__ Astro 101: £
Finding Deep Sky Objects

Star Charts, Star Hopping, Celestial
Coordinates, What You May See

~ Sara Wofford (she/her) & _
i 2023-.2026 L e e
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e What are deep sky objects?
* What instruments can | see them with?

* Managing expectations (i.e., what do they look like through

binoculars and backyard telescopes?)

* How dim an object can | see? (Choosmg objects and I|m|t|ng

magnltude)

* How do | find them?
* Starcharts & planetarium programs
« Coordinates
e Star Hopping

e Techniques of seeing (patience, indirect viewin
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What dare deep Sky ObjeCtS? * Nebulas (several types)

. . rion Nebula
* Objects outside our solar system | image credit: Paul Huntoon,

“Astrophotography With A 10"

that are not individual stars o S T

https://www.facebook.com/147
s B 758181956538/photos/a.320407

* Common CatalogS: Messier (M), ! 044691650/614822408583444/
New Galactic Catalog (NGC) :

e Galaxies

M51: Whirlpool Galaxy

Image Credit: NASA/JPL-Caltech
https://www.spitzer.caltech.edu/
image/ssc2019-11a-the-
whirlpool-galaxy-in-visible-light

e Star clusters (open & globular)

3L R R ‘i

* Does not usually include double
stars and other multiple star
systems, but | like to include them
(star catalogs HD, HIP, SAOQ, etc.)

Pleiades from Big Bend National Park,

frae i M15: Dense Globular Star Cluster
public domain

' Image Credit: NASA, ESA, Hubble Legacy Albireo Through Celestron C8
https://www.nps.gov/media/photo/gallery Archive; Processing: Ehsan Ebrahimian Wikimedia commons,
-item.htm?pg=2567920&id=5E09A057- https://apod.nasa.gov/apod/ap230615. https://commons.wikimedia.org/
Sl ST html . . wiki/File:Albireo through Celest

67C7DE6D8BF777E8&gid=5EQ099FFC-
155D-451F-6749D7C42B0484B7

ron C8.jpg, Creative Commons
Share Alike license
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What instruments can | see them with?

* Naked eye — in a dark sky (Milky Way, Pleiades, Andromeda Galaxy)

* Binoculars — larger, brighter deep sky objects (Pleiades, Orion Nebula,
And)romeda Galaxy, Perseus Double Cluster, Ptolemy Cluster, Beehive Cluster,
etc.

* Tip: Stare at the right spot in the sky with your naked eyes, then bring the binoculars to
your eyes without moving your head

* Atripod can tremendously improve the clarity of binocular images by eliminating the
natural shaking of the hands

. Telescopes (Binary stars, open clusters, globular clusters, nebulas, galaxies ...
the sky’s the limit!)

* Generally, the bigger the aperture, the dimmer the object you can see and the more
detail you get (i.e., bigger aperture yields brighter, better resolved images)

* Quality optics make for better images

 What you can see is limited by light pollution and sky conditions regardless of telescope
characteristics

* Shameless plug for TAAS'’s telescope loan program! https://taas.org



https://taas.org/

Managing expectations

 What will a deep sky object look like RN (R % o ol A
through a backyard telescope or pair of TIPSRV iy,
binoculars from inside light-polluted Ly T
Albugquerque?

R

¢ Usua”y Ilke d falnt; fUZZy bIOb Pﬁfzéy Lynne Olson, 16 December 2022 at Valle deO),;sl?;;(;/in?AXS_Talk
* Hint — Not like this: * More like this:

For good examples of what
celestial objects look like under
different conditions, see
https://www.deepskywatch.com
/Articles/what-can-i-see-
through-telescope.html

MS57: The Ring Nebula from Hubble _ . ; | : ’
Image Credit: NASA, ESA, Hubble Legacy Archive; M57: The Ring Nebula from Reddit user coolhmk, using 5

Processing: Judy Schmidt Dobsonian, 2-sec exposure w/ cell phone camera in NYC .
https://apod.nasa.gov/apod/ap230402.html https://www.reddit.com/r/telescopes/comments/hfecla/i

saw the ring nebula at nyc through my 5 inch/

Images like the one on the left can only be made via astrophotography: keepin§ the
shutter open to collect light over time, or stacking many images to make a single image
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How dim an object can | see? (1 of 3)

* Apparent brightness of celestial objects is measured on a logarithmic
magnitude scale
* The smaller the magnitude, the brighter the object

e Each integer of higher magnitude is about 2.5 times dimmer than the one before (or,
each integer of lower magnitude is 2.5 times brighter than the one before)

* The brightest stars we see with the naked eye have magnitudes ranging roughly from -
1.4to+1.0

* The dimmest stars we can see with the dark-adapted naked eye on a clear night in a
dark sky with minimal light pollution are around magnitude 6 or 7 (until we start losing
pupil diameter after about age 30)

* On star charts, star brightness is indicated by the size of the dot; larger dots are
brighter and thus have lower magnitude

e Example: https://earthsky.org/upl/2017/03/602px-Canis Major |AU.svg .png



https://earthsky.org/upl/2017/03/602px-Canis_Major_IAU.svg_.png
https://earthsky.org/upl/2017/03/602px-Canis_Major_IAU.svg_.png
https://earthsky.org/upl/2017/03/602px-Canis_Major_IAU.svg_.png

How dim an object can | see? (2 of 3)

* Deep sky objects are measured on the same
magnitude scale as stars, but if they are
extended objects (unlike stars, which look like - e |
points), they may have low surface brightness i g K P -

* This may mean that a nebula or galaxy may be <k e
more difficult to discern than a single star of the ' | l
same magnitude, because the nebula’s or galaxy’s e . o
light is spread out over a larger surface area S = SEINE i

* So with the naked eye, we can only see a few of E D W
the brighter deep sky objects under perfect o maghss
conditions R A

* For example, Pleades star cluster (mag 1.6), ¥ S : A e e \
Andromeda galaxy (mag 3.4), Orion nebula, mag. (4.0) RN e e T e
* See
https://en.wikipedia.org/wiki/Naked eye#In astrono
my for more examples

* Roughly speaking, in my experience, deep sky
objects tend to appear about as bright as individual
stars that are 2 to 2.5 magnitudes dimmer

Mirach

Almach
-

Earth, Albuquerque, 0 m FOV 26.1° 40.2 FPS 2023-08-17 00:47:09


https://en.wikipedia.org/wiki/Naked_eye#In_astronomy
https://en.wikipedia.org/wiki/Naked_eye#In_astronomy

How dim an object can | see? (3 of 3)
With a 6” Dob in the middle

. nght poIIution., sky transpar.ency, and air UERS Impose a of Albuquerque, you might
limiting magnitude: a magnitude beyond which you can’t just make out this...

see with a particular instrument (eye or scope) M51 Whirlpool

. : . p . Galaxy, Mag 8.4 .
* Varies with the aperture of the instrument you’re using i

* Rough guide: in a 4-inch (100-mm) diameter scope, in very dark
skies the limiting magnitude for stars may be near 12.5, in
moderate light pollution near 11.5, and in more severe light

pollution near 10.5 (according to Celestron) Stellarium

e That’s for stars. For deep sky objects, subtract 2.

e Larger aperture can extend these to lower magnitudes; each -~ but need darker
doubling of aperture lowers the limiting magnitude by about 1.5 Mgsilzsvzr;hls'

e That’s assuming straight overhead with perfect sky transparency Mag 9.5

e So for most moderately portable amateur astronomy scopes, | _
limiting magnitude for deep sky objects on clear nights may be A

between 7.5 and 8.5 in urban skies, but may get down to 12.5 to
13.5 in very dark skies

Stellarium


https://www.celestron.com/blogs/knowledgebase/what-is-stellar-magnitude-how-can-understanding-magnitude-help-me-as-an-amateur-astronomer

How do | find deep sky objects?

Planetarium programs and star charts

* Use these to familiarize yourself with the stellar
neighborhood around the object you want to observe
(Always start here)

Horizontal coordinates (altitude & azimuth)

* Use these to get an initial approximate location with
binoculars or altitude-azimuth mounted scope (horizontal &
vertical axes)

e Can get more precise location if you have angle indicators

Equatorial coordinates (right ascension & declination)

* Use these to get precise location when you have an
equatorial mounted scope with setting circles or when you
have a computer-driven go-to scope

Star hopping

* The low-tech artisan’s method: follow the stars to your
desired object

e Use this method with binoculars or when you have an
altitude-azimuth telescope mount and no gadgets to help you

«Deneb. - - NGC 6871

5 . ) & "‘6'NFGC_@§~8.5
s eAltair

modified by Sara Wofford
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Star Charts and Planetarium Programs (1 of 2)

* These can show you the stars nearest the
object of interest for general orientation
and star-hopping

* They can also show you the coordinates
of the object for more precise location

* Online and published star charts show
constellations, stars, and deep sky objects
in segments of the sky in great detail

* Sky and Telescope Magazine /

* % Printable customizable sky maps:


http://www.skymaps.com/
http://www.skymaps.com/
http://www.skyandtelescope.org/
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Star Charts and Planetarium Programs (2 of 2)

* Planetarium programs can show the entire sky at once from different views
e Skyview Café (very basic, web browser): www.skyviewcafe.com
e Sky Map (smartphone app)

e Stellarium (much more sophisticated, best when downloaded) https://stellarium.org/
* Has a web browser version that is not as fully featured https://stellarium-web.org/
* Downloadable version can show what sky looks like through different telescope and eyepiece views
* Demo later

Butterfly Cluster (Splendors of the Heavens) .
Aljan: - 3
M 6 - NGC 6405 - Cr 341 - Mel 178 - vdB-Ha 242 Ocular #19: My Ocular Orion Sirius Ploss|
3 25m
uuuuuuuuu Type: open star cluster ([112p)
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Telest My Telesco
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Two views from Stellarium
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Horizontal Coordinates: Altitude & Azimuth

Horizontal coordinates (relative to horizon)

e Azimuth (Az): direction in degrees from North (N =0°, E=90° S
= 180°, W = 270°)

https://commons.wikimedi
a.org/wiki/File:Azimuth-
Altitude schematic.svg,

« Altitude (Alt): height in degrees above horizon (horizon = 0°, PR N
Zen|th = 900) ' @ Unported license

Use these to get an approximate location with binoculars or
aIt|tl§de-a2|muth mounted scope (horizontal & vertical
axes

Celestron Star

* Set planetarium program to your observing date and time Hopper,
* If it says your object is at Az 127.2° and Alt 55.5°, then you turn (s s ot
127.2° eastward from north and go up 55.5° from the horizon equipment/2view

=itemdetails&ele
mid=27

Can ﬁEt more precise location if you can level your scope
and have angle indicators

e Push-to scopes may have digital altitude & azimuth gauges

* Custom made alt-az setting circles:
https://www.astrogoods.com/setting.circles.shtml

. o S
DIY Accessories (less precise) AstroGoods Manua Altude & S
* Altitude: https://www.harborfreight.com/hand- hstos: /Juww astrogeods com -
tools/measuring-marking/angle-finders/digital-angle-gauge- e pittsburgh Digital Angle 51°NE E g
63615.html Gauge, Harbor Freight o oo % i
* Azimuth: A compass will do, even a compass app on a cell nibanttogsimemsutng e 3 2
phone, if it can be fixed to a place on your mount and kept level. marking/angle-finders/digital-

angle-gauge-63615.html
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Equatorial Coordinates: RA & Dec

* Equatorial coordinates (relative to equator)

* Project latitude & longitude onto the sky

e Declination (Dec or 6): angle in degrees, arcminutes, and
arcseconds north or south of celestial equator

e Right Ascension (RA or a): “angle” in hours, minutes, and
seconds east of a reference on the sky (think “time zones”)

 Example: Ring Nebula, RA 18h 53m 35s | Dec +33° 1’ 45"

* Use these to get precise location when you have an
equatorial mounted scope with setting circles or when
you have a computer-driven go-to scope

* Find object’s coordinates in star chart, planetarium program,
sky survey, or catalog of celestial objects (NGC, DSS, etc.)

 Computer driven: enter coordinates and press “go”

* Manual: perform polar alignment of scope, then rotate RA &
Dec setting circles to the correct coordinates

* Once there, you only need to adjust RA to keep up with the object Equatorial Mount with
as the earth turns Celestron 5, Manual Tracking Controls
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Star Hopping

TEQ low-tech artisan’s method: follow the stars to your desired
object

Use this method with binoculars or when you have an altitude-
azimuth telescope mount and no gadgets to help you

Find your object on a star chart, star atlas, or planetarium
program

Notice your object’s position relative to bright stars in the - modified by Sara Wofford
vicinity for initial orientation

Determine what stars will be visible in field of view of finder _ - 3
scope and eyepieces o/ e

Map out a path from bright naked-eye stars to your object
Start with easy ones! (Relatively big & bright)

Vulpecula

* Open star clusters (Pleiades, Perseus double cluster, Beehive cluster, St 5 L@
Ptolemy’s cluster, many, many more) - o e
e Orion Nebula, Andromeda Galaxy, M13 Hercules globular cluster, etc. g L

Then try dimmer targets

* Ring nebula (dim but easy to find); nebulas, globular clusters, and :
galaxies brighter than about magnitude 8 and larger than about 20’ | by

E.
(—Fast Vel Ne .

Earth, Albuquerqﬁé, 0m


https://skyviewcafe.com/

Star Hopping, Easy Binocular Example: M7 Ptolemy Cluster

Find your object on a
star chart, star atlas, or
planetarium program
(M7 Ptolemy’s Cluster
for this example)

oAl hsGhEE syt Cloud

Notice your object’s
position relative to
bright stars in the
vicinity for initial _ - e .
orientation sogetzrs et I S A S

Albaldah®? 597

.Nunkl N

Determine what stars Py
will be visible in field of \ oo
view of finder scope and "
eyepieces
* In this example, a pair
of 8x30 binoculars, 8.1° _
TFOV

Map out a path from g Y Y N P 2 W SO P |
brlght Na kEd'eye stars Earth, Albuguergue, 0 m o Clobular (LicieFOVA3° 293PS 2023-08-03 21:59:57 UTC-06 ' £ _ apmenc
to your object

. Larawat
Scorpifs 4

Girtab

Corona Australis

Lupus

Stellarium screen shot, inverted colors

FOV81®  367FPS 2023-08-03 21:59:57 UTC-06:00

Stellarium screen shots, ocular view



Star Hopping, Telescope Example with Star Chart: M31
Andromeda Galaxy and Perseus Double Cluster (1 of 2)

+« Pegasus

* Find your object on a star
chart, star atlas, or
planetarium program (M31
Andromeda Galaxy and
Perseus Double Cluster in
this example) L

Notice your object’s

position relative to bright

stars in the vicinity for

initial orientation . sy oAV 3 Pisces
. A _

(Note: These are also

binocular objects; you can

see the core of M31 as a

faint fuzzy smudge in :
binoculars even in the : Trianggidm
middle of light-polluted - |
Albuquerque, and you can - \ |
just make out the double | ns - | Antihelon. <g e Taurds
cluster too. They’re both ™ — | —i
much easier in dark skies.) | [ L perspus ,

Earth, Albuquerque, 0 m . FOV 61.9° 31.7 FPS 2023-10-18 22:13:16 UTC-06:00
Stellarium screen shot, inverted colors

Camelopardalis




Star Hopping, Telescope Example with Star Chart: M31
Andromeda Galaxy and Perseus Double Cluster (2 of 2)

Determine what stars will | 7 T
be visible in field of view '
of finder scope and
eyepieces
* In this example, a 5° FOV
finder and a 25mm R
eyepiece on a 6”

diameter, 1220mm scope
(48x, TFOV 1.08°)

Map out a path from _ _ 1V B e
bright naked-eye stars to =54 Y S

your objects | S

It may be worth doing this
with binoculars first )
e FBhuble lster

How did | know how big to
make my FOV circles? | .

e Stellarium in this case

* Star charts also often | Nl - , Arinelon guthern Tauris
have angle markers | s - o

Trianguldm

Camelopardalis

Perseus
Earth, Albuquerque, 0 m : FOV61.9°  31.7FPS 2023-10-18 22:13:16 UTC-06:00
Stellarium screen shot, inverted colors




Star Hopping, Harder Example: M3 Globular Cluster in
Canes Venatici (1 of 2)

* Find your object
on a star chart,
star atlas, or
planetarium
program (M3
globular cluster
on a star chart
in this example)

Notice your
object’s position
relative to
bright stars in
the vicinity for
initial
orientation

*Earth, Albuquerque, 0 m ' 36.6 FPS 2023-08-05 22:14:16 UTC-06:00
Stellarium screen shot, inverted colors




Star Hopping, Harder Example: M3 Globular Cluster in
Canes Venatici (2 of 2)

e Determine what stars will
be visible in field of view
of finder scope and
eyepieces

* In this example, a 5° FOV
finder and a 25mm
eyepiece

* Map out a path from bright
naked-eye stars to your
object

* Even more detailed
example here:

Earth, Abuquerque, 0 m FOV 16.3° 374FPS  2023-08-05 22:14:16 UTC-06:00 |

Stellarium screen shot, inverted colors
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Techniques of Seeing

* Objects with low surface brightness can require extra effort to discern
e Remember, you are looking for faint fuzzy blobs!

e Patience — dark sky observation takes time
* Don’t pack your night with too many objects; make time to sit with a few
* In a dark site, allow time for your eyes to become dark adapted (~30 minutes)
* It may take longer for your telescope to cool to ambient temperature (minimizing local air
currents that can blur an image)
e Keep it dark (use dim red or even dimmer green light only)

e Use averted vision: Look at the object slightly away from your center of vision
instead of straight on

* You have a partial blind spot in the center of your retina where the optic nerve meets the
retina, and you have more rods (sensitive to dim light) toward the perimeter of your retina

* Try moving your eyes or head a bit to see if something moves in the field of view
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Sara has a MS.in Physics
and retired from Applied
Research Associates
(ARA) in 2023 after 21
years. She has taught -
physics & astronomy at
CNM since 2008, and how
also teaches math.
addition to amateur .
astronomy, she enjoys
swing, waltz, and folk
dancing, playing tennis
and pickleball, and is the
mother of two adult sons.
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THEEND

HAVE FUN STAR
HOPPING!

in TAAS_Talk
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