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2. ~ % ~ i ~ d ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ d ~ ~ ~ ~ m : e i n ~ ~ ~ ~ n m n i ~ d ~ ~ ~ ~ ~ ~ i :  U 

?m$arihlflir~.~~o y~&via~flil~i r ~ i c ~ u ~ ~ m a f l o ~ f l i ~ a : ~ h ~ u 7 ~ ~ u u f l o ~ f l i ~ 6  U 

3. o%uiurdua~ujmua:a~nauk~~du"uo(1n'u iirr~ri~uo~$~~rnmniad 
d d Lsrarn:~mr~uo~~tua=:~m1$i rn ' iv~~~ i~~nani~d  rciuuoufliua~$G~~nmni3d 

rriuruirGeun'a~fliuo~$G~rnmni3 d6 
U U 

4. o % v ~ u r d u a ~ u ~ n u a : a ~ n c l u l ~ ~ d r d u a ~ ' o ~ n v a m ~ f i ~ f l i  T l y  16 



L 
th~oufl l  (celestian horizontal system) 3::uu!uTf2b.~d (hour angle system) 

~ = : u u ~ ~ f i ~ a ~ ~ a ~ % u  (right asscension system) ~~nr f : :u '~~~ l i ju~n  (ecliptic sys- 

tem) 

8. u1m~~'mnruda~rii ln'm~~~ii~~::uu~h~ouflin'u~::uu~u8~b~~~6 

9. u ~ m d i ' r m i s d a d c i i  w n'm3::~iid3::uu~u+2budn'uf=:uu~f W"LLE]ILC~~U%U 
16 

lo. u1m~itni~uda~eiiW~m~::~ii~3::uu~3W"~~o1~~ll~%~n'u~::uu^o~l~uGn 
I6  

I I. otui uuseu~nri~ni3~1 ~2631 ~ a w i : : ~ o ~ d ~ ~ o ~ ~ ~ ~ ~ n m n i ~ ~ ~  U ru 



7.1 ~ f Ip161d~~89~%9f Ia~#89d 

idoi .r~f i incniodg~~w~m 
d A" G o d l  ~ ~ u n n u w n ~ 1 u n ~ s n 3 d n ~  s~naunaaAudiuu~au"ou~1dma6no~ 

d rru iialu 6-h n ~ n t l h q d ~  (celestid sphere) a~mai~m?alaniilu~ap~na~.~ m a ~ c m h ~  7 d 
8: d ~ ~ I L W " M M ~  o d i ~ t a ~ n u l u l n  u~nna:mm:iu!i ua:uo~gnku 9 n ' u ~ l o @ i ~ ~ n n A i n ~ r i l  

A'ua u r r  &Mum l o  ~~:u:a~i13laa1n&a~a1i~ua:uto"rduu~ (infinity) ~:u:&ndl?u nno .rwuuo~ 

n . ~ ~ n a u r i o ~ g ~ k u u o ~  if!onaiua:nanlnuri'2 7 !du'nSruuri1~unlw'ia:u:~41n'u 1 

~ i a u  tkdrnaulqfi~o ' ; l a i ~ w i ~ n " m ~ a d . r n  ~?oii~iiwimo.sinqh nc k?~uuo;mr~mu 
d crad ad8: u v  fio~uhkwiuo~ a m ~ u o n h u w d ~ o ~ w m  (h:!6ni1ado! J ~~a:urianmununarifiu2y'o~ 

n'u3nl:nlricyu (angular distance) IIL ~nquljna1~iduu7;~1an"LIn1auo ~ ~ I ~ L H ~ J Y U W ^ ~ ' ~ ~ ~  
d' o h  nsdnau)iod$~w wywsowi?io~n3uso'~1lub~a1 1 -iu ~duihcli;aan'u'ban idwyulu 

d f l ~ n ~ m a u a a u n ' u  60 'ban~yunarubuii ini  vl%onyminG~~riu~n!d~w'w~:a"uoon 

a t i n s ~ n s ~ ~ ~ n y u ~ ~ u i Q u u i i i n i  wioclyumnG~~riuoon~d$G~m:a"ue7n 

Ci~13min.r~naufiod1 &;d 7.1 .I 
9 



l u jd  7.1.1 l k8una~nnuh~hd i i lnn  ( l a  (gn o) ~ f l ~ 9 ~ q ~ G n f l i 1 ~  
d O l 2  

~abn:adnnu~~~db~u'i~a:oln~$dbnmniad (observer) URJU 
,P: v  

1) 1R P, k%lnil U?YIQJ#ILM$Q (north celestial pole) (gR P, ~ 7 ~ n j l  A~oi~~fiilii 
d 

(south celestial pole) % ~bilu(g~tiRa:~~idkbnuuod'bnnn"unadnn~~o?"od~i 
I d 

2) a~nnul~qj  EQWQ' bfun.ji r&.qu,6g~ra;io~& (celestial equator) a d r i i n m n n i a  

In?cuocaruiur8uqufig~ma'bnnn'una~nnuGo~fli miaoiondia16~1 ~Cuqufi~mario~fli 
n'Go ~8uqufig~mruo~'bnndusiuaon~~ua~na'i~ouna:~~oanna~n~~07'odfl1 l u v ? ~ i u o d  

luan51 aruiu~8uquGgp~Xo~rl.11 f l l a  a s u 1 u ~ ~ u ~ ~ n a u a ~ l n n d u u i u o ~ n 1 e l o ~ o a ~  

n a ~ n n u G o d f i i i u r a ~  

odd ~8uqufi~ma'o~fliaro~~i~oin1~$an"o~fli~~Qo' P, LL~:(~R&J~~~AIIX P, 

bdlh 90 Qdfl l  
d l  e t : v  

3) b~? l f fU~ l? iOdq i  (celestial meridian) 60 (1$dadnnul%4(~/lR 7 n ~ i u n ~ % ? n ~ d f l i  

IMQQ P, u,n:#aGo~fli~ P. 
#d Ol d' oin j d  7.1.1 (gnbbn:adnnu1%4dd#uo{n'uiibbHd~%od~~dbnmniaruumdu 

0 d 
1) FLMUQR11)Z (zenith) ~ 0 d ~ ~ d r n m n l ~ 6  60 9R Z d d b ~ ~ ~ ( ~ ~ ~ ~ l d n ~ ~ ~ ~ d f i i  

A d d o r j ' b u b b u ~ m ~ ~ r ~ ~ a ~ a ~ ~ ~ o ~ ~ $ ~ b n m n i a 6  

2) (~RIRITI (nadir) ~ ~ d ~ ~ d b ~ ( l n l ~ 6  Ro (gR Z' ~ d b ~ ~ ~ R u ~ ~ ~ d n n ~ ~ a d ~ i d o ~  

nidn%n%4ddun:otjlubi~abff~an'un"U(g~b~~o~a'~: 
v w v  d A  uov-ainn (gn z UR: Z* ~ i l ~ ~ K a u u n a ~ n n u ~ o ~ f l i u a ~ ~ a u ~ r ~ o u a r ~ i i ~ ~ - ~ r r ~ d ~  

u d u o ~ ~ ~ ~ ~ n m n i a 6 n ' u ( g ~ q ~ ~ n n i ~ u o ~ ' b n n ~ ~ ~ ~ ~ ~ r ~ u o ~ a ~ r u a ~ n u ~ d ~  -8Go gdi i rXiuo~ 

nudo{u J a n  ru i m ~ d ~ m a ~ f i u i u  

3) bkUl~aufl1 (celestial horizon) 110d(j8dbnmnif$ a d n n u ~ ~ ~ d o ~ S r i i d o i n ( g ~  

~ f b d 7 l r r  (gr z) ~~a:(g~liibGi ((gn zr) difwbanrtiCu so o~m l u p ~  7.1.1 l o  a ~ n n u l ~ d  
d au d P: 

NESW ~~nn0a:uiunm~ainn"ua~nnubb~a~~bbn:di~sv'~rn~nia6 (iio(g~qufinni~u0~1nn) I 

4) b ~ ~ ~ f f ~ ~ ~ ~ d ~ l ~ ~ d ~ 6 1 ' d ~ n ~ n l ~ 6  (observer's celestial meridian) ;€I b ~ ? l f f ~ ~  
d d r i o ~ f l i d i i u ~ m ~ u o ~ a w r  I u p ~  7.1 .I 16bbri r ~ j r i i u u  PNZP,, 

mnjd 7.1.1 i i ~ i U $ m q f l i  T ZR 7 0f1ikil I 

I) a d n n u u u a ~ d u o d  T (vertical circle of T) l o  ~ ~ J ~ J ~ R u ~ M ~ / ~ O ~ ~ U L I U ? ~ J  ( ~ $ 0 ~  

uuab) u w n ~ ~ n n u i i o . ~ ~ i d ~ i ~ ( g ~ ~ ~ Q o ~ a w t ~ i ~ ( g ~  T c i ~ u ~ ~ ~ i ~ i u n t k ~ ~ ~ w i n ~ u ~ ~ u u o u  

244 , MA337 



91 nnzd 7.1.1 i;~ ntc?tnauI~d ZTFW LU H ~~~~tinbl~a~~ub~r'uuouqi NESW mau 
.: d9: nmn~ainn'u~ui~3iuuw"o~~ibiund~ ?~nauffaon (prime vertical circle) k ~ ~ ~ a m d i  ~u iduu 

$~~~i<ua~nclu~~~onoddidn'u gb u~r?~nnu~nr$kJrra~dn"~~d~nf~nnun"od$i~onL~u 

dhur*ii 7 nic na:ga6auo~?~ntluf ~~~t~n'u~Sr'u~ou~iuun~~n~un'o~~i~o~aa:?'uoon 
d g a '  

(El bba:g~a:?umn (W) ~ ~ ~ ~ n ~ ~ ~ ~ u 0 : ~ ~ u ~ ~ u ? ~ a ? 1 o 3 ~ ~ u g u ~ ~ a ~ n " 0 ~ f l i n ' u b ~ u ~ 0 ~ ~ ~  

2) ~ Z ~ R ? I U ~ J V Q J  T (altitude of 7) ;El 33Jtl~6Jy~ (angular distance) ' ~ I I ~ L ~ ~ ~ u v o u $ I  

%ad T 07np.J 7.1 .I ILKU~~IU~JVQJ T go hu16~ HT I:~~J~U(I?IU~JIQJ T l;s:%i~iluu?n 

(+ ) 150 T ~ ~ b V h b [ i W V ~ ~ f l l  ~ L I z o Z ~ C / ' ~ L ~ U ~ ~ U  (-) L ~ Q  T o~?&&~%Qu~~I dlI:&(~?l~fjJ 

dl1k~~cd o OJRI so OJRI 
d cl 

3) 3tU:LMUQR3V:VQJ T (zenith distance of T) 96 - 5:69Jtl?lu~J%~J T 3:U: 

P 4 
LMUORSVLUOJ T d611gkdbbd 0 QJRl ;J 90 Q J R l  

4) ~bo%~nuoJ T (azimuth of T) ti0 ~ ~ 3 ~ ~ d i J L ~ i b i ; u u n " o ~ ~ i ~ o ~ # ~ ~ b n a n 1 3 t i i  

6u?tnauuu?i~&-hu T -a1n$d 7.1.1 &I YU PNZT ~ a u h  q W i ~ ~ d a i u ~ ~ u ~ o u $ i ~ i n  
2 d l  8 r l w  

y~~nco  (9a .N) au~dni~a:?uoon ~un3: iJo '~?~nauuu?a~n~iu~i~b~~mm~~ni f0tu~n 
da'a ( l w n o  ga H) (iui;o ~ a ~ u l d m i u ~ ~ u u i ~ i n i G u ~ o ~ )  ~ I M ~ U T ~ ~ ~ O ~ ~ I J ~ ~ ~ I ~ : ? U D O ~  

4 1  v d fiiuo%Cno-.uniuotlnII 180 QJRI udf in~u%qno@n~%n$ia~?'u~~n (ii~aBUw~~Gdi 
A 910: 

uinni i  180 oJni l u o ~ ~ i n n i ~ u o n f i i r r o ~ ~ n ~ i u i f n ~ u ~ u n 3 ~ 3 ~ u  ~1~uni laa~~rd 
d a 

o o w l  ii~ 360 oJRi  I ~ U I J ~ ~ ~ ~ ~ ~ ~ O J ~ ~ H U ~ ~ ~ ~ O J ~ I U I U H ~  o n ~ ~ ~ ~ t n o u  
Id I L: w 

5) ? J n a u h ~ u ~ u ~ ~  T (hour circle of p Go ?~n~~~n~nwiu~?no~din"~rro~diu  
L: pn T ~n:m~[RlOinCu~#uqd~~~n"o~$i lufi~~d~u7t(~uij~~a')r(i=:nf ~aimtlu iia taf~uz . 

r~~u1ri~ro~~~nauoinf~n'o~$i~~~ociiu~~u~uu'~min"o~410~~~#~n'o~411~ uazciiu 

T nn~d7.1.1 80 ~ ~ + J ~ J ~ R u I M @  P;IKPs K ~ ~ ~ ~ ~ a d ? ~ n ~ u ~ ? ~ u ~ ~ a n ' u t S r ' u ~ ~ a f  
d 4 

;ia~$i ( a i ~ n h ? l i i i i  ~ J n n u a L ? b ~ d d i ~ ~ ~ ~ n u o ~ 3 ~ ' * ,  z %a ~ u i d a u h ~ $ i u o ~ (  

Gd~nani3i;u") 
d u  Y 

6) miudiu~uuuo J T (declination of T) GO ~ t u z ~ t i ~ y u n ~ ~ ~ u l ~ n i ~ ~ n i i ~ ~ i o ~ ~ u i  

ni~lbiuo~~iiu~ufi~n3n'0~$7 a iu?~n f i uhb~ou6~  g~ T h u ~ n ~ o m u i u  + nia - 
unun?iunuiuii T odni J L M ~ Q M ~ ~ ~ I ~ ~ ~ v Q J L & ~ ~ ~ ~ " ~ ~ I ~ ' ~ J ~ I Q ~ I ~ ~ I ~ u  Pinad 7.1 .I 
~1~iuL/iu~uuvo~ T A;io 4auliiJ KT 

0: 
7) IZUZL%JIJ?VQJ T (polar distance of T) d7 96 - ~?~U~I~ILIU%OJ T 



13) yuihbduo~ T angle or T)  Go quar~ii~~uiriuu$o~$ivod(i~~nmnisni 
iiimnaual?b~dciiu T ' bmo luTmain~u~~ iuu~~~$ iv0~(6V '~~n~n is~dn i~ f i~n rT~nn  

d ,  P: (?mnqu~iuwiirni) oiqunimarci o odni BJ 360 OJRI $I~U~?~IUJIQJ T ~R~IUMUIU~I  

T I & ~ ~ Q U ~ ~ ~ U L U  j ~ ~ ~ ~ $ o ~ $ i ~ o ~ ~ 6 V ' ~ ~ n g l n i f  &Iduiu~.n'in'ud~M"uu"u~o ( d ~ 1 ~ 1 5 t l ,  
P: uonI'ii inqrl.7 T wu~mnKuuouh~ioC~ q i n ~ d  7.1.1 i io  L ZP,T 

~ d o ~ o i n n i . r ~ y u v o t ' b a n ~ ~ i i ~ ~ d i q u k ~ ' b u ~ ~ d d u u ~ d m i u ~ ~ ~ i ~ ~ u ~ m a i ~ ~ b u ~ a r  

I J  Q ~ R I  &lfu ~ i y u ~ ~ ' b u ~ ~ ~ o i ~ j 6 1 ~ ~ u ~ ~ a i k ~ ~ ~ d  o kq'bud CJ 24 &'bud 

iiknarutdri~~~ui~oeii~uuna~nau6o~$id~~u~w'un'unia'bn~avo~'ban.rou 

R ~ J O I ~ R G  ~ ~ ~ ~ ~ i n n i a ~ n f l 0 a v ~ ~ ' b ~ n a o u ~ ~ ~ o i ~ m u ' i i I ~ ~ a i ~ ~ ~ n ~ ~ 9 9 " u ~ i  m-a~oifimd 

m ~ o d n ~ u ~ ~ u i i i n i ~ ~ n a u ~ o u m i ~ ~ ~ ~ u ~ n i ~ u u ~ a ~ n a u ~ o ~ ~ i  Imariiqu~uniuVu$m 
P: d u n'o~$ids:ulru 23' 27' ku7nld&iolunii BnluRn (ecliptic) &uu a ~ ~ i u ~ n ~ u ~ n ~ d t l m  

A a 6'uaruiu~uqufiqtlafio~$i m 2 ~I~LHJJ ti~bmlj~#d~ad&folunii ~n?uon/ (equinox) 

&$d 7.1.2 

J L /  7.1.2 

A d l  i i ~ b ~ r i d ~ ~ d ~ ~ m d n " U i i b ~ ~ d d v o ~ m ~ d o i f i 8 1 ~ u u ~ n ~ u ~ n ~ i ~ d ~ n ~ ~ o u n ~ i ~ ~ l a ~ u ' ~ m a  

n ' o d $ i a i n ( n ~ < ~ u ~ d ~ n ~ ~ ~ o  bsir~uniiu~rid6ii ~m~qofuoaBniuo na' (vernal equinox) 



8 8 iauZnii~~vlGsvlusasmasnoP1iir~vl d A -  oiCimiuu^onluGnriisJ's~n~ou~m~~Cuqui~aa 

riosJioinQn~vlQo~s1nJ~iniK d n ? ~ u n i i r a l i s h i  jnooKuuo~tniuona' (autumnal 

equinox) yuc~vlaua:vli~sa:uiu~~uq~dqaaw"o~~in'u~n8u~n ~ i u n i i  yuLauotszu1.u 
a oniuiin (obliquity ofecliptic) ~.ivl~u(ii~~vl~~uuEn8uiindo~M:i~0in~~u~u~~~aw"o~J1 

uindqn ~a i i i un i i  ksnGa (solstice) ~~uhuvl l i~dodni~~v lQo~iuna ' i  lnC~uofTaarRr 
d  

(summer solstice) ~~a: i in~J~nodrnd6~ iun i i  i w u d f l a ~ r ~ n  (winter solstice) 

ruyRh ~ai~~Lidna~ns~YiO~fl iLi jU 2 dau a~uSn'luin dau6nuosn~~n~urioJi37 
d 6% a:uiu^onluiin lunsi~tiiauo~n.r~nasn~udoudjm 7 n~sf(o~M:i~nn~:uiul~w'in'u 

g: d g  I d  d 
90 QdRl P(mdROJVoJflSdYIf dnauwd~ no in$aEnluin (ecliptic pole) pnnorjnitQn~wQo 

d  
~ i u n i i  & ~ n ~ u f t n ~ v l ~ o  (north ecliptic'pole) pnnoini~qni%$unji Xini jui inl l  (south 

8 :  g:n  
ecliptic pole) RJUU ~ a ~ n G u ~ r 1 ~ ~ ~ 0 ~ ~ ~ : 1 ~ s ~ ~ u ~ n u u ~ a ~ n ~ u n ' o ~ ~ i ~ o ~ ~ i ~ ~ i n ~ n 8 u G n  

~riin'u~~:~iir-Yu so QJRI L L ~ : L $ J ~ I ~ S : ~ I U ^ O ~ ~ ~ G ~ ~ I ~  un'u~:ui~l~Cuqu5~aaw"o~#i 

da:uim 25 27' & ~ ~ 8 u ~ n ~ d ~ ~ ~ i i ~ ' ~ 1 i n u " a w " b s f l i d o ~ ~ n ~ ~ u a n ' u d a t u i  2i 27' 

ii?u atuiuduuiun'u6nijuin~n~a~n~uw"osfli~Ou~a~auuiu6n~u~nuos~zG~n (ecliptic 
d g: n g a  n 

parallel of latitude) ~ f l : ~ ~ ~ l ~ ~ d ~ d ~ i n ~ ~ 0 ~ ~ ~ ~ n L b R ~ ~ i ~ j ~ ~ ~ ~ ~ R ~ ~ n ~ ~ ~ ~ d n R ~ w " ~ d f l i  

LfluadnRuuad2in~uftnaod~~n (circle of  ecliptic longitude) 

d 
7.2 aiumauumnmaai (astronomical triangle) 

i imfuiaqf i i  T i n  7 uunatnau&sfii ~h~u?~8uuw"odfliuod~~dbnan13$. 
. : d l  

a~nauihlud uR:a,qnau.uansnwiupn T ~ : ~ ~ 3 d ~ ~ ~ ~ i u ~ ~ ~ u u ~ ~ ~ w a ~ n ~ ~ ~ ~  d ~ ~ i u n  
d', d d  rqu~niou~~~nssnsuuai r i u ~ n ~ o u ~ i . n ~ i r a f u o d  T ICI~~~~Q~ZIQJRIULH~J~~~I~I- 

~irnfi:d.rznou&a ?rnM~ofifuz (rmith), g n # a ~ d f i l L ~ ~ ~  (north celestial pole) LLR:pFI T 

d  
oin3d 7.1.1 o:lMi RIULHBUII~I~I~R~~VOJ T 6;~ R I U L M ~ U U L Q J ~ ~ ~ ~ R U  

PZT i ~ ~ f i n o i n  ~ & ~ u ? ~ ~ u u ~ a d ~ i u o d ~ ~ ~ ~ n a n i l $  PNZ, ~&asnauklu~ PNT LLR: 

dl d 

1) 6% TZ = f :U:LvlUQR3WZ9109 T (zenith distance of T) 

= 96- ~ tGurn iug~uo~ T 



3) $Ill ZPN = ~ ~ ~ : f i g a ~ ~ d ~ ~ d b n . n l ~ d l  (colatitude of observer) 
1 

5) yu ZPNT = yuk?~uduod T 61 T o~n~~fi~@:f i@nuod~hku?duu 

Jiadgiu ~ ~ [ ~ ~ ~ n n n i r r u '  

= 366- Y~k7bJdTl€ld T 61 T Q ~ ~ ~ ~ ~ ~ R @ Z ? W Q O ~ ~ Q ~ L ~ M C U ~ ~ ~ U M  

f lo~f l~uo~$tYa.nnn~rni  

6) yu ZTPN b i ) W I ~ ~ : ~ ~ 1 d 7 d n ~ ~ d j ~ ~ d n ' ~ 7 d n ~ ~ ~ b ~ 7 ~ d d d l ~ 3  T b%l?l%ElYU~dl 

8JbHiou (parallactic angle) 
a oda1u1sob6uuaadd~ud1~ 7 adluaqubcldeua~sier~wmd PNZT l w n ~ i i d  T 

o t ( l u n f ~ n s ~ n a u ~ ~ l r o  ua:o~n~~fi~m:iunnao~~kubu?biuun'~~~quo~$rr'~bnmnq~d 

'L$ &ad 7.2.1 



4PI !I' 
7.3 ~ : ¶ J ¶ J W ~ I R ' V I S ~ ~ ~  (celestial coordinate systems) 

i i 1 ~ a l i ~ u u i i a l ~ n ~ r 1 w 1 u i a m ~ ~ n ~ ~ ~ u o 1 ~ e r ~ ~ u ~ ' ~ e i ~ ~ a ~ ~ s t ~ s v " u ~ u 5 ~ ~ u u ~ ~ u ~ ~ r n  

&r~u-msulvido; tu i~~rvlitnddraajo aafu n1ruon61~~ali~uun+tnsuXod$1 

n'narI$v$nn~sfi~uod~iuan'~d Go w ~ ~ u i u l & ~ n ~ d u u n r ~ n ~ u w " o ~ f i ~ u ~ d a u ~ ~ ~ ~ n  
d ~ r ~ ~ t i d u o d ~ n v ~ o % q u u w ~ d n ~ u w " o ~ $ ~  1nu~n~~:ri1~unuiiavti~Ie,erI~w~~iau4~ 
8: d 

sldQ1 nrk i a u ~ u m y u o o n ~ i  n ? d n R ~ ~ l ~ $ ~ % d ~ d ~ ~ n  (primary reference great circle) LIRE 
8: d %sldQl~n'Y2dn~u ~n~~unumyuoona1nadv63u~v~81d' id~od (secondary reference 

great circle) L L R ~ ~ ~ I ~ U ~ J ~ R ~ ~ A ~ ~ I ~ ~ ~ J B ~ H ~ ~  r:uufin'njiod~~~~d~:rzuuu"Obo~n'un~a~~on 
d, e a ~ n ~ u l v q j h t d ~ ~ v d ~ d  r.-uununuuul~u~'uonl~~rvel,~uu.n'o~$~d 4 Truu ii?un'w Cia 

7.3.1 3~PIPI6~9dll~PIdl (celestial horizon system) 

I ~ s : ~ u ~ i i W u o u $ i a ~ n ~ u l v ~ ~ ~ ~ i ~ v I n  n";o niuuoufl~uo~$drnnn~rd LLR: 



d3uTFiJ HT iio ~ : ~ ~ ~ ~ I U Q J Y O J  T 

d3~TKd NEH bb0%8?W9109 T 

d3uTFiJ TZ = 96- s :8un-~iug~uo~ T iio r:u:~~Gslra:uoc T 
' Y I  a -  oin$ 7.3.1 I [ R ~ I W ~ ( ~ V O J  T ~ I U S L U V L ~ U Y O U ~ I  5ii0 

s : 8 u n 3 1 u ~ ~ u o ~  T (iia d3uIiiJ HT) iYu ~o%oJ'wuo~ T (iio L PNZT ~ j o d 3 u T i i J  

NEH) 

dl d odd Iuu i~nsdundo:~an~~o%o~'wuo~  T ~siaiill%s:u:~~uansaruo~ T an' 





IuiidnKun'oc oi~ndia1g11 
6iu~dduun.rdnau~iodfii~dtopI1d 360 adni  IWL~RI 24 4 a I u ~  
99 n 99 15 1dR1 " . 1 dj IJJd 
99 - 99 99 1 o d n l  " 4 w i  

99 99 99 1 iua7 " 45p I l f i  

h#pI ~ d ~ 1 ~ 1 3 0 L d ~ L I ~ ~ ~ L 0 ~ b ~ f l l  L L f l ~ L d ~ ~ ~ k ? f l l L ~ ~ ~ ~ ! ~  

7.3.3 3 = l J l J ' I 3  (right ascension system) 

~ustuu'l.rriuoaauu ? d n f l u I ~ @ i 6 ~ ~ 8 n  do ~8uqu6p&tfi? apratnpu 
t: Zt: I n q i d i l d 3 o d  a ~ n s l u d i b ~ d ~ u ~ a u a n ' o ~ ~ i n ~ a o ~ ~ ~ ~ r ~ a ~ m ~ u o n  (equinoxes) 

h a d  7.3.3 



~ a ~ i # u t ~ w I ~ ~ i u d n i i ~ t ~ ~ a ~ ~ ~ ~ . ~ ' ~  7.3.2 
4 4 

7.3.4 5tPIPI~41Zl~l~fl  (ecliptic system) 

IuxuuEnguiin ~ J ~ ~ J I M ~ ~ ~ I P S J W B ~  60 Bnluiin u ~ r ? ~ n a u \ ~ q ) b i ~ 6 ~ ~ ~ ~  
t ,- iio a ~ n s l u I r r ~ d c i i u ~ n u " ~ ~ n i j ~ l ~ n n J ~ ~ ~  ~ n u 6 m < u ~ d u i n d ~ a t ~ ~ i u 0 ~ 6 m 8 u 0 n ~  

riqwIriJ YT 60 B~PuBn~:lgrn~ioarii~mn'o~fli  (P) ~ Q J  T 

d ? ~ I b  RY ~ ~ ~ ~ u ~ ~ R O J ~ ~ R H ~ O R Q J ~ ~ ~ ~ ' O J ~ ~ ~  (A) %OJ T 

mnpJ 7.3.4 I$ T ~fluTmqJhuunmn~uhd7 G ~ J O J  T 1~)u~:~uEnRuan 60 
n onfiuRn~:iiim (ecliptic latitude) 6% 6m~uGna0~0$~1 (ecliptic longitude) 

nuiaiq 'on'ldiinariga uq~fikiunli  R Z ~ ~ ~ R I % I J ~ I  (celestial latitude) UHZ 
d d d  EnPuiinaoRg~ u i ~ n n ~ ~ u n ; ~  ao~tjrfi~dfi i  (ce1estia.I longitude) 



a UnU 3r&un?lu~J (altitude) 

A lLnU LLogu'n (azimuth) 
P u 

z LLWU fZU~LMUQR3~f (zenith distance) 

d UnU fI?luu'-luLlJU (declination) I 
I 

h LLWU uk1u4 (hour angle) I 

A 
P LLnU yULM801J (parallactic angle) 

I 
I 

L LLnU fl:~gnlIQJ~~JLnnnl3d (latitude of observer) 
I 

I 
l 

a LLnU \3hElHbaU~U (right ascension) .. p UnU ~ n h ~ n a : i g c l  (ecliptic latitude) H ~ Q  ~ ~ i ' $ ( l ~ ~ J f l l  (celestial latitude) 
P 

A bflU Qn~un^nf lQJ~Q~ (ecliptic longiiude) M i Q  a~Rga5~~8-1 (celestial 

longitude) 



usrlusruuyuai?b~ 6 

l l Q J  T (h) 

8~l<ni1h&S"1 7.2 ui7d-1 WIUL~ 
J J L : w  n~unuy u n g n v m o ~ $ ~ ~ n  vN), 

d d J pmrruonsrr: (z) a ~ :  T n'o RIULMB~UII~IHIB(~~ PNZT IJLO~~AUA~J~~J~~IUIUW'UZ 
rtni1~~kuuou41n'~stuuy ~ 4 - h ~  lno& T ~~m~Car iunnua~~#u~uT~3uun'o~f l1  

ror(gansln~soi u~:otjIuni~ns~n~u~niro v h  L ZPN T Go yu#aTu~ (h), L P, ZT t o  
d ysdsrnou 366 YQJLLQB~?~ (3600 - A), L ZTPN n'o qULnlau (P) 

6% P Z  n'o hudstnou go0 uo~~r i ipuo~$C~~nnn~sni  (wO -L) 

niu ZT n'o ri~uds:nou wa uo~smKun~lug~ (wO - a) 

6%~ PNT %I dauds:nou go0 uoana~ud~u~uu (go0 -d) 

k a d  7.4.1 

z 



sin (90" - d) - - 
sin (360" -A) 

cos d - -- - 
sin A 

. . cosd sin h = 

aiunp$idqu o:lMi 
sin (90" - d) cos h = 

sin (90" - a) 
sin h 

cos a - 
sin h 

- cos a sin A ..........( 1) 

cos (90" -a) sin (90" - L) 

- sin (90" -a) cos (90" - L) cos (360" -A) 

cos d cos h = sin a cos L - cos a sin L cos A 

Mia (I) hu (2) 0~16' 
- cos a sin A tanh = 

sin a cos L - cos a sin L cos A 

oin (3) L ~ O L L W M ~ I  a, A UAL L iiaiuirnvicii h 16' 
, aiunpuo~blarl  i i~?uniuotln' i i  

cos (90" - d) = cos.(90° - a) cos (90" - L) 

+ sin (90" -a) sin (90" - L) cos (360" -A) 

sin d = sin a sin L + cos a cos L 60s A .......... (4) 
A oin (4) LUOLLWU~I a, A LLRL L Raiu ian~ id i  d 16' 

v w E X  A weaqmn h o : a ~ ~ u o q s l n n i f i ~ u a $ n ' u i f i r o ~ v u i u u o ~ ~ ~ w u  l u a ~ n i r  (3) ' 
sine (~wai:di tangent = - ) 

cosine 

9in sin d = sin a sin L + cos a cos L cos A 

sin d = sin (59" 10' 22") sin (21 " 18 ') 

+ cos (59" 10' 22") cos (21" 18') cos (208" 12') 



d = sin-' (-0.10885) 

bbQZ81n tan h = - cos a sin A 
sin a cos L - cos a sin L cos A 

:. tan h = 
- (cos 59" 10' 22")(sin 208 ' 12 ') 

(sin 59" 10' 22")(cos 21" 18') - (cos 59' 10' 22")(sin 21" 18')(cos 208O 12') 

. h = tan-' 0.25 1 18 

= 14" 6 '  

sin (90" - d) - - sin (90" a) ! 
sin (360" -A) sin h 

, , 

-cos d - - - c z a  
sin A sin h -. I 3 . .,: 

. . cosasinA = -cosdsinh . , I 



sin (90" -a) cos (360' -A) = cos (90" - d) sin (90" - L) 

- sin (90" - d) cos (90" - L) cos h 

. . cos a cos A = sin d cos L - cos d sin L cos h 

(I) ( i ? ~  (2) PLIX , 

- cos d sin h 
tan A = 

sin d cos L - cos d sin L uos h 

sin (3) ~dounurii d, h LLR:: L <~:lRSii A 

11~miunpuo~lmlarliin3"u~i~ s:lMi 
cos (90" -a) = cos (90" - d) cos (90" - L) 

+ sin (90" - d) sin (90" - L) cos h 

sin a = sin d sin L + cos d cos L cos h .......... (4) 
A sin (4) L U Q L L ~ U ~ I  d, h, L iis:I(i(i a 

Y w A' A 
VW4ifWl d l  A ~ L Q ~ M ~ ~ ~ ~ ~ ~ ~ ( ~ v u Q ~ ~ " U L ~ ~ Q J H ~ ~ D ~ Q J L ~ ~ ' U L L ~ ~ ~  ~ ~ M ~ M W U ~ I  (3) 

91n sin a = sin d sin L + cos d cos L cos h 

. . sin a = (sin S8)(sin 39") + (cos B0)(cos 39")(m$ 325") 

8 i n  tan A = 
- cos d sin h 

sin d cos L - cos d sin L cos h 

(- cos ao)(sin 325") . tan A = 
(sin 0O)(cos 39") - (cos BO)(sfn 39")(cos 325") 



= -1.41174 

A = tan-' ( - 1.41 174) 

lu.r:uuyuhLt GnPluo~gm T niu.sruu6 O n~iudiu~uu (dl uoa T, q u d i L ~  

(h) YO3 T 

yU&JhJ4 (h) 304 T = 

l~v7uauinu+u (0) wad T 

S.T. = 'h + a 
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l~~uoarau~uuo~ T(O) i o  hul& CY 

CI~IUJIU~UWUOJ T (d) i io d?ul& YT 

n:iignS;o~fiiuo~ T cm i io d? JiiJ BT 

A ~ J $ ~ @ " Y O J ~ ~ I U ~ J  T (A) d?~ l&  CB 



 in$ 7.4.3 1; T ;a ( i i ~ d ~ u a ~ ~ m ~ 4 ~ d a  ~uu~nb~fiaua dnadnaun"ad~k $ 4 ~  

naiudinuw d, IsYira~~~w%u a  I w ~ t u u I s f i ~ ~ a n ~ ~ u ~ w  ~atOatii~n;iO~$i p, RQJ?$IR 

n"~io~qi A 1lu.r:uu'dn'lukn 1H' P, L J ~ ~ ~ # ~ ~ " Q ~ ~ J ~ I L M Q Q ,  gn PNE rJuln$a9nluiin~~fia 
A 

~:IiY47 PMPNT rihlniu~~dour%~nsdnau ~wa~oincliIsviuoa~u~o1ua~~n#a'inQu~n~~fia 

(1" PA  flu 2700 (Mia 1 8 ~ )  ~ i a a ~ ~ ~ n ~ a ~ ~ n k ~ a ~ 4 i r ~ ~ a  (1n P,) LJU go0 uselH'sruiu 
n antuiin~~uJviiyun'us::o1i~~C~gwu'~~an'a~41 ~rhiYu r b o  & tn'i 23 QJRI 27 iium 
ot: E n  nduu uaaniuiim~to ( l a  P,) ~ a u a ~ ~ i ~ ~ i n A ~ a ~ ~ i r ~ a  (9n pN) ~ r n i i ~  & gao i ia 

P,P, = r eidZy ~~Isil irnu~duur%~nsdnau PNEPNT Gn'~1wdawn' i~ 7 k d  
- PNEPN - & 

LLBz L'TPNPNE = W O + a  

n a i u ~ u r ~ ' u a ' a . r : r s ~ i ~ ~ a r ~ ~ s u a ~ a t ~ u I a 6 ~ ~ 0 1 ~ ~ u ~ u ~ u s  S ~ Y E ~ B Y ~ ~  niuisn 

~ i ~ f l n n o i k n p c i i ~  7 ua~aiu~~dour4ms~nau &d 
1) n i ~ ~ t d a ~ d i 3 n ' R ~ i n ~ ~ ~ 1 ~ 1 7 a o i t t o a t ~ 1 1 ~ d ~ ~ 7 d t ~ ~ d a ~ ~ 1 ~ ~ ~ 1 ~ ~ 1 ~ n  6a n i i i l~w 

61 d, a  L L ~ :  r UIIH' n iuisn~icl i  P L L R ~  A 16 
d F i ~ i s u i  W I ~ M ~ ~ ~ L ~ J ~ ~ J ~ R U  PNEPNT hj J J 7.4.4 



cos (90" - @ = cos (90" - d) cos E + sin (90" - d) sin r cos (90" + a) 

. . sin /3 = sin d cos E - cos d sin r sin a .......... (1) 

oin (1) ~i!ounwdi d, r ,  a L L ~  R I U - ~ S ~ A - ~ ~ I  p \ii 
oinnpua~lad 1'11 

sin (90"- A) - - sin (90" + a) 
sin (90" - d) sin (90" - fl 

.. cos Acos /3 = cos ucos d .......... (2) 

~iazoinngllidau PLIX.~I 
sin (90" - @ cos (90" - A} = cos (90" - d) sin E - sin (90" - d) cos E cos (90" + a) 

. . cos /3 sin A = sin d sin IE + cos d cos E sin a ......... .(3) 

HIS (3) h u  (2) o:IX 
sin d sin r + cos d cos IE sin a 

tanA = .......... (4) 
cos a cos d 

oin (4) L ~ Q U Y I N ~ I  d, r , a  L L ~ R ~ U I S O A I  A I X  

. . sin /3 = sin d cos E - cos d sin E sin a 

/3 = sin-' (-0.27630) 

Lb8z8lfl 
sin d sin c + cos d cos c sin a 

tan A = 
cos a cos d 

. . tan A .  = sin7"23'sin23"27' + cos7O23' cos23O27' sin87" 15' 
cos 87" 15' cos 7" 23' 



cos (90' - d) ' = cos (90" - m cos E + sin (90' - m sin E cos (90" - A) 

. . sind = sinpcosE +cospsinE sinA .......... (5) 

oin (5) L~OILIIW(/I p, 1. A h i ~ i ~ n ~ i t i i  d 18 

sin (90' + a) - - sin (90' - A) 
sin (90" - /3) sin (90" - d) 

cos a - COS A - - -  
cos (I cos d 

.. cos acos d = cos Acos p .......... (6) 

u~rnnng$idau orlcili 

sin (90" - d) cos (90" + a) = cos (90" - /3) sin E - sin (90" - /3) cos E cos (90" - A) 
- cos d sin a = sin fl sin E - cos p cos E ,sin A 

H ~ D  cosdsina = - s i n / 3 s i n ~ + ~ 0 ~ ~ c o s ~ s i n A  .......... (7) 

H I 1  (7) i i?~ (6) 9~15 

tana = - s i nPs in~  + cos/3cos~sin A .......... (8) 
I cos A cos p 

A 
, oin (13) ~ u o ~ ~ n u t i i  p, r ,  A ANIU I~~ IM~~ I  a 15 i 



31 n sin d = sin /3 cos r + cos /3 sin E .sin A 

. . sind = sin(-16"2'21n)cos23"27' + ~ o s ( - 1 6 " 2 ' 2 l " ) s i n 2 3 ~ 2 7 '  

sin 87" 9' 44" 

= 7"23'  
-sinPsinc + cos/3coscsin A tan a = 

cos A cos /3 



3.1) S.T. = 4" 20" 30", a = 12" 31" ld;, d = 24" 30' 

3.2) S.T. = 12" 15" 20, a = 5" 4" 3', d = 15" 16' 20" 



7 .a oailawizn~a~6u d m a  
' 4 0 1 b u o ~ ~ ~ L i n ~ i a u o ~ ~ ? ~ 0 i ~ ~ ) u ' ~ ~ ~ ~ b ~ ~ b u ^ r ~ ~ ~ ~ u o ~ ~ $ 3 ~ n 8 1 n i 3 t ~  no L ZPNT 

0: a uatrnu~~deuai.n~im+ ZPNT ifii~*(1<u o0 uu ~ f ~ n i i  ~ a ~ i ~ r n ~ ~ ~ i ~ n ~ m m ~ z ~ a a i u  

(local solar noon) lii~iu~Kdri~lnnni3d 

~~m~awi:rio~du w i o ~ m i ~ w i i r k ~ F ; u r ) ~  (IOGII apparent time) uad~i~bnmni~6 
A A dkunrrr?mI,~ 7 i;6o 12. - LZPNT (VOJWIULMIUU~ITIRIA.~ ZPJ) LUQ~?JQIR~G 

A oU~<orflim:?~aon ua:fio 12. +L ZPNT tuoa?Joif im~o~~G. '<~~~i81~?'~81n 

sd 0 

arm 

~ u a i u n i l e u ~ i . ~ i u i a ~  ZPWT ~t(lRYji 



cos 55" 28 ' - (COS 77" ~ ' ) (cos  49" 18 ') cos PN = 
(sin 77" 6')(sin 49" 18 ') 



TP, = 90" - ~fl?181d10~~01 

= 90" - 15'45' 



= 9 0 9  

o i n a i a ~ 8 u a 4 ~ n . r ~ n f i u ~ i n  Z'PAT' o:lsiji 

cosPA = cot T' cot Z' 

= (cot 154" gl)(cot 105" 45') 

C~UU L~RI<E I~OJ~U~(T I~~Y  O J ~ ~ J Q I G ~ ~ B U  = 12& - ah 2 1  2 4  

= 3:37:36 A.M. 

u a r r a ~ i r i a ~ ~ u d . r i n ~ ~ ~ ~ t i l a ~ o 1 5 ~ 1 5 ~ 1 n  = 12h + +h 22" 24' 

= 8:22:24 P.M. 



A 
4.2) R Z G ~ R  42' 45' L ~ ~ ~ : ~ ~ ~ ? l ~ f l 3 ~ 0 3 ~ ? 3 0 7 f t ~ U ' & ~ ~  38' 36' U B L ~ ~ ? ~ U ~ U L U U V O J  

n ? ~ o 1 f i n d 8 u  +I so 27'. 

, 5. P J M I L ~ ~ I ~ ~ ~ J ~ ~ ~ I ~ ~ I I I U : ~ ~ ~ E ~ I ~ ~ ~ O ' ~ U  ra:n~~o~CaGan l u % u d n ~ t ~ ~ b m t d n ? t u  

~'IUL'UULB'U +20° 32' i 
5.1) Acapulco (datG~n~Ou 1 b 49' l.Mfi0) 

5.2) Fairbanks ( h f  ~ ~ J C ~ L S U  64' 51 ' &)lfi0) 

5.3) Harrisburg ( G R L R ~ R L ~ W  40' 16' LMQO) 



7.6 BI°11101~~1~~1~1189(;139~13 

. ~dodqin~nnMyuaou62bod ~ i ~ ~ w " ~ d f i i d ~ i n g ~ y ~ ! d $ 2 ~  ~~n:I~ururC(h&daing 

M ~ u ! ~ ~ ? u  ~ ~ J ~ I ~ ~ J ~ L M G Q u ~ I ~ ~ Q ~ ~ " ~ ~ ~ ~ ~ Q ~ w ~ ~ ~ ~ B J ~ " Q ~ ~ ~ I  fiq:flaing~w~ou#aiu 

bb~?bdu?dnau doni i  a~nau'lnleai6h (diurnal circle) uodn?~ni2 ~ J ~ R U ! R L Q Q ~ ~ ~ ~ Q J  
d i  d  

ni~qnG6douuuiufiun ucicl:duuinumnin' huni~qnBw~nrnnaouw~b;uub8~ 
d  i dw d  

gufi~arwoi; cl:d?dnau!onoafjk!~~d~n (~~iluni?w2nw~naouw~iwqn ai2unnw2nd 

odvii~clin~&u~~~msw"o~fiioon!d clrii?~nau!~bclafriRIkRJ q clu~dym IU. v h ~ ~  
d  i d c %  

# ~ R Q J  ni~w~n&~~fluni~w~nwbnaouw~aauu qmiuii61.1 

d w we. 
o u d  m ~ ~ d ~ n m n i a ~ d d i b b ~ d d 0 ~ a : ~ ~ i d b 8 ~ g u d ~ m a b b ~ : ~ a b n n b ~ ~  nuuh J 

ru. a:R+p + Q J ~ L M G O  # ~ f i ~ ~ ~ i ~ ~ o ~ ~ ~ c l i n a t u i ~ ~ 6 v " ' ~ u ~ ~ l f i i ~ ~ i n " ~ y u u o ~ a ~ ~ ~ n  ~a:a:ui~ 
d w e  ~6v"ugufiqnrfio~fiii~:~~u~~iYun'~a~ui~uo~a~nau~~~on$auYun"~w'in'u mcl~-pir~clda 

uoJmwni2 6~oioui~'Lkilw 6 ndu f i j d  7.6.1 



nuiclmql n ~ m d u d  i uarnlud 2 d P E U Q J L ~ ~ ~ ~ R Q S I I ? R I  I ; ~ ~ ~ n l i m ~ u d n d n ( ~ ~ ~  
2 ,  t h d q ~  donn{unl?u-a~ n l ? s a u u ? ~ ~ ! h  (northern circumpolar stars) 

d nuiulnq ~ i u n ~ l ? I u n { u n  3,4  ua: 5 41 n ~ a ~ m u u ? u ~ u $ a s  (equatorial stars) 

"ianq'ud s ~ilun~ad~d~nud.ring~wd~~~u~ou$~~au ( ~ Q Q ~ ~ ~ L ~ U ~ I Q U ~ ~ L Q O J Q )  

rnristnq ni?ndud B (TO:~jds~ng~$i~~nmnisd~~"ub~u ~ s n i e n n ~ ~ n d u d j i  
t $31?3~~~?l8 (southern circumpolar stars) 



Y w 
VbQdLfM 

L: 2 
orfi~nn~fluii +f~~nnni.r&dod m. ~ - h n ~ ~ i l a  (Iq uoelriaiui~nuo~~flun+ 

a i?dodn i~~nI i i  (LMCQ) u o ~ n 3 ~ n m u h ~ u  
dl 

d ~ ~ d L 3 l ~ ~ ~ ~ 1 3 ~ l d l b b ~ ~ J Y ~ J ? ' ~ ~ f l l  (1dU R?J(II?) Y(UtYWURfYPZVlfl &UOL 
r 

~ i d i  %,j udilud (h) ILRZLLQ%;~ (A) 110~AqfliIu~ m r ~ ~ ~ ~ ~ r ~ m r f l n  

a u u t i ~ ~ ~ t ~ ~ ~ n n n i o  m. a r i ja (  o ~ ~ i r ~ l Q o  LSI~~OJ~ISVI~U~IUJ (h) LLRZ 
a d 

koPi?jI (A) YQJRI?  T YIULYU SO y.WZnal? T ~ I ~ J Q ~ U U L & U Y Q U ~ ~ I ~ I J B ~ ~ ? ' M Q Q ~ W Q ~  
L: Ldoni? T uu ~ ~ ~ ~ ~ L L Q A L % u ~ U  = h l u J  URLB~~IU~I~LUW = d ~ J f l l l ~ i ( ~  

L: 
~in~#a~nnni3&od N. IYIRJ~ ( OJRIL$Q V ~ L M ~ Q ~ Q J ~ Q J ~ I ~ J ~ ~  ~KUCI-JI~J~J 

A A (ci?ul& NP,) = ( o w l  a12 T dn?iudiu~uw = d a~nin~Qo ~~d . r i n i )~n~ownod~~u  
4L:Y LY 

L ~ U ~ ~ Q I ~ ; ~ Q J ~ ~ I ~ U I ~ ~ ~ I J L M ~ ~ ~ Q  W R ~ ~ Q  m T orunJYuLLRrnn ~~YuK~L~UUQU~~IIU$~J 

oinnr?uoon~~nfh ( h d &  EN) ~ ~ ~ r n n ~ u ~ ? ~ a i n ~ r ? u r n n ~ ~ b ~ i i o  (d?wl& WN) 



cos 90" = cos (WO - d) cos (WO - 4) + sin (90" - d) sin (90" - 4) . cos (360" - h) 

0 = sin d sin 9 + cos d cos 4 cos h 

. . - sin d sin 4 cos h = 
cos d cos 4 

& J h  

cos h = - tand tan 4 ..........( 1) 
uaningnrbla6iivla'~5iubdu~~uanSI oeln'li i 

cos (90" - d) = cos (90° - 9) cos 90° + sin (90" - 4) sin 90" cos A 

sin d = sin 4 (0) + cos 4 (I) cos A 

sin d . cos A = - 
cos 4 

Wor l fJ lWq  

1) Lda(g~Wjln~ni3clia~ cu. 4nnr i~s t i i ; d~  4 o~cmi~~iia  k a ~ W j l s u t ~ @ g n ~ h l d  
~ I J L M ~ ~ Q  

&~1? T ~R?IUL/IULUU (d) ~fluuan (d > 0) M ~ o Q ~ L A u L ~ M ~ M ~ ~ ~ ~ ~ ~ ' o J ~ ~ ~ ! ~ ~ ~ J  
x A ~ Q ~ ~ I ~ M G Q  ihm T OVU~U$?JII:~UQO~~~J~IS~Q U R ~ . ~ ~ M ~ ? J Q % J M  ~ L I  

luucuz#u P:G~u#?T~J (h) i ; ~  12' < h < I(F LLRELLOQU~~ (A) OI~ILHGQ 60 o0 < A < wo 
d u ~ ~ l u u r u r n s r n ~ r ~ ~ u $ ? ~ u a  6s 6. < h <-i2h uaruoJu'nainafis 2700 < A < 3600 

timi? T B I ? I U ~ I ~ L U U  (dl ~ihlmu (d < 0) M ~ Q Q ~ L ~ ~ ~ ~ U ~ M ~ ~ ~ ~ ~ ' Q J ~ ~ I ~ ~ W ~ J  

#?riosrhki u8+1ni? T o : & h h  anr?u~onda~6 ua:nnlfid?~mriunn?lAn' Lu lu t lm~d  



I n ruur,uAbr o Ao 18. < h < 24" ua:uoli?n (A) ainwh Ao so.< A < 1800 wztwunrt 
d 
nnnarflqukbt i io oh < h < 6. ua:uo$h (A) OI~IMQ~ Ao 1800 < A < 2700 

81sl12 T f i ~ a i u ~ i u b ~ u  (d) IY/15U 0 (d = 0) M ~ O R I ~ Q ~ U U L ~ M Q ~ P ~ ~ ~ ~ ~ ~ ' Q ~ ~ I W Q ~  
3 d m  o tlRYjiai2 T at~unnrntYuo~n (E) ua:mnd~~mtj~~ln (w) l a u 1 ~ ~ 1 ~ t d ~ u a t d ~ u  

d h Iun8u  18. ~~arbto%Uh A ~ i n b ~ c a  4% 900 ~ a : ~ u ~ m m a n a r f i ~ u ~ a ' b u ~ ~ ~ u  tjh aar 

uoQh A a i n ~ ~ f i o  t o  2700 

2) ~do [~ r~nan idod  N. R.IIIMJJRZG;R + Q~FII%' ;a Q ~ ~ L R L I L G U ~ U ~ ~ S I S ~ W  
n i d i  i i a iu i . ro f i a i ami l~uJ I~uor~~~~nCMf i  I) I 

3) riiai-~ T iimiuhu~ullu (d) ~.rrrY~atQaJ-~u (900 - +) ~ a : d ~ n ~ o m u ~ u ~ ~ ~ o ~ n i (  
r w  A anaunjuai2ddu1mu1rj~n unoiu~nsorcluiudi~riu a:tdun(uai2d~~nu~uo~~cl~o 

L 

uou4ibarr 
d a 

&€)dl4 7.6.1 q11 T ~ f l ~ i ~ f j i l l l l ~ ~  (d) +12"54' (12O54' Iclkt) Y N o ' W ~ I 2 ~ 2 d U  
I ri18~~ruur~a:andiubGu~op1di N. r i 3 a  (0 = 400 42' m2iiYuk2h~ 01) ~~az~~a6aYn 

(A) bfh4bY/ll3 
-4 0 

a m 1  

ain (I) 161 
cosh = -tandtan+ 

IU~$ d = I2'54', ( = 4 0 ° 4 2 '  

. . cos h = - tan (12" 54') - tan (40' 42') 

= - (0.22903)(0.86014) 

cosA = 

cosA = 

sin d 
cos + , 

sin 12" 54' 
cos 40" 42 ' 



9 i n  cos h = -tan d tan 4 
ddi lunu d = - 190 IS', = 38" 55' 

. . cos h = - tan (- 19" 15 ') tan 38P 55 ' 

sin d MRt97n COSA = - 
cos 4 

. . COSA = sin (- 19" 15 ') 
cos 38" 55' 





~i¶Jni~floPo"~ 7.6 

I<?Vlll$l T BR~UI/'IULUULBU d ~ J I I ~ ~ U ~ ~ U J  (h) U R E L L O I U ~ ~  (A) VOJRl3 T 
X Y ~nredri~&~ruur~~eanei~u~tv"u~~'ufi7 nr. R S B ~  + IRLI d L L ~ E  + iirilfiu 

1. d = + 15" 38', 4 = 62" 37' LMfki 

2. d = +20°, = 390 LMGQ 
3. d = + 13" 16', + = 45" 24' LMGQ 





IUJIJ 7.1.1 ~ ~ i ~ ~ n ~ ~ n a u f i ~ J f i i c l d ~ m n  ( t o  l a  o) iOulaquin,w 
14 a r la~a:?mnhulvl ~ ~ i d u O ~ 3  :~7n'y'f~~nmnlI6~(0bwr.ver) ~ & d  

1) l a  P. ~ i u n j 7  UL?;~OJJILM~IO (nqrth celestial pale) l a  p, ~ i ~ n j 7  &<DJ+~u 
d 

(south celestial pole) 1 ~ii(ula.k~:vlii J L L ~ u Y D J ~ R ~ ~ ' ~ ~ ~ J ; ~ I U ~ ' D ~ ~ I  

2) ? J ~ R U ~ H ~  EQWQ1 i fun j l  L~u~W~~FJ~I~JJI (celestial equalor) d~if iannnir 

& ~ % O ~ I ~ ~ i u h q U ~ ~ 9 1 > ~ 6 5 n n ' ~ n 3  df i i  vliooiqna'i?liiii i h q u c ~ ~ n s h ~ J i  

6 ~ a  L ~ ~ U ~ ~ ~ I ~ O J ~ R  nduuluoom ~own~:Qo3nns~naun'~~fi7 luri7uo~ 

iiiu?n'u s r u i u ~ ~ u u n s ~ ~ ~  %a i r u ~ l n < u ~ u ~ ~ n . r u ~ ~ l m n d ? ~ u ~ ~ o ~ n ~ d a u o ' ~ a  

n>~naun'o~Jikuim 

0 4 4  i~ugur ig~s; io~f i i lp :~~di~a~nl~u"~n'~~J~i~ i l  P. u ~ e ~ c l u ' ? r i ~ ~ J 7 ~  P, 
I 

r r i i i h  90 o JCTI 

3) iu i~ f luun '~~$i  (celestial meridian) 60 n:J?Nll~lvlq/lh/lR 7 d~.iu$d%aiOJ~i 

LHPO P. I~(I:~"~~'OJJ-IIR P, 
rd, A' ' inn ;IJ 7.1 .I P @ ~ ~ ~ ? ~ n a u ~ ~ ~ d ~ % ~ ~ n ' u 6 ~ i i n d ~ u ~ ~ ~ ~ ~ i n m n i ~ m u h / l R ~ ~  

P d - 1) lmLnUOR3Y: (zenith) ua~~$Jtnmnl~& t O  l m  Z ~ J ~ ~ ( U ~ ( I U U ~ ~ J ~ ~ U ~ ' O J ~ I  

d 1 P d noylwi~u7n3 ~ i v l u o ~ ~ s ~ r u o ~ ~ ~ ~ i n n n ~ d  , 

2) l~lKi6-1 (nadir) ~a~$$~inmn7'l$ 80 ?m 2' ~ J L B U ~ ~ U U ~ ~ J ~ R U ~ O J ~ ~ ~ O ~  

d l niJ8n~nnd~ua:o~luuu~i8u~nitn'u~nnuo~sa: 
Y u rasrinn z nar ze i i (w lm~~~un. r~n~un 'o~~ iva~~~udi~~u i rv l - i i~6 -~ i iv ld~  

a d 

u a ~ ~ $ ~ ~ n n n i ~ o i n ' u ~ m ~ u d n ~ i ~ u o ~ l m n t ~ ~ ~ ~ m ~ w u ~ ~ ~ ~ u : u o ~ n u v l ~ ~  Go 1mliilmua~ 

nwdoiuuIan m 6-1i~nd~ns~nicuiu 

3) L;U~;UVOU$!I (celestial horizon) ~ ~ d $ ~ i n m n i d i  60 ? ~ n ~ u ~ ~ q / d ~ ~ i i ~ a i n ~ a  

rn&l>a: ( 1 ~  2) aa:lmliin'i (1m z l )  iriinircianriin'u 90 OJCTI lupJ 7.1 .I .Go ?~nlulvlq/ 
d -a 

NESW a ~ n m >  :u iud#~~ i  n ~ i ~ ~ ~ n a u i i u ~ ~ ~ ~ i a r U . 7 ~ 6 3 u ~ ~ n ~ n 1 1 d  (G~~mqul jnai~?~~~lan) 

4) L U ~ ~ ~ ~ J U ~ ' D J ~ ~ I ~ O J ~ ' ~ J ~ ~ ? ~ I ~  6 (observer's eclcrtial meridian) 60 L U ~ L ~ ~ U U  
0 d 

rio~hdci7u~aivluo~1'1~: l u p ~  7.1.1 'Liil~r-i iui i tuu P,ZP, 

oin@ 7.1 .I i 7 ~ i u i f l q J i  T l a  q o:lR'h 
I) ?~nauuu?;~uo~ T (vertical circle of T) 6 O  n :~?~n~u l~~dad~uuu? i ;~  ( M ~ O  

L~U?$J) uu~slf~na&~~~~~;h~~~iiu~mi~r(ii~~~ ~ z d i u ~ m  T C ~ I W ~ ~ Z R ~ ~ ~ ~ : ~ ~ " J I ~ Q I ~ ~ ' U ~ ~ ~ O U  



a~ n n ~ d  7.1 .I ii~ fi<~)~nauI~qj zmzl Iau H ~ ~ i l u ~ a ~ a d a u ~ u v u  NESW aJnau 
' J Z  5 ~ n n ~ o i n  riu~ui~Guu60 ~ h ~ i : u n i i  ? ~nautron (prime vertical circle1 ~WUU.R J~I L U ~ L ~ U U  

fiflJal~u?Jnfluf jLonodd7'h'u 96 ua:?~naul~qjdf;~o ~ 6 f i ~ ~ d ~ n . r  ~naun'0~~100n~i1'u 
J ~ h u ~ r i i  9 nic ~s:~cmkuo J? ~ n a u ~ ~ ~ 0 n K u ~ 8 ~ ~ 0 u ~ i ~ u n s  ~ n d d & p A o a n  

J Z J  
(El LLa:pGlol:hn (W) 7l J ~ G ~ ~ J R D  ~uo:orjuu~~u?~av~ JL&u~UdvQIf ~'o~~I~;;JL~u~'oJ~I 

2) 5:6ufi?llJ~ JUOJ T (altitude of T) ;El ~YULL%JYU (angular distance) ~ n L h O u r h  

yaJ T n n  J J 7.1 .I ~:F~UI~IUNJUOJ T 60 iauI(r~ HT I L ~ ~ ~ J ~ I U ~ ~ J Y  DJ T s:iirii~iluuln 

( + ) do T D ~ L M ~ ( ~ L ~ O U ~ I  LLB: ~ : ~ d l l ~ u ~ u  ( - ) ldo T O ~ ~ ~ ~ 8 u v O u ~ i  f!if:&n?iuv~ 

~Oik~un' o OJRI ii~ 90 O J ~  
dl d 

3) 3fLl:LMUORTWYYOJ T (zenith distance of T) fi60 96 - ~ E ~ U ~ ~ ? I U ~ J Y D J  T fYUY 

a- d Lcluomuruoc T ~F~II<~JLL~ o ~JRI ii~ 90 OJRI 

4) LLo6~nUa J T (arimuth of T) 60 ~ U ~ : H ~ I J L U ~ L ~ ~ U U ~ J ~ I V D  Jy'~J~nQIn1fd 

riul~nauuu-ai~dhu T sinjd 7.1.1 YU PNZT IaunL? 9 I d  ? 'a~J (~ iu~B i (U~u~ im 

~ " L M ~ ~ E I  (101 N) ?ulJni ~ariuoa n ouns:nlJd~?~nna~~u?~~dchu~i~~~d~d~o ~ni~B:ynn 
J J a  (lununo l a  H) (huh ?'a?u~dmu~~uuiiinibu~o~) ~ i ~ f u ~ ~ d ~ ~ n i ~ $ n ~ i ~ ~ = : ? ' u a o n  

diuo%~not~di&un~i  180 B ~ r n  u ~ i i ~ i u ~ n ~ d o ~ n i ~ $ n ~ i ~ ~ : ? ' u ~ ~ n  ~ I U O ~ & P L ~ ~ ~ I  
1 d l  uinni i  180 OJRI ~ C ; ~ ~ o i n n i ~ u ~ n ~ i ~ ~ ~ ~ ~ ' n ~ i u i ~  n ~ u ~ u n ~ u f o u  IJURII$JU~ 

0 0 JR l  fiJ 360 O JR1 ~ ~ U ~ J O ~ L O U ( ~ O J ~ ~ H U ~ L C I ~ O J H U I U H ~ O ~ R ~ ~  YnOU 

5) ?J"~~U~IUJUOJ T (hour circle of T) %I ?~nau~~dddiu#?$oJairf'J~~)Jdiu 

l a  T I ~ R : ~ J I ~ Q I ~ ~ ~ L ~ u ~ u ~ ~ o ~ ~ ~ ' D J ~ I  l u n i ~ ~ u 7 ~ u u ~ a r a m c n ~ ~ ~ ~ n l u  i ia  M3:ue 
r Z u  

a ' ? u ~ k U O  J? J ~ R u ~ I ~ $ ? ~ ' o  J ~ I L H ~ D ~ ~ U L ~ U ~ W ~ ~ ~ O ~ T ~ ' ~  JJIOW~~JV?~E)JJII~ uazdiu 

l a  T n n ~ d  7.1 .I $0 R<J?J~BuIM(~/ P ~ T K P ~  b u  K ~ ~ u ~ R d l ~ n ~ u h l u ~ ( i s l n ' u ~ g ~ ~ a ~  

hdi ( i n i i  ? ~ n a u d i h ~ d r i i ~ a r ~ b f i ~ w :  2 fi8o ru5r8uu&~aivo~< 

f~rnanir d) 
6) "?~U~IUIUUYDJ T (dslinatian of T) ~ : U Y L ~ ~ U ~ T ~ & I ~ I J L M ~ H S ~ ~ ~ W I  

nirliiuo ~u&uqud~n~n'o3Ji niu? ~naudihroufi J I n  T. t ~ u l i m ~ o ~ ~ u i u  + ~ i o  - 
ununaiucruwli T odni JLHGOHS o ~ ~ ~ ~ ~ ; ~ I o ~ L & u ~ ~ ~ R T ~ ' ~ ~ I R I u ~ I ~ u  sqnjd r. I .I- 
p.ulrtrlimuune~ T fiiio i a u k  KT 

7) T;U:l%J&¶I€l4 T (pdu distance of T) /it0 67 pb - ~~?IUL/~ULUU¶IBJ T 

282 MA 337 
. 



nq~oifind ~ ~ o ~ o i n n i ~ k ~ r u o ~ ~ ~ n ~ 0 ~ ~ 1 3 ~ o i f i ~ ~ i i ~ ~ ~ ~ ~ k ~ ~ n m ~ ~ u i  ~3~o i f tnb  
A J ~ n ~ o u n n ~ v C u i i i r i l d n ~ u ~ o u n i u ~ ~ u ~ n i ~ u u n ~  bdi yuiiiJ~#uguo'~nr 

... 8 1 .. nYO~8i~'~:~iru 23' 27' ~du3ni~Ejuni i  Bniiuiin (ecsptic) nwu  .r:uiuBnPuiinwnn 

JJ#daoJd;iunii Qniuo n i  (equinox) 

&id 7.1.2 



.Y I &I ~81a-icl; m n f i o ~ ~ \ ~ ~ $ ~  ril6 4 J L ~ $ ~ ~ ~ ~ I L L M J J ~ ~ I  paaa&wafiiniuona' (autumnal 

cqaila,x) ~u~~~~ur:~~i~~r:~.1~~R'u~~u'~~11n'o~4in'u'onTRuin ~ i u n i i  yaauoJ3:uiu 

%iiu:ri (tvl)Iiqaity oSccliptic) i i ~ i ~ ( i i ~ ~ ~ d ~ ~ ~ i 0 n ~ u ~ n d 0 ~ v r ' i ~ ~ 1 7 1 ~ ~ R ' u ~ ~ 0 ' ~ c n ~  60Jfl1 
U-III$~R ~1i~ iun-h ~ ~ I R N ~ R  (solstice) ~ ~ ~ ( ~ I L L M ~ J ~ E I ~ ~ I J L M ~ E I L ~ U ~ ~ I  ? n ~ u u o f l a a r f  

d 
( s ~ ~ t n ~ ~ l e r  sol~ticc) ua:61u~d~not(nid6~?unji i u ~ n o $ l a ~  AIR (winter solstice) 

I 

~ u y i i i  L ~ I U I ~ J ~ ~ J ~ I ~ U C ~ J ~ I L ~ ~ U  2 [iw aiû OnPuGn [~~w&uo ~ n ~ ~ n ~ u f i a ~ f l i  
a - a  d A d 

riAo xuiuonauan Iuuciatiiauo~nr J ~ I  ~nauL1'oud?a 7 ~ ~ ~ n a ~ H i ~ ~ i n ~ : ~ i u K a ~ n ' i n ' u  
& d t: la d 

80 ow l  I(mawt~uo~n3JnrJnaun~0 no la&~niiuiin (ecliptic pole) ?an~dni~iln~~CIO 
t.. n d & -  a ~ i u n i i  Y-annauinaiio caori11 ecliptic pole) ~nn0dni~in~i i l iun. j1 u.aonauinI6' (mutt1 

t :  & -  d 
ccli~lic pob) RJMM V ~ E I ~ P U ~ ~ I L M ~ O L L R : I G J L ~ M ~ ~ U M ~ ~ J ~ R ~ ~ " E I  Jfl~n0d$iJlm^ofl6Ui)n 

~vi.lriuun:~viiriu w ~JRI ~ ~ a c ~ d n ~ n n r t w i 1 i n n ~ u i n r i i ~ u n ' ~ r : ~ ~ u ~ 8 ~ ~ ~ d ~ ~ 1 f i ~ 1 ~ ~ 1  

dlruitu 25 27' ~ a ~ n ~ ~ ~ n ~ ~ a ~ ~ i ~ 0 i 1 i # a 6 ~ 1 ~ ~ i d ~ 1 ~ ~ n ~ i i ~ ~ a ~ u d 1 : u i ~  2; 27' 

6au ~:uiu~~wiun'u^on~u~nnkm Jn~?Jn'a J ~ ~ I L ~ M L L u ~ Y M ~ M ^ ~ ~ ~ u ~ ~ Y E I J ~ : ~  (ecliptic 
d t: 

p r i d l ~ l  nl bt i t t l~k)  ~ 1 ~ : l : ~ 1 ~ ~ ~ Q I ~ ~ l n n ' ~ ^ o ~ ~ u ~ n L L ~ t d l ~ ~ ~ f a ^ o f l ~ ~ ~ n 1 ~ ~ 3 ~ n ~ u n " E I ~ ~ l  

L~~2Jn~u l Io  ~ t d u l n a o  J~;R (circle of ecliptic lo~ipitadc) 

d d 
7.2 Q13Lll!~013J61111W lQCs(3 (astrononlical triangle) 

riqaiu.inqh T l a  7 u u n ~ ~ n ~ u h ~ $ i  ~#uu?J~~~uuh.sd iuo~~f~~ncnn~f~ ,  

~ t n a u h l u ~  L L F J : ~ J ~ ~ ~ L L M ~ ~ J ~ ( ~ I ~  T ~1:ia~lhfluaiunfiuu~%~n3~n~uIi  h ? u n  
X I  d ~ * i u ~ ~ d u u ~ % ~ n r  ~ n a u w  a ~ i u a ~ u u n i r i ~ i a m f ~ a ~  T l a u ~ n u o n u 0 ~ ~ i u ~ ~ ~ u u a ~ 3 1 -  

R I R R ~ ~ : ~ ~ L ~ ~ E I U ~  ?(1111kI%51)~ (zc~~itli), l & ~ f i ~ ~ ~ ~ ~ ~ ~  (north alestinl pole) LLRflR T 
F 

& a 
I )  ~ I U  T% = JZUZtMUOR3YZYOJ T !zenith distance of  T) 

= 96- ~ : L n a i u ~ ~ u o ~  F , 



3) ~ I U  %IB. - 1n~:ft J ~ n f l n 7 3  6 ( ~ ~ I i t t i t ~ ~ d c  of observer) 

6) yu ZTP. L ~ U ~ U I : M ~ I J ~ J ~ R U ~ ~ ~ U ~ ~ ' I I ~ J ~ R U I I U ~ ~  J ~ ~ C ~ ~ U ~ G I  T t~unJoyul-ii 
4 

YULHROU (parallaclic angle) 



7.8.1 I Z U Y ~ ~ U ' U B U ~ ~  (cclestrial horizon system) 
X lu~:uuu~.jnaul~~di.j^o.j~A'nn'fio rAuouflil~o.j~~.jrnnnixii ua:~.jnaulnq/ 

h.jZ.jro.jWo 2.jnauuu~~tuo.jinqfli 1nufthuo.j T R I U ~ L U U L ~ V O U ~ ~ I ~ ~ A E I  



1 

7.3.2 rr lJ¶JyNfi lN4 (hour angle system) 

GiAra~-i.qfli T niu.r:uuyuhb~ n'Aa 

nqiudiauura~ T (Aa dqulK~ KT) 6u 

y u h b ~ u a ~  T (60 L Z P ~ T )  



u?u~& KT 40 fi?luL!lUL~~ll04 T 

yu ZP.T (i?ulhj KQ) l o  Y u d i l u ~ ~ a ~  T 

7.8.3 ~ I U U ~ ~ O ~ ~ U J U  ( r i ~ h t  ascension system) 

1ur:uut ?~naulnddi~'o~nkn l o  tkuqu~~nr#ocfli ua:?~naul~ddi~'ar 

r o a  AD ? a n ~ u # ? b ~ d h u ~ n A ~ r f l i d ~ u o ~  uarg~S~suonC 
Glrruo~inqfli T niur:uu~rriuanrurTwuou~+u l o  



Pr - 

7.3.3 ~Uf~Jfin'FlvdJ T n ~ u r z u u ~ r h e u ~ a u ~ u  

i 3 U k  KT tfl f l 3 l l J ~ l ~ ~ ~ ~ l l ~ 4  T 

~ 7 ~ 1 6 4  MK t o  ~ . ~ ~ L ~ ~ L ' I I u ~ ~ Y ~ J  T 

7.8.4 ~ ~ l J l J & l ~ l J $ f l  (ecliptic system) . 

Iu.r:uud ~maubqldi .So~~8nlo 6nSutn u~:?rnaubqldi~6~.ro~ l o  mnRu 
L A I ~ ~ ~ h u p m h 6 n i i t n n " ~ ~ o ~  ~~ukniionPunnnpm~=ofuoa^on5uond 

i61uo.j  T niurruu"o5utn t o  



~d 7.3.4 uusl~Qni;luo~ T niusruuGniiutn 

i3~164 YT i)a Gflfi~#n(l:ig~Hf0(l:~3@~03fll@) T 

i?u164 RY ~ ~ f i ~ i n ( l 0 4 P ~ @ H f 0 ( l 0 4 8 ~ @ n ' 0 3 f l l  (A) %a4 T 

a UnU T:hfl?lu!4 (altitude) 

A unu ~06u'n (azimuth) 



z UnU 3:0:~~60fi31): (zenit 

h UTIU u h b r  (hour angle 

d UnU f l? lud l~L~U (declinat 

A 
p UnU YULHROU (parallactic angle) 

L UnU R:tIgnaor($4\nnnl3 (latitude of observer) 

a LLnU ) I~~uoRL¶u~?U (right ascension) 

j9 LLnU 'InhJhlR:6gR (ecliptic latitude) H%IR:?ij~n'€l~fll (celestrial latitude) \ 

A LLnU bkJ8nRod?gcl (sliptic longitude) ~Fa~oril~~floiOJJIi (celestrid londtude) 

1 9 V  
7.4.1 f l l l l l d ~ J f l l r ( f l t l l ~ ~ ~ l 4 3  I K U ~ Z U U ~ U ~ ~ I U J  

lu3:uu~6uaou41 Ghuorga T niu3ruuho ~:cTun?iugraor r B), uo03n 
Y aor T (A) H ~ O I : U L L H R O ~ ~ ~ ~ : ~ O J  T (z) ~ ~ : ' l u ~ : u u ~ ~ k ~ l ~ r  G h ~ o r g a  T niu~:uuu 

l a  n~iuriiu~uuaor T (dl, yudiluouor T (M -. 
&)I(inrii~~uci?db 7.2 u h l i  ~ iuaduui%rn~rn~udi i~un'~c1#~n'o~f l i~~R~ (p.1, 

1 d I : J  
gRMUofl31)t (2) LLR: T fin R I U L H ~ U U R I ~ I ~ ~ ~ A ~ ~  PNZT ~JL~URJ~UII(IJ~J(I?IU$U~~'U~' 

.rr~iirt#uvouflin'u~:~~uyu$.~~u~ ~ ~ u r h  T o~nirfi~n:3unnaor~#u~u3~#uun'orOJJIi 
A aorIJaj~nnni3d ucl:oyjunrrnrrn~u~~Qo us? ~ Z p . 7  10 Y u d j l u ~  (h), L PNZT l o  

A yud.r:nou 3bo: aoruo5ll'n orno -A), LZTPN l o  ~ULHROU (pl (iiu P*Z d0 $ 2 ~  



4aiYanor 
(0 61 T ~ ~ I u d ~ n ~ ~ n n u I h .  h u  PNZ 60 900 + L 

(ii) 6-1 T ~ ~ ~ I ~ ) I ~ : ~ O ~ ~ Y O J L U ~ ~ ~ U ~ ~ O J ~ I I I ~ J ~ ~ J L ~ Q I ~ I ' I ~ O ~ ~ ~ ~ I  L PwZT 

-cos a sin A tanh = 
sin a cos L - cos a sin L cos A 

lL 

UTJ:: sin d = sin a sin L + cos a cos L cos A I 

e) n i n ~ d a ~ c i i ~ ~ ~ o i n ~ e u u ~ ~ ~ ~ ~ u t ~ d ~ i l w ~ ~ u u ~ u u i  lio dori,vun 
d l  d, h LLWZ L Y~J~VIUIHZ(UU PNZT 60Jn13Hldl A UR: ti 

B J o e ' l ~ i l  

tanA = 
-cosdsinh ' 

sindcosL - cosdsin Lcosb 

292 MA 33? 



URr sin a = sin d sin L ,+ cos d cos L cos h 
1 m u  

7.4.2 ~ i ~ ~ d ~ ~ ( ~ i ~ ~ ~ ~ : n ~ i ~ ~ ~ u t l ~ ~ # i ~ ~ ~ # u ~ ~ u u ~ ~ n " t ~ ~ u ~ ~ # ~  
lu.rruurlu&lut SArro~ T l i -cl~iud~u~uu am T f l i~~ual?~.s (h, rrac 

lurruul~nirea~.nw~u w'n'FlnbS%~ Sio ~~ IU~~IL I IUU (d) uo3 T n'ylrnireu~au- 

3h (a)  YO.^ T 

h f i o  ~ruu~udib~fi~:uu\fn'~~a~~'~~u~u iiriinaiudiuiw~uriiiau 13u"u 
1 4 -  n i , u ~ a ~ n i r t n a . r t ~ - i i ~ ~ a ~ ~ ~ ~ u d  ~ ~ 1 ~ d u d ~ c ~ ~ r h ~ e ~ ~ i ~ ~ u ~ a 1 ~ ~ n ' ~ r i ~ ~ ~ 6 ~ ~ ) ~ ~ ' 1 1 ~ ~ u  

dirfu ~ o i r c u i ~ ~  7.4.2 #. > 

' 

t 

2' 
i 

IJ 7.r.e 

r(udibr (h) UOJ T = i-~ul&3 MY 

Irrluoarau~u (a) rraJ T = dqul&d RY 

S.T: =' h+a 



R?IU~IUL~WYDJ T (d) 60 ff 2 ~ ' T l i J  YT 

fitlgmfio~fliaor T (8) ' Ro ffqulk BT 

f i o ~ i g n f i o ~ f l i l a o ~  T (1) AD dqulh CB 

sinfl = sin d cos e - cos d sin e sin a 

ufir sin d sin e + cos d cos e sin'a tan1 = 
cos a cos d 



sin d = sin p cos E + cos 4 sin E sin A 

LL A t  tanA = -sinpsinc + cospcos~s inA 
cos A cos /3 

7.6 r a a i r a m ~ n ~ e ~ S u ~ ~ i ~  
A 
~ u o l ~ g u G n a i ~ ~ ~ ~ ~ ? ~ ~ i i i O  s u i ~ i i u u r o ~ g $ ~ ~ n n n i ~ d  Ro L ZPNT 

t 
l I E l ~ R l ~ L M ~ ~ ~ ~ 1 3 l f f 1 ~ n i  ZPHT !6lLl/lfi 0 OJfflUU 1 3 l L ~ ~ " ~ l  L ? A l l d ~ ~ ~ ; ~ f l ~  

LQ~I:V%IJ~U (Iocd solar noon) i i i r i u f l f ~ l n n n i ~ d  

L ? A l L Q w l t f i o ~ 6 ~  M ~ ~ L ? A - I L ~ ~ I : ~ J ~ u ~ ~ I ~ ~  (local apparent time) %o~($~~nn- 
r.l L 

ni~cunamumrnln 7 n'Ro 1 2 ~  - L ZPNT (~OJRIUL~~U~RI~~IR(~~ Z P ~ T )  d o  
~ ~ ~ o i ~ n ~ o y ~ w ~ ~ ~ ~ i n : : ~ w o o n  i~a:Ro 1 2  + L ZPNT Ldo~?~oif tn~ay~ut~o ~Aint~wnn 

A t b k m m  amnuon?~oii in~h~:n3 ~oi i in~nnuu pnquGn~i~uo J R ? J ~ I G ~  

~ro~uu~Kuuouf l i  <~u"w .rrR'un?iu~~i~~ri in'u o o~cn 

X lu i (& tb io i tcu i t i i ~~nr i~uo~~~~~~ i  (tdw nqrni?) um:uuua:acu:nn h u ~ t  
X 

~ i i i q u d j I u ~  (h) LLILILOQG~ (A) % ~ J ~ ~ ~ ~ ~ I ' ~ W ~ P ~ U U L L A ~ V ~ U ~ Q I ~  

auua8#$s~nnni.rdad cu R C ? ~ ~ R  @ OJ~~ILM~~O L Y I X O J ~ I ~ ~ I ~ U ~ ~ ~ ~ J  (h) 
Y A 

ua:uoGGn (A) aoJni? T ucutuw Ro ucutnmi? T ~ i k o ~ u ~ ~ ~ u u a ~ ~ i n i ~ n t T w ~ o n  

wEl# Ldonl? T ! ~ ~ ~ L L O ' N L ~ U $ U  = a # ? ~ J J  LLI:~~?IUL~IULUU = d O J ~ L M G O  
d J I Z l 6 f l ? l ~ t r ' ~ ~ ~ $ ~ l  

cos h = -tan d tan $ .......... (1) 

sin d COSA = - 
cos Q 

luriiuo.s~iiu?ni, ~ . r i a ~ u i , n ~ ~ d i q u d i l u ~  (h) utltuoBJn (A) uo.sni? T mmr 

an oinaunir (1) unz (2) rtfur8u?fi 
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