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Two apparently absurd statement

The different phases of a neutron star collision The German Reichstag building is probably the bes
are like a collection of different ballroom dances illustration of the essential properties of a black hole

In popular science lectures that deal with the complicated
content of general relativity, the inclusion of bizarre
examples that initially seem absurd can bring the listener

to increasedattention.
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Pulsars are rotating neutron stars
with a strong magnetic field

Binary Pulsar Systems
Example

The Double Pulsar
(PSR JO73-B039A/B):

Discoveredn 2003

Distance between the stars
only 800,000 km

Distance is slowly decreasing
due to the radiation of
gravitational waves

The two neutron stars will
only collide in 85 million years

Kramer, Wex, Class. Quantum Grav. 2009

Binaryneutron star systems

, . °, ’ “'-
L - et T D5
., l; L L h '( A
’ v % " -~
' ’ ' ; SR By
o J "' ".‘yo
¢ P R £ (L4
X it T2 ¢
17 i ’1 NS P S A
al ol B A
,. l' v_‘ .‘..' ’ ,?— Fd
’ ’ ¢ # . o/" -‘.II‘
- ,..,’l. . . « 4
, R T & [ b 023
-",,l..".".". "-‘.‘,.A
v ) A TSR BV O Sheg D
;A ’ . ’ ; ¢ “a ._"l \" \""' .. e
RS D L .‘-_,._L_-,{:-q
S 4~ ’ A e g e (A
e s “ .'.,q‘,. o (_._
ey o oy . -y v -
( ,"’ . ' . -’..t n,x; -'.\- :.ﬁl.
AT AT § '. ™
vy ’. ‘ IR /‘.- (xR
' ) s ';‘-.'i‘..'f'f.'*'-'.“‘!
“,. ’ . :l.'. AT RN . AT
PR S e PR
'5‘. 3 i A A N "_.' e Yy
4 .o AR ’ O .
_— ' . o u;"m“. .

McGill NCS Multimedia Services Animation by Daniel Cantin,DarwinDimensions) *



The long
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GravitationalWave GW170817 and GamiiRay Emission GRB17081

1750 4 Lightcurve from Fermi/GBM (50 — 300 keV)
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What happens between the merger and the collapse to the black hol
General relativistic computer simulatigarevideinsights

Density profile in the equatorial plane




The differentPhasesf a BinaryNeutron Star Merger Event

Lateinspiraland mergerphase
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ringdownphase

Wy exactly these dances
Details in

"Binary Compact Star
Mergers and the Phase

Diagram of Quantum
Chromodynamics",
P Matthias Hanauske and
u HorstStocker Discoveries

“ at the Frontiers of Science
“ —_— 107132;Springer, Cham
(2020)
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t [ms] l https://itp.uni-frankfurt.de/~hanauske/TanzNeutronensterne.mp



Frequencyspectrogramof the emitted gravitationalwave

M = 1.300 My, APRA4




[tips TR faRkiudehanatskeananeutonensiemeimp+ The NeutronstarMerger Dance



Black holes and the spacetime funnel

R: radius of the object
gi: Spacetime metric

M/R = 0.09980 vV — 0t M: mass of the object
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M/R = 0.19230

vV —Ytt



Black holes and the spacetime funnel
M/R = 0.37037 vV — 9t M: mass of the object

R: radius of the object
gi: Spacetime metric

vV —Gtt
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Black holes and the spacetime funnel
M/R = 0.44444 V=gt

M: mass of the object
R: radius of the object
gi: Spacetime metric

We got over the limit and created a black hole!

vV —gtt



Black holes and the spacetime funnel

R SN T ST 44, Online Lecture
M /R = 0 107NN A General Relativ
M M/, — illustrate cyrved spac‘:;?n:zei: 7 // / on the CompUt
M/1 Nl et/ —Gtt https://itp.uni
' frankfurt.de/~hanausk
TC/VARTC2021.htr

3333333333

tability imit: Stable objects (neutron stars) are no longer possible



Spacetime diagram of a black hole
View of stationary observer at infinity

Event
horizon

lightcone

time
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Spacetime structure
in fl Spacetime diagram of the Schwarzschild metric
In Tlat space in Schwarzschild coordinates

Spacetime structure around a black hole




Spacetime diagram of a black hole
Perspective of an observer falling into the black hole
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The German parliament building

probably the best illustration of the essential properties of a black hole

The spacetime funnel In
the Reichstag building




The German Reichstag

and the event horizon of German history
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The German parliament building

probably the best illustration of the essential properties of a black hole
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Iy The elevator in the Reichstag building is approximately at 3/2 Rs






