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1. THE CELESTIAL SPHERE

Although the stars are scattered through space at
various distances from the earth, the difference in their
distances is not perceptible to ordinary observation. All the
stars seem equally remote. As we view -the evening sky,
we may imagine that the celestial bodies are set like jewels
on the inner surface of a vast spherical shell. This celestial
sphere, long regarded as a tangible surface, survives only
as a convenient means of representing the heavens for
many purposes. By this convention the stars can be shown
on the surface of a globe or in projection on a plane map.
Their positions are then denoted in the same ways that
‘places are located on the globe of the earth.

The center of the celestial sphere may be the center
of the earth, the observer’s place on the earth’s surface,
the sun, or anywhere else we choose.® The size of the
sphere is as great as we care to imagine it. Because the
sphere is infinitely large, parallel lines, regardless of their
actual distance épart when nearby, will appear to converge

at some point a great distance away. This is a familiar

axiom from our high school geometry studies. It is clearly
demonstrated by the parallel railroad tracks, which seem

to converge in the distance, or the parallel contrails of -

highflying aircraft. Similarly, parallel lines in space, regard:
less of their distance apart, are directed toward the safe
point on the remote celestial sphere.
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The apparent place of a star is its position on the
celestial sphere. It denotes the star’s direction, and nothing
else about its location in space. Where two stars have
nearly the same direction, although one may be more
remote than the other, they have nearly the same apparent
place.® In addition, the apparent places of the sun, moon,
and planets refer to their positions among the stars project-
ed on the celestial sphere, as though all were at the same
distance from us.® We say that the sun is entering the con-
stellation Leo and remark on the nearness of the moon
to a bright star.®

The apparent distance between two celestial bodies is
accordingly their difference in direction; it is often called
the distance (i.e. the angular distance) between them when
‘there is no chance for ambiguity. Such distances are
expressed in degrees. The distance between the pointers
of the Big Dipper is soméwhat more than 5°; it is a con-
venient measuring stick for estimating other distances in
the sky. r ' .

How may the place of a star be described so that
other people will know where to look for it?® One way
is to specify the constellation in which the star appears.
If the star is in the constellation Perseus, anyone who can
recognize the different constellations knows approximately
where this star is situated.® A second way of denoting
the apparent place of a star is with reference to circles of
the celestial sphere, such as the horizon. '

8 iC
perceptible [pa'septobl] a. FB M ordinary ['s:dinori] a. FE%®
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set [set] (set [set]) v. Bk

jewel [tdzusl] n. B2

shell [fel] n. 7

regard [ri'ga:d] v. 244k

tangible ['tend3zibl] a. H I B
i3}

heaven ['hevon] n. K75

projection [pro'dzekfon] n. #§

map [mep] n. 2HE; R

anywhere [‘eniweo] ad. f£fi[it

choose [tfu:z] (chose [tfeuz], cho-
sen [tfouzn]) v. %

infinitely [‘infinitli] ad. ZBR#p

actual ['ektjusl] a. LERY

apart [o'pa:t] ad. #¥E; BF

converge [kon'vo:dz} v. &%

axiom ['mksiom] n. ZSHL; W

geometry [dzi'omitri] #. L%

]
(v0) regard ... as ... 51

(to) care to B %
regardless of 1

B

demonstrate ['domaonstreit] v. i 5
E-F
railroad ['reilroud] n. &8
contrail ['kontrail]l ». BRI
higoflying [hai'flaiiy] a. &8
aircraft ['eokra:ft] 7. "%l
similarly ['similoli] ad. F#£#s
Leo ['lisou] n. 3§70
remark [ri'ma:k} n.,v, i,
ambiguity [,2embi'gju:iti] n. B,
L
pointer ['pointo] n. R E
dipper ['dipa] n. #
Big Dipper 4t3LE
stick [stik] n. #t; B
specify ['spesifai] v, #8521
Perseus ['pa:sios] n. ZAlp
situate ['sitjueit] v. fEfLT

|

in addition B 5h
as though B3R
(to) look for T

B

® ... may be the center of the earth, the observer’s place on the earth’s
surface, the sun, or anywhere else we choose.
the center of the earth, the observer’s place ..., the sum, or

anywhere ..
&1 anywhere.

. BRIFIHAIE, we choose RAMKXRRHWEEMNY, -

® Where two stars have nearly the same direction, although one may
be more remote than the other, they have nearly the same apparent

place.

XRALAEAM, & where SIRMREMDH, XF—4d al-
though BISpyitH4R1E W47, 12 have nearly the same direction.
® ... as though all were at the same distance from us.

as though = as if, IR HRRE NG, ENEEHREHERIES,

3 .
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Z) i be EH were. .
We say that the sun is entering the constellation Leo and remark
on the nearness of the moon to a bright star.

that 5| R AiEMN4,fE say MiF;shid remark (#iR) & say %
H3iFiE,

How may the place of a star be described so that other people
will know where to look for it?

EAEAFRERD, HpRE—1h sothat B]RHHEMRIBEM, &
ZEME, FiE% other people, E#:EliA where +FERFiE(to look
for it) ¥ know fyFIE,

.. anyone who can recognize the different constellations knows
approximately where this star is situated. '

EKREAFERE A4, who B[REyRA EIEMD, & anyone; where
SIRMEA AW, fE 0P FIEZE knows BRIE,

\ )
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2. THE CELESTIAL COORDINATES

The stars rise and set, daily circling westward and
keeping precisely in step as they go around. The patterns
of stars, such as the Big Dipper, look the same night after
night and year after year. It is as though the stars were
set on the inner surface of a rotating hollow globe. This
celestial sphere seems to turn daily from east to west around
an axis which is the axis of the earth’s rotation projected
to the sky.

The celestial poles are the two opposite points on the
celestial sphere toward which the earth’s axis is directed,
and around which the stars circle.® The north celestial
pole is directly in the north, from a third to halfway up
in the sky for observers in different parts of the United
States. The south celestial pole is similarly depressed below
the south horizons of these places.

The pointers of the Big Dipper direct the eye to Po-
laris, the pole star, at the end of the Little Dipper’s handle.
This moderately bright star is within 1°, or about two
moon-breadths, of the pole itself. It is also the north star
showing the approximate direction of north. The south
celestial pole is not similarly marked by any bright star in
its vicinity. ’

Just as the earth’s equator is halfway between the
terrestrial poles, so the celestial equator is halfway between
the north and south celestial poles.® This circle crosses

b]



the horizon at its east and west points at an angle that is.

the complement of the latitude. Thus in latitude 40°N, the
celestial equator is inclined 50° to the horizon and has an
altitude of 50° at its highest point in the south, the com-
plement of 40° being 90°—40° or 50°.®

Hour circles in the sky are like longitudes on the earth.
They are half circles that connect the celestial poles and
are therefore perpendicular to the equator. Unlike the
circles of the horizon system, which are stationary relative
to the observer, these circles are to be considered as shar-
ing in the rotation of the celestial sphere.® If 24 hour
circles are imagined equally spaced, they will coincide
successively with the observer’s celestial meridian at inter-
vals of an hour. With reference to the celestial equator
. and its associated circles, the position of a celestial body
is given by its right ascension and declination, which
resemble terrestrial longitude and latitude. '

The right ascension of a star is its angular distance
measured eastward along the celestial equator from the
vernal equinox to the hour circle thfough the star.® (The
vernal equinox is the poimt where the sun’s center crosses
the celestial equator at the beginning of spring.) Right
‘ascension is expressed in time more often than in angular
units, Because a complete rotation of the heavens, through
360°, is made in 24 hours, 15° is equivalent to 1 hour,
and 1° t6 4 minutes of time. Thus a star’s right ascension
may be given as 60° or 4 hours.

The declination of a star is the star’s distance in
degrees north or south from the celestial equator, measured
along an hour circle through the star. The declination is

6
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marked either N or with a plus sign if the star is north
of the equator, and S or with a minus sign if it is south.

The hour angles are often employed in the equator
system instead of right ascension. The local hour angle of
a star is reckoned westward along the equator from the
observer’s celestial meridian through 360° or 24 hours.
Unlike right ascension, which remains nearly unchanged
during the day, the hour angle of a star increases at the
rate of 15° per hour and, at the same instant, has differ-
ent values for observers in different longitudes.

8

coordinate [kou'o:rdinit] n. BiiR
precisely [pri'saisli] ad. ¥
hollow ['holou} n. Z5fy

Polaris [pou'leeris] #. JbR A
handle ['hzndl} n. #%
moon-breadth ['mu:nbredd] n. A%

approximate [o'proksimit] a. Kk R

1]
complement [‘komplimont] n. &A1
connect [ko'nekt] v, B&s

perpendicular [,po:pon'dikjule] 4. ‘

EHNH
space [speis] v. IS, PRIT

i

(to) keep in step ¥iA—%%

(t0) ditect to $am

at the end of FEFHKH

(to) be perpendicular to 5... EH
(t0) coincide with f...—%

at the beginning of 7£...FFiRHt

iC

coincide [kouin'said] v. 4 ,—%

vernal [‘vornal] a. Fiy

equinox ['i:kwinoks] 7. 434
vernal equinox %4y %

express [iks‘pres] v. &5

equivalent [i'kwivalont] a. S

plas [pias] n.,a. n; E/Y

minus ['mainss] n.,a. ®; Hii

reckon ['rekan] v. &

unlike ['anlaik] a., prep. 7%, 7R

unchanged ['an'tfeindzd] a. A2y
per [pa:] prep. %
instant ['instont] n. BF3%]

4

in time FBHR)
in angular unit F3fHfr

(to) be equivalent to ... ¥1%,%T 7

hour angle B} fy
at the same instant [F—wr %), Wt

-
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The celestial poles are the two opposite points on the celestial
sphere toward which the earth’s axis is directed, and around which
the stars circle.

toward which ... directed #1 around which ... circle & 355 R #
#ZIEMNT, B points; 3EFH 1A which fEfri#Al toward #1 around
Just as the earth’s equator is halfway between the terrestrial poles,
so the celestial equator is halfway between the north and south
celestial poles.

R just as (R&...—8) BISHRARENG, EUFER s0 &5
ZEERL,

... the complement of 40° being 90°—40° or 50°.

KRy ML WPERIE , R R EBE; the complement of 40° 23
#2417 being 1iBi8 iR,

Unlike the circles of the -horizon system, which are stationary
relative to the observer, these circles are to be considered as sharing
in the rotation of the celestial sphere.

EEANEMNEAN, EUBNiAEE as ... sphere fiEH2IE 4
1451E unlike ... observer fEiRIE ,7EXAEIE P XAET ~AMERHE
5215 M4 which ... observer. '
.. measured eastward along the celestial equator from the vernal
equinox to the hour circle through the star.

XRA L 25y HEIE, Btk distance fRiE P BIA eastward fi
friAEIE along ... equator, from...equinox to ... circle #IERIE, &
timeasured; 41iF4Hi5 through the star {E3%iE, &5 hour circle.



3. THE ECLIPTIC

The earth revolves eastward around the sun once in a
year and at the same time rotates on its axis in the same
direction once in a day. The earth’s axis is inclined 23.5°
from the perpendicular to the plane of its orbit, or we
may say that the earth’s equator is inclined 23.5° to the
plane of the orbit. This determines the relation between
the celestial equator and the eastward path the sun seems
to describe around the heavens as we revolve around the
sun.®

The ecliptic is the sun’s apparent annual path around-

the celestial sphere; it is a great circle inclined 23.5° to
the celestial equator. The ecliptic is in the plane of the
earth’s orbit, and the celestial equator is in the plane of
the earth’s equator. The north and south ecliptic poles are
90° from the ecliptic, and are, respectively, 23.5° from the
north and south celestial poles. The north ecliptic pole
(R.A. 184, Decl. 66.5°N) is in the constellation Draco.

The equinoxes are two opposite points on the celestial -

sphere where the ecliptic crosses the celestial equator. They
are so named because days and mights are said to be equal
in length when the sun arrives at an equinox, although
atmospheric refraction makes the duration of sunlight
slightly the longer on such occasions.@ The solstices are
two opposite points midway between the equinoxes, where
the ecliptic is farthest north or south from the celestial

9



equator. Here the “sun stands”, so far as its north and
south motion is concerned, as it turns back toward the
equator.® .

The equinoxes and solstices are points on the celestial
sphere; their positions in the constellations are shown in
the star maps. The vernal equinox (R.A. 0@, Decl. 0°) is
the point where the.sun crosses the celestial equator on
its way north, about 31 March. The summer solstice (R.A.
62, Decl. 23.5°N) is the northermost point of the ecliptic;
the sun arrives here about 22 June. The auwtumnal equinox
(R.A. 128, Decl. 0°) is the point where the sun crosses
the celestial equator on its way south, about 23 September.
The winter solstice (R.A. 18", Decl. 23.5°8) is the souther-
most point of the ecliptic; the sun arrives here about 22
December. These dates vary a little from year to year owing
to- the plan of leap years. In each case the positions of the
sun refer to the sun’s center.

The celestial equator keeps the ‘same position in the
sky throughout the year. It is inclined to the horizon at
an angle that is the complement of the latitude. Thus in
latitude 40°N the equator crosses the horizon at the east
- and west points at an angle of 50°, and is 50° above the
horizon in the south. The ecliptic, however, takes different
positions in the evening sky during the year.

Because the ecliptic is inclined 23.5° to the celestial
equator, its inclination to the horizon can differ as much
as 23.5° either way from that of the equator. At sunset
at the beginning of autumn in middle northern latitudes
the ecliptic is least inclined to the horizon; the moon and
bright planets that may be visible at the time are seen

10



rather low in the south. At sunset at the beginning of
spring the ecliptic is most inclined to the horizon; the
moon and planets are then crossing more nearly overhead.

A number of features familiar to watchers of the skies
are affected by the varying angle between the ecliptic and
horizon. Among these are the harvest moon, the direction
of the horns of the crescent moon, the favorable times for.
seeing the planet Mercury as evening or morning star, and

the favorable seasons for viewing the zodiacal light.@

8

anmal ['znjudl] a. B4
R.A. = right ascension [rait 5'sen-
fon] n. K%
Decl. = declination [.dekli'neifon]
n. Fs
Draco ['dreikou] n. K@
refraction [ri'frekfon] n. 74t
occasion [o'keizon] 7. BFHL
solstice ['solstis] n. &4
summer solstice H & &
northermost ['no:0omoust] a. &k

i
in length g4 EWmE :
on an ... occasion T&3E—BHL

so far as ... is concerned B... Wi &
on its way north Jt78

;3

iC
3]

southermost ['saBomoust] a. §H 65

date [deit] n. BH#A

leap [li:p] (leapt {lept]) v. BEEk
leap year 4

watcher ['wotfo] n. WEEE

harvest [‘ha:vost] n.,v. W3k
harvest moon %k H

favorable ['feivorabl] a. HFE|HY

zodiacal ['zoudiokol] a. K& W

8
on its way south ¥i7ht

owing to 1 ¥ .
in each case fEHE—HET

4

@ This determines the relation between the celestial equator and the
eastward path the sun seems to describe around the heavens as we

revolve around the sun.

ERAENE &4, the sun seems to describe around the heavens

11
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REW T XFRIAMBRHEEIE NG, &5 path; KAMRAHXHFT 4
H as SR HERIE M4, B seems to describe.

They are so named because days and nights are said to be equal
in length when the sun arrives at an equinox, although atmospheric
refraction makes the duration of sunlight slightly the longer on such
occasions.

BEANEKRE A4, because 5|RERERENE, BHEaH
FiEDN A are so named; ZMAX¥ when BIF R ERIEM G
although 5|31k 2 RiE AR E I,

Here “the sun stands”, so far as its north and south motion is con-
cerned, as it turns back toward the equator.

so far as ... is concerned ZBA“Rk..THE", lENBAIE, BE:
970 as Bl EMARIBATZEL
Among these are the harvest moon, the direction of the horns of
the crescent moon, the favorable times for seeing the planet Mer-
cury as evening or morning star, and the favorable seasons for
viewing the zodiacal light.

XA A, M iAIE among these {EKiE, these 8 L&y

.features, iBiZ il are fizFEiE the harvest moon, the direction of

the horns of the crescent moon, the favorable times 1 the favorable
seasons ZHf; A iA%iF for seeing the planet Fi for viewing the
zodiacal light #3fi 2%, 4y B SR E Y times #7 seasons; frimsg
& as evening or morning star {i seeing fysiEEIE,



4. THE EARTH’S PRECESSION

If a top is spinning with its axis inclined to the ver-
tical, the axis moves around the vertical line in the direc-
tion of the spin. The rotation of the top resists the effort
of gravity to tip it over, and the conical motion of the
axis results, until the spin is so reduced by friction that
the top falls over.®

The earth is rotating similarly on an axis that is
inclined to the ecliptié plane, which is nearly the plane
of the moon’s motion around us. The attractions of the
moon and sun on the earth’s bulging equator tend to bring
the earth into the plane with themselves, and thus 4o
straighten up the earth’s axis relative to its orbit.@ Their
eflorts are resisted by the rotation, so that the earth’s axis
moves slowly around the line joining the ecliptic poles in
the direction opposite to that of the rotation,® once around
in approximately 26,000 years at the present rate. This is
the earth’s precession.

As the carth’s axis goes around in the precessional
motion, the celestial poles, toward which the axis is direct-
ed, move among ‘the constellations. The poles describe
circles 23.5° in radius around the ecliptic poles, bringing
successively to bright stars along their paths the distinction
of being the pole star for a time.® Thus alpha Draconis
was the pole star in the north 5000 years ago, the prede-
cessor of our present pole star.

o
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