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The Sun

The Photosphere

CThe fivisibleo surface of t he sun.

Thin | ayer of gas (l ess than 500km deep)
light.

Average surface temperature ~ 6000K

The photospherehs tayer dense enough to emit plentytnftligttso dense that

light camot escape. How dense? 3400 times less dense as the air theit we breath

Spectra? Gives off absorption spectra?!

Phot os gah
Deeper layers are det ‘ absorbs some
enough to radiate like ‘H ,“/‘/ the light.
] "\V - R /

blackbody (continuou
o

7 = D
Figure 1: The spectra of rﬁg
| :

direct sun is mostly an absorpf‘;f . The observsees a
spectra. ,“ ! A filtered absorptior
Vo spectra
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The Sun

Granulation

Figure 22 This actual image of th
photosphere shows the convect
bubbles of granulation. The darker cc
gasis sinking as the brighter hotter ga
rising.

—_

Granulation Structure.

O Bright, Hot Gas Rising
\

Dark Cool Gas Sinking

Figure3: The structure of granulation. The gas is bubbling and frothing si
boiling pot of water, except in this case it is the gas we see on the surface

The Chromosphere

CAThe Col Bhe ch®mdsgherais
irregular layer above the photosphere whe
temperature rises from 6000° C to about 20,00
these higher temperatures hydrogen emits i

gives off a reddish cololffia emission). Th  rigye 4 An image of structure
reaching from the photosphere up

the chromosphere. Notice some s
project above the limb of the sun during tot: like structures called "spicules.”

colorful emission can be seen in prominexic

eclipses. This is what gives the chromosphere iw 1iaine
(colossphere).

e above the photosphere about 10,000km thick

e nearly invisible (whiy@nly seen during a solar eclipse.
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The Sun

e Emission Specirdt prauces agood emission spectra because it is a low density hot
glowing gas.

e Much hotter than the photosphere! TempergturE?K10

e Spiculesi flamdike structures 0000m in diameter extending up to 10,000km above
the photosphere for short duratidimse (5 minutes or so). The spicules seem to appear

near very |l arge Asupergranul eso (edges) |

> Chromosphere

| ——— Spicule

> Convecting Granules

J

Figure5: Thebasic structure of a spicule. The edges of granules and the 1
the gas in the convecting bubble can help form-ike 8pioele structures.

Figure 6: Only in the brief
darkness of dotal solar
eclipse is the light of the sol
corona easily visible fror
Earth. Normally overwhelme
by the bright solar disk, tr
everchanging solar corona i
a fascinating sight. (Imag
courtesy of Pavel & Rome
Cagas.)

Lecture Seven PageB88




The Sun

The Corona

CiAiThe Crownbo

Above the chromosphere.
Also, only seen during eclipses

*can* extend as far as 12 times the Sjun

Very low density!! BUT very hot ~ 1,000,000K average temperature (varies from abput
500,000K to nearly 2,000,000K)

Continuous Spext

Why so hot??? Maybe the intemact wi t h t he Sunds rotat.i n
Physicsif ri cti on?0)

Theoutercortea 1 s s o h o mnhothol&anto thesgagy A lagh velogity of gas

atoms streams out from the Sun in all directibnsi(iHestiand eparticles)

Figure7: These images were made by
EIT camera onboard the SOHO spacecr:
space observatory that is continuol
observing the Sun. Notice the complic
st ucture of the Sur
right image shows a clggef a solar flare
(Image courtesy of SOHO).

Figure8: The structure of the corona is con
by the Sun's magnetic field which forms th
active regions and the -liley structure
originating in the coronal holes. The co
image allows one to trheseé structures from
base of the corona to millions of kilometerg
the solar surface. The dark areas, kno
coronal holes, represent the regions whg
highest speed Solar Wind origi
(Image courtesy of SOHO).
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The Solar Wind

C The continuous flow of particles.

e Blows past the earth at nearlfgBD&m/sec (1000 km/sec gusts)
e Bathes the Earth in adteltar wind!
Sun is losing mass!! Yikes?
1013Msudyear (18years to lose 1 solar mass) [Some stars lose mass at much faster
rates!]
Solar winda few million particles pérathAU.
Wind seems stronger ar@ordnal HolesAreas where the corgaaks have been

blown awayregions of high solar activity.

Solar Activity:

In Photosphere: Sun Spots!

Figure9: A very large sunspot group appeared on the photosphere during 2001. fiewasgesie
groupings of sunspots as well as containing some of the largest sunspots seen in the last «
courtesy of MDI, SOHO, ESA, NASA).

Chinese knew! (?) Gal il eo

mountains? HoleBReir shoterm and loAgrm  Figure 10 Closeup

. . . examples of som
cyclical nature has been established in the p@g‘egting agpots

ﬁ{}f groups. Notice t
granulation is vishib

go back to at least 28 BC. In the West, the reddrd Well
courtesty  of

is much more problematical. It is possible thaiNth&O, NSO)

century. Rerds of sunspot observations in Ch

Greek philosopher Anaxagoras observed a spot in
467 BC, and it appears that there are a few
scattered mentionstive ancient literature as well. However, in the dominant Aristotelian

cosmology, the heavens were thought to be perfect and unchanging. A spot that comes and gogs
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The Sun

on the Sun would mean that there is change in the heavens. Given this theorttical predigposi
the difficulty of observing the Sun, and the cyclic nature of spots, it is little wonder that rgcord
sunspots are almost-aristent in Europe before the seventeenth century.

e We know they are areas of cooler gas ~ 4000K. Why darker? IBetizars¢heno
surrounding gas and they give off less intense amounts of light because of this cooler
temperature.

Also sunspots have very large magnetic properties. They always seem to appear i
magnetic (N/S) pairs.

Sunspot Location and Variation

SUNSFOT HUMEER

Germa Amateur Astronofiner
Heinrich Schwah@7891875)

e He observed the sun over 17 year per o
and noticed (1843/59?) that the numb: 1975 1380 1385 1330 1335 2000

sunspots appearing in the photospherc aon

varied on an 11 year cycle!
30N

Detailed observations of sunspots have g

obtained since 1874. These observations ir
205
information on the sizes and positions of sur

as well as their numbers. These data show® %, T29E
DATE

sunspots do not appear at random over the surface
ofthe sun but are concentrated in two latitude bgﬁﬂg’éﬂlﬁ The number of sunspots vari
with a fairly regular pattern. In addition

on either side of the equator.Mdnismder Butterfly position of the spnts also shows a
) _ - _ locatiorpattern of appearance. The upj

Diagranshows the relative positions during a sunspath shows the variation of suns

number and the lower griapHotcation.

cycles.
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A Twist Between 1645 to 1715 the number of sunspots dwindled to a very few

number. Thi AMaunder Mini mumo al sioc éhappened

where wordide temperatures were cooler than centuries preceding the event.
There is wide speculation that solar activity is intricately linked to Earth general

weather.

DifferentiaRotation:

Since the Sun is not a solid object, it rotates much more like a liquid. As the Sun rotates on ifs

axis it does not carry all parts of itself around equally. In fact, there is differential rotation. That isjto

say, the equator material rotates ® ar ound the Sunoés axi mpr e

progressively farther away from the equator.

Babcock Model

The Babcock model theorizes that the differential rotation of the Sun winds up the magneti

fields of is layers during a solar cycle. gietionfelds will then eventually tangle up to such a

degree that they will eventually cause a magnetic break down and the fields will have to strugglejto
reorganize themselves by bursting up from the surface layers of the Sun. This will cause magnejic
par boundaries (spots) in the photosphere trapping gaseous material that will cool slightly. Thuf,

when we see sunspots, we are seeing these areas of magnetic field breakdown.

> 7 S
Figurel2 The Sun spins around its axi

not as a solid object. The equator maigl
rotates faster than as you progresst

move away from the equator. [Thi
differential rotation causes the n
organized magnetic field abéggnning
of the solar cycle to slowly get tangle

creating more and more sunspots.
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Figurel4 Ratio of EIT full Sun images in Fe Xl 195A to Fe IX/X !
recorded on 26 June 1996 betdedf and 21:55 UT. This line ratio give
indication of the temperature distribution in the Sun's corona with ¢
being cooler regions and bright areas being hotter. Note the distinctive
between the active ("hot") east limb as camplaeeguiet ("cool”) west lim
The polar coronal holes also show up clearly as "cooler"
(Courtesy of EIT/SOHO. Joint ESA/NASA mission)

Activity in Chromosphere
Prominences

Theseoccur over and around sunspots. They are
areas of extra dense, hot, and bright gas susp
arch shapes most probably becatissunspot
magnetic fields. Prominences are seen projec

above the limb, or edge, of the Sun. Prominen

-
remain in a quiet or quiescent state for days or. =

However, as the magnetic loops that suppol Figure15 Aview of the limb of the sul

You can see flasiilee sprites reaching
up into the chromosphere. (Ima

the Sun over the course of a few minutes or hot  courtesy of NASA)

slowly change, prominences cgnt @nd rise off «
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The Sun

Prominence

Sunspots

Photosphere

Figurel@ A prototypical prominence structure. The curvesbknchafterial wraps around t
magnetic field stretching between sunspots abovestiteeghatto higher layerschhotic
areas these structures can be associated with solar flares.

Figurel?. This sequence of images of the the Sun in the ultraviolet. An "eruptive [
or blob of 60,006gree gas, over 80,000 miles long, was ejected at a speed o
15,000 miles per hour. The gaseous blob is sheveftton each image. These erupti
occur when a significant amount of cool dense plasma or ionized gas escap
normally closed, confiningleleel magnetic fields of the Sun's atmosphere to streak
the interplanetary medium, ospkeére. Eruptions of this sort can produce major disi
in the near Earth environment, affecting communications, navigation systems ant
grids. SOHO, with its uninterrupted view of the Sun, can observe such events co
allow usor the first time to get a better understanding of how such violent events o
is observing these events during the current minimum phase ofytbar aatisitylcycle.
(Image: Courtesy of S@HTconsortium. SOHO is a project of inteinatioperation
between ESA and NASA)
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Solar Flares

C Violent eruptions from the solar surfacg
10 tons of TNT (10egatons)Solar flares ar¢
tremendous explosions on the surface of the S
matter of just a few minutes they heat material
millions of degrees and release as much ener

billion megatons of TNT. They occur near su

usually alongetidividing line (neutral line) between

. . Lo Figure18 Looking down onto a viole
areas of oppositely directed magnetic fields. solar flare. (Image courtesy of NASA)

Affect the Earth! (Magnetic fields)
Can be as hot as 5,000,000K
X-Ray & Ultraviolet radiation

Boosts the solar wind (gusts)

Figure 19 The Sun is a seething ball
extremely hot gas. This image taken
Skylab in 1973 shows the Sun throwing
one the largest eruptive prominences
recorded history.

—
X

&

Figure20 A A Sol ar Fl aredo can be a truly
far out from the Sun. Flares are much more violent than prominences. Flares of
minutes to hours. Additgre can release the equivalent of nearly 2 billion megatons «
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01:18 UT 07:18 UT 13:19UT 16:07 UT 19:29 UT

Figure21 A time series of SGHD images showing the development of a |
eruptive prominence on 1997 Augd$te2images were obtained with EIT's un
normaincidence, mdliyercoated telescope in the resonance line of singly i
helium (He II) at 304 Angstroms in the extreme ultraviolet. The material in
prominence is at temperatures @I06(B0,000 K, much cooler than surrount
corona, which is typically at temperatures above 1 million K. By the fourtt
prominence is over 350,000 km (216,000 miles) across, large enough 1
earths. Qourtesy of the SOBID ConsortiurBOHO is an ESA/NASA project
international cooperajion

Coronal Activity

C swells large during sunspot maximum and flattens out at minimum.

Coronas not very unifofrholes that move around (coronal holes), and has permanent
holes at the rotational poles.

Speculation is the holes are the areas where the solar wind is most violently escaping.
(Coronal Mass EjectianSMES)
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Aurorae

Figure22 Beautiful aurora displéysages courtesy of University Aldsa@banks
and Dick Hutchinson)

Aurorae on Earth (around the E h 6 s
the magneticeli of the Earth interacts with
charged particles in the solar wind) dhrgged
particles are directed by the magnetic fiel
down toward the Earth's surface, the c
particles collide with atmospheric gas molec
oxygen and nitrogen. If the particles have s
energy, they can excite the gas atomj
molecules) into a higher energy state. These
atoms release their energy in the form of lig
see this light as an aurora. [Also can interfg
high voltage poviees, high flying planes, and

space shuttlep Nort her n Ligh

Boreal i sbé : 0Sout he

. Figure23 A view from down under. Tl
AuSstriniso isouthern |ights.o
Richardson)
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