
Un planeta A tiene una temperatura de 250 K y un planeta B de 500 K. Asumiendo
que se comportan como cuerpos negros calcule: (a) ¿a qué longitud de onda se produce
el máximo de emisión de radiación?; (b) ¿cuánta más enerǵıa por unidad de área emitirá
el planeta B con respecto al A?

(b)

F+ = πB(T ) = σT 4

σ = 5.67× 10−5 erg s−1 cm−2 K−4

FB
FA

=

(
TB
TA

)4

= 16

El desierto de Atacama está a 5000 m de altura. (a) ¿Cuál seŕıa la temperatura alĺı
asumiendo que al nivel del mar es de 290 K; (b) si la densidad del aire se reduce a la
mitad, calcule cuál seŕıa la presión en relación a la que tenemos al nivel del mar (= 1
atm).
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Nota: La temperatura expresarla siempre en grados Kelvin.

(a) 290− 9× 5 = 245K

(b)

P =
ρkT

µ

P5000

P0
=
ρ5000
ρ0
× T5000

T0
= 0, 5× 245

290
= 0.42

=⇒ P5000 = 0.42 atm
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F́ısica solar - Clima espacial

Relación Sol-Tierra

∗ Estructura interna del Sol.
∗ Atmósfera solar: cromósfera y corona.
∗ Generación de enerǵıa.
∗ El campo magnético.
∗ Actividad solar, el ciclo de manchas.
∗ La evolución f́ısica del Sol a través del tiempo.
∗ La Tierra y su magnetósfera. Cinturones de radiación de van Allen. Clima espacial.
∗ Aspectos astronómicos del clima terrestre: ciclo de Milankovitch.
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Propiedades f́ısicas del Sol
Masa:
M� = 1, 989× 1030 kg
Radio:
R� = 6, 96× 105 km
Densidad media:
ρ = 1, 4 g/cm3

Luminosidad:
L� = 3, 9× 1026 W
Temperatura efectiva:
Tef = 5785 K
Composición qúımica:
X = 0, 71
Y = 0, 27
Z = 0, 02
Peŕıodo de rotación en el ecuador : 25 d́ıas
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Estructura del Sol
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El espectro solar - Composición qúımica

∗ Las ĺıneas de absorción se forman en la fotósfera, una capa muy delgada de unos 500
km de espesor, de donde proviene la luz visible del Sol.

Espectro de Fraunhofer

∗ Ejemplos de ĺıneas consṕıcuas: H y K del Ca (3934 y 3968 Å), E del Fe (5270 Å), D
del Na (5890 y 5896 Å), C del H (6563 Å).
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La cromósfera

∗ Capa delgada (∼ 1000 km de espesor con una temperatura ∼ 10000 K). La luz es
mucho más débil que la fotósfera, por lo tanto sólo se puede observar durante un eclipse
total de Sol.
∗ Presenta un espectro de emisión donde predominan ĺıneas de H, He y algunos metales.
Una de las ĺıneas más intensas es la Hα del H a λ = 6563 Å, responsable de la tonalidad
rojiza.
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La corona solar

∗ Visible sólo durante eclipses totales de Sol como un extenso halo.
∗ Se observan también ĺıneas de emisión intensas debidas a átomos altamente ionizados
como, p. ej. FeXIV, que corresponden a temperaturas entre 1.000.000 y 2.000.000 K.
∗ Origen de la enerǵıa: calentamiento del material coronal por corrientes eléctricas
inducidas por campos magnéticos variables.
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Propiedades f́ısicas del interior solar y generación de enerǵıa
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Figure 2. The SWI'S luminosity (energy output), temperature, 
pressure, and composition all vary with depth in its interior. At 
the Sun's center, the pressure is 233 billion times that of the 
Earth's atmosphere at sea level. 

trons are free to move throughout the sobr interior. This ion

ized solar gas is a plasma, often termed the fourth state of mat

ter (besides solids, liquids, and gases). 

With their electrons gone, hydrogen nuclei (protons) can be 

packed together much more tightly than complete atoms. The 

nuclei are squeezed into a smaller volume by the pressure of 

material above, becoming hotter and more densely concentrat

ed. At the Sun's center the temperature is nearly 15,600,000° K, 
and the density is 151 g/cm 3, more than 13 times that ofsolid 

lead (FigHre 2, Table 1). This is hot and dense enough for fusion 

to occur: the very fastest-movillg protons occasionally collide 

head-on and fuse to form deuterium. This starts a chain of 

(rents during which four protollS are sllccessively fused into one 

,lipha particle (helium 4 nucleus) containing two protons and 

\'0 neutrons. 

However, an alpha particle is slightly less massive (by a mere 

0.7 percent) than the four protons that combine to make it. 

This mass difference is converted into energy according to Eill

stein's famous equation E - l11e2 Because the velocity of light, 

r, is a large number, the allnihilation of relatively small 

,mounts of mass, 1'12, provides large quantities of energy, E. 
Every second the Sun's centra] nuclear fire processes about 

700 million tons of hydrogen illto helium "ashes." In doing 

\0,5 millioll tollS (0.'7 percent) of this matter disappears as 

pure energy, and every secolld the Sun becomes that much 

lighter. Outside the solar core, where the ovedyillg weight and 

compression are less, the gas is cooler alld thinner, alld fusioll 

(.1nnot occur. 

Although the Sun is consumillg itself at a prodigious rate, 

the loss of material is insignificant in comparison \Vitll its total 
~r 

.elves	 mass. In 4.5 billion years the Sun has consumed only a few 

Iundredths of 1 percent of its original mass. A more significant 

Density (center) 151.3g/cm1 

(mean) 1.409 g/cm1 

Pressul'e (center) 2.334 x 1011 bars 

(photosphere) 0.000 I bar 

Temperature (center) 15,557,000° K 

(photosphere) 5,780° K 

(corona) 2,000,000° to 3.000,000° K 

Luminosity 3.854 x 1033 erg/s 

Solar constant 1.368 x 106 erg/s/cm2 = 1.368W/m2 

Principal chemical constituents 

(by number of atoms): 

Hydrogen 92.1 percent 

Helium 7.8 percent 

All others 0.1 percent 

Table 1. Vital statistics of the SUll, Astronomers classify it as ,l (;2 star, a 
rather average type found abundantly in the galaxy. By coincidence, the 
Sun's nearest stellar neighbor, tlle Alpha Centauri system, contains a 
brilliant G2 star as well. 

concern is the depletion ofthe Sun's hydrogen fuel within its 

nuclear furnace. About 37 percent of the hydrogen origin,llly 

in the Sun's core has been converted into heliulll Incc 

nuclear reactions are limited to the hot, dense core, it will run 

out of hydrogen in about 7 billion years As discussed in 

greater detail later, the Sun will then become a giant star, and 

life 011 Earth will end. 

HE M S ERY OF SOLAR NEUTRINOS 

As confident as we are about understanding energy production 

in the SUll, there is at least one nagging problem marring our 

model. The lluclear reactions in the Sun's central furnace create 

prodigious quantities of neutrinos. These tiny, ghostlike parti

cles travel at the speed of light almost Lll1impeded through the 

Sun, Earth, and nearl)1 any amount of ordinary matter Every 

second an estimated 70 billion solar neutrinos pass through 

each square centimeter of tlle Earth's surface facing rhe SUllo 

It is possible to snag some of these elusive particles as they 

pass by. Massive tanks of fluid have been buried deep under

ground so that only neutrinos can reach them (Fzgure 3). Clp

tured neutrinos have opened a window directly onto the Sun's 

energy-generating core. In addition, their existence offers new 

insights on the nature of the fundamental particles that makc up 

matter in the universe. By finding solar neutrinos in roughly the 

predicted numbers, four pioneering detectors have now 

demollstrated that the Sun is indeed energized by hydrogen 

fusion. However, these experiments detect only one-third to 

one-half of the particles that theory predicts, a discrepJncy 

known as the solar-neutrino problem. There are two possible 

explallations: eidler we don't really knolV holV tlle Sun and stars 

create their energy, or we don't understand neutrinos 

THE SUN 

∗ Asumimos un equilibrio entre la fuerza
de gravedad y la presión del material
gaseoso.

Ecuación de equilibrio hidrostático:

dP

dr
= −ρGMr

r2

Ecuación de estado de un gas ideal:

P = ρ
kT

µ
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Heliosismoloǵıa

“Pulsaciones solares”: movimientos Propagación de las ondas en el
ŕıtmicos de elevación (regiones interior solar.
azules) y de depresión (regiones Son fundamentalemnte de 2 tipos:
rojas) debidas a ondas de presión p : ondas acústicas donde
(sonido), atrapadas en el interior la fuerza restauradora es
y que se reflejan múltiples veces la presion.
en la superficie. Los movimientos g : la fuerza restauradora es la
son observados como corrimientos gravedad (más profundas).
Doppler en el espectro.
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El ciclo protón-protón

Debido a las altas temperaturas reinantes
en las zonas centrales del Sol, ocurrirán
reacciones termonucleares en las que se
fusionan 4 núcleos atómicos de H (protones)
para formar uno de He. Hay una ligera pérdida
de masa:
∆m = 4mH −mHe

que se convierte en enerǵıa E, la cual
está definida por el principio de
equivalencia masa-enerǵıa de Einstein:

E = ∆m× c2

Ejemplo:
mH = 1, 6725× 10−24 g
mHe = 6, 644× 10−24 g
Pérdida de masa: ∆m = 0, 046× 10−24 g
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Actividad solar - Manchas

∗ Manchas solares: Es el fenómeno más visible de la actividad solar.
Tamaño t́ıpico : ∼ 10000 km
Temperatura t́ıpica : ∼ 4500 K
Intensidad del campo magnético : varios miles Gauss (orientado en la dirección radial)
Vida media : d́ıas a varios meses
∗ El número de manchas vaŕıa con un ciclo de 11 años.
∗ El Sol cuenta además con un campo magnético general generado por el material interior
conductor en rotación.
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El ciclo undecenal
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F(qlll'C 7 (abovc, left and ,·ight). Closeup view uf a particularly large 
sunspot group, roughl 150,000 km across, t3ken on 28 Jll1H: 1988. Figure 8 (belolV). The number of sunspots (upper panel), their location 
The left· hand photograph approximates a white-light view. The (middle), and total area (bottom) have varied in an ll-year cycle for 
corrc.,pondingone at right, aken in the hydrogen-alpha emission at the past 100 years. Note the migration of spots from high latitudes, at 
6563 angstroms, shows how material in the SUll'S lower atmosphere the beginning of a cycle, to near the Sun's equator at its end; such 
m.ces the magnetic field lines emerging from this active region. historical plots are sometimes called "butterfly diagrams." 
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THESUN 

El ciclo de 11 años se refleja en la variación del número de manchas (panel superior), su
migración en latitud, formando lo que se denomina el “diagrama mariposa” (medio), y el
área total (abajo).
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Otras manifestaciones de la actividad solar
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Figure 11 (left). The Large Angle Spectroscopic Coronagraph aboard thc 
SORO spacecraft recorded an enormous coronal mass ejection (CME) over 
an 8-hour period on IS January 1996. The expanding bubble contained 
roughly a billion tons of hot gas. Stl'aks on the opposite side ofthe un 
may have been magnetically linked to the CME. The black occulting disk 
blocks the glare of the Sun, whose visible edge is represented hete by the 
white circle. 

Figure 12 (above). A large helmet-type structure is seen in the south west 
(lower rigllt) of this image obtained on 25 January 1992 by the Yohkoh 
satellite. The large cusp formed followi.ng a coronal mass ejection. 

TAKING THE SUN'S PULSE 

To fully understand the Sun's cyclic activity, with its impressive 

array of coronal loops, sunspots, and explosive Aares, we must 

look deep inside our star. This is where its magnetism is generat

ed and sustained. One way to explore the Sun's unseen depths is 

by tracing the in-and-our, heavings of its visible surface using 

the powerfi.d observational technique called helioseismology. 

Duril1g the 1960s solar physicists realized that the photosphere 

exhibited complex, periodic throbbing motions, which by 1968 

were shown to result from pressure waves -literally sounds

that echo and resonate inside the Sun. 

The sound waves are trapped inside the Sun and cannot prop

agate through the near vacuum ofspace. Even if they could reach 

the Earth, we could not hear them. The "loudest" ones are 

extremely low-pitched, as befits an object so large and massive, 

with frequencies thaI' cluster around 0.003 hertz, or one vibra

tion per 5 minutes This is 12.5 octaves below the lowest note 

audible to humans, and l11any of the Sun's notes are even lower. 

Nevertheless, when these sounds propagate upward to the 

photosphere they disturb the gases there and cause them to rise 

THESU0: 

Solar physicists believe that flares signal the release oftremen

dous amounts of magnetic energy, like a tightly twistcd rubber 

band th;!t suddenly snaps. The awesome explosions might be 

triggered when oppositely directed magnetic fields come 

IOg~ther, merge, and annihilate, releasing their pent-up energy 

and then reconnecting to ;1 stable magnetic configuration. 

Another dramatic, magnetically energized phenomenon 

is termed a coronal nwss ejection, or CI\,lF. (Figuves 11,12). 

TIKse violent eruptions hurl billions of tons of material into 

SP;!cc. They expand at high speed as they propagate outward 

ti'om the Suu aud quickly rival it in size. The associated shock 

II'aI'CS accelerate and propel vast quantities of charged parti

cles ahead of them. Like sunspots, CMEs and solar Aares ebb 

and flow ill step with the Sun's 11-year cycle of magnetic 

wjl'ill', and they may have a similar origin in the Sun's ever

changing magnetism. 

Eyección de masa coronal (EMC) registrada
por el coronógrafo a bordo del satélite
Solar and Heliospheric Observatory (SOHO).
Los chorros en la dirección opuesta pueden
estar magnéticamente vinculados a la EMC. El
disco negro oculta el resplandor del Sol
cuyo tamaño aparente aparece indicado por
el disco amarillo.
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El Sol en el Ultravioleta extremo

Imagen tomada con el satélite SOHO en la ĺınea del Fe XV (284 Å) (temperatura 2.000.000
K) que muestra unas regiones oscuras, denominadas agujeros coronales, donde se origina
el viento solar más rápido.
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La evolución del Sol a través del tiempo

El Sol irá aumentando lentamente su luminosidad hasta que en un poco ms de 5000
millones de años se va a convertir en un gigante roja, y luego de expulsar su envoltura va
a dejar una enana blanca.
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El viento solar

∗ Consiste en un plasma caliente (gas de part́ıculas eléctricamente cargadas, electrones,
protones, y algunos núcleos más pesados) a una temperatura de unos 100000 K que emana
como una extensión de la corona solar. La velocidad promedio es de aproximadamente
450 km/s.

'

I
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THE SOLAR WI D 

One of the most engaging detective stories of modem science 

has been recognition of the L:Xistence and importance of sobr 

"corpuscular radiation," that is, gaseous material shed by the 

Sun, distinct [i'om light and other forms of (lectromagnetic 

energy. This outpourillg from the Sun's atmosphere, a combi

nation of iOllized gas and the en trained sobr magnetic field, is 

now usually termed solar wind. 

In their great 1940 treatise, Geomagnetism, Sydney Chap

man and Julius Bartels speculated that tluctuations in Earth's 

magnetic field (magnetic storms) are caused by solar corpuscu

lar streams. A decade later, the German astronomer Ludwig 

Biermann showed tlut the streams were not simply intermittent 

bursts but were instead a continuous phenomenon (a conclu

sion he based on obse"'ations of comets' bluish gas tails). Over 

Lhc past IlJlf century, instrumented spacecraft have confirmed 

some, but not all, of these early inferences concerning solar cor

puscular streams and have provided a wealth of detaikd knowl

edge about them. 

The solar wi.nd consists of a hot plasma - an electrically neu

tra� mixture of electrons and ions (principally protons with 

some heavier atomic nuclei) at roughly 100,0000 K. Its source 

is the Sun's atmosphere, or corona, and it is continuously pres

ent in imerplanetary space. This gas Hows radially outward at a 

typical speed of450 km per second to at least 70 AU and prob

ably much farther. The average speed of the Rowing gas is 

remarkably independent of its distance from the Sun. 

Figure 1. It the ecliptic plane the radial flow of the solar wind and 
I.he rotation of the Sun combine to wind rhe solar magnetic field 
into a spiral. A pared of solar wind plasma (average speed; 450 km per 
second) rakes about 4 days to tr,lvc! from the SlUl to Earth's orbit al 
J AU. The dots and magnetic field lines labeled 1,2, and 3 represent 
snapshots during this joul'l1ey. Solar energetic particles trave! much 
more rapidly. Bec."luse their trajectories are controlled by the Sun's 
magnel.ie field, these particles arc scattered by irregularities in rhe field 
and thus spread Out quickly as tile)' move outward through the 
heliosphc,·l'. The heliosphcric current sheet sep. rates magnetic fields 
of opposire polarities. 

CHt\PTER H)lIK 

Even though the solar corona ejects gas radially OUt"l 

interplanetary space, the continuous stream takes Oil, 

of the Sun's rotation, the approximate form oran Arel
spiral (FiguT'e 1). Ar the orbit of Earth, the spiral makes 

ofabout 45 0 with a radi:t1line from the Sun but becan' 

perpendicular at the orbit ofSarurn (9.5 AU) and beyc 

At Earth's orbit the number densiry of ions and ele 

interplanetary space is tjrpically five particles per cr 

quiet conditions. This popuJation density diminish 

inverse square of the heliocentric distance, but sporat 

of-magnitude tluctuations occur in response to vary 

activity. The solar wind's speed is also variable, and a 

collisionless shock phenomena occur as fast stl-eams 

slow ones. Outright collisions are rare in this exceedin, 

interplanetary medium. However, the particles and J 

field are coupled by electric and magnetic interacti 

these wave-particle phenomena replace collisions as thc 

energy transfer. A wide variety ofwave types are carri 

interplanetary medium. 

The ionized, electrically conducting gas carries \' 

entrained magnetic field that also originates in the sol, 

(sec Chapter 3). Since the dynamics of the interplanet; 

um arc dominated by the mass motion of the ioniz 

contains, the magnetic field lines become stretched ou 

imately parallel to the "wave frollts" of the plasma sm 

magnitude and direction of this field vary markedly fT, 
to point, but it generally parallels the theoretical Arel
spiraL At 1 AU the magnetic-field strength is typicall) 

tesb (or 5 nanotesla), many orders of magnitude lcs 

levels in the solar chromosphere. Because the fie:ld linc 

a tightly wrapped spiral form far from the Sun, the 

field's strength does not decrease as quickly as the nUll 

sity of the: plasma docs. Instead, it falls off as the inverse 

centric distance. 

Until recently, direct observations of the solar IV 

confined to a thin, pancake-shaped region near the 

Earth's orbit (the ecliptic), which is approximately I 

torial plane of the Sun. However, studies ofthe scinti 

stellar radio sources have shown that solar-wind spec< 

es at locations welJ above and below the Sun's ec 

marked advance was made by the Ulysses missio 

extended our measurements to latitudes within 1 

Sun's south and 110rth poles in 1994-1995. At that I 

solJr-activity minimum, the solar-wind speed 

abruptly at a latitude of about 200 from its low-latit 

of 400 km per second to 770 km per second (l 
Although this finding validated om earlier, less-di[ 

ences, we do not yet understand why the solar \' 

much faster at l1.igh latitudes. 

COSMIC RAYS 

1n 1912 Victor Hess found that a weak but mysteriou 

grew more intense with altitude in Earth's atrnosphel 

fTIised that it must come: from outer space, a conject1l 

soon confirmed. We now realize that dlis cosmic radl 

sists of atomic nuclei (principally protons) and a mu 

contribution ofelectrons. These arc termed "primary 

En el plano de la ecĺıptica el flujo radial del viento solar y la rotación del Sol se combinan
para enrollar el campo magnético solar en espirales.
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Campos magnéticos planetarios

∗ Planetas con fuertes campos magnéticos: Tierra (0,305 Gauss), Júpiter (4,28 Gauss),
Saturno (0,22 Gauss), Urano (0,23 Gauss), Neptuno (0,14 Gauss).

∗ Planetas con débiles campos magnéticos: Mercurio, Venus, Marte.
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Inclinación del campos magnético con respecto al eje de rotación

Teoŕıa general de la formación de campos magnéticos: el d́ınamo que requiere: (1) un
cuerpo en rotación, (2) un fluido interior conductor, y (3) movimientos convectivos en el
fluido.
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Interacción del viento solar con objetos planetarios

I

44
 

Figure S. This portrayal of a generic planetary magnetosphere shows 
many of the features commonly found around magnetized planets. 

Fig~we 6. When plasma (ions and electrons) bombards a surface or 
atmosphere at high speed, a wide variety of processes can occur. 

ter of dle planet Tilis standoff distancc depends upon the cver

changing solar-wind pressure. Fat" Earth, it is usually about 

64,000 km away - far above dle atmosphere. 

The stronger a planct's magnetic fidd, the larger its magnc

tosphere. In addition, the wcak solar-wind pressures present in 

the ollter solar systcm allow rela tivel)' weak planetary magnetic 

fields to carve out brgc cavities. Consequently, the sizes of plan

etary magnetospheres span a vast range, from the small magnet

ic bubble surrouncling Mercury (which would nt entirely within 

Earth) to the giant magnetosphere ofJupiter (which is at least a 

mousand times the volume of tile Sun). 

The l1lagnetopause is not completel)' "plasma-tight," howev

er, particularly around tile magnetic poles. Consequcntly, mag

netospheres contain considerable amounts of plasma, the main 

source ofwhich is usually me Sun. Solar-wind plasma has a char

acteristic composition: protons (H+), about 4 percem alpha par

ticles (He2+), and traces of heavier nuclei, many of which are 

highly ionized. Ionospheric plasma has a composition that 

reflects the composition of me planet's upper atmosphere (for 

CHAPTER FOUR 

example, 0+ for Earth and H' for the outer planets).. at 

satellites or ring panicles embedded in the magnetospher~ 

also generate siglliflcant quantities of plasma. The reside 

times of magnetically trapped particle~ vafjl widely - t 
hours to years. Their motion inside a magnetospllere dept 

on the relative strength of the coupling to the rotat-jng pt 

compared with that to me solar wind. 

As it races outward through the planetary system, the 5 

wind sometimes encounters a sizable object that lack 

intrinsic magnetic field. If such an object has a surtace 11'1 

low electrical conductivity, no electrodynamic il1terac 

occurs and the plasma runs directly into the surface. Do 

stream of the object is wake cavity largely devoid ofpl.lS 

This is the type of interaction created by Earth's Moon, ant 

assume that the same scenario applies to many small, rc 

objects of the solar system. 

If the nonmagnetic object possesses an atmosphere, 

uppermost atoms and molecules are ionized by solar raelia 

or by impact with the flowing plasma in which they are in 

ded (Figu1"e 6). This iono;lJhere provides conducting path: 

electrical currents to flow into the solar wind, where theyer 

forces that slow and divert the incident How. The barrier 

separates the planetary plasma from the solar wind is rell:rre 

as the ionopause (analogous to the magnetopause), and 
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Figure 5. This portrayal of a generic planetary magnetosphere shows 
many of the featurc, commonly found around magnetLccd planets. 

Figure 6. When pIa rna (ions and electrons) bombards a surface or 
atmosphere M high speed, a wide variety of proct=.Ssc.~ can occur. 
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∗ En el caso de que el planeta disponga de una magnetósfera, el campo magnético planetario domina el

comportamiento de part́ıculas cargadas. En el frente se forma una onda de choque y, cuando el viento

solar pasa esa onda de choque, encuentra y fluye alrededor de la magnetopausa. El campo magnético que

acompaña el viento solar se fusiona con el del planeta y se estira formando la cola magnética.

∗ En el caso de que el viento solar encuentre un objeto sin campo magnético, puede ocurrir: a) si el objeto

no tiene atmósfera (p. ej. la Luna), las part́ıculas del viento solar chocan directamente con la superficie

arrancando átomos; b) si tiene atmósfera (p. ej. Marte) se forma una onda de choque (ionopausa) y el

viento solar fluye alrededor del planeta formando una cola magnética.
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El campo magnético atrapa part́ıculas del viento solar

∗ Las part́ıculas se mueven entre ambos polos magnéticos siguiendo trayectoria espirales.
∗ Las part́ıculas de altas enerǵıas imponen un riesgo a los instrumentos electrónicos y a
los seres vivos ⇒ Los vuelos espaciales son seguros sólo a alturas por debajo de unos 400
km.
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Los cinturones de radiación de van Allen

∗ Fueron descubiertos en 1958 por James van Allen con un detector de rayos cósmicos a
bordo del satélite Explorer I. Son part́ıculas cargadas atrapadas por el campo magnético
terrestre.
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Auroras polares

∗ Son fenómenos luminosos que ocurren gen-
eralmente a altas latitudes. Se producen
cuando una eyección de masa solar (part́ıculas
cargadas) es atrapada por el campo magnético
de la Tierra y converge hacia las zonas po-
lares, chocando con átomos y moléculas at-
mosféricas -t́ıpicamente átomos de O, N, y
moléculas N2- que, excitadas, emiten radiación
fluorescente al desexcitarse. El O es el respon-
sable de los 2 colores primarios de las auroras:
el verde/amarillo correspondiente a una tran-
sición de enerǵıa a 5577 Å, y otra roja a unos
7500 Å. Hay otras transiciones responsables de
otros colores, p. ej. el N+ responsable de una
luz azulada.
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Ciclo de Milankovitch

∗ La pregunta básica es si variaciones en la órbita y en la orientación del eje de rotación
de la Tierra pueden tener efecto en el clima.
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Variaciones en la insolación

∗ Milankovitch teorizó que variaciones en excentricidad, inclinación del eje de rotación, y la precesión de la

órbita de la Tierra, ocasionan cambios climáticos ćıclicos en la Tierra.

∗ Forzamiento solar (solar forcing): son los cambios en la cantidad y localización de la radiación solar que

alcanza la Tierra debidos a los movimientos de la Tierra.

∗ Peŕıodo de precesión del eje de la Tierra : 26000 años

∗ Variación de la inclinación del eje de la Tierra : 21, 6◦ a 24, 5◦ (peŕıodo ' 41000 años)

∗ Variación de la excentricidad de la órbita terrestre : 0,005 a 0,058 (peŕıodo mayor ' 413000 años). Una

periodicidad menor es de unos 100000 años con una variación de e de aproximadamente -0,03 a +0,02 con

respecto a su valor central de 0,017.
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Estudios en el lago Vostok, Antártida

En el lago Vostok, en el corazón de la Antártida, hay una base rusa. Se ha realizado una
perforación de más de 3600 m para estudiar climas pasados (corresponde a los últimos
420.000 años). Se midieron, por ejemplo concentraciones de CO2, CH4, y del isotopo
18O.
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Resultados del estudio de la columna de hielo

Se encuentra una buena correlacion entre la insolación y diversos parámetros relacionados
a la temperatura.
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EJERCICIO 9

Supongamos que la densidad del Sol fuera constante con un valor ρ = 1, 4 g/cm3. Halle:
(a) la expresión para la masa Mr dentro de una distancia r al centro del Sol;
(b) sustituya la expresión de la masa hallada antes en la ecuacion de equilibrio hidrostático
para calcular la presión y la temperatura en el centro del Sol.

Datos:
Constante de la gravitación universal : G = 6, 67× 10−8 cm3 g−1 s−2

R� = 7× 105 km
Constante de Boltzmann : k = 1, 38× 10−16 erg k−1

masa atómica media de los átomos : µ = 2× 10−24 g
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