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Overview
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Solar Trivia

spectral type = G2 (yellow/green)
apparent Mv = -26.7 (4.83 abolute)
mass = 2x10%0 kg (300k * Earth)
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 fo other stars in our
galpxy, our Sun is average
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Anatomy of the Sun

Internal structure: ® CORE: fusion engine (25%

iInner core R
radiative zone Subsurface flows sun)

convection zone

@ RADIATIVE (25-75% R
CONVECTIVE (75-1 ocw Rsun
LONES: ’rronsfer energy to
surface

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

CHROMOSPHERE: see with
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What lies ahead for Sole

tar has finite “accessible” supply of
gble hydrogen

runs out (5-6 Byr), move

flon — its giant stage

core heats enough for C
fusion, He & H fusion
confinues in shells
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Oog how far evolved depends on mass




Lhere be giants!
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Loaminosity (Sun = 1)
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Wolf-Rayet

stars

luminous blue variables

blue super giants

yvellow hyper giants

| red super giants

Temporature (Kelvin)

red giants

asymptoftic
giant branch

o| will become a red giant
i0g on the asymptotic

meter to ~1 AU




All good things...

C or O-type white dwarf
+ planetary nebula
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ed giant stage once fusion stopped

nd), strong only core remains,

layers surrounded by nebula

of star’s former outer
layers
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Solar Observing — Be Safel
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The Sun is Hot...But How Hoft<¢
10'0 Black-body spectrum
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NASA Peels the Onion - Inside

® Solar inferior iS 'Sudbury Neutrino Detector
opaque —can't
use photons to
sun- observe

Long-wavelength wave

| enetrates « jc"l"[)u'-'-[

Neutrino
Detectors

(=] &
WA e




.H‘ow NASA Peels the Onion - Qutside

AlA 4500 A AlIA 1600 A AlA 304 A AA 171 A AlA 193 A

6000 Kelvin 10,000 Kelvin 50,000 Kelvin 600,000 Kelvin 1 million Kelvin

Photosphere Upper photosphere/ Transition region/ Upper transition Corona/flare plasma
Transition region Chromosphere Region/quiet corona
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Active regions Active regions Flaring regions Flaring regions




The Good Stuft

NASA | Fiery Looping Rain on the Sun




Convection In Photosphere

generated in the sun’'s center must be fransported
the photosphere, this happens through...

Cool gas
sinking down

about

1000 km Sinking gas Rising gas
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t's Not Magic, It's Magnetism

QO has electric charge — affects magnetic

hster at equator (25 days @ equator,




e Solar Magnetic Cycle %m_

Ines wind-up, can tangle
gce of photosphere (ie.

gtic patftern
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Seeing Spofts

Ut — sunspofts aft
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What if | also like onions ¢

= forget it!

at to build neutrino detector in your basement)

Photosphere
Lower Chromosphere um Il - K
Mid-Upper Chromosphere

Corona




White Light Olbserving

Isual band at safe infensity
Stions available — use existing scope
i al way to observe Sun

www flickr.com/photos/alexandra4
Alexandra Hart
> -_—

Solar Filter

ear Projection

naked eye solar glasses ~$0-20




White Light Observing — xomp\es

all images: J. Thompson

Solar Filter UV/IR Cut Herschel Safety Wedge  UV/R Cut




sacganue. YWNAT TO LOOK FOr
~.

filaments \\\ oores
UnbIGE I \ granules
penumbra—+—— \
X light bridge
\ streamer
\b' | = white
SRR ight flares,
very intense
Ofe e magnetic
QE activity
around
uni-polar sunspofts,

sunspot
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SUNSPOT GRANULES PORES

FACULAE LIMB DARKENING LIGHT BRIDGE/STREAMER




Calcium II-K Observing
v NAIrow (0.5-804) band iNn NUV (393-398nm)

exis’ring sCope + ERF (energy rejection filter)
to "observe” Sun

luntsolarsystems.c

agenaastro.com

Screw-0On Filter Fixed Etalon




Calcium Il Observing — Examples

Baader Herschel Wedge
+ Omega Optical Ca-K

allimages: J. Thompson




dark
granule

Jamey L. Jenkins,

2000 km—

W h O ‘I‘ 'I'O I_O O |< F O r Observing the Sun: A Pocket Ficld Guide

image: J. Thompson

1000 km —

Photosphere

Most Ca-K filter systems
are K1-K2 sub-band

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

. : French for “beach”,
patchy bright regions w/
higher temp., found most
often near sunspots, visible
predominantly in Ca-K, mark
area of increased magnetic
activity, connection to faculae
unclear
weak but bright background
hitern, overlays super-
es in photosphere (large




Hydrogen ll-a Observing

arrow (0.3-0.7A) band in dark red (656.28nm)
\S require tuneable etalon
c way to observe Sun

daystarfilters.com

Tilt Tuned Etalon _
Dedicated Hao Scope Temp.

much cheaper DIY filt-tuned possible but poor performance
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What 1o Look Fo

SPICULES ual jets of hot gas, moving - area of increasing magnetic

D000 kph, last ~10mi.ﬂ ocT|v|‘ry (growing plages, start of sunspots)
FIBRILS g stretfched & distorted . : kind of fibril in active regions,

joins areas of opposite magnetic poles

PROMINENCE
FILAMENT emerg]ng

FLARE flux region
(EFR)

sunspoft

quiet region \
filaments (QRF) : :
active region

/ filaments (ARF)

spicules
(chain)

flare

spicules //_\

(bush)

fibrils (colour inverted for'@
dark = hot



Sun Is An Actlive Place

es change visibly over course of 5-10min -

a5t dynamic of observing targets

~ video: . Hon};lé

o ek

video: J. Thompson

video: H. Paleske
video: S. Hanmer 00




Corona Observing

200,000th as bright as photosphere
ortunity to observe is during total eclipse
L. chromosphere visible also

Both images: Miloslav DruckmUller



he Great American Eclipse of 2017

anically all fotal solar eclipses are greatf!

O be first time since 1/76 that TSE
. USA alone

gked up the hype-o-meter

i

pericaneclipse.com




Totality or Bust
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FOor Those At Home

® From Oftawa
~/0% partial
solar eclipse,
w/ max @
2:35pm EDT
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Total solar eclipses over
North Americainthe -
21st century '

Next driving
distance fotal
eclipse: April 8,
2024

Path of tfotality
follows St.

O 88 American
Eclipse.com




Astronomy Day 2017/

. Saturday, April 291, 2017

astronomy event af

PLEASE JOIN US! ‘




D — Sharing w/ Friends & Family




If Time Permits...

n come from?




® ~240 Myr orbﬁrai penod (
® ~220 km/s orbl’rol se‘fo ,

NASA/JPL-Calfech/R. Hurt ($SC/Caltech) 7 ® movingin direction of Vega
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NASA/JPL-Caltech/R. Hurt (SSC/Caltech)



CSetting Info the “Main Sequence”
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luminosity (solar units)
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30,000

100kyr-1Myr Protostar shrinks and
heats as gravitational

potential energy is ___

converted into
thermal energy.

Shrinking slows and
surface temperature
fises as nuclear

Fusion rate .
increases until
gravitational equilibrium

stabilizes star.
>10Myr

I
10,000 6,000
surface temperature (Kelvin)

Copyright @ Addison Waslay

Clump of gas becomes
protostar when radiation
can no longer escape
from interior.

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







C\oseig@’&i@kxm a Stellar Nursery
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NASA, ESA, M. Robberto (Space Telescope Sciénce Institute/ESA) and the . 42
Hubble Space Telescope Orion Treasury Project Team : : , <
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Stellar Cousins@

Capella .Alderamin
L %
Upsilon-Andromedae
‘Castor e ° p
= Aldebaran gy HD 154354
-
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Teegarden’s Star
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51 Pegasi
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. Gliese 176
&
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® Arcturus HD 189733

Epsilon Eridani

Vega
. Luyten's Star .
. fosma L .Procyon

HD 217107

Altair
Denebola (Sun) ; Gliese 849
®Wolf 359 @ Tau Ceti s
83 Leonis . @Gliese 876
< HD 69830 Sirius ® Barnard’s Star Rasalhague
@ AR # Alpha Centauri .Gilese 1214
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Gliese 317 ® Formalhaut
.
61 Virginis Gliese 785
»

roy stars don't . |
ch Sun’'s chemistry ® starHD 162826 in Herc. -
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HD 10647

- same cluster as Sun
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Mu-Arae
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.Tau Centauri

commons.wikimedia.org / Andrew Z. Colvin



Taking a Star's Fingerprints
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Onon OB s
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If Time Permits...

orona so hot?




All Thanks to Hannes Alfvéen

lannes Alfvén suggests existence of electromagnetic-
aomic (MHD) waves, and said all the right conditions
e waves to exist on the Sun

er suggests MHD waves exist in solar corona
970 Nobel Prize in Physics for his
)

akariakov, et al. report detection
8l |OOpPSs using data from
olorer (TRACE) spacecraft
of Alfvéenic waves in
olar Observatory in
M tists that Alfven
of the coronad




Alfven Wave Turbulence Heating

magnetic ~——__Wave mofion

flux fTube dissipates with
\ corond
a plasma via
turbulent
interaction —

thus heating it

motion at
footpoints sends

P
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orations up flux

A P
flux tube 4 //
footpoints.: - e
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