUVOALKO HAKOC

Stadpoung elvat

s =40A =40-2mm = 80mm

11.A.6

o. H urtepBoAr) andoBeong mou Stépxetal amnd to M; ivat mANCLECTEPN 0T LECOKABETO Qo OTL N
untepPBoln mou SiEpxetal amnd to M;, dpa edv otnv mpwtn arodwooupe tnv Tpq N otn eltepn

Ba armodwooupe tnv TR N+1. Ol 6XEOELG TOU LOXUOULV yLla TLG SLadOopEC TWV ATOCTACEWY TWV
onuelwv M kat M; amd tig 600 TNyEG 0€ GUVAPTNON LE TO KARKOG KUMATOG Elval:

M, :(OM, )~ (O,M,)=(2N +1)%

(1)
M, :(OM,)~(0,M,) =[2(N+1)+1]% 2)

B. Ma TIC AmooTAoELG LOYXUEL OTL

(OM,)=4/(0,0,)" +(0,M,)" =10cm

OM,)=4/(0,0,)" +(0,M,)” =10,53cm

Me avtikataotaon ot (1) kat (2) maipvoupe ot

3,68cm = (2N+1)% €)
4em = (2N +3)% (4)

Adatpwvtag Tig (2) kat (1) katd uéEAn Exoupue
A =0,32cm

y. H ouxvotnta tou dtanacwv elvat
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AUoelg kepaiaiov 11

:B—M:ZOOHZ

A 0,32cm

8. Me avtikataotaon otnv (1) £xoupe otL
0,32cm
2

3,68cm = (2N +1) =23=2N+I=N=11, N+1=12

€. KaBwg kwvolupaote and to M, ato M; n Sladopd Twv anoctdoewv auédvetal. Na to onueio M;
LoYXUEL OTL

OM, -OM, :(2N+1)%

Apa yla o onueio A n dtadopad Ba mpémnel va elval peyaAUTepn TG MOCOTNTOG (ZN +1)E Kol

erunAéov eneldn 1o onueilo A glval evioxutiko Ba mpémnel va eivat moAAamAdoto tou A apa Ba é-
XOULE

r-5=(2N+ 2)% =(N+1)A=r1-1,=12-0,32cm = 3,84cm
11.A.7

A. a. H ouxvotnTta Twv KUPATWY £lvat

f:E:>f:2HZ:O,5HZ

At 18
B. Antd ) péylotn Suvapn emavadopdg Bplokoupe To MAATOG TOAAVTWONG Tou GeANOU OTav eKTe-
A&t oUVBeTN TAAAvTwon

|ZF, . 127°-10°°
mo’ 2-107 7

|2F,.|=mo’A = A'= m=A=6-10"m

ax
Y. To HAKOG KULOTOG TWV KUMATWY Elval

v == A = A2 0 =20A'=0,12m
10 10" 20

8. 210 onueio mou Tadavtwvetal 0 GEANOG £XOUUE EVIOXUTIKH cUBOAR SLoTL
L —1, =24cm =21\

Apa To TAATOG TAAGVTWGONG TWV TINYWV €ival To pod Tou TMAGToUug TaAGvVTWwong tou dpeAlol petd
™ cupuPBoAn
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AUoelg kepoahaiov 11
A :é =3-10"m
2

B. a. Av n andéotacn tou dpeAhov amo tnv ninyn O, givat rp=31,5cm, tote n anoéotacn amno tyv O
Ba eival

L -1, =24cm =1, =55,5cm
ApaL N XPOVLKA OTLy U Tou EekvaeL n cupBoAn Ba eivat

0,555
f=tog =2 g5
v 0,12-0,5m /s
B. O dpeANOG Eekva va TAAQVTWVETAL T OTLYUNA

I, 0,315m
t i —

N =>t,= =5,25$
v 0,12-0,5m/s

H otiyun mou undevitet yia 11 popd tnv TaxUTNTA TOU KAVoVTag cUVOETN Taldviwon givat
T
t, =t +Z =9,255s4+ 0,55 =9,75s

310 SLdotnua amno 5,25s péxpl 9,25s 0 peANOG TAAAVTWVETAL LLE TIAATOG A KaL £XEL EKTEAECEL ApLOUO
TAAQVTWOEWV

N :gz 9,255 —5,25s N
T 2s

Apa oto Stdotnua autd o GeANGG £XEL KAVEL
S, =8A=24-10"m

310 Sldotnua and 9,25s PEXPL TN oTYUNA 9,755 0 GeANOG TANAVTWVETAL LE TTAATOG 2A KOl EXEL EKTE-
Aol aplOUO TAAQVTWOEWY

N ,ﬂ, 9,755 -9,25s 71
T 2s 4

Apa 670 SLdoTnpa auTd o GeANSG éxeLkdvel S, =2A =6-10"m
Apa To oUVOALKO Sldotnua Ba elvat

S, =S, +8S, =30mm
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11.A.8

o. Ao tn BepeAlwdn e€lowaon NG KUMATIKAG TtpokUTttel A=u/f=0,8m.
210 2 oupBaivel anooPBeon yia N=2, kaBwg BpiokeTtal mavw otnv 3" UTEPBOAN LETA TN LECOKAOETO
tou N4My, dpa

A 5L 4 S5 1 5-0,8m

4
rl—r2=(2N+1)5=73§r2—r2:7:>§r2= 2 = 1,=6m , rlzgrz=8m

B. Amo to muBayopelo Bewpnua MPoKUTTEL N anootacn d twv §Uo mnywv
d=r’+1,> =(6m)" +(8m) = d=10m

y. Na éva onpeio Tou euBuypAppou TuApatog My, Tou EVWVEL TLG TNYEC KL 0TO 0moio cupBaivel
EVLOXUTLKN GULBOAN KO yLa TLG ATTOOTACELG TOU ATIO TLG TTNYEG LOXUEL

/-1, =NA=N-0,8m

1t/ +1, =10m

Me npooBeon KATA LEAN TTPOKUTITEL

21, =10m+N-0,8m =1 =5m+N-0,4m

Mo tnv andotacn 1, oxveL
Om<r<10m=0m<5m+N-0,4m<10m = -5m<N.0,4<5m=-12,5<N<12,5

Apa, ta onpueia evioyuong mou Bpiokovtal HeTafl Twv rinywv My, My elvat 25, yia N=-12 £¢wg N=12.

To onueio Z Bploketal otnv 31 unepPoln andoBeong yia N=2, dpa oL umepBoAEg evioxuong mou
elvat 6e€La Tou 2; mpokumtouy ya N>2, 6nAadn yia N= 3, 4 ... £éwg kat N=12. Apa, cuVOALKA elval
10 untepBoAEg evioxuong mou TEUVOUV To EUBUYpPAUUO TUAKA ZM,.

6. To onpelo A améxel ri=d-r,=9,8m kat r,=0,2m avtiotoya arnd tig SUo mnNyEG.
Elvat ri- r,=9,6m=N-0,8m yta N=12, dpa to onpeio A gival onueio evioxutikng cupBoAnc.

To onueio A €ekwvdel va TOAAVTWVETAL amtd To KUPA TNG TtnyNAS My Tt oTyun
0,2
=2 S 20,258

Ty 0,8m/s

KOLL ATIO TO KUMA TNG TNYAG M1 TN XPOVLKN OTLYUR

I, 9,8m

v - 0,8m/s

= =t,=12,25s

MExpL TN XpOoVIKn oTyun t1=12,25s mou ¢tdvel to KUpa and tnv mnyn M, mepvolv At=12,25s-
0,25s=12s mou avtiotolyouv ot 12 mepLOSoug OTIG OToleg To onpeio A Tadaviwvetal pe TAGTog A
Kl SLavUeL HRKog SLadpounG Loo pe

s, =12-4A =5, =0,24m

404



AUoelg kepoahaiov 11

11.A.9

a. Tn Xpovikn otlyur t; to onueio 2 e€attiog tou 19U KU pATog £XeL U1<0 Kat 01<0, dpa Bpioketal oto
2° TETAPTNOPLO TOU KUKAOU avadopdg Ue y1>0 mou umoAoyiletal and tnv AAET

1 1 1 1 1 1
E=K, +U, = EDA2 =—Dy/ +5n’11)12 = —mo’A’ :Em(ozyl2 +Eml)12 =

, 2
y, =% AZ_U*lz:iz\/g‘l()i}m:}ﬂ:2\/3'1073”1
(O]

B. Tnv 8ta otypn t1 To onpeio I e€attiag Tou 20V KUATOG €xeL U2<0 Kal ax>0, dpa Bpioketal oto 3°
TETOPTNUOPLO TOU KUKAOU avadopds pe y,<0 mou umoloyiletat and tnv AAET. Edapupdlovrag tnv

6L Sradikacia e To TPONYOUHEVO EPWTNHO TTPOKUTITEL Y, = 23-10°m.

V. Z0pdwva Le TV apxn TN eEMaAAnAiag elval

y=y,+y,=23-10°m-23-10"m=0m

H toxVtnta tou X T otypn ty e€attiag tg cupBoAng twy §Uo KUHATwY gival cUUbWVA LE TV apxn
™G emaAAnAiag

V=V, +Vv, =-16m-10"m/s +(—16n-10'3m/s) =v=-321-10"m/s

8. Tn Xpovikn otyun t1, 1o onpelo I €xel y=0m, dpa SLépxetal amno tn B€on Looppormiag Tou Kal n
Tayvtnta L =-327-10"m/s ToU BPHKAKE OTO TPONYOUHEVO EPWINMA  EVAL N -Umay, 4P

v, =32n-10"m/s.

ATO TN Umax, TOU onpeiou 2 Bpiokoupe To MAGTOG TAAAVTWOTNG TOU LETA T cUUBOAN Twv dU0 Ku-
MATWV 0€ aUTO

327-10°m/
v =eA =321-107m/s = A/ =28~ S A 4107 m
8nrad/s
Apa, o, =w’A'=(81)"-4-10°m/s’ = a,, =2,56m/s>

11.A.10
a. OL amooTAcELG Tou onpelou A amo Tig SUo mnyEg ivat:

r,=vut, =5-1,4m =7m
r,=vt,=5-0,8m =4m

To MAKOG KUMOTOG TWV KUMATWY ElvaL

E27::>7L=i2n:k=1m
® 107w
Apa 0T0 onUelo A €XOUE EVIOXUTLKN) GUUBOAN SLOTL
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AUoelg kepaiaiov 11
L —1,=3m=3%
EMopévwg To MAATOG HeTd tn cUBOAN Ba gival
A'=2A=0,02m

B. 2to xpoviko dldotnua and 0,8s pexpt 1,4s 1o onuelo A Tadaviwvetal pe MAATOG A Kol eKTEAEL
apLOUO TAAAVTWOEWY (00 UE

N:§:1’4S_0’85:3
T 0,2s

H péylotn Suvaun emavadopds oe AUt TO XPOVIKO SLACTNUA £XEL LETPO

SF, =mo’A=3F,_ =10°.1007*-10°N =10"°N

H xpovikn e€icwon tng Suvapng emavadopdg oto Sldotnua autod Ba sivat
IF = -Dy = IF = -mo’Anuo(t — t,) = ZF = 10 nul0n(t — 0,8) (S.I.)

2TO XPOVLKO Staotnua amo 1,4s péxpl 1,8s to onpelo A Tohaviwvetal pe TAATOG 2A Kol eKTEAEL
apLOUO TAAQAVTWOEWY (00 UE
At 1,8s—1,4

_LosThas 5

N=—
T 0,2s

H péyiotn Suvaun enavadopdg oe AUTO TO XPOVIKO SLACTNUA EXEL LETPO

SF, =mo’2A =3F,_ =2-10°-1007°-10°N = IF, =2-10°N

H xpovikn e€icwon tng Suvapng emavadopdg oto Sldotnua autod Ba sivat

YXF=-Dy= IF, (N)
SF = —mo’2Anuo(t—t,) =

SF =210 nulOn(t —1,4) (SL)

2-10"}
" AWaWL

H ypadikn napdotacn tng duva- 0 03{/ \/ \/ 14 1.8 t(s)

ung emavadopdg - xpévou Seiyve-

ToL oTo SUTAAVO oA,

y. Na ta onueio mov cupPaivel evioxutikr cuBOAN Kat Bplokovtatl

H o O Hz
0TO UBUYPAUUO TUAKA TIOU EVWVEL TLG U0 TINYEG LOXUEL L SR 1 T2 -
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AUoelg kepoahaiov 11

r,—r, = NA
1 mor = NA+d o = (05N +1,5)m
r+r,=d 2

Om<r <3m=0m<(0,5N+1,5m<3m=-1,5<0,5N<]5=
-3<N<3, N=-2-1012

Apa £XOUHE 5 onuela eVIoXUTIKAG oUMPBOANC avapeoa amd T SUo TiNyEG.
6. H &eutepn umepPBoln evioxuong mou Bpioketal Se€Ld tng peco-
kaBétou €xel N=2. Ta onuela auta dnuoupyolv opBoywvia tpi- \ |

ywva e TIG U0 NYEG Apa yLa Ta ONUELD AUTA LOXVUEL OTL ‘ L /-

{rl—r2=27»:2m

2 2 / | !
=(,+2) = +9= I,
r12:r22+32 } (2 ) 2 |d

5 +4+4r, =1 +9=1 =125m f )
Apa n andotacn Twv onueiwv K kat K givat
d=2r,=2,5m
11.A.11
o. 2T0 HEGO M ToU TUAMATOG A HETA TN CUKBOAN TWV U0 KUPATWY EXOUE EVIOXUTLKN CUUPBOAN

-1, =NA=0=NA=>N=0

AdoU to TAGTog TaAdviwong tou onueiov M eival 4cm, I, :r, M :
Aapa to TMAATOG TOAGVTWONG Tou KABE KUMATOG glval 2cm. | e
|
To onueio N oxnuatilel opBoywvio Tplywvo Pe T dUo mn- I L
VEG dpa Ba €xoupe - a
N

n=r+d>n=+d >=v3+#m=r,=5m
ATo T ouvOnKn eVIGXUTIKAG GUMBOANG yla To onueio N €xoupe OTL
-1, =NA=3m-5m=-2A

Apal £XOUUE eVIOXUTLKA GUUBOAN yla N=-2. Suvenwg to MAATOC TaAdvTwong Tou GpeAAoU HeTd Tn
oUMBOAN Ba eivalt A'=2A =4cm.

B. H taxutnta tou kOpATOC givat

v=Af=1-Im/s=1m/s
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AUoelg kepaiaiov 11

BploKOULE TLG XPOVIKEG OTLYMEG OTLG OoToieg ta SUo KUpata ¢Bdvouv oto onpeio N:

t :i:tlzés:3s
v 1

I 5
t,=2=t,=>s=35s
L 1

310 Xpovikd Stdotnua amno 3s £wg 55 0 GeANOG TaAaVTWVETAL e TTAATOC 2cm Kol EKTEAEL aplOpuo

TAAQVTWOEWY
N = ﬂ _ 5s—3s N
T 1s

H e€lowaon amoudkpuvong - xpdvou tou peAN0U GTO MAPATAVW XPOVIKO Sldotnua sivat
y=Anuo(t-t,)=y=0,02nu2r(t-3)(SL), 3s<t<5s

3TO XPOVLKO Sldotnua amod 5s £wg 7s 0 heANOG TaAavTwVETAL KE TTAATOC 4cm AOYw TNG EVIOXUTIKAC
OUMPBOANG KaL eKTEAEL pLOUO TAAAVTWOEWY

N:§:7S—SS:
T 1s

2

H e€lowaon amoudkpuvong - xpdvou tou heAN0U GTO MapATAVW XPOVIKO Sldotnua sivat
y=2Anpo(t—t,) =y =0,0dnmpu2n(t -5)(SL), 5s<t<7s

Apa, n ypadikn mapdotacn The anopdkpuveng tou ¢eAol and th B€on Loopporiag Tou o oxéon
E ToV XpOvo Ba elval OmwG oTo oA,

YN 4 (cm)

%) | {\vﬂv[\\/\vv t(s)
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AUoelg kepoahaiov 11

y. To onpueio A BplokeTal oTNV MPWTN EVIOXUTLKN UTEPBOAN apL-

N=-1
note n anootoon MA=1,5m. Ao to ubayopelo Bewpnua Ba é-
\

OTEPA AMO TN PECOKABETO, dpa améxel and autn A/2=0,5m o- N:-Z_ \ \

XOULE

(NA)=TA? +17 =4/1,5° +3*m = (NA) = 1,5v5m ‘dl_\‘ \ d

5

I / M

8. Ooec unepPBolég anooPeong Siépyovtal petafl twv I kat N

Siépyovrtat kat petat twv I kat K. Mo to onueio K oxvel ot h / / : I
A /

Zntape tig ultepPoAég ou Siépyovtal amd to NK=1m. Ma omolodrnote onueio andoBeong navw
oto A mou ameéxeL X amno to onpeio I Ba LoxveL

(TA-x)-x =(2N+1)%: X =%—(2N+1)%=2,25—O,5N(S.I.)

Om<x<Ilm=0<2,25-0,5N<1=-2,25<-0,5N<-1,25=4,5>N>2,5
N=3,4

Apa Ba urtapyouv U0 amooBeCTIKEG UTIEPBOAEG TTOU TEUVOUV TO UBUYpappo TuRua IN.
11.A.12

a. Mo 1o onueio A mou Bpioketal otn deUTEPN EVIOXUTIKN UTIEPBOAN S€€LA amo Tn LeEcOKABETO
€XOUUE OTL

-5, =NA=>r-r,=20 ()
Amo T xpovikn Stadopd Bpiokoupe tn Stadopd Spouou

At=t —t,>At=1"" o ¢ —VAt=1 -1,=0,4-0,8m =1 -1, =0,32m  (2)
L

Amo (1) kat (2) £xoupe otL
0,32m =21 = A =0,16m
H ouyvotnta f twv dvo mnywv givat

fVp 04
A 0,16

Hz=2,5Hz

B. Bpiokoupe tnv amdotacn tou onueiou A and tn Ssltepn mnyn
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AUoelg kepaiaiov 11
-1, =2A=1=-2A=r1 =1m-0,32m=0,68m

BploKoULE TLG XPOVIKEG OTLYHEG OTLG omtoieg Ta SU0 KUpata GOAvouv oTo onpeilo A:

1
t1=f:>tl=as=2,5s

L s
t, :r—2:>t2 :0’68s=1,7s
v 4

2T0 XpoVvIKO dldotnpa amd 1,7s éwg 2,5s 1o onpeio A TaAavTwveTaL e TTAATOG 2mm Kol EKTEAEL
apLOUO TAAAVTWOEWY

N:g: 2,5s—-1,7s _
T 0,4s

H e&lowaon amopdkpuvong - xpdvou tou GpeANOU 0TO MAPATIAVW XPOVLKO Sldotnua givat
y=Anuo(t-t,) =y =0,002nuSn(t-1,7) (SL), 17s<t<2,5s

H xpovikn e€iowon tTng SuVaULKAG evEpyeLag Tou dpeAAoU oto i5Lo Xpoviko Staotnua eivat
U =%Dy2 =U =%mw2y2 =U =%10f3 251410 nu?sn(t - 1,7) =
U=5-10"nu’5n(t-1,7) (S1), 1,7s<t<2,5s

210 XpoVIKO Staotnpa amd 2,5s €wg 3,3s 0 GeANOG TAAAVTWVETAL PE TAATOG 4mm AOYw TNG EVLOXU-
TWKNAG oUPBOANRG KoL eKTEAEL aplOUO TAAAVTWOEWY

At 3,35-2,55
T 0,4s

H e&lowaon amopdkpuvong - xpdvou tou GeANOU 0TO MAPATIAVW XPOVLKO Sldotnua givat
y=2Anpo(t-t,) =y =0,004npuS(t - 2,5) (SL), 2,55<t<3,3s
H xpovikn e€iowon tng SuvaULKAG evEpyeLag tou GpeAAol oto i5Lo xpoviko Staotnua eivat
Uley2 DU:lmmzy2 = M

2 2
U:%10’3-25-752-16-10’6nu25n(t72,5):> 2|‘ /\ /\
U=20-10"qp>5n(t—2,5) (S1), 2,5 <t <3,3s Ui /\ /\

EAVARV: vv t(s)

Apa n ypadLkn TapAoTacn TG AmoMAKPUV-
ong tou ¢peAol and tn B€on LWwopporiag tou
o€ aY£on UE Tov XpOVo gival OTwE 6To oxXfua.
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Uy (1077)
H ypadikn mapdotocn tng SUVALKAG €- 20I
VEPYELOG TAAAVTWONG OE CUVAPTNON UE ‘
ToV XpOVo €lval OMwWG 0To OXA KA. 5 I

0 1.7 25 33 1(s)

y. OL urtepBoAég amdoBeonG OV TEUVOUV TO EUBUYPOUUO TUAKA
AA glval auTEC TTou Tévouy Tto euBUYpappo tuRua KA. To onueio
K, omwg kat to onueio A Bploketal otn SeUTEPN EVIOXUTIKN UTIEP-
BoArl 6€fld amod TN MECOKAOETO KOl QMEXEL QMO  QUTAV
2A/2=0,16m, & nAadn and to I, d/2+A=0,46m. 'k

‘Eotw P éva onpeio mou £XOUNE QVALPETIKH CUMBOAN KOl OTTEXEL X
armno tnv minyn M. Oa LloyveL r

x—(d—x)=(2N+l)%:>x=(2N+1)%+%:>

x =0,08N +0,34(S.I)
0,46m < x < 0,6m = 0,46 < 0,08N + 0,34 < 0,6 =
0,12<0,08N <0,26 = 1,5<N<3,25 , N=2,3

Apa 600 amooBeoTikéG UTIEPPBOAEG TEUVOUV TO EUBUYPAUMO TUAMA AA.

6. M va pével akivntog o peAAdG LETA TN cUKPBOAN onpaivel 0tL Ba BplokeTal mAvw o€ umtepBoAn
anooBeong ondte Ba LoyLEL

_(2N+1)v

A L
rl—r2=(2N+1)5:>rl—r2 =(2N+1)E:>f— 20-1) = =0,625(2N+1)Hz

H eAdyLotn T tng ouxvotntog eivat auth yla N=0 omtdte Ba €xoupe
f. = 0,625(2 -0+ l)Hz =0,625Hz

11.A.13

a. And to muBayopelo Bewpnua, n anodotacn rz tou X anod tnv M; eivat
T, = (0,3m)2 + (O,4m)2 =1,=0,5m (1)

210 2 oupBaivel andoBeon yia N=0, kaBwg BpiokeTat mavw otnv untepBoAn Tou elval n KOVTLVOTEPN
oTn HecokdBeto tou KA, dpa
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LT =(2N+1)&:> 0,5m—0,4m=&:>7»=0,2m
2 2

B. H e€iowon tng dpdong tou 1 KUUATOC yLa pLa TN t, oTo onuelo 2, eivat

t
=2n| ——2L1] (1)
() (T Xj
kat n e€lowaon g ¢aong Tou 20V KUpatog tnv (bla otyur t, oto onueio 2, eival

9. = 21{%—%] @

Adalpwvtag tn oxéon (2) ard tnv (1) mpokUmteL
A

L-h

¢, —¢,=2n =2n%:>(pl—(p2=nrad

y. OL uttepPoAég evioxuong mou TéUvouv tnv eubeia mou opiletl to euBLYpappo TuRua 2M; eivat
00eg SLEpxovtal anod to euBUypappo TUAa MM;, 6mou M To pHédo Tou EUBUYPAUUOU TUAUOTOG
M4M,.

Mo éva onpeio tou euBuypdppou TuRpatog M1M; oto onoilo cupPBaivel eVioxuTik cURBOAN yLa TLG
OUMOOTACELG TOU QIO TLG TINYEG LOXVEL:

-1 =NA

'+ =L

Me npooBeon KATd PLEAN TTPOKUTITEL

2/ =L+NA=1=0,15m+N-0,Im

Mo tnv anootacn r;’ LoYVEeL

0m<1'<0,3m=0m<0,15m+N-0,Ilm<0,3m=-0,15<N-0,1<0,I5=-1,5<N <15
Apa, urtdpxouv 3 utepPOAEG evioxuong avapeoa otig nyEg, yia N=0, 1 kat tnv euBeia mou opilel
10 €VBUYPAUNO TUAUA 27 TNV TEUVEL LOVO Uia uTtepBOAN evioxuong os SUo anueia, A, A’, cuUpE-
TPWKA WG mpog To My,
Mol TIG AMOOTACELG TOU ONpElou A LOXUEL
L, L, =A=>r1, -1, =0,2m (1)
Ao to mubayopelo Bewpnua £XOUUE
2 2
5, =(0,3m) +r, =1, -1, =(0,3m) (2)
Ao Tov ouvSuaoUO Twv oxEoewv (1) kat (2) mpokUTTeL

L, +15, =0,45m (3)
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Amo tnVv emilucn Tou cUGTAKATOC TwV (2) Kat (3) mpokUTTTEL
5, =0,125mkat 1,, =0,325m

To onuelo A améxeL amo to onueio 2

(AZ)=0,4m - 0,125m=0,275m KatTto onueio A’

(A'5)=0,4m + 0,125m=0,525m

6. To kUpa and tnv nnyn M1 GTAveL 0TO ONUELD I TN XPOVLKA OTLYUN

t, = i O.4m = t, =0,5s Kot amnd v nnyn My ™ Xpovikn oTyun
v 0,8m/s
0,5 5
L= DO =2 520,625
v 0,8m/s 8

H e€lowaon tng amopdkpuvong Tou onpeiou I e Tov Xpovo elval

Om vy 0s<t<0,5s
Yy =40,00Inp87(t-0,5) (S.L) ya 0,5s<t<0,625s
Om v 0,625s <t

11.A.14

a. H taxVutnta twv KUpATwy sivatv = Af =2m/s

n ywviakn cuxvotnta w=2mnf=m rad/s kat n nepiodog T=1/f=2s.

AUoelg kepoahaiov 11

AdoU 10 I avrKeL 0Tn PECOKABETO, Ta U0 KUpOTA GTAVOUV TAUTOXPOVA Kol GUBAANOUV eVioU-

TWKA. H Xpovikn oTyun t1=8s eival ion pe Tov xpovo adLeng Twv KUPATWV ts Kal 2 meplodouc. Apa

t=t; +2T =t ;=4s
H andotaon tou I amno Tig nnyEg ivat

L, =1, =Vt, =8m

H ywvia M12N; elvat 0pBn, onote and to nubayopelo Bewpnua €Xoupe tnv andotacn L twv mnywv

12415’ =1’ = L=8/2m (2)

B. Ta onpela petagu twv mnywv My, Mz mou Tadaviwvovtal pe (Sla PéyLotn TaxuTnTa e To 2 elvat

OAa ta onueia evioxuong tou euBUypappou TuRpatog M1, Oa Bpou e mooa ival. Na éva onpeio
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TOU €UBUYPAUUOU TUAMOTOG TTIOU EVWVEL TLG TINYEG KAL 0TO OToilo cupBaivel evioxutikr cupBoAn
KOLL YLOL TLG ATIOOTACELG TOU aTtd TLG TINYEG LOXUEL

L-15,=NA , ri+rs=L
Me npooBeon KATA PLEAN TTPOKUTITEL

Sﬁm+N

2r=L+NA=r1= 47m:r1:4\/§m+N-2m

Mo tnv anootaon ri, EXOUUE

Om<r <L=0m<4/2m+N-2m<8/2m =
42m<N-2m<4/2m= 22 <N<2J2 = 2,8<N <28

Apa, Ta onpeia evioxuong mou Bpiokovtal petal twv rnywv My, M eivat cuvoAka 5, yia N=-2, -1
,0,1,2.

y. H e€lowon tng amopdkpuvong Tou Z e Tov XpOovo eivat

Om yio 0s<t<4s
Y*"o4npn(1-4) (1) no ds<t
H péylotn taxVTtnTa ToU £ €IVl Umax=w2A=0,4rtm/s.
v 4 (m/s)
H TaxutnTa o€ ouvAPTNON LLE TOV XPOVO Elval 0,47

B Om/s vy 0s<t<d4s
*0,4novvr(t-4) (SL) ya 4s<t

-
-

-0,4m

Kall To SLAYpAUUE TNG OE CUVAPTNON UE TOV XPOVO yLa XPO-

ViIké dtdotnua 0s <t < 8s, deiyxvetal oTo oxnua.
8. H anmdotaon tou A amnd tn pia nyn eivat 1, =vt, =8m .

H e€lowaon tg ¢daong Tou 1°V KUUATOG yLa Uia OTLYUN t, oTo onueio A, eivat

cplzzn[%—%j (1)

Kat n e€lowaon tng ¢aong Tou 2°V kUpatog TNV (Sl oTyun t, oto onueio A, lvat

o, :Zn[%—%] 5

Adalpwvtag tn oxéon (2) and tnv (1) mpokUmTeL
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- —6
0, -0, =2n%32n:2n%:rm =12m

INo va ptaoet To 2° kopa oto A yperdletor ypovo
t,, =-22-=6s

Tn Xpovikn otypn t,=5s to onueio I €xeL ekteAEoEL por| TAAQVTwon, SLEpXETAL aro tn B€on Loop-
portiag Tou e apvnTKh TaxuTnTa (on pe us=-w2A=-0,4rtm/s.

Tn xpovikr otypn t,=5s oto onpeio A €xeL PtdoeL pdvo o €va KUA KOL TO ONUELD EXEL EKTENEDEL
pLon TaAdvtwaon, ondte SLEpXeTaL amod tn B£€on Looppomiog Tou Pe apvnTLkr TaxyTnTa ion Ue
ua=-wA=-0,2rtm/s.

0O A\oyog toug eivatl (oo pe us/up=2.

11.A.15

a. H ywviakn ocuxvotnta Kot n meplodog Twv KUPATWY TIPOKUTTOUV amd T cuxvotnta
o=2nf=0,2nrad/s kot T=1/f=10s

Ko n taxVtnta Twv Kupdtwy eivat v=Af =0,5m/s .

H Stadopd Twv amootdcewv Tou I amo Tig dUo mnyEg elvat

L, —1 =vt, —vt, = v(t, —t, ) = VA=10m=2A = N , yia N=2,

apa to 2 lval onueio evioxuong pe mAatog A'=2A=0,1m Kol LEyLoTn EMLITAXUVON
Omax=w22A=0,04m/s?

B.’EoTw OTLTO A QTEXEL ATTO TNV KOVTLVOTEPN TINYN Katd X. H Stadopd Twv amootdoswy tou A amnd
T1g 80 TNYEG elval

r, -1 =(L+x)—x=L=20m=41 =N , yia N=4,

apa 1o A gival onpeio evioxuong pe mAdtog A'=2A=0,1m Kkat 0 AOyog TnG EVEPYELAG TOU, TIPLV KOl
META TN GUUPOAN TwV KUPATWYV Elvat

L2
—DA 2
2 A E ),
E 1DA’2 (ZA) E

2

esl

V. ApoU 1o A EeKvael va ToOAavTwveTal Tn otyun t1=10s anéxel amo TNV KOVIWVOTEPN TNy Kotd
X=Ut3=5m KoL Ao tn HoKPLVOTEPN TNy KOTA L+x=25m. H cupBoAn Ba ekvrioel tn oTyun
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L 25
—oX M =508

t =
: v 0,5m/s

6. H g€lowon Tng amopdkpuvong e Tov Xpovo eivat

Om yio 0s<t<10s
yr =10,05-np0,2n(t-10) (SI) yo 10s<t<50s
0,1-nu0,2n(t-50) (SL) 7yw 50s<t

H e€lowon tng taxVTNTAG LE TOV XPOVO €ival

Om/s vy 0s<t<10s
v, =40,01l1-cvv0,2n(t-10) (SL) 7y 10s<t<50s
0,027-ouv0,2n(t-50) (SL) 7y 50s<t

H g€lowaong g KNTIKAG evépyetag K=0,5Amu? pe tov xpovo sival

0J yiao 0s <t<10s
K =410"cuv?0,2n(t-10) (SL) 7y 10s<t<50s
4-10°cuv’0,2n(t-50)  (SI) 7y 50s<t

KOL TO SLAYypPOHHA TNG KWWNTIKAG evépyelag K4 (110761
O€ OUVAPTNON HE TOV XPOVO YLOL TO XPOVIKO 4
Sldotnua At=57,5s, Selxvetal oto oxrjua.
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ATAVAVAVAVATAYAY

o—0

e. Na va cupBdMouv Ta kbpata oto on- 10 20
ueio A evioxutikd Ba LloxUet

-5, =NA=NuT=L=NuT=

20m=NTO,5m/s:>T=%53T =$s=405

max

11.A.16

30

40

50

575

a. Ma éva onUeLo Tou EUBUYPAUOU TUAUOTOG TIOU EVWVEL TLG TINYEG KoL 0TO OTolo cupBaivel a-

TOGBECTIKN CUMPBOAN KaL YLO TLG ATTOCTACELG TOU ATO TLG TINYEG LOXUEL

rl—r2=(2N+1)% , L+ =L

Me npooBeon KaTd PLEAN TTPOKUTITEL

2 =L+(2N +1)%:> p = H4m

Mo tnv anootaon ri, EXOUUE

416
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Om<r <L=0m<2,7m+Nm<4,4m=
-2, 7m<Nm<1,7m=-2,7<N<1,7

Apa, Ta onpela andoBeong mou Bpiokovtal PETaEU Twv mnywv My, My elvat 4, ywa N=-2, -1 ,0 kat
N=1 kat amnéyxouv and tnv nnyn M anootdoelg mou mpokurntouv and tyv (1): 0,7m, 1,7m, 2,7m,
3,7m.

B. Ta onpela evioxuong €xouv mAdtog 2A=20cm Kot LEyLoTn TaxuTnTa

Ve = 02A=212A = 0,4m / s
y. H taxVtnta twv kupdtwy sivatv =Af =2m/s.

Mo va anokataotaBel to pavopevo tng cuBoAnG o 6Ao to euBUypappo TR MM, TPEMEL TO
KOpa and KABe mnyn va Slatpéfel OAn tnv amdotaon Twy dU0 INywv. Apa ANaLTELTAL XpOVOG (006

ne

L 44m

v 2m/s

=t=2,2s

8. To kUpa and tnv nnyn My dtdvel oto onUEio I TN XPOVIKA OTLyUN

I, Im . . . .
 ==0= =1t,=0,5s katanoé v nnyn M, T XPOVIKA OTLyun
v 2m/s
L- 3.4
tzzri: h_2 m:>t2:1,7s
L v 2m/s

Apa TN XPOVLKI OTLYHN te=1s €XEL PTACEL LOVO TO MPWTO KUPA OTO onueio I Kal yla tnv taxutnta

Tou LoxUEL

L=V, CLV2T LS = 2nfAcuv2n fta—r‘— =0,2noLVv2n 1—li =
T A 2m

v=0,2nocvvr =-0,2Tm/s
€. Ma va cupBaAlouv Ta KUpOTa 0To onueio I amooBeotikd Ba LoxUeL

2m/s
2f

r, -1 :(2N+1)%:(2N +1)2—Uf:>3,4m—1m:(2N+1)

2N +1

2,4m:(2N+l)%m/s:f: Hz

Apa n eAdxlotn ouxvotnta eivat yro N=0
1 5

f.=——Hz=—Hz
2,4 12
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11.A.17
a. H ouxvotnta kat n mepliodog Twv KUPATWY TIPOKUTITOUV OTd TN YWVLAKK TOUG cuxvotnta
o =2nf = f =1Hz kaw T=1/f=1s
Kol n taxvuTnTa Twv Kupdtwy eivat v=Af =0,2m/s .
Mo va apxloouv va todavtwvovtal Ta onpela X kat M amatteitatl xpovog

_L/2 _ 03m

t =
v 0,2m/s

. =t ,=15s

B. To onueio 2 yla va apxioet va TAAQVTWVETOL TOUTOXpOovVa e To éco M Ba Bpioketal €€w amo to
evBUypappo TuApa MM, kat Ba amnéxet ri= L/2=0,3m amnod t pia mnyn kat r= L/2+L=0,9m amno tnv
GAAN TINyn.

H dtadopd Twv amootdcewy Tou I amno TG Vo nnyEG elvat

r,—1,=0,6m =31 =N\, yia N=3,

dpa to 2 elval onueio evioxuong pe mAdatog 2A=0,4m.

To onueio M elval emtiong onueio evioxuong pe mAatog 2A=0,4m kot yla va Stavuoesl Stadpopn ton
UE Sm=6,4m onpaivel OTL TAAQVTWONKE yLoL XPOVLKO SLaotnpua At = Swo_ _6,4m_
sy L6m/T

=4T = At=4s,
SnAadn yia 4 SeutepdAenta HeTd Tn oTyun t1=1,5 s, Tou €ekivnoe va TaAaVTWVETaAL.

Oa Bpoupe moon dadpour) SLAVUCE TO ONUELD I MEXPL TN OTLYUN t3= t1+At=5,5s.

To I €ekvdel va TOAQVTWVETAL TN OTWYUN t1=1,5s, Tou ¢Tdvel To KO amno tnv rinyn M. MEéxpL tn
XPOVIKA OTLyun t=r,/u=0,9/0,2m/s=4,5s, mou ¢ptdvel To KOPaA amo tnv ninyn My, MEPVAVE TPELG Tte-
plodoL mou ToAavtwveTaL Le TAATOG A Kat To onpeio 2 Stavuel prnkog Stadpoung oo pe
s,=3-4A =5, =2,4m

Ao Tn oTypn t2=4,5s mou apxilel n cupBoAn, HEXPL T oTyun t3=5,5s, epvael 1 mepiodog mou to
¥ taAavtwvetal pe mAATog 2A Kot StavUeL urikog Stadpoung too e

s,=1-4.2A =5, =1,6m

Apa, CUVOALKA TO X StavUEeL urkog Stadpoung (oo e

s=s,+s,=4m

y. Tn otwyun t3=3,75s=t;+2T+T/4 to onueio M Bpioketal otnv akpaia Btk tou B€on, SnAadn ot
anopdkpuven ym=2A=0,4m.

To onueio I ToAavtwveTal e§aLtiog Tou evog KUOTOG Kal BploKeTaL O€ anopdkpuvon ys=A=0,2m.

H katakdpudn amdotacn twv SUo onueiwv eivat Ay=0,2m, n opldvila anoctocr Toug eivat
Ax=L/2+L/2=L=0,6m kat amnd 1o mubayopelo Bewpnua mPoKUTTEL OTL N andotacr toug d LoouTat

pE
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d= (Ax)2+(Ay)2 :>d:\/0,_4m

6. Meta tn otyun t4=4,5s éxouv anokataotadei pavopeva cupBoAng og OAO To UAKOG Tou euBU-
VYPAUUOoU TuApatog N4y, Ta onueia mou Statnpouv otabepn amootaocn pe to M tadaviwvovtal
ME To (610 MAATOG e aUTO Kal Elval CUPPAOLKA PE auTo, SnAadn ival OAa Ta onpeia evioxuong,
Tou euBuypaupou TuApatog MiM,. Oa Bpolue mooa eival. MNa éva onueio tou euBUypPAUPOU TUA-
HOTOG TIOU EVWVEL TLG TINYEG KOL OTO OTOL0 GUUPBALVEL EVIOXUTIKA GUMBOAN KoL YLoL TLG ATIOOTACELG
TOU amd TLG TINYEG LOYXUEL

L—1,=NA , ri+r=L
Me npocBeon KATA LEAN TIPOKUTITEL

0,6m 0,2m

+N

2r=L+NA=r, = =1=0,3m+N-0,Im

o TNV anootacn ry, EXOUUE

Om<r<L=0m<0,3m+N-0,Im<0,6m =
-0,3m<N-0,Im<0,3m=-3<N<3

Apa, ta onueia evioxuong mou Bplokovtal petalt twv mnywv My, M gival 5, yia N=-2, -1,0, 1, 2.
11.A.18

o. OAeg oL untepPoAég amodoBeong mou Bplokovtal amod Tn MEPLA TNG HECOKABETOU Tou ival N
ninyn Mz tépvouv tyv euBeia ou eival kABeTn oto euBUYpappo TApa M1, og SVo onueia n Ka-
BepLd. Oa Bpolpe mooeg elval auTEG oL UTEPPBOAEG. M éva onpelo Tou eUBUYPAUUOU TUAUATOG
TIOU EVWVEL TLG TINYEG KAl 0TO omoio cupPaivel amooBeotiky CUMBOAN KAl YLO TIC AMOCTACELG TOU
Qo TG TINYEG LOYUEL

A
L-1, :(2N+1)5 , Ti+rn=L
Me npocBeon KATA LEAN TIPOKUTITEL
2 :L+(2N+1)%:>r1 :47m+(2N+1)27m:>r1 =2,5m+Nm (1)

o TNV anootacn ry, EXOUUE

Om<1r <L =0m<2,5m+Nm<4m=

-25m<Nm<L5Sm=-2,5<N<l5

Apa, ta onuelo anooBeong mou Bplokovtal HeTaL TNG LECOKABETOU Kal TNG tnyng M elvatl 2, ya
N=0 kat N=1 Kol oL AmocTACELS TOUG ard tnv rnyn My mpokUTtouv amno tn oxéon (1): 2,5m, 3,5m.
OL8Uo0 unepPoAEg TEUVOUV TNV eVBela Ttou elval kABeTN oto euBUYpappo TR M1N,, o TEooepa
onueto.
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B. H peyaAutepn andotaon eivat yia ta 500 onuela mou

avtiotolxouv atnv umepPoln N=0, evw n UKPOTEPN yLa Lr/
v unepPoln N=1. Oa BpoUpe g MOCH AMOCTACH MO ‘N:()

tnv rtnyn N, Bpiokovrat autd ta onueio B kat I Y

210 B oupBaivel inoiﬁson yua N=(}): apa I, L / m,
L-5,=2N+)Z===r=n+—=r=n+Im (2 b l

2 2 2
A
ki
Ao T nuBayopeLo Bewpnua T(POKUTITEL
=L +r1"> (3) B

Ano g oxéoelg (2) kat (3) éxouvpe r, =7,5m, 1, =8,5m
apa n HéyLotn anootacn elvat lon pe 2r,=15m.
Opoiwg Ba Bpolpe kat Ta onpela A kat Z ylo tTnv aAAn urtepBoAn.

210 A cupBaivel anooPBeon ya N=1, dpa

rl'—r2'=(2N+1)%=%:>rl'=r2'+%:>rl'=r2'+3m 4)

A6 to muBayopelo Bewpnpa MPOKUTTEL 1,2 = L + 1,7 (5)
Ano tig oxéoelg (4) kai (5) éxovpe r,; =7/6 m, 1 =25/6m
apa n eAdyLotn anootaon sival ion pe 2ry’'=7/3 m.

y. H taxvtnta twv kupdtwy sivatv =Af =1m/s .

Ta onueia autd Tadaviwdnkav amo Tn XPOVLKNA OTLYUNA Ttou édtace To 1° KU PEXPL TNV AdLEn Tou
20V, ondTe AOyw TNG armooBeotikng cupBoAnG aklvntomoOnkav. Apa

I, L
At=t —t,=L-2=At=1s
LV L

1
8. H mepiodog twv KUUATWVY pokUTTeL amnd tn cuyvotnta T = n =2s

KOl N ywviakr cuxvotnta sivat w=2m/T=m rad/s.

H e€lowaon tg ¢dong Tou 1°V KUMATOG yLa Hia OTLYUN t, oTo onueio A, eivat

0 :21{%—%] )

kat n e€lowon tng ddong Tou 20V KUpatog T (bl oTyun t, oto onueio A, eivat
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0, = 27{%—%) @

Adatpwvtag tn oxéon (1) anod ) (2) mpokumtet
25 7

6
2m

(pz—(p1:27tr1 ;rZ =215 = @, — ¢, =3nrad

€. H e€lowon g amopdkpuvong e tov Xpdvo sivat

Om yio 0s<t<7/6s
Ya=402npun(t-7/6) (SL) yuoo 7/6s<t<25/6s
Om yio 25/6 s<t

H péylotn emitdyuvon Twv onUELwY EALTIAG TOU EVOG LOVO KUUOTOG Elvat

Omax=wW2A=2m/s2.

H emutdyuvon Sivetal o ox€on Ue TNV AMOUAKPUVON LE T oXEon a=- W2y KoL 0 oUVAPTNON UE

Tov Xpbévo

Om/s’ yioo 0s<t<7/6s oy (m/s2)
o, =1-2nun(t-7/6) (S.L) yioo 7/6s<t<25/6 s 5

0m /s> o 25/6 s<t

VA

Kal To SLAYpaUUA TNG OE CUVAPTNON HUE TOV XPOVO YLaL TO XPO- 0 7v

viko Staotnua Os <t <6s, deiyvetal oto oxrjuo. 2

11.A.19

\7/6

a. H ouxvotnTta Twv KUPATWY KOL TO HAKOG KUUATOG TIPOKUTITOUV o thv €lowaon Tou KUUATOG

o=2nf = f=0,25Hz

T=4s, A=2m ko n taxvtnta Stadoong sivat

v=Af=0,5m/s

H andotaon tou A and tnv ninyn My TPokUTTEL and to ubayopelo Bewpnua

’=L"+r’ =1 =5m

H Stadopd Twv anootdcewv Tou A amo tig Vo mnyEg elval
-1, =2m=1k=NA, yia N=1,

421
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dpa to A elval onpeio evioxuong kat n HéyLotn taxutntd tou eivat
U = 02A=212A = 0,2nm /s

B.OAeg oL umtepBoléc amodoBeacng mou BplokovTal amo T LEPLA TNG LEGOKAOETOU TIoU elval n minyn
My tépvouv tnv guBeia mou eival kABetn oto euBUypappo TuRpa MiM,. Oa Bpoupe nooeg elval
QUTEG oL UTIEPPBOAEG. Ma €va oNUELO TOU EUBUYPAUUOU TUAATOG TIOU EVWVEL TLG TINYEG KL OTO
ormnoio oupBaivel amooBeoTik CUKPBOAN KaL YLOL TIG ATOCTAOELG TOU OO TLG TINYEG LOXVEL

L

A
-1, =(2N+1)5 , ri+r=L
Me npooBeon KATA PLEAN TTPOKUTITEL
A 4 2
2 =L+(2N+1) 7=, =7m+(2N+1)7m:>rl =2,5m+Nm (1)

Mo tnv anootaocn ri, EXOUUE
Om<r<L=0m<2,5m+Nm<4m=
-2,5m<Nm<1,5m=-2,5<N<1,5

Apa, oL urtepBoléc amooPeong rou Bpilokovtal HeTadl TG HECOKAOETOU Kal TnG mnyng N, gival 2,
yta N=0 kat N=1. AdoU and to onueio A diépxetat n unepBoAn evioxuong yia N=1, urmtdpyet pia
uTepPoln andcPeong mou TEUVEL TO eUBUYpappo TUARKA Al,, AUTH TIOU AVTLOTOLXEL OTOV OKEPALO
N=1.

y. To KUpa amo tnv inyn M dtavel oto onueio At XPOVLKN OTLYUA

I, Sm

t,="—=——"—=1t,=10s
v 0,5m/s

KOl ATto TNV TNy M TN XPOVLKI OTLYUn

=i=37m:t2:6s
v 0,5m/s

2
ATIO TN XPOVIKN OTLYHN t)=6s UEXPL TN XPOVLKN oTyun t1=10s, mepvdel pia mepiodog mou talavtw-
VETAL HE TAQTOC A KaL To onpelo A StavUel HRKkog SLadpoung loo e
s,=1-4A =5,=0,8m
Ao Tn otypn t1=10s mou apxilel n cupPoAn, HéExPL TN oty ts=14s, nepvael 1 mepiodog mou 1o 2
TAAQVTWVETOL E TTAATOG 2A KoL SLavUEL URKog SLadpoung ioo e
s,=1-4-2A =5, =1,6m
Apa, CUVOALKA TO X StavUEel purkog Stadpounc oo e
s=s,+s,=12A =2,4m
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8. H e€lowon Tng amopdKkpuveng Ue Tov Xpovo ivat

Om v 0s<t<6s

y, = 0,2nug(t—6) (SL) 7y 65<t<10s
0,4nug(t—10) (S1) 7y 10s<t
To SLaypap o TG ATTOUAKPUVONG TOU I OE CUVAPTNON KE TOV XpOVO SELXVETAL GTO OXAUAL.

¥4 (m)
0.4

0,2¢
/N
0 6 \/]‘0 14 t(s)

€. To onueio 2, adol avikel otn LecokABeTo, eival onueio evioxuong kat ta KU pata GpTdvouy tau-
TOXPOVA, OTOTE OPXileL v TOAQVTWVETAL LE TIAATOG A'=2A=0,4m. lNa va SlavioeL PRKkog Sladpoung
12A xpetdletal va kdvel N=12A/4-2A=1,5 mAfipn ToAGvtwon. Oa mpémel PEXPL T oTyUn t3=14s va
talavtwOel yia 1,5 nepiodo, nhadn yia xpdvo 6s, SnAadn ta kKUpata MPEMEL va GTAoouv oTo X T
OTLYMA t:=8s Kol N amdotaon Tou X amno TG nnyEg Ba sivat

L, =vt,=0,5m/s-8 =1, =4m
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