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Outline and Timeline
1) A brief introduction to types of radiation and spectra

1800:  Herschel
1802:  Wollaston
1814:  Fraunhofer

2) Spectroscopy and identification
1859:  Kirchhoff
1860s: Bunsen, Roscoe, Secchi

3) Secrets of the solar corona
1868:  Lockyer and Janssen
1869:  Harkness and Young
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1800: Herschel
Newton used a prism to see 
the rainbow a hundred 
years earlier, but Herschel* 
measured radiation beyond 
the rainbow!

*William but probably also Caroline
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1802: William Hyde Wollaston
Wollaston, in 1802, was the 
first to notice that sunlight 
actually has dark lines in it.
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He noted 
7 distinct 
lines.



Types of Spectra: Absorption and Emission
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1814: Joseph Fraunhofer
Fraunhofer created the first 
astronomical spectroscope 
and looked at flames of 
different elements. For the Sun, 
he saw hundreds of lines.
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Fraunhofer also used his new 
spectroscope on other objects:

● The Moon

● Planets: Mars and Venus

● Other stars: Sirius, Pollux, Castor, 
Capella, Betelgeuse, and Procyon

1814: Joseph Fraunhofer
Comparing with 
known elements 
burned in the lab, 
he noticed that the 
D line doublet 
matched a bright 
line for sodium.
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1859: Gustav Kirchhoff
Kirchhoff set up an experiment 
that allowed him to compare 
the dark line absorption 
spectrum from the Sun with 
the bright line emission 
spectra from known elements.
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1859: Gustav Kirchhoff
In his publication, Kirchhoff noted that 
Fraunhofer’s lines “exist in consequence of 
the presence, in the incandescent atmosphere 
of the sun, of those substances which in the 
spectrum of a flame produce bright lines at 
the same place.”

This included Na, Fe, Ca, Mg, Cu, Zn, Ni and 
others, elements also found on Earth.
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1860s: Bunsen and Roscoe
Robert Bunsen had worked with 
Kirchhoff to set up his experiments, 
which many have called the foundations 
of astrophysics (vs astronomy) and was 
a mentor to Sir Henry Enfield Roscoe, 
who studied the spectra of many 
different astronomical objects.
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1860s: Fr. Angelo Secchi
Secchi built a catalog of 
over 4000 stars using a 
series of spectroscopic 
instruments of his own 
invention.

We see the Sun, Sirius, 
Betelgeuse (ɑ Orionis), 
and ɑ Herculis here.
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Solar Spectrum Analysis: Solved?
The physicist and the chemist have brought before us a 
means of analysis that ... if we were to go to the sun, and 
to bring away some portions of it and analyze them in 
our laboratories, we could not examine them more 
accurately than we can by this new mode of spectrum 
analysis. (Warren De La Rue, 1861)
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1868: Pierre Janssen
Pierre Janssen led an expedition 
to view the August 18th solar 
eclipse in Guntur, India.

Janssen and his team discovered a 
new yellow/orange emission 
line that did not correspond to 
any known element.
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1868: J. Norman Lockyer
J. Norman Lockyer commissioned a 
spectroscope to study the Sun’s 
corona. Successful observation on 
October 20th, 1868 of the same line.

He presented his work on the same 
day that Janssen’s results reached 
the French Academy.
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1869: William Harkness and Charles A. Young
The year after Janssen and Lockyer discovered 
what they called Helium after the Greek word 
for Sun (Helios), William Harkness and Charles 
Augustus Young each independently observed 
an eclipse in the U.S. and found a bright green 
emission line.
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Sun’s Emission Spectrum (Corona)
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End of the 1800s: Helium and Coronium
From C. A. Young’s 1896 book, “The Sun:”

As to the substance which produced the line we have no 
knowledge as yet, though the name ‘coronium’ has been 
provisionally assigned to it, and the recent probable 
identification of ‘helium’ in terrestrial minerals gives 
strong hope that before long we may find coronium also.
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Epilog: 1939, Bengt Edlèn
Swedish spectroscopist Bengt Edlèn was able to identify the 
“coronium” line as a very high ionization state of iron: Fe XIV 
a.k.a. Fe13+. This identification wrapped up the mystery of the 
1800s but created a new mystery that we are still solving today.
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Summary
1) A brief introduction to types of radiation and spectra

1800:  Herschel
1802:  Wollaston
1814:  Fraunhofer

2) Spectroscopy and identification
1859:  Kirchhoff
1860s: Bunsen, Roscoe, Secchi

3) Secrets of the solar corona
1868:  Lockyer and Janssen
1869:  Harkness and Young
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4) The million-degree corona*
1939: Edlèn

(*that’s a whole other talk entirely!)



Image Credits
XKCD Solar Spectrum: https://xkcd.com/1733/ 
William Herschel: http://ircamera.as.arizona.edu/NatSci102/NatSci102/lectures/milkyway.htm 
Caroline Herschel: https://www.brooklynmuseum.org/eascfa/dinner_party/place_settings/caroline_herschel  
EM Spectrum: https://leadertechinc.com/blog/basics-electromagnetic-spectrum/
Joseph Fraunhofer: http://www.tcocd.de/Pictures/Miscellaneous/Stamps/f/Fraunhofer.shtml 
Kirchhoff Experiment: http://faculty.humanities.uci.edu/bjbecker/exploringthecosmos/lecture13.html 
Secchi Spectra: https://www.vofoundation.org/blog/ghost-of-elements-spectres-of-the-universe-angelo-secchi-sj/ 
Spectral Line List: http://physics.weber.edu/palen/clearinghouse/labs/Solarspec/sunspec.html 
Jewel Box Sun (multi-wavelength): https://svs.gsfc.nasa.gov/11385 
Solar Eclipse 2017: http://www.astropix.com/eclipse/2017_Total_Solar_Eclipse_HDR_Corona.html 
J. Norman Lockyer: https://commons.wikimedia.org/wiki/File:Sir_Joseph_Norman_Lockyer [...] 
Pierre Janssen: https://alchetron.com/Pierre-Janssen-1149349-W 
Coronal Spectrum: http://www.eurastro.de/webpages/MRSPECT.HTM 
Several images from http://www.hao.ucar.edu/education/TimelineD.php 
Several images from https://micro.magnet.fsu.edu/optics/timeline/people/index.html 
Several images from Openstax Astronomy textbook https://openstax.org/details/astronomy 
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