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Latitude and Longitude of Washington, DC
Credits: OpenStax Astronomy



Latitude and Longitude
Credits: Found on Wikipedia, author unknown
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Circles on the Celestial Sphere
Credits: OpenStax Astronomy



Coordinates in the sky

* Polaris, the North Star, has . Cep O s
declination +89°15"50.8" “ -

* Read: 89 degrees, 15 arcminutes, |
and 50.8 arcseconds. L e

e An arcminute () is 1/60 of a §
degree. o

* An arcsecond (“) is 1/60 of an |
arcminute or 1/3600 of a degree.

* Note that this is very close to BT
+ 90°, the declination of the . - |
north celestial pole. '



North ecliptic pole

23.4°

* The plane of Earth's rotation
around the Sun is the ecliptic.

* The two intersections of the
ecliptic and the celestial equator
are called equinoxes.

* The Sun is at the equinoxes around
March 20 (the March equinox) and
September 23 (the September

23.4° _
equinox).

The Celestial Tilt
Credits: Modification of illustration from OpenStax Astronomy



* Right ascension (RA)



Coordinates on the Night Sky
Credits: Tfr000 (Wikipedia)



Declination and Right Ascension of a Star
Credits: Tfr000 (Wikipedia)



Coordinates in the sky

* To find the coordinates of a
particular star, astronomers use
tools such as star catalogs.

* Currently (until 2025), the Gaia
space telescope is creating a
catalog of billions of stars.

* The coordinates can also be
found on websites like Wikipedia
and Wolfram Alpha, or apps like
Stellarium.

The Gaia Space Observatory
Credits: ESA-D. Ducros, 2013



equatorial coordinate
system

axial precession



Precession of Earth’s Rotational Axis
Credits: NASA, Mysid (Wikipedia)



Vega



Precession: Spinning Top vs. Earth
Credits: OpenStax Astronomy



standard epoch
]2000.0



Stellarium

https://stellarium.or


https://stellarium.org/

Jean Foucault






https://voutu.be/xmajokCwNQOs


https://youtu.be/xmqjokCwNQs




Coriolis effect
Newton's first law

inertial frame



“fictitious force”
looks like



e Here we can see the Coriolis
effect in action.

* On the top: view of a rotating
disk from an inertial frame.

* On the bottom: view from the
non-inertial frame of the disk
itself.

 This animation can be found at

this URL.:
https://commons.wikimedia.or

o /wiki/File:Corioliskraftanimati

on.gif

Demonstration of the Coriolis Force
Credits: Hubi (Wikipedia)


https://commons.wikimedia.org/wiki/File:Corioliskraftanimation.gif

low-pressure systems



https://voutu.be/6L.5UD240mC


https://youtu.be/6L5UD240mCQ




North ecliptic pole

* In reality, the seasons are caused
by the Earth's axial tilt.

* The plane of Earth's rotation
around the Sun is the ecliptic.

23.4°

* The line perpendicular to the
ecliptic intersects the celestial
sphere at the ecliptic poles.

* The plane of Earth’s rotation
around its axis intersects the
celestial sphere at the celestial
equator.

23.4°

* The two planes of rotation differ by
an axial tilt of 23.4°.

The Celestial Tilt
Credits: Modification of illustration from OpenStax Astronomy






The Seasons in the Northern Hemisphere
Credits: Modification of illustration from OpenStax Astronomy



The Seasons
Credits: Tau‘olunga (Wikipedia)






The Sun’s Rays in Summer vs. Winter
Credits: OpenStax Astronomy









solstice



equinox



June March & September December
Solstice Equinoxes Solstice

The Sun’s Path in the Sky for Different Seasons
Credits: Modification of illustration from OpenStax Astronomy



Tropic of Cancer Northern
Tropic

Cancer
Taurus



Arctic Circle

“midnight sun”



Earth During the June Solstice
Credits: OpenStax Astronomy



The Arctic
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Tropic of Capricorn Southern Tropic

Capricornus
Sagittarius

Antarctic Circle



Earth During the December Solstice
Credits: OpenStax Astronomy
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World Map Indicating Tropics and Subtropics
Credits: KVDP (Wikipedia)



The Tropics and Polar Circles
Credits: Cmglee (Wikipedia), NASA



day

solar day synodic day

Sun 24 hours

sidereal day
fixed stars

23 hours and 56 minutes






* At 12:00 solar time on day 1,

both the Sun and a fixed star
are at the zenith.

* At 11:56 on day 2, the fixed
star is back at the zenith.
One sidereal day has passed.

4 minutes later, at 12:00 on
day 2, the Sun is back at the
zenith. One solar day has
passed.

Sidereal Time vs. Solar Time
Credits: Xaonon (Wikipedia)
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* Apparent solar time
sundial

e Mean solar time



year
Julian year

leap years



sidereal orbital period

synodic orbital period
lunar month



synchronous rotation 1:1 spin-orbit resonance



new maoon

full moon












Gravitational Pull of the Moon on Earth
Credits: OpenStax Astronomy



oblate spheroid

tidal bulges



Tidal Bulges
Credits: OpenStax Astronomy



not

spring tide

neap tide



Tidal Bulges
Credits: OpenStax Astronomy






transferring angular
momentum



tidal locking



solar eclipse
shadow



A Total Solar Eclipse
Credits: OpenStax Astronomy



* A shadow consists of
two parts.

* The umbra (AHM-bra)
is the cone where the
shadow is darkest.

* The penumbra is the
lighter region.

 The view of the Sun
and Moon from Earth
when it's at each point
is shown below.

Umbra and Penumbra
Credits: Modification of illustration from OpenStax Astronomy



* During a total solar eclipse,
we can see the corona, the
Sun’s outer atmosphere.

* [t is usually not visible
because it’'s too faint.

* Be careful! Even though the
Sun is covered by the Moon,
it's still dangerous to look
directly at the Sun during a
solar eclipse.

* Only observe the Sun through
eclipse glasses or other safe
methods.

The Sun’s Corona During a Total Solar Eclipse
Credits: OpenStax Astronomy (modification of work by Lutfar Rahman Nirjhar)



lunar eclipse



A Lunar Eclipse
Credits: OpenStax Astronomy



Time Lapse of a Lunar Eclipse
Credits: Thomas Knoblauch, https://en.wikipedia.org/wiki/File:2007-03-03 - Lunar Eclipse small-43img.gif



https://en.wikipedia.org/wiki/File:2007-03-03_-_Lunar_Eclipse_small-43img.gif







