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Chapter 38-Problems MKT Kep.1-3
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Avaokotrnon KRavTikng Mnxavikng

Il.
Iil.

IV.

Vi.

Ta 30 xpovia mou dAAaéav tn Puaikn

Aiwuara KBavrikne Mnxavikng =
H xpovikw¢ aveédprntn e§iowon rou Schrodinger @Bﬁ T
Apxn apeBaiornrag

2uppoAioudc Dirac (bra-ket)

lMapadeiyuara Avon¢ §iowon¢ rou Schrodinger
- &Ag00gpo owpario s
- owpuaro oc 1, 2-, 3-diaoraro epedario Suvauikou THRTY YEARS

ABNNAL AW

- HoVOBIAoTATOS APUOVIKGS TaAQVTWTHS TH@J&Q SOK
- MMEPIOTPOQN O 2 KaI 3 SIACTATEIS, TTPOPOPUN The Story of Quartum Theory
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Ta 30 xpovia mou aAAagav Tn Quoikn *

AvemiAura puzzle Tn¢ KAQGOIKNC QUOIKNC OTIC apxéC Tou 20°Y aiwva

- AkrtivoBolia uéAavo¢ cwuarog
- PWTONAEKTPIKO QAIVOLEVO

- ®aivéuevo Compton

- OcpuoxwpnTIKOTNTA OTEPEWV OEQPIA —NEIPAMA
- @douara arouwv

- Xpwua opuKTwy

- Ka1 aAAa

*G. Gamow, “The 30 years that shook Physics”, Dover ed.
* 2. Tpayxavag, “KBavrounyavikn”, lNEK
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Ta 30 xpovia rou aAAagav Tn Quoikr)
Ymd0eon Planck (1900): KPavrwon tn¢ evépyeiac Tou wroc '

Nobel ®uoiki¢ E-nhyv " ara@epsclx’ Tou Planck TN,
1918 6,626x10~* Js l
Maximum AktivoBoAia yéAavo¢ owuaroc
> -
g J Khaooikd Quoiki : E .. = ke T
5 ;\ N. Wien 1 QUoKA + Eos = X5
3| £| | Ana] = const. | N. Stefan-Boltzmann : M = gT* 0. 5.67x108 W/m2K*
0| 5 \
Al | N. Rayleigh-Jeans dE = podA, p=8k,T /A"
3| © iggiif_';ﬁ re (Yrrepiwdng karaorpo@n)
s B , oTaBepd Boltzmann
- 2 Nouoc Planck hy g = 1.38x102 J K
- E=nhv - E =— T
- et g
: e
Wavelength, A 87Z'h V3 87Z'hC
i p(v,T)= p(A,T) =

C ( hv/kBT 1)

http.//www.chemteam.info/Chem-History/Planck-1901/Planck-1901.htm/

( hc/ﬂkBT 1)




Ta 30 xpovia rou aAAagav Tn Quoikr)

Einstein (1905): Auadikn @uon rou ewroc.
@QZ : HM koua <> owparidio (ewrovio)

Nobel duoikng E-hv 0= D _ 7k ‘ o =)
1921 % AN =
KAion -h/" . Epunveia pwronAskrpikod pavopévou 1
% 3.0 /7//-
E.=hv- @ : épyo e€aywyr] 5
m e P pyo egaywyng :
1.0 /,;/ :|w|:’
T - OEPUOXWPNTIKOTITA OTEPEWV ma——

(kBavrwaon svépyeiac UAng)

(E,)) e Y[ %"
(CV)vib _( oT j\/ - NkB( T j ((eﬁ%/T _1)2]
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Ta 30 xpovia rou aAAagav Tn Quoikr)

PwTONAEKTPIKO PaIVOUEVO

H. Hertz (1886) : lovTiop6g Tapatpeital kara v alnAettidpaaon (utrepiwdoug) akTivofoAiag-uAng.
H. Hertz, Ann. Physik 31,983 (1887),
H. Hertz, "On an effect of UV light upon the electric discharge®, (Sitzungsber d. Berl.
Akad. d. Wiss., June 9, 1887)

J. J. Thomson (1899): Ta owparidia (corpuscles) TTou e¢ayovTal £X0uv OUOIEG 1IBIOTNTEC ME TIC KABODIKES
akTiveg OAD gival nAekTpovia.

P.Lenard (1902) :  H kivnTikA evépyeia Twv owHATIdIWY QUCAVEl UE AUCNaN TS TUXVOTNTAS TNG
akTIvopoAiag.

A. Einstein (1905) :  Auadikiy Uar ToU QWTOC. (A. Einstein, Ann. Phys. Leipzig 1905, 17, 132-148)

OQ2 : H/M Kupa <> awuaridlo (ewrovio)

Nobel Quoikic (1921)  Epunveia @wTonAeKTPIKOU QaIVOUEVOU
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Ta 30 xpovia rou aAAagav Tn Quoikr)

' DOwTONAEKTPIKO QaIVOUEVO — [TEIPAUATIKEC TTAPATNPNOEIC

HAekTpIKO pevpa (i) ~ Eviaonc déaung ewtocg (I) collector
MEyioTn TaxutnTa NAEKTPOVIWV (Up,,) # (1) . \\s [Ip—
iy

cathode

MEyioTn TaxuTnTa NAEKTPOVIWV (Upg,) = f(V)

Mapatpnaon pong NAEKTPIKOU PEUUATOG HOVO OTAV v > Vi, W_
Axapiaia Tapar)enan PoRg NAEKTPIKOU PEUUATOC E TNV OKTIVOBOANON

TOU OTOXOU. /
A. Einstein (1905) :  Auadikiy Uan TOU QWTOS Vacuuml e/
chamber
_ , , : 0 N
OQZ : H/M kipa <> cwuartiolo (QwTovio) |Kiion : h / %
E —hy — ¢ E. : KivnTikr) evépyela e +".—
e V' GUXVOTNTO QWTOC . — ' )
- . PapuolovTac KatiMnAn
(,p ' EP Yo EF’Gwing , "0 / (avaoTpogn) Taon, V, etacu
 EVEPYEID OETUEUONG NAEKTPOViWV _ KaBodou kai GUANEKT Eival
(binding energy) "o s EQIKTA) N avaoToA} g

L £Gaywyng NAeKTpoViwy.
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Ta 30 xpovia rou aAAagav Tn Quoikr)

To paoua ekmroutnC Tou arouou rou Yopoyovou (H)

A/nm
e T
el === === o o o o
0o OO0 O O o -] L LY ]
o — OO LW = o | —— - ——
| | I | | | | | | | |
|Visible|

ot | I N

RN - -
Lyn'_uan
Analysis - .“ Paschen

Balmer -

n'=1 <« n=2, ... Lyman series /
Ilu Brackett n'=2 « n=23,...Balmer series | .#
H Tapatipnon GaCHATIKWY YPOUHWV n'=3 <« n=4,...Paschen series ::, 5\?\'@?3&?—
0€ TIOAU KaAQ kaBopiopEva ki n'=4 « n=5, ... Brackett series ., \an

kOpaTo¢ utrodnAwvel YeTaBdaaeig \ series.
METOEU DIOKPITWY EVEPYEIOKWY
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Ta 30 xpovia rou aAAagav Tn Quoikr)

Rutherford : [MAavnriké povréAo arouou
Kivnon nAekrpoviwv yupw amé rov mupnva.

Niels Bohr (1913-16): O1 evepyeIlakEC KATAOTAOEIC TWV ATOUWY Eival
KPBavTIGUEVES
KBavrwon otpo@opung Tou nAskrpoviou (€ = nh)
Nobel duaikn¢
1922

4
F-__#® _ g1

n 8h2 2.2 H 2
e N N1 g1 TR Kep.2.3

- Epunveia aouaro¢ EKTouTTNC udpoyovou

2uvouaoTikn . _ _ i . i W B B
apxn rou Ritz hy = En’ En o RH (nrz nz _Tn' Tn

Terms
- http://nobelprize.org/nobel_prizes/lists/all/ ®daoparoak. 6poi




Ta 30 xpovia rou aAAagav Tn Quoikr)

Louis de Broglie : H UAn &xei duadikn popen.

(1924) ZUUTTEPIPEPETAI WC KUMA ME MAKOC KUPATOC A KaI WC
owuario ue pala m kai rayutnTa u (opun p = mu).
YAH : owuario — H/M kuua

Nobel duaikig ) — ﬂ _ L h : araBepa rou Planck

1929 p mu  6626x10% Js

[eipapa Davisson-Germer :  [lepifAaon nAektpoviwv amé kpuoraro Ni
1927 (54eV 352A 6=7)
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To apBpo Twv C. Davisson kai L.H. Germer
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Letters to the Editor.

[The Editor does not hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to veturn, nor to correspond with
the writers of, rejected manuscripts intended for this
or any other part of NATURE. No notice is taken
of anonymous communications.]

The Scattering of Electrons by a Single Crystal
of Nickel.

IN a series of experiments now in progress, we are
directing a narrow beam of electrons normally against
a target cut from a single crystal of nickel, and are
measuring the intensity of scattering (number of
electrons per unit solid angle with speeds near that of
the bombarding electrons) in various directions in
front of the target. The experimental arrangement
is such that the intensity of scattering can be measured

b
<
)
@
>
3
S
[
o

TARGET

F16. 1.—Intensity of electron scattering vs. co-latitude angle for
various bombarding voltages—azimuth-(111}-330°,

in any latitude from the equator (plane of the target)
to within 20° of the pole (incident beam) and in any
azimuth.

The face of the target is cut parallel to a set of
{111}-planes of the crystal lattico, and etehing by
vaporisation has been employed to develop its surface
into {111}-facets. The bombardment covers an area
of about 2 mm.? and is normal to these facets.

As viewed along the incident beam the arrangement
of atoms in the crystal exhibits a threefold symmetry.
Three {100}-normals equally spaced in azimuth emerge
from the crystal in latitude 35°, and, midway in
azimuth between these, three {111}-normals emerge
in latitude 20°. It will be convenient to refer to the
azimuth of any one of the {100}-normals as a {100}-
azimuth, and to that of any one of the {111}-normals
as a {111}-azimuth, A third set of azimuths must
also be specified ; this bisects the dihedral angle
between adjacent {100}- and {111}-azimuths and
includes a {,1 10}-normal lying in the plane of the
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target. There are six such azimuths, and any one of
these will be referred to as a {110}-azimuth. It follows
from considerations of symmetry that if the intensity
of scattering exhibits a dependence upon azimuth as
we pass from a {100}-azimuth to the next adjacent
{111}-azimuth (60°), the same dependence must be
exhibited in the reverse order as we continue on
through 60° to the next following {100}-azimuth.
Dependence on azimuth must be an even function of
period 2r/3.

In general, if bombarding potential and azimuth are
fixed and exploration is made in latitude, nothing very
striking is observed. The intensity of scattering
increases continuously and regularly from zero in the
plane of the target to a highest value in co-latitude
20°, the limit of observations. If bombarding poten-
tial and eco-latitude are fixed and exploration is made
in azimuth, a variation in the intensity of scattering
of the type to be expected is always observed, but in
general this variation is slight, amounting in some
cases to not more than a few per cent. of the average
intensity., This is the nature of the scattering for
bombarding potentials in the range from 15 volts to
near 40 volts.

At 40 volts a slight hump appears near 60° in the
co-latitude curve for azimuth-{111}, This hump
develops rapidly with increasing voltage into a strong
spur, at the same time moving slowly upward toward
the incident beam. It attains a maximum intensity
in co-latitude 50° for a bombarding potential of
54 volts, then decreases in intensity, and disappears
in co-latitude 45° at about 66 volts. The growth and
decay of this spur are traced in Fig. 1.

A section in azimuth through this spur at its
maximum (Fig. 2—Azimuth-330°) shows that it is
sharp in azimuth as well as in latitude, and that it
forms one of a set of three such spurs, as was to be
expected. The width of these spurs both in latitude
and in azimuth is almost completely accounted for by
the low resolving power of the measuring device. The
spurs are due to beams of scattered electrons which are
nearly if not quite as well defined as the primary beam.
The minor peaks occurring in the {100}-azimuth are
sections of a similar set of spurs that attains its
maximum development in co-latitude 44° for a bom-
barding potential of 65 volts,

Thirteen sets of beams similar to the one just
described have been discovered in an exploration in
the principal azimuths covering a voltage range from
15 volts to 200 volts. The data for these are set down
on the left in Table I. (columns 1-4). Small corrections
have been applied to the observed co-latitude angles
to allow for the variation with angle of the * back-
ground scattering,” and for a small angular displace-
ment of the normal to the facets from the incident
beam.

If the incident electron beam were replaced by a
beam of monochromatic X-rays of adjustable wave-
length, vory similar phenomena would, of course, be
observed. At particular values of wave-length, sets of
three or of six diffraction beams would emerge from
the incident side of the target. On the right in
Table 1. (columns 5, 6 and 7) are set down data for
the ten sets of X-ray beams of longest wave-length
which would oceur within the angular range of our
observations. Each of these first ten oceurs in one
of our three principal azimuths.

Several points of correlation will be noted between
the two sets of data. Two points of difference will
also be noted ; the co-latitude angles of the electron
beams are not those of the X-ray beams, and the
three electron beams listed at the end of the Table
appear to have no X-ray analogues,

he first of these differences is systematic and may

be summarised quantitatively in a simple manner.
If the crystal were contracted in the direction of the
incident beam by a factor 0-7, the X-ray beams would
be shifted to tho smaller co-

In considering the computed values of n{dnw/h),
listed in the last column, we should perhaps disregard
those for the 110-volt beams at the bottom of the

latitude angles #” (column 8), ]
and would then agree in posi-
tion fa-irlfr well with the ob-
served electron beams—the

average difference being 1-7°,
Associated in this way there
is a set of electron beams for
each of the first ten sets of 12|

X.-ray beams occurring in the
range of observations, the
electron beams for 110 volts
alone being unaccounted for.

i

These results are highly
suggestive, of course, of the
ideas underlying the theory

B
pinman|
s\

of wave mechanics, and we
naturally inquire if the wave-
length of the X-ray beam
which we thus associate with

v

{/
L

a beam of electrons is in fact
the himv of L. de Broglie.
The comparison may be made,
as it happens, without assum-

GALVANOMETER DEFLECTION

ing a particular correspond-
ence between X.ray and elec-
tron beams, and without use
of the contraction factor. z

Quite independently of this

factor, the wave-lengths of g B = T E T = =T 5 = -
all possible X-ray beams T T T T T T T 7 '1'- T T
satisfy the optical grating Lo T R T A A .

formula n\ =d sin #, where d
is the distance between lines
or rows of atoms in the
surface of the crystal—these
lines being normal to the azi-
muth plane of the beam considered. For azimuths-
{111} and -{100}, d=2-15 x 10-% cm. and for azimuth-
{110}, d =124 x 10-® em. We apply this formula to

AZIMUTH ANGLE

F16. 2.—Intensity of electron seattering vs. azimuth angle—54 volts, co-latitude 50°

Table, as we have had reason already to regard these
beams as in some way anomalous. The values for
| the other beams do, indeed, show a strong bias toward

Tasre I.
Electron Beams, X-ray Beams, J

Azimuth. — T o
[ Bomb, X0t | Codat.o. | Intensity. |Reflections. | Ax10%em. | Codab. . | Colub.#' | Gl oL ‘ BESE

{11} 54 650° 05 1220 203 70-5 52:7 436 | 165 | 099
100 31 05 331 1.49 440 316 504 1-11 0-91

174 21 09 §442} 1-13 316 2244 7-84 077 0-83
174 55 015 {440} 1-01 705 527 784 176 | 2(095)

100 65 44 05 311 184 59-0 432 479 149 098
fon 126 29 1-0 §422! 1-35 380 27-8 667 1-04 005
190 20 1-0 {533} 104 28-8 20-4 819 074 0-83
159 61 04+ | iy | 105 719 590 7-49 188 | 2(007)

110 138 59 0-07 420 1-22 78:5 30-5 698 106 | 102
o 170 48 0-07 §531 1:04 571 417 775 0-89 095
1111} 110 58 015 . .. . 6-23 1-82 1-56
{100 110 58 015 . o .. . 023 1-82 1:56
{110} 110 58 | 025 . ‘ . .. 623 | 1-05 | 0-90

i

the electron beams without regard to the conditions
which determine their distribution in eco-latitude
angle. The correlation obtained by this procedure
between wave-length and electron speed © is set down
in the last three columns of Table 1.
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small integers, quite in agreement with the type
of phenomenon suggested by the theory of wave
mechanics. These integers, one and two, oceur just
as predicted upon the basis of the correlation between
electron beams and X-ray beams obtained by use of



AOKNOEIC

a) Na rapaotabei ypagika (Graph, Origin, Excel, ...) n €€dptnon NG TTUKVOTNTAC OKTIVOBOAIQS TTOU EKTTEUTTETA
até YéAav owua w¢ auvapTnaon Tou PAKoug Kuuarog, A (nm), yia T= A, 2A, kai 4A K (A: 0 apiBudg untpwou oag).
B) Amé 1o vouo Tou Planck va egaydyete 1o vopo petatdmmang Tou Wien kai 1o vopo Stefan-Boltzmann.

To épyo e€aywync yia ta atorxeia Ni kal Na gival avrioToiya 5,0 kai 2,3 eV,

[Mo10 £Ival TO PEYIOTO UAKOC KUPATOS QWTOC TO OTT0IO ETTAPKET YIa TNV €€aywyn NAEKTPoviou arré Ta dUo autd
oToIXEIq;

Mol Ba gival n KIvnTIK evEPyEla TOU EAEUBEPOU NAEKTPOVIOU OTIC dUO TTEPITITWAEIC AV XPnaidoTToindei akTivoBoAia
uAkoug Kuuartog (A/5) nm ; (A: 0 ap1Bud¢ unTpwou oag).

HAekTPOVIO £TTITAXUVEI O€ NAEKTPIKO 6uyap||<() V =100 Volts. MNolo givai 1o prikog kupartog De Broglie Tou
nAextpoviou; (HB map.2-3) (A =1,226 A)

210 Treipapa Davisson-Germer, 1o omroio £mmiBeRaiwae TV udBean de Broglie, nAekTpdvia TTITaXUVOUEVA O€
duvapikd V = 54 Volts akedadovral atnv em@aveia KpuataAiou Ni.

Av 1| amméoTaon petacl Twv artdpwy Ni ivar d = 2,15 A va utrohoyioBei n ywvia kaTé TV oTroia upaviel péyioTo n
1n¢ TaENG TePiBAaC Tou «KUpATOC» Twv NAekTpoviwy. (HB 2-8) (B = 50,99

Y1odeign: Na amodeicete pe faan ammAd yewpeTpikd axua mn auvenkn mepiBAaong (Nouog Tou Bragg).
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Ta 30 xpovia rou aAAagav Tn Quoikr)

E. Schrodinger (1926) : lepiypagn ocuornuaro¢ ocwuariwv ue paon tnv I
Kuuarikn eicwon
(kuuaroowuaridiako¢ duiouog)

Nobel duaikn¢ 1933 KYMATOMHXANIKH (Wave mechanics)

W. Heisenberg (1926) : KBANTOMHXANIKH (Quantum mechanics)
Nobel ®uoikne 1932

Xpovikw¢ eéaprwuevn i @\P(X, Y, Z, t)
géiowan Schrodinger ot

=HY(x, Y, z,t)

Donald Shadoway @ MIT open university (lectures 5, 6)

#5 2http.//ocw.mit.edu/courses/materials-science-and-engineering/3-091-introduction-to-solid-state-chemistry-
( AN o

G

II-2004/video-Iectures/

g
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Kupartikn €§icwon Schrodinger

lAarog kUuarog : Y(x,t) = Asin 27{% — %) = Asin(kx — wt)

O°Y (X, 1) _ 1 O0°(x,t)

Eéiowon kuuaroc : P L2 ot

Eorw kuparoouvdprnon : P (X,t) =w(X)cos(at) Lo b2
|4 )
2 2 2 2 2 2 2 A2
Y(x,t) 1 o"¥Y(xt X 4 4
SRR (N ORI
OX’ v-  ot° OX2 02 v° A h
De Broglie

p* =2m(E -V (x))

Xpovikwe aveéaptntn 82W(X) 8 2 m
giowon Schrodinger @XZ T h 2

(E-V (X)) (x)=0
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Aiwpata TnS KRavTikne Mnxavikng

1. 2uvaprnon karaoraosw¢ N Kuparoouvaprnon (Wavefunction)
OAn n mAnpogopia OxeTIkA e TNV KATAOTAON EVOC QUAIKOU
guaTAUATOS TTEPIYPAQETAl TTANPWS ATTO THV KUUQATOOUVAPTNAN !

Yir,r, ..t

o HY(r t) eivar memepacuévn Kar oUVEXAC
o HWr t) civar yovoriun

H W(r, t) Exer ouveyn 11 mapaywyo kar «kaAf» 2" mapaywyo.
Aiwua rou Born — Epunveia tnc Komreyyaync (1927)

Eav W(rt) eival n kuuaroguvaprnon mmou eEPIYPAQEl KATToI0 GwWUATIO
/ kopa, 1ore - W*r)W(rt)dr eivar n mbavomra 6t mv xeovikn
oriyun t, owuarioro Bpiokerar ueraéu TN BEoEwe r Kal r+ar.
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Mapadelypa (mukvémra moavotrag)

Eorw owuario mou mepiypageral amd tnv Kuuaroouvaprnon :
1/2

x2

< 1 " 1/2
P(x) = [G\;Z—T[e 22l Niao=1(?)— \P(X)Z{\/ﬂe /2]

H m@avornra ro cwudrio va Bpiokerai ;L

ot @éon x+dx givar yevika: P(x) = ¥ ¥dx = \/%_n ez dx

27iC Oéoeic x=0 ka1 x=1 : P(x = 0) = max
P(x= 1) = 0.607 P(x = 0) s
H mi@avérnra ro cwudrio va Bpiokerar o€ 6Ao o ywpo sivar : P =1

Kavovikomoinon Kuparoguvapmnong: P = f P Pdx = *2gy =1

1 o0
— e
N2m T
Avalnmare Ta adpiaTa Kai opIguéva oAokAnpwuara

G ouvaprioewy Gauss oe BifAia pabnuarikwv kai ato Sladiktuo. (?) : blaoraoeig
({Ems) Acite emiong: AtOX-Turua Mnywv, Mépog 1, aeA.870.
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Aiwpata TnS KRavTikne Mnxavikng

2. TeAeorég (Operators)
2€ KABe uetpnoiun/raparnenoiun Quaoikn 1010TnTa A, avriaToixei évag
kBavrounyavikoc reAeatAc A.
Meipauarikh uérpnon 1coduvauei Le dpdon tou TeAeoth A emi e
kuuaroouvaptnong Y.

Eéiowon 16iomiuAc: AW=a ¥

¥ : 18loouvaprnon a: 10omiun

MNaaeR A : Epuimavéc reAearnc (hermitian)

Epuitiavoc reAeatng . . 1 6tavi =i
* _ _ =)

- [lpayuarikég 1010TIUES Lo ¥ X _Lo ¥y Widx = 0 6tav i # ]

- [1Ajpe¢ auvoAo opBokavovikwy 10100UVaPTHOEWY
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[apadelyyaTa TEAEOTWY

TeAeoTAC €ival éva paBnuaTIKG AvTIKEIPEVO TTOU ETTITEAET pial i D
atrAfq i oUvBeTn pabnuartikr diEpyaaia o€ pia ouvapTtnon P, =—1h—
(ava@Epoupe OTI 0 TEAEOTAC ETTEVEPYEI/DPa TTAVW OTNV OX
(Kuparo)auvaptnan). 2 K% 02
TeAeoTé A A f(x kin = 2
-1 mapaywyou D = g Df (x) = ot (x) 2m oX
WG TTPOG X OX OX X = X
-2ngmapaywyou  ~ - 9? - 0°f (X)
A=—— Af (X) = - — r
(AUQ ﬂpog?( Ox? (x) ox? Epot =V (r)
- Aladoy KA ¢
bepikiG M= N y) = T
Tapaywyong OXOy X0y H=-— ~+V (X)
W TpOGy KAIX. _ ) 2m OX
- Movadiaiog | =identity If (x) = f(X) A~
EmAéyoupe TOUG TEAEOTEC QUOIKWY EYEBWY KT avTigTolxia Je TV Ix =Yp, — Zpy
KAOOGTIKA HNXAVIKNA O O
- ©éon, x : TOAaTAACIOOPOS €TTi X — _ih(y 7
- OpyR, p : TAPAYWYOC WC TIPOC X 0z oy

- T uTdAoITTal peyEDN wg auvaptnan Twv X (y, z) kai p, (py, P,) A Z ¢
- HAexTpIkn diTTOAIKY poTIn H= 20
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Aiwpata TnS KRavTikne Mnxavikng

Mérpnon @uoikn¢ 1010TnTAC

Meuovwuévn  uérpnon @uaikng 1010TnTa¢  ouatnUATog, n omoia
avTioTolyel o€ TEAEOTA A, éxel we uévo amotéAeoua uia 18i10Tiun 10U
reAeoTh aluewva ue v eéiowon 1610TIuAc: AW =a ¥

m.X. Mérpnon evépyeiag oro arouo rou H
Or1 miuég mou Aaufdvovriar avikouv oTIC 10I0TIUES TTOU TTPOKUTITOUV
arro ™ Auan ¢ €. Schrodinger.

Epwrnua og mpdo@aro diaywvigua

Eotw H o TeAeaTC evépyeiac (xapIATwviav) yia To GTopo Tou udpoy6evou Kal W3y, N
KUMOTOOUVAPTNAN TOU ATOUIKOU TpoxIakou 3p,.

Na dwaeTe 10 amotéAeaua TS TTPacns mou akoAouBei, ekppdalovTag v 1I0I10TIUA TS
EVEPYEING TOU TPOXIAKOU wg auvaptnan Tng ataBepdg Rydberg, Ry, Kal va dwaeTe v I

Mg evépyelag ot povades eV karem H Yg, = .o,
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Aiwpata TnS KRavTikne Mnxavikng

4. Méooc 6poc euaikng 1010TNTAc = Avauevouevn TN TEAE0TN
H uéon niun (mAnBo¢ UEUOVWUEVWY UETPNOEWY OE TAUTOONUEC
KaraoTdoeig) maparnenoiuns 1010tnTac  ouoTAUAToC 10 OTT0i0
mepIypaQeral amo  0E00UEVN  KUUATOOUVAPTNON IoouTal  UE TV
aVaUEVOLEVN TIUR TOU QVTIOTOIXOU TEAEDTN,.

o A 4 AlaoTropd (TUTTIKA atrokAion)
(A = J YA E)r NG HEONG T
[ (ryw(r)dr o, =0A=[(A%)—(A)

A. Av W, i8ioouvdpron tou A 161 KGOE UéTONON Ba SWOEI WS
ammoTEAETIQ TNV 10I0TIUN O
Tore mpogavwe : <A>=a, Kaio,=0

«(3‘4“ ;
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Aiwpata TnS KRavTikne Mnxavikng

4. Méooc 6poc euaikng 1010TNTAc = Avauevouevn TN TEAE0TN

B. Avn W 6ev amoreAei 1dioouvdptnon Tou A eivar eQIKTO va ekppacbei

WC YPAUUIKOC CUVOUAOLIOC I8100UVAPTACEWY TOU TEAEOTA A .
Fevika: ¥=2cY,

Mérpnon = llpofoAn cuotnuaroc o€ 1010-KATACTACH
Méronon tou A, 6nAadh 6pdaon Tou teAeaTh A emmi tne
kuuaroguvdprnone Y mapdyer pia idioriun a; pe mbavornta |c|?
To ouatnua odnyeiral (mpofarAsral) atnv kar@oTaon mou
meplypa@eral amo v 1dloouvaptnon ¥,

2KEQTEITE T0 {GPI WS KUUATOOUVAPTHON.

I P * (f") A\P(f") dr , Exel mQavo’rnra va g SWOEI éva\{ armé 6 ,
< A> _ _ Z C ‘ a apiBuoUs. looduvauei e yoauuikd ouvduaoué
- _ o\ = i i | 16100uvaprioewv.
* ,
I Y (r )LP ( r ) d r l Ouwg orav piéoupe 10 {ApI (ekTEAéTOUE LETPNON)

107€ AauBavouue pbvo uia armo Ti¢ meaveS TILES

(uia 1610miun).
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MapadeIyHa (avapevouevn Tiur 8éong)

Eorw owuario mou mepiypageral amd tnv Kuuaroouvaprnon :

/ , ’
®(x) { 1 elez}l 2 Karavourj mavomnrac

J2r Suvdprnon Gauss
Na umroAoyiorouv:

1. nuéon niun ¢ 6éong tou (x)
2. n uéon miun Tou TeTpaywvou ¢ Béanc tou (x4)
3. ndiaamopd (tutrikn amokAian) tn¢ uéong tiung e 6éanc (x)

o
S
g
(o]
Q
)
3
S
S
(1]
& 1 %0 )
Symmetry and spectroscopy - /2
2 o ——— | xe™* "“dx
g N2 _0
: (xy =Y =
§- 3 - j e—X2/ 2 dX ) >
3 | [2 7 3= GX:BX:\/<X >—<x> =1
°
r© 2 1 0 _ 2
@ — Xze X /ZdX Ta ouykekpipéva oAokAnpwuara
; 2\ ,,/2 T Y _ _ l ival €I0IKA Kal divovral O€ TTIVAKES.
@ <X > = 1 == Mmopeite va 1a Bpeite o€ BiBAia
E J' 0 e—x2 /2 dx uadnuarTikwy kai oo dIadikTuo.
; B Acite emiong: AtOX-Tunua lNnywy,
3 e N2

21) Mépog 1, 0eA.870.



Aiwpata TnS KRavTikne Mnxavikng

5.  Xpovikn §€Aién kuuaroouvapTnong
H ypovikn €€EAIEN EVvOC auaTtnuATOC TTEQIYPAQETAI ATTO TNV XPOVIKWE
eéaprwuevn e€iowon Tou Schrodinger :

oY (x,1)

17

ot

= HY(x,t) = — ;
m

h° 0°(X,1)

+V(X)W¥(x,1)

aZXZ

Eorw kuuaroauvaprnan, n omoia amoTteAEi OTACIUN KATAOTACN TOU GUATHUATOC:

Y (x,1) =w(X)e(l)

oV (x,t)
ot

17

= HY(x,t) = E¥(x,t)

”\P(X, t) _ W(X)e_i(E/h)t

o S = , . i1 £f 4 2 .
j@ Orav V = V(x), dnA. aveédprnto Tou ypovou T0TE gival EQIKTOS 0 dIaxwpIouOS HETaBANTWY

OYZIKOXHMEIA | : MOPIAKH ®AZMATOZKOMIA (I’ €§. 2021)



Aiwpata TnS KRavTikne Mnxavikng

l((«ég i

Amayopeurtiki apyn rou Pauli

KuuaroouvaptnaeiS ol OTTOIEC  TTEPIYPAQPOUV  TTOAU-NAEKTOOVIAKO
aguoTNMA (ev yéver auotiuara gepuioviwy — owuatiwv nuiaképaiou spin) Eival
amapaitnTa avTI-OULUETPIKEC aTNV EVAAAQYn NAEKTPOVIWV.

WX, Y, 205 X0, Yo, 2, 1= - WIXo, Vo, 255 X4, Ve, 24]

I'Iapddslyua . (va eAgyéere ot n akoAoubn y,, ival avriIOUUPETPIKN)

Ve (1,2) = % (4 W4, (2 5(2) - 4, (2)a(2)¢, O Q)

1
-7 ¢, Ve 2)[ax(D) B(2) - a(2) fD)]

xR I R

spin
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H xpovikwg¢ avegaptntn £¢icwan Tou Schrodinger

HY(F) = E¥(F)

Auon e géiowonc :
- Kuuaroouvaprnon  Y(x,y,z) 16loouvaprTnon
- Evépysia E I0I0TIEC
- Kabe @uoikn 1010tnTa A TOU TEPIYPAPETAI ATTO AVTIGTOIXO
reAson A J‘LP*(F)ALP(F)CIF
<A>=
[ (ryw(r)dr
H: XauAtwviavii Tou guariuaroc (Hamilton)
=\12
r _,
KAaooikia Mnyavikn : H=KE.+AE. = [pé rr? ] +V (I)
~_ PO e
~KBavrikn Mnxaviki : H= o +V (r)
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H xpovikwg¢ avegaptntn £¢icwan Tou Schrodinger

HY (F) = E¥(F)

2 2
Movo-oiaorara cuoriuara (1-D) : — ;’m (jjxf +V¥ = E¥
2
Tpio-01aotara ocuornuara(3-D) : - ;l— VY +VY = EY
m
. . . R (o 20 1 -
ZuaTnuara |e oQaIpIKnN CUUMETPIA | — ~+——+—5 A [Y+VY =EY
2m\orc ror r
(x.,z) — (r,6,9)
~ o°  0° 0 2
Vie—+—+— A2=_12 82+_ 9 sinado
ox~ oy~ oz sin“ 6@ op~ sinf 06
Laplacian Legendrian

ZUE
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H xpovikwg¢ avegaptntn £¢icwan Tou Schrodinger

HY(F) = E¥(F)

Xapakrnpiotika Twv 161oouvaprnoswy tn¢ e§iowon¢ Schrodinger

1. Ameipeg 101oauvaprnoeis ¥, e avriotoiyeg 1010TIUEG E;

2. Av ¥,V kai E;=E;tore o1 W, ki ¥; ovopacovral EKQUAIOUEVES

3. c¥.:amoreAei emiong Auon tng iowang

4. a¥;+ b¥,: amoredolv AUon e eiowang orav ¥, kai ¥, ekpUAIOUEVES

5. Or10100uvaptnoeic eival 0pBoKavovIKES

1 6tav 1 = ] — kovovikomomuévn

[Cwiwidx=] ¥ wdx= 0T
o0 0 0 6tav I #] — opboydvieg
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AlaoTtropd HETPNONG

Méooc¢ 6poc¢ @uao. 1616TnTa¢ = Avauevouevn Tiun TEAE0TA

H uéan miun maparnenoiunc 1010tnra¢ A, ouatnuaro¢ 10 01r0io
replypageral amo oedouévn kuuaroauvaptnan W(r) ioourar ue v
aVaUEVOLEVN TIUR TOU QVTIOTOIXOU TEAEDTN,.

| (M) Aw(r)dr

[ (ryw(r)dr

< A>=

Aiaotropa (rumikn amrokAion) tn¢ uéong TIUAG

o, =3A=[(AZ)~(AY

l((ﬁw ;
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2ulBoAiopoc Dirac ) Bra-Ket (bracket)

2upBoAdiouue 10 OAokAnpwua TOU yivouévou OUO KATAOTATIKWY
ouvaprnoswv ¥Y(x) kar P(x) w¢ £€A¢ : <\P\c1)> _ J.oo ¥ (0D(X)dx

<Y| : bra-vector |®> : ket-vector

Eotw a: piyadikég apiBpés kar | P (X)D(x)dx<oo

loyuouv o kavoves : 1. (¥]ad)=a(¥|D)

1
2. (a¥|®)=a(¥|D)

3. (¥|®) =(2|¥)

4. (O+¥[=(D[+(¥]

5. (W, + ¥, |0, +D,)= (¥, |+{¥,)(| D) +|D,)) =
(

W @)+ (W | @) + (W, | Dy) +(F, | D)
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2ulBoAiopoc Dirac ) Bra-Ket (bracket)

H\ \P> _ E\ ‘P> H xpovikwc¢ aveéaprntn
2 giowon rou Schrodinger
—— V)W) +V|¥)=E|¥
V) +V|¥) = E|¥)
E = <LP ‘H‘ T> Avapuevouevn Tiun reAsomn
(F¥)
(¥, |¥,) =1 Kavovikomoion ¥,
<Ti Tj> =0 OpBoywvikornra ¥; , ¥,
<‘{’i LPj> =6; 0;=1ynai=] 2uvenkn opBokavovikornrag

0; =0 y1a 1# &; : OéAta Kronecker
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AoKNOEIC

Na e€etaoete av ol ouvapthoeig y=e?X, y=cos(bx) kal y=sin(bx) amoteAolV 10100UVaPTACEIC TNG EEICWONG
Schrodinger pe V(x)=c (a10Bep0).

Na d¢i€eTe 0TI N GuvAETNON WP=xexp(-x4/2) amoTeAei 1I8100UVAPTNON TOU TEAEDTR: -d2/dx2+x2,

Moid givar n avrigTtoixn 1d1oTiun ; (HB 2-12)

, , , , , , L a | B |
[Mol€C atrd TIC KAUTTUAEC TOU OXAMATOC Eival duvaTo va ; / \ h
amoteAoUv KugaToouvaptnan evog auatiuarog; Na aimiohoyioere. |/ | |\

e 7 i B 7
7 | S
Y\ / 5 <
| / ‘ 7

‘EoTw n Kugatoouvaptnon owparidiou: W(x) = [exp(-x3/2a2)]'"2.
a) Na kavovikotroinBei n auvaptnan w(x).

B) Na utroAoyioBei n mlavatnta P(X) €Upeanc Tou cwuaTidiou aTo OTOIXEIWAEC didaTnua (X, x+dx). [a oI Tiyr
TOU X eu@avilel peyioTo n karavoun moavotntag P(x) ;

y) Na utrohoyia600v TTiaNG 01 AVAUEVOUEVES TIUEG ,<X>, <XxZ>, <x>?, <p,>, <(p,)*> K0l Ol QVTIOTOIXEG TIMEG
0100TIOPAS O, Kall O

Eotw: W(x) = W,(x)+2¥,(x) (urépBean karaoTaoewv), pe W,(x) kar W,(x) kuyaroouvaptioeig cwyaTidiou a€
uovodiaaTaro gpéap duvauikou eupoug L. Na utrohoyiaBei n avauevouevn TiuA TS evépyelag <E>. Ti Taparnpeite;
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E@appoyég

EAeuBepo owparidio (free particle) o€ pia didoTtaon — 1D

he 07 (X)

HY(X) = — o

O0%x?

+ V(X)W (x) = E¥Y(X)

['1a éva eAeiBepo owaridio 1ayver : V(x) =0

_n* dPY(x)
2m  dx*

=E¥Y(X)=>

d*¥(x)  2m

X2

Y EWV(X)

I0100UVaPTNOEIC | Emireda kuara kareuBuvoueva mpog 1a Oe€id (+) 1 apiaTepd (-)

Y, (X)=A, exp[+ | Z;_lan X |=e™™
¥ (x)=A exp(—i ;_ZnZE X |=e™
[laparnpnoeic

+hk =+2mE = p . 0pun

P(x) = ¥, ¥, =45

ara6epn kai aveédprntn ¢ Béang
(Léyiotn aBefaiornra)

. 1. Hriuég tou k éxouv éva ouvexés paoua — 10 awiariolo eival eEAeUBepo.

#2. Na umroAoyioere v miBavornra P(X) va Boebei o owuaridio o€ tuyaia 6éan x+dx.
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EQappoyég
1. EAeuBepo owparidio (free particle) o€ pia didoraon — 1D

Re y= Imy=
[y =1 cos kx sin kx

/ / ¥(x) = Ae™ = A(cos(kx) +isin(kx))

m( P (X) : A2
Ix.7.24 (a) To TeTpdywvo Tov HETPOUL piag
KLHATOOLVAPTNOTG TTOL AVTLIOTOLXEL OF i
OLYKEKPIUEVT] KATAOTAOT] YPAUUIKNG OPHIG
elvat 0TaBepd- £TOL avTioTOLXEL OF
@ opolopopen mavotnTa va Ppedet to
a

owpatioto omovdnmote. (B) H katavoun
2 r T I
cos kx cos” kx mBavoOTNTAG IOV AVTIOTOLXEL O€ LTTEPBEDT

/ KATAOTACEWY (00V LETPOV YPAUUIKNG
HETPOU YPALLKT]
opunG aAAd avtiBetng katevBvvong.
ik —ik
Y(x) = A(e*' e X): 2 Acos(kx)

U = P(x) = 4A® cos® (kx)

<
S
N
x
|
=
<
w
=
<
(&)
x
N
S
<
=
=]
<
o
w
(=]
o
3
5
=]
I
(%)
=
X
'—
<
[+ 4
L
'—
L
o
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Apxn afepaioTnrag

P.W. Atkins, J. de Paula, Physical Chemistry

W. Heisenberg

Acgv gival duvarn n rautoxpovn HETPNON OUO CUUITANPWUATIKWY

PUOIKWYV TTOOOTATWY XWPIC TEmEpacuévn apepaiornra.

x PXD = 'Ff = Oxop, = u
2l 2l 2

([E.t]) _ 2in

21 21

OXop, =

OEot > OEot > 7

H mepimmwan owuariou 1o 01roio
EUPIOKETAI O€ (OXETIKQ) KaAd kaBopiauévn
Béan x, mepIypageral ue urépBean moAAwy

\ 2
\/ KUUATOOUVAPTAOEWY EAEUBEPOU owuaTiou
ﬂ

’ Y(k) e 01aQOPETIKES TILEC THE OPUNS K.
21 Eiodyerai éra1 aBefaidtnra atnv opun yia
& va avriotraBuioer  «BeBaidotniay arn Géan.

1 (+oo :
JUUVWW P(X) = \/T_th_oo b(k)e™*dk

IATOZKONMIA (I’ €. 2021)

Location
of particle -3




EQappoyég
2. 2WUaTidlo ot ovodlaaTaro gpedTio duvauikou — 1D

oo o0
V(x)=0 0<x<L A A
L
V(x) = x<0, x>L n=4
16_%"
h® d2¥(x 121 n=3
- 2( ) _ EW(x) 2 V(X)
2m  dx .
0 n=2
4_~
‘Pn(x):\Esin LA n=1
L L 0 . . . .
, 0,0 0,2 0,4 0,6 0,8 1,0
E = h -n*, n=123.. , , , X, ,
8mL H kBavrwaon e eVEPYEIaS Eival GUVETTEIR TOU TTEPIOPICIIOU
) TOU OWarTidiou ¢ TTETTEPACIEVO XWPO
[laparnpnoeic ) "
1. ThBavornta eupeang Tou Tou owaridiou P (X)P, (X)dx = —sinz(—” xjdx
or 6éon x yian=1, 2, 3, ... L L

k2. Emidpaan eUpou¢ ppéaroc, L, OTIC EVEPYEIQKES OTABUES
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EQappoyég
2. 2WUaTidlo ot ovodlaaTaro gpedTio duvauikou — 1D

Apyxn tnc aBeBaiornrac

1. Na umoAoyiarouv : <x>, <x?>, <p>, <p,>

(6x)(0p,)

Ti maparnpeite yia Tov 1eAsorn p,??

2. Eotw: Y(x) = ¥,(x)+2¥,(x)
Na umroAoyiorei n avauevouevn Tiun e evépyeiac <e>
TI maparnpeire?

3. Fevikeuon yia : ¥Y(x) = 2¢c,¥(x)

4. Na b¢idere ori o1 16100uvaprnoeis Y (x) kai ¥(x) eivar opBoywvieg
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E@appoyeg
3. 2wyartiolo o€ TpITOIACTATO QPPEATIO OUVAUIKOU — 3D

ht o0 o0* 0
— + + Y(x,vy,z)=E¥Y(X,YV,zZ
2m(8x2 & azz) (X, Y,2) (X, Y,2)

Yoo (%Y, 2) =", (), (Y)Y, (2)

n,n

x!'yllz

E .. :EnX+Eny+EnZ:

x!yllz

sm'L® L° L
n,=123..,n,=123..,n,=123...

Edv o1 o @peario givar kKuBikd T101e Exouus ekQuAITuéVa (uE Tnv idIa vépyeia)
gvepyelaka emimeda m.x. E;,,=E,;=E;,,

ZUMNETPIO QpEATioU Kal EKQUAIOUOC

l[poBAnuara
1. 2mv nepimrrwan @peariouv 2D e diaordoeic (x=1, y=1), (x=1, y=1,8) kai (x=1, y=4) va

1TO0COIOPIOTEI N EVEPYEIQ TTOU avTIoTOIXEl aTIC 20 XQUNAOTEPES KATAOTATEIC KAl va TTapaaTadei
olaypauuarika

Epyacrtnpiakn agknan B17 : MeAétn aouarwv amoppo@naons Kai xpwuaro¢ auluylakwy OIEViwV
(kaporévia, moAuuebivia,...)
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EQappoyég
4. MovodIdoTaTOg APUOVIKOS TAAQVTWTNG

Eéiowon rou Schrodinger via 1-D A.T.

HW = EW
2 2
DV o =Ep == TP Ly
2m 2m  dx® 2

45 -

]  Hy§8a2y312a"%y E = vi: e  ©=0123.
- v=3 ?
3,0 H.,74a 2.2 2
e T W () =N, H, (@ x)e ™"
% 2,0 12 k 172 k
5 o= 207y a_(—/jj w=_|— N =(aJr2°v)™*?
1,0 =1 h 'Ll
o5 v=0
N y xll(a112)

«(3‘4“ ;
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E@appoyég

5. Zwyaridlo ag daktuAio ([MepiaTpogn 2D)

n° d?o
I G0 ey
2mr<  do
o (¢):Leim'¢ kot E :h—zmz, m =0,£1+2,...
m, \/% m, 2] I I
L, =7m,

O(p) = D(d+27) Juvopiakr ouvlnkn

I =mr?: Pory Adpadveiag

m, =1

Re®(¢)

KBavrwon svépyeiac
TEPIOTPOPNS

KBavrwon arpo@opuns

(D*ml (¢)(Dm, (¢) — %
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E@appoyeg
6. 2wuartiolo ag em@aveia agaipag (Mepiotpogn 3D)

K  0? 0° 0°
— + Y(x,v,z)=EY(X,Y,zZ
2m(ax2 o az) (X,y,2)=E¥(X,Y,2)

2

92, y,2) = E¥(x, y,2)
2m

2182

==(Z)r+ —A2 , ,
r or’ r’ V< TeAeorng Laplace
, 1 0 1 ,0, .
A _sin29(8¢2)+sin6(89)sm 50 A? : Legendrian

MNarmAoon: ¥Y=¥(r,0,0) = 00)P(e) (dr=20)
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EQapuoyeg
6. 2wuartiolo ag em@aveia agaipag (Mepiotpogn 3D)

Yin (6,0) =0, (0)@, (¢) Y. (0,0): Zoaipikés appovikég

(21 +1)(1 —|m, )
2(1+|m, !

%
®|m,(9)={ } R™(cos®) ®l\m|\(‘9) : MoAuwvupa Legendre

(Dm| ((D) — ieim,gp )

J2r

El \
e

7
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6. 2wuartiolo ag em@aveia agaipag (Mepiotpogn 3D)

Yin (0,0) =0, (0)®,, (¥) YImI (0,0) : Zoaipikés apuovikég
21 +1)(I
Oy, (0) = {( 2+(| )+(m ;T:' ) } P™(cosH) ®|\m,\(<9) : MoAuwvupa Legendre
|
1 .
D =——e™, =0,+1,+2,..., %1
m, ((D) \/ﬂ € mI
2
h— 1+1), 1=0,12... KBavrwon evépyeiac mepioTpoPnc
; I
L=h Il +1), 1=0,12.. , YA
L —hm, m=0+1+2,., KBaviwonorpogopung i )
L,=Lcos6 A
KAaooIKI? unxavikn : E = 1%/21 N
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6. 2wuartiolo ag em@aveia agaipag (Mepiotpogn 3D)

YImI (0, 0) : ZoaipikéG appovIKéS
[=0 l=1

y _ 1 YL{]': icgsﬂ: i i
0,0 = ——— L 4n 4n r
Yi+1=F isitlﬁhei'”"': F i el
8n 8n r
2

=

2.2 2
Yy0= 2 icuszﬂ—i - 1 S 2z J; y
4 \ 2 2 2 47 =
Y, +1= 7|/ 12 Gingcosperio= £ 15 (Iiliy)z
’ 2 2n 2 2= r

L \2
Y, .= |/ 12 gin2gexzio 1|/ 15 (X£1¥ )
4 27 4 27

DYZIK(



E@apuoyeg
6. 2wuartiolo ag em@aveia agaipag (Mepiotpogn 3D)

I(I+1) = 2.449

4
EI7AN
& m; =1
!
! d o
+ "

—
o

—>|<:

—
o
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AOKNOEIC

To popio 1,3,5 e€arpiévio eypaviel ekretapévn auluyia, otrdTe BewpoUe 0TI Ta T NAeKTPOVIA EXOUV TN duvardTnTa
va KIvouvTal eAeUBepa kal avegdptnTa ETAgU Toug KA’ Ao To WnKog Tou. Eival we ek ToUToU EQIKTO va TTEPIYPOPE
IKAVOTTOINTIKA N Kivnan Twv TT NAEKTPOViwV e Baan 1o povtéAo Tou cwiaTIdiou o€ TTYAdI duvapikoU aTTeipou
BaBouc. (BAETE ettiong Epy. Aoknon B17)

a) Na mpoadiopiceTe TN GUVOAIKR EVEQYEID TOU CUGTAUATOC TWV TT NAEKTPOVIWY TOU opiou aTn BepeAiwdn oTtdBun
Bewpwvrag 611 KABE evepyelakn aTaBuUn dExeTal HEXPI 2 NAEKTPAOVIA. ZTN CUVEXEID VA UTTOAOYIOETE TNV EVEPYEIQ TTOU
avTioToIxEi aTnv 11 kal 2" dieyepuévn KAtdaTaon Kal T avTioTolxo HAKOS KUMATOC TN OKTIVOBOAIQC TTou aTTaiTeital
yia n diEyepan.

B) T avapévere va TTpokUWEL, ooV aPopa OTo UAKOS KUWATOG BIEYEPONC, av augnbei To UAKOC Tou GUlUuyIOKOU
TroAugviou; Na aITioAoyAOETE.

v) Na etrekreivete v amavrnonf oag aTo (B) divovrag didypapua AE w¢ auvapTnon Tou apiBuou dImAwv dEoUwY
yla Tigégc Tou n : 3-7.

Mégo pAKog deapol peTatl yeITovikwy atépwy C oty aAuaida: R =14 A

[a 1i¢ karaoTtaoeig u=0 kal u=1 Tou atrAoU appovIKoU TOAAVTWTA va uTToAoyioeTe Ta akdAouBa.
<x>, <x?>, <p,>, <p,2> Kai 1N diaaTopd (0) TG Péong BEang Kal TNG WEang opung.
Emiong va emBefaiwaeTe TNV 10XV TNG ApXNGS TNS aEfaIGTNTAS OTOV APHOVIKO TAAQVTWTH).

Eotw owudrio ou TepigEpeTal o em@avela ogaipag (3D).
Na utroAoyioeTe 10 WETPO TOU dIavUCTHATOC TNG TPOXIAKAG OTPOPOPUNG av o KBavTikdg apiBudg £ eivar : 0, 1, 2, 3.
2TNV GUVEXEIQ VO UTTOAOYIOETE TN ywvia TTou oxnuatioouv o TpooAEC Tou diavuauaTog £ e Tov acova KBAviwang
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