THE OBJECT-TYPES MAIN-THEMES FOR PIANDO

PosT-AGB STAR

A REGION OF THE HERTZSPRUNG-RUSSELL DIAGRAM THAT LIES ABOVE AND PARALLEL

TO THE RED GIANT REGION.

IT IS OCCUPIED BY EVOLVED STARS OF INTERMEDIATE TO LOW MASS (LESS THAN AN INITIAL MASS
OF 8 MSUN) THAT HAVE A DORMANT, HELIUM-FILLED CORE SURROUNDED BY A HELIUM-FUSING
SHELL, ON TOP OF WHICH LIES A HYDROGEN-FUSING SHELL.

INITIALLY, THE HYDROGEN-FUSING SHELL PRODUGCES MOST OF THE STAR’S ENERGY OUTPUT.
HOWEVER, THE HYDROGEN SHELL EVENTUALLY DUMPS ENOUGH HELIUM “ASH” ONTO THE HELIUM
SHELL THAT THE LATTER UNDERGOES AN EXPLOSIVE EVENT CALLED A THERMAL PULSE.
ALTHOUGH THIS PULSE IS BARELY NOTICED AT THE SURFACE OF THE STAR, IT SERVES TO INCREASE
THE MASS OF THE CARBON/OXYGEN CORE, SO THAT THE SIZE AND LUMINOSITY OF THE STAR
GRADUALLY INCREASES WITH TIME.

AS THE STAR CLIMBS THE AGB, A WIND DEVELOPS IN THE STAR’S ENVELOPE THAT BLOWS THE
OUTER LAYERS INTO SPACE AT A RATE OF 10-8 TO 10-4 MSUN PER YEAR.

WITHIN THIS WIND, DUST PARTICLES (CRUCIAL TO THE DEVELOPMENT OF INTERSTELLAR CLOUDS
AND, EVENTUALLY, PROTOPLANETARY SYSTEMS) ARE FORMED FROM CARBON MATERIAL DREDGED
UP FROM THE CORE BY CONVECTION CURRENTS.

ALSO THROUGH THIS MASS LOSS, AGB STARS AVOID ENDING AS SUPERNOVAE.

WHEN THE ENVELOPE OF THE STAR IS NEARLY GONE, A TIME OF ENHANCED LOSS WITH A RAPID
VELOCITY PRODUCES A PLANETARY NEBULA AND EVENTUALLY LEAVES BEHIND A WHITE DWARF OF
0.6 To 0.7 MSuUN.
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NEBULA

A CLOUD OF GAS AND DUST IN SPACE.

THERE ARE THREE GENERAL TYPES: EMISSION NEBULAE, WHICH SHINE BY THEIR OWN LIGHT,
REFLECTION NEBULAE, WHICH REFLECT LIGHT FROM NEARBY STARS,

AND DARK NEBULAE, WHICH ABSORB AND APPEAR DARK AGAINST A BRIGHTER BACKGROUND.

WHEN CLOUDLIKE MATERIAL IN SPACE IS PATCHY, OR OF A FORM THAT IS DIFFICULT TO CATEGORIZE
AS A PARTICULAR TYPE OF NEBULA, IS REFERRED TO AS NEBULOSITY.
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EMISSION-LINE GALAXY

A BRIGHT LINE IN THE SPECTRUM OF A LUMINOUS OBJECT CAUSED BY THE EMISSION OF LIGHT
AT A PARTICULAR WAVELENGTH.

EMISSION LINES MAY APPEAR ON THEIR OWN, AS IN THE SPECTRUM OF A NEBULA ENERGIZED BY
RADIATION FROM A NEARBY HOT STAR, OR THEY MAY BE SUPERIMPOSED ON AN ABSORPTION
SPECTRUM, AS HAPPENS WHEN A STAR IS SURROUNDED BY HOT GAS.
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ECLIPSING BINARY

A BINARY STAR SYSTEM IN WHICH THE COMPONENTS PERIODICALLY PASS IN FRONT OF ONE
ANOTHER AS SEEN FROM EARTH.

WHEN THIS HAPPENS THE TOTAL LIGHT RECEIVED FROM THE SYSTEM IS REDUGCED.

THE PRIMARY MINIMUM OGCURS WHEN THE COMPONENT WITH THE HIGHER SURFAGE LUMINOSITY
IS ECLIPSED BY ITS FAINTER COMPANION.

THREE MAIN TYPES OF ECLIPSING BINARY ARE DISTINGUISHED ON THE BASIS OF THEIR LIGHT
CURVES: ALGOL STARS, BETA LYRAE STARS, AND W URSAE MAJORIS STARS.

ECLIPSES MAY ALSO OCCUR IN SOME KINDS OF CATACLYSMIC BINARY, INCLUDING DWARF NOVAE,
NOVAE, AND SYMBIOTIC STARS.

EXACTLY HOW THE LIGHT VARIES DEPENDS ON THE NATURE OF THE COMPONENT STARS AND THEIR
SEPARATION.
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SUPERNOVA REMNANT

AN EXPANDING DIFFUSE NEBULA THAT CONSISTS OF MATERIAL EJECTED AT SPEEDS OF ABOUT
10,000 KM/S BY A SUPERNOVA EXPLOSION TOGETHER WITH SWEPT-UP INTERSTELLAR MATTER.
SUPERNOVA REMNANTS ARE GENERALLY POWERFUL RADIO AND X-RAY SOURCES, AND MAY OR MAY
NOT BE VISIBLE AT OPTICAL WAVELENGTHS.

THERE ARE SEVERAL DIFFERENT TYPES.

SHELL REMNANTS, OF WHICH CASSIOPEIA A AND THE CYGNUS LOOP ARE WELL-KNOWN EXAMPLES,
RADIATE MAINLY FROM THE SHELL ITSELF.

A SHOCK WAVE TRAVELS OUT AHEAD OF THE EJECTED MATERIAL, PLOWS INTO THE SURROUNDING
INTERSTELLAR MEDIUM (ISM), HEATS IT TO SEVERAL MILLION DEGREES, AND CAUSES IT TO EMIT
THERMAL X-RAYS.

ELECTRONS ACCELERATED BY THE SHOCK, EMIT SYNCHROTRON RADIATION AT RADIO WAVELENGTHS.
FILLED-CENTER REMNANTS OR PLERIONS, OF WHICH THE CRAB NEBULA IS THE PRIME EXAMPLE,
EMIT THE BULK OF THEIR RADIATION FROM WITHIN THE EXPANDING SHELL BECAUSE OF THE
PRESENCE OF A PULSAR.

THE PULSAR CONTINUOUSLY SUPPLIES HIGH-SPEED ELECTRONS WHICH GIVE OFF INTENSE
SYNCHROTRON RADIATION IN THE INNER PART OF THE SNR.

COMPOSITE REMNANTS ARE A CROSS BETWEEN THE SHELL REMNANTS AND PLERIONS.

THEY MAY APPEAR SHELL-LIKE OR FILLED OR BOTH DEPENDING IN WHICH PART OF THE
ELECTROMAGNETIC SPECTRUM THEY ARE BEING OBSERVED.

SNR TENDS TO INVOLVE THREE MAIN PHASES.

DURING THE FIRST, KNOWN AS FREE EXPANSION, THE FRONT OF THE EXPANSION IS FORMED FROM
THE SHOCK WAVE INTERACTING WITH THE AMBIENT INTERSTELLAR MEDIUM (ISM).

THIS PHASE IS CHARACTERIZED BY CONSTANT TEMPERATURE WITHIN THE SNR AND CONSTANT
EXPANSION VELOCITY OF THE SHELL.

IN THE SECOND PHASE, KNOWN AS THE SEDOV OR ADIABATIC PHASE, THE SNR MATERIAL SLOWLY
BEGINS TO DECELERATE AND COOL.

THE MAIN SHELL OF THE SNR EXPERIENGCES RAYLEIGH-TAYLOR INSTABILITY,

WHICH CAUSES THE SNR’S EJECTA TO BECOME MIXED WITH THE GAS

THAT WAS JUST SHOCKED BY THE INITIAL SHOCK WAVE.

THIS MIXING ALSO ENHANCES THE MAGNETIC FIELD INSIDE THE SNR SHELL.

THE THIRD PHASE, KNOWN AS THE SNOWPLOW OR RADIATIVE PHASE, BEGINS AFTER THE SHELL HAS
COOLED TO ABOUT 106 K, SO THE SHELL CAN MORE EFFICIENTLY RADIATE ENERGY.

THIS, IN TURN, COOLS THE SHELL FASTER, MAKING IT SHRINK AND BECOME MORE DENSE,

WHICH COOLS IT FASTER STILL.

BECAUSE OF THE SNOWPLOW EFFECT, THE SNR QUICKLY DEVELOPS A THIN SHELL

AND RADIATES AWAY MOST OF ITS ENERGY AS OPTICAL LIGHT.

OUTWARD EXPANSION STOPS, THE SNR STARTS TO COLLAPSE UNDER ITS OWN GRAVITY,

AND, AFTER MILLIONS OF YEARS, THE REMNANT IS ABSORBED INTO THE ISM.
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DOUBLE OR MULTIPLE STAR

A PAIR OF STARS THAT APPEAR CLOSE TO EAGCH OTHER IN THE SKY AS SEEN FROM EARTH WHEN

VIEWED THROUGH AN OPTICAL TELESCOPE.

A MULTIPLE STAR CONSISTS OF THREE OR MORE STARS WHICH APPEAR FROM THE EARTH TO BE

CLOSE TO ONE ANOTHER IN THE SKY.

THIS MAY RESULT FROM THE STARS BEING PHYSICALLY CLOSE AND GRAVITATIONALLY BOUND TO

EACH OTHER, IN WHICH CASE IT IS PHYSICAL, OR THIS CLOSENESS MAY BE MERELY APPARENT, IN
WHICH CASE THE MULTIPLE STAR IS OPTICAL.
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HIl GALAXY

GALAXY SPECTRA ALSO CLEARLY SHOW YOU WHETHER A GALAXY CONTAINS STAR-FORMING REGIONS

CALLED HIl REGIONS.

Hill

A HYDROGEN ATOM THAT HAS LOST ITS ELECTRON.

Hill
RECOMBINING TO FORM NEUTRAL HYDROGEN.

IS A SPECTRAL EMISSION LINE THAT CORRESPONDS TO IONIZED HYDROGEN;

REGIONS ARE AREAS OF A GALAXY WHERE HYDROGEN NUCLEI AND ELECTRONS ARE

/' . o 48 —9
- : - —] i i <
€ A4 % % | . . || . O
J bo_ |o ,v_v_vl- % #g ) 8
H G 1 a
~
_% o L) - [ |
4 4 " | |
N Ha‘—ivo © o o o o o
o S — —~—— ~—— — s —~——




HI SHELL

AN INTERSTELLAR CLOUD COMPOSED PRIMARILY OF ATOMIC HYDROGEN, DETEGCTABLE BY ITS RADIO
WAVE EMISSION IN THE 2 1-CENTIMETER LINE.

HI REGIONS HAVE A DENSITY OF 1 TO 10 ATOMS/CM3 AND A TEMPERATURE OF ABOUT 125 K
(THE SPIN TEMPERATURE OF NEUTRAL HYDROGEN).
AT LEAST 95% OF INTERSTELLAR HYDROGEN IS HI.
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LOw SURFACE BRIGHTNESS GALAXY

A GALAXY THAT IS AT MOST A FEW PERCENT BRIGHTER THAN THE SKY BACKGROUND, MAKING IT
VERY DIFFICULT TO SEE.

THE FIRST LOW-SURFACE-BRIGHTNESS (LSB) GALAXY TO BE FOUND, MALIN-1, WAS DISCOVERED AS
RECENTLY AS 1987 AND IT NOW APPEARS THAT UP TO HALF THE GALAXY POPULATION IS OF THIS
TYPE AND HAD BEEN MISSED IN EARLIER SURVEYS.

LSB GALAXIES HAVE FEWER STARS PER UNIT VOLUME THAN NORMAL GALAXIES, POSSIBLY BECAUSE
THEY ARE MORE ISOLATED IN SPACE AND HAVE NOT UNDERGONE TIDAL INTERACTIONS WITH OTHER
GALAXIES THAT STIMULATE BURSTS OF STAR FORMATION.

RECENT PHOTOGRAPHIC AND CCD SURVEYS HAVE UNCOVERED LARGE NUMBERS OF NEW SMALL
AND MEDIUM-SIZED, MODERATE-TO-LOW SURFACE BRIGHTNESS SPIRAL GALAXIES; HOWEVER, LSB
GIANTS SUCH AS MALIN-1 HAVE REMAINED RELATIVELY RARE.

[

oG

3 1
A = =g — e
y f # e o . 2
o i p 3 p 3 P— i - p 3 - P 9 SN ¥ D] ;
EET e e S L Y
:3 = #d = & b
L o w S u T a C e B r
A~ , . o _—X
I I I : : [d ya
A T I I o T —F I i J O
{7 i =i =D T L ® I I 1 y
\.\)y Iﬁal 4 I 1 i i &° P L2 ] L
— ho o =2
i g h t n e S S G a
A 5 & = ©-
A6 4"
KD4fo° 4
Y]



GLOBULAR CLUSTER

A SPHERICALLY SYMMETRIC COLLECTION OF OLD STARS THAT SHARE A COMMON ORIGIN.
GLOBULAR CLUSTERS CONTAIN FROM TENS OF THOUSANDS TO MILLIONS OF STARS AND MEASURE
FROM 100 To 300 LIGHT-YEARS ACROSS.

SOME HAVE BEEN SHOWN, IN ALL LIKELIHOOD, TO CONTAIN MIDDLEWEIGHT BLACK HOLES IN THEIR
CORES.

UNLIKE OPEN CLUSTERS AND STELLAR ASSOCIATIONS, WHICH ARE HELD TOGETHER ONLY WEAKLY
BY GRAVITY AND CONTAIN POPULATION | OBJECTS, GLOBULARS ARE TIGHTLY GRAVITATIONALLY
BOUND COLLECTIONS OF POPULATION |l STARS.

THEY INHABIT THE GALACTIC HALO AND GALACTIC BULGE, AND SHOW SIGNIFICANT CONCENTRATION
TOWARD THE GALACTIC CENTER.

THE MILKY WAY HAS ABOUT 150 GLOBULAR CLUSTERS, ALL OF THEM IN HIGHLY ELONGATED
ORBITS.

THEY ARE DIVIDED INTO TWO BROAD TYPES, KNOWN AS OOSTERHOFF GROUPS AFTER THE DuUTCH
ASTRONOMER PIETER OOSTERHOFF (1904-1978) WHO FIRST IDENTIFIED THEM.

THE MAIN DIFFERENCE BETWEEN THEM IS THAT GROUP | CLUSTERS HAVE SLIGHTLY WEAK METAL
LINES WHEREAS GROUP |l CLUSTERS HAVE VERY WEAK METAL LINES.

A TOPIC OF GREAT INTEREST IS THE ORIGIN OF GLOBULAR CLUSTERS.

IT HAD BEEN ASSUMED THAT THE MAJORITY OF GLOBULARS IN THE MILKY WAY WERE ANCIENT
NATIVE SYSTEMS THAT FORMED AROUND THE SAME TIME AS THE REST OF THE GALAXY SOME 10
BILLION YEARS AGO, THOUGH IT WAS KNOWN THAT NEARLY TWO DOZEN GROUP |l CLUSTERS ARE
PRISONERS-OF-WAR CAPTURED FROM OTHER, SMALLER GALAXIES IN THE LOocAaL GROUP.

RECENT RESEARCH, HOWEVER, HAS SHOWN THAT EVEN SOME GROUP |l SYSTEMS,THE METAL POOR
VARIETY,HAVE BEEN LOOTED FROM OUTSIDE.

THESE PRESUMED ABORIGINES HAVE, IT TURNS OUT, COME FROM THE LARGE MAGELLANIC CLOUD
AND ARE A BILLION YEARS YOUNGER THAN HAD BEEN PREVIOUSLY ESTIMATED.

AS A RESULT, ASTRONOMERS HAVE BEEN FORCED TO RETHINK THEIR IDEAS ABOUT HOW THE MILKY
WAY EVOLVED AND, BECAUSE GLOBULARS ARE USED AS A COSMIC YARDSTICK, TO RECHECK THE
DISTANCES BETWEEN GALAXIES, WHICH MIGHT BE IN ERROR BY AS MUCH AS 7%.

FURTHER EVIDENCE THAT GLOBULAR CLUSTERS ARE NOT NECESSARILY RELICS OF THE EARLIEST
GENERATIONS OF STARS IN A GALAXY COMES FROM OBSERVATIONS OF GALAXY COLLISIONS.
THESE CAN GIVE RISE TO ULTRALUMINOUS CLUSTERS, WHICH APPEAR TO BE GLOBULAR CLUSTERS IN
THE MAKING.

PALOMAR 5, ON THE OTHER HAND, IS A GLOBULAR CLUSTER IN ITS DEATH THROES, BEING TORN
APART BY TIDAL FORCES OF THE MILKY WAY.

THIS ANCIENT OBJECT, ON THE OUTSKIRTS OF OUR GALAXY, SOME 75,000 LIGHT-YEARS FROM THE
SUN, HAS ONLY ABOUT 10,000 STARS LEFT.

ALL THE REST HAVE BEEN STRIPPED AWAY AND NOW LIE IN TWO INCREDIBLY LONG TAILS, STRUNG
ACROSS 13,000 LIGHT-YEARS OF SPACE.

IN FACT, THE TAILS OF PALOMAR 5 DELINEATE THE ORBITAL PATH OF THIS CLUSTER AND THUS
PROVIDE A UNIQUE OPPORTUNITY TO DETERMINE ITS MOTION AROUND THE GALAXY.

TOGETHER WITH THE SO-CALLED SAGITTARIUS STREAM, WHICH EMERGES FROM THE SAGITTARIUS
DWARF ELLIPTICAL GALAXY, THERE ARE NOW TWO DIFFERENT EXAMPLES OF EXTENDED STREAM-LIKE
STRUCTURES IN THE GALACTIC HALO.

THE GEOMETRY AND THE VELOCITIES OF THOSE TIDAL STREAMS WILL BECOME IMPORTANT TOOLS
FOR DETERMINING THE MASS OF THE DARK MATTER HALO THAT SURROUNDS THE MILKY WAY.

ONE OF THE NEAREST GLOBULAR CLUSTERS, M 13 (THE GREAT CLUSTER IN HERCULES), WAS THE
TARGET FOR AN EARLY ATTEMPT AT CETI, THOUGH WHETHER PLANETS EXIST WITHIN GLOBULARS
CLUSTERS IS STILL A MATTER OF DEBATE.
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NEBULA OF UNKNOWN NATURE

THE NATURE OF NEBULAE WAS UNKNOWN UNTIL THE FIRST SPECTROSCOPIC OBSERVATIONS WERE
MADE IN THE MID-19TH CENTURY.

TOWARDS THE END OF THE 20TH CENTURY, TECHNOLOGICAL IMPROVEMENTS HELPED TO FURTHER
THE STUDY OF NEBULAE.

SPACE TELESCOPES ALLOWED ASTRONOMERS TO STUDY LIGHT EMITTED BEYOND THE VISIBLE
SPECTRUM WHICH IS NOT DETECTABLE FROM GROUND-BASED OBSERVATORIES (BECAUSE ONLY
RADIO WAVES AND VISIBLE LIGHT PENETRATE THE EARTH’S ATMOSPHERE).

INFRARED AND ULTRAVIOLET STUDIES OF NEBULAE ALLOWED MUGCH MORE ACGCURATE
DETERMINATIONS OF NEBULAR TEMPERATURES, DENSITIES AND ABUNDANCES.

CHARGE-COUPLED DEVICE TECHNOLOGY ALLOWED MUCH FAINTER SPECTRAL LINES TO BE MEASURED
ACCURATELY THAN HAD PREVIOUSLY BEEN POSSIBLE.

THE HUBBLE SPACE TELESCOPE ALS0O SHOWED THAT WHILE MANY NEBULAE APPEAR TO HAVE
SIMPLE AND REGULAR STRUCTURES FROM THE GROUND, THE VERY HIGH OPTICAL RESOLUTION
ACHIEVABLE BY A TELESCOPE ABOVE THE EARTH’S ATMOSPHERE REVEALS EXTREMELY COMPLEX
MORPHOLOGIES.
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HIl (loNIZED) REGION

A VOLUME OF SPACE WHERE THE HYDROGEN IN THE INTERSTELLAR MEDIUM IS IN AN IONIZED
RATHER THAN A NEUTRAL STATE.

GENERALLY, THESE ARE REGIONS WHERE HOT, BLUE OB STARS ARE POURING LARGE AMOUNTS OF
ULTRAVIOLET RADIATION INTO THE SURROUNDING CLOUD FROM WHICH THEY WERE RECENTLY
FORMED.

SuUCH STARS CAN IONIZE ALL THE HYDROGEN (AND OTHER ATOMS) FOR DOZENS OR EVEN
HUNDREDS OF LIGHT-YEARS IN EVERY DIRECTION.

THE ULTRAVIOLET LIGHT STRIPS ELECTRONS AWAY FROM HYDROGEN ATOMS BY THE PROCESS
KNOWN AS PHOTOIONIZATION.

THEN AS THE ELECTRONS RECOMBINE WITH PROTONS (HYDROGEN NUCLEI) THEY EMIT A
CHARACTERISTIC SERIES OF EMISSION LINES AS THEY CASCADE DOWN THROUGH THE ENERGY
LEVELS OF THE ATOM.

THE VISIBLE RADIATION IN THESE LINES IMPARTS TO HIl REGIONS THEIR BEAUTIFUL COLORED
GLOWS.

HIl REGIONS HAVE TYPICAL KINETIC TEMPERATURES OF 10,000 1o 20,000 K, AND A DENSITY OF
ABOUT 10 ATOMS/CM3.

THE MOST FAMOUS OF THEM IS THE ORION NEBULA.

COMPARE WITH HI REGION.

IONIZED ATOMIC HYDROGEN CLOUDS WITH TEMPERATURES OF K.
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NONEXISTENT OR DEFECT

OBJECTS THAT WHERE EARLIER DISCOVERED AND CATALOGUED BUT WHICH SUPPOSEDLY

CAN’T BE FOUND IN THE SKY TODAY.
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FLARE STAR

A RED DWARF THAT DISPLAYS SUDDEN AND UNPREDICTABLE CHANGES IN LIGHT OUTPUT LASTING
FOR A FEW MINUTES.

THE FLARES ARE BELIEVED TO OCCUR IN THE STAR'S CHROMOSPHERE AND TO BE SIMILAR IN

NATURE TO SOLAR FLARES BUT MUCH MORE ENERGETIC.

THE NEAREST STAR TO THE SUN, PROXIMA CENTAURI, IS A FLARE STAR AS IS ONE OF THE

COMPONENTS OF THE NEARBY BINARY STAR SYSTEM, LUYTEN 726-8, ALSO KNOWN AS UV CETI.
ALTHOUGH THE TERMS FLARE STAR AND UV CETI STAR ARE SOMETIMES USED SYNONYMOUSLY,
BY DRACONIS STARS ALSO SHOW FLARE ACTIVITY.
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HiIGH PROPER-MOTION STAR

THE VELOCITY OF A STAR RELATIVE TO THE SUN CAN BE BROKEN DOWN INTO PERPENDICULAR
COMPONENTS: THE RADIAL VELOCITY AND TRANSVERSE VELOCGCITY.

THE TRANSVERSE VELOCITY RESULTS IN A CHANGE OF ANGULAR POSITION, WHICH CAN BE
MEASURED IN ARC SECONDS PER YEAR.

THIS IS CALLED THE PROPER MOTION OF THE STAR.
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OPEN (GALACTIC) CLUSTER

A LOOSE AGGREGATION OF DOZENS OR HUNDREDS OF YOUNG STARS, IN A VOLUME OF SPACGE
TYPICALLY LESS THAN 50 LIGHT-YEARS ACROSS, THAT IS ONLY WEAKLY HELD TOGETHER BY
GRAVITY AND IS FATED TO DISPERSE OVER A PERIOD OF SEVERAL HUNDRED MILLION YEARS.

AN OLDER NAME FOR SUCH GROUPINGS IS GALACTIC CLUSTERS BECAUSE THEY ARE FOUND MOSTLY
IN THE DISK, AND ESPECIALLY THE SPIRAL ARMS, OF THIS AND OTHER GALAXIES.

THE STARS IN OPEN CLUSTERS HAVE FORMED TOGETHER WITHIN THE SAME INTERSTELLAR CLOUD;
INDEED, IN MANY DIFFUSE NEBULAE, THE BIRTH OF NEW OPEN CLUSTERS CAN BE SEEN TAKING
PLACE.

AS OPEN CLUSTERS DRIFT ALONG, SOME OF THEIR MEMBERS ESCAPE DUE TO VELOCITY CHANGES IN
MUTUAL CLOSER ENCOUNTERS, TIDAL FORCES IN THE GALACTIC GRAVITATIONAL FIELD, AND
ENCOUNTERS WITH FIELD STARS AND INTERSTELLAR CLOUDS PASSING THEIR WAY.

WELL KNOWN EXAMPLES INCLUDE THE PLEIADES AND HYADES.

OPEN CLUSTERS (ALSO CALLED GALACTIC CLUSTERS) ARE LOOSE, IRREGULARLY SHAPED GROUPS
OF STARS WHICH ARE STILL RECOGNIZABLE AS A CONNECTED GROUP.

IN THIS RESPECGCT, ASTRONOMERS FIND IT SAFE TO ASSUME THAT STARS IN THE SAME CLUSTER
FORMED FROM THE SAME MATERIAL.

IN ADDITION, OBSERVATIONS HAVE SHOWN THAT OPEN CLUSTERS VARY IN DIAMETER FROM ABOUT
1.5 PARSECS TO ABOUT 15 PARSECS IN DIAMETER.

FROM THIS WE CAN ESTIMATE THAT STARS IN AN OPEN CLUSTER ARE ALL AT THE SAME DISTANGE
FROM US.

BECAUSE OF THIS, ASTRONOMERS HAVE BEEN ABLE TO DEDUCE MUCH ABOUT THE COMPOSITION
AND EVOLUTION OF STARS IN GENERAL.

THREE QUITE NOTABLE OPEN CLUSTERS ARE THE PLEIADES, HYADES, AND BEEHIVE CLUSTERS. AS
OPPOSED TO GLOBULAR CLUSTERS, WHICH FORM A HALO AROUND OUR GALAXY, OPEN CLUSTERS
TEND TO LIE MOSTLY NEAR THE PLANE OF THE GALAXY.
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STAR IN DOUBLE SYSTEM

STARS THAT ARE HELD TOGETHER BY THEIR MUTUAL GRAVITATIONAL ATTRACTION AND REVOLVE
ABOUT THEIR COMMON CENTER OF MASS.

IN 1650 RIcCcIOLI MADE THE FIRST BINARY SYSTEM DISCOVERY, THAT OF THE MIDDLE STAR IN THE
Bic DIPPER'S HANDLE, ZETA URASE MAJORIS.

TRUE BINARY STARS ARE DISTINCT FROM OPTICAL DOUBLES; PAIRS OF STARS THAT LIE NEARLY
ALONG THE SAME LINE OF SIGHT FROM THE EARTH BUT ARE NOT PHYSICALLY ASSOCIATED.

BINARY STARS ARE GROUPED INTO THREE CLASSES.

A VISUAL BINARY IS A PAIR OF STARS THAT CAN BE SEEN BY DIRECT TELESCOPIC OBSERVATION TO
BE A DISTINCT PAIR WITH SHARED MOTION.

A SPECTROSCOPIC BINARY CANNOT BE SEEN AS TWO SEPARATE STARS, EVEN WITH THE MOST
POWERFUL TELESCOPES, BUT SPECTRAL LINES FROM THE PAIR SHOW A PERIODIC DOPPLER EFFECGT
THAT INDICATES MUTUAL REVOLUTION.

SOME LINES INDICATE MOTION TOWARD THE EARTH WHILE OTHERS INDICATE MOTION AWAY;

LATER, AS THE STARS REVOLVE AROUND IN THEIR ORBIT, THIS PATTERN REVERSES.

AN ECLIPSING BINARY HAS THE PLANE OF ITS ORBIT LYING NEAR THE LINE OF SIGHT, AND SHOWS A
PERIODIC FLUCTUATION IN BRIGHTNESS AS ONE STAR PASSES IN FRONT OF THE OTHER.

THE MORE MASSIVE STAR (A) OF A BINARY IS CALLED THE PRIMARY, AND THE LESS MASSIVE (B) IS
CALLED THE SECONDARY.
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WOLF-RAYET STAR

A HOT (25,000 1o 50,00 K), MASSIVE (MORE THAN 25 SOLAR MASSES), LUMINOUS STAR IN AN
ADVANCED STAGE OF EVOLUTION, WHICH IS LOSING MASS IN THE FORM OF A POWERFUL STELLAR
WIND.

WOLF-RAYETS ARE BELIEVED TO BE O STARS THAT HAVE LOST THEIR HYDROGEN ENVELOPES,
LEAVING THEIR HELIUM CORES EXPOSED, OFTEN IN A BINARY SYSTEM, AND THAT ARE DOOMED,
WITHIN A FEW MILLION YEARS, TO EXPLODE AS TYPE IB OR IC SUPERNOVAE.

THERE ARE TWO SPECTRAL SUBCLASSES OF WOLF- RAYETS: TYPE WN, WHICH HAVE PROMINENT
EMISSION LINES OF HELIUM AND NITROGEN, AND TYPE WO IN WHICH CARBON, OXYGEN AND HELIUM
LINES DOMINATE.

THEY ARE NAMED AFTER THE FRENCH ASTRONOMERS CHARLES WOLF (1827-1918) AND GEORGES
RAYET (1839-1906) wHO STUDIED THE FIRST EXAMPLE IN 1867.

A WOLF-RAYET PHASE IS ALSO PRESENT IN SOME CENTRAL STARS OF PLANETARY NEBULAE.

IN THESE STARS, WHICH HAVE LOWER MASSES AND WILL EVOLVE INTO WHITE DWARFS, THE OUTER
ENVELOPE HAS BEEN EXPELLED IN THE RED GIANT PHASE, EXPOSING THE HOT CORE.

SuUCcH STARS SHOW MANY OF THE CHARACTERISTICS OF STANDARD WOLF-RAYET STARS AND ARE
REFERRED TO AS WOLF-RAYET TYPE STARS.

- I? l
)’ A 1
Y . 3 |
[ £an) 7
ANSVAR 1 17
J
w 0 1 ~ i f —1
— i e — 9 —
e o .
[ 5
14
/
Q -I'- ) ] 1 )
Y .1 1 1 7} 7} 1
'\\my T 9‘ v v !
v R - t S t t
a € a 1y
. I
| B e | S | F e 1 a2 0 | i
: . - :




