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Hubble deep space

http://i.ytimg.com/vi/w420qjSxgs4/maxresdefault.jpg




Democritus
(400 B.C.)

1) https://the-history-of-the-atom.wikispaces.com/file/view/demo.jpg/183311765/163x159/demo.jpg
2) https://the-history-of-the-atom.wikispaces.com/file/view/demo__atom_model.gif/183311563/demo__atom_model.gif
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THOMSON
Discovery of the Electron

In 1897, J.J. Thomson used a cathode ray tube
to deduce the presence of a negatively charged
particle.

High voltage

! - Positive
‘SI"\ d il plate
.: ‘ ;

- +

Cathode l ! e Negative Anode

Vacuum pump plate

Cathode ray tubes pass electricity through a gas
that is contained at a very low pressure.

positively
charged matter

electrons

Positiivisesti varautuneen
hyytelomaisen aineen sisélla
negatiivisia elektroneja.

© 2012 Encyclopaedia Britannica, Inc.

1) http://www-outreach.phy.cam.ac.uk/camphy/electron/side6_electron.jpg
2) http://images.slideplayer.com/8/2323609/slides/slide_7.jpg
3) http://media-2.web.britannica.com/eb-media/72/22472-004-3E9C843B.jpg



RUTHERFORD

Thomsonin malli Rutherfordin.malli

kultakalvo

alfahiukkaslahde

Lahes koko massa ytimessa
ja atomin koon maarittaa
sen ymparilla oleva havaittu tulos
elektroniverho

1)https://upload.wikimedia.org/wikipedia/commons/d/d1/Ernest_Rutherford_1905.jpg
2) http://opinnot.internetix.fi/fi/muikku2materiaalit/lukio/fy/fy8/3_atomin_ydin_ja_radioaktiivisuus/301/fi_embedded/image22.png



Electron energy
levels

.'L Nucleus

Electron

Elektroni voi kiertaa ydinta vain
tietyilla ympyranmuotoisilla radoilla

1) http://www.atomicarchive.com/Images/bio/B23.jpg
2) https://s-media-cache-ak0.pinimg.com/736x/a0/cd/6d/a0cd6da6e213e48ccadeed3c6eab5247.jpg



SCHRODINGER

2s orbital Nucleus

2p orbitals

1s orbital \

3s orbital

@001 Fow Sl Yorks

KVANTTIMEKAANINEN: Elektronit muodostavat ytimen ymparille
todennakoisyyspilvia ja aalto- hiukkasdualismi

1) http://stanfordflipside.com/images/204Schrodinger.gif
2) http://4.bp.blogspot.com/-LYT_1bY_UWSs/TsslYcrsTpl/AAAAAAAAALE/QeGoBoWQKjw/s1600/Schrodinger.jpg



REINES

Kulkevat vapaana ja eivat valitd vahaakaan toisista alkeishiukkasista tai muista olioista.
Noin 0,3 % nakyvésta aineesta.

1) https://upload.wikimedia.org/wikipedia/commons/thumb/7/72/Frederick_Reines.jpg/220px-Frederick_Reines.jpg
2) http://scitechdaily.com/images/Isnd-neutrino-detector.jpg



MURRAY GELL-MANN

(3)  (3)

bottom

3

Taman hetken pienin “rakennuspalikka”

1) http://home.cern/sites/home.web.cern.ch/files/image/inline-images/old/murray-gell-mann-at-atlas-in-january-2012.jpg
2) http://particleadventure.org/images/page-elements/all.jpg



Matter

Atom

Electron

Proton

accelerators.
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http://homepage.smc.edu/wissmann_paul/anatomy2textbook/quarks.gif




lNustration: Typoform

Gluons (8)
L ™ B~
o
Quarks
Graviton? D qEZrk y U
up CUREdD down Mesons
Solar systems quark WEFSEE quark  Baryons Nuclei
Galaxies proton
Q down
d ) quark
>2% up ”'3 down
Gravity Force quark L
neutron Strong force
Electromagnetic force 3 Weak force
Hydrogen atom ¢ 3 4
b ~ >
Oxygen
atom /| 3 Bosons (W,Z)
Water molecule Braionsand anti- \ )
Neutrons Electron neutrino e S
Oxygen atom welectron
7 e Neutron deca
7 L @ - L y
N\ e~ t\itorr]l:s B Wfrce _ Betadecay
Photon C?\ et carrier P Neutrino interactions
Ele?:rt]:clnsnirgs neutron  Particle Burning of the sun

https://www.nobelprize.org/nobel_prizes/physics/laureates/2004/phypublhighen.jpg

Video



https://www.youtube.com/watch?v=DZGINaRUEkU

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

matter constituents
FERMIONS spin = 1/2, 3/2, 5/2, ... . T
ERpRaE e g I Structure within
Mass  Electric A&%r:sx. Electric 2 the Atom
GeV/c2 charge Gev/cz Charge ' Quark

Size<1079m

Flavor

v, electron | <1x10-8 u up
neutrino

€ electron |0.000511 d down Nucleus
b Size- 1014
muon | <0 ,0002 C charm -
M neutrino

A
w
w
M muon 0.106 S strange L M
‘ &

p <0.02
T neutrino t top

T tau 1.7771 b bottom

Size = 10710m
Spin is the intrinsic angular momentum of particles. Spin is given in units of h, which is the

quantum unit of angular momentum, where fi = h/2r = 6.58x10725 GeV s = 1.05x10734 J 5. - If the protons and neutrons in this picture were 10 cm across,
7 then the quarks and electrons would be less than 0.1 mm in
i . 1 5 " . size and the entire atom would be about 10 km across.
Electric charges are given in units of the proton’s charge. In Sl units the electric charge of

the proton is 1.60x10~19 coulombs.

The energy unit of particle physics is the electronvolt (eV), the energy gained by one elec-

tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember

E = mc?), where 1 GeV = 10° eV = 1.60x10-' joule. The mass of the proton is 0.938 GeV/c?
1.67x107%7 kg.

——— PROPERTIES OF THE INTERACTIONS
Baryon; qqq and Antibaryons qqq

ons are fermionic hadrons. T~ Interaction .
T s | | Property Gravitational

Quark  Electric Mass . Acts on:

Fundamental
Mass - Energy Flavor Electric Charge Color Charge

force carriers
BOSONS spin=0,1, 2,.
Strong (color) spin =1

Mass  Electric Name ~ Mass  Electric
GeV/c2  charge GeV/c2  charge

Y
photon

w Color Charge
W+ Each quark carries one of three types of
“strong charge,” also called “color charge.”
Zo These charges have nothing to do with the
colors of visible light. There are eight possible
types of color charge for gluons. Just as electri-
cally-charged particles interact by exchanging photons, in strong interactions color-charged par-
ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong
interactions and hence no color charge.

Quarks Confined in Mesons and Baryons

One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) results from multiple exchanges of gluons among the
color-charged constituents. As color-charged particles (quarks and gluons) move apart, the ener-
gy in the color-force field between them increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combine into
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons qg and baryons gqq.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. it can also be
viewed as the exchange of mesons between the hadrons.

Mesons qq
St Mesons are bosonic hadrons.
There are about 140 types of mesons.
See Residual Strong S L Quark  Electric
Interaction Note Symnc | Hame content  charge

Symbol Name = s GeV/c2

Paﬂigles experiencing: All Quarks, Leptons Electrically charged Quarks, Gluons Hadrons

Particles mediating: ‘ Graviton w+ w- 20 y Gluons

(not yet observed)

Mesons

Strength relative to electromag)| 10-'8 m 10-41 08
for two u quarks at:

1 25
33107 m 10-41 10-4 1 60
for two protons in nucleus 10-36 10-7 1

e+e- — BO B pp—> 7070 + assorted hadrons

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or - charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., Z%, v, and n = cc, but not
KO = ds) are their own antiparticles.

i

These diagrams are an artist's conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

e

An electron and positron

Not applicable
to hadrons

Not applicable
to quarks

20

The Particle Adventure
Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org

This chart has been made possible by the generous support of:
U.S. Department of Energy

U.S. National Science Foundation

Lawrence Berkeley National Laboratory

Stanford Linear Accelerator Center

American Physical Society, Division of Particles and Fields

. BURLE INDUSTRIES, INC.

Two protons colliding at high energy can ©2000 Contemporary Physics Education Project. CPEP is a non-profit organiza-
produce various hadrons plus very high mass tion of teachers, physicists, and educators. Send mail to: CPEP, MS 50-308, Lawrence

A neutron decays to a proton, an electron, (antielectron) colliding at high energy can BO particles such as Z bosons. Events such as this Berkeley National Laboratory, Berkeley, CA, 94720. For information on charts, text
and an antineutrino via a virtual (mediating) annihilate to produce B and B? mesons one are rare but can yield vital clues to the materials, hands-on classroom activities, and workshops, see:

W boson. This is neutron p decay. via a virtual Z boson or a virtual photon. structure of matter.

http://www.pha.jhu.edu/~dfehling/particle.gif

http://CPEPweb.org
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FRITZ ZWICKY

Mittasi vuonna 1933 kahdeksan galaksin punasiirtymat
ja totesi galaksien liikkuvan toistensa suhteen
odottamattoman suurella vauhdilla.

Han laski, ettd niiden esittdma piirileikki onnistuu vain,
jos ainetta on 50-kertainen mééara valoisan aineen
maaraan verrattuna.

1) http://scienceblogs.com/startswithabang/files/2009/06/zwickysb.jpg
2) http://deskarati.com/wp-content/uploads/2012/11/red-shift.jpg



Vetypilven nopeus v kiertoradallaan (sade r) riippuu vaikuttavan painovoiman
suuruudesta.

Dynamiikan peruslain eli Newtonin Il l[ain mukaan vetypilven lilkeyhtalo galaksia

kiertavalla radalla on }; F = M, dy. Gravitaatiovoima pakottaa siis vetypilven
pilvi Y P YP
ympyraradalle galaksin ympari, joten gravitaatiovoima toimii keskeisvoimana:

MyipiMgalaksi v’ = 7 G”Enmmi
G 2 = Mpitwi v = N

> - GMgaiaksi
g r -

Tasta seuraa, etta vetypilven nopeus rilppuu kiertoradan sateesta seuraavasti:

1
W=~ —.
Vr

Mittaustulokset osoittavat kuitenkin, ettd nopeus sdilyy monien galaksien
tapauksessa muuttumattomana, vaikka etdisyys galaksista kasvaa. Tama merkitsee,
etta nakyvan aineen lisaksi galaksissa ja sen ymparilla on runsaasti nakymatonta eli
pimeada ainetta, jonka keskella vetypilvi liikkuu. Painovoiman takia pimea aine on
keskittynyt galaksien ja galaksiryhmien [aheisyyteen.



Velocity

B Kuwva.

T Galoksin teoreettinen (A) ja mitattu (B)
e rotaatiokdyrd.

Golaksin rotoatiokdyrdn tulisi laskeao, kun

. liikutaon gaolaksin keskustasta poispdin (A),

T====.A  mutta havain tajen mukaan ndin ei topahdu
(B). Eran selittdmisen katsotaan vaativan
pimeda ainettao.

valaiseva osa Distance

Ylla olevassa kuvassa on tyypillinen mitattu galaksin nopeuskayra (rotaatiokayra B)

galaksin keskustasta mitatun etdisyyden r funktiona. Jos galaksissa ei olisi muuta

kuin sateilevaa ainetta, pitaisi kayralla olla kuvassa hahmoteltu = muoto (A)
r

galaksin valaisevan osan ulkopuolella. Kuvaajien erilaisuus osoittaa selvasti pimean

aineen olemassaolon.

http://sivut.koti.tpo.fi/ajnieminen/pae.pdf



Galaksellla liian vahan
nakyvaa massaa,
etta pysyisivat koossa

- oltava nakymatonta massaa

- PIMEA AINE
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havaittua neutraalia vetya on 100 miljoonan Auringon massan verran,
mutta galaksin kokonaismassa on 100 miljardia Auringon massaa.

http://egg.astro.cornell.edu/index.php/images/n4254figcrop.qgif
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Pimeaa ainetta on noin 25 %
koko maallmankaikkeuden aineesta.
Se on nakymatonta,
el emittol eika heiljasta
riittavasti sahkomagneettista sateilya,
jotta sen volisi havaita suoraan.
Voidaan havaita ainoastaan
painovoiman kautta.
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CLUSTER OF
o GALAXIES

GRAVITATIONAL
LENSING:

A Distant Source
Light leaves a young,
star-ferming blue galaxy near
the edge of the visible universe.

A Lens
Of ‘Dark Matter’
Some of the hight
passes through a large
cluster of galaxies and sur- :
rounding dark matter, directly in the S A C .
line of sight between Earth and the ot ; 3 e
distant galaxy. The dark matter's gravity z . 3 . V’VAY
acts like a lens, bending the incoming light. C ;

Focal Point:
Earth

Mast of this light is
scattered, but some is
focused and directed toward
Earth. Obsarvers see multiple,
distorted images cf the backgroun
galaxy,

Seurce
A

Lucen! Technol

Tony Tysce, Greg Kochanski and
Tan Dell"Antonin

Erank O'Connell and Jam MeManus/

The New York Times

https://physicsforme.files.wordpress.com/2011/12/hubblel_grav_lens.jpeg



SUPERSYMMETRY

Quarks @ Levtons @ rorce particies Squarks ) Slepions ) sus torce

particies

Standard particles SUSY particles

Hiukkasfysiikan Standardimalli on onnistunut ennustamaan oikein kaiken,
mita hiukkaskiihdyttimissa on mitattu vuosikymmenien ajan.
Tiedetddn kuitenkin, ettd Standardimalli el toimi mielivaltaisen suurilla energioilla,

joten jossain vaiheessa jotain uutta [6ytyy

https://www.quantamagazine.org/wp-content/uploads/2012/11/Susy-particles.jpg



Large Hadron Collider

LHC etsii viitteitd supersymmetriasta ja pimeésta aineesta.

http://lwww.ee.washington.edu/faculty/hauck/LargeHadronCollider/Ihc.jpg



Possible Models of the Expanding Universe

r Decelerating Universes a Coasting Universe Accelerating Universe

ro— . S, S S

AR p

K

A decelerating universe reaches its current size in the least amount
of time. The universe could eventually contract and collapse into a
"big crunch" or expand indefinitely. A coasting universe (center) is
older than a decelerating universe because it takes more time to
reach its present size, and expands forever. An accelerating universe
(right) is older still. The rate of expansion actually increases because
of a repulsive force that pushes galaxies apart.

http://cdn.spacetelescope.org/archives/images/screen/opo9919k.jpg




AcCCelerat@d BHgpansion of the Universe

Dark age
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Dark energy accelerated expansion

https://62e528761d0685343e1c-f3d1b99a743ffa4142d9d7f1978d9686.ssl.cf2.rackcdn.com/files/86703/width668/image-20150629-9090-u28vp8.jpg




Universumimme
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Kukaan el tieda
mita se on!

Noin 70 %
universumin alneesta

pimeaa energiaa.



UNIVERSUMIN ”RESEPTI”

B Dark Energy

@ Dark Matter

B Free Hydrogen & Helium
0O Stars

O Neutnnos

@ Heavy Elements

http://wordlesstech.com/wp-content/uploads/2013/04/The-beginning-of-the-universe-for-beginners-2.jpg
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