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Sta smo naucili do sada:

.Astronomija se bavi merenjem polozaja (prvih deo) nebeskih tela i njihovim zracenjem (drugi
deo)

.Na osnovu merenja polozaja i sjaja (i spektara), imamo uvid u fizicke procese koji se deSavaju
u svemiru

Astronomija: Opisivanje

Astrofizika: Razumevanje (Mada su danas astronomija i astrofizika sinonimi)

.Za merenje svega ovoga mi koristimo teleskope!
.Uloga teleskopa je dvojaka:
1) Vidimo manje sjajne objekte (“vise svetlosti”)

2) MozZzemo da vidimo manje objekte (“bolja ugaona rezolucija”)
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With the naked eyes: Wwith 12x50 Binocular With Telescope

&




Npr:

.Ekstremno vazno: Slika desno nije samo “zoom” ili “crop” slike levo.

.Svaki instrument (oko, dvogled, pa i teleskop) ima fundamentalni limit koliko male detalje
moze da vidi

.Drugacije reCeno: Nije bitan “broj piksela” ve¢ “kvalitet optike”

-Mada nije u pitanju samo kvalitet vec i velicina ogledala / sociva

&

With the naked eyes: Wwith 12x50 Binocular With Telescope
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ASTRONOMIJA pokrece razvoj tehnologije

.New technology always required = 1609: Galileo first
telescope

1789: William
Herschel, 1.2m Mirror 1897: Yerkes
Observatory, 1m Lens

1932: Great Refractor, AOB, 1948: Mt. Palomar, USA—5m
Serbia - Zeiss 65cm Mirror



Kako teleskopi rade:

.Sustina teleskopa je primarno ogledalo ili soCivo, koje fokusira svetlost koja pada na njega.

-Analizirajmo, kao primer, sabirno socivo:

REFRACTOR REFLECTOR

o MORE EXPENSIVE ® CANT SEE SPACE. VAMPIRES
® (£S5 (OMPACT

® CHROMATIC ABERRATION

® REDUCED LIGHT-GATHERING




Kako teleskopi rade:

.Sustina teleskopa je primarno ogledalo ili soCivo, koje fokusira svetlost koja pada na njega.

-Analizirajmo, kao primer, sabirno socCivo (ista logika za ogledalo):
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Svetlost ¢emo, generalno zamisljati kao neki harmonijski idealan talas, na velikim rastojar



Kako teleskopi rade:

Sustina teleskopa je primarno ogledalo ili soCivo, koje fokusira svetlost koja pada na njega.

-Analizirajmo, kao primer, sabirno socCivo (ista logika za ogledalo):
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Kako teleskopi rade:

.Sustina teleskopa je primarno ogledalo ili soCivo, koje fokusira svetlost koja pada na njega.

-Analizirajmo, kao primer, sabirno socCivo (ista logika za ogledalo):
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Zbog ovoga zvezde izgledaju kao tackice

.Zvezde su (uglavhom) vece od jednog piksela. Kako to kada su tackice?

.Razumeéemo uskoro.




Zbog ovoga zvezde izgledaju kao tackice

.Nijednu zvezdu sem Sunca ne mozemo da “razlu¢imo” (tj. ne mozemo da vidimo nista viSe do
tacku).

.Zbog ovoga je vazno da istrazujemo Sunce, kao nama najblize zvezde!




Kad smo vec kod Sunca

.Ocigledno je da Sunce nije fokusirano u jednu tacku, jer ga vidimo kao objekat sa nekim
detaljima.

.Kako predstaviti formiranje slike objekata konacne veli¢ine u nasem teleskopu?

Na Suncu, sa najboljim teleskopima, mozemo da vidimo detalje do nekih 20-50 km velicine.
Udaljenost do Sunca je 150 000 000 km!



Dva izvora

.Teleskopi ne fokusiraju svu svetlost u jednu tacku

.Sva svetlost koja dolazi iz istog pravca je fokusirana u jednu tacku, ali razliciti pravci
odgovaraju razlicitim tackama u ziznoj ravni

.Primer za dva izvora (zvezde):
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Objekti konacne velicine

.Teleskopi ne fokusiraju svu svetlost u jednu tacku

.Sva svetlost koja dolazi iz istog pravca je fokusirana u jednu tacku, ali razliciti pravci
odgovaraju razlicitim tackama u ziznoj ravni

.Primer za objekat konacne veliine

17 &




Objekti konacne velicine
.Ugao pod kojim se objekat vidi iz centra soCiva (prakticno, udaljenost do objekta, posto je u
astronomiji sve jako daleko) = ugao pod kojim se lik vidi iz centra sociva.

.Veca zizna daljina — objekti su veci u ziznoj ravni, pa zauzimaju vise na nasem detektoru
(kamera, Cip, film, CCD...)




Zizna daljina objektiva:

.Vela zZizna daljina nam daje detaljniju sliku — vazno za objekte koje ho¢emo da vidimo u
mnogo detalja: Sunce, magline, galaksije..

.Manja Zizna daljina nam daje vece vidno polje — vazno ako ho¢emo da posmatramo mnogo
zvezda odjednom ili snimamo objekat koji se brzo krece




Uvecanje teleskopa

\\y Uvedanje=F/f

o F je zizina daljina teleskopa — karakteristika teleskopa
e f je zizina daljina okulara
eOkular moze da se menja pa tako i uvecanje

22.11.2023 Astronomija

17



Vidno polje (field of view)

.Srazmerno precniku naseg teleskopa, obrnuto srazmerno ziznoj daljini

8m Class Primary Mirror Field of
Telescope Diameter View
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Rekli smo da teleskopi skupljaju vise svetlosti

Koliko vise svetlosti?

.Osvetljenost koju daje neko nebesko telo: £ — I _
A7 d?
. . F F D?
.Snaga koju skupljamo: P = - x A = T
A d? Ard? 4
Ovaj odnos moze da
2 .
P B Dzenice bude jedan naprema

.Teleskop u odnosu na nase oko: _ !
P teleskopa D B

milion!

Zahvaljudi velikim teleskopima mi mozemo da
vidimo manje sjajne objekte!



Vedi teleskopi takodje daju ostriju sliku. Zasto?

SPITZER IRAC 8.0 WEBB MIRI 7.7u
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Difrakcija na jednom pravougaonom otvoru (prorezu)
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Kako izgleda difrakcija na kruznom otvoru?

Zasto nas se ovo ti¢e? Zato Sto je nasSe ogledalo

ili soivo uglavhom kruzno
Alry
/ - dis
/ Airy Disk Patterns and PSFs from Diffraction
Airy Disk
v > Patterns
A1 72
. 25 .
//. -/
S
(a) (b) (c)
9 sPolntd
rea
Jl (10 ) Fugctions

Figure 5§
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Airijev (Airy) disk

ircul " m values for:
Circular ape /{Jre Minima Maxima HO p— 1 . 22 —_—
sin@ = ma 1 1.220 1.635
2 2.233 2.679
d = aperture diameter 3 3238 3.69
y = Dﬂ for maxima and minima
) d
Relative
Intensity Relative Relative
0.0175 Intensity Intensity y .
0.0042 0.00078 B =tan@= sin@ =6

for small angles 6

Credits: hyperphysics.phys-astr.gsu.edu
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Ok, Sta dalje? Kako radi teleskop?

.Konkretnije pitanje:
Dva snopa paralelnih zraka padaju na socCivo iz dva razlicita pravca, da li ce ta dva snopa biti
fokusirana u istu tacku? NE

Fokl s/ R ANA- /
u ZIZNG RAVAN.

y)
(6 . z/ 7
4

-
L{ GAONA UDAL ENoST |ZHEDPY DUy 1Z2Vora 6—

ot Sen Wi\b/g/vas’f 1PME DY BVA LIEA : ﬁ\f
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Dodajmo na to sada difrakciju

HepurlH sAvA

JMA ”04.’ DIFRA LAV
\/ NA socIVY

Nass LikoVy
SU RAZMR §7/.«1»&//
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Rejlijev kriterijum

Resolved

Barely resolved

Unresolved

.lzvori moraju da budu na ugaonom
rastojanju ve¢em od udaljenosti prvog
minimuma da bismo ih razludcili

A
0y = 1.225

.Veca talasna duzina : gora rezolucija

.Veca primarna apertura : bolja rezolucija

-Radio teleskopi imaju ogromne aperture ali
ipak ocajne rezolucije

27



Svaka tacka sa prve slike je razmrljana, to mesanje je matematicki opisano
“konvolucijom” slike sa takozvanom PSF (point spread function)

W ) ¥ =¥ T W N -
500 (A o O . y % 500
400 JIE W g 400
300
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100 ¥ 100

0 100 200 300 400
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Vedi teleskop = Uzi PSF = Ostrija slika

SPITZER IRAC 8.0

WEBB MIRI 7.7u

29



The James Webb Space Telescope

Mirrors - The mirrors are made
To collect enough infrared light to see the faintest structures ’ of lightweight beryllium coated

in the cosmos, the JWST must be so big that it has to fold. ) with gold, which is highly reflective

It also needs to block heat coming from the Earth, moon and sun. SUniCredilight

Primary
Scientific ) mirror
Launch instruments [/ Y
site (

mirror
Kourou
French

Guiana

Ariane 5 _ L Light path

N\
/
\\

Sunshield - Five layers of a thin plastic material
called Kapton help keep the telescope around

50 degrees above absolute zero

ONBOARD INSTRUMENTS

|
DEEP

/|

i

® Near-Infrared Camera
| DESTINATION

=

Workhorse instrument; most sensitive

\
(1 = - i ( Webb's orbit The Webb will
}I A l Ve || around L2

5 b orbit around ®* Near-Infrared Spectrograph

{

=]

= T-_/,} : : j a gravitationally Breaks starlight into its spectrum.
m '<‘ stable point in

ASTRO ORIGAMI space almost
1 million miles

® Mid-Infrared Instrument

Will collect light from the very first stars.
The telescope’s 6.5-meter-wide segmented g Y

. from Earth called
mirror and 20-meter-wide sunshield fold to fit * Near-Infrared Imager

5 - - ; Lagrange point 2.
in the 5.4-meter-wide fairing of the European EIangs p and Slitless Spectrograph

Space Agency's Ariane 5 rocket. Extremely high-resolution planet finder.




Tada otvor nije samo krug vec nesto komplikovanije

E
=

R=0:32766 B=5 V=0:5000Lin

R=0:32766 B=3 V=0:5000Lin R=0:32766 B=4 V=0:5000Lin 1=0:32766 B=4 V=0:5000Lin
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Tako dobijamo ovako
ostre slike!

.Ova slika je dobijena uz
pomoc¢ 4m Solarnog
teleskopa

.Ovako izgleda Sunce kada
vidimo detalje od

~ 20 km na njegovoj
povrsini

.Uz sam teleskop, koristili
smo razne tehnike za tzv.
Restoraciju slike!
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Tipovi teleskopa

.Refraktori (koriste sociva)
~Dugacki, klasi¢an dizajn
—Ogranicena veliCina tezinom
.Reflektori (koriste ogledala)
-Kraci, noviji dizajn

—~Ograniceni velicinom
ogledala iz jednog komada

22.11.2023




DETEKCIJA SVETLOSTI

Da sa¢uvamo i analiziramo svetlost treba nam detektor
Ljudsko oko

* Manje osetljivo
* Ne mozemo trajno da ¢uvamo slike

Fotografske /foto ploce

* Fotoemulzija na staklenoj plodi
* Akumulira svetlost

* Trajno Cuva slike

Elektronski “film” (CCD ¢ip)

* Digitalni podaci idealni za raéunare

* Nastao zbog potrebe astronoma

* Osnovni elemnt svakog digitalnog
fotoaparata | telefona

CCD c¢ip sa Habla

22.11.2023

ASTRONOMIJA
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0KO / 400 GODINA JEDINI OPTICKI INSTRUMENT

. staklasta
prirodni opticki sistem SOCIVO  masa

koji se sastoji od

optickog dela koji

roijata Lgf/ : ‘
stvara lik predmeta VO R\ 7t
] oY NN N
detektora ,f S |
N N
X D WG
N W N

zenica \
rezolucija oko 60”

oéni nerv

AAAAAAAAAAAAA



AKOMODACIJA OKA

* stvaranje ostre slike
predmeta koji se nalazi Distant
blizu oka

(<5 m)

* radijus krivine prednje

povrsine se smanjuje 50 Meters

(i do oko 5 mm)

22.11.2023

Accommodation of the Human Eye

25 Centimeters

ASTRONOMIJA
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MREZNJACA = DETEKTOR

nervne cCelije - cepidi i Stapici
zuta mrlja — mesto ostrog vida, najvise ¢epiéa, odgovorni za dnevno gledanje (kao i
za to Sto vidimo u boji — postoje tri vrste)

u ostatku mreznjace vise stapiéa, osetljiviji, sluze za noé¢no gledanje
Pigment epithelium

Rods and cones
L 2 @ @
¢ @
e 2
pres = :
/BN il
L \ | \
bl : 0 0 O
T y )y ¥
Cornea = Optic T HJ )]
Retina ElEts
Lens
‘ Rod

22.11.2023

ASTRONOMIJA
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CCD kamera

.matrica fotoosetljivih celija (piksela)
.napravljena od silicijuma

.radi na principu fotoelektricnog efekta

.mnogo bolja osetljivost
-vecCi opseg talasnih duzina

.mogucénost sakupljana vise svetlosti u
toku vremena

.Jlinearni odgovor — koliko fotona toliko
proporcionalno elektrona

22.11.2023 Astronomija
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22.11.2023

Pravljeni sve veci i veli teleskopi

Astronomija
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Veliki teleskop na Kanarima (GTC)

e Kanarska ostrva, La Palma
* Poceo sa radom 2007.
* Ogledalo precCnika 10.4m

22.11.2023 Astronomija
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22.11.2023

Kek (Kec
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.Dva reflektorska teleskopa od po 10m
.Zavrseni 1993. & 1996.

.Drugi najvedi reflektori na svetu

Astronomija
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Veliki refraktor, AOB

.1932: Veliki refraktor Zeiss 65/1055 cm (tada Cetvrti po velicini instrument u Evropi)



Posmatracka stanica

Astronomska stanica Vidojevica

.Planina Vidojevica, u blizini Prokuplja

.Teleskop Milankovi¢ - 140 cm
.Teleskop Nedeljkovi¢ - 60 cm

.Postavljen - 40 cm teleskop

“first light* im.ages from 14m telescope atASV

http://vidojevica.aob.rs/

i1’ jodl
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, g -~ “C

| IIVIiIa‘nkovic 1.4 m

telescope

A
-~

Astronomical
Station
Vidojevica

1s observation site
established by
Astronomical Observatory
of Belgrade. ASV is located
on Mt. Vidojevica in area
with small light pollution,
and good seeing conditions.
(long: 21° 33'20.4", lat:
43° 08' 24.6", alt: 1150m)




1.4m Milankovic teleskop

«Mehanika: ASA

.Optika: LOMO, St. Petersburg Russia
.Primarno ogledalo: 1.4 m

.Zizna daljina: 11.2 m (f/8) — reduktor fokusa
-Montaza: alt-azimuth

.Tezina: 8.5 tona

Visina : 4.5 metra

Nasmit i “savijen” Kasegren fokus




era C. Rubin Opservatorija e

10-year Legacy Survey of Space and Time (LSST)
will produce the deepest, widest, image of the Universe
27-ft (8.4-m) mirror, the width of a singles tennis court
3200 megapixel camera = Each image the size of 40 full moons
37 billion stars and galaxies
10 year survey of the sky
Up to 10 million alerts, 1000 pairs of exposures, 20 Terabytes of data .. every night!

Goals: Understanding Dark Matter and Dark Energy, Hazardous Asteroids and the
Remote Solar System, The Transient Optical Sky, The Formation and Structure of
the Milky Way




LSST Telescope

5 sec slew &
settle




Simonyi Survey Telescope A
+o+ \
VERA C.RUBIN
OBSERVATORY

This is real moving speed

Simonyi Survey Telescope: 8.4-meter
telescope with a novel, three-mirror
design.

.Compact shape allows it to move quickly
from one point in the sky to the next

It will image the sky continuously each
night, on an automated cadence, and over
the course of the 10-year survey will collect

about 800 images of each location in the
sky, https://twitter.com/mjuric/status/17062232781953437937?s=20

50


https://twitter.com/mjuric/status/1706223278195343793?s=20

Legacy survey in space and time = LSST

.LSST camera

Jargest digital camera ever
constructed for the field of
astronomy

.size of a small car and
weighing more than 3 tons

.3200-megapixel carr

VERA C.RUBIN
OBSERVATORY
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HSC
gri
350%3.5¢
r~27

Like LSST,
but tiny
area: LSST
will deliver
5 million
such

images




Modern instruments

-Extremly Large Telescopes

.Frontiers of Science and Technology

«39.4m size mirror
800 x 1.4m mirrors=980m?2

.3000t of moving components

Five-mirror design

. The 39.3-metre primary mirror

. The 4-metre secondary mirror

. The third mirror relays light to

. The adaptive mirror adjusts its

. A fifth mirror, mounted on a

+ European

9§ Southern
+E(()S Observatory
o WWW.eS0.0rg

i Altitude cradles
i for inclining the
i telescope

i Instrument platforms
 sit either side of the
rotatable telescope

collects light from the night sky
and reflects it to a smaller mir-
ror located above it.

reflects light back down to a
smaller mirror nestled in the pri-
mary mirror.

an adaptive flat mirror directly
above.

shape a thousand times a sec-
ond to correct for distorsions
caused by atmospheric turbu-
lence.

fast-moving stage, stabilises

the image and sends the light to  Seismic isolators

: The 2800-tonne telescope

Sapieissandotherlnatiments; i system can turn through 360 degrees

on the stationary platform.



European
Southern
Observatory

Extremly Large Telescopes

WWW.eS0.0rg

’,’-”."h.

o
” e e %
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https://elt.eso.org/about/webcams/

Armazones West | 14 Oct 2023 21:00 CEST / 16:00 CLST Latest Available Image

The largest telescope that will ever be built*
https://www.youtube.com/watch?v=QqRREz0iBes



THE giants

Size comparison of the primary mirrors of giant optical telescopes under construction 39.3 metres

24.5 melres

8.4 metres
Large Synoptic Survey Telescope Giant Magellan Telescope Thirty Meter Telescope Extremely Large Telescope
El Peftdn, Chile (planned 2020) Las Campanas Observatory, Mauna Kea, Hawaii (planned 2022+) Cerro Amazones, Chile (planned 2024)

Chile (planned 2021+)



Postoje posebni teleskopi za sve delove spektra!

Penetrates Earth's
Atmosphere? Y N N
Radiation Type Microwave Infrared Visible Ultraviolet  X-ray Gamma ray

Wavelength (m) 0.5x10 ® 10712

Approximate Scale
of Wavelength

Buildings Humans  Butterflies Needle Point Protozoans Molecules  Atoms  Atomic Nuclei

10* 108 10'2 10'° 10' 10'® 10%°

Temperature of ____
objects at which 4 . 1 | |
this radiation is the ||
most intense g
wavelength emitted

1K 100 K 10,000 K 10,000,000 K
-272 °C -173 °C 9,727 °C ~10,000,000 °C




Svetlosno zagadenje

.Veliki problem za astronome

.Gradska svetla podizu pozadinski
nivo svetla

.Otezava sakupljanje svetlosti od
zvezda

.Postaje sve gore!

Uliéno svetlo

Veomalose Lose Bolje Najbolje

¥ ee

22.11.2023

Astronomija
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Aktivnhosti kod nas

C ar p e N ocC te m Onama Edukacija Blog  Aktivnosti Kontakt
- . . n . +
" o ‘ . .

+

N Cla+rp'e Noctem

" Iskoristi nocl

neprofitna organizacija,
osnovana kao ekolosko

Astro 3etnje Zvezdani triatlon Astro kamp Pisanje blogova udruzenje koje za glavni
lesacenje u nocnim satima u Prvi eko festival sa fokusom na Kampovanije u prirodnoj tami pod Razni tekstovi vezani za nas r; fokus ima
prirodnoj tami Sume. svetlosno zagadenje u regionu. zvezdanim nebom. astronomiju, svetlosno zagade pr0b|ematiku svetlosnog
sliéno. .
zagadenja

https://carpenoctem.rs

KOSMOS
UZ2IVOo

o Woian “\

Jenoron

arEe’;‘,
Noctem'

Podcast

22.11.2023. Astronomija
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Problem: Zemljina atmosfera

.koliko iznosi teorijska rezolucija za teleskop
od 10m?

.zasto je onda prosecna rezolucija (vidljivost
=seeing = R

Fig. 1. Alaser beam propagating through the atmosphere spreads due to diffraction butis also influenced by turbulence
inthe form of randomly varying eddies. This causes the laser beam some distance away to vary randomly in position,
size and intensity.
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Earth atmosphere — global effect

Absorbes and scatter
radiation from celestial
objects = loss of strength is
inevitable

relative transmission

100 %

50 %

94 GHz 35 GHz

60 GHz |22 GHz 3 GHz

scattering losses

atmospheric window

100 nm |Jm 10 u 10 mm 100 mrr
0 : wavelfangth i microwave
v s IR v far IR ! . radar
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Earth atmosphere — global effect

gamma ray X ray
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100 km

10 km

sea level
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Earth atmosphere — Local effect

Turbulence distors the radiation = loss of resolution is inevitable




Adaptivna optika




.The binary star IW Tau is revealed through adaptive optics. The stars have a 0.3 arc
second separation.




The Galactic Center at 2.2 microns

Poe® $

Adaptive Optics




Keck/UCLA Galactic
Center Group




"HE NOBEL PRIZE

IN PHYSICS 2020
Nobelova
nagrada

za fizku
2020

Roger Penrose Reinhard Andrea
Genzel Ghez

“for the discovery that
black hole formation “for the discovery of a
is a robust prediction supermassive compact object
of the general theory at the centre of our galaxy”
of relativity”




Hablov svemirski teleskop (od 1990)

22.11.2023 Astronomija

ogledalo 2.4m
preko milion snimaka
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Habl svemirski teleskop

https://twitter.com/HubbleTelescope

. Reflektorski teleskop sa ogledalom 2,5 m u
Zemljinoj orbiti

. lznad atmosfere

- Nema treperenja

- Nema svetlosnog zagadenja

22.11.2023 Astronomija
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Hablov teleskop:
radanje zvezda
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Space missions

Hubble télescope James Webb telescope

02 4 m VS 6 m M Iirror About 290 million light-years away, Stephan’s Quintet is a group of five galaxies, located in the Pegasus
constellation. It’s notable for being the first compact galaxy group ever discovered in 1877.

Left: Hubble. Right: Webb. Credit: ESA/NASA/STSCI

Optical vs. near Infra Red light
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