Unesco-UAl January 23 2009

IYA - H@U@gﬂgﬁj

[’Allée des étoiles, Alley of the stars

tutorial with Hands-On-Universe group (www.eu-hou.net)

Lying on the vacoas cloth, wrapped with Ouma up in (a military)
blanket, | look up at the stars...,I speak out their names, as | used to
do with my dad, walking down (our garden Alley, that we called )
Alley of the stars: Arcturus, Denebola, Bellatrix, Bételgeuse,

Acomar, Antarés, Shaula, Altair, Andromede, Fomalhaut.

J-M.G. Le Clézio, 1985, in The gold digger . Literature Nobel Prize 2008.

Suzanne Faye, Lycée Chaptal, Paris
Michel Faye, Lycée Louis-le-Grand, Paris
mfaye2(@wanadoo.fr
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SalsaJ european free software on www.eu-hou.net

-H

Download
Manual

FA.Q.
Exercises |

“(O Search

search...

.. ; TEDNI=d B ZTISEE ﬂi‘

é Home b The software b Download

A&l

- The new version 1.1 of Salsal
Salsal is a software dedicated to image handling and analysis in the
classroom. It is particularly adapted to professional astronomy images. It is
written in Java and can be used on several platforms for which there is a

Java environment. It is based on , a free Java software created by
Wayne Rasband (Reseach Service Branch, National Institute of Mental health,

Bethesda, Maryland, USA).
9’

For PC Windows :

If you have Java installed ) download, uncompress o
and run setup.exe. It will create a Salsaj shortcut onto your desktop.

HOU =

Hands-On-Universe

www.handsonuniverse.org

F-HOU,

France Hands-On-Universe
www.eu-hou.net

EU-HOU,

Europe Hands-On-Universe
www.eu-hou.net


http://www.eu-hou.net/
http://www.handsonuniverse.org/
http://www.euhou.net/
http://www.eu-hou.net/

Happy as-@n-niwerse

AN 1

Follow Balthus, Miro,
the.little Prince.




Binary swskem
Dossier de fichiers

TRAZKIMG_JUPITERS _MOOCMS
Dossier de fichiers

MiroMoonMosaic
r‘ Image JFEG
*l 1194z 922

Présentation Microsaft Power, .,
16512 Kao

All the texts are in English, except
the french text inside cepheids file

Unesco200d .ﬁl

Cepheids
Dossier de Fichiers

FedMoonCat
Fichier
1 629 Ko

Moon
Image JPEG
761 x 7EY

UnescaBoaklet

Présentation Microsoft Power, .,

7 a3 ko

ersé

What you find on the CD:

7] Dancing with a galaxy
Dossier de fichiers
BalthusCat

Image JPEG
3072 % 2045

RedMoonCat
Image JPEG
7ol x 1106

Dossier de fichiers
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Salsal_W1.1-Windows

Supernovae
Dossier de fichiers

HookedGalaxyESD
Image JPEG
400 = 632

Sun
Image JPEG
G40 x 430




First step : Paris, Balthus, cats and SalsaJ (free software on www.eu-hou.net)

In the garden of Odeon Theater and Balthus, french painter,
Champs-Elysées french restaurant the King of cats
painted by Balthus Mediterranean Sea self-portrait
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File/Open image /Balthus’Cat Draw a line through the | Go to Analyse/ Plot Profile
(sign of Odeon restaurant) ears of the cat

¥=620,v=1122, angle=353.99, length=226.04

Fichier Edition Image Opérations Analse FPlugins  Fenétres  Aide o

A S oA o N ————
A4

(3 BalthusCat. PG (50%6)

1344x1 229 pivels, Couleur RAE; 8852K
| Trace drapres BalthusCat. JPG -1
A20x250 pixels; 8 hits; 126K
16447
n
n =
(&)
C
<
2
m
£ s gt e
0 Distance (pixels)
Liste Enregistrer Copier
Froprigtés des axes Indiguer échelle Options de coupe
x=154 ¥=37.297
6




Fichier Edition Image Analyse Pluging Fenétres  Aide

mﬁ ﬂ@_ Opérations entre images gﬂ\

Opérations surune image
Rotations

Play with the image of Red Moon Cat

5 x1'1‘DﬁupierS; 1 ;iis p  Translation 3 Operations  Analyse P'
| Rotation 90 degres 3 droite. [ N
| Rotation 80 degres 4 gauche
' ; Rotation... Ajusternents » ]
' Infarmations... Crl+ A
Propriétés. isa |
? Couleurs b
Files K
' Rogner
Dupliguer... Clrl+Maj+D
Renarmmetr...
Fedimensionner... Ctrl+E
Falette de couleurs Moir & hlanc
montrer palette MEB ifversé
lerser palette Naitfrouge
Couleurs type... Noivert
Moitbleu
Hey ’ Maitfeyan
dOW”head, Mairmagenta
? like a star in Moirjaune
telescopes e —
. Feu
3-3-2 RvB
; Arc-en-ciel




File/Open image Photometry needs a grey
/RedMoonCat.fts levels image.fts

Go to Analyse/Photometry

.
Fichier  Edition

mesure |image lindex [« |y lintensité [rayon [c/~
A FedmoonCat - Z2E8 802 33M18BE 8 1

vl

< | i

Use SalsaJ magnifying glass to see pixels:

7ol 106 pikels; 16 hits Miv. de gris; 1622k

Plugins Fenétres _A_ide
Fenétre de mesure Ctrl+h
Effacer résultats
Indiguer mesures...

Photormetrie
Effacer résultats photométriques

Pararnétres de la photornétrie

Indiguer échelle...

Histogramrne Cirl+H
Coupe Ctrl+k
Courbe 3D

Spectre radio...

Spectre optique...

Outils
Calibration...

EREE




Second step: Paris, Unesco;

see Miro’s sun and moon mosaics

@pératiuns Analyse Pluging Fenétres  Aide
Tye 0 eSS

Infarmat
Froprietes...

Couleurs Fichier  Edition

Files r

Rogner Title: Miro JPG

Dupliuer... Crl+Maj+0 Wiidth: 1194 pixels

Fenommer... Height: 922 pixels

Redimensionner... cirl+E  § Eits per pixel 32 (RGH)
Mo Threshold

Falette de couleurs b

Magnification: 0.74
Montrer palette In astronomy images,

Inverser palette the image information will give

Couleurs type... date, observatory, wavelength ...



http://upload.wikimedia.org/wikipedia/commons/0/06/Pary%C5%BC_unesco.JPG

To compare stars and planets — SalsaJ Plot Profile
P sal =

Fichier Edition Image Cpérations Analyse Plugins Fenétres  Aide

(175 0 1 5 i 2 6 5 e 0 I =X €

d/‘?

ST e T

380393 pixels; Couleur RAYE; 580K (480360 pivels; Couleur RATE; 672K

Our
moon

No
atmosphere

Mounts
and valleys

Our Sun:
a20x250 pikels; B bits; 126K 520x250 pivels, 8 bits; 126k
Gaz(plasma) S 27 Distance (pixals) N
atmosphere g -
< t : E sunspots
unspots oy o [
nal _ f ! ! 1 g L L
0 Distance (pixels) i
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3rd step: In 2009, the Little Prince comes from an exoplanet

1943, Saint-Exupéry, french writer and aviator wrote:

B 612.

P

2009 : Daes the Little

* *

prince on an
mffamd?

S= Star
N = Non identified companion

O= barycentre
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Seven steps for a dwarf star : from Doppler to exoplanets

——

Ekecatens pref Ulise

Socrates

Minera

summary ;

Seven steps for a dwarf star

From Doppler to exoplanets

1N Exercice proposed by :
Roger FERLET, Institut d’Astrophysigue de Paris, France
Michel FAYE, lycée Louis Le Grand , Paris , France
Suzanne FAYE, Lycée Chaptal , Paris , France

SPECTROSCOPY

ANIMATED MOTION OF SPECTRUM LIMNES

MEASURE WAVELENGTH A AMND FLUX, OPTICAL SPECTRLM
CALCULATING RADIAL VELOCITY OF THE STAR WITH DOPPLER SHIFT
RADIAL VELOCITY OF THE STAR , AS A FUNCTION OF DATE
DETERMINING THE MASS OF THE COMPAMION IN BINARY SYSTEM
DISCOVERING AN EXOPLANET WITH DOPPLER SHIFT OF A 5TAR

Download the exercise : ﬂ
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ANIMATED MOTION OF SPECTRUM LINES
USE images.fit
Note : images.fit (fit =fits = fts) are available for animation
images.dat are available for optical spectra

< Salsal -
Fichier Edition{ Image) Cpérations  Analyse Plugins  Fernétres  Aide

& Fico1.fit {16.7%)

=10 =|{
43262150 pixels; 16 hits Miv. de gris; 1 266K [

To have a global view of Doppler shift when the star moves around barycenter:
With Salsa J, Open (Ouvrir) folder (dossier) : binary system

Select the 11 spectra images.fit from ficO1.fit to fic11.fit : press Shift to select
the 11images.fit at once.

Open (Ouvrir) these 11 images, then click on Images : you get a roll-down
menu ; click on Stacks (=Pile) : you get a new menu ; click on Transfer
Images to Stacks (=Transférer images dans Pile)

Click again on Images / Stacks (=Piles) ; then Images/Start animation
(=Démarrer animation)
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Fichier Edition BIMEEER Cpérations  Analyse Plugins  Fenétres  Aide

= | g f=le

— |y | n
@ | -—l—l.
| |k |

>
-

]
| =
o

xds

ez

Ajustements
Infarmations... |+

Froprigtés. ..

Couleurs | ' l I

4| Ajuuteri.mage -
Rogner Enlever image
Dupliguer... Ctrl+Maj+0 Image suivante [=]
REROMIES... Image précedente [=]
Redimensionner.. Bifeg | SIBRHEADES
Palette de couleurs ; Transférer images dans pile
Caonvedir pile vers images

Wantrer palette

Maonter...
Ivarser palette

Extraire selection... [

Couleurs type...
Frojectian...

Projection 30,
Trace profil axe [0z]

Dermarrer animation =]

Arréter anirmation
Cptions des animations. .

14



MEASURE WAVELENGTH A AND FLUX, OPTICAL SPECTRUM

Use images.dat

Investigation of spectrum 1 : spectr 1.data

Click on Analysis / Optical Spectrum/ binary system / spectr1.data

Flchler Edition Image Dperatmns EEEN Pludgins Fenétres  Aide

Fenétre de mesure i+

Effacer résultats
Indiguer mesures...

; spectri.data (16.7%) I

4325¢110 pixels: 32 bits Miv. de gris; 16 [ hotometrie
| | Effacer résultats photormétriques

=10] xj
/\D
(W B

Parametres de la photométrie

Indiguer échelle...

Histogramime Zirl+H
Zoupe Cirl+k
Zourbe 30

Spectre radio...

C Spectre optigue... )

Cutils g

Zalibration...

Na double line

15



Flux according to wavelength : ®= f(A)

Spect1.dat image / Click on the Straight line selection (Sélection rectiligne)
icon, then draw a straight line across the Na doublet (to have an horizontal line,
press Shift during thedrawing)

Click on Analysis / Plot Profile (=Coupe) : you get = f(A)

On suit les raies du
doublet jaune du sodium
pendant plusieurs jours

¢ spectri.dota (16.7%)
325100 pixels; 32 bids Niv. de gris; 1688K

T [

& Tracté d'apriés spectrl.data
IT0w250 peels; 8 bits, 90K

7000 SEO0.216 2287.242
5880.230 2172.090
5890.246 1950.711
5800.261 1938.993
5800275 1541.972 - V.,=V,+Wcos (21t/T + b)
5890261 1353509

£800.306 1183230
5800321  1049.106
5E80.335 985084
5g00.351 727.508
5800366 683100

EluAD]

0 i L 5890381 629956 I ‘
5887.0 Lambdal#] 5900.3 3 | \
— (5500411 555655 1 : 0
Liste ¥ Enregistrer Copier o |
| ! ’I'

Proprfiés Indiquer échalle | Options de coupe 5890.440 809580 <
ERO0A5E H63045 50 .
¥=5890, 38 ¥e629.96 i =
5630.471 398934 P T/2 = 5,2 jours
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4th step : Salsad with Galileo spectacles
Christmas 1604 : the new star was a Supernova

1604 :
A young teacher discovers a new star in the sky (Galileo, october 1604)

Shakespeare begins to write « Hamlet », inspired by Tycho Brahe (the
man with a golden nose)

17



1608: Lippershey, a spectacles vendor, introduces the first « optical pipe»
as spyglasses

1582 : The Spectacle Vendor by Johannes
Stradanus, engraved by Johannes Collaert

L Svadani s, [P A

1609: Galileo is the first one to use it as a refractor telescope

1610: Galileo publishes « The Sidereal Messenger » ::©::::::©

18



1610:

Galilean
Moons

Callisto

Ganymede

Europe

Io

Credit NASA

‘ichier  Edition Image Opérations

I=aE&

al - 8 X

196x576 pivels, Couleur RAE; 440K

Os

) Plugins Fenétres Aide
Fenétre de mesure Cirl+h
Effacer résultats

Indigquer mesures. ..

Photarmétrie
Effacer résultats photométrigques
Paramétres de |a photométrie

Indigquer échelle...
Cirl+H
Coupe

Courbe 30
Spectre radio...

Spectre optique...

Eclition

Fichier

ﬁ EEEEREERR

Carl+1

1 — Line to be drawn

2 - Coupe = Plot Profile

1]

Qutils
Calibration...
O0OOANN
wi
= P4
[}
=]
e
kg
m
f=1
L L L 1 L
0 Distance (pixels) 146
Liste Enrengistrer Copier

Propriétés des axes

Indiguer échelle

Qptions de caupe




[II — Salsad Operations: Jupiter’s Galilean Moons

Fichier Edition Opérations  Analyse  Pluging  Fengtres  Aide

OE8E ~ » 157 115 5 5 R €

Luminositelcontraste..  Ciri+Maj+C

Fa
i

Infarmations... Ctrl+l Fenétre/niveau...
Froprigtés. . Equilibre des couleurs... | =
Couleurs ¥ Seuil.. Clrl+Maj+T
Files ko Taille.. |
¢ = |
5124512p Rodner
Dupliguer... Clrl+Maj+D
Renommer... D' C ". t
Redimensionner... Cirl+E " ? ISt0
Falette de couleurs ®
213 7156
Mantrer palette
Inverser paletts B: Europa Minimurm
Couleurs type... J D
haximum
4 3
Lurminogité
4 3
Constraste
. 1 3
C: Ganymeéde
Auto Initial
Yaleurs Appliguer
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Add images (or substract ...) .

Image 1; | ARIEENINEE] bl

Fichier Edition Image Analyse Fluging Fenétres  Aide

gﬂ@@@_ Opérations entre images m D|O|3|Q;=|T(SP|J_ Opératinn: Addition -

Opérations surune image » mage 2. |JUPTFTS -
Rotations L ; i

Translation . .
v Resultat dans une nouvelle fengétre

Qi | Annuler

812612 pixels; 16 hits Niv. de gris; 512K

EY Resultat de JUPT0.F
51 2%51 2 pixels; 16 bits Miv. de gris; 512K




2 = 0X

Fichier Edition Image Operations Analyse Pluging Fenétres  Aide

Y 1 1

l—ll—n—l‘l“n........ - B

1its Miv. de gris; 512K = g — E de gris: 512K

k CaIIisto/

Maximum

C . Gﬂ"Y]Iéde Luminosité

/ xt




With SalsaJd and Galilean Moons:

1 — You have 5 calibrated images (date 23/4/92, one hour exactly between each
image, see image information)

2 — Jupiter is at center coordinates (216; 216)

3 — On picture number 10, the moon lo is at distance R from center of Jupiter

So, you can measure and calculate :
1 — Orbital period of Io : T = 1,8 day

2 — Orbital radius of lo: R=4,2 . 108 m
3 —Jupiter Mass: M; =413 / G T? = 2. 10?7k

Distance from

Orbital Period

Name Discovery Date Discoverer Jupiter (10° km) (days) Mass (102° kg) Radius (km)
lo (A) 421.6 1.769138 893.2 1821.6
Europa (B) 161 670.9 3.551181 480.0 1560.8
610 . -
Ganymede (C) Galileo Galilei 1070.4 7.154553 1481.9 2631.2
Callisto (D) 1882.7 16.689018 1075.9 2410.3
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Analyse/ Photometry

Cepheilds and photometry

Calculate the rate of brightness:
Variable star/steady star
= Salsal = O [XTH

Fichier Edition Image Opérations g Pluging Fenétres  Aide

3/ 5 1 02 0 I R 2
Oceptis (5% L= = mayttcoptis (60%) (- | E X

%
] #

E

|
i
|
|
i
!




Photometry of cepheids, relation Brightness - period

Variation périodique de I'éclat
apparent de la céphéide:

Hlh

i

|.

HHH

Luminosité — Période: courbe
établie par Henrietta Lewitt (1912)

échelle logarithmique

d=( Lmoy / 4.t Emoy)"2= [ Puissance émise par |'étoile/ (4 TtPuissance regue par
unité de surface, obtenue par comparaison avec étoile de référence, voir TP)]""2
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Today deep sky: Captain Hooked, Hooked galaxy and a supernova

Fichier Edition Image Opérations  Analyse  Plugins  Fenétres  Aide

OEaggnlBuz=

2100 | 1 5 S I s [ I 2% 2 [

alas 005, jpg - 8

= ace dapr (el

Ml[520x250 pixels; @ bits; 126K

I PR FN T TN RN e i PR
i =

400%632 pixels; Couleur RAVE; 984K 255
)
w
5
k)
=
o
w L
(1]
o
0 | I ALy fllll
0 Distance (pixels) 378
Enregistrer | Copier
Froprigtés des axes Indiguer &chelle Optiohs de coupe '

520x250 pixels; 8 hits; 126K

391
255
L]
hova,
5
L)
=
[=]
{5 ]
w -
m
(=N
0 e =il il .
0 Distance (pixels)
. Liste | Enregistrer | Copiar
N e 3 || Propriétés des es | Indiguer schelle | Options de coupe |
Priccs Pleske S2006 128 Jue 2008 | +

IFnage available on http://www.eso.org/public/outreach/press-rel/pr-2006/images/phot-22-06-preview.jpg
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http://www.eso.org/public/outreach/press-rel/pr-2006/images/phot-22-06-preview.jpg

1-Open images SUPERNOVA_LIGHT_CURVES (12 images/ Read dates in Image Info)
2-Automatic photometry is not very precise; open image one by one, enlarge (zoom)
3-Use Analyse /Plot Profile, follow curve with cursor, then read peaks ordinates on each image:

A Salsa. ¥ =Yea

Fichier Edition Image Opérations Analyse Pluging Fenétres  Aide

(e E RGN B0

#=2200,y=274, angle=318.65, length=6E6.60

FPTEED T AR

N 1 5 225

LB DI NIV, 02 gris, 920k

Trace diapres SNIMGE. FT5 -3
A20x240 pixels; 8 hits; 126K

~ Core of galaxy

1
Distance (pixels)

Supernova :
Liste Enregistrer Copier
Propriétés des axes Indiguer échelle Options de coupe
Date (Image Info) | O 5 9 11 12 19 20 21 25 26 31 34
Core of galaxy | 393 561 1457 | 686 765 1117 1116 1181 1237 1060 | 916 1115
Supernova 217 819 2103 | 923 823 665 913 883 658 576 349 407
Supernova/Core 0.552 | 1.460 | 1.443 | 1.345 | 1.076 | 0.595 | 0.818 | 0.748 | 0.532 | 0.543 | 0.381 | 0.365




Draw the curve of supernova brightness
(calculated with reference to galaxy core) dCCO rding to date

Supernova Brightness/ Galaxy core

0.2]

0 5 10 15 20 25 30 ~ Date

t(d)

Supernovae are used as cosmic candles for measuring distances in the Universe.
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Sth step : Galaxies with Van Gogh
in Auvers-sur-Oise

a village near Paris

= %

Lon el
- R

g gl | _.,ﬁ ol

i S S i D ‘{-!

Auvers-sur-Oise, by Van Gth

L e—— ,l "-.f«‘"j’f-

Whirlpool Galaxy - Mgt

{ubble
€ age

He

NASA, ESA, S_Beckwith (STScl), and The Hubble Heritage Team (STScl/AURA) - Hubble Space Telescope ACS - STScl-PRC05-12a

Starry night, by Vincent Van Gogh MS51, Whirlpool Galaxy(english whirlpool= french tourbillon)
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http://www.linternaute.com/sortir/magazine/photo/auvers-sur-oise-par-van-gogh/l-escalier.shtml

Danelng with a galaxy

About galaxy NGC 7083, redshift and dark matter

Measuring Edwin Hubble’s redshift and Vera Rubin’s dark matter
il

Y
— Suzanne FAYE, Lycée Chaptal, Paris, France
Socrates = H U
Mincrva Michel FAYE, Lycée Louis-le-Grand, Paris, France
=

Global HOU - Lisbon 2008 mfaye2@wanadoo.fr
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http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg

| - About galaxy NGC 7083

Where? in Indus Constellation (Southern hemisphere)

Why Southern hemisphere? Because of very performant
telescope ESO — VLT (Chili) Aladin Java Applet

U =T

http://seds.org/~spider/ngc/ngc.cgi?7083 E,
http://simbad3.u-strabg.fr/sim-id.pl?Ident=NGC7083 e —_-

Right Ascension: 21 hours 35 minutes 454 s
Declination: -63 degrees, 54 minutes 17s
Apparent Magnitude: 12

Apparent Diameters: 3.5’ long; 2,0’ wide (slide 4)

31


http://seds.org/~spider/ngc/ngc.cgi?7083
http://simbad3.u-strabg.fr/sim-id.pl?Ident=NGC7083

1 - About Indus Constellation, southern hemisphere (visible with VLT, Chili)

http://www.starrynightphotos.com/constellations/indus.htm

The constellation was one of
twelve constellations created
by Pieter Dirkszoon
Keyser and Frederick de
Houtman between 1595 and
1597, and it
first appeared in Johann
Bayer's Uranometria of
1603.

Since Indus was introduced
in the 17th century, and lies
in the south, it was not
known to classical or early
cultures thus they produced
no mythology concerning it.
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http://www.starrynightphotos.com/constellations/indus.htm

2 - http://simbad3.u-strasbg.fr/sim-id.pl?ldent=NGC7083

Aladin sky atlas

Fichier Edition Image Catalogue Graphigue ©util  Aide

= E

Position |

D551.J.5ERD
b 5540

g -
635

Fioae:20

Aladin Java Applet

et T -

Propriété du filtre "Filters"

Uni ilkre wous permet de modifier et contraindre I'affichage des plans catalogues

Froprigké du filkre |FilterS

Mode débutant | Made expert

Choississez le filtre gque vous voulez appliquez

() Dessine des cercles proportionnels & la luminosité des objets
() Affiche uniquement les objets brilants (magnitude < 12}
() Affiche uniguement les objets Faibles {magnitude > 17)

() Inscrit les bypes d'objets

() Trace le mouvements propres des étoiles

-G 00

1465 x 1400 E

“ | I
e W JddHiE
i multivues  match Chel

Fermer

Answer for the angular
sizes of the galaxy:

3,5’ long; 2,0’ wide
33


http://simbad3.u-strasbg.fr/sim-id.pl?Ident=NGC7083

3 — What is the orientation of the galaxy disc plane; angle i ?

We see as an ellipse what is in fact a circle.

YIpIm

Answer for angle i : cos(i) = width/length=2,0/3,5 => i=55° sin(i) = 0,82
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Hubble redshift V = H* D

Pretty Doppler effects

Rotation of the
galaxy
Rotation of the galaxy

i NGC7083_RID.FTS
386294 pixels: 16 bits Miv. de gris; 220K

=101 x|
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4 — Part of NGC 7083 Spectrum, by VLT - ESO / cf Italy: Alessandra Zanassi, Marileva Spavone

L Lines emitted by atoms from the disk of the galaxy
) \ 7 \

T =3
JBEx2Y94 puels: 16 hits\Miv. de gris; 320K

==y

Continuum
emitted by the
core of the
galaxy

B6



5 — Have a look at Image/ Informations

Opérations  Analyse Pluging Fenétres  Aide

1 5 e s 0 S

2 [ L]

N2
Ajustements L
Informations... Crl+l
Proprigtés...

7
Couleurs L 20K
Files L
Rooaner
Dupliguer... Cirl+Maj+D
Renammer...
Redimensionner... Cirl+E
Falette de couleurs L

Montrer palette
Imverser palette
Couleurs type...

Fichier  Edition

SIMFLE = T f Standard FITS format

BITPIX = 16 7 Mo, of bits per pixel

MAKIS = 2 Mo, of axes inimage

MAKIST = AB6 M Mo, of pixels

MAKISZ = 294 1 Ma. of pixels

EXTEMD = TIFITS extension may be present
BLOCKED = TIFITS file may be hlocked

CRPIE = -18459. /F Reference pixel

CRVALT = 4937 J Coordinate at reference pixel
CDELTT = 0986999988556 f Coordinate increment per pixel
CTYPE1 = ‘Angstrom " | Units of coordinate

CRPIKZ = -8. I Reference pixel

CRVALZ = -127.343874817 1 Coordinate at reference pixel
CDELTZ = 0.82f Coordinate increment per pixel
CTYPEZ =' " I Units of coordinate

BUMNIT ='ADU " I'Units of data values

DATAMAK = 1062 6574707 f Maximum data value
DATAMIN = -153.014587402 f Minimum data value

ORIGIN = 'ESO-MIDAS Pritten by MIDAS
DATE ="2001-09-27T12:00:02'F [UTC] Date of writting

FILEMAME= 'nac¥083s gas.bdf 7 Original file base-name
1
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6 — Which lines did VLT astronomers have sent to us?

N nitrogen
H hydrogen

S sulfur

A(pixel) = a*(pixel-reference) + b

CDELTI * (pixel+ 1559) + 4937 (A)

Image Information:

CRPIX1 = -1559. / Reference pixel

CRVAL1 = 4937./ Coordinate at reference pixel

-

lines

7N

Core of the galaxy

'/ ':X

NII a

Ha

NIIb

CDELT1 =0.986999988556 / Coordinate increment per pixel

CTYPE1 ='Angstrom '/ Units of coordinate

SIIa

T

SIIb
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Distance to the core

Distance to the core

7 -Spectrum of NGC 7083 - Magnifying glass

_

Fichier Ediion Image Opérations

[ 5 15 i e I 9

J=167, y=145, valeur=801 00 (33569)

Analyse Pluging Fenédtres  Aide

On Earth

Core of NGC7083

Image Information: A = (X + 1559)* 0,0987 + 493,7

Ay=r
_____ redshift
RaieHa: X =156
So A = (156 + 1559) x
0,0987 + 493,7

A =663,0 nm

wW=r
Spectrum of NGC _

' Spectr;jm on Earth 7083 Redshift V gatanic= € AMA
Line R X (pixel) =2, (m) | &L= (h,-A) A, o= 5.10° b
Ha 656.28 X=156; 0.0102 3060

A, =663.0
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8 — Calculate redshift for each line

A(pixel) = a*(pixel-reference) + b = CDELTI * (pixel+ 1559) + 4937 (A)

e | Spemen | Spesnmal NGC T S| e
1 ? 2 ! ¢ =3.10° km/s
Nlla 654.80 X=140 A, =661.6 0.0103 3090
Ha 656.28 X=156 A, =663.0 0.0102 3060
NIIb 658.35 X=178 A, =665.2 0.0104 3120
Slla 671.60 X=313 A, =678.6 0.0104 3120
SIIb 673.10 X=328 A, =680.0 0.0102 3060
Let us keep V,ccros3 = 3:097103 km/s Good measurement!
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9 — What is the distance D of galaxy NGC 70837

P,
Let us use Hubble law : V... =H* D,
i with H = 73 km.s".Mpc"
1pc = 3,26 a.l. et 1a.l. =9,47.10"" m
2

D = V| scr0s3 /H =3090/73
= 42,3 Mpc = 4,23 x107 pc

D =13,8 x107 a.l.

D=1,31 x10#m
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http://upload.wikimedia.org/wikipedia/commons/f/fd/Parsec-fr.svg

10 - Measuring the size d,.; Of the galaxy

Aladin Java Applet

— 1 * : Muclear bulge
dyaaxy = G(en radians) * D s

Onae 7083~ 3,5°=1,02. 103 rad
D =4,23 x107 pc

Our Galaxy, Milky Way : dyiy, way = 25 000 pc

‘
.1/

NGC 7083: dhyscrog =43 - 10PC = 1,7 * Ay ey
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11 — Have sizes of the galaxy with Image/ Informations and apparent diameters

Opérations  Analyse Pluging  Fenétres  Aide

' B2

10 15 0 I S

Ajustements L4

Informations...

Froprigtés...
Couleurs L4
Files 4

Fichier Edition

Rogner SIMPLE = T Standard FITS farmat
Dupligquer... Ctrl+haj+D BITPI® = 16 [ Mo of bits per pixel
Fenommer... MAKIS = 2T Mo, of axes in image
Redimensionner... Ctri+E MAIST = 386 /Mo. of pixels
MAKIS2 = 294 f Mo, of pixels
Falette de couleurs L4 EXTEMD = TIFITS extension may be present
Montrer palette ELOCKED = TIFITS file rmay be blocked
Irverser palette _
Cauleurs type... CRPI1 = -1559. I Reference pixel
CRWALT = 4937 Coordinate at reference pixel
CDELTT = 0936999988546 F Coordinate increment per pikel

CTYPE1 = Angstrom " [ Units of coordinate
CRPIH2 = -8. I Reference pixel

Ooe = 16 pixels = 137

= " I'lUnits of coardinate

=127 343874817/ Coordinate at reference
0.82 ) Coordinate increment per pixel

BUMIT ="ADL ' I Units of data values

Width of the picture =
289 pixels = 237"

Opee 7oss = 3,9 = 2107=
256 pixels

ORIGIN ="ESO-MIDAS' Pritten by MIDAS

1

DATAMAN = 1062 6574707 I Maximum data value
DATAMIM = -153.014587402 f Minimum data value

CATE ='2001-09-27T12:00:02'F [UTC] Date of writting
FILEMAME= 'nac¥083s das.bdf [ Original file base-name
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12 — Measuring the size d__ . of the core of the galaxy : « vertical » slice

core

386x294 pixels: 6 bits Miv. de gris; 220K

a202a0 pivels; 8 bits; 126K

792¢
S E
o
=
Y
o |
[1: T
=9
EEETTERTRR L v v o Bowr g o Mo e o 3o oo !
0 Distance (pixels) 289
Liste Enrenistrer capier
Proprigtés des axes Indigquer échelle Options de coupe
X=142 ¥=751.000

Let us evaluate: core = 16 pixels; dygcr0s3 = 256 pixels

=>d__/d.,.. =16/256 et dycrs = 4,3. 104 pc ; so d_.= 2,7.10%c= 8,3.10" m

core galaxy
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Il — Dancing with a galaxy

Redshift of the core

+

_ Redshift

the core

[

« Relative » Doppler
shift by rotating around

*r, distance to the core of the galaxy

n

The Icore

2AN

—_—
wavelength
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http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg

1 — Why is the shift of the spectrum constant forr>R ?

Vera Rubin (born 1928) is an astronomer who has done pioneering
work on galaxy rotation rates. Her discovery of what is known as "'flat
rotation curves' is the most direct and robust evidence of dark matter.

Dark matter bounded?

]

2R —
I

Turning around
the core -

Dark matter bounded?
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http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg

Danse with a galaxy / Dark matter

Let us imagine that

the arms of the
dancer are «held

back » by ???

Dark Matter!!!

Vv

i

rotation

3

* Doppler shift A\ is constant for r > R,

which means that the relative velocity is

then constant
A

* Because of the inclination i of the

galaxy plane, AA/A =V

*sin(i) /c

relative

V « held back » by dark
©
\. matter

If Vrotating was decreasing

with distance to the core



http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg
http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg

3 —How can we measure AA/ A ?

You can either use quotient in pixel, or use CDELT1: 1 pixel =1 A or 0,7 nm vV -
rotation
P2 NGC7083_RID 00% [AN/A] Oc / sin (55)
386x2494 piﬁals; 16 hits Miv. de aris; 220k

We use line H, ,

with rotation shift

A (H,/core)= 6630A
So:

V
V

=256 pixels

a galaxy

~ (4/6630)* ¢/0.82
~2.21.105m/s

rotation

rotation

Around the core of the
galaxy:

mV2/r=Gm M/ r?
soM,_=V?R/G

core

G=6,67. 10" S|
R=d_./24,15.10"m

core

M_,. = 3. 1040ks

core

a..= 16 pixels

core

2 A\ =8pixels=8 A or0,8 nm

Simplier:

I Total Mass / Visible Mass=
256/16=16 48

‘ n _— n _— |} _— L} —_—



Fichier Edition Image Opératio

JEagsu

iélection libre

For the core of the galaxy:

mV2/R=GmM,_,/R?
so M_,.=V?R/G
G=6,67.10" Sl
R=d,/2= 4,15.10" m

core

M_,.=3. 104 kg

core

For the whole galaxy:

2 _
mV?/ Mwhole — Gm |\/lwhole / rwhole

so M, .= V?r,./G

G =6,67.10" Sl
[2= 6,65.10m

galaxy’

whoIe

r . =d

whole

M =48. 10 kg

whole

M, .= 16"M

whole core

Here is dark matter, a challenge for

researchers 1©:::©!!

> Brighting mass

Bright galaxies, dark matters, by Vera Rubin



http://www.lexode.com/galerie/galerie/c/l/claire91350/1172146095777.jpeg

Yes, dark matter proposed by the
astronomer Vera Rubin in the seventies

(A pretty pricess rescues a prince ; her

clothes are all in a mess)

When the Prince saw ber, he said : « You
are very dirty and look like a paperbag;

please, go and get cleaner before I can

7arry you. ».
The princess answered: « So don’t 1! »8he

wonld have been a great scientist! Paper bag Princess, de Robert Munsch,
traduction frangaise La princesse dans un

sac
Bright galaxies, dark matter, de Vera Rubin.
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