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LTa je yonwTte dpanmno

Krnacu4Hoj punsnym?

AporaHTHOCT ca Kpaja XIX Beka:

An6ept MajkencoH

* A. MajkencoH (1899): ,CBu BaXXHWNj 3aKOHN 1 NPUHLMUNU PU3UKE

cy Beh OTKpMBEHU, N TaKO Cy YBPCTO YCTAHOBIbEHU, Aa je
N3y3eTHO Marna waHca ga 6u oHu nkag mornm outn npesasvheHmn
ycneq HekakBmx HOBUX oTKpuha.”

HasogHo Jlopa KensuH: ,Buwle HWje npeocTano HUWTa HOBO Aa ce
oTKpuje y comnanum. lNpeocTarno je camo BpLUUTU CBE NpeLmn3HUje n
npeunsHnje ekcriepmmeHTe.”

Pobepta MunukaHa 3agmnpkusanu (1894) wito ce gpxu
,3aBpLUEeHE" N ,MpPTBE" HayKe Kao LITO je TO om3uKa.

dunun doH XKonu, ceom ctyaeHTy Makcy lNnaHky (1878) caBeTtyje
Aa He ogabuvpa dusnky, jep: ,y oBoj obnactu, ckopo csee je Beh
OTKPUBEHO, a NPeocTarno je caMo ga ce nonyHu nap 6e3HavajHux
pyna.”



,...nap 6esHavajHux
pyna’
« bhaBo je y getaromma:

— HeratueaH pesyntat MajkencoH-Mopnn ekcnepumeHTa

I An6epT AjHwWwTajH

» CNEUMJATHA TEOPUJA
— YnTparbybuyacrta katactpodpa " ATVEMTETA

I Makc lNnaHk

>

— QoToenekTpu4Hu edekat KBAHTHA MEXAHMKA

I An6ept AjHwTajH




,...nap 6esHavajHux
pyna
+ bhaBo je y geTarbuma:

— HeraTtunsaH pesynrat MajkerncoH-Mopnn ekcnepmmeHTa

| An6ept AjHwTajH

JANEDXIJANTHA TEOPMJA

TAPEJIAJVBUTETA
— YnTparbybnuagra katactpops 1054 Y KeEOM .. KBAHTHA

MPOCTOPY I‘PABMTAumA

I Makc Nnank

KBAHTHA TECPNJA

— doToenekTpuyHn edpeker”

KBAHTHA MEXAHUKA
I An6ept AjHwTajH
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caMo je NUTaHe KONMMKO?

YnTtparbybuyacra
KaTacTpoda
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Pewerwe: ['lnaHkoBa KOHCTaAHTAa

* Makc lNnaxk (1900): npobnem je peLueH
ako npegmMeTn Mory na eMuTyjy u
arncopOyjy eHeprunjy camo y komaaunhuma
nponopunoHanHum gppekseHuUujn!?

E=hry h=662607015x10""%J.Hz'

* YOp30 je noyena ga ce KOPUCTM peu
,KBAHT" (quantus = KOJiMKo, KONIM4nHa) -
poheHw-e KBaHTHE MeXaHUKe

« 3a [lnaHka je oBo buna ,4yncrto doopmarHa
NpeTnocTaBkKa... 3anpaBo, HUcam NyHo
pasMuULLIBbaO0 O H0j."

Makc lNnaHK



doToenekTpniHU eekar

« CBeTNoCT Koja naga Ha "
MeTan n3bunja enexkTpoHe u 1 ,J\
[OBOAM A0 NojaBe cTpyje M g

 MucTtepuja: 3alUTO TO He £ I
MOXE CBETMOCT HUCKE o Yamm
ppekBeHLMje, KONMUKO rof Aa d

je jaka?!



Pewene: ,,poToOHN"

* AjHwTajH (1905): MmucTtepunje Hema,

dKO CBEeTJ10CT He CaMO [1a Ce \* _/
2 /
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CBeTNOoCT — YecTnua unu
Tanac?

- CsetsiocT 1 TonnoTa CyHua, "
OBM Ce cacToje o4 )
cuhylwHUX aToma

« Crtpyja atoMa BaTpe (tejas) 5" !
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CBeTNIOCT — YecTuua unu
Tanac?

XajreHcoB NpuHUMN

« O6GjacHUAM nNpenamame

« (CBeT/I0CT C/IMYHA TaslacMMa
Ha BOAM

« Tanacu cy TpaHcdhep3a/HH

N
Pobept XyK

(cpeauHa XVII Beka) %



CBeTNIOCT — YecTuua unu
Tanac?

» [eomeTpujcka onTuKa

« XUMNOTE30M O pas3/IMYUTUM Macama
yecTuua pas/IMunuTUX 6oja, u
MNOBPLUMHCKMM CMNaMa, KBaJIMTaTUBHO
objallHaBao U HEKe TaslacHe (peHOMEHEe

Ncak HbyTH

(kpaj XVIl n noyetak XVIII Beka)
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CBeTIoCT — YecTuua nunu
Tanac?

* JYyHroB eKnepuMeHT Ha ABa
npopes3a AeMOHCTpuMpa
MHTepdepeHLM]Y

« OpeHen nobehyje y
TaKMUYErY (PpaHLyCKe
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Tomac JyHr, 1807. akagemuje, objallrbaBa ABryctuH-*KaH
‘ 6oje, nosapusaumjy ®peHen, 1817.
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CBeTnocT — Yyectuua nnu
Tanac’?

* MakcBenoBe jegHaduHe cBe
obGjalurbaBajy

« (CBeT/I0CT je TpaHcdep3asnHU €.M. Tanac
y (CBET/IOCHOM) eTpy
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An ca UCIMaAda, CBE€ uira caa na
NUnaK YyecTuyHe nf 080 2rawfa

Kaj he Koje
* He, 10 je unak Hemoryhe, yecTunu Aa ucnosbm?!?
OeMUHUTUBHO HE MOXe aa objacH

e HeMMHOBHM 3aKrby4ak: CBETMNOCT Ce Heka
Kao YyecTuua, a Hekag kao Tanac!




ABaj, npobnem n ca atommma!

 TomcoH (1904) - enekTpoHU Cy Kao LWIbUBE Y NMYyOUHTY:

PN o=\
Ho, oneT katacTtpoda: padyH nokasyje

Oa Ou enekTpoHW Nanu Ha jesrpo
nocne 16 nukocekyHaun!!!

« Papepdopa (1908-1913):. Hehe 6utn, NO3NTUBHO
HaenekTpucamwe je, ucrnaga, camo Tadkumua y ueHTtpy!?




Peluerwe: bopoB Moaen

Hunc bop (1913):

* EHeprunje opbuta cy ,kBaHTOBaHe" (HUCY
KOHTUHYarHe), U Ha hUMa CYy ENEKTPOHU CTabUIHMN U
He NOLUTY|Jy KiacuyHe 3akoHe

 Mory camo ga ,,ckayy” ¢ HMBOa Ha HUBO

* YraoHn momMmeHaT MoXe bnTn camo LenobpojHU

YMHOXaK h = h/2m

e
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CBETNOCT HUje jeanHa
Heobun4yHa...

[MThaHKOBa

TanacHa aywuna: N = h7‘p/ g Rl R

x 1034 m2 kg/s
O6jacHno bopos Moaen atoma
npeKo cTojehmnx Tasnaca esleKTpoHa
CBa MaTepuja MOXe Ja ce rnoHatiua
Kao Tanac: U eIeKTPOH, 1 aTOM, U
ounnjapcKa Kyrna, 1 ayToMoomn -
CaMO LUTO Cy TasacHe AYXMHe mMane O o)

NAKJIE, TAJIACH
MATEPUJE?!?




3Ha4u Tanaca ce
BepoBaTHoha?!Ma
AajTe MOJIM

Bac?!

...HO, HMje baw T

* [lutep Hebaj: ,[Ja dbucmo pagu
Tpeba, NnoTpebHa Ham je Tanac

A

EpsuH LWWpeauHrep



“Double-Slit” ekcnepmMeHT
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dajHMaH: ekcnepuMeHT ca ABa rnpopesa ,je PEeHOMEH Koju je
Hemoryhe objacHUTM Ha BNNO KOju KnacmndaH Ha4vmH 1N Koju
cagpXu y cebu CyLUTUHY KBaHTHE MexaHuKe. 3anpaso, OH
cagpXXu jeauHy (Kiby4HYy) MUCTEPUjY KBAHTHE MeXaHUKe.”
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...y CTBApPHOCTU TO U3rnena
HMP. OBaKo ca ceBeTnoLlny:
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“Double-Slit” ekcnepmMeHT

N
ENEKTPOHN == Iy |

e
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[la 1 ce MoXxaa
oA6bujajy HEKaAKO
jedaH oA apyror?



JedaH no jegaH enekTpoH




“Double-Slit” ekcnepmMmeHT
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Nx, 6all 3Ha Aa /M ra
nocMaTpamMo, CUTYpPHO
CMO ra nopemeTunu

NEeTEKTOPOM!

NEPUMEHT

dKO €JIEKTPOH 3Ha Aa /I I'a

nocMaTpamo M LWiTa MM 3Hamo!?




/lokne Moxemo nhin?

CagaH190F 320N4512
[MpoTenH 2

dynepeH

EJ'IeKTpo/



CBeTCKU peKopA:
(Vienna Group, 2013.)

C:284 H 190 I:320 N4812

= Maca npeko 10.000 aTtomckux jegnHuual
= 810 atoma y jegHoM mornekyny!




Onppakunja dynepeHa

Arndt et al., 1999
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BenunymHa

dgs~3X10 M

[1peyvHuK:
Ceo~ 10° m
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UecTtnuya 3Ha n usmky




KBaHTHU bpucay

PoTtatop
nonapwusauuje 3a 90° D

g
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45° nonapwusatopu

D,

_
—+ —/
Xopu3oHTanaH
nonapusarop

Monapusatopu nog 45° opuLly 6MN0 KaKBY
MH(MOPpMaLMjy 0 NYTY KOJUM je yecTuua AaoLuna



KBAHTHU LLOK




[1a WwiTa TO TBpOM KBAHTHA
donsmka”?
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“KBaHTHM
HoBYMh”
« AeTepMmgmcqua
€BOJIYLMJA ih—v(t)) = H|v (1))
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LIpegnHrepoBa mayka







bop vs. AjHWTajH

DESCRIPTION OF PHYSICAL

MAY 15, 1938

PHYSICAL REVIEW

REALITY 7

voLuMe

Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?

A. Ervstrry, B. Ponorsky ann N, Roses, Tustitute for Adeanced Study, Princeton, New Jersey
(Received March 25, 1935)

In a complete theary there is an element corresponding.
to each element of reality. A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanles in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in

1.

ANY serious consideration of a physical
theory must take into account the dis-
tinction between the objective reality, which is
independent of any theory, and the physical
concepts with which the theory operates. These
concepts are intended to correspond with the
abjective reality, and by means of these concepts
we picture this reality to ourselves.

In attempting to judge the’ success of a
physical theory, we may ask ourselves two ques-
tions: (1) “Is the theory correct?’ and (2) “Is
the description given by the theory complete?"”
It is only in the case in which pesitive answers
may be given to both of these questions, that the
concepts of the theory may be said to be satis-
factory. The correctness of the theory is judged
by the degree of agreement between the con-
clusions of the theory and human experience.
This experience, which alone enables us to make
inferences about reality, in physics takes the
form of experiment and measurement. It is the
second question that we wish to consider here, as
applied to quantum mechanics.

quantum mechanics is not complete or (2) these two

itie i reality. Consic i
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also . One is thus led to conclude
that the description of reality as given by a wave funetion
is not complete.

‘Whatever the meaning assigned to the term
complete, the following requirement for a com-
plete theory seems to be a necessary one: every
element of the physical reality must have a counter-
part in the physical theory. We shall call this the
condition of completeness. The second question
is thus easily answered, as soon as we are able to
decide what are the elements of the physical
reality.

The elements of the physical reality cannot
be determined by a priori philosophical con-
siderations, but must be found by an appeal to
results of experiments and measurements. A
comprehensive definition of reality is, however,
unnecessary for our purpose. We shall be satisfied
with the following criterion, which we regard as
reasonable. If, without in any way disturbing a
system, we can predict with certainty (ie., with
probability equal to unity) the value of a physical
quantity, then there exists an element of physical
reality corresponding to this physical quantity. It
seems to us that this criterion, while far from
exhausting all possible ways of recognizing a
physical reality, at least provides us with one




benoBa Teopema

. - 4
Pl Jlocta pnnosodpunparba, 3HaM Kako Ja
E€KCMepMMEHTOM OTKPUJEMO KO je 'y
npasy!

benosa Teopema: HujegHa ,nokanHo-
peanucTuyHa“ Teopuja He MOXe
penpoaykoBaTu CBE Npeankunje KBaHTHe
domsuke.

lloH ben (1964)
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Hema rpeuuke!
AjHWTajH je OMO y KpUBY,
Haw YHUBep3yM CUTYPHO

HUje ,,TIOKariHo- i
Ll peanucTu4yaH®. aH
Knays ;ne

HEMA HA3AL!



...OK, anu wTa cBe 0BO oHAa
3anpaBo 3Ha4n?

j> "nTepnpeTtauunje”
KBAHTHE (PU3UNKE



AKO He 3HaMoO LWITa jecTe, bap
3HaMo LiTa Huje!

3
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Kpaj epe “MexaHnUUCTUYKOr MaTepujaiamMa



XBalla Ha na)xwu.



