ASTRONOMIA

Conceptos, avances y mas...



Astronomia

- Estudia el universo en su conjunto. Busca explicar el universo (composicion, estructura, origen,
evolucion, etc.) basandose en conocimientos de matematica y de las leyes fisicas y quimicas.(

- Tiene por objetos de estudio, aquellos cuerpos que se observan en el cielo (cuerpos celestes).(!)

- Composicion y comportamiento de los atomos, naturaleza y propiedades de la luz, respuesta de la
materia y la energia a la fuerza de gravedad, generacion de energia por fusion de particulas, la
capacidad del carbén como base de la vida.(?)
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(1) Barbosa, J. G. P. (2012). Elementos de astronomia de posicion. Universidad Nacional de Colombia.
(2) Karttunen, H., Kroger, P., Oja, H., Poutanen, M., & Donner, K. J. (Eds.). (2007). Fundamental astronomy (Vol. 4). Berlin: Springer.
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Astronomia

Planetas y planetas
enanos®):

Mercurio

Venus

Tierra

Marte

Ceres

Jupiter

Saturno
Neptuno

Pluto

Eris (2003 UB;,5)

(5) https://www.iau.org



View of the solar system from above:
orbits are nearly circular

Astronomia

Velocidad de la Luz®:
299792-458 km/seg Seen from aboye

Earth’s North
Pole, all orbits are Mercury
counterclockwise. )

Tiempo de viaje de la luz
solar ala Tierra™®:

8m 17seg.

Tiempo de viaje de la luz
en 1 parsec®:

3.26 anos

1 parsec |
(3.26 1y)

1 arcsec

Earth’s orbit

1 AUM™):
149597870.691 km

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
(5) https://www.iau.org
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Saturn
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Mercury
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. Earth
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View of the solar system from the side:
orbits are all in nearly the same plane

Planetas y planetas
enanos(®):

Mercurio

Venus

Tierra

Marte

Ceres

Jupiter

Saturno
Neptuno

Pluto

Eris (2003 UB35)
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Size of e .
observable / .
universe  Size of cluster / /
of galaxies Diameter

of a galaxy Distance to
ncarby stars

Distance from

Ear [h 1o Sun /
Diameter

of Sun

Diameter
of Earth

Size of a
human

Size of
proton

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
(5) https://www.iau.org
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6. KNOWN UNIVERSE s
JO] I RN EY I N I O TH E In whatever direction we look into
deep space, we can detect clusters of
galaxies and superclusters, all moving
away from us. Toward the observable
horizon, we see quasars—quasi-stellar
objects—and the uniform glow of
radiation from the big bang. There is no
center; any observer anywhere would
TH R uG H l A see this same effect. The universe is
(©) TIME AND SPACE il i oot st " :
every direction. %
Quasars, the most distant objects NGC 5566
yet observed, are among the most s
“My suspicion is that the universe is not only queerer than we citegs :ﬂd the most ""L"aﬂ;‘t»ixh of g 5 5. LOCAL SUPERCLUSTER
) rorel ¢ the brightest quasars emits the ener 5
suppose, but queerer than we can suppose J.B.S. HALDANE i i ogga‘am D ) cr[:.mm o,gila_;c,_hku ﬂclm‘o, s
e A far smaller than our Milky Way; each is y i - ships—congregate in superclusters, the
HEN PRIMITIVE MAN gazed at the void of heaven, his eye probably the violent nucleus of a largest of ceie:ml formations Lerg[o,
scerned at most a few thousand stars —a serene and distant galaxy. The farthest quasars g'; C'oszs;'"‘fc SC(';::I'I :: gl
g : : s : up, i ight-
mited universe. But now, far beyond the range of feeble are rushing away from us at more P k)

: P ; 3 than 90 percent the speed of light. away, near the center of our local
sight, out on the limitless curve of space and time, science has Thertlight teavaled biions of years supercluster. It is considered rich
revealed a u ble size and inconceivable violence. to reach us. During that time they because it has thousands of member
Billions upon billions of stars — like our sun — burn with the energy of evolved, and what they are like today galaxies. ”

a thermonuclear furnace. Many die in explosions that litter the we have no way of knowing. To look at i E::}:;gefm ::’:2::‘3::2 ::mous
reaches of space with gas and dust from which new stars and planets ::f:f:fﬁ\s.:n 10 see. ::‘:::;vefsv . o eI sty race on
are born. yoars:ago- Mol voids, between superclusters. Some
d from the vastness beyond the congregations of stars comes the ol i cosmologists speculate that the
microwaves, of the most cataclysmic event of all — the :‘“""“““1‘("‘ Seulptor M8l "}"“V"W '150'“"'65 a sponge in Wh“:
big bang of creation. lusters of Galaxies NGC the superclusters are interconnecte
s : e T Quasars 5128 resembling thin filaments stretching
When time began — perhaps as long as lwnlylhllln_m years ago— 8 fce 1023 between giant voids.
all mass and energy were compressed almost to infinite density and M66 Astronomers calculate the masses of
heated to trillions upon trillions of degrees. A cosmic explosion rent rich clusters as one way to estimate the
that featureless mass, creating a rapidly expanding fireball. It has L density of matter in the universe. If
heen cooling and Slowing ever Smee L 2841 M6 that density is at or below a critical

CoN CODANE ANC BIEXETINCE s . number, matter will fly apart forever in

At t the universe an impenetrable haze. During the NGC the expansion initiated by the big bang.
million years, temperatures dropped to 3000 kelvins (3000 degrees 2768 If the density is greater, gravitational
above absolute zero). Nuclei captured electrons, producing atoms NG NGC Nee braking will slow the motion until the

3 X i ¥ NGC3923 3396 BECT universe falls back together.
that formed an unsettled gas of hydrogen and some helium. The 3504 s £l s
universe cleared and everywhere blazed with light. Denser regions of

P vethel q 9 p od i AT Clusters of Galaxies

gas, pulkl(l together I'n their own g vity, _rn\nh.ul intostars NGC 2997 NGC 3672 e :.M: 4
collected in aggregations called galaxies. Today’s universe continues ingle Gala
to expand. The early radiation, cooled by the expansion to 3K, can ';g%
be detected in every direction by radio telescopes — the remnant echo NGC 2964 NGC 3245
of the big bang.

But what came before the big bang, and how will it ullltnd'.' NGC 2207
Billions of years hence, will gravity overcome the expansion and pull
all matter back into its primordial state —in a big crunch? And if the
universe is closed, might another big bang follow, with another
expansion? Or, as many astronomers now believe, will an ever
expanding, or open, universe end in a whimper, its galaxies scattered
irretrievably, their star fires spent and cold? For now, the questions 7
are the domain of the philosopher as well as the astronomer. 2. SUN'S NEIGHBORS

The sun is in universal terms an
ordinary yellow star, shown here with

3 , its 20 closest neighbors. Distances are
Liodueed by the C“'“V""}:’,‘ Diyjson given in light-years—how far light
National Geographic Society travels in one year at almost 300,000
CILREAT M GROSVENOR, ERESDRNT N ) kilometers (186,000 miles) a second.
NATIONAL GEOGRAPHIC MAGAZINE Sunlight, for instance, takes a full 8

WILBUR E. GARRETT, EDITOR 5 minutes to cross the ISO million km to
ARTOGRARHE < C 5 our windows. That same light travels 5
i 3. MILKY WAY GALAXY — more hours before reaching the planet
e 983 > Pluto. After about 4 years 4 months it
il Ly D . s Ou{ galaxy was thoulg:( to be the 3 3 - touches Alpha Centauri, our nearest
e Al 7l Kt - Weres A ol K. oo y entire universe until discoveries in the / R0 stellar neighbor, 4.3 light-years, or 40
e e e ek M33g Andromeda Galary, M3IggNGC 205 1920s. Today we know it is only one of - . . Globular Clusters it
M3276c 185 *NGC 147 billions of galaxies. It is a gravitationally Alpha Centauri is actually a multiple
4 AndIu prd il :"":d ;°‘-‘f‘:"9‘v<°"9';53"°"1§>: system with three stars locked by
s of billions of stars. The ity in orbif h other
4. LOCAL GROUP And fl unere L gravity in orbit around each other.
. central bulge glows with the light of Indeed many stars are binary or
Beyond the Milky Way we have older, redder stars. Globular clusters multiple. Single stars, though, seem
located galaxies in every direction. Our contain the galaxy’s oldest stars— more likely to have planetary systems
own is part of a loosely bound cluster of estimated at 0 to IS billion years. Gas like our own. The Space Telescope to be
some 20 galaxies, called prosaically the and dust condensing in the spiral arms orbited soon would detect any Jupiter-
Local Group. *Galaxies are to are even now forming new stars. In one size planet associated with Barnard's
astronomy what atoms are to physics,” arm, our sun circles the galaxy center star, almost 6 light-years away.
astronomer Allan Sandage has said, and once every 230 million years, traveling
this group illustrates the variations. at 220 km/sec. New evidence suggests Globular Clsters .
The Milky Way, its sister Andromeda the disk is enveloped by a large halo of 5
(M31), and the smaller M33 are fast- very old stars and dark, unseen matter.
rotating spirals. Hundreds of star
clusters and dust clouds lie within the #Draco 5
Andromeda galaxy, itself once Ursa Minors v
mistakenly identified as a nebula, or 1C1613% Leols *Leoll b, Ross 248 * 1Groom
cloud, in the Milky Way galaxy. @ Miky Way 61 Cygni
NGC 205 is an elliptical galaxy, 3 Lalande 21185
consisting mainly of old stars. The Sculptors ¢ Small Magellanic Cloud Noce
Large Magellanic Cloud « 822 &rocyor
Large and Small Magellanic Clouds are ge Mag I. SUN AND NEAR PLANETS e
irregular galaxies, described as haze in S 339 20 APPARENT MAGNITUDE
the southern sky by Magellan's crew in A vast cloud of gas and dust collapses some Ross 128 L]
1520, These member galaxies, all 4.6 billion years ago. Compression spawns a e Ol o bitsop R
moving in random paths, are held star in the hub of the rotating, disk-shaped Apha Conta: Il ns.3 %
together by gravity, even as the Fornax® mass, and our sun’s thermonuclear furnace bl s SR
universe expands. fires up. Various materials condense from the g
oUB s scaille 9352 + +10 o415, most are visible
i cooling disk, collide, and coalesce to form the . : with a 20cm (8in) telescope
planets and other features of our solar Mercury ' S Epnion Py i
system. The three terrestrial, or earthlike, Earth b theneprlons

from red to bl

the hottest
planets shown here are solid spheres with

metallic cores. Earth and Venus possess
atmospheres, but only earth’s sustains life.
When our middle-aged sun exhausts its
hydrogen fuel, it will expand, devouring
Mercury and Venus and turning the earth into
a semimolten inferno.

1963 NATIONAL GEOGRAPHIC SOCIETY. W

INGTON . C
704A Vol 163 No. 6. UNIVERSE/SKY SURVEY

he National Geographic, June 1983
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a Planets

d Stars

Black hole

-
In-spiraling

gas and dust

g Black holes

(4) Comins, N. F., & Kaufmann, W.]. (2000). Discovering the universe.
(5) https://www.iau.org

b Rocky and metallic debris

Part of the
eagle nebula

e Interstellar gas and dust

\

-
Hercules
" cluster of

galaxies

h Clusters of galaxies

Discovering the universe. New York: WH Freeman, c2000.

Comet \X"'{?St::;

¢ Rocky and icy debris
Southern

pinwheel
. galaxy

f Galaxies

Intergalactic gas

Galaxies

i Interstellar gas
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Inflation

Quantum ‘
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Fuente: https://www.jpl.nasa.gov
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Astronomia esférica: estudia las posiciones de los cuerpos
celestes sobre la superficie de la esfera celeste.(!)

Planet A. Tendenc:y of planet without

the influence of gravity
—-

Astronomia dinamica: estudia los movimientos de
los cuerpos celestes desde el punto de vista fisico-

matematico.(!)

Wertical
Astronomia geodésica: tiene por objeto la determinacion de b o) "N\ oo
latitud, longitud de puntos sobre la superficie terrestre y — & ="
acimut de direcciones sobre la Tierra, por observacion de N (P e S
cuerpos celestes.®) "\ Ground Ptane P

(1) Barbosa, J. G. P. (2012). Elementos de astronomia de posicion. Universidad Nacional de Colombia.
(3) Sevilla, M. ]. (1984). Astronomia Geodésica. Facultad de Ciencias Matematicas, Universidad Complutense de Madrid.
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Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la que se
basa la observacion.

%E’ ‘dA = Dene (ley de Gauss)
L)) —
L -Carga puntual en reposo so6lo produce campo eléctrico (E)
— i{; *dA =0 (ley de Gauss del magnetismo) o ; ] -
03) _ -Carga puntual en movimiento produce campo eléctrico (E) y
S SN D, magnético (B
© %B*d! = p.ﬂ(ic + € '&) (ley de Ampere) 5 (B)
E dt enc
o — d(I)B
E-dl = — I (ley de Faraday)

La onda viaja en la direccién
Y xpositiva, en la misma direcgic’m
del producto vectorial E X B.

AN

y(x,t) = Acos(kx — wt)

Ez : s6lo componente y
B: s6lo componente z

(6) Sears, F. W., Zemansky, M. W,, Young, H. D., & Freedman, R. A. (2009). Fisica Universitaria: Volumen 1. Pearson.
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Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la que se
basa la observacion.

ATMOSPHERE & ELECTROMAGNETIC SPECTRUM
P 4 Y I
P L &

Long

Gamma & Ultraviolet Uiﬁille Light Infrared Radio Waves Wavelength
X-Rays (Mostly  (obsérvable) (Mostly

(blocked) blocked)

(observable) Radio

Waves
(blocked)

absorbed)

100%

Opoqueness

0%

spafe fm

0.Tlnm Tnm 10nm 100nm Tpm 10pm 100pm

Tmm 1em 10ecm 1m 10m 100m 1km
Wavelength

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
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Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la que se
basa la observacion.

ATMOSPHERE & ELECTROMAGNETIC SPECTRUM

4 . 4
J Long
Gamma & Ultraviolet Visible Light Infrared Radio Waves Wavelength

X-Rays (Mostly (obsérvable) (Mostly (observable) Radio

(blocked) blocked) absorbed) Waves
(blocked)

100%

Opagqueness

spafe fm

0%

0.1lnm 1nm 10nm 100nm Tpm 10gm 100pm Tmm Tem 10em 1m 10m 100m 1km
Wavelength

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.



Astronomia

Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la

basa la Observaci(')n. Launch: April 24, 1990, from space shuttle
Discovery (STS-31)

ATMOSPHERE & ELECTROMAGNETIC SPECTRUM

4 . 4
Il Long
Gamma & Ultraviolet Visibile Light Infrared Radio Waves Wavelength

X-Rays (Mostly (obsérvable) (Mostly (observable) Radio

(blocked) blocked) absorbed) Waves
(blocked)

100%

Opagqueness

spafe fm

0%

0.1lnm 1nm 10nm 100nm Tpm 10gm 100pm Tmm Tem 10em 1m 10m 100m 1km
Wavelength

GROUND BASED IMAGE HUBBLE SPACE TELESCOPE
LAS CAMPANAS OBSERVATORY WIDE FIELD/PLANETARY CAMERA

CARNEGIE INST. OF WASHINGTON

AVASTAN

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
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Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la que se
basa la observacion.

ATMOSPHERE & ELECTROMAGNETIC SPECTRUM

4 . 4
I:l Long
Gamma & Ultraviolet Visibile Light Infrared Radio Waves Wavelength

X-Rays (Mostly (obsérvable) (Mostly (observable) Radio

(blocked) blocked) absorbed) Waves
(blocked)

100%

Opagqueness

spafe fm

0%

0.1lnm 1nm 10nm 100nm Tpm 10gm 100pm Tmm Tem 10em 1m 10m 100m 1km
Wavelength

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
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Observaciones: de acuerdo a la frecuencia (o longitud) de la onda electromagnética en la que se
basa la observacion.

ATMOSPHERE & ELECTROMAGNETIC SPECTRUM

4 . 4
I:' Long
Gamma & Ultraviolet Visible Light Infrared Radio Waves Wavelength

X-Rays (Mostly (obsérvable) (Mostly (observable) Radio

(blocked) blocked) absorbed) Waves
(blocked)

100%

Opagqueness

spafe fm

0%

0.1lnm 1nm 10nm 100nm Tpm 10gm 100pm Tmm Tem 10em 1m 10m 100m 1km
Wavelength

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
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2.- Una linea que une un planeta y el Sol barre areas iguales
Leves de Kepler®: en intervalos de tiempo iguales.

1.- La 6rbita de un planeta alrededor del Sol Planet's ellipical orbit
es una elipse con el Sol en uno de sus focos.

C Sun at one focus
“ @  of elliptical orbit
/J'

Major axis

Perihelion: —@
where planet N

is closest Aphelion:

to the Sun where planet
is farthest
from the sun

Planet sweeps out equal areas
in equal time intervals

Semimajor axis SCmImajor axis

3.- El cuadrado del periodo sideral de un Sidereal period P (year) Semimajor axis a (AU) p* = g

planeta alrededor del Sol es directamente Mercury 0.24 0.39 0.06 0.06
proporcional al cubo de la longitud del Ve U6l 072 037 U-37
. . d , bt Earth 1.00 1.00 1.00 1.00
semieje mayor de su Orbita. Mare | 88 |5 353 .
PZ X a3 Jupiter 11.36 5.20 140.7 140.6
Saturn 29.46 9.54 867.9 868.3

Uranus 84.01 19.19 7058 7067

MNeptune 164.79 30.06 27,160 27,160

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. New York: WH Freeman, c2000.
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Leyes de Newton*®): describen las propiedades fundamentales de la realidad fisica.

1.- La inercia es la propiedad de la materia que mantiene un Inercia

objeto en reposo o en movimiento en linea recta a una velocidad
constante, a menos que actue sobre él una fuerza externa neta. “0—@" T
2.- La aceleracion de un objeto es directamente proporcional a la Fuerza F=ma

fuerza neta que actua sobre él y es inversamente proporcional a

Su masa. 5 mx ad= F @

Fuerza = masa x aceleracion o Sl
3.- Siempre que un objeto ejerce una fuerza sobre un segundo 0 Ley de accion
objeto, €ste ejerce una fuerza igual y opuesta sobre el primero. y reaccion.

Reaccion
—

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. New York: WH Freeman, c2000.
(6) Sears, F. W., Zemansky, M. W,, Young, H. D., & Freedman, R. A. (2009). Fisica Universitaria: Volumen 1. Pearson.
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Trabajo v Energia(*®): describen las propiedades fundamentales de la realidad fisica.

dv

d

Trabajo: W = Fd F=msxa=mx—=—(m=v)

Energia cinética:  EC = 1/2 mv? /)/gg

Energia potencial: EP = Fd = mgh

Energia potencial gravitatoria:

S

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. New York: WH Freeman, c2000.
(6) Sears, F. W., Zemansky, M. W,, Young, H. D., & Freedman, R. A. (2009). Fisica Universitaria: Volumen 1. Pearson.

I
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Momentos*®): describen las propiedades fundamentales de la realidad fisica.

P dv d
= k = kX —™ = — k
mxa=m r 4 (m * v)

Momento lineal: Momento angular:
The angular momentum is the

same at every point on an 2
p=msx*v orbit. When it mv=p L=(mx*xr9)w = Ilw

is closer, it

increases

2 speed. ' -
p _ 2 - o
EC:Z ----- EC— ff .
* . —
m 2 * I," ‘
TrppnoziiiTienITTY e i
................... . )
> 4
k'--.,;.‘ ##’

Aplicacion de la Primera Ley de Newton:
- Un cuerpo mantiene su momento lineal a menos que actie sobre él una fuerza externa neta.

- Un cuerpo mantiene su momento angular a menos que actue sobre él un torque externo neto.

(4) Comins, N. F., & Kaufmann, W. ]. (2000). Discovering the universe. New York: WH Freeman, c2000.
(6) Sears, F. W., Zemansky, M. W,, Young, H. D., & Freedman, R. A. (2009). Fisica Universitaria: Volumen 1. Pearson.
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Hyperbola

Parabola

Ellipse

(Part ol) Solar system

Galaxy

Cluszer of galaoes

Fuente: Comins, N. F.,, & Kaufmann, W. ]. (2000). Discovering the universe. Discovering the universe. New York: WH Freeman, c2000.
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