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UPPSALA UNIVERSITY
Gunnar Ingelman

Quantum Mechanics, advanced course
(Kvantmekanik fk, 5 poang, F4T ht -00)

Further reading:

Atomens virld trotsar sunt fornuft, BLY Svensson,
Forskning och Framsteg nr71990s. 4

Sc:hrodmaer s cat

The meaning of quantum theory, J Baggott,
-Oxford University Press 1993, ISBN 0-19-855575-X

Quantum theory without observers, S Goldstein, et [V g

Physics Today, March 1998, p. 42, April 1998, p. 38

- Gauge theories of the forces between clementary particles,
G "t Hooft, Scientific American, June 1980, p. 90 )

Heisenberg, uncertainty and the quantum revolution,

DC Cassidy, Scientific At_nerican, May 1992, p. 64

Quantum philosophy, ] Horgan, . lCC\i‘)ﬁ = OL‘ 8)> + 8 |@>

Scientific American, July 1992, p. 72

Bohm's alternative to qua.ntﬁm mechanics, DZ Albert, : . . .
Scientific American, May 1994, p. 32 Copenhogen interpretation of GM:
» empiricol \ity defined b e
The duality in matter and light, B-G Englert et al., i : P freanty y meosurement on syslern
Scientific American, Dec. 1994, p. 56 « no mearun_g ¥ ask whot stote systern was in
rlor to measurement

Quantum-mechanical computers, S Liovd, P -

Sciernitific American, Oct. 1995, p. 44

Bringing Schrodinger’s cat to life, P Yam,
Scientific American, June 1997, p.104 Niels
Bohr

Quantum teleportation, A Zéilinger,
Scientific American, April 2000, p.32

" [@Toad intellektuella giganter tvistar. Vem fick ritt?
Folo: Niels Bohr Arkioet

4 I rm:..un.-é\r--tqw.n F'er-s&;n;_r\_j O(‘l\ ‘FrnrnS‘\‘fﬁ . 7/%

Bell's inequality settles the Einstein—Bohr ‘fight':
Bohr won = Quantum physics # common sense!
The Einstein-Podolsky-Rosen (EPR) paradox (1935):

" Can quantum-mechanical descnptlon of physical reality
be considered complete?”

LY e, A, Source emits a pair of photons in a state with total spinn=0.
oy A I l'} . {l] R Measurement of the polarization of one photon gives
o source MT immediate knowledge that the other photon has the op-

h W posite polarization, which is experimentally verified.
PMT pMT|© This is independent of if one chooses to measure plane or

circular polarization. Distance in space-time between the
measurements can be made such that a signal with speed

© lofold © 0 . . .
e o ® of light cannot mediate information.
1 . wmsld""",:”""'“ How does photon-2 ‘know' of measurement on photon-1 ?
¥ exp. cata Is there some hidden variable carrying this information ?

E(a%)s B No hidden variables in quantum mechanics! Bell's inequality
' b—g gives theoretical basis for experiments (Aspect et al.) which
(b-a)
o}— = L slou L 9(')0 agree with quantum mechanics and rule out alternative
‘ _ theories with hidden variables.
-0.5( M local hidden variableg Both photons parts of one state; total wave function .

= Genuine uncertainty or non-local interaction




Gauge theories
gouge : standard of measure, for calibrotian

Ex:

Zero for @calar) 'Po'l’en%'a.l >
3lobal chcm.je ir-relevant

Electromagnetism

globel Sauge symimelr
globe) charge conserv;
Local changes — potential i~ physical signifiane
Maxwell (1868): incensistency o egs.

Lokal charge cons, — conneckor el. = magn. fok

Tntreduce : vecter -po'}en?-u'a] ,_Q. > magn. el
scalaf vV —~ el feld

M net uniquel}/ given £r gven E,B

e
ot cl('rec'H}/ observable obseruables
3 arbitrory bud correlated _, ne chanage J
. c‘,hqnge_s i
Lecal syrmm v : BB unchanged when V
chang diffecently in dfferent points (k;)
ﬂp compensa.?v}zf c}aneS n A.
new Beld A = rnew interachon
Glebal symme%—y ~—— local s;/mme#r;/

Conseguence : el & magn. Breldls refated by

Maxwells egs. , le. umticahion o = rragn, éﬁﬁ;

Recpe For local geuge symmedry -

{. Global invariance (3&\1.3& symmez%y)

under a transtormader

2. Change o local (space-time dependen? )

transtormator

- 3. Add new Helde) with fransfo—pra,vmé'es
thal compensates prévieus local transt
such that rew Schrodizeer €. with
inferactkion /s sabsted.

Quant zaior :
el.- magn. —» QED
[y

A —> ‘phc&‘on wave 'rocn

Quontum mechanically :
Tnvarance under glebal phase change

vet) = Pix) = €0 Yx)
since (O = [dx Yo V- [dx V0P = [du Vo
'_ocal chm3e \P(x,i)"’\sz,i) =eze(x’£)ll’(x,i-)
net possible in same way.
TP ¥ satisfies Schredinger eg. for free parkcle
then so does e.iell’ bul net eier,i)(P due
to derivatives achng on phase tactor,
Tnhreduce feld (A V) with ComPensa.%}zj
local Franstormabons — e,"e(x’f) Y sadshies
Schrodizper eg. #or parficle that
with  this Seld,

(nteracts

Electroweak interactions

(9 (3 (4 1t (9 (9 ()

—* Mmass — mass

‘Weok l'n;}erhé"'icns within cloﬁBl.e%s
Vetn >+ € +p

Ex:

=4

e transform ;.Hon of 2Z-component oéJ'ecl-s
with 2x2 -motrices — 3 indepenclent @4 )

n-— ‘P-i-e—-l-ge

El-magn & weak inferackons comébined
U e su) symmeilry Groum o

|
hase matrix  trarms atons ,
P ES : arstorm MM, $M,H

Abelian noln-Abelicm = non—comn?m%}-ff a{fe.bra.

Loca] Zransformaions .co/wpe;osaize,d by

v gauge Felds i Y, 2%, WL W

4 T\ —
massive
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