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The Earth and
the Universe

This Photo by Unknown Author is licensed under CC BY-NC-ND


https://hmn.deviantart.com/art/Explore-The-Universe-441849936
https://creativecommons.org/licenses/by-nc-nd/3.0/

Universe

Universe is totality, or reality, of space and
matter and energy within it.

There are over 100 billion galaxies in the
visible universe. (visible universe is the area
from which the light has traveled to here).



CEIEYALR

Our sun is 1 of trillions of stars in the universe. Stars are found in groups held
together by gravity.

A huge group of stars is called a galaxy.
Our entire universe is made up of thousands of galaxies.
The images below show you how small we are compared to the entire universe.
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The Milky Way




Group of galaxies

The Milky Way belongs to a small group called the
Local Group. The local group is a part of the Virgo
Supercluster.

It is estimated to contain over 40 dwarf galaxies in
addition to three bright galaxies.

Between galaxies and group of galaxies there are
massive “bubbles”, which include almost no material.

Space between galaxies equates almost perfect
vacuum: it contains less than one atom per square
meter on average.



MILKY WAY

Number of planet: 100 billion
Number of star: 400 billion
Diameter: 120 000 light years
Age: 13,51 billion years

The center of the Milky Way appears
above the Cerro Paranal Observatory

This is
Milky Way



Building Our Milky Way

The central bulge is at
the center.

Spiral arms are around
the central bulge. They
contain mostly blue
stars, gas and dust.

The Earth is located in
one of the spiral arms.

There are blue stars
and red stars in our
galaxy.

Blue stars are young
and hot stars.

Red stars are old and
cool stars.



http://amazing-space.stsci.edu/resources/explorations/galaxies-galore/build/index.html

What is the solar
system?

A Solar System is made up of a star and the
planets with other space objects that revolve
around it

A planet is a large, round body that revolves
around a star

In our solar system, the planets and other objects
revolve around a star we call the sun.

We have 8 planets in our solar system and all of
them rotate, or spin about an axis.

An axis is an imaginary line that goes through the
center of the planet.
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This Photo by Unknown Author is licensed under CC BY-SA



https://en.wikipedia.org/wiki/List_of_Solar_System_objects
https://creativecommons.org/licenses/by-sa/3.0/

CENTER POINT OF GRAVITY AND
BARYCENTER

* When a moon orbits a planet, or a planet orbits a star, both bodies are orbiting around a
point that lies outside the larger body.

« The moon does not orbit the exact center of the Earth, a bit below the Earth’s surface.

* The sun is not stationary in the solar system. It moves as the planets tug on it, but it
never gets too far from the solar system barycenter.



* A barycenter is the point
between two objects
where they balance
around each other.

* Its pretty much the
center of gravity.

* The center of gravity is
the point in the middle
of all the material that
makes up an object,
mass.

BARYCENTER




THIS”f\}IEANS THAT BECAUSE THE ORBITS ARE ELLIPTICAL, THE
PLANET’S TRAVEL AT DIFFERENT SPEEDS AT DIFFERENT POSITIONS
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Decreasing orbital
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* The planet’s position in its orbit where it is closest to the Sun.
* The speed is fastest when the planet is at the perihelion

Aphelion
 The planet’s position in its orbit where it is farthest from the Sun.
* The speed is slowest when the planet is at the aphelion



GRAVITY & INERTIA

* Gravity — A force that pulls all objects
toward each other.

* Inertia — The tendency of an object to
stay either at rest or in motion along a
straight path



http://www.google.com/url?sa=i&rct=j&q=gravity+and+inertia+for+kids&source=images&cd=&cad=rja&uact=8&docid=BpR3iQuybkAV7M&tbnid=uDEQuwk1Kc-JcM:&ved=0CAUQjRw&url=http%3A%2F%2Fphysics.tutorcircle.com%2Fmotion%2Finertia.html&ei=IQQ8U9z-MZbKsQTGsICQDA&bvm=bv.63934634,d.b2I&psig=AFQjCNEQInhKvwglOF8aUcafF4ySdBpoQg&ust=1396528506913346

GRAVITY & INERTIA

If inertia was stronger
than gravity, then
objects would stay on
their straight path & fly
off into space.

If gravity was
stronger than
inertia, then
objects would
crash.

Actual Orbit

Inertia & gravity work
together to keep the
moon orbiting the
Earth. And they work
together to keep
planets orbiting the
sun.


http://www.google.com/url?sa=i&rct=j&q=gravity+and+inertia+for+kids&source=images&cd=&cad=rja&uact=8&docid=BpR3iQuybkAV7M&tbnid=uDEQuwk1Kc-JcM:&ved=0CAUQjRw&url=http%3A%2F%2Fphysics.tutorcircle.com%2Fmotion%2Finertia.html&ei=IQQ8U9z-MZbKsQTGsICQDA&bvm=bv.63934634,d.b2I&psig=AFQjCNEQInhKvwglOF8aUcafF4ySdBpoQg&ust=1396528506913346

S— PRODUCING ENERGY

* Gravity pulls all the mass inward,
creating intense pressure.

* The pressure is high enough to force 2
atoms of hydrogen to fuse into an atom
of helium .

* Heat is released during this reaction
and so is radiation. This radiation
strikes Earth, helping heat the
atmosphere, drive our weather, and
provide energy for life.




SOLAR SYSTEM

Number of planets: 8
Number of natural satellites: 175

Star: One (sun)
Age: 4,571 billion years

The solar system is part of the galaxy




* The solar system is divided in four areas: the
first is the area of the inner (or earthy)
planets, with four planets that have solid
surface, and their composition is similar with
the earth’s.

* The second area is the asteroid’s zone, which

contains small fragments.
The Solar | : |
* The third one of the outer planets or aerial
SySte M giants, with four planets which are

composed mostly from gases, and they are
much bigger than earth.

* The last area is the outer area of the system,
which contains Pluto, Kuiper’s zone and
Oort’s nebula..




The creation
of the solar

system

* It is believed that the solar system started
being created five billion years ago. That
period of time, a star was destroyed and then
dust and matter was dispersed, so a nebula
was created. Ultimately the planets were made
from stardust. The core of this nebula grew
under the influence of its gravity and became
warmer and denser. This matter fell to the
growing core, the nebula increased its speed
and was flatted in a huge spinning disk. Finally,
the heat produced enough energy that led to
the beginning of nuclear fusions. Those fusions
created our sun. (The sun needed ten million
years to be created).



The creation
of the solar

system

The lighter gases were skyrocketed away from the
solar system and left heavier rocky fragments and
metals with high melting point closer to the sun.
Melted metals and particles of dust stuck together
and started to create rocks. The mutual gravity
made those rocks to meet and finally create
planets. At the hot inner area of the solar system
rocky planets with cores of metal were made. At
the cold outer area, the condition was different.
Away from the sun the temperatures are lower.
The steam is boiled down and turned into ice.
Many materials came to this area from the inner
areas. Their huge cores from ice and metal grew
bigger, the gases was dispelled away from the area
where the sun was born. When the deposit of the
most ice and gases was completed, the planets
were turned into aerial giants.
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. The largest volcano in the Solar System is Olympus, . D
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lo is the most active astronomical body of our Solar System where
geology is concerned. It is attracted by different angles from Jupiter and
its other main moons, Europa, Ganymede and Callisto. The tidal forces
caused by this attraction causes the surface of lo to keep moving up
and down.

“Voyager” discovered the volcanoes on lo in 1979 during its flyby. It is
currently believed that tides under the surface heat up the inside of the
Jovian moon, causing the rocky interior to melt and spurt out of the
volcanoes, with sulphuric gases, in violent eruptions. It is estimated
that lo produces 100 times more lava than all the Earth’s volcanoes
together.






On Mars super volcanoes have been discovered, which seem to
have had an important impact on the formation of the
atmosphere many millions of years ago, possibly affecting its
potential to host life. It has been estimated that each of these
volcanic eruptions spurted out about a thousand cubic km of
matter.

On Earth, geological activity evolves slowly over time and
eventually erupts in a similar way, forming the well-known conical
mountains. But on Mars it seems that the geological activity
evolved very quickly, producing sudden and tremendously
powerful eruptions. That meant that it left behind only craters,
because it didn’t have the necessary time to form mountains.

Many such volcanoes have been discovered at Arabia Terra, in
Mars’s northern hemisphere. Many of the thousands of craters on
Mars are believed to be the result of such “disappeared”
volcanoes, as the scientists call them.



Olympus on Mars is visible from space



Volcano of ... Ice
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e Scientists suspected the existence of
cryovolcanoes on Titan, Saturn’s largest moon,
but they had to wait until the «Cassini»
satellite, which observed Saturn, discovered a
volcano which spurts out ... ice instead of
laval It is located south of the equator, in the
Sotra Facula Dessert, with a height of 1.500 m
and the surrounding area seems similar to the
volcanoes of Etna in Italy and Laki in Iceland.
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SUN

Age: 4.6 billion years

It is the center of our Solar System.

Nuclear reaction.

Important source of energy for life
on Earth




The Sun

* The sun, with the age of almost 5
billion years, is the centre of our
solar system. It doesn’t have
permanent characteristics, because
it is made of gases. In its core, the
hydrogen’s cores are pressurized,
they undergo fusion and finally they
are turned to sun. Every minute, the
sun is turning a 240 million tones
mass to energy.

SCO/A1a 304 2011-01-28 01:49:09 UT
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Parts of the Sun (omnctie S8

Radiative
Zong

The sun has a core, a
radioactive zone, and a Core
convective zone.

The sun is composed of gas and
has no solid surface.

The two gases that make up the
sun are hydrogen and helium.

Compared to other stars, our
sun is medium sized and has a
medium temperature.

Photosphere
However, it is still VERY hot! :

Coronal hole Chromosphere

e BULHASA




SOLAR ECLIPSE

www MrEclipse com ©1999 Fred Espenak




» Solar Eclipse is the phenomenon where
the Moon interferes between the Sun and
the Earth, resulting in some areas of the
Earth receiving less light than usual.

»Each year there are at least two solar
eclipses, while the maximum number of
solar eclipses that can occur in one year is 5.

» It may be partial or total.






»Because the Earth's orbit around the sun is not circular
but elliptical, and in conjunction with the elliptical orbit
of the moon around the earth, for the Observer the two
bodies seem to be constantly changing in size. This
results in the creation of three kinds of eclipses.







» A total solar eclipse is a rare celestial phenomenon
in which the moon “covers” the sun, hiding every
trace of sunlight for a few minutes. This is because, in
the celestial dome, the two bodies seem to have the
same size. This is a cosmic coincidence, since the sun
is 400 times farther from the moon, but it looks like it
is 400 times smaller. During the total eclipse, the
moon's size seems such that it fully covers the sun.
The observer is in the shadow of the moon.




Anatomy of a Solar Eclipse
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> In the annular eclipse, the cone of the moon's shadow
does not touch the surface of the Earth. This results in
the observer seeing a solar ring around the dark moon.

»>|n the partial eclipse the observer sees a
percentage of the sun "eaten" by the moon.

» Total solar eclipses can theoretically last
up to 7:30 minutes. Annular solar eclipses
can theoretically last up to 12:30 minutes.
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Sun

From here you would see a total eclipse of the sun

From here you would see a partial eclipse of the sun



The Inner Planets
errestrial Planets)
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The Terrestrial Planets of Our Solar System




Mercury

* The smallest planet in our solar system (less than half
the size of earth).

e |ts surface is filled with craters much like the moon.
e Closest planet to the sun.

* On Mercury, the sun would look 3 times larger than
what it looks like on earth.

* Mercury does not have any moons or rings.
» After the Earth, Mercury is the second densest planet.

. E)n I\‘Iercury you weigh only 38% of what you weigh on
arth.

* Fastest orbiting planet, completes a full turn around the
sun in 88 earthly days.

* One side of the planet can be 800 degrees Fahrenheit
when the other can be -280-degree Fahrenheit at the same
time.

This Photo by Unknown Author is licensed under CC BY



https://www.universetoday.com/100084/take-a-spin-around-mercury/
https://creativecommons.org/licenses/by/3.0/

Venus

It is so hot that iron would melt at its surface.

It has the longest rotation period of any planet in the
Solar System and rotates in the opposite direction to
most other planets.

Venus is the second planet from the Sun and is the
Rﬁzcond brightest object in the night sky after the
oon.

Sometimes referred to as the Earth's sister planet due
their similar size and mass.

Its atmosphere is deadly because it is composed from
carbon dioxide and sulfuric acid, which create a serious
greenhouse effect, trapping all the heat.

(E)n \Lenus you weigh only 91% of what you weigh on
artn.

Venus has 90 times the pressure of Earth.

This Photo by Unknown Author is licensed under CC BY-NC-ND



https://elgatocuanticodesheldon.blogspot.com/2012/03/la-exploracion-de-venus-ultima-parte.html
https://creativecommons.org/licenses/by-nc-nd/3.0/

Earth

Earth is the third planet from the Sun and largest of the
terrestrial planets.

Earth was formed somewhere around 4.54 billion years
ago and is currently the only known planet to support life -
and lots of it.

Earth is the densiest planet in the solar system.

The Earth has an Ozone Layer which protects it from
harmful solar radiation.

The unique compilation of water in liquid form, an
atmosphere full of oxklfgen and nitrogen and dynamic
weather conditions offers the base of the maintenance of
the flora and fauna.

Earth's ﬁravity interacts with other objects in space,
especially the Sun and the Moon.

23 hours and 56 min=1 Earth day (rotation)
365 days =1 Earth year (revolution)

This Photo by Unknown Author is licensed under CC BY-SA



https://en.wiktionary.org/wiki/earth
https://creativecommons.org/licenses/by-sa/3.0/

WIEIES

* Mars is the fourth planet from the Sun and last of the
terrestrial planets.

e Mars is sometimes called the Red Planet because of
the brownish-red color of its surface. This color is
caused to the iron trioxide that exists on its surface.

* Marsis the second smallest planet in the solar system.
* Pieces of Mars have been found on Earth.

* The tallest mountain known in the solar system is on
Mars.

* It has atmosphere that is mostly made of carbon
dioxide and polar glaciers and its day lasts for 24 hours.

 The temperature is about -125 C to 25C.

e Air Pressure on Mars is the same as 30 km above the
Earth’s surface.

This Photo by Unknown Author is licensed under CC BY-NC



http://hervetavernier.blogspot.com/2013/02/mars-de-grijze-planeet.html
https://creativecommons.org/licenses/by-nc/3.0/

Asteroids’ Zone

The “border” that separates the inner from
the outer planets is the main asteroids’
zone. It’s about hundreds, or even
thousands of small bodies (space
fragments), with a diameter of some
meters to hundreds kilometers, but they
have, as a summation, mass as just the one
millimeter of the Earth.

Asteroids are the material of a planet that T e Ry

wasn’t formed, because of the big / T TN
attraction of Jupiter, or from another planet der (W) ) e
that could have been between Jupiter and ( )
Mars and for same reason was destroyed \ J

and became 7.000 asteroids. M //



Asteroids

that of Earth's Moon.

/ This Photo by Unknown Author is licensed under CC BY-SA

ombjned is less th



http://english.stackexchange.com/questions/128858/floating-in-an-asteroid-vs-floating-on-an-asteroid
https://creativecommons.org/licenses/by-sa/3.0/

The Outer Planets of Our Solar System

Jupiter Uranus Neptune



Jupiter

Jupiter is easily the largest and most massive
planet in the Solar System.

Jupiter has 67 confirmed moons orbiting the
planet.

Jupiter has a faint ring system around it. Its ring
is mostly comprised of dust particles from some
of Jupiter’s moons.

Jupiter is the fourth brightest object in our solar
system

Jupiter does not experience seasons like other
planets such as Earth and Mars.

Is made of hydrogen and helium.

Jupiter is turning so fast, so its day and night are
lasting less than 10 hours.

It is composed of gigantic amounts of gases,
which are turning around a small stable core.

It is famous for its big red dot, a storm in its
atmosphere that exists from when we started
watching Jupiter.

This Photo by Unknown Author is licensed under CC BY



https://www.universetoday.com/147978/the-newest-picture-of-jupiter-and-europa-captured-by-hubble/
https://creativecommons.org/licenses/by/3.0/

Saturn

* Saturn is the sixth planet from the Sun, and last of
the planets known to ancient civilizations.

e Saturn is one of five planets able to be seen with
the naked eye.

e Saturn has the fastest winds of any other planet in
our solar system

e ltisalso the fifth brightest object in the solar
system.

e Saturn has 150 moons and smaller moonlets.

* Saturn has the largest rings of any planet; the rings
are made of icy particles.

* Saturn is also composed from gases, but less
hydrogen and more ammonia.

* Itis the most impressive but the Ii%htest of all
planets, with general density smaller than waters.




Uranus

e Uranus rotates on its axis once every 17 hours
and 14 minutes.

* The minimum surface temperature on Uranus is -
224°C and that makes it the coldest of the eight
planets.

e Uranus is often referred to as the “ice giant”.

e Uranus is the second least dense planet in the
solar system, after Saturn.

* |s composed mostly from ammonia and methane
and has rings.

* It has the singularity that it is turning like it is
rolling on its orbit, with it’s one pole always
facing the sun. It is speculated that this is the
result of a crush with another comet, something
that is confirmed from the absence of
disturbances in its atmosphere.

This Photo by Unknown Author is licensed under CC BY


https://www.flickr.com/photos/geckzilla/39162858512
https://creativecommons.org/licenses/by/3.0/

Neptune

 Neptune has the second largest gravity of any
planet in the solar system.

* Neptune has a storm similar the Great Red Spot-
on Jupiter. It is commonly known as the Great
Dark Spot and is roughly the size of Earth.

* Neptune spins very quickly on its axis.

* Like the other outer planets, Neptune possesses
a ring system, though its rings are very faint.

* Neptune also has a second storm called the Small
Dark Spot. This storm is around the same size as
Earth’s moon.

* |tis composed from aerial methane, water and
ammonia and unlikely Uranus, its atmosphere is
pretty active, something weird, because it is far
away from the sun and the heat it takes from the
sun is minimal.

This Photo by Unknown Author is licensed under CC BY-NC


https://followmehere.com/2011/07/13/neptune-finishes-first-year-since-discovery/
https://creativecommons.org/licenses/by-nc/3.0/

Satellites

* Natural satellite or moon is called
every natural body in the sky that is
turning around a planet.

* Our solar system has 184 natural
satellites.

* Mercury and Venus don’t have any
satellites. Earth has one and Mars two
(Phobos and Deimos).

* Jupiter has 69 known satellites and
Saturn 62.

* Uranus has 27 and Neptune 14.




he moon

Moon, Earth’s sole natural satellite and nearest
large celestial body. Known since prehistoric
times, it is the brightest object in the sky after
the Sun.

Its name in English, like that of Earth, is of
Germanic and Old English derivation.

It is at the origin of tides and seasons because of
its gravitational strength.

There are different natural
phenomenon with the moon
like eclipse or "blood" red
moon even super-moon.

This Photo by Unknown Author is licensed under CC BY



https://www.universetoday.com/69505/is-the-moon-really-a-been-there-done-that-world/
https://creativecommons.org/licenses/by/3.0/

PHASE OF THE MOON
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The moon has 8 defined
. phases.

In fact, we can't see the other

) § side of the moon because it

WANING

just revolves around the earth
L —— and not on itself.
WANING 4 T
GIBBOUS ‘ THIRD '

QUARTER



The phases change every 3 days. A full cycle
lasts 29. 5 days and it is called a lunar or synodic
month. Due to the slight deviation of the
Moon's orbit from the ecliptic, the Moon is
always close to it.

In the phase close to the new moon, it almost
always rises at the same time as the Sun and is
always close to it in the sky. They also set almost

at t

In t
tot

ne same time.
ne phase close to the full moon, it is opposite

ne Sun and sets almost exactly when the Sun

rises.



Therefore, in winter the Moon is visible high
above the horizon and stays in the sky for quite
a long time.

In summer, however, the full moon is visible
just above the horizon and stays there
relatively shortly. Of course, the altitude also
depends on the latitude of the observer.



Moon in winter
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Summer Moon




Lunar eclipse

The plane of the moon around the earth is inclined, relative
to the plane of the earth around the Sun, about 5 degrees.
This fact makes somewhat rarely the absolute alignment of
the three bodies in a straight line. In this case we have the
eclipse effect.




Most famous places of Moon

MARE FRIGORIS MARE SERENITATIS
sea of cold sea of serenity

MARE TRANQUILLITATIS
sea of tranquillity

MARE CRISIUM
sea of storms

Plato (crater)

MARE IMBRIUM

sea of rains

Copernicus
(crater)

W (on moon)
Efinsky) =

OCEANUS
PROCELLARUM ',
ocean of storms

E (on moon)

W (in sky)

MARE FOECUNDITATIS
sea of fertility

MARE NECTARIS
sea of nectar

MARE HUMORUM
sea of moisture

MARE NUBIUM

sea of clouds

MARE VAPORUM
sea of vapours

Tycho (crater)



Kuiper's Zone - Pluto

* Kuiper’s Zone is consisted of small,
frozen bodies. The Zone’s bodies that,
because of the attraction from the big
planets, enter the solar system are
called centaurs.

Pluto was smaller than the planets
(with a diameter smaller than the
moon’s) until it’s declassification. It
constitutes double system with its
satellite Charon (Pluto has 5
satellites). Pluto is considered now a
dwarf planet, because in Kuiper’s
Zone there are bodies of the same or
bigger size than it, and the minimum
limit for a normal planet was decided
to be bigger than Pluto.




Oort’s Nebula

* The final border of the system is the
hypothetical Oort’s Nebula. It’s similar
with the Kuiper's Zone as it concerns
the bodies that consist it, but it is
located a lot further and it shapes a
sphere that contains the solar system,
while the Kuiper’s Zone is limited to
the ecliptic. That’s where it’s
considered that the comets with big
periods are coming from.




Comets

Comets are celestial bodies that appear cloudy view, while the matter of which they consist sometimes
becomes bigger, taking the form of a long tail when they pass close to the sun. Those phenomena are
observed because of the act of the solar radiation and the solar wind in the comet. When it approach the
Sun, the Solar heat makes it hotter and it loses its volatile materials from its surface, from small gaps that are
created as the materials launcher in high speed, at about 1000 meters per second (water ions, carbon dioxide,
dust, organic joins and small strong pieces), so two tails are created, one of dust and one of ions, that the
solar wind takes.

Comets ramble around the stars in a variety of orbits and have orbital periods that can be some or thousands
years.

They are two main sources, the Oort’s Nebula and Kuipers Zone. The Oort’s Nebula is considered to include
almost 1 trillion comet cores. Every comet is consisted of three parts, the core, the body and the tail. Comets’
orbits are elliptical.



Comets

Are made up of : e

different parts: : a0
* The nucleus
* The coma e ARG
* Theion tail e R e T
* The dust tail N TR S e T A B,




METEOROIDS

Meteoroid

Meteoroids are pieces
of rock or dust that are
smaller than asteroids.
Meteoroids are tiny
particles left by an
asteroid or a comet &
most meteoroids are
smaller than the size of
a pebble.


//upload.wikimedia.org/wikipedia/commons/6/63/Meteoroid_meteor_meteorite.gif

* When small meteoroids enters Earth’s
atmosphere, they usually burn up &
make a fiery trail as it falls, it is then
called a meteor or a “shooting star”

e Meteors that land on Earth are called
meteorites.




ASTRONOMY



Stars

 Stars are the most widely recognized astronomical objects and represent the
most fundamental building blocks of galaxies. The age, distribution, and
composition of the stars in a galaxy trace the history, dynamics, and evolution of
that galaxy. Moreover, stars are responsible for the manufacture and distribution
of heavy elements such as carbon, nitrogen, and oxygen, and their characteristics
are intimately tied to the characteristics of the planetary systems that may
coalesce about them. Consequently, the study of the birth, life, and death of stars
is central to the field of astronomy.



Astronomy

"It is never too late for astronomy. This
unfathomable field reveals its riddles to
anyone who wants to ask a question about the
order in the planetary world and our place in
this colorful kaleidoscope.” -

Przemystaw Rudz



How to find constellations in the sky?

At the beginning, the eyes and a better or worse atlas of the sky are enough. It be a rotating sky map; it
can be a map from a magazine or a printed computer atlas. A small LED diode (LED)torch that gives red
light will also be useful. Now, just search for a fairly dark place, away from lamps and look up at the sky. It is
difficult to say precisely and explain how to learn to recognize constellations. It is important to find a
characteristic point in the sky. For example, it can be the Plough. Now, with the help of an atlas of the sky
(or even better - a rotating sky map set for a given date and time) and a red flashlight to illuminate the
maps, look for neighbouring bright stars and try to match what you see to the shapes of the constellations
drawn in the atlas. It takes some time and requires patience, especially since the sky looks different in
different seasons and at different times of the night, due to two simultaneous movements of the Earth -
rotational movement around its own axis and circulating in orbit around the Sun.
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~ STAR OBSERVATIONS " -

~ Done on Octaper 11, 2018 at 19.30
"« inZyrardéw



What did we use?

* To find a constellation in the
sky, we used a rotary map of
the sky. As the exact
appearance of the sky in a
given place depends on the
latitude and the local time,
we used a map
prepared for Poland.




What did we use?

 To measure the altitude of
a star above the horizon,
we used a student
astrolabium, which we
prepared ourselves, using
a set square with a
protractor and a weight
attached to it.




How do we use a rotary map of the sky?

In our map hours correspond to Central
European time (wintertime in Poland).

To obtain summertime, one hour was added to ORROTOWA DARA

wintertime, therefore in summer we have to &  NIEBA GWIAZDZISTEGO
subtract one hour before we set the map. ‘ S EeT,,
The longitude of Zyrarddw is 20°26'45"E and R

Central European time corresponds to
longitude 15°E, so we must add about 22
minutes to it to get the local time in Zyrarddw.

Rotating the map relative to the fixed horizon
profile (with the directions N - north, W - west,
E - east, unmarked direction S - south is the
bottom edge of the map) we set it to the
appropriate day and time of observation and
get the look of the night sky in Zyrardow.




How to make and use a student astrolabium?

With a piece of a banding tape, we attached a | Student Astrolabium
weight hanging on a sewing thread in the middle of
the long side of a set square with a protractor.

To measure the altitude of a star above the horizon,
you need to point the long side of the triangle
towards the star. Having done this, you put a finger
on the sewing thread and move into your house.
Standing in clear light, you read the angle and write
it down.

You will obtain the altitude of the star using the
formula: altitude = 90°— measured angle.




OUR MEASUREMENTS

A group of 18 students working in the astronomy group together with the project
coordinator, observed the best visible constellations of the night sky in Zyrardéw on the
11th of October 2018, between 19.00 and 20.00, such as the Big Bear, the Eagle,
Cepheus, Cygnus, Lyra, Cassiopeia, Andromeda, Pegasus and the Little Bear.

We found them in the sky, identified their characteristic stars and measured the
altitude over the horizon of the brightest of them.



Gre_at Bear

o
.

This constellation is one of the best-known and
characteristic constellations of the ridrthern sky.
With the exception of a small southern parg, itis

a circumpolar constellation in the latitudes of
Poland. Thissmeans that at any time of the day '
or night it.is con'sténtly above the horizon.



The brightest stars of the Great Bear

* Dubhe - an orange star located 105 light ) o /
years away from the Earth. In fact, it is S _ Dubhe
made up of two stars. The weaker one = - A"mh' Megrez ?

circulates around a giant star in 44,7
years. The name of the star was created ,
by shortening its original name meaning Phecda Merak
the back of a great bear.

* Dubhe is the brightest star of the Big
Bear constellation. It was observed by
student’s in Zyrardow in the north-
northwestern part of the sky at the
altitude of 36° above the horizon (Ola,
Patrycja).



Benatnash

" Mizar
B

Alioth

Phecda

Megrez

Dubhe

Merak - white star, located 78
light years away. The name is
derived from the Arabic maraqg,
which means groin (of the bear).

Merak belongs to the Big Bear
constellation. It was observed by
students in Zyrardow in the
north-northwestern part of the
sky at the altitude of 34° above
the horizon (Patrycja)



Mizar -

Mizar belongs to the Big Bear constellation. It was*observed by
students in Zyrardow in tﬁe northwestern part of the sky at the
altitude of 38° above the horizon (Patrycja).

" Mizar
. , Dubhe - -
. - )

-
Megrez ' . .
Benatnash Alioth Ty -
. b — .. . Sl .

Phecda Merak



'Littl_e Bear

The Little Bear has'been.of exceptional practical importance
for several centuries because of its location among the
constellations of the northern sky. oy

In our millennium; until the invention of‘the compass,
Polaris was an impoctant landmark for desert.caravans,
sailors and travellers, roaming uninhabited areas. Even
today, in the days of modern navigational instrumehts, it
still remains the primary star, defining the direction to the
north. Currently, the north#pole of the world is 58° from
Polaris. :



The brightest stars of the Little Bear .

Polaris - the brightest star of the constellation. It is a yellow-coloured star whose brightness changes regularly over a period
0f*3.97 days. This supergiant has a volume about one million times bigger than our Sun, an¥ its radiation power is 12,000
times as big as that of the Sun. Polaris is 1087 lighf#years awayand is a five-fold system, which means that the spot we see in
the sky actually consists of 5 stags a - @

Polaris belongs to the constellation of the Little Bear. The constellation was oBserved in the northern part of the sky. As the
latitude of.Zyrardc')w is 52°02'55"”N, the altitude of Polaris, which®s the Polar Star, should be about*s2°.

Our results were as follows: .
Patrycja - 60°, Ola - 54°, Marysia - 52°, Mateusz - 50° . :

- Little Bear -



‘The brightest stars of the Little Bear

Kochab - an orange-coloured giant, 105 light years away. The name comes from the Arabic word

meaning "northern star", the original narrie of the Polar Star. Kochab was the Polar Star in about 400 BC.

Pherkad - |n this point of the sky there are two stars: Pherkad Maior and P]werkad Minor. This does
not mean, however, that this star is double, because its components are not physically related #o each
other, as it is the case, for example, in the case of Polaris. Pherkad Maior.is 181 light years away from _

“the | Earth and is actually a double stgy. However, the light o# the Pherkad Migor star travels to us for
251 years




Cassiopela

Cassiopeia belongs to these constellations
of the northern sky, in which we observe
areas rich in stars, because it is located in .
the Milky Way. You can find it very easily in
the sky.-dt forms a characteristicfigure of W,
to'which you will be led by-a line WhICh is an
extension of the segment connecting the
last star of the shaft of the Plough and the
Polar Star. In tfe Iatltudes of Poland, the
constellation never sets. ;



The brigtest stars of Cassiopeia

Schedar - an orange-coloured giant that is
362 light years away from us. The name of
the star is derived from the Arabic word sadr,
meaning , breast”, which the star is supposed

to depict in the image of Cassiopeia. e .

Schedar is the brightest star of Cassiopeia _: , i s » R
constellation. It was observed by students in : : - X
Zyrardow in the northeastern part of the sky S o

at the altitude of 70 above the horizon (Ola). o ' ' ES




The brigtest stars of Cassiopeia

Caph - is a double star whose light travels to
us for 45.3 years, and its brightness changes
every 2.5 hours. The name comes from the
Arabic term for the Cassiopeia constellation
and means a hand dyed red with henna.

Segin - it shines in the sky as a blue-white
giant 466 light years distant from us. The
name of the star is probably the Arabic
form of the Latin name Cepheus.

Tsih belongs to Cassiopeia constellation. It was
observed by a student in Zyrardow in the
northeastern part of the sky at the altitude of
60° above the horizon (Patrycja).




Cepheus

The constellation has a characteristic shape of a pentagon,
"in whose vertices are fairly bright stars. It is not difficult to
find it: it lies in the extéension of the line connectmg the
Plough with the Polar Star. :

The constellation was given its name in antiquity. It refers
to the King of Ethiopia, Cepheus, the father of ®
Andromeda, who was to be sacrificed to be devoured by
a‘monster for the pr.ide Ofsher mother Cassiopeia. At the
last moment, however, Perseus defended her and soon
he marrled her. When Perseus died, the gods of Olympus

moved him to the sky, and with-him also the parents of
Andromeda. p |




‘The brightest stars of. Cepheus °

~ Alderamin - the brightest star in the constellation. It is white and is located at the, distance of 51.8

light years. The name of the 'star was created by transcription of Arabic words, which mean the
right arm.

.

Alflrk a doublg star ain component is the most characteristic representative of variable

stars. Its brightness CMEI‘ 4.56 hours. The star is 652 light-years away from the Earth, and
its name refers to the Arabic word for a flock of sheep. "

Alrai (Errdi) - an orange-coloured subgiant located at the distance of 50.9 light years ﬂ'om us.
The Arabic name of the star means shepherd.

Delta Cephei'- a bright giant located at the distance of'652 light years, with the diameter of 43
‘million kilometers, changing its brightness in the period of 5.37 days: During one cycle, it increases
its diameter by over5 million kilbometers, and its temperature rises by 2000 Kelvin. After less:than
three days the star returns to its original state, ready for the next pulse.



Draco (The Dragon)

Draco is a Iarge constellation Iocated
near the-north pole of the world. The
' figure of a dragon, whose body.lies
| between the Great and the Little Bear, is
formed by relatively weak stats, which is
.whya novice observer may have -
\ 3 difficulty seeing them. Like the ®
. . mentioned constellations, in the
' h latitudes ofsPoland, the Dragon never
sets.



The brightest stars of Draco

Thuban — a white star with the surface temperature of 10,000 Kelvin, Its distance from the Earth is 294 light
years and it has an invisible companion, which circulates it within 51.4 years. The presence of the
companion is manifested only by periodic’changes in the spectrum of the main component. At the time

~ when the great Egyptian pyramlds were being constructed, Thuban was the star closest to the north pole of
the world (the so calreq n Star which now is Polaris). The name of the star was givenby the Arabs
and it also referred to fh e‘constellatlon

Alwaid .(Rastaba'n)-— a giant, very similar to our Sun in terms of colour. It is 362 light-years away frqm us and
it is a double star. The first name of the star goes back to the beginnings of Arab astronomy.

. o .

s -
. Etamin - currently the brightest sfar in the Dragon constellation. This‘orange giant is 192 light years away
from us and it is a double star. The name of the star comes from the Arabic word for the head. The stars of

Alwaid and Etamin are corJS|dered the eyes of the dragon



'Andr.omeda

Andromeda is one-of the northern sky
.. | - constellations. Its brightest stars - |
o complement the quadrangle of Pegasus,
together with it forming a figure of a cart

| . with a tow bar. We can find the

constellation, or more precisely the star
called Mirah, imagining a line passing .
° through the Polar Star and the star Cih,
the brightest star in Cassiopeia, extended
by the distance between the two stars.



The brightest stars of A.ndromeda '

Mirah - the light of this red giant needs 76 years to reach the Earth. The name-of the star
is probably related to the Arabic word mi'zar, or the belt around the waist

L '.S 9. X
* : Q.

. - . -
Almabh - in a small telescope it is seen as a beautiful double star. In fact, it is a system of
three stars, 652 light years distant from us. The name of the star originated from the Arabic

‘anak al-'ard \, which means a desert lynx, a smaII badger ke animal.



Alpheratz

Alpheratz (Sirrah) - the brightest star in
the Andromeda constellation. With its
position in the sky, it complements the
figure of Pegasus, together with it forming
a great square. This star is a white giant,
which is circled by an invisible companion
whose presence can be determined by
changes in the spectrum of the star. The
distance of this spectroscopically double
star is 136 light years.

Alpheratz belongs to Andromeda
constellation. It was observed by student
in Zyrardow in the south-southeastern
part of the sky at the altitude of 58° above
the horizon (Ola).



Olgle]s

Orion, a typical constellation of winter
sky, is considered the most beautiful. -
Its characteristic figure; formed by
bright stars, can be found south of the

_constellations of Gemini and Taurus.
The celestial equator runs through this
conste Ia-tjon..Orion lies on the edge of
the Milky Way, which passes through
its upper part, above the star
Betelgeuse.




-~ The brightests stars of Orion
Betelgeuse - a re.d supergiant with'a low sﬁrface température of 3600 K. fhe radiation

power of this star is equal to the radiation power of 23,900 Suns. The diameter of

period of 2070 day?g ertheless, it is the ninth brightest star of the night sky). This *

- Betelgeuse changes@l%@ to 1000 Sun diameters. The brightness also changes over a

semi-regular variablestar is at the same time spectroscopically double with a period of .

changes in the_spectrum of 5.8 years. The star is 652 light-years away.
- ' =

Rigel (Algebar) -the brightest star in the constellation of Orion and at the same time’
the seventh-(not counting the sun) star in the sky in term® of brlghtness Rigel has a

. diameter 48 times larger than the Sun, and the power of radiation is 81,000 times

greater than that of the Sun In fact, it is a system of four stars 1304 light years distant.
from us. ' .




Altair is the brightest star of the
constellation of Eagle (lat.
Aquila) and one of the brightest
stars in the night sky.

It was observed in the southern
part of the sky at the altitude
56° above the horizon
(Patrycja).

Altair

Orzel




Wega

Wega is the brightest star
of the constellation of Lyra
and one of the brightest
stars in the night sky.

It was observed almost
over our heads, in the

. ] « o ’ -
south-southwestern part _',-L-'____§'1‘2“_._'|_‘ Her
of the sky, at the altitude tabeds ! . Lutmiat |
70° (Mateusz). m=d  |.13 Lyra |
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Deneb is the brightest
star in the constellation
of Cyngus and one of the
brightest stars in the
night sky.

It was observed almost
above our heads, in the
southern part of the sky
at the altitude 80°
(Patrycja).




List of constellations described in the presentation

Constellation | Celestial Season | Number of visible stars
hemisphere
Great Bear northern circumpolar 125
Small Bear northern circumpolar 20
Cassiopeia northern circumpolar 90
Cepheus northern circumpolar 60
Drago northern circumpolar 80
Andromeda northern autumn 100
Orion northern; winter 120
southen




What is the Polar Star and how to find it?

. It helps us to determine the directions of the world as it is
the closest star to.the North Pole and the only one that
practically does not change its position in the sky-during

the night. Regardless of the time of day or season it is still"
in the same place.. Alfa Ursae Minoris. |

N :
POLALIS

'\.
\ :
£

> | \



North Pole

South Pole

Polar Star at the Celestial North Pole

Celestial South Pole

The Polar Star plays a significant role
in determining the directions of the
world. It is in the northern sky. If you
were at the Earth's North Pole, the
Polar Star would be right above your
head. In Poland, when you stand
facing it, East is to the right, West is to
the left, and South is behind you. It
might help if you got lost somewhere
in the field at night. |



~ How to find the Polar Star in the night sky?

Athough the Polar Star is the brightest star of the constellation of the Little Bear, also called the Little Dipper,
we will search for it in the sky by finding the Big Dipper (The Plough). This constellation is probably the
easiest to find in the sky, that's why it's best to start looking for it when we want to find Polaris.

When you have found it, find the two outermost stars in its “cup” (thé two farthest from the “handle”).
Draw an imaginary line straight through these two stars and go up the cup about five times the distance

between them. This will lead you to the end of the handle of the Little Dipper, where the Polar Star is
located. Sl |

Polar Star : Polar star

The Plough * * The Plough
. Polar star

The Plough




' Polar Star

Cassiopeia

T
| | ;
Another very characteristic object in the sky, which helps find the Polar Star, is the :
constellation of Cassiopeia. You should not have difficulty finding it — it has a shape of a E
large letter W. The Polar Star is located more or less twice the distance of the width of :
the W over the constellation. Unfortunately, this method is much less accurate, but it . 3
gives you a good approximation of the northern direction. E
Even if you are not able to say accurately which star is the Polar Star, you do not have.to !
worry about it too much. If only you can recognize the-Big Dipper and Cassiopeia in the E

N
—»

sky, you can be sure that Polaris is about halfway between them. : N

* :
Cassiopeia \ /

*

Polar Star Polar Star Polar Star \

Cassiopeia ‘ Cassiopeia

Cassiopeia



Orion - A

to the Pole
In the vicinity of the Equator, you ¢an use thfe Orion e
constellation to find the Pqlar Star - a line drawn through . - \ 7
the central star of the Orion Belt, and then through its * *0,)
"head" leads straight te the pole. In Poland it could be -
difficult, because tracking this line would require lying in the

snow (Orion is a winter constellation) or you would be.

0 A . | Equator [ _ _
risking falling on your back. It is much.easier to use the fact \ %
that the Celestial Equator runs through*the Belt - it rises ** \*
exactly in the east and sets exactly in the west. \ *
%




How to calculate the altitude of the
Polar Star over the horizon?

The figure shows how you can calculate the height of the Polar
Star over the horizon. The altitude, measured in degrees,
corresponds to the geographical latitude of the place of
observation. This method, however, is not very precise, because
the celestial axis does not pass exactly through the Polar Star, and
what’s more, it can be used only in the northern hemisphere,
because ohly there the Polar Star is visible. In the past, the
geographical latitude of a point on the surface of the Earth was
determined by defining the height of the Polar Star above the
horizon, that is the star visible closest to the celestial north pole
(currently it is the brightest star of the Little Dipper). For
centuries, it was the only way used by sailor or travellers.

- Horizon




Calculating the altitude of the
Polar Star above Zyrardéw

Today, geographical location‘can be determined precisely tharnks to GPS (Global Positioning
System) - a global satellite radionavigation system. This system consists of satellites located in
geostationary orbits. They cover the Earth in such a way that a device used by any user is

within the range of at least three satellites. This allows for unprecedented precision in
determining the geographical position. '

Zyrardéw:

Latitude: o8 52°02'55"N
Longitude: 20°26'45"E
Height above sea level: 118 m

The altitude of the Polar Star above Zyrardéw is 52°
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OUR TOWN - ARIDAIA

Aridaia is situated at a latitude of about 42°N, which means that we see the

Polar Star at about 42° above the horizon, showing us the direction of the
North Pole.

Using an astrolabe to measure the degrees from the horizon and a rotary map
of the night sky for our latitude we are able to find stars and constellations.

Knowing where North is (from the Polar Star) helps us to find our bearings and
consequently whatever it is we are looking for.




LENGTH OF DAY AND NIGHT - EQUINOX

 The Earth’s rotation axis is tilted by 23.44° and we can see this in the sky, by observing the Sun in the
daytime and the stars at night. They keep changing position from day to day during the year, but repeat
the same movement, back-and-forth, every year. There are 4 days in each year that give special
positions and have been used by people through the ages to mark seasons and holidays: equinoxes and
solstices.

 Equinox - There are 2 days in the year that have 12 hours of day and 12 hours of night. These are
called ‘equinox’ from the Latin word aequinoctium (aequus + nox), which means ‘equal night’. On that
day the Sun is exactly above the equator, and it is observed to rise exactly in the East and sets exactly in
the West all over our planet. That means that both Earth’s poles have day and night. Now we know that
there are factors, like refraction, which affect this phenomenon, but on those days the Earth’s
equatorial plane is aligned with the Sun.

 Inthe Gregorian Calendar we observe equinoxes at about 19-21 March and 21-24 September. This
happens because the Earth needs a little more than 365 days to complete one full revolution around
the Sun.




LENGTH OF DAY AND NIGHT - SOLSTICE

Solstice — There are 2 days in the year when we observe a solstice. The word solstice is
formed from the Latin word's ‘sol’ and ‘sistere’, which means ‘the sun stands still’. The Sun
seems to stay in the same place in the sky around those days and then it seems to move in
the opposite direction. On one of these days, we experience the least daytime hours (winter
solstice) and on the other the most daytime hours (summer solstice).

When one hemisphere has the most daylight the other has the least, because the Earth’s
rotation axis it tilted in respect to the Earth’s orbital plane. That is why the two Hemispheres
have opposite seasons. One solstice happens around 20-23 December and the other around
20-22 June.

But just like with the equinoxes, factors like refraction affect these dates too for someone
observing the length of day and night.




MEASURING DAY AND NIGHT IN ARIDAIA

date sunrise Length of day
28/10/2018 (National Holiday) 6.50am 10h 45min
30/10/2018 6.54am 10h 38min
30/11/2018 7.25am 9h 45min
22/12/2018 (winter solstice) 7.40am 9h 33min
30/12/2018 7.44am 9h 34min
30/1/2019 (School Holiday) 7.35am 10h 15min

28/2/2019 7.00am 11h 20min
23/3/2019 (spring equinox) 6.27am 12h 16min
25/3/2019 (National Holiday) 6.24am 12h 21min

30/4/2019 (summer savings time) 6.33am 13h 45min
30/5/2019 (summer savings time) 6.08am 14h 36min
21/6/2019 (summer solstice) 6.06am 14h 49min
30/6/2019 (summer savings time) 6.10am 14h 45min




PHASES OF THE MOON FOR THE SCHOOL YEAR 2018-2019

month New moon Full moon
October 2018 9/10/2018 24/10/2018
November 2018 7/11/2018 23/11/2018
December 2018 7/12/2018 22/12/2018
January 2019 6/1/2019 21/1/2019
February 2019 4/2/2019 19/2/2019
March 2019 6/3/2019 21/3/12019

April 2019 5/4/2019 19/4/2019

May 2019 5/5/2019 19/5/2019
June 2019 3/6/2019 17/6/2019




STAR OBSERVATIONS IN ARIDAIA

e Astronomical bodies rise in the East and set in the west, moving along diagonal lines in the sky (arcs).
The night sky looks different depending on the latitude of the place of observation. And at different
latitudes we see a different number of constellations moving in circles around the Polar Star, which
means they don’t “rise” or “set”. These are called circumpolar stars or constellations. If you stand at the
equator all stars rise and set. But if you stand at the poles all stars seems to move in concentric circles.
At the North Pole we have the Polar Star marking the centre of these circles, because the Earth’s
rotation axis is aligned with it. That is why in the northern hemisphere the Polar Star shows us where
‘North’ is.

 Of course, during the daytime, we cannot observe the stars rising, setting or moving along circular arcs
because the sunlight is too bright and “blocks out” their much softer light.

 Over a full day the stars move just under 361°, all with the same angular speed. And every night we
observe them rising and setting a bit earlier. After a full year we see them back at the same positions.
This is due to the Earth’s rotation round its axis and revolution around the Sun. This means that during
the year we see different stars and constellations rising and setting at given times every night. Here are
some examples of well-known-stars:




VEGA - AS VIEWED (AVERAGE) FROM ARIDAIA AT 8PM

Month Degrees above the horizon Direction

September 2018 70° West of Zenith
October 2018 50° W

November 2018 40°

December 2018 20°

January 2019 0°

May 2019

June 2019




SIRIUS (CANIS MAJOR)

- AVERAGE RISING TIME, AS VIEWED FROM ARIDAIA

November 2018

December 2018

January2019

February 2019




CAPELLA (AURIGA)

— AS VIEWED (AVERAGE) FROM ARIDAIA AT 8PM

Month Degrees above the horizon  Direction

October 2018 20° NE
November2018 30° NE
December2018 45-50° ENE
January 2019 60° NNE

February 2019 85-89° Just North of Zenith
March 2019 60° WNW

April 2019 40-45° WNW

May 2019 30° NW

June 2019 15° NW




ORION (CONSTELLATION)

- AVERAGE RISING TIME, AS VIEWED FROM ARIDAIA

Month
October 2018

November 2018

December 2018

January 2019




ARCTURUS (BOOTES)

- AVERAGE SETTING TIME, AS VIEWED FROM ARIDAIA

Month Time

October 2018 8pm

November 2018 opm







How to observe?

Visually
You can start with the naked eye
With binoculars
With a telescope

By photographing
To get started is pretty easy
Compact camera

DSLR/System camera (also possible with unmodified
camera)

Real CCD star camera



Defining size, location and luminosity of
the objects

Location of the objects

There are own units to define location of objects, declination and right
ascension, which build up an equatorial coordinate system used in astronomy

| myself don’t really use above coordinate system, | navigate traditionally using
stars and asterisms. Stellarium software is very useful.

Magnitude (brightness)
For example, few apparent brightnesses (apparent brightness is a number that

tells how bright the star is for the observer)

Sun -26.73, full moon -12.6, Venus at brightest -4.4, Sirius -1.46, Deneb +1.26, the
dimmest detectable stars in light polluted city +3.0, the dimmest stars to be detected
with the naked eye +6

How to tell sizes of the objects

Degree, one full circle is is 360 degrees
Hand stretched forward with thumb up is about 2 degrees
Hand stretched forward with fist up is about 10 degrees
Palm open from little finger to thumb about 20 degrees



Observing Solar System visually

Planets, the Moon and the Sun. In my opinion the
most rewarding B most beneficial.

Sometimes comets, too. For example, Holmes was a
very impressive sight.

Good telescopes for observing planets and moons are
with 900mm or higher focal length.

And for that, a quality and wide-angle eyepiece (for
example Hyperion ClickStop 8-24mm)

How magnification (zoom) amount is calculated?
Magnification = telescope’s focal length / eyepiece’s
focal length



Photographing objects of the Solar System

It is really challenging

Often requires high magnifications (planets)?l big
telescopes with long focal length are needed@
Higher magnifications are reached

Good seeing/sight!! (peaceful atmosphere)

Good GoTo mount recommended (tracks the
objects)

Camera can be very light-sensitive small sensored
CCD or CMOS camera (for example web camera)



Deep sky

Deep sky?

Deep sky is a term mostly used by the hobbyists in astronomy and it means the space
located outside the solar system.

Objects:
Open star clusters
Galaxies
Hypergiants
Double stars
The Milky Way
Globular star clusters

Planetary nebulae (Despite its name, planetary nebula doesn’t have anything to do with
planets) Planetary nebula in astronomy is a glowing gas shell, which has been born in the
end of the life cycle of normal or small sized star, when the star blew its shell to space.
Planetary nebulas are the smallest gas nebulas — their size is maximum few light years and
lifetime few thousand years

Supernovas

[lluminating nebulae



Deep sky

Classification:

Messier’s catalog, NGC (New General Catalogue) and its
additional catalog IC (Index Catalogue) approximately
5 000 objects.

Objects worth observing visually:
Orion M42

Andromeda M31

Triangulum Galaxy M33
Whirlpool Galaxy M51

M81 and M82



Photographing the deep sky

Problems
Focusing (can be really challenging sometimes).
Usually finding the item.
Equipment breakdown (tracking fails)
Stacking
Image finishing

Common

When filming with over 200 mm objects, stacking pedestal is practically a
must have and it should have an autoguider.

Filming hours per/target can go as up as over 10 hours because many of the
filming targets are faded.

The camera should be at least a DSLR-camera, unmodified is okay too. (vlip in
filters) NOTE!! FF-camera cams has vignetting and coma a lot because in the
consumer class tubes the field of vision is not big or leveled enough. 1,6 crop-
cameras are the best when you are using a telescope.

The best option for filming stars is the CCD-camera that was designed for it.
NOTE!! valuable and always requires a computer to photograph.



Photographing deep sky

With SLR:

Photographing is easier than with a CCD-camera
Won’t require a computer to photographing

Can be attached to a spyglass, for example, directly to the
burning level

Modern cameras have live-viewll makes focusing easier.
Raw-photographing is a possibility.

A lot of targets where camera optics can be used.

M31 (andromeda, the treated arms extend to 2.5 degrees approximately to an area
the diameter size of five full moons)

NGC 1499(california fog)

M42(orion)

NGC 9660 (harsosumu)

NGC 7000 (North-America fog) the size is about 6 degrees.



Photographing deep sky

With a SLR camera with camera optics:
Looking for the target
Cable release obligatory, preferably programmable
The camera is taken for manual use
focus to infinity
|Iso depending on the camera 800 and up.
A few test photos and adjusting the focus after.
And taking the pictures



Photographing deep sky

An SRL with a spyglass:
Looking for the target
Cable release obligatory, preferably programmable
The camera is taken for manual use
T2 adapter to bring the camera to the focal point
Focusing which can be really agonizing with a spyglass
|Iso depending on the camera 800 and up.
A few test photos and adjusting the focus after.
And taking the pictures



lmage processing

From for example pictures of the moon/a planet and a comet can
be survived without stacking but it’s rare

Why to stack?

Stacking means that a lot of pictures are taken in a row of the same

target. After that the pictures are targeted by stars with a programme
fit for pictures of stars.

The result is a kind of a calculated result of about twenty raw pictures.
They can be processed further with an normal image editing
programme if necessary (often adjustment of color shades and
lightning, darkening the sky in the background etc.).

There are many free softwares like the one | use, Deepsky stakker
which is good and easy to use.



lmage processing

The end processing of pictures created by Dss
can be done with, for example, photoshop or

other softwares like it which understand tiff-
or fits-files.

Aid for photographing can be found here

nttp://astro.kuvat.fi/index.html
nttp://foorumi.avaruus.fi/

http://www.ursa.fi/ursa/jaostot/havaintovalineet

/[



http://astro.kuvat.fi/index.html
http://foorumi.avaruus.fi/
http://www.ursa.fi/ursa/jaostot/havaintovalineet/

The end of the solar system

A team of scientists in the Astronomy Institute in Belgium observed the L2 Puppis star
located 200 light years from us. This star had, some billion years ago, mass and
characteristics similar to our sun. Studying this star, the scientists ended up to some
interesting conclusions.

They estimate that in five billion years from now the Sun will become a red giant 100
times bigger than it is today and as a result it will “swallow” Mercury and Venus. They
also think that Earth may survive but it will be a world without any possibility to
support any form of life.



The Earth — a planet in the solar system



Is the Earth Round?
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* Technically, Earth is an oblate
spheroid.

* |t is wider at the equator than
at the poles.

* This is caused by the rotation of
the Earth on its axis.
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Earth’s Axis

* The Earth’s axis is an
imaginary line that runs
through the center of the
Earth from the north
pole to the south pole.

* The Earth is “tilted” with
relation to this imaginary
line 23.5°

{ Aris

/North Pole

South Pole

Direction

of Earth’s Q /
spin . . / ;
* —

Sun’s rays



Farth’s Rotation

 One rotation about the Earth’s axis
takes 24 hours. This is called a day.

e Rotation about the Earth’s occurs
from west to east.
(Counterclockwise)

* Earth’s rotation is the cause for day
and night.

Earth Rotates on its axis.

One complete rotation takes
23 hr 56 min 4.1 sec.


http://www.youtube.com/watch?v=R3jr0DaV8N8

What happens when the
direction of the axis
changes?

To Polaris Toward Vega

The change in the direction
of the Earth’s axis is called
precession.

The angle remains the same.

———

This will affect the stars near Earlh's orbit

the poles.

Does nOt Change the Earth’s rolation axis now Earth’s rotation axis in
seasons as long as the 23.5° approximalely AD 14,000
tilt stays the same.




Earth’s Orbit

average orbital speed
= 108,000 km/hr

perihelion: aphelion:

nearest 1471 milliof km farthest

DOiﬂt Y P I ———— pOlnl
to the 152.1 million km from the
Sun in orbit Sun in orbit




How does the
Sun support life
on Earth?

* Photosynthesis is the process
by which green plants and
other photosynthetic organisms
make their own food.

* Green plants take in carbon
dioxide, water and sunlight and
produces oxygen while making
their food.

Basic Photosynthesis







Sun and
Seasons

e The Earth’s movement
around the Sun is called a
revolution.

 The revolution and the tilt
are the main causes of the
seasons.

SPRING
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Solar and sidereal days

Definitions and differences
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. ~ What do we mean by a day? |

By a day we intuitively understand 24 hours, which we believe is the time
between two consequent local solar noons, that is two consequent
moments when in Poland the Sun appears due south. It is on the basis of
this number that we construct clocks or get up to go to school in the
morning. Is the above description completely correct? Is there more than

one kind of day?
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Solar noon is the time when the Sun reaches its highest point above the
horizon. The further we move away from the parallel, where the sun at
noon is in the zenith position exactly above you, the lower the altitude of
the sun at noon. Since solar time depends on the longitude, solar noon

occurs at exactly the same moment in all locations that share your local
meridian.
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Solar noon and the lattitude

In this example the Sun at noon is directly overhead at
the Tropic of Capricorn (December, 21)

>The lattitude of the Tropic of Capricorn:

= 23 degrees 27 minutes south : )
ZYRARDOW

>The lattitude of Zyrardéw: ¢ = 52003’ N
= 52 degrees 03 minutes north
>The distance (in degrees) between The Equator

Zyrardow and the Tropic of Capricorn: Z_ The Tropic of Capricorn

52 degrees 03 minutes + 23 degrees ¢ = 23°27°S
27 minutes = 75 degrees 30 minutes

>The altitude of the Sun at noon
in Zyrardéw: 90 degrees - 75 degrees 30 minutes
= 14 degrees 30 minutes
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e The Earth's rotation and its movements in relation to the Sun are not quite
constant. Therefore, the time span from one solar noon to the next, that is
the length of a solar day, varies during the course of a year, so the,,intuitive”
definition of a day we accepted in the first slide concerns the average solar
day.

Solar day

e The beginning of the solar day is closely related to the longitude. Places with
the same longitude share the same time of the beginning of the solar day.




The Earth’s rotation and the solar day

e Contrary to what we might think, the solar day is not the time
of a complete rotation of the Earth around its axis.

e The time it takes for the Earth to rotate about its axis so that
istant stars appear in the same position in the sky, which is
ne time of its complete rotation around its axis, is known as

C
t

t

ne sidereal day.
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Sideral and solar day on Earth

e The Earth rotates around its axis eastwards and at the same time it
moves around the Sun anticlockwise, as seen from above the Plane of
the Ecliptic. It moves a little less than a degree around the Sun during
the time it takes for 1 full axial rotation. So, for the Sun to appear on
the same meridian in the sky again after 1 full axial rotation, the Earth
has to rotate one extra degree to bring the Sun into the same
apparent meridian in the sky. This is why the solar day is longer than

the sidereal day by about 4 minutes

1 Sidereal Day = 360° Rotation 11:56 AM

0.9856"° 12 Noon
1 Solar Day = 360.9856" Rotation
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" Duration of the sidereal day
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e The sidereal day on Earth lasts 23 hours, 56 minutes and 4
seconds.
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Earth’s axis is tilted (23.4 degrees)
As a result the length of daytime is relative to the
positions of earth and sun

This also makes seasons possible



Winter solstice:
Shortest day of the year
21.-22. December

Summer solstice:
Longest day of the year
20.-22. June




Equinox:
moment when daytime is equally long in every part of the
world

March equinox:
19.-21. March
September equinox:

21.-24. September




Midnight sun / polar day (yoton yo)

Photo taken at
midnight




MIDNIGHT SUN

Natural phenomenon

Arctic Circle and South Antarctic Cicle
Summertime

24 hours

Axial tilt of the Earth is considerable at
approximately 23 degrees 27 minutes




-In summer daytime extends when going north

-Daytime can extend to 24 hours, with sun above horizon
even at night

-This effect lasts longer the more north you are

-This is called the midnight sun (polar day)



Polar night (kaamos)

Photo taken at
midday




POLAR NIGHT

* A period of night that
lasts for up to 24 hours

Experienced at latitudes
above the Arctic Circle
and below the Antarctic
Circle

The opposite of polar
night is a midnight sun




-In winter night time extends when going north

-Night time can extend to 24 hours, sun below horizon
even at day

-This effect lasts longer the more north you are

-This is called polar night



Rovaniemi is Finnish city which locates
close to polar circle
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DAY AND NIGHT

The earth is always spinning
around its core

Iceland is either facing the sun
or not

When we face the sun, its
daytime

When we do not face the sun its
nighttime

Olafsvik at 2pm in Olafsvik at 4pm in
January January



EBB AND FLOW

Regular rise of the ocean

Gravity from the moon
and sun

The sun only does half of
what the moon does

|2 hour intervals

The Earth slows down in
rotation

Moon moves further away




NORTHERN
LIGHTS

Solar wind arrival from
the sun

The magnetic field of the
earth repels the wind

Some particles escape
into the magnetic field

Molecules and atoms in
the envelope are emitted
and emit visible light




The sun and sea level



Observation of the solar circle in Olafsvik

19. februar 2019
brake of day — 8:29
sunrise — 9:21
sunset — 18:17
darkness — 19:10

21. februar 2019
brake of day — 8:23
sunrise — 9:14
sunset — 18:24
darkness — 19:15

20. februar 2019
brake of day — 8:26
sunrise — 9:17
sunset — 18:22
darkness — 19:12

22. februar 2019
brake of day — 8:20
sunrise — 9:10
sunset — 18:27
darkness — 19:18







Hight of the sea level in Stykkisholmur

Sjavarhaed

18/02/2019

19/02/2019

20/02/2019

21/02/2019

Kl. 09:00

26m

3,5m

45m

49 m

Kl. 12:00

0,5m

0,6 m

1,2 m

1,9 m

Kl. 15:00

1,7m

1,1 m

0,6 m

0,3 m

Kl. 18:00

40m

40m

3,7m

3,0m

Sjavarhaed
Haest
Laegst

18/02/2019
06:00 =4,3m
12:00 = 0,5m

19/02/2019
07:00 =4,7m
13:00 =0,3m

20/02/2019
08:00 =5,0m
14:00 = 0,3m

21/02/2019
09:00 =5,0m
02:00 =0,2m




Photos of the sea level
at the harbour










‘disappears belo 2 horize

- * Nighttime is the time between the sunset and sunrise defined
as above. |



S 6EhIC 0] It orpbrtal™Plafneytreengtn o1 day varies with

- the seasons on the planet's surface, depending on the observer's
latitude. Areas tilted toward t'he.Sun are experiencing summer. Their
tilt toward the Sun leads to more than half of the day seeing daylight.

The further you are from the equator, the longer a day will be in

summer and the shorter it will be in winter.



dlstice (Whenthe Ec S'SOU ha: . towarc

: the Sun) in December. At the two equinoxes (the time or date at
which the sun crosses the celestial equator) in March and
September the length of the day IS about 12 hours




first equmox of the year, the March Equinox, takes place on or
around March 21 every year.
* The dates vary because of the difference between how the

Gregorian calendar defines a year (365 days) and the time it
actually takes for Earth to complete its orbit around the Sun (about

365 and 1/4 days).



Sept. 24, 2018 6.27 18.32
Sept. 25, 2018 6.28 18.30
Sept. 26, 2018 6.30 18.27

Dec. 21, 2018
Dec. 22, 2018
Dec. 23, 2018
March 17, 2019
March 18, 2019

March 19, 2019

June 20, 2019
June 21, 2019
June 22, 2019

12h05m11s
12h01m12s
11h57m12s
7h44m04s
7h44m04s
7h44m11s
11h56m37s
12h00m40s
12h04m43s
16h44m.30s
16h44m35s
16h44m33s
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~ * Autumn equinox: Sept. 23,2018 (12h09m10s)
* Spring equinox: March 20, 2019 (12h08m46s)
As you can see, the dates of the daytimes whose lengths are the

closest to 12 hours in Zyrardéw do not coincide with the dates of the
equinoxes.




exactly equal on the day of the equinox, there are days when day
~and night are both very close to 12 hours. Locations that are not
on the equator do get to experience equal day and night twice a
vear, usually a few days before or after the equinoxes. This date

depends on the latitude, and can vary by as much as several
weeks from place to place.




- defined and atmospheric refraction of sunlight.



Ae-horizon = not WHe ec X3t sisik . e

- same sense, ‘sunset’ refers to the moment the Sun's upper edge,
not the centre, disappears below the horizon. The time it takes
for the sun to fully rise and set, which is several minutes, is

added to the day and subtracted from the night, and therefore
the equinox day lasts a little longer than 12 hours.



f/ery-day OnEarth — MCit s
minutes longer than it would have been without thls refractlon

The extent of refraction depends on atmospheric pressure and temperature.
The calculations in the Sunrise and Sunset Calculator assume the standard

atmospheric pressure of 101.325 kPa and temperature of 15° C.




ar

Yaracteristic'days, NeTa e tC act that we ¢
manage to find a place where the sunrise or sunset can be seen

on a naked horizon, so we were not able to measure the exact
time when the Sun's upper edge appears above the horizon or

disappears below it.




Astronomical refraction




Mirage, Fata Morgana - the phenomenon of the appearance of an apparent image of a distant object as a
result of different refractive indices in air layers of different temperature, and hence, density. Initially,
mirages appearing in the Messina Strait, where they are the most effective, were called Fata Morgana. In
Poland, they appear in the Btedowska Desert and the Silesian Upland. Mirages are divided into 2 types -
upper and lower mirage.

Atmospheric refraction - the
phenomenon of deflection of
light rays in the Earth's
atmosphere. If the light
reaching the Earth's observer
from outside is deflected, the
phenomenon is called
astronomical refraction. It
causes an apparent shift of the
observed position of
astronomical objects in the sky.
If the light coming from other
objects on Earth is deflected,
we are talking about terrestial
refraction. Terrestial refraction
is responsible for the creation
of mirages.




The Earth's atmosphere is a heterogeneous medium. The refractive index in the air depends on the
density and, to a certain extent, on the humidity of the atmosphere. The air density depends on the
pressure and temperature, depending in turn on the height. Thus the refractive index in the atmosphere
changes from a value of 1 in space to about 1,000,293 at the surface of the Earth.
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Astronomical refraction causes
astronomical objects to appear higher
above the horizon than they actually are,
as shown in the figure. Such a trajectory
of light results in a change of direction -
the ray leaving the medium moves at a
different angle than the ray entering it.
The size of this deflection depends on the
variability of the refractive index, as well
as on the angle at which the ray enters
the medium.

Along with the altitude, the pressure and
temperature change in the atmosphere,
which determines the degree of
refraction of a light beam. The closer to
the Earth's surface, the more light is
refracted. The closer to the horizon is the
observed celestial body, the greater is
refraction. This is clearly visible just
before sunset: the Sun's disc appears to
be flattened just because its upper edge
undergoes smaller refraction than the
lower one. When the upper edge of the
Sun's disc hides behind the horizon, its
height is 0°. In fact, at the time, the
upper edge of the solar disc is below the
horizon, having a negative height.




Atmospheric refraction manifests itself in colours from
yellow through various shades of orange, red to pink.
The further from this phenomenon, the colours are
colder and the sky gets even dark blue.

In astronomy, the moment of sunrise and sunset is
defined as the moment when the zenithal distance of
this body is 90 °, i.e. it is located on the geometric
horizon of the observation site, assuming that the
observer is placed at ground level. Because refraction
changes the zenithal distance of celestial bodies, it also
affects the moment of sunrise and sunset. The object
observed on the horizon is in fact located several dozen
minutes of arc below it. Refraction, therefore, makes
objects rise earlier and set later than they would in the
absence of atmosphere.

In the case of extensive objects, such as the discs of the
Sun and the Moon, refraction can cause them to be
distorted. Most often, the phenomenon is visible as an
apparent flattening of the disc, which is the strongest
low above the horizon. The solar disc visible from Earth
has an average diameter of about 32 arc minutes.
Because of refraction, at the moment when the sun
disc "touches" the horizon with its bottom edge, it has
the height of about 27 arc minutes. Dute to the very
strong dependence of refraction on height in the area
just above the horizon, its shape is asymmetrical - in
the lower part, the flattening is stronger than in the
upper one.




2 -" s pfthe phenomenon giving discs more complex shapes or creating additional images. An examg;

L4

5 AR
msz complex refractive phenomenon may be a green ray, sometimes observed at sunset.
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To make it easier to understand atmospheric
refraction, we can compare it to refraction of
light in water (as shown in the picture).
When light travels through the boundary
between two media, one of which is thicker
(water), where it travels slower, into a
medium, in which it travels faster, the same
phenomenon occurs, only in this case our

sun is any light falling on the water and the . V)
: . : . o POWICITZe |

object lying on its surface or immersed in it, _

the water is our atmosphere and the object woda W

seen by us in the water is the visible disc of

the sun in the sky. "
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