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About t hhe Aut hor s

Jim Mazur

As a dedicated member of the Astronomical Society of New Haven (ASNH), Jim has given many library
presentations on astronomy over the years. These presentations often focused omteachargow to

locate good targets for a small telescope, especially since ASNH donatedhi@obsonian telescopes to
several local libraries for patrons to borrow. To complement these presentations, Jim created handouts that
guide people in using star hoppiteghniques to find deegky objects.

He started by creating a few charts, and as the seasons changed, he continued to make more. Jim posted th
charts on his website, and he was delighted to see that a growing number of people began downloading ther
This motivated him to expand the collectidNow, with the charts at their current number, Jim is happy to see
that people are using them to enhance their stargazing experiences.

Andr ethi Bat
Andrea Matthias is an active member of the East
astronomy through outreach events and can often

James Yoder

James is an active member of the Eamet V¥Valbteht Ast
Ari zona. He has-l eée@lelr opedyfafcedbreggd ninyead Wweh e | u b
fundamentdsadrsyv atfi onatl eache o nlhdanwi mmser s hewescope.
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| ntroducti on

This collection featureguahilkygpBbmd vehaompi ¢ it giot
Jim Mazur , avaidlkpll eed gpdlhike84 ldwWe bnsciltuedes hundreds o

which we have consolidated into a single, compre
material to @&mdamrecevivdabaddittyi on a.l i nformation at
This book is primarily designed to be printed an
suppl emental information for pre or post observa

throughout the thbmowWkthé i\deleyanea te moWilesii (f eedrnaaandye f er e n c
anducihnf or mat pasasiJbilmds Skyl edgiemagés,anedhamatt.oe xmael
Wi ki pedi a i s a groediiefbdremastoiuacnc.e of

The charts are systematical | ycloo g ecnd nasetBeQbblya tci obnisdt
chartamver 25 WNeablrjlegictesvery typoeepfeiseetpridk ybobdl eicn ¢
cl uqtGeXrysgal & ioegpsen ( OCugt eb s I(a&aC) cel i sstsee(oghN )nckebrukk an e b
(DN) multiplsd MSddrmad ocyrs@h@sdlst alrlsO Messi er objects a
compil ati on.

We extend our sincere thanks to Jim Mazur for hi
valuable charts and generously making them avail

Special thanks to Jerry Hyman and Bill Del linges

James Yoder
Andrea Matthias
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https://skyledge.net/
https://www.skyledge.net/Starhopping-list.htm
https://en.wikipedia.org/wiki/Main_Page

Const ed Jeaasioonisr eaenkd Al p h:

Northern Hemisphere Constellations List (Alphabetical)
Abr. | Constellation Season Abr. | Constellation Season Abr. | Constellation Season
And | Andromeda Fall Crt | Crater Spring Peg [Pegasus Fall
Ant | Antlia Spring Cyg |Cygnus Summer Per | Perseus Fall
Aqr | Aquarius Fall Del | Delphinus Summer Phe | Phoenix Fall
Agl | Aquila Summer Dra |Draco Summer Psc [ Pisces Fall
Ari | Aries Fall | Equ_|[ Equuleus Summer PsA | Pisces Austrinus Fall
Aur | Auriga Winter Eri | Eridanus Fall Pup | Puppis Winter
Boo | Bootes Spring For | Fornax Fall Pyx | Pyxis Winter
Cae | Caelum Winter Gem | Gemini Winter Sge | Sagitta Summer
Cam | Camelopardalis Winter Gru | Grus Fall Sagr | Sagittarius Summer
Cnc | Cancer Winter Her | Hercules Summer Sco | Scorpius Summer
CVn | Canes Venatici Spring Hya |Hydra Spring Scl | Sculptor Fall
CMa | Canis Major Winter Lac |Lacerta Fall Sct | Scutum Summer
CMi | Canis Minor Winter Leo (Leo Spring Ser | Serpens Summer
Cap | Capricornus Summer LMi | Leo Minor Spring Sex | Sextans Spring
Cas [Cassiopeia Fall Lep |Lepus Winter Tau | Taurus Winter
Cen | Centaurus Spring Lio |Libra Spring Tri Triangulum Fall
Cep | Cepheus Fall Lup |Lupus Spring UMa | Ursa Major Spring
Cet [Cetus Fall Lyn |[Lynx Winter UMi [ Ursa Minor Spring
Col | Columba Winter Lyr |Lyra Summer Vel |Vela Winter
Com | Coma Berenices Spring Mic | Microscopium Summer Vir | Virgo Spring
Cra | Corona Australis Summer Mon | Monoceros Winter Vul | Vulpecula Summer
CrB8 | Corana Borealis Spring Oph | Ophiucus Summer
Crv [ Crovus Spring Ori [ Orion Winter
Thi s matpadeéc | i nati on of constm@lslidgtiioommns dnd itsh ai
when a constellation and contained objects are
Meridian Transits Of The Constellations
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
420 : 480
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S Wi — = = 50—
440 C\a - ¥g [ roen o Aul 440 |
| 430 Lt Boo Crfd Hex o ul el 430
Gem P C oy o \gi "
L Ene 56 om < De'fq“ Frs = et T 1:—
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oo $EX \VJTd qﬂm + <
tht : ~ et o Ce o
oy By Hya Ct eoy . Cap 1 L 20
e - it :bv QIJr 2 P a ;\-; — 20—
(5% Pup An i Sk Mic Cae Col el
Vel Cen IGru Phe
P Winter Spring Summer Fall Winter | |
Greek Alphabet
Low | Up | Name Low | Up | Name Low (Up [ Name Low |Up [ Name Low | Up | Name
01| a [ A |alpha 06| ¢ | Z |zeta 11| A | A |lambda 6w | N |pi 21 @ | @ |phi
02| B B | beta 071 n H |eta 2| p [ M |mu 17 p P |rho 22| X X |chi
03|y | I |gamma 08| 8 | O [theta 13| v | N [nu 18| ¢ | ¥ [sigma 23 [ w [ W |psi
041 O | A |delta 09 | 1 | |iota 14 ¢ B 1 19| o T |tau 24 | w | Q |omega
05| € E | epsilon 10| Kk | K |kappa 15| o | O |[omicron |20 | v [ Y |[upsilon 25
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Conventions and Cat

Constell ation Summary Sheet
Each featured constell ation sheet includesthtehe n
number of objects f &atkusr e donifoonrl ram&i @o sutmaalr yt it arb,l
Examporestell ati on Summary Tabl
Object (Type) Charts | Aliases Stats
Almach (DS) 1. W1 SAOQ-037734, pamma Andromedae, | Mag=22 20| Sep=9.87|
~ | And 57, STF-205, ADS-1530
M-031 (G) 2 W2 | Andromeda Galaxy, NGC-224, PGC- | | Mag=4.2| SB=23.1 Size=189"x62" |
I 5y
M-032 (G) 2, W2 | NGC-221, PGC-2555 | Mag=9.1| SB=22.1] Size=8.5'%6.5" |
M-110 (G) 2, W2 | NGC-205, PGC-2429 | Mag=8.8 | SB=23.4| Size=19.5°x11.5
NGC-404 (G) 3. W3 Mirach’s Ghost, PGC-4126 | Mag=10 | SB=24.3 | Size=4.4" |
NGC-752 (G) 4, W4 C-28 | Mag=9.1| 8SB=122.1 | Size=8.5"x6.5" |
NGC-7662 (PN) 5, W5 Blue Snowball, Snowball Nebula, C-22 | | Mag=9.0 | SB=19.3 | Size=2.2" |
NGC-891 (G) 6. W6 Silver Sliver Galaxy, Outer Limits | Mag=9.9| SB=2413 | Size=13.5" |
| Galaxy, C-23, PGC-9031
The summary table contains the following col umns

T Object: (Ngme)of the object along with the typ

Ab1Obj ect Ab i Ab i
AS |Asteri sm DS |[Doubl e StaEN |Emi ssion N
OC |[Open Clust/MS [Mul tsplyest PN |Pl anetary
GC |Gl obul ar (CCS |[Carbon StalRN |Refl ecti on
G Gal axy DN |[Dark Nebul|SNRESupernova
GX |Gal axy Clu

T Chart$wo | inks are provided in this column.
document . The second |l ink (proceeded with th
SkylLedwgebbslet e.

T Al i assletser nate i dentification(s) for the featur

1T Stat&urther details on the object. I nf or mat i

o0 MapgMagniaofudeebj ect . For multiple star syste
component in the system.

0 SBSurface Bsipghowniedsd f-otrelmoasrnt woldj & dites ntomm h
the object is to distinguish from the back
o Si:#Fer -sntoenl | ar objects the size of the obj ec
o Se:peparation is provided for multiple star
arcseconds (0) .

o Col or :A ndiempl e numeri cal expression that ir
color index, the bluer the object is, whil
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https://en.wikipedia.org/wiki/Asterism_(astronomy)
https://en.wikipedia.org/wiki/Binary_star
https://en.wikipedia.org/wiki/Emission_nebula
https://en.wikipedia.org/wiki/Open_cluster
https://en.wikipedia.org/wiki/Star_system
https://en.wikipedia.org/wiki/Planetary_nebula
https://en.wikipedia.org/wiki/Globular_cluster
https://en.wikipedia.org/wiki/Carbon_star
https://en.wikipedia.org/wiki/Reflection_nebula
https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Dark_nebula
https://en.wikipedia.org/wiki/Supernova_remnant
https://en.wikipedia.org/wiki/Galaxy_cluster
https://www.skyledge.net/index.htm
https://en.wikipedia.org/wiki/Magnitude_(astronomy)
https://en.wikipedia.org/wiki/Surface_brightness
https://en.wikipedia.org/wiki/Color_index

Stellar Naming Conventions

Stars may obep admapi 6redn documentation in a numbe
in order ofprpopdrerreaimes ,arkayer designations, and
T Proper: Namese are the traditional names assigr

Arabic origins.

T Named After Antiewi dehkst stars are named afte
T Catal ogue Designations: There are a number of
and their methods include:

O Baydesi gnBrtiigphht er stars in a constellation ¢
brighte8andaldepkae@sing in brightness to th

o Fl amge #iegnatiten stars by constellation, but
them by increasing right ascension rather

Astron®@ani a&ladgs

Var iasstsr onomi a eues ecda tteol o gdsen thiefry detepr s Egmad b o 6 minb a

cat

= =4 4 A

St ar

adlogrsg iwr t dibdtednatinfo tcaattin@mnud e :

Abel | Catalog of RA&l:ICAueBéeA&EB8gfri Ghl akussers
Atken Doubl e (AdXpar ACactaatladgog of 17, 180 -3d0Au.bl e st
Barnard @®Bat aAogateal og eof 349 dark nebul a
Bright St e@éBrSBSagHRR!l oBuest published in 1930, |
contains 9,110 objects and 9,095 stars.
Caldwell (CCat Al caaucheoy DHY 1LORseat sci ngl eexchsdn grad
Devel oped as a supplement to the Messier Cat a
Henry DrapéerD Camdéld ogfuteer cHoevnerrgs irkagpn d r csap tmars &
stdossn to an apparent photographic magnitude
|l ndex C&tThleod i rst major update to the NGC is
of Sthnalesves as a supplement to the NGC, and c
Hi pparcosHCRWAahpgkei si on cat al ogue, ogu bmoireh d d
Lyndsd Cat al oge(leDN)@ o rDtaaliknssh eadadr hiedb 8e0 2a

Messi es(MPbj Actist of 110 astronomical objects
comet s.

Mel ot t e(ME)a:it aA ogat atl aligu sotfe r2s4.5

New Gener a(NGQat alissgueof 7,840 deep sky objects
Smithsonian Astrophysi(8AD: Obsietrivalk loyyc &mpirl €a
approxi matel i 25, m0GtsiGamM®. tel escopes includ
provided for stars in .this document whenever
SharplesShCafAaliogt of €13 emission nebul a

Howmpede to the Un pag_mBGG Revi g0éb: |


https://en.wikipedia.org/wiki/Stellar_designations_and_names
https://en.wikipedia.org/wiki/List_of_proper_names_of_stars
https://en.wikipedia.org/wiki/Stars_named_after_people
https://en.wikipedia.org/wiki/Bayer_designation
https://en.wikipedia.org/wiki/Flamsteed_designation
https://en.wikipedia.org/wiki/List_of_astronomical_catalogues
https://en.wikipedia.org/wiki/Abell_catalogue
https://en.wikipedia.org/wiki/Aitken_Double_Star_Catalogue
https://en.wikipedia.org/wiki/Barnard_Catalogue
https://en.wikipedia.org/wiki/Bright_Star_Catalogue
https://en.wikipedia.org/wiki/Caldwell_catalogue
https://en.wikipedia.org/wiki/Henry_Draper_Catalogue
https://en.wikipedia.org/wiki/New_General_Catalogue#Index_Catalogue
https://en.wikipedia.org/wiki/Hipparcos#Published_catalogues
https://en.wikipedia.org/wiki/Lynds%27_Catalogue_of_Dark_Nebulae
https://www.ukcloudmagnets.co.uk/wp-content/uploads/2019/05/Lynds-Dark-Nebulae-Catalogue.pdf
https://en.wikipedia.org/wiki/Messier_object
https://en.wikipedia.org/wiki/Melotte_catalogue
https://en.wikipedia.org/wiki/New_General_Catalogue
https://en.wikipedia.org/wiki/Smithsonian_Astrophysical_Observatory_Star_Catalog
https://en.wikipedia.org/wiki/Sharpless_catalog

Uni ts of Me a

Some of t he most

T Di stances

Hi nt

sur e

common

s and Tri cks

units of measure used in

0 AstronomiAt)aThelnAver-8ge BEastlAarAde i s approxim

kineot er s
from the
1

o Light(Wahae

about 5.

11 949. 46

T Anguli ameitl esro

AU &

or aboulti
sun.

gOh3t mia kleiso na pnpirloexsi.mat el y 8

L & Ono n 1 AU & 93 million mi.l

di stance | ight travels in one vy

8 8 Tthrei Icll iosre snMalsabri cbxoi nvau a@ e mtbaowirti 4 .
from eart h.

tril 11l @gB. BB Imliil e 46y3. 2 t housanc

MPlulli zdp p ardieanmeap p a 1s5semnd alnhgeul ar ofli am
an object is how | ar
of celesti al objects

ge an object appears from
from earth.

Actual diameter

Earth

—_

Angular diameter
(32 arc minutes or
1920 arc seconds or
0.5 degrees

o DegrAiéenerally de

grees are used to describ

open clusters or di st3®mMcde d oret Tab § u$ d o rch & sl
angul ar di alMehethefshpout

o0 Arcmi(@iuAleso call ed minute ofTher ca,ngarl @afrmidn wat
gl obul ar clustkeamnd, galiraxessal hgbekar dheed ia
arcminutes in one degree.

0 Arcse@bAldso call ed second cosfe caotngdpsi wasaded lyiC 0 S ¢
descrappadip|attance bet ween starsthe aogul at e
pl anet in olUlhesel aresgdtamcseconds i n one
degree. Jupiterds angul ar diameter varies

1A
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https://en.wikipedia.org/wiki/Astronomical_unit
https://en.wikipedia.org/wiki/Light-year
https://en.wikipedia.org/wiki/Proxima_Centauri
https://en.wikipedia.org/wiki/Angular_diameter
https://en.wikipedia.org/wiki/Degree_(angle)
https://en.wikipedia.org/wiki/Minute_and_second_of_arc
https://en.wikipedia.org/wiki/Minute_and_second_of_arc

Estimating Angul ar Distances
A convenient way of estimating | arge distances Db
your hand out at armés | ength to the various con

1° 5°
- —_—
|| ||

Framing Objects

Thangul arofli amet eus adeaepthley appjaeens (dephanteobd
mul tipl e isd apr swisdedngifmrt mostbwdf ecnst el |l ati on su
col ywmbh is i mportant that ameappfuopMmidat € ywiuewrto u

10° 25°

U

L,

the oRljneactdfecdgaiwosul d | i ke ol olmee ddad u lcEhne rhee lapr ec a
of vi ews g ®cdiqfpiogomennfti g ur adtnidoer st anding the angul ar
potential viewing targets and the field of view
eyepiece for viewing an object or ifvea pherobjeb:
Log Book

Keeping a | og book is a great way odnd&ere@danrgditma@
t hat may prove hel pfulApgmenndiuld diayle®, uo wsad roBd ¢ knaB8esc t |
that includes the following forms:

T Astronomy Observalsed dsogarSuimdaexy t o summar i z .
T Astronomy ObisVéhrevraet iyeoouo kcoagny cur obser vati ons.
T Astronomy iSMNhetreh ybbaugrccany aur observations and

You can use these forms to create your own |l og b
book You may want tinod ecxo npsai gdeesr aptl atchien ge ntdioles fe r tviae i |
log askde/tocraf tagohnst el | ati onDowbhemmawyl pawer k best f o

Using Surface Brightness Values

ThMagniadfudaen object is a measuwr @ bqgfectthwea [Hdesgelivtduidg
usewhhdn viewing point sources such as sgopesa. cl| Het
gl obul sand|l gathex magni tudayofbet lecebhjveamtg since th
the/ amégat heSwrffecd . Bali g&s$ nleslsp address this probl
the average brightness of an object in thei amné¢d
usage of surface brightness, it can bDesutsedbasba
from the backgrountowkewrs(hloiug hdt bpeo Irleunteinobne)r.ed t ha
not have aihotmomgeasmeowear f ace brightnegsougwal deki 8é
when trying to decide i f you itnhiankf iyeolud noifg hvti ebwe
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https://astronomy.tools/calculators/field_of_view/
https://en.wikipedia.org/wiki/Magnitude_(astronomy)
https://en.wikipedia.org/wiki/Surface_brightness

Mul tiple Star System Basics

It i s estimated that approxi matel ynu3 G % ptlce .85 %Ilrio ds:
are systems with two or more stars gravitational
away from us and haltosd ticc eaodhh pedashesriplag atta ownmi wed lv
Howexdérere still are many systems in the night sk

There are a number of terms used t oDoduebslce i hteagsmuSy
commonly used Otpd i ctaad d Bibhad Slesthlrat appear within th
gravitational |l yBibogyyyd €éfimesog edt thaetrs) a raen dproauwnidt & toi emalhl

an orbit). TMuwlhtnii clad | toaurh dSybetremmmed t o descri be
mor e tshtagar sare gravitationalbuytlagys otehiea tteedr mvi Muhl teiapc
reserved for physical star systems containing mo
as triple(3), guadruple(4), quintuple(5), reextnu

the physical system. Sysitnredresedvi th ei ght stars ar

One of the benefits of observing multiple star s

so this is a perfect hobby for the observer in a
more chall engiignhgt isnk ya doue gtha | ess stars overall k
(GoTo mounts neglect this issue).

Two measurements utilized in Sepas@ubdenappamuent p
bet ween star semnoagsRsa)eidtniddinP@®yrcg(ltehe | ocati on of th
the primary star measured in degrees).

The technigualdfi pdlesesntvarngystems generally follo
eyepiece to | ocate the system and progressing to
system.

Carbon Stars

Carbomrsetdrasge cool stars with temperataorabuaflah
carbon in thAsire sauthmo, ap morse h ey ec aromdm i mesmpmaunds g
appearance. Carbon st adyec lag ea mc atre n drett c;a nkde ovhaart ihak

bright mme spserawelr of ti me Céduddtaa st hceainr riamsgtea b inl ictoyl .c
bl ood red.

Since the appeargeencer alfl t hreste ismpact ed by | rcghtty ¢
observing.
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https://en.wikipedia.org/wiki/Star_system
https://en.wikipedia.org/wiki/Carbon_star

Onl Resour ces

Bel ow are some additional astronomy related reso

T Skyl.emdgebsi te: Jim Mazurd6s WwWepschartenbatnal sot
examplesrophotography.
o StdHopping
T ArtCentweélbsi cem James Yoadstrrémnnodey s hee Gobbgi nel
0 Begi®@n6Guide to SmelolurTsel emsacdcepredasal s and Zoom |

telescope use for people Il ooking to purchase
1T Stellari FmeWelmnl ine planetarium program for pl
1T EreeStarChkréee. oonmine charts for constellations
T The Sky Quiivdee t o the solar system and the night
T AstrononmWyarTiooouss onl i ne calcul ator s.
T MoonConnect Abh. tbmngs related to the moon inclu
1T Carbon, Binary and Multiple Star Systems

Wi ki ptddra:System

Cl oudy Dwiugohtes :St ar Observing

Cl oudy Dviugbhtes . yousk ol elass)y e
e
i
k

St el | ei SDeoaprpcihe engi ne to the Washington Doubl
Bright Sté®nl Cateabtegueh for bright stars.
Wi ki p@ariman St ar
Mahoning Vall ey Alsltér oBneosnii cCGaal ( BSDbRc)i Settayr:s L i st
T Additional Observing Resources
o Astronomi cal League LogMBobkw WPDE) compl eme
A Double Star Club
A Deep Sky Binocular Observing Club
A Binocular Messier Club
A Binocular Double Star Club
T Deespky . cOdb.sekr:vi ng Asteri sms

T Stel |l e Dboopupbilee St ar Database, Search engine to

O O 0O 0O O o o
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https://www.skyledge.net/index.htm
https://www.skyledge.net/Starhopping.htm
https://artcentrics.com/
https://artcentrics.com/home-page/artcentrics-astronomy-main-page/
https://artcentrics.com/artcentrics-astronomy-main-page/astronomy-education/beginners-guide-to-small-telescopes/
https://stellarium-web.org/
https://freestarcharts.com/
https://theskylive.com/
https://astronomy.tools/
https://www.moonconnection.com/
https://en.wikipedia.org/wiki/Star_system
https://www.cloudynights.com/forum/86-double-star-observing/
https://www.cloudynights.com/topic/43128-double-your-pleasure-richs-double-star-sketches/
https://www.stelledoppie.it/
https://www.alcyone.de/search_in_bsc.html
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Almach (y Andromeda), Double Star

Almach, or gamma Andromedae, is a pretty double star, about 390 light years away. The brighter of the pair is a yellow star of magnitude 2.2, and
the dimmer is a blue star of magnitude 5.0. The two stars are separated by 9.8 arcseconds. The blue star itself is a close double, but its two
components are very close (averaging 0.3 arcseconds as they orbit every 63 years). It would take a large telescope and excellent seeing conditions

to split the two components of the blue star.
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Start by finding the Great
Square of Pegasus, which
rises in the eastern sky during
the early fall evenings, is high
overhead later in the fall, and
sinks in the western sky
during early winter. To be
sure you know how the
square is oriented in the sky,
look for the two stars outside
the northwest corner of the
square (circled in the chart
here) that form a small
triangle with Scheat.

The constellation Andromeda stretches to the northeast from the Great Square, starting at the second-magnitude star Alpheratz. Using the naked
eye, follow the stars of Andromeda east to Almach, which shines brightly at magnitude 2. Use a telescope with magnification of at least 50x to get a

decent view ;f this close pair of stars.
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Messier 31, the Andromeda Galaxy (with M32 and M110)

The Andromeda Galaxy is the closest spiral galaxy to our own, about 2.2 million light years away. It is one of the few galaxies that can be seen with
the naked eye, which is not difficult under a moderately dark sky. This is an excellent object to examine with binoculars or telescope. Through a

telescope at low power, look for its two smaller companion galaxies, Messier 32 and Messier 110.
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Start by finding the Great
Square of Pegasus, which
rises in the eastern sky during
the early fall evenings, is high
overhead later in the fall, and
sinks in the western sky
during early winter. To be
sure you know how the
square is oriented in the sky,
look for the two stars outside
the northwest corner of the
square (circled in the chart
here) that form a small
triangle with Scheat.

The constellation Andromeda stretches to the northeast from the Great Square, starting at the second-magnitude star Alpheratz. Using the naked
eye, look to the east of Alpheratz for the star delta (§) Andromedae, then move on to the brighter star Mirach. Take a right turn at Mirach to a
slightly dimmer star, and then move that same distance again to reach the position of the Andromeda galaxy. If the sky is dark, the galaxy will be
visible to the naked eye as an oval smudge of light. If not, it should be easy to see through binoculars. Through a telescope or large binoculars, its
two smaller companion galaxies should also be visible, M32 to the south and M110 to the northwest.
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NGC 404, Mirach's Ghost, Galaxy in Andromeda

NGC 404 is classified as a lenticular galaxy, one that is somewhere between a spiral galaxy and an elliptical galaxy. It appears as a round glow with a
much brighter center when viewed through a telescope at medium to high power. It is very easy to find because it is so close to the bright star
Mirach (both seen in the picture here). Despite the presence of the bright star, the 10th magnitude galaxy is surprisingly easy to see through a
telescope of medium or large aperture. The galaxy is about 10 million light years away.
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The constellation Andromeda stretches to the northeast from the Great Square, starting at the second-magnitude star Alpheratz. Using the naked
eye, look to the east of Alpheratz for the star delta (6) Andromedae, then move on to the brighter star Mirach. NGC 404 is just 7 arcminutes (about
1/10 of a degree) northeast of Mirach, so the bright star and dim galaxy should be visible together through a telescope, even at high magnification.

To avoid the glare of Mirach, you can put it just outside the field of view.
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NGC 752 (Caldwell 28), Open Cluster in Andromeda

This is a large and fairly bright group of about 70 or 80 stars spread over nearly a degree of sky. It is a relatively nearby open cluster, about 1200
light years away. Because of its large size, it is best viewed either with binoculars or with a telescope at low magnification.

. .:. . - by 2 *
. A . A e a ". " &
. o = ot * . - - ‘o . g -
. . AT o . ; 4 N,
. 0‘.""‘"‘. C M 3o b
QNec 782 . ; < >
o p @ Mirach g S
- . .
A b4 ‘.
v"-.“_g.; g
L .
o Hamal S R e
2N . . Eay
; - otnd
. . .
L w7 Pisces .
" \ -.. . .
\ /) ' ) ' x o, .“2

Start by finding the Great
Square of Pegasus, which rises
in the eastern sky during the
early fall evenings, is high
overhead later in the fall, and
sinks in the western sky during
early winter. To be sure you
know how the square is
oriented in the sky, look for the
two stars outside the northwest
corner of the square (circled in
the chart here) that form a small
triangle with Scheat.

Using the northern edge of the
Great Square as a pointer,
extend a line to the east about
twice the size of the Square, and
you will arrive in the vicinity of
the constellation Triangulum,
whose 3 brightest stars form a
long and narrow triangle.

From the two stars at the short edge of Triangulum, move to the northwest about 3.5 degrees, which is about twice the distance between these

two stars. This will take you to the position of NGC 752. The cluster will be clearly visible in binoculars or a finderscope.
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NGC 7662, the Blue Snowball Nebula in Andromeda

This bright planetary nebula definitely has a bluish tint when observed through most telescopes. Because of its high surface brightness it tolerates
high magnification well, and can be seen as an oval disk in even small scopes. With medium or large amateur scopes, some detail can be seen in the

disk. It is estimated to be about 3000 or 4000 light years away, which would make it about 0.5 light years in diameter.
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Start by finding the Great
Square of Pegasus, which
rises in the eastern sky during
the early fall evenings, is high
overhead later in the fall, and
sinks in the western sky
during early winter. To be
sure you know how the
square is oriented in the sky,
look for the two stars outside
the northwest corner of the
square (circled in the chart
here) that form a small
triangle with Scheat. Then,
from the northern edge of
the Great Square look about
15 degrees north for a group
of 4 dim stars in the shape of
a pie slice.

Look along the southern edge of the pie slice for the star 13 Andromedae. At magnitude 5.8, it should be easy to see with binoculars or a
finderscope. Center on this star, and then move just about 1/2 degree to the southwest, and the Blue Snowball should be visible.
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NGC 891 (Caldwell 23), Galaxy in Andromeda

NGC 891 is a nice spindle-shaped spiral galaxy viewed almost edge-on, about 27 miilion light years away. It is about magnitude 10.8 and more than
13 arcminutes in length (almost half the apparent diameter of the Moon). Its bright center is the easiest part to see, but an aperture of 8 inches or
more is probably needed to see its faint pointy arms and dust lane. Using high magnification may help.
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The constellation Andromeda stretches to the northeast from the Great Square, starting at the second-magnitude star Alpheratz. Using the naked
eye, follow the stars of Andromeda east to Almach, magnitude 2. NGC 891 is 3.5 degrees to the east of Almach. To find the spot, it may help to
visualize an isoceles triangle with b Andromeda (magnitude 4.8), as shown in the chart below.
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Messier 2, Globular Cluster in Aquarius

At magnitude 6.6 and covering 1/4 degree of sky, Messier 2 is a nice view through a small telescope and a very impressive one through a larger
telescope. It has a dense and bright center. It is tricky to find because there are no bright stars nearby, but it is worth the effort. This cluster
contains about 150,000 stars, and it is about 38,000 light years away.
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Starting from Markab at the southwest corner of the Great Square, follow the chain of stars to theta (8) Pegasi, then take a right (south) to
Sadalmelik, 3 magnitude 3.0 star in Aquarius. There are no bright stars near M2, but note in the chart below that M2 forms roughly a right triangle
with Sadalmelik and Sadalsuud (magnitude 3.7). Note also that there is a chain of 4 or 5 dim stars to the northeast of M2 that should be visible in
binoculars or finderscope, and this chain points in the direction of M2. Using all these landmarks should bring M2 into the field of view of a low-

power eyepiece,
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St ar

Messier 72, Globular Cluster, and Messier 73, Asterism in Aquarius

Messier 72 is a relatively dim cluster in the western part of Aquarius. At about magnitude 9.3, it is not difficult to see in even small telescopes, but
resolving its 15th magnitude stars requires a fairly large aperture. It is a distant 55,000 light years away. M73 is one of the least interesting Messier

objects, an asterism of 4 stars in a Y shape. The four stars are at very different distances and not a true cluster.
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Start by finding the Summer
Triangle, which consists of the
three of the brightest stars in the
sky--Vega, Deneb, and Altair. The
Summer Triangle is high overhead
throughout the summer, and it
sinks lower in the west as fall
progresses.

For this star hop, start from Altair
in the constellation Aquila, the
eagle.

M 73, M73

From Altair, follow the stars that form the upper edge of Aquila the eagle's east wing, and use these stars as a pointer to take you to the constellation
Capricornus. To me, the stars of Capricornus form a large, open-mouthed smile. Once you locate Capricornus, look for 8 (Theta) in the center of the
upper portion of the smile shape. From 8, the small asterism of M73 is about 5 degrees to the north-northwest. Through binoculars or a finderscope,

you can use a vertical line of three 6th magnitude stars to guide you to M73, as shown in the inset below. M72 is about 1.5 degrees west of M73,

.
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NGC 7009 (Caldwell 55), the Saturn Nebula in Aquarius

Planetary nebulae come in a variety of shapes, and NGC 7009 happens to have two thin projections that make it look a bit like the planet Saturn
with its rings. The bright central region of this nebula has a distinct blue-green appearance. Also known as Caldwell 55, this nebula is small but

bright, and it is a good target for telescopes of all sizes. its distance is not well established, but it may be about 3000 light years away.
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From Altair, follow the stars that form the upper edge of Aquila the eagle's east wing, and use these stars as a pointer to take you to the
constellation Capricornus. To me, the stars of Capricornus form a large, open-mouthed smile. Once you locate Capricornus, look for 8 (Theta) in the
center of the upper portion of the smile shape. From 8, look about 5 degrees north for a fairly dim star in Aquarius, magnitude 4.5. The Saturn

Nebula is slightly more than 1 degree to the west of this star.
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NGC 7293 (Caldwell 63), the Helix Nebula in Aquarius

The Helix Nebula is the closest planetary nebula to us, about 522 light years away. It is large and diffuse and has a low surface brightness, so it can
be difficult to locate and to observe. Through a telescope at low power it will appear as a faint oval with a slighthy darker center. But it is a large
target with an overall magnitude of about 7.3, and it has often been seen in ordinary binoculars under dark skies.
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From Fomalhaut, backtrack about 10 degrees to the north to find the star Skat, magnitude 3.3. Then follow a trail of dimmer stars to the

southwest, including a 4-degree hop to the reddish star 66 Aquarii (magnitude 4.7) and a 3-degree hop to Upsilon (u) Aguarii (magnitude 5.2), both
of which should be easily visible in binoculars or a finderscope. From v, it is just a 1-degree hop to the Helix Nebula.
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V Aquilae (Carbon Star) and NGC 6751 (Planetary Nebula)

V Aquilae is a nice example of a carbon star, a star that appears very red because of the presence of carbon in its atmosphere. It is a variable star,
with its magnitude ranging from 6.6 to 8.4, Just 1/2 degree to the southwest is a small planetary nebula, NGC 6751. A telescope of medium to large
aperture is needed to see that this is a nebula and not just a star. It is about 4600 light years away.
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From Altair, follow the stars that form the middle of the eagle's body and end with three stars that form a slightly hooked "tail", The first two of
these stars are A (lamda) Aquilae and i Aquilae. As shown more dearly in the inset below, V Aquilae is about half-way between and below these
two stars. It should be visible in binoculars or a finderscope. With a telescope of moderate size, the small planetary nebula NGC 6751 should be
visible 1/2 degree to the southeast,
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NGC 6781, Planetary Nebula in Aquila

This is a large but faint planetary nebula in the center of Aquila, the eagle. It is about 1.9' in diameter, roughly 50% larger than Messier 57, the Ring
Nebula. Its distance is not well determined, but it is probably about 4,000 light years away and about 2 light years across. Through a large telescope

it can show a mottled appearance, with the edges brighter than the center.
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Start by finding the Summer
Triangle, which consists of the
three of the brightest stars in the
sky—-Vega, Deneb, and Altair. The
Summer Triangle is high overhead
throughout the summer, and it
sinks lower in the west as fall
progresses.

For this star hop, start from Altair
in the constellation Aquila, the
eagle.

G

o

NGC 6781

From Altair, look about 8 degrees to the southwest to find third-magnitude delta (5) Aquilae in the middle of the eagle’s body. To reach the
location of NGC 6781, follow a line from & one-third of the way toward zeta () on the eagle's right wing, as shown below. Finding the right location
can be difficult because there are no bright stars in the vicinity. Look at low power for a round hazy patch, and once you find it try higher power to

look for details within the nebula.
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Mesarthim (Gamma Arietis), Double Star in Aries

This is a pair of white or blue-white stars of about equal brightness and about 7 arcseconds apart, making a nice sight in even a small telescope.
Both of these stars are more than twice as massive as our Sun and about 50 times as luminous. The distance between them is 357 astronomical

units, and their orbital period is more than 5000 years.
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long and narrow triangle.

Start by finding the Great
Square of Pegasus, which rises
in the eastern sky during the
early fall evenings, is high
overhead later in the fall, and
sinks in the western sky during
early winter. To be sure you
know how the square is
oriented in the sky, look for the
two stars outside the northwest
corner of the square (circled in
the chart here) that form a small
triangle with Scheat.

Using the northern edge of the
Great Square as a pointer,
extend a line to the east about
twice the size of the Square, and
you will arrive in the vicinity of
the constellation Triangulum,
whose 3 brightest stars form a

From Triangulum, look about 10 degrees to the south for three bright stars in the constellation Aries--Hamal, Sheratan and, farthest to the
southwest, Mesarthim. The combined magnitude of the two components of Mesarthim is about 3,9, making it easy to spot with the naked eye. Use

a telescope at medium to high power to get a nice view of this pretty double star.
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IC 405 (Caldwell 31), the Flaming Star Nebula, and Harrington 4

Harrington 4 is an asterism that is dimly visible to the naked eye and has the shape of a staircase when viewed through binoculars or a wide-field
eyepiece, Less than a degree to the northwest is the 6th magnitude star AE Aurigae, which is surrounded by a large but dim nebula, IC 405. Portions
of this nebula, especially those near AE, can be seen with even small telescopes, but a nebula filter can make it much easier to see.
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Find the Winter Hexagon,
which is composed of six of
the brightest stars in the sky--
Sirius, Procyon, Pollux, Capella,
Aldebaran, and Rigel. On mid-
winter evenings, these stars
form a large oval stretching
from low in the south to nearly
overhead. As spring begins,
the Winter Hexagon sinks
toward the west. The
constellation Orion and its
bright red star Betelgeuse are
inside the Hexagon.

For this star hop, find Capella,
the most northerly of the six
stars in the Hexagon, and the
brightest star in the
constellation Auriga.

The brightest stars of Auriga form the shape of a slightly crooked house. Look for the two stars that form the base of this house (Elnath and 1). Use
these two stars to form a triangle with the third point inside the house, as shown below. This point is the location of Harrington 4, which should
appear as a hazy group of dim stars to the naked eye. Less than a degree to the northwest of this asterism is AE Aurigae and the surrounding

nebula IC 405.
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Messier 36, 37, and 38, and NGC 1907, Open Clusters in Auriga

These attractive clusters present interesting variations in size and appearance. Messier 36 is about 12 arcminutes across, Messier 37 is about twice

as large and is more densely packed with stars. Messier 38 is about as large as M37, but its stars are more widely spaced. NGC 1907 is about 6
arcminutes across, densely packed. All of these can be observed in succession by sweeping from one to the next, as described below.
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Find the Winter Hexagon,
which is composed of six of
the brightest stars in the sky--
Sirius, Procyon, Pollux, Capella,
Aldebaran, and Rigel. On mid-
winter evenings, these stars
form a large oval stretching
from low in the south to nearly
overhead. As spring begins,
the Winter Hexagon sinks
toward the west. The
constellation Orion and its
bright red star Betelgeuse are
inside the Hexagon.

For this star hop, find Capella,
the most northerly of the six
stars in the Hexagon, and the
brightest star in the
constellation Auriga.

The brightest stars of Auriga form the shape of a slightly crooked house. Look for the two stars that are on the opposite side of this house from
Capella (8 and Elnath). Use these two stars to form the base of a long, thin triangle, with the third point just outside the house, as shown below.

This is the location of M37, the largest and brightest of these three clusters. Move 4 degrees to the west-northwest to reach M36, which is smaller

St ar

and contains fewer stars. Finally move slightly more than 2 degrees to the northwest to find M38, and 1/2 degree south of M38 is NGC 1907.
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Asellus Tertius (Kappa Bootis), Double Star

With an angular separation of 13.4", this fairly bright pair is easy to split with just about any telescope. Their magnitudes are 4.5 and 6.6. Their
orbital period is estimated to be over 6000 years. The name Asellus Tertius means "third donkey colt”, and with the naked eye it forms a small

triangle with two other dim stars (Asellus Primus and Asellus Secundus, the other two donkey colts).
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Start by finding the Big Dipper, one of the
most recognizable star patterns in the sky. It
is part of the constellation Ursa Major, the
big bear. It is shown here upside down, high
in the sky above Polaris, which is where it
can be found during the evenings in spring
and summer, For other seasons and times of
night, rotate the chart as needed to match
what you see in the northern sky.

Asellus Tertius

Note that north is to the bottom in this chart. Find Mizar, the middle star in the handle of the Big Dipper, and Alkaid, the star at the end of the
handle. As shown in the chart below, Kappa (x) Bootis forms a right triangle with Mizar and Alkaid. It will be dim to the naked eye but easily seen in
binoculars or a finderscope. Note that this star is part of a small triangle of three dim stars (called Asellus Primus, Asellus Secundus, and Asellus

Tertius, the three donkey colts). :
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Izar (Epsilon Bootis), Double Star

Izar (Epsilon Bootis) is a bright double star of beautifully contrasting colors. The brighter component is an orange giant star, magnitude 2.5. The
dimmer star, magnitude 4.8, is white. The separation between the two stars is 2.9 arcseconds, and the actual distance between them is about 185
astronomical units. Their orbital period is uncertain, but it is more than 1000 years. The pair is about 200 light years away.
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eye. Use a magnification of at least 100x to get a good visual separation between the two stars.
S T =

Start by finding the Spring Triangle,
which consists of three widely-
separated first magnitude stars--
Arcturus, Spica, and Regulus. The
Spring Triangle is high in the
southeast sky in early spring, and in
the southwest sky by mid-Summer.
(To get oriented, you can use the
handle of the Big Dipper and
"follow the arc to Arcturus").

For this star hop, begin from
brilliant Arcturus (magnitude 0).

For this easy star hop, look 10 degrees to the northeast of Arcturus to find Izar, the second brightest star in Bootes and easily seen with the naked
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NGC 5248 (Caldwell 45), Galaxy in Bootes

This is a 10th magnitude spiral galaxy that can be seen in small telescopes as an oval object with a brighter center. With larger telescopes, some
details in the spiral structure of the galaxy are visible. Although it is technically in the constellation Bootes, this galaxy is actually part of the Virgo

cluster and can be found by starting from Vindemiatrix in Virgo, as described below.
! Canes Venatici \ . - g

.

Leo Minor.

-

Bootes j .

e ' 5 Coma Berenices

®Denebdla

Spq'riéTn‘angle .
" *Vindamiatrix - °

AL . . ) *@orvus

—

Start by finding the Spring Triangle,
which consists of three widely-
separated first magnitude stars--
Arcturus, Spica, and Regulus. The
Spring Triangle is high in the
southeast sky in early spring, and in
the southwest sky by mid-Summer.
(To get oriented, you can use the
handle of the Big Dipper and
"follow the arc to Arcturus").

For this star hop, look in the middle
of the Spring Triangle for Denebola,
the star representing the back end
of Leo, the lion, and Vindemiatrix, a
magnitude 2.8 star in Virgo. The
galaxies of the Virgo cluster are
found in the area between these

* | twostars.

From Vindemiatrix, look 2 degrees to the east-southeast for a magnitude 6 star, and then another 2 degrees in the same direction for a magnitude
5 star (e Virginis). Then continue east another 5 degrees to the east and you will arrive at the location of NGC 5248. This can be a tricky object to

find because there are few bright stars in this area of the sky.
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Pi (r) Bootis and Xi (§) Bootis, Double Stars

Pi Bootis is a fairly close double star with two white components, magnitudes 4.9 and 5.8, separated by 5.4 arcseconds. The pair is about 320 light
years away. The distance between the two stars is about 500 astronomical units. The separation of the two components of nearby Xi Bootis is
similar, 5.3 arcseconds, but their difference in brightness is greater (magnitude 4.7 and 7.0). Both components of Xi Bootis are smaller and less
luminous than our Sun, and they are just over 20 light years away.
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. Leo Minor. ~1 which consists of three widely-
separated first magnitude stars--
Arcturus, Spica, and Regulus. The
Spring Triangle is high in the

(To get oriented, you can use the
handle of the Big Dipper and
“follow the arc to Arcturus”).

For this star hop, begin from
brilliant Arcturus (magnitude 0).

Start by finding the Spring Triangle,

southeast sky in early spring, and in
the southwest sky by mid-Summer.

Pi Bootis

From Arcturus, look about 6degrees to the southeast for Pi (n) Bootis, which is not hard to see with the naked eye with its combined magnitude of
3.9. Medium to high power through a telescope will show its two components nicely. From Pi, hop about 1 degree northeast to Omicron (o), then
another 2.5 degrees to reach Xi (§) Bootis.
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