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Mount
Predefined location helps 

with polar alignment

Tripod

Marked Location

Polaris – above vent pipe
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Table – A good table is a big help

Mount – 35 lbs., a little difficult 

to get in place.  Motors seem 

fragile.  Care needed to not 

damage.
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Level –

1. Polar alignment –

Reproducing position 

aids polar alignment.

2. Mount will work fine if 

not level.

• Add weight.

• Re-check level.
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Polar Scope

Goes here
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More on polar alignment later –

But:

1. Polar scopes will not work if reticle not 

aligned.

2. Two polar scopes purchased.  Both 

did not have correctly aligned reticles.

3. Aligned during the day by:

a) Pointing center at distant target

b) Rotating axis

c) Adjusting set screws to get center 

to stay in center

d) Be careful not to break – reticle 

made of glass
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Mount Control System

RA Motor

DEC Motor

Velcro
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Saddle – Two common styles:

Losmandy ‘D’ Style

Vixen Style
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Telescope

Finderscope Dovetail Mount

1x Finder (Red Dot Finder) Guide Scope & Guide Camera

Telescope

Used for 2 purposes
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Options for Guiding

Short focal length (132mm)

Low focal ratio (f/3.2)

Pros: Easy to find stars, Super 

easy to use

Cons: Not on axis with image 

(flexure), Low focal length 

limited to short focal length 

imaging telescope.

Longer focal length 

(600mm)

High focal ratio (f/12)

Pros: Easy to find stars, 

Longer focal length works 

with longer focal length 

imaging scope

Cons: Not on axis with 

image (flexure) 

Guide Scope
Guide Scope

Off-Axis Guider

Image scope focal length 

& focal ratio 

Pros: No flexure, Same optics 

as imaging system

Cons: Can be very difficult to 

find guide star, drives framing 

of imaging target, hard to 

focus guide camera, pick off 

prism royal pain in the neck for 

aberrations if not perfectly 

lined up.
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Cameras

CCD Camera 

& Bulb Blower

Hydrogen Alpha (Ha) 

Filter

Focal Reducer

Produces f/6.68

1 2

3
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Focuser before camera Camera connected to focuser 

with 48mm extension tubes

Set Guide Camera East & West Imaging Camera angle due to 

screw on attachment
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Set Focus:

1. Keep document of different configuration focus settings

2. Gets close to correct focus
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Balance Mount

Balance in Right Ascension (RA)

=> Heavy East for imaging

Balance in Declination
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Acclimation

Remove dust cap for acclimation
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Cabling & Computer

Camera Power – Hang on mount Camera Power

Fabric USB cables – less stiff Fabric USB cables – no snag
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Two options:

1. Autoguiding Port (ST4 Style)

2. ASCOM (Usually RS232 Port)

GPUSB – USB to ST4 Autoguider Port 
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Computer 

USB-C to USB 3 adapter – works well
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Polar Alignment

Need to remove covers and rotate in DEC to open up 

hole for polar alignment scope.

 Met guy at star party that could not figure this out 

and could not polar align his scope
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Using Polar Alignment Scope

1. Rotate Polar Scope so that Big 

Dipper &  Cassiopeia are in right 

place as in sky (on Celestron, rotate 

entire RA axis)

2. Move Altitude and Azimuth knobs to 

get Polaris, “Second Star” and “Third 

Star” in right position

3. Usually able to get within a few 

arcminutes using this method

4. Illuminator

a) Use Illuminator

b) Light pollution – not needed

c) Shine flashlight in from front of 

polar scope
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Counter Weight Down (CWD) Position

Right Ascension (RA)

Declination (DEC)

Other mounts have “home position” marks.  

Also – Utility to return to CWD position 

when done.  Facilitates multiple night 

setup storing sky modeling data from 

previous alignment
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4 Star Alignment

Use 1x Finder Scope / Red Dot Finder

1. Turn scope control system ON

2. Set / check Latitude & Longitude

3. Set / check time & date

4. 4 star align: 2 West, 2 East

• Center star in field of view in imaging camera

• Use Histogram Equalization – Ha filter dims stars

• Re-adjust 1x finder to match imaging camera
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Camera Control Software Backyard EOS for DSLRs
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CCD Cameras -

I use Matlab for imaging camera control – All custom made software.

=> Custom made CCD cameras.

Other commercially available options:  MaximDL, Sequence Generator Pro, etc.
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Focus

Bahtinov Mask – Make or buy
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1x – Histogram Equalization

4x – No Histogram Equalization
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Masking tape focus lock

More on this later =>
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Install Guide Scope

Remove 1x Finder, 

replace with Guide 

Scope
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Check / Set Sensor Temperature

=> Need to decide on a constant temperature for imaging 
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Gather Darks

Dark calibration frames required to subtract thermal noise from images.

Target not yet in view due to trees.  Gather darks while waiting.
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• Cover scope with dust cap

• Use mechanical shutter too

• 9 x 10 min exposures

➢ 1.5 hours
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Go To Target

Go To IC417 in Auriga 

via hand controller
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A word about light pollution
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Guiding

PHD2 Guiding
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Camera configuration

Connect camera & mount
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Graph / History
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Framing
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Adjust Guiding Guide South

Decrease Dec 

Aggressiveness
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Start Image Sequence
Imaging with Dithering
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Single 10 minute exposure
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Flat Lights, Flat Darks, Bias

Too bright

Want mid-level grey:

16 bit images 0 to 65,535

Want flat light around 32,000
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Too dark
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About right
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Make flat lights

Make flat 

darks

Make bias
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Flat Light:

Histogram

Equalized
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Bias:

Zoomed In

Histogram Equalized
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Results 

Took 14 x 10 

minute exposures:

1 to 4:  good

5,6,7:  bad tracking

8 to 14: lost focus
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Focus slip issue:

Drilled and tapped focus set screw
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• 4 x 10 

minutes

• Only 40 

minutes

• Vignetting

• Indicates 

potential for 

future 

image
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• Other image 

taken with 

same 

configuration

• 36 x 10 

minutes

• 6 hours total
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The End


