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How to UseThis Pamphlet 
The secret to successfufy earning a merit badge is for you to 

use both the pamph'et a nd the suggestions of your counselor. 

Your counselor can be as importantto you as a coach is to an 
athtete. Use all ofthe resources your counselor can make 
available to you. This may be the best chance you will have 
to learn aboutthis particular subject Make it count 

P1
( 	

lt you or your counselor feeis that any information in this 
.. 	pamphlet is incorrect, please let us know. Please state your 	: 

source of information. 

Merit badge pamphlets are reprinted annuaHy and requirements updated 
regularly. Vour suggestions for lmprovement are weicome 

Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series of more than 100 covering all kinds 
of hobby and career subjects. lt is made available tor you to buy as a service of the national  
and local councils, Boy Scouts of America. The costs of the development, writing, and 
editing ofthe merit badge pamphiets are paid tor bythe Boy Scouts ofAmerica in 
order to bring you the best book at a reasonable price. 

Send comments along with a brief statement about yourself to 
Pilots and Program Devetopment, S272 

Boy ScoutsofAmerica'1325 West WalnutHilLane. Irving, TX75038 	e' 

lt you prefer, you may send your comments to merit.badge@Scouting.org . 

ist- 



BC)Y SCOUTS OF AMERICIk 
vtER!T RADGE SERIES 

ASTRONOMY 
lag 

'9 

'Enhancing our youths' competitive edge through merit badges' 

BOY SCOUTS OF AMERICÄ 



Requirements 
1. Do the folIc'::g: 

a. Exphh 	our counselor the mes' !ikely .zes 
ou 	c::ounter while partici ..::ig 

and what v:: should do to anticipate, help 
p:eent, rnitigate, and respond to the: 

b. ix:ain first aid fo: njuries or iesses :::s hea and 
c:.: reactions, dch:dration, h:es and 	::a:1age 
to vour eves that could occur during obse:: 

c. Describe the proper ciothing and other precautions for 
safel': 	kjr:s::''.. 	a:Y in cold weather. 

For requirement 	 Ther. explaii 	 Sun, ohiects 

4, if instruction 	 near the Sun, and the .lüon. 

is done in a 	2. Explain what light pollution is anti how it and air pollution 

planetartum, 
affect astronomv. 

3. With the aid of diagrams (or real telescopes if available), 
Scouts must still do each of the fo11o':: 

identify the 	 a. Exo!ain '.vh'.' binoeJars er'' te scees are irrt 

required stars and 	asunornce1 tools. Dem:::.s::ae r: ex: a  in I::•::hcse 
tools are used. 

consteations 
b. fleseribe ::e sim:.:::::c ......ditf::eree 2: everal tye 

under the natural o :..tron::r;cal t eesccp. .ncl;;g e .as: or'.e the 

night sky 	
c:'serves light beyond the ;se part of the 
(i.e., radio, X:e.', ultraviolet, or intrared). 

c. Expl: 2 :he . ...‚oses of at least three instruments used 
with as::ono::;cal telescopes. 

d. Describe the proper care and storage of telescopes and 
binoculars both at home and in the fleld. 

4. Do the foIlo:: 

a. Idetit ~ :. ,. in the sky at least 10 consteliations, at least four 
of which are in the zodiac. 
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b. :tify in the sky at least eight co:spicuous stars, rive 
.vhich are of magnitude 1 or b:ghter. 

c. Mke two sketches of the Big Dipper. In one sketch, 
show the Big Dipper's orientation in the early evening 
s. In another s:ch, show its positio: svc:i hours 
:‚r. In both skc:cies. show the North 	Li the 
hoh::. Record the 	e and time each sketch was made. 

d. Explain vhat we see when we look at t:;e Milk', 

5. Do the following: 

a. List the names of the five most visihle planets. Explain 
nes can ;ear in pass 	lunar phases 

.v.:ich ones ..not, an.. 

b. Using the interr: 	vour parent's permission), and 
other resou:cs. finc 	: .:ien each of the five most 
vis.bie .i:s u 	 5a will 
be 	‚;g k' 	..... 	next 12 
months. Then c:::::c :f 	 e form of a 
ch rt or table. 

c. Describe the motion of the planets across the sk 

d. Ob.5erve a planet and describe what vou saw. 

6. Do the following 

:he Moo: -  ;,.. - id indic:e t least five 
sea aii, ....;c 	a::s. Label :cse landrs. 

b. Sketch the phase and position of t 	n, at the 
same hour and place, tor tour nights iv:: in a one 
:eriod. Incltide landmarks on the horizon s:c 

as 	trees, and buildings. Explain the changes y. 
obs. e. 

c. List the factors that keep th . oon in orbit around Earth. 

d. \Viih the aid of diagrams, explaln the r::ive positions 
of the 5:.::, 7.:'th, and the '.,'c:: ' ' 	::::es of lunar 
anc so:: :::1:ses, and at ti:' :e 	:::. first-quarter, 
full, and la:.'uarter phases of the 

7. Do the following: 

a. Descrihe the composition of the Sun, its relationship to 
otL:: stars, and some effects of its radiation on Earth's 
wetter and communications. 

b. Define sunspots and describe some of the etfects they 
ma" h,v: on solar :  

ASTRONOMY 	3 



one red nun ono als a rm Dnd one 
a.or hart to Sm). Expauine meaning 

.ars. 

8. Ver .nur counselors approvai and guidance. (10 OE 
of the fol]o.;:::. 

a. Visit a plane:D::Jm or astronornical ohse::::. 
Suhmit a rruten rep::.Ds rapbook, .: a v 
presentation afterva:.. 	:ur counsJ:: tha. 
i:::1.:.s the following ifor1rH:3n: 

(Ij /..::.'ities occuriing there 

(2) Exhi:s and disj.D.s vou saw 

(3) Telescopes and other . :.trun. :: s being .sd 

(4) C:s: 	:cts vou ohserved 

b, Plan sei ::ticipate in a threehc:.: 	:::on schon 
that i:::.cz using binoculars or 0 ::. 	:;c. List de 
celestial objects vou want to 	:::.i each on a 
star c;.:: ::: in a c.: 	.Is::c 
Disc.. -.•.-...: vou, 	 .: 
p:..-::: .::.:: obsenation 	:::. 	iew vou 
notebook with vour coun:  

c. P. ::.•.; :::.t a star part::: 	Gmwtmgnzmher 
..... ;s yoor dass .  

0: :e to s:v art c\::.. : ..:ciai c:c:ts 
to de group. 

d F••  an astronon:: dub :: OW-  communitv hold a star 
Jit is open ;o de 

e. P - ::iv take a series 	:.iotographs or d!ti 
e. 	mmc::: 	:.- --. : 	a planet, 	.. 
rr:c:c 	r a arme in .:. . Gut Mal av, Lic an h 

" 	cLe ü„ - _- 	was 
S 	.:. :s::::s ::i a s 	:i:; 	.:.p. Show ::::jr 
ds:: 	: '-..]ool or at a . ..:.:p niceting. Expiain the 
changes you ohserved. 

1 FGA •..: .... ut tli:ce ::cer o':':::c.::c-s in a ... ...:::::v. Pick 
c:: ....... 10 out :c cicatic:, NeNüng. and ::c::c 
ren. eind für this :::: ession. Discuss this vith 	::sclor, 
and expiain vhv :h :s:c: :on migh: 

. 	. -: : ........... ::: 	.... 	. 	3t 

:.•.• 	.1 	......... ::oiS _ 	..: 	.:-' 	: 	:. 	.: EK 
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Introduction: Reach 
für tli.e Stars 

Just as you enjoy 

stars and finding 
Spectac'war shovs cn he 	«n in the ntht sky. From Earth, 
we can see i'bu1ue, ui 	Aouds of gas and dust. We can the Big Dipper, 
see stars iying and expioding. S ,Anetimes it is rare to see ancient stargazers 
siphis Elke meteor shower 	dramatic eciloses. But on any 
clear n lt of the vear, vo 	sualiy can sec die Moon and our had fun naming 

whole gilaxv streichiiig across the sky. the patterns of 
Ii 	im ing about astronomy, YOU will study how activites 

in space 	ifeet vour o%-r, planet. Your daily schcdule—daytime stars they saw 

and night ime—is dictated by Euch's r union. Earth's orht every night. The 
around the Sun takes a year and gives us die changing seasons. 
The Sun's COCH 	utfccts the weather, and the gravitational pull word astronomy 

hetween Enrtl 	u1 'e Moon creates and controls ocean tides. literallytransiates 
We siE! huve 	. ch to learn about space. lt wasn't until 

2011 that NASA's I<cnler spacecraft discovered two Earth-sized to 	naming 

plunets bevond the solar sstem. Instruments 	"h as the the heavens." 
Hubble Spice Tek'scope eiiul.)le us to sec visic 	today that 
earlier observers could not have imagineci. 

\\'e know much about s. 	und its citecis on us, but 
there is a great dcii we ciont ..: know. Someday you might 
he arnouti die scicntists or the serious amateur observers 
who make important new discoveries. 

An 3XS Es Ihn irnaginary [inc around which a rotating REVOLLflON 

body, such us Earth, turns. Earth's axis is a straight 
Eine bmtween the geoguphic (,not magnetEn) north 
und scuth poles. Eartn's orbit Es che curved path lt 
fodows on its yearly trip around the Sun. 

ROTATION 
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Getting Ready 
to Observe 

	

'O\V ho\v 	roIect vo.use1f i.cfüre voli o nut in 

	

ni the 	a grea dsIiOflOflifCj! discoery. 

Protect Vour Body 
When you go stargazing, dress appropriately für the weather-
hot or cold. To heo proiec \OLIISOjt against blft's and stings 
when you go oiosicle, weir cHTIlcs that cover ail exposed skin, 
and be sure to buto 	od t 	thcn in. Wear shoes or boots- 
not sandas—and socks. Insect repellent sprayed on your body, 
ciothing, and shoes provides added protection. 

Mariy insect repeflents contain chemicals that may corrode piastic. 

Whenever you are applying insect repeflent, do so where lt wori't affect 

your equipment. Afterward, clean your hands before handling a telescope. 

Moving in the Dark 

1 

-j 
Lt takes about 30 minutes für the human eye 
to adjust to darkness. Tb hep preserve 
your night vision, use a red fi!ter with your 
flashUght. Simply secure a piece of red 
ceflophane over an ordinary f!ashlight. 

8 	ASTRONOMV 

i)urtng the dav hfore a stargztng 
nuhog, survev the area wherc vou 
vi!l be observing. Look für drop-offs, 

00105, crevices, or other objects like 
hrgc rocks or tree roots that you 
misdit not see at night. Take care to 
avoid de hazards when you return 
a ugit to obscTve. Bring red-ftttered 
flashitühts to Ihminate hie aret. 



ProtectYour Eyes 
Never stare direcly at or raar the Sun, even for a few mc'inents. If you are 
Never lonk at the Sun through hinoculars or a telescope unless 
yunr aqu puient has the proper sular filters. Looking direct observing the 

the Sun--even while wearing sunglasses—can cause permanent Sun and you or a 
blindnes 

 
er other daniage to your eves that might not be imme- 

diatelv noticeable. 17w so fest wo)' 10 ubserut' 	fl 
companion 

by pruk'.ion, which is explained in the chaptau cftled "The experience eye 
Moon—Our Neact Neighhor." Projection is tic recornmendecl discomfort, cover 
niethnd far saieiv \ ewing the sun. In anv cao., always do so 
only und2r iiw si aervison of a knn'\'iedgeahle adult. the eyes and 

Observing Objects Near the Sun 
seek medical 

Mercurv. the planet nearest the Sun, always lies dose to the attention 

Sun in dc sky. Look for Mercury only when the Sun's disk is immediatety. 
entireiv 	eIov ihe horizon. Dont risk gettirig the Sun in the 
view. lii s coukl cause permanent eye damage er blindnes 

The ivoon st new-rnoon phase also lies in the direc-
tion o the San. The new Moon is in the sky all dcv, 
bat lt s not visihle in the Sun's glare. Da not look at 
or near the San while trying to vew a new rnoon. 
Wait a coupie of days after the new moon, then 
look tor a thin oreseent moon in the evening sky 
just after sunset. 

Heat Exhaustion and Heatstroke 
Heat exhaustion occurs when the body overheats because its 
cooiing rnethods [au. Watch for these sig,ns: bu(.'1', temperature 
heiween )8.6 and 102 degrees; skin paic, claminy, cmi swcatv; 
nsusea, eizziness, anti taintiag; prnnnunced weakness and t.ired-
ness; headache; rnuscle cramps. To treat heat exhaustion, have 
the vicIin lie down in a cool sput with the feet raised. loosen 
the dothing. Apply cool, damp cluths tu thL' skin or usc s fan. 
Have the victim sip water. 

ASTRONOMV 
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Heatstroke (sunstroke) is 	fe-breat- 
eni:ig because the bodys heat cuntrol 
System has been ovenvorked and 
over•vhelmed, rcsuitng in its failure. 
Sigos include hüdv 	Tpera!ure above 
02 (I1'grees; red, h 	md dr• sIin; 

extremely rapid pulse; confusion or 
disorientition: fainting or unconscious- 

W ness; coiivulsions. 
Cool the victimn imrnediately. Place 

the victiin in a cool spot fact'•-uo with 
i. 	'ad and shoi.dders raised. Reiiove 

ter cicmtlung, sponge ihe bare skin 
with cold water, and soak underciothing 
with cool waler. AppI' cold packs, use 
a fan, or pkice the victim in a tub of 

cold water. Dry the skin after the hody temperature drops to 101 
degrees. Obtain medical heip immediately. 

Sunbum 

Sun exposure can catch you by surprise when you are outside, 
preoccupied with setting 00 yOUI equipment or .'ieving a 
solar eclipse. Wear lcsc•-Otting ciotlung that conipleteiy covers 
the arms and legs, and a brimmed hat. Apply sunscreen with 

om erotection factor (SPF) of at least 15 to exposed skin. 
Don't torget your ears and the back of your neck. Reapply sun-
screen oftc'n and as needcd. 

Cold-Related Problems - Hypothermia 
Hypothermia occurs when the hodys core teniperature drops 
so 10w th,it .it is ob lonrter able to keep warm. The key to 
preventing h\ mother nia is to keep warn and stay dry, and—if 
you will he outside for extended periods—eat plenty of energy 
foods (11015, (lried fruits, peanut butter). Don't push yourself to 
a daiigeroLis pont of fatigue. 

A person in the early stages of hypothermia may he 
shivr'ring. As the victim gi'ts 	der. the shivering will stop. 
Otler s mptoms may includc ii iitability, sleepincss, incoher-
ence, disorientation, and the inahilitv 10 redson or ihink clearly. 

10 	ASTRONOMV 



lmmedkte1v prev 	l:.: 	'.ave the vm to a 
shelter, iemove d;:::. cothing, 	;;i:1: the persc: with 
blankets until bo; :emperature r:::ns to normal. Cover the 
head wiih a warm hat or other cc•.c:ing, and offer hot drinks. 

If the :.::idition progresses, c:.cy warm he :icm's ho 
Place the '::m into a sleeping cg .tth orte o T':c :her peetle. 

11  ..t......L-I 1.,............. .....-1 ... 	 ........... ......... ...-. •...+ ..L--. 
11.11 SIIUUIU ue 	 UI IIIUM LIUt.IIIiJ., U Uk,U ‚I\iII1UZ,rUII 

conta...c.n hasten the 	:;ftig—and perI: s.:c 	fe. 	dgl 
Severe nvpothermia re 4.. ies ;nmediate me.:c. aeiian. 

In cofd weather, wear Iayers to keep in the heat. 
Bring along a woolen cap, scarf, gloves, extra bocks 
and a coat. Keep your arms and legs covered, 
Always carry rain gear. 

Dehydration 
Dehydration is c•.;sed by lack o :ater in ta 
A persor. .o loses more tvater :ha.i consur..ea 
become iehvdrated—in bot or cold .';eather. Astronomical 
observers should s:y wc - hvclrated -'ehle in the outdoors. 
Do iait to riii~ untU you feel 

.:nev vou participate inastraaarny activities, taking 
a few precautions can help make vour outing a tun, safe, and 
comfortahle cae. anticipating :': can happen (such as 
exposure to caid .....vindy condit 	';uu can heip r:cvent 
and agate (lessen die impact of, 	ihout any type of 
mishap. föu .'; also be in a better pas: :ion to respond quickly 
and appropriaieiy should a ms'ap oc..a.;. Remember to: 

• Dress appropriately for the eeather. 

• Take and use the proper equipment, such as solar filters. 

• Drink plet; if vater: stay hydrated in warm and 
cool weather. 

/ 
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Stars and Constellations 
A staris a hot, 

People have aiwavs enjoved stud.7 the stars. To heip them glowing ball of 
keep track of the ::s, ancient Grc7 

.veec 	-- 	 •. 	 gas that produces 

7 	 :.': 35 	energy by nuclear 
:.onsrellations. Todav, astronorners recc: 	. 	c::ellations. 

reactions ui its 

Vear-Round ConsteHations 	 core. In fact our 

of tl 	•:a. T'-c-se SUfl IS a star. 

A constellation 
s 	:eiow the ho:1z•". - 	 - ,.tes on 115 axis, the st 
seern to circle a 	 . 	 celestial north pole. A mod- isa paern of 

erately bright sta ........ 	pole. Stars in the sky. 
Knowing the circ: -.::.: 	-:.cllatic 	. 

locating Polaris in the sky. 

Ursa Major. The Big Dipper is part of Ursa 	jr (the Greal Once you can 
at 	c 	les-,sibIe starS. 

:r stars 	::a howl 	i; :ippe: 	wavs jint to identify a few of 
PoIa: s. Even ,  six hours, the Big 77 	.er appears to have moved the bright 
a quarter of the wav around Polaris. 

constellations, 
Ursa Mrnor. Thc 	:tle I7:r 	........:: 	 .:. 	.::-.an the Big 
Dipper, rt Pari o 	coi;s:c .. ........ 	‚r:ie Little such as Ursa 
Bear. l'oE2r.- is the end of th 	.1:c 	;aer's handle. Major or Orion, 
Cassiopsa. 	:ou follow the line from the middie star of the ou can usethem 

handle 	 1 lind Casic 	a 
:j stars form an 	..;re above the NOU to find fainter and 

when they are ess obvious 
Draco. Draco, the dragon, w 	‚s around Polaris between the consteations 
Big and Little Dippe -,s. None of its more than 80 	ible stars 

..2rv L 7-:!it; the four stars that form the dragonshead are 
eas.est L 	sec. 

ASTRONOMY 	13 



Seasonal Consteflations 
S•.::e cc:.s:eliatL::s 	ts5le in the nich: skv c:h 	at certain 
:.:::cs of .hc vea:: .. .....ss' 	c.c..:ions 	.:jwn 

acal cs 	::c 	e:.:c:•: 	c: 	:.c 	'ciipi::. 	:he Fc: 
the Sun, the .on, and the planets all appear to fol1ov 

the skv. hhe zodiacal constellat::s vou ::.: 	see at 
.• :---ries, Ta::s, Gemini. Cancer, U„-c. Virgc. 1.hr.. 

S:::s, Sagitta:c :s, Caprict: 	:s.;qua:.cs. anc .... 
change as Earth follovs its yearl: 	ath around the Sun. 

Spring Constellations 
Leo. You can see Leo, the Lion, 	he evening sky around 

:'..::.. f•:::: .............throug 	can 
Lccte the t 	 hc ..  

i.c: 	'\t t 	. 	of the h c'er. A line drc.vc frorn the 
hie tc:.....: :.:c 	:c the one at the bottom will point 
s brigiks: s:.. ecus. 

Virgo. \'irgo, thc .:e 1 n. is t!e !rest ccrstellatio n  
.hc 

 
-oni Aprh :I.:cch Juh.. 	cse tl:c hig Dippe. - 	:A 

Virg 	:::hc 	of the handle to Arcturus, a brich: 
in th .. insteiiatj. 	3oötcs (c:c '::: 	us). 
straig:c -,Pike" dc.::: to lcc chg: s:c: pica ‚sckc 
the hottom of Virgos Y shc:e. 

Libra. Lihra, the Balance Scale, is a late-s:::ng and summer 
constellahcc 	-. h 	hh:i stars. lt is one c hie mcs: 
dithcult zcc 	 spot. Look halfvac betvccc 

anti An:,ccs (in Sc„. -  

Cancer. Cancer. the Cral . ........hie fromn Januarv to Mav, 
: the faint:s:  

ltne 	c: hc  
(a \V .::c coutcch. 	cs..::..•:.: cc.,.::. 	:5 	- 

Leo and Genh:h. 

Some people believe the positions of the Sun, Moon, 

and planets among the zodiacal constellations affect 

human behavior.This belief is known as astrology. 

However, there is no scientific evidence to support 

this belief. 
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Spring star chart—around midnight in mid-Apsit and 10 p.m. in mld-May 



Summer Constellations 

Aga/axyisan 
Lyra. You can sec 	the Lyre, from Mav throueh November. 

: 	 . 	 -‚ 
Inlate surnnter 1t .bout 10 I'.M., tt you looK sttatglu up, vau 

enormous group may see a very hright blue-white star. This star, Vega, is Lyra's 

of millions or brightest star. 

billions of stars, 
Cygnus. Often calied the Northern Cross, ('venuS the Sn'i n 
...‚ s 'nnoe from June through November. Fol[uv a line front 

bound together Vega slightiv east to anmlter star, Deneb, witich is Cvgnus' 

by gravity. Earth hrightest star. 

is in the Milky 
Of the conspicuous (easy-tosee) stars, only Sirius 

Way galaxy. and Arcturus are brighter than Vega. 

Aquila. South of Lyra and Cygnus is Aquila, the Eagle. Its 
brightest star is Altair, which forms the Summer flianle with 
Deneb and Vega. 

Part ofAquila lies along the path ofthe MiIkyWy 
where there are dnse star fiefds. 

Scorpius. In July and August, you can see Scorpius. the 
Scorpion, very dose to the southern horizon. Its hrightest star 
is Antares, a red supergiant star near the scorpion's heart. 

Sagittarius. In July dOLl August you can see Sagittarius, die 
Arciter, just east of Scomius. Its main stars form a pattern that 
resembies a teaoot. When you look at Sagittarius, you're look-
ing towird the center of the Milky Way galaxy. Scorpius and 
Sagittarlus may be difficult to view if you live in the North. 

16 	ASTRONOMV 



Summer Star chart—around midnight in mid-July and 10 pm. in mkl-August 



Autumn Consteflations 
Pegasus. Pegas, he Hvg Horse. s he 	se 	from August 

Toocatethe - 	 -. thro.:z:: Octoher. s:utheast of Cygnt:s. .-a:: 	:ie constellation 
Circet, an is known as the Great Square, an easv shape to recognize. 

nteresting Star Andromeda. Pecsus shares one of :s Stars with Andromeda, 
which is 	sh 	Sc.:I::nber to 	L.ck 	astw:: 

group in Psces, - trom the 	 -gasus. Tf 	galax---the 
ook just south of most distant obect visihle to the naked eye—is ;s5ie c-:: cear 

the Great Square nights as a faint, mis:: spot in the Andromeda constellation. 

Perseus. Viju c:s:' Perse:s 	:: ::umr: 	east 
af Pegasus. . Dt A:::ameda. 1:  

(des.:: :ed later in this chap:- 	Cassiop. Perseus con- 
..:s: 	double Star Algol. As th:: stars of A. 	pass in ;r:::t 
0; 	acii other, Algol appears alteroaieiy f:er and brighter. 

A double Star is a pair of stars that are dose 
together and hold each other captive by the force 
of gravity. Each one orbits around the other. In 
most cases they are so dose together, they look 
like single stars. 

Aries. Three fairlv bright stars make up the main part of 
Aries. the Ra;:;. lt appears south of Andromeda from October 
thro.: March. 

Pisces. The main part of Pisces, the Fishes, is a string of stars 
belo':: :ndromeda and Pegas:s. Pisces appears in thl. from 
October to Decemher, but it is taint and can he hard to find. 

Capricornus. ..cok s:i:-tght dow: -. 
::nus, - 	Sea Goa., 	...... 

hut v:i-::- -:s - :tv is good vou can see i.:::::::\ugust 
through Oct( 

Aquarius. 0:: 	clear nights fron -....::.:st througL O:tober, 
von :rav be 	see Aquarius. thc -'. 	Bea s:::h of 
Pc-z - sus. On€--::-J of Aquarius str.- -.:h 	Ca.. :..:::us and 
the other is beiow the Circlet of Pisces. 
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Autumn star chart—around midnight in mid-October and 10 p.m. in mid-November 



Winter Constellations 
Orion. Orion, the Hunter, u 	'iv is easy to find from October 

Betelgeuse, through April. lt 	s large an.. ‚: 	"'t!ve with two verv bngnt i 	
. 

Orion's shoulder stars—the reddisl-orange giam 	gcuse and bluish-v1iie 

star, is so huge Rigel—as well as five other bright stars and several less visible 
ones. The Orion Nch1a. a cloud of dust and gas se e]ai flght- 

that if lt were at vcars across, is visihle in the naked eye as a fuzzy palcii 	USt 

the center of our below Orion's belt. 

solar system its Canis Major. Southeast of Orion is Canis Major, the Great Dog, 
ou can see from Decernber through April. Sirius, ihe 

edges would night sky's brightest star, is a part of Canis Major. Orion's three 

extend beyond helt stars point dovvnward towarcl Sirius. 

the orbit of Mars Gemini. From December through May you can see Gemini, 
the 'l\vins, which are above arid to the left of Orion in the 
northerri hemisnhcre. T\\'Q bright stars, Castor and Pollux, are 
the heads of he Gemini tvins. 

Auriga. Visible from November through April, Auriga, the 
Charioteer, is north of Orion. Capella, a double star in Auriga, 
is one of the brightest lights in the sky. 

Taurus. Orion's holt stars noint up toward Aldobaran, a bright 
orange-red star. «\lciebarai 	is the eye of Tau rus ihe Bull, a 
consioi]ation you can see from November through March. 

Tau rus has two star groups: one a duster of 
stars known as the Pleiades, and the other a 
targer, more scattered, V-shaped group known 
as the Hyades. 
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Winter star chart—around midnight in mid-January and 10 p.m. in mid-February 



Star Light, Star Bright 
Another word astronomers use to describe a star's brightness 

is magnitude. 

• Absolute magnitude refers to a star's true brightriess—that is, 

the brightness if all stars were viewed from the same distance. 

• Apparent magnitude means the brightness of a star as we see 

lt from Earth. Astronomers give a star a number to refer to this 

magnitude.The lower the magnitude number, the brighter the 

star. Stars that are brighter than a magnitude 1 have a zero or 

negative number.The unaided human eye can see stars with a 

magnitude number as high as 6. 

Listed here are some of the brightest stars in the sky, the 

constellations where they are found, and their apparent magnitude. 

Star Constellation Magnitude 

Sirius Ca-, ' c; 	vIaor -1.46 

Arcturus Boötes -0.04 

Vega Lyra 0.03 

Capetla Auriga 0.08 

Rige Orio" 0.12 

Procyon Cans 	or 0.38 

Beteigeuse Orion 0.5 

Altair Aquila 3.77 

Aldeban Taurus 0.85 

An—res Scor;•.s n. cb7 

Spica Virgo 0.98 

Pollux Gemini 1.14 

Deneb Cygnus 1.25 
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lt you liv. outside a major City, you probably have Seen the Milky Way, which can be 
viewed viithout the aid of a telescope or binoculars, 

The EViilkyWay 
Every o'e ofthe 

Wheri we look at the Milky Vv in ihn night skv, we sen nur 
own galaxy. Apart from other galaxies, nveFvriung we sen in ihn bIIons of gaiax!es 

night sk 	- .... Ii 	iFS, star C1U,ICN, lletllIiaC, Ihn Sun. the Ninon in the universe 
and the ptin .........is part of ihe \1iKV \Vay.JusL 	sus name 
irnphes, 	annca 	- a whws 	and of light. For observers has mlIions or 

the norti:ern henisphere, it is easiest to see during the summer biiiions of stars. 
months in the constellations Actuila and Cygnus. 

ihe Milky Way is our hone galaxy. a gigantic disk of The MiikyWay 

hundreds of billions of Stars and vast quantities of dust and appears to 
gas. lt is about 100.000ight-vears across and some 10,000 
light-yeas thick at itseenter. Stars, dust, and gases fan out be an average 

from the hub of this huge whirling disk in long, curving arms spiral galax'/. 
that make a spiral or pinwheel shape. Our solar system is 
ahnut halfway out from the center, on a small spur between  
two of the arms. 
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You can see another galaxy with the nnaidecl eye on a 
clear night in the fall—the Andromeda Gaiaxv. lt also is thc 
most disant obiect you can sce 	the naked eye. lt appears 
as a misty paich of light in the constellation of Andromeda. 
Astronomers call the Ant.liomeda Gaiaxv "M31 and piace it 
it ahorn 2.5 million iight-ycars fiom iiarth. M31 appears to 
Pc hcit again as hig as our giiaxc-....1 5d.000 light-years across. 

The Andromeda Galaxy is approximately 2.5 million 

Iight-years away. A Iight-year is the distance 

light travels in one year, equal to approximately 

5.9 trillion miles. 
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Same gaaxes can be seefl though backyard 

tecscopes at dstances of 100 milhon iiqht-years 
er rnore—dstances aftnost unmagnahe. 

Uing a Planisphere 
A p'ansphere is a fiat, cucuar map of de stars wth an ovefiay 
thal you can so to show what stars and constehafions am vsibe 

at any fime of he nght and any night of the year, lt can ha adiusted 

to nach the oxact month, day, and haar when yen are laoknq at 

de sky. 
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The Planets and 
Our Solar System 
TIte Illanets of nur solar s sft 	rtvct atonnel the Sun, 
earb eni.s own orbit. 1 lIc for 	onets cm 	o to the 
Sun—Mercury, Venus, Earth, and Mars—are called the 
terrestrial iearthi.ilc) planets because they have solid, 
reckv surt000:. 1 he tour large planets beyond the 
0'  bit of lars 	otter, Satut ri, Uranus, and \'.tt 
are the gs giants, made mostly of hydrogen and 1 
UITI, pr(.)i: i 1)1V \vit II 00 soli ,2urfaces. 

Mercury is thc srnat 	cky planet nearest 
the Sun. lt completes a trip around the Sun every 
88 Earth-days, speeding in its orbit faster than any 
othor planet in the solar system. If vou could stand 
on \iercury, youvould see a bloatcd sun creep 
at a snai' s pace through a black sky. Mercury 
retnt t.es eniremely slowly 00 its axis—once in about 
59 Earth-ciays. Because Mercury is so dose to t]te 
Sun, temperatures on the planet's surface can reach 
a searitt 80( 1  eleorees. Mercurys cratered surface 
looks inr ch liic die surfare of Eanh s moon. 

Venus, second p10111 	tn tite Sun, is only slightly 
sm,iler tban Earth. 1 	thi.1 	)uds of carbon dioxide 
and sulfuric acid that et''' \c 105 rc'f!ect sunlight, 
naking it bright hut also 	.nng brot at die planet's 
surface. At 842 degrees, it's hotter on Venus than on 
Mercury, even though Mercury is nearer the Sun. The 
thick, hevv atmosphere creates enorotous pressure 
cm Vcnw. Spacc probe-, that have landcd there have 
htstcd only a few hours before the pressure crus hed 
111cm. Venus spins in the opposite direction of its orbit 
orottnd the Surt. 

Mercury 

Venus is a 

scorched world 
with temperatures 
hot enough to 
melt lead. 
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Earth 

Mars 

Jupiter 

on Earth rvc neneath a 
a\'Lr of 	 trat shelters us 

orn the clangers of space. "Ocean" 
a nai u araropriate nanic for 

itis olutet, t Cii'2 oceans cover nearlv 
'0cacnt ot i tti 	surface. 

Mars, the red planet, is the fourth 
LerrcstnaI planet. A div on Mais List ›  
2-1 iour, 37 minutes--------n 	sln.lnd Ion- 
ger than an Earth-dav. But Mars itkcs 
almos Lwice as long as larth 10 orbit 
he Sun, going around once in 687 
arih-days. 

Though Mars is a world with 
- o rivers, ii las windi.nc vai!cvs that 
(.0I 	ii« (lry iVI)r(!5. 3(tiSiS 

)elieve that powerful floods once 
deluged Ivlars. Todiv iic idanet is too 
cold an.' its atriin 	- c:c 	n thin for 
liquid vater to t3T3t  

In 2008, the Mars 	laidcr 
confirnied thc rsncc of ice on the 
sunace, v,  ttii mmc 	uer trozen in 
the polar ice caps. 

Jupiter, nore tha 30) million 
niles rum •1 s. is tIc ii gost olanet 
ii the solar s.stem. If JUitLY 'vere a 

hollow ball, n''re than a 	jsid 
Earths would fit inside. Dcc (15 

size, Jupiter spins ster tOn any 
other planet, rotating every 10 hours. 
l-O\vcvc. 1 takes .Jtciter nearlv 
12 10 th- co 	tu oiblit the Still. 

Like the other gas giants, Jupiter 
is niosu': hvdrogen and helium. The 

at the too of its colorful 
ins 220 degues. Down in 

ie clouds, the teniperature reaches 70 
egrecs ata depth '.vherc tOc atiir)s.tiheric 
C5SLi'SiDOUt 10 timm as guat as ii is 

on Earth. Jupiter has at least 60 moons. 
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Thre Earths could fit across Jupiter's Great Red 
Spot, a storm like a hurricane that has raged for 
centuries in Jupiter's southern hemisphere. 

Saturn, ehe secor largest planet, is the farthest from 
Earth of the five pla 	known Co earlv stargazers. Galileo, 
in 1610, was ehe firs 	tronomer to see Saturn and its rings 

)ugh a telesc 	to 1977, astronomers thought Saturn 
the onlv planet with rings. We now know the other gas 

ets—Jupiter. Uranus, and Neptune—also bare ring systems, 
but Saturn's is hy far ehe largest, most visible, and most com-
piex. Its rings are made mostly of ice. Saturn also has at least 
30 moors. The largest. Titan, is a linie bigger than Mercurv 
and is hlanketed with a thick, nitrogen-rich armosphere. 

Ur 	 OOR-un-nus), a large gas planet, 
.red in 1781 bv astronorner 

Williarn Herschel; its rings 
were not discovered until 
1977. Urant 	cc as far 
from die Su 	um—so far 
awav that it 	n anhght 

c.ut 2 hours, 40 Ininut 
- 	Uranus orbits ti 

n its side, the r€.,, c, 
it manv astronomers think 

was a collision vith a planet- 

___________ 	 sized hodv long ago. 

aturn with ets 

rings would just fit 

in the distance 

sen Earth 

seid the Moon 



o Juy1Z2Dh1. 

Neptune complete 

tstrstfullarbttof 

the Sun snce its 

dscoveryrn 1846 

Neptune, the 
met trom the 
tir 1\\ i\ 	thit 
- es lCD vears 

rrnt the sun. Ld 
irth, Nernune 	.s 

hut  

.ti5 iuo distant 
• seen wtth the 
Jed ee In 199 

tne Vovager 2 spacecraft 
tracked a large dark 
storm hke a hurricane 

m N::: 	s southern li:r. cd great gey 
sers ol ulirogen on Triton, 	-e - :::es on. Triton is 
the roldest hodv vet visited ..................... - i, with surface 
temperatures reaching r:::...: ... . 

Hc" the hanets io'e 
From ou.: .. .• 	planet, ihe Suii appears to circle Earth, risng 
in the e::a::. setting in the west. But Earth really is the hody 
that is moving. Tu understand the movernents of the night sky, 
keep in mmd Earth's two main motions: lt circles the Sun, 
going around once in 365 das (a vear), and it sptns on its 
axis, making one complete rotation in 24 hours a day). 

From night tu night. each planet shifts its position 
eastward in relation to the stars, traveling through var 
constellations over the course of several weeks as it circ 	he 
Sun. Nlercurv. Venus. and Mars show this motion most clearlv 
Distant Jupiter and Saturn travel so siowiv, lt's harder to see 
their eastward shift against the stars. 

Earth's counterclockvvise spin—from west to east-

makes the sky overhead seem to rotate in the 

opposite direetion, from east to west. 
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retrograde motior. 	 ‚..: 

astronomers, who named these bodies : 
which in Greek means "wanderers 1 	- -: - 

complicated ways the ptanets mc 

Smes. a aner exiihjts 	 — :--ir appears 
-eop easrwar drf: an zop back :evar-  the west ber'o:e 
1rrrig rs :iorm wesz-rc-east rnovemert Fr exipIe. 

beease Earth rakes iess :jne t' xbir :.ne Sur ±sn oLtel panets 
:ike Mas. J- iptze:, tn Sarurn, jr occasixuh; venakes 

 

an ourer 

passing a scwer one on :he highwav. As 

Earrh iwp;oa:hes. he cther plane: aEnears w sro ;s easzwa:d 

an 	hack tward :he wes:. As Earh swjno ist ±e 
pane:. ve see the paner resine i:s noma ;ves: 	.: 

:henighs. 

- 	 rtak r" +&,m Str-  the pIanets movemen 
app 	hange direct 	-. s retrograde niotion- 
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enus also appears oniv in the earlv evening or early 
morning skv, but it is much easier to see than Mercury. 
Sometirnes caiied the morning or ehe evening star, diamond-
white arid hriiiiant Venus is the brightest planet as seen from 
ehe Earih. if Venus is in the eev'g skv, vou can't miss lt. 

Because different parts 	ir sunht areas are visihle 
from Erth at different 	 ii' and Venus have phases 
similar to the Moon's. i.: 	t?nt times, thev appear juli, gib- 
bous ethree-quarters ful:), h -uli (hke a first-quarter or last-
quarter moon), as a crescent, or anvwhere in between. 

When Mercurv or Venus is on the same side of the Sun as 
Earth, ne planets unlit side faces Earth. As the planet moves 
around the Sun awav frorn Earth. its sunlit side becomes vis-
ihle as a thin crescent and grows gradualiy as the planet moves 
along. \Vhen Mercury or Venus is near the other side of the 
Sun, we ran see almost all of its sunht face—the juli ohase. 

A c 	u7ct:on oceurs ohen t.vo or more oaners 
aoosar near rauh oer n he sau rvajor 000junc-
o0 ns—'ohen severa oarets 	gn-- are rare 
caesta evens ahau mey oncur decades soant. 

The Superior Planets 
The piaeets bevond Earth's orhit are known as the superfor 
planets. Unlike the inferior pianets, which are aiwavs dose to 
the Sun in our skv, the superior planets ran appear anvvhere 
in the sv on the eciiptic, and thev aiwavs appear juli. Mars, 
Jupiter, and Saturn ran be seen high in the night sky, long 
after the sun has set. 

The best time to view a superior planet is when je is in 
oppositinn—when Earth is directly between it and the Sun. 
\\'hnn a p!ru is in opposition, it rises at sunset and sees when 
the 



The zodiac is centered on ehe ecliptk, ehe path 
the Sun appears to follow among ehe stars. 

Trang Visible Planets 
All t.; 	 - ::1 the narrow band of the zodiac. 
althougk 	 :d a bit, so they ran he easv to 
miss. Even r ...:.: 	:rtt good iciea ahout the location 
of the zodia:, 	 have trouble finding the planets. 
For help, look a: 	which you ran download from 
the internet with vc 	:'.::nt's permissiom or find at the local 
lihrarv. Here are a fe; 	s an recognizing the planets. 

Mercury. This smali planet is hard in Spot, hut it is visihle 
without a telescope, either just after sunset or just hefore 
dawn, alwavs in the general dirertion of the Sun an(' never 
far front ii. 
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Venus. After the Sun and Moon, Venus is the brightest object 
in the sky, lt can sornetilnes be seen in daylight, bot it is never 
more than three hours ahead of or behind the Sun. 

Mars. Mars is called the Red Planet with good reason, hut 
its brightness varies. Chec1 its Position in an astronomical 
almanac or guidebook. 

Planets rio not twinkle like stars hecause they have 

a measurahle disk, and more light reaches Earth, 

So, he steadiness of the light is a good indication 

that you are looking at a planet. 

Jupiter. Among the pLnets, Jupiter is second only to Venus for 
brightoc.s. lts progress across the sky can seem so slow that 
you might mistake it for a star unless you track its movement 
for several nights. 

Satum. You will not see Saturn's famous rings with the unaided 
eye, hut the planet is bright enough to find. Like Jupiter, 
Saturn takes a long time to show movement, so consult an 
almanac or guidebook before scanning the heavens for lt. 

Uranus. This distant planet is barely visible to the naked 
eye under even good viewing conditions. II moves very slowly, 
so to the unaided eye it looks like an average star. Through a 
telescope lt appears pale green. 

Pluto was discovered in 1930 by U.S. astrono 

mer CiydeTombaugh. In 2006, the International 

Astranomical Union decicled Pluto should no 

longer be considered the ninth planet in our solar 

system because it meets only two of the three 

criteria tor an objecttc be considered a full-fiedged 

planet. Afthough Pluto orbits our Sun just like the 

oth& planets, and lt has enough gravity to pull itseif 

into a sphe -ical (round) shape, lt is 00W referred to 

as a 'dwarf" planet because it is smaller and cannot 

clear other objects out of its path. Remarkably, even 

with its small size, we have learned through the use 

of the Hubble SpaceTelescope that Pluto has five 

moons of its own. 



Asteroids, Comets, a::d fleteoroids 
Other members of the Sun's family include asteroids, comets, 
ancl meteoroids—sometimes considered "cosmic debris." 

Asteroids 
Asreroids are minor phinets of the Sun. Cstimates 
of their number range into the millions. Some are 
only a few feet in diameter. The largest, Ceres, is 
about 580 miles across. 

Most asteroids orbit the sun in the huge expanse 
of space between Mars and Jupiter known as the 
asteroicl belt er main holt. Sometimes the gravity of 
massive Jupiter changes the orbit of an asteroid 
so that it crosses the orbits of the inner planets. 
Aseroid fragments strike Earth every day, and 
scientists helieve several large asteroids have 
slammed into Earth over the years. 

Comets 
Comets are often described as dirty snowballs because they are 
largely made up of ice embedded with rock and dust particles. Some scientists 
Most comets travel in long, oval orbits around the Sun. 

believe that a When a comet nears the Sun, the intense heat causes the 

hugo asteroid gases and particies that were frozen together to "mcli" and 
vaporize. The vapor forms a "tau" that may be millions of 

many years ago miles long. 

struck near - 

Mexico's Yucatän - 

Peninsula, setting 

otte chain of 

events that 

doomed Earth's 

dinosaurs to 

extinction. 

Comets that are bright enough to be seen without a telescope 
are so rare that only two or three comets may be visible from 
Earth every 10 or 15 years. 
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The Wiflamette Meteoiise 'a found 
in 1902 in Oregon's .11amette Vafley. 
lt weighs 15.5 tons and measures 9.8 
feet long and is the largest meteorite 
ever found in the United States. 

These three are different aspects of the 
same members of the solar system. They 
start as meteoroids—stony or metallic 
materials in space. Some are microscopic, 
others are huge. 

Every day, Earth's atmosphere collides 
with milions of meteoroids that burn in ehe 
tremendous heat created by the collision. 
If a meteoroid is large enough, ehe collision 
is visible as a streak of light across the 
sky—a meteor, or shooting star. 

Sorne meteoroids survive ehe flaming 
fall to Earth without burning up completely. 
Those that make lt 10 the ground are 
meteorites. Most meteorites are small, 
hut ehe largest meteorite ever discovered 
weighs about 46 tons. lt feil on a farm in 
South Africa. 

Meteor Showers 
Sonie meteoroids am beheved 
to bs custers of comet 
fragments Ihat continue ta 
orbit along the comets oid 
patt creating showers (hat 
baze throuah the skv as 
the pass through Earths 
atmasphero. Most meteor 
shorvers are strongest in 
the earty morning hours, 
betweeri rnidnight and 4 am. 
Some noteworthy meteor 
showers, named tor the 
constetations from which 
the y  come, are hstecl here. 

Shower Dato of Maximum 

Quadrantid January 3-4 

Eta Aquarid May 6-7 

Perseid August 12-13 

Leonid November 17-18 

Geminid December 12-13 
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The Moan was humankind's first target in exploration bevond 
Earth. People first studied the Moon with just their eves, then 
vith Ea :thhased telescopes, then with robots in space. In 
1968. expiorers flev to the Moon and studied lt from orhit. 
The follawing year, U.S. astronauts Iarided on the Moon and 
brought back rock and soil samples. 

Several tirnes hetween 1969 and 1972, U.S. astronauts 
explorecl the lunar surface and Ich behind scientific instruments 
to heip ;cientists learn more about Earth's natura! satellite. 
A few robouc probes have studied the Moon in the decades 
since, bat the Moon remains a fascinating place with many 
unanswered questions. 

The Face o Hie FVIooi 
The Moan's ssH..c- 	:ieven, covered with mountains, 
plains, z nd va!iev .aac :::..: .ith craters. The Moon is harren, 
without vegetat;.. ...... .nmosphere and there are on!v 
traces o vater. Then 

 
-re 	:Huuds, no fog, and no snow to 

block our view of its surface. 
These condinons also cause extreme surface temperatures. 

During a tvpica! !unar dav, which !asts two weeks. the Moon's 
surface 'aecomes much hotter than \vater's hoi!ing point on 
Earth. During lunar nights, which also last two wecke, the 
surface :emnerature nhimmots to more than 300 degrees 
be!ow freez; 

The mi! sa" 

astronauts brought 

backt'm 

'.'oon !a ';many 

esssma !'linera!s, 

buttheyart not 

poisoncas to Pia s. 

Researchers 

mixed atrayof 

!unarso t; 

dirtando'e.', 

p.a:snt. 

Even flnough one sde nt tha rvioon aocays Faces avav horn Earth, booh 
Hie near dde and the far side of the Moor receve the same arnounts 
of sunhaht,There reah s na 'den< sde of the Moon« 



Mountains, Seas, and Craters 
Co et at night and take a good look at the Moon. You will see 
Lrk: areas and darker areas. The darker areas vere called 

dAHR-ee-ahj, er seas, hecause the astronorners vho 
potnteo the first crude telescopes at the Nloon in the Uth  
centun7 thought these were large hodies of vater. The lighter 
areas vere called crrue ('TEH-rav), or lands. Look at the 
Moon through binoculars and vou can easilv see hov earlv 
astronomers might have reached that conclusion. 

Thjs big plain is caHed an ocean because eS its size-1.550 miles across. 

\Ve nov know that the bright lunar lands are rough, 
mounlainous highlands. The dark seas are hroad, level plains. 
Thev are lotvlands tilled hv ancient lava fiows. 

Millions of hovl-shaped cavities or pils, called craters, 
pockmark the ?loons surface. Sonte craters span more than 
100 miles wide. Sorne are thousands of feet deep. The Moor(s 
hroadest craters often are called k'd piafris hecause thetr 
sides are much like steep c]iffs ristng up to mountain height. 

Most lunar craters carry the rtames of astronomers, 

expiorers, or ancient scientists and mathematicians, bLJt 

several craters were named tor mythotogical figures. 



ARfSTRCHUS 

COF'ERNBCUS 

KErLEn 

GRJMAL¼ 

TYCHO 

CLAVUJS 

F'LATO 

ARCHIMEEES 

HT'PARCHUS 
F'TOLEMAEUS 

ALHATEGNHJS 
ALF'HONSLJS 

Craters and mountains on the Moon 

Your sketch of the Moon for requirement 6a does not have 
to show a full moon, hut you should select a phase that shows 
at least live seas and five craters. Draw the contours of visible 
features and label seas and prominent craters. II you have 
trouble identifying craters, most public libraries have astronomy 
books with lunar maps. 

The Moon"s Phases 
Due to i.ie rotation of the Earth, the Moon appears to travel 
westward since we see lt risc in the east and set in the west. If 
you watch the Moon's position against the background stars, 
you will see that it also moves slowly eastward due to its orbit 
around Ihe Earth. This eastward motion means that the Moon 
rises about 50 minutes later each day. 

The Moon takes an average of 27¼ days to make one 
trip around Earth. But this is not the actual time from new 
moon to new moon. Barth also is maving, traveling in its orbit 
around ihe Sun. lt takes the Moon about 2v4 more days to 
return to a position directly between Earth and the Sun, so the 
average time for the Moon to make one complete circuit from 
new mmm to new moon is about 291/, days. 

The Sun always illuminates one half of the Moon, hut, as 
the Moon orbits the Barth, we cannot always see all of the illu-
rninated face. Just after new moon we see a slender crescent. At 
the first-quarter phase we see the Moon half-illuminated. During 
the following week, a gibbaus (marc than half-illuminated) 
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/ 

A moon growing 

to fuH is said to NEW MOON 	 / 	FULL MOON 
/ 

be waxing. As it 

shrinks from fuH to  

new,itis waning.  

1 
WAXNG 	 ANNG 
CRESCENT 	 G50 5 

1 FIRST 	 LAST 
QUART[R 	 QUANTER 

------------- - 	 --- 	 ------ 

WAXNG 	 - 	WANNG 
CRESCENT 

Even as it moves through its phases, the Moon is always a big 
rocky ball, roughly 2,200 miles across. Its appearance changes 
because half of the lunar surface always faces the Sun, but that 
lighted portion does not always face Earth. 

moon grows larger still. At full moon, the Moon is opposite the 
Sun in the sky so we see a completely illuminated disk. After 
ehe full moon, lt becomes a gibbous moon, then shrinks to 
half-illuminated as a third-quarter or last-quarter moon, then 
becomes a crescent moon again. Finaily it returns to the new-
moon phase, where lt is invisible in the Sun's glare. 

The Moon's position in the sky is slightly different each 
night, and it rises later each night, too. With each day, the 
Moon rises an average of about 50 minutes later, and it drops 
about 13 degrees farther behind in relation to the Sun. 
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The Moons orbit 

Remember that Earth's surface is curved. If you could throw a ball 

fast enough so that it would land thousands of miles away, Earth 

would curve away from the speeding ball just as fast as the ball vws 

droping. When that happened, the ball would keep on falling anct 
never strike the ground—it would be orbiting otir planet. 
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• Umbral eclipse—The Moon passes 
into the darkest inner portion (urnbra) 

• Total lunar eclipse—The Mann mov 
:e umbra, lt is ehe 

rarest 

\'ou do. 	special equip 
ment to view a 	lipse. Lunar 
eclipses 3ften go unnoticed, even though 
thev are visihle over a great area. Most 
people fail to notice a slight shadow. 
dirnrning, or discoloration of the full moon. 

FAr'TH 

Lunar ectpse 

Viewing a Solar Eclipse 
Seeing a solar eclipse can be an unforgettable experience—but clon't let 
that he the last thing you ever see. Never stare directly at the Sun, even 

for a few moments. Doing so can cause permanent blindness. Projection 
is the safest wayto observe solar activity. However, when using the 
projection method, you should never look through the eyepiece. 

One way to safeiy view the Sun's 
image is by projecting lt through the 
objective lens (the large md) of a 
teleseope or binocuTars and holdTng 
a piece of paper under the eyepece 
like a screen. An iniage of the Sun wh 
display on the paper. Ncvar look into 
the eyepiece. 

T 

lfyoudon'thaveatelescopeor 
hnoculars, use the pinhole projection 
rnetlod.You will need two pieces of 
flimsy cardboard. Using a straight pin, 
make a small hole in the center of one 
piece. Hold this first piece of cardboard 
abova the second one, lhiing the cards 
up vth the Sun am shown The Iight 

project an image of the Sun's 
eclip3e through the hole in the first 
card onto the second card. 
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II iiuisiitsIu 
The Su:,. is a hue h. . 	:.. 93 millhon miies from 
Earih. 1: 	ihe emire solar-  
srem if vou imagine Ea;ll:. 	.: of a grape. hen the 
Sun is ahour 5 fee high—thr 	.: .:. .ma1I refngeraron 
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the whole world 



T- b- Sun From the Inside Out 
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:ajice iTrom Earth, lt inav appear laint in our sky. 
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The opposite also is true: A nearbv star that is not terribiv 

hright can shine hriliiantly in our skv. Sirius, for example, is 
just nine iight-vears frorn Earth. lt shines more brightiv in our 

than does Rigel, which actuallv is a much brighter star bin 
ar awa (about 800 light-vears) !hat ii appears fainter to 
rvers on Earth. 
A bright Star 15 not necessarily,  large, either. Some of the 

hrightest stars are smaller than other, fainter stars. 
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Tools of the Trade 
m zhe mgi 	wn vour uni 

.1 nocuLar or a t 	he images von 
Te ge- 

iight-gatheriig 
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Birn.. ....... 	.i 	 colln more iight than 	wide leises makes 
Ele can emanvn.rearswihhinoculars 
t—an virh the 	oe eve. Thev 	nprv TJ 	 j 	binoculars ideal 
inTerv rhecolors of the stars von See. foras-onomv. 

Unilke a telesone, iinocuiars aiiow 	eo use horh eves 
ie'v Binoculars how an irnge the righ ;vav up. whereas 
coes sho;v obiecis uvside down. Binocuiarr 

-. - son and less expensive rhIln mauv eIesco 

.....................

:. 	- 
.............................. 

I 
7 .. 37 	Standani binoculars 
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‚ 	 Some giant binoculars have lenses of 

70 millimeters or more and magnifications of 

15x to 20x. Wider lenses alfow you to see more 

jstars, but these giant binoculars are so heavy 

that they must be mounted on a tripod, like 

a telescooe, for viewing. 

: 

PH'cipeofrefrtin; te:sccp. 

1; 

Iß 

frcting 
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Refracting telescopes use 

a System of lenses. At the 

large end of the telescope, 

the objective or front lens 

collects and focuses light.The 

eyepiece, the smaller lens you 

look through, is at the other 

end. Refracting telescopes 

produce sharp images. 



FOGAL PLANE 
- € 	CE 	TUBE 	FRIMARY 	3 r 

E. 	} 

Principle of a reflecting telescope 

n the reflecting telescope, a 
oricave (bowl-shaped) mirrc 

at the base of an open tube * 
oUects and reflects Iight to a 

second, smailer mirror near the 

top of the tube.The eyepiece 

magnifies the Image that the 	 em 
mirrors have formed.The reflec-

tor is the most common type of 

telescope and a popular choice 
for backyard astronomers. 

Reflecting teleseope 

Radio telescopes pick up images that astronomers would not 
be able to see otherwise. Radio waves from space reflect off of 
the telescope's large bowl-shaped (dish) antenna, and the radio 
receiver piCkS up the signals. A computer converts the signals 
into images. Radio signals reveal details, including temperature 
and composition, of objects in space that give off radio waves. 
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X-ray telescopes help scientists determine the galaxy's 
hot spots. Cosmic X-rays—the invisible radiation emitted 
from very hrn objects—captured by telescopes above Earth's 
atmosphere heip scientists study dying stars, colliding galax- 
ies, and quasars, extremely bright starlike objects that give off 
enormous amounts of energy. 

NASA's most sensitive X-ray telescope, the Chandra 
X-ray Observatorv, captures X-rays from the edge of the 
observable universe. 

X-rays from dstant galaxies are absorbed by 
Earth's atmosphere, making them impossible to 
study from the ground. 
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UItravio1e and infrared telescopes detect light outside the visible 
electromagnetic spectrum. A rainbow represents the visible 
spectrum, with infrared light beyond the red end and ultraviolet 
Iight beyond the violet end. 

Ultraviolet telescopes heip astronomers study the formation 
of stars and galaxies. Because most of the ultraviolet waves from 
the Sun a:e blocked from Earth's atmosphere, these telescopes 
have to be placed in space in order to capture the ultraviolet 
Iight from the Sun, stars, galaxies, and other objects in space. 

Infrared telescopes detect infrared light emitted by objects in 
space. Scientists use this data to detect brown dwarfs and distant 
galaxies. Infrared telescopes in space can see the coldest and 
dustiest objects in the universe. 

The Hubble SpaceTelescope i 
example of an ultraviolet teIe 
The solar-powered reflecting 
telescope in an observatory ti 
circies outside Earth's atmos 
is the size of a school bus. Its 
sophisticated equipment is o 
by remote control and can ge 
spectacul a  images of space. 

ur 

The Hubble 
SpaceTelescope 
captured this 
image of ptumes 
of interstellar gas 
and dust, called 
"elephant trunks$ 
in the Eagle Nebuta, 
some 7,000 Iight-
years from Earth. 
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Care of Binoculars 
and Telescopes 
Following the manufacturer's recommendations and 

a few simple tips will heip you keep your viewing 
equipment in good shape for many years. 

• Handle binoculars and telescopes carefully 

and with respect. Repeated bumping, shaking, 

and dropping can cause the lenses to break or 

become misaligned. 

• Keep your equipment clean. Keep lenses free 

from dirt, debris, fingerprints, and moisture. 

Use a cloth (such as a microfiber cloth) and 
cleaner made especially for lenses. Apply 

cleaner very sparingly to the cloth and never 

directly to the lenses. 

• Keep dust from building 
up on lenses. Aside from 

normal cleaning, you may 

use a very soft brush (such 

as camel's hair), or com- 
pressed air if you take some 
precautions. You want to 
avoid any contact with the 

— 

	

lenses and any liquid from 

the can. Before use, avoid 

shaking the can. Always 
hold the can upright and 

never tilted or directly 

overhead while spraying. 
Use a few short (a second 

or two) bursts of air; stop 
immediatety if the can starts 
to feel cold. 
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Other Instruments LJsed in Astronomy 
A 	a:. objert 

intc 2 at1e::. .2: 2.22CO 	nuch 	2. 2::, railed a 
spe 	ri. E: 	 e::, 	.. 	s hv..-::. •.:.;r::, or carbon, 
gives off or ahsc: particular colors of ................ unique 
rotor pattern ran be used to identifv the ele:::r:::s hat make 
up the obiect. The colors ran be shifted slig; he ohiect 
is moving toward or awav from the Earth. Thus, a spectrum 
ran also be used to measure die speed vith which ohiects are 
apoart.g c: rezg frorn us. 

; 3trophotography 
ailows vou to keep a rerord of vour 

observa1.:':s :: :ae skies. Camera film is highlv sensitive to 
light. ana o:' 	appear brighter and clearer in photographs 
than throug . : terscope or binoculars. In fact, the night skvs 
suhtle colors recorded hv color film are true colors. 

if ''ou have used a digital camera, you know one advan-
tage lt has over conventional film-loaded cameras is that von get 
instant resu]ts. A digital camera might not, however, be the best 
current choice für astrophotographv. Pictures taken on film tend 
to produce sharper images and more accurate rolors. Manr' digital 
cameras have automatic shutter speed and aperture, so vou can't 
adiust the exposure time. 

Film 
Anv 33-millimeter, single-lensreflex (SLR) camera that has a 
timed-exposure setting ran take good photographs of stars and 
pianets. The B" setting on the shuner-speed dial will hold the 
shutter open for as long as the release is pressed. 

Camera shops will have the high-speed film that is needed 
für astrophotographv. Choose hlack-and-white, color-slicte, or 
color-print film rated at 400 speed or faster, although 1000-speed 
film might vield the best results. Slide Films vork well für 

When having color-print film deveioped, be sure to 
teil the photo dealer your film has night-sky or star 
pictures on it. Give the technician samples of good 

astrophotos so you won't get back prints that show 
the night sky in a weird shade of green or purpie. 



astropokipiiv L,CLUUe eh tend to show more accurateÄy 
than print films what ehe camera saw. 

Taking Astrophotos 
Begin to set up your celestial sdio by outfltting your camera 
with an iriexpensive cable 	rease. Set the film-speed 
dial to correspond with 	vou are using. Set the lens at 
ehe smallest number on the sop ring, set the shutterspeed 
dial on MB," and set the focus ring at infinit. Place ehe camera 
on a eripod or other solid support and airn it at ehe area you 
want Co shoot. 

-flT5 

Onaverydark 

nightyou can 

leave the shutter 

Co rat:.. e the 

stars movement 

er even a meteor. 

4 

When you are ready Co shoot, use ehe cable sh utter release Co epen the shutter for 
15 seconds, then try exposures of 30 a nd 60 sece nds. (Remember Co advance ehe 
film after sach shot) 

IU *] 



Asti - -tars move acrose 	 swiII giveyou startraila 
recoru of the path in the skytaken ny the siers. 



Digital Photography 
If you want to use a digital camera for astrophotography, shoot bright subjects like 
the moon. Exposure times possible with many digital cameras are limited to a few 
seconds at most—too short for all bot the brightest stars and objects like die Moon 
and bright planets. Galaxies and nebulae are too faint. You may want to experiment 
with die black-and-white mode if your camera has that feature. Pictures shot in black 
and white :n ppear sharper than color images. 

• 	

•:. 

! 
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Photos t igital camcro can be downloaded 
vorv quic. 	‚iiii.4 ..isily to your comp1ter. 

To take pictures through a telescope, mount the camera on a separate 
tripod. Alm the lens into the telescope's eyepiece, centered and set as 
dose to the eyepiece as possible. For short exposure tmes, hold the 
camera up to the eyopiece. 

Astronornical CCD Cameras 
There are digital cameras used especially for astrophotography. Just like consumer-
type digital carneras, they use a charge-coupled device (CCD) instead of film to 
record images. But the CCD in an astronomical camera 15 more sensitive to light 
than photographic film, so a digital exposure doesn't need to be as long to capture 
the same amount of detail. A one-minute CCD exposure records about the same 
detail as a 30-minute exposure on film. The camera can capture vivid images of 
even faint objects. 

Once used only by professional astronomers, the astronomical CCD camera 
is now available to amateur observers. lt is fitted to the eyepiece of a telescope 
and linked to a home computer. With computer imaging software, images can be 
enhanced for brightness, color, and contrast. 

In addition, many cameras are now made with complementary metal oxide 
semiconductor (CMOS) sensors, providing the same quality at a lower cost. 



Light pollution is a senous energy waste that concems professional astronomers 
and amateur observers alike. In the United States, electricity that wastefully 
illuminates the night sky costs an estimated $2 billion a year.The International 
Dark-Sky Association works to heip provide energy-efficient options that direct 
Iight where lt is wanted, not needlessly up into the sky. 



Ligit Pollution 
plv. too much anificial ligh. 

cc:. ::: :..•:± 	.: :.:: 	t:c-as areas around cities. The glare 
ss. par'ng-iot lights. dusk-tcdawn 

securi; .. ..............::.::rr fixtures around private hornes 
creates glc .:.: 	::;er cities and towns. lt aLso can 
spoll 	;•:: 	:: 	ht skv. 

TheAir LpThere 

.Air currems a: :::: f:t observng. Turbulent aLs can nun 
views of fte V::.::::. ........s:s. and iairut nebulae. \Vindless nights 
are heuer ior stud:.:. ::. Moon and planers. Other condirions 
that can affect obser:tng are ciouds. hih or bw humidirv. and 
aLs polhnicn such as dust and cheunicais. Faint stars mav be 
visible oniv on cicar. dark nights. 

Seeing in a Bright Night 
If light pollution interferes with your stargazing, 
these tricks. 

• Cover your head down to your shoulders witi 
a dark, opaque (nontransparent) cloth.This w 
help prevent light from streetlights, passing c 
and the glowing sky itself ruining your 
nightvision. 

• Obseve the skies as late at night as you can. 
As btsinesses dose and people go to bed, Ies 
light poftution will intrude on your stargazing 

• Look for the bright objects. Urban sky glow w 
not keep you from seeing Sirius, Vega, Spica, 
Aldebaran, or similarty strong shiners.Vou shouk 
also he able to spot the brightest star clusters-
the Peiades, Hyades, and Beehive clusters, tor 
example—and the spectacular Orion Nebula. 

During ffis Zs: 

fewthousan: Lset 

.IS journeyto 

Earth, starhghtthat 

has traveied 

triflions of miles 

threugh astt 

space gets 

washed out by 

:jhtc 
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Ioivasisr. mmi  
Plan activities to have some fun with your newfound 
knowledge of astronomy. Invite friends, and share your 
knowledge with them. 

Visit a Planetarium or Observatory 
heck the activity schedule of a planetarium, 

science museum, or observatory in your area 
and round up some friends to visit. While 
there, pay dose attention to the presenta-
tions and displays. At an observatory, find 
out about the telescopes in use. Most of all, 
ask lots of fluestions! The people on staff not 
only know about astronomy, they know about 
practical observing in your area. 

Develop an observing plan for a session when 
you will set up a telescope or observe with 
binoculars Assemble the charts and guide- 	.‚ 
books you will need. Prepare a red-filtered 
flashlight so you can view your charts without 	 1 
impairing your night vision. Cet a notebook or - 
create an observing log. 

Be sure to check the weather forecast and dress appropri-
ately. Even in mild seasons like the spring, nights can get cold. 
lt p.  's to h 'e extra layers as weil as gloves, a scarf, and a hat. 

Scout Out the area beforehand to make sure you 
are avare of any conditions or potential hazards On 
rhe ground that you might miss when you come 

back at night. Before leaving, let someone know 
where you will be and when you will return. 



YOUANDASI 3 

Throw a Star Party 

Plan to do everything you did for your own observing session, 
plus more. Find a good date and a place with plenty of room 
for the number of people you want to invite. Consiciering the 
time of year and how far north you live, develop a list of space 
objects you wish to find during ihe star party. 

Consider inviting Scouts in your troop, your neighbors, 
family and friends, classmates, and teachers. When you invite 
thern, be sure tu cover such subjects as weather and proper 
dress, observing etiquette, and safety. Encourage those who 
have binoculars to bring thern. 

/ 

Contact a local astronomy organization or club 

to volunteer to heip with a public star party. If you 

are unsure whom to contact, ask at a college in 

your community. 
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Date: 
	 Time: 

Telescope: 
	 Power: 

Crater(s): 

Notes: 

Wfte a summary of your observing session and share lt with your counseior. 
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If you have enjoyed earning the Astronomy merit badge, 
you might want to consider a career in the science. To be an 
astronomer, you most be observant, logical, imaginative, 
intuitive, and curious—your goal is nothing less than to under-
stand the nature of the universe. lt helps to be patient and to 
have the determination to stick with a difficult problem or long 
project until you have seen it through, which can take years. 

Astronomers typically are math and science whizzes, 
skilled with computers. You will need to take high school 
caiculus or precalculus, physics, chemistry, and Computer 
science to prepare for college astronomy. 

Reading, writing, and speaking skills also are important. 
Astronomers give talks at professional meetings and write 
papers for scientific Journals. So, when choosing your courses, 
do not neglect language, communication, and social studies. 

k!YA 	i.it'i iiiiiyT71P1T!1l 

Most astronomers teaCh at colleges and universities and 
also do some researCh in a particular area of astronomy, 
such as planetary science, solar astronomy, or the study 
of stars er galaxies. Many who teaCh astronomy may 
work in the physics department of their university. Often, those 
who teach astronomy also teaCh phvsics. 

About a third of professional astronomers have Careers 
in federal government or at government-supported national 
observatories and laboratories. About 10 percent of astronomers 
are employed in business or private industry like the 
aerospace field. 

Observational astronomers design and carry out observing 
programs with a telescope or spacecraft, but they do not spend 
all their time looking through the eyepiece of a telescope. They 
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typically spend only 10 to 30 nights per year working at an 
observatory er getting observations from spacecraft. And even 
then, they are not looking up at the heavens. They are working 
at computers, analyzing and interpreting the information 
collected by the telescope and other instruments. 

- 	 People interested in astronomy 
also may find careers as science 
librarians or teachers, science 

1 

	

	writers, planetarlum or science 
museum directors, observing 

- 	 technicians or assistants, telescope - 	4 	operators, and optical engineers. 
Related Career opportunities might 
be found in computing, image 

4 	

processing, and instrument design 
and building. 

• 	 __ 

Professional astronomers such as theoreticat astrophysicists may never 
work directly with observing equipment.They often do their research using 
supercomputers and complex Computer models. 
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Space for, Amateurs 	
/ 

Serious amateur observers make important contnuutons 

to astronomy. Amateurs are the chiaf comet-finders.Thy 
map storms on Mars and Jupiter, track the moveirents 

of asteroids, and discover supernovas.Their thousancis 
of telescopes, computers, ar.d &ectronic cameras far 

outnumber the comparatively few large university and 
ovemment observatories.You might prefer to remain a 

nobbyist, where you can do real science and you get c 
decide how to spend your stargazing night 	 1 

-•- 
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