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Two apparently absurd statements

The different phases of a neutron star collision The German Reichstag building is probably the best
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 increased attention.
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Pulsars are rotating neutron stars
with a strong magnetic field

Binary Pulsar Systems
Example:

The Double Pulsar
(PSR J0737-3039A/B):

Discovered in 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

Binary neutron

McGill NCS Multimedia Services Animation by Daniel Cantin,xDar\NiﬁDimensions) ¥

star systems




The long ad event GW170817
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Gravitational Wave GW170817 and Gamma-Ray Emission GRB170817A
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What happens between the merger and the collapse to the black hole?
General relativistic computer simulations provide insights
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i mplitude of the emitted gravitational wave Density profile in the equatorial plane



The different Phases of a Binary Neutron Star Merger Event

Transientearly  pocimergerphase  Collapse to the
postmerger phase Kerr black hole and

ringdown phase

Late inspiral and merger phase |

WYy exactly these dances?
Details in

"Binary Compact Star
Mergers and the Phase

Diagram of Quantum
Chromodynamics”,
P Matthias Hanauske and
“ Horst Stocker, Discoveries

“ at the Frontiers of Science,
_— 107-132; Springer, Cham

v U U L (2020)
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Frequency spectrogram of the emitted gravitational wave

M = 1.300 My, APRA4







Black holes and the spacetime funnel

M/R = (.09980 vV —Gtt M: mass of the object

R: radius of the object
gt Space-time metric
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Black holes and the spacetime funnel
M/R = 0.37037 vV — 9t M: mass of the object

I e R: radius of the object
gt: space-time metric

vV —Gtt
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Black holes and the spacetime funnel
M/R = 0.44444 vV —9tt

M: mass of the object
R: radius of the object
gt Space-time metric

We got over the limit and created a black hole!

M/R = 0.5000 V—9u




Black holes and the spacetime funnel

Online Lecture
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lability limit: Stable objects (neutron stars) are no longer possible



Space-time diagram of a black hole
View of stationary observer at infinity

Event
horizon

lightcone

time

Spacetime structure
Spacetime diagram of the Schwarzschild metric

in flat Space in Schwarzschild coordinates

Spacetime structure around a black hole



Space-time 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 space-time funnel in il - A ;
the Reichstag building IF Caaal | | F daan e




The German Reichstag

and the event horizon of German history

- ‘ SN TR Along the barrier are
s — - &S0 N\ l \ ) displayed various
~ \ photographs of decisive

events in German history

that are designed to remind
visitors of their

responsibilities to the future.
They are a warning against
forgetfulness and against the
repression of the Nazi era.

Event
horizon



The German parliament building

probably the best illustration of the essential properties of a black hole
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The elevator in the Reichstag building is approximately at 3/2 Rs
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GRAVITATIONAL COLLAPSE AND SPACE- TIME SINGULARITIES
Nobel Price 2020: R.Penrose, PRL Vol.14 No.3 (1965)
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Figure 1. Sphencally symmetncal collapse in the usual Schwarzschild co-ordinates Figure 2. Sphencally symmetncal collapse m Eddington-Finkelstein co-ordinates

Self-drawn space-time diagram by R.Penrose (1965) R.Penrose in Rivista del Nuovo Cimento, Num.Spez. |, 257 (1969)




log1g Yquark Talk on Thursday
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* Self-drawn space-time diagram by R.Penrose (1965) R.Penrose in Rivista del Nuovo Cimento, Num.Spez. |, 257 (1969)

Figure 1. Sphencally symmetncal collapze in the usual Schwarzschild co-ordinates. Figure 2. Sphencally symmetncal collapse m Eddington-Finkel co-ord
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| then left the Reichstag building and headed for the Brandenburg Gate, the former dividing line between eastand west
Berlin. As | sauntered through the gate, | noticed an area of land to my right that was entirely vacant except for some statues
of bears, which are the symbol of the city of Berlin. About 60 bears were arranged in a circle, each representing a country of
the world by virtue of the images printed on it. One bear, however, stood off to one side, apart from allthe others. Its surface
bore an image of Einstein and a quotation by the great physicist, who rose to fame while work-ing in Berlin. As a guide
explained to a group of tourists that an American embassy would soon be built on the site, | read Einstein’s timeless words:
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{5 B “peace cannot be kept by force. It can only beachieved by understanding.”

7 S , Albert Einstein




