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Ab out the Cover: The cover shows ¯v e di®erent pictures of the samestar: our Sun.
Becauseyour eyes cannot seethe kinds of light that were used to take four of them, the
pictures are all shown in false color. The ¯gure in the upper left is an X-ray picture. It
was taken with the Soft X-ray Telescope (known as \SXT") aboard the JapaneseYohkoh
satellite. The ¯gures in the upper middle and upper right are ultraviolet pictures, and they
show what the Sun looked like at two di®erent ultraviolet wavelengths. They were taken
with the Extreme-ultraviolet Imaging Telescope (\EIT") aboard the Solar and Heliospheric
Observatory (\SOHO") spacecraft. This spacecraftwas built as a joint e®ort betweenthe
National Aeronautics and SpaceAdministration (NASA) and the European SpaceAgency
(ESA). The ¯gure in the lower left shows the Sun's magnetic ¯eld. This imagewas derived
from visible light observed at the U.S. National Solar Observatory at Kitt Peak, Arizona.
The ¯gure in the lower right shows an infrared picture of the Sun. It too was taken at Kitt
Peak. Can you ¯nd any di®erencesamongall the pictures? Your eyescannot seeX-ray light,
ultraviolet light, or infrared light, but astronomersmust observe all of the di®erent kinds of
light that comefrom the Sun to understandhow the Sunworks, and how the Suna®ectsthe
Earth. Pictures like the oneson the cover provide cluesto help solve someof the Sun'smys-
teries. However, other information, such as that from spectra, is also needed.This booklet
describeshow astronomersusespectra to learn about the Sun and other stars. You can ¯nd
lots of information about SOHO and other NASA spacemissionsby visiting the Goddard
SpaceFlight Center homepageon the World Wide Webat \h ttp://www.nasa.gov/goddard",
or by visiting the SOHO homepageat \h ttp://soho www.nascom.nasa.gov/". A copy of this
booklet, along with interactive activities and facts about the Sun and soundingrockets, can
be found on the SERTS homepageat \h ttp://serts.gsfc.nasa.gov/".
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1 How do astronomers get information about the Sun
and other stars?

Astronomers unravel mysteries about objects out in space,far from Earth: the Sun; the
Moon; planets; cometsand asteroids;normal stars, stars being born, dying stars, exploding
stars; black holes;galaxiesof stars; and strange,hyperactive galaxiesfrom the dawn of time.
Astronomershave learned a lot about theseobjects, and every day discover new, exciting
things. How do they do it? How do astronomerslearn somuch about objects that are either
so far away or so dangerousto visit that they have never beenexploreddirectly by people
or by man-madespacecraft?

The Moon is closeenoughthat astronautshave gonethere safelyand returned to Earth
with samplesof rocks and soil. This meansthat piecesof the Moon can be touched and
studied close-up. The planets in our solar system are much farther away than the Moon,
and none of them has yet been visited by astronauts; however, all of the planets except
Pluto have been landed on, or orbited, or °own near, by spacecraftbuilt on Earth. This
meansthat scientists have beenable to get a fairly closelook at the planets; in somecases,
they use robots to study samplesof soil, rocks, and atmosphere. Even Halley's Comet, a
periodic guestfrom the outer reachesof the solar system,wasapproached closelyby several
spacecraftduring its last visit. Perhapsastronautswill visit Mars in the 21st century.

The Sun, however, is so hot that nothing can get very closeto it without burning up.
This is what happens to \Sun-grazing" comets,which disappear in the intenseheat when
they approach the Sun too closely. The question, then, is this: If astronomerscan neither
touch the Sun themselvesnor sendspacecraftthere to touch it for them, how can they learn
anything about the Sun? A related question is: How do astronomersdiscover secretsabout
other stars and other objects in spacethat are so far away that no spacecraftfrom Earth
hasever beenthere?

2 Messengers from the Sun and other stars.

To get information about objects out in spacefar away from Earth, astronomersneedsome-
thing from those objects that carries information to the Earth. What is that something?
What do things out in spacesendto Earth to tell us about themselves?

To answer these questions, think about how you know that the Sun, stars, and other
objects in spaceexist. Imagineyourself looking toward the Sun on a clearday; your eyessee
so much sunlight that they can actually hurt. (Never look directly at the Sun. The light is
so bright that it can permanently damageyour eyes.) Now imagine yourself looking up on
a clear night far from city lights; your eyesseestarlight from thousandsof twinkling stars.
How do you know that the Sun and stars are there? The answer, of course,is by the light
that they sendus!
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Light carriesa lot of information. It tells us not only that various objects exist and how
bright they are, but alsowhat they are madeof (their composition), how hot they are, how
densethey are,how they aremoving, and how strong magnetic¯elds they have. With proper
tools, astronomerscan dig information like buried treasure out of light that they receive.
Several of thesetools will be described below, and the readercan usesomeof them to dig
information out of real observations of the Sun obtained with NASA experiments.

3 The electromagnetic spectrum: a collection of waves
with di®eren t wavelengths.

Light can be described aswavesthat travel through space,like the ripples that travel across
a pond after a stonehasbeendropped into the water. For both light and pond ripples, the
wavelengthof the wavesis the distancebetweenwave peaks. (SeeFigure 1.) The light that
your eyescan seeis known as visible light. Di®erent wavelengthsof visible light are seenas
di®erent colorsby your eyes. From longerto shorter wavelength,the variouscolorsthat your
eyescan seeare: red, orange,yellow, green,blue, and violet. Ordinary white light is a mix
of all colors, or, in other words, a mix of light at all visible wavelengths. When a rainbow
appears in the sky after a storm, you seeordinary white sunlight that has beenseparated
into its individual colorsby tiny droplets of water in the air. Next time you seea rainbow,
notice that the colorsappear in the order listed above.

Figure 1: Wavelengthis the distancebetweenwave peaks.

But the Sun and stars send us more than just visible light: they send invisible light
as well. Invisible light has either longer wavelengths(like infrared [pronouncedin-fra-red],
microwave, and radio waves)or shorter wavelengths(like ultraviolet, X-ray, and gammaray)
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than the visible light that we can seewith our eyes. The technical term for all theseforms
of light is electromagnetic radiation. When placed side by side in order of increasingor
decreasingwavelength, the di®erent forms of light make up the electromagneticspectrum. A
rainbow, which is a visible light spectrum, is just onesmall part of the wholeelectromagnetic
spectrum. (SeeFigure 2.) Arranged in order of increasingwavelength, the electromagnetic
spectrum consistsof gammaray, X-ray, ultraviolet, visible, infrared, microwave, and radio
waves. To gather as much as possibleof the information sent out by the Sun and stars,
astronomersneedto collect light from many di®erent wavelengthsover a wide rangeof the
electromagneticspectrum. Earth's atmosphere,however, causesbig problemswith this.

Figure 2: The electromagnetic spectrum contains light waves of all di®erent wavelengths.
The symbol \ ºA" means\Angstrom", a unit of length often usedto describe wavelengthsof
light. One Angstrom is one ten-billionth, or 10¡ 10, of a meter. Notice that the fraction of
the electromagneticspectrum that is visible to the human eye is fairly small.

Earth's atmosphereabsorbsmost of the invisible light from the Sun and stars over much
of the electromagneticspectrum. This is good for life on Earth, sinceexposureto too much
ultraviolet, X-ray, and gamma ray radiation would be harmful. However, this is bad for
astronomerssinceinformation carriedby light at thesewavelengthscannot reach the ground.
So astronomerssendspecial telescopesabove Earth's protective atmosphereto observe the
Sun and stars at wavelengthsthat are absorbed by air. Dependingon the wavelength range
that astronomerswish to study and the length of time neededto study it, these special
telescopescan be carried into the highestparts of the atmosphereby balloons,or sent above
the atmospherefor a short period of time (lessthan 10 minutes) by small rockets known as
\sounding rockets," or launchedinto orbit aroundEarth by largerockets. No singletelescope
can detect radiation over the entire electromagneticspectrum: di®erent equipment must be
designedand built for di®erent wavelength ranges.
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4 Some to ols for digging information out of solar
and stellar spectra.

When light from the Sun or stars is displayed accordingto wavelength, the result is said to
be a spectrum. More than one spectrum are called spectra (not spectrums). Astronomers
get a lot of information about the Sun and stars from solar (which means\of the Sun") and
stellar (which means\of the stars") spectra.

Like everything on Earth, the Sun, stars, and other objects out in spaceare made of
atoms. An atom is the smallestunit that can be identi¯ed as any particular element (like
hydrogen, helium, carbon, nitrogen, oxygen, iron, and so on). Since there are about 100
di®erent elements, there are alsoabout 100di®erent kinds of atoms.

The center of an atom is its nucleus,which is a tightly packed collection of protons and
neutrons. Electrons surround the nucleus. An atom is neutral if it has as many electrons
outside the nucleusas protons in the nucleus. But sometimesan atom losesone or more
of its electrons. This happenswhen the atom is bumped by somethingwith enoughenergy
to kick the electronsout. In the outer atmospheresof the Sun and stars, which are quite
hot, the atoms all move fast and get bumped very hard. This causesmost of the atoms to
lose someof their electrons. Atoms that have one or more of their electronsremoved are
called ions. The higher the temperature, the more electronsare missingfrom the ions. If an
ion movesto a cooler place,nearby electronswill be captured again. This meansthat each
di®erent kind of ion can survive only in placeswhere the temperature is just right. (The
\missing" electronsdo not disappear: they are free to roam around and bump into atoms,
ions, and other electrons.)

Astronomersrely upon atomic physicsin order to dig information out of solarand stellar
spectra. Atomic physicsis the branch of sciencethat dealswith atomsand ions,and the light
that comesfrom them. Each di®erent type of atom or ion emits light wavesat a combination
of wavelengthsthat are special to that particular type of atom or ion, and di®erent from the
wavelengthsof light wavesthat are sent out by any other kind of atom or ion. Theselight
waves have becomeknown as emission lines becauselight at theseparticular wavelengths
looked like many straight lines in a spectrum when astronomers¯rst obtained them. (See
Figure 3.)

Each di®erent type of atom or ion has its own special, unique set of emission lines.
Astronomersusetheseemissionlines to identify the atoms or ions that sendout light from
the Sunand stars. This is similar to the way a detective uses̄ ngerprints to determinewhose
handshave touched an object. Onceastronomershave determinedwhat ions are present on
the Sun and stars, they know immediately what elements are there. (Remember that ions
are just atomsof a givenelement that have lost oneor moreof their electrons.) Furthermore,
astronomersknow how hot the Sun and stars are becauseeach di®erent type of ion is found
only in a certain temperature range.
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In addition to providing information about (1) the composition of the Sun and stars and
(2) temperatures on the Sun and stars, emissionlines also provide information about (3)
densities(the number of atoms, ions, or electronsin a given volume), (4) motions, and (5)
magnetic¯elds, aswell asother quantities. For example,astronomerscansometimesmeasure
densitiesby comparing how bright someemissionlines are relative to others. Astronomers
can alsomeasuremotions on the Sun and stars by measuringchangesin the wavelengthsof
emissionlines, or by the shapesof emissionlines in the spectra. Motions can be measured
becauseof the Doppler e®ect, which changesthe wavelength of soundwavesor light waves
from a moving source. The wavelength appears shorter when the sourceapproaches, and
longer when the sourcemovesaway. (For example,a car horn's pitch soundsdi®erent when
the car is approaching than it does when the car is going away.) Finally, magnetic ¯elds
on the Sun and on some stars can be measuredbecausethe magnetic ¯elds change the
wavelengthsof someemissionlines in a known way.

Figure 3: The top frame shows part of a solar ultraviolet emissionline spectrum obtained
with NASA's Solar Extreme-ultraviolet Research Telescope and Spectrograph (known as
\SERTS") soundingrocket experiment. Wavelength increasesfrom 300 ºA on the far left to
350 ºA on the far right. Clearly, somelines are very bright while others are very faint. The
graph in the bottom frameis a di®erent way to show how bright the linesareat each di®erent
wavelength. Intensity (how bright the line is) is in the vertical direction (the \y-axis"), and
wavelength is in the horizontal direction (the \x-axis"). Notice that higher peaks in the
bottom frame match up with brighter lines in the top frame. Astronomersusespectra like
theseto learn all sorts of things about the Sun and stars.
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5 Try it yourself.

The spectrum on page 8 is an enlarged version of the bottom frame of Figure 3. This
is part of an actual solar ultraviolet spectrum. The device that was used to obtain this
spectrum is called the Solar Extreme-ultraviolet Research Telescope and Spectrograph, or
SERTS for short. SERTS was built in the Laboratory for Astronomy and Solar Physicsat
Goddard SpaceFlight Center in Greenbelt, Maryland. The \sounding" rocket that carried
it above Earth's atmospherewas launched from White SandsMissile Range,New Mexico.
SERTS stayed above the atmospherefor about 61

2 minutes, and reached a maximum height
of about 320 kilometers (200 miles) above the ground. It parachuted back onto the desert
in New Mexico, where it was picked up and returned to Goddard. SERTS °ew in 1989,
1991, 1993, 1995, 1996, 1997, 1999, and 2000. As of this writing (2005) its successor,
EUNIS, is being prepared for launch. Since building and launching deviceslike SERTS
and EUNIS is much lessexpensive than building and launching Earth-orbiting satellites or
interplanetary spacecraft,soundingrockets are often usedto test new technology beforethe
new technology is usedon more expensive spacemissions. Several kinds of new technology
have beendeveloped and usedfor SERTS. More information about SERTS and EUNIS can
be found on the SERTS homepageon the World Wide Web at \h ttp://serts.gsfc.nasa.gov/".

Table 1 givesa list of 39 ultraviolet emissionlines that are found in a small portion of
the Sun's spectrum. This table givesthe wavelength in ºA, the element making the line, the
number of electronsthat have beenlost by atoms of that element, and the temperature in
±C. (If the temperaturewerein ±F, thesenumberswould be80%larger.) Notice that, for any
particular element, a higher temperature meansa greater number of electronsare missing
from the ions.

The emissionlines in the spectrum on the following page look like narrow mountains.
Someof them are very tall, and someof them are very short. The tallest onesare the
brightest emissionlines, and the shortest onesare the faintest. The bumps and wiggles
toward the bottom of the ¯gure are noise. Every scienti¯c measurement contains noiseof
somesort. Sometimesthe signal that scientists look for is much strongerthan the noise,and
sometimesthe noisecan hide the signal. Here, for example, the noiselimits our abilit y to
seefaint emissionlines. Emission lines that are so faint that they do not stand out above
the noiseare hard to ¯nd and even harder to measure.

Using Table 1 and the spectrum, can you say what are the two strongestemissionlines
in this part of the Sun'sspectrum? How many other emissionlines can you match with the
lines listed in the table? What can you say about the Sun's composition, basedon these
ultraviolet observations? What can you say about the Sun's temperature, basedon these
observations? Can the Sun have more than one temperature at the sametime?
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TABLE 1

Sample of Ultraviolet Emission Lines in a Solar Spectrum

No. Element Wavelength (A) Electrons Lost Temperature (C)
--- ------- -------------- -------------- ---------------

1 Silicon 303.317 10 1,600,000
2 Helium 303.782 1 47,000
3 Iron 304.860 14 2,100,000
4 Iron 308.543 10 1,100,000
5 Iron 311.574 12 1,600,000
6 Magnesium 311.783 7 790,000
7 Iron 312.171 12 1,600,000
8 Iron 312.569 14 2,100,000
9 Iron 312.874 12 1,600,000

10 Magnesium 313.744 7 790,000
11 Silicon 314.358 7 790,000
12 Magnesium 315.029 7 790,000
13 Silicon 316.223 7 790,000
14 Magnesium 317.018 7 790,000
15 Iron 318.121 12 1,600,000
16 Magnesium 319.033 6 630,000
17 Silicon 319.852 7 790,000
18 Nickel 320.568 17 3,300,000
19 Iron 320.809 12 1,600,000
20 Iron 321.479 12 1,600,000
21 Iron 321.809 14 2,100,000
22 Iron 327.045 14 2,100,000
23 Chromium 328.270 12 1,600,000
24 Aluminum 332.799 9 1,300,000
25 Iron 334.191 13 1,900,000
26 Iron 335.418 15 2,700,000
27 Iron 338.290 11 1,400,000
28 Magnesium 339.014 7 790,000
29 Iron 341.136 10 1,100,000
30 Silicon 341.987 8 1,000,000
31 Silicon 344.974 8 1,000,000
32 Silicon 345.148 8 1,000,000
33 Iron 345.753 9 950,000
34 Iron 346.867 11 1,400,000
35 Silicon 347.421 9 1,300,000
36 Iron 347.823 16 4,000,000
37 Iron 348.199 12 1,600,000
38 Magnesium 349.124 5 400,000
39 Silicon 349.895 8 1,000,000
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6 Measuring motions.

Astronomerscan measuremotions on the Sun and stars by measuringchangesin the wave-
lengths of emissionlines. Motions can be measuredbecauseof the Doppler e®ect, which
makesthe wavelengthof wavesfrom an emitter appear shorter when the sourceapproaches,
and longer when the sourcemovesaway. When the emitting sourceis at rest, moving nei-
ther toward nor away from the observer, the measuredwavelength is referred to as the rest
wavelength.

Let's takea closerlook at an emissionline \mountain" likethosein Figure 3. Astronomers
refer to theseas pro¯les becausethey outline the shapesof emissionlines. Figure 4 shows
the pro¯le of an emissionline emitted by an oxygen atom that has lost four electrons.This
pro¯le wasobservedwith the CoronalDiagnosticSpectrometeraboard the SOHOspacecraft.
The horizontal axis (x-axis) shows the wavelength, and the vertical axis (y-axis) shows the
intensity (sameas in Figure 3). The dashedvertical line shows the location of the pro¯le's
peakintensity; this is the wavelengthof the line. Wavelengthcanoften be measuredto three
decimalplaces,and in this caseis 629.732ºA. Sincethe sourceherewasmoving neither toward
nor away from the observer, the observed wavelength of 629.732ºA is the rest wavelength.

Figure 4: Emission line pro¯le for an oxygen atom that has lost four electrons,when the
emitting sourceis moving neither toward nor away from the observer. The peak intensity is
shown by the dashedvertical line at 629.732ºA, which is the rest wavelength of the line.
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Sometimesastronomersseepro¯les like the one shown in Figure 5. The dashedvertical
line in Figure 5 again marks the rest wavelength seenin Figure 4, but the peak of this
new pro¯le (shown by the dotted vertical line) is shifted to the left of the dashedline (the
rest wavelength). This change in wavelength is referred to as a Doppler shift. The new
pro¯le's wavelength, 629.450ºA, is shorter than (lessthan) the rest wavelength, which tells
us that the emitting sourceis moving toward the observer. The Doppler shift is simply
the di®erencebetweenthe rest wavelength (629.732ºA) and the shifted pro¯le's wavelength
(629.450ºA) which, in this example, is 0.282ºA. The Doppler shift can easily be converted
from wavelength in ºA to speed: multiply the wavelength shift (0.282 ºA) by the speed of
light (300,000kilometers per second,or 186,000miles per second),and divide by the rest
wavelengthin ºA (629.732).In this case,the speedis 0:282£ 300; 000=629:732= 134kilometers
per second,or 0:282£ 186; 000=629:732= 83 miles per second.

Figure 5: Emission line pro¯le for an oxygen atom that has lost four electrons,when the
sourceof the line is moving toward the observer. The peak intensity is shown by the dotted
vertical line, and occursat 629.450ºA. The rest wavelength of the line, 629.732ºA, is shown
by the dashedvertical line.
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Figure 6 shows another exampleof an emissionline pro¯le for the sameoxygen ion that
we discussedabove. Here, however, the measuredwavelength is 629.809ºA, which is 0.077
ºA longer than the rest wavelength. For this Doppler shift, is the emitting sourcemoving
toward or away from the observer? How fast is the sourcemoving?

Figure 6: Emission line pro¯le for an oxygen atom that has lost four electrons. The peak
intensity is shown by the dotted vertical line, and occursat 629.809ºA. The rest wavelength
of the line, 629.732ºA, is shown by the dashedvertical line.

7 Measuring densities.

Density is the amount of somethingor the number of somethingcontained in a givenvolume.
For example,the density of air at sealevel is 1.22kilograms per cubic meter. Astronomers
frequently ¯nd it convenient to work with a quantit y called electron density, which is the
number of free electrons (electrons that are not bound to atoms or ions) within a given
volume. Astronomerscan measureelectrondensitieson the Sun and stars by usingemission
lines whoseintensities are especially sensitive to the electron density within the emitting
source.This can be doneby measuringthe ratios of the intensitiesof certain emissionlines,
and comparing those measuredratios with theoretical values. In order to do this reliably,
astronomersmust know the properties of the emitting ions fairly accurately. This again
underscoresthe important role of atomic physics in using spectra to diagnoseconditions in
the outer layers of the Sun and other stars.
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Figure 7: A pair of iron emissionlines that can be usedto measurethe electron density on
the Sun. The top and bottom framesshow ultraviolet spectra from two di®erent areason
the Sun.

Figure 7 shows more examplesof solar ultraviolet spectra from SERTS. The x-axis gives
the wavelengthin Angstroms,and the y-axis givesthe intensity. The top and bottom frames
correspond to two di®erent areason the Sun. Each spectrum shows two prominent emission
lines from iron atoms that have lost 12 electrons. These lines appear at wavelengths of
202.044and 203.829ºA. Dotted horizontal lines in each frame mark the intensity of each
line's peak. In the top frame the line at 203.829ºA is clearly brighter than the line at 202.044
ºA. Both lines are lessbright in the bottom frame than they are in the top, but herethe line
at 202.044ºA is brighter than the line at 203.829ºA. This indicatesa signi¯cant di®erencein
density betweenthesetwo areason the Sun.

From atomic physicscalculations,astronomersknow how the emissionline intensity ratios
for various ions depend on the electron density in the emitting source.For example,Figure
8 shows the relation betweenthe electron density and the intensity ratio of the 203.829to
202.044ºA lines. The line intensity ratio is given along the x-axis, and the electron density
along the y-axis.

Considerthe following example. The top frame of Figure 7 shows that the peakintensity
of the line at 203.829ºA is about 215, while that at 202.044ºA is about 112. This gives
an intensity ratio of 215/112=1.92. Find 1.92 along the x-axis in Figure 8, and go straight
up until the solid curve is reached. This is marked with a dotted line in Figure 8. The
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Figure 8: Electron density (billions of electronsper cubic centimeter) as a function of iron
line intensity ratio. The iron line intensity ratio is simply the intensity of the iron line at
203.829ºA divided by the intensity of the iron line at 202.044ºA.

height at which the dotted line intersectsthe solid curve yields the electron density. This
is indicated with another dotted line that intersectsthe y-axis at about 4.3 billion electrons
per cubic centimeter. This is much lessthan (about onehundred-billionth of) the density of
air particles that you breathe at sealevel!

Repeat the procedureyourselffor the lower frame of Figure 7. Again the peakintensities
are indicated with dotted horizontal lines. Is the intensity ratio of the 203.829to the 202.044
ºA lines greater than or lessthan one in this case?Can you ¯nd the corresponding electron
density in Figure 8?
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8 Summary of main ideas.

² Light behaves like waves that travel through space. The distancebetweenwave peaksis
the wavelength of the light.

² Visible light, such as the colorsof a rainbow, can be seenby human eyes. Other kinds of
light, such as radio, microwave, infrared, ultraviolet, X-ray, and gammaray, are invisible to
human eyes.

² The di®erent kinds of light all carry information about the Sun and other stars to Earth.

² Earth's atmosphereabsorbsmuch of the invisible kinds of light from the Sun and stars.
Therefore,astronomersmust userockets to sendspecial telescopesabove Earth's air. These
special telescopescan \see" light that is invisible to human eyesand that is blocked out by
Earth's air.

² Every di®erent kind of atom and ion sendsout light at combinations of wavelengthsthat
are special to that kind of atom or ion. Light at thesewavelengths,known asemissionlines,
can be usedlike ¯ngerprints to identify the atom or ion that sent out the light.

² Di®erent ions of any element survive only in certain temperature ranges.

² When astronomersidentify which atoms or ions exist on the Sun and stars from solar and
stellar spectra, astronomersknow both what elementsare there and what temperatures are
there.

² The Doppler e®ectis usedto measuremotions on the Sunand stars. The wavelengthof an
emitting sourceappearsshorter (smaller) when the sourceapproaches,and longer (larger)
when the sourcemovesaway.

² Astronomerscan measureelectron densitieson the Sun and stars with intensity ratios of
especially sensitive emissionlines.
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Information for Educators

This lessonincludesinterpretation of scienti¯c data displayed as graphs.

After completing this lesson,students should be able to:

² de¯ne the terms \electromagnetic radiation," \spectrum," and \w avelength," as well as
give examplesof di®erent typesof radiation that are emitted by the Sun and other stars.
² explain the role of the Earth's atmospherein protecting humansand other living organisms
from the harmful typesof radiation emitted by the Sun.
² describethe di®erent typesof information astronomerscanobtain by studying light emitted
from the Sun and other stars.
² identify elements present in a portion of the solar ultraviolet spectrum.

This lessonsupports the following National ScienceEducation Standardsfor grades5-8:

² Con ten t Standard A { All students shoulddevelopthe abilities necessaryto do scienti¯c
inquiry and understandingsabout scienti¯c inquiry.
² Con ten t Standard B { All students should develop an understandingof the transfer of
energy.
² Con ten t Standard C { All students should develop an understandingof Earth in the
solar system.

This lessonsupports the following National ScienceEducation Standardsfor grades9-12:

² Con ten t Standard A { All students shoulddevelopthe abilities necessaryto do scienti¯c
inquiry and understandingsabout scienti¯c inquiry.
² Con ten t Standard B { All students should develop an understandingof the structure
of atoms, the structure and properties of matter, and the interactions of energyand matter.
² Con ten t Standard C { All students should develop an understandingof energywithin
the Earth systemand the origin and evolution of the universe.

Additional information can be found at the following web sites:
http://www.nasa.gov/goddard
http://soho www.nascom.nasa.gov/
http://serts.gsfc.nasa.gov/
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Name Date

Analyzing Solar Spectra: Student Worksheet

Directions: Using the spectrum on page8 and Table 1 on page9, identify emissionlines in
the solarspectrum. Can you identify 30 or moreemissionlines? Not all of the emissionlines
represent di®erent elements. After you have ¯nished, answer the questionsbelow.

1. What are the two strongestemissionlines in this part of the Sun's spectrum?

2. The Sun is mademostly of hydrogen. List the namesof other elements you wereable to
identify . What can you say about the composition of the Sun basedon your observations of
this portion of the spectrum?

3. What can you say about the temperature of the Sun basedon your observations of this
portion of the spectrum? How doesthis comparewith the temperature of the Earth?

4. Which portion of the electromagneticspectrum can human eyes see? Which portions
cannot be seen?

5. Many portions of the electromagneticspectrum areharmful to living things. Why doesn't
the Sun's radiation causemore damageto life on Earth?
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6. What do astronomersneed to do in order to study portions of the electromagnetic
spectrum that are not observable from Earth?

7. Nametwo things that astronomerscan learn about a star from studying its spectrum.

8. Match the terms on the left with the de¯nitions on the right.

Angstrom Energy producedby the Sun and stars that
travels in waves.

Emission lines The processin which wavelengthsfrom an emitting
sourceappear shorter when the sourceapproaches,
and longer when it movesaway.

Light The number of \free" electronsin a given volume.

Spectrum Each atom or ion emits a unique combination of these
in its spectrum.

Wavelength Light separatedinto the wavelengthsof which
it is composed.

Rest wavelength The wavelength of light from an emitting source
that appearsto be standing still.

Electron density The distancebetweentwo consecutive peaks
of a wave.

Doppler e®ect A unit of length equal to one ten-billionth
of a meter.
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