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Nobel Laureates in Physics 2024 http://www.nobelprize.org/
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The Royal Swedish Academy of Sciences has decided
to award the Nobel Prize in Physics 2024 to
John J. Hopfield (Princeton University, NJ, USA)
Geoffrey E. Hinton (University of Toronto, Canada)
“for foundational discoveries and inventions that
enable machine learning with artificial neural
networks”™

93y iy 7714=ILk (91) RKTIVVAMIK
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Natural and

artificial neurons

The brain’s neural
network is built from
living cells, neurons,
with advanced internal
machinery. They can
send signals to each
other through the
synapses. When we
learn things, the
connections between
some neurons gets
stronger, while others
get weaker.

NEURON

Artificial neural
networks are built
from nodes that are
coded with a value.
The nodes are
connected to each
other and, when the
network is trained,
the connections
between nodes that
are active at the
same time get

) stronger, otherwi-
se they get

WEAKER weaker.

SYNAPSE

STRONGER

Different types of network

HOPFIELD NETWORK

John Hopfield's associative
memory is built so that all the
nodes are connected to each
other. Information is fed in and

9“3 y ° ,‘I"'\y 774—’1": (91 ) *'7“) yx by* read out from all the nodes.

9x7Y—-EVbY (76) HF5 - AV FXK

BOLTZMANN MACHINE

_Q_@_ Visible Hidden

nodes nodes

Geoffrey Hinton’s Boltzmann
machine is often constructed in
two layers, where information is
fed in and read out using a layer
of visible nodes. They are
connected to hidden nodes, which
affect how the network functions
in its entirety.

Memories are stored
in a landscape

John Hopfield's associative memory stores
information in a manner similar to shaping a
landscape. When the network is trained, it
creates a valley in a virtual energy landscape
for every saved pattern.

ENERGY LEVEL

When the trained network is
fed with a distorted or
incomplete pattern, it can
be likened to dropping a
ball down a slope in this
landscape.

RESTRICTED BOLTZMANN

L O

O @

In a restricted Boltzmann machine,
there are no connections between
nodes in the same layer. The
machines are frequently used in a
chain, one after the other. After
training the first restricted Boltzmann
machine, the content of the hidden
nodes is used to train the next
machine, and so on.

2

The ball rolls until it reaches a place
where it is surrounded by uphills. In the
same way, the network makes its way
towards lower energy and finds the
closest saved pattern.

INPUT PATTERN
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Nobel Laureates in Chemistry 2024 http://www.nobelprize.org/
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The Royal Swedish Academy of Sciences has decided to
award the Nobel Prize in Chemistry 2024 to
David Baker (University of Washington, Seattle, WA, USA)

T4 Y s R1H— (62) “for computational protein design”
KISV IXK

Demis Hassabisr (Google DeepMind, London, UK)
John M. Jumper (Google DeepMind, London, UK)
“for protein structure prediction”

7
-

T

SR I\YER (47) & J—T)tt
93y« IvVIN—(39) EJ—TJst

HassabisrE|

10


http://www.nobelprize.org/

Nobel Prize

9N ETHA VHE

/—RNINEFERER 20245

Nobel Laureates in Chemistry 2024
KLV “YVNI/BEBETFH”

T IL YN e R1LH— (62)
KIVIIMNIKXR

¥ &

EX (47)
vIN— (39)

" =PIt

e

*o

9=t

http://www.nobelprize.org/

()
£ @ (o2
o ® o S &
A =2 el S \@
o > > ) >
5 0 5 & &
6‘/} ) &
G
([og a
C/d
Glutamine
AMINO ACIDS
36\6
KN
>
pfoQ .
2 @
Q’é £ o 4 3
Q s £ 3 3
= ®
A4 S 3 3.
s 3
Qo
-}

Figure 1. A protein can consist of everything from tens of amino acids to several thousand. The string of amino acids folds into

a three-dimensional structure that is decisive for the protein’s function.

©The Royal Swedish Academy of Sciences
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Figure 2.
Figure 4. Proteins developed using Baker’s program Rosetta.

How does AlphaFold2 work?

As part of AlphaFold2’s development, the Al model has
been trained on all the known amino acid sequences and
determined protein structures.

DATABASES

1. DATA ENTRY AND
DATABASE SEARCHES

An amino acid sequence with

AlphaFold2

unknown structure is 2017: Proteins that bind to an 2021: Nanoparticles (yellow) with

fed into AlphaFold2, which opioid called fentanyl (purple). proteins imitating influenza virus on
searches databases for similar These could be used to detect the surface (green) that can be used
amino acid sequences and SEQUENCE ANALYSIS fentanyl in the environment. as a vaccine for influenza. Successful

in animal models.

protein structures.

Have co-evolved Have co-evolved

2. SEQUENCE ANALYSIS 4 (_"ﬁ r_r\ﬁ

The Al model aligns all the similar amino acid

sequences - often from different species - and UNKNOWN

investigates which parts have been preserved =TT T T e
during evolution.

In the next step, AlphaFold2 explores which amino

acids could interact with each other in the three- 5:
ylp

dimensional protein structure. Interacting amino
acids co-evolve. If one is charged, the other

has the opposite charge, so they are attracted

to each other. If one is replaced by a water-

2024: Geometrically shaped
proteins that can change their

repellent (hydrophobic) amino acid, the other 2016: New nanomaterials shape due to external influences.
also becomes hydrophobic. DISTANCE MAP where up to 120 proteins 2022: Proteins that function Could be used for producing tiny
spontaneously link together. as a type of molecular rotor. Sensors.
v Using this analysis, Y ] |
AlphaFold2 produces ) ) )
Charged Hydrophobic a gistance mpap that g HEN Figure 5. Protein structures determined using AlphaFold2.
estimates how close -
amino acids are to each g
other in the structure. s
<<
« - 1Im
< Furthest Closest—>>
apart

AMINO ACIDS IN
FOLDED PROTEIN
STRUCTURE

NEURAL NETWORK

3. Al ANALYSIS )
Using an iterative process, AlphaFold2
refines the sequence analysis and distance
map. The Al model uses neural networks
called transformers, which have a great
capacity to identify important elements to CYCLE 1
focus on. Data about other protein
structures - if they were found in

step 1 - is also utilised. T - )

CYCLE 2
4. HYPOTHETICAL STRUCTURE <
QllfthhaeFS:iznguat;zizgaer:getre:tsuzztlhe\:; < : : - ) : 2022: Part of a huge molecular structure 2022: Natural enzymes that can 2023: A bacterial enzyme that causes
to produce a hypothetical protpein y CYCLE3 \ / , in the human body. More than a thousand decompose plastic. The aimis antibiotic resistance. The structure is
structure. This is re-run through step 3. ] ..l - _ proteins form a pore .through the to design proteins thgt can be importa_nt. fqr discpvering ways of preven-
After three cycles, AlphaFold2 arrives E EE membrane surrounding the cell nucleus. used to recycle plastic. ting antibiotic resistance.
at a particular structure. The Al model C LI \ - -
calculates the probability that different ...... - <
parts of this structure correspond " B

to reality. AR ©The Royal Swedish Academy of Sciences 1 2
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Electronic IAU vote on a suggested renaming of the Hubble law

ann18048 — Announcement
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4 October 2018 "5 . a
, , About the
Electronic IAU vote on a suggested renaming of the Hubble Announcement
law Id:
ann18048

Click to Enlarge

During its XXX General Assembly in Vienna (in August 2018), the International
Astronomical Union (IAU) put forward a draft resolution to rename the Hubble
law as the “Hubble-Lemaitre law”. The resolution was proposed to recognise
Lemaitre’s research on the expansion of the Universe, and to pay tribute to
both Lemaitre and Hubble for their fundamental contributions to the
development of modern cosmology. This resolution has now been put to all
IAU Junior and Individual Members via an electronic vote.

PR Image ann18048a

To acknowledge the fundamental scientific contributions of both Georges Lemaitre IAU Resolutions being
and Edwin Hubble to the scientific theory of the expansion of the Universe [1] [2] [3] presented at the GA 2018
[4], the International Astronomical Union (IAU) has proposed a resolution (Resolution

B4) that would have the effect of renaming the Hubble law as the “Hubble-Lemaitre

law”. This resolution was put forward after a period of extensive consultation with

the astronomical community and it was one of the most intensely discussed

proposals presented at the XXX General Assembly of the IAU.
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Vote on Resolution B4 "on a suggested renaming
of the Hubble Law"

Dear IAU Member,

you are invited to express your vote on the Resolution B4 "on a suggested renaming of the Hubble Law" by ticking one of the following
three options:

e | approve the Resolution B4
e |reject the Resolution B4
e |abstain

Please find more details about the vote and an announcement on this resolution here:
https://www.iau.org/news/announcements/detail/ann18048/

The Resolution will be approved by simple majority, abstentions do not count. The voting will close on October 26th at 23:59 pm UTC.

How do you vote regarding Resolution B4 "on a suggested renaming of the Hubble
Law" ?

Please note you have 1 choice(s) in this vote. Also, you have to select a minimum of 1 choice(s).
This is compulsory to complete.

| approve the Resolution B4

I reject the Resolution B4

Abstain

Next step
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Planet Epicycle  Planet makes

G€OC€H[I'1C Universe small circles

It is logical to make assumptions from what your senses % during its orbit
/
/

tell you. From the Earth it looks as if the heavens are circling
over our heads. There is no reason to assume the Earth is
moving at all. Ancient philosophers, naturally, believed that /
their Earth was stable and the centre of the great cosmos. |
The planets were arranged in a series of layers, with the \
starry heavens — or the fixed stars as they were called -

forming a large crystalline casing. Orbit

THE EARTH AT THE CENTRE
The geocentric or Earth-centred

LIniyersels olfen MEnTew L5 PROBLEMS WITH THE GEOCENTRIC UNIVERSE
the Ptolemaic Universe by later . ; .
e . The main problem with the model of an Earth-centred Universe was
scholars to indicate that this was 1 : e :
: e ; that it did not help to explain the apparently irrational behaviour of
how classical scientists, like the . ) ;
reat Ptolemv. believed the some of the planets, which sometimes appear to stand still or move
&re Y backwards against the background of the stars (p. 19). Early
Universe was structured. He o e ue :
civilizations assumed that these odd movements were signals from
saw the Earth as the centre of : : .
) : the gods, but the Greek philosophers spent centuries trying to
the Universe with the Moon, : )
develop rational explanations for what they saw. The most popular
the known planets, and the Sun : . . .
was the notion of epicycles. The planets moved in small circles

moving around it. Aristarchus : . . :
(c. 310-230 BC) had already (epicycles) on their orbits as they circled the Earth.

suggested that the Earth travels

around the Sun, but his theory

was rejected because it did not ] bt Rl et

fit in with the mathematical and PRESES LTOURL e IR
poles and the

philosophical beliefs of the time. equinoxes Solstitial colure passes through
the poles and the solstices

Equinoctial colure

Engraving (1490)
of the Ptolemaic Universe

AXM (epicycles)
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2000

Reinhard Genzel and Andrea Ghez independently tracked the activity around the supermassive black hole at the Milky Way’s center over a period of decades.
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First M87 Event Horizon Telescope Results. 1.
The Shadow of the Supermassive Black Hole
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The Event Horizon Telescope Collaboration
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Abstract

When surrounded by a transparent emussion region, black holes are expected to reveal a dark shadow caused by
gravitational light bending and photon capture at the event horizon. To image and study this phenomenon, we have
asscmbled the Event Horizon Telescope, a global very long bascline interferometry array observing at a wavelength of
1.3 mm. This allows us to reconstruct event-horizon-scale images of the supermassive black hole candidate in the center
of the giant elliptical galaxy M87. We have resolved the central compact radio source as an asymmetric bright emission
ring with a diameter of 42 4 3 pas, which is circular and encompasses a central depression in brightness with a flux
ratio =>10:1. The emission ring is recovered using different calibration and imaging schemes, with its diameter and
width remaining stable over four different observations carried out in different days. Overall, the observed image 1s
consistent with expectations for the shadow of a Kerr black hole as predicted by general relativity. The asymmetry in
brightness in the ring can be explained in terms of relativistic beaming of the emission from a plasma rotating close to
the speed of light around a black hole. We compare our images to an extensive library of ray-traced general-relativistic
magnctohydrodynamic simulations of black holes and derive a central mass of M = (6.5 = 0.7) X 10° M.... Our radio-
wave observations thus provide powerful evidence for the presence of supermassive black holes in centers of galaxies
and as the central engines of active galactic nuclel. They also present a new (ool (o explore gravity in its most extreme
limit and on a mass scale that was so far not accessible.

Figure 1. Eight stations of the EHT 2017 campaign over six geographic
locations as viewed from the equatorial plane. Solid baselines represent mutual
visibility on M87"* (4+12° declination). The dashed baselines were used for the
calibration source 3C279 (see Papers III and IV).

o 1 2 3 4 5 6
Brightness Temperature (10 K)

Figure 3. Top: EHT image of M87" from observations on 2017 April 11 as a 65
representative example of the images collected in the 2017 campaign. The
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perihelion of the lower. Therefore again, a certain part of my Mysterium
Cosmographicum, which was suspended twenty-two years ago, because it was not yet
clear, is to be completed and herein inserted. For after finding the true intervals of the
spheres by the observations of Tycho Brahe and continuous labour and much time, at
last, at last the right ratio of the periodic times to the spheres

though it was late, looked to the unskilled man,
yet looked to him, and, after much time, came,

and, if you want the exact time, was conceived mentally on the 8th of March in this
year One Thousand Six Hundred and Eighteen but unfelicitously submitted to calcu-
lation and rejected as false, finally, summoned back on the 15t of May, with a fresh
assault undertaken, outfought the darkness of my mind by the great proof afforded by
my labor of seventeen years on Brahe’s observations and meditation upon it uniting in
one concord, in such fashion that I first believed I was dreaming and was presuppos-
ing the object of my search among the principles. But it is absolutely certain and exact
that the ratio which exists between the periodic times of any two planets is precisely the ratio
of the 3/ yth power of the mean distances, i.e., of the spheres themselves; provided, howev-
er, that the arithmetic mean between both diameters of the elliptic orbit be slightly less
than the longer diameter. And so if any one take the period, say, of the Earth, which is
one year, and the period of Saturn, which is thirty years, and extract the cube roots of
this ratio and then square the ensuing ratio by squaring the cube roots, he will have as
his numerical products the most just ratio of the distances of the Earth and Saturn
from the sun.! For the cube root of 1 is 1, and the square of it is 1; and the cube root
of 30 is greater than 3, and therefore the square of it is greater than 9. And Saturn, ar
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