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PREFACE.

The following course in Spherical Astronomy hae been
prepared for the nse of the Author's classes, and is mtendad
to inelude those applications of asironomy which fall within
the province of the Civil Engineer. It sssnmes & prelimi-
nary knowledge of. general -Descriptive Astronoemy, and is
also designed to be supplemented by e course of instroction’
and preetice in the adjustment and -use of portable astro-
nomical instruments, atd i practical tofmpulations. It ie
for thia reason that theoretical solutions only have been
given of the various problems considered, all examples having
been omitted; but the devclopment of the working formule
has been carried to the point required for their practical
spplication, and the resnlts are given in & form adapted to
immediate use. '
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SPHERICAL ASTRONOMY.

CHAPTER 1.
SPHERICAL PROBLEMS,

1. Iw Spherical Astronomy the real disfances and mag-
nifudes of the celestial bodics are uot eongidered, but only
their. relative divections. Heoce, whatever may be their
actoul distances from the obeerver, they are all regarded us
sitnated on the surface of a Celeatinl Splere of indefinitely
great radivg, of which the earth is the center. .

2, The fundamental definitions of Astronomy are illus-
trated in Fig. 1, which represents the principsl circles of
the celestisl aphere projected on the plune of the meri-
dian.

The observer being supposed to be in north latitude,
HZR is the meridinn, HAR the korizeon, £A4 the prime
vertical, B'Q the equator, €0 the ecliptic, V the vernal
equines, Z the zenith, P the north pole, H the north point,
£ the sonth point, § the place of a star, Z0 the star's
wertical eivcle, PM its howr eircle, and SL ita circle of
It idude.



2 BPHERICAL ASTRONOMY.

3. The co-ordinates which determine the position of &
celeatinl body and that of the observer, are revresented by
the following notation :

ZF = ¢ = latitnde of the place, i

PZ = ¢ == colstitude of do,, |

N0 = i = stars altitude,

Z8 =2 = % zenith distance, i
PZS=H0=7= % szimuth from north point,
BEZR=0R=2= * “ from south point,
ZPS = EM = P—= *“ hourangle,
£8P = &= % parallsctic sngle,

A0 == * amplitnde,

VM =e= * rightascension,

Mi=d= “ declination,

P8 =p= pelar distsnce,

VL =L= *“ longitnde,

I8 =1= ¢ latitude,

CVE = w = obliguity of the ecliptic,

. c % 4. Since PE, Z0, PH, HA and
RA are quadrents, we have
i Y =90"— ¢ (80}
R g =9%0r—5F (2)
p=0F —4d (3)
s =00 —_Z 4)
a=7 — 9 (5)
b whenee , 2’ = 180°— Z (%)
FIG.I.

-

8. Many of the most important problems of Spherical
Astronomy can be reduced to the solntion of the spherical
trinngle PZS, Fig. 2, formed by joining the pole, the
zrnith and the place of a atar, by arcs of great circles.



APHERICAL PLOBLEMS. 3

The three sides of this triangl® sre

PZ = " — ¢ = colatitnde,

P8 = 80* — & = star's polar distance,

Z8 =90 —h= % zenith distance,
and the three angles are

P = star's hour angle,
Z= % asimuth from north point,
8= *“ parslluctic angle.

6. The following well-known
formuls of Spherieal Trigonome-
try, applied to the triangle PZS,
will farnish most of the general
equaliong required in the discus-
sions which follow., Denoting the
angles of any spherical triangle
by 4, B, €, and its sides by a, &, ¢,
we have

gin & sin B — sin & sin 4
sin § gin 7 = siu ¢ gin K -
gin ¢ gin A — ain «ain O

(%)

o8 @ — oo b cos ¢ 4 sin b ein ccon A
o0 b = cos ¢ 008 & =+ sin ¢ 8in & cos B
oue ¢ = opg a cos b - sinasin b cos

(8)

gin & cos ' — 8in @ cog ¢ — cosa sin ¢ cos B
8in ¢ cos A = sin b eos @ — cos b siu g cos €'

()

o

gin g ¢cos f — sin ¢ cos § — cos £ sin b cos A ;
} (10)

win® } B= sln(s-_‘— ‘.""]. sin (¥ — “’2
siln ¢ &ih oo

"in which s=kle+ b4 ¢)



4 BPHERICAL ABTRONOMY.

7. If we apply formul® (7), {8) and () to the triangle
PZS, moking A=P, B=2, =8 o= 90—}
b= 90 — 4, c.= 80° — ¢, we shall cbtain the following

General dstronomical Formule,

vos ke sin £ == cos d sin I (11}
cosd gin 8§ = cos¢ sin £ {12)
eof ¢ Ein P— cog igin 8§ | {13)

gin A = sin 4 sin ¢ + cos 4 cos ¢ cos P (14)
sin § = sin ¢ sin & + cos¢ coe k cos & {1a)
En ¢ = sin b sin & = cos & cos 8 cog § (16}
o8 b ooos Z = uin 6 cos ¢ — coa S ein g ovs £ (17)
cogd cos § =singeosh—cospsinheos £ (18)
eoséd cos P givw koo d-—cos foBin d cos & {19)

By mauking the proper aubstitutions in these eqoabions
wo may find the formuls for a body in any position in the

hieavens.

8. Given the lafifude of {he plece and the declinatinn of
the body, to find ils alfifude aud azimuik when it is on the
wix howr civele.

In this position the hour sngle F =0 lours = 907,
hence sin P =1, cos P = 0, and {14} hecomes

sin k — sin d sin ¢ {20)
{11) beeomes cos ki ein £ =-cosd
{17) becomes cos k cos £ —gin 4 cos ¢
whenee by division,
oot &

tan Z:E&--"‘ (21)

Eqs. (20) and {21) are the expressions required.

9. Given the same dats, to find the hour angle and azi-
madh of & body in the horizon. ’



