
The Physics  
of the Sun



Heliophysics System Observatory (HSO)

• Fleet of solar, heliospheric, geospace, and 
planetary satellites designed to work independently 
while enabling large-scale collaborative 
investigations.

http://www.nasa.gov/mission_pages/sunearth/missions/

http://www.nasa.gov/mission_pages/sunearth/missions/




Yohkoh  
[SXT/HXT] 

1991 - 2001

Yohkoh:  http://www.lmsal.com/SXT/homepage.html  — partnership with Japanese/UK/European space agencies

http://www.lmsal.com/SXT/homepage.html


SOHO 
[LASCO/EIT/SUMER/MDI] 

1995 - 

Solar and Heliospheric Observatory (SOHO):  http://sohowww.nascom.nasa.gov/

http://sohowww.nascom.nasa.gov/


RHESSI 

2002 - 

Reuven Ramaty High Energy Solar Spectroscopic Imager (RHESSI):  http://hesperia.gsfc.nasa.gov/rhessi2/

http://hesperia.gsfc.nasa.gov/rhessi2/


TRACE 

1998 - 2010

Transition Region and Coronal Explorer (TRACE):  http://trace.lmsal.com/

http://trace.lmsal.com/


A(head)

B(ehind)

STEREO 
[SECCHI] 

2006 -

Solar Terrestrial Relations Observatory (STEREO):  http://stereo.gsfc.nasa.gov/

X

http://stereo.gsfc.nasa.gov/


Hinode  
[SOT/EIS/XRT] 

2006 -

Hinode:  http://hinode.msfc.nasa.gov/ — partnership with Japanese/UK/European space agencies

http://hinode.msfc.nasa.gov/


SDO: 
[AIA/HMI] 

2010 - 

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/

http://sdo.gsfc.nasa.gov/


IRIS 

2013 - 

Interface Region Imaging Spectrograph (IRIS):  http://iris.gsfc.nasa.gov/ & http://iris.lmsal.com/index.html  

http://iris.gsfc.nasa.gov/
http://iris.lmsal.com/index.html


Solar Probe+ 

2018? -

Solar Probe Plus:  http://solarprobe.gsfc.nasa.gov/

http://solarprobe.gsfc.nasa.gov/


Heliophysics System Observatory (HSO):  http://www.nasa.gov/mission_pages/sunearth/missions/

http://www.nasa.gov/mission_pages/sunearth/missions/


The Sun in Layers

Sun Facts:  http://solarscience.msfc.nasa.gov/

“Mysteries of the Sun”:  NASA / Jenny Mottar

15 000 000 ∘C

Converts 4 million tons of matter 
into energy every second. 

Core is as dense as lead. 

Interplay between magnetic pressure and 
gas (plasma) pressure.

http://solarscience.msfc.nasa.gov/


The Sun in Layers

Sun Facts:  http://solarscience.msfc.nasa.gov/

“Mysteries of the Sun”:  NASA / Jenny Mottar

European Space Agency (ESA)

Smithsonian Astrophysical Observatory 
(SAO)

15 000 000 ∘C

http://solarscience.msfc.nasa.gov/


Sunspots & Active Regions

PROBA2 Science Center (ROB):  http://proba2.sidc.be/  

SDO HMI 6173 A

1625 May:  Christoph Scheiner

NOAA Active Regions:  SolarMonitor.org

European Space Agency (ESA) / Royal Observatory Belgium (ROB)

2014 April 2017 March

http://proba2.sidc.be/
http://SolarMonitor.org


Sunspots & Active Regions

JHelioviewer — Explore the Sun:  http://jhelioviewer.org/   

4500 A

193 A

131 A

SDO / AIA 
2014 Apr 13 - 15

Formation

http://jhelioviewer.org/


Sunspots & Active Regions

SOT (CN line 3883 A); 2007 May 2

SOT Picture of the Day (POD):  http://sot.lmsal.com/pod?cmd=view-gallery

Hinode SOT:  NASA / JAXA / NAOJ 
Magnetic fields ~ 6000 times stronger than Earth’s field. 
Magnetic pressure dominates gas pressure in spot, thus inhibiting 
convective flow of heat.

SOT (Ca H-line); 2006 Nov 20

http://sot.lmsal.com/pod?cmd=view-gallery


Sunspots & Active Regions

Hinode / SOT:  Disk crossing of AR 12192, the largest sunspot group to appear on the Sun in 25 years.



Sunspots & Active Regions

SOHO animation gallery

http://www.jhelioviewer.org/, https://sohowww.nascom.nasa.gov/bestofsoho/Movies/animations.html

JHelioviewer SDO / AIA 2014 Apr 04

http://www.jhelioviewer.org/
https://sohowww.nascom.nasa.gov/bestofsoho/Movies/animations.html


Sunspots & Active Regions

Solar Dynamics Observatory (GSFC) Jewel Box:  http://svs.gsfc.nasa.gov/vis/a000000/a004100/a004117/

http://svs.gsfc.nasa.gov/vis/a000000/a004100/a004117/


RED!

~2/100000  
of an inch



We see COLOR because the 
message that our eyes send to 
our brain is different for different 
WAVELENGTHS of light



HydrogenSodiumMagnesium





What if we stretch the 
wavelength longer than RED? 

What if we squish it to be 
shorter than VIOLET?



Sunspots & Active Regions

“SDO Jewel Box”

Solar features as seen with 10 different filters (i.e., plasma at different temperatures). 

Solar Dynamics Observatory (GSFC) Jewel Box:  http://svs.gsfc.nasa.gov/vis/a000000/a004100/a004117/

http://svs.gsfc.nasa.gov/vis/a000000/a004100/a004117/


Sunspots & Active Regions

Credit:  Milo Littenberg



Solar Cycle (9-14 years)

SXT:  http://solar.physics.montana.edu/sxt/

Yohkoh / SXT, ~ Full cycle

Hinode / XRT  2007 - 2012
XRT:  http://xrt.cfa.harvard.edu/

Hinode / XRT, ~ Half cycle

SDO:  http://sdo.gsfc.nasa.gov/

1991 1999

Hinode / EIS, ~ Half cycle

http://solar.physics.montana.edu/sxt/
http://xrt.cfa.harvard.edu/
http://sdo.gsfc.nasa.gov/


Solar Cycle

Data from the Royal Greenwich Observatory since 1874:  http://solarscience.msfc.nasa.gov/SunspotCycle.shtml

http://solarscience.msfc.nasa.gov/SunspotCycle.shtml


Solar Cycle

#24 — Smallest cycle in ~100 years:  http://solarscience.msfc.nasa.gov/SunspotCycle.shtml

http://solarscience.msfc.nasa.gov/SunspotCycle.shtml


Sun-Earth Interaction

SOHO animation gallery:  http://soho.nascom.nasa.gov/bestofsoho/Movies/animations.html

Solar storms cause the Earth 
to lose up to 100 tons of 
atmosphere into space. 

Aurora mostly caused by  
ionospheric particles disrupted 
by currents induced from the 
coronal mass ejection — not 
the solar wind directly. 

Aurora can generate up to 
100 trillion watts of power.

http://soho.nascom.nasa.gov/bestofsoho/Movies/animations.html


Impacts of Space Weather

National Academy of Sciences Report Summary:  http://event.arc.nasa.gov/swsw/pdf/Kappenman_AMES_Oct16.pdf  

1859 Carrington Event 
Largest Geomagnetic storm recorded

M. A. Shea, Geophysics Directorate, Phillips Laboratory 
1989 Superstorm Blackout, $6 Billion loss to economy

J. Kappenman 
2008

  http://www.swpc.noaa.gov/SWN/  

http://event.arc.nasa.gov/swsw/pdf/Kappenman_AMES_Oct16.pdf
http://www.swpc.noaa.gov/SWN/


Impacts of Space Weather

NASA SWRC:  http://swrc.gsfc.nasa.gov/main/cmemodels  ,  The Sun Today:  http://www.thesuntoday.org/space-weather/

  http://www.spaceweather.com  NOAA / SWPC

http://swrc.gsfc.nasa.gov/main/cmemodels
http://www.thesuntoday.org/space-weather/
http://www.spaceweather.com


Impacts of Space Weather

LASCO:  http://lasco-www.nrl.navy.mil/  

SOHO Large Angle and Spectrometric Coronagraph  
Experiment (LASCO)

Image credit:  NASA & L. Lanzerotti (NJIT)

http://lasco-www.nrl.navy.mil/


Solar Flares (A Space-Based Tour)

Skylab SP-402 The Active Sun:  http://history.nasa.gov/SP-402/ch7.htm  

Skylab Yohkoh / SXT SOHO / EIT+LASCO

TRACE HINODE / SOT HINODE / XRT

http://history.nasa.gov/SP-402/ch7.htm


Solar Flares (A Space-Based Tour)

Hinode / XRT:  http://xrt.cfa.harvard.edu

Hinode / XRT

http://xrt.cfa.harvard.edu


Solar Flares (A Space-Based Tour)

Hinode / XRT:  http://xrt.cfa.harvard.edu; SOT:  http://sot.lmsal.com/

Hinode / SOT

http://xrt.cfa.harvard.edu
http://sot.lmsal.com/


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/

SDO / AIA

http://sdo.gsfc.nasa.gov/


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/  ;  LASCO:  http://lasco-www.nrl.navy.mil/  

SDO / AIA + SOHO / LASCO

http://sdo.gsfc.nasa.gov/
http://lasco-www.nrl.navy.mil/


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/

SDO / AIA

http://sdo.gsfc.nasa.gov/


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/  ;  LASCO:  http://lasco-www.nrl.navy.mil/  

SDO / AIA + SOHO / LASCO

http://sdo.gsfc.nasa.gov/
http://lasco-www.nrl.navy.mil/


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/  ;  EIS:  http://solarb.mssl.ucl.ac.uk/SolarB/Solar-B.jsp  

SDO / AIA + Hinode / EIS 

http://sdo.gsfc.nasa.gov/
http://solarb.mssl.ucl.ac.uk/SolarB/Solar-B.jsp


Solar Flares (A Space-Based Tour)

Solar Dynamics Observatory (SDO):  http://sdo.gsfc.nasa.gov/    

SDO / AIA

Same flare as previous slide but in 3 different AIA channels and enhanced for contrast.

http://sdo.gsfc.nasa.gov/


Solar Flares (A Space-Based Tour)

Interface Region Imaging Spectrograph (IRIS):  http://iris.gsfc.nasa.gov/  ;  Hinode:  http://hinode.msfc.nasa.gov/  

IRIS Hinode / SOT [Magnetogram] 

Hinode / EIS Hinode / XRT 

http://iris.gsfc.nasa.gov/
http://hinode.msfc.nasa.gov/


How is this happening?

Image Credit:  ESA



Beyond the Sun

Courtesy of A. Kobelski



Role of Marshall Space Flight Center

ST13 Office, Huntsville, AL



Role of Marshall Space Flight Center

We build and operate instruments and experiments in space!



Role of Marshall Space Flight Center
Hi-C

Ac#ve	Region	11520	
July	11,	2012	

22	publica*ons	for	5	minutes	of	data!	

Science	highlights:	

Braided	loops	triggering	energy	release	through		
magne#c	reconnec#on	(Cirtain	et	al.	2013,	Nature)	

Subflare	triggers	
Nanoflare	hea#ng	
Loop	sub-structure	
Moss	dynamics	
Penumbral	jets	
Flows	along	filament	threads	
MHD	waves



Sounding Rockets for Technology Development

CLASP sounding rocket launch



Role of Marshall Space Flight Center

Hi-C II rocket launch at White Sands Missile Range, New Mexico.



The Next Great American Solar Eclipse

https://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE2024Apr08Tgoogle.html; https://www.washingtonpost.com/news/morning-mix/wp/
2017/12/08/the-solar-eclipse-burned-a-crescent-wound-on-a-womans-retina-she-wasnt-wearing-proper-glasses/?utm_term=.ee16912af635

USE PROTECTIVE EYE WEAR!
https://eclipse2017.nasa.gov/safety

https://eclipse.gsfc.nasa.gov/SEgoogle/SEgoogle2001/SE2024Apr08Tgoogle.html


Thanks!

National Aeronautics and Space Administration (NASA):  http://www.nasa.gov/  

http://www.nasa.gov/

