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Return to Poland

● B.A., M.Sc., University of Warsaw
● Ph.D., ~5 years: Embry-Riddle 

Aeronautical University (Arizona)
● Postdoc, ~5 years: University of Florida
● Assistant Professor, present: 

University of Warsaw

https://www.fuw.edu.pl/~mszczepanczyk/
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2023 edition

https://www.fuw.edu.pl/~mszczepanczyk/
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Organization

The course is a practical introduction to Gravitational-Wave 
Astrophysics

Criteria to pass the course: oral exams
● Winter semester: project
● Spring semester: choose a GW source/effect, what are the detection 

prospects? (research project)

Supporting literature (theory):
● Slides: https://www.fuw.edu.pl/~mszczepanczyk/
● Maggiore M., Gravitational Waves. Vol. 1: Theory and Experiments
● Maggiore M., Gravitational Waves. Vol. 2: Astrophysics and Cosmology
● Creighton J. & Anderson W., Gravitational Wave Physics and 

Astronomy
● And…
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https://www.fuw.edu.pl/~mszczepanczyk/
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Organization
Overview of Gravitational Waves 
Astrophysics (Winter semester 
2026/27)
● General Relativity and linearized 

theory
● Gravitational-wave sources

○ Generation: quadrupole 
formula and examples

○ Compact binaries: black holes 
and neutron stars

● Gravitational-wave detectors
○ Interferometry
○ Detector network

● Gravitational-wave data analysis 
and searches
○ Model-dependent (matched 

filtering)
○ Model-independent (burst)
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Future of the field (Spring semester 
2026/27)
● The next decade of 

Gravitational-Wave Astrophysics
● The next-generation detectors

○ Cosmic Explorer
○ Einstein Telescope

● Special gravitational-wave 
sources detected so far
○ Gravitational-wave lensing
○ Binary neutron stars
○ Special compact objects
○ Core-collapse supernova
○ Pulsar glitches
○ Quasi-normal modes
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Literature (status of the field)
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● LIGO-Virgo-KAGRA papers: https://pnp.ligo.org/ppcomm/Papers.html

● The field is evolving quickly: Science Summaries

https://pnp.ligo.org/ppcomm/Papers.html
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Lecture 1

Introduction
to GW Astrophysics
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SN 1987A
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“Conventional” and “Gravitational-Wave”
Astronomy

“Conventional” or time-domain 
Astronomy:
observing Universe using 
electromagnetic waves (e.g. visible 
light), cosmic rays or neutrinos.

Looking at the Universe
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timeshighereducation.com

SN 1987A

“Gravitational-Wave” Astronomy:
observing Universe using 
gravitational-waves, the “ripples of 
spacetime”.

Listening to the Universe
Aurore Simonnet/LIGO/Caltech/
MIT/Sonoma State

https://users.fuw.edu.pl/~mszczepanczyk/gwsound.html
http://www.youtube.com/watch?v=TWqhUANNFXw
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SN 1987A

GW Spectrum

This Course

http://gwplotter.com/
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Observing Run 4
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Rapidly evolving field

Books are getting outdated quickly…
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GW Catalog:

O1 + O2 + O3

GW Catalog:

O1 + O2 + O3 + O4a
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Einstein Equation and
Experimental Gravitation

● Space-time tells matter how to move; matter tells 

spacetime how to curve   J. Wheeler

● Einstein Equation:

○ Solving it analytically/numerically, or

○ Let the Nature solve it for us

● An abundance of gravitational-wave sources are to 

discover, but only handful are precisely modelled.
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Time 

Gravitational Waves

1916 – Gravitational Wave solution, linear 
approximation:

h – GW strain
14.09.2015 – Detection of Gravitational Waves!

GWs passing through two objects change  distance 
between them.

GW

Credit: Auriga

lsu.org


