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: J The 100th Birthday of the historic Gaertner Tele-
The EdItOF S DeSk scopewill be celebrated on Saturday, May 23rd; a p

by Steve Herzberg luck cook-out and all night observing are planned

The winter ice storm is now just a—vivid—memory & part of the celebration. See page 6 for more details|

winter has given way to mud season on the Hill. Al

while the Valley clubs were more than ready and wi And while you are marking your calendars, please
ing to treat the public to our little corner of the hni@  memberArunah Hill Days will be held on August
tional Year of Astronomy's 24-Hour Star Party, thoqst 00 gng 24
clouds, unfortunately, won out. Late April has be¢
somewhat kinder, and many local astronomers he Finally,
awoken from their winter hibernation and taken adva
tage of recent clear—and
moonless—nights to begin ob
serving in earnest.

we have been informed that a piece of pr
erty bordering Arunah Hill has come up for sale.

with a deck for nighttime
viewing, a studio/barn,

Last fall, when the Star Watc
class was learning the ropes ¢
the 24" Newtonian and the
Whitney 10" & 17.5" Newto-
nians, we discovered a famil
of field mice had made thei
homes inside the light shroud
of the bigger two, and, unfor
tunately, had severely dam
aged the coatings on the mi

with office. Perfect for

light pollution away from
the Hill. You can view

or, if interested contac

i A\ T s X

‘

has a four bedroom house

cottage, and carriage shed

observing and to keep

pictures of the property

the owner Walter Korzeq
by calling (413) 238-5914
or visiting his web-site at

0p-
It

t

rors. Tom Walker and Kevin nd@yéﬁtm eat still worked!. Www.hillgallerybb.com.
Collins have been busy prepa- - -

ing all three mirrors for a trip east to be cleaned and re- Editorial Staff

silvered, and building mouse-proof enclosures for the  [Egitor Steve Herzberg

24" and 17.5” that will both keep the critters out and

ViS

not take a dozen astronomers to lift off or put back on. Assoma’Fe Editor Steve Pielock
While | have utmost confidence in Tom’s and Kevin's  |[WWeb Editor Dan Carnevale
skills, I'm not quite ready to bet against the mice. Section Editors
Business & Programs Joe Zuraw
How to Submit Material to The View from Arunah Astronomy Associatiop Alan Rifkin/John Da
Around the Valley Steve Herzberg
The View from Arunalvelcomes material submitted by guest Calendar Dan Carnevale
contributors. The strength of this publication is its wsitend Solliiee
photographers, so we are always on the lookout for new cok -
tributors. If you have an idea that you think might make 4__Deep Sky Treasures John Davis
good article, or if you are an astrophotographer who woull Barlow Bob's Corner Barlow Bob
like others to enjoy yourhwork, then pI((ajase consider conte:]c Photographers
ing us. Our staff will be ha to provide any assistance thgrt .
yogu might need to get yourpvsgrk p%blishedl’ in)é View From Dan Carnevale Ed Fa.lts
Arunah Barry Hervieux
Photcopying

To submit articles, photographs, or drawings, please send

them to: Steve Herzberg, 10 South Main Street, PO Box 31 Collaborative Copies of Florence, MA

Haydenville, MA 01039. Materials submitted via electronic Assembly/Distribution

mail should be sent to “steven_herzberg@msn.com”. Cormn|- Steve Pielock Peter Scherff
ments and criticisms are always welcome. Letters tdcthie Rose Naff Jim Downing

tor or to any of the section Editors is also welcome. Bruce Blanchard Janice Kachavos
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ISIT TIME TO MAKE THE S/VlTCH download a “Ubuntu live” CD image and burn it
make your own CD, or you can order one from th

FROM WINDOZE TO LINUX? PART 1 site. You can boot from the CD and run the Ubu
BY RICH VOLANT right from the CD, which is of coarse much slow
that it will be from the hard drive. But this alle

If you're like me, Windows Vista was the straw tha©U 0 run and play with the Ubuntu system withc

broke the camel's back. It's bad enough that e actually installing it. .In orde;r to take full acmage
nearly 20 gig of my hard drive just for the opergti f[hough, you need to install it to the hard driviéhis

system, but when you have to jump through flaminé really easy too. I've done several dual-boet|i

hoops to get programs to install or run.... ameit Stalls on variqus laptops with no trouble at dlhe
for this??? Do you have an old PC that doesn't géual-boot option allows you to keep Windows
much use anymore? Tired of fighting with Vista?/Our machine and you choose between Windows
Maybe it's time you look at Linux. Ubuntu _when you b‘oot up. Itis also possibledb
up a “virtual machine” and run both at the sar
| had already been playing with Linux on an oldkdes time. We won't cover that here though.
top machine but | was continually frustrated widvs _ _—
eral different “brands” or distro's (distributiona ©Once you have Ubuntu running you will find pret
they are known. Most problems were in getting hardnuch all the applications you need to (_jo the; thir
ware to work right or figuring out how to instalew ~You normally do: web browsers including Firefo
software. If you're not a programmer, forgetThen and a full suite of applications that replace the

| discovered a distro called “ Ubuntu”. I{ttp:// pensive. MS Office stuff, known as OpenOffi¢

(which works very well—in fact, | am writing this
article on the OpenOffice Writer). | prefer thdse
Ubuntu is an African word meaning 'Humanity to oththe MS stuff and the price is right. There is sac
ers' | quickly found that this version of Linwas long list of software, it may be overwhelming!s |t
just what I'd been looking for. It was easy taatisit  nice to know you are generally safer with Linux b
worked with all my hardware without a bunch ofcause its security is very good and there are v
messing around and it took all the hassle out of ifew viruses. People target Windows for viruses,
stalling new software. The best part is thatatls Linux.

free and always will be.

www.ubuntu.com/)

Perhaps the best improvement is the package n
To quote the main web site: “Ubuntu is@nmunity ager. This application handles the finding, instgl
developed operating system that is perfect foolapt and updating of almost all the software you wileeyv
desktopsandservers Whether you use it at home, atneed. You simply check the programs you th
school or at work Ubuntu contains all the appl@masi  you want and it installs them for you. Sweeeeet.
you'll ever need, from word processing and email ap

plications, to web server software and programmink @S0 like the fact that it easily allows you tonr
tools.” multiple desktops. This makes it nice if you wamt

i ot e ) @
gl s, s

Ubuntu desktop with sev-*— .7UTST programs at the sam

eral programs running:: s
Notice on the right, you® -
can run multiple desktops. s

- acluttered mess.

[Part 2 of Rich’s arti-
cle, focusing on astro;
nomical programs
running on Linux, will
appear in the Summe
issue]

So | found that Ubuntujfs==rssss
only eats 4 gig of hardl ==
drive space vs 20 gig fo
Vista, and it really seems
to run faster. It certainlygm

boots faster. You carf . o B

o <====s ryn several astronomy

time and yet not have

to
eir
ntu
er

yut

e_
ery
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[¢2]

=




Page 4 The View From Arunah Volume 65

bra’s individual stars. So grab your binoculars as we scan

Deep Sky Treasures 17 WNW of bright 2¢ mag.d Scorpii to finda Librae or

Zubenelgenubj the Southern Claw, a white (A-2) star

by John Davis shining at mag. 2.75, actually the second brightest star in
Libra and a very nice binocular double, an easy splh wit
A Look at Libra the mag. 5.2 yellowish (F-5) secondary a wide@&kay

in position angle 314 .

Of all the zodiacal constellations in the sky, theremsee
little doubt that Libra, the Scales, is the least obseofdlde
Twelve. We can attribute this to its fairly low deeliion,
never attaining a very high position in our mid-northeti la
tude sky and to its position in between its two brighter zo
diacal neighbors on either side. Scorpius to the Etspor
very distinctive bright “fish hook” star pattern and itszda
zling star clusters immersed in the Milky Way. To Weof

Perhaps the most fascinating star in Libra is also the
brightest. Glowing at mag. 2.61, only slightly brighter
than alpha, is Libra'beta star,Zubeneschamali Some
ancient observers accorded it pride of place, listingsit
being brighter than Antares, the brightest star in atloth
Libra and Scorpius! One was none other than Eratos
nes, the Greek astronomer of Alexandria, famous for meas-
. ) ) L o . . . uring the size of the earth. Ptolemy, also at Alexandria
Libra lies Virgo with its brilliant Spica and its mulides of nea?ly 400 years later, phtLibrae at ti/\e same brightness

galaxies V'S.'ble in moderate sized amateur SCOpES. Labra as Antares. So obviously there was considerable debate
between with none of the above also has in fact no stars

i . . e . among later astronomers over this brightness controversy.
e e ™™ B accoring to R. . Al ot Hstoran of St
. Y T . . . could very well have been Antares that changed, since
into the depths of antiquity where in ancient Mesop@am : : .

. ! p Antares is a red M-1 supergiant and like Betelgeuseatin

the Sumerians knew this part of the sky as the “Balafice fits t read bl
Heaven.” Earlier than 2000 B.C. these “Scales of Justice” '™ YP€. aready a variable.
were associated with Shamash, the Sumerian Sun god afile most fascinating thing about Librae, Zubene-

god of Justice, revealed through ancient carvings and artichamali, is not how about bright it may or may not have

facts. Centuries later, the ancient Greeks were known i9.en 2000 years ago, but what every observer today can
have inherited the “Scales of Justice” identificationthis  rack out any time that this “white” B8 Lib is observ-

constellation. Their Goddess of Justice was Astraea,—reprgble Beta Librae, Zubeneschamali, is green! At least

sented in Greek Mythology by the constellation Virgo hold-y,o+ is what a number of observers over the years have

ing up the Scales of Justice. However, somewhere along tgyimeq. Color, of course, when observing stars viguall
line the Greeks attached it to Scorpius, the zodiacatebn is a very subjective thing and people tend to see theli

lation just to the east and it became known as the "CHWS e subtie tints of stars differently. While it is ko

the Scorpion.” In fact if you look in the sky you can see that, 4 accepted by observers that in a double star system
the fainter stars of Libra very logically trace out attern especially if the larger brighter primary is a red gidtst, ’
that looks like the extended claws of the Scorpion. Indeegg;tar (“white companion”) is seen as “greenish.” sTisi
the names of Libra’s two brightest stars, Zubenelgerabi (i, e of Antaresa Herculis andy Del., to mention only
L_ib) a_nd Zubeneschamalb (Lib), literally translate respec- few, and these systems with greenish companions ar
tively into the “Southern Claw” and “Northern Claw.” limited to red giant primaries. Howevér Librae, with its
rwhite star” spectrum class of B-8, is the only singlar
that has been referred to by observers over the ysars a

not

The idea that this part of the sky was associated wit
“Scales of Justice” had so permeated the Mediteamarcul- ) . o=
tures of those times that by the first century B.C., the Rodr€enish. These include such luminaries as the Rev.

mans had completely adopted the “Balance” or “Scales o ebb back in the 19century and the ."”?te Toand 20

Justice,” permanently establishing Libra in this spothia ~ CENtury noted author and observer William Tyler Olc
zodiacal sequence. Even the seasons were balanced, wipghh of whom wrote famous guidebooks. So it's really|up
the Sun was in this part of the sky around the time of thi You. If after carefully gazing &t Lib with your eye or
autumnal equinox. And so today, where all the other zodiwith binoculars, you agree with those others, thérbrae
cal constellations represent people or animals, Libthes IS only bright single star in the sky thagreen!

only inanimate object of the zodiacal Twelve. Starting back aa Librae, Zubenelgenubi, we'll slide nort

So now, what is there to observe in this rather dim lowjust 2 to findmrLib, a beautiful but very tight double sta
slung constellation? Well, just for fun, late this spries  separated by only 1¢8in PA 355, both components aof
turn our binoculars and telescopes toward Libra, so we camhich are white. At mag. 5.8 and 6.5, they make a fine
actually see what this “Rodney Dangerfield of comstel pair. You'll need a good still night with at least 6 oefpr
tions” has to offer. We'll start off by noting a few of-L erably 8 inches or more aperture to split this one cleanly.

= O
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Another truly beautiful double star in Libra you won’'t wan and aligned NNW-SSE. Just\8/SW of the brighter more
to miss is listed in William Herschel's cataloguecofored southerly of that pair, you will spot NGC-5878, a nice 11,5
double stars that he compiled back in the early 1820's. mag. spiral elongated N-S with a brighitx31¢halo and a
listed asHN-28, with an orange (K-5) mag. 6.8 primaryvery small bright nucleus. It lies in a rich stardieff 10"
and a red (M-0) mag. 8.0 secondary a comfortable¢2to 12" mag. stars.
away. You'll find it just 32 SSE of Zubenelgenubia( _ _
Lib) just over halfway on a line from to mag. 3.5 Lib. Now we drop to mag. 38 Lib atthe S end of Libra. Star
hopping 3.5 ENE froms brings us toNGC-5898 and
Another very nice double and, by the way, especially w NGC-5903 a pair of galaxies just N of an E-W row of
suited for beginning observers, 81962 5 E of b Lib, three 7 to 8" mag. stars. Mag. 11.4 NGC-5898 has|a
Zubeneschamali. You'll see a small “flattened-out’rtria smooth round @halo that brightens to an ill-defined core.
gle of 8" and &' mag. stars. The star farthest away (5+ NGC-5903 lies just &to the ENE of NGC-5898. This pair
from b Lib in that triangle isS1962 (number 1962 in of galaxies also lies in a fairly rich star field anking the
Wilhelm Struve’s catalogue of double stars). Its comp scene, especially in large aperture scopes.
nents are of mag. 6.5 and 6.6, both yellow (R4&) are an

easy split at 11®separation in PA 188 . Our final stop in our tour of Libra is a large globutdus-
ter, NGC-5897. It lies exactly 3 due N of this last galaxy

Now we’ll get a look at a very differekind of star in Li- pair and can be located easily by finding 4.5 mag. iota (
bra that you might want to check odt: Lib (19 Lib), an Lib.). Iota lies just over 6 SE of Zubenelgenuai (ib).
Algol-type eclipsing variable, the blue-white B-9 primar Now, from iota, slide your finder just 1 4%o the SE,
being partially eclipsed by a yellow secondary evely 2where you should see the hazy 8.6 mag. glow of NGC-
days. The drop in brightness is a full magnitude, dimmii5897. Despite its listed magnitude of 8.6, this very loose
from mag. 4.92 to 5.90, in only six hours, enabling you globular spanning almost 12 arc minutes of sky is lis&d
catch the complete drop in one evening. You will be able a “challenge object” in th®©bserver'sHandbookof the
find d Lib slightly N of 4 due W ob Lib. Royal Astronomical Society of Canada, and for a valid
) S reason. This loose globular is listed as “class ofi"the
Now, with your scope centered dn slide it just 1 N past ghapley-Sawyer concentration scale of | — XII for glabul
an arc of 8 mag. stars, where you should see the round ¢jysters, with class XII being the loosest, least concen-

11.2 magnitude glow ofNGC- trated. The loose concentration of
5812 a lenticular galaxy with a stars in NGC-5897 results in a
small bright core and an obvious fairly low surface brightness, and
broad oval halo extending roughly this, combined with the cluster’s
1.2 x 1.5 arc minutes. Its high sur- low declination of -21, means
face brightne;s of mag. 12.3 makes you may be looking through a
NGC-5812 fairly easy to spot, es- haze, thereby further reducing the
pecially with a moderate to large cluster’s visibility. However, on
aperture scope. a very clear transparent night with
a medium (8" — 127) aperture

Our galaxy hunt continues now as

we return to Zubenelgenubia (

Lib) as our starting point. Now

swing SW 2 22from there and in

a moderate sized (8" — 127) scope

you should be able to spbiGC-

5728 a mag. 11.5 barred spiral §  NGc 5897 by Daniel Verschatse - Observatorio Antilh Chile
axy with a row of four 8 mag. stars

lying just to the S. Its 266NNE-SSW elongated halo sur-

rounds a fairly bright patchy core, and of course, larger ¢ There are many more galaxies in Libra and the neighboring
ertures of 16¢ 20¢@nd up will show you a little more de- constellations that you can hunt down. To observe these
tail. objects in Libra successfully, you should try to observe pn
a very clear and transparent night in late May or Jand,

You may have to poke around a little to find our next gé o ¢ jre ; ; g

4 o : you pick a dark sky location, giving you a sky free
axy. It isNGC-5878and it lies slightly S of SSW and ¢y, jight pollution to the south. Arunah Hill, of course
barely under 5 from our “green ste” Lib. Your best bet good choice!

here is to slide exactly 4 83 of SSW fromb Lib where
you'll find a pair of stars of mag. 7.0 and 7.5 onlygagart

scope you should be able to re
solve quite a few stars all acros
the cluster’s span, especially by
using averted vision. Also you
will notice the cluster’s unevernt8
x 10¢ shape and the background
glow showing only a slight bright-
ening toward the center.

[°2)
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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 llluminated 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 (
21 Summer Solstice

July 21 Total Solar Eclipse
29  S.d Aquarid Meteor Peak (ZHR 20

Around the Valley

Astronomy Association Annual Dinner: Over 50 astronomical community of the Valley, while the
amateur astronomers from clubs around the Vall&pringfield STARs were recognized not only for be

came together April 10 for the annual Astronoming the first astronomical club in the area, but foeirtt
Association Dinner. Before sitting down to a deli¥5 years of continuous, and on-going, promotion
cious dinner featuring soup, chicken and eggplaastronomy and public access to their programs.

of
The

parmesan, salmon roll, and peach upside-doresident’s Award for Continuing Contribution to as-
cake, association members visited a number of disenomy in the valley was given to Joe Zuraw, Bruce
plays, including Peter Scherff and Sean MarianBlanchard, Ed Faits, Kevin Collins, and the members
meteor collections, Dan Carnevale’s refractor amaf Boy Scout Troop 550, who staffed this event and

Tom Walker's SCT, the 5As two Work Horsemade sure we were all fed and happy.

Telescopes that together have welcomed over _

90,000 viewers, Steve Pielock’s planetarium pro- After ql_essert, the gatherl.ng was _treated toa
jector, Steve Herzberg's barn-door tracker, arly Hideo Fuji on the construction of his new roll-c

Kevin Collin’s telescope and photographs. . ) .
cerns, and the design, construction, finishes and

Conjunction was given the President’snaming of his two-room (one heated!) roll-off.
Award for Outstanding Contribution to the amateur

talk
) ff

roof observatory. Hideo discussed landscaping con-

the
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SPECTROSCOPY HISTORY
Compiled and Edited By Barlow Bob

The English philosophdRoger Bacorn(1214 — 1294) was the imagine what it did to a telescope lens.
first person to recognize that sunlight passing througlassgl

of water could be split into colors. The smartest thing the company owners did was to hite a

journeyman glassworker by the nameJoseph von Fraun

Nearly four centuries later, Sisaac Newtorcoined the term
“spectrum to describe the rainbow of colors produced by - : ) .
sending sunlight through a prism. In 1666, he directed a bea ficed 10 @ glass cutter. One day while working, the gitie
of sunlight through a glass prism and noted the light fitzen t Was in collapsed around him trapping him inside and, ap
Sunwas composed of a continuous spectrum of colors. Ney €Ntly; turning him into something of a public hero in Bava

hofer. Orphaned as a young boy, Fraunhofer had been appren-

par-
b
r of

observe the Spectrum in more detail. Later’ using acmjes Bavaria gaVe him 18 DucatS, which allowed Fraunhofer to

and prism, Newton viewed the light froenus Again, he  buy out his apprentice’s contract and acquire enough too

S

noted the light contained a continuous spectrum. Newton' set himself up in business. By 1813 he was in charge of the

work with spectral light was not broadly recognized, dttle | ~ whole operation at Benediktbeuern. Over the yearsjrhe

additional work on the nature of spectra was done for 15 proved the quality of the glass produced by his factory, pro
years. ducing the best optical equipment to be found anywhere in the

world. This gave Fraunhofer a new problem. There wasn
However, two noteworthy spectral discoveries did takeeplac way that he could measure small differences in timepesi-
during that period. In 180QVilliam Herscheltested the heat- tion of his glass from one melt to another.
ing power of the colors of the solar spectrum. He plaesd o ) ) )
sitive thermometers at various locations in the spectr 10 S€e why this might be important, think about a sinople
Herschel found that the maximum heating effect took plac tical instrument, such as a prism. When white ligithes into
outside the red end of the visible spectrum. He discovere the prism, the different wavelengths are bent throufjéreint
infrared (IR) light. The following yearl.W. Ritterwas testing ~ angles, resulting in a spread of colors. Prisms madegbtly
the effect of the solar spectrum on various chemiddis. different pieces of glass, however, will bend the saraeew
experiment involved a quartz prism placed in an open winlength of light through slightly different angles. What w

ot

dow. Ritter placed paper that was coated with differenneeded was some sort of calibration standard, some fixed

chemicals in the spectrum. He found that silver chéorid wavelength of light that all laboratories could run throu
blackened when placed at a point beyond the violet etiteo  their prisms to compare the way the instruments worked.
spectrum. Ritter discovered ultraviolet (UV) light. day, there are many such standards available. ImRofer’s
time, there was nothing.
William Hyde Wollaston (1766 — 1828) was an English
chemist and physicist. In 1802, in what was to latedito  He turned to a discovery that had been made in 1802. If
some of the more important advances in solar phys&sijs- ~ pass sunlight through a prism of sufficiently high dyalou
covered the spectrum of sunlight is crossed by a number notice a series of dark bands superimposed at regularafste
dark lines. This is considered to be “A Great Momenthim  over the colored spectrum of light. No one at the timelud-
History of Solar Physics” since it was the birth ol&8 Spec- ing Fraunhofer, had any idea what these lines wereetle
troscopy. ized that whether he understood them of not, they cbeld
used to solve his calibration problem.

In the early 19 century, Europe was in the midst of tRe-

gh

you

=

L

poleonic Warsand military needs were driving many tech- The same Sun shines on London and Berlin. Laborataries i

nologies, as they have often done before and sincB80f,  these two cities carefully measure the wavelengthiseoflark

the French military government in Bavaria was havingeatyr pands. They could compare their prisms, by looking at how

deal of difficulty making a survey of Napoleon’s new con- mych they each bent a specific wavelength. Like most h
quests because of the poor quality of the lenses avaftable tech entrepreneurs, Fraunhofer was not slow to explsit

surveyor’s transits. Farsighted businessmen bought am ab new idea. In 1814, he rediscovered the dark lines in tae
doned monastery, call@enediktbeuernnear Munich. There

they set up a company to improve the quality of glasss<sl
makers had to find ways of making sure that when the
melted a mixture of quartz, lime and soda in their foesa
the materials really mixed together uniformly. Thalitity to
solve this problem caused windows in old buildings to pro
duce distorted, wavy images of outside objects. You ca (Continued on page 8

their position with improved precision. In the 1820’s Hael
made careful measurements of no fewer than 574 darkiin

investigators to follow. As far as we can tell, heerdried to

gh-

50l

spectrum noted by William Hyde Wollaston and determined

esS

the Sun’s spectrum He provided a detailed road map for agthe
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(Continued from page 7) tion, Kirchoff and Bunsen recorded the spectra of lithium,

sodium, potassium, calcium, strontium, and barium salts
find out what the lines were or where they came frbor. flames. They showed that the solar absorption specira
him, they were useful markers that made his work as arthe reverse of the spectra that the solar atmosphedeiqed.

5 in

equipment manufacturer easier. Today, we honor hisutaref Kirchoff showed strong evidence for the presence daf,iro
benchmark investigations by referring to dark linestto$ magnesium, sodium, nickel, and chromium in the atmosphere
type as Fraunhofer line$ 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 determineistrgm
is considered to be the beginning of the science of gzec

copy.

Bunsen invented the burner found in practically everyh
school chemistry lab. He was an expert in what is ¢allea-

Iytical chemistry. This is the branch of science ated to

purifying and identifying samples of chemical compoun
He began doing detailed chemical analyses of the gases
duced in the manufacturer of cast iron. By the 1850's, &
at Heidelberg working on techniques for identifying gases
looking at the color of the flames they produce when dmiirn

tr

ig

ds.
pro-

wa
by

The Bunsen burner was developed so that metal samples

could be burned in a hot, non luminous flame.
The solar spectrum and its Fraunhofer Lines.
Meanwhile,Gustav Kirchhoffwas beginning a parallel care¢
In 1849,Leon Foucaulhoticed that Fraunhofer’s D line in the  through the German university system. In 1847, he gradu
Sun corresponded with the bright yellow-orange line in from theUniversity of Kénigsberg At the age of 21, he for
lamps. To show that the two lines matched, he passeigist mulated the laws that govern the voltages and current
through the arc of a lamp in order to view the superimposec electrical circuits, laws which still bear his nanie.1854, he

spectra. To his surprise, he found that the absorfiies in went to Heidelberg. In talks witBunsen he suggested that

the solar spectrum became stronger. Additional experiment instead of just looking at the colors of the flamesytshould
using carbon arc lamps showed that a given medium coultjook at the spectrum of light being emitted. It hacrbe

produce either emission of absorption lines. The resilts known for some time that the light from burning materials

2r
ated

S in

n)

these and earlier experiments were fundamental to the-deve when passed through a prism, splits up into a series gf sha

opment ofKirchoff's Laws. lines called spectral lines, rather than a continuurnappens

with sunlight. What Kirchhoff suggested was that those

For more than half a century, the Sun’s Frauenhofer limes  bright lines would make a good “tag” by which to detect fi
mained a useful, but unexplained phenomenon. By the latidistinctions between different compounds.
1850's, theUniversity of Heidelberchad become one of the

great centers of scientific research in the world. Tokadts The two took this idea seriously and put together thedigo
brightest scientists were a physicist nant&gstav Kirchoff  first instrument for analyzing spectra from a coupleokf
and a chemist namdRbbert Bunsen telescopes, a prism, and a cigar box. The idea wamkoalt

light from burning materials in a systematic way, lcamg
In 1859, they repeated Foucault’s experiment of passingthe positions of various spctral lines.
sunlight through a strong sodium flame. To aid their investi

ne

gation, Bunsen and Kirchoff developed the first spectrascop During the run-up to the main experiments in the autumn of

Earlier scientists used a prism to diffract the lignirse to a 1859, however, Kirchhoff stumbled on an observation t
separate viewing scope, and detailed measurements were d Was to change the face of astronomy. He was runr

ficult to perform. The spectroscope that Bunsen and Kifcho Sunlight through their apparatus, lookingraaunhofer lines
developed had an integrated slit, prism, and collimatoe He had already detected a correspondence between the

results of their experiment were the same as Foucatlies: :!nes 'nvt/r;]e :'%ht frcf[m t()jurrr:mg meta_ls t?]n? .tfhﬁ damoﬁr
sodium flame produced dark lines in the solar spectrum. Ines. at he noticed, however, is that if he passalig

Kirchoff repeated the experiment with lithium, which had no through asodmmflame before bringing it into his apparatu
. ; ... certain Fraunhofer lines became darker.

corresponding solar lines. When he performed the lithium

test, he saw absorption lines. How could two superimposet

bright light sources produce dark lines? To answer this ques

After thinking about this finding overnight, Kirchhoff ilea

hat
ning

brig

o
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ized that the dark lines occurred when light was abdoblye  class researchers by identifying two new chemicahetds:
atoms. Fraunhofer lines were created when white figim Cesium(from the Latin for “sky blue”) andubidium (“dark
the Suris core was absorbed by the sodium atoms in the sola red”) from drops of mineral water. The elements wemmed
atmosphere. Even more light was absorbed by Kirclshoff for the brightest colors in the spectrum. In the foifayv
flame. This is why the lines became darker. Thisampy ~ years many additional elements were identified by tf
explained a fundamental property of radiation, it opened & unique spectra.

new window on the universe. For the first time indrig a

human being had detected the presence of a specific @emic While chemists were using the newfound ability tolyre
element (sodium) on a non-terrestrial body. spectra to flesh out thBeriodic Table young astronomers

were not slow in applying the analysis of spectra tosthdy
In 1861 Bunsen and Kirchhoff performed experiments leading qf the heavens.

to the conclusion that the dark lines in the solar spegt
observed bywollaston and Fraunhofer arise due to the ab- One amateur astronomer in EnglamNbrman Lockyer ac-

sorption of light by gases in the quired a small spectroscope to fi
solar atmosphere that are cooler in his six inch backyard telescop
than those emitting the light. and used it to make a series
stunning discoveries about th
Today we know that the atom has a Sun. Examining light fromsun-
heavy, positively-charged nucleus spots he noted that the Fraunhofe

lines were darker than those frof
neighboring areas, demonstratin
that sunspots are cooler than thg¢
surroundings. He used the spectr
scope to make the first observg
tion of a solar prominence in th
absence of an eclipse. He disco

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- ered and named the solahro-
tron in the two_ orbits. When an mosphere because of the?igh
atom absorbs light, on the other red hydrogen spectral line tha

hand, the electron jumps from a created the image. For these d

lower orbit to a higher orbit, ar _ . . . : veries, Lockyer, who was
the energy absorbed from the li Bright and sunny, with a noontime high of 4000 degre&8Y

. i A sunspot next to Earth (for comparison only). professional science writer an
is precisely equal to the ener P ( P y) clerk in the War Office, was

needed to lift the electron up. elected to th®oyal Society

Kirchhoff didn’'t know about electrons, of course. Thais-
covery was decades in his future. From his experiments, h
realized that an atom that emits a particular wavelength o
light will also absorb at that wavelength. Why absiornt
Where the original photon may have been coming gittai
along your line of sight, the one that’s re-emitted caadhoff

in any direction. The result is a drop in intensity thoe light
given off by that element, which shows up as the absorpti
line.

In 1868, he made a rather starling discovery. In the spact
of the Sun, nestled between two bright yellow sodiunms|in
he saw a spectral line that just was not supposed to tee t
At least, it didn’t belong to any element known to rolss.
Lockyer concluded that what he observed was a new elen
one that didn’t appear on Earth. He named the eleiment
lium, from Helios the Greek word for Sun.

(Part 2 of this article will appear in the Summer issue of T

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

About the Photographs in this Issue:

On the cover: members of Troop 45 in Southington, CT lgp&irer the facilities in a snow squall. They
will be camping on the hill and working on their astroyamerit badges in May.

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

eir

g
2ir

=

nent,

he



ARUNAH HiLL NATURAL
SCIENCE CENTER

218 Trouble St.,
Cummington MA. 01026

On the Web at
www.arunah.org

More Pictures of the Ice Storm

ARUNAH HILL CALENDAR

Please check the website for updates

Month

Day

Event

April

4

10

18-19

25

May

2

16

June

6

6

19-21

July

24-26

August

13-16

14-23
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21-23




