Observing Planetary Nebulae
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https://apod.nasa.gov/apod/image/hst_NGC7027_big.gif
http://www.nasa.gov/
http://www.stsci.edu/public.html

What are Planetary Nebulae?

A Nothing to do with planets!

A Many PNs first observed by William
Herschel were disks that responded
well to magnification, like planets.
E.g., the Saturn Nebula (NGC 7009)

A Late evolutionary stage of stlike
stars

A Faintly luminous clouds of ionized gas:
expelled layers surrounding a ledter

NGC 5882 O2NB 2NJ agKAGS RGN
(Lupus)
Credit:H. Bond HSTSTSCINASA A Short lifetime: about 10,000 years

A About 3000 planetary nebulae known
In the Milky Way


http://www.stsci.edu/public.html
http://www.stsci.edu/public.html
http://www.nasa.gov/

Stellar evolution

A The fate of a star isassdependent

A Massive stars (> 8X mass of the Sun) burn hot and die
young and violently in supernova explosions

ASunt A1S aU0FNBR INBE O22f SNE f AOS
white dwarfs/planetary nebulae

A Stellar evolution isomplex

A Requires an understanding of atomic and nuclear physics,
electromagnetism, thermodynamics, gravitation, and
guantum mechanics coupled with rationalization of a vast
amount of observational data.

A Need for a star to maintain hydrostatic equilibrium requires
balance of outward pressure (fusion reactions) and inward
pressure (gravity)



Stellar evolution simplified:
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Evolution of a 1 solar mass star such as the Sun, based on computer calculations.

S. Schneider and Arney Pathways to Astronom{2007), p. 483



SECTION 20.3 TheDeath of a Low-Mass Star 539
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+ FIGURE 20.12 White Dwarf on the H=R Diagram A star’s
passage from the horizontal branch (stage 10) to the white-dwarf stage
(stage 13) by way of the asymptotic-giant branch creates an
evolutionary path that cuts across the entire H—R diagram.

A deeper dive . ..

7->8. Sunlike star leaves the
Main Sequence for the
Subgiant Branch. Remainin
hydrogen is consumed rapidﬂ/
(hydrogen sheiburning
stage)

8->9: Red Giant Branch.
Radius increases 100X. Co
increases in density & temp
while shell expands & cools

R

e

9->10:Helium flash, followed
by fusion of helium to carbon|
in the core, fusion of

hydrogen in outer shell

E.Chaissorand S. McMillan,
Astronomy Today6" ed. (2008)
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10->11: Star returns to the
wWSR DAIFY(O . N
Shrinking, fused carbon core
with depleted He and H
burning shells.

11->12: Pulsating Heshell
flashes, increasing instability
YR dzft GAYIl GS
envelope. Result: A hot,
dense carbon core and an
expanding cooling cloud of
dust the size of our solar
aeaiasSyo dzNJ/
radiation ionizes the cloud to
AA0S 0KS &L |

12->13: Hot, dense carbon
core of the white dwarf

GaaKAySaé oe &

From EChaissorand S. McMillan,
Astronomy Today6" ed. (2008)
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Classifying Planetary Nebulae:

VorontsovVelyaminovsystem

1. Stellar

2. Smooth disk
a. Brighter toward center
b. Uniform brightness
c. Traces of ring structure

3. Irregular disk
a. Very irregular brightness
distribution
b. Traces of ring structure

4. Ring structure

5. Irregular (similar to a diffuse
nebula)

6. Anomalous

Morphological System

1. Round
2. Elliptical

3. Bipolar

4. Quadrupolar
S

Point symmetric




Astronomical League
Observing Program

S0VancED Wiy

A Complete visually or by imaging

A Basic level: 60 objects earns a certificate
A Advanced level: all 110 objects observed or tried well

A Imaging: 90 objects

WARNING Astronomical League observing programs
can be highly addictive!




Astronomical LeagueObserving Program

A Requirements

A AL League member

A Observeb0orimage902 ¥ mmn 20285 OCIFaanyé 0§ SR
Nebulae Observing Guideuy online)

A Useanymethod for locating the PNs (GOTO allowed)
AwSO23ayAlA2YyY F2NI Fff aYlydzZ té 20

A Negative observations accepted for advanced program only with a
sketch and at least two failed efforts

A Record date, time, location, sky conditions, equipment used as in
other AL programs

A Other details needed: check the website or use the template
provided



Specific added requirements for the AL program:

Requirements in addition to the usual date, time, location, conditions:

A Filters used, magnifications used.

A A detailed description of the object that includasminimunt
A |s the central star visible?
A |s a filter required to observe the PN?
A How does the PN respond to different magnifications?
A s the object directly visible or does it require averted vision?
Al RSGOFAT SR RSAONALIIAZ2Y 2F GKS
the object.

A Optionally, describe other unique characteristics?:
A Colors seen? Blink effects? Shape of object?
A Stellar? A disk? Aring? Bipolar? Symmetrical?
A Evenly illuminated? Any shells, crownsanseseen?



WAY YQ&4 hoaSNWAY3I vdzSai
for Describing Planetary Nebulae:

A s nebulosity seen with direct vision, or is averted vision needed?
A Does it respond strongly or weakly to filters? UH@| Dther?

A What is the overall shape? Are the outer edges sharp or diffuse?
A Does the size or shape change when using averted vision?

A 1s it uniformly bright or are there any brighter/darker areas?

A Are any central or other related stars visible?

A Is any color seen in the nebula or nearby stars?

A Are other objects of interest in the same field of view?



Some fun facts

AOnly42F¥ aSaaiASNQaE wMwMm
planetary nebulae (M27, M57, M76,
M97)

A Only22 additional planetary
nebulae are Herschel 400 objects
A M76 is on both the Herschel
400 and Messier lists M97: The Owi

(UrsaMajor)

A Only9 planetary nebulae are Crott AURANOAGINSE

Herschel Il objects

Thebasict S@St 2F GKS 1 [Qa tftlFySal
completed during a single summer observing season!


http://messier.seds.org/more/c-noao.html

Another Fun AL Observing Program:
Observing Stellar Evolution

Minimal requirements to earn a certificate and pin:
object name, date, time, location, telescope used,
magnification, and a simple object description.

A Develop an understanding of the HR diagram
A Seen before? Must observe again for this

program
A 100 objects grouped into 11 categories:
A Stellar nurseries (14) A Planetary nebulae (9)
A Colorful stars (34) A Highmass stars (6)
A Young open clusters (7) A Redsupergianty5)
A Main sequence lownass stars (8> Supernova remnants (2)
A Red giants (6) A Variable stars (4)

A Carbon stars (5)



Observing Stellar Evolution

Easy recordkeepingise the supplied form or create a simple spreadsheet:

Object |Con| Date |Time| Site |Magn.[Category Description
> And And| 11/25/2014 6:15|home| 85 |[Colorful stars |Mag: 3.9; "A" star. White to pale yellow; bright, nakegk staf
Mag: 7.5; "O" star. White. Other stars in field; part of mult
HD1463] And| 11/25/201§ 6:25 [home| 85 |Colorful stars [star system.
NGC Blue "snowball" disk at 85, 170X. Strong blink effect when
7662 And| 11/25/2014 6:35|home|85, 17(Planetary nebuldviewed directly. Circular and dense; an obvious PLN.
Gliese 61 And| 11/25/201€ 6:45|home| 85 [Lowmass stars [Mag: 5; "G" star, 0.97 sm. White to pale yellow, brilliant.
NGC Cat's Eye is blue, slightly oval at edges, tiltif§. NGood blink
6543 Dra|11/25/2014 6:55|home|85, 17(Planetary nebulddisappear effect at 85, 170X.
Mag: 2.1; "B" star, eclipsing binary. Brilliant white, est. mag
Algol Per[11/25/2014 7:00|[home| 85 |[Colorful stars |(2.1-3.4 range)
Mag: 4.9; "O" star, 16 sm. White, bright. A 9th mag compa3
10 Lac | Lac|11/25/2014 7:10|home| 85 [Highmass star [is close to NE.
" Dra Dra|11/25/2014 7:15|home| 85 |Lowmass stars [Mag: 4.7; "K" star, 0.82 sm. Pretty, bright, yellow.
i And | And|11/25/2014 7:20|home| 85 [Red giant [Mag: 2.1. Brilliant yelloworange. Easy naked eye star.
Mag: 2.0; "F" star. Brilliant white primary witH98h mag blue
Polaris [UMi|11/25/201§ 7:25 [home|85, 17(Colorful stars  [companion to its lower right.
Spectacularly rich and bright sidbg-side open clusters, each
Double Young open with high central concentration and countless resolved sun
cluster | Per|11/25/2014 7:30|home] 56 |clusters Pair of fried eggs at 9X. Sugar on velvet at 56X. OrieAféd
OhoaASNIWAY3I Aada az2YSUKAYy3 &2dz R2 gA0K
LGQ& Fo2dzi dzy RSNBGFYRAY3I gKIFG GKS
YR K2g AU FTAOUAa AYyuz2 0KS auzNEeO®E --

--Bill Pellerin AL program coordinator

e 2 dzNJ
202S0i



Helpful references for observers new & old:

Sky & Telescope’s

STAR SPO%KET
WATCH &

The Amateur Astronomer s Guide to
['inding. Observing, and Learning About

Over 125 ( ‘elestial € ”Jil:,'{ [s

Phil ip 5. Harrington
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Sorry, my battery died . . .

Photo by Phil Fleming

® & & . dzii es@kiR2 RQY Ry 8§


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwib24jiu5zOAhUH0mMKHUprCpwQjRwIBw&url=http://www.buytelescopes.com/celestron-cpc-800-gps-xlt-computerized-telescope&psig=AFQjCNFL4yAbxC8SynAsSAYW5ZSNg5i33w&ust=1470012048402051
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First locate the
Summer Triangle
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Deneb

Can you see
Sagitta, the
Arrow?
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Facing South

From S. FrenclGelestial Sampler

Facing West




Pocket Sky Atlap. 64
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O auHnHT |

All stars of the

Gaeg FTAOG YA
finderscopeview

or within a

binocular view

M27 is visible in
binoculars as a
faint smudge: can
you see it?

Eye candy at low
to medium power
In the telescope

Enjoy unfiltered!
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NASA/JRCaltech/J. Hora (Harvas®imithsoniarCfA - JPL

Viewer discretion is advised:
Your view of M27 may not match that of the Spitzer Space Telescope


http://www.spitzer.caltech.edu/images/4409-sig11-011-Weighing-in-on-the-Dumbbell-Nebula

Pocket Sky Atlap. 63
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M57:
The Ring
Nebula

If | could just

borrow the Hubble

{ LI OS ¢St Sac
havethis view!

Hubble Heritage Team (AURBY/SENASA)



What should | expect to see through a backyard
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Planetary nebulae are diverse:

The large and the obvious (the Dumbbell: M27) §

The even larger but less obvious (the Helix: NGC
7293)

_ The Skull Nebula
The irregular (the Skull: NGC 246; the Fetus: NGC  (3p0ve) and the

7008) Helix Nebula
] _ Spitzer Space Telescope
The compact and the obvious (the Ring: M57 and NASA/JPL

GKS /F0Qa 9&8SY bbD/ cp

The colorful (the Magic Carpet: NGC 7027; the
Blue Snowball: NGC 7662)

Stellarplanetaries(NGC 6886, NGC 6567)



https://en.wikipedia.org/wiki/File:NGC_246.jpg
https://en.wikipedia.org/wiki/File:Comets_Kick_up_Dust_in_Helix_Nebula_(PIA09178).jpg
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From S. FrenclGelestial Sampler
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The Helix

1. From and _, scan a
finder SW to locate 66,
68, andA.

2. The Helixis< 1
degree W of\.

3. 66, 68/ and the
Helix fit in the 4 degree
finder view, but you
LINBOIF 0t e
Helix without the
telescope.

g2y Qi

4. Use low power!
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The Helix: Comparing Views
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Astronomical League
Planetary Nebulae
Observing Guide, p. 64

Photo by Richard Dickson
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The Skull
(Cetus)
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Star magnitudes "
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Facing South

From S. Frencl@elestial Sampler
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The Skull:
NGC 246

Use. 2and. 1to
triangulate to the
target.

As usual, start with low
power.

Can you see the outline
of the skull? Eyes?



The Skull: Comparing Views

Noc 24, /Cet  “skwll Nebula"

With the Sea Monster high i1 The 139x

Sou:r“— jo‘H’;nj ‘/‘a Pl\/ waqs eamj =
Jollowed 7] and patlern wih o'- o*
u(Sh\j IDSA, P 7. Tha TN is
Visible d; rectly, w:Thoul 4 R Her .
at 8s X, buk is much bether U)I‘/@
filter. The omC darkens the Keld
w Noouk praviding an improvement. W
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ose sgr.'n}u(eol o wnde ks S edae.
Nice at ®Sx  139x, bab o better ak 170x.
No color or "contval" star #appasent, (10:30)
NW- SE ,,(ony.h'm, Inferesting nd worTh vas."h'nj,

Okay, so some imagination is needed!

Digitized Sky Survey (DSS) POSS 1T Image

AL Observing Guide, p. 29
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The Crystal
Ball:

1. Forms a 345

triangle with
Aldebaran and the
fc 2087 . . S Plelades.
: % P I . 1 i
; IC 360 W . 0-. e
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future in the globe?
Pocket Sky Atlap. 15



The Crystal Ball: Comparing Views
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Credit: NASA

Digitized Sky Survey (DSS) POSS II Image


https://en.wikipedia.org/wiki/File:NGC1514.jpg

yMoN Buroey

Sliejoy

I)'

a w
W A
[ T

Eye
NGC 1535

yse3 Bupoey

Start at R R N N/
Rigel, and 3 N\ e
flow W to
“land™?

Star magnitudes
-1 0

"

Facing South

From S. FrenclGelestial Sampler

-
@
°

H
o
&

©
[

w




Pocket Sky
Atlas p. 17

/] £ S2LJ GN) Qa 9é&5S

1. From tand™?, head due S to 3Hridaniand then to target.

2. Do you see blue color? Any tilt to the object?
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(h:30) Guide, p. 32
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Digitized Sky Survey (DSS) POSS II Imag




The Epiphany:
When you realize why you spedf5on anOlllfilter
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1. You were expecting
something magnificent,
like nearby M27?
Guess again!

2. Connect the dots from
to' Sagittaethen E to
target.

3. Many bright stars in the
low-power view.
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Pocket Sky Atlap. 64



The Epiphany, cont.. NGC 6886

Digitized Sky Survey (DSS) POSS II Image
AL observing guide, p. 58

The AL observing
guide shows our
guarry at the NW
corner of a tiny
triangle of stars.



AL observing
guide, p. 58



