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Terms
Some keytermsand concepts that are important to know in this chapter are:

1
1

1
1

E |

Aperturei The di ameter of a tel escopeobdicklelej ecti ve | ens. For more
Astronomy - The scientific study of matter and phenomena in the universe, especially in outer space, including the positions, dimensio
distribution, motion, composition, energy, and evolution of celestial objects.

Astrophotography 1 photography of astronomical objects

Dark Adaption (akaNight Vision)-The eyesd® transition to night vision, in ord:
first 5 or 10 minutes after you leave a wi@lroom, but full adaptation requires at least a half ibuand it can be ruined by a momentary
glance &a bright light.

Deep Sky Objects Objects outside our solar system includdalaxies, Nebula and star Clustefor more informatiorglick here

Light Pollution 7 Unwanted light that is projected up into the night sky (city lights, flashlights) that significantly impacts the visibility of
faint objects in telescopes. For more informatitk here

Light Pollution Filters 7 Usually on a glass substrate is used to block specific frequencies of light associated with light pollution the
intended result is to increase the contrast between the background and the target object for observation.

Maximum Usable Magnification i Indicates the highest degree to which you can enlarge an image before the view starts to become
blurry (assuming ideal atmospheric conditions). This can be estimated a 50 x the telescope aperture size (in inches).

SeeingA measure of the atmosphereds stability. Poor seeing mak
magni fication. The best seeing often occurs on hazy night s,
Transparency-A measure of t hed lowdadkshe dkyeis abnight amd hoavbluetitys during the day. When

transparency is high, you see the most stars. Yet ciistl nights with superb transparency often have poor seeing.
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Goals of this class

This class is targeted to new telescope owners, or persons considering purchasing a telescope. Information needgdapdextidse a
telescope, and how to operate a telescope will be covered in this class. We will cover basics such as ugdbestagtirsky, different types
of telescopes, accessories for telese@mel how to use your telescope. This course isibfdhmationaland handsntype ofclass

Labs area criticalpart of this class. If you owntalescopeyou will be encouraged to bring it to the lab. Those who have not yet purchased a
telescope will have a telescope provided to them (sharing with other class members). To ensure each class membbaahdsantipie on a
telescope the class size will be limited.

Although we will broach the topic of photographith telescopegAstrophotography), it should be understood that taking photos of anything
besides the moon and possibly a few plarigtsdeep sky photography) is exponentially more complicated and expensive so we will not be
covering Deep Sky photography in this class.

Class Structure

Lectures- This course is presented as a set of five lectures each lecture las8@gn@tutes. It is recommended that you briefly review the
chapter before each class so you carfagetliar with the concepts and prepare any questions you may Wdiendance istrongly
recommendedyut lectures will be recorded and available for viewahg later timef you are unable to atterat would like to reviewa lecture.

Labsi There ardour labsgenerallycorresponding tthe lectures. While lectures are focused on general concepts and information on telescope:
and astronomy, labs are focused on practical application and techniques. New concepts and methods will be coveredanttiseMihl he
studentreviews the lab material and compkesay exercisebeforeattending théabsso they are prepared to perform task in the |&dsase

bring a red flashlight to the lab and dreggropriatelyjt can get coldgtanding around at night!

Using Other Tools

This class was designed for the budg@isciousastronomerye try to use references and tools in this class that are free or not very expensive.
That being said, there are many other resources including phone applications that are very effective and you are wssldbesetd you

desire.
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What is Astronomy?

Astronomy is a natural science that studies celestial objects and phenofemall telescope has the capability of exploring many of these
phenomena including objescresiding in our solar systethe Sun, the Moon, the major planets, and occasionally cometsy space objext
that exist outside our solar system but within the Milky Way galaxy such open clusters, globular clusters can be vieniezttexdent. Even
a few galaxies can be viewed in small telescopes.

Setting Expectations

It is important we set expectations for what you will see when viewing objects in a @chadlliy for mosttelescope
‘What You Will NOT See.

Images such as thesspresent multiple hours of exposure through a moderate size telescope. By ttentrastan eyean integrate only about

a second of the image being viewed through the telesddpeEnumberof photons captured by the eye in this length of time is magnitudes less
than what these images represent Humans dondt perceive col or thisthteshdldisanot met fort meost deept h
sky objects so most objects walbpear tdhaveno color when viewing them through a telescoptwever planets and some stazanexhibit

colors. For small scopes all but the very brightest deep sky objects (that is objects outside of our solar system) will appdarasgaiches.

To make things more challenging, the amount of light polluditoyour locatiorwill have a real impact on how things appear.

That all being said, there are stillamgenumber of objects that are quite thrilling to see even through some of the smallest of teleShepes
objectsincludethe moon, theun (ith appropriate filters) the planets Jupiter and Saturn, and even a few very bright deep sky objects such as tl
Orion Nebula. There is an excellent article titltat Can You See With Different TelescopestheDeepSky Watch websitéhat discusses

this topic. There are a number of illustrations they provide we will dispilpw. Anotherwebsite deepskysketcprovides sketches of what to
expect from a small to medium size telescopes.
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Examples of What You Might See

(.

Pluto 8:52pm Neptune 11:28pm

Jupiter 7:52pm Saturn 8:43pm

ranus 11:51pm

The Moon Planets

Multiple Star Systems Bright Deep Skyi Orion Nebula
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Primary Factors Impacting What You Will See
There are a number tdctorsthat havean impact on what you will see when you view an object through a telescope. These are listed in general
order of impact although this order may changeptrticular factor is extreme or based on what type of object you are observing.

Dark Adaption (aka Night Vision)i Refers to the sensitivity of your eye t(
dimly lit objects. It is well understood that in a dark environment the eys
becomes more sensitive to light being able to see dimmer and dimmer ¢
as time progressesThis is due to a number of factors including the size
the eye pupibnd generation of the protein rhodopsin in the eye.

BEFORE AFTER |

Red light does not impact nighision; this is whyred flashlights are used by 2 e
astronomers and white light is distained. : \ _

Generally light sensitivity nearts peakafterabout 30 minutes in the dark.
However this can quickly be lost with even momentary exposer to white
light.

Dark Adaption

More details on this topic can be foulnere
Light Pollution 7 Any light that makes its way into the night sky increaseg
the background brightness when viewing objects in a telescope. This in
decreases the difference in brightness between the object you are viewi
the background. The result is a decrease in contrast gndkiarder to
distinguish objects and features within the objemn the background

Light pollution is commonhexpressedising theBortle Scale

Unfortunately the Phoenix Metro arehas a high level of light pollution. DARK SKY LIGHT-POLLUTED SKY
There is not mucthat can be don®tchange this, but there dright
Pollution filtersthat cansometimedelp increase the contrast of deep sky
objects.
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Aperture SizeT The aperture ithed i amet er of a t el
mirror. This determines the amount of light that is gathered by the teles

and is directly correlated with how bright a given object may appdhein —
view.
With aperture size, generally bigger is bettAperture also has a direct Q /,J

APERTURE SIZE COMPARISON

correlation to thé/laximum Usable Mgnification(discussed in the
Magnification section).

4" APERTURE 8" APERTURE 10" APERTURE

Magnification 7 Defined as the telescope focal length (mm) divided by tH

eyepiece focal length (mm)As a rule of thumb 50x the aperture size (in
inches) is theé/aximum Usable Mgnificationfor a given telescopelt is
important to keep in mind the Maximum Usable Magnification assumes
conditions. Atmospheric turbulence (seeing) may limit this value further '
5 &0k 0008 YQA QG i Q /
0 w"Q¢ m%e—%e—ﬁ——, - s
wWQT WaaG®

Sometime Less is More

Optics i Opticalquality including telescope optics and the eyepiece optid
can impact the quality of an imagEor most high productiotelescopeshe
eyepieces provided with the telescope are ofpmriquality. There are
variousdesigns of eyepiecesd associated costs. The Ploss| design see
provide excellenguality for a reasonable cost for the visual astronomer.

The primary factors impacting youiew through a telescope are dependent on the objects you are viewing. For example, if you are observing t
moon or other bright objects such as planets or multiple star systems dark adaption and light pollution have littleaicarnnthe other hand,

for deep sky objects dark adaption, light pollution, and aperture size are top considerations. Interestingly, magmficatisrthe least of

issues fothe majority ofcases.

All these factorare important, yet even the smallest and lowest cost of telescopes can provide hundreds oéhpyra@iif you know what
type of objects are appropriate for that size scagedr$7s Tusaitt el e ¢
extensively for two years before being readyntmve on to a larger telescqo@eCelestron €8 purchased for $2,000 that | used for about 25 years
before upgrading to a CelestrorlC that | currently own.
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Impact of Aperture Size and Quality Optics

Jupiter through a small, cheap Jupiter through a medium
telescope (100x power) [1] telescope (180x power) [2]

C‘ N

Saturn in a small, cheap Saturn in a medium telescope
telescope (100x power) [1] (180x power) [2]

Under truly dark skies

omy with a Telescop€lasses.docx

Jupiter through a large, quality Hercules Cluster in a small
telescope (300x power) [3] telescope (dark skies) [1]

-

Saturn in a large, quality Pinwheel Galaxy in a small
telescope (300x power) [3] telescope (dark skies) [1]

Impact of Light Pollution

Countryside-suburbs area

Pagell of 83

Hercules Cluster in a medium
telescope (dark skies) [2]

Pinwheel Galaxy in a medium
telescope (dark skies) [2]

Light polluted small city

Hercules Cluster in a large
telescope (dark skies) [3]

Pinwheel Galaxy in a large
telescope (dark skies) [3]
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References and Resources

Title Type Description
Stellarium Web Website Free online Planetarium.
What Can you Sewith Different | Website DeepSky Watch: Excellent article setting expectations for what to expect out of differe
Telescopes cost telescopes
Go Astronomy Website Go Astronomyis a good general astronomy website
AZ Observing Group Website AZ-Observing groupss a great local group website covering a range of astronomy rela
topics for local astronomers.
East Valley Astronomy Club Astronomy | East Valley Astronomy CIUfEVAC) is one of the larger clubs in the phoenix metro are;
Club that meets monthly at ti&outheast Regional Librany Gilbert
Saguaro Astronomy Club Astronomy | Saguaro Astronomy CIWSAC) i Astronomy club in the Central Phoenix Area.
Club
Superstition Mountain Astronomy | Superstition Mountain Astronomical Leag{8MAL) is located in the East Valley
Astronomical League Club
Astronomical Events for the yearl Webpage | ArtCentrics web pagksting some of the major astronomical events for the year.
Cloudy Nights Website Place where astronomers share ideas get help share photos, advertise very robust ar
astronomy community here.
Dark Adaptation: How It Affects | Webpage | Good article detailing how dark adaption works.
What You Can See
Telescope Aperture Explained | Website Detailed discussion on telescope aperture size and impact on what you can see
How to Calculate the Website Article detailing how to calculate magnification of a telescope/eyepiece combination.
Magnification of Any Telescope discusses what useful magnifications are possible.
Astromart Website Great place to purchase or sell used Astronomy Equipment.
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Terms
Some keytermsand concepts that are important to know in this chapter are:

1
1

E |

= =4

= =4 A

Altitude (Alt) T One of the coordinate values utilized in the Horizontal Coordinate System and is divided into Degrees, Minutes and
Seconds ranging fror®0° to +90° with 0° representing directly overhead.

Azimuth (Az) - One of the coordinate values utilized in the Horizontal Coordinate System and is divided into Degrees, Minutes and
Seconds ranging from 0° to 360°.

Bortle Scale(Bottle scale} A nine-level numeric scale that measures the night sky's brightness of a particular location.

Celestial Coordinates A gri d system for | ocating things in the sky. I
south poles) and the celestial equator (directly uwwhentea& Ea
latitude and longitude.

Celestial Sphere’ In astronomy and navigation, the celestial sphere is an abstract sphere that has an arbitrarily large radius and is
concentric to Earth. All objects in the sky can be conceived as being projected upon the inner surface of the celestidlispmeay be
centered on Earth or the observer. If centered on the observer, half of the sphere would resemble a hemisphericaltkerebrayvirg
location.

Circumpolar - Denotes an object near a celestial pole that never dips below the horizon as Earth rotates and thus does not rise or set.
Constellation - A distinctive pattern of stars used informally to organize a part of the sky. There are 88 official constellations, which
technically define sections of the sky rather than collections of specific stars.

Declination (DEC)i One of the coordinate values utilized in the Equatorial Coordinate System and is divided into Degrees, Minutes an
Seconds ranging fror®0° to +90°.

Equatorial Coordinate System- A celestial coordinate system widely used to specify the positions of celestial ofjeistss an
Absolutecoordinate system independent upon the location and time of the observer.

Horizontal Coordinate System- The horizontal coordinate system, also known as the Alt/Az system, is a method for describing the exa
position of objects in the sky, such as planets, the Sun, or the MbisaRelativecoordinate system in that the values of Alt/Az depend
upon the location and time for the observer.

Magnitude i a measure of the brightness of a star or other astronomical object observed from Earth.

Northern Celestial Pole(NCP)- the celestial pole above the northern hemisphere; near Polaris

Right Ascension(RA) 1 One of the coordinate values utilized in the Equatorial Coordinate System and is divided into Hours, Minutes ar
Seconds.

t O ¢
rtl
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1 Surface Brightness(SB) - quantifies the apparent brightness or flux density per unit angular area of a spatially extended object such as
galaxy or nebula, or of the night sky background.

Sphere of the Sky
The earth spins like a top with thiarth Role roughly aligned to the Nortbtar  This is what gives the illusion of the sun, moon and stars rising in

the east and setting in the west. How high off the horizon the North Star appears is dependent on your locati¢bhatiueke}h At the
equator (Latitude = 0°) hNorth Sar is at the horizon, while someone at the North Pat@ide = 90°) would have to look straight up above to
see the North StarThe Phoenix Metro area is approximat88? North, so the NortBtar isabout33° above the horizon.

The Celestrial Sphere The North eIesI oIe

Your zenith

North celestial
pole

Your
horizon

Earth’s
equator

Celestial
equator
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Astronomy Coordinate System s

There are two primary coordinate systems utilized by Astronomers to locate objects in the sky. These systa@tastaréhe Longitude and
Latitude coordination systethat isusedto specify a location on the eartifhe system you utilize will likely depend on the type of telescope
mount you own

The Equatorial SystemutilizesRight AscensioniRA) and Declination DEC) values to locate objects in the skight Ascensiorunits arethe

same units as a clockourgh) Ranging from 0 to 24Minutegm) ranging from 0 to 60and Seconds) ranging from 0 to 60Declination

(DEC) utilizes units of Degreey(ranging from-90° to +905 Minutes() ranging from 0 to 60and Seconds) ranging from 0 to 60 This

coordinate system is an absolute systerh  d ma&terwhére on earth you are located the RA and DEC values for an object remain the same.
Star charts utilize thisystem.

TheHorizontal Systemutilizes Altitude(Alt) and Azimuth(Az) coordinates to locate objects in the sky. Altitude values rangedfraan+90°
while the Azimuth values range from 0° to 3@@tresponding to compass bearindsis system is relative coordinate system where the values
are dependent updhelocationand thetime for the observer

Equatorial System (RA & DEC) Horizontal System (Alt & Az)
North Celestial Pole
Line of Declination 60°N
30°N
Line of Right
Ascension
Observer &_
a30° HOrl'ZOn
Vernal Equinox
South Celestial Pole The horizontal coordinate system
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Another way to think ofhese two systems making an analogy to the coordinate system used specify locations on earth where the
LongitudeLatitude system could be compared to the Equatorial System, both are absolute systems, where specifying the location on a map of
object relative to another location on a map (Bearing and Elevation) is a relative system similar to the Horizontal System

Bearing :73 deg
Elevation: +10 deg

&

Hoﬂzéntal‘Systn_m
3 Az & Alt
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Constellations and the Seasons

As the earth orbits around the sun the constellations and visible night slowly shifts (about 1°Eedayke of this, theamestars rise about 4
minutes earlier every night. The result of this action is that the night sky and constedlavdgshangeasthe seasongrogress through the

year

Constellations in the Seasons

Star Chart
N

Cancer Gemini

Sagittarius

Scorpius \ﬁ—ﬁ—/

Ophiuchus

=1 Star
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Visual (Apparent) Magnitude

Another system developed by astronomers to indicatenmaeh light from an object is reaching the obsers¢heVisual Magnitude scale.

This is logarithmic scaleso that alecreasé oneunit of magnitude represents a 2 jBgreasen brightness. Note, very bright objects such as the
Sun and Moon have negative valugslezdimmer objects such as stars have positive values that increase with the faintness of the star. The
faintest stars that can be seen in a dark sky with the naked eye, away from cigrégbtsut magnitude +6. In a large city such as Phoenix the

city lights tend to wash out the dimmer stars resulting in the dimmest stars visible with tieyakeing about magnitude +4.3

The Apparent Magnitude Scale

Light Pollution Ma

faintest

brightest
object

quasar
1 J 1 1 ' J_’

| 1 1 1 1
]o +4 +10 +15 +20 +25
very faint

Sun Moon Venus Vega

PR D B

| 1 1 I

1
-25 -20 -15 -10 -5
very bright Sirius

faintest

naked eye
star

Apparent brightnesses of some objects in the ma

nitude system.

Bortle Scale

While the Visual Magnitude scale was developed to describe how bright or dim objects in the night skyBaréetBealevas developed to

describe the brightness of thigght sky. Its scaleangedrom darkesskiespossible on earth measuringlad while bright inner cities measure

values of4.0to 9.0 usually corresponding with the population density of the ditys scale is used to describe light polluteord nanylight

pollution mapautilize this scale.The table below can be used to determine what magnitude stars are visible with the naked eye for a given Bort

Value.

Bortle ScaleClass

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Limiting Magnitude

7.61 8.0

717 7.5

6.61 7.0

6.17 6.5

5.66.0

5.5

5.0

4.5

4.0
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Surface Brightness

For anobject with essentially no size such a star, magnitude is a pretty good indidaber bfight an object may appear to the obsere@n the
other handfor an object that has a measurable smeh as nebula, this number can be a bit deceptive, sinSarthee Brightnessof the object

can be considerably lower than the magnitonds indicate While surface brightness may more useful for indicating how easy it will be to view

non stellar objects, it isnbét highly utilized.
\\//// . ‘14;L———1"" ;
5\ - GCT N L5 A OIFEERENCE IN 200" (Bterearebt)
\ 5 AR MAG ITUDE covmrer Mﬂ&ﬂ%iooo%g,%%b'ha'
@ .CLZ;1 "'"‘"‘O (2 (9) 9 anu Hllc W
55':1'605 1S @ ¢ 56 06 B O k\
Mac. Tt ’ 9 ,s * " ) g e

63 250
i SCALE 1585 USE OF TABLE
/ )
RELATIVE/
BRIGHTNESS SOLUTION: 9-4 3 5 MAGS. OIFFERENCE
004 THMLE: § MAGS. DIFF. = 100
TUREFORE : 7

. STAR Q
MAGNITUDE > ~

Bmcwmess DIFFERENCE BY MAGNITUDES

ONE MAGNITUDE = 2.5 7/MéEs

SI1X MAGNITUDES = 25| T/MES

TWO MAGNITUDES = 6.3 7T/MES

SEVEN MAGNITUDES = 63| TMES

THREE MAGNITUDES = (5.8 7/MES

EIGHT MAGN(TUDES = 1585 ""‘_L

FOUR MAGNITUDES = 39.8 7/MES

NINE MAGNITUDES = 398 T/MES |

FIVE MAGNITUDES = | OO 7/mES

TEN MAGNITUDES = |0 000 74465

In theimagesbelow the totalight emitted frombothinnersquares is the same, you can see the average brightness is much less for the larger
What 0s

object.

wor st i's if

you added to

t he si mul aéepending ohhowg h t

bad the light pollution is,lewing how it is much more difficult to view objects with low surface brightness in areas with light pollution.
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Catalogs

There arguite a few different systems developed by astronotoeskassify anddentify objects in the skyThe first and most famous catalog

system was developed by the astronomer Charles Més801 1817). He was a comet hunter who noticed there were fuzzy spots in the sky
that didndét change position from ni Sp/hebedankeepinggabordofthese dbbgdtsisshe t o t |
woul dndédt mistake these objects as possible comet s. ischneposedofjuesti o0 g
about every type of deep sky object you can find. Other lists are more focusedrboudap type of object (multiple star systems agads,

nebula, etc.). Some of the more common catalogs along with a short description are summarized below. Catalogs geaéstbdnaer of
popularity. Most likely the Messier (M) and New General Catalogue (NGC) lists are the only ones yeedvith mvorry about.

Note: it common for the same astronomical object to appear in multiple lists. For instagedtioeneda Galaxis knownby catalog numbers
M 31, NGC 244, CGCG 5367, MCG7-2-15, PGC 2557, UGC 454 to name a few; Bugearerally called by its name ds Messier Number (M
31).

Messier Object§V) i A list of 110 astronomical objects noted by the letter M in front of the numberexXampleM 1 is the crab nebuldl 13
is the great Hercules globular Cluster.

New General CataloguélGC) T A catalogue of deep sky objects compiled by John Louis Emil Dreyer in 1888 and contains 7,840 objects
including star clusters, galaxies, and emission nebula.

Index Catalogue of Nebulae and Clusters of Staryi The first major update to the NGC contains 5,386 objeagalaixies, clusters and
nebulae.

Principal Galaxies CatalogeGC) i Published in 1989 is composed of a list of 73,197 galaxies.

Lyndsd Cat al og(eN)bRublifhedrinkl96R & listwfldark nebula based on a study of the Palomar Observatory Sky Atlas.

Barnardds Li s(B)i AlistoflBa6rdarknedals u | a

Smithsonian Astrophysical Observatory Star CatétogO) - An astrometric star catalogue, created by Smithsonian Institution, a research
institute. It was published by the Smithsonian Astrophysical Observatory in 1966 and contains 258,997 stars

Washington Double Star Catal@g/DS) i A list of over 141,743 pairsf doublestars maintained at thénited States Naval Observatory. The
list also includes multiple star systems.
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https://en.wikipedia.org/wiki/List_of_astronomical_catalogues
https://telescopius.com/deep-sky-objects/m-31/andromeda-galaxy/spiral-galaxy/galaxy/quasar
https://en.wikipedia.org/wiki/Messier_object#Messier_objects
https://en.wikipedia.org/wiki/Crab_Nebula
https://en.wikipedia.org/wiki/Messier_13
https://en.wikipedia.org/wiki/New_General_Catalogue
https://en.wikipedia.org/wiki/New_General_Catalogue#Index_Catalogue
https://en.wikipedia.org/wiki/Principal_Galaxies_Catalogue
https://heasarc.gsfc.nasa.gov/W3Browse/nebula-catalog/ldn.html
https://en.wikipedia.org/wiki/Barnard_Catalogue
https://en.wikipedia.org/wiki/Smithsonian_Astrophysical_Observatory_Star_Catalog
https://en.wikipedia.org/wiki/Washington_Double_Star_Catalog

Multiple Star Systems

It is estimated that approximateédp% to85% of stars in the night sky are actually multiple star systems. These are systems with two or more
stars gravitationally bound to each other. Most of these star systems are so faomweg/and close to each other that it is not possible to
visually identify a separation betweémem. However there still are many systems in the night sky that can be resolved (separated) by small
telescopesThere are even a couple of star systems with as many as sevemeaotsfalthough these are not visually observable.

Epsilon Lyrae (0 Lyr)
DoubleDouble Star system in Lyrae

Separation and Position Angle

Q in €ygnus

Albireo (b

One of the benefits of observing multiple star systems is that thggaeeallynot impacted by light pollution, so this is a perfect hobby for the
observer in a big city; even when there is a full moon. However, navigating and locating theses stars can be morg ahallbright night
sky due to less stars overall being visit the naked eyfer navigation(GoTo mounts neglect this issue)

Two measurements utilized in the study of multiple star systems arejiheatior(the apparent distance between stars measured-seenads)
andPosition Angle(PA) (the location of the secondary star relative to the primary star measured in degrees).

Observing multiple star systems generally follows the sequence of utilizing the lowest power eyepiece to locate thelgystgrassing to
higher power magnification to resolve the components of the system.
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https://skyandtelescope.org/astronomy-news/dazzling-doubles-for-compromised-skies/
https://deepskysketch.com/

MINIMUM SEPARATION FOR AN APERTURE
Am is the difference in magnitude between the primary and secondary stars.
The estimated minimum separation for the different apertures is in arcsec-
onds. These estimates are useful only when the primary star is magnitude
6.5 or brighter.
Magnitude
difference 60-mm  100-mm  150-mm  200-mm  250-mm
Am 0.0 2.0" s P oo 0.8" 0.6” 0.5"
Am 0.5 2.0 12" 0.8" 0.6" 0.5”
Am 1.0 2.2" 1.3" 0.9” 0.8 0.6”
Am 1.5 2.5" 1.4" 1.0" 0.9” 0.7"
Am 2.0 3.2 1.9" 1.2" 1.1% 0.9”
Am 2.5 3.5" 2.0" 1.4" 1.3 117
Am 3.0 x Fr o 2.3" 1.6 1.5" 1.37
Am 3.5 4.4”" 2.4" 1.8" 1.6” 1:57
Am 4.0 4,5 2.6" 2.0” 1.97 1.6”

Ref: Double Stars for Small Telescopes by Sissy HAZ(06)

Basic Astronomy with a Telescop€lasses.docx

Page22 of 83

Last Updated4.20.2026



Reading Star Charts and Atlases

In addition to catalog numbers for the various catalogs we have reviewed you will find a number of features commoratocchrerss sind
atlases. Most will label common star names, constellation names, identify double stars, and also identify $kersrinjtite constellation if not
by name with a Greek letter assigned by the German cartographer Johann Bayer in 1603 following the convention of tretavrighbes

constellation being | abeled the fghstestethernektthet Geeekbal phe
Sky & Telescope’s Pocket Sky Atlas
Chart Legend 0" _n" 126 13h 14h qsh 16" 17h 1
@ Double star Open star clusters Galaxies Bright nebulae 17.’5- . = , . ot T : %35 e
‘—) Variable stars 50" (to scale) <20" 100'x 20" (to scale) ., scate) »':0' 7 " MU/;/?\(%R' ?. 0
* Special object Globular clusters @ 40'x 30 (to scale) Dark nebulae . '0. c » 'ron
gH ® o <20 e } LB e A0 '» 5 o N:)’;lh/(eleslml Pole
b Reference point 55/ 1 yp) <20° (toscale) <20 | CA.M“OPARP.A“;' .. 2276 « POI‘"T‘ \ 5 - DRACO .
Planetary nebulae ; < . i, . '-‘ . S, @ &3 o
‘ ‘ . . ® e o . . fainterstar 6 ° ..“7”6 3 . ® .bAR."‘ - el
1 0 1 2 3 4 5 6 7 <20 \ =0 . 188 Py " . i .
Star magnitudes 50’ (to scale) ‘ . '. L . . = /. S(c), K 21h
|- N ez | /CEPHEUS . . o
In addition to the legend above for this particular star chart, take note of the followi i SRR e W ) s . '
features: ‘ L Pl g, AY. <Ol 1k
01. Right AccessiorfRA) indicator lines. L _ o T 3 W
02. Declination(DEC) indicator lines. | / - ; . N
Yo : '23 Y +70°
03. Star Name VAL s e \ ;
04.Constellation Boundary Line ;
05. Star Greek Alphabet notation g o BT
06.Constellation Name s £ oliwan s Jat . e e ": o o
07.Constellation Lines 5.7, 7 ."w‘ | T R e,
§ > CASSIOPEIA . -, i 10 x
L . . i i . 'rrs'“’ . - .}:1“. ' ) . 3‘ A . . D\ - 12
Obtaining RA & DEC values of an item on the chartis accomplished by inspecting | s/, .7 -7 “ig o = w0707 9
the RA scalel1), wesee that each tick mark represents 10 minutes, while the DE *&z\gi @ R s B
scale 12) represents 1° for each tick mark. itgsthis chart we can see itelfiis M e M E ;&::.‘?‘;,{u(;b;chss»gi'z - oo
103 a small open star cluster | ocat e( ol Pad™ ey e RN P PR
. . . . . . n 957 i, ¥869 “om gris7e . N
located in the constellatidDassiopeia We can approximate the RA and DEC of thig | = ;. -%% e 8\ UGl
object to beaboutRA = 1h 32min with a DEC = 60.5°. Looking up this object onlin| | .rerseds - codiegure i
. /'2" 1h
we see its actual real RA/DEC values (w) v
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https://telescopius.com/deep-sky/object/1473/m-103/open-cluster
https://telescopius.com/deep-sky/object/1473/m-103/open-cluster
https://www.constellation-guide.com/constellation-list/cassiopeia-constellation/

Putting it all T ogether

Suppose yowould like to look at the star Mizar, a bright star locatethenconstellatiotrsa Major(The Big Dipper) Using either a Star Atlas,
or online applicatiorwe can see it is located at R&h 24m 49.43and DEC of+ 5 4 A 4 8 We canlals®see this is a variable star that
indicates the brightness of the star can vary night to night. Mizar has a visual magnitude of +2.2 to +3.88, thibrigiptedtyd we should be
able to see it even in the Phoenigtro area where the naked eye visual magnitude limit is about +4.5.

Also note how the online software also provides Azimuth and Alti(lddéALT) coordinates. These values are only valid for the Date/Time and
location the person was at when looking up this information.

A great online chart reference for Messier objects, NGC and IC catalogues can be logatedratestarcharts.comndStellarium Web Online

Mizar in Astronomy Software Mizar in a Star Atlas
' W N s it s 16h 15h J13h 120 11h 100 9h  gh 7h 6h
’ , " CAMELOPARDALIS *
78 UMa ; : ' g AT
. { : > ik 4 . & e
DRACO* = L e, Mt%’ P 2 o 1
s & Fe = [ - . O\ &b : y 3
g ; h M81- "\ 5, SO | +50
u oris ! T . * : . 'M da z b, X
x , .BOO(ES i , 4 - [Muicida: LYnx-\'/
e [ e W More Info | B . A_, ioth . _@Dubhe : 0= e
S ' 4 *Mizar @ s Meg"el 2 & .‘ e N N
Name: Mizar . e Alkald 23 Y . . P& 1 ! % .
Catalog Numbers: Zeta Ursae Majoris | y $ T Me'f)k |\ °® N °
79 Ursae Majoris +40° | & 5 Phecda M7 . sTalitha {+40
| Mizar Description: Variable Double Star in i S . . R\l .
TR Ll /e . * ° /% URSAMAJOR . -
Visual Magnitude: +2.22 and +3.88 | ) h—/ < g
Separation: 0.8" at 214.4° 26.1 AU “ oV | FE 2N 3 O A .
Distance: 26.3 pc, 85.8 ly " | CANES L . = s I>I plank BOrealls t
+30° [ VENATICI'/ > { . Tania Auslrafls > x | 430
e B [ 2 ; © - LLEOMINGR %" " %"
Rises: 07:05:24 AM | £ ,. { . O . .
Transits: 05:53:13 PM Alula Borealis) ¥ CANCER
Sets: 04:44:57 AM | . 2 AulrAustaalis 5 . == Wi
N +20° L.COMA BERENICES. ; by ig 20
lestial Co I\Ikdlu |6y s > < X Ry il
. 84UMa Azimuth: 042° 48' 52.6" in the s ~ . ! . LEO
northeast .
> ¥ L}
Altitude: +48° 44’ 05.6" above horizon h h h h h
Right Ascension: 13h 24m 49.43s 13 12 n 10 9
86 UM | Declination: +54° 48' 31.9"
’ T SKY
HR 5280
FOV: 10.50° Az: 45° 37" 56.3" Alt: 48° 36" 51.3" Selected: Mizar - Zeta Ursae Majoris
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https://www.constellation-guide.com/constellation-list/ursa-major-constellation/
https://stellarium-web.org/
https://freestarcharts.com/
https://stellarium-web.org/
https://www.livesky.com/#/skysafari-web
https://www.constellation-guide.com/constellation-list/ursa-major-constellation/

References and Resources

Title Type Description

EVAC Double Star Program Website 100 of the finest double and multiple stars in the sky

Royal Astronomical Society of | Website 110 Double and multiple star targets.
Canada Double Star Program

Stellarium Web Website Free online Planetarium.
SkySafari Software Great software for I OS and Android ope

and much more. There is alsbrawserbasedversion of this. Priceangedrom $5- $25
based on features. | use this software extensively when observing.

The Live Sky Website Highlights objects of interest in the night sky

Planets Visible Tonight Website Shows what planets will be up in the night sky and when they are visible.

Constellation Guide Website All things about constellations including what is visible, History, Chemtsmore
information on constellations, and object located in them.

Light Pollution Map Website Online map that shows you how the sky is at any location on the planet

Bortle Scale Webpage | Wikipedia: Explanation of the Bortle Scale

Rate Your Skies PDF Use the Bortle Scale along with real world observation to rate your sky darkness

Rotating Sky Explorer Website An interactive demonstration that introduces the apparent rotation of the sky.

Interactive Sky Chart Website Allows user to construct a detailed sky map.

Surface Brightness vs Magnitud¢ Webpage | Detailed discussion on Surface Brightness and the Magnitude system

Free Star Charts.com Website Star charts for Messier objects, NGC/IC Catalog objects and some stars
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https://www.evaconline.org/double-star-observing-program
https://www.rasc.ca/double-stars
https://www.rasc.ca/double-stars
https://stellarium-web.org/
https://skysafariastronomy.com/
https://theskylive.com/
https://www.timeanddate.com/astronomy/night/usa/chandler
https://www.constellation-guide.com/
https://darksitefinder.com/maps/world.html#4/39.00/-98.00
https://en.wikipedia.org/wiki/Bortle_scale
http://denisemeeks.com/science/activities/ast/bortle_dark_sky_scale.pdf
https://astro.unl.edu/naap/motion2/animations/ce_hc.html
https://www.heavens-above.com/skychart2.aspx
https://rasc-vancouver.com/2020/08/23/surface-brightness-vs-magnitude/
https://freestarcharts.com/
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Mounts

A mount is the structure that holds your telescopendamentally there are two broad types of telescope malirdzimuth andEquatorial .
They are named after the coordinate system they mifdieAzimuth mountshave & up/down, left/right motionrad are quite intuitive to use.
Equatorial mounthave a different motion since one of eeaspointsto theNorth CelestialNorth (NCP).

> To

X 7 Celestial

/ = Pole

Right
Ascension

< Altitude

Azimuth
Altazimuth Equatorial
Mount Type Pros Cons
Alt-Azimuth i Easy and intuitive to operate 1 Does not follow objects in the sky unless computer controlled
1 Setup is easy and quick 1 Not easily used with star charts since star charts are based o
Equatorial system. Applications can eliminate this issue.

1 Generally unsuitable fdbeepSky Astrophotography.

1 Once an object is located keeping it in the field of view can bg
bit more work since there are two axes that need adjustment
follow the objecti(If you are manually tracking)

Equatorial 9 Follows objects in sky once located if clock driv| § Motion of mount is not intuitive
is engaged 1 Setup will take longer since you need to point the axis to the
{1 Relatively easy to follow object if manually North Celestial North (NCP).
tracking the object since only one axis should n
adjustment.
9 Star charts can be easily used with these moun
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Single Axis, Dual Axis and GoTo TelescopeDrives

Manually locating and tracking an object in your telescope adds another layer of complication especially true for dgsyissky altyects being
viewed with high magnificationGoTo mountgpotentially makdinding objects much easier once the telescope mount has dlegred Of
coursethere is an increase cost associated thigise types of drivesut prices have dropped considerably over tiBeth Equatorial and Ak
Azimuth mounts can be purchased w@loTodrives. Usually,the mosicosteffective drives can be purchasedhen purchasinthe Optical Tube
Assembly (OTA) but the best mounts tend to be third party drives.

1 Single-Axis Telescope Motor Drivegaka Clock Drives) Restricted to Equatorimhounts;these consist of a single motor and drive that
attaches to the right Accession axis and provides basic start tracking.

91 Dual-Axis Telescope Motor Drives Provides basic star tracking in addition to control of the telescope in any direction.

1 GoTo Telescope Drive$ Very popular and found on many telescopes. With GoTo drafees,a basic calibration process at the stad of
viewing session by pointing to a number of bright stars to orient the comee calibration is completenter the object of interest in the
handpad and let the computer slew the telescope to the ol§égarty mounts tend to be quite reliablsow-costtelescope/mounts can be
fickle at best.Initial setup procedure can be challengiaognaster.lf yourpurqhase one of these, make sure
it to work as expected.

Single and Dual Axis drives tend to aftermarkeimodifications, and not really used anymore since the price® b Gounts have dropped so
much in price.

Clock Drive Alt/Az GoTo Mount Equatorial GoTo Mount
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Optical Tube Assembly (OTA)
There are many types Ofptical Tube Assembly (OTA) designThreeof themost populadesignednassproducedelescopesre discussed

below. Contrary to populabelief, magnification is not the primary consideration when purchasing a telescope. Build quality and light gathering
ower (Aperture size) are probably the two most important factors.
Refractor i A series of lenses are used to collect light.

Refractor Telescope

91 Pro:Excellent design for viewing planets and the md@aiengood optics and

design are implementgd

Pro:No need for collimation

Con:Cost, awell-designedRefractor is the most expensive (p@erturesize

telescope.

9 Con:Not great for most deep sky viewing since aperture size is so important
these ardimitedt o about 50 before becoming

Reflectori A series of mirrors are used to collect light.

)l
)l

Reflector Telescope

Pro: Cost, lest expensive (per inch of aperture) telescope.
Pro: Most costeffectivedesign for viewing deep sky objects.
Con:Not very portable

Con:Needs collimation on a regular basis for best views.
Con:Not conducive to taking photos

=A =4 =8 =8 =9

Schmidt-Cassegrain (SCT)AKA Compound TelescopédsLens and mirrors are use

Compound Telescope

to collect light Combines advantages of both Refactor and Reflector teleschipiss (Schmidt-Cassagrain
is a greageneralpurposeelescopeahat performs well for deep skylanetary viewing| [
and imaging.
1 Pro:Very portable. ot e
1 Pro:Generally,a goodmulti-purposedesign performing well on plants, moon, & a - R—
deep sky objects
I Con:Occasional need faollimation. Disgoral

< Focus >»
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Many Combinations

Combinations of Mounts and Optical Tube Assemblies (OTA) are vast. Here are a few examples

Many Combinations Possib{én no particular order)

Reflector on Tabletop Alt/Az
mount

Reflector on Equatorial Mount
(Manual Operation)

Refractor on
Center Balanced Equatorial GoTq
Mount

SchmidtCassegrain on
Fork Mount with Wedge anc
Clock Drive

SchmidtCassegrain on Alt/Az
GoTo Mount

altitude
motion

(s%%k /—\

N

motion

azimuth ‘\ i >
‘Rfractor on
Alt/Az Mount (Manual Operation

AN

Dobsonian telescope and Mount

(Manual Operation)

SchmidtCéssegrain on
Alt/Az Fork GoTo Mount
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Magnification

Magnification is expressed as a number indicating how large an object appearsiewed through telescope compared to how large it appears

to the unaided eye. Magnification is defined as the Hamadjth(mm) of the Optical Tube Assembly (OTAljvidedby the Focalength(mm)

of the eyepieceFor a given telescope, the magnification is determined by the eyepiece being used. The eyepieces will have theihfocal lengt
printed on them so the magnification is easily calculated. Gengtalynaximum ugal magnification of a telescope i) times the aperture (in
inches) Itis a common practice for less reputable telescope manufactadgedisenagnifications for telescopes beyond the useful
magnification. Another factor impacting usable magnification is the stafaikty seeingdf the atmosphere. Generally, even for large
telescopeamagnification of over 250x is neery useful. Even if you have the same magnification between a small and large telescope, since the
large telescope gathers radight, the large telescope will have a brighter image making it easier to see details.

focal length, telescope (900)

Focal ratio = =f/8.8
aperture (102)

s
3 i Aperture
I == - 102 mm

. i A
| \\\ (4 inches)

Focal length, e \4

eyepiece
25mm

14— Focal length, telescope » \
900 mm (35 inches)

focal length, telescope (900)
( Magnification = ) - =36 X
focal length, eyepiece (25)

MAGNIFICATION COMPARISON (PLANETS)

o),
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https://astronomy.tools/calculators/magnification
https://astronomy.tools/calculators/field_of_view/

Exit Pupll

Exit pupil is a measure diameter of the cone of light exiting an eyepleca.general rule an exit pupil between 2inBmm seems to provide
the best viewing experiencéhis is because the averagananpupil sizerangedrom 2 to 7mm.Having an eyepiece with an exit pupil much
greater than the b s e rpupd wastes light, while a very small exit pupil can be difficult for viewirithis iswhy exit pupil should be a
consideration when considering purchasing an eyepigsv these linksl, 2) for a more detailed discussions on Exit Pupiit Bupil

calculation can be calculate with the following equations:

Field Eye

Apparent
lens lens

field of view
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0k 'Q N WAGD o Y& Qi H# R QarpQi
Fe ot 0 G e l‘l’+ / - Fel A e —————— .
a Qi "WEMEQ e | " Exit pupil OwQn QuQd 0Qe ¢
0 telescope ( H ) ( 2
Barrel Eye relief o
60 (150 mm)asSegraimi dt 70 (17 &sksutpv+Chbsegrain
Telescope| Telescope| Eyepiece| Exit Mag Telescope| Telescope| Eyepiece| Exit Mag
FL FR FL Pupil FL FR FL Pupil
1500mm 10 55 mm 5.5 mm 27x 2670mm 15 55mm 3.7mm 48x
40 mm 4.0 mm 37x 40mm 2.7mm 67X
24 mm 2.4 mm 63x 24mm 1.6mm | 111x
8 mm 0.8 mm | 187x 8mm 0.5mm | 334x
2.80 71fmm) Refractor 5.20 130mm) Reflector
Telescope| Telescope| Eyepiece| Exit Mag Telescope| Telescope| Eyepiece| Exit Mag
FL FR FL Pupil FL FR FL Pupil
490mm 6.9 55 mm 8.0mm 8.9 650mm 5.0 55-mm 11 mm | 11.8x
40 mm 58mm | 12.X 40 mm 8.0mm | 16.3x
24 mm 3.5mm | 20.4 24 mm 4.8 mm | 27.
8 mm 1.6mm | 61.X% 8 mm 1.6 mm| 81.%
4 mm 0.6 mm | 122.5x 4 mm 0.8 mm | 163.%
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https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://skyandtelescope.org/astronomy-equipment/a-pupil-primer/

Finder Scope Alignment

It is critical that the findescope is aligned with the telescope. The first time you setup your telescope you should probably align the finder scoj
with the main scope during the day. Put your lowest magnification eyepiece in the telescope and point the main saep#itabiect quite

far from the telescope (tree top, light post, etc). If you have a clock drive or GoTo geoumit turn it on Once you have an object centered in

the main scope go to the finder scope and make adjustments to the finder scope so that théntehe center of the finder scope. Go back to

the telescope and make sure the target is still in the middle of the field of view. Now place a high magnificationieybpietwan scope and
re-center the target in the main scope. Next cheeKitlder scope and make any required adjustments to ensure the target is in the center of the
finder scope. Reheck the telescope and ensure the target is still centered, ifewitsr and reheck the finder scope. Once the target is

centered in bdt the finder scope and telescope you have completed your finder scope Alignment.

The procedure for Finder Scope Alignment at night is basically the same process, but a bright star or a planet shoafdtbe tzsgdt. If you
are having trouble locating a target in the main scope, use the moon as a target if it is up sincelbiedholy easy to locate in the telescope.

Telescope Mount Alignment

The alignment procedure is the process of setting up your telescope so it can locate and track objects in the nigptekgssldfealignment is
dependent on the type of mount and the accuracy you desire when tracking an object in the sky. &lgaitseot vary for various mounts.
Information provided below offer a general summary for the type of mount described. Referdowaoue r 0 sfor mare gpexific details.

Image 1 Image 2 Description

Alt-Az Manual Mounts T Setup for these mounts is quite
minimal. Generally,you just need to make sure the mount is
level. Many mounts have a level integrated in thetherwise,
you may have to supply your own. Some may have markin
for either the Alt and/or Azimuth axis in these cases you mal
want to rotate the Azimuth axis to coincide with compass
coordinate (ie 0° = North). This will enable you to utilize
applications thasupply AltAz coordinates to locate objects in

the sky.
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Description

Celestial
Pole

RA
Movement

Setting Circles

=
-

Alt-Az GoTo MountsT Level thetelescope. Turn on the GoTqg
computer and follow alignment instructions. Most mounts wil
have you point to two to three bright stars and to calibrate the
mount.

p

Equatorial Manual Mount i All Equatorial mounts require
polar alignment to ensure the scope tracks objects in one mo
They will also have setting circles associated with each axis(3
image). First pointthe RA axis toward the North Pole, next lev
the telescope. Adjust the counterweights to balance the teleg
Adjust the RA to match your latitude. Reéjust the RA Axis to
point at the North Celestial Pole (NCP). Many Equatorial mo
have builtdedicated NCP scopes to assist in precisely alignin
mount with tle Northern Celestial Pole.

Equatorial GoTo Mount i Sane basic setup as Equatorial
Manual Mount to start with, then turn on GoTo computer and
follow alignment procedureGenerally will instruct the user to
point to two or three bright stars in the sky for alignment
procedure.
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Deep Sky Objects

Objects that exist outside of our solar system are called Deep Sky Objects these objects can be classified as follows:

Open Clusters- Young,
loosely bound gatherings of
stars. The stars in these
clusters were born together. |EEEEEEE..
They may contain a handful ¢ ..
stars or thousands of stars. ..
You can see many open star i
clusters with thenakedeye

M-46: Opn Cluster and Planetar
Nebula

GalaxiesT A vastcollectionof
starsin an ocean of space.
Galaxies are typically
separated from one another t
huge distances measured in
millions of light-years. A i
galaxy can contain hundreds
of billions of stars and be
many thousands of lightears
across.

While mdlhxhy‘i ek Galaxies (NGC4631, NGC4636)

Galaxies NGGA631 & NGGA656
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Globular Clusters - Tightly
packed, symmetrical collections ¢ §
stars.They orbit mostly in the
extended stellar halos surroundir
most spiral galaxiesGlobulars
contain some of the oldest stars i
a galaxy, forming early in its
history. Stars in a globular are
gravitationally bound to each
other.
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M 12 Globular Cluster

Planetary Nebula- Consist of a
glowing and expanding shell of
gas, ejected from red giant stars
late in their lives. Planetary
nebulaeoften appear as rings or
disk representing expanding gas
from the source star.

NGC-7293: Planetary Nebula
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Supernova- A structure that S
results from the explosion of i .
star. A supernova remnant is
held together by an expandin
shock wave and consists of |}
ejected material of the star th
expands from the explosion
and interstellar material the
shockwave sweeps up along
the way.

Crab Nebula (Messier-1)
Constellation: Taurus

(RA= % 34m 31 b DRC = 200eg

M-1: Supernova Remnant

Emission Nebulai Are
unigue in that it shines with it:
own source of lightSimilar, 5
to a planetary nebula, emissic §
nebulae form from ionized , S
gases.Emission nebulae tend [EESe.
to emit a reddish color as a 8
result of the abundance of GERES A S
hydrogen in them. PR A B A X
M-20: Emission Nebula
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Reflection Nebulai Do not create
its own light but instead shines by
reflecting the light of nearby stars
Reflection nebulae are created

when the energy from a nearby

star is insufficient to create an _
emission nebula but is enough to 2%
make the dust visible.

M-45: Open Cluster and Reflectior
Nebula

Dark Nebula i A dense collection SESEEs
of gas and dust thabscure
visible wavelengths of light,
meaning that we are unable to se §
throughthem, explaining why the &8s
are also called absorption nebula g
Because of this absorption, to us
dark nebulae just look like dark
masses blotting out the stars of

space. ' B-72: Dark Nebulan
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Techniques for Finding Objects

There are a number of techniques that can be used to locate astronomical targets, many depend on the telescope nobuniqussraeste

mount agnostic.

Image

Description

Technique Mount Type(s)
Star Hopping | Manual Mount

In this technique a star chart (either onlingaper) is used to locate the
object of interest, then nearby bright stars are located that will help gu
you to the target. In this way the scope is first slewed to the bright stg
then moving to the next star and continuing until the final stacated
and finally the target object is move to. The process allows the astror]
to move from an easily identified and located bright star to subsequen
dimmer stars closer to the target until finally taget is located.

Telrad Charts

Manual Mount

A variation of Star Hoppingexcept that reference suchSlsySpot Finder
Chartsare used to identify exactly where in the sky the Telrad pointer
should be placed for the target of interest. Many software application
support displaying Telrad indicators and can be used also.

Setting Circles

Manual Mount with
setting circles

In this technique a bright star fairly close to the target of interest is loc
and centered in the scope. The bright star coordinates (either Equato
Alt-Az depending on your scope mount) are looked up using software
atlas, or table of ligtd bright stars and coordinates. The setting circles
then adjusted to match the coordinates of the star. This ensures your
setting circle correspond to the celestial sphere. Next the celestial

coordinates of the object you wish to locate ar&éoloup and the telescoj
is moved to the coordinates using the setting circles you have just adj
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https://www.highpointscientific.com/astronomy-hub/post/astronomy-101/star-hopping-beginners-guide
https://www.sky-spot.com/
https://www.sky-spot.com/
https://skyandtelescope.org/astronomy-resources/the-setting-circles-on-your-telescope/
https://www.highpointscientific.com/media/wysiwyg/SEO_Articles/Starhopping/image4.png
https://www.star-shine.ch/astro/messiercharts/m051.htm
http://themcdonalds.net/wp-content/uploads/2017/06/Astro-SetCirc-3-GM8-Wide.jpg

Technique Mount Type(s)

Description

GoTo

Once the initial alignment procedure has been completed on your Go’
mount, you simply punch in the object of interest, and the telescope w
slew to the target. Once the telescope has been alignedsbhpeifast
and easy. The downside is that
sky.

GoTo Mounts

Putting it all Together
As you can see there are many factors to consider when purchasing a telescope, and many combinations of OTA and rssilniés &empe
factors to think about before making a purchase include:

)l

= =4

Budgeti What is yourbudget?Also, keepin mind that almost all telescopes will need accessories to make your viewing session

pl easurable so dondét consider the cost of the scopaecesaones mo ut
section.

Viewing Targetsi What to you intend on viewing? Larger scopes generally support higher magnification and gather more light making
dimmer objects brighter. Observing very bright objects such as the moon and sun do not require large apertures.

Portability T How often to you plan on moving/setting up the scape where you intend on using it should be considered.

Tracking i Once setup, motorized mounts should track your object, while manual mounts will require you to continually adjust to keep
the object in the field of view.

GoTo Mounts i An additional cost, but getting much less expensive, these mounts make finding objects much easier provided you set
them up properly at the start of your session. These allow you to focus on observing the objects and less time ththmgnto fin

Complexity T GoTo mounts can have a steepial learning curve. Finding objects manually has its own challenges. Try both methods
and determine what works best for you.

Used or Newi Used telescope tend to be about ¥z the cost of new ones. Periodically astronomy clubs will have auctions with used
telescope that you can get at a very reasonable cost. The Wedisit@artalso has a large selection of used equipmEast Valley
Astronomy Club (EVAC) also hassed equipment for sale
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https://astromart.com/
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-evac/evac-sales/

List it out T Make a list of everything you think you may need for your astronomy hobby so you can make an informed decision on what to
purchase and how much thettomline cost will be. We will show examples tifis in at the end of Chapter 4

A Practical Example : Schmidt-Cassegrain
In addition to factors listed above one must consider the ease of transport of the telescope. In this example wensealtitie pamary
a 140
2,580 times the light gathering power of the human eye, but are you going to be able46-hauadOTA out for viewing?

properties of a Schmidtassegrain Optical Tube Assembly (OTRef: Celestron Websi)e

Size
(Inches) Price Aperture | Weight | LGP x
4 $430 102.0 6.0 212.0
5 $689 125.0 6.0 329.0
6 $840 150.0 10.0| 459.0
8| $1,350 203.2 12.5| 843.0
9.25Edge)| $1,900 235.0 20.0| 1127.0
11| $3,200 279.4 27.5| 1593.0
14| $6,500 355.5 46.0| 2581.0
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https://www.celestron.com/collections/optical-tubes

Weight LGP
50.0 3000.0
Vs 46.0 10
400 y 2500.0 /—2 :
20.0 / 2000.0 7
A 275 _ 1500.0 1593.0
20.0 //L o —&—Weight ' o ——LGP
| o 125 | 10000 7m0
12-2 oo TT O 50(()).(()) i 3758 2590
' 4 5 6 8 925 11 14 ' 4 5 6 8 925 11 14

References and Resources

Title Type Description
EVAC Observing Programs Website A number of observing programs offered by East Valley Astronomy Club (EVAC)
Best Telescope For Beginners | Website Additional information for what telescope to purchase.

Basic Telescope Types Video Youtubei OPT, Basic Telescope Types

Telescope Eyepiece Basics Website Good detailed article on basic principles for eyepieces, barlow lenses and other facto
Field of View Calculator Website Show you how large an object should appear for a given telescope and eyepiece comn
Telescope Magnification Website More information on magnification and how to it applies to telescopes.

Explained

What is an Exit Pupil and why is| Website Detailed discussion on Exit Pupil related to telescopes/binoculars and eyepeices
it important?
A Pupil Primer: How big should § Website Factorson exit pupilfor consideration in selecting an eyepiece.
Telescopeds exi
Astromart Website Great place for getting used equipment. There is a membership fee associated with t
website.
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https://www.evaconline.org/observing-programs
https://www.space.com/15693-telescopes-beginners-telescope-reviews-buying-guide.html
https://www.youtube.com/watch?v=_v1RWyzQAng&t=378s
https://telescopemount.org/telescope-eyepieces/
https://astronomy.tools/
https://starlust.org/telescope-magnification/
https://starlust.org/telescope-magnification/
https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://skyandtelescope.org/astronomy-equipment/a-pupil-primer/
https://skyandtelescope.org/astronomy-equipment/a-pupil-primer/
https://astromart.com/

Starizona Vendor Locatedin Tucson, this is one of the best locations to purchase higher end telescopes
associated equipment, technical know how and help from these guys is great.
AgenaAstro Vendor Good website for purchasing various astronomy equipment, located in California, so

shipping time is usually quite low.
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There are many different accessories you can purchase to help wittbgeuvingsome of the most critical includegaodHead Lamp,
Navigation Reference, Find8copeand qualityEyepieces.

Headlamp/Flash Light

Headlamps free up your hands for the various tasks you need to do when obdafvitedight will ruin your night vision and make other
astronomers upseb make sure you purchase a light with a red filter or red LERwing dight that allows for different levels of brightness is
also very helpful.Findingalightt h a t toabsght @nd has the features | have mentioned can be surprisingly difficult. | have feund th
Celestron Night Vision Headlan($18)is agoodfit for astronomy

Navigation and Planning Resources

We are talking about some reference to help identify what items you may want to view for the night and where they arédocegedo old
school andyet a book, atlas or other such material, or if you have an iPad or smart phone there is some excellent sipaiczdiobe used. |
personally use my iPad mostly in the field, but bring a sky atlas as a bd®&lgw is a list of a few excellemeferences.

Reference Media Price Comments

Type Range
Star Wheel Print $20 Old school, but a great way to see what is up at a glance. Easy to carry and always reliab
SkySafari Digital $5- $50 Available for iOSand Android systems this ésgreat tool to see what may be of interest for

viewing for the night. If you have a smart phone or iPad | would consider this a must have
reference.SkyPortalis a free app from Celestron and a light version of SkySafari.

SkySpot Print $18-$40 | This company publishes a number of great field guides that are customized jusfTelrdde
Books finder (although you donbot,thdéyail showmyou exaetly e

where the object is in reference to the findellseye They also give detailed information on th
object. There are 4 books thegatethe best for the beginner is tBeight Telescopic Objects
just for small scopes.

Sky Atlas Digital or | $10- $50 Thisis anatlas of thesky with objedsidentified intheatlas. Youwill need to read off the atlas
Print the

coordirates ofthe oljed you want to obsrve. Generaly, for more advanced ob®rvers and may
be consiceredredundant if you already have an astroromy application sich as SkySafari.
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https://www.amazon.com/dp/B0DHT45XSQ?ref_=ppx_hzsearch_conn_dt_b_fed_asin_title_1
https://www.amazon.com/Night-30%C2%B0-40%C2%B0-Large-North-Latitude/dp/0961320753/ref=sr_1_1?crid=FLKQJCBZSTTU&keywords=the+night+sky+30+-40+large+north+latitude&qid=1659208063&sprefix=the+night+sky+30%2Caps%2C148&sr=8-1&pldnSite=1
https://skysafariastronomy.com/
https://www.celestron.com/pages/skyportal-mobile-app
https://www.sky-spot.com/
https://www.sky-spot.com/
https://www.sky-spot.com/product-page/bright-telescopic-objects
https://smile.amazon.com/Sky-Telescopes-Pocket-Atlas/dp/1931559317/ref=sr_1_6?keywords=sky+atlas&qid=1658760147&sr=8-6
https://skysafariastronomy.com/

Reference Media Price Comments
Type Range
St ar Ho|PDF Free Excell ent resource for those who donot h
Guide to the targets.
Universe
Yoder 6 s|PDF Free Over44 guides and growing of highlighted constellations.
Constellation
Guides

Finder Scopes

A decent finder scope is critical to helping locate objects in the night sky. There are a number of excellent types ofiaievén be used as

finder scopes.

Finder Scope Type

. "fﬁ
o

Optical Finder Scopei Most of these that come with small telescopes (and even some larger scopes) are junk
it has an aperture of 50mm or greater, do yourself a favor and get rid of it. Even 50mm and larger finder scop
challenging to use. Otheruch bettecosteffectivesolutionsexist | highly recommend using any one of the other
options.

Reflex SightTeleradi This is the original zero magnification finder. It is one of the more costly ones at $50 but
features the generally cheaper red dot finders dgd
Features such as concentric circles thpresent a fixed area in the sky prove very useful when star hipeng
techniqueof hoppingfrom star to star tthe target object you wish to observe.

Red Dot Fingr i You can get a red dot finder as cheap as $20 on amazon and you can get them as expensive
depending on the model. If you have a GoTo mount, this is an ideal finder since you will likely only be using i
target a few bright stars when settingyagur scope. Expect to pay between $350 dollars for a good unit.
YouTube video orhow to align your rediot finder
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https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/
https://smile.amazon.com/Telrad-Finder-Sight/dp/B0000ALKAN/ref=sr_1_3?crid=33ROCVE2GZ1BD&keywords=telrad+finder+scope+with+mounting+base&qid=1658758823&sprefix=%2Caps%2C185&sr=8-3
https://agenaastro.com/william-optics-red-dot-finder-with-quick-release-bracket.html
https://www.youtube.com/watch?v=Dp4_TGhU-0w

Finder Scope Type

Laser Findei Units cost about $100 for a decent Kih.manyways these are similar to Red Dot Finders with a fey
exceptions. With all the other finders you have to be directly behind the finder tpropecly. \hen looking at

objectsdirectly overhead this may mean you have to get on your knees and do some contortions to be position
properly Laser finders relax this requirement some, si
it is pointed. Not to mention they just look cool. The downsidaanfy lasers igou may have to push the button tg
turn the laser on, and this may be tricky when trying to move the scope at the same time.

Do it yourselfLaseri This laser at amazon runs for about $25 and has a pigtail that makes it convent for use.
downsides to this:
1 You will need to figure out how to mount it to your telescope, and this may involve more cost.
1 This modelgenerally does not perform well in cold temperatur®d. t hough thi s i snét
AZ.

On the plus side it does have adjustments built into the laser for aiming it, so alignment with the telescope is g

Eyepieces

Most telescopes come with at leastone eyepiece | f t he scope you ar e pur cimayasaotbethe best quélity a
For most astronomy equipment the old adage you get what you pay for is true, this is especially true for eyepiecasg®froes as low as

$25 to as high as $1,000 for a premium eyepiece. Decent quality ones tend to bd i 80P range.There are a wide range of types and
designs to choose franfactors such as what object you are viewing, theuagop field of view for the eyepiece, eye releidexit pupilare a

few thingsto consider when looking for the perfect eyepielceoking for the most cost effective yieigh-quality performerghe Plossldesign
eyepiecesire a good optianMajor manufactures like Celestron produce a wide range of eyepieces, unfortunately this includes some poorer
quality eyepieceso care must be taken when purchasing from some of these manufd@ttueesnanufactures such asle VueandBaaderonly

create high quality pieces so the concern iIisndét aover the quali!t
91 Barrel Diameter i The vast majority of telescopes accommodat2l5 6 barrel s, wimoldel i gvhét bdayvt,
barrel sizes some of the vdow-costs copes have 0. 95 otelescopestouldede aviided. r el s, t hese

1 Focal Length(FL) 7 Thisvalue is measured in millimeters (mm) and typically printed on the eyepiece. The Focal Length (FL) of the
eyepiece is what determines the magnification of the object when viewing it through the telescepeifseen magnification
Magnification = (FL of telescope) / (FL of eyepiece)
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https://agenaastro.com/agena-laser-pointer-finderscope-bracket-synta-vixen-foot.html
https://smile.amazon.com/gp/product/B019Q05CNY/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://www.televue.com/engine/TV3b_page.asp?id=214
https://www.baader-planetarium.com/en/accessories/optical-accessories/eyepieces.html

1 Eye Reliefi The distance between the lensltd eyepiece and your eye. Rigres with a good eye relief are recommersiede it
makes for easier viewing, aedn beespecially important for those who want to wear glasses while viewing objestsuld be pointed
out here that nmatterh ow bad your vision is you donodét need gl asses for
for your eyes.Note: this is not the case for persons with glaucoma.

1 Exit Pupil i The size of the cone of light exiting from an eyepiece. It is important to match the exit pupil to your viewing needs.

Exit Pupil =(FL of eyepiece) / (FR of telescope)

1 Apparent Field of View (AFOV) i The angular size of the amount of sky you will see througkykpiecaneasured in degree3his is
determined by the telescope focal length, eyepiece focal length and the diameter of the eyepiece barrow. This numbalyiplemedn
next to the focal length of the eyepiece.

91 Parfocal Eyepieces These are eyepieces that share the same focus point so that if you change one eyepiece ybaweilionafocus
the telescope to see the object clearly.

1 Zoom Eyepieces These are eyepieces that have variable focal leiggh8mm1 24mm)so thatyou can use one eyepiece for multiple
magnification levels. These do tend to be more expensive than fixed FL eyepieces and generally will nogyieziswell as fixed FL
eyepieces do, butgood qualityzoom eyepiece can perform quite well, and in the long run may save money since it may be used in plac
of two or three fixed FL eyepieces.

1 Barlow Lensesi These are addn tubes that when used with eyepiecewill magnify the image by aetfactor, The factor for the
Barlow lensegypically rangesrom 2x to 5x magnification.

How many eye piecesodyou nee@ A combination of a good low powelepiecewith a decent@aom eyepiecand a 2xBarlow may be a good
stat. An example of this may @eleston 40mm Omni Plos¢$55), Celestron 4mm Zoom($110), andCelestron Omni 2x Barlo\($42).
This combination will prove effective wwhateveryou are viewing, be it deep sky galaxy and nebula, the moon or pl@ngtsod wide fieldlow
magnification(ie 4060mm)should be one of your first purchases since it will likely be the first eyepiece you use in finding an object.

Celestron Omni Plossl seribave reasonably priced good quality ggees with a wide range of focal lengths and might be a good starting point
if you are considering purchasing some eyepieces.
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https://www.celestron.com/products/omni-40-mm-eyepiece-125in
https://www.celestron.com/products/8-24mm-zoom-eyepiece-125in
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Solar Filter
Mosttelescopes an be used for oberving the sun. Aspecia broad band Mylar film thatcuts out ove®9.999%of light is placeal over theprimary

aperture. Cast is vay reasondle cosing between $20- $50 tomake your ownfilter. Note: It iscriticd you puchase thesefilters from a
reputable supplie. Both Baader Planetarium and Thousand Oaks Opticd are trustedbrands that €Il excdlent filters and magrial required to
makeyour own filter you desire. Solar obervationis oneholby that asmall teescopemay be consicered agreat fit. With thesefilters dtached
to your telescopeyou can watch the pogresson of sungots, dserve solar edipses, andnnerplaretary transts.

ré}, '

Purchased Solar Filter Home Made Solar Filter Solar Eclipse venus Transit
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https://www.baader-planetarium.com/en/solar/whitelight.html?page=1&filter_solar_film%5Bfilter%5D=AstroSolar+Safety+Film+%28OD+5.0%29%2C827
https://thousandoaksoptical.com/products/solar-filters/
https://astrosolar.com/en/information/how-to/how-to-make-your-own-objective-solar-filter-for-your-camera-or-telescope/
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Other Filters

Other filters for night observation céielp see more detail than you might see withoesptecially in the city where light pollution can be a real
problem Filters have three major applications and there are many choices of filters for each application. The one filter tltapsdems
quite well for all three applications (and also astrophotography) Baader Neodymium Moon and Skyglow filt¢$105) so if there is only
one filter you can purchase, make this the driters generally bring subtle improvements to the viewing experience.

An in-depth discussion on the types of filters andaaalablefor deepsky observations along with information on what filters to utilize for
various deep sky targets can be downloaded from the ArtCentrics WebsitBdwpeSky Filters for Visual Observati@ADF)

Object Filter Type Cost Comments

Moon Polarizing Variable filter $43 Polarizing filters are among the more popular filters for the moon, but other
filters are useful in helping stabilize the image when high magnification is u
by cutting down atmospheric interference

Deep Sky Light Pollution Filter $30- The purpose of these filters is to increase the contrast of the object by redu
$200 the unwanted background light from city lighfBhere arenany brands to selec
from.
Planets Various color filters Application of color filters to planets is to bring out certain featukegood

summary of the various usages of different colors can be foered Note:
#80A Blue and #82A Light Blue provide benefits for all planets, so if you ar
a budget one of these may be a good starting point.

As stated earlier, thBaader Neodymium Moon and Skyglow filteerforms well in all of these applications. However, a word of warning;
many people are underwhelmed when it comes to filters and how much they help. It may be informative to test sometdfdfesespanding
money on them. The East Valley AstrompClub (EVAC) has aisual filter rental progranfor members just for this purpose.

Basic Astronomy with a Telescop€lasses.docx Page46 of 83 Last Updated4.20.2026


https://agenaastro.com/baader-1-25-moon-and-skyglow-filter.html
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Further Discussion on Filters and Applications

Deciding if a filter is needed, and what filter is appropriate depends mainly on how dark your site is and what typeyolucdje ®bservingln
the i

i mages provided below it

shoul

d be noted they mmintdereqwhatws c al
are interested in is the general shapes of each of the spectrum provided.
Night Sky Spectrum Broad Spectrum: Galaxy Spectrum
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Here we can observe that the night sky (with light pollution) has a broad band spectrum where light is being emitigitle\afiwe lengths.
Similarly looking at the spectra of a galaxy, it can be classified as havimgié band spectrunGenerally,one can classify Stars, Galaxies,

Open Clusters, and Globular Clusters as broad band sources.
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Below are spectra of Emission Nebula. These are loosely defined as cool gas clouds that are emitting lighedt®gmargy sourceuch as
a star Deep sky objects such as Molecular Gas Clouds (ie Orion nebula), Supernova Remnants (ie Veil Nebula), PlanetaryRNebula (ie
Nebula) emit light mostly in distinct wavelengths. Specificallydrogen alphaandbetg Oxygen lllandSulfur Il. These are classifieb
narrow band emissions

Emission Spectrum: Orion Nebula Emission Spectrum: Planetary Nebula
1C4593: Planetary Nebula Emission Spectrum
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Why do these sources emit light so differently even though they are roughly made of the same stuff; mostly Hydrogen|cavel otlass
elements? The main reason is temperature. Cool gasses have low energy and only emit light at discrete welostengtimice the gasses
start to heat up the electrons associated with them are freed from the individual atoms and begin to emit at all waVbknegipectraeginto
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https://en.wikipedia.org/wiki/Black_body

The purpose of filters in astronomy is to try to minimize light pollution with minimal impact to the light originatingheasheep sky object
beingobserve, thus providing better contrast for the target object compared to the background. At the very high level we canaerfassify th
either broad band or narrow band filters. Broadband filters take into consideration the spectra associated witlticghtquolare aware of

the many wavelengths of light from the deep sky object, so their tramsmsgectraarerather large. Narrow Band Filters on the other hand can
eliminate almost all wavelengths of light except for the few being emitted by the deep sky object in question. Whefilteilgziitgs vital to

use the appropriate filter to the object beihgerved.

Broad Band Filters Transmission Spectra Narrow Band Filters Transmission Spectra

100 « OPTOLONG L-eXtreme Filter
90 4

\ | | |BAADERFLTER |
v} Neodymium/Skyglow | N
f ] \
80 oy .

70
0] ll N O

50+

— 1

8
c
s
=
E
&
(5
o
-

L4

v

40 4

600

Wavelength(nm)

. E + -\- 4 ! T 4 + + ¢
Ao 3 L " 1 4

300 400 500 600 700 800 900 1000 1100 1200

Basic Astronomy with a Telescop€lasses.docx Page49 of 83 Last Updated4.20.2026



For viewingnongaseousources such as planets, and the moon basic color filters can be used to bring out certain features of tete et
#80A Blue and #82A Light Blue filters below seem to be quite helpful in any of these objects, so may be a good filtertuhdwehen
observing planets and the moon.

KEY

_ Probably the Best

Mercury Jupiter

Not Useful Good

Wratten Number
and Color

Maria, Dust clouds

Maria Belts Cassini Division

Maria, Atmospheric

Improves contrast Belts, Poles
clouds
Maria, Dust clouds, Belts, Poles,
Useful Daylight Low contrast clouds
Polar regions Festoons

Belts, Red spot.,
Very useful Daylight surface Surface edge detail Bands, poles

Festoons
Maria and surface,
Daylight, Twilight Dust clouds, Polar Blue clouds EBlue clouds
caps
T _ e
Terminator Maria, Palar caps Moon transits Clouds

Dust storms, Polar )
) . Bands, rings
caps, Violet clearing

Clouds and haze

Upper clouds Ring detail
shove poles

Useful Improves contrast Red Spot Bands, Poles

Useful Improves contrast Belts White bands, Poles

X High clouds, Ice Rills, Festoons, Red
Very useful Twilight surface Upper clouds Bands, Poles

caps Spot

Useful Twilight surface Upper clouds Belt transition Band transition
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https://agenaastro.com/articles/guides/choosing-a-color-planetary-filter.html

What filters to what Targets?

Targets

Filter(s)

Comments

Emission Nebula, Planetary Nebula, Super
Nova Ruminants

Narrow Band Filters

In theory these should really help someone
the city. Of note the Olll filter isupposed to
be particularly useful for Planetary nehula

Stars, Galaxies, Globular Clusters, Open
Clusters

Broad Band Filters

There are many different names for these
filters and this can get rather confusing, |
personally would just go with tHgaader
Skyglowif you want to use one, it is a great
all round filter.

Planets Color Filters Different colors bring out different details, b
#80A Blue filter seems to have wide
application across the moon and all the
planets.

Moon Polarizing Filter/Color Filters Main goal here is to cut down on the light s

details can be viewed.

Do they really work? Every situation is different, and in msifiyationsyou may not notice an obvious difference when using the filters. If |

were just getting into this, | would probably prioritize my filter purchases as:

1. Baader Skyglow$95)i An overall good filter should help all of these objects (although it will likely be subtle).
2. #B80A Blue Filter($20)i1 A low cost and general useful for most planetary and moon viewing.
3. Polarizing Filter($30) i Good for viewing the moon.

4. Narrow Band Filte($200)i May help with the narrow band targets.

The Astronomik websitdas great descriptions of filters they make and what are appropriate applications for each of these filters. This compar

makes some good filter8aaderand Astronomikare companies known for théirgh-quality filters but there are others that make excellent

filters.
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https://www.baader-planetarium.com/en/filters/dual-use-(visual-/-photographic)/baader-neodymium-(moon-and-skyglow)-filter.html
https://www.baader-planetarium.com/en/filters/dual-use-(visual-/-photographic)/baader-neodymium-(moon-and-skyglow)-filter.html
https://www.baader-planetarium.com/en/filters/dual-use-(visual-/-photographic)/baader-neodymium-(moon-and-skyglow)-filter.html
https://a.co/d/by4HrzS
https://smile.amazon.com/SVBONY-Variable-Polarizing-Astronomic-Telescope/dp/B076MP3T66/ref=sr_1_3?crid=12JQFFRL1OHH&keywords=astronomy%2Bpolarizing%2Bfilter&qid=1675116368&s=electronics&sprefix=astronomy%2Bpolarizing%2Bfilter%2Celectronics%2C232&sr=1-3&th=1
https://www.astronomik.com/en/visual-filters/visual-filters.html
https://www.baader-planetarium.com/en/
https://www.astronomik.com/en/home

Other Accessories
There are a wide range of other accessories that can help make the observation experience enjoyable. | will list dafeovitFainere.

Accessorieg hat Make Life Easier

Item Make/Model Considerations Cost Comments

Software SkySafari 7 Plus SmartphonéPad/OnlineAstronomy software | $15 Critical for planning your night
Starwheel Night Sky Star Wheel Used for seeing what constellations are up | $15

Headlamp LED Headlamp Expensive but best headlamp for Astronom] $25 ThreeRED brightness levels
Potable Table | GCI Portable Table Small portable table for equipment $40 Larger Tabls here($90, $125
Portable Chair | Alevmoon Portable Stool | Portable Stool $30

Dust Bulb UES Air Blower Bulb Used for cleaning optics $10

Dust Brush Orion 5830 Ultra Brush Used for removing dust from optics $10

Dew Shield Varies on type of telescopg Onl y needed for Ref i

Ground Cover Helps keep dust and dirt down

Knee Pads Useful if you have to kneel a lot

Total $150
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https://skysafariastronomy.com/
https://smile.amazon.com/Night-30%C2%B0-40%C2%B0-Large-North-Latitude/dp/0961320753/ref=sr_1_4?crid=CVZSAB09YOE3&keywords=star+wheel&qid=1658705721&sprefix=star+wheel%2Caps%2C149&sr=8-4
https://www.amazon.com/dp/B0DHT45XSQ?ref_=ppx_hzsearch_conn_dt_b_fed_asin_title_1
https://smile.amazon.com/gp/product/B00HKCXVWU/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://a.co/d/aoNP3Bf
https://a.co/d/5tJItVu
https://smile.amazon.com/gp/product/B09CD82K8X/ref=ppx_yo_dt_b_asin_title_o00_s01?ie=UTF8&psc=1
https://smile.amazon.com/UES-Blaster-Digital-Cameras-Cleaning/dp/B08SMR5WP5/ref=sr_1_6?crid=FF1JX24Y0ZU1&keywords=bulb+dust&qid=1658704779&sprefix=%2Caps%2C98&sr=8-6
https://smile.amazon.com/gp/product/B0000XMU6O/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1

Putting It All T ogether: Two Examples
Provided below is an example of how someone might go about identifying the items they want to purchase and get ancostanebthed
The first example is a low budget examptening in justover$500,while the second would be considered a mid budget exannuhéng about
$1,600 Also keep in mind these are cost for new equipment, used equipment may cut this cost considerably.

Lower Budget Option %0 Al t / Az

Refl ector

Item Make/Model Considerations Cost Comments
Mount and OTA | Celestron Item #22452 4.50 (114mmReflector including $260 Smartphone can be used to guid
Starsense Explorer LT 114 AZ | 1 Eyepieces: 25mm, 10mm (40x, 200 you to objects in the sky.
1 Red Dot Finderscope
1 Tripod & Alt/Az mount
Focal Length1000mm
Aperture: 14mm
Focal Ratio9.0
Accessories Celestron Omni 40mm eyepiec| 40mm Ploss| Eyepiece =25 $55
Accessories Celestron Omni 2x Barlow Barlow lens provides 2x magnification | $42 With eyepieces: 32x, 51x, 128x
Total $357
With All mentioned accessories in first table | $507
Accessories
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https://www.celestron.com/products/starsense-explorer-lt-114az
https://www.celestron.com/products/omni-40-mm-eyepiece-125in
https://www.celestron.com/products/omni-2x-barlow-lens-125in

Mi d Budget

Opt i o-@GasgrainAvltht GoTd mouBtc h mi d t

Item Make/Model Considerations Cost Comments
Mount and OTA | Celestron NexStar 6SE 6 &chmidtCassegraitelescope $1050 | GoTo mount and tripod
Included 25mm eyepiece = 60x Aperture 150mm

Focal Length: 1500mm
Focal Ratio: /10

Accessories Celestron Omni 40mm eyepiec| 40mm Ploss| Eyepiece = 37x $55 18

Accessories Celestron 4mm Zoom Variable Mag: 62X 188x $110

Accessories Celestron AC Adapter Power adapter for telescope mount $40

Accessories Baader Moon & Skyglow Filter | Moon and sky pollution filter $95

Total $1,348

With All mentioned accessories Accessories in first table $1500

Accessories
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https://starizona.com/products/nexstar-6-se?_pos=2&_sid=825d0fe2c&_ss=r
https://www.celestron.com/products/omni-40-mm-eyepiece-125in
https://www.celestron.com/products/8-24mm-zoom-eyepiece-125in
https://starizona.com/products/ac-adapter-celestron-cpc-nexstar-cge-series-telescopes?pr_prod_strat=copurchase&pr_rec_id=d7b1a744c&pr_rec_pid=4573523968136&pr_ref_pid=4573521969288&pr_seq=uniform
https://optcorp.com/products/baader-moon-and-skyglow-filter-1-25inch

References and Resources

Title Type Description

Astronomy Technology Today | Website Review of astronomy related equipmérgenerally high end equipment here.

Telescope Eyepiece Guide Website Good general introduction to eyepieces

What is Exit Pupil and why is it | Webpage | Good explanation of exit pupil and why it should be taken into consideration when

important? purchasing an eyepiece.

Fingerless Mittens Website Amazon website: For cold weather

Laser Pointer Finder Website BracketandLaserfor about $60(amazon), and may not handle very cold weather well.
to use once setuplhis packagéandes cold weather $95. Must haveen laser fonight
usagered does not work

Red Dot Finders Website Multiple Choices$19 $23 $40 $50Generally get what you pay fofelradis most popular

Telescope Finders Review Youtube General overview of Finders

Deep Sky Filters for Visual Website ArtCentrics: Covers concepts on filters for visual observation, the differ types and wha

Observation types to utilize on the different types of targets.

Filters for Visual Astronomy Website Discussion on various filters dimow to apply them to visual astronomy

Best Telescope Filter Guide Website Rundown of various filters and usages
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https://astronomytechnologytoday.com/
https://skyandtelescope.org/astronomy-equipment/telescope-eyepiece-guide/
https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://telescopeboss.com/what-is-an-exit-pupil-and-why-is-it-important/
https://smile.amazon.com/TrailHeads-Womens-Stretch-Convertible-Mittens/dp/B00FQPJCIU/ref=sr_1_9?keywords=fingerless+mittens&qid=1658180587&sprefix=fingerless+mitt%2Caps%2C135&sr=8-9
https://www.amazon.com/s?k=laser+pointer+bracket&i=electronics&sprefix=laser+pointer+br%2Celectronics%2C133&ref=nb_sb_ss_ts-doa-p_1_16
https://smile.amazon.com/Feyachi-Tactical-Degree-Picatinny-Pressure/dp/B08B14R27R/ref=sr_1_14?crid=11F4KU13GS59B&keywords=5w+green+laser+cable+switch&qid=1658182725&sprefix=5w+green+laser+cable+switch%2Caps%2C113&sr=8-14
https://optcorp.com/products/adm-532nm-laser-finder-kit-lzr-532nm-kit
https://www.amazon.com/SVBONY-Pointer-Celestron-Astronomical-Telescopes/dp/B072VGFTN5/ref=sr_1_5?keywords=red+dot+finder+for+telescope&qid=1658181617&sprefix=red+dot+finder%2Caps%2C138&sr=8-5
https://www.amazon.com/Celestron-51630-Pointer-Telescope-Finderscope/dp/B00009X3UU/ref=sr_1_3?keywords=red%2Bdot%2Bfinder%2Bfor%2Btelescope&qid=1658181617&sprefix=red%2Bdot%2Bfinder%2Caps%2C138&sr=8-3&th=1
https://www.amazon.com/Astromania-Finder-Deluxe-Telescope-Reflex/dp/B0140UA2OY/ref=sr_1_4?keywords=red+dot+finder+for+telescope&qid=1658181617&sprefix=red+dot+finder%2Caps%2C138&sr=8-4
https://www.amazon.com/Telrad-Finder-Sight/dp/B0000ALKAN/ref=sr_1_3?keywords=telrad%2Bfinder%2Bsight&qid=1658182055&s=electronics&sprefix=telrad%2Celectronics%2C151&sr=1-3&th=1
https://www.youtube.com/watch?v=qdhiPC05vMo
https://artcentrics.com/wp-content/uploads/2024/08/Deep-Sky-Filters-for-Visual-Observation_2023-06-16.pdf
https://artcentrics.com/wp-content/uploads/2024/08/Deep-Sky-Filters-for-Visual-Observation_2023-06-16.pdf
https://themcdonalds.net/filters-for-visual-astronomy/
https://www.highpointscientific.com/astronomy-hub/post/best-telescopes-and-accessories/best-telescope-filter-guide

#EOBQ BOEIT C 91 OO 4A1 AOAT PA

Photography

Equipment, cosandskill required for photographing astronomical objects is mostly depended on the target object. We break these down into
four classifications; each represents a substantial increase in costnapléxdty. Estimates and descriptions are gerstedémentsyour mileage

may differ.

Targets Images Complexity | Cost Description

Moon Simple $0- $200 | Smartphone Photographygenerally will only work on the
brightest objects in the sky. The technique is to place your low
power eyepiece in the telescope, focus the object and then pla
phone up to the eyepiece and take an imdgdpgs can be quite
tricky to do when holding the phone by hand. There are adapte
that can attach to the eyepiece that will make this process a bit

easier.
Large Deep Basic $50- Piggyback Photographyis the process of mounting a regular
Sky $300 camera on the back of a telescepth a drive that tracks the

motion of the skyand taking a longer exposure. A camera and

equatorial mounarerequired for this method. This is also a goo
starting point if you are interested in Deep Sky photography sin
you can use many of the same techniques as utilized in Deep §

photography.
Moon Planets Difficult $100- Lucky Imaging is where you place a specialized camera in plag
and Bright $500 an eyepiece to capture videos or images of planets, moon, or €
Deep Sky some of the brightest deep sky objects. By astronomical stand

these cameras can be pretty inexpensive $$300. Post capture
processing techniques are applied to videos or images to get th
best results of these targets.
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https://www.amazon.com/Celestron-Universal-Smartphone-Digiscoping-Bluetooth/dp/B093QJBR67/ref=sr_1_3?crid=30KLOUIMZ3GEG&keywords=NEXYZ+DX+SMARTPHONE+ADAPTER+KIT&qid=1658701605&sprefix=nexyz+dx+smartphone+adapter+kit,aps,185&sr=8-3&th=1&pldnSite=1
https://external-content.duckduckgo.com/iu/?u=http://www.dpchallenge.com/tutorial/70/images/full/Copyrighted_Image_Reuse_Prohibited_198784.jpg&f=1&nofb=1
https://www.twesley.com/astro/images/m8m20.png
https://artcentrics.com/wp-content/gallery/planets/Astronomy_6Planets_20200923.jpg
https://artcentrics.com/wp-content/gallery/moon/Astronomy_Moon_Plato_20220707_0321.jpg

Targets Complexity | Cost Description
Deep Sky Very $2,0001 | Deep Sky magingis where multiple images of an object are tak
Difficult $10,000 | during the nights) and combined into one single image. This

technique has many demandsenerally,an Equatorial mount with
a minimal of clock dve, associated guide scopameraand
computerare needed to make adjustments to guidigngthe
exposure. Specialized cameras are generally utilized for best r¢
and run between $1,00054,000 (Really the sky is the limit here)

Smart Telescopes: New hardware has recently been added to the mix that make imaging objects such as the Moon, thengdeecprnekyna
objects possible (Note these do not work for planetary imaging since the field of view is so large). Cost isoralyleeasid complexity of

using these smart telescopemisiimal compared to normal imaging. There are an increasing number of options available, currently the most
popular include:

)l

1
1
1
1

ZWO Seestar SBProList price = $00

ZWO Seestar S5hist price = $50

Celestron OrigirList Price = $4300
PegasusAstro SmartEyest Price = 8,072
Build your own semsmart imaging rigc $4,000

Try it before you buy it. East Valley Astronomy Club (EVAC) currendlgts out astronomy equipmentluding the ZWO SeeStabg,
Celestron Originand a planetary imaging kit (Everything supplied but the telescope) to members for $25/week.
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https://www.zwoastro.com/product/seestar-s30-pro/
https://www.zwoastro.com/product/seestar-s50/
https://www.celestron.com/products/celestron-origin-intelligent-home-observatory
https://agenaastro.com/pegasus-astro-smarteye-smart-telescope-eyepiece-camera.html
https://youtu.be/5kPgBgZV02o?si=W4Pgz9ysES7YC8wZ
https://www.evaconline.org/rentals
https://artcentrics.com/wp-content/gallery/astrophotography-planetarynebulas/Astronomy_NGC-7293_HelixNebula_20190921.jpg
https://artcentrics.com/wp-content/gallery/galaxies/Astronomy_M-31_2023-10.jpg

Targets for Beginners

Mostamateurastronomers find to have a good observation session they need to make plans orywhidbthebserving in the evening. An
excellent tool to help making your planslise Sky Livewebsite. It has sections dedicated to the Planets, Comets and Asteroldghti@uide
section along with thBlanetariunwill help identify potential targets for the evening and help determine what sequence to view kgem.
websiteTelescopiusgs also a great resource for planning your observatimhimagingessios. Provided below is a table listing some of the
type of objects that are appropriate for small telescopes.

Skies

Object Type Links Description

The Moon M The Sky Live: Moon This should be your first observation target. No matter how small your
1 Moongiant.com scope the view is sure to please!
f Moon Globe HDiOS) Moon Globe HDis an excellent iOS application for helping identify featu
1 MoonMap(Moongiant.com) of the moon and only cost $1
9 Virtual Moon Atlas

Multiple Star Systems | § Colored Double Stars Multiple star systems are systems where two or more suns orbit each ¢
1 Dazzling Double Stars for Compromised | Even small telescopes can view many of thaégou really want to dive

deep into this topic, here iFDF downloaq137 pages) all about Multiple

{ The Best Triple StarsRanked Star Systems, and how to observe them.
1 A guide to Double and Multiple Star
Systems

Planets T Jupiter @S)$3060 n s Jupiter, Saturn and possibly Mane a joy to view in almost all size scopes. Ong

1 Sat ur nd@(OS)ER0ON s thing | really enjoy is finding out when you can see on& of p i rhoerr sbaslows
go across the surface of the planet
excellent for making plans on observing Jupiter.

The Sun 1 SOHO Observatory An inexpensive solar filter can be made for you telescope (<$50) allow
1 SpaceWeatherLive.com you to view sunspots, eclipses and even transits of planets.

Deep Sky Objects f Yodebs Constell at i on|Whilemostdeep sky objects may not be realistic targets for small scof
 StarHopper8 Gui de t o t h|thereareafew bright objects that are worth checking out. Nebula suc
¢ A New Catalog of StellaRichfieldsfor the Great Orion Nebula (M2), a galaxies such as the Andromelte31)

Binoculars and even some Globular Clusters such as the Great Hercules QWSi8y.
1 10 Easiest deegky objects to see with
small telescopes
More Resources 91 111 DeepSky Wonders for Light Polluted | These are more resources that you might find helpful if looking for obje
Skies(PDF)
1 SkySpot Bright Telescopic Objects (81
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https://theskylive.com/
https://theskylive.com/guide
https://theskylive.com/planetarium
https://telescopius.com/
https://theskylive.com/moon-info
https://www.moongiant.com/
https://appadvice.com/app/moon-globe-hd/376000038
https://www.moongiant.com/moonmap/
https://sourceforge.net/projects/virtualmoon/
https://appadvice.com/app/moon-globe-hd/376000038
https://skyandtelescope.org/observing/colored-double-stars-real-and-imagined/
https://skyandtelescope.org/astronomy-news/dazzling-doubles-for-compromised-skies/
https://skyandtelescope.org/astronomy-news/dazzling-doubles-for-compromised-skies/
https://www.cloudynights.com/topic/524601-the-best-triple-stars-ranked/?hl=+best%20+triple%20+stars
https://www.astrotourism.com/stargazing/guide-double-stars-multiple-star-systems/
https://www.astrotourism.com/stargazing/guide-double-stars-multiple-star-systems/
http://astrotalk.ru/astrolibrary/double_stars_and_how_to_observe_them.pdf
https://apps.apple.com/us/app/jupitermoons/id577009038
https://apps.apple.com/us/app/saturnmoons/id606938707
https://soho.nascom.nasa.gov/data/realtime-images.html
https://www.spaceweatherlive.com/en/solar-activity.html
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/
https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/wp-content/uploads/2025/10/A-New-Catalog-of-Stellar-Richfields-for-Binoculars_2025-10-01-.pdf
https://artcentrics.com/wp-content/uploads/2025/10/A-New-Catalog-of-Stellar-Richfields-for-Binoculars_2025-10-01-.pdf
https://thebigbangoptics.com/easiest-deep-space-objects-to-see-for-beginners/
https://thebigbangoptics.com/easiest-deep-space-objects-to-see-for-beginners/
https://telescopius.com/deep-sky-objects/m-42/orion-nebula/h2-region/open-cluster/star-cluster
https://telescopius.com/deep-sky-objects/m-31/andromeda-galaxy/spiral-galaxy/galaxy/quasar
https://telescopius.com/deep-sky-objects/m-13/great-globular-cluster-in-hercules/globular-cluster/star-cluster
https://skyandtelescope.org/wp-content/uploads/MullaneyDeepSky111.pdf
https://skyandtelescope.org/wp-content/uploads/MullaneyDeepSky111.pdf
https://www.sky-spot.com/product-page/bright-telescopic-objects

Maintenance
Generally telescopes require very little maintenance if theytraa@tedproperly. This includes storing the telescope atimate controlled
environment, and covering lenses, mirrors and aperture openings when notkouséscopes with a lersd the aperture (ie Refractors and
SchmidtCassegrais) use dens brustandair blower bulbat the end oéveryobserving session to remove any dust that may have accumulated.
1 Cleaning Opticsincluding Mirrors and_enses is fraught with hazardgen when using micro fiber towels and/or lens cleaning wipes
undesired results are typically the outcome. Ideally you should never let the optics get dirty to beginwealhtreatedtelescope can
go 10or moreyears without having to clean the optics.
1 Collimation is the process of making sure all components (Mirrors/lenses) in the optical path are aligned with each other. Refractors
generally do not reqre collimation while reflectors and Schmi@assegrains requiring occasional collimati@@emperatureariations
and vibrations from moving the telescope thiee maincauses a telescopeltsecollimation Checking to see if your telescope reed
collimation is an easy enough task to perform. Simply cenbeight star in center of thireld of view and bring it out of focus to form a
doughnut shape pattern. If the hole in the pattern isesftered the telescope is out of collimation. There are a lot of different tools sold
to assist for collimation ranging from $1$500, these tools are not wee for visual observations. A simple process of Star
Collimation without tools should be sufficiefithere are some good videos on bi@tflector Collimatiorand SCT Collimationthat go
through this process.

Perfect Out of
collimation collimation
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https://www.amazon.com/Matin-Camera-Lens-Cleaner-Brush/dp/B004FPOVEM/ref=sr_1_4?crid=20S7MY3CRDWED&keywords=lens+brush&qid=1699914869&s=electronics&sprefix=lens+brush%2Celectronics%2C210&sr=1-4
https://smile.amazon.com/UES-Blaster-Digital-Cameras-Cleaning/dp/B08SMR5WP5/ref=sr_1_6?crid=FF1JX24Y0ZU1&keywords=bulb+dust&qid=1658704779&sprefix=%2Caps%2C98&sr=8-6
https://www.youtube.com/watch?v=hvlVzz-a_s0
https://www.youtube.com/watch?v=hqRVIDj4aZA

Advanced Session Planning Tools

There are a number of applications available to help assist in planning your observation session. Here we identityesome of t
features/functionalities that you may want to keep in mind if considering investing in one of these tools. Price tamigieftified programs
range from free to over $250

Application Cost Operating System Pros Cons
Telescopius Free Website T I'tds Free! 1 Designed for imaging, so may have

inappropriate targets listed.
1 Does not include Double/Multiple stz

systems
AstroPlanner $45 Mac OS X & Windows |  Reasonable price 1 This product is probably the best ba
1 Flexible for the buck if you want to spend
f Pretty easy to use money on this type of application.
1 Large list of catalogs
1 Large selection of user supplie

plans that can be downloaded

DeepSky Planner $10$75 Windows i0S, Android

SkyTools 4 $100250 | Windows 1 Most comprehensive package| § Very Expensive
1 Fairly complicated
A New Catalog of | Free N/AT PDFDownload | Free 1 Large field of views, not appropriate
Stellar Richfields for 1 Great for wideield Binoculars for telescopes
Binoculars
Star Hoppedh s G || Free N/AT PDFDownload |9 One of the best resources for
to the Universe starhoppers.
1 Many of the most populateep
spacdargets
Yodel s Free N/AT PDFDownload |1 Includes pretty much all polar | 1 In additionto popular argets mcludes
Constdation Guides deepspaceargets Multiple star manyobscurdgargetsrequire larger
systems, Céron Stars and variou apertureand darker dks
observing lists. 1 Older versions of guides not as star
1 Newest versios include SkySafar hopper friendly
downloads 1 Not all constellations have been

completed.
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https://telescopius.com/
https://www.astroplanner.net/index.html
https://www.knightware.biz/index.htm
https://www.skyhound.com/index.html
https://artcentrics.com/wp-content/uploads/2025/10/A-New-Catalog-of-Stellar-Richfields-for-Binoculars_2025-10-01-.pdf
https://artcentrics.com/wp-content/uploads/2025/10/A-New-Catalog-of-Stellar-Richfields-for-Binoculars_2025-10-01-.pdf
https://artcentrics.com/wp-content/uploads/2025/10/A-New-Catalog-of-Stellar-Richfields-for-Binoculars_2025-10-01-.pdf
https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/wp-content/uploads/2025/07/Star-Hoppers-Guide-to-the-Universe_2025-07-14.pdf
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-resources/constellation-guides/

Telescopius

Telescopiusis awebsite modly focussen providng information for imaging and danningimaging sssons, but is also good chegp opion for
planningdeep Ky observation sessons. Om big issue is that tis daes notcontain double omultiple starsystemsin its dagbase. Thewebsteis
modly focusedon imaging, so imeges and objects presented in thewebsite will always agpear much brighter than you shouldexped to seen
your telescope. Indeed, many objects aalable in ths website will bemuch to dimto view with your telescope, so itis vitalyou utilize filters to
spedfy Magnitudeand Surface Brightness to ethinatethose obgds that are appropriate for imaging but unavailable for viewing.

- & # telescopius.com S = %" $ ~“ 5 »0

1
@ ArCentrics 0, Weather (@ DuoduciGo [l Cnopeo [ Ressement | Mooey [ Astonomy o Webmad | Outdoors | Work R Emtertanment | famiy [ Progamming @ Nestooe | Home Network Fon

© 1aRGETS & rooLeox B ASTROPHOTOGRAPHY Q, 06otoobject, e.g. M2

< What's in the Sky Tonight? - Snow Canyon

Boght Nebulae Dark Nebutao Ixfluse Nebulae Galaxies Galaxy ( E LATEST ASTROPHOTOGRAPHY

Glotuller Clugiers ©  Open Clusters  Planetary Nebulse

Pegasus Cluster - M 15, ult 88 - south
Y : e P o .
P18 % 6.3 SRR

A 0708 0m ” 7

-~
Great Globular Clusterin Harcules - M 13

20 258 S HEIE

AICEP” - south - 0504 pe

£.01:16 pm O05 0 pm A 08.51 pen

Globular cluster N(‘;Cﬁp}l alt €3° - south - 68:58 pen X Upioad your astrophotography
71 83 .x,:m%{_ ..
oy e ;
& 06:31 pe® O 058 pin A 11,28 pm

i UPCOMING EVENTS
find more obje ed by:  magnitude size rise transit
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Telescopius Workflow
1. First Time Setup Basic setup information neded for your account.

3 Y & = & » 0O

Civito I Revewrr | Moy [l Astrcoonsy o2 Webrad ] Owoon [ wek [l Eiouiement il Bemiy [ Pogammieg @ Mevdoor [l Home Neswork For

ok sign4 egister with

#* wHY JOIN?

G Google  § Facebook WF Twitter

a. Setup Account: This emblesyouto gore your hardware information and create observation lists. Select the Sign In button located in
the topright of thepage and slect the Sign-Up link.
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; U 'S & OBSERVATORY SETTINGS
IE FASY °

MAI

Q‘TELESCOP

s = ©

# OBSERVATORY SETTINGS

Q" Name  Chandler Home
O Chandic Home Lattude 333200 &
Longitude 1118700 &

Q Massacre Ground Trailhead
limezone: GMT-07:00 Amernica - v ©
@ Snow Canyon Altsude: 45 degrees v o

4+ Add freque ocabon

© Find location for this device

b. Setup Observatory: ldentify the location of your observing site by selecting the Observatory Settings select the Date of theobservation
and stup your Observation site. You can aso set your Min Altitudefor doservation (generaly | set a min Atitudeof 45°).
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© TARGETS & rooLsox B} ASTROPHO TOGRAPHY Q Gotoobject eg MA2

< AZ_Yoder's Profile

AZ_Yoder
© Pator

£ ASTROPHOTOGRAPHY (33) ¥ FAVORITES 2 EQUIPMENT

Telescopes |/ Lenses

Cameras

c. Configure Hardware: Open your Prdile pagebln n Iocated in the topight of the page. Oncethis pageis
open select the Equiprrent link located just undr the profile summay in themain window. Provide hardware equipment speifi cations
including Telescopespecs, Mountspecs andEyepieces.
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2. Generate Observation List

a. Set theobservation Date: Locaed urder the Observatory Settings on theL eft side ofthewindow.
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Qo
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owrLicHt |§

RAPHY

< Whatl's in the Sky Tonight? - Snow Canyon

firighn Nebuloe Dark Nebuloas JMuse Nebuda:

Gobutar Custers Open Chstery

Pegasus Clugter - M 45
518" & 63,

Al700 pe 205

Great Globular Cluster In Haroules - M 13

0 & 585 AN
.\‘
20146 pm Sovtapm 4 03:61 pm

Globalas cluster NCC6934

e 7r 88 x,m-t;?!n'

A 0531 pe? OaesRam A 1128 pm

magnitude
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B ALTROPHOFOGRAPNY

¢ Deep Sky Objects by Transit Time for lvins tonight

QL SHARCH PARAMETERS 19 objects B Pmm A SV = Asdis el

Panstary natals NGE 5178

*N 2l 04} :‘cﬂgtn
N

.
auuml\w A1 an

Ourrbided! morae M2

r eA @ M‘E’:;'\:V}&c;:

» Constellation

B Recat Fiers

b. Set Filters: In the nain screen select one of thebuttons(Magnitude, size; ris transtt) located to theight of thefind moreobjeds sorted

C.

by: to accessthe Search Parameters Page. Here wecan gedfy thevarious aiterialfil ters we want. Provided below are same
recommendations br asmal-med elescopein the city.
i. Visibility Factors: Timeframe, Minatitudetime, etc.

ii. Object Type: DiffuseNebula,Gdaxies,Gdaxy Clutters, Globuér Clustes, Planetary Nebula, SupemovaRemnants.

iii. Apparent Magnitude: To 11.2

iv. SurfaceBrightness To12
Set Sart Order: Locatedat thetop right of the main window is the su order icon. Select Transit Timeto order theresulting list
acording to when the dojects will transit.

d. Add to List or Print Out: Theseoptionsare available at thetop of theman window.
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< Sagiltarius Cluster - M 22 - Constellation:

NY COUS MEN

B ASTROSMOTOORAMSY B BYTIEDE m DINOCINLARS

-
El
Q.
* .
(o ]
e I
,x.

At e g +, '

e. Check it out: You can take alook at how arethe bect shld ap for your telescope and eyepiece comhination by sekctingthe

object in the list andeviewing in the Telescope Simulatar. NOTE: Objects herewill always appgear muwch brighter thanwhat you wiil
find in your teéscopeno mater howlarge your telescopeis!
3. Done
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AstroPlanner

AstroPlanners an application for Mac or Windows Systearsd is an extensive tothlat can helgplan observation sessiobased on your
requirements. Extensive catalogs and observing lists are available to downldi#térathdough for your requirements. The applicatoam
interface withmanyGoTo mountsllowing an automated tour for your viewing session. Observation notes, and user image downloads are
supported. Images from various catalogs and surveys can be downloaded and when equipment specifications have bete eqgpliedtion a
field of view of targets that represents the size of the target in your eyepiece for your telescope can be reviewed.

Themanu al for this

high-level basics.

application is over 400 pages | on gverssmeofee c an

[
File Edit Object Observation Image Telescope Script Window Help
© 2002-20 iLanga, Inc.
Telescope: | GRSl DUPIEE P @ e TweHT AIt/AZ 108/235" | MOON Next Set: 1:51 AM | |gige: [chandler Home - Date/Time Julian:
i i Next Rise: 215 PM 127 12022 [Ev ‘ 2459915.4688 - >
Telescope not controllable L= 284l Seeing: | Not specified
Civil: 545 PM Civil: 6:46 AM ase: Egb;ius ssmem B Cur Clrxdse [ [ -
e e AlYAz: 284/11g°|| 99Nt |Observed Y| = - e
Objects  Observations Field of View Sky
L L L E e .
L] . -
16 17 18 19 20 21 23 0 1 2 3 4 5 78 Dec Jan Feb Mar Apr May Jun Jul Aug Sep Od
Vis Transit  Const Type Name Catalogue  ID User Notes  Size  Altitude RA Dec Mag Mag2 Sep Rise OD...
Yes 1:55PM  Sgr  Globular NGC NGC6544 FpLRr 89 22° 18h07Tm20s -24°598 83 903AM | 12x
Yes 1:52PM  Ser  Globular NGC NGC6539 nodescripti.. 69  36°  18h04m50s -07°35.1° 9.6 810AM  12x
Yes 1:51PM  Sgr Open+D .. Lagoon Nebula Dragon Nebula Messier M8 90 23°  18h03m4ls 24227 5.0 8:58 AM | 12x
Yes 1:50PM  Sgr Open+D .. Trifid Nebula, The Clover, NGC..  Messier M20 29 24° 18h 02m 425 -22°58.2' 5.0 8:52 AM  13x
Yes 1.46PM Dra PNeb  Cat Eye Nebula NGC NGCE543 PN.vB, pS .. 2.8 50° 17h 58m 33s +66°38.0° 9.0 Circum 12x
Yes 1:44PM Dra Star+Dbl Gamma Draconis Sky 2000 44 0 57° 17h 56m 36s +51°293° 2.2 134 208 3:53AM  n/a
Yes 1:36PM  Sgr  Globular NGC NGC6440 pBpLR DM 54  24° 17h48mS3s -2021.6' 9.7 8:30AM | 12x
Yes 1:34PM Her Dbl  STF2220 WDS17465+2 54°  17h46m28s +27°432° 35 98 352 G10AM nfa
Yes 1:26PM Oph Globular NGC NGC6401 pB.pLR *.. 56  20° 17h38m37s -23°545' 9.5 8:31AM  12x
Yes 1:225PM Oph Globular NGC6402 Messier  M14 117 35° 17h37m36s -03°147° 95 731AM  12x
Yes 1:15PM Oph Globular NGC NGC6366 F. L vibM 83 32° 17h 27m 44s  -05°04.5° 10.0 726 AM - 12x
Yes 1:12PM  Oph  Globular NGC NGC6355 oF, LR gb.. 5 16° 17h 23m 59s -26°21.1' 9.6 824 AM  12x
Yes T11PM  Oph Globular NGC NGCE356 glob. cl., vB.... 7.2 22° 17h 23m 355 -17°48.8' 8.4 7:57 AM - 13x
Yes 1:09PM Oph Globular NGC NGC6342 B,pSIEer 3 20° 17h21m10s -19°352' 9.9 800AM  12x
Yes 1:07PM Oph Globular NGC6333 Messier M9 21°  17h19m 125 -18°31.0° 9.0 T55AM 12x
Yes 1:05PM Her Globular NGC6341 Messier  M92 51°  17h17m07s +43°08.1° 7.5 428AM  13x
Yes 1:04PM Oph Globular NGC NGC6316 glob. <l 13°  17h16m37s -28°083 9.0 8:23AM | 13x
Yes 1:02PM Oph Globular NGC NGC6304 glob. cl., B, .. 12° 17h 14m 325 -29°27.7' 8.4 8:26 AM  13x
Yes 12:58PM Oph  Globular NGC NGC6293 glob. cl., 13° 17h 10m 10s -26°34.9' 8.2 1AM 13x
Yes 12:53PM Oph Globular NGC NGC8287 glob. cl., 16° 17h 05m 09s -22°42.4' 8.2 7:54AM 12x
Yes 12:52PM Oph Globular NGC NGC6284 glob. cl., B, 14°  17h 04m 29s -24°458' 9.0 8:00AM  12x
Yes 12:50PM Oph Globular NGC6273 Messier  M19 13°  17h02m38s -26°160' 8.5 8:03AM  12x
Yes 12:45PM Oph Globular NGC6254 Messier ~ M10 27°  16h57m09s -04°05.9' 7.5 6:53AM  12x
Yes 12:35PM Oph Globular Gumball Globular, NGC6218 Messier ~ M12 27°  16h47m14s -01°56.8' 8.0 6:37TAM  12x
Yes 12:38PM Her Globular NGC NGC6229 glob. ¢, vB... 45  46°  16h46m59s +47°316 9.4 325AM | 12x
Yes 12:29PM Her Globular Hercules Globular Cluster, Gre..  Messier M13 16.6 44° 16h 41m 41s +36°275" 7.0 429 AM  13x
Yes 12:20PM Oph  Globular NGCE171 Messier M107 10 17° 16h 32m 325 -13°03.1° 10.0 6:52 AM  12x
Yes 1215PM Sco  Globular NGC NGCE144 C, b mC g. 93 7° 16h 27m 14s -26°01.4" 0.1 727 AM 12x
Yes 12:11PM Sco  Globular Cat's Eye, NGC6121 Messier M4 263 6  16h23m35s -26°31.5' 1.5 T25AM | 12x
< > 30'x30' 1st Gen All sky v
Highlighting:  Observed
+|[= #| Bk | Quick Obs | | New Observation Lookupp| | Show Catalogue p| | Search Catalogue/s p | Sort List AddSpecial p| | Deletep| | SkwTo E
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Primary Components
Some of the main componermt®ng with a brief description include:

Main Menu

Located at the top of the application is the name of the observatiothptas loade&nd immediately below that is the primary menu.
=
File Edit Object Observation Image Telescope Script Window Help

Common information and Settings Section
Informationassociated with your planned observation session including location, date/time (Fix Date), Telescope Astronomical isi@t&unclud
and Moon related data (ie sunrise, moonrise, Astronomical dusk & dawn etc.)

AstroPlanner
© 2002-20 iLanga, Inc.

Telescope: | Questar Duplex o[ @ SUNBTWILIGHT Alt/Az: -63.0/64° m?a NliztRSi::E ; 151 ;«m Site: | Chandler Home « || 4P 5 || Date/Time Julian:
. _ S Ace: 97 d 12/ 272022 [F+ - 5
Telescope not controllable m— g =g Seeing: [DNOESpECTel
Astr: 5:45 AM Astr: 6:47 PM Plll1las=- gébéa%us =0 -
Naut: 6:15 AM Naut: 6:17 PM 5 um: 688% | pichiight: |ob d v 1:42:43 AM = ut Fixdate |» |is >
Civil: 6:45 AM Civil: 5:45 PM Alt/Az: 20/265° gniia T

Primary Working Section
Primary Workingsection consists of four tabs (Objects, Observations, Field of View, Sky) that represent the primary functionality of the
application. Each tab has its own unique data/screen associated with it.
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Objectstabi This is where items for observation are displayed. We also use this screen to locate and add additional objects fon.obJér@ati
main datagriccontains the list of objects and supporting details on each of the objects for obser&siection of any item in the displayed list

will update information displayed at the top and left of this tab that includes details such as the elevation of theooigje¢he night, the best
season to view it, the Alt/Az of the object and the locabf the object in the constellation. If you have downloaded the image of the object from
one of the image catalogs, the image will be displayed on the right of the tab.

Objects Qbservations Field of View Sky
Dec Jan Feb Mar_Apr May Jun_ Jul Aug Sep Od
Vis Transit  Const Type MName Catalogue D User Notes Size  Altitude RA Dec Mag Mag2 Sep Rise OD...
12:48 PM Oph  Globular NGC NGC6284 glob.cl., B .. 56 -73°  17h 04m 295 -24°45.8" 9.0 756 AM 12 o~
12:46 PM Oph Globular NGC6273 Messier M19 135  -73°  17h02m 38s -26"16.0° 85 759 AM 12x
12:41PM Oph Globular NGC6254 Messier M10 15.1 -56°  16h 57m 09s -04°059" 7.5 6:49 AM 12x
12:31PM  Oph  Globular Gumball Globular, NGC6218 Messier M12 145  -53°  16h47m 14s -01°56.8" 8.0 6:33 AM 12x
12:31PM  Her  Globular NGC NGC6229 glob. cl., vB... 45 -7° 16h 46m 595 +47°31.6' 9.4 321 AM 12x
12:25 PM  Her Globular Hercules Globular Cluster, Gre...  Messier M13 16.6 =15 16h 41m 41s +36°27.5" 7.0 4:25 AM - 13x
1216 PM  Oph  Globular NGCE171 Messier M107 10 -59°  16h 32m 32s -13°03.1" 10.0 6:48 AM 12x
12211PM  Sco Globular NGC NGC&144 Clcl. mC g.. 9.3 -66°  16h 27m 14s -26°014" 9.1 723 AM 12x
12:07PM  Sco  Globular  Cat's Eye, NGCE121 Messier M4 26,3  -65° 16h 23m 355 -26°31.5" 7.5 721 AM 12x
12201 PM  Sco  Globular NGC6093 Messier M80 89 -63°  16h 17m 03s -22°58.5' 8.5 7:02 AM 12x
W
< > 30' x 30 1st Gen All Sky ~
Highlighting: Observed
+ - ’ a Quick Obs New Observation Lookup p Show Catalogue » Search Catalogue/s » Sort List... Add Special » Deletep Slew To
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Observationstab 1 This screen is dedicated to allowing the user to document observations on the target of interest. This scréerilde/ang
allows the user to document many detailghair observation including location what telescope/eyepiece combination they used, seeing conditior
and even addition of attachments. It should be noted here that this application does have the ability to print olegervhéboduld be used in
thefid d t hat can be transferred t wantthtake acompputerwithyoumthefeld. a | at er ti m

Objects Observations Field of View Sky

Object: Observing Session Data
Vis Transit  Const Type

Start: n/a Site: & 8 Field Value Name:
12:48 PM Oph Globul ~
12:46 PM Oph  Globul ,, End:  n/a Seeing: Il
< > Observer: 4 1 Transparency:
Observations: =
Date/Time Site/Equipment General Attachments
Found Telescope Eyepiece mager Optical Aid Mag FoV  Filter Rating
+ — g 4 Field Value

Observation Notes  visibility Object Notes Object Annotations (0) Table

+| =89 = S =
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Field of View tab - This screerfocuses on presenting the user with a representatithhe cize an object may appear for a given telescope/eyepiece
combination. By updating the-ield Diametefield you can view (i€L0°) you can see where the object appears relative to other objects (ie

constellations, other deep sky objects, stars, etc)

Objects Observations Field of View Sky

D Galactic Planetary Nebulae
[[] cederblad Diffuse Nebula
i

D Luyten Double Star

FoV Rotation Reticle Rotation
!

G E",

Display Options

ID: M107 Name: NGC6171 FoV:25.28' RA/Dec: 16h 32m 325 /-13°03'11" AIt/Az: 8.2°/111.6° Mag: 107 X Chart/s:7 Eyepiece FoV:25.28" Exit Pupil: 0.8 mm Field Diameter: Telescope:

By: @Name OTppe O Oselected Size: v || 0°25.281" Questar Duplex v

Catalogue Label Eyepiece/Imager: Optical Aid:
D Abell Galaxy Cluster AT = , = ,
(] Avell Planetary Nebulae Spiral Scan... Images Get Scope Auto
D Aitken's Double Star 3 -
D . o Dark Nebrik Magnitude Limits

arnar ar ebulae Stars DSOs

D Bemnes Bright Nebulosity ' 1 : ' l 15 :
¥
Bright Star Yes Star labels DSO labels
] Bumham Double Star 5 5 |E v 15 [
L] caldwell

D Lynds Bright Nebulae = ! Constellations A
D Lynds Dark Nebulae D Borders
[] M31 Globular Cluster Colour constellation stars
[J masH Planetary Nebula O Figures
] MASH-II Planetary Nebula ] Names
[:] Messier = D Display
[ nec Aperture
O pec [ cardinal points
[] sAC Double Star 4.0 [[J consteliation sub-chart
[[] sAc Double Star [ cross hairs
[ sa0 Current telescope position
[C] washington Double Star (2022.08) [ Highlighted pian objects only
[] WDS Neglected Doubles 1 (2022.08) [ Images
[J wos Neglected Doubles 2 (2022.08) O Multiple stars
[:l WDS Neglected Doubles 3 (2022.08) g Number of observations
[j WDS Supplemental (2022.08) | Obey catalogue min/max magnitudes
[ zodiacal (] objects with magnitude only
D Plan object at chart centre only
D Plan object sequence
D Proper motion
(] raDec Grid ¥
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Sky tabi This displays the atky chart for the current location date/time for the site.

Objects Observations Field of View Sky

Local: 7:56 AN LST: 12:14 PM  GMT: 2:56 PM  GMST: 7:42 PM  JD: 2453316.1226 Display Options

=] Constellations
Borders
Figures

KIEI

Names

es

L_| Air Mass 2
[] Alt-Azimuth grid

Ecliptic

Equatorial grid

L_| Fixed Altitude Angle:30°
[] Galactic equator

[] Meridian

Milky Way outline
Telescope RA/Dec

jects

L_| Alignment stars All

I
<]

S

K]

12 KK

Bolide shower radiants

Catalogue objects No Limit
Field of view (FoV)

Meteor shower radiants

Stars Mag <5

Sun/Moon/Planets

o RIRICIRI

ientation

L_| Hip East/West

[] Fiip North/South

[ Rotate Chart Angle:90°
=1 Plan Objects

: Number of observations

: Object sequence

Z Objects Mot selected

[] selected object/s

Time offset:  +24 hr = ]

D Show alignment star information
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Setup Resource$ Resources refers to the equipment, observation site(s), Camera(s), and other hardware you have in your arsenal. &/ou will
to know hardware specifications to provide this information and this may take a while to enter your telescope(s), eyeparoesas, but once
this is complete and saved you wonot have to do i toemsgrathat unl es s
AstroPlanner can provide you with an accurate representation of what the field of view wlilkkéoaken observing an object for a given
combination of telescope and eyepiece/camera. Thisipapndow is accessed via the menu optidadi{ | Resourceq
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