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General Relativity Theory with the Computer
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● ~25 Bachelor and Master Students

● Required previous knowledge: 

❖  Basic knowledge in general relativity (GR)

❖  Basic knowledge in at least one programming language (e.g. 

c++, java, fortran, python, maple, mathematica, …)

● Summersemester 2016 and 2017 at the University Frankfurt

● 3 creditpoints, individual oral examinations

● 2 hours per week in the Computer room at the Univ. Frankfurt

● Individualized exercises (E-Learning System Lon Capa)

General Remarks

Current Online Lecture (Peking-School)

www.fias.uni-frankfurt/~hanauske/VARTC/



Contents of the Lecture

● Teil I: 

❖ Analytical solutions and numerical Simulations using 

Maple/Mathematica 

❖ Scientific problems: calculating the Riemann- and Riccitensor, 

the Einstein equation and the geodesic equation for a given 

metric (e.g. Schwarzschild, Kerr), the non-rotating and rotating 

black hole, White Dwarf, Neutron and Quark stars and the 

Tollmann-Openheimer-Volkov (TOV) equation  

● Teil II 

❖  Parallel programming using C++ and OpenMP/MPI 

❖  Scientific problems: creating a parallel version of a C++ 

program that solves the interior and exterior solution of the 

metric and the internal propertie of a neutron star using different 

equation of states, theory of hybrid stars and twin stars  



Contents of the Lecture

● Teil III: 

❖ Computersimulation using the Einstein Toolkit 

❖ Scientific problems: The (3+1)-split of general relativity, the 

ADM (and BSSNOK) equations, collapse of a neutron star to a 

black hole or a quark star, gravitational wave emission from a 

hybrid star binary system, how to observe the hadron-quark 

phase transition with future gravitational wave detectors, 

visualisation of simulation results using python and Mathplotlib



E-Learning

● E-learning platform: LON-CAPA (Learning Online Network with 

Computer-Assisted Personalized Approach) 

● Personalized exercises for the students to follow their individual 

understanding

● Online Tutor to help students 

● The lecture is for bachelor, master students and young researchers

● Basic knowledge in GR is required

● Everything is freely available: www.fias.uni-frankfurt/~hanauske/VARTC/

● Please contact me if you need a LON-CAPA account for the Online 

Course and the Peking-School (in english)

Summary and Outlook
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