


 Where did it come from?
 What is it doing?

If time permits
 What is it doing?
 Where is it heading?

 How do we know what we know?
 What can an amateur see? What can an amateur see?

 The Great American Eclipse 2017!e G ea  e ca  c pse 0 7!

 International Astronomy Dayy y
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 spectral type = G2 (yellow/green)
 apparent Mv = -26.7 (4.83 abolute)
 mass = 2x1030 kg (300k * Earth)g ( )
 radius = 696,000 km (109 * Earth)
 composition = 74.9% H, 23.8% He, 

1.3% “metals” 

 Sun contains ~99.8% of all solar 
system mass

 Compared to other stars in our 
galaxy, our Sun is average

 S  i  iddl d  hl   Sun is middle-aged, roughly 
halfway through a ~10Byr lifespan

3ilovetheuniverse.com us



 CORE: fusion engine  (25% 
Rsun)

RADIATIVE (25 75% R )/  RADIATIVE (25-75% Rsun)/ 
CONVECTIVE (75-100% Rsun) 
ZONES: transfer energy to 
surface

 PHOTOSPHERE: photons are 
free, what we see (peak 
emission)*emission)

 CHROMOSPHERE: see with 
Hαlpha

 CORONA: see during eclipse 
(or FUV + EUV), hotter than 
photosphere!
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abyss.uoregon.edu

p p

* Takes between 1kyr & 1Myr for a photon produced in the core to make it to the photosphere



ProtonProton--
ProtonProton

CNO CycleCNO Cycle

ChainChain

CNO CycleCNO Cycle
(most(most

important)important)

 Core energy production ~280 W/m3 (lower 
than human metabolism)

 ~4 Mtonnes of mass converted to energy 

5
wikipedia.org

 4 Mtonnes of mass converted to energy 
per sec – this plus solar wind means Earth-
Sun distance increases 1.6cm/yr



 our star has finite “accessible” supply of 
fusion-able hydrogen

 when supply of H runs out (5-6 Byr), move  when supply of H runs out (5 6 Byr), move 
to next step in evolution – its giant stage 

medium mass 
(0 5 < M < 1 5)

fusion of H in shell around core 
starts, radiation rapidly expands 

& cools outer layers

core heats enough for C 
fusion, He & H fusion 

continues in shells

(0.5 < M < 1.5)

H-fusion in 
core stops, core heats enough for He fusion, 
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core collapses
g ,

H fusion continues in shell

how far evolved depends on masshow far evolved depends on mass



blue super giants
luminous blue variables

blue super giants

yellow hyper giants

i

red super giants

asymptotic 

red giants
Wolf-Rayet
stars

giant branch

 Sol will become a red giant 
di   th  t ti  ending on the asymptotic 

branch

 Increase in diameter to ~1 AU

Our Sun

7wikipedia.org

 Giant phase will last ~ 1 Byr



medium mass 
(0 5 < M < 1 5)

C or O-type white dwarf 
+ planetary nebula(0.5 < M < 1.5)

throughout red giant stage once fusion stopped 

 planetary nebula

throughout red giant stage 
(more so at the end), strong 
solar winds blow outer layers 

of star into space

once fusion stopped 
only core remains, 

surrounded by nebula 
of star’s former outer 

layersall images: J. Thompson
M27 Dumbbell M57 Ring M76 Little Dumbbell M97 Owl ngc2392 Eskimo

g p
ngc7008 Fetus

ngc2438 ngc7048 ngc7293 Helixngc3242 Ghost 
of Jupiter

ngc6826 ngc7662
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 ½ of Sun’s 
energy is gy
infrared

 without 
proper p p
protection 
you’re 
literally 
cooking cooking 

 ! !
9commons.wikimedia.org/ Robert A. Rohde

your eyes!your eyes!



Sun
PhotospherePhotosphere

 t  

Sun onlyonly

room temp 
emits in infrared

commons.wikimedia.org 10
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6562.8 Å

11http://www.aanda.org, “Response of the solar atmosphere to magnetic field evolution in a coronal hole region “, S. H. Yang



 Solar interior is 
opaque – can’t 
use photons to 

Sudbury Neutrino Detector

use photons to 
observe

 Helioseismology:  
l  ib ti  analyse vibration 

patterns visible on 
surface

 Neutrino
Detectors: count 
neutrinos of neutrinos of 
various flavours to 
understand what 
is happening in 
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is happening in 
core

PPTX “The Sun” by Shana Nash
(from Slideplayer.com)



13NASA/SDO/Goddard Space Flight Center



14NASA/SDO/Goddard Space Flight Center
https://www.youtube.com/watch?v=lpzCSZ7Eerc



Energy generated in the sun’s center must be transported 
outward. In the photosphere, this happens through…

Convection: Bubbles of hot 
gas rising up

Cool gas 
sinking down

about 
1000 km

Granules (bubbles) last for about 10 – 20 min.
PPTX “The Sun” by Shana Nash
(from Slideplayer.com)



 Plasma has electric charge – affects magnetic 
fields & visa-versa

 Sun rotates faster at equator (25 days @ equator, 
27.8 days at 45º)

 differential rotation winds up 
magnetic field lines

 field lines loop, cross, break,
combine…very complex

 a lot of energy tied up in 
Sun’s magnetic field 
(i t t l t )
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(important later)
PPTX “The Sun” by Shana Nash
(from Slideplayer.com)



 As field lines wind-up, can tangle 
and exit surface of photosphere (ie. p p (
sunspot)

 After 11 years magnetic pattern y g p
becomes so complex the field 
structure re-arranges itself

 New magnetic field structure similar 
but reversed

 After field orientation reversed, 
cycle repeats

17
PPTX “The Sun” by Shana Nash
(from Slideplayer.com)



 Cycle start – sunspots at 
higher lat’s

 As cycle ends sunspots 

Maunder Minimum

 As cycle ends – sunspots 
near equator

 Number of spots tracks w/ p /
complexity of magnetic 
field
S t b i  d t   Sunspot observing used to 
monitor solar activity

 Activity fluctuates over 

Maunder Butterfly DiagramMaunder Butterfly Diagram

 Activity fluctuates over 
long time scales also (not 
just every 11yrs)

18
PPTX “The Sun” by Shana Nash
(from Slideplayer.com)



 Core – Radiative – Convective = forget it! 
( l   t t  b ild t i  d t t  i   b t)(unless you want to build neutrino detector in your basement)

 Photosphere = white light Photosphere = white light

 Lower Chromosphere = calcium II K Lower Chromosphere = calcium II - K

 Mid U  Ch h  h d  II  Mid-Upper Chromosphere = hydrogen II - α

i ( ) Corona = total solar eclipse (naked eye)
19



 view visual band at safe intensity
 several options available – use existing scope several options available use existing scope
 most economical way to observe Sun

britastro.org/mercury2016 www.starizona.com, www.flickr.com/photos/alexandra4g y
www.365astronomy.com

p
Alexandra Hart 

Rear Projection
Solar Filter

 glass or thin film blocks 99.999% of light
 attach over front of scope

Herschel Safety Wedge
 wedge prism directs 4.6% to eye, rest out back
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 project image onto white background
 many people view at same time
 not the best image – see sunspots only
 use a junk eyepiece! (will get cooked)
 cheapest solution

p
 larger scopes use part-aperture
 improved image – sunspots & some 

granulation
 reasonably affordable solution

g p y
 insert into focuser, then eyepiece into wedge
 refractors only, 6” or smaller
 best image – lots of sunspot & granule detail
 most expensive solution ($800 CAD)naked eye solar glasses ~$0-20



ll i  J  Thall images: J. Thompson

Solar Filter Herschel Safety WedgeUV/IR Cut UV/IR Cut

21Solar Continuum#29 Red



i  J  Th

dark granule
image: J. Thompson

granulesumbra

filaments

penumbra

pores

penumbra

streamer
light bridge

bi-polar 
sunspot 

faculae
WLF = white 
light flares, 

sunspot 
group

very intense 
magnetic 
activity 
around 

uni-polar
sunspot

around 
sunspots, 
rare to see
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• SUNSPOT:  concentration of magnetic field lines, 
disrupts convection so cooler, often in pairs N-S
• FACULAE: local bright spots between granules, 
due to decreased magnetic activity, see easier at 
limb, linked to sunspot formation

• GRANULES:  visualization of convection cells in 
photosphere, light-hot-rising, dark-cool-sinking
• LIMB DARKENING:  gradual solar disk darkening as 
you move towards limb, optical affect

• PORES:  small dark spots, start granule size in areas 
with faculae, larger ones may grown into sunspots
• LIGHT BRIDGE/STREAMER:  bright band cutting into 
umbra & sometimes penumbra, usually thin



i   b d i  NUV  view narrow (0.5-80Å) band in NUV (393-398nm)

 use your existing scope + ERF (energy rejection filter)

 expensive way to “observe” Sun
luntsolarsystems.com

- camera only!

agenaastro.com

daystarfilters.com

Adjustable Etalon
 use very accurate temperature 

Fixed Etalon
 etalon typically gives more accurate band pass 

fi

Screw-On Filter
 most affordable of methods ($350)
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 use very accurate temperature 
controlled etalon

 provides excellent detail
 very expensive! ($1200 – 6000)

than screw-on filter
 “can” give sharper image than screw-on
 only Lunt Ca-K module available, Coronado PST 

no longer for sale
 relatively expensive ($800-2000)

 most affordable of methods ($350)
 provides good images but not “the 

best”
 very flexible to use



Baader Herschel Wedge
+ Omega Optical Ca-K

24all images: J. Thompson



k3

Jamey L. Jenkins, 
Observing the Sun: A Pocket Field Guide

plage

k2

k1

filaments
umbra

prominence(?)

plage

Most Ca-K filter systems
 K1 K2 b b d

k1

penumbra

umbra
light bridge

• K-GRAINS:  small bright points, 
away from other activity, 
within middle of super granule, 
short lived (~10min)

PLAGE  F h f  “b h”  

k-grains
chromospheric

t k

are K1-K2 sub-band

pores
• PLAGE: French for “beach”, 
patchy bright regions w/ 
higher temp., found most
often near sunspots, visible 
predominantly in Ca-K, mark 
area of increased magnetic 

ti it  ti  t  f l  

super
(or mega)
granule

network

activity, connection to faculae 
unclear
• CHROMOSPHERIC NETWORK:  
weak but bright background 
pattern, overlays super-
granules in photosphere (large 

i )

bi-polar 
sunspot 

granules

dark
granule
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scale convective pattern), last 
day or so
• SUPER GRANULE:  single cell 
within network, ~30,000km size

image: J. Thompson

group granules

limb darkening



 very narrow (0.3-0.7Å) band in dark red (656.28nm)

 all options require tuneable etalon
 most expensive way to observe Sun - & most interesting!

daystarfilters.com

meade.com
luntsolarsystems.com

Tilt Tuned Etalon
 tuning of waveband achieved by 

finely adjusting angle of etalon 
(th b   )  tilt t i  & bl ki  filt   

Dedicated Hα Scope Temp. Tuned Etalon
 use very accurately controlled 
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(thumbscrew or pressure)
 etalon paired with blocking filter
 can stack etalons for better contrast
 use with existing scope – refractor only
 $1000-8000

 same tilt tuning & blocking filter as 
when buy etalon separately

 can stack etalons for better contrast
 can only use scope for solar viewing
 $1200-10,000

 use very accurately controlled 
etalon (changes thickness with T)

 provides excellent detail
 very expensive! ($1200 – 16,000)

much cheaper DIY tilt-tuned possible but poor performance



27all images: J. Thompson



• SPICULES: individual jets of hot gas, moving 
vertically at up to 50,000 kph, last ~10min

plage
• EMERGING FLUX REGION: area of increasing magnetic 
activity (growing plages  start of sunspots)y p , p ,

• FIBRILS: spicules that are stretched & distorted 
by nearby magnetic activity (sunspot)
• PROMINENCE: cloud of gas above surface
• FILAMENT: a prominence viewed from above
• FLARE: sudden extreme release of energy 
stored in magnetic field of an active region

emerging
flux region
( )

activity (growing plages, start of sunspots)
• ARCH FILAMENT SYSTEM: kind of fibril in active regions, 
joins areas of opposite magnetic poles

s o ed  ag e c e d o  a  ac e eg o
(EFR)

sunspot

quiet region
filaments (QRF) active region

filaments (ARF)

spicules
(chain)arch

filament

flarespicules
(bush)

spicules
(limb)

a e
system (AFS)
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image: J. Thompson
(colour inverted for clarity)

prominence

( )(limb)

fibrils
dark = hot



 Features change visibly over course of 5-10min –
esp. in Hα 

 Makes Sun most dynamic of observing targets
video: S. Hanmer video: H. Paleske
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video: J. Thompson video: S. Hanmer

video: H. Paleske



 1/1,000,000th as bright as photosphere
 only opportunity to observe is during total eclipse
 no filters req’d, chromosphere visible also

Both images:  Miloslav Druckmüller
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 Technically all total solar eclipses are great!
 Happens to be first time since 1776 that TSE 

observable in USA alone
 US media has cranked up the hype-o-meter

greatamericaneclipse.com
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 Ott  t   Ottawa two 
day’s drive 
(or one very 
long day) long day) 
from path 
of totality

 If you plan 
on making 
th  t i  b t the trip, but 
haven’t 
made plans 

t ’  yet…you’re 
probably 
too late

32



 From Ottawa 
~70% partial 
solar eclipse  solar eclipse, 
w/ max @ 
2:35pm EDT

 If you plan to 
b / observe/ 

photograph, 
solar filter solar filter 
required at all 
times

davidpaulgreen.com
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 Next driving g
distance total 
eclipse:  April 8, 
2024

 Path of totality 
follows St. 
Lawrence Lawrence 
Seaway
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 ASTRONOMY DAY:  Saturday, April 29th, 2017

 All day sidewalk astronomy event at 
Chapters Silver City

 Way more fun than you imagine!

 Success depends 100% on volunteers

35
PLEASE JOIN US!





Where did the Sun come from?Where did the Sun come from?
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 26 26 klykly from galactic centerfrom galactic center ~26 ~26 klykly from galactic centerfrom galactic center
 ~240 ~240 MyrMyr orbital period (~orbital period (~19x)19x)
 ~220 km/s orbital velocity~220 km/s orbital velocity 220 km/s orbital velocity220 km/s orbital velocity

38NASA/JPL-Caltech/R. Hurt (SSC/Caltech)  moving in direction of Vegamoving in direction of Vega



SagittariusSagittarius
Sol axis ~90Sol axis ~90°° toto
galaxy axisgalaxy axis

+ VelaVelaCygnusCygnus

OrionOrionOrionOrion M42 Orion NebulaM42 Orion Nebula

39NASA/JPL-Caltech/R. Hurt (SSC/Caltech)



*
mass of initial clump 
& d f ll  

100kyr-1Myr
*

& speed of collapse 
determines final star 
mass

1-10Myr

>10Myr

10-100kyr

40
ircamera.as.arizona.edu

 Sol age ~4.6Byr, MSol age ~4.6Byr, M--W age ~ 13.2 W age ~ 13.2 ByrByr



(2 8kl  100M )(2 8kl  100M )

(5.2kly, 5My)(5.2kly, 5My)

(6.4kly, 2My)(6.4kly, 2My)

(4.5kly, ~450My)(4.5kly, ~450My)

(2.8kly, 100My)(2.8kly, 100My)

(4.1kly, 25My)(4.1kly, 25My)

(4.2kly, 220My)(4.2kly, 220My)

41

Dick Locke, 
www.dl-digital.com/astrophoto



Ori OB1d
“Trapezium”p
(1.3kly, 0.3My)

42NASA, ESA, M. Robberto (Space Telescope Science Institute/ESA) and the 
Hubble Space Telescope Orion Treasury Project Team



Saiph (650ly  11My)

Ori OB1b
(1.5kly, 8My)

Betelgeuse (650ly, 8.5My)

Saiph (650ly, 11My)

Ori OB1c
(1.6kly, 3-6My)

Bellatrix (250ly, 25My)
Ori OB1d
“Trapezium”
(1 3kly  0 3My)

Ori OB1aRigel (860ly, 8My)

(1.3kly, 0.3My)
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Thanks to Glenn LeDrew for his SkyNews article: 
“A Brief History of the Stars in Orion”commons.wikimedia.org / Rogelio Bernal Andreo

Ori OB1a
(1.1kly, 12My)

Rigel (860ly, 8My)



- NO

 nearby stars don’t nearby stars don’t 
 t  HD 162826 i  t  HD 162826 i  HH   match Sun’s chemistry match Sun’s chemistry 

((ieie. likely not related). likely not related)
 star HD 162826 in star HD 162826 in HercHerc. . 

potentially born in potentially born in 
same cluster as Sunsame cluster as Sun

44commons.wikimedia.org / Andrew Z. Colvin



 elements in elements in  elements in elements in 
star’s star’s 
atmosphere atmosphere 
absorb absorb 

h th t t t photonsphotons at at 
specific specific 
wavelengthswavelengths

 intensityintensity of of 
line indicates line indicates 
amount of amount of 
elementelementelementelement

45Roger Bell, University of Maryland; and Michael Briey, U. Wisconson at Oshkosh



M45 PleiadesM45 PleiadesM45 PleiadesM45 Pleiades
(444 (444 lyly, 115My), 115My)

Hyades Hyades 
(125 (125 lyly, 625My), 625My)

Orion OB’sOrion OB’s
(0.6(0.6--1.6 1.6 klykly, 0.3, 0.3--12My)12My)

(( yy, y), y)

M67 (2.7 M67 (2.7 klykly, 3, 3--5Gy)5Gy)M67 (2.7 M67 (2.7 klykly, 3, 3 5Gy)5Gy)

WE DON’T KNOW!
46

WE DON T KNOW!



Why is the solar corona so hot?Why is the solar corona so hot?

47



 1942 Hannes Alfvén suggests existence of electromagnetic-
hydrodynamic (MHD) waves, and said all the right conditions 
exist for these waves to exist on the Sun

 1958 Eugene Parker suggests MHD waves exist in solar corona
 Alfvén received the 1970 Nobel Prize in Physics for his 

pioneering work in MHDpioneering work in MHD
 1999 Aschwanden, et al. & Nakariakov, et al. report detection 

of Alfvén waves in solar corona loops using data from 
Transistion Region And Coronal Explorer (TRACE) spacecraftg p ( ) p

 2007 Tomczyk, et al. report detection of Alfvénic waves in 
images of solar corona from the National Solar Observatory in 
NM.  It is proposed at that time by other scientists that Alfvénp p y
waves may be the explanation for the heating of the corona

 2011 to today, scientists using observational data and 
simulation to understand how Alfvén waves heat the corona, 

 b li  t b l  i  th   l  i t t lnow believe turbulence in the waves play important role
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magnetic
flux tube

wave motion 
dissipates with 
corona 

small scale (~100km) plasma 
motion in granules around 
perimeter of footpoint

corona 
plasma via 
turbulent 
interaction –pe e e  o  oo po
thus heating it

motion at 
footpoints sends 
vibrations up flux 
tube

49

flux tube
footpoints

tube
(Alfvén waves)


