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Hva er fjernstyrt astrofotografering

« Leier observasjonstid pa teleskop andre steder i verden.
» Logger inn pa en nettside for a styre GoTo-montering og CCD-kamera.

Eksempler:

 Rent a Scope (RaS)
— Flere teleskop i USA og Australia. Ulike filterrkaelges.
— Fleksibel kontroll med systemet.
— Laster ned bildene i r&format og prosesserer selv
— Rimelig abonnementstilbud

« SLOH pa Kanarigyene
— Man bestemmer kun hvilket objekt eller posisjodenskal tas bilde av
— Kun RGB, ingen guiding, korte eksponeringer.
— "Guidede turer" pa stjernehimmelen.
— Kan laste ned jpeg-bilder, men har ikke rett publisere dem ...

« Bradford Robotic Telescope pa Tenerife
— Bestiller en eksponering og far beskjed pa e-pastiat er klart.

— Hovedsakelig RGB, ingen guiding, korte eksponesing
— Gratis!



Fordeler med fjernstyrt astrofotografering

Gunstige plassering av observatoriene.
— Gode observasjonsforhold mange netter i aret
— Lite lysforurensning
— Ofte skyfri himmel
— God seeing

Velg mellom observatorier i flere land
— Observer pa dagtid

— Observer objekter i posisjoner og pa tidspunkt som ikke er tilgjeryetfcn,
f.eks. pa sgrhimmelen

Rimelig alternativ til & kjgpe utstyr til 10-tusds\av kroner som bare kan
brukes et begrenset antall netter i aret.

Slipper a bruke tid pa a sette opp utstyr. Andre fstavedlikehold.
Slipper a fryse pa fattene...



Ulemper ...

e Man gar glipp av:
— aveere ute om natta og se pa stjernehimmelen
— utfordringen med a sette opp og justere inn utstyr
— det sosiale ved a observere sammen med andre

... men markanfa bade i pose og sekk!

 Det kan bli kostbart hvis man vil ta mange og svagrge
eksponeringer, eller gjgre omfattende automatiserke

« Veeret setter ingen grenser for hvor mye tid manbake pa
dette ...



Noen bruksomrader

« Bilder av fine / spennende objekter
— emisjonstaker og marke taker
— galakser
— kulehoper

— kometer

* Ngyaktige observasjoner og sgk:
— supernovaer
— asteroider
— variable stjerner

— eksoplaneter



Rent a Scope (RaS)

Teleskop | New Mexico (6) og Australia (5).
o Teleskopmerker : Takahashi, Intes og RC Optics
 Apningsdiameter : 150 til 317 mm

« Synsfelt : 17x12 til 234x156 bueminutt
Automatiske filterhjul hvor en kan velge filter

« Vanlige farger 1 RGB = Luminans, Rgd, Grenn, BI4

* Fotometrisk UBVRI = UV, BI4, Visible (grgnn), Rad, IR

« Smalband HOS = H-alfa, O-iii, S-i

Paramount og Losmandy monteringer
» Goto-presisjon bedre enn 1 bueminutt
» Guidekamera

SBIG og FLI CCD-kameraer
« SBIG :ST8, ST10, STL 1100
« FLI :1024, 8300, PL 1102
» Ferdige kalibreringsfiler kan lastes ned.




Tilgjengelige RaS-teleskoper tebruar 2009

Oppdatert teleskopliste

Navn, sted Teleskoptype Kameratype Felt Piksel | Filterutvalg Prist  Eff.Ap.c Felt
midnatt norsk tid modell Mpix buemin buesek $/time drh gr?
GLl New Mexicol 300 MM /12 bkc | FLI-1024 1 | 24" 24 1.38 BVRIC 15- 95 5.7 0.15
G2 USA 300 mm f/9 bpkc | ST& 16 | 17" 12 0.68 UBVRI 13-90 4.6 0.06
G3 oo . | 150 mm f7.3a00 |FLI-830C" 8.3 | 44" 59 1.06| fageccd |34-95 0.6 0.7
G4 250 mm f/3.4 asrgr| ST&e 1.6 | 56° 37 2.18| BVRIHOS |15-90 3.2 0.6
G5  Natt 3-1330| 250 MM /3.4 astgr| ST 10e 3.2 | 59° 40 1.64 | LRGBHOSBVR [ 26- 90 4.3 0.6
G14  (Mdnattki®) 1 106 mm /5 Astrgr| STL 1108 11 |156° 234 3.50| LRGBHOS [32-90 0.4 10.1
G8  \ioorook |317Mm 9 rc | STL1100 11 | 43" 29 0.65| LRGBVHOS |27-155 3.9 0.35
G10 Australia | 140 mm /7 apo | STL1100 11 |126° 84 1.89| LRGBHOS |14-79 0.8 3.0
G11 %moh |317mm f9 rc |FL-1100211 | 44° 20 065 |LRGBHOSUBVRI|16- 90 3.9 0.35
G12 Natt 1145-20 106 mm /5  astrgr| STL 1100 11 [156° 234 3.50| LRGBHOS |[37-105 0.4 10.1
G1s MK 554 mm /6 rc | ST 10me 3.2 | 23° 34 0.33 | LRGBHUBVRI [15- 85 25 0.22

: Kamera med antiblooming
. Laveste pris er med 50 %

fullmanerabatt og forbruk pa
130 $i en maned

. Effektiv aperture

= areal x kvanteeffektivitet



Tak Mewlon 300 mm Tak TOA 150 mm

Apo refraktor

Dall-Kirkham Cassegrain

Tak Epsilon 250 mm  Tak FSQ 106 ED

Refraktor med stort felt

Astrograf reflektor

RC 317 mm
Ritchey-Chretien

RC 254 mm
Ritchey-Chretien

Navn, sted Teleskoptype Kameratype Felt Piksel | Filterutvalg Prisb  Eff.Ap.c Felt
midnatt norsk tid modell Mpix | buemin  buesek $/time drh gr?
Gl New Mexicol 300 MM f12 pke |FLI-1024 1 | 24” 24 1.38 BVRIC 15- 95 5.7 0.15
G2 USA |300mm f/9 bkc |ST& 1.6 | 17 12 0.68 UBVRI 13- 90 4.6 0.06
G3 o |150mm f/7.3a0 |FLI-8300 8.3 | 44" 59 106 | fageccd [34-95 06 0.7
G4 250 mm f/3.4astrgr| ST&E 1.6 | 56° 37 2.18| BVRIHOS [15-90 3.2 0.6
G5 | Natt 3-1330] 250 mm /3.4 Astrgr.| ST 10kve 3.2 | 59” 40 1.64 | LRGBHOSBVR | 26- 90 4.3 0.6
G14 (Mdnatk® 1106 mm f/5 Astrgr| STL 1100 11 |156° 234 3.50| LRGBHOS [32-90 0.4 10.1
G8 Moorook 317 mm /9 Rrc STL 1100 11 | 43" 29 0.65| LRGBVHOS |27-155 39 0.35
G10 Austiala | 140 mm /7 apo |STL1108 11 126 84 1.89| LRGBHOS |14-79 08 3.0
G11 ssmon 317 mm /9 rc |FLI-1100211 | 44” 29 0.65 |LRGBHOSUBVRI|16- 90 3.9 0.35
G12 Natt 1145-20 106 mm /5 astrgr| STL 1108 11 (156" 234 3.50| LRGBHOS |37-105 0.4 10.1
Gls MK 554 mm fl6 rc | ST 10me 3.2 | 23° 34 0.33 | LRGBHUBVRI [15- 85 25 0.22




FLI: 8300, 1

1002

SBIG: STL 1100

SBIG: ST 10, ST 8

Navn, sted Teleskoptype Kameratype Felt Piksel | Filterutvalg Prisb  Eff.Ap.c Felt
midnatt norsk tid modell Mpix | buemin  buesek $/time drh gr?
Gl New Mexicol 300 MM f/12 ok |FLI-1024 1 | 24”24 1.38 BVRIC 15- 95 5.7 0.15
G2 USA |300mm f/9 bkc |ST& 1.6 | 17 12 0.68 UBVRI 13- 90 4.6 0.06
G3 o |150mm f7.3a0 |FLI-8300 8.3 | 44" 59 106 | fageccd [34-95 06 0.7
G4 250 mm f/3.4 astrgr| ST&E 1.6 | 56° 37 2.18| BVRIHOS |[15-90 3.2 0.6
G5 Natt 3-1330 250 mm /3.4 astrgr.| ST 1&kve 3.2 | 59 40 1.64 | LRGBHOSBVR | 26- 90 4.3 0.6
G14  (Mdnatki®) 1 106 mm /5 Astgr| STL 110@ 11 |156° 234 3.50| LRGBHOS [32-90 0.4 10.1
G8  Moorook |317mm /9 rc | STL1106 11 | 43" 29 0.65| LRGBVHOS |27-155 39 0.35
G10 Austidla | 140 mm /7 apo |STL1108@ 11 126 84 1.89| LRGBHOS |14-79 08 3.0
G11 ssmon 317mm /9 rc | FLI-1100211 | 44” 29 0.65 |LRGBHOSUBVRI|16- 90 3.9 0.35
G12 Natt 1145-20 106 mm /5 astrgr| STL 1108 11 (156" 234 3.50| LRGBHOS |37-105 0.4 10.1
Gls MK 554 mm fi6 rc | ST 10me 3.2 | 23° 34 0.33 | LRGBHUBVRI |[15- 85 25 0.22




Priser

« Rabatt i forhold til mane og manefase.

50 % rabatt ved > 75 % mane.

« Minimumsfakturering per maned gir rabatt.

Pris versus ytelse

« Med doblet apningsareal trenger man halv ekspogstid.

« Stort felt betyr faerre bilder for & dekke sammeritareal.

Kan velges for en maned av gangen.

— "Research plan”

— "CCD imag

er plan”

— "Trial plan" engangs 25 $

25, 80, 135
25, 125, 165, ... $/mnd

$/mnd

— antiblooming

* Andre parametere av betydning
filterutvalg

— optisk kvalitet
kamerastgy

- i de fleste tilfeller god nok!

- varierer litt

pikslelopplgsning (buesekund)

Navn, sted Teleskoptype Kameratype Felt Piksel | Filterutvalg | Prist Eff.Ap.c Felt
midnatt norsk tid modell Mpix | buemin  buesek $/time drh gr?
GL | New Mexicol 300 MM 12 okc |FLI-1024 1 | 24” 24 1.38 BVRIC 15- 95 5.7 0.15
G2 USA 300 mm f/9 obpkc |ST& 16| 17" 12 0.68 UBVRI 13-90 4.6 0.06
G3 o |150mm f7.3ap0 |FLI-8300% 8.3 | 44" 59 1.06| fargeccd [34-95 0.6 0.7
G4 250 mm /3.4 astrgr| ST&E 1.6 | 56° 37 2.18| BVRIHOS |[15-90 3.2 0.6
G5 Natt 3-1330 250 mm f/3.4 astrgr.| ST 1&kme 3.2 59 40 1.64 | LRGBHOSBVR | 26 - 90 43 0.6
G14 Mdnatki®) 1 106 mm /5 Astrgr| STL110@ 11 [156° 234 3.50| LRGBHOS [32-90 0.4 10.1
G8  Moorook | 317mm 9 rc | STL1108 11 | 43" 29 0.65| LRGBVHOS |27-155 3.9 0.35
G10 Australia | 140 mm /7 apo | STL 1106 11 |126° 84 1.89| LRGBHOS |[14-79 0.8 3.0

34° S
G11  33moh  |317mm f/9 rc |FLI-1100211 | 44 29 0.65 |LRGBHOSUBVRI|16- 90 3.9 0.35
G12 Natt 1145-20 106 mm /5  astrgr| STL 1106 11 |156° 234 3.50| LRGBHOS |[37-105 0.4 10.1
G15 (MAnatki® 1 o5A mm /6 rc | ST 10wme 3.2 | 23° 34 0.33| LRGBHUBVRI |15- 85 2.5 0.22




Filter

» FargefilterLRGB avbilder farger slik de ses av gyet

» Fotometriske BVRI egner seg for vitenskapelige observasjoner.
BVR kan ogsa brukes for fargefoto.

« HOS brukes til foto av stjernetaker med emisjon fra hydrogen, oksygen

og svovel (i ekstremt fortynnet gassform)

Navn, sted Teleskoptype Kameratype Felt Piksel | Filterutvalg | PrisP Eff.Ap.c Felt
midnatt norsk tid modell Mpix | buemin  buesek $/time dr gr?
Gl \ew Mexicol 300 MM f/12 pkc | FLI-1024 1 | 24”24 1.38 BVRIC 15- 95 5.7 0.15
G2 USA 300 mm f/9 obpkc |ST& 1.6 | 17" 12 0.68 UBVRI 13-90 4.6 0.06
G3 o . |150mm f7.3ap0 |FLI-8300% 83 | 44" 59 106 | fargeced [34-95 0.6 0.7
G4 250 mm /3.4 astrgr| ST&E 1.6 | 56° 37 2.18 BVRIHOS |[15-90 3.2 0.6
G5 Natt 3-1330 250 mm /3.4 astrgr.| ST 1&kve 3.2 | 59 40 1.64 | LRGBHOSBVR | 26 - 90 43 0.6
G14 Mdnatki®) 1 106 mm /5 Astrgr| STL 1108 11 [156° 234 3.50| LRGBHOS [32-90 0.4 10.1
G8  Moorook |317mm /9 rc |STL110G 11 | 43”29 0.65| LRGBVHOS |27-155 3.9 0.35
G10 Australia | 140 mm /7 apo | STL 110G 11 |126° 84 1.89| LRGBHOS |14-79 0.8 3.0

34° S
G11 33moh | 317mm f/9 rc |FLI-1100211 | 44° 29 0.65 |LRGBHOSUBVRI|16- 90 3.9 0.35
G12 Natt 1145-20 106 mm /5  astrgr| STL 1100 11 |156° 234 3.50| LRGBHOS |[37-105 0.4 10.1
G15 (MAnatki® 1 o5A mm /6 rc | ST 10wme 3.2 | 23° 34 0.33| LRGBHUBVRI |15- 85 2.5 0.22




Hvordan bruker man teleskopene

Planlegging
— Velg et objekt. Sjekk at det star over horisonten ved observatoriet

Velg et passende teleskop (feltstarrelse, filterutvalg)

Sjekk veerforhold
« Varsel, veersatellitt, radar, seeingmonitor
 Web-kamera ved teleskopet som viser hele himmelen.

Logg inn pa teleskopet nar det blir ledig

Styr teleskopet til et objektnavn eller himmelkoordinater

Ta pragveeksponering for sentrering

Evt. start autoguiding (for lange eksponeringer)

Velg eksponeringstiden, antall eksponeringer og filterinnstillinger
Ta bilder og logg av

Last ned bildefilene

Kalibrer for a fjerne kjente feil i kamera og teleskop
Bilder: Midle eksponeringer, kombiner fargekanaler, juster kontrastkurven
ObservasjonerStuder endringer fra tidligere eksponeringer



GRAS Tutorials

Introduction (1:12)

GRAS Info Center
[15:51)

Login and Navigation
[6:20)

Single Image (6:09)
System Status (10:07)
Color Series (3:45)
Scripted Plan (6:24)
Snapshot Image (2:36)

Autoquider Preview

3:22)

Account Management
[2:59)

Group Management
[4:33)

Log File Guide (11:52)

Teachers Console
(2:47)

StudentiGuest
Console (1:54)

Behind The Scenes
(2:08)

Instruksjonsvideoer

www.global-rent-a-scope.com/Tutorials

& [ Advanced Mode | Global Rent-a-5eop . GRAS-O0L - Preview Auto-guider - Windows Internat Explorer

.global-rent

2| [ Advanced Mode |Global Rent

R' ; The best way of archiing this is to run a shot “Acquire a Single Image™

Syl i
of "Single Object Color Series” imaging run. All you need to do is select
Eimap) Sky Calaay your target, the position angle, the desired filter (Color Senes only)
Regritar Mode and set a short exposure time of around 10 seconds or less. Once the
scnpt has completed the telescope will be painting precisely at your
target. Now you are ready for step 2

My Documents a

Aciuired mages
Cheserving Plans
Run Logs Step 2: Take a Auto-Guider Preview Image

Select your desired auto-guider preview exposure time from the drop

boox. Our system support a maximum guider exposure of 30 seconds and
narmally a manimum of 5 seconds

Once you click the button, the system will expose the auto-guider

and display the image below. You will note that the image below will

be removed a short ime after you click the button. Your preview

image will be displayed after the exposure has been completed

Help Resources e
WalCome
Makingg Oz Plans

Instruments & Equipment
s Plan Checker

Tooloox a

Exposure Time:

<

Release Obsenvatory

Step 3: Previewed Auto-guider CCD Image

Ensure you click the automatic refresh check box below or click on the

. refresh button to check for your preview image




Nyttige verktgy fgr man logger inn

o Stjerneatlas

— Cartes du Ciel er gratis. Mange andre alternativer.
— Sjekk objektets hgyde over horisonten, helst™> 20

— Sjekk nar manen er oppe og manefasen
 Viktig for lyssvake objekter
« Mindre viktig med smalbandsfilter,

) V% r O g O bS e rvaSj O n Sfo rh O | d Meteogrammet for Moorook i South Australia (Australia) Neste 48 timer

— yr.no
www.yr.no/sted/USA/New Mexico/Mayhill/

kan utnytte rabatt.

www.yr.no/sted/Australia/South_Australia/Moorook/ M

— Paloggingssiden

TN SCAOAD RS = L]
Webkamera viser himmelen A N A A A A A A A A A A A A A

Meldinger om vedlikehold og problemer. Kontaktiriéw support.
Lenker til detaljerte veermeldinger

Lokal tid og manefaser

Verdenskart viser natt og dag



Systemkonsoll

Smoke and clouds at Moorook obscure access to the skies
Photometrica - USA [l Photometrica - AU [ Your Account [iReservation [ Live Images Jf GRAS wiiki J#RAS Wiki J§l Community Wiki [ Forums|§ Help [l Get Your Images

ST Northern Hemisphere

Mayhill, New Mexico, USA
s (17 h) Closed: Day Time
GZ (17.9 h) Closed: Day Time
Gl (17 h} Closed: Day Time Other Links
TR GRAS et

x it bty o GRAS Video Tutorials

(17.9 h) Closed: Day Time s
Login Page

Weather Information
Mew Mexico, USA
Australia

Southern Hemisphere Plans and Senvices
Moorook, Australia Try GRAS for Free
G2: 99 {10.5h) Coming Soon Trial Membership

51 (20.4 h) Research Plans

58 (17.9h) CCD Astro Plans
G12: 67 (15.5h) Bulk Flans

A 38 (27.3 h) Offer Closed - Resuming mid 2009 N
G15: 54 (19.2h) Buy Extra Points

User: eronnekleiv Points: 1038 Membership: None Group: Hone Photometrica: No Reservations: Yes Launch-a-Plan: No Private FTP: No

| : ! . General Support
! Email: =zupporti@globalrent-a-scope.com
All Sky Camera | Phone: +714-656-2436
: ; ¢
: : i Real Time Support: {in Order Priority)
Not Active _

Live Skype Call: skype:arnierosner
Cell Phone (24x7T). +714-501-8247
Skype Instant Message: skypearnierosner?chat

Report a Problem: sosi@globalrent-a-scope.com

All Sky Cam: GRAS 001-005. 014 All Sky Cam: GRAS 008, 012, 013, 015

Download Skype: www skype com/download

Sunday, February 15, 2009 Monday, February 16, 2009
2:23 AN

Moon Dizcount: 36%

9:53 AM

Moon Discount: 36%




Systemkonsaoll

Ho Metwork Messages - GRAS...for drivers, not passengers!

Photometica AU || Your Account [ Reseniion v Images [ oRAS Wi [ RS Wik [l Community v [ Forum= o

= - Northern Hemisphere

Mayhill, New Mexico, USA

G1: 30 (424h) In Use: gmyers.raso-a
G2: 26 (49h) InUse: ewiley

G3: 95 (13.4h) Available Other Links
G4: 30 (424h) In Use: kpaxson CRAS Website
G5: B2 (24.5h) Available ST

G14: 90 (14.1h) Available GRAS Video Tutorials
Login Page

Weather Infornation
MNew Mexico, USA
Australia

Southern Hemisphere Plans and Services
Moorook, Australia Try GRAS for Free
41 (31h) Coming Soon Trial Membership
G10: 60 (21.2h) Research Plans
G11a: 68 (187 h) Closed: Day Time CCD Astro Plans
G12: 80 (15.9h) Closed: Day Time Bulk Plans
46 (27.7 h) Offer Closed - Resuming mid 2009 )
G15: 23 (55.3h) Closed: Day Time Buy Exira Points

User: eronnekleiv.raso-a Points: 1273 Membership: Research-Plan-135 Group: None Photometrica: Yes Reservafions: Yes Launch-a-Plan: Yes Private FTP: Yes

General Support
Email: supportifglobalrent-a-scope.com
Phone: +714-656-2436

All Sky Camera

. Real Time Support: {In Order Priority)
Not Active
Live Skype Call: skype:arnierosner

Cell Phone (24x7). +714-501-8247
Skype Instant Message: =skypearmierosner?chat

Report a Problem: =sos@globalrent-a-scope com

All Sky Cam: GRAS 001-005, 014 All Sky Cam: GRAS 008, 012, 013, 015

Download Skype: www.skype comdownioad

Monday, February 16, 2009 T

uesday, February 17, 2009
9.00 PM

1:30 PM
Moon Discount: 24%




Infoside for teleskop

» Sjekk at teleskopet ikke er reservert for denrtida vil bruke det.
« Regular Mode er enkel & bruke
« Advanced Mode har flere funksjoner, bl.a. autdqwg og skripting.

Global Rent-A-Scope | GRAS-014

"Regular” o "Advanced"
"Student/Guest Console” or "Teacher's Console"
"Photometrica"

If you are just starting out using the system we recommend "Regular” mode.

| The local time is: 2/16/2009 3:09:25 PM

Global Rent-A-Scope F{esewa’nnnfLaunch -a-Plan System
Click Here to Make 5

2930 | GRASOT14 [ogermes Aqco 9 4:45:00 L




[ Regular Mode | :
Global Rent-a-Scope GRAS-014 Teleskop | Regular Mode

Welcome Erlend Ronnekleiwv

| Acquire a Single Image

Step 1: Setup Single Image Run

Target Name: m31

Right Asc. (hrs):

Declination (deg):

Duration (sec): Filter: Binning Taksameteret Starter nél’ man Velger

M Auto focus before imaging CO ntr0| O bse rvatO ry

M Auto Logoff

b e Superenkelt - One Click Image
Check the Weather ]

Make sure the sky is CLEAR before proceeding and the ROOF IS NOT CLOSED. * Enkelt - Slngle Image

Make sure you can see stars in the image. L4 Flere eksp Og fllter = COlOI' SerleS

Ifthe moon is up the image may look washed out but you should still see stars.




Advanced Mode

Velg:
* objekt
 antall eksponeringer
o filter
» eksponeringstid



Tar bilde ...



Kulehopen Omega Centauri
A6, RGB: 1 min per filter



Tarantelltaken NGC2070 i Store Magelantake (LMC)
A6, HOS: 3x3 min per filter



weuz Et@ Carinae - a lit fuse

Because distance and time are inexorably intertwined, the scene in this new image is
actually a view looking back 8,000 (light) years into the past! Located within our home galaxy
towards the southern constellation of Carina, the subject of this image is only visible in the
night sky if the observer is standing somewhere on the earth below 27 degrees north
latitude- cities like Miami, Honolulu, Hong Kong, Mumbai are examples of how far to the
south northerners would have to travel before they could see it.

This picture depicts the center of the Great Nebula in Cari na- one of the Milky Way's
brightest and most prolific star forming regions. Over its estimated three million year history,
this nebula has spawned several clusters of gigantic, hot, blue-white stars that litter the
image like confetti at a New Year's celebration. The bizarre structure near the center of this
view is actually a cooler cloud of dust and bright filaments of hot, fluorescing gas that is
partially silhouetted against a background of brighter, even more energized material. Even
though | imagine its distorted shape to resemble a partially melted hour glass, it is commonly
known as the Keyhole Nebula. The size of the objects that have been captured in this
picture are off our human scale for easy comparison. For example, it takes light, traveling at
681 million miles per hour, seven years to travel from one side of the Keyhole Nebula's
spherical head to the other!

The bright star near the bottom of the image, however, was the inspirational germ for
this project. It is the most massive nearby star that can be studied in great detail and many
astronomers consider it to be one of the most massive stars in the universe! The star is
named Eta Carinae (pronounced /ke 'rain i/), and some believe it may also pose a threat to
our planet!

Eta Carinae is over one hundred times more massive tha  n our Sun and it's over a million
times more brilliant. In fact, this star releases so much energy that its gravity can barely hold
it together- the outward flow of radiation from its interior is unbelievably strong. Vast portions
of its outer layers are being blown off into space forming an ever expanding wispy shroud in
a slow, non-stop eruption of incredible violence. Stars like this are extremely rare- only a few
dozen exist within any island universe. Because of their high luminosity, very large stars, like
Eta, burn through their fuel rather quickly and end their lives as a super or hyper nova
explosions that out-shine the combined light of all the stars in their host galaxy. Where the
luminous life of a star like our Sun will span about ten billion years , super massive stars, like
Eta Carinae, only shine for a few million, at most.

Because of its prodigious mass, Eta Carinae is highly unstable and prone to violent
outbursts that seem to occur in irregular, unpredictable cycles. This behavior first caught the
attention of astronomers back in the 18th century.

Edmond Halley, who first predicted the return of a bright comet, cataloged Eta Carinae as a
fourth magnitude star in 1677. That's about the same brightness as the star that's located at
the position where the handle meets the ladle in the northern sky's constellation of the Big
Dipper. Interestingly, over the next hundred years, observers reported that Eta brightened
considerably before mysteriously returning to the same relative obscurity that Halley had
previously noted. Around 1820, Eta again started to increase in brightness and by 1842, it
had become the second brightest star in the sky- only Sirius, the brightest star seen from
Earth, displayed more brilliance to earth bound eyes.

To provide some perspective, Sirius is much closer to our planet, only 9 light-years away
compared to Eta's 8,000 light-year distance. However, if both stars were located side-by-
side, Sirius could be represented as a single candle flame with the combined output of over
eight 100-watt light bulbs substituting for Eta! Over the next 100 years, Eta again faded until
it was totally invisible to the naked eye by the 1920's. At the end of the 20th century and
again, early in 2007, Eta's luminosity cycled through a period of increased brilliance. All of
these episodes were unexpected, by the way.

Most astronomers concur that this star is a ticking tim e bomb already triggered to
explode. Unfortunately, no one can confidently predict how much time remains until the
countdown reaches zero- maybe, in a million years, possibly only a thousand. A few have
suggested that Eta Carinae will self-destruct during our lifetime. But, nobody knows for sure.

Perhaps it's already been annihilated  and the concussion, limited to traveling at the speed
of light, has simply not reached us, yet. Remember, even though this picture is very recent, it
portrays a view that dates back to the mankind's prehistory! Even the Sun's rays take eight
minutes to traverse the Earth's distance. Distance and time are woven into a cloth that
blankets the Cosmos. Very little we observe beyond the horizon is in real time. Regardless,
sequestered at the bottom of our atmosphere, we would be safe from Eta's fury were it to
strike us, say, tomorrow evening. Our orbiting satellites, our upper ozone layer and
astronauts in the International Space Station, of course, would most likely be less fortunate.

Recent, high resolution images produced through the Hubb le Space Telescope have
revealed this star's immediate surroundings in jaw-dropping detail. Two gigantic lobes of
material are expanding like giant balloons from both poles and its equator is ringed by an
ever-broadening disc of far flung material. These structures are the suspected artifacts of the
brightening observed during the 1800's.

One of the motivations for this image  was a desire to see if the lobes surrounding Eta
Carinae could be glimpsed with a modest telescope and commercially available astronomical
camera. Chief among the challenges was the requirement to tame the brightness of Eta
Carinae so that the surrounding lobes would not be lost in the star's glare.

Seven filters were used to produce this picture, for example, red, green and blue captured
the hues needed to reproduce the natural colors of the scene. These are used for all of my
projects, so their inclusion is nothing noteworthy. But, for the first time, a set of special
astronomical filters were employed that are tuned to limit the light reaching the camera to
those wave lengths associated with the natural glow emitted by atoms of hydrogen, oxygen
and sulfur which are abundant in most interstellar nebulae. By carefully combining separate
images produced with each of these six filters, it was possible to produce a picture that not
only displays how this scene appears, but the colors also give an indication of what the
scene is made of! Exaggerated blue hues indicates the presence of oxygen, red represents
sulfur and turquoise reveals the signature of hydrogen atoms.

As a side benefit, the sulfur filter enabled control of the glare from Eta. Thus, the surrounding
lobes were successfully resolved.

http://www.cosmotography.com/images/small_ngc3372.html










Prosessering

* Repeterbare fell
— Bakgrunnseksponering (bias)
— Markestrgm per tidsenhet (dark)
— Falsomhetsvariasjon over bildeflaten (flat)

« Kalibrering fjerner disse feilene:

Radata bias- dark>eksponerigstid
flat

Bilde =

— Ferdige kalibreringsfiler
— MaximDL kalibrerer automatisk

— Vanskelig a bruke andre programmer for kalibrering,
men C. Arnholms ImageToolsCA fungerer brukbart.



Overeksponering

Overeksponering medfareklipping " eller "blooming”. Blooming vil si at
fotoelektroner "renner over" til nabopiksler

Anti-blooming-gate (ABG)
— Drenering rundt pikslene hindrer blooming
— Fordel: Ingen blooming, bare klipping. Seerlig gunstig fddér av takeobjekter
— Ulempe:Mindre plass til & samle fotoelektroner gir redusegnndybde
— Ulempe:Ufglsomt omrade mellom pikslene. Kan kompenseres mi&rolinser

Branndybden (well depth) er maks antall fotoelektroner som kamkes opp per
piksel, typisk fra 30 000 til 100 0000

Triks: Ta flere korte eksponeringer og stack (m)jdl

MaximDL har verktgy for & maskere bort blooming



Kombinere farger

 Vanlig RGB
— Slar sammen R, G og B til ett bilde.
— Relativ posisjon bgr finjusteres

 |L-RGB
— RGB-eksponeringen bestemmer bare
blandingsforholdet mellom fargene.
— L bestemmer bestemmer luminansen

| bildet, dvs. total lysstyrke. Typisk et
filter som slipper gjennom alle fargene.

» Falske farger
— Tre filter (HOS) tilordnes hver sin
primaerfarge.
— Primeerfargene bgr veere separert med
120° pa fargesirkelen:
e RGB: R =rgd B = bla

e CMY: C=turkis M=lilla
( Cyan - Magenta - Yellow)
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Kombinere farger

 Vanlig RGB
— Slar sammen R, G og B til ett bilde.
— Relativ posisjon bgr finjusteres

 |L-RGB
— RGB-eksponeringen bestemmer bare
blandingsforholdet mellom fargene.
— L bestemmer bestemmer luminansen

| bildet, dvs. total lysstyrke. Typisk et
filter som slipper gjennom alle fargene.

» Falske farger
— Tre filter (HOS) tilordnes hver sin
primaerfarge.
— Primeerfargene bgr veere separert med
120° pa fargesirkelen:
. RGB: R =rad B = bla HOS -> *CM

e CMY: C=turkis M=lilla
( Cyan - Magenta - Yellow)



Slagrtaken NGC6992 - HOS=RGB, 4x5 min per filter




Slagrtaken NGC6992 - HOS=YCM, 4x5 min per filter




Kontrastjustering

Detaljer i mgrke, middels marke eller
lyse omrader framheves ved a justere
intensitetskurven.

Brattere kurve gir gkt kontrast
® Oppfattet kontrast havhenger av kurvens
helning relativt til en rett linje gjennom origo

Gamma-justering brukes mye:
y =X’

X = pikselverdi far justering
y = pikselverdi etter justering

Intensitet ut

Y =

§
T
o~
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X = Intensitet inn



Kontrastjustering

Detaljer i mgrke, middels mgarke eller
lyse omrader framheves ved a justere
intensitetskurven.

Brattere kurve gir gkt kontrast
® Oppfattet kontrast havhenger av kurvens
helning relativt til en rett linje gjennom origo

Gamma-justering brukes ofte:
y =X’
X = pikselverdi far justering
y = pikselverdi etter justering

Intensitet ut

Y =

X = Intensitet inn
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versjon 2



M51: "lineser" kontrastjustering
RGB 3x3 min per filter



M51: ulineaer kontrastjustering
RGB 3x3 min per filter



Darlige piksler

"Varme piksler" produserer unormalt stor mgrkestram.
Ofte lite repeterbart kalibrering hjelper ikke

Starst problem for lange eksponeringer (takeobjekter)

Triks 1
— Taflere bilder med litt forskjellig teleskoppgsis
— sentrer bildene over hverandre
— ignorer piksler med stort avvik fra de andre eksrmgene

Triks 2

— Piksler som har stort avvik fra alle nabopiksfarmiddelverdien
til naboene

Triks 3

— Piksler som var darlige i dark-eksponeringen fatdalverdien
til naboene



Tilfeldig stay

N <« Antall detekterte fotoner
Std(N) | < Steyens standard-avvik

« Signal-stgyforhold: | SNR=

— N objektintensitet, eksponeringstid og teleskopetsrigsareal

« Utlesningsstgydominerer de svakeste objektene

— Typisk stayniva er 12 elektroner per piksel SNR= L
- p er antall piksler i et objekt 12%
— Objekter/detaljer med SNR > 4 er godt synlige.dtrabjekt med 4 piksler trenger vi da N > 96.

* Foton-kvantestgydominerer for sterkere objekter

— Fotondeteksjon er en tilfeldig prosess som kamsamtignes med & sette en
kopp ut i regnet og telle antall draper som fadippi. Antall detekterte draper
er tilfeldig, men beregnet regnintensitet blir mewaktig jo lengre man maler
0g jo starre koppens diameter er.

— Kvantestgyen setter en gvre grenf SNRE /N
— Takeobjekter me@NR> 30 per piksel ser stagyfrie ut. Da trengs N > 1fa@6ner per piksel.

— Fotometri med 1 % ngyaktighet krever SNR > 100trBags N > 10 000 fotoner fra stjernen

« Neatlmageer et effektivt program for a jevne ut stgy pa en "smart" mate



@gletaken M16

Ha-filter (4x4 min)
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Varme piksler ~—
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@gletaken M16

Ha-filter (4x4 min)

N=25 —
SNR =5
SNR =10
N:400\

SNR =20
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Ha-filter (4x4 min)

N=25 —
SNR =5
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N:400\

SNR =20



Farger
H(4x4 min), O(4 min), S(4 min)



Hot pixel-®ertrykking, stayreduksjon med Neatlmage, manuell retusjering









Exoplanetpassasje

Passasjen til HD189733-b ble fgrste gang detektert i oktober 2005. (1.3 x Ry, 2.2 dagn omizpstid)
Test med A4: 3 x12 sek eksponering hvert 20. minutt med V-bandfilter (ide supplert med rR+B)
Sammenlignet med 4 referansestjerner

Overeksponerte midt i passasjen ! Mf? Ringtaken

101 % Endring i‘ysstyrke for stjerna HD189733, 10. augus t 2006
. ¢ v 0, ¢ } Typisk mélefeil + 0.3 %
s P 'S « Fotonkvantestay 0.1 %
£ 99% . Scintillasjon (funkling)
-% * « Kalibrering (flat)
g s . e

passasje HDE 345459, HDE 345585
97 % ; ;
3 4 10 11

6 7 8
Klokkeslett, UTC









