CbBpemeHHa pusmnka

npog. ApH PymeH LleHos
kabuHet B49¢
npuemHo Bpeme: BTOpHUK 15-16, netbk 13-14

tsenov@phys.uni-sofia.bg Tel. 02/8161 850
http://atomic.phys.uni-sofia.bg/Members/tsenov

rn.ac. A-p bopucnae TTasnos
KabuHeT B36
pavliov@phys.uni-sofia.bg
http://atomic.phys.uni-sofia.bg/Members/paviov

Modern Physics 2012— 1(})



Nutepatypa

Benjamin Crowell, Simple Nature, www.lightandmatter.com, 2001-2008.
Don Lichtenberg, The Universe and the Atom, World Scientific, 2007.

Y. Yunamc, usumka Ha 94p0oTO U eneMeHTapHuTe 4actuum, YHUBEpCUTETCKO
usaatencteo "Cs. Kn. Oxpuackn”, 2000.

INeoH NepepmaH v [uk Tepbeum, Yactuuata bor, TTpoceera, 1997,

E. M. Henley, A. Garcia, Subatomic Physics , 3rd edition, Marston Book
Services Ltd., 2007 (1o crapo uszaarme Ha pycku esuk: I, @payeHpenbaep,
3. XeHnu, CybaTtomHas pusmka, usa. "Mup”, Mockea, 1979).

M. Makcumos, OcHosu Ha pusmkata, HYact 1 n Yact 2, bynsect-2000, 2008.

P. @aiHmaH, P. JlentbH, M. CeHac, ®atHMAHOBU nekumMmU No PpuUsUKa,
HapoaHa npocseta, 7. T - 1970, 7. IT - 1972, 1. ITT - 1976.

A. DoHkos, M. Matees, . KeaHToBa MexaHuka", M3patencteo Ha CY, Copus,
2010

TT. Panues, ..8u3mKka Ha aToMHUTe cuctemun” nsgatencteo Jlogoc, 2006

W. 3nates, A. Hukonos, TeopetuuHa MexaHuka, Hayka u uskyctso, Coopus,
1978 r.

Modern Physics 2012- 1(3)



Tekywa oueHka

dopmara Ha KOHTpon e cbobpaseHa ¢ 0bwoobpasosaTenHUS
XApaKkTep Ha Kypca u € uenta My - Aa Cbbyam uHTepec Kbm
PU3UYECKUTE HAYKU U TAXHOTO NO-3a4bN60YeHO yCBOSBAHE.
TTopaau ToBa ce nNpeABUXAA NOArOTBSHE OT BCeKU cnylaTen
Ha nNpeseHTauua nNo usbpaHa U cbrnacysaHa ¢
npenoaaeartesis Tema B pamMkute Ha ob6xsaTta Ha Kypca.
TToaroTeeHUAT maTtepuan ce NpeacTaBa Ha CTYAEHTCKU
CeMUHap crep NpPUKNHOYBAHETO Ha Kypca. CeMMUHapbT e
OTBOpeH 3a nocelleHue OT BCUYKU XenaeLuu.
TTpenoaaeaTtensat, BOACUAT CEMUHAPHUTE 3aHATUS U BCUYKU
NPUCDHCTBALLM 30A4ABAT BBMAPOCU NO TeMaTUKaTa Ha
usnoxeHueto. TlpenoaaearenaT oueHaBa NpeaCTABAHETO U
OTrOBOPUTE Ha BbMNPOCUTE U OPOPMS KpaHATA OLIeHKa.
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Tema 1
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OT KAaKBO e u3rpageH CcBeTbT?
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the Greek View
% [ 400 B.C : Democritus : concept of matter comprised
of indivisible “atoms”.
% “Fundamental Elements” : air, earth, water, fire
Newton’s Definition
% 1704 : matter comprised of “primitive particles ...
incomparably harder than any porous Bodies
compounded of them, even so very hard, as never to
wear out or break in pieces.”
% A good definition - e.g. kinetic theory of gases.
CHEMISTRY
% Fundamental particles : “elements”
% Patterns 1869 Mendeleev’s Periodic Table

i

sub-structure
% Explained by atomic shell model
ATOMIC PHYSICS
% Bohr Model
% Fundamental particles : electrons orbiting the atom iC

nucleus
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EavHuuu

S| prefixes
1000™ 10" | Prefix Symbol Sincel!l Short scale | Long scale Declmal
N . 1 000 000 000 000
8 24 )
1000 10 yotta- 'Y 1991 Septillion Quadrillion 000 000 000 000
N . 1,000 000 000 000
10007 102! |zetta- Z 1991 Sextillion Trilliard
000 000 000 . _ 3
| e * EHEprus;  1eV =1.602x 10" ]
1000 10'® lexa- E 1975  Quintillion | Trillion (1)00 000
10005 108 peta- P 1975  Quadrilion | Billiard (1)0%00 o000 TUMUYHUTE v U B pasnagaHusa ca ~ 1 MeV
1000* 10" ltera- T 1960  Trillion |Billion 1,000 000 000 000 U=1V
10002 10° giga- G 1960 Billion Milliard 1 000 000 000 -
M
10002 10° mega- M 1960 Million 1 000 000
1000 10% | kio- |k 1795 Thousand 1000 E=eU
1000%? 102 | hecto- h 1795 Hundred 100
1000"3 10! deca- da 1795 Ten 10
1000° | 10° | (none) (none) NA One 1
1000~ "3 1071 deci- d 1795 Tenth 0.1
s Jf i 5 -
1000722 102 centi- © 1795 Hundredth 001 100 W en. kpyLuka, 3a 1 yac Lwwe na3nbuu:
1000"" 1073 |milli- 'm 1795 Thousandth 0.001
T — E=P.t = 100 W60 x 60) s = 360000 J
100072 107® 'micro- p 19602 Millionth 0.000 001 5 19 !
1000~ 10™° |nanc- |n 1960  Billonth  |Milliardth  0.000 000 001 = (3- 6x10 J) / (1- 602x10J/ eV) = 2.25x1077 eV
1000 1072 pico- p 1960  Trilionth  |Billionth 0.000 000 000 001 = 2. 25 YeV
100075 10715 femto- f 1964  Quadrillionth Billiardth gb0100 a0g.bat:000
) ] e = | e 10.000 000 000 000
6 18 2
1000 10 atto a 1964 Quintillionth | Trillionth 000 001
0.000 000 000 000
-7 —21 } o -
1000 10 zepto- z 1991 Sextillionth | Trilliardth 000 000 001
1000™8 10724 |yocto- 'y 1991 | Septillionth |Quadrillionth 0000000 90 thid

000 000 000 001
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EavHuum

MpaBka Texawia 1 g ce ABMXM CbC CKOpocT 5 cm/s

-3 2 2
- mv?2 _ (102 kg) (5x10“m/s) _ 12510 J
2 2

1.25%x10% J

- = 0.78 x 10 eV = 7.8 TeV
1.602x10-19J 7 eV

Large Hadron Collider

NPOTOHM Ao 7 TeV_

Konko HykneoHa uma B egHa mpaska (ot C)?

e 6,022 107 #(O = iga. 022x10% ol /g = 5x10%
= 0. X nol /g

E/uyk=1.6 x 10%eV /u
#(p) + #(N) = (6+6) x# (O = 5x102u

» 45 GeV — cpeHa eHeprusi Ha NPoayKTUTE Ha pa3nag Ha Z°-0030Ha

» 210 MeV — cpegHaTa eHeprusa otaensHa npu AeneHeTo egHo sapo 239Pu
» 200 MeV — cpepgHaTa eHeprusa otaensiHa Npu AeneHeTo eaHo sapo 235U

* 13.6 eV — NoHu3aLumMoHHaTa eHeprusa Ha BOOOPOAHUA aToM

* 25 meV — cpeaHa eHeprnsa Ha TOMAMHHOTO ABWXKEHME Mpu CTanHa TemnepaTypa
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E=mc? c=3.10%m/s speed of light
E=kT k=104 eV K- Boltzmann'’s constant
E=hc/i h=4.10-15eV s Planck’s constant

Mass of electron 0.5 million eV (MeV)
Mass of proton 1 Giga eV (GeV)

1eV~10,000 K 1 GeV ~ 1 femtometre (fm) = 10-®m

General Relativity depends on ¢ and G (Newton’s constant), QM depends on
#. Natural unit of length is given by is called Planck length ~ 10 m

JrG/c
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dPusmKarta mlyuasa:.

» cdbyHOamMeHTanHUTe cbeTaBAWwM (constituents),
KOUTO M3rpaxaart BeLwectBoTo (matter);

» dbyHOamMeHTanHUTe B3aMmmMoaeucTBusd (Cunure),
KOUTO AeUCTBAT MexXxAay TAX

HaweTo 3HaHuMe 3a TAX e 00eAUHEHO B KOHLUenuus
(Teopus, mopern), HapevyeHa

CTAHOAPTEH MOAEN HA YACTULIUTE U
B3AMMOOEUCTBUATA

Toli 06sicHsI8a ecuUYKU U3eecmHU 00 ce2a eKcriepuMeHmarsHu ¢ghakmu.
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CtaHAapTeH moaern

BEILECTBOTO € u3rpajgcHo or ®PEPMUOHU
(uacTHLM CHC CIIUH %2), KOUTO ca JBa THIIA.

JIEIITOHMN: nanp. €, v,

KBAPKM: namnp. roped (U) kBapk u goieH (d) xBapk
[mporon: (uud)];

BCEKH (PyHAAMEHTAJICH (PEpMHOH UMa CBOSI aHTH-
yacTHIa. Hamp. €, anru-nporon (Uud).
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BelluecTBOTO, OT KOETO € usrpageH CBeTbT,
€ CbCTaBeHO caMo OT
yeTUpU B3aMMmoaeucTsalum Cu
dyHOaMmeHTanHU pepMMOHHM NoneTa

(1-BO NnokorneHwue)

particle symbol | type | charge
Electron e lepton -1
Neutrino vV, lepton 0
Up Quark u quark +2/3
Down Quark d quark -1/3

% Proton = (uud)
% Neutron = (udd)
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CubLuecTByBaT TP NnokosrieHus pyHaamMmeHTanH1M ¢pepMMoHU

First Generation Second Generation Third Generation
Electron e | Muon (| Tau T
Electron Neutrino /. | Muon Neutrino 1/, | Tau Neutrino V.,
Up Quark u© | Charm Quark C Top Quark t
Down Quark d | Strange Quark s | BottomQuark b

** BCAKO NMOKOJIeHne e TOYHO Konue Ha APYyroTo,
X Pa3finkata € CaMO B MaCuUTe Ha 4YaCctTuumnTe — B NbPBOTO NOKOJNIeHue

Te ca Hau-neku, B NocrneaHoOTo — HAU-TEXKMU;
HabnopaBa ce oueBnagHa cumempusi.

3awo nmame Tpu NOKosieHun"?
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dyHaameHTanHW Yyactmum (noneta)
Leptons

Electric Electric

Charge Charge
.
Tau . & Neutrino 0

Muon "
Neutrino o 0

Electron 0
Neutrino ;

Quarks e

Electric Elctric
Chamge

Charge

Bottom o -1/3 Top e 2/3
Strange o -1/3 Charm e 2/3
Down e -1/3 Up e 2/3

each quark: ®F, @58, ®G 3 colors

The particle drawings are simple artistic representations
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Cunuv v B3aUMOOenNCcTBUS

Electromagnetic

All forces in the world can be
attributed to these four interactions!
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Kak Bb3HUKBAT cUNuTe?
Gravity

Interaction between two matter particles e.g. electrons

Action at a distance

2 A B
"

F o =7 od—"—Ppo
reo- e e

Newton

Force on A depends on where B 1s.
But how does A know where B is 7

| Interaction through Fields I
Maxwell

B produces a field, characterized by a number (&/r°) at every
point in space.

Force on A is towards the direction in which the number
changes fastest
A determines its response by "sniffing’ in its immediate
neighbourhood
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Kak Bb3HUKBAT cunuTte?

BUT - still no tangible connection between A and B

Matter field
Forces are produced by exchange of
force or 'messenger’ particles :
Force field

Feynman:

B continually emits carriers of the electromagnetic force - 'photons’

Electron A absorbs the photons and recoils - repulsive force Matter field _ >
between the electrons. ume

In Quantum Field Theory both signs of impulse are possible

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE
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Kak Bb3HUKBAT cunuTte?

Forces are transmitted by the exchange of
(force) particles between (matter) particles

Matter field
Explains the differences between forces
To verify : look for force particles
Force field
Range of a Force 1
mass of exchange particle Matter field e
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KoHcTaHTa Ha Bpb3KkaTta
(B3aumopeucTeueTo)

» @NeKTPOMArHUTHO: o = e?/(4re ic)=1/137
“CUnHo: gY4r =1
“*cnabo: Gp ~ 1.4x10°%2 J.m = 9x10™> MeV.fm? =
1.166x10° (7c)® GeV-2
“* rpaBuTaUMoHHO: G, ~ 6.67x101! m3/(kg.s?) =
6.71x1033(7%c) (GeV/c?)2
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KakBo xapaktepusupa pyHAAMeHTanHuTe
B3AMMOOEUCTBUA?

3apa4 U NpeHoCcUuTenu, paauyc Ha AeUCTBUE, UHTEH3UBHOCT

Interaction Exchanged Range Relative Examples
quantum (m) Strength  in nature
(source ch)

Strong gluon 10-1 1 proton (quarks)
colour

Electromagnetic photon <102 atoms
electne

Weak W, 7Z <107 10° radioactvity
hypercharge

Gravity graviton 7 10~* solar system

mass

Ratio of electrical to gravitational force between two protons is ~ 103 |l
Can such different forces have the same origin 7?7
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#ChugecmByBa cuano B3aumogeilicmBue, caa-
60 BaaumogelicmBue, epaBumauus, eaekmpo-
mazHemussm u Hakpas ceuiecmByBa owoBa
onpegeaeHo Hewso, koemo uyBemBam, koaa-
mo me Bwkgam..”
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