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EAAHNIKO ANOIKTO ITANEIIIXTHMIO
®YE 34 2008-09

ENAEIKTIKEX AYXZEIX 5 EPTAXIAX

IpoBeopio mapadoong 5/5/09
Aoxnon 1
Ymvovyvomta f=c/A eivaweV=hf —gp=hc/A—-¢ .
Otav f=c/(A+AA) ,qov 0=hc/(A+Ad)—p=>A=hc/p—AL

Apa eV = hc¢ »
DAL
h h
Otay f=c/(A—AA). fray e V' =TS _g—_TC 4 ¢
A-AA hc hc
——2A1 —
@ 2AA P
H ocvyvomta katoeiiov f, = c__¢
xvom POV S = AL
H péon xuvmtikn evépyeta e£6000 TOV @OTONAEKTPOVIOV GTO UIKPATEPO UNKOG
1 2e V!
KOpaTog A — A frov Emu2 —eV == 2
m

AvtikaBiotovpe tig Tipéc. Etvar Ac=1240 eV nm
Apo A=589 nm, V=0.306 V, f,=4.3510'" Hz, V'=0.737 V, v=509 km/s.

Aoxknon 2
A) X ovvépmon u,(f,T) = 87hf’ / h]/ (#7) 1”, YO JUKPES GLYVOTNTEG TO

exkfetikd e’ =1+ z, dpon u,(f,T) = 87hf /{c hf/(kT)} = 87Tf2/03 KT
o peydieg ovyvommteg, 10  exbetkd e >1=¢€e"—1=¢€", dapa 1
up(f,T) = 87rhf/ s /147)} 87rhf/ bT)

A=8rh/c’, B=h/k

B) Av ot nuég tov AB eivar yvootéc mepopotikdg, tote h = Ac’ /8T ka
k=h/B=Ac"/(87B).

Avtiotpdpmc, pe dedopéva ta h, k,

A=8nh/c’ =8x3.1416 X 6.626 x 10*Js/(3 x 10°m/s)’ = 6.2x 107> Js* /m’
B=h/k=6.626x10"Js/(1.38 x 10*J/K)=4.8 x 10""sK

I') Av n Khaoowkn Bedpnon tov Rayleigh — Jeans e€akolovBovoe va oyvel kot Yo
f — oo (avtl g ocvvapmoewg Tov Wien), 10te 1 TLUKVOTNTA EVEPYELOG LEGA OTNV

Bf/T

= Afle 7, omov

kootnta uy, (f,T) = 87 f°kT /¢’ — oo, omep adbvarov. (Iphypott, avridéteg,



omv evon u,(f,T) 4 Uy ( f,T)f—> 0). Apa m (e0hoyn) Khaoowkn Bemdpnon odnyet

—00
o€ AoYIKO dromov mov PePaimg ovTe EMOANOEVETOL TEIPAUATIKAOC.
A) H évtaon mov PByaivel oamd v omn Topatnpnoems TG KOAOTNTOG givat

I(T) = feu(T) = [ up(f.T)df = QZ—thdff?’/[ehf/(kT) 1)
KT

3

%a f= %SB, fP= [T] ) df = %dz,onérs

i) ] e gk g

2 T 2 4

c h g (e —1) ¢ h 15

51.4 5 -23 4

o 27er _ 2x(3.1416) _(31.38 ><310 J/SK) 56T X10°W K

15h°¢c 15 % (6.626 x 10 J 8)*(3 x10°m/s)

N otabepd Stefan-Boltzmann.

Oéto ¢ =

I(T) = oT", 6mov

Aoxnon 3
Yopeova pe t oxéon (2.34) tov Pifiiov Twv Alonso kot Finn 1 kivntikn evépyeia
TOoL NAeKTpOoVviov diveTan amod
2 , c c

K=FE-mc h(f f) h(/l /I’j (1)

OmoL
, h
A=A =—/1—-cos8) (2)
m,c

Ao 11 (1) ko (2) copmepaivovpe OTL 1) KIVNTIKT EVEPYELX YIVETOL LEYIGTN Y10
eMdyroto ' omhadn péyioto A’ 1o omoio pe tn oelpd Tov cuvendyetol cosd =—1 yo
0 =rm.Toten (2) diver

=i+ g0,

m,c
Kot avtikadiotdvrog oty (1)

1 1 24 2chA,
K =ch| —— = ch—=0C 224 a4, -2 3)
A A+24. /1(1+/1C)
AvtikabiotdvTag T dedopéva TOL TpoPAnuatog Bpicovpue
8] o 2
Ae = 5 426%10m=0.02426 A Ko 2c]h</1c =1.003x10*m* =0.01003 A
m,c

Kot emivovtag v (3) maipvovpe
4=0.0888A

kot v apvntikn pila A =-0.113A n omola mpogovdg omoppintetar. To PRKog
KOopotog avtd A= 0.0lnm Bpicketor 610 KAT® OPO TOL UNKOLG KOUOTOG — TMOV
axtivov X.



Aoxnon 4
H ovyvomta mepiotpoenc tov pmtoviov divetor omd

L@ _ U _ 0, _nh/mr, nh _ mk’e’
2 2mr, 2nmr, 2y, n'nt 2’ W
2mm— 5 s
mk-e
omov ypnoonomaoape TG oxéoelg (3.24) kar (3.28) tov Bipiiov twv Serway, Moses

ko Moyer.
H ovyvomta tov exkmeundpevov pmtoviov divetan amd

c 1 1 2n—1
=—=cR ——|=cR——
/ A {(n—l)2 nz} nz(n—l)2

H omoia yioo 7> 16iver

2n—1 2 ke’ 2 mk*é
f=cR 2 7 =CR—= 2 2 3 3.3V
n (n—l) n® 2hh”/mke” n° 2zn’h

Aoxknon S

A)Epocov n mbovotnta diélevong eivar moAd HiKpOTEPN TG LOVADOS, LTOPOVLE VO
YPNOLLUOTOU|COVLE TNV TPOGEYYICT TOV TEPLYPAPETOL amd TNV &&icmon 6.9 1oV
BiBAriov. Exovpe:

2

T(E)=| 50| e, ()
1+ (k9)
omov
2mE
k= FERl (2)
Ko
E
kS) =——. 3
(ko) =~ 3)
Amo v (3) éqovpe
2 5.5¢V
(ko) = =1.222= ko =1.106 4)
10.0eV —5.5¢V
Ao v (2) €éqovpe:
=31 -19
P = 2n12E _2-9.11x10™-5.5 1.6(32><10 ek —12%10"
h (1.055x107)
Avtikabiotoope oty (4) v Tyun tov k:
5=L0610:9.22><10_“m.
1.2x10

Avtikafiotov e Tig TIHES Tov O Kot Tov k oty e&iocwon (1) kot éxovpe:
2 2
B L) : L _[ 41106 : L _3.96x10° = L =3.82x10"m
1+(ko) ) T(E) \1+(1.106)" ) 0.001
B)['a tpmtovio, vroroyilovpe to k and v (2) Kot 10 & amd v (4):
2o 2-1.673x1077.5.5.1.602x107"
(1.055x10™

=k=515x10"m™"



1.106

51510 m !
Kot ovtikodotdvag otnv (1) €yovpe:

2
T(E)= ng e =1.87x107",
1+ (k&)

N omoia mOAvOTNTO EIVOL TPOKTIKE PUNOEVIKY.

=2.15x10"m,

Aocknon 6
A)Aivetor 6Tt Adon oy meployn —a < x <0 givar g popeng
v,(x)=Cx+D
‘Ecto y,(x) n Kopoatocvvaptnon oty mepoyn 0 < x <+a . v 6o mepoyn n
e&lowon tov Scroedinger maipvel T pLopon

hz d2 X " 2mV, "
TAVD =02y, (1) =2y, () = v (0 = ()
2m  dx h

2mV,
omov ¢ = ,| ’Zz & H yevikn Ao eivon

v, (x) = Fsin(g x) + G cos(g x)

2TIC EPLOYES X > +a Kol x < —a mpénel va xovpe = 0 Adym amepiopon Tov
dvvaptkov. H cuvéyelo g KopaTtocuvaptnong ota onpeio x =—a Kol x =+a
amoutel

v (-a)=—aC+D=0=>D=aC=y,(x)=C(x+a) )]
v,(+a)=Fsin(qa)+Gceos(qa)=0= G =—-Ftan(qa) (2)
Evo n cuvéyeio tng Kupatosuvaptnong Kot tne mopoy®yov 6to x = 0 arotel
i (0)=y,(0)=>Ca=G A3)
v (0)=y, (0)=C=qF 4)

Amo 16 (3),(4) Bpiokovpe G=Ca,F =C/g Kot ETOUEVOG 1] KOLATOGLVAPTN O
YPAPETAL OC

0 , X<—a
C(x+a) , —a<x<0

V)= C{acos(qx)+lsin(qx)} , 0<x<+a
q

0 , X>+a
Onov 1 otabepd C pmopel va TpocdoploTel amd TNV KAVOVIKOTOINGM.
B) Amo tig (2) xou (3), (4) éxovpe
G=-Ftan(ga)= Ca= —gtan(qa) = tan(ga) = —qa
q

XPpNOoHOTOI®VTOS T AVCELS TG e€lomong tan x = —x amd T0 TVTOAOY10 BpicKovpe OTL
a1 £l AOGELG Y10 GUYKEKPUUEVEG TYLES TOV g @ LE EAAYLOTY] TIUN

2 2
qa:2.03:>a,/ szO =2.03=7 =2.03* h > =2.08]=13.0eV
/) 2ma




Aocxknon 7
A) H «khaocikd emrpenti meployn g 0éong x mpoodopiletan amd tn dwutrpnomn g
eVEPYELOG

1
—ma)u +— ma)x =F

Tov odnyel og —, /— <x ,/ e o6mov N wdtta avtiotoyyei oe v =0.

h h
21 OepeMdon kotdotaon Exovpe E = Eha) KoL ETOUEVOG —, [— < x <

ma mao
H «xvpatocvvaptnon tov copatdiov ot Pacikn  katdotaon vl 1
/4 mo 2
= m_a) Zh H e 14 e r 78 , ,
v(x) 5 e mlavotnta vo gupedel 10 COUOTIONO €KTOG TNG TEPLOYNG
V2

ot dtveTon amd

N ma)*'\/m
P=1- j dxl/fz(x)zl—‘/ j dx e =

—n/me

—1- \fjdze —1- 2[[& ~15.7%

Omov YpPNCYOTOMGOLE aAlaYN HETAPANTNG Zz =, fm?a)x KOl TO OAOKAPOLLOL TNG

VIOOEIENG.
B) H apepardtra ot pétpnon g Béong diveton omd

sz,/<x2>—<x>2
jdxx|%| —\/7.[d ol =

+00 3
()= _jwdqu%r-\r Jdocternetn = 1O ﬂ(mhwj -1

Enopévag

omov

2 h
Ax = \/<x2>—<x> = \/<x2> = S
I') H péon tyun g duvopukng evépyetag dtveton omod
(V)= %ma)2 <x2> = %ma)2 (Ax)2 L 0

A) 'Exovpe



Aocknon 8
A)XPNOILOTOIDVTOS TNV TPLY®VOUETPIKN TOVTOHTNTA
cos(A—B)—cos(A+B)=2sinAsin B

N KLUOTOGLVEPTNON YPAPETOL

w(x,y)= C{cos {% (2x— y)} —cos {% (2x+ y)}} =2Csin (%j sin (%j

Amo v kavovikomoinon Oa Exovpe

T 2 @ 27x) X
jdx jdy |l//| =1= 4C2jdx sin? (—j jdy sin® (—j -
0 0 0 L 0 L

- de (1 - cos4—7L[xj Mdy(l —cosz—zxj } _

L L
_ | x—Lgin 2 y—isinzﬂ _CP-1=>c=1
4 L |, L

B) Zopeova pe ™ ovlinmon ot ced 227 tov Pifiiov tov Serway-Moses-Moyer 1
evépyela dtveton amd

2 2 2 2 2 2
p--lL(ov dv| n 1 (Lﬂj {zj v
2my \ Ox~ Oy 2my |\ L L
2_2 2_2
— h 72'2 (22+12):5h 72'2
2mL 2mL
AmO TO TOPATAV® OTOTEAECUO OAAQ KOl TN HOPPN TNG KLUOTOGLVAPTNONG

2 . (27nx)\. (7my , , , , .
7% :zsm —— |sin| — | OdlamoTOVOLHE OTL QLT OVTIGTOWXEL OTO EVEPYELNKO

eminedo pe kPavrikovg appovg n, =2,n, =1k Gpa givar STAG ekpuAopHEN.

Aocxknon 9
A) H evépyeta vOpoyovoeldovs atdpov tvar
2 2 2
E =212 |_(136e)%, n=123,.
2a, n
-13.6

[Na 1o ABo éyovue Z =3, omote Ppickovpe n=3 e =3. Emopévmg o Baduog

EKPLAMGLLOD OVTAG TG EVEPYELIKNC 6TAOUNC eivon n° =9 .
To p€Tpo NG TPOYLOKNG GTPOPOPUNG Elvart
L=Jl(l+D)h=J0({+1)-6.582x10"eV -5

amod v omoia Ppiokovpe £2+€—6=0:>{ _ 3 Kot €medn M opvnTikn Adonm

anoppintetor, £xovpe tehkd £ =2. O kPavikdg apOpodg m, pmopel vo maPEL TG
Tpég m, = -2,-1,0,1,2 ko epodcov and ta dedopéva g doknong dev tpocdopileta,
N YEVIKN LOPOT TNG KVUOTOGVVAPTNONG TOL 1OVTOG £tvat:



\P(l", ‘95(0) = R32 (l’)z cm,, Ysz (‘97 (D) =

my

= Ry(N{cL132(8.0) + 15 (8,0) + Y2 (8,0) + Y, (9,0) + ¢, V3 (4,0))

, , 2 2 2 2 2 , ,

onov ¢, otabepég pe |cfz| +|c71| +|co| +|c1| +|cz| =1 (cvvOnKN Kavovikonoinomng).
B) H kBavtikn aktiva g katdotaong » tov povtédov Bohr givar (oyéon 3.35)

"n =(n2) =) 3 %

ue a, :0.529><10*1°m. H (ntodpevn mbavotra va Ppedel to niektpdvio kdmov
3ay © 27

pHéoo og opaipa aktivag 3a, eivon P, = j j j |‘P(r,9,go)|2r2 sin$-dr-d$-dp=

r=0 9=0 =0
2
3a, 3a
! ! 2 Z

J'|R32(r)|2 rdr= j ( j 2 ( rj “aBa | P2 dy o m omolon Bétoviog Z=3
=0 2ol \ 34, 2745 a,

1200
yivetaw B, =—— I rée“dr . @étovag x =2r/a, = r=a,x/2, £OVpE

a

0 =0
12 a07 h 6 -x -1 6 5 4 3 2 -
R dx = ———(x* +6x" +30x* +120x° + 360x” + 720x + 720 e
: 352 2*.3%5

Ko tahK(x P, = 0.394 =39.4%

Aoxnon 10
A) T'w va ypagel n kopotocuvaptnon npénet va Ppebovv ot kPaviikoi apibuot n,
Kot my TG kotdotaons. H evépyeia vdpoyovoeidovg atopov givol

2 2 2
E, __ke {Z } (~13. 6eV) . n=1,23,..
2a, | n
iy , , -13.6
"o 1o Y0 €yovpe Z =2, omodte Bpiokovpe n =2 604 =3.

Epocov n =3, ot duvatég tyég tov [ etvan /=0, 1, 2.

INa /= 0 10 pétpo g otpopopung etvar 0, evd yia / = 1 o1 dvvatoi TpocavatoMcol
NG GTPOPOPUNG MC TPog Tov GEova z givan & = 0°, 90°, 180°. Apa 1 udévn Adon mov
etvar cupPot pe ) yovia 35.25°etvoun [ = 2. Eniong, and ) oyéon (7.15) éxovpe

=JI(l+1)cosf=+/2(2+1)cos35.25 =2

Apa n=3,0=2,m =2 xoin Kuu(xrocuvdpmcn yphpeTon

232 (2r
RPN Y12 B RPN

onov Y, (0,4) = % , /;—5 sin® @ e* n ceonpikh appovikh £=2,m, =2,
r

B) Xe avt Vv Katdotaon n HEo amdoTacT 7 TOL NAEKTPOVIOL ald TOV TVPTVA ivat




=i [ soasio=[[ ][ S5 (3] ol - |

2 V(a2 Y2 4 2% 4
<r> =|— || —F= I =L exp = ar =ﬁjexp - ar
3a, ) | 2745 A 3a, 3'5a, 1 3a,
. r
Ewsdyovtag z =— maipvoope
3a,
20 st 5040 21
<r TsaT T }[e z'dz = 615 a,x7!= L a0:7a0—525a0
H axtiva mov npoBkanat T0 povtélo tov Bohr yio 7 = 3 givar oOpemva pe v oxéon
3.35 tov PifAiov Twv Serway, Moses ko1 Moyer 7, =3%a, /2 ondte 0 Adyog eivon
(r)_21/4_7
1 9/2 6
') I') H péon tyun g Suvaptkng evEPYELNG TOL 1OVTOG elval

<U>=—kZeZI%|R32| rdr = —kZe (3%] (;{;j [ar r(2’”] exp(—%] _

=1.17

—13.6§eV=—12.leV

EPQTHXEIX

1))
a) H xopatoovvaptmon sivan W(x)=Ce™ (1 — e”‘) v x >0 o n mBavoétnTo va

Bpovje T0 GoOUATIO 6TV TEpLoyT (X,dx) eivon P(x)dx = Cze'zx(l —e" )2 dx. loydel

T P(x)dx =1
0
Evkoia Bpiokovpie amd tov vmoroyiopd tov orokAnpopatog C = V12 kot dpa

P(x)=12¢>(1-¢™.

(B) H m6 mbovn tyun e ovvdptong P(x) Ppioketot amd v Avon g e&lomong
dP(x)
dx
P(x,)=0.0625. Toonupeio (x,,0) kot (x,,P(x,)) dnkodvovtal Le aoTEPIGKO GTO
oYNUo 6T0 01oio mTapovstaleTal | Lope1 TG Thavottag P(x).

(v) H péon myun mg 0éong tov niextpoviov Ppioketon omd
<x>= T xP(x)dx = % =1.0833

0

=0, nomnoia éget Aon x, =In2=0.6931 pe avtictoryn mbavdmra



H i aut oopmintel pe v S1okeKopEVN YPOUUTY GTO GO TOL Elval TApIAANAN
oToVv Géova. y.

[Mapatmpodpe 6Tt 01 TOGOTTES X, KOl < X > Ogv cuumintovv. Avto eivor cvvnbeg o
W GUUUETPIKEG KaTavouég TOavOTTaG. TNV KPovIounyaviky, 6 pTtpnon g

0éonc Tov copaTiov Ha TOPATPICOVE TNV OVOUEVOLEVT] TIUY TOV X, ONA. to < X >.

.07

2)

Edv ta nAektpovio kwvodvtor otn dedbvvonx m opun touvg p. etvol mTANpog
kabopopévn (Ap, =0), evod n afePardto g oppng tovg Katd T Sievbbvven y
HETA TN O1EAEVOT TOVG OO TN GYLoUN dtveTon amd TV apy”| TG afefordotnrog

h
AyAp, 2h= Ap, 2 N

v
Yav po VKN Yovia tepibiacng umopode va TAPOvpE TOV AOY® NG KOTAKOPLONG
. , . Ap, 1 n_1 4 .
OpUNG TPOg TNV opyikn opllovia, $=——=——=——_ 0mov A TO UNKOG

P Avp, A2
kopatog De Broglie tov nAektpoviov. I'a nhektpovia evépyelog £ =10eV égovpe

h h
A=—= Kol Oewpovtoc 0Tt Ay = /2 Bpiokovue telkd
p. ~N2mE
34
9 2_h 2 1.054x10 rad =2.5x107 rad .

T a2mE  5%x10° \2x911x10° x10x1.6x10 "

3)

Av 7=0 yuo. 0<x<L ko V=00 gk10¢ TOV KOLTIOV, TOTE 1| SLPOPIKT e&icmON
Schrodinger pe E=0 yiveton ¥" = 0 ko mpdypatt Exet Avon v ¢ = ax +b.
AANG emeldn M y mpémel ot dkpa, A0y cuveyxeiag, va undeviletat, dpo a=b=0,
omote =0 mavtov. Opmc, avtn dev UTopel va mePLYpAPeL TLKVOTNTO TOOVOTNTOG
EVPEGEMG VAIKOD cOMATIOV, d10TL avTd Kamov Ba Ppioketor péoca 6To KovuTi, Kot Ha

L
TPEMEL f Wwdx =1, dmep dtomov.
0



2nu. To F — 0 kot 6tav 10 L — oo . Tote pmopel va meptypaeel copUATo, 10Tl 1
amodekt Moon Asin(nz / L)———az + 0 (pe a = Arz / L).

L—oo

4)

2T0ovV HIKPOKOGHO OgV VITAPYOLV aKIvITO COUATIO AGY® TG apYNG OTPOCIOPIGTIOG
tov Heisenberg cOppwva pe v omoio éva okivnto COUATIO €xel UNOEVIKN
ampocolopIoTion GTNV OpUN KoL Gpol ATEPT] ATPOGOIOPIGTIOL GTNV OPUN KOl GUVETMOG
Ba etvon TApwg amevromiouévo. ‘Eva copdtio mov Ppicketol 6 6TACIUN KATAGTAO
etvat vroype®UEVO Vo Bpioketal o€ LG TETEPAGUEVT TEPLOYT TOV YDPOV KOl CUVETMDG
&xel ampoodlopiotioc oty opun tov.  OTov TO KIVOUUEVO COUATIO PPLOKETOL GE
OTACIUN KOTAGTOOT T TN TNG EVEPYEWIS TOL Elval GLYKEKPLUEVT KO TOPOUEVEL
otabepn oav cvvaptnon tov xpoévov. Ilepduata oe copdtio mov Bpickovior otV
0 otdowun kotdotacn divouv cav amotélecua mwhvto TV 1010 T EVEPYELOG.

Emiong n mukvotto mbavotrag (|l//(x)|2) etvar aveEaptnen tov xpovov givar dnAadn

oTdoun.

5)

To copdtio o oty wepimtwon 6mov &xovpe VOPoyovo Ba okeddloviar amd Tovg
TLPNVES VOPOYOVOV, dNAAON Ta TPpWTOVIA. ATd TO Tapddetypa 3.4 Tov Bifriov £xovpe
0Tl OTOV €V GOUATIO O TPOOSTUMTEL KEVIPIKA TAV® GE OPYIKA OKIVITO TPOTOVIO UE
To0TNTOL U, HETA TNV EAUCTIKY) KPOLGN 1 ToYLTNTO TOL cwpotiov o Ba yivel
u' =wu Onodte, epoécov N pala Tov cOUATIOV o ival HEYOADTEPT ATO TNV

“om+m, ’
P

palo tov mpwtoviov dev Bo TopatnpooLUE OKEDOOT OE  UEYOAES YWVIEG
(omoBookédaon).

10



