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- The Tilted Teacup Ride

R Coordma‘res and the Day 9/6/22
= & Celestial Nawga’rlon - |

X The Year: 9/13/22 |
% The Age of Aquarius

- % The Month and Moon Phases 9/ 20/ 22
% The Harvest Moon

# The Day in All its Glohy 9/27/22
@ The Analemma | |



 The Tilted Teacup Ride

- % The Month and Moon Phases 9/ 20/ 22
@ The Har'ves‘r Moon -



Celestial Coord ma‘res
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._Til‘redSkY- oS
- 7 Observers see sky “filted" due to latitude

Ty A To Celestial
We see | Equator
ourselves

“on top” of -

the Earth,

- sky.

So we see
sky motions
tilted -



- Clock Time = Position of Sol
b » Observers move through times f;‘jnﬁei')‘f

It's 9 pm.
LN

| It's
~midnight.
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ey
e
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i’r's 3 am.
o

It's 6 am (sunrise).

ves, Adirondack Public Observatory



SUH ln The Sky The .
* VIZW fl"0m EGI"Th : | ECIlpTlc ~"”.—;-"_T\\
%) Rotate to Earth's equa’romal plane —

% Center on Earth
® Project sun onto sky

« Vernal ]::Equinox
' N




The Eclup’nc (paTh of The sun)

*Vlew from Ear‘rh . RS
(%)Sun moves ~1°/day | o
eastward across . - 5
stars | .
&)Sun moves north
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‘Sun in The sky

-'*Vlew from Ear’rh

@Sun moves ~1°/day eas’rwar'd across stars
®%Sun moves north and south in declination
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Posmon of Sunrlse & Sunse’r |

. Yo AZlmU‘l'h of msmg depends on 6
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P °5i"fio.n_of Sunrise & Suhset
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- When on Ear’rh?

B4 Ear’rh Ro’ra’res Once Each Day
" % 360° with
— ‘respect to 2
% e, ~ Earth-Sun line .
BN, ® All Earthlings
- ride along

—>To Sol

i Phato by Marc Staves, Adirondack Public Observatory



- Clock Time

Observers
move
through
times

12 am

9 pm

e T
e

3 am

6 am

9 am

12 pm



~ Moon orbits Earth

% Solar Month
% New Moon to
- NE T
% 29d 12h 44m ~ 29. 5d

#Sidereal Month

(% Moon moves 360°

® 27d 7h 43m

**Moon rotates on its axis once/mon‘rh

(%) Keeps same face toward Ear’rh
~ D hangs'* ‘heavy side down"

@ Appears Iarger at perlgee Than apogee

*
DI A+ v AA - CHanrs -~ T HY ~ = ~l D Wlic O -~y 7 1y
| YT \ MArc. STA Y- AVNalldalala =] < - @ Nnecervatc \/
FNGLO DY Marc a2taves, AdIrondack ruplic Loservatory



Moon
Demonstretion with Orsnges!  Phase is
lit moon
visible

Insertis
moon as

- see from

. Earth

itc Staves, Adirondack Public Observatory



‘Moon Phases

*NZW MOOH EIOHQGTIOH Oo (Gngle from sun to moon)

® Waxmg Phases: visible afTer sunset
) ‘Waxing Cr'escen’r 0°< Elonga'rlon <90 E
) First-Quarter: Elongation =90°E = .
) Waxing Gibbous: 90° E < Elongation < 180°

* Full Moon Elongation = 180° |

.15t QUARTER
transit
. WAXING T ‘ ‘ WAXING
-GIBBOUS _ " CRESCENT -
eastern western sky
sky Observer's
: meridian

Elongation= - - -

Angle from Sun ‘ ;

. e NEW SUN
south : v setting SETTING

FULL
rising



- Waxing Moon Phases
* Brown Lunation number 1234

: ) Since first new moon of 1923 (1/16/23 9:41 pm EST)
.@ New Moon: Sep. 25, 5:54 pm EDT

(® 15" Quarter: Oct. 2, 8: 14 pm enT

%) Full Moon: Oct. 9, 4 54 pm EDT

) The Hun’rers Moon“ : | Waxing:
ey SR ol |qm on the
'rran'srr e e 2 . I(Jnl
. WAXING - . WAXING. T
GIBBOUS _ -~ ) CRESCENT

eastern western sky

sky Observer's
: meridian

: \ELONGATION T
,',:,Ls’,',','; > NEW SUN = -

 south : setting SETTING



Evening Moon Phases

% Look south at sunset  9/28/6647:00pm

~ Waxing Gibbous
12/01/9 4: 21 53 pm
Almost Full
""% _ )\
., S i |
- e
. e Ecljp



Evening Moon Phases

% Look south at sunset  9/28/6647:00pm

~ Waxing Gibbous
12/01/9 4: 21 53 pm
Almost Full
""% _ )\
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. Moon Phases
‘--*Full Moon: Elonga’non 180°

(% Waning Phases: visible before sunrise
Y Waning Gibbous: 90° W < Elongation < 180°
) Third Quarter: Elongation = 90° W e
) Waning Crescent: 0° < Elonga‘rlon < 90° W

i New Moon: Elongation = O°

3rd QUARTER
transit
WANING -: P : . WANING
" CRESCENT £ : ‘GIBBOUS
- eastern sky western sky
Observer's
meridian

[
Elongation =

SUN . NEW Angle from Sun
RISING ‘* rising . Full

south sefting .



- Waning Moon Phases
% Lunation Number 1234

#* Full Moon: Oct. 9, 4:54 pm EDT |
. 3rd Quarter: Oct. 17, 1:15 pm EDIT:
» New Moon: Oct. 25, 6:48 am EDT

34 QUARTER

Waning:= .0 o S T e
Lighi on ihe |

' WANING ' . WANING .

: . ‘_[(I, ! ek . i X 5
_I(il I! . CRESCENT GIBBOUS® . . .

western sky

: ' ' " eastern sky ik -
e 2 : ' Observer's '
. ' : s, 6 meridian : .
T ELONGATION/' ; L
v . SUN T 3k NEW e '
- RISING * rising, g o _ Full :

~south ; - setting



Morning Moon Phases

. A Look south a’r sunrlse The cold moon

12/02/6 5. OO 00 am
Full Moon



Morning Moon Phases

. # Look south at sunrlse

12/15/97:30:46 am
Waning Crescent



Morning Moon Phases

. # Look south at sunrlse

12/15/97:30:46 am
Waning Crescent



- Moon Phases & Tlme of Day

. Mobii phdse & =08 |
% Due to positions of Ear‘rh Sun & Moon

% Time of Day .
@ Due to posn’rlons of Ear"rh Sun. & Obser'ver' |

Posmon & Phase of Moon .
lees Tlme of Day '



- Earth
- rotates

beneath
. each
phase "

Example:
E inst
- Quarter-

ObSCI"VCI" ' S fime iS 1 2 :OO ic Staves, Adirondack Public Observatory



‘Single observer sees moon in sky

Observer

sees moon
rising o ,
ObSCI"VCI" ' s Time iS 1 2 :00 I.Dho_t,o by Marc Staves, Adirondack Public Observatory



‘Single observer sees moon in sky

Observer
sees moon in -
eastern sky

Observer's time is 15:00

" Phato by Marc Staves, Adirondack Public Observatory



" Observer
sees moon .
transitingas =~

sun sets x

Observer's time is 18:00 o | —

rvatory



‘Single observer sees moon insky

20

Observer
sees moon in -
western sky |

Obser‘ver‘ ' S Time is 2 1 :00 A F-’h'o_to by Matc Staves, Adirondack PuEIic Observa.tory



- Single observer sees moon in sky

Observer
sees moon
setting

Observer's time is 00:00

- Phato by Matc Staves, Adirondack Public Observatory



- Moon from Rising fo Setting

Pzrpzndicular
to Ecliptic.
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Earth -
‘rotates
beneath
. each
phase

Example:
E inst
- Quarter-

ObSCI"VCI" ' S fime iS 1 2 :OO ic Staves, Adirondack Public Observatory



Observer's time is 12:00

 EarTh"
Observer

- Observer
views moon
~ from own

~ horizon -
~ system

-

~ arc Staves, Adirondack Public Observatory



F “Earth
Observer

u - Observer
only aware
- of own
~ horizon -
~ system

-

Observer's time is 12:00

itc Staves, Adirondack Public Observatory



) 1st Quarter
Observer'_ *

Light from
~ the sun

= T

Observer's time is 12:00 1st Quarter moon is rising

tc Staves, Adirondack Public Observatory



Waning Gibbous |

AL Observer
Light from

~ the sun

=

Observer's time is 12:00 waning gibbous moon is invisible

itc Staves, Adirondack Public Observatory



Phases Rising -

quarTer
& Seﬁmg
waxin k yoxio
A 9|bbougs / \ cr-escen‘r
ls’f Quar'_’re-r o )

Risesat noon -/ . p/f\ 2
Sets at mldnlgh’r / 5 6.. | eniﬂgﬁ\ﬁm

" ' 180° mdnt ‘g%@moonﬁ . ‘new

full Q

wesj‘rern

' L elopéa’rlons
Wanlng Glbbous L L’/
Rises at 9pm  waning @

e glbeUS \ / waning
S CTS 01. 9 Clm | crescen‘r

’ quarTer

- 6am :




Today's Fun. - =«

; quarter
: DeTermlne r'ISIng, Waxing : ' 3 6' e waxing
Tr'(]ns.rl' Clnd : gibbous.' : il ()cr'escen’r
setting times of g Trasiihe 7
5 S0 : Setti
each phase St s FES
7 : : Above R /.-\W?ST
Time is the one - | K
. g .fU”.‘ mdnt , \x?@ P s " noon new
above the - i 1 |
: _ : _ AR Rlsmg‘ _“ Earth
observer's headl = Mente T roration
a ey ‘9am
waning. @
gibbous. g ( ;
> . 6am - waning
‘ ; ~_+ crescent
.3rd

- quarter



Phases & Times %

| : quarter
-Wha’rs lileiphdsede, oo e e | Thin
Of The moon ThClT glbbous. o 6P‘m - ()cr'escen’r '
rises at 3 am’ | "~ 9pm | 3pm |
3 am is the . .  Ewi

- _rotation
-4 ‘

f;j, v " noon new

OBSERVER'S |
| TIME' -full.‘ mdnt

No other Timesmaﬂepl =

Rising moon on

3 e | e Risihg.gam
eGSTer'n hOF'ZOh wanmg ' Obser'ver's Moon to
gibBOUs it e ‘6am 2! '~ waning
No other phases ma’r’rer'!_ L i Above Py . crescent
. e ’ 3r‘d . L

~ quarter



Phases & Tlmes

" What time does
the phas_e rise & e

' 6pm

3pm  Setting
~ Time

Turn observer
through day

ARG mdnt L
‘Find time for
Tr'(]nSI'l' | | _ Transit |
o . ‘ | Time
- Finditimelgorgie S it - A,
" . setting ¥o e (
T g e, SINe bam waning

- crescent

Waning Crescent r‘i'ses'{a’r 3 am,’fhansi‘rs at 9 am, sets at 3 pm



NOW ShOW S : ' .15{ | At 6 pm, moon is

quarter Transiting in the

‘. .'.he dlagr.am T '- 2 southern sky

waxmg waxing
151. Q 'l' gibbous crescent
UGI’-‘ er -
Rises at noon

)

3 At midnight, ' ~ e
Transits at 6 slffy moon’s Setting Y It's noon and the
Sets at midnight kiidisasionn e 1 FEI

SR il - ° md the East

waning. @ B s
gibeUS, el - il (waning
. ‘ ‘ : ok crrescen‘r
.3rd

- quarter



Now show .
“the diagram _ ¢
‘A iy )

WaningGibboUs e
' . pm,
Rises at 9 pm moon’s Rising
; _ in the East
Transits at 3 am
Setsat 9 am fu @

waxmg : | be e e waxing
gibbous : - crescent

new

- 1802 mdn

. | : It's 9 am, the

At 3 am, moon’s T , A - moon’s Setting
transiting in the ST O il in the West

southern sky S bR ‘ ' |

. waning, (@)

gibbous )

P £ waning

‘ : =« crescent

3rd
- quarter



‘Today's
“Fun: Moon
- Phases
b phaée'name
» elongation

# rising time
# setting time
¢ transit time

PHASES OF THE MOON

The inner circle shows the moon in its orbit, the outer circle shows how each phase appears as
seen from Earth

15t quarter

waxing
gibbous

waxing
crescent

eastern
6pm  glangations

dam
western

elongations

waning
crescent

waning
gibbous

3rd quarter

Complete the following table for the phases of the moon, assuming a 12-hour "meon day” (phases are not in
order of occurrence). THE PHASES ARE NOT TN ORDER!

PHASE ELONGATION RISING TIME | TRANSIT TIME™ | SETTING TIME
Midnight
~136° W 3 am
New
~45° W
MIDNIGHT

Waxing Gibbous

6 am

9 am




Question 0w

' quarter
« Anobsenver.sees:.. .-~ o |
The fU” moon | gibbqu.s.' . épm
Tr'ar\SiT. ! ; | . 9pm
What time is it? |
' Transiting
Moon
; Above ~
. -full.‘ mdnt %’
6 pr - Observer's
e Pm' | .~ _Time Above
b) Midnight .. o
c)6iams A T
, L waning. (@
gibbous. | e

3rd =
- quarter

‘9am

waxing
crescent

)

3pm

(

waning
- crescent



Question
‘An obser'ver scesil
the moon rise at yitbils o

9 Clm ‘ ; . _ 9pm
What phase is it?

|  full @) ment
a) Waning Gibbous
b) Waning Crescent:
c) Waxmg Crescen’r

waning
glbbous'_ »

151’
quarter
' 6' waxing
PR crescent
)
3pm
Rising
Moon to
East -
"~ noon new
Observer's

Time Above

-9am(

‘6am waning
‘ : : R crescent

3rd = o

- quarter



‘Question

- An observer sees
the moon set at
EOM.
What phase is |’r'>

waxing
gibbous

_ 9pm

full @) manr

a) New Moon 5
b) First Quarter =
c) Full Moon.

waning. '

3am

gibbous

ls‘r
ququer
Obser- waxing
6pm verl S )Cr"escenT
~ \
- Time Sorn
Above
=3, Setting
: Moon to
} West
. #if‘@ ~. - “noon new
‘9am (
‘6am | waning
‘ : : W crescent

3rd = o
- quarter



‘Question

N An obser'ver' sees

waxing

the waxing ~ gibbous o
crescent moon o
rise..

What Tlme IS it?
| full‘ mdnt _

a) 9am

b) 3'pmi
c)9pm . s
e s @

1st
quarter

6pm

"6am

3rd = o
- quarter

waxing
crescent

)

3pm

Rising Moon

.on eastern

horizon
“hoon hew

Obsebver'fs
Time Above

-9am(

waning
+ crescent



Horves’r Moon 2022

# Some full moons are nomed

@ Harvest moon = full moon closest to equmox

). Sep’rember 10, 5:59 am EDT |
Y Exact time of moon at elongation of 90° E .

) Moon bright at rising for days

- Allowed farmers fo work into the night
@ Hunter's mooh = follows Harvest moon

) October 9, 4:54 pm EDT |

Y Exoc’r ’rlme of moon at elongo’rlon of 180°



HorvesT Moon 2019

A Some full moons are nomed
(% harvest moon = full moon closest to equinox
9/11/197:34pm | |
Autumn ecliptic at
low angle to horizon!

¢ iph

AITeclip‘ric =7



HarvesT Moon 2019

The altitude of the autumnal €C|Ip'|'IC SE
" Alfeqipne = Alte +6=(90°-1)+ 5= 454°-235°= 21.9°
9/11/19 7:34pm | '

. ' cone
‘ /\ AITZC'IPTIC =21.9°

Alfee = 90° - .= 90 ° - 445 ° = 45.4°



Harvest Moon 2019
% Some full moons are named
O harvest moon = full moon closest fo equinox

9/11/19 7:34 pm )

9/12/19.7:30 pm | Nearly full moon
9/13/19 7:26 pm g rises within 20
9/14/19 7:22 pm | minutes of sunset

9/16/19 7:14 pm ) A

Alt. = -15° O
Az.=68.3° ~



Harvest Moon 2019
#* Some full moons are named
% harvest moon = full moon closest to equinox
9/11/19 7:34 pm ' '
9/12/19 7:30 pm

9/13/19 7:26 pm
9/14/19 7:22 pm

9/15/19 7:18 pm | gc\'\Q{\.C
9/16/19 7:14 pm
| _ ., 123.3° - 68.3° = 55° '
e
i s Ll
| T O Az. =123.3°
2525 H
= 25. O
Alt. = -15° O
Az. = 68.3° ~







	SOAR: The Sky in Motion
	The Tilted Teacup Ride
	The Tilted Teacup Ride
	Celestial Coordinates
	Tilted Sky
	Clock Time = Position of Sol
	Sun in the sky
	The Ecliptic (path of the sun)
	Sun in the sky
	Position of Sunrise & Sunset
	Position of Sunrise & Sunset
	When on Earth?
	Clock Time
	Moon orbits Earth
	Moon Phase is lit moon visible
	Moon Phases
	Waxing Moon Phases
	Evening Moon Phases
	Evening Moon Phases
	Moon Phases
	Waning Moon Phases
	Morning Moon Phases
	Morning Moon Phases
	Morning Moon Phases
	Moon Phases & Time of Day
	Earth rotates beneath each phase
	Single observer sees moon in sky
	Single observer sees moon in sky
	Single observer sees moon in sky
	Single observer sees moon in sky
	Single observer sees moon in sky
	Moon from Rising to Setting
	Earth rotates beneath each phase
	Earth Observer
	Earth Observer
	1st  Quarter Observer
	Waning Gibbous Observer
	Phases Rising & Setting
	Today’s Fun
	Phases & Times
	Phases & Times
	Now show the diagram
	Now show the diagram
	Today’s Fun: Moon Phases
	Question
	Question
	Question
	Question
	Harvest Moon 2022
	Harvest Moon 2019
	Harvest Moon 2019
	Harvest Moon 2019
	Harvest Moon 2019
	Slide Number 54

