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"CAUTION!!
COLORED PEOPLE

OF BOSTON, ONE & ALL

You are hereby respectfully CAUTIONED and
advised, to avoid conversing with the

Watchmen and Police Oflicers
of Boston,

For sinece the recent ORDER OF THE MAYOR &
ALDERMEN, they are empowered to act as

KIDNAPPERS
slave Catchers,

And they have already been actuall
| KIDNAPPING, CATCHING, ANDym eﬁ‘:
‘ SLAVES, Therefore, if you value your LIBERTY

| and the Welfare of the Fugitives among you Shn:
| them in every possible manner, as 50 many HOb‘Nps
| on the track of the most unfortunate of your race.

' Keep a Sharp Look Out for
 KIDNAPPERS, and have
| TOP EYE open.

APRIL %4, 1851.







Molly Bannaky
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“The soil | work W/th & the stars up there are all
part of the same thing. Both were made for a
purpose.”
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April 14, 1789 — predicts solar eclipse!
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“Zenith” — the point straight up, directly above your head
“Meridian” — imaginary arc connecting north to south

“Altitude” — number of degrees above the horizon. Zenith is 90°,
“Azimuth” — a measure along the horizon, 0 to 360°.



“Celestial Sphere”

North
celestial pole

Our horizon

South
celestial pole



Our horizon
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http://astro.unl.edu/naap/motion2/animations/ce_hc.html

Sky from North Pole



“Zenith Sector”

e “Zenith” = straight up

e Observe stars as they cross
“meridian” (north/south line) and
compare to star catalog = latitude

* Minimize effect of atmosphere




David Rittenhouse (1732-1796)

e First director of US Mint
e American astronomer
* Built wooden clock at age 17

* Built own telescope — observed
transit of Venus (Venus had
atmosphere)

e Assisted with Mason-Dixon line
e 15t American to see Uranus (?)
* Professor of Astronomy, U of PA
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Sun Mercury  Venus Earth
Moon Mars Jupiter  Saturn
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January 3, 1/93

E.g.
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http Heclipse. gsfe.nasa govieclipse html

Saros 447

Total
Saros 136

Gam. = -0.6524

Partial 1793 Feb 25

Five Millennium Canon of Solar Eclipses (Espenak & Meeus)

Partial 1793 Aug 21
Saros 1 15/,\ _al 1455 TD
1793 Mar 12 Annular 1793 Sep 05
Saros 141

Dur. = 02m51s

_11:47 1D

= Alt. = 42°
Dur. = 06m02s

Gam. =0.7408

Five Millennium Canon of Solar Eclipses (Espenak & Meeus)
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Tides

Spring Tides

* Try

in

Salar Tides

Lunar Tides


https://dusk.geo.orst.edu/oceans/PPT/TidalCycleV2.html
https://www.youtube.com/watch?v=OP0cpXpw8yk
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Remember 20177

Photo by Jeff Bryant



Why does the Moon change its
appearance?

A. The Earth’s shadow covers the Moon
B. Clouds cover the Moon

C. The Moon turns its dark side towards us

D. We see different parts of the lighted
face



Phases of the Moon

“Moonth”

View From Earth

‘ ‘




Moon rises an average of 50 minutes

EAST later each night. WEST



Does the Moon spin?

2007 Oct 11 00:00:00 UT



Sun is 40€
but it i

So the

e in the sky



Why don’t eclipses happen every month?

The moon’s orbit is tilted.

- 5° tilt


http://astro.unl.edu/classaction/animations/lunarcycles/mooninc.html

I_U Nar ”ﬂ Od eS” Descending node
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Sun's path

Ascending node



Basic types of eclipses

AR ECLIPSE

£

Illustrations not to scale






Distance . . . Moon’s orbit is not a perfect
circle

Elliptical orbit of Moon around Earth

elliptical orbit
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20 Dec 2010 19 Mar 2011




Annular eclipse

* Moon at “apogee” — appears smaller

—
e

May 10, 1994







Solar Eclipses

Total Solar Eclipse of 1999 August 11

umbra

@ 1999 by F. Espenak



Calendar
Date

(Link to
Global Map)

2021 Jun 10

TD of
Greatest
Eclipse

(Link to
Animation)

10:43:06

2021 Dec 04

07:34:38

2022 Apr 30

20:42:36

2022 Oct 25

11:01:19

2023 Apr 20

04:17:55

2023 Oct 14

18:00:40

2024 Apr 08

18:18:29

2024 Oct 02

18:46:13

Solar Eclipses: 2021 - 2030

Eclipse
Type

(Link to
Google
Map)

Annular

Total

Partial
Partial
Hybrid

Annular

Central
Duration

Saros
Series

Eclipse
Magnitude

(Link (Link to
to Path
Saros) Table)

147 03mb1s

01mb4s

05m17s

04m28s

07m25s

Geographic Region of Eclipse Visibility

n N. America, Europe, Asia
[Annular: n Canada, Greenland,
Russial

Antarctica, S. Africa, s Atlantic
[Total: Antarctca]

se Pacific, s S. America
Europe, ne Africa, Mid East, w Asia

se Asia, E. Indies, Australia, Philippines.
N.Z.

[Hybrid: Indonesia, Australia, Papua
New Guinea]

N. America, C. America, S. America
[Annular: w US, C. America, Colombia,
Brazil]

N. America, C. America
[Total: Mexico, ¢ US, e Canada]

Pacific, s S. America
[Annular: s Chile, s Argentina]
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Total Solar Eclipse Paths: 2001-2025
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Next one




Lunar Eclipses

Orhit of the Earth







“Blood Moons?”

Sunlight refracts in atmosphere

Penumbra

Red “sunset-sunrise” light

/;"'
&7
leaks into umbra % Umbra

Penumbra



Lunar Eclipses: 2021 - 2030

Calendar TD of Eclipse Saros Umbral Eclipse Geographic Region of Eclipse Visibility
Date Greatest Type Series Magnitude Duration
Eclipse

11:19:53 Total 121 1.009 03h07m e Asia, Australia, Pacific, Americas
00h15m

09:04:06 Partial 0.974 03h28m Americas, n Europe, e Asia, Australia,
Pacific

2022 May 16 04:12:42 Total 1.414 03h27m Americas, Europe, Africa
01h25m

2022 Nov 08 11:00:22 Total 1.359 03h40m Asia, Australia, Pacific, Americas
01h25m

2023 May 05 17:24:05 Penumbral -0.046 - Africa, Asia, Australia

2023 Oct 28 20:15:18  Partial 0.122 01h17m e Americas, Europe, Africa, Asia,
Australia

2024 Mar 25 07:13:59 Penumbral -0.132 Americas
2024 Sep 18 02:45:25 Partial 0.085 Americas, Europe, Africa
2025 Mar 14 06:59:56  Total 1.178 Pacific, Americas, w Europe, w Africa

2025 Sep 07 18:12:58  Total 1.362 Europe, Africa, Asia, Australia
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Neil deGrasse Tyson Aomawa Shields




Moiya McTier Gibor Basri




