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" The. Ecllphc (pa’rh of The sun)

'*v.ew from Earth-

%Sun moves ~1°/ day_,_
.'i-: eas’rwurd acr'oss '-
' @SLm moves ndHih

" “and.south in -~
iR declma’rlon
_. ® Solstices &
Equinoxes are

2 . Vernal Equinox
posmons m ’rhe sky. _ !

“This motionis -
through the YEAR!




Moon
Phaseis
“ lit¥ moon.
visible’




- Moonh Phases"
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- Moon Phases"
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: T_i'm_e :
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The Sidereal Day -
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The Sun at Noon

* Noon = 5un on mer'ldlan ]
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Observer s Meridian (due sou‘rh




The Sun at Noon
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"~ The: Analemma
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Mean Sun & True Sun

* Mean sun on mer'ldlcm defmes clock noon
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The Calendar

#‘f TheYear g 4 SR Bk 4 S
® Troplcal (equinox ’ro equmox) £ 365 242190.d

. @ Sudereal (star to. sTar') e IR R 256363 d |
f' (%.-Ariomalistic (per'lgee to parlgee) 365.259635 d

_ @ Lunar (node Tdfnede) e o .?.ﬁ_?_a46 620076 d {

‘% Julion Calendar G BCE) -' - 365 25d .
-® Add 1 day every four Years:s: S |

D) 365 25 - 365.24219 = 0.00781 days/year ’roo many ;
IRy Ex‘rra day every 128 years -




The Calendar

i‘f Gregoman Calendar' {15827 - % 365 2425 d
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' "Ip George Washington born 2/22/1732 2/1T/1732 OS

W h‘r‘rp //en.wikipedia.org/wikiy/Qld_ STyle and New S’ryle daTes'

@ Cen’rur'y years divisible by 400 have leap. days ..
© 7 +12'1600,,2000 had’ Ieap days, 1700, 1800, 1900 did ot




‘Doing the Math -

.*AdOTIOI’I of the Gregomcm Calendar
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Portugal, and their possessions
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for Julian
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1700

i and the Staten-Genermal), Savay, Luxembourg
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|Gn:at Britain and its possessions
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rland‘ 1919

1922
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1926
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for all

Dropped

1600

13 days




~Doing the Math
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; Mdr'r'rage cer‘hflca're fr'om War'sclw (’rhen in Russua),

Mar'r'llage o,
Da'red 3/16/ 1907

FoPOIS BARIO ABA, Nz /ffj’ 8t yuorpefieme g;enpymuam nafiopa
Pau.-Kar, OPUXONE CBATAIC [OAHHA fIE  EHATE BADOAOHACEIEHlA

B3UABYRALBTEY O BRPARDBIYETALNG

JLJAHOQE HA OCHOBAHII METPHMECKHXE KHHDI'D I s R T :
ﬂﬁmxameﬁ UTH ; WM W—' F?‘EJT’BGTT- poiy ._ | '_l Cer!'r.i-fica‘re

o5 %ﬁ%ﬂ%ﬂé’?ﬂ M VDo eHon /%"' JW? i 515 015 poxy ‘ -' G‘Fed N'OV/ Dec 23/6

SARATHAS —
s / 5%
p aunei coms’a’ e e ; ; ,‘_thif
.-l‘i-.]":% 3 % l/aﬂ i

:{utmn'ﬁpuunf e 0 CHMT ‘S’;H mc'myre
.-" | /
sﬁigmsa 2# . uct.caua ""6 :
= ) ¥

““T:uﬂuemmz Ppawedanoxaio Cocnoania pes / /
..'_.l_-l' '-_‘f/

ﬁ?‘ }/ (Ipzcrap® Hemonmerexpmolf Mommnin y y qa.c'rm

IP_-‘-E:_

.{:& b?-n{;h'ueugup]rqﬂfm 0o OaCE ISI:EE:-,BE W

%mn\ c:p.a thmi,t'rnyen
l

\ I‘ B}p’maa Ay
Gf"’ /%A«H.—rfafh &




Domg The MaTh

L Mean sun

@ Pro JZCTIOI‘\ of sun onTo Celes’rldl Equa’ror
| )) moves 3607 in one year (365 242191 days).

360°

B Heonsun 365. 242191days

__,'.ifr True Sun

@ speed varies due to.
.2:5un’s changing Declination’ /i
Y Elliptical orbit

Mean Sun on
b Celestial Equator 48

— 0.985647356 °/day [



Speed Variation Due to TI|'|'

L Anaiogy Alrplcmes on Ear’rh
' @ Bo’rh fly at, same speed (mph)

irplane at high Airplane at angle
atitude covers more covers fewer
itude. | i




Speed Var'la’rlon Due to TIH’
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Speed Var'la’rlon Due to TIH’
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Tr'ue Sun Speed Vama‘rlon

'* SO'STICZS .

®. True sun and mean sun alngned buT
. @ True sun: geﬁmg ahead of mean a’r maxumum ra’re |
ﬁ’k EQUmoxes it S e
%) True.sun and rﬁean sun“ahgned @wﬁr

3 Tr'ue sun getting behmd mean t('l' maxnmum ra’re

% Cr'oss Quar’rer Days

) Be’rween solstices & equmoxes
| %, True sun ‘farthest from mean. . e
"® Switching be’rween geﬁmg ahead & behmd i i

.'_ ‘..'.E‘_.I'I &
a




Cr'oss Quarter Days

s Days way be‘rween sols’rlceé & equmoxes
@ Beltane ~May 5 ' -

2D 3way from Vernal Equmox ‘ro Summer Sols’nce

@ Lughnasa Augus’r 2. 1
D% way: fromSUmmen Sol‘s*rﬁceﬂmmu‘rumnal Equmox -

(% Al Hallows' (Samham) ~Novemb5;‘ e,

) 3 way from AuTumnal Equmox to Wm’rer SolsTuce .
- ® Candlemas’ @mbolc) ~ Febr'uary 2
D3 z way from Winter Solstice to Vernal Equmox

If Cand!emas- Day be fair and._bright L'f. Candlemas Day be damp & black It
Winter will have.another flight = "..will carry cold wm’rer' away on its back.




Speed Variation Due to Tilt ..
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- Speed Variation Due to Tilt
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-Earth's. Orbit -

,_..* Ear’rh S speed varies in-orbit
@ area swepT out in.d glven time s’rays equal
18 pemhehon (g anudry:4)

) Ear’rh moves fas’res‘r (Febr'uar'y |s éhor"res’r mon’rhl) =
@ aphehon (~ Ju[y 4) '

)) Ear’rh moves siowes’r“ .ﬁ

ﬁu—l_
Or'bl’ra[

| | _ _MOTIOH*
8l Area at aphelion _ © —ul Ar'ea at perihelion}

A, 'A

'-|-_L' ¥

aphellon pemhehon 8

Orbital speed chqnges-’_ro keep swep‘ru_a_reds equal - -




- The Analemma -
- Pemhellon EarTh moving fas’res’r

1'0 d:sf@nf STar' ot

R 1° along d\’rbu'r
¥ 1'0 dlSTan.r'ST';r. I' X "o
' i i I '- TO.Sun ¥ oy

Pooibcion = 914 million miles, Voo = 67754 mph




~The Analemma

i‘«’ Aphellon EarTh maoving sloweS‘T
| 5 e 1° along orbl’r s
i Tol_di'-s i‘am STGP- | % .

- 2 tOoH < 1° along orbn’r
I _disj.an.r'.sifqr- I' PR
it - i TO Sun

o= 94.5 millian miles; Vi = 65,527 ph




“Orbit Analemma -
| * Position of true sun Through The year for Ear‘rh

-in-an elliptical orbit JUST due to Ol"bl‘l'Cll speed
' variation . - ¥,
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“Orbit Analemma * (U EEATNEEINN]

* Position of Tr'ue sun -
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"Total Analemma
i‘( Tl l’r and Or'b|’r effec’rs add |

Sun's Position at Clock Noon (Degrees)

True Sun's Position at Clock Noon (degrées)
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| Orbital Effect

Sum

/7\\

7 X
"f ;‘trﬁx‘x \ /

\
%1\\@ 2/19 /{/21 4/20 5/20 6}?9 7/19 8/18 9[17 10/17 11/16 12/1\6\




Tit nne Pots m N
T N

Sun's Altitude at Clock Noon (Degrees)

ToTal Analemma

* TIH' and Or'blT
effecTs add

)

'l_ ':’" Mch '!\’:
g »‘%“ Q)
u-j o “"‘0 g
.’." "‘0
4 Y
A
/februmy October \\
November

-3 2 l

0 1 2 3

¥ Orlb’r

Sun's Altitude at Clock Noon (Dearees)

lemma Po

33333333

l, '.

t Clock Noon (begrees)

Hi?l?d%eo? Sun at Noon

Sun's Alti

A

Analerma, Po’r< N NY .

2

sun's Position at Clock Noon (Degrees)




i {'P"dfsdamf_s. &
| A.r'\'a-l-_em ma

: Equa’rl of Time: C n, NY i

;g:
5
S
S
S
S
S
.t—
§-
W
§_
g_

Sun's Altitude at Clock Noon (Degrees)

Analerma Potsdom NY
ey une

July

East
>
~\ 2
\ =:
8 \‘n
West

February

-20 -15 -10 -5 0 5 10 15 20

Sun's Position at Clock Noon (Degrees)




Why is the earliest sunset on December 7, 2009?

Sun position at 3:30 pm EST

through the year
6/7/10

4/7/10
9/7410 %

3/7/10

10/7/10
2/7/10

“11/7/10 Analemma closest to horizon in

L — = efirly December

12/7/9




~The Analemma
- * Varies Tlme of sunrise-&.sunset

=® Ear'hesT sunset oh about December 8 A
@ La’res’r sunrise on abou’r J anuar'y 3:




TIME IN MINUTES
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50
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