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Obr. 2: Kvantova ucinnost riaznych fotonasobict.
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Obr. 3: CCD c¢ip. Teckovanymi ¢arami jsou oddéleny pixely. Na kazdy pixel dopada
jinak silny proud fotont. Elektrony jsou pfitahovany elektrodou 1. Elektrody 2 a 3 se
uplatiiuji pfi vycitani ¢ipu.
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Obr. 4: Spektralni propustnost zemské atmosféry.

Obr. 05: Astigmatismus. Obrazek ukazuje, jak se méni obraz bodového zdroje (PSF)
v zavislosti na poloze vii¢i optické ose objektivu.
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Obr. 6: Kepleriiv dalekohled. Je znazornéna spole¢nd ohniskova rovina objektivu a

okularu. Obrazek demonstruje také tthlové zvétSeni dalekohledu.
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Obr. 7: Typy ohnisek zrcadlového dalekohledu podle vyvedeni svétla z tubusu.

Obr. 8: Galiletiv dalekohled. Rozptylka okularu ,,narovnd* sbihavy svételny svazek,

diive nez dosahne ohniska.
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Obr. 9: Jednoduchy a achromaticky objektiv. Pfidanim druhé ¢ocky se znaéné
redukuje barevna vada. Achromaticky objektiv vpravo ma spole¢né ohnisko pro
modré a Cervené svétlo, ohnisko zelené¢ho svétla je lehce posunuté.
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Obr. 10: Nektere vady objektivu. Obrazky ukazuji obraz bodového zdroje v nekone¢nu
vytvoreny objektivem (PSF) mimo optickou osu. Zonélni vada a podbrousené okraje
odpovidaji Spatnému tvaru zrcadla.
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Obr. 11: Vliv neklidu atmosféry (seeingu) na obraz hvézdy.

Obr. 12: Maksutovuv dalekohled. Svétlo se odrazi na zrcatku na zadni strané
korekéniho menisku.



Obr. 13: Schmidt-Cassegrain.

Obr. 14: Cassegrain.



Newton-Teleskop

Obr. 15: Newton.



Obr. 16: Nekteré opticke vady.

CHROMATIC ABERRATION

White light is composed of radiation of many colors. When it pas-
ses through a lens, different colors are diffracted by different amo-
unts. Schematically, a blue image is in focus closer to the lens
than a red image. Unless you carrect for chromatic aberration,
the edges of objects seen through your telescope will appear to
be blue in a side, and orange in the other side.

SFPHERICAL ABERRATION

Consider a bright distant ohject on the optical axis of a lens and its
image an the other side. Spherical aberration causes rays passing
through the lens far away the optical axis to focus at a different
distance from the lens than rays passing through the lens close to
the optical axis.

COMA,

Similar to spherical aberration, coma affects images of objects not
on the optical axis of the lens. In an instrument affected by coma,
the image of a bright point is seen as a series of eccentric and
diminishing cricles or disks, giving the appearance of a comet.

ASTIGMATISM

Causes the image of a sharp point of light to appear as an ellipse
away from the focal plane, with the long axis of the ellipse shifting
by 90° on opposite sides of the focal plane.

CURWVATURE OF FIELD
Describes a condition in which the focal plane is a curved surface
rather than a true plane.

DISTORSION

“ariations in the focal lenght of the lens with distance away from
the optical axis will produce distartion, which will cause the
image of a straight line to bend. The two types of distortion are:
pincushion and harrel.

Fig. 5 - main optical aberrations.



This eyepiece reduces chromatic aberration to a minimum; with
proper lens design, it can also reduce spherical aherration. In this
eyepiece, the image plane is located between the field lens and

: the eye lens; the apparent field aperture is about 30° |t is a
Image simple, widely used, and cheap eyepiece.
plane
RAMSDEN EYEFIECE
The Hamsden eyepiece was invented 80 years after the Huygens

eyepiece. Although it is the simplest eyepiece, it suffers fram

some limitations. The image must he very close to the field lens,

so if the lens gets dusty, the dust will be quite evident. The eye
distance is very short, so the lens may mist up ar get dirty from
contact with eyelashes. The field of wiew is 30-40° In this eyepiece,
as well as all those below, the image produced by the ohjective

lens has to he focused in front of the field lens.

KELLMER EYEFIECE

The Kellner eyepiece uses an achromatic doublet to control
chramatic aherration; spherical aberration is also minimal, and
the eye relief is good. Field of view is 35-50°.
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ABBE OF ORTHOSCORIC EYEFIECE

Aherrations, especially distorsions, are very well controlled. Long
—. eye distance allows use of eveglasses during observations.

Field of view is 40-50°. Ahhe eyvepieces are widely used in hino-

culars and telescopes.
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FLOSSL EYERPIECE

Simple and symrmetrical, it uses two achromatic doublets.
Perfarmance is similar to the Abhe or arthoscopic eyepiece.
Field of view is about 50°,

=

ERFLE EYEFIECE

-- Well carrected for aberrations, it produces a very wide
field of about 70° It is widely used in binoculars and other
panoramic instruments.

o
[
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Fig. 6 - The most common eyepieces.

Obr. 17: Nékteré konstrukce okularu.



Obr. 18: Barevnd vada ¢ocky.
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Obr. 19: Poloha ohniska achromatického objektivu pro riizné vinové délky.
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Obr. 20: Korekce barevné vady pridavanim ¢ocek.

Obr. 21: Degradace obrazu konvoluci s PSF.



Obr. 25: Flat field. Kolecka vytvaii zrnicka prachu na povrchu CCD ¢ipu. Maji tvar
apertury dalekohledu — ve sttedech je vidét sekundarni zrcatko a jeho tchyty.
Ztmaveni na pravé stran¢ zpusobila vinétace. Je patrnd 1 rozdilna citlivost jednotlivych
pixeld.




Obr. 26: Dark frame. Bilé tecky jsou hotpixely a zdsahy CCD ¢ipu kosmickym
zafenim.

Obr. 27: Bias.
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Obr. 28: Srovnani spektralni citlivosti detektori.
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Obr. 29: Typy ohnisek.



Obr. 30: Nasmithovo ohnisko dalekohledu na azimutalni montazi. Preklopenim
zrcadla lze vystupni svételny svazek ptresmérovat na druhou ploSinu.
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Obr. 31: Normalizovana spektralni citlivost Cipk.
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Obr. 32: RozlozZeni hustoty ty¢inek (fialove€) a Cipkt (zlute) na sitnici levého oka.
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Obr. 33: Schéma spektrografu. Mtizka se otaci jen tehdy, kdyz chceme na detektor
nasmérovat urcitou cast spektra.
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Obr. 34: Spektrum hvézdy Altair s absorpcnimi ¢arami.



Proof of the Grating Equation Fig. 13

Path difference AS = disina + sinf3)

Obr. 35: K odvozeni mfizkové rovnice.
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Obr. 36: Echelletové spektrum Slunce. Jednotlivé fady jsou naskladany pod sebe.



Obr. 37: Vedeni svétla hvézd optickymi vlakny do spektrografu pti mnohosvazkové
spektroskopii.
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Obr. 38: Spektra ziskana pti mnohosvazkové spektr:
spekter béhem jediné expozice.
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... then gravity will
distort the lens as
it is moved to look
straight up.

Obr. 39: Prohybani velké cocky vlastni vahou.
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Obr. 41: Gregoryho dalekohled.



Obr. 42: Vnitini odrazy uvniti Schmidtovy kamery kolem jasnych objektt, zde
Venuse. Paprsky vznikaji ohybem svétla na drzacich nesoucich detektor.
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Obr. 43: Schmidtova komora. Pov§Simnéme si, jak pramér zrcadla pfevySuje primér
vstupni korekéni desky.
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Obr. 44: Super-Schmidtova komora.
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Obr. 45: Efektivni ohniskova vzdalenost.
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Obr. 46: Difrakéni krouzky a Airyho disk a matematické vyjadieni PSF.
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Obr. 47: K Rayleighovu kritériu. Bodové zdroje vlevo jsou rozlozeny.



Obr. 48: Laser vytvaii umélou hvézdu pro adaptivni optiku jednoho z dalekohleda
VLT.
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Obr. 49: Typy montazi.
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B Exposure: Daylight 1/100 second

Process: E-6
Densitometry: Status A

DENSITY
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LOG EXPOSURE (lux-seconds) F009_0059AC

Obr. 50: Charakteristicka kfivka fotografické emulze (zavislost fotografické denzity na
osvétleni) . Jedna se o film Kodak Ektachrome E200, ¢asto pouZivany v amatérské
astrofotografii. Ktivka klesa, protoZze jde o pozitivni film.
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Obr. 51: K vy¢itani CCD ¢ipu.
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Obr. 52: Prekladani fada spekter.
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Obr. 53: FWHM (Full-Width at Half-Maximum). HWHM je polovina FWHM.
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Obr. 54: Wolterovo zrcadlo. Sklada se z nékolika zrcadel vlozenych do sebe.



Obr. 56: Weberuv ptistroj k detekci gravitacnich vin.
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Obr. 57: Interferometricky detektor gravitacnich vin.
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Obr. 58: Energeticka spektrum slune¢nich neutrin a reakce, které je pii p-p cyklu vyprodukuji.
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d+et +v (E, < 0.42 MeV)

d+ Ve ‘:E'|r= IMHEIV}

TLi+ va {Ey = 0.86 MeV (90%), 0.38 MeV (10%) )
Be* + et +ve  (Ev <15 MeV)

He + e +v, (E, = 18.8 MeV)

Je naznaceno, jakymi detektory se da neutrino dané energie zachytit.
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r- Obr. 59: Neutrinovy vodni detektor
M Super-Kamiokande. Vodni naddrz

obklopuji fotonasobice.
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Obr. 60: Fotometr. F: clonka, D: hranol, E: okular, C: filtr, L: Fabryho ¢oc¢ka, P: fotokatoda
fotonasobice, T: zbytek fotonasobice.
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Obr. 61: Rowlandav spektrograf' s dutou mtizkou.
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Obr. 62: Koronograf.



Prehled vzdalenosti v parsecich

1 AU 4,9 10"-6pc

11y 3,2pc

Voyager 1 5,1 10"-4 pc (rok 2008)
Hranice Slunec¢ni soustavy (Oortiv oblak) 0,6pc
Nejblizsi hvézda 1,3pc

Vzdalenosti mezi hvézdami ~1-10pc
Vzdalenost Zemé od sttedu Galaxie 8.5kpc
Primér Galaxie 28kpc

Vzdalenost Zemé od gal. v And. 779%pc
Kupa v Panné (nejblizsi kupa gal.) 18Mpc
Pozorovatelny vesmir 14Gpc

Piehled uhlovych velikosti

Meésic v upliiku, Slunce

Vzdalenost Mizar-Alcor

RozliSovaci schopnost oka (pfi dobrém osvétleni)
Jupiter

~0,5°
12!

~1'

~40"

Betelgeuze, prvni hvézda, kromé Slunce, ktera byla ptimo

pozorovana jako disk

Astronomické a astrologické symboly planet

OB C

Mercury Venus Earth

Pluto

0,055"

Moon



Astronomické symboly v TeXu

If there are a any commands that you type a lot, but would like a "short-cut" to use in place of
them (for example, typing "\Msun" is much easier than writing out "$\M_ {\odot}$" every
time), then include a definitions file of these short-cuts in the preamble of your thesis (before
the "\begin{document}" command). Usually the definitions are for math symbols, but they
can be for anything.

Here is a definition:
\newcommand {\Msun} {\ensuremath{\M_{\odot} }}

The short-cut that you would type in the document is "\Msun" and LaTeX will replace the
short-cut with "\ensuremath{\M_{\odot}}" (you may need to inclose the short-cut in "{}", or
follow it with a "\" in order to get spacing correct around it: i.e., "{\Msun}" or "\Msun\"). The
"\ensuremath{ }" command guarantees that the commands included with it are entered as
math mode, allowing you to use the short-cut in either regular text or math mode in your
document. NOTE: be careful what you use as a short-cut name, do not use something that is
already a LaTeX command (if you do, you'll get a LaTeX warning about a command being
already defined).

You can make short-cuts for other things you type often too:
\newcommand {\Ha} {HS$\alpha$}

\newcommand {\kms} {km~s\ensuremath{"{-1} } }
\newcommand {\TwoMASS} {The Two Micron All Sky Survey}

Here are a few useful ones that replace similar commands we are familiar with from
AASTeX:

\newcommand {\farcm} {\mbox {\ensuremath{.\mkern-4mu™\prime} } }% % fractional
arcminute symbol: 0.'0

\newcommand {\farcs} {\mbox {\ensuremath{.\\!"*{\prime\prime} } } } % % fractional
arcsecond symbol: 0."0

\newcommand {\fdg} {\mbox {\ensuremath{.\\""\circ} } } % % fractional degree
symbol:  0.°0

\newcommand {\arcdeg} {\ensuremath{"{\circ} } } % % degree symbol: °
\newcommand {\sun} {\ensuremath{\odot} }% % sun symbol
\newcommand {\ap;j} {ApJ} % % Journal abbreviations

\newcommand {\apjs} {ApJS}
\newcommand {\apjl} {ApJL}
\newcommand {\aap} {A{\&} A}
\newcommand {\aaps} {A{\&} AS}



\newcommand {\mnras} {MNRAS}
\newcommand{\aj} {AJ}
\newcommand {\araa} { ARAA}
\newcommand {\pasp} {PASP}

\newcommand {\Teff} {\ensuremath{T {\mathrm{eft}}}}% % T eff
\newcommand {\logg} {\ensuremath{\log g} } % % log g

\newcommand {\bv} {\ensuremath{B\!-\!V}}% % B-V

\newcommand {\ub} {\ensuremath {U\!-\!B} } % % U-B

\newcommand {\vr} {\ensuremath {V\!-\!R} } % % V-R

\newcommand {\ur} {\ensuremath {U\!-\!R} } % % U-R
\newcommand\ion[2]{#1$\;$ {\scshape{#2}}}% % ion, i.e., CII =\ion{C} {ii}

(NOTE: the "\ion" command is a slightly different from from the AASTeX command. I could
not get the AASTeX "\ion" command to work with psuthesis, so I had to improvise. The
result is with this "\ion" command, you enter an ion with the ionization number as the

appropriate Roman numeral in lowercase letters --- for example CII would be entered
"\ion{C} {ii}".)

Anyway, enter all your definitions in a single file (i.e., "definitions.tex"), then include the file
before the "\begin{document}" command (NOTE: there is already an input statement for this
purpose in the mythesis.tex file, all you need to do is enter the name of your definition file,
and path if necessary. ALSO NOTE: that this file is entered with an "\input{ }" statement, as
opposed to the "\include{ }" statements used for the chapter files -- this insures that the
definitions will always be read in, even if you are using the "\includeonly{ }" commands to
compile a single chapter at a time.).



