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The View from Arunah welcomes material submitted by guest 
contributors. The strength of this publication is its writers and 
photographers, so we are always on the lookout for new con-
tributors. If you have an idea that you think might make a 
good article, or if you are an astrophotographer who would 
like others to enjoy your work, then please consider contact-
ing us. Our staff will be happy to provide any assistance that 
you might need to get your work published in The View From 
Arunah.   

To submit articles, photographs, or drawings, please send to 
them to: Steve Herzberg, 10 South Main Street, PO Box 311, 
Haydenville, MA 01039. Materials submitted via electronic 
mail should be sent to “steven_herzberg@msn.com”. Com-
ments and criticisms are always welcome. Letters to the Edi-
tor or to any of the section Editors is also welcome. 
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The winter ice storm is now just a—vivid—memory as 
winter has given way to mud season on the Hill.  And 
while the Valley clubs were more than ready and will-
ing to treat the public to our little corner of the Interna-
tional Year of Astronomy’s 24-Hour Star Party, the 
clouds, unfortunately, won out.  Late April has been 
somewhat kinder, and many local astronomers have 
awoken from their winter hibernation and taken advan-
tage of recent clear—and 
moonless—nights to begin ob-
serving in earnest. 

Last fall, when the Star Watch 
class was learning the ropes on 
the 24” Newtonian and the 
Whitney 10” & 17.5” Newto-
nians, we discovered a family 
of field mice had made their 
homes inside the light shrouds 
of the bigger two, and, unfor-
tunately, had severely dam-
aged the coatings on the mir-
rors.  Tom Walker and Kevin 
Collins have been busy prepar-
ing all three mirrors for a trip east to be cleaned and re-
silvered, and building mouse-proof enclosures for the 
24” and 17.5” that will both keep the critters out and 
not take a dozen astronomers to lift off or put back on.  
While I have utmost confidence in Tom’s and Kevin’s 
skills, I’m not quite ready to bet against the mice. 

The 100th Birthday of the historic Gaertner Tele-
scope will be celebrated on Saturday, May 23rd; a pot-
luck cook-out and all night observing are planned as 
part of the celebration.  See page 6 for more details. 
 
And while you are marking your calendars, please re-
member Arunah Hill Days will be held on August 
21st, 22nd and 23rd. 
  
Finally, we have been informed that a piece of prop-
erty bordering Arunah Hill has come up for sale.  It 

has a four bedroom house 
with a deck for nighttime 
viewing, a studio/barn,  
cottage, and carriage shed 
with office.  Perfect for 
observing and to keep 
light pollution away from 
the Hill.  You can view 
pictures of the property 
or, if interested contact 
the owner Walter Korzec 
by calling (413) 238-5914 
or visiting his web-site at 
www.hillgallerybb.com. 

The Editor’s Desk                            
by Steve Herzberg 

And yet the power and heat still worked! 

Editorial Staff 
Editor Steve Herzberg 
Associate Editor Steve Pielock 
Web Editor Dan Carnevale 

Section Editors 
Business & Programs  Joe Zuraw 

Astronomy Association  Alan Rifkin/John Davis 
Around the Valley Steve Herzberg 

Calendar  Dan Carnevale 
Columnists 

Deep Sky Treasures  John Davis 
Barlow Bob's Corner  Barlow Bob 

Photographers 
Dan Carnevale Ed Faits 

  Barry Hervieux 
Photcopying 

Collaborative Copies of Florence, MA 
Assembly/Distribution 

Steve Pielock Peter Scherff 
Rose Naff Jim Downing 

Bruce Blanchard Janice Kachavos 

How to Submit Material to The View from Arunah 



The View          From Arunah Page 3 Volume 65 

download a “Ubuntu live” CD image and burn it to 
make your own CD, or you can order one from their 
site.  You can boot from the CD and run the Ubuntu 
right from the CD, which is of coarse much slower 
that it will be from the hard drive.  But this allows 
you to run and play with the Ubuntu system without 
actually installing it.  In order to take full advantage 
though, you need to install it to the hard drive.  This 
is really easy too.  I've done several dual-boot in-
stalls on various laptops with no trouble at all.  The 
dual-boot option allows you to keep Windows on 
your machine and you choose between Windows or 
Ubuntu when you boot up.   It is also possible to set 
up a “virtual machine” and run both at the same 
time.  We won't cover that here though. 

Once you have Ubuntu running you will find pretty 
much all the applications you need to do the things 
you normally do: web browsers including Firefox; 
and a full suite of applications that replace the ex-
pensive MS Office stuff, known as OpenOffice 
(which works very well—in fact, I am writing this 
article on the OpenOffice Writer).  I prefer these to 
the MS stuff and the price is right.  There is such a 
long list of software, it may  be overwhelming.  It's 
nice to know you are generally safer with Linux be-
cause its security is very good and there are very 
few viruses.  People target Windows for viruses, not 
Linux. 

Perhaps the best improvement is the package man-
ager.  This application handles the finding, installing 
and updating of almost all the software you will ever 
need.  You simply check the programs you think 
you want and it installs them for you.  Sweeeeet. 

I also like the fact that it easily allows you to run 
multiple desktops.  This makes it nice if you want to 

run several astronomy 
programs at the same 
time and yet not have 
a cluttered mess. 
 
[Part 2 of Rich’s arti-
cle, focusing on astro-
nomical programs 
running on Linux, will 
appear in the Summer 
issue.] 

IS IT  TIME  TO MAKE  THE SWITCH  
FROM  WINDOZE  TO L INUX ? PART 1  

BY RICH  VOLANT  

If you're like me, Windows Vista was the straw that 
broke the camel's back.  It's bad enough that it eats up 
nearly 20 gig of my hard drive just for the operating 
system, but when you have to jump through flaming 
hoops to get programs to install or run....   and I paid 
for this???   Do you have an old PC that doesn't get 
much use anymore?  Tired of fighting with Vista?  
Maybe it's time you look at Linux. 

I had already been playing with Linux on an old desk-
top machine but I was continually frustrated with sev-
eral different “brands” or distro's (distributions) as 
they are known.  Most problems were in getting hard-
ware to work right or figuring out how to install new 
software.  If you're not a programmer, forget it.  Then 
I discovered a distro called “ Ubuntu”. ( http://
www.ubuntu.com/  ) 

Ubuntu is an African word meaning 'Humanity to oth-
ers'    I quickly found that this version of Linux was 
just what I'd been looking for.  It was easy to install, it 
worked with all my hardware without a bunch of 
messing around and it took all the hassle out of in-
stalling new software.   The best part is that it's all 
free and always will be. 

To quote the main web site: “Ubuntu is a community 
developed operating system that is perfect for laptops, 
desktops and servers. Whether you use it at home, at 
school or at work Ubuntu contains all the applications 
you'll ever need, from word processing and email ap-
plications, to web server software and programming 
tools.” 

Ubuntu desktop with sev-
eral programs running. 
Notice on the  right, you 
can run multiple desktops. 

So I found that Ubuntu 
only eats 4 gig of hard 
drive space vs 20 gig for 
Vista, and it really seems 
to run faster.  It certainly 
boots faster.  You can 
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bra’s individual stars.  So grab your binoculars as we scan 
17
 WNW of bright 2nd mag. d Scorpii to find aaaa Librae or 
Zubenelgenubi, the Southern Claw, a white (A-2) star 
shining at mag. 2.75, actually the second brightest star in 
Libra and a very nice binocular double, an easy split with 
the mag. 5.2 yellowish (F-5) secondary a wide 231¢¢ away 
in position angle 314
. 

Perhaps the most fascinating star in Libra is also the 
brightest.  Glowing at mag. 2.61, only slightly brighter 
than alpha, is Libra’s beta star, Zubeneschamali.  Some 
ancient observers accorded it pride of place, listing it as 
being brighter than Antares, the brightest star in all of both 
Libra and Scorpius!  One was none other than Eratosthe-
nes, the Greek astronomer of Alexandria, famous for meas-
uring the size of the earth.  Ptolemy, also at Alexandria 
nearly 400 years later, put b Librae at the same brightness 
as Antares.  So obviously there was considerable debate 
among later astronomers over this brightness controversy.  
But according to R. H. Allen, a noted historian of stars, it 
could very well have been Antares that changed, since 
Antares is a red M-1 supergiant and like Betelgeuse and all 
of its type, already a variable. 

The most fascinating thing about b Librae, Zubene-
schamali, is not how about bright it may or may not have 
been 2000 years ago, but what every observer today can 
check out any time that this “white” B-8 b Lib is observ-
able.… Beta Librae, Zubeneschamali, is green!  At least 
that is what a number of observers over the years have 
claimed.  Color, of course, when observing stars visually, 
is a very subjective thing and people tend to see the lighter 
more subtle tints of stars differently.  While it is known 
and accepted by observers that in a double star system, 
especially if the larger brighter primary is a red giant, its 
fainter (“white companion”) is seen as “greenish.”  This is 
true of Antares, a Herculis and g  Del., to mention only a 
few, and these systems with greenish companions are not 
limited to red giant primaries.  However, b Librae, with its 
“white star” spectrum class of B-8, is the only single star 
that has been referred to by observers over the years as 
greenish.  These include such luminaries as the Rev. T. W. 
Webb back in the 19th century and the late 19th and 20th 
century noted author and observer William Tyler Olcott, 
both of whom wrote famous guidebooks.  So it’s really up 
to you.  If after carefully gazing at b Lib with your eye or 
with binoculars, you agree with those others, then b Librae 
is only bright single star in the sky that is green! 

Starting back at a Librae, Zubenelgenubi, we’ll slide north 
just 2
 to find m m m m Lib , a beautiful but very tight double star, 
separated by only 1.8¢¢ in PA 355
, both components of 
which are white.  At mag. 5.8 and 6.5, they make a fine 
pair. You’ll need a good still night with at least 6 or pref-
erably 8 inches or more aperture to split this one cleanly.   

Deep Sky Treasures    
by John Davis 

A Look at Libra   

Of all the zodiacal constellations in the sky, there seems 
little doubt that Libra, the Scales, is the least observed of the 
Twelve.  We can attribute this to its fairly low declination, 
never attaining a very high position in our mid-northern lati-
tude sky and to its position in between its two brighter zo-
diacal neighbors on either side.  Scorpius to the E sports a 
very distinctive bright “fish hook” star pattern and its daz-
zling star clusters immersed in the Milky Way.  To the W of 
Libra lies Virgo with its brilliant Spica and its multitudes of 
galaxies visible in moderate sized amateur scopes.  Libra in 
between with none of the above also has in fact no stars 
brighter than 3rd magnitude.  The identification of this area 
in the sky with a balance or set of scales can be traced back 
into the depths of antiquity where in ancient Mesopotamia 
the Sumerians knew this part of the sky as the “Balance of 
Heaven.”  Earlier than 2000 B.C. these “Scales of Justice” 
were associated with Shamash, the Sumerian Sun god and 
god of Justice, revealed through ancient carvings and arti-
facts.  Centuries later, the ancient Greeks were known to 
have inherited the “Scales of Justice” identification for this 
constellation.  Their Goddess of Justice was Astraea, repre-
sented in Greek Mythology by the constellation Virgo hold-
ing up the Scales of Justice.  However, somewhere along the 
line the Greeks attached it to Scorpius, the zodiacal constel-
lation just to the east and it became known as the “Claws of 
the Scorpion.”  In fact if you look in the sky you can see that 
the fainter stars of Libra very logically trace out a pattern 
that looks like the extended claws of the Scorpion. Indeed, 
the names of Libra’s two brightest stars, Zubenelgenubi (a 
Lib) and Zubeneschamali (b Lib), literally translate respec-
tively into the “Southern Claw” and “Northern Claw.” 

The idea that this part of the sky was associated with 
“Scales of Justice” had so permeated the Mediterranean cul-
tures of those times that by the first century B.C., the Ro-
mans had completely adopted the “Balance” or “Scales of 
Justice,” permanently establishing Libra in this spot in the 
zodiacal sequence.  Even the seasons were balanced, when 
the Sun was in this part of the sky around the time of the 
autumnal equinox.  And so today, where all the other zodi-
cal constellations represent people or animals, Libra is the 
only inanimate object of the zodiacal Twelve.  

So now, what is there to observe in this rather dim low-
slung constellation?  Well, just for fun, late this spring let’s 
turn our binoculars and telescopes toward Libra, so we can 
actually see what this “Rodney Dangerfield of constella-
tions” has to offer.  We’ll start off by noting a few of Li-



Another truly beautiful double star in Libra you won’t want 
to miss is listed in William Herschel’s catalogue of colored 
double stars that he compiled back in the early 1820’s.  It’s 
listed as HN-28, with an orange (K-5) mag. 6.8 primary 
and a red (M-0) mag. 8.0 secondary a comfortable 23¢¢ 
away.  You’ll find it just 51/2
 SSE of Zubenelgenubi (a 
Lib) just over halfway on a line from a  to mag. 3.5 s  Lib.   

Another very nice double and, by the way, especially well 
suited for beginning observers, is  S S S S 1962, 5
 E of   b Lib,   
Zubeneschamali.  You’ll see a small “flattened-out” trian-
gle of 5th and 6th mag. stars.  The star farthest away (5+
) 
from b Lib in that triangle is S1962 (number 1962 in 
Wilhelm Struve’s catalogue of double stars).  Its compo-
nents are of mag. 6.5 and 6.6, both yellow (F-8) and are an 
easy split at 11.9¢¢ separation in PA 188
. 

Now we’ll get a look at a very different kind of star in Li-
bra that you might want to check out: d d d d  Lib (19 Lib), an 
Algol-type eclipsing variable, the blue-white B-9 primary 
being partially eclipsed by a yellow secondary every 21/3 
days.  The drop in brightness is a full magnitude, dimming 
from mag. 4.92 to 5.90, in only six hours, enabling you to 
catch the complete drop in one evening. You will be able to 
find d  Lib slightly N of 4
 due W of b  Lib. 

Now, with your scope centered on d,  slide it just 1
 N past 
an arc of 6th  mag. stars, where you should see the roundish 
11.2 magnitude glow of NGC-
5812, a lenticular galaxy with a 
small bright core and an obvious 
broad oval halo extending roughly 
1.2 x 1.5 arc minutes.  Its high sur-
face brightness of mag. 12.3 makes 
NGC-5812 fairly easy to spot, es-
pecially with a moderate to large 
aperture scope.   

Our galaxy hunt continues now as 
we return to Zubenelgenubi (a  
Lib) as our starting point.  Now 
swing SW 2
 22¢ from there and in 
a moderate sized (8˜ – 12˜) scope 
you should be able to spot NGC-
5728, a mag. 11.5 barred spiral gal-
axy with a row of four 9th mag. stars 
lying just to the S.  Its 2.6¢  NNE-SSW elongated halo sur-
rounds a fairly bright patchy core, and of course, larger ap-
ertures of 16¢¢ - 20¢¢ and up will show you a little more de-
tail. 

You may have to poke around a little to find our next gal-
axy.  It is NGC-5878 and it lies slightly S of SSW and 
barely under 5
 from our “green star” b  Lib.  Your best bet 
here is to slide exactly 4
 50¢ S of SSW from b  Lib where 
you’ll find a pair of stars of mag. 7.0 and 7.5 only 12¢ apart 

and aligned NNW-SSE.  Just 8¢ WSW of the brighter more 
southerly of that pair, you will spot NGC-5878, a nice 11.5 
mag. spiral elongated N-S with a bright 3¢ x 1¢ halo and a 
very small bright nucleus.  It lies in a rich star field of 10th 
to 12th mag. stars. 

Now we drop to mag. 3.3 s s s s  Lib at the S end of Libra.  Star 
hopping 3.5
 ENE from s brings us to NGC-5898 and 
NGC-5903, a pair of galaxies just N of an E-W row of  
three 7th to 8th mag. stars.  Mag. 11.4 NGC-5898 has a 
smooth round 2¢ halo that brightens to an ill-defined core.  
NGC-5903 lies just 5¢  to the ENE of NGC-5898.  This pair 
of galaxies also lies in a fairly rich star field enhancing the 
scene, especially in large aperture scopes.   

Our final stop in our tour of Libra is a large globular clus-
ter, NGC-5897.  It lies exactly 3
 due N of this last galaxy 
pair and can be located easily by finding 4.5 mag. iota (i 
Lib.).  Iota lies just over 6
 SE of Zubenelgenubi (a  Lib).  
Now, from iota, slide your finder just 1
 45¢ to the SE, 
where you should see the hazy 8.6 mag. glow of NGC-
5897.  Despite its listed magnitude of 8.6, this very loose 
globular spanning almost 12 arc minutes of sky is listed as 
a “challenge object” in the Observer’s Handbook of the 
Royal Astronomical Society of Canada, and for a valid 
reason.  This loose globular is listed as “class XI” on the 
Shapley-Sawyer concentration scale of I – XII for globular 
clusters, with class XII being the loosest, least concen-

trated.  The loose concentration of 
stars in NGC-5897 results in a 
fairly low surface brightness, and 
this, combined with the cluster’s 
low declination of -21
, means 
you may be looking through a 
haze, thereby further reducing the 
cluster’s visibility.  However, on 
a very clear transparent night with 
a medium (8˜ – 12˜) aperture 
scope you should be able to re-
solve quite a few stars all across 
the cluster’s span, especially by 
using averted vision.  Also you 
will notice the cluster’s uneven 8¢ 
x 10¢ shape and the background 
glow showing only a slight bright-
ening toward the center.   

There are many more galaxies in Libra and the neighboring 
constellations that you can hunt down.  To observe these 
objects in Libra successfully, you should try to observe on 
a very clear and transparent night in late May or June, and 
be sure you pick a dark sky location, giving you a sky free 
from light pollution to the south.  Arunah Hill, of course, is 
a good choice! 
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NGC 5897 by Daniel Verschatse - Observatorio Antilhue - Chile 
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Around the Valley 

Observing Calendar April—July 2009 

Full Moon April 9; May 9; June 7; July 7 
New Moon April 24; May 24; June 22; July 22 
 
April  13 Double Shadow Transit on Jupiter 
 22 Lyrid Meteor Peak (ZHR = 20) 
     26 Mercury at Greatest Elongation (E)  
 
May   2 Venus Greatest Illuminated Extent 
  6 �  Aquarid Meteor Peak (ZHR = 60) 
     17 Double Shadow Transit on Jupiter 
 
June 2, 9   
  &16 Double Shadow Transit on Jupiter 
 13 Mercury at Greatest Elongation (W) 
 21 Summer Solstice 
  
July 21 Total Solar Eclipse 

 29 S. d Aquarid Meteor Peak (ZHR 20) 

Astronomy Association Annual Dinner: Over 50 
amateur astronomers from clubs around the Valley 
came together April 10 for the annual Astronomy 
Association Dinner.  Before sitting down to a deli-
cious dinner featuring soup, chicken and eggplant 
parmesan, salmon roll, and peach upside-down 
cake, association members visited a number of dis-
plays, including Peter Scherff and Sean Marian’s 
meteor collections, Dan Carnevale’s refractor and 
Tom Walker’s SCT, the 5As two Work Horse 
Telescopes that together have welcomed over 
90,000 viewers, Steve Pielock’s planetarium pro-
jector, Steve Herzberg’s barn-door tracker, and 
Kevin Collin’s telescope and photographs.   

 Conjunction was given the President’s 
Award for Outstanding Contribution to the amateur 

�� �� ��� �� 	
���� ��� �
 �� �����
� �� 
��� � �
  

����������	
�������
�������	���
��������������	���
�	��
��������
�	���	���������������

�
��	�
����
�����
��
�� �!���� ����
"��#�	��������	�$�������
���
#����
�� �!���%��$���&������#�
'� �!���(
����������
)� ��*�+� �!� ���(��$�,����	-���

./��0����
�����������	��
���	$���0�������
������#�����0����������	�12�

+� �����&�	���
���
$��3���	������
�������
����������

������#��*��
����	��������.�	��#����	�����	�����12� ���

����
	$��$������	"��#�
��
4�� 0���� �	�"���� �
��	� ��
���� 
��� ��
����� ���"�	*
0
	��� 
��� 
������ ��� 
� ���$��#� ��	�� 
��� �����
��
���"�5� � 6�	� ���� ������$� ��� 0�	$� 	�#���� 7���� �	��#�
����#����	�
�����
���������������
����
$����
	��
��� ���� 	���5� ����$� ���� 8���#8� �������� ���
�	��
�5�	#� ��� ���� 0�
�� ����	�� 
	�� �	��#��#�� 7����
���$���	�����8&�	���
�� �����$8�������#5�������
���
*�
��� ��� /6
���9����
��5��� � 0���� 0�
�� ���� 
	��
�	��#��#���������������������������5�

astronomical community of the Valley, while the 
Springfield STARs were recognized not only for be-
ing the first astronomical club in the area, but for their 
75 years of continuous, and on-going, promotion of 
astronomy and public access to their programs.  The 
President’s Award for Continuing Contribution to as-
tronomy in the valley was given to Joe Zuraw, Bruce 
Blanchard, Ed Faits, Kevin Collins, and the members 
of Boy Scout Troop 550, who staffed this event and 
made sure we were all fed and happy. 

 After dessert, the gathering was treated to a talk 
by Hideo Fuji on the construction of his new roll-off 
roof observatory.  Hideo discussed landscaping con-
cerns, and the design, construction, finishes and the 
naming of his two-room (one heated!) roll-off. 



The English philosopher Roger Bacon (1214 – 1294) was the 
first person to recognize that sunlight passing through a glass 
of water could be split into colors. 

Nearly four centuries later, Sir Isaac Newton coined the term 
“spectrum” to describe the rainbow of colors produced by 
sending sunlight through a prism. In 1666, he directed a beam 
of sunlight through a glass prism and noted the light from the 
Sun was composed of a continuous spectrum of colors. New-
ton was not equipped to study the spectrum and was unable to 
observe the spectrum in more detail. Later, using a telescope 
and prism, Newton viewed the light from Venus. Again, he 
noted the light contained a continuous spectrum. Newton’s 
work with spectral light was not broadly recognized, and little 
additional work on the nature of spectra was done for 150 
years.  

However, two noteworthy spectral discoveries did take place 
during that period. In 1800, William Herschel tested the heat-
ing power of the colors of the solar spectrum. He placed sen-
sitive thermometers at various locations in the spectrum. 
Herschel found that the maximum heating effect took place 
outside the red end of the visible spectrum. He discovered 
infrared (IR) light. The following year, J.W. Ritter was testing 
the effect of the solar spectrum on various chemicals. His 
experiment involved a quartz prism placed in an open win-
dow. Ritter placed paper that was coated with different 
chemicals in the spectrum. He found that silver chloride 
blackened when placed at a point beyond the violet end of the 
spectrum. Ritter discovered ultraviolet (UV) light.  

William Hyde Wollaston (1766 – 1828) was an English 
chemist and physicist. In 1802, in what was to later lead to 
some of the more important advances in solar physics, he dis-
covered the spectrum of sunlight is crossed by a number of 
dark lines. This is considered to be “A Great Moment in the 
History of Solar Physics” since it was the birth of Solar Spec-
troscopy.  

In the early 19th century, Europe was in the midst of the Na-
poleonic Wars and military needs were driving many tech-
nologies, as they have often done before and since. In 1801, 
the French military government in Bavaria was having a great 
deal of difficulty making a survey of Napoleon’s new con-
quests because of the poor quality of the lenses available for 
surveyor’s transits. Farsighted businessmen bought an aban-
doned monastery, called Benediktbeuern, near Munich. There 
they set up a company to improve the quality of glass. Glass-
makers had to find ways of making sure that when they 
melted a mixture of quartz, lime and soda in their furnaces, 
the materials really mixed together uniformly. The inability to 
solve this problem caused windows in old buildings to pro-
duce distorted, wavy images of outside objects. You can 

imagine what it did to a telescope lens. 

The smartest thing the company owners did was to hire a 
journeyman glassworker by the name of Joseph von Fraun-
hofer. Orphaned as a young boy, Fraunhofer had been appren-
ticed to a glass cutter. One day while working, the building he 
was in collapsed around him trapping him inside and, appar-
ently, turning him into something of a public hero in Bavaria 
as rescue workers struggled to dig him out. The Elector of 
Bavaria gave him 18 Ducats, which allowed Fraunhofer to 
buy out his apprentice’s contract and acquire enough tools to 
set himself up in business. By 1813 he was in charge of the 
whole operation at Benediktbeuern. Over the years, he im-
proved the quality of the glass produced by his factory, pro-
ducing the best optical equipment to be found anywhere in the 
world. This gave Fraunhofer a new problem. There was not a 
way that he could measure small differences in the composi-
tion of his glass from one melt to another. 

To see why this might be important, think about a simple op-
tical instrument, such as a prism. When white light comes into 
the prism, the different wavelengths are bent through different 
angles, resulting in a spread of colors. Prisms made of slightly 
different pieces of glass, however, will bend the same wave-
length of light through slightly different angles. What was 
needed was some sort of calibration standard, some fixed 
wavelength of light that all laboratories could run through 
their prisms to compare the way the instruments worked. To-
day, there are many such standards available. In Fraunhofer’s 
time, there was nothing.   

He turned to a discovery that had been made in 1802. If you 
pass sunlight through a prism of sufficiently high quality, you 
notice a series of dark bands superimposed at regular intervals 
over the colored spectrum of light. No one at the time, includ-
ing Fraunhofer, had any idea what these lines were. He real-
ized that whether he understood them of not, they could be 
used to solve his calibration problem.  

The same Sun shines on London and Berlin. Laboratories in 
these two cities carefully measure the wavelengths of the dark 
bands. They could compare their prisms, by looking at how 
much they each bent a specific wavelength. Like most high-
tech entrepreneurs, Fraunhofer was not slow to exploit his 
new idea. In 1814, he rediscovered the dark lines in the solar 
spectrum noted by William Hyde Wollaston and determined 
their position with improved precision.  In the 1820’s, he had 
made careful measurements of no fewer than 574 dark lines in 
the Sun’s spectrum He provided a detailed road map for other 
investigators to follow. As far as we can tell, he never tried to 

(Continued on page 8) 
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find out what the lines were or where they came from. For 
him, they were useful markers that made his work as an 
equipment manufacturer easier. Today, we honor his careful 
benchmark investigations by referring to dark lines of this 
type as “Fraunhofer lines.” 

 

 
 

The solar spectrum and its Fraunhofer Lines.   

In 1849, Leon Foucault noticed that Fraunhofer’s D line in the 
Sun corresponded with the bright yellow-orange line in 
lamps. To show that the two lines matched, he passed sunlight 
through the arc of a lamp in order to view the superimposed 
spectra.  To his surprise, he found that the absorption lines in 
the solar spectrum became stronger. Additional experiments 
using carbon arc lamps showed that a given medium could 
produce either emission of absorption lines. The results of 
these and earlier experiments were fundamental to the devel-
opment of Kirchoff’s Laws.   

For more than half a century, the Sun’s Frauenhofer lines re-
mained a useful, but unexplained phenomenon. By the late 
1850’s, the University of Heidelberg had become one of the 
great centers of scientific research in the world. Two of its 
brightest scientists were a physicist named Gustav Kirchoff 
and a chemist named Robert Bunsen.  

In 1859, they repeated Foucault’s experiment of passing 
sunlight through a strong sodium flame. To aid their investi-
gation, Bunsen and Kirchoff developed the first spectroscope. 
Earlier scientists used a prism to diffract the light source to a 
separate viewing scope, and detailed measurements were dif-
ficult to perform. The spectroscope that Bunsen and Kirchoff 
developed had an integrated slit, prism, and collimator. The 
results of their experiment were the same as Foucault’s: the 
sodium flame produced dark lines in the solar spectrum. 
Kirchoff repeated the experiment with lithium, which had no 
corresponding solar lines. When he performed the lithium 
test, he saw absorption lines. How could two superimposed 
bright light sources produce dark lines? To answer this ques-

(Continued from page 7) tion, Kirchoff and Bunsen recorded the spectra of lithium, 
sodium, potassium, calcium, strontium, and barium salts in 
flames. They showed that the solar absorption spectra were 
the reverse of the spectra that the solar atmosphere produced. 
Kirchoff showed strong evidence for the presence of iron, 
magnesium, sodium, nickel, and chromium in the atmosphere 
of the Sun. 

In conducting these experiments, Kirchoff and Bunsen dis-
covered two new elements: cesium and rubidium. Kirchoff 
and Bunsen’s use of spectral analysis to determine chemistry 
is considered to be the beginning of the science of spectros-
copy. 

Bunsen invented the burner found in practically every high 
school chemistry lab. He was an expert in what is called ana-
lytical chemistry. This is the branch of science devoted to 
purifying and identifying samples of chemical compounds. 
He began doing detailed chemical analyses of the gases pro-
duced in the manufacturer of cast iron. By the 1850’s, he was 
at Heidelberg working on techniques for identifying gases by 
looking at the color of the flames they produce when burned. 
The Bunsen burner was developed so that metal samples 
could be burned in a hot, non luminous flame. 

Meanwhile, Gustav Kirchhoff was beginning a parallel career 
through the German university system.  In 1847, he graduated 
from the University of Königsberg.  At the age of 21, he for-
mulated the laws that govern the voltages and currents in 
electrical circuits, laws which still bear his name.  In 1854, he 
went to Heidelberg. In talks with Bunsen, he suggested that 
instead of just looking at the colors of the flames, they should 
look at the spectrum of light being emitted.  It had been 
known for some time that the light from burning materials, 
when passed through a prism, splits up into a series of sharp 
lines called spectral lines, rather than a continuum, as happens 
with sunlight.  What Kirchhoff suggested was that those 
bright lines would make a good “tag” by which to detect fine 
distinctions between different compounds. 

The two took this idea seriously and put together the world’s 
first instrument for analyzing spectra from a couple of old 
telescopes, a prism, and a cigar box. The idea was to look at 
light from burning materials in a systematic way, cataloging 
the positions of various spctral lines. 

During the run-up to the main experiments in the autumn of 
1859, however, Kirchhoff stumbled on an observation that 
was to change the face of astronomy.  He was running 
sunlight through their apparatus, looking at Fraunhofer lines. 
He had already detected a correspondence between the bright 
lines in the light from burning metals and the dark Fraunhofer 
lines.  What he noticed, however, is that if he passed sunlight 
through a sodium flame before bringing it into his apparatus, 
certain Fraunhofer lines became darker.  

After thinking about this finding overnight,  Kirchhoff real-
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ized that the dark lines occurred when light was absorbed by 
atoms.  Fraunhofer lines were created when white light from 
the Sun’s core was absorbed by the sodium atoms in the solar 
atmosphere.  Even more light was absorbed by Kirchhoff’s 
flame.  This is why the lines became darker.  This not only 
explained a fundamental property of radiation, it opened a 
new window on the universe.  For the first time in history, a 
human being had detected the presence of a specific chemical 
element (sodium) on a non-terrestrial body. 

In 1861 Bunsen and Kirchhoff performed experiments leading 
to the conclusion that the dark lines in the solar spectrum, 
observed by Wollaston and Fraunhofer, arise due to the ab-
sorption of light by gases in the 
solar atmosphere that are cooler 
than those emitting the light. 

Today we know that the atom has a 
heavy, positively-charged nucleus 
around which electrons move in 
specified orbits.  When an electron 
jumps from a higher orbit to a 
lower one, light is emitted. The 
energy of the light moving away 
from the atom is precisely equal to 
the difference in energy of the elec-
tron in the two orbits. When an 
atom absorbs light, on the other 
hand, the electron jumps from a 
lower orbit to a higher orbit, and 
the energy absorbed from the light 
is precisely equal to the energy 
needed to lift the electron up.  

Kirchhoff didn’t know about electrons, of course. Their dis-
covery was decades in his future.  From his experiments, he 
realized that an atom that emits a particular wavelength of 
light will also absorb at that wavelength. Why absorption? 
Where the original photon may have been coming straight 
along your line of sight, the one that’s re-emitted can head off 
in any direction. The result is a drop in intensity for the light 
given off by that element, which shows up as the absorption 
line.  

Armed with their new insight, Kirchhoff and Bunsen dis-
played the “killer instinct” you would expect from world-

class researchers by identifying two new chemical elements: 
Cesium (from the Latin for “sky blue”) and rubidium (“dark 
red”) from drops of mineral water.  The elements were named 
for the brightest colors in the spectrum.  In the following 
years many additional elements were identified by their 
unique spectra. 

While chemists were using the newfound ability to analyze 
spectra to flesh out the Periodic Table, young astronomers 
were not slow in applying the analysis of spectra to the study 
of the heavens. 

One amateur astronomer in England, Norman Lockyer, ac-
quired a small spectroscope to fit 
in his six inch backyard telescope 
and used it to make a series of 
stunning discoveries about the 
Sun. Examining light from sun-
spots, he noted that the Fraunhofer 
lines were darker than those from 
neighboring areas, demonstrating 
that sunspots are cooler than their 
surroundings. He used the spectro-
scope to make the first observa-
tion of a solar prominence in the 
absence of an eclipse. He discov-
ered and named the solar chro-
mosphere, because of the bright 
red hydrogen spectral line that 
created the image. For these dis-
coveries, Lockyer, who was a 
professional science writer and 
clerk in the War Office, was 
elected to the Royal Society. 

In 1868, he made a rather starling discovery. In the spectrum 
of the Sun, nestled between two bright yellow sodium lines, 
he saw a spectral line that just was not supposed to be there. 
At least, it didn’t belong to any element known to chemists. 
Lockyer concluded that what he observed was a new element, 
one that didn’t appear on Earth. He named the element he-
lium, from Helios, the Greek word for Sun.  
 
(Part 2 of this article will appear in the Summer issue of The 
View from Arunah) 

Bright and sunny, with a noontime high of 4000 degrees..  
A sunspot next to Earth (for comparison only). 

About the Photographs in this Issue: 

On the cover: members of Troop 45 in Southington, CT looking over the facilities in a snow squall. They 
will be camping on the hill and working on their astronomy merit badges in May.  

The ice storm photographs in this issue were taken last December by Barry Hervieux, Dan Carnevale, and 
Ed Faits.  For the Summer issue the editor promises pictures with less ice and more green!  
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