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73 &Mmm-35gb0E Mo godmlbbnggdo: J396E Mo NomabBdo

Wave-like

4396@1M0 EYOMNB30: Bomms/bsHomszn

E=hv E=hc/A

Aomms: Gammob bLogdg
Bofomogn: gbgMmagns

Particle-like

Gommo -> bofomogo (2.0. Bomms/BmEMbN ) Wave and particle
Bofomszn > Gomms (cog 0Mmmogmal ommal bongMmdy)

o GommyMmo ;m30L70900 (Cnn Gsaenmol bngMmdyrdn, M>om/0603M>.[.)
0b&MBIMIbE0Y, oBMogdizns, LogzmEadn 363M300L YHY33E0 doEsBb.;

o Bofomozal ;30L70700 (Am3am9 Gsammnb LoagMmdygdn, nanBMm> nolioz. M9653760, 3>05)
398B6B30 (3MI3GMB0), ExsbIOS (BMEMIBIIG0), 36aM300l olzMIGIm doEs@ebs (8sg. CCD ©IGIIGMMO);

053: .
3mm@mbob 09 dmmomob Gsanmol Loamds: mp,~167x107kg ov=1x10°m/s A~4.0x10®m

7am79@MmMB0L 9 dmmoaol Gsanmols boaMmdy:  m,. = 9.11 x 10" kg A=73%10"m
bommmmo ©0s35Bmboa: Gommnmo + 3mM31Lymasmymo ;130L70700;

e 73 &HMMAd3. 3odmULbn3zgdal NbazgMbomMo M30Lgds: 3mMamabBoEnd
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amyJGMmm-303bnGnMmo Gommado

953L370m0b gobBGmayd300 35391330 (FYbE0,00760=0)

* M. 390l goybob 3obmbo: V-E=0
o 853.39m0b gonbol 3obmba: VB =10
Yo B = _16_]3
o 3oMoynlL 3obmbon: c Ot
VxB_ 1 0E
5 c Ot

o 53373M-351L0bL 3obmbon:

emmdo 33as>@0 dspboGnmo 39amo  -> JanjgGMmmann 33an0
©eMmmdo 33as>@0 ganJ&Mm. 39am0 > dspbodymo 39an0

5 1 8°E P
Gommymo gmmads: V2E — S 0
B 1 9B .
e
”303-3-36-36)0 (50@@0” C 3t

Lfmanymaznann >mfgmoborznl by3dsmobos
>30MmhAnomo 9o-9Mmorn 3md3mbr6dn: E, B
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Jm3J&Mmm-35gboEMmo Gommal 3mamomobBoins

03307y 3emgdal boMmalLbo:
Jemad&Mmnao 39emob 397dEmMmab Mbgzol dodohonymgds
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Jm3J&Mmm-35gboEMmo Gommal 3mmomobBoins
Phx3030, §MHoymo s gemoxzbiymo 3mamamabBognyoo:

mMo 03bs0sMo 333mo@neal Hhazn3zs 3mmamnbBxonmo Gamamab xsdn, moabsg
3mmamnbBoEnal LondMmEyggdn 39M376ninmomymons: HMhoymo 3meaomobsgns
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Jm3J&Mmm-35gboEMmo Gommal 3mmomobBoins

LEMJLOL 3oModgEMgoN:
I
_|@
3 U
vV
o I = Iy + Iy (total intensity)
o Q=1Iyp—Iyp (HvsV)
e U= 145 o Il;;ﬁ (£45° linear)
o V = Igcp — Icp (right- vs left-circular)
3mmamnbBonob bamaobbo:
2 2 72
P—\/Q +fr aia (0<P<1)
©v330M3900L dgomen:

- 353Bmdmo iMma3030 3mansmoBsans Ma3030 NS M0 3mansmhobsEmMMoo: 07,907, 45°, 135" [LQ, U]

- 393bmAma 3mmomaBsEns % Gommal LogMdno sdmyonm HamEomdo: [ V]
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7

7m3J&Mmm-3sgboEnMma Gommab 3mmomabBoEons

Linear polarized light
with one plane of oscillation

Polarization filter
Unpolarized light with vertical passage

Horizontally
polarized light

X’ Horizontal polarizer

e

Linear polarized light

Vertically
polarized

{ light

Vertical polarizer

Polarizers

Unpolarized light
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3mmomabBoEnd oMmy33mom

70m33&MmMTdgbn0B Mo Gommol 5MJ33mms/g3oM©EI630 Bys3nMmmsb

Unpolarized Light Plane of Incidence

S-Polarized Light

Unpolarized light Reflected linear
polarized light

Refracted partially /{/2

polarized light
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3mmMmamnbBjxonmmo godmbba3zjxoal fyommgodo

3monmhbogsls bobemgyamo

3mmamnbBsinob nbEgblbozmos: P



33. 10

899mbbn3zgdal cgmMns - 2 / 3Mag@n3nma sbGMmbmanal 3nmbo 2025 - sem. 1)3Bod]

MmamoldG&nmo 3mbol godmULbnzgxdol 3mmomaBoEns
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3My-LnMOYMo godmlbngzgds sINbMNF)000 (Bremsstrahlung)

3316 mo bafomozo yhorngmongdggonlisl E,

(0s81bMYFgdaLobl) sbbnzgdl s3smanm 963Mgnols S

xa3m@mbgdal bLabom T Rm

3) . hf=E-E,
filament \‘\
electrons \
\‘ E2

(1) distant interaction produces low energy x-ray photon.
(2) close interaction produces moderate energy x-ray photon.
(3) maximum energy of x-ray photon is equal to energy of field electron.

7em33d&Mmbgdal gobsHhomgdal LESELEN3:
Bgobogol bomhybgdolb s gomgdmb Bydmjdggds

The overlaid blue cloud illustrates the L
intracluster medium around the Spiderweb

Galaxy, as seen when the universe was 3 billion
years old
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G03mmEMmmbrymo/LobjmmEGmmbnmo godmbbo3zjos

33796 m baHomozbg dmgdggol bohdomal 39M3bninmamnmo cmmmgbiol dome.
Bofomaszn gobosal gnmyoEnsl: dMMbL3L Homambsbznon dogbn@&nmma 33emals doenfomals gofyd).

01635 -> shjoMmadnmo dmdmomods -> godmlbnzgxdo

photons

7m3JGMmbal gonMmoiznal Lohjomy:
3mabosinMmo: 303manE&mmbymo godmlbngzgods;
MyamaB030LGMMo: LobjmmEMmMbEYmo godmlibnzgdy;

Lorentz-Transformation

< O\

relativistic
electron

Moving frame Lab frame
of electron

magnetic
flux line

303am.: Solar flares, magnet. of planets and stars

LobgMm.: Crab Nebula, radio galaxies, AGN jets

detector

ning angle
\ Y pening ang



859mbLbn3300L ;mgmMmos - 2 / 3Msd&n3nmo sbEmmbmaoals 3yMmbo 2025 - sem. 3Bsd7
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&mMALbmMboL o 3MA3EMbaL goazab@30

&ma3Lbmbo: mEMboL gemxd&Mmmbby cMy3500 go350E)3Y;

3ma3Gmbo: mEMboL gemax3dEMmmbby sMmo-oMy3500 go330E)3Y;

The Compton effect

X-ray photon F

inelastic
collision

-
- -
electron scattered
» electron
-
-

scattered
photon

(3md3@mbnbs3ns )
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dgoMmMmbydmama 3MA3EmMbal go3zobB 3o

BmEMbabL s (Mgmao@n30LEGYM?) gamadEMmbol sfMmoeMgian oxsbldy, Mmegbsis §bgMmansl
ndgbl 3mEmbo.

low-energy X-tray
hoton

=
> electron

)
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LoY60573-BamEM30hal 383G 0

Mammod@nio 3mbab a3mEmbgdal (godmbbnggdonl) bobdoMmal BoB0s (oMM xJ0s) 83MITBN30MS
3mabi@gmgdol Mgms@n30LbEnmM gemgd&Mmbgdby gosb@3nm (inverse Compton)

CMB Photons Hot gas / electrons

Illnstration: Poimtecoutean, Donspizs, Aphanim. credits: ESZ-HFL/LFI conzortia

Blue shifted CMB photons
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3930amm3-Hhymgbim3nl godmbbnggdo

©331b6E& MO0 6afomaszn gobonl sdnbMmYFgdsl (Pofhymazno shjomgdsls), meglsg 0gon
dmdmamobL gomgdmdn cnmismyf bobsoremab bohdomybg y3mm Lmoxss .

’ Cerenkovshock wave

—>

Charged particle (v>c,,)
Cerenkovshock wave

‘L}:lllllll;::ll\\\ Detection of
) ultra high energy gamma

)

~10 km Shower

N\ . .
‘pamcle\
N, »
% \
e,
[9)
/

Detection area
(Cherenkov Telescopes)
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Mmgamgol go3eb@3o

BMEMboL 5GHMIB] M350 goBsbEG 3.

1—1,1 —
3m33@mbo: 3935635 oMy EMmbby; '3?&322‘
Mmgamgo: 398336330 9@MIB)
—@
M=
COMPTON SCATTERING RAYLEIGH SCATTERING

INCIDENT

PHOTON COMPTON

PHOTON RAYLEIGH

PHOTON

INCIDENT
PHOTON

ELECTRON
LEAVING THE
ORBIT

Ma@mad oMol go cnyxn?
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033560l 3oxz363 30

BmGmMbob s MmmIznmabHy Wi -y

5F3©MI35000 3oBs6E30 molecular bo\

dmg3ymobl dos Mbgznmo sb dMnbzonmn W1 W4

9656Ma00nb: s

30316708 - IMEMBAL gofnonmyds; ‘

hobdmos - BMEmMbal gogmyMygoy; W1 +w,
Rayleigh
Scattering

S, .
dmm3mobg Lobsormal goxzsb@3o: SN Cr——
Mg3o00: g3 ol goxzsb@3o e

ofhoMy3on: Mddsbnl gossb@3y; Scattering

xscatter a* }‘\(assov
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amobgmo

LASER — Light Amplification by Stimulated Emission of Radiation

Before During After
emission emission emission
Batedled —Qr— ), — —
hy
hv hy ANNN>
l
Incident phaion AFE A A
Gandied E, —0—
Alom in Alom in
excited state ground state

EQ—E1 ZAEZ}LV

35M7 3m@&mbol dngMm >matb701am doamdsmomosdn dymazn SAmdnl Ldndnannmyos
IIIGMMBYmMaE 3o@axaMIoma (As@Gnd8dyma) s&m8gdn/3stmydm
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LG Mmaz3nbBoinmmo dobyma

MASER - microwave amplification by stimulated emission of radiation
dozmmEommm3sbo gmobgMo;

01b650M03500 M3En3YMa 5mabbgdm dogmdsmgmodsdn dymazn dmeginangdn:

 H,0, NHs, CH30H, SiO ...

899mbbn3gonl bLobdnMy:
©303mMbLNb. nbxzMmsfoongmon na3sbmbo;

dogoamooo:
0930&3Mob
3mmosymo
boonds

S ‘-'("\'- -r.. J" "..’ s T
* L s Pt e
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73BmG039Mmo smobonodmo fyommaodo
fy300mad0L GoMmAmMAMdS/36030ma300

« Two-photon annihilation (e*+e™ > 2y).
. Photon-photon pair production (y+y —> e*+e7).
. Photon-matter pair production (y > e*+e™).

3939130L 3maaMaBoE0S (s6mMIsemmmace demagMmo gemgd&myman/dsgbo@&ymo 35emgd0)

« Vacuum birefringence / photon splitting in ultra-strong magnetic fields (magnetars).

B ~ const.
” A A A A A |
Laser A Detector
—3k W\W/\N\M/\A/W\ANVW
4 e 2
probe-photons
N =
g
length L

3MAMbab 3masmnobsE0s 033aM705 353mmddn stmbr0namn dspbodnMmo 39amol 3>0dm
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- 399mbb03g00b goaEobaolb cgmMmad
- 399mbbn3g00L B30mJ37]x0 goMmxdmbyg (MonsEnmmo 3nemMmEnbsdn3d)




