


Ç You donôt need a telescope 

Ç You donôt need a tracking mount 

Ç You donôt need a camera that will cost you a 
fortune 

Ç You will need simple equipment: a tripod, a 
Digital Single Lens Reflex Camera (DSLR), a 
few accessories, and some free software 

Ç After this class, you will be able to take 
interesting nightscapes, star trails, sun and 
moon images, and you will learn about stacking 
images 
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Ç f/stop ï This is the ratio of the lensô focal length 

divided by the diameter of the lens (aperture). In the 

case of a camera lens with a iris, the focal length is 

divided by the iris open diameter 

Ç Slow f-stop ï A larger f/number, slow refers to the 

relatively long time it takes to create an image of a 

certain brightness 

Ç Fast f-stop ï A smaller f/number, fast refers to the 

relatively short time it takes to create an image of a 

certain brightness 
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Ç Aperture ï The diameter of the objective lens 

(determines the ability to collect light) 

Ç Iris ï The adjustable field stop that controls the 

amount of light reaching the sensors and varies 

the depth of field 

Ç Stopping down ï Closing the iris to increase the 

f/stop (slowing the lens) increases the depth of 

field 
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Ç Stretching ï Using image processing to increase 

the light-to-dark ratio of the image to bring out 

details in the darker areas 

Ç ISO ï International Standards Organization units of 

sensitivity 

Ç JPG ï Compressed image storage format, small 

file size but with image detail loss due to 

compression 

Ç Raw ï Image storage format with no compression 

much larger file size but with no loss of detail due 

to compression 
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Ç Sub ï A sub is a single exposure when the 

intention is to stack the exposures into a single 

final image 

Ç Full Frame Sensor ï DSLR sensor that is the 

same size as 35 mm flim 

Ç APS-C ï Advanced Photo System type-C sensor 

format that is smaller than full frame by about a 

factor of 0.6 to 0.66 
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Ç Digital Single Lens Reflex 
cameras are  the digital version 
of single lens reflex film 
cameras 

Ç The film has been replaced with 
a CMOS sensor 

Ç CMOS sensors have very high 
sensitivity as compared to film 

Ç With no film processing costs, 
you can cheaply discard spoiled 
exposures due to: 
Á Aircraft 

Á Bad seeing 

Á Bad focus 

Á Satellites  
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Ç Charged Coupled Device (CCD) 

cameras are up to 50 times more 

sensitive than a standard DSLR 

Ç CCD cameras also have a greater 

dynamic range, meaning they can 

more easily capture both faint and 

bright detail in a single exposure 

Ç For setups where guiding is 

required, some CCD cameras 

have built-in guide chips to make 

guiding much easier 

 
8 

CCD Pros: 



Ç CCD cameras designed for 

astrophotography have better H-alpha 

(red) response 

Ç They often have internal cooling and fans 

Ç Smaller sensor chips result in better 

framing for planets and small deep space 

objects 

 

9 

CCD Pros: 

CCD Cons: 
Ç These cameras are designed for deep-sky 

astrophotography or planetary photography 
and cannot be used for nightscapes or other 
wide field images 

 



Ç DSLRs are much less expensive for a 

given size chip and resolution (# of 

megapixels) 

Ç More pixels allow larger prints to be made 

with native resolution 

Ç Larger chip size results in wider fields 

captured in a single exposure 

Ç A wide range of excellent lenses are 

available 

Ç DSLRs are versatile, but one big 

advantage isð you may already own one 
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DSLR Pros: 



Ç A used Canon T2i can be found on 

eBay for approximately $250 ï 18.1 

megapixels, sensor size: 14.9mm x 

22.3mm 

 

 

Ç Entry-level astrophotography CCDs 

start at $420  ï <0.5 megapixel (752 

x 582 = 437,664 total), sensor size: 

5.95mm x 7.40mm 
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Ç Atik 4000 ï $4,044 

4.2 megapixels  

Sensor size: 16.67 mm x 16.05 mm 

 

 

Ç SBIG STF-8300C ï $1,795 

8.3 megapixels 

Sensor size: 17.96 mm x 13.52 mm 
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DSLR (Full Frame) 

CCD 13 



Ç DSLR camera 

Ç Tripod 

Ç Lenses 

Ç Shutter release cable 
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Ç For star trails and nightscapes, 

shorter focal length (wider field) is 

better: 8ï35 mm with low 

f/number 

Ç For lunar and solar imaging, a 

300ï400 mm camera lens or a 

telescope is best ï solar will 

require a solar filter 

Ç If using a telescope, you will need 

a T-mount and adaptorï(~$30) 
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You can take: 

Ç Nightscapes 

Ç Broad spectrum pictures of the sun 

Ç Pictures of the moon 

Ç Star trails 

Ç Wide field images for stacking 
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Ç Nightscapes capture constellations or the 

Milky Way above interesting landscapes 

Single 20 sec 

exposure, ISO 

3200, 16mm ï f/2.0 

Milky Way over 

Fajada Butte at 

Chaco Culture 

Historical Park 
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Ç Steps: 

1. Go some place DARK! 

2. Put your camera on a tripod 

3. Attach a wide angle and preferably fast lens 

4. Attach a cable release 

5. Open the iris wide 

6. Set the ISO to high 

7. Capture images in Raw format 

8. Set the lens to manual focus 

9. Aim and focus the camera 

10. Set the shutter speed to for your lens and camera 
combination  

(use the rule of 300 or 500) 

11. Using the cable, release the shutter 

12. You can use lights to paint close objects while the 
shutter is open 
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Ç For full-frame cameras you should 
use the rule of 500 
ÁFor example using a 16 mm lens you 

can shoot up to about 500/16 = 31.25 
or about 31 sec 

ÁWith longer shutter speeds, star trails 
start to become objectionable 

Ç For cameras with smaller APS-C 
format sensors you should use the 
rule of 300 
ÁUsing the same 16 mm lens you can 

shoot up to about 300/16 = 18.75 or 
about 19 sec 
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Ç ISO setting determines the ñsensitivityò of the 

medium 

Ç In a digital camera, it is not really the sensitivity 

changing, rather it is camera amplification changing 

to increase the signal 

Ç Note: Amplification increases noise 

Ç The baseline sensitivity ISO setting is 100 

Ç Each time the ISO setting is doubled the sensor 

requires half of  the light to produce the same 

image signal 
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Ç Shoot at the ISO setting that provides the 
brightness desired 

Ç Caution: Extremely high ISO settings result in 
higher noise 

Ç Try various settings to achieve desired result 

Ç Typically Milky Way shots require at least ISO 
3200 for exposures of < 30 seconds 

Ç Do not rely on the view screen in the dark to find 
minimum ISO 

 

Images on the next slide show how the view screen 
can be deceptive! 
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View Screen (ñWow! Pretty!ò) Actual Image ñSay what??ò 

Analysis: While the view screen shows good detail in the 

Milky Way, the actual image is dim. Stretching the 

downloaded image to achieve the same degree of detail as 

shown on the view screen results in a noisy and grainy 

image. The Image would be better if shot at ISO 3200 
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Image shot at ISO 2500, 20 second exposure  



Ç If your lens is not fast (f/4 or slower), you 
will probably need to shoot ñwide openò 

Ç If your lens is faster than f/4, you may be 
able to stop down to improve depth of 
field 

Ç This is particularly important if you are 
having difficulty in achieving tight focus 

Ç Using an f/2 lens at f/4 will help ñtightenò 
star images 

Ç The trade-off of stopping down is 
reduced image brightness and having to 
use more aggressive post processing 

23 



Ç It is easy to focus the DSLR for 
the sun and the moon, but 
focusing for the night sky is more 
difficult 

Ç Auto focus will not work for most 
cameras unless there is a large 
amount of light 
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Ç Manual focus looking through the view 

finder is difficult because distant objects 

and star fields are dim 

Ç There are some techniques that allow for 

good focusing for the night sky 



Ç Many modern DSLRs have ñLive 
View.ò This mode displays what 
the camera is ñseeingò on the 
LCD screen. For live view 
focusing: 

 1. Find a any bright star and center it 

2. Set the ISO to the highest setting 

3. Zoom the screen view to maximum 

4. Use manual focus on the camera lens  

5. Slew the camera to the area of interest 

without touching the focus ring 

6. Set the ISO to the appropriate setting and 

start imaging 
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Ç For Night Sky focusing: 
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1. Set the focus ring to infinity 

2. Take a high ISO image of the area of 

interest 

3. View the image on the camera view 

screen 

4. Zoom the image to a bright star and 

check for focus quality 

5. Adjust the focus ring slightly past infinity and reimage 

6. Adjust the focus ring to slightly inside infinity and reimage  

7. Compare the three results on the display and determine where 

the best focus is likely to be 

8. Continue to narrow in on the best focus point 
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Ç You can use a broad spectrum 

solar filter on a camera lens or 

telescope to take images of the 

sun during transits, eclipses, 

and sunspot activity 

Ç Fast shutter speeds are 

required, therefore no tracking 

is needed 

Ç H-alpha telescope imaging is 

similar but unmodified DSLR 

cameras have poor H-alpha 

response 
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Ç The moon is another 

bright object that allows 

for short shutter speeds 

Ç You can use a camera 

lens or a small telescope 

NOTE: Close-up images of craters using 

long focal length telescopes will require 

tracking 
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Ç For star trail imaging: 
1. Use a tripod 

2. Set ISO to ~1600 

3. Set iris: ~half open 

4. Set shutter control to manual or 

time for exposure of ~30 sec  

5. Attach cable release 

6. Compose the frame and focus 

(éto what exactly?)  

33 

7. Set drive to multiple exposures 

8. Shoot in JPG format (star trail software will not stack Raw) 

9. Use the cable to release shutter, then lock in open position and allow 

the camera to take 20 or more images  

10.Processing: Stack your images using a star trail program 

11.Use image processing software to adjust contrast/saturation/brightness 



Ç Variations: 
Á Shoot at North Celestial Pole 

Á Shoot near the celestial 
equator  

Á Shoot looking south 

ÁUse relatively short exposures 

ÁUse long exposures 

ÁHave interesting landscapes 
or objects in the foreground 

ÁUse water for reflections 

Á Zoom lens during image 
capture 

ÁUse lights to paint close 
objects 
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