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1.1 Uvod v moderno fiziko

U {SoryesS 6NYyS3I 4StSalyY The Nobel Prize in Physics
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1.1 Uvod v moderno fiziko

U Fotoefekt: svetloba kot delci (fotoni)

The Nobel Prize in Physics
1921
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Albert Einstein
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The Nobel Prize in Physics 1921 was awarded to Albert Einstein “for
l his services to Theoretical Physics, and especially for his discovery
—— AMWWAW——— of the law of the photoelectric effect".
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Vir: internet; povzeto p&erway Moses & Moyer, Modern Physics, Thomson Learning, 2005




1.1 Uvod v moderno fiziko

i MichelsonrMorleyev interferometer The Nobel Prize in Physics

sv_etlobni nastavljivo polprepustno 19 07 The Nobel Prize in Physics
izvor zrcalo zrcalo 2017
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Photo: Bryce Vickmark Photo: Caltech Photo: Caltech Alumni
Rainer Weiss Barry C. Barish Association
Prize share: 1/2 Prize share: 1/4 Kip S. Thorne

Prize share: 1/4

The Nobel Prize in Physics 2017 was divided, one half awarded to
Rainer Weiss, the other half jointly to Barry C. Barish and Kip S.
Thorne “for decisive contributions to the LIGO detector and the

Albert Abraham
Michelson

Prize share: 1/1 observation of gravitational waves".

The Nobel Prize in Physics 1907 was awarded to Albert A. Michelson
"for his optical precision instruments and the spectroscopic and

metrological investigations carried out with their aid".




1.1 Uvod v moderno fiziko

Moderna fizika

U teorija relativnosti
U kvantna mehanika

Arhitekti moderne fizike zbrani
Y | thedrifth International
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Vir: povzeto po Serway, Moses & Moyer, Modern Physics, Thomson Learning, 2005




M®PH Yl aAoyl

U Invariantnost zakonov mehanike v
inercialnih sistemih:

Vir: internet; povzeto p&erway Moses & Moyer, Modern Physics, Thomson Lear2@g5




M®PH YEFaArAsgyl NBT I

U Relativho gibanje: opazovalec meri le relativho gibanje!

Vir: internet




M®H YEFaAeyl NBfIFIGAJY 2

U Princip relativnosti: opazovalec ne razlikuje med mirovanjem in enakomernim gibanjem!

YA V)z 0 ?: 0 YA > T2 0 _
5 o —K
W Toa
[ X )
. © @ ©® ©® #
PARE L SE S z'—
- X
/l S 0 /I - X
» O
=" £
¥ U Galilejeve transformacije:
1 V>0 a>0 7 homogenost prostora,
Sc(ﬁ — Loaztddiy2ad 6t al
y O E — Y
e — ’
» y y
7 = dogodek
- X \ /
_.—
2 0
vl > x’
X
0 x 0 x’

Vir: povzeto pdlipler& Llevellyn, Modern Physics, W. H. Freeman and Company, 2012




1.3 MichelsorMorleyev eksperiment

U Hitrost svetlobe Galileijevaransformacija
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1.4 Posebna teorija relativnosti

U G.F Fitzgerald in H. A. Lorentz:
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1.4 Posebna teorija relativnosti

U Einsteinov miselni eksperiment: lovljenje svetlobe
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1.4 Posebna teorija relativnosti
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E=fr—rv,
Explare this journal = =1,
Article =
. - ﬁ = ' : 3
Zur Elektrodynamik bewegter Korper l/l %)
A. Einstein

U Einsteinova postulata:

1.Princip relativnosti: zakoni fizike so enaki v vseh
inercialnih sistemih!

2.Konstantnoshitrosti svetlobe: hitrost svetlobe
je v vseh inercialnih sistemih enaka c!

Vir: A. Einstein, Ann. Phy€iR2, 891 (1905); internet Albert Einstein




1.4 Posebna teorija relativnosti

U Koncepti relativnosti:
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Vir: povzeto pdlipler& Llevellyn, Modern Physics, W. H. Freeman and Company, 2012




1.5 Posledice posebne teorije relativnosti

U Relativnost simultanosti: simultanost NI absoluten koncept!

(a)

SIMULACIJA
Vir: povzeto pdripler& Llevellyn, Modern Physics, W. H. Freeman and Company, 2012



https://www.compadre.org/osp/items/detail.cfm?ID=7899
https://www.compadre.org/osp/items/detail.cfm?ID=7899

1.5 Posledice posebne teorije relativnosti
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Vir: povzeto pdSerway Moses & Moyer, Modern Physics, Thomson Learning, 2005




1.5 Posledice posebne teorije relativnosti

U RPRIt20OlIyeS iRmsthral YRR IRi2 I2FRA2YW Yy AadSyYy YS

PARADOKS DVOJLKOV

prej potem

SIMULACIJA

Vir: internet



https://www.compadre.org/osp/items/detail.cfm?ID=7238
https://www.compadre.org/osp/items/detail.cfm?ID=7238

1.5 Posledice posebne teorije relativnosti
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https://www.compadre.org/osp/items/detail.cfm?ID=7900
https://www.compadre.org/osp/items/detail.cfm?ID=7900

1.6 Lorentzova transformacija
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2.1 Transformacija hitrosti
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Vir: povzeto pdSerway Moses & Moyer, Modern Physics, Thomson Learning, 2005




“I love hearing
that lonesome wail of the train
whistle as the frequency of the
wave changes due to the Dop-
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http://gamelab.mit.edu/games/a-slower-speed-of-light/
http://gamelab.mit.edu/games/a-slower-speed-of-light/
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2.6 Sistem delcev

U Razpad piong* Hnt +n

PREJ POTEM
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T miruje Pus Ku+

Vir: povzeto pdserway Moses & Moyer, Modern Physics, Thomson Learning, 2005




2.6 Sistem delcev
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3.1 Uvod v kvantno mehaniko

0+ 68Y 28 10Fyiayl FATALlI y812y08SyOrz2yIltylK
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3.2 Svetlob& valovanje ali delci?

U1 SNIT 20 Ll2&aldza o0ftd myytoyY 9a @I f2¢
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_~ EMvalovanje Heinrich Hertz

iskra
kondenzator == _
tuljava

B L DL DL LU .
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Vir: internet; povzeto p&erway, Moses & Moyer, Modern Physics, Thomson Learning, 2005




3.2 Svetlob& valovanje ali delci?

~

U {Sgryes 6NysS3t St SalThe Nobel Prize in Physics
1911

UV vidna svetloba IR
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Wilhelm Wien

Prize share: 1/1

Spektralna gostota (arb. units)

The Nobel Prize in Physics 1911 was awarded to Wilhelm Wien "for

0 05 bl s () his discoveries regarding the laws governing the radiation of heat".
alovna dolzina (um
i Stefanov zakon (. 1879): j=ol" <
3 % @ Q eksperimentalne
U Wienov zakon (I. 1893): MpazT = 2.898 x 1077 m - K > g é Y t ol ke
dj TE £ i \‘@
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Vir: internet; povzeto p&erway Moses & Moyer, Modern Physics, Thomson Le¢ /(M) —



https://www.compadre.org/osp/items/detail.cfm?ID=10528
https://www.compadre.org/osp/items/detail.cfm?ID=10528

3.2 Svetlob& valovanje ali delci?

U {SgryeS 6NyS3alr

(. 1900): kvantizacijg cdE E_Smxz

nivojev dj= 4V 4E 3 v
RayleightJeans: VS. Planck:
A EM valovi . . . A oscilacije naboja v stenah
B The Nobel Prize in Physics =~ »
A E = kBT2 1918 A L= ehv/kpT _ |
A d—j = 2my kT A di 2m 12 hv
dv 2 dv 2 w/ksT _q
E n
ahf 4
i 3hf 3

Max Karl Ernst
Ludwig Planck
Prize share: 1/1 * 2hf 2

©
The Nobel Prize in Physics 1918 was awarded to Max Planck "in o N 1
recognition of the services he rendered to the advancement of 8
. R ()
Physics by his discovery of energy quanta”. 0 0

Vir: internet; povzeto p&erway Moses & Moyer, Modern Physics, Thomson Lear2@g5




3.2 Svetlob& valovanje ali delci?

U Einstein: Annus Mirabilis

= nhysik

Article

Explore this journal >

Uber einen die Erzeugung und Verwandlung des Lichtes . L i
betreffenden heuristischen Gesichtspunkt Teorija kvantizacije svetlobe: fotoefekt

R A. Einstein, Ann. Phys322, 132 (1905)
e physik

Explore this journal =

Albert Einstein

Article

Uber die von der molekularkinetischen Theorie der
Warme geforderte Bewegung von in ruhenden . . .
Flissigkeiten suspendierten Teilchen Brownovo gibanje: realnost atomov

P A. Einstein, Ann. Phys3R?2, 549 (1905)
= physik

Explore this journal >

Article

Zur Elektrodynamik bewegter Kérper

A Einstein
annalen 1
«=physik

Explore this journal >

Posebna teorija relativnosti:
A. Einstein, Ann. Phys322, 891 (1905)

Article

Ist die Tragheit eines Kérpers von seinem Energieinhalt
abhangig?

A Einstein

Mirovna energijaE=mc?
A. Einstein, Ann. Phys33, 639 (1905)




3.2 Svetloba; valovanje ali delci?

U Fotoefekt (I. 1905): kvantizacija svetlobe The Nobel Prize 1n PhYSiCS
fotokatoda , svetloba

7 anoda 1921

Albert Einstein
Prize share: 1/1

il ol Y The Nobel Prize in Physics 1921 was awarded to Albert Einstein "for
U his services to Theoretical Physics, and especially for his discovery
SIMULACIJA Wit — eU, = hy — ¢ of the law of the photoelectric effect”.
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Vir: internet; povzeto p&erway Moses & Moyer, Modern Physics, Thomson Learning, 2005



https://phet.colorado.edu/en/simulation/legacy/photoelectric
https://phet.colorado.edu/en/simulation/legacy/photoelectric

3.2 Svetlob& valovanje ali delci?

U Comptonovo sipanje (. 1923):

h
MeC

N —A=

(1 —cosh)

The Nobel Prize in Physics
1927

Arthur Holly Charles Thomson
Compton Rees Wilson
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 1927 was divided equally between

Arthur Holly Compton “for his discovery of the effect named after
him"and Charles Thomson Rees Wilson “for his method of making
the paths of electrically charged particles visible by condensation of
vapour".

grafitna tarl a
kristal

——————% ) detektor

izvor
B
n
kl asil ni
model
O( Pe E
foton izbit elektron
ffffffffffffff gf\

n Y / \\\¢

kvantni ‘ sipan foton
model % né | o

Vir: internet;Serwaypovzeto poMoses& Moyer, Modern Physics, Thomson LearnR@)5




3.2 Svetlob& valovanje ali delci?

U Zavomo sevanje: The Nobel Prize in Physics

Intenziteta e

I I | I l Wilhelm Conrad
30 40 50 60 70 80 90 Réntgen

/ (pm) — Prize share: 1/1

The Nobel Prize in Physics 1901 was awarded to Wilhelm Conrad
Réntgen "in recognition of the extraordinary services he has
ko Vi n s k a rendered by the discovery of the remarkable rays subsequently

named after him".
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3.2 Svetlob& valovanje ali delci?

U 5 St Gao2na komplementarnost:

o.:.:.o.: m

it

by

g

Niels Bohr

Every process can be interpreted either in terms of corpuscles or in terms of
waves, but on the other hand it is beyond our power to produce proof that it is actu-
ally corpuscles or waves with which we are dealing, for we cannot simultaneously de-
termine all the other properties which are distinctive of a corpuscle or of a wave, as
the case may be.
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3.3 Atomska struktura snovi in Bohrov model ator

U M. Faraday (l. 1833): zakon elektrolize

The Nobel Prize in Physics
1906

Joseph John
Thomson
Prize share: 1/1

The Nobel Prize in Physics 1906 was awarded to J.J. Thomson "in
recognition of the great merits of his theoretical and experimental
investigations on the conduction of electricity by gases".
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3.3 Atomska struktura snovi in Bohrov model ator

U RMilikano £ @ mdndoY R2t 26 The Nobel Prize in Physics
olne kTpljl(_:? odprtina 1923

- ::. - baterija
" -

= :‘.pI . 37 Q
N
osvetlitev

A

Robert Andrews

U E. Rutherford (I. 1913): planetarni model atom Millikan
O'@/ Prize share: 1/1
4 %"o,

The Nobel Prize in Physics 1923 was awarded to Robert A. Millikan
"for his work on the elementary charge of electricity and on the
photoelectric effect”.
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https://phet.colorado.edu/sims/html/rutherford-scattering/latest/rutherford-scattering_en.html
https://phet.colorado.edu/sims/html/rutherford-scattering/latest/rutherford-scattering_en.html

3.3 Atomska struktura snovi in Bohrov model aton

U Gustav RKirchhoff (I. 1859 Na
Fd2YailsS a&aLisiqi NJ-\f

. ;§Iela

=t
.

u»
(@]
Z
)
n

P
NaCl
Q Gustav R. Kirchhofft
sonce Red
vidni
9 spekter
1.Balmerjeva serija: \ = 0217. n=34.5,.
DY) H,
.. 1 1 1
2.0stale serije: ~=R|—=-—
A ny n; He
Lymanova serija (UV) ng=1 ni =234, ...
Balmerjeva serija (VASV)  np = 2 n-i =3,4,5,...
Paschenova serija (IR)  n; = 3 =4,5,6,... Hg
Brackettova serija (IR) ng =4 ni =5,6,7,... | | |
Pfundova serija (IR) ng=7>5 =6,7,8,... 700 600 500 400
/ (nm)
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3.3 Atomska struktura snovi in Bohrov model aton

U Bohrov (kvantni) model atoma (l. 1913 muvr,, = nh, n =1.2,3,.

1@y aAT Ok e |ka;‘(at”t\%"’§”a enerplls g

P = 82 22
/ EiK N  2dmegrp n?
\ ,"

kvantizacija radijev

e n? Aeg 2

' = 7?‘85 "B = me2 n E (eV)

The Nobel Prize in Physics . 0.00

5 —-0.54
-0.85
9rB 4 4 yYyyv ’
3 -1.51
Pascheno
4rB 2 YyYyVvyY Va‘ Ser”?‘840
Balmerjeva
[ e serija
B
Niels Henrik David
Bohr
Prize share: 1/1
The Nobel Prize in Physics 1922 was awarded to Niels Bohr “for his
services in the investigation of the structure of atoms and of the 44
1 -13.6

radiation emanating from them'’.
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n ®m 5valévidayi@alnost materije

U de Brogliejevivalovi (I. 1923): materija kot valovanje

_ za foton
‘ m,=0
B 2 _ Ry 212 0 o
me I\/t.(cp) t+ (moc?) % ok de Broglicjeva |
relativnos P = . % hlpoteza
\ =

E (:> \— f_? _ h
The Nobel Prize in Physics 7 ! p
1929 -t e

fotoefekt
A Konstruktivna interferenca valov

AYOLYGATEFOAZE @NI.

-

Prince Louis-Victor
Pierre Raymond de
Broglie

Prize share: 1/1

The Nobel Prize in Physics 1929 was awarded to Louis de Broglie
"for his discovery of the wave nature of electrons”.
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n ®m 5valévidayi@alnost materije

0 Eksperiment Davisonna in Germerja (I. 1927): The Nobel Prize in PhYSiCS
1937

Intenziteta sipanja (arb. units)

90°

Clinton Joseph George Paget
Davisson Thomson
Prize share: 1/2 Prize share: 1/2

The Nobel Prize in Physics 1937 was awarded jointly to Clinton
Joseph Davisson and George Paget Thomson “for their
experimental discovery of the diffraction of electrons by crystals”

dsinp = nA
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4.2 Valovni paket

U Superpozicija ravnih valov:

y Ak
A cos (kl ; i 3:) J 2A cos (73:)
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SIMULACIJA
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https://www.st-andrews.ac.uk/physics/quvis/simulations_html5/sims/gaussian/gaussian.html
https://www.st-andrews.ac.uk/physics/quvis/simulations_html5/sims/gaussian/gaussian.html
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Werner Karl
Heisenberg
Prize share: 1/1
The Nobel Prize in Physics 1932 was awarded to Werner Heisenberg
THMIS Ul EBSW R'TE( DWCHTNT; » KNOU YO *lme I"E]II'S ® "for the creation of quantum mechanics, the application of which
7y ol h / i‘!dqhd' fh’ I Pp'f f
sliitice N as, inter alia, led to the discovery of the allotropic forms o
E“E .Z‘ _: hydrogen “;
NICE TRY.
/
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4.4 Valovna funkcija

U Bornova interpretacija valovne funkcije The Nobel Prize in Physics
1954

(I. 1925):

IYIZT

_—
a X
Max Born Walther Bothe
P( )dl‘ _ |\P(I t le_ / I\D . t)l dI Prize share: 1/2 Prize share: 1/2
00 The Nobel Prize in Physics 1954 was divided equally between Max
/ W (x, t)] 2dr =1 Born “for his fundamental research in quantum mechanics,
0 especially for his statistical interpretation of the wavefunction"and
Walther Bothe "for the coincidence method and his discoveries
made therewith".
i Gibanje prostega del@aRAVNI VAL p=? L_E
h h
Uy (x, t) = Ae'Fe=wl) — Alcos(kx — wt) + i sin(kax — wt)]
Wiz, 1)]7 = |A]
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4.4 Valovna funkcija

U { AL} ye2S RSt 0SSO 06StS1iNRYy200 yI R@OSK NBOI KY
X | Y12 + [ Y52 + 2] Y4||Y5| cos/
Y2l
R |V,2
— 1;H _________________________________
O 2 H ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
_ ] |Y1[?
— 1 [Yal? + |Yof?
|Yal? . _
Primer Valovna funkcija Meritve na zaslonu
Izmerimo, da gre elektron : 2 2
skozi rego 1 al {1alYe 4o YalF + 1Yl
e vy S KoL RRLET Oy e+ 21y1Yl cos/
SIMULACIJA gre elektron, ni izveaena:
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https://phet.colorado.edu/en/simulation/legacy/quantum-wave-interference
https://phet.colorado.edu/en/simulation/legacy/quantum-wave-interference
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BT + U(x)W(x, t) =ih

oV (x, t)
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U Stacionarna stanjeWV(x. t) = ¢ (x)o(t)
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SIMULACIJA
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