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Drhlta_l _l]rhlta_l Orbital Escape

Max Radius Min Radius  qppita| Planet  Speed AxisjOrbit Mass ¥Yelocity

Planet (10% km) (10° km) Revolution Rotation (km/s) (*) (**3 {km/s)
Mercury 69,7 45.9 858 d 59 4 47,9 28070 0,055 4.4
Yenus 1049 107 .4 224.7 d (-1243 d a5 3.0%3.4° 0,815 104
Earth 152.1 147.1 365.26d | 23h,56m 45 29,8 230 27'/0o 1 11.2
(roon) (2.4)
Mars 2491 206.7 687 d 24h,37m, 235 24,1 23259/1.9° 0,108 5.0
Jupiter 815.7 F40.9 11.86 v 9k, 50,305 13.1 3957139 3179 545
Saturn 1507 1347 29,46 v 10h,14m 9.6 26944 /2 50 Qg 2 35.5
Uranus 004 2735 ad, 01 v (-111 h 6.5 82957089 146 21,3
Neptune 4537 4456 164.8 ¥ 16 h C .4 28048'/1.89 17.2 23.5
Pluto Farh 4425 2477 v 6d,3h d.7 ---0f17.29 0.1 1.3

* vinclination to ecliptic (Earth's orbital plane)
*¥  Mass relative to earth
(-1 retrograde motion
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Planet | g | v, distance albedo temperature press. | comp. rotation 15
(" "
% 0
Cep) (k) QL) 0 0 gy Barth's)
100 night, 09 I,
Mercury 0378 | 43 0387 56 | 590-725 | 10M EEH:H, 5a.81d | 0.006
day :
36.5%
00y, 3.5%
Venus 0307 1036 0723 | 77 137 3 M, 2436%d 0.00
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. atm. atm. . mag.
Flanet | g ¥., |distance albedo temperature wrgtation
press. comp. field

(g} llemis) | (AT (%) (K) Ea:gt*h's) Eagh's}

96.5%
iz, 3.5%
Wenus | 0.907 1036 | 0723 72 737 9z a2, 2436534 0.00
0.015%
=g

78.084%
M2,
20, 946%
g,
0.934%

Earth | 1.000 11,186 1.000 | 385 23;}?93 1.000 D.%ﬁ% 23-?‘45
COq,
H,0

1.000
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Sb.5% carbon dioxide (CO)

3.5% nitrogen ()

Minor components (parts per million)
150 sulfur dioxide (50.)

f0 argon LA
20 weater vapor (H, )
17 carbon manoxide (CO)

12 helium (He)
{ neon [Me)

Surface pressure

S92 bars
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A Comparison of the Atmospheres of Earth and Mars
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FIGURE 4.27
A solar eclipse. An observer within the circle of totality will see

total eclipse of the sun, while an observer in the circle of
partiality will see only a partial eclipse.
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Orbital characteristics

Perigee: 363,104 km (O 0024 AU)
Apogee: 405,856 20 (0BT AU)
Semi-major axis: 384,399 km (0.00257 AU)
Orbital circumference: 2,413,402 km (0.016 AU)
Eccentricity: 0.0549

Sidereal period: 27.321 582 d (27 d 7 h 43.1 min)
Synodic month: 29.530588d (29 d 12 h 44.0 min)
Anomalistic month: 27.554550d

Draconic month: 27.212 221 d

Tropical month: 27.321582d

Avg.orbital speed: 1.022 km/s (2286 mph)

Max. orbital speed
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5.145° to ecliptic

Inclination: (between 18.29° and 28.58° to Earth's
equator)
Longitude of ascending regressing,
node: 1 revolution in 18.6 years

progressing,

Argument of perigee: 1 revolution in 8.85 years

Satellite of: Earth
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Mean radius:
Equatorial radius:

Polar radius:
Oblateness:

Equatorial circumference:
Surface area:

Volume:
Mass:

Mean density:
Equatorial surface gravity:

Escape velocity:

Sidereal rotation period:

Rotation velocity at equator:

DLA LQ\A L;JJJ

characteristics

PNUEB*COM

’)’%baw?
T

1,737.103 km (0.273 Earths)
1,738.14 km (0.273 Earths)
1,735.97 km (0.273 Earths)
0.00125

10916 km

3.793x107 km2 (0.074 Earths)
2.1958x%10%% km3 (0.020 Earths)
7.3477%10%% kg (0.0123 Earths)
3,346.4 kg/m?3

1.622 m/s? (0.1654 0)

2.38 km/s (5324 mph)

27.321 582 d (synchronous)
4.627 m/s (10.349 mph)

A = Ao~ an 7
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Surface temp.: i mea .
equator N
85°N 100 220 390
Apparent magnitude: up- K K K
Angular size: fror 70 K EO iBO
Adjectives: lunar
Atmosphere

107 particles cm (day)

Density: 105 particles cm-3 (night
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orbit: 57,910,000 km (0.38 AU) from Sun
diameter: 4,880 km

mass: 3.30e23 kg
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o Polary radinus:

ODbhlateness:

w1uirface area:

Mean density:
BEqguatorial surface
oA ity:

Escape velocity:
Sidereal rotation
period:

Rotation velocity at
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equator:

Axdal tilt: 45,197

Right ascension of 317.6&l 437

North pole: (21 h 10 min 44 )

Declination: 52 ha6n 0°

Albedo: 0.15

Surface iemp.: min mean max
Eelvin 133K 210K J93 K

Celsius =140 " =3 "¢ 20 *C
Adjectives: [vlattiat
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surface pressure:

Composition:

0.7—0.9 kPa

5. 7% Carbon dioznde
A 0% Mitrogen

1.6%0 Argon

U.153% Qxyoen

U.07% Carbon rmonozide
U.053%: Watet wapor
U.01%s IMitnic oznide

2.5 ppm Neon

00 ppbh Eiypton

all ppb Zenon

Al pph Dzone

10 ppb Ivisthane
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Aphelion distarnce:

Perihelion distance:

SEINi-INAjor a%sis:

Oxrbhital
circumference:
Froocentyicity:

Sidereal pexr-iod:

S>yrmundic period:

Ao, orbhital speed:
Mhax. orbital speaed:
FIam. oxbhital speed:

ITruclizvatiore:

ala. 0351455 lon
SoEE55 167 SS9 ATT
S0O0°7 020724 rriiles

FEAO AL .98 km
4. 0951 55E 45 AllT
Aald, 27 F 215 miles

FrAE 12 027 ko
S.2053 363 01 AT
4EFE_ Aas53. 9489 miiles

g4 BEa Tin
S22 875 ALT

O. 04 5392 a6

4. 333 2867 d
(11.86 a3

SPE. 858 d

15. 058 lonss
15712 lormss
12 446 o=

1.30% 3507
Ca. 097 to Sun's egquator)
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Max. orhital speed:  13.712 lanfs

Min. orhital speed:  12.446 lanfs
1305 30°

Inclination: (6.09% to sun's equator)
Longitude of .
scendine node: 100,556 15
Arcument of o
perihelion: 27419770

Satellites: fi3
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Mass (kg) 5.688e+26
Mass (Earth = 1) 9.5181e+01
Equatorial radius (km) 60,268
Equatorial radius (Earth = 1) 9.4494e+00
Mean density (gm/cm”3) 0.69
Mean distance from the Sun (km) 1,429,400,000
Mean distance from the Sun (Earth = 1) 9.5388
Rotational period (hours) 10.233
Orbital period (years) 29.458
Mean orbital velocity (km/sec) 9.67

Orbital eccentricity 0.0560
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Tilt of axis (degrees) 25.33
Orbital inclination (degrees) 2.488
Equatorial surface gravity (m/sec”2) 9.05
Equatorial escape velocity (km/sec) 35.49
Visual geometric albedo 0.47
Magnitude (Vo) 0.67
Mean cloud temperature -125°C
Atmospheric pressure (bars) 1.4

Atmospheric composition
Hydrogen 97%
Helium 3%
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S13 =
2oAa,. 70O km (183,100 mi) - sthy-s

185, SO0 km (115,300 rmuid

169, 000 km (105,000 rri)

51,470 KkKm (24120 i)
51,420 krm (94,090 rmid
21
=4

1. 700 km (S8.100

O.800 km (S7._.400
DS AD0 KM (86 .00
S3.7F7O00 kmMm (S32,100
123,300 kmMm (82.800

i’
i}

P ]

L bt

121 . 000 km (75,200
117, &00 kom (3. 100

33 333

2. 300 km (FS5S.400

FS.200 km (945,500 i)
S.000 km (<41 . sS0O0 i)

S0, 330 km (37,500 i

Center of plamnet
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3,006,389405 km  jidereal period: s a0

helion distance:

Thelion distance:

ni-major axis:

yital
umference:
Entricity:

00964718040 gaﬁa;?i;
| %68 (188,240 mileg  2modic period: |

. 01 < R.795 lnd
1735555035 km EDI;ESPEEE mgﬂﬂ:
18,986 055 06 AU . orhital speed: 7.

1 699 700 160 tmiles Jdin. orhital speed:  6.456 km/s
0.769 &56°

S -
. . songitude of .
783,943,710 10155 gcoming pote: 1220 %8

18.029 Trn \reument of |
120.515 AL erihelion: 6734 38

0.047 167 71 atelltes: 7
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Equatorial radius:
Polar radius:
Dhlateness:

Surface area:

Volume:

Mass:

Mean density:

WWW*PNUEB*COM

22,950 km

(2.004 Farths)
24,073 km
(1.965 Farths)

00228

3 084102 bn
(15.540 Earths)

6 834101 fod

(63,086 Earths)

2.6832%10% kg
(14.536 Farths)

1,318 /e’

3y S |
o3l sS 5 sla (S5 j’}/('”w)

Equatonal surface 3 g0 2

gravity: (0.836 g)

Escape velocity: 21.29 lomds

Sidereal rotation  =0.718 33 d (17 h 14 min

period: 24 5 by convention) 11

f‘q"ut::i‘]"r‘:' velocity at 5 og s = 0320 ket

Axial tilt: o

ﬂ:ﬁgf‘m““f 77.31° (51 0 min 15 )

Declination: +15.175°

Albedo: [.51

Surface temp.: min  mean max
Surface SHE AaKE N/A

Cloudtop

55K
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ity

Atmosphere

S]]I'fﬂ_[:e PIEEEUIE: ]'EI:I @ I::Elt- thE: |:1|:|1_1|:1
lemrel)

a3%0 Hydrogen
1 5% Heliuim
1.90%, ethanhe

Composition: 0. 01%: Atntmonia
mp : 0.00025% Fthatie

0. 00001%e Acetylene
trace Carbon tmonozide
trace Hydrogen sulfide
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Satellite

Metis
Adras=tea
Amalthea
Thebe

Io
Europa
Fanyvinedes
Callisto
Leda
Himalia
Lv=ithea
Elara
Ananke
_arme
Pasziphae

Slnope

WWW

o sl gla (K

Distance
(000 ko)
128

129

151

222

q22

G771

1070
1883
11094
11450
11720
11737
21200
22600
23500
23700

*“PNUEB*COM

Eadius
[ Jan)

1315
13639
£/31
Z400

93
13
35
15
£0
25
15

=] = 0o -] =110 = & 00-1-1K 10

Mass=
[ ko)

")’(M

Discoverer
oynnott
Jewitt
Earnard
avnnott
xalileo
Falileo
xalileo
xalileo
Eowal
FPerrine
Nichol=son
Perrine
Nicholson
Nicholson
Melotte
Nicholzson
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Eguatorial radius:

Polar radius:

surface area:

YWolune:

Mass:

Eqguatorial surface
gravity:

Escape velocity:
widereal roiation
period:

*PNUEB*COM
L ] * ;
*’,’(HM’
"y
71492 lom!ll

(5 6045 Farth diarmeters?

AaaaSd S o
(5.2585 Farth diameters?

O.0e4 &7

& 14::-:1|:|m lﬂng
(120.5 Farth=)

(1321.3 FEarths)

15001027 1o
(317.8 Earths)

1.326 gf':mg

23.12 mfs2
(2.353 g0

S0 54 lonss
0,413 538 021 d
(9 h 55 min 29 685 )=l
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. . 126 ks =
antul]m-l velocity at 45700 ke
eqator: (at the equator)
Axial tilt: 313°
Right ascension of  268.05° (17 h 52 min
North pole: 143)

Declination: i4.48°

Albedo: 0.5

Surface temp.: min  mean max
Kelvin 0K 12K NA

Adjectives: Jovian

Murface pressure;

Composition;

T it

~ifith Hydrogen
~|4% Helum
1% Methane

0. 1% Water vapor
[.02% Arnoms

1 0002% Ettane
0.0001% Phosphing

<[.00010% Hydrogen
sulfide
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Date of discovery

Mass [kg)

Mass [(Earth = 1)

Equatorial radius {km)
Equatorial radius {Earth = 1)
Mean density {(gm/cm*3)
Mean distance from Jupiter {(kmj}
Rotational period [days)
Orbital period [days)

Mean orbital velocity [Kmfsec)
Orbital eccentricity

Orbital inclination {degrees)
Escape velocity (km/sec)
Visual geometric albedo
Magnitude (Vo)

/i%baw?
"y

1610
1.48e+23
2.4766e-02
2,631
4.1251e-01
1.94
1,070,000
7.154553
7.154553
10.88
0.002
0.195

2.74

042

4.61
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Discovered by Simon Marius & Galileo Galilei

Date of discovery 1610 G S el e gl
Mass (kg) 1.088+23 5 daglaia jo K 5 a8 raguy
Mass {Earth = 1) 18072e-02 (i
Equatorial radius {km) 2400 )
Equatorial radius (Earth = 1) 3.7629e-01

Mean density (gmicm™3) 1.56

Mean distance from Jupiter {(km) 1,883,000

Rotational period {days) 16 68902

Orbital period {days) 16 68902

Mean orbital velocity (kmisec) 8.2

Orbital eccentricity 0.007

Orbital inclination (degrees) 0287

Escape velocity {kmisec) 245

Visual geometric albedo 0.20

Magnitude (Vo) 265
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Periapsis;
Apoapsis;

Mean radius of orhit:

Othital
circumference:

Ercentricity:

WWW*PNUEB*COM

Bl Sh

420,100 ban (0.002507 . .
4) Orhital period:
ﬁ%ﬂnnmm.nnzazn Ave, ol seed:
420,700 ke (0002819 Max. orhital speed:
Al Min. othital speed:
2,049,600 b (0,018
4 Inclination;
1.004]

Satellite of:

fi(wé"/'p
"y

1769137786
(152,853.5047 3

733 s
7406 s

1,263 ks

2.41° (to the ecliptic)
0057 (to Juptter's
eruator)

Tuptter




Dimensions:

Mean radius:

surface area:

Volume:

WWW*PNUEB*COM

- . Z . j’; ﬂpﬁr )
s Sao sl (S (,&. ’

600 x 36374 x
3030.6 km

1320.3 ke (0,286
Farths)
41,910,000 fe (0,087
Farths)

25300 fo (0.023
Carths)

3 0310%10% kg (0,015
Farths)
3518 gl

Eﬂﬂm 1796 mis? (0.133 )

Escape velocity: 2.558 lanfs

Rotation period: synchronous

E::E:;T velocity at 71

Surface temp.: min mean max
Surface 30K 200K

Atmosphere
Surface pressure: trace
Composition: 00% sulfur diczade




WWW*PNUEB*COM

@‘J‘JJJMJAEC&‘GLMO
W Allah S8 Cuad (gl 0
o) Qg.{)\giﬁ
JAQOQ\ASMJ@JBS@.
@A‘SJ}@M&QQQU\J
Al e gls 900 glad 4

Gy sl 52 gl e
el SO2



WWW*PNUEB*COM

@

\#’ 04

54

Km 1221830 ) ¢ laie
Km 5150 ki e
1.35e23 kg -
REVPQPRIE

abalina ()l 2la o

Do Son s asae
EPRTLS

Lﬁ\a)mgm‘.ﬂgé\)bo
Ly i 4S Km 3400 _kd 4



WWW*PNUEB*COM




WWW*PNUEB*COM
2 4 ¢
")’(MM?
ny
la

2 0 jlae ly 51 55 a s 2S5 SS9 58 51 0 s al sl s

S sh€ 100 ) G sk &l 200 2 gas Lgle
A.I'JM

1S 1000 sk () 1 AS Caal Ll (88 50 (ot
Sl o

gA\JOJUM«ﬂgASQ,A@ o\ﬂgAbLg_ﬂoj\ﬁ\c
JJJ‘MJ‘QJ&\’L&%

J#é&)ﬁ‘ﬁjmﬂﬁ&\!w&‘ﬁ‘&"
A guh (o A 9 Al JASED adle il A (gag



WWW*PNUEB*COM

e (5 ol ly Al ) &




WWW*PNUEB*COM

L"ms\o\.jus) SPEN dA\S.\ o\JLQMAAM\AJJSJ JMJP



WWW*PNUEB*COM

= ez
Ak e L;\A L;)J g (H-r

Ll S Ly Aadiia é =
) S (S S sl Shy

"= P W W'd | LAVAW AL LALEY L

1496100 ke (92,95 10° Mean distance r
Mean distance gy from Milkey Way ~2. 2x10° km |
fomBarth (3,31 minutes t the speed o (26,000-28,000 light-vears)
Vel = Galactic petiod 2.25-2.50?&0%
15y

s (V) 200 217 leenfs otbit around the
Iheolite - | center of the Gala}rg.r,
tagninude - Veloctty 2l) knfs relative to average
Soecirl veloctty of other stars i

e 0 stellat negghbothood
classication Y ”




WWW*PNUEB*COM

e
S sl (S5 f..,.,

Ifean diameter  1.392x10% km (109 Earths)

_ircumference A 272x 109 1

Chlateness Qw1078
15
Swurface area %ﬂf;}lﬂ tm® (11,200
Y olume 1.41= 1[:]2? (1,500,000
Earths)

1.988 435x10° ko
(332,946 Earths)

Density 1,408 kaftn?
Surface gravity 27395 m 54 (27.9 2)

Ihlass



WWW*PNUEB*COM

2 4 ¢
—— Yol
éJJ“S L..Su Léfﬁ "

Swrface gravity 273 95 m 52 (279 23

Eoscape welocity

hrorm the swuwrtace
—1utace

17 .54 ond's (55 Earths

SRS B
tetnperatre -
Temperatare of S TIE
COrOIla
—ore ~13. 6 I
tetnperatare

= B2 7= 1020 EF

LL]-I'.['.I_‘II'.I.-Z}Slt'E.F I:'-I"Sljl::l Hg?ﬂ:_: 1[:]23 E
[—5 8 ™A eflcacy)

lean

o . -1
Intensity (I = R = 100 W T s




WWW*PNUEB*COM

..:_',..I I:.I- : ¥ * #
IS Wl
i u_x,: w" o Z a ’,
§ 4' .: ::'. '-_I L;.\;ﬁ;‘)? L..S\A L;‘.)ﬂj (‘H '

F.25° (to the ecliptic)
b lheputy & 257 (to the galactic

lane

Fight ascension 228&. 13

Diechnation of +6HEs a8 r-

Morth pole (&E5°52" B orth)
Fotation peried 2535 dawys
at equator (25 d 9 h 7 min 13 52

E otation wvelocits 7174 lere]

at equator



WWW*PNUEB*COM

)e L \\x:x.s L..A \\<J3
N 24 L0 4

Hyvdrooen
Helim

(I3 oET
Carbon
Tron

INeon
itrooen
—ilicon
hflachesnun
=l har

Fa A0 Yo
244 85 %o
077 %o
(2% %o
016 %o
0. 12 %0
00 %o
0.0 %o
005 %5

0. 12 %o

”)’%baw’
"y



WWW*PNUEB*COM
N2 i >
28 WolrdeA
TN Ml e stale (e
=D)L= v
| A e

piaidi (g anli e
e (s 4ali e

s tlar Gy
L [y

Fleshimphiee

JS.A.\AAJ\‘

R T




WWW*PNUEB*COM

s gl (S5 /irbagﬁ*/.:

Al ) A &L’-‘-“ 2/0 &\.’.u o

CesiS s 4x )1 13600000 Lad
e e

150000 kg/m3 S

asala 4 50 o ) i ol )22l s g5 ) e
Cid s yen P-Ps 45 ya 434S (5) AT 1) i Cia o
M@Uﬁswjkdﬁiﬂgguﬁyj‘wjdadﬁ



WWW*PNUEB*COM

N s gl

T s v peassceow 2 oo e S o caanue uie o

Loop prominence FIGURE 8.28
P \ _ Chromoshere

Ly R Ay
Spicules MJJA A,jd dﬁﬁ Gh-ui

Photosphere*

glad 3 Ul o
Cud 4,3 6000 O

A 3 3l A (g 5

Dark -
filg;nents B 9,",“‘ M O‘ S

o.{}l\,.\ uﬁ&) Q,)‘ L“SL‘J
Sunspots

O L8 g da ja (sl
G lead] Ll 380

Granulation of the photosphere

Solar flare



WWW*PNUEB*COM

NS N ol

Ean g 4t /i'rbatﬁ*/.b
"y

Gl 205 A gl 7/0U2/0 o 4 (o Cadlim o
4S8 DE&A}&\JL;S&DJ\L\‘\_\‘\_\ADUJ\ JJ\A J\g o

Jus Wy () galaa aaals cpl 4y adiaa 51 H o8 ey (gl 0 o
1€ o Jsha



WWW*PNUEB*COM

I3 o0 S Al ) A Ol (sledil )2 4S a4l

Al e GRS H cdale 48 Gl ol o) pad S cle
05 ASH (ESan 53 (5 4 du )y o Lo i 434S (5 )5
Cad H 40 o daasi s H 31
L_\u\uubj\ydy)@umcf\Xhtguu»Muﬁ
JLAMLQM]J\)AL)MAJJJSJAJJMJPJJM
MJL;A

Lﬁkﬁguiﬁw‘omeﬂ;uﬂbuﬁMJﬁwb
A0 e leda ) 1S 6000




WWW*PNUEB*COM
!

b
":h"l'

%
N

N

|

7

¢/
Al 3 elaus pnsa 2iilar 205 ) 8| 44
U oo L 7 50 s 50

'(u,g.*);,

X rays 'a
e
'i 5
=
(=)
S
o
— o
ol |=
3
o
o
=
&
-
]
= FIGURE 8.12
The energy distribution for black bodies at a

| :
1010 10 108 107 10 105

Wavelength (meters) number of different temperatures.



WWW*PNUEB*COM

4ali 5 4 368 Jhda o
J\gﬁgra?aum" (Y

Ol glad 5 4alie
S ¢ diia s
Sy 93 gz U

S gala o




WWW*PNUEB*COM

& ¢
h
Ol gled (5 4als ")’(HM}
"y

500 252 2i ) a5 aali (p Fid p o
L..ELAJ‘\S awe\jwm)}yuﬂ}\s
W JsSle 4ali o) 3.l £ 51S 4000 O

&)\Jdﬁjwﬁw\j&ejg‘)#odu

2l Sl 1 ) e An (garg (5 4ali Ao

Caad (pdig ) Jsa el Gl Qe 2 e

2l



WWW*PNUEB*COM
A ?rf'.'.‘};l : 'S
f/rwﬁ/p
rrll.l[‘!".i"'., i '
0 S (5

ABALG (5 plig xR LAS b,y yiagls
A S o S G ) Ol g 2l s

YL D3 e (e A ElE ) ) 3 LAl Gl glea e
) (= (12518 100000 42 40Y



WWW*PNUEB*COM

&\‘IU}; y b ’
:;? :5 'y s J,’ Lj’ ’ ‘,
7N JIAS ¢ daall "y

D108 2aSy 3 o LSy Lad aals (ol ya e
) oo RS Osalae 4y (1S
gl (a0 3 g1 ShalS Lad

Sl 2 s nES



WWW*PNUEB*COM

"y’%baw?
Ly sa U o

N T P N ENERFENC <N R PEN L v

|| i!,.-':_,:::;_

T e
2N

A\

|
"":._-"h
—
p—

Sl yA Al s SHn ) ol Sk
ol i) A pedans 4g @y 3 a8 4l ol s Gida 2 3 s e

S S T Ay 5 an ) e (IS O salie (utia 4 2 slad @

)y



WWW*PNUEB*COM

" A b
N g

uLMLQ\.ACJAdJLJJMJPcLMLgcJLM

A e Wl s Al

a8 2 gl QEAJALL
Jati) (g Aagis

a8 Lo gy 5 )
(s s ASI) &
k2 ol s
Ode g s
(il sla as])lgs

ol




WWW*PNUEB*COM

A ; : b
.r}| i li \ i H '

W) A (A gl (g0 9
LQ#JJJJJJZS \jﬁ.«»\)d

4l ) 8 ol sl Bee 0
S 000 L > e s
R oA e ) 27 @



WWW*PNUEB*COM
A —

w:ar‘ e Al g5 L (bl g ) g 3 (pa OB sy DA
Ll A1 g e W AS) 3 eualiite

ﬁ\ﬂw\ﬂu\dh’jwﬂﬁéﬁﬂdgﬁ‘g@@\yyw\
"JJ‘JJL;-.U‘." Q}ﬁd\&‘)d ‘J@J@-&Mﬁhmb\gﬁ

FIGURE 8.22

Differential rotation of the sun may
produce the magnetic fields associ-
ated with sunspots. This sequence
shows how the faster rotation of
the sun's equator may take north-
south lines of magnetism and de-
velop east-west lines and finally
swell upward to form a loop over a
sunspot.
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FIGURE 10.13

The globular star cluster in Hercules (M13). (US Naval Observatory)
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FIGURE 10.12
The double open cluster in Persei. (Malcolm Ridley)
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FIGURE 10.14
The density of stars near the center of a globular
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FIGURE 11.5
Small Magellanic Cloud—a neighboring galaxy to our Milky Way, visible
from latitudes which are south of Mexico City. (Cerro Tololo Observa-

tory)
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Graphs of a Cepheid variable: (a) light curve, (b) rate of change in size, and (c) change in size.
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FIGURE 11.8
A modern period-luminosity graph of variables.
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N FIGURE 11.7
K A plot of RR Lyrae and
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FIGURE 11.10
Nova Herculis 1934, showing the large change in brightness between (a) March 10, 1935,

and (b) May 6, 1935. (Lick Observatory)
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FIGURE 11.5
Small Magellanic Cloud—a neighboring galaxy to our Milky Way, visible
from latitudes which are south of Mexico City. (Cerro Tololo Observa-

i tory)
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FIGURE 12.1

(a) The Orion Nebuyla (Malcolm Ridley). (b) The
nebula identified in the constellation of Orion.
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FIGURE 12.2
The Lagoon Nebula in Sagittarius, NGC 6523. (National Optical Astronomy Observato-

ries)
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FIGURE 12.9
The Tarantula Nebula, a very bright nebula in the Large Magellanic Cloud. (David
Malin)
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FIGURE 9.13
Region of Orion Nebula, showing effect of aperture and time exposure on star images. (a)

Small aperture and/or short time exposure. (b) Large aperture and/or long time
exposure. (US Naval Observatory)
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FIGURE 11.12
- The light curve of R Coronae Borealis.
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FIGURE 12.7

The North American Nebula in Cygnus.
(Cliff Holmes)
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TABLE 122
Interstellar Molecules and Their Characteristic Wavelengths @

Characteristic
Molecule

Formula Wavelength
Methylidyne CH 4300 A
Methylidyne (ionized) CH+ 3958 A
Cyanogen radical CN 3875 A, 2.6 cm
Hydroxyl radical OH 18.0, 6.3, 5.0, 2.2 cm
Ammonia NH, 1.3, 1.2 cm
Water H,O 1.35 cm
Formaldehyde H.CO 6.6, 8.2, 2.1, 0.2 em
Carbon Monoxide CcO 2.6 mm
Methyl alcohol CH,OH 35.9 cm
Hydrogen Cyanide HCN 3.4 mm
Cyanoacetylene HC.N 3.2 cm
Formic acid HCOOH 18.3 em
Silicon monoxide SiO 2.3, 3.4 mm
Carbon monosulfide CS 2.0 mm
Formamide NH.CHO 6.5 cm
Carbonyl sulfide QoCs 2.5 mm
Methyl Cyanide CH,CH 2.7 mm
Isocyanic acid HNCO 1.36 cm, 3.4 mm
Methylacetylene CH.CHO 3.5 mm
Acetaldehyde CH,CHO 28.1 cm
Thioformaidehyde H.,CS 9.5 em
Methanimine CH.,NH 58 cm
Hydrogen sulfide ' H.S 1.8 mm
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TABLE 12.1
The Relative Abundance of Other Elements in Emission Nebulae,?

B hay

Helium 1,000 atoms
Nitrogen 1 or 2 atoms
Carbon 1 or 2 atoms
Oxygen 2 or 3 atoms
Neon 1 or 2 atoms
Sulfur 1 or 2 atoms

aFor every 10,000 atoms of hydrogen.
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FIGURE 12.12

Molecules reveal their presence by emitting radio signals which identify, in this case,
carbon monoxide. This record which was made by two radio telescopes separated by
several thousand km. (a) shows a concentration along the plane of the Milky Way galaxy.
(b) When the Doppler Effect of these clouds are plotted vertically, we see that they tend
to flow outward from the center of the galaxy. (Courtesy of Thomas Dame, Center for

Astrophysics)
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SURE 5.21

ars-earth oppositions, with distance in millions of kilometers shown
' numbers next to the dashed lines.
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