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Spectra 
 
Intended age range:  KS4 
 
Science curriculum links 
Main content links: Electromagnetic spectrum, light and waves, atomic spectra, ionisation, 
stars (emission spectra and absorption spectra, temperature) 
 ‘How Science Works’ /science skills aspects: measurements, calibration, reviewing scientific 
ideas and evidence; analysing data 
 

 
Outline of student activity 1: Spectra: A tale of two elements 
 
The story of helium is quite well known, but the story of coronium less so. This activity is about 
reconciling evidence with different models. The existence of spectral lines which did not match 
the lines produced by known elements led scientists to propose the existence of new elements. 
Helium was eventually isolated on Earth and provided a fit with an existing model. However, 
the existence of spectral lines produced by ions meant that an alternative model was needed 
to account for the production of such lines in spectra from the corona, one where the corona 
was at a much higher temperature (1 000 000°C) than the surface (6 000°C). 
 
If students are doing this activity in the context of work on spectra they should already know 
how emission spectra are formed before doing the activity. They do not need to know about 
the emission spectra of ions at this level, but it could be explained that, as each electron is 
removed, this affects the energy levels of the remaining electrons: changes in the energy levels 
will mean changes in the wavelengths of the spectral lines.  
 
For question 8, internet searches for ‘discovery of helium’ or ‘discovery of helium 1868’ will 
give a range of suitable sites, for example:  
Wikipedia:  Solar eclipse of August 18, 1868 
http://en.wikipedia.org/wiki/Solar_eclipse_of_August_18,_1868  
The Universe today: Who discovered helium?  
http://www.universetoday.com/53563/who-discovered-helium/  
An element of interest…helium http://www.chemmybear.com/helium.html  
 
Sample answers to questions 
1. Most of the time, light from the ‘visible surface’ of the Sun is so bright that it swamps the 
light from the corona (it is over one million times brighter), but during an eclipse the light from 
the visible surface is blocked, so we can see the less intense light from the corona.  
2. Scientists expected every observed line to correspond to lines in the spectra of known 
elements.  When they observed lines at different wavelengths, they concluded they must 
therefore belong to other elements that simply hadn’t been identified yet. 
3. An element was isolated on Earth which produced an emission line at the same wavelength 
as the one attributed to ‘helium’. 
4. If a line at the correct wavelength could be produced by a known element (as this one was), 
then it was not necessary to claim that it was produced by an unknown element.  
5. The conditions for producing ions like these are very special. Removing electrons needs a lot 
of energy, and the higher the temperature the more electrons an atom can lose. 
6. The corona must be at a high enough temperature for atoms to lose electrons. The 
temperature of the surface was not hot enough for this. To produce the spectral lines 

http://en.wikipedia.org/wiki/Solar_eclipse_of_August_18,_1868
http://www.universetoday.com/53563/who-discovered-helium/
http://www.chemmybear.com/helium.html
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observed, the corona must be at a higher temperature than the surface! You might expect the 
corona to be cooler than the surface because it is further away from the centre of the Sun. 
7. ‘Old’ model shows corona at a lower temperature than the surface; ‘new’ model shows 
corona at a much higher temperature than the surface. 
8. Students might choose to write about one or more of the scientists involved in the discovery 
of helium. For example, during the 1868 eclipse Sir Joseph Norman Lockyer and Pierre Janssen 
were working independently, but both men saw a strong yellow emission line, 588 nm, coming 
from the edge of the Sun. Each scientist attributed this line to a new element and reported 
their findings independently; this new element called ‘helium’ was eventually isolated on Earth 
by Sir William Ramsay in 1895. 
 
 

Outline of student activity 2: Spectra: Examining solar fingerprints  
 
The two spectra are real and recent spectra from Hinode/EIS.  
Although students may be familiar with the idea of ionisation, the idea of ions that have lost 6 
or more electrons is likely to be new. The key to identifying the ‘active’ region spectrum is to 
relate this to the presence of tall peaks for Fe14+ and Fe16+. 
 
 
Sample answers to questions 
1. 25.8 to 27.8 nm. 
2. This is in the ultraviolet part of the spectrum. 
3. 6 electrons. 
4. Mg 6+ is produced strongly at 0.45 M°C, Si10+ at 1.41 M°C. 
5. Fe14+ and Fe16+. 
6. to 8.  The ions that are the markers for the higher temperature of the active region are 
shown in red.  
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Key terms 
Corona  plasma  ion /ionisation  photosphere chromosphere 
Spectra  spectral line 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 ‘spectra’ activities link to the following Sun|trek adventures: 
Hot solar atmosphere http://www.suntrek.org/hot-solar-atmosphere/hot-solar-
atmosphere.shtml 

http://www.suntrek.org/factary/factary.shtml
http://www.suntrek.org/hot-solar-atmosphere/hot-solar-atmosphere.shtml
http://www.suntrek.org/hot-solar-atmosphere/hot-solar-atmosphere.shtml
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Solar surface and below http://www.suntrek.org/solar-surface-below/solar-surface-
below.shtml  
and The Sun as a Star http://www.suntrek.org/sun-as-a-star/sun-as-a-star.shtml  
 

 
 
 
Other useful activities and resources from external sites (i.e. not Sun|trek):  
 
From the Stanford Solar Center (http://solar-center.stanford.edu/teachers/):  
Build your own spectroscope. 
This is one of several activity links. It contains a further set of activity links, including the two 
listed below:  
Study guide Sun & stars 5-8 http://solar-center.stanford.edu/activities/SunAndStars5-8.pdf  
This has some helpful information for students and teachers, and the ‘Science Exploration 
Guidesheets’ for students include sheets for recording Spectroscopic observation and a Spectra 
Reference Chart which shows spectra of several elements. Students examine a solar spectrum 
and use the reference chart to identify elements present. (NB, wavelengths are in  Å ) 
Fingerprints in starlight http://solar-center.stanford.edu/activities/FingerprintsInStarlight/  
This is for US grades 9 – 12 and includes a PowerPoint presentation, demonstrations and 
activities to introduce spectroscopy to older students. 
 
 
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.suntrek.org/solar-surface-below/solar-surface-below.shtml
http://www.suntrek.org/solar-surface-below/solar-surface-below.shtml
http://www.suntrek.org/sun-as-a-star/sun-as-a-star.shtml
http://solar-center.stanford.edu/teachers/
http://solar-center.stanford.edu/activities/SunAndStars5-8.pdf
http://solar-center.stanford.edu/activities/FingerprintsInStarlight/

