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Phases of the Moon

Synodic Period of the Moon equals 29.53059 days

;

_ Waxing W FROM SUN FROM SUN
axing
D Gibbous First Quarter Crescent )

-

Full Moon A New Moon

/ I \ X

Waning Waning ;
’ Gibbous Last QU arter Crescent ) FROM SUN FROM SUN

-

Gary A. Becker graphics



Light Moon or

Source Earth

Matt Hess slide



penumbra
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Light Moon or
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Matt Hess slide



Partial Solar Eclipse

UMBRA
PENUMBRA

Earth

from Bryan Brewer, Eclipse, Earth View, 1979, p. 43



Partial Solar Eclipse, December 24, 1973
Allentown, PA

Gary A. Becker image



Annular Eclipse

UMBRA
PENUMBRA
NEGATIVE SHADOW

from Bryan Brewer, Eclipse, Earth View, 1979, p. 43



Chaco Culture National Historical Park
Near Nageezi, New Mexico, May 20, 2012

Gary A. Becker image



May 30, 1984-Osceola, NC o

Broken Annular Eclipse
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Charles Tackus image/Eclipse images, Gary A. Becker



Total Solar Eclipse

UMBRA -
PENUMBRA -

| |]'| 'l' I\

il

PATH OF TOTALITY

Earth

from Bryan Brewer, Eclipse, Earth View, 1979, p. 7



Total Solar Eclipse, August 21, 2017

Guernsey State Park, Guernsey, Wyoming

Gary A. Becker image



July 11, 2010--Janne Pyykko, El Calafate, Patagonia, Argentina;



Maom's Chignainag Disrsnce
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Moon appears
smallest in the
sky

Proportion of

Type of Solar Eclipse All Solar Eclipses MOON AT APOGEE .
Partial 35%
Annular 33% @
Total 28% o o

Annular-total 4%

Earth-Moon distance
varies by 12%.

Moon appears
MOOMN AT PERIGEE
largest in the .

sky

from Bryan Brewer, Eclipse, Earth View, 1979, 1991



Change in the Angular Diameter of the Moon

Perigee Full Moon Apogee Full Moon

March 19, 2011 November 28, 2012
221,614 miles 252,459 miles
33 min, 30 sec 29 min, 24 sec

Gary A. Becker images



FEITITS CIEnging [JIstaErceE

TarT il Grrr Sun appears
smaller in the
SHY

EARTH AT APHELION .

-
-

j Earth-Sun distance
e varies by 3%,

Sun appears ()
larger in the
sky

EARTH AT PERIHELION

from Bryan Brewer, Eclipse, Earth View, 1979, p. 62



Change in the Angular Diameter of the Sun

Perihelion Aphelion

January 3, 2013 July 3, 2014
91,330,000 miles 94,490,000 miles
32 min, 32 sec 31 min, 28 sec

Gary A. Becker images



Extreme
Angular
Diameters
of the
Sun

and the
Moon
to

Scale

2011-2014

Gary A. Becker images
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Michael Zeiler Cartography



North West Coast
Path of Totality
April 20, 2023
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Gary A. Becker image
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Gary A. Becker image



Gary A. Becker image



Peter K. Detterline image



_L lal@

O O

Garv A. Becker imaaes




Gary A. Becker image
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Gary A. Becker images




~ Gary A, Becker images..



Peter K. Detterline image



Peter K. Detterline image



Olympia

i ¥ oMissoula MONTANA | =g d =0, DuLu(h
Yakima '~ Helena t { ’ i
° | Nez Perce = A Miles City X \ :
N YAKAMA INDIAN t Clearwater; F ! \ ¢ !
o~ RESERVATION oKennewick X National ¢ Bure ) MINNESOTA |
o~ g -4 Forests Billings et i e ) B
< é Bicanan - | STANDING ROCK ) ’
Porgand } {Beaverhead-Deerlodge o ! RESERVATION ’ $t Cloud
{ Nal:onal Forest s e, /
, Payette RESERVATION SCHEYENNE RIVER ‘ | i i
Selem National Forest RESERVATION : er.meoapo.lls
% Salmon - : | & g
g Challis - i i il =
Eugene Bend R National Forest fon y Rochester'.
9 o Sawtooth )
Boc‘;se National Forest idaho Fall . sackson Stoux Falls
o - -
Nampa IDAHO PINI' mncr
Ywmjalls | I Smux City
|
Ced
____________________________ | IOWA 74
| Des Noloines lo
| )
9:20am PDT o i joaue oo
|
he ! Salt Lake Cit, - Vi Y =S . 3 Lincoln
Sl,dslam 36 8 | 0 Fort Collins | < .
Natior: > S | ) 3 - = | o | R S
: Sandy UINTAH ! \
o | ! o .AND OURAY | V
] | / 1 Provo RESERVATION b L . _ L i
| enver . 3
A o United States :

BAJA
CALIFORNIA

Reserva de
la Biosfera
El Vizeaino

g { Kansas City )
| : UTA Q Junction | o Columbia
Sacra{)nemo N < g . 25a m P DT {6 Coloorado 1 Lawrence s
. 4dm41.1s Op st ) FANSAS MISSOURI
San Francisco o / ‘q Pychlo .
o 258 ,‘ | O chglla
San Jose EY / | /) Springfield
0, \ St George I Q g
F hew 1 e i — SNSRI g R /s_ _________ .
resno N\ 8
. /o Branson
Deathivalley: = TU. SUAM VML) N NSNS /0 e L Bupo W
CALIFORNIA s national Park  Las Vegag 30am M DT ! & ! Tulsa Fayettevill
4 46 3 AJO NATIO O/. I o ayetteville
S RESNEVATION sowee /4 i OKLAHOMA \
Sakeraflexy \ > 30 . 50 2 G : Amarillo Oklahog\a o
° » A Albugyerque @ ) ) ©
P, o | Norman |
\ / ! L ‘ ARKANSA
< // | Nry I
Los Angeles > ARIZONA MEXIo { = b )
Anahei ) ’/, s ."*'.’ J__-nrd i
Longtée:cga e‘m S Phoenix Gila National // ) Lubgock % 4
) Py Forest /4 ; i
i o Dallas A
San gIEQO J 1 0 4 Oa m M DT | Abilene | FOtWortho 0 Shreveport
.. Mexicali Tucson S s °
Tijuana < o Cys ________ : id‘l)and l
~ o \
Odessa )

Road Atlas for the Annular Solar Eclipse of 2023, Fred Espgnak A ¢ = >

AALIFEAPBAIIA SIID

S Orend, COLORADO ! "

TEXAS 5
Nogales

X Austin ‘
SONORA 8 o Beaumont Lou
oy
4 Houoston s
; \
: ‘ CHIHUAHUA Galveston
Hernz)osrllo °
\l Chihnéahua 12-00pm CDT
s Gistea | Deliies 44 Z 5m 02.4s
Ciuded '\ Searevnies « EOAHUILA Corpus Chisti -
2. Obregén N ) / 50 ‘ 3
% i bt { 2!
g{, Navg)oa \-» Pagal ) E ( |
% piled) o R P
% 9 A NUEVO LEO
~ N L4 '
Loreto ~A ¢ / ~ o
[ Los Mochis b 3 Brownsvill
° b To”'eén Momerrey 5

Guamichil ~ A« Salullo

SINALOA I D AN R AR s v = N P



Washington
Last: 1865
Next: 2077
Oregon
Last: 2012
Next: 2046 Idaho
Last: 1885
Next: 2046
Nevada
Last: 2012
Next: 2046
<y Fr Utah
i i Last: 2012

California ;

Last: 2012 Next: 2077

Next: 2046

Arizona
Last: 2012
Next: 2077

Alaska
Last: 1990
Next: 2033

Hawal'i
Last: 1991
Next: 2106

Last and Next Annular Solar Eclipses for

each of the United States

Excluding the Annular Solar Eclipse of October 14, 2023

Montana
Last: 1885
Next: 2100

Wyoming
Last: 1865
Next: 2084

Colorado
Last: 2012
Next: 2048

New Mexico
Last: 2012
Next: 2077

New Hampshire Maine
Last: 1994 Last: 1994
Next: 2093 Next: 2093
North Dakota - 4 .
Last: 1854 - Vermont assa.c 1332 s
Next: 2100 Minnesota Last: 1994 Last:
Last: 1854 Next: 2093 Next: 2247
Meack, 2048 Rhode Island
Last: 1791
South Dakota wisc°“55i" New York Next: 2267
: 18 i L Last: 1994 Connecticut
hIJ-:i:: 12806458 Next; 2048 Michigan Next: 2093 Last: 1791
4 Last: 1994 Next: 2267
Next: 2048 5 : New Jorsey
B CE onsyvania i Lastts3s
as ast: ; ast: Next: 2154
b Next: 2048 Ohio Next: 2099 g
s qnae o Last: 1994 Delaware
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Last.' iy Indiana Next: 2111
Next: 20485 Last: 1994 West Virginia e Maryland
Next: 2093 Last: 1838 Virginia Last- 1984
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VAT Missouri ik 208 Last: 1984 Next: 2060
Last: 1994 Last: 1994 Kentucky Next: 211 DC
Next: 2048 3
ol Next: 2048 Last: 1865 Last: 1838
A North Carolina Next: 2111
Tennessee Last: 1984
Last: 1865 Next: 2165
Oklahoma Y
Last: 1994 Next: 2267 )
Next: 2121 Arkansas South Carolina
o Last: 1865 Last: 1984
Next: 2165 Next: 2165
Alabama 3
Last: 1984 Georgia
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40° 11'54.32" N <—> 40.19842°
75° 47' 36.38" W <—> -75.79344°

Max

Penumbral duration : 2h 32m 42.1s H
” i el
(partial solar eclipse)

Obscuration : 26.156% Magnitude at maximum : 0.38111

Moon/Sun size ratio : 0.94772
Event (AT=69.1s) Date Time (EDT) Alt Azi P v

Start of partial eclipse (C1) : 2023/10/14 12:03:51.3 +40.5° 165.2° 276° 02.4

Maximum eclipse (MAX) : 2023/10/14 1:19:49.6 +41.1° 190.1° 222° 04.8

End of partial eclipse (C4) : 2023/10/14 2:36:33.4 +35.6° 213.3° 168° 07.2
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A . State Park
French Creek Boat Rental . b Vast forest;
N\ - "\ trails, lakes' ™
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EV charging station
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FrenchiCreekiS
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Hawk Mountain Sanctuary

.

Hawk Mountain
Amphitheater

@ Hawk Mountain

» @'sanctuary
¥ “Nonprofit facility
with bird watching

&
&

¢
4 -

Hawk Mountain
Sanctuary Visitor Center 4
.

Penumbral duration : 2h 31m 50.4s
Help

(partial solar eclipse)

Magnitude at maximum : 0.37838
Moon/Sun size ratio : 0.94764
Time (EDT) Alt Azi P v :
:25.5 +40.0° 164.9° 275° 02.4 "'S_j_.
56.2 +40.7° 189.5° 222° 04.8

40° 38' 01.97" N <—> 40.63388°
75° 59'15.94" W <—> -75.98776°
Max
Obscuration : 25.887%
Event (AT=69.1s) Date

Start of partial eclipse (C1) : 2023/10/14 12:
Maximum eclipse (MAX) : 2023/10/14 1:
End of partial eclipse (C4) : 2023/10/14 2:35:15.8 +35.4° 212.6° 169° 07.2

Google map
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Last and Next Total Solar Eclipses for
each of the United States

Washington Excluding the Total Solar Eclipse of April 8, 2024
Last: 1979 New Hampshire Maine
Next: 2169 Last: 1959 Last: 1963
Montana Nocth Dakote Next: 2079 Next: 2079
Last: 2017 Last: 1979 . Vermont Massachusetts
Next: 2044 Next: 2044 Minnesota Last: 1932 Last: 1970
Oregon Last: 1954 Next: 2079 Next: 2079
Last: 2017 Next: 2099 Rhode Island
Next: 2108 Idaho ; ! Last: 1925
Last: 1979 South Dakot Wisconsin New York Next: 2079
Next: 2169 Lasf 1954 Last: 1954 Last: 1925 Connacticut
W $ N t: 2044 Next: 2099 Michigan Next: 2079 / Last: 1925
yoming ext:
s Last: 1954 Next: 2079
Last: 2017 Next:
Next: 2106 ext: 2099 > New Jersey
lowa Pfﬂﬂf);;azf;ﬂ / Last: 1925
Sisrmaton Last: 2017 ’ ast: :
Nevada F‘b.";;k{; Next: 2153 Ohio Next: 2079 pateel
Last: 1889 i llinois Last: 1806 Delaware
Next: 2045 Next: 2106 Last: 2017 ; Next: 2099 /Last: 1478
Utah NGS:- 2000 Indiana Next: 2144
st ext: w T,
California Lasl: 1918 Colorad Last: 1869 West Virginia e Maryland
4 Next: 2045 IrRco Next: 2099 Last: 1869 X
Last: 1930 Last: 1918 Virgini Last: 1970
g 2 Next: 2099 g :
Next: 2045 Next: 2045 Kansas Missouri Last: 1970 Next: 2099
Last: 2017 Last: 2017 Kentucky Next: 2078 DC
Next: 2045 Next 2045 Last: 2017 Last: 1925
Next: 2153 North Carolina Next: 2079
Tennessee L“S‘f 2017
Oklahoma Last: 2017 Next: 2078
Arizona i L ’t 1g1é Next: 2153
Last: 1806 New Mexico N‘?sl: 2045 Rrlkarsas South Carolina
Next: 2205 Last: 1878 ext Last: 1918 Last: 2017
Next: 2045 Next: 2045 Next: 2052
. Alabama 7
Last: 1918 Georgia
Next: 2045  Last: 1970
Mississippi Next: 2045
Last: 1918
La:f'x:;OO Next: 2045
Next: 2045 Louisiana
Last: 1918
Next: 2045
Alask Florida
aska Last: 1970
Last: 1990 ,oz N::!: 2045
Next: 2033 \\Q
<
\S
@ >
o° S
@ Vv
Hawai'i &0 '\%‘ GreatAmericanEclipse.com
Last: 1991 N
Next: 2106
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Times of Total

April 8, 2024
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40° 11' 54.19" N <—> 40.19838°
75° 47" 36.60" W <—>
-1.0m (-3ft)

Obscuration : 90.382%

-75.79350°

Max

Event (AT=69.1s)
Start of partial eclipse (C1) :

Maximum eclipse (MAX) :
End of partial eclipse (C4) :

French Creek Cabin 1

French Creek Cabin 5

®
bin 6'

' French Creek Cabin 7
reek Cabin 10

4

Penumbral duration : 2h 27m 16.2s

French Creek
‘State Park

French Creek Boat Rental Vast forest,
P trails, lakes}
) . ' & campsites §

EV charging station ™

Vo)
%
%,

Rary =

(partial solar eclipse) Hel

( Magnitude at maximum : 0.91437 §

. Moon/Sun size ratio : 1.05204 >

-

A

Date Time (EDT) Alt Azi PV @

2024/04/08 2:07:21.8 +54.5° 207.4° 238° 04.8 c/‘&‘ o

2024/04/08 3:22:59.1 +45.2° 232.9° 324° 02.5 A A 2 "“,.,
# \ ' y
2024/04/08 4:34:38.0 +33.2° 249.9° 049° 11.9 Hopewell L.ake'Entrance’ Sy g bivia ?

French Creek State
Park, Lake Parking Lot

.7

MY
French(Creek State
ParkiRlayground

\
/

-,

French Creek State Park

Google maps
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sHawk Mountain Sanctuary

Hawk Mountain
Amphitheater

’ . ‘Hawk Mountain

. I?ﬁ,"Sanctuary
Nonprofit facility
with bird watching

v
v

| R0

Hawk Mountain
Sanctuary Visitor Center %
D

Help

Penumbral duration : 2h 27m 12.3s
(partial solar eclipse) _—
Magnitude at maximum : 0.92938

Moon/Sun size ratio : 1.05201

40° 38'01.88" N <—> 40.63386°
P v

75° 59' 15.81" W <—> -75.98772°
Max
Obscuration : 92.270% C
Event (AT=69.1s) Date Time (EDT) Alt Azi
Start of partial eclipse (C1) : 2024/04/08 2:07:22.7 +54.2° 206.8° 237° 04.8
Maximum eclipse (MAX) : 2024/04/08 3:22:56.4 +45.0° 232.3° 324° 02.5

Google map

End of partial eclipse (C4) : 2024/04/08 4:34:35.0 +33.1° 249.4° 050° 11.9
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Centerline and the Weather
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National Center for Atmospheric Research
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National Center for Atmospheric Research



National Center for Atmospheric Research
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National Center for Atmospheric Research



National Center for Atmospheric Research



National Center for Atmospheric Research
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National Center for Atmospheric Research
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Peter K. Detterline image
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Gary A. Becker Slide







May 10, 1994,
Canutillo, Texas

Gary A. Becker image
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) 2. Make pinhole in large piece
1. Cut 1" square opening at end

Solar e
Projection
Box

af aluminum foil.

3. Tape pinhole
OvEr Opening =
at end of box._ -

-
-

-

4. Aim projector
= &t Sun.
ra

-

5. Look through side opening
to see image of Sun

praojected on inside of box.

CAUTION: Mever look through the pinhole directly at the Sun.

from Bryan Brewer, Eclipse, Earth View, 1979, p. 82



July 22, 2009-South China Sea

Peter K. Detterline image



Allen Seltzer image
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Gary A. Becker image



August 21, 2017 Total Solar Eclipse

Phone camera held over a telescope eyepiece

Terry Pundiak images



Google Pixel 7 Pro, Handheld

Canadian Smoke Providing the Filter, 25 Power

Gary A. Becker image



Solar Projection

October 12, 1977

Gary A. Becker image






Looking Forward to the Next Solar Eclipse
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Gary A. Becker image
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M13: Great Globular Cluster in Hércu_les %

22,200 light yearé distant
11.6 billion years old _
300,000 to 500,000 stars

Dave Moll and Moravian College Students



M92-Hercules-Globular Cluster -

26,700 light years distant
13 billion yearsold
200,000 stars

Gary A. Becker image



How will most stars die? -

R R MB P Ring:Nebula”
] s il 2300 light years distént- .
e g R o 7000 years old" . SR i

. . 4 .
K : P v

Dave Moll and Moravian College Students
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Alcor and Mizar-Ursa Major

Alcor

Mizar

Gary A. Becker image



- Epsilon Lyrae: The Double-Double
| e ,;ﬁf’/;’
- : o . §e e s e S b
Epsilon Lyrae (Double-Double) R D
Sketch by Ewan Bryce S Lyra, ,the,‘xHal_' P
Epsilon 2 R e bl
; 7 /
Eps-2L— e —Eps2D “_.-"'a Il,fi'
- /
/. / i :
Eps1A— 8 — gps.1B ' '_'/ Lk /
Epsilon 1 3N },f'"' el * ; . EPSIlon 2
e Epsilon 1 -,
vesa R
b ‘. .' ._\\\\ < A i : 5
_\'_ Epsilon Lyrae
| All are fast spinhers Epsilon—l A Epsilon#l B | Epsilon-2 C | Epsilon-2 D
Apparent Magnitude +8.1 +6.0 +5.1 +5.4
Spectral Class Az As As As
" | Temperatures 8000 K 7700 K 8200 K 8200 K
| Luminosities (Sun = 1) 18 8 17 14
Mass (Sun = 1) 1.9 1.5 1.9 1.8

 Gary A Becker imagés.
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Telescope Etiquette

-Telescopes are expensive. Please DON'T TOUCH!
-Supervise your children.
-No white lights, flash photography, pets, or

aerosol insect sprays...

-Dress warmly.

-Keep' yéur’ eyeglasses on.

-Ask questions.

Gary A. Becker image



Gary A. Becker image



La FIn



