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Syllabus

Week 1: Introduction. Beginning Astronomy. Naked eye viewing, finding your way in the
(Northern hemisphere) sky, some interesting objects.

Week 2: Telescopes, history, types and use. Visual fields, understanding magnification,
what sort of telescope to use for what sort of observation. Some minimal math.

Week 3: Telescope setup — how to get the most from your instruments.

Week 4: Basic physics. What are Stars, planets, asteroids, moons, comets, etc. What do
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How do we determine the age of a star (or other astronomical object)?
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How do scientists calculate the
age of a star?

It's not as easy as you'd think
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But First...

Video explanation: How we guess the age of stars
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https://www.youtube.com/watch?v=w80z_moI8BU
http://www.youtube.com/watch?v=w80z_moI8BU

But First...

So - From the video, we know that aging stars is not very easy -
and maybe not even all that accurate.

It involves gathering as much data as possible - distance, mass,
spin and composition at the very lease.

Additional data from CHEOPS and TESS and other new satellites
and space telescopes will add information.

It is a relatively new science - dating primarily from studies of star
spin in the 1970s. Turns out this isn’t very accurate as stars pass
“‘middle-age”

It is one of the toughest questions in astrophysics to answer!
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But First...

Measuring a galaxy’s rotation

Hydrogen Balmer spectrum lines

656.28 nm (air)
656.46 nm (Vacuum)

Shorter -« Wankng\l; e

As a galaxy rotates, the material moving away from us shows a redshift in the wavelength of any emitted
light (red arrow). Material moving toward us shows a blueshift (blue arrow). By measuring these shifts
across a galaxy, astronomers can determine its rotation. asmosowr soo iy

https://astronomy.com/magazine/ask-astro/2018/05/rotational-speed-of-a-galaxy
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Measuring a galaxy’s rotation
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https://en.wikipedia.org/wiki/%C3%85

What are
Deep Sky Objects?

Anything outside our Solar System is technically a “Deep Sky Object”
or DSO p | .




What are
Deep Sky Objects?

So - Technically - last week, we saw some when we spoke of stars and
star clusters.



What are
Deep Sky Objects?

For our purposes though, we are going to talk about Galaxies and
Nebulae as “DSQO” items.



What are
Deep Sky Objects?

And there are a LOT of them! Partial list from Astronomy.com of the
BRIGHTEST nebulae —

https://astronomy.com/observing/tour-the-deep-sky/2010/03/the-deep-sky

A Est of the brightest nebulae
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Galaxies brighter than 10th magnituds Filty bright open clusters

Catalog name RA Dec. Magnitude Catalogname  Consielation  Magnitude
u LMC osha¢m €95 081 Mas Tauns 5
SMC oohsam 7248 270 M7 Scoepius a3
O | I l e I S S NGC 224 oohéam 4118 436 gt it 20
NGC 528 oths¢m 304y 627 MeComiod Penmis ]
NGC z244 Moncceros £ ]
NGC 5128 13h25m 4301 784 NGCz2  Comsbeir 48
NGC 3031 oohssm 6304 7.3 i Caria Mg i
NGC 253 oohésm 2T 804 Me7 Puppis &0
Great objects from Bamard's catalog Some of the finest planstary nebulae The 25 brightest globular clusters NGC 5236 13h37m 2952 820 Mas Cygrus 53
Catalog Commiciitinie: “BA: B v Common name Catalog name RA. Dec. Catalog name C: name C: 1 Magnitude NGC 5457 t1¢hosm @2 &3 NGC 2244 wem 53
name Binking Planetary NGC e525 ehism 50732 NGC 5139 Omega Centauri Cartaunss 39 Feenax 0zhedm  -34°27 240 NGC esaa Ms 53
B33 Hmdun.d : oshdim .05 &hbyd Bloe Snowball NGC 78e2 ¢ dar NGC 104 7 Tua Titoaim A0 NGC 55 00h15m 38113 242 Ms Sm'afn 55
Baz Rho Ophiuchi 16h2sm 243 1Z by 12 NGO s s - NGC 300 00hssm 3741 &72 Mas Gemini ' 56
Bes'e'7 Fipe (stem) 17h2im 268  300by 60 BaxNebude Lozt ] WS 0 NGC 205 oohsom 414y a82 NGC7ees  Cassiopeia 58
672 Snake 17h2ém  .Z36 30 by 30 g e R T b A ae NGC 2403 o7ha?m 633 293 e s =
578 Pipe (boa) whasm 257 2000y 180 Cars Eye Nebula NGC 542 17hs9m  £6°38" NGC 6752 Pavo o NGC 5134 13h30m 4Tz 286 Muz :"“m ::
Bos Ink Spot 18hoam 278 Sbyd Clown Face Nebula  NGC 2352 07hz8m 20765 NGC 6121 e Scorpius 54 NGC 4554 12h&dm  -11"37 288 e 7 T::\: =
Parrots Head 18hodm 327 1Zby12' Crescert Nebula NGC 6445 M5 54 NGC 4736 1zhstm  a1or a8 e — o
Bamard's E 18hatm 110 by B0 Dumbbsll Nebua NGC sasa (W7 A 58 NGC 221 00hdam  40°m2 903 NGC 1501 Ovon A
Cygnus Rift 20h37m 240 by 280 Eght BustNebula  NGC 3132 M1z L 6.1 IC a4z 03he7m  EE0E 510 NGC2264  Monccers 60
Ezkimo Nebula NGC 2332 i 62 NGC 4238 12htam &g 210 NGC 2301 Mancceros 80
Fetus Nebula NGC 7008 - 62 NGC 6744 1shiom  -63'51° G4 Me7 Canzer 81
NGC 1313 03h1sm  .€6°30 9.20 NGC 7160 Cepheus &1
ozesynire b NGC 3004 oshsem  69°41 9.0 Mas Sagittarius 62
Helx Nebula NGC 7280 NGC 4345 13hosm 4528 230 Ma7 Aurga g2
Litte Dumbosll Nebuda NGC s20i€5t (76} 0thdzm Pesit e NGC1sis  Pesews 62
Litfe Gem Nebuls  NGC 812 13h4dm L NGC 6822 19hasm  -1dweE 931 Mz Moroceros as
Owl Nebula NGC 3567 (Me7)  11hi15m X NGC 4826 P S A e €3
2 NGC 457 Cassopeia 54
Aed Spider Nebule ~ NGC 6537 NGC 4472 12h3om  oMs¥ 937 NGOt A i
Ring Nebula NGC 6720 (Ms7) i : NGC 1291 03h17m  .41°06 938 Mzt Sagitarius e
Saturn Netula NGC 7008 NGC 1316 0shzzm 37Tz 9.42 Mas Aurga 65
Southern Ring Nebula  NGC 3132 p : Saulpice 01hoom  -33'y 950 Ma3 Puppis 65
NGC 4425 12hatm  122x a5 NGC 129 Cassiopeia 65
NGC 1058 ozhéam 0001 961 NGC e54 Cassopeia &5
NGC 5345 20h3sm  600¥ 961 NGC 722 Andromeda 65
NGC 7730 23h5em 3235 963 NGC esa Cassiopeia 65
NGC 3827 1haom 125 965 NGC1s28  Perseus 85
NGC 247 oherm 206 967 Mg Sorperm 2
NGC 2300 oshazm  21°3y 968 i i e
NGC 4631 12haam apac o7 NGC 1027 Cassopeia 87
NGC 2243 Maonccers 6.7
NGC 4649 12hesm 1oz a8t NGC2423  Pupis ~
NGC 3521 11hosm 000z 283 e . IS -
NGC 4406 12h26m 1257 283 NGC7788  Cassopeia 544
NGC 3115 10h0Sm  .07"4F 9,87 M1t Seutum 68
IC 1613 othosm 0207 288 NGC706  Cygnus 68
NGC &2z 0thaTm 1547 985 Mios Cassopeia 63
NGC 4443 12h28m 4408 989 M3z Aurga 70




A well-known list

By Michael A. Phillips ~
http://astromaphilli14.blogspot.com.br/p/m.html official blog
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First edition: 1774
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not numbered yet.
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First edition: 1774
45 objects,

not numbered yet.
Final edition from
Messier: 1781
103 objects

14 discovered by
Messier.

By Michael A. Phillips ~
http://astromaphilli14.blogspot.com.br/p/m.html official blog



Messier

First edition: 1774
45 objects,

not numbered yet.
Final edition from
Messier: 1781
103 objects

14 discovered by
Messier.

A further 7 objects
added at later
dates by other
observers, based
on Messier’s
notes.

By Michael A. Phillips Bl -
http://astromaphilli14.blogspot.com.br/p/m.html off|C|aI blog



M8 - Lagoon Nebula

M13 - Great Hercules
cluster

M31 - Andromeda galaxy
M44 - Beehive cluster

M45 - Pleiades




Other catalogs

NGC (New General Catalog) compiled by John Louis Emil Dreyer in 1888. The NGC
contains 7,840 objects, including galaxies, star clusters and emission nebulae.



Other catalogs

Modern computerized catalogs lille the Hubble Guide Star Catalog (GSC) contain more than
998 million distinct objects.



Other catalogs

This is not going to be too helpful to us - but it’s out there if you are interested!



Other catalogs

NGC (New General Catalog) compiled by John Louis Emil Dreyer in 1888. The NGC
contains 7,840 objects, including galaxies, star clusters and emission nebulae.

Modern computerized catalogs (like the Hubble Guide Star Catalog (GSC)) contain more
than 998 million distinct objects.

This is not going to be too helpful to us - but it’s out there if you are interested!

We will pretty much stick with Messier and NGC
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M57 / NGC 6720

Ring Nebula

\ .Capella . ) ’ . _
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Images are after 2100 on Friday, May 20 BONUS! ISS has a visible pass that will be just below Lyra starting at about 2105!



MS57 /| NGC 6720

Ring Nebula

This is the image you can expect in most good scopes.
2570 Ly from Earth

Photographs taken over a period of 50 years show the rate of
nebula expansion is roughly 1 arcsecond per century

Magnitude 8.8

Discovered by Messier in late 1779, later observed by
Darquier who said it it was "...as large as Jupiter and
resembles a planet which is fading"

This may be why we refer to some nebulae as “planetary
nebulae” - though they have nothing to do with planets.



MS57 /| NGC 6720

Ring Nebula

This is what you may see with a
Unisteller EVscope!

© Yann Forget / Wikimedia Commons, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=110993852



MS57 /| NGC 6720

Ring Nebula

© Yann Forget / Wikimedia Commons, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=110993852

What Hubble sees



MS57 /| NGC 6720

Ring Nebula

What Hubble sees


http://www.youtube.com/watch?v=6FSIfUYFeTM
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- Andromeda galaxy
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M31 / NGC 224

Andromeda galaxy

What you can expect to see - fuzzy, whiteish “blob”

first described in 964 by a Persian astronomer. Described as a
“nebulous smear” or “small cloud”

2.5 Million Ly away
Approaching the Milky Way at about 68 miles per second.

First described as a completely different galaxy (rather than a
gaseous nebula) by Immanuel Kant in 1755.

In 1917, Heber Curtis observed a nova in M31, checked
earlier photographs and found 11 more! Using these, he was
Image at 0200 on 5/21 looking NE able to determine that as they were 10 orders of magnitude
dimmer than expected, they must lie well outside our galaxy.

Edwin Hubble resolved the issue when he discovered Cephid
Variables with the object and accurately determined their
distance.



M31 / NGC 224

Andromeda galaxy
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By David (Deddy) Dayag - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=100182268



M81 / NGC 3031

Bode's (Grand Design) Galaxy

Alkaid
N

Grand Design Galaxy, about 12Mly distant.
» 90,000 ly in diameter, Magnitude 6.9
ol First discovered by Bode in 1774 (31 Dec)
ik Good binocular or telescope target, though at least 8” aperture is
needed to see the structure.
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M81 / NGC 3031

Bode's (Grand Design) Galaxy

Alkaid
N

Grand Design Galaxy, about 12Mly distant.
» 90,000 ly in diameter, Magnitude 6.9
ol First discovered by Bode in 1774 (31 Dec)

2 Alioth
Phecda = Good binocular or telescope target, though at least 8” aperture is
< : - needed to see the structure.

Easily located near a line drawn from the two Big Dipper stars
Phecda and Dubhe at about the same visual distance (~10
degrees) away.
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M81 / NGC 3031

Bode's (Grand Design) Galaxy

Spitzer Infrared

Copied from Wikipedia:

An infrared image of Messier 81
taken by the Spitzer Space
Telescope. The blue colors
represent stellar emission
observed at 3.6 ym. The green
colors represent 8 um emission
originating primarily from
polycyclic aromatic hydrocarbons
in the interstellar medium. The
red colors represent 24 uym
emission originating from heated
dust in the interstellar medium.




M81 and friends
M81 group

M81 is the main object in this slightly wider field.
M82 is to the right - the reddish object.
NGC 3077 is the fuzzy bit at the top - it is an elliptical galaxy.

This image (from Stellarium) spans about 1.5° and is in the
North-NorthWest around 10 pm.




And now for something completely different.
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And now for something completely different.

Where are we going with this? There’s NOTHING THERE!
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And now for something completely different.

Taken over 10 days between Dec 18-28, 1995.

150 orbits of Earth and 342 images, taken with 4 different
filters.

The total exposure times at each wavelength were 42.7
hours (300 nm), 33.5 hours (450 nm), 30.3 hours (606
nm) and 34.3 hours (814 nm).

Colours chosen for “Scientific Utility”, not what the human
eye would actually see.

About 3000 distant galaxies are identifiable.
There are three stars within the Milky Way in this image.

| They are the ones with the diffraction spikes.



And now for something completely different.

HDF-South Hubble Ultra-Deep Field Hubble Extreme Deep Field




Next Week:

Astrophotography




