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Nobel Laureates in Physics
FRE X8 DEF BESSY A IV
2024 JG‘;Z@;GCOE?ﬁHﬁﬁon BT AT 1SRy hT—cd > TS B E ra SRR ORE S B
Pierre Agostini
2023 |[Ferenc Krausz s=TICF MBRDEFDENTZEMHITDEHDT7RIL/INIV A ZEFHE S BEERAEDEIL
Anne L’ Huillier
Alain Aspect
2022 |John F. Clauser £ ETFEDONDIEFDER, NIVDAFXDENDEI EEFIFIRBIFEDEER
Anton Zeilinger
5007 EHRRER T HERSUERDYBREE T )VL, HEKERRIEDIEZ 5 FE EEMNEEA DB (B, Hasselmann)
=== Klaus Hasselmann P [RFNOXREXT—IVIC KBRS EBILOEBE/EROFEER (Parisi) |
Roger Penrose . TSV OR— VIR —BAEHEERO#HER T < BARIRRE 03 ZEDFER (Penrose) )
2020 Reinhard Genzel FEYIE : . A R e~ o _
Andrea Gher KD NERAIORLNIEBREBEL I V/INIMKRAZHERRBUZZE(Genzel, Ghez) |
James Peebles - N T =
YIEMFEET IVICHT DEmIEFEE (Peebles) |
2019 Michel Mayor FEHYE S b
Didier Quelo NEZRNXREDFEER (Mayor, Queloz) |
Arthur Ashkin
2018 |Gerard Mourou YL L——YEFE DR EICHT DEpHY ST
Donna Strickland
Rainer Weiss
2017 |Barry C. Barish FHYIE LIGOMR gz E/TREHINDRERN R EMA
Kip S. Thorne
David Thouless
2016 Duncan Haldane P YpIE B O NROD AIIVBERRZ & MROY VDRI FER
Michael Kosterlitz
EAEE " — I _ — _
2015 Arthur B. McDonald =2y Whmar /b —a1—kJ)/NWRBEZRFOCEETRI Z1— N /IREIDEER
TNl SR
2014 RE% YR SEE CIRIF—ROKLIVWBEIZEIRIT D IFER LT A A —FDFHFE
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Nobel Prize HEAD/—XRIVYEEE TEE (1)

Nobel Laureates in Physics: Japanese Laureates

w1 (1949)
(Tt & FIEF & DFEICHE

Nobelprize.org

https://www.nobelprize.org/prizes/physics/

| BEAKIR—HP

(1965)

8 2% I eI 38

NEFDORFREZ TS

39 %N EENTHHDELT, F

for his prediction of the existence of mesons on the basis of theoretical work on nuclear forces

35m) & <D ZHE

=

TIERRER (1973)
HEK - BEERN YV XILVHNROMER, TUHF51A— KD

jointly to Leo Esaki and lvar Giaever "for their experimental discoveries regarding tunneling phenomena in
semiconductors and superconductors, respectively" and the other half to Brian David Josephson "for his

theoretical predictions of the properties of a supercurrent through a tunnel barrier, in particular those
phenomena which are generally known as the Josephson effects".

, ETEMANFDEHOELRER

MEER (2002)

L]

f} " jointly to Sin-Itiro Tomonaga, Julian Schwinger and Richard P. Feynman "for their fundamental work in quantum electrodynamics,
| with deep-ploughing consequences for the physics of elementary particles".

Za— MY/ RXZOFTRBIZERICKT LT

jointly to Raymond Davis Jr. and Masatoshi Koshiba "for pioneering contributions
to astrophysics, in particular for the detection of cosmic neutrinos" and the other
half to Riccardo Giacconi "for pioneering contributions to astrophysics, which
have led to the discovery of cosmic X-ray sources".
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Nobel Prize HEAD/—XRIVYEEE TEE (2)

Nobel Laureates in Physics: Japanese Laureates

_
1
_

FERlE—BR CKE3E) (2008)
RNTFYIEE ERYBEZICH T 5 BHENINIMEDNDOER

I

/8

zi‘ﬁlllﬁ% EE}%%: I::l*":Hl%: (20] 4)
EEETCIXILF—HROIVWAERERRETEIFERENLT M A — NDORE

for the invention of efficient blue light-emitting diodes which has enabled bright and
energy-saving white light sources.

INPRERY ) | [ (2008)
J A —0 DR FEIT DHIMEDENDEFEOHRE

one half awarded to Yoichiro Nambu "for the discovery of the mechanism of spontaneous broken symmetry in subatomic
physics", the other half jointly to Makoto Kobayashi and Toshihide Maskawa "for the discovery of the origin of the broken

symmetry which predicts the existence of at least three families of quarks in nature”.

iEHEE (2015)
“a—hU/ICBELHDIEZRLIcZa— MY /IRBIOER

for the discovery of neutrino oscillations, which shows that neutrinos have mass

Nobelprize.org
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Nobel Prize

J—=NIVIBFERESR 20245

Nobel Laureates in Physics 2024 http://www.nobelprize.org/

‘ALZa2—ZIRXY )= 7ICE > THBFEZFIREICT 2EREDAR EUR

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
9x7Y—-EVbY (76) HF5 - AV MK

©The Royal Swedish Academy of Sciences
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Nobel Laureates in Chemistry 2024 http://www.nobelprize.org/

“GIVNIVBTYLVER” &LV “YUVNIERBETFA

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|
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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.
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©The Royal Swedish Academy of Sciences

28


http://www.nobelprize.org/

—NIVLFESEE 20244

Nobel Laureates in Chemistry 2024 http://www.nobelprize.org/

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 N o A > A ;.? -

(2 AR VNIV ON (o B s Is%y: LA,
2. SEQUENCE ANALYSIS 3 — — ST c N PR AN
The Al model aligns all the similar amino acid UNKNOWN RANZRET (VLI F I SO S N AN
sequences - often from different species - and 2 . A S O

investigates which parts have been preserved
during evolution.

In the next step, AlphaFold2 explores which amino

|
m O
vy ©
acids could interact with each other in the three- # .
- O
> 0

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
<<
« I
< 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 <

aAllthaeFZLiizngu;z;Zgaerfgistsuiztfvg . : : - ) : 2022: Part of a huge molecular structure 2022: Natural enzymes that can 2023: A bacterial enzyme that causes

to produce a hypothetical protpein / CYCLE3 ~ \ / , in the human body. More than a thousand decompose plastic. The aim is 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 irnporta.nt. fqr disc.overing 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
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robust prediction of the general theory of relativity”
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supermassive compact object at the centre of our galaxy".
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Astronomy Picture of the Day

https://apod.nasa.gov/apod/astropix.ntml
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Northern Aurora

Amalthea Adrastea Rings
. .
Diffraction Spike
from Io

Aurora’s Diffraction

Southern Aurora
Aurora’s Diffraction

Jupiter from the Webb Space Telescope

This new view of Jupiter is illuminating. High-resolution infrared images of Jupiter from the new James Webb Space Telescope (Webb) reveal, for example, previously
unknown differences between high-floating bright clouds -- including the Great Red Spot -- and low-lying dark clouds. Also clearly visible in the featured Webb image are
Jupiter's dust ring, bright auroras at the poles, and Jupiter's moons Amalthea and Adrastea. Large volcanic moon lo's magnetic funneling of charged particles onto Jupiter is
also visible in the southern aurora. Some objects are so bright that light noticeably diffracts around Webb's optics creating streaks. Webb, which orbits the Sun near the
Earth, has a mirror over six meters across making it the largest astronomical telescope ever launched -- with over six times more light-collecting area than Hubble.

https://apod.nasa.gov/apod/ap220830.html 38



Saturn in Infrared from Cassini

Many details of Saturn appear clearly in
iInfrared light. Bands of clouds show great
structure, including long stretching storms.
Also quite striking in infrared is the unusual
hexagonal cloud pattern surrounding Saturn's
North Pole. Each side of the dark hexagon
spans roughly the width of our Earth. The
hexagon's existence was not predicted, and its
origin and likely stability remains a topic of
research. Saturn's famous rings circle the
planet and cast shadows below the equator.
The featured image was taken by the robotic
Cassini spacecraft in 2014 in several infrared
colors. In 2017 September, the Cassini mission
was brought to a dramatic conclusion when
the spacecraft was directed to dive into ringed
giant.

https://apod.nasa.gov/apod/ap220724.html
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James Webb Space Telescope

ITALX - JIYVIFHERR 2021F128B258%15 LTI
James Webb(Z1960FKDNASARE. F/RAFTEZHEL -
Webb Telescope _
Quick Facts
veLease. 22-00 PRIMARY MIRROR SIZE: 21.3 feet
- 6.5 met

NASA’s Webb Telescope Reaches f |w]in|P|+ i NoN >
Major Milestone as Mirror Unfolds MIRROR SHAPE: The mirror is comprised

of 18 gold-plated hexagonal deployable
segments

SUNSHIELD: Webb’s five-layer deployable
sunshield is the size of a tennis court

INSTRUMENTS: Webb has four science
instruments: Near-Infrared Camera
(NIRCam), Near-Infrared Spectrograph
(NIRSpec), Mid-Infrared Instrument (MIRI),
and Near-Infrared Imager and Slitless
Spectrograph (NIRISS) with the Fine
Guidance Sensor (FGS)

WAVELENGTHS: Visible, Near Infrared,
Mid Infrared (0.6-28.5 micrometers)

TRAVEL DISTANCE: 1 million miles
(1.5 million kilometers) from Earth

LOCATION IN SPACE: Orbiting the Sun

https://www.jwst.nasa.gov around the second Lagrange point (L2)




James Webb Space Telescope

IIALRX DTV I FHEER 2021FE12H258%T5 LTI

THE
JAMES WEBB SPACE TELESCOPE

on click, 1°27”

#UnfoldTheUniverse

NASA's Jam;s Webb Space Telescope — Official Mission Trailer
472,631 [EIH58E - 2021/12/21 b 285 GlEFE o #8 =+ &% .. https://www.youtube.com/watch?v=69uT90tEJdE




James Webb Space Telescope

First Image

Stephan’s Quintet, a visual grouping of five
galaxies, is best known for being prominently
featured in the holiday classic film, “It's a
Wonderful Life.” Today, NASA’s James Webb
Space Telescope reveals Stephan’s Quintet in a
new light. This enormous mosaic is Webb’s
largest image to date, covering about one-fifth
of the Moon’s diameter. It contains over 150
million pixels and is constructed from almost
1,000 separate image files. The information
from Webb provides new insights into how
galactic interactions may have driven galaxy
evolution in the early universe.

https://www.nasa.gov/webbfirstimages

2022/7/12
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James Webb Space Telescope
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First Image

NASA’s James Webb Space Telescope has
produced the deepest and sharpest infrared
image of the distant universe to date. Known
as Webb’s First Deep Field, this image of
galaxy cluster SMACS 0723 is overflowing with
detail.

Thousands of galaxies - including the faintest
objects ever observed in the infrared — have
appeared in Webb’s view for the first time. This
slice of the vast universe covers a patch of sky
approximately the size of a grain of sand held
at arm’s length by someone on the ground.

https://www.nasa.gov/webbfirstimages

2022/7/12
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James Webb Space Telescope

TALRX IV I FHERE First Image 2022/7/12

This landscape of “mountains” and “valleys” speckled with glittering stars is actually the edge of a nearby, young, star-forming region called NGC 3324 in
the Carina Nebula (7 —7F+£2%, Dw>ZDE) . Captured in infrared light by NASA’s new James Webb Space Telescope, this image reveals for the first
time previously invisible areas of star birth.

https://www.nasa.gov/webbfirstimages



1. FHOBEEREE ) 1.2 XER
Wik - B b KER  KBRIINKE

R ARKELABZRARETIE=AT
EHEWEEZDHS—DODIES

2120 /hEEmIIKEER
EHEOMIZHA. 72, KEHL
BIZIZ PO VYE LI ENA/NERE
mbdhd. MOVEIIREEARE
2 O0EEE L TCE=AR%
Wik X0 3 DHDIEEAF I
12 5.

HEIZE pl6

46



. FHDBEERSE ) 1.2 X&R

INREBE (NEEAREDM)




= ) 1.2 XEB%

ABF (100K 8 i)




HTK

RXFCEDSIERDEN : AU, JXF, N—t7

niy
1]

pAY w
Jl 2 < OfER

Y A2 HEES—t7 (pc) DEFK. HIERNPOLRLEOMEIFPET 2HAITNS

T E COHEREZ 1 pc &9 5.

k< OEE

L DERLELS DIERRE
B L CHIME# 217 5

ANFZTHWONSIEROBEA (§A15)  #HRlE BIRL

% e | &S TEF%
RICHAL AU | 1£&5000 5 km HEK & K O B
HE ly | 9.46x10' km J6AY 1 RIS E T R
IN—+t 27 pc  |3.09x10"3 km = 3.26 ly | #uEkD 5 OEFHED +1 B
TRE 2 (A.2.16) 3\ RKEDIEDOWEDTNOH

49




mrcesm AEOHEM  1ELDNSVAEER S

1 E=607 minute

19=60%) second minute

,5306 20 _,‘l_,____ﬁf_ 34p 3330
rbq,b‘Q \| If \2\_‘) 9 O 10
'\Q \| 'f [, Py 0 3
NN (P
o) ‘OQ W ’ \.?;0 50
QO 470 180 190
"‘? O N \6000 190 180 179 i;%o 2; @0%
© \b‘QQ\,L\O \ { E 500 -:"90 2
| P
O?Q »@QQ(]:L \ K 70,???0 ™ -—O\
W N N ({P \ K 6’0 > %
i 2%
—H /S Sonv O)\O N o L
{&)8 — ~ & ) ool
| % 3= | L
= <& —— -~ — 38 = /“
S =~ 3K sy N8 ,
= g8 — S| 180 190
| - W i | 20
—~ &88 - = 0% N = T 3’)82 180 170 0
_ N < ‘—NO & o S — 760 ,




1. FHOBER®EE ) 1.3.2 K%k

XDJIIEEA (our Galaxy)

Koot X 12 € V) w0 R R d ot fro ol fnvavls,




1. FEHOEEBEE ) 1.3.2 SRARU LD T—IV

IR &F

.Y D EERR/ER

L YL . O CEEEEMEA

AR F Ao SR NERT]

BIEENGRA




750 7Y ROXY LA0EERICEHRE

When galaxies collide

Collision Scenario for Milky Way
Triangulum - - and Andromeda Galaxy Encounter

(M33)
.

"8+ Andromeda
N )
N ¥ z

~-Collision in
4 billion years

NASA's Hubble Shows Milky Way is Destined for Head-On Collision N s — __ N R s
053112 T R . WA DR E, 23085HFEICH D77 KOXY T
T N BEWODEATHDEDDHD :@“ I\ 7ILFH tﬁ“"‘ffﬂ@?é
NASA astronomers announced Thursday they can now predict with certainty the next major cosmic
event to affect our galaxy, sun, and solar system: the titanic collision of our Milky Way galaxy with the %EH 7Ld~§ﬁ/ﬁu 713\ ’O 40 1& @?E]j: 0)1;%_? jzc— Y, = 9 I/ _ ‘/ = \/
i i IL;\ - =

neighboring Andromeda galaxy.

The Milky Way is destined to get a major makeover during the encounter, which is predicted to LJ TC %:5%75\, _[A\\Falﬁ é ;h/ EE LJ TC_
happen four billion years from now. It is likely the sun will be flung into a new region of our galaxy, but
our Earth and solar system are in no danger of being destroyed.

http://www.nasa.gov/mission_pages/hubble/science/milky-way-collide.html
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When galaxies collide

.-

Milky Way Versus Andromeda As Seen from Earth (3:53)
https://www.youtube.com/watch?v=gnYCpQyRp-4
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When galaxies collide
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lllustration Sequence of the Milky Way
and Andromeda Galaxy Colliding

NASA, ESA, Z. Levay and R. van der Marel (STScl), T. Hallas, and A. Mellinger » STScl-PRC12-20b
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The Doppler Effect (2:00)
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2. I MEFDRIAIT  FHISESEFESNTEZOH

7oL N¥AMARXR(2c) REDFETIX, AXHTHHATES

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
fit in with the mathematical and
philosophical beliefs of the time.

Equinoctial colure

passes through the Arctic circle

poles and the

equinoxes Solstitial colure passes through
the poles and the solstices

Engraving (1490)
of the Ptolemaic Universe

HEKROERE (REDER) AXM (epicycles)
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