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Opsendt den 24. April 1990 med
rumfaergen Discovery

JVE February 2016



RUMOBSERVATORIER - HUBBLE

JVE February 2016

Ombkostninger frem til
afsendelsestidspunkt:
1,5 milliarder USD

Oprindelige budget i
1972 var 300 millioner
USD

Omkostningerne efter
servicebesgg og nye
instrumenter var i 2009
ca. 9 milliarder USD
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Leengde: 13,2 m

Veegt: 11.110 kg

Max. diameter: 4,2 m

Strgmforbrug: 2.800 W

Tracking praecision: 7/1000 buesekund
Udvendig temperatur: -101 til +93°C
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Magnetic torquer (4) _ _
High-gain antenna (2) Light shield
Support systems module: Aperture
forward shell door .
.
Optical telecope assembly: ’ .
secondary mirror assembly ’

Secondary mirror baffle
Central baffle

Optical telescope assembly:
primary mirror and main ring

Magnetometer

Fine guidance optical
control sensor (3)

Optical telescope

Solar array (2)
assembly: focal plane

structure o Optical telescope assembly:
Axial science / metering truss
instrument R : Support systems module:
module (3) ’ equiment section
and COSTAR Optical telescope assembly:

Radial science  €duipment section
instrument module (1)
Fixed-head star tracker (3)

Low-gain and rate gyro assembly
antenna (2) Support systems

module: aft shroud
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Instruments

L Secondary ‘/,’/ﬂ
Incoming light mirror D FT:ncal
point

Primary mirror

Incoming light

Teleskopet er af Ritchie-
Crétien Cassegrain typen
Fokal lzengde 57,6m
F-forhold =24

Secondary mirror
\r -
Primary mirror

Instruments
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Resclving power

Through the ages, the smallest pinpoint

discernable as separate and distinct

by the most powerful optical device of -
Hubble

the fimes.
Space
Effective light ! Telescope

resolution in
arcseconds
0.01 guEigs1as Palomar

0.1
Galileo
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Aperture Data- /
door transmission '
antenna ‘

Secondary
mirror

Scientific
instruments
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* Instrumenterne daekker fra UV til infrargdt (115 — 2500 nm)
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COS — Cosmic Origin
Spectrograph

FGS — Fine Guidance Sensors

NICMOS — Near Infrared Camera
and Multi Object Spectrometer

STIS — Space Telescope Imging
Spectrograph

WFC3 — Wwide Field Camera 3
ACS — Advanced Camera for

Survey
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Videnskabelige
instrumenter og tilbehar

JVE February 2016

Fokusplan med
instrument udtag

ST FOV: SM4

P

15



RUMOBSERVATORIER - HUBBLE

e WFC3 - skematisk

Calibration
Subsystem

IR Fold
Mirror

Channel Select
Pickoff Mirror Mechanism

uviS
Detector

UVM1 &
Corrector
Mechanism

IRM1

' IR Cold

- Enclosure/
RCPI/Filters/
Detector

IRM2 &
Corrector
Mechanism
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« WFC3 —dobbelt lysvej med fokusenheder og filtre
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e WFC3 -Filterenheder
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UVVIS — 48 filtre fra SOFA IR — filterhjul med 17 filtre + 1 tom
(Selectable Optical Filter Assembly)
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Tracking and
& Data Relay
Hubble Satelllte

O,
Space \%‘ B
Telescope @

GoddardiSpace
Flight CGenter
“‘l Greenbelt,; MD

- .,

Ground Station =

White Sands, NM .

Space Telescope
Science Institute
Baltimore, MD
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Datamaengde pr. maned

ca. 600 gigabytes
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 Billeddannelse — en kombination af videnskab
og billedkunst

1. Data kalibreres, sa man fjerner digitale fejl, og spor fra
kosmisk straling fjernes ved at kombinere to identiske
optagelser og fjerne differencen

2. Billeder fra samme bglgeleengdeomrade sammenstykkes
og stakkes, sa der opnas et 8-bits billede (28 = 256
farvenuancer)

3. Mindst tre 8-bits billeder (RGB) samles til et 24-bits
billede (2%4= 16,7 mio. farvenuancer)
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* Video - Sadan foregar det i praksis
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* Her kan du selv prgve det med data fra Hubble

i
113

. orion_hst_acs_colorimage ACS/WFC R (hisp) ORION L~ et
N) advanced contrast controls | advanced HSC controls T St
[spss O2mass [desc2 CFIRST [CJGALEX [IHSC

http://hla.stsci.edu/hlaview.html

Et eksempel pa et downloadet
billede af M42 i rgdt lys vises her
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Forskellige typer af fejl er blevet rettet under missionen
Der har veeret 5 service besgg fra 1993 til 2009

JVE February 2016
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e Servicebesgg

1993 -SM 1.

Wide Field Planetarium Camera 2 (WFPC 2) installeres

Corrective Optics Space Telescope Axial Replacement (COSTAR) installeres
Gyroer, solfangere og magnetometer repareres

1997 — SM 2.

Fine Guidance Sensors (FSG)

Space Telescope Imaging Spectograph (STIS)

Near Infrared Camera and Multi Object Spectrometer (NICMQOS)
Solid State Recorder (SSR)

JVE February 2016
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Udskiftning af wide field
camera

Reparation af elforsyning
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e Servicebesgg

1999 - SM 3a:

Gyroer og FGS serviceres
Computer udskiftes
S-band transmitter

SSR

2002 — SM 3b:

Advanced Camera for Surveys (ACS) erstatter WFPC 2
Solpaneler skiftes

Ny strem kontrol enhed installeres

Nyt kalesystem til NICMOS til opretholdelse af - 196°C

JVE February 2016

27



RUMOBSERVATORIER - HUBBLE

JVE February 2016

28



RUMOBSERVATORIER - HUBBLE

 Video af SM 3b
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1 ot

Hanging Out With Hubble

Image Credit: NASA, 2009
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e Servicebesgg

2009 — SM 4.

Wide Field Camera 3 installeres

Cosmic Origins Spectograph (COS) som er UV f@glsomt installeres
Batterier, FGS, STIS og ACS repareres

Nyt styresystem til instrument og datahandtering installeres

JVE February 2016
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e Video af SM 4
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M16 = Eagle Nebula
Hubble Space Telescope = WFPC2 = WFC3/UVIS

NASA and ESA STScl-PRC15-01a

JVE February 2016
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* ARBEJDSOPGAVER

1. Afstandsmaling i rummet

2. Planeter og maner i vort solsystem

3. Stjernedannelse og planetdannelse

4. Stjernespektre

5. Stjernedgd

6. Observationer ved forskellige bglgelaengder
7. Galakser i alle stadier

8. Universet - alder og udvidelse

JVE February 2016
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1. Afstandsmaling i rummet

 Parallakse metoden

If we tried to use a baseline on earth
then the angle to a very distant star
would be very hard to measure 4
accurately. To get a large baseline we
take a measurement and then wait
six months to take a second
measurement. The change of angle
is measured against the background
shift of distant stars behind that
which we are measuring.

We measure the change of angle
and then half it to get a.

sin a=opps = 1AU_
hyp d

so distance d = 1AU

The basic method has been used in mapping for
centuries. Suppose we have a remote island some
distance off shore.

If we draw out a baseline on the shore and measure
it's length. We then stand at one end of the baseline,
look at a point on the island and measure the angle

between our line of sight and the baseline. We do the
same thing from the other end of the baseline.

We then have a triangle from which we can calculate
distances. (It helps to make the calculation easier if
one of the angles is 900

Tan ¢ = opposite side

adjacent 0

o
o O 0
e
The astronomical
Nedrby £tar dislancev“The
Parsec” is based on
] ¥ this method.
The distance to the

star is one parsec if
the angle alpha (a) is
one second, of one
minute of one degree
(that is 1/3600 of one
degree). A parsec is
equivalent to a Ittle
over 3 light years

1 Astronomical Unit (1AU) is the
distance from the earth to the sun

soTan70=x m
150 A
so x = 150x Tan 70 = 412 metres

Six months between measurements

JVE February 2016

Det nye WFC 3 kamera kan
arbejde med en praecision pa
20-40 mikro buesekunder.

Kan saledes ved parallakse
metoden male afstande op til
5.000 pc, svarende til ca. 17.000
lysar

35
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* Regdforskydning
¢ /\/\/\/*a

Rodforskydningen Z =Aobs—Ao /Ao =AAN/ Ao
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* Regdforskydning

Rodforskydningen Z = Aobs—Ao /Ao = AN/ Ao
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e Hubbles lov v=H-+d

v = Hastighed — km/sec
H = Hubble parameter — (km/sec)/Mpc
d = Afstand - Mpc

Hubble's Data (1929)
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é | I |
0 1 2
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Velocity
of
Recession

Velocity (km/s)

Hubble's Law

Velocity = Hubble's Constant X distance

o~

distance

AskWillOnline.com

Hubble's Constant

ved
v=HOd
Gradient = HO

Distance (Mpc) (megaparsecs)
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Hubble parameteren

gennem tiden

1929 (Hubble) — 500
2010 malinger— 70,8 + 1,6
2011 (Hubble) = 72,8 £ 2,2

For kosmologisk, ikke
relativistisk redforskydning

geelder:

z=v/c=H=*d/c ©
d=z*c/H
hvor c er lysets hastighed
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* Afstandsmaling med standard candle

Velocity [km s7']

4x104 : T ? T
3x10%
2x10%
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Hubble Diogram for Type lo Supernovae

I L 1 = I

NASA, ESA, and
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STScl-PRC11-15a

hvor d = afstand, L = udsendt og | = malt flux

40
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2. Optagelser fra vort solsystem

Jan. 24, 2004

Jan. 26, 2004

Finder Plutos fire nye maner

Pluto = July 7, 2012
HST WFC3/UVIS F350LP

B ‘<:> Pluto 3

| 1 " Styx
..‘ A.J

Fotograferer Jupiter efter kollisionen med
kometen Shoemaker — Levy 9i 1994
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3. Stjernedannelse Oriontagen M 42 i “Orion”

Emissionstage - molekylesky

JVE February 2016
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@rnetagen
Emissionstage i “Slangen”

Sejlerne bestar af stgv og molekylaer gas
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4. Stjernespektre

Eta Carinae
Hubble Space Telescope

NASA, ESA, and the Hubble SM4 ERO Team
STScI-PRCO9-251
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5. Stjernedgd

Sommerfugletagen
Planetarisk tage i “Skorpionen”

Centrum — hvid dvaerg 220.000 °C
Vinger — plasma 20.000 °C

JVE February 2016 46



RUMOBSERVATORIER - HUBBLE

6. Observationer ved forskellige bglgelaengder

JVE February 2016
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 Hestehoved tagen

JVE February 2016
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7. Galakser i alle stadier

Galaxies Similar to the Milky Way Hubble Space Telescope ¢ SDSS

7.8 9.4

Billions of years ago
NASA and ESA STScl-PRC13-45a
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8. Universet — alder og udvidelse

Givet resultater der
bidrager til forstaelsen
af:

* Mpegrk energi

400,000 400 million 13.7 billion

Years £50 ° M¢rkt stof

 Universets udvidelse

 Universets alder
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/ 'Hubt'l'le Probes the Early Universe

Hubble Ultra Deep Field

Hubble Ultra Déep Field-IR

10 >20

Time after  Present ; ¢ 15 800 480 200
the Big Bang billion ’ billion million million million
years years years years  years
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8 Hubble deep field

| billede fra 342
enkeltoptagelser med
ACS og NICMOS fra d.
18 — 28/12 1995

Hubble Deep Field HST

ST Scl OPO January 15, 1996 R. Williams and the HDF Team (ST Scl) and NASA

52
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* Hubble ultra deep field billede fra 28 dages optagelser

UDFy-38135539
Most distant galaxy

Area of mainimage

555@@ galaxies * |
2 @@@ se| q ate ex:o‘sni”és;
5@@ hours-

- - ) ' +.  -Total exposure time’
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e Ultra deep field placering

HUBBLE
ULTRA
DEEP FIELD
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Distant Galaxies in the Hubble Ultra Deep Field
Hubble Space Telescope * Advanced Camera for Surveys

NASA, ESA, R. Bouwens and G. lllingworth (University of California, Santa Cruz) STScl-PRC06-12
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* Video om Hubble ultra deep field

JVE Februar 2016
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Spitzer
IR3,6-160 um
2003 - 2015

ESO — VLT ‘
300nm =20 um
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GOODS syd felt GOODS nord felt

Her kan man hente billeder - eksempel

https://archive.stsci.edu/prepds/goods/

JVE February 2016
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 Kompositbillede fra Hubble, Spitzer og Chandra af
Krabbetagen
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Seeing back into the cosmos

First

galaxies

Age of the universe (billlons of years)

JVE February 2016
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JWST primary /i
mirror ~

i
I
i
|

Hubble primary .\1’
mirror T i |
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(Mirror Area)

Light gathering power

0.1 microns
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THE JAMES WEBB SPACE TELESCOPE

Science Instrument
Module
Houses all of Webb's

cameras and science
instruments

Trim flap

Helps stabilize
the satellite

Solar power array

Always facing the
Sun, panels convert
sunlight into elec-
tricity to power the
ohservatory

Primary Mirror

18 hexagonal segments
made of the metal beryllium
and coated with gold to

capture faint infrared light

Secondary Mirror

Reflects gathered light
from the primary mirror

into the science instru-

Earth-pointing
antenna

Sends science data
back to Earth and
receives commands
from NASA's Deep
Space Network

ments

Multilayer sunshield Z!
Five layers shield the
observatory from the

light and heat of the

Sun and Earth

Star trackers

Small telescopes that
use star patterns to
target the observatory

Spacecraft bus

Contains most of the
spacecraft steering
and control machin-
ery, including the
computer and the
reaction wheels

JVE February 2016
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Webb’s Orbit

Webb will follow Earth
around the sun, orbiting
around a point called L2, / Webb's orbit
always in a straight line /

with Earth and the Sun.

Earth’s orbit

Webb orbits L2 once every )

Moon’s orbit L2 \ ‘(
3
168 days. .

JVE February 2016
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Ariane 5

Payload ‘
compartment

Webb Space o
Telescope -
(folded up) | |

Engine,
boosters,
and fuel

L2 orbit
gt achieved Initiate ISIM

L +108 days testing and
/ certification
L+ 113 days

Sunshield | /
deployment | \ 2

L+2days | L2 ~1,500,000 lam

dTeIlescope X
éployment \
L +4days P
\ ~374,000 bany
Observatory \
available for

ISIM activities Trajectory 4

L+70 days / correction
\ g‘/'\maneuvu2
if required)

Observatory \
firstlight (ISIM atsafe . __—¥ + 25 days
operating temp)
L +59 days

Opsendelse planlagt til 2011 med et budget
pa 3 milliarder USD (oprindeligt 1,6)

Opsendelse forventes i 2018 med et budget
Pa 8,8 milliarder USD
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