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Why Pluto is no more a Planet?
• Planet, by IAU definition (2006), a celestial body that:
1. Is in orbit around the sun
2. Has sufficient mass for its self gravity to overcome
rigid body forces so that it maintains a hydrostatic
equilibrium, and
3. Has cleared the neighborhood around its orbit (i.e.
has no other bodies of comparable size other than
its own satellites)
• Pluto fails the 3rd condition as it shares its orbital
neighbourhood with Kuiper belt objects (such as
Plutinos)

Dwarf Planets
• The planet count in our solar system had gone as
high as 15 before new discoveries prompted a
fine tuning of the definition of a planet.
• This new class of worlds helps us categorize
objects that orbit the Sun but aren't quite the
same as the rocky planets and gas giants in our
solar system.
• There could be hundreds more of objects waiting
to be discovered.
• At present, there are 5 named dwarf planets

More Facts about Planets
• Mercury, Venus, Mars, Jupiter and Saturn are visible to
the naked eye and have been known since prehistoric
times.
• Uranus (1781), Neptune (1846) and Pluto (1930) were
discovered only after the invention of the telescope.
Pluto stands downgraded since 2006.
• Astronomers named planets, meaning wanderers,
after Roman deities -- Jupiter, king of the gods; Mars,
the god of war; Mercury, messenger of the
gods; Venus, the goddess of love and beauty;
and Saturn, father of Jupiter and god of agriculture.

The Earth
• Our home planet is the ONLY
object in space where life
exists as we know it.
• Or may be NOT (Evidence of
water on Mars and some other
moons; More than 200 other
planetary systems known)
• Diameter = 12,756 kilometers
and spins in 24 hours in a
nearly circular orbit that lasts
365.25 days.
• Mean distance from sun :
149,600,000 km.
• Density : 5.5 times of water.
• Number of moons : 1

The Earth. Photo taken by the crew of Apollo 17 while travelling
between the Earth and the Moon, December 1972.

The Moon
• 3476 km in diameter
• Without Atmosphere
• Much less gravity than on
earth

• Craters on the surface of
the moon (upto 250 km in
diameter) created by
meteorite hits.

• Temperature
in sunlight is 121 Degree C
at nighttime is -101 Degree C.

Super Blue Blood Moon
• Total Lunar Eclipse
Jan. 31, 2018

• Super (Size, Closest to
Earth)

• Blue (Nothing Blue: when
two full moon occur within the same
calendar month. once every 2.7 years
there’s a month with an extra fully lit
moon)

• Blood (Color the moon takes
on when it undergoes a total eclipse:
coppery-reddish glow)

•

The next Super Blue Blood
Moon: Jan. 31, 2037

Mercury
Smallest planet in our solar system (nearly same
size as our Moon).
Very close to the Sun
Travels around the Sun faster than any other
planet (year on Mercury = 88 earth days roughly).
That is how it got its name (Mercury, the swift
messenger of the gods in ancient
Roman mythology).
Mercury has a very thin atmosphere.
The side facing away from sun can be very cold
(-170 degree C). No atmosphere to trap heat.
Holes you see
are meteorites and asteroids crashes.
Mean distance from the sun : 57,900,000 km Equatorial
diameter : 4,878 km
Density : 5.4 times of water
Number of moons - 0

Transit of Mercury
•Was best visible
from Kashmir
•Unlucky, Cloud
Cover on 9th May
•ASI-2016
•Next Event
visible from
India in 2032

Venus
Venus is called the Evening Star (Owing
to its brightness from Earth).
Venus and Earth are almost the same
size. Venus is the closest planet to Earth.
The temperature rises to 484
degrees Celsius on the side facing the
Sun. Venus has very thick, rapidly
spinning clouds which cover its surface.
These clouds hold heat in. That is why
Venus gets so hot. These clouds also
reflect sunlight. That is why Venus
appears so bright to us here on Earth
Venus (and Uranus) are unusual because
they rotate in a direction (clockwise)
opposite to all other planets

Transit of Venus
• When the planet Venus
passes directly between
the sun and earth, it is
seen as a small black dot
moving across the face of
sun.
• occurs in pairs with one
that took place on 08
June 2004 and the other
occurred on 06 June,
2012
• Next pair to occur in
2117 and 2125

The transit of Venus

Mars
• Mars is the planet most similar
to Earth, but only ½ its size
• Spacecraft found clear evidence
of water.
• The largest Volcano (largest
mountain) in the solar system:
Olumpus Mons on Mars (3 times
height of Everest)
• Mean distance : 227,900,000km
• Equatorial diameter : 6787 km
• Density : 3.9 times of water
• Number of moons : 2

Jupiter
So large that all of the other
planets in the solar system could
fit inside it.
It shines very brightly in the night
sky for nine months of the year
when it is closest to Earth.
rings around Jupiter (due to Dust).
Mean distance : 778,300,000 km
Equatorial diameter : 142.800 km
Density : 1.3 times of water
Number of moons : 79 named
(more discovered, yet to be named)

Saturn
• Saturn’s rings space a distance
almost the same as the
distance from Earth to the
Moon
• Jupiter and Saturn are actual
balls of gas and are turning
around really fast
• Mean distance : 1,427,000,000
km
• Equatorial diameter : 120,600
• Density : 0.7 times of water
• Number of moons : 17

Uranus: Neptune's Twin
The smaller gas giants in our solar system, but still
large enough to hold 64 planets the size of Earth.
Uranus tilts over so far on its axis that it rotates on
its side. Because of this, its poles are sometimes
pointed almost directly at the Sun.
Uranus' atmosphere is made up of hydrogen,
helium, and methane. The temperature in the upper
atmosphere is very cold.
The cold methane gas is what gives Uranus its bluegreen color.
Has eleven known rings
Mean distance : 2,870,000,000 km
Equatorial diameter : 52,299.6 km
Density : 1.7 times of water
Number of moons : 27

Neptune: The Blue Planet
A cold planet
Neptune and Uranus are very much
alike. Both large gas planets that look
like big blue-green balls in the sky.
Neptune has two thick and two thin
rings which surround it.
The farthest planet from the Sun.
Mean distance : 4,437,000,000 km.
Equatorial diameter : 49,500
Density : 1.77 times of water
Number of moons : 13.

Pluto: The First Dwarf Planet
Pluto is actually smaller than one of
Neptune's moons, Triton.
For many years, Pluto was thought of as
the farthest known planet from the sun.
Pluto's largest moon, Charon, is half the
size of Pluto
Mean distance : 5,9000,000,000 km
Equatorial diameter : 3000
Density : equal to water
Number of moons : 5

The Sun
The Sun is the center object of the
Solar System.
It is called a star because it creates
light energy from thermonuclear
fusion.
The Sun is a giant ball of gas, with a
diameter of 1,392,000 km, big enough
to swallow 1.3 million Earths.
The surface temperature is 6000K
and a core temperature over 15
million K.
The Sun generates
384,000,000,000,000,000,000,000,000
watts of energy every second
(equivalent to 100 billion nuclear
bombs every second).

Stars have “lives,” and they all begin their lives
as giant clouds of gas and dust as seen in these
two photographs.

Birth
• Dense cloud of gas and dust gives birth to
– Massive Stars (> 8 Solar Masses)
– Low and Intermediate Mass Stars (< 8 Solar
Masses)
– Brown Dwarfs (Neither Stars nor Planets, <0.08
SM)
– Planets

Stars have “deaths,” and they can die either in a gentle manner like the Red
Giant (left, stars that have exhausted the supply of hydrogen in their cores) is
currently dying, or explosively and violently as seen in the right image. Our
Sun will die like the left photo

The sun is a 5 billion years old star and is
supposed to live for another 5 billion years.

Death
• Massive Star (8-20 SM)
– Red Supergiant

Supernova

• Super Massive Star (>20 SM)
– Yellow Supergiant

Supernova

• Low and intermediate mass stars

Neutron Star

Black Hole

– Red Giant
White Dwarf
– 99% stars end as white dwarfs
– Max. White Dwarf mass 1.4 SM (Chandrashekhar Limit 1930, Eddington abuse)
– 1.4-3 SM
N Star; >3 SM
Black Hole (Schwarz-schild Radius)
Chandra received Nobel prize in 1983 for his work on white dwarfs

Asteroids
• Asteroids are rocky, airless objects
that orbit our sun, but are too small
to be called planets
• Asteroids that pass close to Earth
called Near-Earth Objects (NEOs).
• Estimated that the mineral wealth
of the asteroids in the main belt
between Mars and Jupiter is about

$100,000,000 for every person on Earth. The
metallic asteroids are composed of up to 80% iron and 20% a
mixture of nickel, iridium, palladium, platinum, gold, and
other precious metals.

• The asteroids capable of causing a
global disaster if they hit the Earth
are extremely rare. They probably
would need to be a kilometer or
more in diameter. Such bodies
impact the Earth only once every
100,000 years on average.

Picture of Eros, the first of an asteroid
taken from an orbiting spacecraft
(NASA)

Meteoroids, meteors, meteorites
• Meteoroids: Little chunks of
rock & debris in space.
• Become meteors -- or shooting
stars -- when they fall through a
planet's atmosphere; leaving a
bright trail as they are heated to
incandescence by the friction of
the atmosphere.
• Pieces that survive the journey
and hit the ground are called
meteorites.
• More than 75 million meteors
enter the earth's atmosphere
every day, but they disintegrate
before hitting the ground

NASA's Mars Exploration Rover Opportunity
has found an iron meteorite on Mars, the first
meteorite of any type ever identified on
another planet.

Lake Bosumtwi Crater,
Ghana
About 30 km south-east of
Kumasi, Ghana, in the
crystalline bedrock of the
West African Shield, lies Lake
Bosumtwi, the country’s only
natural lake. The impact of a
meteorite some 1.3 million
years ago, opened up hole in
the ground with a 6 mile
(10.5 km) diameter. The crater
gradually got filled with water
to form the lake we see today.
Surrounded by dense
rainforest, the Ashanti people
consider it to be sacred. They
think it’s the place where
souls of the dead come to bid
farewell to the god Twi.

Comets
• Comets are cosmic snowballs of
frozen gases, rock and dust
roughly the size of a small town.
When a comet's orbit brings it
close to the sun, it heats up and
spews dust and gases into a giant
glowing head larger than most
planets. The dust and gases form
a tail that stretches away from
the sun for millions of kilometers.
• There could be as many as
1,000,000,000 comets held in the
gravitational grip of the Sun.
• Comets, impact less frequently,
perhaps once every 500,000
years or so, compared to
asteroids.

Halley's Comet : the best-known of the short-period comets, is
visible from Earth every 75 to 76 year (Last appearance 1986, Next
appearance 2061)
Halley is the only short-period comet that is clearly visible to
the naked eye from Earth. (Last appearance: 1986, Next
appearance: 2061)
Other naked-eye comets may be brighter and more spectacular,
but will appear only once in thousands of years.

Some Idea of Astronomical Scales
Earth

Venus

Mars
Mercury
Diameter of Earth = 12756 Km
diameter of moon = 3 474.8 kilometers
50 moons = the volume of the Earth

Moon

How big is big?
Jupiter
Saturn

Uranus

Neptune

Unlabelled are Earth, Venus, Mars, Mercury, the Moon...

Now compare with SUN

Sun, Jupiter, Saturn, Uranus, Neptune, Earth, Venus, Mars, Mercury...

Arcturus, Pollux, Sirius A, Sun,
(Jupiter?).

Antares, Betelgeuse, Aldebaran, Rigel,
Arcturus, Pollux, Sirius A, (Sun?)..

Antares: 300 times the width of the sun.

Aggregates of Stars (Galaxies)?
• Galaxies are large systems of stars and gas,
typically containing several million to several
trillion stars.
• They come in a variety of shapes and sizes.
• They are separated by vast distances.
• There are trillions of galaxies in the universe.
• Mostly contain dark matter.
• Basic unit of Universe

Hubble’s Classification System

The Milky Way Galaxy
• Travelling at the speed of
light, it would take 26,000
years to get from the Sun
to the centre of the Milky
Way.
• Stars are closer together
the closer you get to the
Galactic Centre.
• The Sun is ~8.5 kpc from
the Galactic Centre –
about 2/3 of the way out
from the centre to edge
of the Milky Way.
• Contains about 200 Billion
stars

Andromeda Galaxy
Closest similar galaxy
Largest in local group

2.5 million light years away

Galaxy clusters
Occupy a central
role in the ongoing
efforts to
understand the
greatest questions
in astrophysics and
cosmology
Contain huge
amounts of Dark
Matter
Can help
understand Dark
Energy

The Universe within 200 million Ly
This drawing shows the
distribution of galaxies within 200
million light years. It shows the
region of space surrounding the
Virgo supercluster. The dominant
supercluster within this region is
the Centaurus supercluster seen
stretching away from the Virgo
supercluster. The Centaurus
supercluster is named after the
large Centaurus cluster (A3526)
although only the nearest half of
the supercluster is shown on this
map. Underneath the Virgo
supercluster lies the Hydra
supercluster named after the
large Hydra cluster (A1060). On
the left side of the map are some
of the nearest galaxy groups in
the Pavo-Indus supercluster most
of which lies beyond the 200
million light year limit of this map

Superclusters
• Galaxies & galaxy
clusters collect
into vast clusters
and sheets &
walls of galaxies
interspersed with
large voids.
• Local
Group belong to
the Virgo
supercluster
• This map shows
about 7% of the
diameter of the
entire visible
Universe!

Universe Movie Here

Can you Imagine?
• Best estimates of astronomers suggest there are
at least one hundred billion galaxies in
the Universe
• Each galaxy, on an average has between 100
billion and 1 trillion stars.
• Estimated number of stars in the universe—

100,000,000,000,000,000,000,000

100 sextillion
(Lost the Count: invent New counting)

As if that was not enough!
• The number may be 10 times the previous
estimate
10^24 stars

https://www.universetoday.com/102630/how-many-stars-are-there-in-the-universe/

Worst is yet to come:
Dark Side of the Universe!

Matter in the Universe
“Normal Matter”
4%

Dark
Energy
73%
Dark Matter
23%

Measuring Distance
• Astronomers use a variety of units in the measurement
of distance. They choose a characteristic scale.
• Basic unit: the meter (and kilometer). Used to describe
(for example) the Earth-Moon distance (384,400 km).
• The Astronomical Unit (AU) = 1.496 x 1011 m. This is
the average Earth-Sun distance, useful for solar system
distance measurements.
• Light year (ly) = 63240 AU. The distance that light
travels in a year. Used for nearby stars.
• Parsec (pc) = 3.26 ly. The most commonly used unit in
astronomy. Also kiloparsec (kpc) = 1000 pc; used for
galactic distances & megaparsec (Mpc) = a million (106)
pc; used for extragalactic distances.

Astronomical Distances
• Average Earth-Moon distance is 400,000 km = 2
light-seconds
• It takes ~8 minutes for light from the Sun to reach
Earth (8 light-minutes = 93 million miles)
• Proxima Centauri, the closest star to our own, is
still 39,900,000,000,000 km away. (Or 271,000
AU = 4.22 light years)
• Alpha Centauri A & B are roughly 4.35 light years
away from us.
• Solar System is less than a light year across.

Distance = Time
• The speed of light is the fastest thing there is. Nonetheless
a light photon takes time to cover a large distance.
• Distance is also a measure of time because all information
comes in the form of light.
• Thus the farther away an object is (spatial distance), the
more time the light has taken to reach us.
• So we observe astronomical objects not as they are ‘right
now’, but as they were when the light left the object and
began its journey through space.
• Therefore in astronomy we are looking back in time – in
some cases almost all the way back to the beginning of the
universe at the Big Bang.

The Expanding Universe
• On large scales, galaxies are moving apart,
with velocity proportional to distance.
• It’s not galaxies moving through space. Space
is expanding, carrying the galaxies along!
• The galaxies themselves are not expanding!

Expanding
Space
Analogy:
A loaf of raisin
bread where the
dough is rising
and expanding,
taking the raisins
with it.

The Necessity of a Big Bang
• If galaxies are moving away from each other with a speed
proportional to distance, there must have been a beginning,
when everything was concentrated in one single point:
• The Big Bang!

?

Universe: Then and Now
The more distant the objects we observe, the further
back into the past of the universe we are looking

The Big Bang
Not really an explosion, Universe
expanded rapidly as a whole
(Universe is still expanding today as a
result of the Big Bang)
Matter was created in the form of tiny
particles (protons, neutrons,
electrons)
Too hot for normal stuff to form (eg
atoms, molecules)

EVERYTHING!

Big Bang and New Challenges
• Big Bang model describes our current
understanding of the universe
• Strongest evidences in favour of Big
Bang: CMB, Expanding Universe
• New discoveries, such as dark matter and
accelerating expansion (Dark Energy),
lead us to refine our model

Accelerating Universe
• With the discovery of Dark Energy at the
end of the 20th Century, Einstein’s
“biggest blunder” was back on the table.
• The universe is not just expanding, it’s
also accelerating!

The Age of the Universe
• Knowing the current rate of expansion of the
universe, we can estimate the time it took for
galaxies to move as far apart as they are
today:
• Time = distance / velocity
• velocity = (Hubble constant) * distance
• T ≈ d/v = 1/H ~ 14 billion years
Hubble constant of 71 +/- 5% km/s per megaparsec.
1 Mpc = 3.08 x 10 ^19 km

Ultimate Fate of the Universe
• Two possible fates for the universe:
1. Endless expansion
2. The “Big Crunch”
• The value of the critical density is very small: it corresponds to roughly 6
hydrogen atoms per cubic meter, an astonishingly good vacuum by
terrestrial standards! One of the key scientific questions in cosmology
today is: what is the average density of matter in our universe? While the
answer is not yet known for certain, it appears to be tantalizingly close to
the critical density.
• If the density of the universe is greater than the critical density, then
gravity will eventually win and the universe will collapse back on itself, the
so called “Big Crunch”, like the graph's orange curve. In this universe, there
is sufficient mass in the universe to slow the expansion to a stop, and then
eventually reverse it.
• Unlike gravity which works to slow the expansion down, dark energy
works to speed the expansion up. If dark energy in fact plays a significant
role in the evolution of the universe, then in all likelihood the universe will
continue to expand forever.

Ultimate Fate of the Universe

Search for Extra Terrestrial Life
• The universe is far too
immense for us to be
the only 'intelligent' life
• Life requires energy,
water, and carbon
• Or does it? Exotic Life
• Fascinating subject
since times immemorial

In 1996, a meteor was found in Antarctica,
which is 4.5 billion years old, & fell to the earth
13,000 years ago, and possibly contained
evidence of extra terrestrial life. Inside the
meteor, scientists found evidence of what
many believe to be ancient bacteria.

Major Unanswered, Partially
answered or Unresolved questions
• How did the universe begin?
• How did the structures that we see in
the universe came into being?
• What is dark matter?
• What is dark energy?
• How will the Universe end?
• Extra-terrestrial life?

"Our knowledge
can only be finite,
while
our ignorance
must necessarily be infinite”

K. Popper:British philosopher and a professor at the London School of Economics. He is considered one of
the most influential philosophers of science of the 20th century

What is the name of the closest large
spiral galaxy to our own Milky Way?
A. Leo
B. Andromeda
C. M33
D. NGC2143

Pluto is no more a Planet because it?
1. Is not in orbit around the sun
2. Has insufficient mass for its self gravity
to overcome rigid body forces i.e. it is
not able to maintain a hydrostatic
equilibrium
3. Has not cleared the neighborhood
around its orbit
4. All of the above

What evidence do we have that the universe is
expanding?
A. Earth is gaining mass and volume as it collects about
40,000 tons of meteoric dust each year.
B. As the Sun ages, its surface temperature decreases
and its diameter increases.
C. Global Warming
D. The amount of redshift in the spectra of distant
galaxies is proportional to their distance.

Suppose the Hubble constant turned out to be 140
km/sec/mpc and not 70 km/sec/mpc. How would that
affect our estimate of the age of the Universe.
A) The Universe would be about 30 billion yrs old.
B) The Universe would be about 7 billion yrs old
C) The Universe would be about 130 billion yrs old.
D) It would have no effect on our estimates of the
Universe's age.

What does our current understanding of the
nature of our universe suggest?
A. The universe is 4% normal matter, 23% dark
matter, and 73% dark energy.
B. The universe is about 14 billion years old.
C. The universe is expanding and the
expansion of the universe is accelerating.
D. All of the above

The closest star to the earth (other
than Sun) is
A. 20 light minutes away
B. 55 light minutes away
C. 71 light hours away
D. 4.3 light years away

A Light Minute is a unit of
A. Distance
B. Time
C. Intensity of Light
D. Frequency of light

Biggest planet in the solar system is
•
•
•
•

Earth
Mars
Jupiter
Sun

vv

Cosmic Microwave Background
• Credited with bringing out Cosmology from
Speculation to Precision Science
• Big Bang (NO MORE) an Exploding Myth (A
Science Magazine heading pasted on
Professor Narlikar’s door)
• A fair idea of how the structures that we see
today came into being (Universe began hot
and dense, and is continuing to expand and
cool).

Finite, But Without Edge?
2-dimensional analogy: Surface of a
sphere:
Surface is finite, but has no edge.
For a creature living on the sphere,
having no sense of the third
dimension, there’s no center (on the
sphere!): All points are equal.
Alternative: Any point on the surface
can be defined as the center of a
coordinate system.

Universe cools down as time passes

The History of the Universe

Universe expands as time passes

What kinds of astronomical objects typically emit
what kinds of radiation?

Type of Radiation
Gamma-rays
X-rays
Ultraviolet
Visible
Infrared
disk),
Radio

Typical Sources
Disks around black holes,
Gamma-ray bursts from supernovae
Gas in clusters of galaxies, supernova
remnants, stellar coronae, active galactic
nuclei (AGN)
Supernova remnants, very hot stars
Galaxies, stars, planets, some moons
Cool clouds of dust and gas (galactic
some planets
Radio emission produced by electrons
moving in magnetic fields, jets from
interacting binaries & AGN

Black Holes
•

•

A black hole is a phenomena that occurs when an extremely dense star (it would have
to be three times as dense as Earth) comes to the end of its life and collapses. Its
gravitational attraction is so strong that nothing can escape its influence. Albert
Einstein predicted their existence in his General Theory of Relativity long before
scientist actually observed them.

No one knows why but a black hole is in a state of so called continuous
gravitational collapse, were the present laws of physics do not apply. Scientists
describe the black hole as a single point in space that is infinitely dense. That is
hard to grasp but think about the head of a pin. Now imagine everything on the
Earth, the trees, the houses, the beaches, the oceans, everything fitting into the
head of that pin. The point in space were a black hole exists is infinitely smaller
than the head of that pin, yet anything can be compressed and fit in it. All matter
that is attracted by its gravitational force will finally disappear into it and become
part of it.

• The gravitational field inside a black hole is so strong that it can swallow
anything in the universe, even a passing star and its light. If an object
weighing 1 kg is brought to within 6 m of a black hole, it would weigh a
million million tonnes.

How we Observe Black Holes?
• A black hole has such enormous gravity, that it
can even pull matter from a nearby star. This
matter spirals towards the black hole and
finally disappears into it. During this process
the matter from the star becomes
superheated and emits a type of radiation
known as Rontgen radiation. This radiation
can be observed by astronomers and
satellites, where this radiation is accelerating
towards there is assumed to be a black hole

•
•
•

•
•
•
•
•

•

The universe began with the Big Bang, and is estimated to be approximately 13.7 billion years old (plus or minus
130 million years).
In 1998, the Hubble Space Telescope studied very distant supernovas and found that, a long time ago, the
universe was expanding more slowly than it is today. This puzzling discovery suggested that an inexplicable force,
called dark energy, is driving the accelerating expansion of the universe. [Full Story]
Mysterious dark energy is not only thought to be driving the expansion of the universe, it appears to be pulling the
cosmos apart at ever-increasing speeds. In 1998, two teams of astronomers announced that not only is the
universe expanding, but it is accelerating as well. According to the researchers, the farther a galaxy is from Earth,
the faster it is moving away.
The Universe Could Be Flat
The Universe Is Filled With Invisible Stuff
The Universe Has Echoes of Its Birth
There May Be More Universes

Planet

Mercury

Distance (from Sun)

57,910,000 km...0.39 A.U.

Venus

108,200,000 km...0.72 A.U.

Earth

149,600,000 km...1.00 A.U.

Mars

227,940,000 km...1.50 A.U.

Jupiter

778,330,000 km...5.20 A.U.

Saturn

1,429,400,000 km...9.50 A.U.

Uranus

2,870,990,000 km...19.20 A.U.

Neptune

4,504,300,000 km...30.10 A.U.

Pluto

5,913,520,000 km...39.50 A.U.

Diameter
4,800 km
12,100 km

12,750 km
6,800 km
142,800 km
120,660 km
51,800 km
49,500 km
3,000 km

Orbit of Planets
• The Earth orbits the Sun with eight other planets,
millions of asteroids, and perhaps trillions of comets.
These objects are held in their orbits by the
equilibrium motions of their gravitational attraction
towards the Sun and a perpendicular velocity away
from the Sun. Strictly speaking, these orbits are
ellipses, not circles, though the Earth's orbit is very
nearly a circle. While the planets may appear to move
through the night sky just as stars do, they are also
moving in their own orbits around the Sun. Repeated
observations, in fact, show that the planets move with
respect to seemingly fixed stars in the distant
background.

The Cosmological Principle
• Considering the largest scales in the universe, we make the
following fundamental assumptions:
• 1) Homogeneity: On the largest scales, the local universe has
the same physical properties throughout the universe.
Every region has the same physical properties (mass density,
expansion rate, visible vs. dark matter, etc.)
• 2) Isotropy: On the largest scales, the local universe looks the
same in any direction that one observes.
• You should see the same large-scale structure in any direction.
• 3) Universality: The laws of physics are the same everywhere
in the universe.

Appendix
•
•
•
•

Definition of PARSEC
: a unit of measure for interstellar space that is equal to 3.26 light-years and is the distance to an object
having a parallax of one second as seen from points separated by one astronomical unit
Origin of PARSEC
parallax + secondFirst Known Use: 1913

• A nebula is a cloud of gas and dust in space.
Some nebulas are regions where new stars are
being formed, while others are the remains of
dead or dying stars.

I Sun 57910 87.97 7.00 0.21 - (0) Venus II Sun 108200 224.70 3.39 0.01 - (0) Earth III Sun 149600 365.26 0.00 0.02 - (0) Mars IV Sun 227940 686.98 1.85 0.09 - (0) Jupiter V Sun 778330 4332.71 1.31 0.05 - (0) Saturn VI Sun 1429400 10759.50 2.49 0.06 - (0) Uranus VII Sun 2870990 30685.00 0.77 0.05
• (0) Neptune VIII Sun 4504300 60190.00 1.77 0.01
• (0) Pluto IX Sun 5913520 90550 17.15 0.25
• (0) Moon I Earth 384 27.32 5.14 0.05
•
•
•
•
•
•

A total lunar eclipse takes place when the
Earth comes between the Sun and the Full
Moon and blocks the Sun's direct rays from
lighting up the Moon.

• Under enormous pressure, neutrons are the
most stable form of matter. Neutrons stars are
stars whose atoms have been so compressed
that most of their protons and electrons have
fused into neutrons
• Schwarz-schild radius odf sun is 3 kms

