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3.10  "Atopo TBpoybvou: Mopg? atopxdy Teo-
N LAXDV.
210 Lyfua 3.8 gaivovtan o1 oapixéc ouvtetayuévee (1, 6, ) broc ocuvidwe yenot-

HoToL0VTAL 5N QUOLXT: 1 amdG TSN T amd TN apyH TwY 0E6vwy O, N oAy ywvia
0, n aCipoudiond yevia . Enuewdvovta xeu to povedioda aviouata é,., &, Ep.

Zxtiua 3.8: Or Gpapikés ouvretayuéves (r, 6, ¥): n andotaon and to kévtpo r, n mohikrj ywvia 6,
n alipovtaxn ywvia . Inueadvorta kai ta Hovadiaia aviouata é,, ég, é,.

O 1BLOCUVAPTAGELS TOU atéuou tou Tdpoybvou oe OQOUUPIXEC GUVTETAYUEVES EYOUV

™ popeH
\Ilnfm (Ta 67 SD) = Rnf(r)@@m (6)®m ((ID)

ot onofeg efvon SnAadh tor D (7) oL YEVIXOY oupPoliopod, émov k = {n,¢,m} eivar
0 cuMhoywde wBoaviixdg apriude. Avahutixdtepa

en=123, ... eu o x0plog¢ xBavtinods aprdpde
e /=0,1,2,....,n—1 elvat 0 Tpo Laxog xPaviinde aptduoe, xou

em=—(—0+1,...0—1/levuo Ay YNTIXOG xXPaviinds aptdunode



112

Yuyxexpeve tepatidevion Tapaxdte Ta atowxd tpoyluxd 1s, 2s, 2p, 3s, 3p, 3d [30)].

V100(r, 8, ) = (na3) 77
Wago(r, 8, ) = (32 wag)_%(Q — L)e‘%a

ap
Uo0(r, 0, ) = (32 Ta, ) — cosfe %0
Ua1a1(r, 6, ) = (647a5) X sin § e*ive g
ag
-1 r r, __r
Wsoo(r,0,0) = (19683 mad) ™2 (27 — 18— + 2—) e o
Qg CLO
Us10(r, 0, ) = (6561 7ra(3)/2)_% (6 — _T_) I & By wosl
ag Qg
W11 (r, 6, p) = (6561 wag)_% (6 — L) ¥ T g et
Qo Qo

\11320(T7 67 90) = (39366 7['@8) _% (1)2 6—ﬁ (3 0082 9 _ 1)

g
+ip

=

(L)2 e T sinf cosfe

\1’32:{:1(7", 9, (p) = (6561 Wag)- E
0

1 o )
\1132:i:2 (T’, 97 90) = (26244 ’/T(lg) 2 (GJL)Q e 3ag Sil’lQ 0 6:5:27,@
0

\11100 = 18

Warp = 2p,

(o141 + ‘1"214\)/\/5 = 2p,
(o141 — Wo11)/(iV2) := 2p,
Wagg == 38

W3y == 3p.

(Tg151 + Wgy ;i/w/— = B,
(U314 \}'.131_....1)‘,/(71\/'5) ------- 2,
Wagp 1= 3d.2

(V3241 + W331)/V2 = 3d,.
(Uso41 = Ugo1)/(iV2) := 3d,,
(Uag40 + Way_o) /\/5 = 3 gy
(el xygg_;)/(d V2) = 3d,,

Evvoeitor 611 ot 1Blocuvapthoeg unopoly va ToAamAactac 100y ue éva Topdyovta

e’LG,

, 0mou a o ovdalpeTn Qdor, TapauévovTog Wiocuvapthoeg. Ot avtiotoyee -

droevépyeleg eivar By = RSy, = ——f = E,, dnhadr undpyel exUNOUOS WS TPog
n

¢,m. Rg = 13.6 eV eivar n evépyewa Rydberg xat ag efvon n activa Bohr. To mévte
TPOTA aToMXd TPoYLaxXd 15, 25, 2p;, 2Dy, 2p, anexovilovia oto Tyfua 3.9, Ta tévte
atopxd tpoytaxd 3d oto LyAua 3.10, eved 6Aa o aTopd TpoyLtoxd LBPOYOVOERY
XUPOTOCUVaPTACEWY €W 1o 78, anewxovilovian oto Tyhua 3.11.



113

xnua 3.9: Ta névte mpdita avopuxd tpoyiard 1s,2s,2ps, 2py, 2p, [31]. Ta xpduata (noprokali,
yaavd) avuooiyoly ge Sapopetid npbonua, av T.x. 1 toptokali mepigxn elvar Detikri, n yadavrj
etvar apynuikr]. Ocwpodue tov tapdyovta e** = 1.

Zxnua 3.10: Ta névre avopurd tpoyraxd 3d [31]. Ta xpduata (roprokali, yalavd) avriotooly oe
dupopetind mpéonua, av m.y. n noptokali tepoyn efvar fetikn, n yadavy efvar apynuirn. Ocwpotite
Tov mapdyovta € = 1.

{««m gifm b 3 dd=d : file ks

Tmel mel sl mel mesl 0 meil  wel el m=dl L me4sd

P b #y it ﬂxa: :2',« i ?fox vﬁ.a’/'/«s,"‘ B Fu : furt iy

" S0® L
,3“”'*33?3%*“ PRSEINE .
ie 3 60 @ -5. XIno ga*gfg%m @
ol : “_“ ’I* X 3 » ""’"“ 2N

Xxnpa 3.11: ‘Oda ta atopukd tpgyraxd vdpoyovoaddy kupatoowvaptiioeny éws to 7s. Ta xpduata
(kérKivo, pmle) avuawlxovz/ o€ dapopetikd mpbonua, av m.x. 1 kdkKkvn Teploxn efvar Detiki,
MmAe efvar apynriky). Ocwpolie tov mapdyovta ' = 1. Fikdva and wikipedia [32].
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Toptag Puoikig Ztepeds Katdotaons, Tujpa Puouws, EBviké kat Kamodiotplaxd Mavemotipo ABnvav.

KBavtkn OTtTikn kot Lasers.
Etétaom s 13 louviov 2018. Asdokwv K. Zipoepitng

Ofpa A.

1. Na eheyxBovv oL 25, 2p,, 3dy, G TTPOG TV opoTipia.

2. Na Bpeite mOOEG Kot TTOLEG KOPPIKEG ETULPAVELEG £XEL KGOt plo oo TG 25, 2Py, 3dy, -

3. Na eheyxBel av petaBdoeig 1s & 2p,, 1s © 3p,, 25 © 3p; elval EMITPETOUEVES 1) ATIYOPEVHEVES
oTa TAaloLa ™ TIPooeyYioews SLTOAOU KL av LoX VoLV ot kavoveg emoyng Al = £1,4m = 0, +1.

4. Na 6uykpLBoUV 0L LoYVEG TOV OTTIKOV HeTaBAcE®Y, oTa TAalow TG npoocyyloewg Stmdrov,

1s & 2p,, 1s © 3p,.

5. Dk, = fmww dv &y (r)(—e)rdy, (r) efvon Ta otowela Tivaka g Sutoikng pomis. Egnynote
yiati ev To otoiyelo Tivaka ™ Sumokrg potg undeviletay, Sev vTdpyeL TETOLA OTTIKY HETABaom.

Ofpa B.

1. Bpeite o€ TL evépyela, ouxVOTTA, Ko KOHATOS QVTLOTOLOVY oL petaBdoelg 1s & 2p,, 1s © 3p,,
25 & 3p,. Mok amd autés Tig petaBdoeg ba mopoVcape va xprnoomnomjcovupe yla LASER oto
0paT6; OVORAOTE TN GUXVOTNTA TG Vo.

2. Eotw 61l To NMAfpeg Evpog oto ‘Hutov tou Meylotou (Full Width at Half Maximum, FWHM) tng
uetaBdoews avtig etvar AviWHM = 2 GHz. Eotw 6TL €xoupe GLAROYY atdépwv YSpoydvov, ot
TETPAYWVIKY KOOTNTA HE SLACTACE Ay = h =4 mm, dy =W = 4mm, a, =L =0.15m.Ymnapxouv
vmoompudpevol ard v kodtnta Staprixelg HM TPOTIOL, Vyy, OL OTIOLOL VL EPTTITTTOVY 0T OUXVOTIKT
nieproxt v, N omota €xet 0pog AvEWHM. Ty téEews peyéBoug etvan To m, woTe SIHUKELG TPOTIOL Vpy, VO
BplokovTal evtdg TNG YPARPG EKTTOUTING Vo, T orola éxeL evpog AvEWHM, @édovpe SnAadh v, ~ vq.

3. AlvovTalL Ol CUVIOTMWOEG TOU NMAEKTPIKOU Kol TOV poyvntikoy medlov evtdg opBoywviag
Top AANAETHTES NG KOO TN TG

E, = Eyo cos(kyx) sin(kyy) sin(k;z)
E, = E,q sin(kyx) cos(kyy) sin(k,z)
E, = Egsin(kx) sin(kyy) cos(k,z)

i ,
B, = = (Eyok, — Exoky) sin(kyx) cos(kyy) cos(k;2)

i :
B, = - (E,oky — Exoky) cos(kyx) sin(kyy) cos(k;z)

i .
B, = w (Exoky — Eyoky) cos(kyx) cos(kyy) sin(kz2)

] My T ' ] ) 1
émou k., = 2L k.0.K., KAOWE KOl 0L GUXVOTNTES TwV TPOTIWV Tou HM nediov,
X ax

e =5 &) + @) + @)

BpeiTe TOUG TPELS KATATEPTG TAEEWS TPOTIOUG HE Hn pndevikd HM medlo o€ kufuca) koot Ta .

2

; . oy em . _ pP+q® (L\?
4, e TETPAYWVIKY KOAOMTA Ay = Ay = @, EETE 0T Vpgm = T 1+ x, omovx = 5l o

Xpnowomowovtag Ty mpocéyylon V1 + x = 1 + ;» SelETe 6TL 0L GLXVOTNTES TWV EYKAPTIwVY
TpéMwv 0to 3A TPOPANpa Elva
mc  cL p* +q*

=L Vel

T2 = v,, = Vgom EVAL 0L GUXVOTNTES TWV SLapnK®y TpoTWV 0T0 1A TPOBAN Q.

5. Bpeite Tn ouxvotu] andotacy 4vy 41 600 Sladoxkwv eykapoinv TpoTwy, petaBdirovtag dnAadn
HLGVO TO P KL KpaT®dVTAS Ta g, m otadepd. T T €xeLn Avp pyq YiXp = 1 xam 000 BprKate 0TO
epOTNHA 2;



Topéag duouaig Ztepeds Katdotaons, Tuqpa duoikig, EBviké kat Kamodiotpiakd Mavemotiuo ABnvaov.

KBavtikn Omrtiki) kot Lasers.
E&étaon tng 13% louviov 2018. Asdoxwy K. Zynoepidng

Oewpriote TI§ 18LOCLVAPTHOEL TOU KTOUOV TOU Y8POYybvou Wy (r,6,9) = Ry, ()0, ()P, () =
Py (r) , 6mov k = {n,1,m} o culdoywés kBavtikés apBuds. Andady n = 1, 2, 3, ... elval o kVpLog

KBavtikog aplBude, =10, 1, 2, ..., n-1 elvar o Tpoxlaxds kBavtikds aptOpds kaw m = =1, —1+1, ..., -1, 1
elvan 0 payvntikég kBavtkds aplOpds. Tuykekpipéva Sivovtal ot g€c:
V100, 60,0) = (mad) /2 e VPipo = 1s
1 =t
P200(r,60,0) = (32mad) 2 (2~ ) e 2 W)oo = 25
0
1 Ty
Y10(r,0,0) = 32 mal) 2 ai cosf e 2o Yoi0 = 20,
(]
1 PR
¥2141(r, 6, 9) = (64 ma3) 2 al sing e*'¢ e 240 (Wa141 + W21-0)/V2 = 2p,
0

(Wa141 — Pa1-1)/IV2 = 2py

1 21, ol
W00 (r, 0, 0) = (19683 ma3) ™z (27 — 18alo + 25—3) e 3ao Wi = 35
1 e
W310(r,0,9) = (6561 a3 /2) 7z (6 -—alo) aLOe 3a0c0sH Yaig = 39,
1 tele ;
V3141(r, 0, 0) = (6561 ma3) 2 (6 - aio)aloe 3a0sing e*'® Pa141 + WB}.—::.)/‘/E = 3Py
(3141 — W31-1)/IV2 = 3py
3 _1 T 2 T 2
W350(r, 0, 9) = (39366 Tard) 2 (a:) e 320(3cos“6 —1) Wi = 3d,2
3—1T2_‘L- +ip 1 r /5 = =
Warin(1,0,0) = (6561 mad) "> (a—) e %4 sinf cosf et e+ e L =S,

(Wsp41 ~ Waz1)/iV2 = 3dy,
3 - r B tas2 +2i(p s /— s
l2U32i2 (7‘, 9, (p) = (2624‘4 Tl'ao) 2 ((—l:)') e 3a05in“P e+ (111”32.;_2 -+ 132,,,2)/\ 2= dezmyz

(az42 — W32-2)/IV2 = 3dyy

Ot avtioTotyeg Bloevépyetes elvan Ey, = A0y, = —iﬁ = E,, 5nAadn vmapyel ekQUALGHAOS w¢ TTpog Lm.

2
Re=13.6 eV eivawn evépyea Rydberg kat ap elvai n axtiva Bohr. Oswpriote eniong Sedopéva:
A) foooe‘yr rdr =y~ ™Dl émovn=1,23,... kary>0.
B) e o@aipwes ouvtetaypéves (1, 6, ¢), 1 avTIoTpoQT g TIPO§ TNV ap)T| TOU CUGTHHATOS AVAPOPES
SNAad NmpdEn r — r'=—-r avtotoyel ot A ayégr =1, 8 =—6, ¢ =1+ .
[} loxbvein mapakdatw ékppaon yia to Sidvucpa Bécewg:
1= % sinf [(3? —iP) e’ + (& + i) e'i“’] + rcosf Z.
A) h ~41x107eVs katc = 3 x 108 m/s.
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