Astronomy

Regents ‘@
Review




| MO REAM
FOR THIG FINAL!

T - " v'-' = )
) .
. .
+als .
- o > ‘

I'NE SIUPIEDEVERY(
NIGHT, REVIENED THE
CHAPTERS, RAD ACCOD
NIGHTS SLEEF.,

-
- )

| TH !9 ;.(.:";‘;.-\.’
AP CO




.., What is Asgonomy?  * -
%Ths stuay of the Universe, the stars
plansts and allfother objects in
;Jl , g

- space



What is the Universe”

*All matter and energy. Everything.
*Made up of billions of galaxies...
*which are each made up of billions of stars...

*many of which are circled by planets and other
celestial objects (i.e. our solar system).



What is a Galaxy”/

*Types of Galaxies
*Spiral Galaxies (shaped like pinwheels)
X Elliptical Galaxies (shaped like flattened blobs)

XIrregular Galaxies (no definite shape)



Spiral Galaxies
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The Milky Way Galaxy and Our Solar System
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Irregular Galaxies
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What Is a Star”?

XA very large ball of gas, usually hydrogen and helium, that
glows from its own energy.

*Stars are different from planets in that they are “self-
luminous”.

*This process, which releases tremendous amounts of
energy, IS called fusion. VWhere intense heat and pressure
within the star actually squeezes the hydrogen atoms
together to form helium.

*Stars are not “burning”, rather they are undergoing
continuous nuclear reactions.






Luminosity and Temperature of Stars
(Name in italics refers to star shown by a @)
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Luminosity is the
brightness of stars

compared to the

brightness of our
Sun as seen from

the same distance
from the observer.



H-Fi Diagram Spectral class
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How do Stars form??

* Stars begin their lives as a nebula, a huge cloud of dust and gas in
space.

* As gravity pulls the dust and gas together, its temperature rises causing
nuclear fusion to begin.

* Fusion turns hydrogen to helium and energy.
* The energy is released as light and the star is born.
* The bigger the star, the shorter its life as it burns its fuel up very quickly.

* Stars will undergo fusion as long as there is enough
hydrogen...eventually all stars die.



The Life Cycles of Stars
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Our Solar System

We believe that our
solar system began to o
form about 5 bilion .~ Wy
years ago from a vast
cloud of gas and dust.

8
* The giant cloud of dust and gas is called a nebula.

* Nebulae represent the raw material the stars are
made of.



Accretion- 1he
combining of matter
to create larger
objects. This is how
the planets formed.
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Our Solar System Today

XPlanets

*Moons
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Our SO

ar System Today

— “Planets”

~ “Dwarf
Planets"

N N

& ® é'?

* The sun is a medium-sized, main sequente star
about five billion years old.

* The sun is the gravitational center of the solar
system.



Planets
*Largest objects that orbit the sun.

*Generally spherical in shape.

*Currently, we classify eight objects in our solar
system as planets:

*Mercury *Jupiter
X\enus xXxSaturn
XEarth XUranus

*Mars *Neptune



lerrestrial Planets

* The inner four planets, Mercury, Venus, Earth and Mars,
are called the terrestrial planets, or Earth-like planets.

* These planets are small, dense, and rocky.

Objects not to scale



Jovian Planets

* The outer four planets, Jupiter, Saturn, Uranus and
Neptune, are called the jovian planets or gas giants.

* These planets are giant, gaseous, and not very dense.
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Pluto

* Now classified as a dwarf planet

* Does not fit with the patterns of the solar system




y axis
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JUPITER
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Solar System Data

Object Mean Distance Period Period Eccentricity| Equatorial Mass
from Sun of of of Diameter (Earth = 1)
(millions of km)| Revolution Rotation Orbit (km)
SUN — - 27 days — 1.392.000 I 333,000.00
MERCURY 57.9 88 days 59 days 4.880 _ 0.553
VENUS 108.2 224.7 days | 243 days 12.104 _ 0.815
EARTH 149.6 365.26 days 23 hr 12.756 1.00
56 min
4 sec
MARS 687 days 6,787
JUPITER 11.86 years 142.800 317.896
SATURN 29.46 years 120.000
URANUS 2,869 84.0years| 17 hr 0.047 51.800 14.537 . 21
14 min
NEPTUNE 4,496 164.8 years] 16 hr 0.009 l 49.500 l 17.151 ;[ l 8
EARTH'S 149.6 27.3 days

MOON

(0.386 from Earth)




The Planets in Our Solar Sytem (not to scale)

Mercury  Venus Earth Mars Jupiter Uranus Neptune Pluto

.
", Dashed line shows degree of tilt in relation to Sun. -~ Arow shows direction of planet's rotation.






he Big Bang

* A accepted theory that explains the creation of the Universe.

X |t states that, for an unknown reason, a point in space exploded about 15
pbillion years ago.

* All energy and matter, everything, was created during this explosion.

* Ever since this event, the Universe has been expanding in all directions.



Earth

STAGE 1 STAGE 2 STAGE 3

A ball of hydrogen Ah drogen cloud The galaxies continue
explgw?ge mﬁgﬁuﬁr I with cloud t::}gn@mve outward
parts condensing to form

galaxies.



1he Doppler Eftect
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Evidence for the Big Bang

Think of a car speeding past you with the horn honking.

As the car Is approaching, the sound waves from the horn get compressed, causing the

horn to have a higher pitch. As it drives away from you, the sound waves are stretched
out, causing a lower pitch.
Approaching ambulance Shorter wavelength _d

-
oL+ "31

a <

Receding ambulance Longer wavelength >




Electromagnetic Spectrum
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Standard Spectrum
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S0 What Does
Red-shifting Mean to Us?

*We have observed that the spectra of every object in the
sky Is red-shifted.

* This means that everything is moving away from
everything else and that the Universe is expanding.

*We have also observed that as objects get further away
from each other, they move faster and faster.

*If we run time backwards, the conclusion is that all matter
and energy was once together at one point.

* This idea was the basis of the Big Bang hypothesis.



Moons / Satellites

* A body that orbits (revolves around) a planet or asteroid
while that object orbits the sun. Can be naturally made or
man-made.

* More than 100 known moons in our solar system.

* Can be planet sized to very small.



Fartn’s Moon

* [he same side of the moon always faces the
eartn.

- Both the rotation of the Moon and Its revolution
around earth takes 27 days, 7/ hours, and 43
minutes (approximately 27.3 days).



View from Earth
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Vioon Phases

Moon's orbit
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l10es

Tides — The earth’s ocean tides are caused by the moon’s gravity
pulling on the ocean’s water. Most areas on earth have two high
tides and two low tides per day (diurnal tides).

New Moon

Full Moon

Spring Tides: When the moon and Neap Tides: When the sun and moon are

sun are in the same plane of rotation (parallel), ~ Perpendicular to each other, their gravity works
their gravity works together to create extra against each other to create less extreme tides —

high tides and extra low tides. This happens 0w highs and high lows.
during the full moon and new moons.






—ClipsSes

*Lunar Eclipse - At the full moon phase the moon moves
INto the kEarth’s shadow and Is hidden.

CCLU W)IDP

*Solar Eclipse - At the new moon phase the moon
moves In the way of the Earth’s view of the Sun and the

Sun Is hidden.




Lunar Eclipse

Path of moon
during partial eclipse

Penumbra
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B

Sunlight

Y VY

Path of moon
during total eclipse



All lined up
eclipse can occur

Moon too high
for eclipse

) =
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Moon too low
for eclipse

All lined up
eclipse can occur



Sunlight
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Solar Eclipse
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Total and Annular Solar Eclipse Paths: 2001 — 2020
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Comets

* Often appear to have tails which are made of gases
that have evaporated from ice and always point
away from the Sun.

* “Dirty snowballs”

* Rocky/metallic solids mixed with frozen water or

methane.

* Orbits are extremely eccentric. N
\
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From a Geocentric 1o O
Helliocentric Universe

A Changing View of our Universe



THE GEOCENTRIC (Earth Centered) MODEL

* A model of the universe with
the stationary Earth at the
center and the Sun, Moon,
and stars arranged around in a
perfect sphere with all of these
bodies moving around the
Earth In perfectly circular orbits
and at constant speeds.

Originally created by Aristotle
(Greek Philosopher, 384 to
322 B.C.)










Retrograde Viotion

* Retrograde motion is when a celestial object appears to
stop Iits motion and move backwards for a time and then
restore its normal motion. Mars can be observed In

East

retrograde motion regularly.

Yinos

YLION




Explanation for Retrograde Motion

* Ptolemy said that planets were fixed to smaller spheres
(epicycles) that were, in turn, fixed to larger spheres. The
smaller sphere moved at the same time as the larger sphere.




Epicycle

Earth



1he
Geocentric model
doesn’'t work M ..

T the *

Farth rotates!
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1he Heliocentric Model

* After studying the problems
with the Ptolemaic model,
astronomer Nicolaus
Copernicus developed a much

more elegant “sun-centered”
or heliocentric model.

* This model provided a better

explanation based on new
observations.




Copernicus’ Heliocentric Model

w Hﬂ'ﬂﬂ Saturn

Earth

Jupiter ﬂ
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1he Heliocentric Model

+ Copernicus’ model was eventually accepted mainly
because of how well it explained retrograde motion.

Path of
Mars seen

6

~ against
background
stars

motion

—
—
e



Apparent Motion

* All objects in the sky appear to move across the sky, together,
from east to west. This Is called “apparent motion”.



Star Tralls

Circumpolar
Viotion

(looking North)




Star Tralls

*Always look from left to right.
East South




Evidence tor the Heliocentric Model
(Proof that the Earth rotates)

1. Foucault’s Pendulum

In 1850, for the Paris Exhibition, physicist Leon
Foucault constructed a 67-metre tall Foucault
Pendulum using a 28 pound cannon ball. He set the
pendulum swinging. At first, it went back and forth.
After a while, It began to change its path and over 24
hours it had completed a full circle. The pendulum
didn’t actually move, it was the earth rotating
underneath the pendulum (drawing the rosette
pattern) showing that the earth rotates.













2. The Coriolis Effect

t's a force acting on
wiNnds or ocean currents
because the Earth Is

spinning.

North Pole

Objects normally move In
a straight line when
you're on a non-spinning

WO r‘ d . Southern Hemisphere Northern Hemisphere

However, In a spinning world, If you move In a straight
ine, you really wind up curving and never get to the
place you want to go.




As Earth

rotates, different
latitudes travel at
different speeds.

New Orleans
/

The change in
speed with
latitude causes
the Coriolis
effect.

GAILAPAGOS
ISLANDS




Winds, ocean
currents, and other
moving objects curve
to the Right In the
northern
hemisphere,

Winds, ocean
currents, and other
moving objects curve
to the Left In the
southern
hemisphere.




Cllipses

The Shape of Orbits



What is an Ellipse?

* A rounded shape that can be anywhere from perfectly
circular to flat.
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Why do we care”

Kepler's Laws of Planetary Motion
(1st law)

The orbits of the planets are ellipses, with the Sun at
one focus of the ellipse.

Perinelion Aphelio




* All solar system objects orbit the Sun along an
elliptical path., '
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Solar System Data

Object Mean Distance Period Period cccentricity| Equatorial Mass Density | Number
from Sun of of 0f Diameter (Earth = 1) em®y | O
(millions of km)| Revolution Rotation Orbit (km) B | Moons
SUN 27 days 1,392,000 | 333,000.00 1.4
MERCURY 57.9 88 days 59 days 2 4,880 0.553 5.4
VENUS 108.2 224.7 days | 243 days .00 12,104 0.815 5.2
EARTH 149.6 365.26 days 23 hr .0 12,756 1.00 5.5
56 min
4 sec
MARS 227.9 687 days 24 hr ) 09! 6.787 0.1074 3.9 2
37 min
23 sec
JUPITER /78.3 11.86 years 9 hr .048 142,800 317.896 1.3 16
50 min
30 sec
SATURN 1,427 29.46 years| 10 hr .0 120,000 95.185 0.7 18
14 min
URANUS 2,869 84.0 years| 17 hr .047 51.800 14.537 1.2 21
14 min
NEPTUNE 4,496 164.8 years| 16 hr .009 49,500 17.151 1.7 8
PLUTO 5,900 247.7 years 6 days 2 2.300 0.0025 2.0
9 hr
EARTH'S 149.6 27.3 days 27 days .0 3.476 0.0123 3.3
MOON (0360 from Earth) 8 hr




cccentricity

* How flat or circular an orbit is
Distance Between Focl

* Eccentricity=

Length of Major AXIs

Major AxIs

Note: In our solar

system, the Su

IS always one of
the two foci




Equinox

March 21
= e
II \
Solstice I
June 21 Empty | Perihelion

‘

SOy 147 million k

3
July4 Aphelion N Jamfary
152 million km II Sun at Solstice
| one focus December 21
/
/
\-"/
Equinox

September 21




Eccentricity

* Eccentricity is always between 0 and 1 (if it is not, you
did something wrong)!

* The closer to zero, the less eccentric the orbit, which
means it will be more circular.

* The closer to one, the more eccentric the orbit, which
means it will be flatter.

X E = 0, Perfect circle

*XE =1, Flat line



Eccentricity of this ellipse?

/ 5 Cm\
Distance Betéenk /

Length of Major Axis 5cm /20 cm =0.25



Eccentricity of this ellipse!?

8 cm

: @

Dstaniletwexr\

24 cm

Length of Major AXIS

8cm /24 cm =0.33



Kepler's Laws of Planetary Motion (2nd law)

The line joining the planet to the Sun sweeps out equal areas
IN equal times as the planet travels around the ellipse.

Oct

Nov

Sept

Dec

Faster Slower

NETy

Feb
Mar






Kepler's Laws of Planetary Motion (3rd law)

The period for a planet to orbit the Sun increases rapidly
with the radius of its orbit (closer = faster, farther = slower).

Planet







Period of Revolution
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152,500,000 km 147,500,000 km
94,500,000 mi 91,500,000 mi

Perihelion
January 3

&

\

Aphelion
July 4




KEPLER'S LAWS

. The orbits of the planets are ellipses, with the Sun at one
focus of the ellipse.

I. The line joining the planet to the Sun sweeps out equal
areas In equal times as the planet travels around the ellipse.

ll. The period for a planet to orbit the Sun increases rapidly
with the radius of its orbit.



Farth’s Motions



The Earth’s axis Is
tilited 23.5°
relative to Its path
around the Sun

/

orbit around the Sun

*The Earth is rotating on its axis from west to
east.

*\We make one complete rotation each day.

* This means we spin 15° each hour (360°/24)

(é?/



The Tilt of the Earth Causes our Seasons.

*The seasons are the result of the tilt of the Earth’s

axis relative to the ecliptic (the plane of orbit around the
Sun).

* The most direct insolation provides the most heat.

*It has nothing to do with
the Earth’s distance to the Sun!



Angle of Insolation

(In sol ation =Incoming Solar Radiation)

* How directly the energy from the Sun hits a part of the Earth.

* The higher the angle, the more intense the energy.

Most Least Intense
Intense



Same amount of energy spread over a
larger area = less intense energy = cooler
temperatures

Same amount of energy spread over a
smaller area = more intense energy =
warmer temperatures
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The Seasons

*When the northern hemisphere is tilted toward the
Sun, It Is summer.

*When the northern hemisphere is tilted away from the
Sun, it Is winter.

*The opposite is true for the southern hemisphere.



Arctic Circle A
Tropic of Cancer -
Equator

EqQuinox
March 21-22

Tropic of Capricorn Sun vertical at equator

23'/7

Sun

-

Solstice Solstice

June 21-22 December 21-22
Sun vertical at Sun vertical at
Latitude 23'/,° N Latitude 23'/,° S

EqQuinox
September 22-23

w\ Sun vertical at equator



mportant Points

*The Earth completes a full rotation on its axis once a day.

*The axis of rotation is tilted 23.5° relative to its plane of
revolution.

*The Earth orbits the Sun once in a year.

*The tilt of the axis remains the same throughout the orbit.

*The result is that different places on Earth receive
different amounts of energy from the Sun during different
times of year.



A Summary of the Seasons

Spring Equinox-  Summer Solstice- Fall Equinox- Winter Solstice-
First day of Spring  First day of Summer First day of Fall First day of Winter
Sun is directly Sun is directly

Sun is directly  overhead farthest  Sunis directly  overhead farthest
overhead at the north (23.5° overhead at the north (23.5°
equator north, the Tropic equator south, the Tropic
of Cancer) of Capricorn)

Day and night are
equal (12 hours
each)

Day and night are
equal (12 hours
each)

Day Is longest,
night Is shortest

Day IS shortest,
night Is longest
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We see different constellations at different times of year.

Daylight
(sun hides stars) e ———— -

Night Sky
(stars visible)



We see different constellations at different times of year.

- -
- -
® |

The Sun appears in this Leo
direction on August 21.
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The Path of the Sun



Apparent Motion of the Sun

*The Sun rises in the eastern sky and sets in the
western sky.

*Throughout the year, the Sun’s height in the sky
at noon changes.

*The Sun’s path across the sky during the day is
an arc.

*In New York the Sun is never directly overhead
(the “Zenith”) or North of the Zenith.



Which Way Is the Earth Rotating?
X The Earth rotates from West to East.

*This is why objects in the sky appear
to move from East to West. P

XThe Sun rises in the East
and sets In the West.

*The Earth rotates 15 degrees Qi
oer hour (360/24). A
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Using a Sun-Dial to Track the
Farth’'s Rotation

* A sun-dial allows you to observe the shadows cast by the
sun throughout the day.

* A simple sun-dial can be constructed by placing a stick in
the ground and watching the shadow over the course of a
aay.




zenith
meridian 90°

north
celestial
pole

south
celestial
pole

Copynght @ Addison Wasley



Throughout the year, the path of the Sun changes

December

Sunrise

"\ Celestial Equator

-
N
N\
N




Sun’s Path in New York
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Approximate Sun’s Elevation
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Sun’s Path at the Equator
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Sun’s Path at the Pole
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