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3 PPPPrrrreeeeaaaammmmbbbblllleeee

Computing
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4 PPPPrrrreeeeaaaammmmbbbblllleeee

5 Milky Way 6 OOOOvvvveeeerrrrvvvviiiieeeewwww

Principles

Detecting Colours
Keeping the Image Sharp

Amateurs
Professionals

Detecting Light

Practice



Imaging  the  Universe

          Dr Steve Barrett 2                                   30 Sep 2005

7 LLLLiiiigggghhhhtttt    DDDDeeeetttteeeeccccttttoooorrrr    1111::::    BBBBiiiioooollllooooggggyyyy

Retina
Cornea

Lens

Light  → chemistry  → perception

8 Rods+Cones
Rods

Cones

→ light
intensity

→ colour
if  plenty
of  light

9 LLLLiiiigggghhhhtttt    DDDDeeeetttteeeeccccttttoooorrrr    2222::::    CCCChhhheeeemmmmiiiissssttttrrrryyyy

Light  → chemistry
→ change  in  transparency

10 LLLLiiiigggghhhhtttt    DDDDeeeetttteeeeccccttttoooorrrr    3333::::    PPPPhhhhyyyyssssiiiiccccssss

Light  → electrons
→ amplify  → memory

11

Colour Filters

DDDDeeeetttteeeeccccttttiiiinnnngggg    CCCCoooolllloooouuuurrrr

Colour Film

12 DDDDeeeetttteeeeccccttttiiiinnnngggg    CCCCoooolllloooouuuurrrr

CCD Chip
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13 CCCCCCCCDDDD    CCCChhhhiiiippppssss 14 BBBBaaaayyyyeeeerrrr    GGGGrrrriiiidddd

Red Green Blue

15 RRRRaaaawwww    vvvvssss    JJJJPPPPEEEEGGGG

Image Format

JPEG is a processed image
"Raw" = image from CCD

For astrophotography, raw
format is very desirable

16 """"DDDDaaaarrrrkkkk""""    IIIImmmmaaaaggggeeeessss

All images have noise

Dark image subtraction

Need actual (raw) image

Increases with exposure

17 """"DDDDaaaarrrrkkkk""""    IIIImmmmaaaaggggeeeessss

Image

Dark

Image � Dark

18 AAAAssssttttrrrroooopppphhhhoooottttooooggggrrrraaaapppphhhhyyyy

Key Problems

Long Exposures
The Earth Moves!

Low Light Levels

Solutions

"Track" the Stars
Keep Exposures Short
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19 PPPPhhhhoooottttoooossss    oooonnnn    aaaa    FFFFiiiixxxxeeeedddd    TTTTrrrriiiippppoooodddd

Use Tripod (or a Rock)
Keep Exposures Short

Use Cable/Remote Release

Take Advantage of
Holiday Skies

20

The different colours are
produced by the oxygen
and nitrogen atoms, and
the shapes are formed by
the Earth�s magnetic field

Particles from the Sun hit
the Earth�s atmosphere,
making the air glow

Aurora are best seen near
the Arctic or Antarctic
circles

AAAAuuuurrrroooorrrraaaa    BBBBoooorrrreeeeaaaalllliiiissss

21 AAAAuuuurrrroooorrrraaaa

 Aurora Borealis  Exp=30s  f/2.8  F L=24mm  Fujichrome ISO400

22 PPPPoooollllaaaarrrr    SSSSkkkkyyyy

 North Polar Sky  Exp=5m  f/2.8  F L=24mm  Fujichrome ISO200

23 LLLLoooonnnngggg    EEEExxxxpppp

 North Polar Sky  Exp=1hr  f/5.6  F L=24mm  Fujichrome ISO400

24 TTTTrrrraaaaiiiillll

 Southern Sky  Exp=5m  f/2.8  F L=24mm  Fujichrome ISO200
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25 PPPPyyyyrrrraaaammmmiiiiddddssss

 Pyramids  Exp=5s  f/2.8  F L=24mm

26 RRRRuuuuffffiiiijjjjiiii    MMMMWWWW

 Milky Way  Exp=2m  f/2.8  F L=18mm  D70

27 Rufiji Scorpius 28 Rufiji Crux

 Southern Cross  Exp=2m  f/2.8  F L=18mm  D70

29 """"DDDDeeee----ttttrrrraaaaiiiilllliiiinnnngggg""""    tttthhhheeee    SSSSttttaaaarrrrssss

One 120s

exposure

Six 20s

exposures

30 DDDDeeeettttrrrraaaaiiiilllliiiinnnngggg
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31 FFFFoooolllllllloooowwwwiiiinnnngggg    tttthhhheeee    SSSSttttaaaarrrrssss

The Earth rotates

 Rotate one rev per day
 Axis ~ parallel with Earth's

"De"-rotate the camera

Solutions

"Piggy-back" on a telescope
 Build a motorised mount

32 PPPPiiiiggggggggyyyy----BBBBaaaacccckkkk    PPPPhhhhoooottttooooggggrrrraaaapppphhhhyyyy

 M45 Pleiades Star Cluster  Exp=300s  f/4  F L=300mm  D70

33 PPPPiiiiggggggggyyyy----BBBBaaaacccckkkk    PPPPhhhhoooottttooooggggrrrraaaapppphhhhyyyy

 C20 North America Nebula  Exp=600s  f/4  F L=200mm  D70

34 PPPPiiiiggggggggyyyy----BBBBaaaacccckkkk    PPPPhhhhoooottttooooggggrrrraaaapppphhhhyyyy

 M31 Andromeda Galaxy  Exp=600s  f/4  F L=300mm  D70

35

 Hale-Bopp  Exp=2m  f/6.3  F L=500mm  Fujichrome

CCCCoooommmmeeeetttt    HHHHaaaalllleeee----BBBBoooopppppppp 36

There are
many
types of
telescopes
available,
making a
choice
somewhat
confusing

TTTTeeeelllleeeessssccccooooppppeeeessss
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37 RRRReeeeffffrrrraaaaccccttttoooorrrrssss

Refractors
Use lenses to focus
the light

38

Reflectors
Use mirrors to focus
the light

Refractors
Use lenses to focus
the light

RRRReeeefffflllleeeeccccttttoooorrrrssss

39

Schmidt-Cassegrains
Use both lenses and
mirrors

Refractors
Use lenses to focus
the light

Reflectors
Use mirrors to focus
the light

CCCCaaaattttaaaaddddiiiiooooppppttttrrrriiiicccc 40

Compact S-C
Have user�friendly
controllers to point
the telescope

Refractors
Use lenses to focus
the light

Reflectors
Use mirrors to focus
the light

Schmidt-Cassegrains
Use both lenses and
mirrors

''''GGGGoooottttoooo''''    TTTTeeeelllleeeessssccccooooppppeeeessss

41

A domed
observatory
provides a
stable
platform for
the telescope
and shelter
from the wind

OOOObbbbsssseeeerrrrvvvvaaaattttoooorrrryyyy 42 PPPPaaaalllloooommmmaaaarrrr

The Hale telescope
was built in the
1940s and has a
mirror 5m (200�)
in diameter.

For half a century,
it remained the
world�s largest
telescope.
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43 MMMMyyyy    OOOObbbbsssseeeerrrrvvvvaaaattttoooorrrryyyy 44

 M51  Exp=15m  f/6.3

F L=1350mm  CCD

WWWWhhhhaaaatttt    tttthhhheeee    TTTTeeeelllleeeessssccccooooppppeeee    SSSSeeeeeeeessss

45 OOOOrrrriiiioooonnnn    NNNNeeeebbbbuuuullllaaaa

A nebula is a
cloud of gas
that reflects
light from
nearby stars

This is a star
�nursery�
where stars
are being born

46 OOOOrrrriiiioooonnnn    NNNNeeeebbbbuuuullllaaaa

47 SSSSaaaattttuuuurrrrnnnn 48 LLLLiiiivvvveeeerrrrppppoooooooollll    TTTTeeeelllleeeessssccccooooppppeeee
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49 LLLLiiiivvvveeeerrrrppppoooooooollll    TTTTeeeelllleeeessssccccooooppppeeee 50 BBBBuuuubbbbbbbblllleeee    NNNNeeeebbbbuuuullllaaaa

51 SSSSppppiiiirrrraaaallll    GGGGaaaallllaaaaxxxxyyyy    MMMM55551111 52 GGGGlllloooobbbbuuuullllaaaarrrr    CCCClllluuuusssstttteeeerrrr    MMMM11113333

53 RRRRiiiinnnngggg    NNNNeeeebbbbuuuullllaaaa    MMMM55557777 54 JJJJuuuuppppiiiitttteeeerrrr
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55 CCCCoooommmmeeeetttt    CCCC2222000000002222TTTT7777 56 Hubble

57 HHHHSSSSTTTT    mmmmiiiirrrrrrrroooorrrr 58 M51

59 M16 60 PPPPiiiillllllllaaaarrrrssss    ooooffff    CCCCrrrreeeeaaaattttiiiioooonnnn
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61 PPPPllllaaaannnneeeettttaaaarrrryyyy    NNNNeeeebbbbuuuullllaaaa                         62 CCCCaaaatttt''''ssss    EEEEyyyyeeee

63 GGGGaaaallllaaaaxxxxiiiieeeessss 64 MMMM111100004444

65 RRRRaaaawwww++++PPPPrrrroooocccc 66 HHHHuuuubbbbbbbblllleeee    DDDDeeeeeeeepppp    FFFFiiiieeeellllddddHHHHuuuubbbbbbbblllleeee

DDDDeeeeeeeepppp

FFFFiiiieeeelllldddd
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67 AAAAmmmmaaaatttteeeeuuuurrrrssss    aaaannnndddd    PPPPrrrrooooffffeeeessssssssiiiioooonnnnaaaallllssss

Amateurs

Cover the Whole Sky
Time is 'Free'

Professionals

Limited Sky Coverage
Telescope Time Expensive

68 WWWWhhhhaaaatttt    CCCCaaaannnn    YYYYoooouuuu    DDDDoooo    WWWWiiiitttthhhh����????

£ 1,000,000,000

69 WWWWhhhhaaaatttt    CCCCaaaannnn    YYYYoooouuuu    DDDDoooo    WWWWiiiitttthhhh����????

£ 1,000,000

70 WWWWhhhhaaaatttt    CCCCaaaannnn    YYYYoooouuuu    DDDDoooo    WWWWiiiitttthhhh����????

£ 1,000

71 WWWWhhhhaaaatttt    CCCCaaaannnn    YYYYoooouuuu    DDDDoooo    WWWWiiiitttthhhh����????

£ 100

72 WWWWhhhhaaaatttt    CCCCaaaannnn    YYYYoooouuuu    DDDDoooo    WWWWiiiitttthhhh����????

£ 10


