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« Co |e To spekirume
« Co |e o spekiroskopie?
« Jak vypadaji spektrografy?e

« Co Ize vycCist ze spektra?



Co |Je to spekirume



Spektrum

* bilé slunecni svétlo (slozeno z riznych
vinovych délek)



Spektrum

* bilé slunecni svétlo (slozeno z riznych
vinovych délek)

 spektrum (rozklad do jednotlivych
barev)



Spektrum

Poledne 1 hodina do Zapadu




Spektrum

* bilé slunecni svétlo (slozeno z riznych
vinovych délek)

 spektrum (rozklad do jednotlivych
barev)

* nejzndméejsi priklad : duho






Spektrum

« starovéci Rimané znali schopnost
hranolu rozlozit svetlo

« snaha o vysvétleniv 17. stoleti
— Athanasius Kircher (1646)
— Jan Marek Marci (1648)
— Robert Boyle (1664)
— Francesco Maria Grimaldi (1665)



Spektrum

* |. Newton — Optics (1704)
— experimenty se svetlem
— vysvétleni disperze svétla
— korpuskularni teorie svetla (svétlo jsou

Castice)

« Ch. Huygens — Treatise on Light (16%90)
— vinova teorie svétla
— barvy dUsledkem rizné vinové délky







Cojeto
spektroskopiee



Spektroskopie

« W. Herschell — fest slunecnich
filtrO (11.2.1800)
— experiment s teplomery
— méreni teploty v ruznych cdstech spektro

— v misté za Cervenou barvou vyssi teplota
— objev (neviditelného) infracerveného
zareni



http://upload.wikimedia.org/wikipedia/commons/3/36/William_Herschel01.jpg

Herschell, W. 1800,
~ExXperiments on
the refrangibility of
the invisible rays of
the sun*,
Philosophical
Transactions of the
Royal Society of
London. 90: 284-
292




Spektroskopie

« Josef von Fraunhofer
— fyzik
— astronom
— chemik

 vyvratil tvrzeni Wollastona (1802) —
tmavé pasy mezi Carami — prirozend
hranice barev

« 1821 difrakéni mrizka — lepsi rozliseni,
meéreni vinovych délek




—
Designation Element Wavelength (nm) Designation Element Wavelength {nm)
¥ Oz 898.765 C Fe 495761

Z Oz 022 696 F HR 486.134

A 0z 759.370 d Fe 466.614

B 02 6B6.719 e Fe 438.355

C Ha 656.281 E Hy 434047

a Oz 627 661 € Fe 430.790

D4 Ma 589.592 G Ca 430.774

] Ma 588.995 h Ha 410175

Dzord He 587.5618 H Ca’ 396.847

= Hg 546.073 K Ca’ 393.368

=] Fe 527.039 L Fe 382.044

b Mg 518.362 M Fe 358121

bz Mg 817 270 F it 336.112

ba Fe 516.891 T Fe 302.108

bs Fe 516.891 t Mi 299 444

b Mg 516.¥33







Spektroskopie

Robert Bunsen & Gustav Kirchhoft
(1861) — korespondence
Fraunhoferovych Car s Carami

v laboratori
spojeni mezi absorpcni a emisni Carou
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1859 spektroskop




Spektroskopie

« Kirchhoffovy zakony tepelného
vyzarovani

1. Z

arovka, kapalina nebo plyn pod

vysokym flakem vyzaruje spojité

S

nektrum.

2. Horky plyn pod nizkym tlakem vyzaruje

S
3. S

oektrum ,,jasné cary" (emisni CAry).
pojity zdroj svétla pri pohledu pres

chladny plyn s nizkou hustotou vytvari
ve spekiru absorpcni Cary.
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Spojité spektrum

Emisni spektrum

[ [

Absorpéni spektrum
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ARQTEBYS




Spektralni Cary (,,otisk prstu*)

| He
700 600 500 _ 400nm

cervena oranzova zluta zelena modra fialova



HD katalog

« po smrti H. Drapera jeho zena Mary Anne
Palmer Draper — penize na projekt

« publikovdn mezilety 1918 - 1924

« prvniverze 10 35Thvézd v roce 1890
(Willlamina Flemming)



ANNALS

OF

THE ASTRONOMICAL OBSERVATORY OF HARVARD COLLEGE.

EDWARD C. PICKERING, DirgcTor.

VOL. XXVIL

THE DRAPER CATALOGUE

oF

STELLAR SPECTRA

PHOTOGRAPHED WITH THE S8-INCH BACHE TELESCOPE

A A PART OF

THE HENRY DRAPER MEMORIAL.

CAMBRIDGE:
JOHN WILSON AND SOKN
@niversitp [Press.
1800,

John G, Wolbach Library, Harvard-Smithsonian Center for Asirophysics « Provided by the NASA Astrophysics Data Sysiem

2 ANNALS OF HARVARD COLLEGE OBSERVATORY.

included. Three or four exposures were commonly made upon each plate. The
total number of spectrn on w single plate sometimes exceeded two hundred. The
most sensitive plates obtainable were wsed. At first the “Allen and Rowell ™ plates
were employed, but later the *Seed™ Dlates No, 21 were substituted for them.
The plan of work was sueh that the entire sky north of —25 was covered twice in
the first cycle of photographs. The plates overlapped so that a spectrum which
appeared near the corner of one plate would appear menr the centre of another.
The work was then repeated by a second similar eyele of plates. Each star should
in general appear on four plates. Owing to the overlapping of the regions and
the repetition of plates which were not satisfactory, this number is greatly increased
for many of the stars, especially for those between 450" and 485" The faintest
stars appear on only one plate. In this ease a second independent measure was
always made,

The first of the photographs discussed in this volume were taken by Mr. 1. Helm
Clayton, the later omes by Mr. Willard P. Gerrish; those taken during the latter
part of the night by Mr. R W. Gifford. The reduction of the plates was begun
by Miss N. A, Furrar, but the greater portion of this work, the measurement and
classification of all the spectra, and the preparation of the Catalogue for publication,
has heen in charge of Mre. M. Fleming. Misses F. Cushman, E. Gill, E. F. Leland,
A B Masters, J. T. Rugg, M. C. Stevens, L. D, Wells and L. Winlock have at
different times aided in the numerical computations and clerieal work.

If the spectra of a large number of stars are photographed, one form will be
found to predominate. It consists of a nearly continuons spectrum traversed by a
series of durk bands or lines arranged with great regularity. The intervals between
the lines diminish with the wave-lengths. These lines appear to be due to the
presence of hydrogen. They have the following designations and wave-lengths
expresﬁcd in millionths of a millimetre: — C, 656.3; F, 48G.1; G, 434.1; h, 41E},2;
H, 307.0; « 388.0; 8 3836; 5 370.8; & 87TT.1; e 375.0; {, 8784; 5, 3722,
4, 371.2. The first of these lines is in the red and does not appear in the photo-
graph. The third is here ealled G for convenience. It must not be confounded
with the adjacent broad band at wavelength 431 which appears in the =olar spec-
trum and was ealled G by Fraunhofer. Stars having the spectrum deseribed above
belong to Type L. according to the usual classifieation of stellar spectrn. The K line
3034 is also generally wvisible, but its intensity differs in different stars, This in-
tensity is indicated in Table 1L in the column headed FK. When no other lines
but these named above are visible the spectrum is indicated by the letter A, When
other lines are detected the letter B is used, and the position and intensity of

John G. Wolbach Library, Harvard-Smithsonian Center for Astrophysics = Provided by the NASA Astrophysics Data System



HD katalog

po smrti H. Drapera jeho zena Mary Anne
Palmer Draper — penize na projekt

publikovdn mezilety 1918 — 1924

orvni verze 10 351hvézd v roce 1890
(Willlamina Flemming)

Arequipa (Peru) —jizni polokoule
(Annie Jump Cannon 1901)

225 300 hvezd



HD katalog

1893, expozice 140 minut
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Jak vypadaiji
spektrogratye



TYPY SPEKTROGRAFU

« podle disperzniho Clenu

— mrizkovy, hranolovy, propustnd mrizka,
Uzkopdasmovy filtr

« podle geometrie

— Stérbinovy, aperturni vicevldknovy,
integrdini jednotka pole (integral field unit
IFU), laditelné snimace (tunable images)



Difraction Grating Spectrograph

Image

(from
telescope ~g\
etc.) /

Collimator

Z Diffraction
. \ grating
f | - (reflection)
fr h*: mﬁ"‘\ Imaging
/ \ Yellow / green lens
Blue \,i
\

Spectrum



W7EB05co_01 (unknown)
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Echelle
grating

ECHELLE SPEKTROGRAF

disperser Main Grating dispersion =———>
‘ ‘ ‘ ‘ Nth order
Direction
ofdispersion by
the cross (N+1)th order | | | |
disperser | |
Direction
ofdispersion by
the echelle
grating

Nth order i i (N+1)th order

Ta, S,
L
.
,
T,
B
Fa

e (J0|5J2dS|P J25.42dSIp-550.17)
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APERTURNI VICEVLAKNOVE

« nastaveni optickych vidken v ohniskové
roviné na meéreneé cile

« optickd vidkna vedou svétlo na stérbinu

e Fiber-Fed

(20 o 22 C AR
" / Multi-Object
\ T Spectrographs
(MOS)
Spectra on CCD
; ___t—7pseudoslit
pectromet




SDSS
(Apache
Point
Observatory)
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INTEGRALNI JEDNOTKA POLE

Focal Spectrograph Spectrograph
Plane Input Output

L.J .][.Ji E B Ww
Qﬂ@q | Pupil | B B B
L.J‘Jg @ MY 'm m omom
@UU: ) " 8B E =

Lenslets ..
+ Fibres =‘. Fibres

- 'I I '
i

Lenslets

Datacube

s

Mirrors

—
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MALO SVETLA

¢ seeing —rozmazani do vétsi plochy

« AdO + AcO






MALO SVETLA

¢ seeing —rozmazani do vétsi plochy

« AdO + AcO V ‘“"'"

121 (1779 cosmic removed)

response correction is
of Cosmic corrected: 49 on fib,
Barycentric Earth RV correction: 20.30289 km's
used for CCF Ks
Flux not no flux for spectral type K
_ Correlation: C=49.0[%] RV=-4.05011[km's] FWHM=6.3938[km's] maxcpp=135.6
RV on stellar 6.67[m's]
Estimated RV accuracy on CCF :11.53[m's]
Recipe obj ONE_harps is terminated

Reduction Log Window
Messages (etuned by Reduction Recpes

fverage (OF normalized of SW0207-2089 with TH» 48
CoA5.00 P4, 05011 b/s VM6 3938 hve

————

/

| amps 2012 08
IMARRS 2012 03




MALO SVETLA

seeing — rozmazdani do vetsi plochy
AdO + AcO
veétsi prumeéry dalekohledu

mnoho optickych ¢asti ve spektrografu
(ztrata svétla) - dlouhé expozicni Casy



Throughput (Atmosphere + Telescope + Instrument + CCD) [f
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MALO SVETLA

4000 2000 6000 OO0 83000 000

Wavelength [A]



Co lze vyCist
ze spekirae



CO LZE VYCIST ZE SPEKTRA

chemické slozeni a metalicito
teplofa

povrchové zrychleni

perioda rotace

rychlost rotace

radidlni rychlost

magnetické pole

rozlozeni prvku na povrchu (skvrny)



CHEMICKE SLOZEN| A
METALICITA

4.0 : . |
observed

with Fe
without Fe

F, 1102 ergem™@ s T A

1300 1400 1500 1600 1700 1800 1900
. [A]

Fig. 3. Comparison of observed UV flux (IUE, mean low spectral resolution spectrum) with flux from model atmospheres for solar iron abundance

gr. = —4.6 and for a model without iron (the abundance of helium and silicon is ey, = —1.0, g5; = —4.3). The depression at 1550 A is a clear
signature of iron. Both model fluxes were multiplied by a constant factor to match the observed spectrum and convolved with a Gaussian filter

with a dispersion of 1.3 A. The LWP12335 spectrum and predicted near-UV fluxes are overplotted in the upper right.

Krticka, J.; Janik, J., Markovd, H. et al. 2013, A&A, 556, 18



relative intensity

Figure 4. Comparison of the observed spectrum and the fit by the synthetic spectrum in a selected region of a FEROS spectrum.

NZ)/N(H) / (N(Z)/N(H)),

TEPLOTA, POVRCHOVE

ZRYCHLENI'
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Figure 5. Derived o Scl abundances relative to the Sun.

Tese = 8700+ 125K
logg = 4,11 + 0,05

Janik et al. 2018,
PASP, 130, 4203



data values (unknown)
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intensity (I)

PERIODA ROTACE

e quik

3117

continuum level

/ /[linc profile

il

/ .

wavelength (2)



0.65

0.0

PERIODA ROTACE

0.4+

.l.t. . ..\-" - . .. . .- 1
A R A R TR
- o 1 ® ™ 1
~e 1 ° To°
| 6347.109 Sill | 6371371 Si1I
00 04 08 12 00 04 08 12
Phase Phase



Intensity
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RYCHLOST ROTACE
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RADIALN|I RYCHLOST

radial velocity [km 5'1]
o én =

o
(%]
i T

)
o
T

-0.2 0 0.2 0.4 0.6 0.8 1 1.2
phase

Janik et al. 2018, PASP, 130, 4203



RADIALN|I RYCHLOST

HD 137496

(R = 1,587 Ry,
M = 1, 035 M@,
Teff — 5800 K)
HD 137496b
(M = 4,04 Mg)
HD 137496cC
(M = 7,66 Mj)

200

HARPS |
5  CORALIE 1

RV [m/s]

|||||||||||||||||||

58600 58800 59000 9200 "39400
time [BJD - 2,400,000]

Azevedo Silva et al. 2022, A&A, 657, 68



MAGNETICKE POLE

 rozstépeni Car — Zeemanuy jev

Hydrogen Atom

Sodium Doublet (D Line)

. . o . . . .

Normal Zeeman Effect

I||. o I‘Ill Illl“l

Anomalous Zeeman Effect




George Ellery Hale (1908)
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DOPPLEROVSKE MAPOVAN]|

« Vogt et al. (1987) — dopplerovské
zobrazeni rotujicich hvézd -
rekonsfrukce obrazu

— chladné skvrny RS CVn, FK Com

— nerovnomeérné rozlozeni prvku CP hvézdy
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DOPPLEROVSKE MAPOVAN|
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Fig. 11. Chromium and iron surface abundance distributions (top and middle rows) of © Aur compared to the local magnetic field inclination
(bottom row). The star is shown at five rotational phases, as indicated next to each plot. The contours are plotted with a 0.2 dex step for the
abundance maps and with a 15° step for the field inclination map. The side colour bars give element abundances in the log N,,/N,,, units and field
inclination in degrees.

Kochukhov et al. 2019, A&A, 621, A47
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ZA POZOrNost



