Tabesaa 5.1 Cneundukanija npeaMera Ha CTYIHjCKOM MPOTPaMy JOKTOPCKHX CTYIHja

Haszus npeamera: KBanTHa nmo/pa Y 3aKPpUBJ/bCHOM IIPOCTOPY

Hacrapauk wim Hactapaunm: Ilpog. Maja Bypuh

Crartyc npeamera: u300pHH

Bpoj ECIIB: 15

Ycaos: KBanTHa Teopuja noJba 1, Teopuja rpasuranmje 1

Iwb npeamera
lws nmpeaMera je fa ce CTYAEHTH YIO3HAjy ca ONEepaTOPCKUM METOIOM KBaHTOBama I0Jba Y 3aKPUBJHEHOM
IPOCTOPY, Ka0 U ca HajBAKHUjUM (PU3NUKUM e(eKTHMA Y jaKUM I'PaBUTALIMOHUM NOJBHMA.

Hcxon mpeamera
CryneHTH Cy OCTIOCOOJBCHH Jla pa3yMmejy KBaHTHE (EHOMEHE y TPaBHTAIIIOHOM IOJbY, pa3BUjy jeTHOCTaBHE
MoJIeNe M ]a U3padyHajy KBaHTHE e(peKTe y HajHIKEeM pelly TeopHje nepTypOarmja.

Capgp:xaj npeqmera

Teopujcka nacmasa

. KBanTtHa Teopuja nosea y nmpoctopy MHUHKOBCKOT, OIIEpaTOpH Kpealyje 1 aHUXHIIAIH]je, BAKKyM.
. Tersop enepruje-umiyca, [ puHOBe QyHKIH]E.

. CTpykTypa nmpocTop-BpeMeHa, koHpopmue Tpanchopmaiuje u Kaprep-Ilenpoy3or nujarpam.

. KBantoBame c11000JHOT 1 MUHUMAJIHO KYIJIOBAHOT CKaJapHOT HOJba.

. [lojam vecTuiie u neduHUIU]a BakyyMa, TpaHchopMmalmje borosbyoosa.

. KBanTHa Teopuja nospa y KpUBOJIMHHjCKUM KOOpJMHaTama, edektu rpanune, KasumMupos edexr.
. I[TokperHa ornenana, YHpyXoB e(eKT.

. Punnnepos npocTop.

. KBanTOBame mosjpa KOCMOJIOMIKHM MOJIEINMA.

10. Ie Curepos mpocTop.

11. PenpesenTtanuje ne Cutepose Tpyre, BakyyMu y e CHTEpOBOM IPOCTOPY.

12. Penopmanu3anmja TeH30pa eHepruje-umiryica. 1

3. LpHe pyne u XOKMHIOBO 3paycHhe.
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Ipaxmuuna nacmasa
CryneHTH penaBajy camoctaiano goMahe 3aaTke y3 KOHTPOJIY HACTABHHKA M pajic CCMHHAPCKH pal.

IIpenopyyena Jureparypa

1. N.D. Birell, P.C.W Davies, Quantum Fields in Curced Space, Cambridge

2. .F. Mukhanov, S. Winitzki, Introduction to Quantum Effects in Gravity, Cambridge University Press, 2007
3. L. Parker, D. Toms, Quantum Field Theory in Curved Spacetime, Cambridge University Press, 2009

4. S.\W. Hawking, G.F.R. Ellis, The Large Scale Structure of Space-time, Cambridge University Press, 1973

5. R.M. Wald, Quantum Field Theory in Curved Spacetime and Black Hole Thermodynamics, University of
Chicago Press, 1994

Bpoj uacoBa akTuBHe HacTaBe | Teopujcka HacTaBa: 5 | IIpaxTuuna HacTaBa:

Metone usBohema HacTaBe
[IpenaBama, KOHCYNTaNHMje, M3paga qoMahinx 3agarak, cCeMUHAp

Ouena 3Hamwa (Makcumaanu 0poj moena 100) cemunap 40, yemenun ucnut 60




Table 5.1 Specification of subjects in the doctoral studies study program

Name of the subject: Quantum Fields in Curved Space

Teacher(s): Prof. Maja Burié

Status of the subject: elective

Number of ECTS points: 15

Condition: Quantum Field Theory 1, Theory of Gravitation 1

Goal of the subject: to introduce students to the operator quantization in curved spacetimes and to discuss the
most important physical effects of curvature in quantum field theories.

Outcome of the subject
The students understand the basic quantum phenomena in the gravitational field. They are able to develop
simple models and to calculate quantum effects in the lowest order of perturbation theory.

Content of the subject

Theoretical lectures

1. Quantum field theory in Minkowski spacetime, creation and annihilation operators, vacuum.
2. Energy-momentum tensor, Green functions.

3. The structure of spacetime, conformal transformations and Carter-Penrose diagrams.
4. Quantization of free and minimally coupled scalar field.

5. The concept of particle and definition of vacuum, Bogoliubov transformations.

6. Quantum field theory in curved coordinates, effects of boundary, Casimir effect.

7. Moving mirrors, Unruh effect.

8. Rindler spacetime.

9. Field quantization in cosmological models.

10. De Sitter space.

11. Representations of de Sitter group, de Sitter vacua.

12. Renormalization of the energy- momentum tensor.

13. Black holes and Hawking radiation.

Practical lectures
Along with lectures students solve problems; at the end of the course they prepare a presentation of a relevant
research paper in the field

Recommended literature

1. N.D. Birell, P.C.W Davies, Quantum Fields in Curced Space, Cambridge

2. .F. Mukhanov, S. Winitzki, Introduction to Quantum Effects in Gravity, Cambridge University Press, 2007
3. L. Parker, D. Toms, Quantum Field Theory in Curved Spacetime, Cambridge University Press, 2009

4. S.W. Hawking, G.F.R. Ellis, The Large Scale Structure of Space-time, Cambridge University Press, 1973

5. R.M. Wald, Quantum Field Theory in Curved Spacetime and Black Hole Thermodynamics, University of
Chicago Press, 1994

Number of active classes | Theory: 5 | Practice:

Methods of delivering lectures
Lectures, problem solving, introduction to original research

Evaluation of knowledge (maximum number of points 100) seminar 40, oral examination 60




