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F Basic Astro Imaging &

* Telescope

 Mount

« Camera

« Okie-Tex Star Party
* Processing Tools

* Local Groups
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 Refractor

— Galileo
* 400 Years Ago, Pointed @ Moon & Jupiter

 Reflector

— Newton
« 1669 1st Built

« Catadioptric

— Cassegrain - 1672
e Schmidt - 1930
« Maksutov — 1941

 Ritchey—Chrétien — 1910 -



 Refractor

Refractor

Cbjective Lens Focuser

: __ —______%Ij — E_',-‘E',ﬂ-'-ece

2 or 3 elements
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Reflector

Reflector

Evepiece —
|H H| — Focuser

—— Prmary Mirror

Secondary Mirror
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« Catadioptric
— Schmidt - Cassegrain
Catadioptric

Schmidt-Cassegrain

Primary Mirror
Secondary Mirror J

/
|~

! — Eyepiece

Comector Lens ——

— [ocuser
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« Catadioptric
— Maksutov - Cassegrain

Catadioptric
Maksutov-Cassegrain

Silvered Spot Primary Mirror
(Secondary Mimor) 1

» /..-"’
— FEyepiece

Cormector Lens ——
—— Focuser
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Hyperbolic mirror optical design

E —

_——__-‘-_____-___

—

- —— B
M_: _-__'—.‘q____-__
> o

| HI
Ritchey-Chrétien

Diagram of a Ritchey—Chrétien
reflector telescope
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« German Equatorial
— More Complex Construction

— Tracking
« Manual
 Motor Driven

— More Expensive Machining

— Astronomical Use
* Visual
* Imaging

German Equatorial Mount
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 Dobsonian — DOB

— Simple Construction

— Accommodate Large
Mirror

— Tracking

* Manual Simple — Just
Push

« Automatic Expensive
— Astronomical Use

* Visual 3
Dobsonian Mount

e
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o Alt-Az Mount

— Relative Simple
Construction

— Light Weight

— No Tracking

— Terrestrial Use

— Inexpensive Mechanics

Altazimuth Mount




North
Texas
M t X NTMS
O u n S Microwave
Society

* Fork
— Altitude Azimuth
— Expensive
— Tracking — Motor Driven

— Astronomical Use
* Visual
 Imaging

Fork Mount
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e ALT-AZ Mount
— Field Rotation

— Movement In 2
Axis Required




North
Texas

Tracking 7

Microwave

Society

« Equatorial

— No Field Rotation

« Accurately
Aligned

— Movement in 1
AXxis Only
Required

— Dec Moves to
Correct for Polar

Alignment Error
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* Polar Alignment

— Equatorial
Mount
* Right
Accession AXIs

Aligned to
Celestial North
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POIar Allgnment Azimuth ™
_ Alt-AZ Mount LI

Altltude <
Axis
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70 to 120 microns

The ASI533MC Pro features a back-illuminated Sony CMOS sensor ~ The average human hair thickness
with a resolution of 3008 x 3008. The 3.76p pivel accommodatesan ~ ranges between 70 to 120 microns
mpressive full well capacity of 50ke. The sensor boasts a quantum ~ ©" 0-08 to 012 mm. Scientifically
efficiency of 91%. ASIS33MC Pro features 14-bit ADC, delivering a Speak"?g’ humar ha.' eSS
approximately 75 microns on
dynamic range OUtpm Of 14 Stops average. youprobablyneedahaircut.com +1
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Ita 50mm Lens 2

Microsaft Microsaft Microsaft Microsaft Microsaft Microsaft Inkernet
Office Office P Office Acc...  Office Wi... Office Ex... Office W Explorer

¥ = B » ]

Recycle Bin Unused My Computer My Documents E-mail
Deskko...

& FOY

New Astronomy Press CCD Cailculator

Chip size
Ll Minotla 50mm Camera Ler ¥ Bmm % B 2mm
6.7 arcsec/pix
Focal ratio ff ﬂ /b
Field of view

B arlow or m 65.9x 107.1 arcmin
reducer

Exp. Target CFZ [microng]

Focal length N/A

W Aperture adjust & Fatio adjust

LeL LR Meade DSI 2 PRO -
f i (= =]
Ficl s [ < IEES W
. i [ [
| i ) Array gize ﬁ- ® EH I}
& : Bin mode - Py &
2] g Al i Chip compared to 35mm film
Hikon Trang TSR e aas o a-nn+
Last ben telescopes and cameras v 1.415
Minotla 50mm Camera Lense - n n

F———— 10 arcmin - FOW: 85 9min « 1071 min

B~
Google Earth
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e Vixen 80mm Refractor {7

=10 x| Ron Wodaski's CCD Calculator - Meade

File Settings ‘iew Help
New Astronomy Press CCD Calculator
Telescope 5 Lhip size
” :

o

Field of view

30.7 x 38.3 arcmin

[

- =
ctucadi @
I < I
- s = -

n b
Guide Scope 80 mm -
Meade DSI 2 PRO hd

StartI 2| Inbas - Micra,. | & Basic Telesco,.. | @ NTMS - Wind. ., I & NTMS - Win Microsaft Pa.., I Ron Woda

WWW.NTMS.ORG
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e Celestron 6”

Microsoft Microsoft Microsaft Microsoft Microsoft Microsoft Internet
Office Office P...  Office Acc...  Office vi... Office Ex...  Office W... Explorer

¢ » ¥ » |

Recycle Bin Unused My Computer My Documents E-mail
Deskto...

: 5 FOv
4 /' EI—:U* »
MO, exe Spectran
=

== : ; Chip size
Telescope P - |
EZNEC 3.0 dsicross dsizcross Mebulosicyz . Celestion b inch Newtonie *

New Astronomy Press CCD Calculator

2.32 arcsec/pix | save]

Field of view

Aperture E Add Image scale

li |’/ m . : : . o Focal ratio !

DSIdarkman  Shorbcub ko PHD Guiding . d = - Barlow or
PolarFinder & . teducer

22.9 x 28.6 arcmin

. s Exp. Taiget CFZ [microns)
P HF R = LANEae et et [T . -

AIPAWIN2.3  Megastar W5 ALtostar Suite v 3 . i ® fpeturs adiust @ Ralio adust

LELEEN Meade DSI 2 PRO -

e Poc e R < IR
Countdown CCDCalc Adobe = : - =
Clack Photosha. .. 3 . Aray size ﬁ= " E= ]
i
g8 [ |

Nikon Transfer — Design Convert m =
Manager ———— 10 arcmin - FOY: 22, 9rmin « 28, Bmin
Last ten telescopes and cameras

ﬂ‘ HZ Celestron B inch Newtonian -
Qlui‘llcal;g;na Meade DSI 2 PRO -

H—
Google Earth
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My Mount
iIn 2009

« Equatorial

— Celestron CI-700

» Stepper Motor
Drive

 Polar Alignment
Scope
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Celestron 6”
(152 mm ) 5
(750 mm)
Newtonian
— Primary
Mirror

— Secondary
Mirror
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Light Path R

Microwave

Society

Reflector

Eveplece — [
—— [ocuser




Light Path

« Scope — 6"
Newtonian
— Main Mirror
— Secondary Mirror

* Filter Wheel

— Choose L, R, G,
or B Filter

* IR Filter J

« Camera — Meade
DSI Il Pro

Filter Wheel

Camera

WWW.NTMS.ORG
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Imaging Filter

* True Technology
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FI |te IS True Technology Dichroic Filters

— IR = Infrared

« 300 — 750 nm
— L - Luminance

300 — 800nm
— R -Red

« 550 - 800 nm
— G - Green

450 — 650 nm

Transmission (%)

300 400 500

~——Blue
—Green
~— Red
—IR

600 700 800

Wavelength (nm)

— B —Blue
e 350 — 550 nm




Microwave
-

B33 - Horsehead ;"

Society

« Single 2 Minute
Frame — Raw
Image

* Not Calibrated

— Noise

— Dust

— Hot Pixels

WWW.NTMS.ORG



o 44 Stacked 2
Minute Frames

e Calibrated

* Vixen Super
Polaris Mount

« Unguided

* False Color

e 8 X 6 arcmins

« 1200 Light Years
Reflection Nebula

WWW.NTMS.ORG



M57 — Ring Nebula

LRGB - 50

Stacked 2

minute

Frames

— L=20, R=
10, G= 10,
B=10
Minutes
Each

4100 Light
Years

230 x 230
arcsecs

WWW.NTMS.ORG 27
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16 Stacked
5 Minute
Frames

11.4 Million §

Light Years

27.5xX6.8
arcmins

WWW.NTMS.ORG 28
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M51 — Whirlpool Galaxy £

Society

e 27 Stacked 1
Minute
Frames

23 Million

Light Years

11.2 x6.9
arcmins

WWW.NTMS.ORG 29
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NGC 891 — Edge on Galaxy £

Society

25 Stacked 2
Minute Frames

27.3 Million
Light Years

135x 2.5
arcmins

Unguided

WWW.NTMS.ORG 30
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* Windshield

e Laptop
Shield

 CI-700
Mount

« 6” Newtonian

« 80mm Guide
Scope

« DSII camera
w HB cooler
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Star Party Setup Okie-Tex 2008
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P &

Campsite
Windshield
Frame
Johns
Scope
Trailer

My Popup
Trailer

WWW.NTMS.ORG 32
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Mount - AstroPhysics AP900
Imaging Scope — AT6RC — 6" f9, 1370mm fl

Guide Scope — 80mm f7 Refractor, 560mm fl

Imaging Camera — ZWO ASI533MC

Guide Camera - ZWO AST120

WWW.NTMS.ORG
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Ron Wodaski's CCD Calculator - ZWO AST533MC...

File Settings View Help

New Astronomy Press CCD Calculator

Chip size
ATGRC 11.3mm x 11.3mm

Aperture [IEER 2dd Image scale

Fos i 11 8
Field of view

Telescope

Earlow or 1
reducer

3.1 x 3.1 arcmin

Exp. Target CFZ [microns]

178.2

[hmseheadﬂcdu_'pg E]

Focal length [REEEll

@ Aperture adjust © Ratio adjust

RLCEN w0 AST533MC-Pro =

Pixel size 176 376
Array size m
Bin mode I1:_:1 3 Add

Last ten telescopes and cameras . :
3. Tmin x 3. Tmin

b————1 10 arcmin - FOV

35
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Wide Field Setup

—NTMS

9/02/2021

Mount — AstroPhysics
AP900

Imaging Scope —AT72ED

Guide Scope — SvBony
60mm

Imaging Camera — ZWO
ASI533MC

Guide Camera — ZWO ASI
120

Polar Alignment Scope -
PoleMaster

WWW.NTMS.ORG
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Ron Wodaski's CCD Calculator - ZWO AST533MC...
File Settings View Help

New Astronomy Press CCD Calculator

Chip size
Telescoe JAT72ED - 3 x 11 3mm

Aperture m Image scale
) } 1.79 arcsec/pix
Focal ratio f} m Herare

Field of view

Barlow or 89.9 x 89.9 arcmin

reducer _
Exp. Target CFZ [microns)

Focal length

@ Aperture adjust © Ratio adjust

LN 70 AST533MC-Pro |

Pixel size 376 |

Bin mode Add
Remave

Last ten telescopes and cameras

arze0 Image shiunk to 60% to show FOV.
Zw0 ASTS3MCPO )

20 ASTH33IMC-Pro

WWW.NTMS.ORG —— 10 arcmin - FOV: 89.9min x 83.3min '



Silver Sliver
Galaxy

Imaged 9/29/2024
@-5° for 120
Minutes (34
frames x 5
minutes)

ZWO ASI533MC
Camera with
AT6RC Scope

Mount — AP900
Auto-Guided with
80mm refractor &
ASI120 camera

WWW.NTMS.ORG

NGC891
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Wizard Nebula

Imaged 10/01 —
10/04/2024 for 520
minutes @ -5C°
(260 frames x 2
minutes)

ZWO ASI533MC

Camera with
AT6RC Scope

Mount AP900
Auto-Guided with

80mm refractor &
ASI120 camera

WWW.NTMS.ORG

NGC 7380
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Cocoon Nebula

Imaged — 9/25/2022
for 240 minutes @ -5°C
(60 frames x 4 minutes)

ZWO ASI533 MC
camera on AP900

Auto-Guided with 80mm
refractor & ZWO ASI120
camera

WWW.NTMS.ORG




North

Texas

NCG 7023 i

Microwave
Society

Iris Nebula

Imaged 9/29 & 30/ 2022
With ZWO ASI533MC & :
AT6RC @ -5°C for 240 minutes [
(60 Frames x 4 minutes) :

Mount AP900 Auto-Guided
ZWO ASI 120




|

Eastern Veal

Imaged 9/8 & 9/2023 with
ZWO ASI533MC & AT6RC
for 375 minutes at -5°C (300
frames x 2 minutes)

Auto-Guided with 80 mm

Refractor & ZWO ASI120
camera

WWW.NTMS.ORG

NGC6960

North
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Society
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Western Veil =Witches
Broom

Imaged 9/8 & 9/9/2023
for 375 minutes -5 C°

Z\WO ASI533MC

Camera with AT6RC
Scope

WWW.NTMS.ORG

NGC 6960
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A

Microwave
Society

43



North
Texas

Cameras [ s

Microwave
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Slow to see results
Very long exposures - Very noisy — No Stacking
Little Processing Latitude
« CCD
Instant results
Short exposures
Stacking of images
Less noise
« CMOS
Very low noise
Instant results
Shorter exposures
Stacking of images
Lower Noise

WW.NTMS.ORG
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Camera Type CCD (back illuminated) sCMOS

Camera Model iIKon-XL 231 BEX2 /1 41 Cell sCMOS
Read Noise 21 e-@100kHz ~1e-

Dark Current 0.6 at -60° C 0.00013 at 01AtO0'C0O019 at
e-/pixel/sec -100° C -10°C

WWW.NTMS.ORG
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SNR(EM, ICCD) = | SIS

y ('\({:“)2+F2.(N5N2>

QE = Quantum Efficiency (Measure of Conversion Photon to Voltage/Pixel)
P = Photons/Pixel

Nrn = Read Noise

G = Gain

F = Noise Factor

Nsn = Photon Shot Noise

WWW.NTMS.ORG
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. Photos Processmg Tools

Large learning curve
Expensive ~ $23 / Month
General use tools
No Capture

* Pixinsight
Expensive ~ 300Eu
Long Learning Curve
Designed for Astro Imaging
No Capture

WWW.NTMS.ORG

or
exas
|
[

North

NTMS

Microwave
Society
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* AstroArt
Moderate Cost ~ $165 US — initial then ~ $90 major uprades
Moderate Learning Curve
Capture Tools Included
 Registack
Free
Easy Learning
No Capture
 Deep Sky Stacker
Free
Easy Learning
No Capture

e



F Processing Tools &

* Need other free tools for capture,
Calibration and editing images

* No Curves
* Little Color adjustments

* Require several tools for complete
processing

 Listis not comprehensive

e



Local Groups &

* Texas Astronomical Society
— http://www.texasastro.org/

« Star-Gazers
— Goggle Groups |0 — Star-Gazer

https://wabtku.blogspot.com

e
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NGC 7000 — North American

NTMS

Microwave

13 Stacked 5
minute
Frames

2200 Light

Years
30 arcmins

50 mm
Camera Lens

Unguided

WWW.NTMS.ORG 53



Tracking

« Equatorial
— No Field Rotation

— Requires
Accurate Polar
Alignment

WWW.NTMS.ORG

North
Texas

—NTMS

Microwave
Society




Image Scale &
 F=Focal Length
B =Angular Size
of Object
« d=Image Size @
Focal Distance

- d=Fx6/57.3
Radians
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« Jansky
— 1931 1%t
—20.5 MHz

— 100 Feet x
20 Feet

— Photo of
Replica

WWW.NTMS.ORG



http://upload.wikimedia.org/wikipedia/commons/1/19/Janksy_Karl_radio_telescope.jpg

North
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Parabolic Radio Telescop

e Reber
— 1937 Built 1st

— 9 Meter Diameter
* Feed @ 8 Feet
 f/[d=0.8

— Built 3300 MHz and
900 MHz Receivers
Failed

— 160 MHz Receiver
Successful

— Completed RF Sky
Map 1941
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49 Stacked 1
Minute Frames |

1500 Light Yearsg
40 x 25 arcmins

Guided

WWW.NTMS.ORG 58
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12 Stacked
2 Minute
Frames

Unguided

12 Degree
Diameter

7000 Light
Years

WWW.NTMS.ORG 60
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