w  Lifelong Learnin g 1 the North Country | HE STATE UNIV

#SOAR o Potsdam

SOAR The Sky in N\OTIOH
| Llfe on the Tilted Teacup Ride

' C'ele‘s’riql_ Cobr'diangg and the DGY ‘

- Aileen A. O'Donoghue

Henry Priest Professor of Physicé _

@ ST LAWRENCE UNIVERSITY



- The Tilted Teacup Ride

R Coordma‘res and the Day 9/11/25
= & Celestial Nawga’rlon -

X The Year: 9/18/25 |
% The Age of Aquarius

- % The Month and Moon Phases 9/ 25/ 25
% The Harvest Moon

# The Day in All its Globy 10/2/25
@ The Analemma | |



- The Tilted Teacup Ride

N Coordma‘res and the Day 9/11/25
1% @ Celestial Nawga’rlon -



Where on Ear’rh?

& Reference Pom‘rs
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Where on Earth?
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- The Celestial Sphere

. The view

from a small

planet on the Lo
edge of the 5
Orion arm of L

~ the Milky

Way galaxy



Reference Points

% Celestial Eq'u'dTor-
® Projection of
Earth's equator

% Celestial Poles
- ®.Projections of .
Earth's poles
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~ Celestial Coordinates
Right Ascension
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Celestial Coord ma’res

- Arcturus
A nghT Ascensnon 14h 15m 39 3.
. ® Celestial Longﬂrude .

. 19°10' 49"
.

7o Declination

%) Celestial La’rl‘rude

Ver'nal Equmox / CG’GSTIC\\ q
0707 0:0°0°0" : o

Achernar (a Erl)/ SCP / i
- 1h 37m 50.9s. s " Rigel Kentarus (a Cen)'

W 12 " 14h39m 3465
e ~60° 50’ 0"



~ Celestial Coordinates
Ve CheT Raymo: 365 Starry Nights: October

OCTOBER 9 B — OCTOBER 10

~ Earth observerin ‘“"0"1‘ &“1
North America looking f 2,'}- - / cgaa\ﬂ‘?
up at Great Square of* Deney - 70°

Pegasus (an asterism) —

. Wyoming has
great skies!

D'egr'e'és" of Declination: .
Positive (N) 0° to +90°
Nega‘riv_e-(S) O° to -90°

| -Hours of Right Ascensuon
5 Ot e 24h '




Observers On Earth
Mot See dn‘feren’r sky dependmg on La’rn‘ude 3

Up is that
way.
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i Tlted Sky

pAe Obser'ver's see sky’ ’rll’re due to Ia’rn‘uda |
We see
ourselves

“on top" of

the Earth,

beneath the
i sky ‘

39 we see“
sky motions |
Tilfed .

Photo by Marc Staves 2011 * |



Tilted Sky

B Fuh W|Th your mind ..

- Trytosee .
‘yourself held to |
the bottom of | /
“Earthiby, |/
~ gravity looking |f=|
. “down" at: the |
o skyI |

Photo by Marc Staves 2011 * |



Vlewmg the Sky

e Observers see celestial reference points *

i aT angles related To their latitude

Q.‘ to observer's
| | zenITh

y S5 obser'ver's |
Ia’n’rude |

% EE _ to célestial
b . O- . | equaTor s

- scP
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Sky Angles

e s - 4 Tonorth
x = observer's celeslﬂal
il ipole |
IGT”Ude . to observer's
i ' LA .- A zehith . -
observers EA . |
F \ o A = observer's
hor'lzon : / '. e |
- B Oh! T hate

geometry!




EarTh Observers Vlew

to observer's

o no-r'.‘rh- e zem’% north
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Altitude & Azumu’rh

# Position of an object in the sky
(% Azimuth = Angle from north through east
@ Al’rn‘rude Angle from hor'lzon to obJec’r |

Antares is at

| § i azimuth 170°
$i sy i »_and altitude 30°
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Azimuth
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~ Horizon Coordinate System
s o {o nlo'r’rlh 12 », to ébserQer's' e -

celestialie it L oenith
pole |
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Horlzon Coordma’re Sys‘rem

fo nor"rh ~ to observer's
celestial : . - .. zénith
pole |

to celestial
equator

A = observer's //
latitude

Yo observer's [' | to-observer's
~ horthern . < southern

5 2horizon & horizon
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- Question
o “to observer's

‘zenith - 1o celestial
equator

| fo horth
celestial

-apole. '

| Wh‘df.'s ’rhge' o’bser\xer’é ‘Iafifude? |
¢ «a) 70° N |b) 20° N

S




~ Question

| ‘to observer's
to north zenith -
~ celestial
pole

'~ to celestial
equator

\5 :

| Wh‘df.'s ’rhge' o’bser\xer’é ‘Iafifude? |
. -[d)_ 60° N] 8 5) 30 N -
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each day
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Vlew of
Obser'ver'

| ALWAYS

. Rotate
~info the
- observer's
frame of
. reference
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- View of Observers
* Diurnal circles are parallel to CE _
(%) Stars rise and se’r at CEs angle from horlzon

;



 Star Paths

Y Each travels a diurnal circle

- (® Portion of diurnal circle above horizon
- determines time object is "up”

_ All paths parallel Ve e
to celestial | 19 hours Summer sun
equator ' ' uphfor 15
| ' ours

Antares up
for 8 hours

,S-ou‘rh.‘ : |



~ Question

Whlch observer(s) would see the star
i Travel on the duurnal circle shown?




~ Question

Whlch observer(s) would see the star
i Travel on the duurnal circle shown?




Time of day

# Earth Rotates Once Each Day
} ® 360° WITh
— respect fo - |
% e Earth-Sun line

® All Earthlings
ridealong

—%To Sol




. Sunrise, Sunset .. ‘
| * Everything in The Sky (sun, moon, stars, e’rc i

% Rlses in the east
- ® Sets in the west
| Meast_.ming Circles:
360° =24 hr ‘.
| 15 1hr
Each hour, the sun moves
. 15 degrees in the sky -\
-1°=z4min-op 15'=1min\_~ |
Every 4 minutes, the sun moves  1err
- 1degree=60"in the sky

each day




Observers View of the Day

_ & Sun rises in east,
~ moves 15°/hour fr'om East to Wes’r _
* transits at-noon

sets in west |



Standard Clack Tlme

It's 6 pm |
R Every Lonngude af (sunse’r) fferent time

It's 9 pm.
L §

It's
midnight.

B
| o

It's 6 am (sunrise).

Photo by Marc Staves 2011 |




~ Clock Time = Position of Sol
Lok Observers move through times gusngeﬁrf
It's 9 pm.
It's
- midnight.

-l
s-’= siaga
Sy |
e
v

e
| o

It's 6 am (sunrise).

Photo by Marc Staves 2011 * |




DayllghT Savina Tume

It's 7 pm |
| i‘«’ ShlfTS Tlmes one h1 (sunse‘r) ' )

I't's 10 pm.
I’rs 1 am.

i .IT's 4 am.
| I's

It's 7 am (sunrise).

Photo by Marc Staves 2011 |



http://www.usno.navy.mil/USNO/astronomical-applications/astronomical-information-center/daylight-time

Clock Tume

Time Zones: k " o

- 15% apart

P |

3 am & oam

Photo by Marc Staves 2011 * | .
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Time Zones

cs complicates things
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https://en.wikipedia.org/wiki/List_of_UTC_offsets#UTC%E2%88%9201:00,_N

Coordma’red Umversal Tnme

% UTC (UT or Zulu)

@ Time at Greenwuch
" D-no Daylight savmg

/% Conversion A7 Lt =
@ EST (Eastern STandar'd Tlme) UTC 5hr
) eg. 2pm (14:00) EST = 19:00 UT

% EDT (Eastern Daylight Time) = Ulhci= 4hr
A e 2pm & 00) EDT = 18 00 UT o



http://tycho.usno.navy.mil/zones.html

~ Solar Time vs. Clock Time

A Solar' ’rlme varies acr'oss time zones

Tlme Zone's Solar' Noon

Sun's path seen from -
- time zone center

Eastern Observer's
~Solar Noon

Clock‘Noon FOR ALL

~ Western Observer's

Solar Noon

. Setting



~ Solar Time vs. Clock Time

A Solar' ’rlme varies acr'oss time zones

Tlme Zone's Solar Noon
Clock'Noon FOR ALL

Solar noen( S 4

(Degr'eeWnu’res/ degree)
- earlierthan clock noon .

. Eastern -\¥  Eastof TZ |
N\ czntzr L

Observer's
- Solar Noon

“\\.Lleslng)/uﬂ Ty .



QLIZSTIOF\

Por’rland Maine, 70° W.is in the Eastern Tume
Zone (cen‘rer' 75° W) Solar' noon occurs at

(Degrees)x(4 mmu‘res/degree) (5) x (4) = 20 minutes early

Solar hoon in Por’rland at 11:40 am. E

@ e | | '
SERENG M
. Eastern -\¥  Eastof TZ |
Observer's \_ cenfter |

Solar Noon



~ Solar Time vs. Clock Time

A Solar' ’rlme varies acr'oss time zones

Tlme Zone's Solar Noon
Clock‘Noon FOR ALL

- Sdlar noen(' A N‘ler' noon is bl
(DegreeW nutes/degree) | (Degrees)x(4 m\\u’res/ degree)

‘earlier“than clock noon .  Later than clock\noon

. Eastern -\ East of TZ | West of
\_ cenfer | TZ center.

Observer's
- Solar Noon

Western
Observer's
Solar Noon

leS|n9)> , .. side . ‘ SeTng



QLIZSTIOF\

Yuma 'AZ, 115° W is in the Mountain Time Zone #
(cenTer 105° W). Solar noon occurs at

| a).11:20 am, b) 11:40 am,_ G) 12:’20. pm, d)'-12:4'0 pmﬁ :

(Degrees)x(4 minutes/degree) = (10) x (4)'= 40 minu_‘res late

. Eastern
Observer's
- Solar Noon

A8 ﬂrees
¥  Eastof TZ

r

'cenTer‘_

'Dh -
- West of

TZ center .

Western
Observer's
Solar Noon



Celestial Navigation

IR Flndlng Latitude & Longitude from ' i
- (% Altitude of Polaris (NCP) =~

- ® Transit time of star
D Looked up in an ephemeris (eg. Fleld Guude)

‘to observer's

| zenith - Yo celestial
B L ™ eguator

~ tonorth
. celestial - -
pole

~ Observer afr‘20° N -



Star Trcmsn’r Time

Gives position of star with respect to the sun

eg. Look up transit time of 6 pM 5 pm Standard
Aldebaran on December 15 * P 4 pm Time.

9 pm

Aldebaran's
Position on
12/15
nearly
opposite
Sol!

12 am

9 am



Star Trcmsn’r Time

Gives position of star with respect to the sun

eg. Look up transit time of Vega g pm . fE]myicg:hrd
on July 15 (Daylight time) *p 6 pm B pm Time

8 pm

2 pm

2 pm

Vega's . )
Position ¢ o

on 7/15 [B@m -e<— -
nearly
opposite

Soll
Som S g



Celestial Navigation
# Difference between observed and
~ expected transit times gives longitude

Observer watches star Star's Transit Clock's Time
transit. Zone Longitude
Clock is set to some time zone.

Observed transit time
disagrees with ephemeris.

) Degrees East
of TZ center

Longitude difference from
clock's time zone center =

(Time diff_erence).x(15°/ hour)




Celestial Navigation =

™ Example Tr'ansn’r Of Deneb on AUQUS‘I' 1 @oiorado Day!

Obser‘ver‘ sees Deneb
transit at 11 pm EDT

Looks up transit time in FG
On 8/1 Deneb transits at 1 am

At 1.am Deneb
will transit TZ
center at 75° W

g Early = Eas
B of TZ center

Longitude difference from
clock's time zone center =
(2 hours)x(15°/hour) = 30° East
R s AN U
Observer's Longitude =
TZ center - Latitude difference =

75° W - 30°= 45 ° W

[ RN,




Navuga‘non Challenge

% Try it on your own with handouT
% See you next weekl '
L Slldes will be avallable at

hTTp / / myslu stlawu, edu/~aodo/ SLU/ SOAR/ mdex htm
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