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Where on Earth?
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A - The Celestial Sphere

. The view
from a small
planet on the LT
edge of the fy
Orion arm of 3
~ the Milky
- Way galaxy ...




Reference Points

# Celestial Equator
® Projection of
Earth's equator

% Celestial Poles

- ®.Projections of -
Earth's poles

3 Point of Aries
% Vernal Equinox -
(%) Defines prime meridian
'(CélesTial Greenwich)




~ Celestial Coordinates
“#Right Ascension
" ®RAora |
- (® From prime
meridian (Oh) to -
23h59m59s
Eastward
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3 @-Fr'om celestial
~equator (0°) to




Celestial Coordinates

“* Right Ascension

' @ Celestial Longi’rude‘-' .

e Declination .
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Observers On Earth
i See dlfferen’r sky dependmg on La’rl’rude e

Up is that :
way. Herauf
ist so.

. - e, . ‘
Arriba
es asi.




- Tilted Sky

i Observers see sky’ ‘|'I|1'€ due to Ia‘rl’rude, |

~ We see
ourselves
“on top" of
the Earth, -
beneath the [/

sky.

So we see'
sky motions
tilted




TllTed Sky

% Fun W|Th your mind ..

- Tryto see .
“yourself held to
the bottom of

“Earthby
gravity looking =]
"down” at the |

sky! -




Viewing the Sky
~ ¥ Observers see celestial reference points *
& at angles related to their latitude

. to observer's
ez zenith

A = observer's -
latitude

\ to celestial

/ equator .




Sky Angles

_ . 4 To north
A\ = observer's celestial

Ia’m‘ude i finpste

: to observér"s
NCP

- zenith -

| obser'ver's - ) " .. , |
| northern \ . . A = observer's
g hor'lzon : // el |

Oh! I hate
geomeftry!




Ear‘rh Observer's View

to observer's

to nOPTh : ZQT'.‘;’% norfh

| kcdeétﬁer'ver"s celestial
- Pplay - & pole |
| _Fae.h ude to observer's
SR oy A ~ Jergalestial
observer's &, .- - C equator
A = obeiheer |
.3 horizon .
latifide
o obser'ver's . ‘to observer's

northern < ‘ ’rgongiké:r,ilalt
horizon | E&H&Uﬁ”_

Observer's -
Horizon




Altitude & Azimuth
# Position of an object in the sky
(% Azimuth = = Angle from north through east
@ Al’rl’rude Angle fr'om hor'lzon to ObJZCT |

Antares is at
azimuth 170°
y _and altitude 30°

AUde _
Azimuth %




e ~Azimuth
7t Angle from Nor’rh through East
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Horlzon Coordinate System

‘ro nor"rh ~ to observer's
celestial - zenith

to celestial
equator

k observer's ,/ A ;
~latitude / S

/ ;‘. —
-}

o obser'ver's e et —— Tl torobserver's
northern: «=——===———=r=—>ppc=p> southern
horizon T e Sl horizon.




Horlzon Coordinate System

‘ro nor"rh ~ to observer's
celestial - zenith

to celestial
equator

k observer's / ;
IaTl’rude ‘ X{

j‘;: +/ T ek .-V ; t" \ | ’ |55 -: ‘..Y \ \ (]
o obser'ver's J xS Wi Tt o e et 1T 01| J to-observer's
nhorthern . <L e =r———r={===—={» sguthern
< e e s B e R A ey :
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- Question

to qbser'ver"s
zenith - 1o celestial
equator

"t0 north
celestial
. pole

N - _ A I

~ What's the observer's Iatifude? |
= we) /0N & b) 202 N




- Question

| to observer's
to north zenith
~ celestial .
pole

o celestial
equator

N - _ A I

~ What's the observer's Iatifude? |
- +«d) 60°N - b)30°N




Diurnal Circles

e Each

_ celestial

f object ..
circles the
observer
‘each day

“ Observer
sees. part
of each

_CII"CI Ea Py ] Obser'ver' sees none’
. of Thefdlur'naf’cnrcle

<

e




——>_ for 12

ObSZI"VZr' j . , ;‘jﬁm\rs‘/day

Rotate =
into the
observer's
frame of
reference

visible




- View of Observers
* Diurnal circles are parallel to CE |
% Stars rise and se’r at CES angle from horizon

Celestial

,’/ >
| \Equator

SHrs rise/*,

\

barallel yo
eshal eua'ror'




~ Star Paths

v Each travels a diurnal circle |

~ (® Portion of dlur'nql circle above horizon
- determines time object is "up”

~ All paths parallel Vega up for i .
to celestial 19 hotirs Summer sun
equator _e e ‘ up for 15

®-hours

Antares up
\ for 8 hours




- Question

Whlch observer'(s) would see the star
~ travel on the diurnal circle shown?




- Question

Whlch observer'(s) would see the star
~ travel on the diurnal circle shown?




_ ‘Time of day
#* Earth Rotates Once Each Day
® 360° with
respect to |
Earth-Sun line
® All Earthlings
ride along

=210 50




- Sunrise, Sunset .
| AY EV@FYTHIHQ In ’rhe Sky (sun, moon, stars, e’rc e

~ (®Rises in the east
 (® Sets in the west
 Measuring Circles:
- 360°=24 hr

each day

eItz The o ol
Each hour, the sun moves
. 15 degrees in the sky
~1°=4 min or 15 =1min ~_ |
Every 4 minutes, the sun moves — mwr
‘1 degree = 60’ in the sky




Observer's View of the Day

-5 Sun rlses in east,
 moves 15°/hour from East to West
* transits at-noon
sets in west '




Standard Clack Time

It's 6 pm
¢ Every Longl’rude af (sunseT) fferent time

It's 9 pm.

\

It's
midnight.

.I’r's 3 am.

»

It's 6 am (sunrise).




~ Clock Time = Position of Sol
Ry S 's 6
. % Observers move through times ](::usnse?r?
It's 9 pm.

LY
It's
midnight.

AT |
a

It's 3 am.

»

It's 6 am (sunrise).




Daylugh’r Savina Time

It's 7 pm
¢ Shlf‘l‘s Tlmes o] ¢ h4 (sunse’r)

' )
I't's 10 pm. m

It's 1 am.

.I’r's 4 am.
| I's

It's 7 am (sunrise).




- Clock Time

L P f 6'pm'
Time Zones: £ P pm

24, roughly 9pm\
- 15° apart
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~ Coordinated Unlver'sal Tlme

ST (UT or Zulu)

@ Time at Greenwuch
" D-no Daylight savmg
¥ Conversion - b e
@ EST (Eastern S’randar'd T|me) UTC 5hr'

) eg. 2pm (14:00) EST = 19:00 UT |
% EDT (Eastern Daylight Time) = UTC - 4hr
D eg. 2pm (14:00) EDT = 18:00 UT %




~ Solar Time vs. Clock Time
% Solar time varies across time zones

Time Zone's Solar Noon

Clock'Noon FOR ALL
o

e

Sun's path seen from -
- time zone center

Eastern Observer's
~Solar Noon

Western Observer:s

Solar Noon

. Setting




~ Solar Time vs. Clock Time
k¢ Solar time varies across time zones

Time Zone's Solar Noon
Clock'Noon FOR ALL

(Degr'ees)k inutes/degree)

-earlier'than clock noon .

' _ ik ﬁ _.
. Eastern -\ East of TZ |

Observer's '\ cenfer
Solar Noon

RisING....




Ques‘hon

Por"rlcmd Maine, 70° W is in the Eastern Tume
Zone (cenTer 75° W). Solar nooh occurs at

'(Degr'ees)x(4 mmu’res/degr'ee) (5) x (4) = 20 minutes early

Solar' noon in Por’rland at 11:40 am ‘s

r

- Eastern -\ East of TZ |
Observer's '\ cenfer
Solar Noon ‘




~ Solar Time vs. Clock Time
k¢ Solar time varies across time zones

Time Zone's Solar Noon

Clock'Noon FOR ALL
o

L hoon is

(Degr'ees)x

earli

 'Eastern

Observer's

Solar Noon

RisING....

| ‘Arees
¥ EastofTZ

inutes/degree)
than clock noon .

center |

D%A -
- West of

alZ center .

Western
Observer's
Solar Noon

. Setting




Ques‘hon

Yuma 'AZ, 115° W is in the Mountain Time Zone »
| (cen’rer' 105° W). Solar' hoon occurs at

_ 0} 11:20 am; b) 11:40 am, c) 12:20 pm, d) 12:40 pm

(Degrees)x(4 minutes/degree) = (10) x (4) = 40 minutes late

r

. Eastern \¥ Eastof TZ
' center

Observer's
Solar Noon

D%A -
- West of

alZ center .

Western
Observer's
Solar Noon




Celestial Navigation

X Fmdmg Latitude & Longitude from p
(% Altitude of Polaris (NCP)

- ® Transit time of star
D Looked up in an ephemer:is (eg. Field Guude)

‘to observer's

~ zenith - 19 celestial
G-l " equator

to noﬁ‘rh_ -
_ celestial - -
pole

 Observer at 20° N




- Star Transit Time
Gives position of star with respect to the sun

eg. Look up transit time of Standard
Aldebaran on December 15 Time

9 pm

LN

*

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




- Star Transit Time
Gives position of star with respect to the sun

eg. Look up ftransit time of Vega g pm :
on July 15 (Daylight time) ; 6 pm WW

Time

3 pm

2
Vega's pm
Position
on 7/15
nearly
opposite
Sol




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.

Longitude difference from
clock's time zone center =

(Time difference)_><(15°/ hour)




Celestial Navigation — je

A Example Transit of Deneb on August 1 Colorado Day!

Observer' 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

; ‘T“ Early = East

f TZ center

Longitude difference from
clock's time zone center =

(2 hours)x(15°/hour) = 30° East
[T\ |
Observer's Longitude =
TZ center - Latitude difference =

75° W - 30° = 45 ° W




