Cambridge University Press

978-1-316-61841-7 — The Art of Astrophotography
Ian Morison

Index

More Information

Index

Abbe, Ernst, 211
Adams, Kevin, 2, 136
Adobe DNG Conuverter, 11, 49
Andreo, Rogelio Bernal, 83
Astra Image, 42
Astro Photography Tool, 75, 82
Astro-Physics, 212, 213
autoguiding, 69, 245
autoguiding software, 251
Guidedog, 251
Maxim DL, 251
PHD Guiding, 71, 72, 157, 162, 251
sub-pixel guiding, 253
autoguiding tips, 253
driving the mount, 249
guide camera ST-4 port, 249
Shoestring GP-USB interface, 249
guide cameras, 70, 250
Atic Titan, 251
Fishcamp Starfish, 251
Micron MT9MO001 CMOS chip, 250
Opticstar AG-130M Coolair, 251
Orion Starshoot 52064, 251
QHY QHY5L-II, 70, 251
QHY QHY6, 72,157,162, 251
ST-4 guide port, 71, 171, 250
Starlight Xpress Lodestar X2, 70, 250
USB guide port, 71
USB interface, 251
guide scopes, 69
Borg 50 mm, 245
crossbar mounting, 246
mounting on main scope, 246
offsetting
Avalon Instruments X-Guider, 70, 246
SkyWatcher Guidescope Mount, 70, 246
Orion Optics (USA) 50 mm objective, 245
Orion Optics (USA) 60 mm objective, 245

Rother Valley Optics 80 mm objective, 69,
162,174, 246,
SBIG 100 mm focal length, 245
off-axis guiding, 247
on-axis guiding, 248
Foresight On-Axis Guider, 248
ONAG®, 248
ONAG® XT, 248

Beck, Thomas, 212
Big Dipper, 20
Brierley, Paul A., 132

CCD cameras
4x4 binning mode, 162
choosing, 170
file formats
FITS, 157,162,182
TIFF, 182,193
monochrome, 167
filter wheels, 180
filters
50 mm LRGB, 182
Astroden True Balance Filters,
181, 182
Astronomik LRGB, 181
Baader Dichroic RGB filters,
180, 182
H-alpha, 181, 191
O1II, 182, 191
S1I, 182,191
SBIG 36 mm filter wheel, 181, 182
SBIG CFWO filter wheel, 182
types
Apogee Alta® F8300, 171
Atik 383L+, 172,182
Atik Titan, 171
Moravian Instruments G2 8300, 172
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CCD Cameras (cont.)
QHY QHY6, 171
QHY QHY9, 172
QSI 538,172
SBIG ST-8300M, 72,173,176, 182, 192
SBIG STF-8300M, 171
one shot colour, 154
capture software
EZcap, 156, 157, 162
types
Atik cameras 383L +, 156
Celestron Nightscape, 172
Moravian Instruments G2-8300, 156
PrimaLuce Lab D700a, 154
QHY QHYSL, 155, 162
QHY QHYIL, 157
SBIG STF-8300C, 156
peak quantum efficiencies, 70
Peltier cooling, 167
sensors
anti-blooming, 169
anti-blooming gates, 171
APSC sensor, 154, 155
Bayer matrix, 154, 157
binning modes, 174, 180, 186
chip size, 167
dynamic range, 170
Kodak KAF-8300, 156, 168, 171
large, 171
pixel size, 168
Chester Moore Hall, 209
Christen, Roland, 212
combating light pollution, 88
light pollution filters, 88
Astronomic CLS, 89
Baader UHC-S, 89
Hutech IDAS LPS-P2, 89
Hutech IDAS LPS-V4, 89
Orion SkyGlow, 89
passbands, 89
computers
USB 3 interface, 101
Covington, Michael A., 234
Cygnus Wall, 85

dark current, 1
Dawes, W. R, 200
Deep Sky Stacker
aligning and stacking light frames, 11
combining light frames, 49
stacking modes
comet, 149
standard, 149
Stars + Comet, 149
star detection threshold, 11
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stretching an image, 12
TIFF image output, 12

DSLR Cameras

AC power adapter kit, 3, 136
ASA rating, 9
astrophotography cameras, 54
EOS 60Da, 54
modified Canon DSLR, 55, 82
Baader Planetarium IR filter, 55
modified Canon EOS 1100D, 56
Nikon D810A, 54
choice of ISO, 9
cooling
Geoptik thermoelectric cooling box, 78
Home-constructed Peltier cooling system,
80
Primaluce Lab, modified Canon EOS 700D,
78
using a Peltier cooler, 78
using ice packs, 76
cooling to reduce sensor noise, 75
DC to AC power inverter, 3
file formats, 8
JPEG, 8
raw, 8
H-alpha modified Canon 1100D, 130
improving H-alpha emission capture, 54
in-camera noise reduction, 9
intervalometer, 3, 10, 42, 137
lenses
dew strap, 137
dewing, 2
LensMuff, 138
prevention, 2
prime lenses, 10, 24
Tamron 24 mm, 139
zoom lenses, 10
Live View, 9, 10
long exposure noise reduction, 9, 49
remote control, 76
Astro Photography Tool, 76
BackyardEOS, 76
BackyardNIKON, 76
sensors, 7, 54
APSC sensor, 7, 10, 47, 135
Bayer matrix, 8, 96, 101
colour mottling, 23
dark current, 75
de-Bayering, 8
DX, 8,135
FX, 8,135
IR rejection filter, 54
microlenses, 9
mottling, 139
T-mount, 38, 39, 82, 103, 129
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effects of the atmosphere, 241 imaging

atmospheric seeing, 241
Five-category scale, 241
Canadian Weather Office map, 242
Damian Peach videos, 243
Pickering scale, 241

atmospheric transparency, 243
aerosols, 244
air mass extinction, 244
Canadian Weather Office

map, 244

light pollution, 244

Rayleigh Scattering, 243
atmospheric turbulance

central troposphere, 242

high troposphere, 242

jet stream forecasts, 242

near ground, 242

Field of View Calculator, 47,139, 161, 173,
192,199
Fujii, Akira, 14

The Great Atlas of the Stars, 14
Gregory, John, 224

Hallas, Tony, 23

H-alpha emission, 82

H-alpha line, 170

Heapy, Christopher, 177, 195
Herschel, William, 173

Hill, Christopher, 102

Honis, Gary, 80

HyperStar imaging system, 155

image calibration, 254
bias frames, 254
dark current, 49
dark frames, 2,9, 67, 78, 148,
155,157,162, 171,
174,176,182, 193, 251,
254, 255
flat fields, 8, 67, 182
flat frames, 174, 255
light frames, 8, 11, 56, 67, 150, 155, 171,
174,182, 254, 255
MasterFlat, 174
vignetting correction, 255
image enhancements
hue and saturation, 59
local contrast, 73
image quality
resolution of a telescope, 39
sampling theorem, 39
seeing, 39

comets, 147
constellations, 7
earthshine, 43
M13 globular cluster, 72
meteor showers, 139
Geminids, 139
meteors, 135
cameras
Canon 6D, 135
lenses, 135
Nikon D610, 135
monochrome CCD imaging, 172
narrow band, 170
narrow band colour imaging, 191
Hubble Palette, 191
North America and Pelican nebulae in
H-alpha, 176
planets, 95
capture software
FireCapture, 95
IC Capture.AS, 95
Jupiter, 96, 102
at low elevations, 105
discussion of atmospheric dispersion
correction, 107
dispersion correction
with atmospheric dispersion
correctors, 105
Astro Systems Holland, 105
Pierro Astro, 105
ZWO, 105, 107
using Registax 6, 105
lucky imaging, 147
Mars, 99
processing software
AutoStakkert! 2,95, 104
RegiStax, 95
wavelets, 99
RegiStax 4,96, 114
RegiStax 6, 96
from RGB channels, 101
RGB filters, 101
dichroic, 101
glass doped, 101
RGB imaging, 101
Saturn, 102
using a DSLR, 103
Canon cameras, 103
capture software
EOS Camera Movie Record, 103
Images Plus, 104
SUPER, 104
virtualdub AVI conversion, 104
video cameras and webcams
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image calibration (cont.)
Imaging Source DFK 21AU04.AS colour
camera, 96
Imaging Source DMK 21AU618.AS, 101
Point Grey Flea3, 101
practical aspects, 256
at a dark-sky site, 258
battery power, 258
battery charging, 259
Genius NOCO G1100, 259
golf buggy batteries, 258
iOptron PowerWeight, 259
jump-start batteries, 258
SkyWatcher Power Tanks, 258
Tracer lithium polymer batteries, 259
mounts, 258
iOptron MiniTower, 258
QHY PoleMaster, 258
red screen displays, 259
red torches, 259
at home, 256
from inside, 257
remote mount control, 257
software
Cartes du Ciel, 258
Sky Safari Plus, 258
Stellarium, 258
Southern Stars SkyFi unit, 258
using mains power, 256
Star trails, 1
Andromeda Galaxy, M31, 161
Dumbbell Nebula, M27, 90, 192
Galaxy, M33, 182
Leo Triplet, 172
Milky Way, 18, 24
North America and Pelican nebulae, 82
Orion Nebula, 54, 55
Perseus Double cluster, 157
Pleiades cluster, 46, 49
Rosette Nebula in H-alpha, 177
Rosette Nebula using the Hubble
Palette, 195
IRIS, 7, 82
stretching an image, 56

KAYEM solar finder, 119

Keller, Phillip, 217

Kilburn, Kevin, 132

Kochab, 20, 21f. 3.3, 233, 233f. B.2

LensMuff, 2
light pollution
filters
Astronomik CLS, 49, 73, 157, 161
removal in Photoshop, 4, 82, 90
Lodriguss, Jerry, 103
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long exposure noise reduction, 2
LRGB colour imaging, 180
lunar imaging
capture software
IC Capture, 116
capturing images, 42
with a compact camera, 29
composite images, 35
eyepiece projection, 29
the Full Moon and Jupiter, 113
in the infrared
Astronomik 742 IR filter, 116
Imaging Source DMK 21AU618.AS, 116
noise reduction, 32
processing software
AutoStakkert! 2,108
Registax, 108
Registax 6,116
in the red and infrared, 114
sharpening, 31
using a DSLR, 38
using a monochrome webcam, 114
Imaging Source DMK 21AU618.AS, 114
Sony ICX618ALA sensor, 114
using video cameras, 108
Canon cameras with EOS Movie
Record, 108
capture software
EOS Mowie Record, 108
enhancing the lunar image, 110
processing software
Microsoft ICE, 108
Registax 6,108, 109
sharpening in Wavelets, 110
webcams
Imaging Source DFK 21AU04.AS, 113
sensor size, 108
with a smartphone, 29
world record image, 116

Maksutov, Dmitri, 223
Microsoft ICE, 36, 40, 108, 110, 114, 116
Mollise, Rod, 239
mounts, 227
alt/az, 48, 227
counterbalanced, 228
iOptron Minitowers, 228
AZ Mount Pro, 228
Minitower Pro, 228
Minitower V2.0, 228
Sky-Watcher AZEQ6-GT, 228
Dobsonian, 227
field rotation, 227
fork mounted, 227
dual fork, 228
single fork, 227
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frame rotation 95
iOptron MiniTower, 48, 114, 176
zenith problem, 227
equatorial, 48, 229
alignment
QHY PoleMaster, 48
German equatorial mount, 230
locating objects, 238
star hopping, 238
periodic error, 69
correction, 69
polar alignment, 232
altitude alignment, 232
azimuth alignment, 232
towards Kochab, 233
using a polar scope, 233
with computerised mount, 234
with webcam, 234
using drift scans, 234
with a CCD imager, 235
with PHD guiding, 235
using software programs, 237
Alignmaster, 237
EQ Align, 237
Polar Finder, 237
PoleAlignMax, 237
WCS, 237
using the QHY PoleMaster, 237
video tutorials, 237
polar axis, 69
right ascension axis, 69, 227
survey, 239
iOptron CEM60, 239
iOptron ZEQ25-GT, 239
premium mounts

10 micron Astro-technology series, 231

GM1000 HPS, 232
GM2000 HPS, 232
GM3000 HPS, 232
GM4000 HPS, 232
ASA
DDM160, 240
DDM60/PRO, 240
DDMS5, 240
Astro-Physics
900GTO, 240
1600GTO, 240
3600GTO, 240
Mach1GTO, 157, 162, 174, 240
Losmandy
G-11, 240
GMS, 72, 240
Titan, 240
Software Bisque Paramount
MEII, 240
MX, 240

MYT, 240
Takahashi
EM11, 240
EM200, 240
EM400, 240
EM500, 240
tracking accuracy, 230
belt drive systems, 231
Rowan Astronomy belt drive
conversion, 231
gear backlash, 231
Losmandy G-11, 230
Losmandy GMS, 230

periodic error correction, 230
Losmandy GMS, 230
unguided long exposures, 231
worm drive, 69

North America Nebula, 82

North Celestial Pole, 1, 10, 20, 23, 24, 48, 69, 227,
230, 232, 237, 253, 256

Nyquist theorem, 116

Optique & Vision, 230

Orion
Fish’s Mouth, 59
Running Man nebula, 59
Trapezium, 59

Orion Optics (UK), 203

Peach, Damian, 99, 101, 102, 152, 169,
241, 243
Pelican Nebula, 82, 85
Photoshop
actions, 176
black point, 176
blending modes
colour, 190
darken, 68, 69
difference, 25, 73, 91, 163, 176
lighten, 114, 141, 143
normal, 141
screen, 26, 85
channels, 183
correcting slight star trailing, 13
enhancing stellar images, 14
filters
Despeckle, 32,42, 190
Dust & Scratches, 25, 73, 83, 91,
163,176
Gaussian Blur, 25, 91, 139, 176,
188, 195
‘Hasta La Vista, Green’, 85, 157
high pass filter, 32
lens correction, 255
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Photoshop (cont.)
minimum, 85, 176, 195
RGB calibration, 186
Smart Sharpen, 32, 116, 123, 176

Unsharp Mask, 26, 27f. 3.10, 31, 41, 59, 73,

85,93, 116, 123, 163
WhiteCal, 185
image adjustments
correcting star images, 68
enhancing colour
using Hue/Saturation, 186
using Lab Color, 187
using Match Color, 188
using Shadows/Highlights, 186
using vibrance, 187
monochrome, 31
local contrast enhancement, 113, 163
making an Action, 12, 41
reducing noise using a Gaussian Blur, 58
sharpening images, 41
high pass sharpening, 41
sharpening by deconvolution, 42
Astra Image, 42
Lucy—Richardson algorithm, 42
smart sharpening, 41
using a Blur function, 41
stretching images
using Curves, 82, 183
using Levels, 11, 52
tools
Brightness/Contrast, 26
Clone stamp, 6
Color Range, 25
Elliptical Marquee, 14
Erasure, 14
Eyedropper, 174
Flatten Image, 25
Layers, 69
Levels, 26, 31, 41, 101, 185
‘black point’, 31, 162
histogram, 110
Move, 68
polygonal lasso, 58, 142, 176
Rectangular marquee, 185
Transform, 114
Pickering, William H., 241
Picture Cooler, 35,42, 190
Planetarium programs
Sky Safari, 147
Plough, The, 20
Polaris, 1, 4, 18, 20, 21f. 3.3, 232, 233, 234,
237,238

Rayleigh Scattering, 243
removing light pollution, 73
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Royce, Robert ., 209
Rutten, Harrie, 224

Scagell, Robin, 139
Shah, Peter, 65
Sherrod, Clay, 233
solar imaging
in H-alpha emission, 126
image capture
using Canon DSLR with EOS Movie Record,
121
image processing, 121
faculae, 127
H-alpha line, 126
H-alpha observing kits, 127
image capture
EOS Movie Record, 131
image processing
Autostakkert! 2,131
Registax, 131
solar prominences, 127
solar telescopes
Coronado, 126
Rich View etalon tuning, 127
SolarMax II, 126, 131
Coronado PST, 132
Coronado Sol Ranger finder, 128
double stacking, 127
Fabry-Pérot etalon, 126
Lunt Solar Systems, 126
pressure etalon tuning, 127
pressure tuned 60 mm, 132
Solarscope, 126
Solarview SV-60, 127, 130
TeleVue Sol-Searcher Finder, 128
tilt etalon tuning, 127
webcams
Imaging Source DMK 21AU618.AS, 131
in white light, 119
image capture
EOS Movie Record, 122
using an Imaging Source DMK 21AU618.
webcam, 121
image processing
Registax 6,122
solar filters, 119
A4 sheets, 119
Baader Planetarium, 119, 121
Seamore Solar, 119
Thousand Oaks, 119
using a Herschel wedge, 119
Baader Planetarium Herschel Wedge,
120,123
Baader Solar-Continuum filter, 123
Lunt Solar Systems Herschel wedge, 120
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SOHO satellite images, 121
star trailing, 13, 142

exposure lengths, 48
Stark, Craig, 71
StarStax, 1,4

Telescope Engineering Company, 213
telescopes
accessories
2-inch extension barrel, 38
Baader 6030 microstage, 30
Baader coma corrector, 173
Barlow lens, 35, 39, 96, 107, 116, 121f. 15.2,
122,130, 131, 169
eyepiece projection adapter, 130
field flatteners, 8, 172
Teleskop-Service 2-inch, 82, 157, 161,
168,176
filters
H-alpha, 176
flip mirror, 95
T-mount, 76, 77
astrographs, 61
catadioptric, 62
Celestron Edge HD, 62, 172
Vixen VC200L, 63, 90, 172, 192
corrected newtonians, 63
ASA 8 inch, £3.6, Newtonian, 68
ASA corrected Newtonans, 63
Orion Optics (UK) AG range, 63
Wynne corrector, 63
corrective accessories, 64
coma correctors
Altair Astro for f/4 Newtonian, 64
Baader Planetarium MPCC Mark III, 64
Skywatcher f/4 Aplanatic, 66
field flatteners, 64
Hotech SCA, 64
Teleskop Service 2-inch universal, 64
focal reducers/field flatteners, 64
Meade and Celestron, 64
Televue 400-600 mm range, 64
Newtonian, 217
ASA 8-inch Newtonian, 182
ASA H-series, 217
ASA N-series, 217
with coma corrector, 172
Orion Optics (UK) AG Range, 217
refractors, 61
Takahashi FSQ-85ED, 62
Takahashi FSQ-106ED, 62
Teleskop Service 65Q, 62
TeleVue NP 127is, 177
TeleVue NP series, 61
William Optics Star 71, 62

vignetting, 67, 68
basics, 199
contrast, 201
micro contrast, 204
diffraction effects, 205
effects of a central obstruction, 205
spider effects, 206
overall contrast, 202
field of view, 199
focal ratio, 199
image quality, 207
central obstruction, 208
mirror smoothness, 209
RMS surface accuracy, 208
Strehl ratio, 205, 208
vignetting, 205
magnification, 199
refractors
knife edge baffles, 203
matt black flock coatings, 203
resolution, 200
Airy Disc, 200
Airy Pattern, 200
Dawes Limit, 200
Rayleigh Criterion, 200
Cassegrain, 218
variants, 218
Dall-Kirkham, 218
Orion Optics (UK) ODK range, 218
Ritchéy-Cretien, 218
Takahashi Mewlon range, 218
catadioptric, 218
150 mm Maksutov—-Newtonian, 203
16-inch Meade, 195
350 mm Maksutov, 255
Celestron 11-inch SC, 208
Maksutov-Cassegrain, 223
Alter 500 RU-Mak, 225
Gregory-Maksutov, 224
Intes-Micro Alter range, 224
meniscus corrector, 224
Ru-Mak, 224
Meade Schmidt—Newtonian, 173
Celestron 9.25, 108
Celestron and Meade, 219
Celestron EdgeHD range, 223
Celestron Fastar®, 222
Celestron’s Rowe—Ackermann Schmidt
astrograph, 222
compact design, 219
cool down times, 220
corrector plate dewing, 221
dew heater tapes, 222
dew shield, 221
curvature of field, 219
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telescopes (cont.)
focal reducer, 219
Meade ACF range, 223
mirror shift, 220
Schmidt corrector plate, 219
sub-aperture correctors, 225
Vixen VC200L, 116, 225
Vixen VMC Series, 225
Vixen VMC200L, 225
Vixen VC200L, 247
eyepieces
orthoscopic, 130
Plossl, 130
focusing with Bahtinov mask, 257
Newtonians, 214
basic design, 215
parabolic mirror, 215
secondary mirror or flat, 215
spider, 215
vignetting, 215
for planetary imaging, 216
mirrors
aluminium coating, 203
high reflectivity coating, 203
HiLux coating, 203
qualities and drawbacks, 214
for wide field imaging, 217
refractors
achromatic doublet, 209
using calcium fluorite, 209
using ED glass, 210
apochromats, 211
AP 140 mm Starfire, 213
APM, 212
CFF Telescopes, 213
oil or air spaced triplets?, 213
Petzval
Televue FSQ85-EDX, 212
Televue FSQ106-EDX, 212
Televue NP101is, 212
Televue NP127is, 212
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Takahashi FS series, 212
Takahashi FS102, 43, 108, 114, 212
TEC APO 140, 213
Teleskop-Service TSAPO65Q, 212
Vixen, 212
William Optics Star 71, 212
focusers, 214
glass types, 210
Abbe Number, 210
FCD1, 210
fluorite crystal, 210
FPL-51, 210
FPL-53, 210
H-FK61, 210
William Optics 72 mm Megrez, 82, 157,
161,176
telescopes for astroimaging, 61
curvature of field, 61
time
official NIST US Time Service, 103
tracking mounts, 18, 35, 137, 139, 142, 147
AtroTrac, 21
barn door, 23
FORNAX 10 LighTrack, 22
iOptron Sky Tracker, 18
Nano Tracker, 20, 137, 138, 139
Star Adventurer, 18
Star Sync, 23
Vixen Polarie Star Tracker, 18
Trapezium star cluster, 54, 56

UK AstroBuySell website, 46
Uncle Rod’s Astro Blog, 239

WinJUPOS, 99, 102
Wood, Charles, 117
Wynne corrector, 63
Wynne, Harmer, 217

Zambuto Optical Company, 208, 209
Zambuto, Carl, 209
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