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Why are studies of SunWhy are studies of Sun’’s activity important s activity important 

The Climate ConnectionThe Climate Connection

The Sun The Sun -- source of light and source of light and 
heat for life on Earth. heat for life on Earth. 
The quantity and quality of The quantity and quality of 
light from the Sun varies on light from the Sun varies on 
time scales from time scales from millimilli--seconds seconds 
to billions of years to billions of years -- how these how these 
changes influence climate on changes influence climate on 
Earth.Earth.



Why are studies of SunWhy are studies of Sun’’s activity important (cont.)s activity important (cont.)

Space WeatherSpace Weather
Solar wind Solar wind -- a flow of gases from the Sun that streams past the Earth at spea flow of gases from the Sun that streams past the Earth at speeds of eds of 
more than 500 km per second (a million miles per hour). Disturbamore than 500 km per second (a million miles per hour). Disturbances in the solar nces in the solar 
wind shake the Earth's magnetic field and pump energy into the rwind shake the Earth's magnetic field and pump energy into the radiation belts. adiation belts. 
Potential hazards Potential hazards ––

ultraviolet light and xultraviolet light and x--rays heat up Earth's upper atmosphere rays heat up Earth's upper atmosphere -- can change the orbits of satellites can change the orbits of satellites 
and shorten mission lifetimes. and shorten mission lifetimes. 
excess radiation can physically damage satellites and pose a threxcess radiation can physically damage satellites and pose a threat to astronauts. eat to astronauts. 
shaking Earth's magnetic field can cause current surges in powershaking Earth's magnetic field can cause current surges in power lines that destroy equipment and lines that destroy equipment and 
knock out power over large areas.knock out power over large areas.

The Sun as a Star The Sun as a Star 
serves an important role in understanding the rest of the astronserves an important role in understanding the rest of the astronomical universe. omical universe. 

The Sun as a Physical LaboratoryThe Sun as a Physical Laboratory
Nuclear physics Nuclear physics –– reproducing the process of nuclear fusion involve extremely hotreproducing the process of nuclear fusion involve extremely hot
plasmasplasmas in strong magnetic fields. Much of solar astronomy involves obsein strong magnetic fields. Much of solar astronomy involves observing rving 
and understanding plasmas under similar conditions. There continand understanding plasmas under similar conditions. There continues to be much ues to be much 
interaction between solar astronomers and scientific researchersinteraction between solar astronomers and scientific researchers in this and many in this and many 
other areas. other areas. 



The Big Questions The Big Questions 

The Coronal Heating Process The Coronal Heating Process 
The Sun's outer atmosphere (The Sun's outer atmosphere (the Coronathe Corona) is hotter than 1,000,000) is hotter than 1,000,000ººC C 
(1,800,000(1,800,000ººF) while the visible F) while the visible surface surface has a temperature of only about has a temperature of only about 
60006000ººC (10,000C (10,000ººF). F). 

The Nature of Solar Flares The Nature of Solar Flares 
Areas on the Sun near sunspots blasting billions of tons of mateAreas on the Sun near sunspots blasting billions of tons of material into rial into 
space as space as coronal mass ejectionscoronal mass ejections (CME). (CME). 

The Origin of the Sunspot Cycle The Origin of the Sunspot Cycle 
11 years cycle 11 years cycle -- the number of the number of sunspots sunspots seen on the Sun increases from seen on the Sun increases from 
nearly zero to over 100 and then decreases to near zero again asnearly zero to over 100 and then decreases to near zero again as the next the next 
cycle starts.cycle starts.

The Missing NeutrinosThe Missing Neutrinos
The Sun should produce more than twice as many neutrinos than aThe Sun should produce more than twice as many neutrinos than are re 
observed.observed.



The structure of the SunThe structure of the Sun

The Solar InteriorThe Solar Interior -- separated into separated into 
four regions by the different processes four regions by the different processes 
that occur there.that occur there.

The Core The Core -- the central region where the central region where 
nuclear reactions consume hydrogen to nuclear reactions consume hydrogen to 
form helium. These reactions release the form helium. These reactions release the 
energy that ultimately leaves the surface as energy that ultimately leaves the surface as 
visible light.visible light.
The The RadiativeRadiative Zone Zone -- the energy the energy 
generated in the core is carried by light generated in the core is carried by light 
(photons) that bounces from particle to (photons) that bounces from particle to 
particle through the particle through the radiativeradiative zone. The zone. The 
density drops from 20 g/cmdensity drops from 20 g/cm³³ (about the (about the 
density of gold) down to only 0.2 g/cmdensity of gold) down to only 0.2 g/cm³³
(less than the density of water). (less than the density of water). 



The structure of the Sun (cont.)The structure of the Sun (cont.)

The Solar InteriorThe Solar Interior
The Interface Layer The Interface Layer -- It is now believed It is now believed 
that the Sun's magnetic field is generated that the Sun's magnetic field is generated 
by a by a magnetic dynamo magnetic dynamo in this layer. The in this layer. The 
changes in fluid flow velocities across changes in fluid flow velocities across 
the layer (shear flows) can the layer (shear flows) can 
stretchstretch magnetic field lines of force and magnetic field lines of force and 
make them stronger.make them stronger.
The Convection Zone The Convection Zone -- "cool" enough "cool" enough 
for the heavier ions (such as carbon, for the heavier ions (such as carbon, 
nitrogen, oxygen, calcium, and iron) to nitrogen, oxygen, calcium, and iron) to 
hold onto some of their electrons, which hold onto some of their electrons, which 
makes the material more opaque. This makes the material more opaque. This 
traps heat that ultimately makes the fluid traps heat that ultimately makes the fluid 
unstable and it starts to "boil" or unstable and it starts to "boil" or 
convectconvect..



The structure of the Sun (cont.)The structure of the Sun (cont.)

The Photosphere The Photosphere -- the visible surface of the Sun, a layer about 100 km the visible surface of the Sun, a layer about 100 km 
thick (very, very, thin compared to the 700,000 km radius of thethick (very, very, thin compared to the 700,000 km radius of the Sun).Sun).

The The ChromosphereChromosphere -- an irregular layer above the an irregular layer above the photosphere photosphere where where 
the temperature rises from 6000the temperature rises from 6000°° C to about 20,000C to about 20,000°° C. The C. The chromospherechromosphere is is 
the site of activity as well. Changes in the site of activity as well. Changes in solar flaressolar flares, prominence and filament , prominence and filament 
eruptions, and the flow of material in eruptions, and the flow of material in postpost--flare loops flare loops can all be observed can all be observed 
over the course of just a few minutes.over the course of just a few minutes.

The Solar Corona The Solar Corona -- the Sun's outer atmosphere. It is visible during total the Sun's outer atmosphere. It is visible during total 

eclipses of the Sun as a pearly white crown surrounding the Sun.eclipses of the Sun as a pearly white crown surrounding the Sun. The coronal gases are The coronal gases are 
supersuper--heated to temperatures greater than 1,000,000heated to temperatures greater than 1,000,000ººC (1,800,000C (1,800,000ººF). F). 

The Solar Wind The Solar Wind -- The solar wind streams off of the Sun in all directions at The solar wind streams off of the Sun in all directions at 
speeds of about 400 km/s (about 1 million miles per hour). The sspeeds of about 400 km/s (about 1 million miles per hour). The source of the solar ource of the solar 
wind is the Sun's hot wind is the Sun's hot coronacorona. . 



What heats the SunWhat heats the Sun’’s corona?s corona?

One of the mechanisms involves magnetic waves called Alfvén waves. A A 
magnetic magnetic AlfvAlfvéénn wave starts out in the dense atmosphere near the wave starts out in the dense atmosphere near the 
photosphere and moves upward into the corona where its amplitudephotosphere and moves upward into the corona where its amplitude
grows in the tenuous gas. Eventually the wave breaks and it dumpgrows in the tenuous gas. Eventually the wave breaks and it dumps its s its 
energy in the form of heat. energy in the form of heat. 
A second possible heating mechanism to consider is the complex 
entanglement and continual stressing of the magnetic field, which leads to 
numerous, discrete, localized bursts of energy throughout the corona. The 
cumulative effect of these “nanoflares” (with energies of about 1016 to 
1017 J per event, compared to 1025 to 1026 J for a typical solar flare) could 
provide most of the coronal heating.



Solar FlaresSolar Flares

Reasons to study themReasons to study them
Influence on climateInfluence on climate
Potential hazards to space missionsPotential hazards to space missions

Scientists don't know exactly what Scientists don't know exactly what 
triggers such eruptions. They are triggers such eruptions. They are 
associated with strong magnetic associated with strong magnetic 
fields, however, and emanate from fields, however, and emanate from 
sunspotssunspots, which are cooler regions , which are cooler regions 
of the Sun that correspond to of the Sun that correspond to 
bottledbottled--up magnetic energy. It must up magnetic energy. It must 
be a combination of the magnetic be a combination of the magnetic 
field strength and the magnetic field strength and the magnetic 
configuration that will allow field configuration that will allow field 
lines to be opened and hence the lines to be opened and hence the 
release of gasrelease of gas



Solar Flares (cont.)Solar Flares (cont.)

A detailed study of a huge solar eruption A detailed study of a huge solar eruption 
reveals that a series of smaller explosions reveals that a series of smaller explosions 
combined in a domino effect to fuel the combined in a domino effect to fuel the 
blast. Scientists studied data collected from blast. Scientists studied data collected from 
a radiation flare on the Sun on July 15, 2002. a radiation flare on the Sun on July 15, 2002. 
The eruption, ranked as an XThe eruption, ranked as an X--7, was one of 7, was one of 
the most powerful in recent times. The flare the most powerful in recent times. The flare 
was accompanied by a coronal mass ejection was accompanied by a coronal mass ejection 
(CME), which is a colossal discharge of (CME), which is a colossal discharge of 
electrified gas called plasma. electrified gas called plasma. 
It is not known exactly what triggers such It is not known exactly what triggers such 
eruptions, but they are associated with eruptions, but they are associated with 
strong magnetic fields, and emanate from strong magnetic fields, and emanate from 
sunspotssunspots, which are cooler regions of the , which are cooler regions of the 
Sun that correspond to bottledSun that correspond to bottled--up magnetic up magnetic 
energy.energy.
It must be a combination of the magnetic It must be a combination of the magnetic 
field strength and the magnetic field strength and the magnetic 
configuration that will allow field lines to be configuration that will allow field lines to be 
opened and hence the release of gasopened and hence the release of gas



In the laboratoryIn the laboratory

Experimental setup for laboratory 
simulation of a solar prominence



Imaging the Sun’s eruptions in three dimensions

The three-dimensional structure of CMEs (Coronal Mass 
Ejections) is especially important because it is related to the 
direction of the magnetic field, which is a controlling factor in 
the strength of the space weather effects.

One technique for inferring the threedimensional structure is to measure 
Doppler shifts of spectral lines and combine the inferred velocities along 
the line of sight with a series of images that show the structure in the 
plane of the sky
Another technique is to image the CME from different points of view.  
he two STEREO (Solar-Terrestrial Relations Observatory) spacecraft 
scheduled for launch in November 2005 will move apart from each other 
along the Earth’s orbit to produce stereoscopic images.



Imaging the Sun’s eruptions in three dimensions (cont.)

Moran and Davila technique
When light is scattered by electrons in the CME it becomes polarized, 
and its polarization fraction depends on the angle of the scattering. Thus, 
the measured polarization can be used to determine the scattering angle. 
For each point in a coronagraph image, the method yields a weighted 
average distance of the scattering plasma from the plane of the sky.
The new method promises to be important for estimating the angle at 
which a CME emerges from the Sun, and therefore the likelihood that it 
will strike the Earth. It will also help resolve questions about CME 
structure.



Imaging the Sun’s eruptions in three dimensions (cont.)

A schematic diagram of the interaction of the magnetic field of a coronal mass ejection 
with Earth's magnetosphere, which can produce spectacular auroral displays and 
knock out communications satellites.



Imaging the Sun’s eruptions in three dimensions (cont.)

Together, the three methods will greatly enhance the capability for forecasting 
space weather and the understanding of the physical processes that drive 
CMEs.

The polarization technique gives an average distance from the plane of the sky 
The spectral technique provides the distribution along the line of sight of a 
selected, denser gas at specific temperatures. 
STEREO images provide a full three-dimensional picture, but only the simplest 
structures will be amenable to a direct reconstruction, and most will require 
interpretation based on models. 

Satellite missions over the next decade
Solar-B (to study the linkage of the magnetic field though the solar atmosphere)
STEREO (in which two spacecraft will drift apart, allowing for stereoscopic 

reconstruction of the corona)
the Solar Dynamics Observatory (to study solar activity with full-disc) 
Solar Orbiter (which will match the solar rotation and journey out of Earth’s 
ecliptic plane to view the solar poles)



Shocks Jets and Active Galaxies

By Drew Brumm



Shocks 
• Strong Shocks
• Shocks in accretion

– Compact objects
– Supernova explosions

• Accretion of binary systems



When does a shock occur

• When a disturbance moves through a medium 
faster than the sound speed in the medium
– Sufficiently fast that a pressure wave cannot 

precced the disturbance.

• Conditions in the Medium
– Temp, density, velocity

change instantaneously
at point of shock



Supersonic Shock

• The sonic boom accurs when
– Air ahead of the aircraft doesn’t have time to 

move out of the way before the shock hits it.

• Similar to blast wave of supernova
– Huge energy injection heats cold interstellar gas 

suddenly as the blast moves outward.



Super Nova Shockwave

Supernova SN1993J in M81: radio maps april 1993 – june 1998

• Star 15 times the size of our sun
– Implosion generated enormous shockwave that broke 

through the surface on March 28, 1993
– Within hours was billions of times brighter than our sun.
– Shock wave started moving at 12,427 miles a second.
– In 50 days the wave was 13 times the 

diameter of our solar system



Calculating Shock values
• Uptream – unshocked gas

– pu - density, vu -velocity, T=0

• Downsteam – shocked gas
– pd , vd , Td

• Conserving mass the formula looks like
– puvu = pdvd

• With Conservation of momentum and 
energy formula changes to
– vu(1/2puvu

2)−vd(1/2pdvd
2+3/2Pd)=vdPd



Partical accretion onto stellar compact objects
• Accretion

– A process of growth by accumulation and 
adhesion, origin of planetary systems.

• Binary Star Systems
– Binary companion will

donate fuel for the 
accretion



Binary Systems and Accretion

• In accreting binary systems
– Compact object can be white dwarf, neutron star 

or black hole.

• Donor star
– Usually either high-mass young or low mass
– In Massive star accretion onto a white dwarf

• Called cataclysmic variables or dwarf novae



Cataclysmic Variables

• Typically small binary systems
– Earth Moon size, orbital period of 1-10hrs

• Outbursts dwarf novas
– Material falls straight onto white dwarf’s surface
– Nuclear fusion from accreted material on surface 

of white dwarf causes small “novas”.



Roche Lobe Overflow
• Formation of an Accretion disc

– Envelope of the donor star expands beyond 
its surface between it and its companion

– Atmosphere of donor falls twoards
companion and forms a disk around it

– Gas and particles do not fall straight to 
surface of companion.



Finding Evidence of Black Holes

• Cannot see compact object in binaries
– Mass inferred from donor’s mass by

• Spectral type (color, luminosity)
• Period of Velocity Donor’s Orbit

– Doppler Shift, in its spectrum
• Also X-ray source eclipsed 

– Black hole, goes behind Donor Star

– Another Method for Finding Black Holes
• Jets



Jets
• Microquasars

– Jets from black holes
• Quasars

– Evidence of Supermassive black holes
• Powerful jet-producing AGN



Microquasars

• Accreting binary systems which produce jets 
in addition to x-ray emmisions

• These jets are highly collimated outflows
• Accreting object is either black hole or 

neutron star never white dwarf
• Most well studied microquasar is SS433



What are Jets

• Fast, highly collimated outflows from 
accreting compact objects

• Occur in young stars, neutron star and black 
hole binaries , microquasars

• Spoted by Radiation from radio – gamma 
rays

• Can be driven by black holes of billions of 
solar masses.



Jets Components
• Core – black hole
• Jets – synchrotron plasma

– Moving at supersonic speeds
• Hotspots – when jet collides with lobe

– causing shockwaves and high pressure.
• Lobe – leftover material

– over time from the jets.



What is an AGN

• Active Galactic Nuclei 
– High luminosity in Nuclieus
– Strong emission lines
– Bright or extended radio emissions
– Small angular size high surface brightness
– Quasars and Radiogalaxies



AT Center of AGN

• Gas in accretion disk is heated by friction to 
Millions of degrees
– Disk emits ultra-violet and X-ray

• Magnetic field of Super-massive black hole 
– produces two jets along rotation axis of disk

• Jets extend out of galaxy above and below 
accretion disk 
– Plow into gas in the intergalactic medium



Centaurus A

• Example AGN
– A is for strong

radio signals

Visable

Radio



Black hole in center of the Milky way

This animation shows the 
motion of stars over a period 
of eight years, as they orbit 
the supermassive black hole 
at the center of our galaxy. 
The black hole, which 
contains a few million times 
the mass of the Sun, is 
invisible in this infrared 
image, though its 
gravitational effect is 
apparent! 
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Gravitational orbit equations Gravitational orbit equations [5][5]



Einstein's Equation Einstein's Equation 



Red shiftRed shift





C=4(pi)G(Mh)/c^2 C=4(pi)G(Mh)/c^2 
RcRc = = EmEm (1(1--Ch/C)^(Ch/C)^(-- ½½)   )   [7][7]
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