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Solar Images and Data 
Intended age range:  KS4 
 
Science curriculum links 
Main content links:, Communications; Electromagnetic spectrum/Light; Magnetism and 
Electromagnetism 
 
‘How Science Works’ /science skills aspects: data analysis, interpretation of images, 
measurements, resolution, choice of instruments and methods, impact of developments in 
science and technology   

 
Key ideas in these activities:  

 Vast improvement in image quality for solar observations: illustrated with images 
from the Solar Dynamics Observatory, SDO, compared to the Solar and Heliospheric 
Observatory, SoHO. 

 Increased spatial resolution gives greater detail, but the cost of this is massively 
increased file sizes. 

 False colour images are used to convey more information. 

 Real data are ‘messy’ and have to be interpreted to extract useful information.  
 

Outline of student activity 1: Picking out the details (interpreting recent images of 
the Sun) 
This activity is adapted from ‘Hinode sees mysterious microflares’, and ‘SDO reveals details 
on the Sun’s surface’ by Sten Odenwald, from the Stanford Solar Center’s Solar Maths 
Problems (see http://solar-center.stanford.edu/solar-math/ ). 
 
This activity is about interpreting images to find the size of features which can be resolved 
using recent solar telescopes. The features picked out are called ‘X-ray bright points’ 
because they are small, bright regions as seen in X-ray and UV emission.  They sometimes 
produce small flare-like activity. 
 
Note: 1 arcsec (an abbreviation of arc second) is a unit of angular measure. When 
instruments observe the Sun from Earth, one arc second is equal to about 725 km on the 
Sun's surface (it varies a little according to where the Earth is in its orbit). To demonstrate 
how small it is, 1 arcsec is the angle covered by a one-pound coin at a distance of 4.5 km!  
See the Sun|trek Factary ‘A’ for further information 
(http://www.suntrek.org/factary/a.shtml ). 
 
Sample answers to questions 
(Fig. 1 - Hinode image) 

1. The scale is 773 km/arcsec. 
2. The image width is 300 arc seconds, equivalent to 231,900 km (approx. 232,000 km). 
3. For an image 115 mm wide, 1 mm would represent 232000 ÷ 115 = 2020 km. 
4. The smallest point has dimensions equivalent to roughly 2000-4000 km. 

 
(Fig 2. - SDO image) 

5.  For an image of overall width 125mm, the diameter of the Sun is 98 mm, so the 
scale is 1,392,000 km/98 mm = 14,200 km/mm. 

 

http://solar-center.stanford.edu/solar-math/
http://www.suntrek.org/factary/a.shtml
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6. Students should see numerous bright points dotted across the surface, the smallest 
of these are about 0.5 mm across or 7,000 km. This is slightly larger than ½ the 
diameter of Earth.  

7. The hottest gas in the corona is in ‘active regions’ and in the small point-like ‘bright 
regions’ that are generally no larger than the size of Earth.  The X-ray Bright Points 
are like mini-active regions scattered all over the Sun. 

8. If this project sheet is printed on A4 paper, the scale is 200 arcsec is 5.2mm. 
9. A loop is around 185 arcsec long, which is about 143,000km (answers may vary a 

little depending on which loop is chosen). 
10. This is about 11 times the diameter of the Earth.  

 
Outline of student activity 2:  Handling faint and bright images 
This activity is adapted from ‘How to make faint things stand out in a bright world’ and ‘SDO 
and reconstructing a solar flare’ by Sten Odenwald, from the Stanford Solar Center’s Solar 
Maths Problems (see http://solar-center.stanford.edu/solar-math/ ). 
 
This activity is about the problems of handling real data, that is distinguishing faint details 
from noise, and about dealing with ‘saturation’, when images are too bright for the 
equipment to record true intensity values. 
 
Sample answers to questions 

1. The average values are: 116, 115, 130, 117, 116. 
2. The averages show that pixels 1, 2, 4 and 5 have very similar averages, while pixel 3 

has a quite a different value. Pixels 1, 2, 4 and 5 behave like noise in a roughly 
constant intensity background, while pixel 3 seems to be a source. 

3.  It would have been very difficult because the background noise level that was 
detected in Pixel 2 of Picture 4 was as intense as the faint source itself in Pixel 3. 

4. It is a good idea to take as many pictures as you can, then average the pictures 
together to make a faint source stand out.  

5. There are plenty of examples for students to identify. The top image was taken by a 
1.5 m telescope that can detect light at an infrared wavelength of 2.2 x 10-6 m. 
(Sunlight has a wavelength of around 0.6 x 10-6 m.) The exposure for the top image 
was only 7.8 seconds. The bottom image represents an exposure of 7.8 x 5000 = 
39,000 seconds (averaged to a single exposure) and it is possible to see stars nearly 
10,000 times fainter than in the single, short exposure image. 

6. Sample image of re-plotted data. Extrapolating the curves on either side of the 
plateau gives an intersection value of 0.0035 to 0.004 W/m2. (NB. The Solar Maths 
activity from which this was adapted includes two further more advanced problems 
which involve the use of algebra and calculus. 
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http://solar-center.stanford.edu/solar-math/
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Outline of student activity 3: Handling data from SDO 
Adapted from activity ‘SDO: working with giga, tera , peta and exabytes’ by Sten Odenwald 
from the Stanford Solar Center’s Solar Maths Problems  (see http://solar-
center.stanford.edu/solar-math/ ). 
 
This activity is about the effect of increased spatial resolution on file sizes, and on the huge 
quantities of data that the SDO transmits on a daily basis.   
 
Sample answers to questions 

1. The 2012 version is 8000/25 times larger, i.e. 320 times larger than the 1982 version. 
2. 1000 songs; (4000 minutes, so) nearly 67 hours. 
3. 2 gigabytes x (8 bits/1 byte) = 16 gigabits = 16 x 109 bits. Time taken by old modem 

would be (16 x 109) / (56 x 103) = 285, 714 s = 79.4 hrs. Time taken by 20 MB link 
would be (16 x 109) / (20 x 106) = 800 s  = 13.3 minutes. 

4. The satellite image stores (4094 x4096) / (640 x 480) = approximately 55 times more 
information than the smartphone image; the resolution of the computer or TV 
screen is lower than that of the SDO camera images, so it won’t show the smallest 
details. 

5. Data rate = 149 megabits/s. Data transmitted in one day would be 12.96 x 1012 bits = 
1.6 x 1012 bytes  or 1.6 terabytes, equivalent to 342 DVDs.  

6. Over 5 years, the amount of data would be roughly 2.9 x 1015 bytes, or 2.9 
petabytes. 

 
Key terms 
corona  plasma  flare   
spectrometer  ultraviolet radiation X-ray 
 
You can find explanations of these terms in the Sun|trek Factary at  
http://www.suntrek.org/factary/factary.shtml  
 

The ‘solar images and data’ activities link to the following Sun|trek pages: 
 
Sun|trek adventure: magnetic sun: solar fireflies 
http://www.suntrek.org/magnetic-sun/solar-fireflies/solar-fireflies.shtml 
 
iSuntrek: http://www.suntrek.org/blog/solar-dynamics-observatory-sdo  and 
http://www.suntrek.org/blog/the-sun-gets-active-with-x-class-solar-flares  

 
Other useful activities and resources (i.e. not Sun|trek):  
 

From the Stanford Solar Center (http://solar-center.stanford.edu/teachers/):  
 
Solar maths 
In ‘Number’ section: Faint things in a bright world; SDO: working with giga, tera , peta and 
exabytes 
In ‘Algebra and calculation section’:  Solar flare reconstruction (Problem 1) 
In ‘Geometry’ section: Hinode sees mysterious microflares   
In ‘Measurement’ section:  Hinode satellite views the Sun; SDO and Speed of an eruptive 
prominence; SDO reveals details on the Sun’s surface 

http://solar-center.stanford.edu/solar-math/
http://solar-center.stanford.edu/solar-math/
http://www.suntrek.org/factary/factary.shtml
http://www.suntrek.org/magnetic-sun/solar-fireflies/solar-fireflies.shtml
http://www.suntrek.org/blog/solar-dynamics-observatory-sdo
http://www.suntrek.org/blog/the-sun-gets-active-with-x-class-solar-flares
http://solar-center.stanford.edu/teachers/
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Hands-on solar learning activities at http://www.lmsal.com/YPOP/Classroom/index.html  
Fun with pixels http://www.lmsal.com/YPOP/Classroom/Lessons/Pixels/  
 
US grades and the equivalent UK Year group and age  
5th grade is age 11 years (UK Y6) 
6th to 10th grades are equivalent to ages 12 to 16 years (UK Y7 to 11) 
11th and 12th grades are equivalent to ages 17 and 18 (UK Y12 and Y13)  
US grade plus 1 = UK Year 
US grade plus 6 = age in years 
 
 

http://www.lmsal.com/YPOP/Classroom/index.html
http://www.lmsal.com/YPOP/Classroom/Lessons/Pixels/

