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Galileo Galilel = 4] =

1564 - 1642 Italian astronomer, physicist and engineer, polymath
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Newton

(1642 - 1726) mathematician, physicist, astronomer, alchemist, theologian
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Newton

(1642 - 1726) mathematician, physicist, astronomer, alchemist, theologian
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Ernst Mach

(1838 - 1916) Austrian German; physicist and philosopher

“Space, Time, and Spacetime” edited by Petkov (chapter: Overduin)

Ernst Mach (1838—-1916) and his revision of Newton’s bucket experiment: would the water
still climb up the walls 1f the bucket were arbitrarily large and massive?

Everitt et al. (2011) "Gravity Probe B: Final Results of a Space Experiment to Test General Relativity”
Physical Review I etters. 106 (22): 221101.


https://en.wikipedia.org/wiki/Physicist
https://en.wikipedia.org/wiki/Philosopher

“An empty space, that there 1s no space
field, 1s non-existent. ” — Einstein

KRelativity: the special and the general theory » 1916
(English translation by Robert W. Lawson )




Max Planck

1858 - 1947 German theoretical physicist

Leber eine Verbesserung der Wien'schen Spectral-
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ESSAY

Dynamic Universe

The first person to carry outa modern survey of the night sky, Fritz Zwicky's astronomical observations
led to a new picture of a turbulent Universe that is punctuated by violent events.

Freeman Dyson

The Swiss physicist Fritz Zwicky
(1898-1973) was responsible, more than
anyone else, for a profound change in our
view of the astronomical Universe. Before
Zwicky, the ancient aristotelian view of
the celestial sphere as a region of eternal
harmony and tranquillity was still largely
intact, and the job of an astronomer was to
make accurate maps of an unchanging
landscape. After Zwicky, the modern view
of the Universe emerged, as a
dynamic scene dominated by
violent events. The job of an
astronomer today is to record and
interpret the processes of change.
Zwicky's great work was done
inthe 1930s when he wasan asso-
ciate professor of physics at Cal-
tech, the California Institute of
Technology. He had been trained
at the Swiss Federal Institute of
Technology as an X-ray crystallo-
grapher and had no official cre-
dentials as an astronomer. But he
saw an opportunity arising from
two unconnected events that hap-
pened almost simultaneously.
First, in 1928, the Rockefeller
Foundation awarded a large sum
of money to Caltech for the con-
struction of a major astronomical

the northern sky. Two major discoveries
that emerged from his survey were super-
novae and dark matter. Zwicky observed

20 supernovae, a large enough sample to
allow him to classify them into several

types and infer their different modes of
origin. His discovery of dark matter came
from studying the motions of individual
galaxies in rich clusters of galaxies, and
from calculating that the visible mass in
the clusters was insufficient by a large
factor to cause the observed motions.

4

the Schmidt telescope, Fritz Zwicky discovered dark matter.

flict with his colleagues at Caltech. They
considered him crazy and he considered
them stupid. He never became an accepted
member of the astronomical community,
but followed his own path. During the Sec-
ond World War he was director of research
at the Aerojet Corporation, which devel-
oped rockets for the military. At the same
time he organized the Committee for Aid
to War-stricken Scientific Libraries. This
collected massive quantities of scientific
books and journals and distributed them to
libraries that had been dis-
rupted or destroyed during the
war. He founded the committee
in 1941 and ran it with his habit-
ual enthusiasm and efficiency.
For this work he received the
Medal of Freedom from Presi-
dent Harry Truman in 1949,
Besides his revolutionary
work as an observer and
organizer, Zwicky made revolu-
tionary contributions to theo-
retical astronomy. He published
papers about neutron stars,
supernovae, black holes and
gravitational lenses, long before
these subjects became fashion-
able. His thinking was based on
a personal philosophy which
he called the ‘morphological
approach. The idea is that you
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“The first person to carry
out a modern survey of
the night sky, Fritz Zwicky’s
astronomical observations
led to a new picture of a
turbulent Universe that is
punctuated by violent
events.”
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The 2023 Prize in Astronomy

Matthew Bailes
Duncan Lorimer
Maura McLaughlin

for the discovery of fast radio bursts (FRBs).

Learn More About the Laureate >
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A Bright Millisecond Radio Burst of
Extragalactic Origin 2007

D. R. Lorimer,™** M. Bailes,> M. A. McLaughlin,™* D. ). Narkevic,* F. Crawford®

Pulsar surveys offer a rare opportunity to monitor the radio sky for impulsive burst-like events with
millisecond durations. We analyzed archival survey data and found a 30-jansky dispersed burst, less
than 5 milliseconds in duration, located 3° from the Small Magellanic Cloud. The burst properties
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Hundreds of similar events could occur every day
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event such as a supernova or coalescence of relativistic objects. Hundreds of similar events could occur
every day and, if detected, could serve as cosmological probes.

A Population of Fast Radio Bursts
at Cosmological Distances 2013

D. Thornton,'2* B. !':tappers,1 M. Bailes,>* B. Barsdell,>* S. Bates,” N. D. R. Bhat,*>*®
M. Burgay,’” S. Burke-Spolaor,® D. ]. Champion,’ P. Coster,®* N. D'Amico,’®’ A. Jameson,**
S. Johnston,? M. Keith,” M. Kramer,” L. Levin,” S. Milia,” C. Ng,” A. Possenti,” W. van Straten®*

Searches for transient astrophysical sources often reveal unexpected classes of objects that are
useful physical laboratories. In a recent survey for pulsars and fast transients, we have uncovered
four millisecond-duration radio transients all more than 40° from the Galactic plane. The bursts’
properties indicate that they are of celestial rather than terrestrial origin. Host galaxy and

Determine the baryonic content of the universe

ASSuULIdLIUIT WILIT LIE DUISLY. CIdidULLEN1ZdLIUIT Ul UIE SuuILe PUPULlALIVIT dIU IUETTUNLAauvIn vi nosi
galaxies offers an opportunity to determine the baryonic content of the universe.
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Arecino
(1963 - 2020)

1963 commissioned
mercury spin, double neutron stars, the first exoplanet etc.

S

1993" " Nobel prize in Physics
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A bimodal burst energy distribution of a repeating fast radic burst source

namloe Li, Wang, 2021 DOI @ 10.i038/541586-021-03878-5
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IFRB Waiting Time

Normalization: inverse of the
average event rate; ~1 hour for
earthquakes; 7 hours for flares; 88 s and
123 s for two FRBs

Weibull distribution: earthquakes
have a higher rate of occurrence with
short time intervals.

FRB emission seems to result from
two Poisson processes.

Zhang, 1.1* et al. 2024
Science-Bulletin
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Randomness Pincus index
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+ FRBs have no spin-related periodicity!
+ FRBs" arrival times have no dependence on energy.

~ +—  +FRBs events roam the energy-time space like a
L — Brownian motion, much less chaotic than
ot earthquakes, but more random.

+Spin trigger unlikely.
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threshold M| #2 fE = 1/

P 4, threshold  detection rate
+ & X Bk FAST  0.01]y 17 /yt 1
Jn4 % CHIME 0.21Jy ‘ 1500/t

Bottleneck: detection rate




4-  from mirrors to lield camera

Focusing-amplification a8 Field sensing + computation
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Wave => high throughput computing

Telescope - partial qguantum computer

Field camera - digital quantum computer
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Universe < 0 =) no singularity
=» no absolute symmetry / conservation

=» only “relative” relativity

1.2 2025 in prep.
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