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UILD me a book—
B A Book of the welcoming Stars!

Nay, not a large book,

But rich in the essentials:
Compact with good tidings from afar,
A ready study-counselor ﬁy day,

My inspiration and guide

Under the beckoning blue.

Of all these billion suns and riot forms
That brim the entrancing field,

Choose me a mere handful—

A thousand-and-one celestial wonders—
Many to be mere sight acquaintances,
Some few true, lifelong friends.

Let me learn all that is known of them,
Love them for the joy of loving.

For, as a traveller in far countries
Brings back only what he takes,
So shall the scope of my foreknowledge
Measure the depth of their profit

and charm to me.

Lo, the Star-lords are assembling,
And the banquet-board is set;

We approach with fear and trembling,
But we leave them with regret.
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_Haji-el-Nujum
Pilgrim of the Stars




GALILEO'S REFRACTING TELESCOPES

Built with his own hand. With these tiny “optick tubes'” the Florentine
master, in 1609-10, discovered Sun spots, Lunar mountains, Jupiter's satel-
lites, Saturn's rings, the phases of Venus, double stars, etc. Note lens in
center of standard. (Preserved in the Tribuna di Galileo. Florence, taly).
(Title Page): Sir Isaac Newton's 6-in. home-built REFLECTING TEL-
ESCOPE, first exhibited before the Royal Society in 1672, the forerunner
of all the giant Reflectors of the world, (Royal Society Archives).
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FOREWORD

HEN [ behold a great city for the first

time from some point of eminence, (said

my friend, the Star Pilgrim), my impress-
ion is one of awe suffused with bewilderment, fol-
lowed by a definite cumulative interest, It is so
strange and new—so varied and complex in its
charming intricacies that [ wonder how even those
who spend their lives within its alluring confines
can find their way about and mentally chart its
signal features. But soon I come to realize that
through all these compact aggregations there runs
one grand main thoroughfare—its Great White
Way— from which chief artery all activities ap-
pear to radiate, from which plane all crossways
seem to reach out even to great distances, and
on which ground plan all major objects of in-
terest may be located at will. Thus, with this
comprehensive chart ever before me, I may wan-
der down through its friendly highways and by-
ways, knowing always that if [ lose my way I can
retrace my steps to the main thoroughfare. Also,
(since I may not choose to spend a lifetime in these
pleasant fields, my visit being brief and my in-
terest thereby quickened), I soonlearn to locate
those cardinal units which have first claim on my
time and energies, learning all that those whose
careers have been dedicated to special research
may vouchsafe me concerning them.

And so, as from some housetop or broad open
space | review, the richer, vaster City of the Stars,
[ am possessed of an even deeper sense of awe
restrained by increasing bewilderment: it seems

9



so humanly impossible that one mind in one life-
time could more than touch the hem of this great
“garment of God, " to say naught of exploring its
resplendent warp and woof to the utterest space-
deeps. But here too [ soon perceive that where-
ever on the broad earth [ chance to be, at what-
ever time of year, the heavens present a celestial
Great White Way which is always before me —
the meridian plane extending from the Pole Star
southward to the horizon, cutting the starry vault
in twain, from which all sidereal phenomena to
eastward and westward are computed. But while
the terrestrial city remains fixed and unchanging
to my view, the celestial is ever moving westward;
so that at each nightly observing-hour new stars,
nebulae and clusters sweep across my meridian
field till at last, without shifting one jot from my
point of vantage, within the compass of a year I
shall have reviewed all the glories of the firma-
ment, as visible in my latitude.

Such is the meridian method of star-study, a
source of the deepest pleasure and ever-increasing
profit even when pursued with modest equipment,
and best of all with instruments of one's own
building. The labor is light and the rewards are
many; and blest is he who pursues them with
patience and understanding. For, as a great as-
trophysicist has observed, “While no one may
hope to make a fortune in its pursuit, neverthe-
less astronomy provides that vision without which
the people perish.”

‘“‘Astronomy, the most ancient, most uncommercial, most unselfish
of sciences, still allures the consecrated searcher for truth.”—Chase.
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PART I.
CHART SECTION

“YIf the stars should appear one night in a thousand years, how
men would believe and adore and preserve for many generations the
remembrance of the City of God!”’—Emerson.

“‘For those of every profession, occupation and station in life, as-
tronomy offers an unbounded field for harvesting and gleaning that
kind of knowledge which brings benefit, pleasure and satisfaction,
drawing the human soul more and more into Universal harmony.”"—
Chase.

*“Nothing is more stimulating or more practically useful to the
student than to regard every investigation, no matter how special-
ized, as an element in the great process that is steadily building up
a general picture of the whole sweep of evolution. Beginning among
the stars, this process finally leads up to the origin of man, his rise
from savagery and the dawn of civilization.”—Hale.

* *‘Cui boneP’—to what practical end and advantage do your re-
searches tend? This eternal query is one which the speculative
philosopher who loves knowledge for its own sake, and enjoys the
contemplation of harmonies and mutually dependent truths can sel-
dom hear without a sense of humiliation. He feels that there is a
lofty and disinterested pleasure in his speculations which ought to
exempt them from such questioning, communicating as they do to
his own mind the purest happiness of which human nature is sus-
ceptible.”—Herschel.




PRELIMINARY

ACH hour of the twenty-four in Right Ascension re-

E quires three charts. Each chart is numbered, and

lettered. [f Charts A, B and C, of any series, were

placed vertically, they would give the exact location

of ail objects listed between the Hrs., seen at the head of
each Chart, from the Pole Star to Declination 30° South.

The Culmination Date signifies the month and day when
tiie objects charted stand approximately on the observer’s
meridian at the hour of 9 P. M. It is also their Right As-
cension. For each hour earlier, refer to the Charts preced-
ing; for each hour later, the Charts following.

The star-places given in the Charts conform to the cur-
rent epoch, and are standard for years to come. The plan-
ets, however, are changing their positions constantly, and
so to chart them with the “fixed stars™” would be a manifest
impossibility. For locations and configueations, consult
the Nautical Almanac, “Evening Sky Map, " or other cur-
rent authority listed in the Appendix. For full planetary
data, see THE SO!.AR SYSTEM, following the Chart Section.

According to established code, in the notes opposite each
Chart, when giving the position of any celestial unit, the
terms ‘“‘Right Ascension’ and ‘““Declination’’, as well as all
time and degree abbreviations, are discarded. This leaves
only the essential six figures to point its place in the heav-
ens. Thus, for instance, under Meridian Date, June 14,
(Chart 15-B), ARCTURUS, R. A. 14h., 12m.; Decl,, 19, be-
comes simply, 141219. Likewise, under Culmination Date,
July 15, (Chart 17-C), we find ANTARES, R. A. 16h., 24m.,
Decl. —26°, here given as, 162426, italic, (South). Secs. in
R. A., and both mins. and secs. in Decl., are not necessary.

DETERMINING MERIDIAN: Laying down a meridian
line and adjusting a telescope in the true north-and-south
position is a problem of some importance in great observa-
tories where the utmost precision is imperative. But for
alay-astronomer's practical‘purposes, a line may be struck
with fair accuracy and marked permanently on the floor or
platform supporting the instrument by an easy noon-and-
night method, using each to check the other.

Fix firmly to the floor a sheet of cardboard, size about
two feet by three, upon which has been marked and placed

14 &

i i sition, by the aid of a pocket compuss, a
grftzlt)ir\?ex lnr?)?gle':l-p.f«x(r)ld-south %,ine. From a common center at
the base of the line, with large dividers describe six wide
semicircles an inch or two apart to nor_thward. Suspendei
lumb-line before this chart so that its shadow will cut
E:)he semicircles at right angles. Affix to the plummet a slid-
ing beador pith-ball that may be moved up or down at will.
For an hour or two before and after noon, as the shaglow
of the plumb-line moves over the face of this improvised
sun-dial, shift the bead t_o.better mark t_he intersection of
the shadow with the semicircles, recording the exact loca-
tions with blue pencil. After several markings on both
sides of the meridian line, with a straightedge draw accu-
rate chords and bisect each separately, taking the mean as
g correction to your trial north—and-s_outh line. To this
line set your telescope with care, proving on the stars.

Determining the meridian by observations of P<ﬂgr:< at
upper or lower culmination, may be done with precision by
consulting the Nautical Almanac ( Tables l and V1), or by
noting the instant when Mizar, (tUrs. Maj. ), the fine nak-
ed-eve double in the handle of the Great Dipper, stands di-
rectly in line with 3Cass., either above or below the Pole,
as seen on two plumb-lines adjusted a few feet apart, one
behind the other, faintly illuminated. A line drawn be-
tween the two plummets will mark the true meridian.

LATITUDE calculations may be made at the same time;
for, since the altitude of the true Pole indicates the'obscr\{-
er's latitude, by adding 1° 6’ to the circle-readings in decli-
nation on Polaris, (the distance {rom the true Pole, soutl'}-
ward along the plumb-line at lower culmination), the lati-
tude is found with precision.. This assumes that the instru-
ment is in alignment; that the working parts are true, and
that when trained on an equatorial star, ( 3 Orionis, Lor
4 Virginis, or & Aquarii, allowing for the few mins. of arc de-
viation from the true Equator), the Decl. circle reads Zero.

Both the Latitude and Longitude of your observing sta-
tion may be found approximately without observations or
instruments other than a finely-divided steel rule and nee-
dle-point compasses. Geodetic Survey, and other official
maps, of almost every region are extant, giving chart boun-
daries to a precision of a tenth-degree or less— a linear dis-
tance of less than seven miles. This may even be skill-
fully subdivided down to a few hundred feet. Choosing
the nearest meridian, one computes the distance in miles

vt~ " 7
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&‘ and decimals to the observing station, adding if it lies west
y and subtracting if it lies east of the meridian, reducing to
time units. A corresponding measurement may be made
in latitude; but with this difference in the reduction: a de-
gree of latitude is everywhere about sixty-nine miles in ex-
tent, while degrees in longitude diminish with increased
distance from the Equator. A degree of longitude any-
where within the mid-latitudes of the United States may
be fairly computed at fifty-four miles. Thus, 1’long. equals
4752ft.; 1”7 equals 79.2 ft. For greater accuracy the calcu-
lations may be checked by ascertaining apparent local time
~ by observations of the Sun, and Greenwich meridian time
| for that instant, longitude being the time interval of the
v mean Sun in traversing the arc between stations as seen
from the Pole and measured along the Equator.

RIGHT ASCENSION AND DECLINATION:— The angular
distance of any celestial object from the Vernal Equinox,
as viewed from the Pole and measured eastward along the
Celestial Equator, represents its Right Ascension. Thatob-
) ject’s position north or south of the Celestial Equator con-
% stitutes its Declination. The Celestial Pole is merely the

projection of the terrestrial Pole into the star sphere; and
. the Celestial Equator corresponds to the earth’'s Equator

\\ as applied to the Great Circle.
' Right Ascension is computed in hours, minutes and sec-
onds; Declination in degrees, minutes and seconds. As a

unit of time represents fifteen times that unit of arc, then

1hr. of time = 15° of arc; 1min. = 15’; 1sec. = 15”. Like-

wise, 1° of arc = 4min. in time; 1’ = 4sec.; 1” = 0.0606sec.

\\._d To visualize the method of determining star-positions,

\ » ¥ imagine yourself at the north polar point at about the
X hour of nine, P. M., during the midweek of Noven-ber.
Q}) W Polaris stands directly overhead. At adistance of go® from
.\ the Pole Star describe a great circle in the heavens. This
Q‘ will represent the Celestial Equator. [t will be found to cut
many familiar constellations containing many bright stars,
J among them three almost on a direct north-and-south line:
@Cass., @ Androm., and 7 Peg,. the last two bounding the
Q) 5\ Great Square of Pegasus on the east, and all three lying
\ close along the Equinoctial Colure. Where this line inter-
sect the Celestial Equator is fixed the Vernal Equinox:R.A.
~ Ohr., Omins Osec.,; Decl. 0°, 0’ 0”. At this point the Sun

_° crosses the line on Mar. 22, of each year, and from this sta-
tion all Right Ascensions are computed eastward along the
Now, choose any bright star east or west
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,oftha Vernal Equinox —say, Aldebaran, the first-mag. star
in Taurus——and from your point 6f vantage draw an im-
aginary line straight thru that star to the point of inter-
section with the Celestial Equator. The angular distance
of that point from the Vernal Equinox, as measured east-
ward along the Celestial Equator, canstitutes Aldebaran’s
Right Ascension: 4h., 31m,, 25s.

TO LOCATE ANY STAR E. OR W. OF YOUR MERIDIAN:—
To compute theR. A. and Dec. of any unit not on the me-

ridian requires: 1. Circles reading Hrs.-Mins., I to XXIV

on polar axis; and Degs. -Mins., o to go, reading both ways, 7 J S -
on declination axis. 2. A timepicce set to sidereal time re- > .
duced from Mean Time, (See Tables, p. 160); or, by adding 17 77%‘

together two hrs. for each menth and four mins. for each
day that have elapsed since the preceding 22nd. of March,

e ———

' plus also the hrs. and mins. since noon of the current day,

verifying on some culminating star as seen in these Charts.
Example: Wanted, Sidereal Time, 9 p. m., October 25. @40 3
March 22 to October 22: 7 mos., X 2hrs. = 12 hrs. g lood 2

October 22 to 25: 3ds. X 4 mins., = 12 mins.

' Noon to g p. m., observing hour, October 25: 9 hrs. y S

Total: 23 hrs., 12 mins., Sidereal Time, or Right Ascension
of any objects on observer's true Meridian at that hour.
Chart 24 C,, shows that Double-star, ¢ Aquarii, 231109,
culminates within 1 min. of that time. Its transit thru the
telescopic field affords a correction for your sidereai clock.
(For accuracy to secs.. and cdecimals, see Nautical Almanac, p..760),

LV??L%
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With timepiece corrected and circles accurately set, you
may locate any unit east or west of vour meridian simply
by subtracting its known R. A7, orsidereal time, from that
of your own as indicated by your clock. This gives the
Hour Angle of that object; and swinging the telescope till
the circle-readings correspond to the time-calculation, ad-
justing in declination, behold vour star!  [f necessary,
add 24 hrs. to your clock-time in order to make the subtrac-
tion. Hrs. o to 12 indicate fields to westward of th.c merid-
ian, and Hrs. 12 to 24 fields to castward. Remember:
Hour Angle equals Sidereal Time minus Right Ascension.

To identify any celestial unit visible: read off its Hour
Angle from the polar circle, also note its 4- or — position
in declination. Subtract the Hour Angle rcading from the
Right Ascension, or sidereal time, of your meridian. This

Possible by reference to the correspon@ chayt.
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STELLAR MAGNITUDES:
The absolute scale of stellar mags. acopts the fifth root of 100—i. e.,
2.512—as the uniform light ratio ; so that, approximately, a star of any

' given is mag. 2% times brighter than one below it. in the scale, and 2%

times fainter than one above it. This factor is assumed on the hypoth-
esis that 1oo stars of the sixth mag. equal one of the first ; each magni-
tude being also divided into tenths on both ascending and descending
scale. Thus Aldebaran, mag. 1.1, is 21 times fainter than Vega, mag.
0.1; and 214 times brighter than Polaris, mag. 2.1 After passing the
zero mark, they take the negative sign. Thus, Sirius becomes mag.
—1.6; Jupiter, at opposition, mag. —2.0; the Sun, mag. —26.3.

POWERS OF TELESCOPES of Various Apertures : ~-

Argelander’s Scale : Multiply the log. of aperture int inches by 5, then
add 9.2. The result approximates the iowest-magnitude star visible with
that aperture. Example : Four-inch lens or mirror —

Log. 4 =0.602 X5 =301+ 9.2=12.21: Mag. smallest Star,

Under favorable conditions, the following scale is fairly reliable : —
APERTURE MAG. APERTURE MAG. APERTURE MAG.

2-Inch— 10.07 5-Inch — 12.69 8-Inch — 13.71
3 " — 11,58 % 13.09 9 " —1397
4 ° — 1221 7 " — 1342 10" —14.20

RESOLVING DOUBLE STARS : —

’Schus‘te}'s' formula approximates the resolving power of lens or mirror
6f good figure, whereby a close pairof nearly equal mugnitudes may E}
separated : Divide 5.03 by the apertiire. ‘Thus, a 2-in, objective should
resolve the components of a binary system 2”.5 apart. A 4-in. should
separate double-stars 1”.25 apart, etc., as per the following list : —
APERTURE SEPARATION APERTURE SEPARATION

» in Inches : in Secs of Arc: in Inches: in Secs. of Arc:
o~ 2 — 2751 8 — 0763

3 _ 1”.67 9 _— 07.56

4 — 1725 10 — 0750

5 —_— 1”7.00 iR 11 — 07.46

6 — 0”.84— 1T 0 12 — 07.42

7 _— 07.72 s 36 Lick Obs. 07.14

It is a curious physiological fact that low-magnitude stars and diffi=
cult doubles which defy direct vision may very often be glimpsed by
an averted glance — that is, the direct gaze focused upon some spot
a little to the right or Teft of the object sought, the star thus viewed
obliquely at the same time. Experience will soon demonstrate that
many factors enter into the art of observing — location, climatic and
seasonal conditions, and above all the personal equation—f{or while the
stars seldom appear preciselyv the sare, so no two persons observe ex-
actly alike : all of which calls for patience and concentration to attain
proficiency. il -
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APPROXII\/IATE CENTER OF CONSTELLATIONS
Location Chart Number, and Date of Culmination, g P. M.

ANDROM. 074138 1-B Nov.13 LACERTA 222543 23-p Oct. 14
AQUARIUS 222015 23-c Oct. 74 LEO 103015 11-8 Apr. I4
AQUILA 193002 20-B Aug.29 LEO Min. 102033 11-B Apr. 14
ARIES 023020 3-B Dec. 74 LEPUS 052520 6-¢c Jan.28
AURIGA 060042 7-8 Feb. 72 LIBRA 151014 16.c June29
BOOTES 143530 15-B June 74 LYNX 075045 8- Feb.z&
CAMELOP. 054070 6-a Jan. 28 LYRA 184536 19-B Aug.7¢
CANCER 083020 o-B Mar. 75 MONOC. 070003 8.c Feb.28
CANES Ven. 130040 14-8 May 50 OPHIUCHUS 171004 18-c July30
CANIS Maj. 064024 7-C Feb. 72 ORION 052003 6-c Jan.28
CANIS Min. 073006 8-c Feb. 28 PEGASUS 223017 23-8 Oct. 74
CAPRICOR. 205020 21-c Sept.14 PERSEUS 032042 4-B Dec.29

CASSIOP. 010060 2-A Nov.29 PISCES 002010 1-.¢ Nov.I3
CEPHEUS 220070 23-a Oct. 74 PISCIS AUS. 214032 22-c Oct.14
CETUS 014512 2-¢ Nov.29 PUPPIS 074032 8-c Feb.28

COMA BER. 124027 13-B May 15 SAGITTA 195018 20-B Aug.29
COR. BOR. 154030 16-B June29 SAGITTAR. 190025 20-c Aug.29
CORVUS 123018 13-¢ Mayl5 SCORPIO 162026 17-c Julyl5
CRATER 112015 12-0 Apr.30 SCUT. SOB. 183010 19-c Aug.14
CYGNUS 203040 21-B Sept.I4 SERPENS 153508 16-c June29
DELPHIN. 203512 z21-B Sept.71¢ SEXTANS 101001 11-c Apr.14
DRACO 160060 17-Ao JulyZ5 TAURUS 043018 5-p Dec.29
EQUULEUS 211006 22-c Sept.29 TRIANG. 020032 3-g Dec.74
ERIDANUS 035030 4-c Dec.29 URSA Maj. 110058 12-a Apr.30
GEMINI 070024 8-8 Feb.28 URSA Min. 154078 16-ao June29
HERCULES 171027 18-8 July30 VIRGO 132002 14~c May30
HYDRA 110012 12-¢ Apr.30 VULPEC. 201025 21-B Sept.Z4

DEGREES 1 K. A. Converted into Hrs., and Mins.

h. m. h.m. h. m. h.m.
1° =0 ¢4 70° = 4 40 170° = 11 20 270° = 18 00
29 o 8 80° 520 180° 12 00 280° 18 40
5 o 20 29° 6 00 190° 12 40 290° 19 20

10° 0 40 1060° 6 €0 200° 13 20 300° 20 00
18° 100 110° 7 20 210° 1400  310° 20 40
20° 120 120° = & 00 220° 14 40 320° 21 20
30° 200 130° 840 230° 1520' 230°
'40° 24 140° 9 20 240° 16 00 340°
50° 320 150° 10 00 250° 16 40 350°
60° 400 160° 10 40 260° 1720  360°




MAIN DIVISIONS OF STELLAR SPECTRA.

A knowledge of spectral types-leads to an appreciation of the vast
diversity of celestial objects as to size, distance, motion and physical
structure, without which the observer foregoes one of the chief charms
of the science. See Brief Digests and chapter on the Spectroscope.

O Wolf-Rayet stars, along axis of Milky Way. White. Spectrum in-
dicates gaseous nebulae, with bright bands of unknown origin.
Planetary nebulae give similar spectra. Approximate Temp., 23000° C.

B Orion type. Blue-white helium stars. Small proper motions. Low

density. Vast proportions. Very remote. No binaries of known -

orbits. Early stage of stellar evolution. Faintest units in excessof 3000
parsecs. Surface temperature, 16000° C.

A Sirian. Hydrogen type. Brilliant. Very numerous. Measurable par=
allax. Many binaries. Greater proper motions. Temp., 11000°C.

F Capellan. Sirian-Solar type; Large p.m. Measurable par. Binaries

frequent. vCalcium lines, H and K, and those due to metals, increase.

G Solar. Characterized by dark lines due to metaliic vapors. Widely
distributed. Swifter moving, moredense. Hand K lines prominent.
Chiefly dwarfs, 1800 times more numerous than B-type. Temp.,5600°C.

K Arcturian. Red-Solar type. Decreased intensity of continuous spece

trum in the violet and blue. Bands due to hydrocarbons appear.

Surface temperature, 3500°

Antarean. Resembles solar type, but with broad hands or flutings.
Ruby color. Rapid proper motions. Qften variabie, the long-peri= '

od variabies of this class having an angular diameter ico to 200 times
our Sun. M-giants youngest of all luminous stars. Temp. 2700°C.

N Similar to M-type, but further charac:erized by banded spectra due
to carbon absorption. Deep red, indicating possible extinction.

1 Small letter, a-e, or No. 1- 10, in text denctes Sub-group of Class.

Stellar temperatures are usually given Centigrade. To convert to
Fahrenheit, approximately, multiply by nine-fifths. Ex.:Sun, 6000°C,
equals 10800°F. FFahrenheit to Centigrade, multiply by five-ninths.

Absolute temperature, ‘'K is reckoned in degrees Cent., from Ab-
solute Zero, which is 273° below Cent. Zero.

Radial Velocity, (r. v.) is usually given in kilometers: unit, 0.621 mi.

To determine Diam. of Field of Telescope: Watch in hand, count
number of secs.. required for an equatorial star to traverse diam. of
field, multiplying by 15. Ex.: Rime of transit of Delta Orionis, 50 secs.
times 15 equals 750 secs., or 127, diam. of fiel

Polaris and the Big Dipper offer a convenient year-round yardstick
for approximating stellar distances. Polaristo Mizar 35°. To Delta
Cass., 28”. Bowl of Dipper: Alpha to Beta, Urs. Maj., (pointing di=
rectly to North Star), 5°. Alpha to Delta, 10°. Delta to Gamma, 5°.
Beta to Gamma, 8°. Handle of Dipper: Delta to Epsilon, 5°. Epsilon
to Zeta (Mizar), 4°. Zeta to Eta, 7°.

Angular Diam of Sun, (mean): 31’ 59”.3. Moon, 31’ 5”. Mercury,
47 2 Al Venus, 92.9. 647, Mars, 37.5-25%.1. Jupiter, 30”.5 -
S Syige o, 147 7-20"5, Uranus, 3”74 -4".2. Neptune, 2”.2-2".4.
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ABBREVIATIONS,

Neb.—Nebula: diff., diffuse;
pl., planetary; spl., spiral.

Cl.— Cluster: op., open, ex-
tended; glcb., globular.

1. y.—Light years,

p. m.—Star’s proper motion.

r. v.—Radial velocity, Ap-
proach, —; recession, 4.

D —Double star.

Sep. — Separation in " of arc.

Prim.— Primary of system.

Bin. —Rinary. Vis. —visual.
Sp. — spectroscopic.

« = Mean separation of vis-
ual binary components.

__Period of revolution of .

Peébublljee;tar Also, max. to Par.—Parallax in ” of arc.
min. brightness and return | A, u.— Astronomical units—

to max. of variable star, dist. Earth @& to Sun Q.

Spc.— Spectral class, Parsec—1” of arc=3.26 L. y.
Tr.— Triple system. | p.—Low power ocular.
Mul, —Multiple, h. p.— High power ocular.

DIRECTION OF OBJECT FROM KEY-STAR: — p signifies
the object precedes star—i. e. its R. A, is less than the star
as charted: f, object follows star—i. e, its R. A. is greater
than the star; np signifies rorth-preceding; nf, north
followiny; s p south-preceding; and sf, south-following.

GREEK ALPHABET:—

o Alpha ¢ Epsilon (Iota y Nu 0 Rho ) Phi
3 Beta { Zeta + Kappa E Xi g Sigma 7y Chi
+ Gamma 1, Eta ‘A Lambda g Omicron ¢ Tau O Psi
g Delta ) Theta gy Mu « Pi u Upsilon () Omega

AUTEORITIES: 23— F. Struve O2Z—0.Struve OOX —Pulkowa
8 —Burnham H-—Wm. Herschel h — john Herschel M —Messier
Variable Stars: Harvard College O's, Annals, Vol. 79, Part 3, (1928).

SIGNS OF THE ZODIAC:—

P ARIES SLLEO & SAGITTARIUS
5 TAURUS N¥VIRGO /6 CAPRICORNUS
JIGEMINI £ [BRA #2 AQUARIUS

69 CANCZER . MscorpriO H PISCES

Color Scales.—Fa. Hagen’s Scale for Stars, particularly Vari-
sbles, is often employed, and runs from—I for the, blue-white
stars to 10 for the dark red. The intermediate units of the scale
give 0, for the white; 1, for the yellow-white; 2, white-vellow;
3, vellow; 4, orange-yellow; 5, yellow-orange; 6, orange; 7, red-
orange; 8. orange-red; 9, red; and 10, as stated, for the deep-
toned red carbon stars.
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Bl Dark Nebula
R0 Z Varia

ble Stars
See *A! Frevia-

tions ~ Etc
Page 21

EPHEUS:
Region rather sparing of features to Chart 1-4
the unaided eye; but under patient

«crutiny, even with small powers, the constellation of the
;nythological Ethiopian monarch discloses many gems.

L) 005381 Var. 7.09.0. Per., 1d., 11.8h. Spc. Ao.

%2 000379 Vis. bin., 6.8-7.1. a=0".55. Spc. A3.
Per. 166.2 yrs.

¥13 001176 D:6.6-7.1 Sep. 0".5.

CASSIOPEIA:

The “ starred Ethiop queen " is one of the most beauti-
ful and familiar configurations of the northern heavens, be-
ing “always with us~ as a low-lying W or a vaulting M,
dervishing daily about the Pole Star directly ‘opposxte. the
Big Dipper, a line drawn from 3Cass., to tUrsae Ma}(?rls
_ Nizar —passing directly through the north polar point.
Many striking diversities abound here — binaries, clus-
ters. nebulae and vari-tinted units, — with a grand steliar
hichway from 7 sw to 2 Cass., well wprth traversing lq?-
foély. Of the eighty-nine constellations in both hemis~
pheres, not many offer richer fields for nightly exploration.

. 002862 Cl. Setin gorgeous framing of varied forms.

78 003661 Notablecl., midway bet. x and y Cass.

v 005160 Mag. 2.2. 11-mag. companion ancasy test.

8 000458 Mag. 2.4, with faint comites. A noble
star! Dist,, 5.7 1.y. A mag. 7-8 Double, and also
an 8-mag. Triangle in a scintillating field.

v 004457 Vis. bin. 3.6-7.9, Spc. F8. a=12"21.
Per. 507.6yrs. Orange and gold. Mass of pair, 0.9 X
Sun. Sep., 61 ast. units.

o Shedic 003656 Var. Mag, 2.2:2.8. Dist. 47 L. y.

Large diff. Neb., and Quintuple, f, arrest attention,
A 002754 D: 5.6-5.9. Sep. 0".5.

“Astronomy offers one of those pleasures which follows the law
of increasing rather than diminishing returns. The more you de-
velop it, the more you know about it. There is no season in the
year when the interest ceases; and no time of life, so long as sight
remains, when we are too old to enmjoy it.””—Viscount Grey.
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s. 003746 Mag. 5.02. Sp. bin. ., . o

s0° : er. 1.7ds, Spe. AS. i

o DROMEDA

& part of this exalted constellation is ever dull, even

i w power and only fair seeing; and repeated explora-

-6 1s through its rich arcana of mysteries and surprises
ass -5 ver fail of enlightenment and inspiration. The Great

is ula itself demands periodical observations under vary-

-3 onditions to unfold the true glory of this celestial par-
D M E DA . and will repay the cbserver for all his patience and

i iz , requiting him for any possible carly disappointments.

118 bt 005544 D: 6-7. Sep. 7".6.

Gredt Nehuls g 3641 Diff. neb., large, oval, pearl white,
s 440 Mag. 4.4. Sp. bin. Per. 4.28ds. Spc. B3..
= 003840 Great Nebula. 6 ‘4 Ard. Necarest
I Spirals,——00,CC0 1. y. Diem., 50,C001. y.
& v defined naked-eye spectacle; but in a telescope of
i and wide range, an object of increasing interest
-3 £
« D: 4.4-8 Szp. 36".0. Prim. Sp. bin.
::0" 43.7ds. Spc. B3. Fine Doublct, p, mag., 6-0.
3 30 Mag., 3.5. Faint 28" dist.

Alphetatd e pheratz 000428 Mag. 2.2. Sp. bin. Per. 96.67d.
& » A. N. E. star of Gt. Square of Pegasus.

: : . Sp. bin., mag. 4.3. Per. 17.76ds. Spc. K.
X L2 vy Vis, bin.,, mag, 6.1-6.7. Spe.
3 a=0.94, Per. 109.07 yrs.
-z \

Disc,. '2'0‘ ew quite noteworthy features in this meridian area.
i 3521 D: 5-8.2. Sep. 6”.4.
-8 D) :
7 L t boundary cf the Great Square.
= enib 000914 Mag. 2.9. S. E. star of Gt. Sq.
& < remote and sccular character of astronomical facts

Al*eni::* v A us to a subiime peace.”"—ZFLmerson.

Tk : on Great Nebula, page 27, Lick Obs. photo, 11l Se..
3 25
= 0

55 50 45 40 35 30 25 20 i5 10 5 <.
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001008 A region of splendors! cpyy 1.C

I I, * o s 67 Sep. 1175
" 7 Mag. 4.0.
i PIISCHS j ':weep,;g.g with 60 and 62 Pisc., mag. +6, in field.
3- -3
2- -2 Whale ™ requires rather high power to disclose its
1- 1 lliants to advantage. A broad-ranged equatorial
O°- -Oa finely placed for leisurely gem-hunting.
I- ) o ' Vis. bin., mag, 5.2-6.4. a= 0".24. Per.
2 2 ol Prim. Sp. bin. Per. 2.08ds.
s 15 -3 ow-mag. double-doubles in field.
£ < - Var. Mag. 8.2-13.9. Per., 320.2 ds.
C ¥ ¥ 4011 Royal procession of stellar nobles,
) CETUS ol pprox. E and W.
3 Mag. 2.2. Vibrating, colorful star.

BULA OF ANDROMFEDA Most distinguished

o

B P A4 10° y closest member of a countless and wholly
I =1 -abounding in remote extra-galactic space-
2- -2 ¢ a few exceptions, like the Andromeda, be-
3- 3 ch of any save high-power instruments of re-
£ g » ed, although the mammoth hundred-inch re-
5 B Wilson has disclosed the presence of hundreds
H f these objects at distances estimated at hun-
-6 ns of licht years, science now looks forward
S * e -7 n of the two-hundred-inch super-giant tel-
#- -8 y in prospect, to assure us a better knowledge
9. 2 Universes,” of which our own galactic sys-
—20° 20° prototype. For, as Dr. Campbell points
I- B -do not know that our stellar system is now
2 5 , Or that it is the developed product of a spi-
i g it does seem to have most of the known at-
- -3 aspiral.” Thus were we located at the million
£ -¢ ance of the Great Nebula, our Galaxy, with
5 = s of suns, clusters and nebulae, might appear
& 5 dromeda prodigy-commands our awe today,
- i inosity cne billion and a half times that of
e i d a rotational period of seventeen million years!

o- -9 S 2

5550454035302520 1519 5




Chart 2-A

CHART 2-A y
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ted asterism receiving its chief

POLARIS 5% Ursae Minoris y from the location here of the most observed
cedstars’’ of the northern heavens, dist., 1°6’
- true Pole, about which it revolves every twenty-
Moesi rs and toward which it gravitates so that about A.
:j ggmtézdes Polaris will be less than }4° dist., from that point.
5 ani ymbols:- & i 11 draw away on its 25,600—year circuit about
Mag. 01, of the Ecliptic; and 6000 years hence « Cephei,
* _or ears hence Vega, in Lyra, will succced to that
brighter srical office, as Thuban, in Draco, held it at the
* T building of the Pyramids of Egypt, B.C. 2170,
%0 , 013488 Mag. 2.1. Cepheid var. Spc. F8.
g 017 =1901.y. Mag. o come, dist., 187.3.
companions: per. 3.96ds. and 11.9 yrs. Sep.
*3-4 07.35. Luminosity of Polaris, 2570 X ©.
*4.5 A ‘ :
5.3 - phase of celestial phenomena represented.
ol Lo D: 6,2-8.5. Sep. 5°.6.
fainter 0 Vis. bin., mag. 4.7-7.2. Per.52.95 yrs,
©Cluster 5 Sp. Az,
. » ip., 4.4-8.9-9.5. Sep. 327.0 and 3”.0.
whg ks BNebta est, with good seeing.
© Nova 1D:6.2-8. Sep. 35".0. Colors contrasty.
=1 [B] DarkNebula ag. 3.4. Entire region radiant.
OPEIA [} X
RitoZ= Vario- ‘and 46 nf. Two cls. Outlying doubles.
. ) 1° f 3. Vivid cl., in grand setting.
& evioy ‘Mag. 2.8. A teeming expanse n.
Edes 2! 57 Massed jewels! Topaz 2, mag. s, close f.
. OMjo3 | . _
i *3 - npion ~* discloses here some stellar prodigies.
o*|OHl2 ‘Doub.-var., 7.5-11: 8.0. Per. 320ds.
751 Doub. spir. neb., joined, with ring.
U r. mag., 4.2. Doub. spec. bin. Per.
; d 63.2 ds. Spc. Bp. “Presents puzzles
ems still unsolved!™ :
Bﬂﬂmoomputes dist. of Polaris at 466 lizht years.
+Mi76 . 29
5 ) (a0 [ I < L O ) S [ -
o 55 5045405355025 201510 5 i g Y
.



CHART2_-B
Il CUuLMINATION-9 P. M. NOV 29 ¥

55504540555025201510 5

Arjeti

/174

: 7g‘y interesting features Chart 2-B
rcluding a notable doublet. :

‘D: 4.9-6.5. Sep. 0”.6. Two blazing suns!

D 2354 Sep. 10".3. Companion u

BPer 55,0 yrs. o= 07.346. Spc. A.

olorings— burnished gold and cerulean blue.

Nebulous unit. Curious groupings.

"5 758 Sep. 181".7. Y%°spH32.

7 in field, making an imposing spectacle.

[ g. 2.4. Alone monarch in rather isolated

gainst a background of low-mag. stars.

begins here—a limited but well-placed
 least one feature of superlative interest
nt spl. neb, Over %°inextent, with
d nebulous condensations in a sea of glo-
onal speed of this whirling mass throuzh
vards of 400 mi. per sec.; and its peri-
n 160,000 yrs.  Qutlying regions disclose
irms of stars — suns and systems in the
900,000 light years.

BES Spibin. Per. 1.7ds. Sp:. F5.

begins between these hours—quite the most
of an otherwise indifferent constellation.

=o87 Sep. 37".9.
in. Mag. 2.7. Per. 107ds. Spz A5.

2-4 4. Sep. 8” 6. Famous pair, disc
Nzb. H112, 115>, worth whilz.

f the more commanding phenomena, but
in vicinity of %, and especially f 7 Fisc.

Amazing sequence, with y in field.

‘-73-7; Mag. 11comes, dist., 1”.0.
dicuous for luminous field, n f incl. ClL. M74.
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2009 Neb. Fairly bright, with  po. 2.C
condensation, in isolated region.

R I5I3 Sep. 237.5. \
. Primary var.: 4.2:6. Astride the Ecliptic.

04 D: 5.9-6.8. Sep- 32".8. Fine prospect.
D:2.8-3.9. Sep. 3".6. Weird coloring
001 Vis. bin. Mag. 7.0-7.0 a=1"15
yrs. Spc. Go.

61272 Sep. 1".2.
PRI 617 1.5. Sep, 3".9. ;

Dark neb. Type of prevalent star barrier

- minds of scientists from the time Herschel
ink-black irregular blotches ““ holes in the sky’,
us of Barnard, aided by photography, demon-
 be actual dark nebulae— vast opaque arear
e stellar regions beyond like a curtain prov-
jtention that ‘‘luminosity is not a necessary
ical bodies."

e cosmical cloud in interstellar space, thes
iable absorption or scattering of the «a-

7 Spl. neb. Bright nucleus. Chiefl of
e of its stupendous space-velccity, notwith
bable galactic size— 1240 mi. per sec.— tke
‘any known celestial object! What supernal
d to give this vast aggregation its initial mo
at counter forces could halt or even swerve
e thru the ages, challenges all conjecture.

we did not know the radial motion of any star
in this intervening period the radial veloci‘ies
nd stars have been determined. These veloci-
both alone and in combination with proper mo-
, to solve many of the fundamental problems of
not suddenly, but by rapid approximations to the

D: 6-6.2. Sep. 0”.2. Excellent test
Dark neb. ¢ Ceti 1’ s p toward .
ag. 4, Royal arch of suns north-eastward.

:3.-7.5. Wide. t Ceti, mag. 3.9, I°nf,
33



CHART 3-A

III curLminATiONSP, M., DEC,14 KT

Magnitudes
and Symbols:-

Mag 0-1,
* or
brighter
-2
*2-3
* 3-4
* 4-5

*5-6

*6-7, or
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S IOPETA:

. 022267 Tr:4.2-7.1-8.1 Sep. 5
17.9-7".6. Not difficult; very fine. Chart 3-4

5306 024460 D:7.1-9. Sep. 2".1. Cl 66, 4°np.
osx26 021359 D:6.1-6.6. Sep. 63”.5. Gold-green.

PERSEUS:

A vast stellar revelation, especially inspiring vic. y, Pers.
h227 022757 Wide cl. Field shot with diamond-dust!

HVI33-34 021556 Two splendid naked-eye Cls.
Midway bet. aPersei and yCass. Diam. of each Cluster
about 1001 y., but overlapping so as to appear physical-
ly connected. Dist., 7500 1 y. Stars blue-white and in-

tense, with temp. from 15000 to 25000 C. Many exceed

by a hundred times the brightness of our Sun, Rad. vel.,

—98mi.-sec. Vivid ruby Var. in Cl.34. (Trumpler).

9 021655 D:5.5-12. Sep. 12”. Difficult; region rich.
= 024455 D: 4.-8.5 Sep. 28”. Five faint comites.

2314 024752 D:6.9-7. Sep. 1.”5. vy mag. 3.1, 1° nf.

NO “EMPTINESS” IN SPACE.

An ordinary region, observes Eddington, where there is no ob-
servable nebulosity in the highest vacuum existing—within the lim-
its of the stellar system, at least—there still remains about one
atom to every cubic inch. It depends on our point of view whether
we regard this as an amazing f{ullness or an amazing emptiness of
space. Perhaps it is the fullness that impresses us most. The atom
can find no place of real solitude within the system of the stars;
wherever it goes it can nod to a colleague not more than an inch
away. I think there can be no doubt that research demonstrates the
existence of a cosmic cloud pervading the stellar system. The full-
ness of interstcllar space becomes a fact of observation and no
longer a theoretical conjecture. The system of the stars is floating
in an ocean—not merely an ocean of space, not merely an ocean of
ether—but an ocean that is so far material that one atom or there-
abonts occurs in every cubic inch. According to the modern theory
of gravitation, a globe of the size of Betelgeuze (almost contained
in the orbit of Mars), and of the same mean density as our Sun,
would have some remarkable properties. Owing to the intensity of
its gravitation, light itself would be unable to escape, and any rays
shot out would fall back again to the star by their own weight.

“Science has its competition as keen as that which is the life of
commerce. But its rivalries are over the question, Who shall con-
tribute the most and the best to the sum total of knowledge—who
§hall give, not who shall take, the most? and its animating spirit
is the love of truth; i‘s pride is to do the greatest good to the greai-
est number.”’—Newcomb.
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X H 156

% |

EO”

DA :
Tr.:4-10-10. Chart 358
0747 Vis. bin.: 6.4-7.3. a=

Per. 204.7 yrs. Spc. Fo.
WS
3642 Cl. A celestial aegis hung aloft in splendor!”

lusters range in distance from 7000 parsecs— OVer 20,
s— to values nearly ten times as great. Their diame-
e order of a hundred parsecs; and their brightest stars
times as bright as our sun.’” —Shapley.

0 Wide Tr.:6-7.5-8.2. Guide-star toCl. 156.
3538 Neb. Lenticular, bright, 5’ long,

leus. Object worth deep study. 1°s 12 Pers.
e space velocities of the order of 1400 km. —over 800
."" —Slipher.

=R bin.: 5.6-6.7. Per, 33.3 yrs, a=
. Fo. 16Pers., mag. 4, 4°p, very effective,

GULA:

Mag. 3.1. Fruitful region s e toward & and
ags. 5 and 4, presenting a dazzling outlook.

D: 5.6-6.4. Sep. 3".6. Sapphire and gold.

: \ Tr. 4-11-12. Small but bright. Use hp.
223 Mag. 2.2. Theshepherd's star.
"D:5.7-6. Sep. 1”.2;

EEN5.3-8.4-10.2 Sep. 3."3-25". Prim. 4
er. 3.85ds. Spc. Bs.

of astronomy are not separate and independent;
e parts of one great problem: that of increasing
of the universe in its widest sense.””—Newcomb.

olems are so vast that we might despair of any com-

f our tasks were it not for the wonderful correlation
apparently disjointed investigations. That’eve:
ble factor in the mighty whole should encourage eac

mbering Argelander’s words when making an earnest

us observations of the variable stars, ‘Each step

the goal. If we cannot reach it, we can at least

terity shall not reproach us for being idle, or say

not made an effort to prepare the way for them.'"—
Cannon.
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e “}hale" presents some fine though  po.¢ 3. C
ered gems aside from majestic Mira.

803 Mag. 2.8. Or.-red K-type. Fainter than .
0 .3902 D: 3-6.8. Sep, 2".6. Colorful pair.
023800 Spl. neb. Faint, but interesting.
022301 Two faint diff. neb.

03 Mira, the ¢ Wonder Star.™

variable: 1.7 to 9.6. Per., 332 ds. Par., 07.02. Dist,
. Temp., 2400K to 1700K. Spc., M7c. Has a tenth-mag.
‘discovered spectroscopically by Joy, at Mt. Wilson, and
sually by Aitken, at Lick. Ang. diam. determined by
th Michelson interferometer attached to 100-in. Hooker
.056. Mira was recorded by Fabricius, 1596, but was
nown to the Chaldean shepherd-astronomers and others
times who regarded changes in celestial phenomena with
tious awe, as, witness, Algol, ‘‘the demon star.”

of Mira, 550 times our Sun, second only to Antares. If
s place in our system, Mira's boundaries would extend
rbit of Mars, and Earth’s orbit would lie about mid-
een center and circumference. 1f its mass were propor-
ur Sun’s it would weigh 25,000,000 times as much; and,
to Einstein’s theory, its own gravitation would be so
ts light would be unable to leave its surface, as thus to
e forever invisible! However, its density is only one
that of our own atmosphere at sea-level—a vast ag-
othingness in whose torrid temperature of 2000° Cent.
gine a soul wandering for ages and never know he had
periodical pulsations of Mira—cause unknown—ex-
tract its radius to the extent of twenty percent of its
bout thirty million miles, producing great changes in
and consequent light variation.

ry holds good until another, seemingly wiser and more
with the immutable laws of nature supercedes it. The
othesis, which, among other contentions, held that it
ssible for any subject body to move in any course except
which its principal moved (such as a moon orbiting
lanet in any other motion than that provided by its
unit), suffered a shock when Herschel discovered that the
of Uranus moved in elliptical orbits retrograde to the
otion; Pickering, in 1898, discovered the same in the
te of Saturn; and Melotte, in 1908, and Nicholson, in
overed the same of the two remote moons of Jupiter.

e would be writing its own epitaph did it not, as occasion
view old and apparently established hypotheses with a
to relmqm.sh them in favor of mewcomers; but equally

ty of science to walk warily and with circumspection
eave the solid track.”
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HEUS: ]
460 03560 D: 5.2-6.1. Sep. Chart 4-A
v 9. Strong pair in isolated glory.
» OPARDUS: ,
;\A sa“"'f)“d“ ki Qcing portion of this mammoth constellation.
and Symbgg.
M o : 1 Mag.4.7. Bright beacon-star to neb., 2°s i,
* fi%ro'l‘ o 69 Diff. neb. Wide, bright, lace-like.
Frishiecy v seems to consist of clouds of matter, mole-
faerhaps even larger particles, not hot _enough
* “ig ous, but visible because of light excited by
*2-3 d from involved or neighboring stars. —Hubble.
21065 D: 6.4-7. Sep. 0".5.
i 3863 D:6.3-7.3. Sep. 45"8.
T 061 D: 5.-8.3. Sep. 1”.7. Greenandgold
e 59 D:4.7-9. Sep. 2”.4. Areal gem-field!
P 850 D:7-8. Sep. 1".5
©Cluster 758 D:6.3-8. Sep. 20" 4, Superb zone, n
RNebu 034256 D: 5.9-6.6. Sep. 58".6.
ula :
; 55 D:4.89.2. Sep. 15",
® Nova
ONE SUSTAIN LIFE.
ekt B e b
Y : means aware of the extent and meaning of the uni-
RtoZ Varia: finds itself. According to his argument, on anj
ble Stars ogony, life must be lim,ited to an exceel?irtlfly sn;lall
See “Apbreve R e e monieciige shetier e
luorll?s:igeEZtlc'' e can at best be very few such cradles, whether ten-

e planets are the only places where we know that
The stars are too hot, even their atoms broken up
t. Even if there were solid bodies in the nebulae,
drenched with highly penetrating radiations as to
y form such as we could conceive it, impossible.
stances would special accidents produce bodies such
formed of a special cool ash which no longer produces
life is possible. From present observation it does
‘though Nature had designed the universe primarily
e normal star and normal nebula having nothing to do
to make it possible. Life then would seem to be
ain of by-products—the accident—and only the tor-
of life-destroying radiation the essential. In any

he three-days-old infant, cannot be very confident
tation it puts on the universe which it only discov-
¢, a minute or two ago.
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50" rf
4 3
L 73
* |
iR

heart of thisimperial domain lies bet.
k-l-IV, with princely Mirfak throned in Chart 4-B
dst of a truly royal council of stars.

849 Mag, 1.9, Sp. bin, Per, 4.09d, Spc. Fs.
030946 Congeries of low-mag, stars.

37 033244 D: 6.2-6.5. On direct line @ s-e to v
Mag, 4. 12-mag. comes. Ratherdifficult.

_, the Ghoul, or Demon-Star (030340 Var:2.2-3.2-
every 2ds., 20.8 hrs., this remarkable star suffers
eclipse by reason of a companion, mag. 5 2, re-
ut a common center of gravity in the line of
five-sixths of its light thereby for about 20
1d recovering normality in about 3% hrs. Hence
of a type of Variable so named, of which there
two hundred under observation to date. Al-
Spec. bin. Per. 1.8gg yrs. Spc. B8. Light of
times sun, Mass, 24sun.  ‘“An enormously
system, still only partially understood, - Aitken.

located when high in the heavens by drawi;n(g an imaginary
hward from the Pleiades thru Zeta and Xi, Per., to Epsi=
sharply thence westerly along 40° decl., to Beta—Algol.

9 D:3.1-8.3, Sep. 8”.8. Not an easy double-
Mag. 4.05. Sp. bin, Per, 6,9d, Spc, Oes.
1 D:3.9-8.5, Prim. sp. bin, Per, 4.4ds.

1 Mag. 2.7, Three interesting comites.

i)
3}
e,
S
152}

(3
5 TAURU

[72]

Trip.: mag, 6,-6.-10.8, Sep, 07,7-5".2,

3 ¢ [Algyorje
hg Plgiadkes

1034323 Mag. 3, ILucida of the classic Plei-
white, of vast size probably many thousand
th,an‘ our own Sun, but so remote and dimmed
bulosity which involves the entire cluster that
only a little brighter than the other fair daugh-

one— Caleno, Electra, Maia, Merope, Stereope
ta—each of whose mass nevertheless exceeds our

- ght hundred times. (See photo and note, I11. Sec.

m&gftll;i:esg::? more interesting to that man who reads
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55
equatorial areas here not especial- Chart 4-C
for wizardries, tho offering some '
sweepings in clear skies. The south-flowing constel
of the classic River Po reaches down to within 30%
Dole, beaconed by the flashing super-sun, Achernar.

1033200 D: 6.-8.2, Sep. 6".1.

5003 D: 4.-6, Sep, 6°.7. Emerald and tapaz
—one of the redeeming features of this somber re-

Low-mag. doubles and multiples far and wide.

032221 PIl. neb. Quite vivid, flanked by stars.

034023 7one of jewels of many hues and geo-
formations; with clear horizon a fine pageant.

GHT YEAR.—From man’s earliest appreciation
racle of his existence he was under the illusion that
ch was apparently infinite in extent, was also in-
us in speed, even to the uttermost space deeps,
ntil 1675 that a young Dane, Claus Roemer,
dying the phenomena of Jupiter's moons. discov-
: there was a discrepancy of some seventeen min-
e between the observed eclipses of Jupiter’s sat-
both Jupiter i Earth were on the same side
‘and the computed time when the sun stood be-
hat is, that light was not instantaneous, but
definite amount of time to span earth's orbit,
s computed the speed of light at about 500 sec-
12 astroromical unit—distance Sun to Earth—
revised by refined laboratory tests, a positive
space of 186,300 mi. per sec. Thelight equa-
lestial object then deals with its position and
Ot as seen at the instant of observation, but at
. when the light-ray so observed started on its
journey: in the case of the planets from three
four hours; of the stars from four years upward;
spiral nebulae to the possible limit of a million
1t years, having begun their space-voyages when
possibly in its plastic state, acons before the ap-
of the most rudimentary forms of life on this
~ And yet, miracle to behoid, this far beacon-light
, for all its incalculable remoteness, nor
s incredible speed thru all the ages! Thus in
celestial we are ever engaged upon a survey of
ary as well as the most ancient of history.
45
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VELOPARDUS:
" In the area bet, Decl. 50° and 6o° Chart 5-A4
be found many dazzling gems.

045663 D:7-7.3. Sep.32°.0. Vivid 8-8 doub. .
3-64’0160 Pl. neb. Small, curious, with star center.
60 Mag. 4.7. A monarch in lone splendor.
5858. Wide doub. Sep. 10”.3.

' D:5.1-6.2. Sep. 10”.1. Varied region s e,
D: 4.4-11.3.Sep. 25”.6. Prim, Sp. bin.

S:
051 Radiant Cl. Entire zone truly inspiring,
50 D: 6.5 7.2. Sep. 74".6. Each sunhas

ag. come.. Striking expanse p,
Sp. bin. Mag. 4.5. Spc. A2, Per. 1.5ds.

Dark nebulous region. A vast obscuring
less meteoric or other absorbing media that
ossible wealth of celestial treasures lying in re-

beyond — wonders which have never yet en-
1d of man, nor probably ever wiii. Contem-
bleak and forbidding barrage, one wonders
fting of the black veil, (or with the discovery
osmic ray that would enable us to pierce it),
t stand revealed some sidereal Rosetta Stone
| aid us in deciphering many a heavenly hiero-
as hitherto remained a sealed oracle to us.

may be regarded as heat engines in the physicist’s
ord—on an enormous scale. They are drawing upon
of some sort, transforming it into heat and radiat-
space. What becomes of the heat? Is any of it
so, what fraction?
unt as energy ‘‘used,” only that fraction which falls
bodies, the efficiency of a star—and in particular
almost incredibly small. Of the whole flux of ra-
e Sun onl'}z one part in 230 millions is caught by all
er. he rest goes out into interstellar space.
ercepted by the other stars must be excessively mi-
_is taken up by the dark nebulae—on account of
us size—than by all other known bodies together. But
bllt a moderate part of the heavens, and most of
passes out beyond them into the unknown.
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SEUS:
78D 4.2-12.- Sep. 15".1. Chart 5-B

. Sp. bin. Spc. G. Per. 284 ds.
resting cluster, H60, 2° n p.

42 Wide D: 5.2-6.2. Sep. 1137

41 Mag. 5.5. Two pretty pairs near by.

3] 040237 D:6.5-8-2. Sep. 4".5. Gems, sand p.
1933 D: 6-8.8. Sep. 4".5. Impressive environs.

GA:

abt. midway bet. hrs. IV and V. Fruitful fields -

3 Conspicuous Var. 3:4.5.

7 D:4-79. Sep. 6".5.

3 Mag, 2.9. Superb sun in lone grandure.

S

tellation of the Bull discloses here a treasure re-
cluding that blazing V-shaped open Cluster— the
—a hundred blue -white Class A suns, golden solar
\ntarean giants. Diam., 10 parsecs. Dist. 1301 y

D=6 (Sep. 53".6.

23 Nebulous Cl. Entire zone appears en-
in lambent clouds of cosmic dust.

Vivid D: 4.3-7.2. Sep. 62".5. Prim. Sp.
SE5Rer. 1.5 ds.

2 D:5-6, Sep. 5”.5. Resplendent range s p.
8 Impressive Cl. About 2° n f Aldebaran,

1043116 Mag, 1.6. Par, 07.057. Dist., 571y.
40,000,000 miles! Spc.Ks. Mag. 11 comes.

> Mag. 5.6. Sp. bin. Spc. Az. Per. 8.4ds.

16 Vis. bin. 7.5-9.3. Go. 0”.57. Per. 89ys.
Naked-eye D: 4-7.5. Sep. 5'37".4.

5 Wide D: 5.2-5.7. Close s f Aldebaran.

041714 Vis. bin. 8-9.5. Go. 07.94. Per. 98y.

13 Vis. bin. 7-10. F5. 0”.53. Per. 56yrs.
: 49
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' D:4-7.5. Sep. 69”.2. Chart 5-C

D: 5-8. Sep. 0”.9 Close n p u Tauri.
corres, dist. 31”.5.

D)5 8-6.1. Sep. 0”.1. 1°s p p Tauri.

dary of the imperial constellation of the firma-
or who would acquire a knowledge of the heavens
t him give up his days and nights to the marvels
Here may be found every conceivable variation
il phenomena: stars, giants and dwarfs; varia-
es, triples, multiples; binaries visual an spec-
usters wide and condensed; mysterious rayless
ebulae in boundless variety, with the supreme
Il supernal wonders at its heart — the Great
re which the learned and the laymen alike
silent in awe and reverence since the first lens
man’s gaze its true vastness and intricacy; and
ndant field for all the geniuses of science,
refinements of means and methods, for gen-
e. To know Orion is to know astronomy!
n all the Temple is prepared within,
nods the drowsy worshipper outside.”—Rubaiyat.
Vis. bin. 7.9-7.9. Sep. 0”.19. Per.
Spc. Fis. :

Mag. 3.8. Spec. bin. B3. Per. 3.7 ds.

‘the River Po which winds upward from sub-
as far as Rigel, in Orion; and tho low in
with goed seeing, offers some real surprises

2 D:7-8.5. Sep.2".0. :

' D:6-8. Sep. 66”.0. Other D's in rare zone

D:4.94, Sep. 82".3. Com. Vis. bin, 94
79. Per. 180y. Group apparently concrete

D:6.2-6.7. Sep. 9”.1.

109 D:7-8. Sep. 12°.8.

Bright plan. neb., with central star.

ble with low powers Well worth the search

D 67-72. Sep. 12.3.
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AMELOPARDUS: Chart 6-4

“ 5780 054365 Trip.: 6.7-7.9-10.9. Colorful,

Magnitude, _» i IGA:
and Symbols - ; ~ Vast area, southern expanse a limitless exploration field.
Niag. 0-1 E - 55354 Mag. 2.1. & Aur., and two fine stars n,
it brig?\:er F

: JUBLE STARS-BINARIES. — Two stars in apparent prox-

* 1-2 P ‘may in reality be so remote from each other as to ex-
reciprocal influence— optical doubles as differentia-

*2-3 the binaries whose components are so close as to
ithin each other’s gravitational pull, moving in an

* 3-4 rbit about a common center, making the circuit
ng

P mesin a few hours or days, more often in years—even

5 eds or thousands. The orbits and elements cf vis-

%*3-6 : ry systems are determined by precision microme-
to powerful clock-driven telescopes; but if the

*‘:i':t'e?' n-star defies visual detection, the wonder-work=
g ope takes up the burden of the problem.
©Cluster e hundred thousand stars of mag. 9, and brighter,
timated that one in eighteenis a close visual double,
X]Nebula Of these over 5000 have been catalogued: and the elements
ONova 300 visual and spectroscopic binaries computed.
rd star of mag. 5.5, or brighter, is a spectroscop-
B DarkNebula , many being triple or even multiple! Thus our
one sidereal unit is almost in the nature of a ce-
R to Z-Varia- omaly; and one cannot help speculating on what
ble Stars e been the course of terrestrial evolution had it
See ““ Abbrevia ¢ therwise!
t'oT;a eFiLlc determined star places within 10’ of arc—one-third
g of the Moon. Tycho Brahe (1546-1601) reduced the

nts to the accuracy of 57”. Now double stars are meas-
a probable error of 0”.001.

es of the evolution of the solar system or of the universe
eories of creation. They are theories of the eternal processes
and of eternal change. To assert that stars are suns, that
evolved from clouds of gas called nebulae, that nebulae
ted by the close approach of two suns, and that in a
ae may be seen processes in operation which in a long
time would give solar systems like our own, with cen:ral
sible planets, is not to offer a theory of creation, gene-
al beginnings; but rather to state our conviction as to
‘eternal process. This is evolution as the astronomer
rof. Linsley.
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Chart 6-B
el 051145 Mag. 0.21. Spc. G.
0°.075. Dist. 43 ly. Sp.bin. Sep. 0”.045. Per.

1 33 XSun's brightness. Ang. diam, 10 million mi.
p.,12,600°F. Abs.mag.,—0.5. Rad.vel., 4-30.2. Atbor.

)444 Mag.2.7. Var. Sp.bin. Per,3.96d. Spc.
-.07.34. Vel.—18 1. Comb.mass, 17 x Sun.
- 055938 Mag. 5.3. Sp.bin. Per.28.2d. Spc.A.

052335 OpenCl. in form of an oblique cross.
anding semicircle of Cls., units and multiples, s.

832 Tr.:5.1-7.2-11. Prim. Sp.bin. Per.3.8¢.
4732 A diamond sunburst! 20,000 stars.
2 Mag.4.8. Sp.bin. Per.655.16ds. Spc.I
0 D:35.88. Sep. 12”.3. FFaint comites.

s with phenomena of arare order of interest .
Mag. 1.8. Super-giant in kingly isolation.
27 Mag. 4.5. Sp. bin. Per. 5.9ds. Spc. A.
5 Mag.5. Sp.bin. Per.27.8ds. Spc.B3.
5 IBK 5.8-6 6. Sep. 4".7. Blue-white.

22 Famous ‘‘Crab Nebula™ of Lord Rosse (the
upposed a strong Irish imagination), fairly de-
pale, easily found 1° np % Tauri. “Bears resem-
oplanetary class in some respects, and to irregular
ulae in others, with central star of Wolf-Rayet
Ids, First object to induce Messier, in 1758, to
nisimmortal Catalog with a 2%4-in. comet-sweeper!

ower will reveal a celestial object that was required
very. Far more depends upon the man behind the eye-
upon any instrument however perfect or efficient in

21 Mag. 3. Sp. bin. Per. 138 ds. Spc. B3.
BN 6-6.2. Sep. 0”.3. Sweep seandnw!
053815 D: 6-8.8. Sep. 9".6.

i 055520 Curious geom. formation of mag, 5-9 suns.
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Chart 6-C

009 D:5-9. Sep. 4".2. ¢'* s and s f in field,

geuse 055107 Mag.0”.9. Sp.bin. Per.6yr. aiten.
Ma. Temp.9000°F . Par. 0”.022 Yerkes. Dist. 1921y,

tness, 1000; vol. , 50 million X Sun. Eddington 'Densi-
1000 of air. Hale. First Michelson interferometer test :
par.,0”.047: 250 million miles, or nearly 300 X diam. of

" R.v.,+21.3km-sec. Abbot. Irreg, Var.,’4mg. Cannon.
4306 D: 6.2-6.2. Sep. 1".7. 2°s p «Orionis.
ix—Female Warrior()52106 Mag ].7. B2t 0'002.
2605 D:5.2-6.7. Sep. 1".0. Impressive pair! %
054200 Weird gas. neb. North edge clean-cut,
portion diffuse. Interesting! Sweep e from 3Ori.
800 D:2-6.8. Sep. 52".0. Par.0".006. Spc.B.
Sp.bin. Per. 5.7ds. Greenish; slightly variable.
20] Mag. 1.8. Spc.Bo. Central sun in O's belt.
702 D:2.-5.7 Sep.2”. Spc.Bo. Par. 0".008.
402 Quad. 4-10:7.5-7. Thrilling neb. region!
902 D:3.4-5. Sep. 1".0. Prim. Sp. bin. Per.
pC. B1. Helium stars involved in calcium clouds.

. 053105 GreatNebula! Dist. 6501y; diam. 5
: 30 to 40 million million mi. Bailey. Surface area,+

st. units; depth likewise. Enough matter to forma
er!Russell. (Cont'd, p.59. SeeLick Obs. photo, 11l Sec )
006 Neb. D: 2.8-7.3. Sep. 11". Prim.Sp.bin.
29ds. Spc.Oes. =747 close f. D:5.6-6 5. Sep.36".
050908 Mag. 0.3 Spc.B8. Par.0.006. Dist.
1y. Blue-white. Temp. 16,000C. 13,000 X Sun's bright-
ng. diam., 17 million mi. R.v., 4+22.6km-sec. 8th.-
omes. dist.,9”. Arab., Rijl-el-Janza: Leg of the Giant.
054309 Mag. 2.2. Spc. Bo. Par.0".0069.*

IS: Tho low in our latitudes, the asterism of “The
" offers a feast of bounties with fair seeing, especially
eeping vic. aLeporis, 052917, D:2.7-9.5, Sep. 35" .4.
 light years—1” of arc— divided by parallax gives Star's distance.
57
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Magnitude,

and Symbols..

. Mag. 0-1
or

brighte,

*1-2

% 2-3

* 3.4

* 4.5

*5-6

* 6-7 or
fainter

©Cluster

@ Nebula

© Nova

Dark Nebula

R to Z-Varia-
ble Stars

See ‘“Abbrevia-
tions, " Etc.,
Page 21

UELOPARDUS: Chart -2

,‘sg;éttering constellation with few conspicuous units
beauty of its pairs will reward perseverance.

4659 D: 5.7-9.1. Sep. 0".9. Field inviting.
559 D: 6.4-7.9. Sep. 0".8.

3959 Superb Tr.: 5.2-6.1-7.4. Sep. 1".5-8".7.
8 Mag. 5.5. A pendant ruby!

59258 D: 7-8.7. Sep. 3°4.

55 Var. 8:13.8. Per. 379.3d.

NEBULA OF ORION. (Cont'd fromp. 57).
by Huygens, 1756. ‘Chiefly a superficial flores-
gaseous elements in a small region of an incon-
y great cloud of cosmic dust driven to and fro in
ing currents.”’ Hale. Most primitive formof mat-
, as Aitken says, ““in seething and well-nigh cha-
C Shapley records some hundred Variables as-
th the Nebula as a whole. Delicate emerald.
ous Trapezium, comprising four involved giants—
5 and 8, respectively—thrilling beyond words!
Nebula well during Orion’s winter culminations.

face areas of diffuse nebulae are enormous, and the
ably accordingly. If but one-millionth of the density
nosphere, so vast are they that they would exert an
e _gﬁawtational effect upon neighboring stars; but
ich effect is discernible, the tenuity of nebulous
t be beyond our comprehension, presenting one of
unsolved problems in astrophysics. If the small
ir-content contained in a common electric light bulb
nost a vacuum—were expanded to the size of the capi-
shington, it would scarcely express the tenuity of 2
mass as seen in the immensity of Orion.
green lines attributed to the nebuleum in the spectrum
to the presence of a gas to which there is no terrestrial
rather to known gases in “forbidden’ combinations:
1, ionized oxygen and doubly ionized oxygen.
S n"e‘bulse are extremely tenuous, observes Eddington.
e 1s space enough to put a pin’s head between adjacen:
can begin to talk about a ‘“real vacuum.” At the center
on¢Nebula that degree of rarefaction is probably reached

e‘
.-
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CA: Chart 7-B

50548 D: 5.2-6.4. Sep. 8.
063341 D: 7-8. Sep. 8"
962330 Algol type Var. 5:5.6. Per. 3.75d.
428 D: 6-7.8. Sep. 2". Environs enticing.

ellation of The Twins begins about the sixth
—an embarrassment of riches in every quarter.

D: 3-9.5. Sep. 110".6. Blue and white.
60324 Cl. ““Strikingly beautiful!” Sweep s-e.
D: 6.3-6.4. Sep. 0".4. Close np 1Gem.
Var. 3.2:4. Per. 231d. Mag. 10 comes.
D:3-11. Sep. 73". Difficult. Region rich.
D: 6-8. Sep. 29". ’nvGem.

D: 4.2-8. Sep. 112".6. Double comites.
-Ceph, var. 3.7-4.5. Per. 10 15d- Sp.G.
D: 6-6.9. Sep. 20",

e Circlet 063316 Mag, 1,9, Sp.bin, Spe, A.

75d, —6yrs.! Par. 0.”05. Framed in jewels

- Spec.bin, Mag.4.4 Spc,Ba2, Per,131d.

- 060413 CI. Triangular, with 6-mag. D, and
ul features. Worth study. Close s vOrionis.

IEROS :

isually, the constellation of the Unicorn, be-
is hr., appears unimpressive : but astronomi-
important place in the annals of galactic
ving that the more farrous constellations have
ly of stellar marvels. This one presents varied
d complexities. Even random sweeping charnrs.

by-products of observations are scarcely less im-
e foreseen results.””—Campbell.

0 Striking Tr. 6-9-11. Very colorful.

of a scieqtist is discqvery. All research has discovery
not for its end. Discovery is merely scientific work
ood fortune to produce definite resu’.s.”’—Curtis.
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)4 D:4.6.7. Sep.14", Chart 7-C
062804 Pearl CI. Mag.-6 star

ved in naked-eye sunburst.
64700 Cruciform Cl, Amazingly bright.
War. 7.2-13. Per.334.7d.

Plaskett’s monster Double! Mag. 6.6, Mass,
X Sun. Per. 14.4d. Spz. 08. Dist. 10,0001 y.

e and absolutely the brightest star whose elements are
ir certainty. Temp.. 28,000°C. Every square centime-
emits sufficient energy to run a locomotive at full speed
[ years!™" (Jeans)

T 5-5.6. Sep. 7”. Herschel's wonder!
8 Fine Cl, Blood-ruby star in center.

eatures of The Greater Dog lie within these
herlimited domain, nevertheless charming.

3 D: 4.7-8, Sep. 3", Ruby-topaz. Cl 141°f.
Scorcher 064016 Vis, bin. —| 6850

.3y. Par, 0”37, Dist, 8.91y, Spe, Ao,
18, 2,56, and brightness, 30 X Sun. Weight, |
inch! Eddington, Inconceivably high velocity
as moved only the Moon's breadth since the
. Surface temp. 18,000°F. Were it as close
n, it would consume the earth instantly !
ite dwar{"" companion to Sirius presents the
ial paradox. Only thrice Earth's diameter,
eds it 250,000 times; density, 4000 times lead,
water; and surface gravity, 35000 Farth's. A
cighth-mag. star would weigh over 2600 tons!
S companion “‘presents facts which, as C amp-
re at present powerless to explain.’ " Aitken

- Sp. bin. Mag. 1.9. Spc. B. Per.6yrs.
8 Finegroup. v D: 5.7.8. Sep, 177.5.
320 Naked-eye Cl, Truly imposing, even

ver. Ruby central star. Probably faintest ob-

in classical antiquity — Aristctle, B. C. 320,
s from Sirius.

another gorgeous grouping.
c b=ig 1
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ELOPARDUS: Chart 8-A4

1127 073964 A pleasing Tr.:
PER9.2, Sep. y"117,3.

Magnitudes 2
and Symbols-

Mag 041
* or

brighter
*1-2

+2-3
* 3-4

D: 5.3-6,6, Sep. 14".7,
0 D: 6,6-6,8, Sep. 157, Most requiting re-

odd and rather featureless constellation,

TONAL HANDICAPS.

t the bottom of an air-ocean 200 miles in depth—
deep, by comparison, as the varnish on a new 2olf-
eding upward, temperature falls one degree with
t till the vast enclosing isothermal region is
grees below zero, varying only slightly sammer
At ten miles, total darkness at noonday. At thirty

*4.5 countered the zone of eternal silence. Oxygen ceases
fifty miles, nitrogen; at two hundred, hydrogen
% 6 ‘Etheric vibrations transform into heat, light and
srgy only when they encounter air, dust-motes and
Eacd or yension. And yet these molecules of infinite ver
fainter are shifting, sworling, pulsating in swarms and

ddying currents through all this enveloping ocean;
h tiis refractive complexity that we must strain
impse the glories of the firmament beyond! It is
N i ia { that as we increase the powers of magnification we
€ pound our difficulties. In my ten-inch reflector Mars

is like a great floating pearl in a sea of cerulean

©Cluster

® Nova with faint bands and nubbed with a snowcapped
great Liqk refractor it looms up a vast, flaming.

@DarkNehula of blinding crimson—like a bloody aegis of the
gods, majestic but terrifying, a true god of battle

R to Z - Varia acid front emblazoned and distorted by this sea
bleStars h which the human brain must perforce pro-

i er even enough material whereon to hang a

See ““Ahbrevia art a controversy. No \vpnder we_seek high plat-
v:izns * Ete. oter crags to mitigate this hardship; but a thous
Page 21 led on Ossas, even could mortal man survive the

1no more than soften the sentence: it would in no
isoner free. So, after all, there is compensation
ment, humble housetops and lowly open spaces,
idence and a good imagination the fulfilment of
f spacial conquest and “the evidence of things not

take ten journeys rcund the world to reach the moon;
ourneys to the moon to reach the sun; twenty-eight
e sun to reach Neptune; ten thousand journeys to
the nearest star; and ten thousand journeys to the
would not carry us to the bounds of the universe of
prodigious expanse of space is alive with interesting
which we continually receive light messages which tell
knowledge about the celestial denizens. —Abbott.
ck of science is to substitute facts for appearances and
 for impressions.”—Ruskin.
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Chart 8- B

st region of the zodiacal *“ Twins," a

exploration field for the gem-hunter.

072932 Vis.D:2-2.8. Sep.5". Per.346.8y.
a Spec. Bin. Pers. 2.92 and 9.21ds Spc. A.
ost of the Doubles in Herschel's list—  the one in
1e fact of orbital motion was first demonstrated.”
‘ach component six times more brilliant than our
1d at a like distance— vastly larger tho inconceiv-
ense. Rad. vel., 7.14 km.-sec. Par.0".86. A'den.
It. yrs. Beautiful orange-blue pair for small glass.

31 D:4.2-12.5. Sep. 2".8. 1°p Castor.
29 Sp. bin. Mag. 4.6. Sp. K. Per. 19.6d.
73928 Mag. 1.2. Spc. Ko. Par. 0."095.

.. Dist., 34 1y. Approx.diam., [4millionmi. Stetson.
070727 D: 7-7. Sep.1". Cl. 40Gem. 1%4°p.
24 D:4-8.5. Sep. 6", Impressive region!
BRVar, 8:15, Per. 288d.

872823 D:6.7-8.5. Sep. 11".6,

Var, 6.4:13, Per. 370d.

BN 3.2-8.2. Sep. 7"

Irreg. var. 8.9:14. “An enigmaiic star!”
stantly watched for sharp and thrilling changes.

- 073321 Wide Cl. Myriads of low-mag stars.

2421 Neb. unit. “Very remarkable phenom-
th many returns. 2°s f 3Gemin. A gem-field!

16 D: 3.2-10. Sep. 9".6. Contrasty colors.
GIANTS. :

s are vast, seething globes of gas gradually con-
under gravitational pressure, their energy converted

f inconceivable temperature mounting into millions
S ntigrade. Small stars never rise to these high
ires, their internal energy being insufficient. Our Sun,
nce, probably never achieved a Sirian degree of heat
Y, the majority of stars ranging from ten to thirty
s mass. The higher the degree of incandescence,
we discover of the composition of stars, the giants of-
e least, and the dwarfs the most, difficult problems as
composition and the various factors of their internal

It would take a million earths to make one sun; but
take ten million suns to make one Betelgeuse, and
ake one Antares.
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» i& " NIS MINOR: Chart 8- C
> % f Lesser Dog ™ is a compact asterism,
4 N & Imost wholly between these Hrs.. bounded on the
6- o Brofyor s  the Celestial Equator. Many worthies to look up.
> 4 BHSMNAas. 3.1. Prince of a resplendent court of
- CIAN IS MIl N O|R -3 ‘high and low degree, finely placed for leisurely study.
3. o
= st -2 WaD: 5 7-1]. Sep. 4" Ghostly nebulous!
1- = B2505 Bin.: 0.5-13.5. a=13"5. Sp. Fs.
o°- -0* Procyon, 0”.315. Dist. 10.6 1y. Closest of high-
2 -1 s save Sirius. Luminosity, 7 X Sun. Surfacetemp.,
> -2 Rad. vel.,—3.5 km-sec. "Pale topaz. Companion
3 ly in the larger telescopes—disc. at Lick Obs . ‘96,
> -4 rior temperature of a star is surprising—from two to
4- illion def'rees, Cent., at the center! Do not imagine
5. =5 ‘(Ie%zl‘ee of heat is so vast that ordinary conceptions of
X B~ ave broken down. These temperatures are to be
8- Ily. Temperature is a mode of describing the speed
7 -7 f the ultimate particles of matter.”—Eddington.
5 -8 2 Notable Tr.: 6.8.9.
9- = :
~10°Hd IBVP ule b ils —110 op of the good ship Argo is brilliantly beaconed
I- & rter and on southward as far as your latitude
= * -2 seeing, high altitudes having great advantage.
> N4s@| @HVI1138 -: 075610 Colossal silvery star-cloud. Seen
¢ " low power ocular. “Vicinity gorgeous!™ Webb,
5- i B-53.7.4, Sep. 3103 Sapphire and gold.
‘:' @24ps i 01) 074713 Vis. bin.: 5.8-6.4. a—0".60. Sp.
K' HY 640 & 3.34y. Barely one in twenty of the visual bin-
" : 9 : vs this stupendous speed about a common center.
Aot 20" 814 Annular star-cloud, 30’ in diam.
B -1 073214 Broad integration of mag. 5-9
2 'j Colorful units abound. A majestic zone thruout.
i‘ L 2817 Wide ClI. L. p. for these fine sweepings.
5 5 073818 PI1.Neb. Curious bright opal,
6- -6 yer, (1603.). was the first to introduce the Greek alpha-
.7 in dgnommating the stars in the order of magnitude,
7- A g’ml!!ll; ete., instead of distinguishing them by the
o -& pied in the llations, (Oculus Tauri, for in-
ol -9 “ame alpha Tauri), and the method still obtains.
= —_30° 69
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) ‘OPARDUS: { Chart 9- A
288 084478 Neb. Conspicu-

“a dull expanse, with faint nucleus.

familiar of the circumpolar constellations, enclosing
spacious confines the Big Dipper which occupies
s a mere tenth part of the Great E ear’s extend-
Offers a large field to the persevering observ-

e

Mamim ‘lﬂ
&nd Symby,,

. Mag

bri
* 12
Y 2-3

' stars whose radius is about forty degrees, with the
its center, is always visible in our latitudes. A
with the South Pole at its center, is never vis-
remainder of .the celestial sphere is observable
1 intervals.

ag. 3.5, with faint comes, dist. 7”.
2755 Lyncis D:7-8.3. Sep.20".8.

*3-4 AN ASTRO-PHOTO LIBRARY.

*4-5 but the rich can possess themselves of ‘Old Mas-
ed a famous painter, ‘“‘the next best thing is to

*5-6 self with good photographs of the same.” And

C n of reproductions of the leading schools of an-
*6-7, 0t odern art attested the wisdom of his observation.

fainter the lay-astronomer: since he cannot avail himself

' ages of great telescopes, like those of Harvard,
©Clusta Wilson, or Lick, it is still possible to secure pho-
lestial phenomena by such masters of the art as

Nebul‘a , Curtis, Richey, Duncan, Ellerman, Keeler, and
rs including the products of foreign observatories

@ Nova ements showing intricate details and a thous-

nements of celestial splendors beyond the reach
truments. These prints may be had at low
gh there is nothing that gives quite the thrill
ant phenomenon glimpsed with one’s own tele-
1‘-{ the product of one’s own handicraft—these
ble Stars estial photography are not only beautiful as
) but are constant helps in observational work.
See ** Abbres as ‘““the knowledge after the fact” is very valu-
tions, " Ett T Pﬁne,photograph will point out obscure features
Page 2! looked for visually, and perhaps discovered, since
A - as to the exact location and general aspect. By
t the observer secure from time to time excelleni
of clusters, nebulae, star-clouds and other remote
‘well as the closer units of our system, eclipses,
uroral displays and cometary visitants, and in a
will have gathered together a very valuable li-
personal edification and profit as well as a rare
tainment for his interested friends.

know that science is beautiful—to those who will
to appreciate it.””—Bowley.
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48 D:3-10. Sep.8".3. Difficult. Chart 9-B
847 D:4-4.2. Sep.O”.Z. Jewels!

081942 D:6-8. Sep.76".6. Azureand gold.
| 084438 D:7-8.7. Sep.8".9.

084535 D:7-7. Sep. 3".4.

'MINOR:

0 084733 Neb.mass. Quite interesting, but with
g exploration fields to southward in Cancer.
BER

d, the Crab is not a stirring asterism, confined
Ily within the bounds of this charted area; but
rom histeric Presepe, offers many allurements.
4930 [D:6-6.4. Sep.1”.5. Likeone elliptical star
9 D:44.6.5. Sep.30”. Crocus and violet.
27 D: 6.6:6.5. Sep. 4".6.

W67 Sep.'5.8.

pe 083520 WideCl. Par.0”.024. Dist.70
Area, 2,84 sq. deg. 3€3 suns—mag. € to 12— of
3 be! ong to ( luster proper and have common mo-
ace—0”.0357 per annum. Wassink. Galileo count-
rs in the “Bee Hive ™ with his two-inch “optick-
Noted by Aratus and Theophrastus (B C. 300),

weather prophecyv, dimming at approach of storm.
les, triples, multiples, stars of varied hues, etc.

19 Var.:9.4:13.8. Per.304.5d.
7 Vis. Bin.: 5.3:6.3. a=0".856. Per. 60y.
5. A third star revolves with this binary in a much

it, with an invisitle companion. making it a quad-
tem. Aitken. Disc. by Mayer, 1756, A test-object.

@ ar 7.7 .12.7. Per 252.44d.

2 D:4.5-11. Sep. 11".4.

082612 Cl. Vivid, rich type of its exalted class.
212 Var. 6.8:11.2. Per. 360d.

d that comprehends the mechanism of the heavens has
: lt resembles that of the Being who fashioned and piaced
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s Chart 9-C
ted pentagonal area comprised in

is quite the most compelling section of the myth-
r which drags its dull length from this point
eastward nearly a third of the distance around
sphere. [t would be strange indeed if so vast
ere not relieved here and there with some ver-
lights, available in our latitudes with fair seeing.

083106 D: 6-7. Sep. 10”.3. 3Hydrae1°s.

RisiBin.:3.7:5:2. a=0".23. Per.15.3y.
rimary an unique l. p. Sp. Bin. Period, 5588ds.
Par.0”.025. Dist. 1351y. Mass, 3% X Sun.

)6 D:5-12. Sep. 2% e 0.3, ¢ and 1 Hydrae,
1d, with lesser lights, present a brilliant pageant.

fior: 7.9:12.8. Per. 256d.

ROS:

080905 Cl. Isolated, but bright and curious.
085208 Var.: 7.9:12.9. Per. 289.3 d.
0209 D: 5.5-7.8. Sep. 31".

DWARF THEORY.
of two races—giants and dwarfs. The giants are
and tenuous; the dwarfs small, faint and con-
glorious Sun is only a dwarf; but practicallg all
fixed stars are giants. The diameters of the
s are hundreds of times as great as those of the
their volumes are accordingly millions of times as
e densities were the same, the giants would be
es as massive as the dwarfs, but this is far from
_Indeed, there is evidence that the giants are only
times as massive as the Sun. If ten times the mass
tar were spread over a million times the volume,
would go down to the fraction: ten divided by one
1/100,000. A giant bears the same relationship to
a soap bubble six inches in diameter bears to a
gold one thirty-second of an inch in diameter; but
is only one-hundredth, or even, in extremé cases.
h as great. To the question, What is a star? the
might reply, A giant star is a red-hot vacuum!”’—

inot say that the number of stars does not exceed
!ftty billions, but we can certainly say it is not much
ot.
ty with these mighty concepts most certainly does not
npt, does not dull our awe at the mightiness of the uni-
ch we play so small a part. It is very doubtful if any
ho are seriously studying the heavens ever lose their feel-
ence for this supremely wonderful universe, and for
r Whatever must be behind it.”’—Caurtis.
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Magnitudes
and Symbols -

' Mag. 0-1
or
brighter
ke
Y 2-3
X 3-4
* 4-5

*5-6

*6-7, or
fainter

©Cluster
XINebula

® Nova

[Bl Dark Nebula

R to Z-Varie-
ble Stars

See ‘“Abbrevia-
tions, " Etc.,
Page 21

MA JOR: Chart 10-A4
| H178 094372 Neb. Bright.
- M81,82 094969 Two Neb. Argent, 30’ apart.

size, structure and glow. Worth the search.
the first of the nebulae in which internal motions
-ted and measured by a comparative study of pho-

Goodacre.

ort of the pioneers, whether a success or a failure, is an
ing the way of success to the observers who follow
pbell.

367 D: 5-8. Sep.4”.6. Many brilliants in vic.
563 D: 3.8-9. Sep.22".8. Neb. 260 close s.
i8Vis bin.: 5-5.6. a=0".32. Per.99.7y. Az.

1651 Neb. Oval,lambent, with clear nucleus.

DISCOVERIES.

ce in your casual sweepings of the heavens you
unfamiliar phenomenon—some unaccustomed star
- atom of light in any region of the heavens—consult
p or other authority at once. If this gives you no
hesitate to apply without delay to your nearest
station, giving as accurate data as possible, and
ions. ave no fear that your query or informa-
unregarded. Professional astronomers are too often
aymen for the discovery of new celestial wonders;
score of chances to one your sudden “find” will
no treasure-trove at all, gold medals and world-
wait the first announcer of a sudden nova or va-
scores of signal instances attest. No danger in
f intellectual alertness and international rivalry
ter or telegram will be “pigeon-holed for future
was Adams’ computations leading to the discov-
ighth planet was sidetracked by the Astronomer
‘day, and the honor and glory of the finding of
lost forever to England. Observatories now, as
Pickering said of Harvard, “adopt a policy which
ted to consist of advancing astronomy in every pos-
dependent of local conditions or 1;;ersonal consid-
d literally thousands can attest the friendly help
e freely to his unknown yet eager correspondents
of the world who appealed to him for guidance.

element of personal inspiration or genius which en-
of true discovery: it is by no means an indispensable
here have been many instances where ‘genius’ has ap-
> the determining factor; and it would be easy to find
discovery made by observers of mediocre ability, in
ne fire’ was replaced by mere plodding patience.”’—

more agreeable to man who has made science his ca-
inprense the number of discoveries; but his cup of joy
tlletresult of his observation is put to immediate prac-
steur.,
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: P .Chart 10-B
17495 6.5-8.3. Sep. 6”.1

091638 D:7-7.2. Sep. 1".8.

091337 D:4-6.7. Sep.2".7. Vivid stellar horseshoe.
3 091335 D: 6.6-6.9. Sep. 1".4.

| 091634 Mag. 3.3. Low-mag. attendants.

Min. 094134 Var. 7:12 8. Per. 371.8d.

really understood the causes of stellar variability, we

robably have advanced a long way toward the solution
whole problem of stellar evolution, if not have solved it
ly. But, in spite of the great number of variable stars,
jety of the phenomena which they represent, and the
y with which they can new be observed, the humiliating
must be made that no even tolerably satisfactory
the causes of the variation exists, except for the
variables; and in this case it is based on the proposi-
except for the accident of eclipse, the components are
ble at all!”’—Russell.

ICER:
090223 D:6.7-7. Sep. 7".2.
211 Sp. bin. Mag.5.1. Per.6.39d. Spc.B8.

4 Mag. 3.1. Alluring adventure field.
092721 Neb. Elongated, faint, with double nuclei.
S er. - 9:13.8. Per. 273.2d.

717 Dark nebulous region.

311 Var.:5.9:10.1. Per. 313d. A fiery, pul-

acon! One of the finest of its most mysterious class,
of special investigation. Webb.

learly evident that the amateur variable star observer
en, and is continuing to take, an important part in the
of the variable star problem. Even with very moder-
pment there are numerous stars which demand the un-
orts of the amateur. The professional astronomer can
- along without the valuable data now being obtained
teur observer.”—Leon Campbell.

0 Spc. bin.: 3.76. Per. 14.49d. Spc. Fs5p.
heavens are a great book whose letters are stars wherein
n‘l_nny strange things for such as can read them.”—
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092309 Vis. bin.: 5.9-6.7. Spc.  Chart 10-C
o. a=0".844. Per. 116.74yrs.

1347 091903Hyd. D:6.7-8. Sep. 21”.3.
092502 D: 5.5-8.5. Sep. 3.

.C.5) Sextantis 094707 Vis.bin.:5.8-6.1. a=

RONOMICAL PROGRESS.

ot under the delusion that in astronomy—any more than
other field of man’s interest and endeavor—everything
| and settled. Controversy is in the air and camps are
d into partisan groups in stellar research as in the do-
politics, theology or social science. It was so in the
of Hipparchus, of &)pernicus, of Newton and Le Verrier:
| be so till the end of time. Even now there are groups
ing to pull down what have been long regarded as the
fundamentals; and textbooks of a past generation are re-
g such drastic revision as to make the dictum of a decade
as obsolete as astrology. Ever with greater problems
new and still greater arise; and the impossible, once
big and final in the palimpsest of science, fades utterly
e golden testimonies of the new dispensation. Ever
ost every hour, the boundaries have been pushed bac
pace deeps: the parallax of remotest suns re-revised;
g anomalies accounted for; puzzling phenomena ex-
1 away; new elements cited, analyzed, classified; new
 plumbed and the deep-sea mysteries of space brought to
the modern magic of mirror and prism and lens. And
remaining whispered secrets among the elect, these
are being reduced to_ first principles for the edification
million—compressed within the compass of the average
nce that the sum-total of a nation’s treasury of knowl-
y be increased, the individual outlook immeasurably
red, and man’s capacity for pure intellectual enjoyment
ed and satisfied. While it may be true, as the present
omer Royal says, that ‘“‘there is much better practical
tance with the constellations among the uncivilized
Asia and Africa than among the people who are in the
files of time,” nevertheless, in the case of the former,
ere recital of the constellations their education ends;
the fewer perhaps of the civilized nations such a
1l acquaintance” is the veriest beginning. As Dr.
n says, “Sir, you have perhaps no man who knows as
‘mathematics as Newton; but you have many more men
cnow mathematics!”
Campbell estimates that it would take more than two
earths placed in the form of a spherical shell around the
Earth’s present distance to reccive the total output of light
_ir.om that luminary. Hence, Earth receives less than
lo‘-bllhonth‘of the Sun’s total energy. And if this enormous
!!em waste is true of our own comparatively cool Sun, what
hors whose surface temperature exceeds it two to ten-fold,
m h, were they situated as close to us as our Sun, would con-
us into vapor almost instantly?
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Magnitudes
and Symbols..

Mag 0
or
brighter
Y-
Yr2-3
* 3-4
*4-5

*5-6

* 6-7, or
fainter

©Cluster
Nebula

® Nova

[Bl Dark Nebule

R t0 Z - Varia-
ble Stars

See ‘““ Abbrevia
tions,” Etc..
Page 2!

~ RACO: Chart 11-A
) H179 101073 Neb. Nucleus

Neb. 283, 15° n f, also worth inspection.

A MAJOR:

103769 Var.:7:13. Per.302d.

101966 Sp. bin. 4.9. Per.11.58d. Spc.A.

he 105862 Mag. 2. Par.0”.047. Dist.701.y. Ko.
o. comes, dist. 0”.9, difficult.

8 105758 Double Pl. neb. Closenp gUrs. Maj.
, 3'of arc = 7 times Neptune's orbit! Disc. in 1781.

o0 bin. Mag.2.4. Per. 0.31d. Spe.Ao.
054 =001t yrs. dist. Three faint neb, in vicinity-
drawn from ¢ thru « Urs. \ aj., points to Pole Star.

LAST WORD " IN ASTRONOMY.

over the radio three distinguished authorities, dur-
‘astronomical talks, one in the Middle West, one in
and the third in San Francisco, gave three different
s of the distance of Polaris. One placed it at seventy-
-years, the second at ninety, and the third at one hun-
fifty. Now, I had long accepted Young’s dictum that
lax of Polaris was 0”.074, which corresponds to a dis-
forty-four light-years, plus. But recently the parallax
ents of all the brighter stars have undergone revision
more intricate methods, so that with this one star we
ess than nine estimates, each differing from the others
y light-years from forty-four to two hundred and twen-
re would be little excuse for a corps of engineers who
the distance of San Francisco from New York as
- from Omaha to Tokio; but the discrepancies of many
of billions of miles in the estimated distance of Po-
erely taken as evidence of the extreme difficulty en-
in making celestial measurements of even the bright-
with all the refinements of instrumental means and
of method. No sooner is a ‘‘last word in astronomy’’
ed to the world, than a corps of revisionists set to work
up to the minute in the light of new discoveries,
uctions and new theories. While a generation ago
workers in this gigantic field numbered at most a few
ined searchers for the absolute in celestial matters
ber many thousand: some world-famous but most of
re, yet all ‘““dedicated spirits” in some profound by-
ellar research. Thus while one may verify his facts
y avenues of approach, the ink may scarcely be dry
le paper before some new voice ‘“thunders in the ora-
and makes the current dictum as dead as Urban’s bull.
IS no ‘“last word” in astronomy—there never was and
will be. Indeed, the first word is scarcely yet spoken in
n era of i's promising infancy.
is the foundation, and research the ultimate means which
ted our civilization.”—Steinmetz.
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5. 03255 Chart 11-B
3 Sp.bin. 4.8. Per.15.8d. A.
[INOR:

102337 D: 4.4-6.5. Sep.0”.4. Neb.164 5’ f.
21185 105936 7.6. Par. 0".41=7.9 It yrs.
Interesting, being the fourth nearest known star!
02229 Neb. Bright, oval; starry nucleus.

Wide D: 3.6-6. Sep. 5". D:5-1linfield s.
D: 2.6-3.5. Sep. 2”.5. Orange-pale yellow.

18,etc. 104313 A nest of Nebulae! Twofairly
with starry centers, others fainter but interesting,
scarce of bright stars. Appear as spirals on the
hic plate, but are not so seen visually with ordi-
ures. Goodacre. Worth many adventures.

00412 Wide D:1.3-8.4. Sep.3’. Spc.BS.
15 =72.41t. yrs. dist. A noble sun, at theend of
handle, and close to the path of the planets.
m., 3 million miles—about 3.5 X Sun. Stetson.

hus, “father of practical astronomy,” should return
d revieswr his familiar heavens, he would find only
s in the lapse of two thousand years. Even Arc-
s proper motion of nearly four hundred miles per
d appear shifted only the length of a foot-rule seen
nce of fifty miles. He would find the plane of the
m toward that of the Equator by only one-quarter
‘and the day shortened by one two-hundredth of a
me. He would note that the Moon moves slightly
the Earth, and Jupiter slightly faster in his or-
the Sun, Saturn somewhat slower. Doubtless he
ther changes far more important; for the man who,
mirror or grism, with only peep-sights on a yard-
_prodigious brain, discovered the precession of the
vided the heavens into constellations and named
stars; determined planetary parallax; measured
he earth’s surface within a few feet; calculated
nd laid the foundations of trigonometry, could be
relied upon to enrich the science his name adorns.
etted by the perfected modern instruments of pene-
d precision.

of years have passed since man first looked upon the
we know that their order has apparently changed but
that time. Probably there would be little change of any
| them that the sharpest naked eye observer could note,
ndary Wandering Jew, he had lived from the time of
ow. Stars that were brightest then are brightest now,
 on the best of grounds.”—Abbot.
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9 Sp.bin.:3.8. Per.12.3d. Bp. Chart 11-C
S

05 D:6.1-7.2. Sep.6".7.

0903 Neb. Faint. Neighborhood superb!
)0107 Neb. Glowing center.

102018 Neb. One of the most amazing of the
ass—elliptical, pale steely blue, 45” in diam.,
\ayet star-nucleus framed in double rings.

C NUMBER.—A radian is the semi-diameter of
easured along its circumference. It is determined
the circumference by 2-Pi, and represents an arc
ut 57 deg., or 3438 min., or 206,264.8 sec. This last
omer's ‘‘Magic Number,” and should be firmly fixed
performs an important office in celestial compu-
illustrate: Imagine yourself transported to some
tial point. Gazing back toward the earth, with
ble measuring device you determine accurately its
d the Sun. Now if the radius of that orbit is seen
n angle represented by one second of arc, you
ou are at a distance 206,264.8 times the radius of
e astronomical unit, 92 millions of miles, or ap-
six trillion miles—6 followed by twelve ciphers—
years, since light, traveling at the rate of 186,400
cond, requires a little over three and one-quarter
erse the distance. But there is no object in sidere-
ose to us as that, so that you would be compelled
‘ther to find a stellar foothold, as it were, say to
t star (save one, its companion), alpha Centauri.
uld find the semi-diameter of Earth’s orbit repre-
c of 0”.76; which, divided into 3.26, equalling one
ives that star’s distance as 4.3 light-years. But
ceed further to the next nearest, which you dis-
Barnard’s Star in the constellation Ophiuchus,
s 0”.53 of arc, corresponding to 6.1 light-years dis-
till on to stars of hundredths and thousandths of
¢, like Rigel, in Orion, which shows 07”.006, equal
ears distance, or Canopus, in Argus, the super-
- parallax is 07.005, equal to more than 650 light-

annot transport ourselves to these distant ports
Earth’s annual revolution about the Sun to de-
" parallax and hence their distance, astronomers
the same end by measuring these star-places at in-

months, using the diameter of the Earth’s orbit
nt base line. But wonderfully intricate and pre-
parallactic method whereby an object no larger
ter-dollar can be measured from a distance as far
tic from the Pacific, there is a limit to even these
and here is where the spectroscope takes up the
lem and carries on where even the wizard mi-
ets defeat.

will eventually be the chief educator and emancipa-
man race.”—Edwin Arnold.
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: Chart 12-A
114874 Vis. bin.: 7-8.3.

1”.345. Per.42y. Spc.F8.

114467 D :6.-7.6. Sep.11". 214°s &, mag. 4.

{AJOR:

661 Vis.bin.: 5.8-71. «=0".78. Per.71.9

5. South and east, a veritable wonder-zone!

112660 D:7-8. Sep.12.5.

10556 Neb. region in excelsis!

055 ‘Owl’” Neb." Sweep 2° s e from ¢ Ursa
st of the planetaries: diam. 3’—7000 ast. units!
rmation. Gaseous. Five faint central stars. Re-
in nebulae. See Lick photo, I1l Sec.

Mag. 2.5. Relative par.,—0”,002, Spc. Ao,
551 Sp.Neb. Edgewise, 4’X20", Peculiar,

REMOTE OBJECTS.
c determination of stellar distances may be called
method; and so appalling are its mathematical in-
there are perhaps not more than a dozen living
whose dicta may be taken without reservations. In
it may be stated as a combination of several
as proper motion, the intensity of certain lines in
%&éctrum, the star’s apparent as well as absolute
(that is, removed to a standard distance of ten
2.60 light-years), and other terms of the equation
the individual instances under discussion. The
method has developed from the discovery some
Dr. Adams, of Mt. Wilson, that in stars of known
le intensities of certain lines in the spectra vary
le luminosity. If then a star of unknown parallax
ugh to give an appreciable spectrum, and the in-
ain lines are found to be in consonance with
in the spectrum of a star of known parallax, then
ce in absolute magnitude would indicate their
nce. With both apparent and absolute magnitude
spectral identities and other factors deduced, cer-
cal formulae permit the calculation of the re-
parallax with reasonable accuracy, even to_the
million light-years. But the varied complexities
ith each individual computation places this branch
in a class by itself; and though by this method
s of space have been pushed back toward infinity,
ole horizon immeasurably widened (demanding the
all our textbooks and categorical treatises on the
€ are few of this or any other generation willing
undertake the prodi%ious labor involved, and prog-
_profound branch of the science, involving many
nces as well, will be necessarily slow.

ence has prevision for its object.”—Comte.
89
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46 Tr. 6-8.3-9. Sep.3.7-0".3. Chart 12-B
)4 112144 Neb. Large, oblong,
2439 D.5.2-8.2. Sep.5".4. Neb. HI219s p.
roombridge 114738 Mag. 6.6. Par.0.”15. Dist.
y. Space veloc., 138.2mi.persec. Speed of this
y Star "’ equal to our moon'’s circuit of the earth

inutes; yet at a distance of two million astronom-
s, apparently moves a moon's breadth in 300 yrs. !

2 D:4.4-49. Sep.2".9. Per.60yrs. First
star whose orbit was computed on gravitational -
es. Ball.

20 D.: 4.5-8.4. Sep.74”. Prim. a Sp. bin.
7d. Spc. F8. Field peppered with faint neb.
20 2.6. Double :9-9.3. Difficult.
11817 Neb. Quite luminous.

JERY.2. Par.0”.13. Dist. 25 ly. Spc. Az.

and HI129 Circa 111413 Sp.neb. Very cu-
{ mystifying. Worth diligent study. 2°s6Leo,3.4.

0 D:4-7. Sep. 2".2. Amber-turquoise,

SOLATION VISUALIZED.

s illustration of planetary dimensions: “On a wide,
lace a globe two feet in diameter. This will rep-
un. Draw around it a circle 164 feet in diameter
upon it a mustard-seed—which represents Mercury.
circle another, diameter 284 feet, and place upon it
esent Venus. Still another circle, 430 feet in diam-
upon it another pea—the Earth. Mars, represented
inhead, takes a circle 654 feet; Jupiter, represented
takes a circle half a mile across; Saturn, a tiny
le four-fifths of a mile; Uranus, a large cherry, a
diameter is a full mile; and lastly Neptune, a
plum, a circle more than two and one-half miles in
. To continue, if this same level field were located
in the central part of Kansas, the nearest star to our
pha Centauri—would be located more than 8000 miles
mewhere, let us say, off the Australian coast. Now, if Alpha
s a planetary family the smallest of whose members is of
upiter —itself over 1400 times Earth’s volume — shining by
ht, it would require a telescope of twenty-six feet aperture
times larger than the largest on earth—even to glimpse it!
e which telescopes and observatories have taken in astro-
tory is by no means proportional to their dimensions.
great instrument has been a mere toy in the hands of its
y a small instrument has become famous.—Newcomb.
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Var. 10:13.9 Per. 189..5 Chart 12-C
D:5.2-7. Sep.94".8.
100 Neb. Oval, 6’ X45, star center.

ation of the Virgin, beginning here, holds more
any equal area in the northern heavens,

3.8. A gem, almost on the Ecliptic.

UR.
eneration no longer despise the amateur. We are
eholden to him. To the amateur in art, music and

e indebted far beyond our ability to repay for
of indifference, hindrance and ridicule. Take pho-
stance. It has made portraiture perfection; it
eat magazines possible, manifolding to infinity
e press and widening immeasurably the horizon
g; it has brought the infinitely great and the in-
into the compass of man’s appreciation; it has
indispensible ally of nine-tenths ot our arts and
all our industries. The miracles of the clinic and
observatory all pass through the ruby alchemy
room. It has searched out the invisible and made
Let us thank God for the amateur! Without his early
s inventive genius, and his often scant thouﬁh
led means, this noble art would still be among the
for but never attained—would be still creeping on
e now it has attained the full stature and dig-
ternational institution. The word amateur means
e thing done.”” Not the thing bought and paid for,
ed or taken on debt or sufferance; but the thing
hieved, “faithfully established at the hand of a
of a high calling.” It implies an emotion which
ught, rented, or stolen ever imparts—an en-
ut which nothing truly worth while is ever at-
he musical world would ~ollapse without the suc-
ur: the support of all worthy musical efforts; who
ligence, culture and sound taste helps to foster a
1-spirited public opinion;” so the time is coming
n public and private observatories will cap the
dot the open spaces throughout the land; and
id of the amateur in music will also be said of
_in_astronomy, to the individual’s abiding delight

intellectual enrichment.
nothing more or less than the most accurate and
ed information that exists, subject to constant
and amplication. Tt includes all the careful and
edge we have about anything of which we can
something.”—Robinson.

t eh'arm as well as intellectual profit that comes to
er is Lghe opportunity offered to rediscover great
T f i

o str 1 records will enlighten
what others have achieved through generations of
and skilful deduction; but it remains for your own
vations, so far as possible, to clinch these certitudes
em truly your own. For, every observation with a
se becomes a new adventure.””—The Haji.
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EI.OPARDUS: Chart 13-A
31694 124883 D:5-6. Sep.22".

©2>117 120782 D:6-8. Sep. 65".1.

y 121280 D:6.5-7. Sep. 14”.3.

(GR

5-8 121075 A wilderness of variform Neb.
070 3.9. Notable, 'mid glowing environs.
MA JOR:

160 Var.:8:12.8. Per. 256.7 d.

056 Mag. 1.68. Spc. Ao. Par.0”.058. Dist.
y. Sp. bin. Per. 4.15 yrs. R.v. —19mi.-sec.
120455 D:6.9-7.3. Sep. 22" 4.

Magnitugde,
and Symbols:_

* 3-4 , INSTRUMENTS IN MASTER HANDS.
despise small instruments; for in the hands of the
*4-5 ‘they may become mighty engines of research and pro-
Argelander mapped his immortal Durchmusterung of
%5-6 ee hundred thousand stars with a two and one-half
scope! The great Huygens used a refractor that gave a
*§-7, or tion of only 100! Pickering photographed Orion withk
fainter id one-half inch portrait lens; and Barnard’s remark-

graphs of that nebulae were achieved with an even
ens from a cheap projecting lantern. Messier made
rral catalogue of clusters and nebulae (that will bea:
e for all time), with a two-foot comet-seeker; while

©Cluster

(XNebula rahe achieved the apparently impossible in celestial
ents without the aid of lens, mirror or prism at all!

® Nova fory of the science is replete with the achievements of
servers handicapped with simple, often home-buili

[B] Dark Nebuls t with which they attained eminence, and in some in
immortality. “If we are not all mathematicians or ex

R to Z-Vari 1 physicists, and do not share in the use of large
ble Stars 5, we may still find an ample encouragement in the

f astronomica! progress. We have only to recall the

results obtained by systematic observations with
copes by such men as Burnham, Barnard and Car
or those deri_ved, also with small instruments, by mer
gins, ]Secchl, and the pioneers in astronomical pho
—Hale.

story of scientific discovery affords many instances where
some strange gift of intuition have looked ahead from
ata, and have glimpsed truths which have been fully veri-
after the lapse of centuries.”—Curtis.

ﬂle_nstronomer's duty to discover the truth about his
gs in space and make it a part of the knowledge of his
neration. The ultimate and real value of his work lies
Hiuence upon the lives of the people of the world, in the
for the better which it induces in their modes of thought.
the impulse which it gives to advancing civilization.'—

See *Abbrevia=
tions,” Ete.
Page 21
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. VENATICI: Chart 13-B
Junting Dogs, " beginning here, of-

tional quarries for the adventurous.

122642 Neb. Oval, finely placed n p 3, mg. 4.3.
4741 Sp. Neb. Small but bright—comet-like.
0640 D:6.3-7. Sep. 1”.4.

roli 125138 D:2.9-5.7. Sep. 19”7.9. 2.9a Sp.
- 5.5d. Spc. Ap.

Var.9.3:12.3. Per. 200d.

123832 Neb. Long, arrowy: possibly two joined.
IESBERENICES: -

7 Mag.5.1 Astronomically of interest since it
n 8’ of the true N. Galactic Pole: 12h, 40m., + 28°.

26 D:4.8-6. Sep. 2%’. Prim. also double.

2026 D:6.7-7.9. Sep. 1”.2.

L 123226 Sp. Neb. Scen edgewise, with bulbous
d long 20" bifurcated luminous body, Unique!

196 D:4.5-8.5. Sep. 66”. Heart of constella-

midst of a brilliant congress of stars,

57002 Sp. Neb. Oneof the grandest in the heav-
colossal pendent abalone pearl in rayless void.

D:6-7.5. Sep. 3".7.

IBID:5-7.8. Sep.1”.4.

IERID: 5.2 6.2. Sep.20”.4. Fine! Or.-blue.
D 5.3-6.1. Sep. 34"

1414 Sp. Neb. Bright, circular, nucleus uncon-
dering on Coma Ber. Holds attention

814 Sp. Neb. Foreshortened. Region a vast
of star-illumined cosmic matter.

be, as has been claimed, only the latest develop-
whirling star mist; but the fact that he has intelli-

to trace his own evolution stands unexplained,
€ presence in Nature of an intelligence far superior
’—Bailey.

1 Mag.3. Vindemiatrix, Roman vintage-star,
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10% — 10
= o 22508 Notable Neb., bet.  Chart 13-C
8-} MEo -6 A
o = E nag. stars.
6. .4; 07 Var.:6.9:11.4 Per. 145.4d.
5- 17+ -5 805 D:6.2-9. Sep.19”.3. Contrasty. 2Neb. sf.
4- HU ‘; 204 Var.:8.5:13. Per. 436d.
Z‘ YIRG( = 2001 Var.:83-12.5.
1- 455 51 )1 Vis. bin.:3.6-3.7. a=0".78. Per. 1823 y.
0o°- -0° . Oneof the finest pairs visible! Disc., 1718.
- *iy -2 121403 D:5.9-6.4. Sep. 20".1.
“2' -2 1 S &
3- e 16127 23 ey
‘ 4 Raven " is alimited asterism: but for full measure
5 i es, with clear skies, a real multum in parvu.
5 e 6 D:3-8.5. Sep. 24"3.
7- -7 8 Var.7.4:13.0. Per.317.4d. Neb.65. 6/f.
‘;‘_ -: 2.8. Dull-gold star. secor. of the quadrangle.
—10° —10° drae 123526 Glob. Cl. Imposing.
' = UTE THEIR OWN AUTOGRAPHS,
2- ~2 of light—and precisely what they are we do not know
C2 -3 trillions of oscillations per second, started on their
ey across space towards us ten thousand years ago.
4- - is the medium, if there be one, which carried them
5 -5 s expanse we do not know. Much diminished in
*i3 = ut stllltﬁerceptible, an infinitesimal portion of these
6- -6 finish their ten-thousand-year journey, entering our
so, -7 nd, so far as we know, with just as many oscilla-
5 R cond as when they started, and beat for several
8- . -8 the silver grains imprisoned in the film of our
9 9 plate. Here, too, we do not know the precise
- f the countless blows they inflict upon the silver
—@0° —20° finally, after some simple chemical manipulation, we
autograph of unnumbered suns quadrillions of miles
I- *Lg dern magic!”’—Curtis.
2- cle which greets the upturned eye on a clear night is
3- , incomparable in sheer physical beauty and enriched
the grandeur of the actualities revealed through
4- genfentions of paiient dt])!)servers.l One of the 1}1:05( illl-
eas of science is that this mental vision is inherently
24 ©Mé8 /indefinite enlargement. It seems reasonable to believe
6- le_dge of the nature of the stars will grow at an ever
7 ate in the future as it has in the past.””—Merrill.
e universe infinite in extent, and the stars equally scat-
8- ugh all space, the whole heavens would blaze with light
9- millions of distant stars separately invisible even with
. "—Newcomb.
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SA MINOR: Chart 14-A4
BER153273 Var. 9.1:13.4. 315d.
ERPDRACO:

123 132465 D:6.4-6.8. Sep.70". Commanding!
2SA MA JOR :

256 134660 Neb. Bright:center of 3 in nw-se row.
fizar 132055 D:2.1-4.2. Sep. 14”.4. Prim. a Sp.

Per. shortest known—20.23ds. Spc. A. Par.

80 | y dist. Pioneerstar: first double discovered,
iccioli, 1662: first photographed, by Bond, 1857; first
mined a spectroscopic binary, by Pickering, 1889.

, the mag.-5 companion of Mizar, 14’5 dist., is no
the eye-test of ancient days, The pair, so happily

" 1.2 h [
in the crook of the Big Dipper’'s handle, never fail to
* 2-3 awe, however frequently observed.
* ING ERROR PERCENTAGES.
S arch of progress in the elimination of errors in celestial
*4-5 ments has been amazing, The star-places of the Greeks
1 thin a possible ten minutes of arc—one-third the diam-
%5-6 e moon. -Tycho Brahe’s errors in measuring neighbor-
s approximated one minute. Modern micrometric meas-
*6-7. of _in error only about one-tenth of a second. Photographic
fainter . error, 07.005 to 0”.010. But the wonderful Michelson
ometer seems to be the last word of human accuracy
© Cluster measured the components of Capella with a probable
> only 0”7.001—which corresponds to the angular diameter
| ter-dollar as seen across the American continent from
Nebula tic to the Pacific. And the end is not yet!
® Nova ERIES NOW OF INSTANT WORLD-WIDE INTEREST.
1 omical progress is no longer marked by sudden mete-
[B] Dark Nebult s of glory followed by trails of wayward light wast-
nggrlods of darkness. It is rather like the descent
R toZ-Vail holy fire from heaven” through the chapel of the Holy
“:)l Stars r at Jerusalem to the thousands of waiting worshippers
< 'm.f his sheaf of candles ready to receive the light as
See * Abbrevia ed from hand to hand till the whole vast edifice is

, and carried thence to far countries as an inspiration
an illuminating presence of the divine, a solace for
cer hours, bringing
‘Authentic tidings of invisible things
2 ebb and flow and ever-during power,
- And central peace subsisting at the heart.”

tions, " Etey
Page 21

e happy souls — the first to contemplate these mighty

For well may we believe that they were lifted in spirit
h far above human vices and a baser world. Their minds
e from wasting ambitions, void even of the envy of bound-
. Honor them, for they brought far-distant worlds within
and the firmament itself was made subject to their under-
. In this way do mortals achieve the sublime.”—Ovid.
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10 1.9. Par.0”.03=1081y. B3. Chart 14-B
ES VENATICI:

32047 Sp.Neb. Transcendent ‘Whirlpool Neb-
Lord Rosse, resembling more an eternal question-

supernal celestial enigma which in very truth it
., probably twenty times orbit of Neptune; and
ling at incredible speed. requires 45,000 years to

single revolution! Van Maanan. 3° s p nUrsae Maj.
Wilson Obs. photo, I1l, Sed

40 Var.6.1:12.7. Per. 326d.

11 133037 Sp.bin. 4.9. Short per.1.61d. F.
3336 Vis.bin.: 5.-5.8. a=1".12. Per.220y Fo.
9 132835 Vis. bin,:7,2-7.7. a=0"325. Per.
- Spe. As.

261 130832 D:6.9-7 4. Sep, 1”.6.
133828 Glob, Cl. Pre-eminent in its class, visible
d in a clear sky. Several hundred thousand suns,
in center, scattering at circumference, Distance,
rsecs = 3000 million ast. units— 60,000 It yrs. It
light 65 years to span its angular diameter. Our
. midst would be too faint even to photograph by
udes. Shapley.  Nearly 100 short-per. Cepheid
found by Prof. Bailey. 30’ eastof 3 Comae Ber.

80 globular clusters are known, with distances ranging
to 200,000 light years.”

eBer, 130518 Vis.bin,:5.2-5.2. a=0".674,

.33y. Spc.F5. Plane of orbit in line of sight —
o =90°—occultations thus occurring every 13 yrs.

Plowman " constellation is rich, notably in doubles.

134427 Vis.bin,:7.6-8. a=1",06, Per. 199

6 134721 D: 6.3-6.8. Sep, 85".9.
18 Sp. bin,: 2,8. Per, 497.1d,
133411 Vis.bin,:6,3-6,3, a=0".225, Per.23

>,
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o Chart 14-C
3003 D:5,8-8.2, Sep. 3”.4.

3000 Mag.3.4. 13’ south of Celestial Equator.
02 Var, 8.6:13.9, Per, 250d.,

)5 D:4-9, Sep. 7".1.

60 Var. 7: 12.3. Per, 376.3,

307 D:7,5-7.5. Sep, 2".7.

132110 1.2, Par,0".022. Dist, 1501y, Spc.

. Sep. 12 millionmi. Mass, 15, and luminos-
Sun. 3

ac 132422 Var.4.2:9.5. Per. 405d,
131326 Neb. Sm:l. but b-ight. High powers

ucleus.

E ASTRONOMY. ;
ny without a, telescope may be pursued with a cer-
no doubt, as likewise, engineering without a tran-
ma without a stage, navigation without a sextant,
t crayon or brush, or music without an instrument.
€W a young man who became proficient as a lino-
only a card chart for a keyboard; and who, when
_possessed of a machine, became a speed-fiend. But
ut these instrumental aids would pursue them from
ed-eye astronomy is like doing the Vatican with
als, or in-door gardening with a seed catalogue.
ay take observations in an hour which may call for
tudy and calculation; but who would forego the in-
ind incentive of the instrumental achievement save
Ision? More than any other nation we are accused
our pleasures and offen our education, by proxy;
‘e so keenly enjoy a professional ball-game argues
e born sportsmen; a boxing match that we are born
d opera that we are all more or less musical;
ig the horizon for every new sensation in science
€ry man is a_ scientist in embryo. Everyone does
e particular field wherein his heéart is where a few
tly or even achieve distinction. These few we look
agonists of time, taking their dicta without reserv-
ey have arrived. But the one who enjoys the
eenest, who achieves the more intimate knowled €;
 others along in the spirit of his progress is the
nvestigator of thinis actual—the true observer, not
though his equipment be modest

irs of life how wide is the difference between hav-
Adong for us and doing it ourselves! In the latter
eat is the interest awakened, how much more thor-
€Xamination, how much more perfect the acquaint-
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MELOPARDUS Chart 15-A
IR 142584 Var. 8.3:13.1. Per.
27124

A MINOR:
145174 2.2. Par.07.014=230 1y dist. Spc. K5
ochab, ‘Guardian of the Pole.” Fole Star, A.D. 140
@0
140264 3.64. Sp.bin. Per.51.38d. Spc. A.

and Smbd‘..
*Mag o "

brighg ere is no doubt that Thuban was the Pole Star when

e t Pyramid of Egypt was built. The latter has an

* 1.2 d gallery directed to a point 3°42’ below the Pole.™

in. As Thuban was approximately the Polaris of

ay, it isonly necessary to compute the time elapsed

Magni

2
k23 true Pole to describe the arc between them at the
* 3.4 ional rate of 50”.2 per annum to ascertain the approx-
e of the Great Pyramid: 2750 years, plus the span
% 4.5 hristian era. [ myself, some years ago, crept down
*5-6 sepulchral chambers deep in the bowels of solid ma-
in this most ancient of tomb-observatories, and gaz-
*6-7, 0r liquely up through the murky rift, beheld a rectangu-
faincey ch of blue Egyptian sky where Thuban once reigned
©Cluster grandure—a thrilling moment ! Well has the Brit-
vant further observed: “The early progress of astro-
XINebula knowledge is worthy of the minutest study on the

Il devotees of the science. Contempt for these pio-
is quite a misplaced sentiment. The great advance
as been made in modern times was rendered possible
‘patient labors of our predecessors. The foundation
ost important part of the edifice; and the foundation
ble Stars of the lofty structure of astronomical science was well
See ““Abbrevie: uly laid in the distant past.”

tions,” Fi'lk

Pegt 15 -

252 D:4-12. Sep.68”.8. Twoothers, 1%°p.
052 5.1-7.2, Sep.12”.6; and :, 141351, 4.9-

SORBB" 1.

observing is charming and enlightening always; but it is the
consecutive and definitely-planned outlook that really coun*-
ngs results to the observer and to the science he would

true philosopher will always remain a man of sympathy with
W men. Speculative truth will never be alienated from
wisdom.”—Coleridge.
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749 D:5.8-0.5. Sep.3".7. Chart 15-B

144142 Vis. bin. 7.5-8.0. a=
Per. 97.93 yrs. Sp. F3.

1335 Sp. bin. 4.83 Per. 211.95 d. Spc. Gs.
RE2528 D:6.1-6,7, Sep,25".7,

N ar, 7.1:12.3, Per, 223.2d.

27 D:3-6.3. Sep. 2”.6. Gold and blue test-star.
25 Sp. bin, 4,8 Per. 9.6d. Sp. F5.

144424 D:6.,2-7.8. Sep. 1”.2.

144619 Vis,bin,: 4,8-6.4. Per.159.54y. G5 .

141219 0.2, Par,0”,105=31lydist, Spc.
—3.9km.-sec, Linear diam., 21 mill. mi.
% X Sun! Density, 0. 0002—(Water—l )
2”.28=>53mi,-sec, =21 XMoon's disc in2000 yrs. !
t. Continuing the curve in the handle of the Big
marks Arcturus. Gk, The Bearkeeper. Muller.

now be said that within the first quarter of the
century, a greater knowledge has been acquired of
ce, size, luminosity, mass, classification, composition,
variability, magnitude and distribution of stars than
icquired in all previous centuries!”—Dean.

is abundant room for the development of new and
nethods of attacking the larger astronomical problems.
however, it appears probable that future advances
upon the accumulation of many discoveries con-
e units of a class of objects, and upon careful and
analysis of these facts for the basic truths of stellar
-Aitken.

6 D:4.9-6. Sep.5".8.
144916 D:6.4-7.1. Sep.0".7.

4 Vis.bin.: 4.4-4.8. a=0".6. Per.130y. Az.
144110 Vis. bin.:7.8-8.8. a=1".06. Per. 238

F8. Sweep due westward from 3 Serpentis.

55504540353025202519 5 o
T A e

*B9

jesty of the heavens I confess has under all circumstances
ling charm for me. The simple thought that the celestial
beyond and above anything earthly; the realization
hing of this world in comparison fades from view and
1f ntterly insignificant—his fate, his pleasures, his de-
ssed in the plendors of this wonder-drama of nature,
stray far froa: Le paths of rectitude who had been ac-
to live amids: such profound conceptions and frequently
upon them.”—Von Humboldt.
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141908 D:5.5-6.8. Sep. 6".1. Chart 15-C
141808 Vis. bin. 7.4-7.4. a=
Per. 44.3 yrs. Spc. Ao. Infield with above.

4202 3.8. Conspicuously fine Double field.
142505 Neb. Beautiful lacery of nebulous stars.
0 4.3. Blazing region to westward.

B ol Var. 4862, Per.2.327d. Dura-
lipse, 13 hrs. Spc. A. A very notable object.
ID5.5-6.3.. Sep. 17,5,

5 D:2.9-6. Wide, closetoEcliptic— Sun’spath.

25 D: 6-7.5. Sep.9”. A legion of vari-tinted
quite bewildering tho low in our latitudes.

ling southward, stellar aggregations appear to in-
prevalence and size, culminating in the five gigan-
ying near the Magellanic Cloud, which show a
rresponding to 110,000 light years distance from
n, while the Great Cloud itself gives an angular di-
lessthan 15,000 light years!

'S UNCHANGEABLE CHARACTER.
ct of the great distances of the stars is to diminish
ity of their light; but the character of the light ap-
absolutely unchanged by its long journey through
is red or blue when it leaves the star, it is red or
arrives at the Earth, hundreds or even thousands
r; and the minutest spectral details are accurétely
d analysed by the spectroscope just as if it came
oratory source ten feet away!”—Merrill.
doubt that all the stars, all the nebulae, all the dark
le bodies which must exist in profusion throughout space
tangible bodies making up our sidereal universe—are
dance with definite laws. Will astronomers ever be
eir fellow men how each bright star in turn is moving,
ups of stars—great groups as well as small ones—are
1e another? Will the starry heavens be reduced to a
the Sun, planets, satellites and comets have fitted into
tem? The methods of today, truly remarkable in their
contributing to this purpose and ambition; but time
the outcome.”—Campbell.
bind together all men and all periods of the world’s
 they have seen all from the beginning of time, so shall
that will come hereafter.”—Von Humboldt.
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MINOR : Chart 16-A4
3380 D:6.-7. Sep.30".

4580 Vis.bin.:7-8.«=0".42. Per. 115 y.
 Var. 8.3:11.5. Per. 322.5d.

5859 Trip.: 7.5-7.7-9. Sep. 1.6, 43".5.
3.5, Index star to Neb. HI215.

4056 Neb. Bright,9'X30". Two others, n f.
4953 D:6.2-8.5. Sep. 6".6.

I\Aagnimdu
and Symbyolg:.

Mag 04,
* or
brigh;,

* 12
TION LAws:—Observers who have watched the
¥ 2-3 mﬁ sun or moon must have noted a curious
attening of the poles of the solar or lunar

*3-4 one considers how difficult it is to see anim-
*4-5 ed through a few feet of clear still water, one
immensity of the barrier involved in a hundred-

#5-6 shifting, convolving, vapor-laden air-currents,
*6-7 of onder is that the distortion is not even greater
fainter lot only is the integrity of the image comprom-
a celest_lal unit is elevaged out of its true place to
=S t nullifies all calculations that do not take re-
[X] Nebula ‘into the accounting. While this amounts to
ero when the celestial object is close to the ze-

® Nova very degree toward the horizon the displace-
4 until at the junction of earth and sky the

[B] Dark Nebult: rent place is more than half a degree above its
R toZ-varsl the heavens. For that reason a Table of Re-
ble Stars lways consulted for corrections in the matter
culations. Some of these tables are infinitely

See "Ablgzl'l' lowances for barometric and thermometric de-
“"?;538, 31 tera; but the followmg table is reasonably ac-

ctical. Refraction e'cvates a celestial object
place by these given an ounts:—

Elevation 10°—5'.4  Elevation 60°—33”
15°—3".5 70°—21"
20°—2'.6 80°—10"
30°—1’.7  Zenith, 90°—00"

40°—71'0 Cold and high Bar.
St gen increase Refraction.

of our civilization depends upon the wndemng spread
0§ hold of the scientific habit of mind.”

19
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; Chart 16-B
9) 150048 Vis. bin.:5.3-6.2.
8. Per.204.74 yrs. Spc. Go.
41 D:5.5-5.5. Sep. 0”.1. With v1 a fine duo.
153240 Vis.bin.:7-7.3. a=0".88. Per. 56.
pe. Ko,

BUMVar. 7.8:11.3. Per. 357.5d.

150938 D:7-7.2. Sep.30".3. Central of 3 D's.

38) 152137 Double D:4-6.5; Sep.108"5.
in.: 7.2-7.8. a=0".88. Per. 244 37y. Ko.

pre-eminent quadruple systems.

3 D:3.2-7.4. Sep.105".

NA BOREALIS:

6 D:4.1-5. Sep.9”. Vivid pair. Another,sp.
1 Var. 7.0:12.8. Per. 361.2.

0 Vis. bin.:5.6-6. a=0".9 Per.41.5y. Go.
9 Sp. bin.:3.70. Per. 40.9:490.8d. Fo.

28 Var. 5. 9 15.0. Per. Irreg. Famous of its
ing type. ‘“‘Meritscareful attention.” Furness.

91427 D:5.5-6.1. Sep.1”.6.

53027 2.3. Sp.bin. Per.17.36d. Par.0”
1y dist. Spc.Ao.

6 Vis.bin.:4-7. a=0".73. Per.87.8y. Aoc.
52025 D:6.7:8.1. Sep.3”. Gold- turquoise.

) D:5-5. Sep. 0”.2. A stellar Golconda south.
15 Var. 6.9:13. Per.357.2d.
Var. 8.5:13.6. Per. 366.4d.

D:3-4. Sep.2".7. Strikingly placed.

151410 D:6.2-7.6. Sep.13”.1.
i 115

8 4.3. Center of vivid trapezium: serpent's head.

D:3.79.1. Sep.30”.6. Amber—amethyst.
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2.8. Par.0".038=801y.
ae) 151502 Cl. Closenp5

5. Glowing compress of 9-14mag. stars. Con-
y short-period Cephids. Dist.,40,000 lt. yrs.

3.6. Brightunitininsular field. Mg. 6 comes.

Chart 16-C

53408 D:6.3-6.4. Sep. 11".8. Commanding!
9 2.5. Pale emerald unit, resembling Uranus.
D:5-9. Sep.57". Wide guide-stars to Cl. 19.
1220 Glob. Cl. A universc of remote suns.

d required for a single circuit of a star through a

ter is of the order of a million years; and the stars

“clusters are composed are several thousand million
.—Moulton.

War. 8.5:12.3. Per. 192.2.
O.

heastward sweep of the zodiacal Scorpion be-
—the most commanding of the Summer constella-
burning Antares at its heart, The graceful cup-
e of the tail dipping out of the horizon, ending
ion's sting represented by two flashing stars, A
ents a prospect that, as Dr. Aitken observes, is

ebulae of Scorpio and Ophiuchus are distant from
0 150 parsecs—326 to 480 light-years. Those in Orion
“still: about 200 parsecs—640 light years. The mass,
the form of cosmic dust less than 0.lmm. in diam-
rertheless sufficient to form hundreds of stars of
visible from earth!

efore, if astronomy must destroy theology, it will not
ther deepen, religion. There is no man in whom the
ve not excited religious emotion; whatever may be
10st suitable to his mind, under some form or other
elp worshipping when under this canopy of ‘The Cathe-
ity However various the dialects and formulas into
Otion may be translated, the emotion itself is constant;
M‘lly gazing upward at the stars, will, in the depths of
oul, echo the Psalmist: ‘The heavens declare the glory
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Chart 17-A4

6l D:2.9-8.1. Sep.4".7.
BB 5-6. Sep.3".7.

N ELEMENTS OF SPECTROSCOPIC BINARIES.

n the most powerful telescopes, a star appears only
ling point of light, the planets alone presenting a
eady glow and measurable angular diameter. But
breaking up of a star's beams by the prism of a

Magnigyg '
and stbnh

K
brighte
Y12

23 ope, a multiplicity of lines are disclosed, depend-
he intensity of the spectrum. the composition ot
k34 d other factors. But when these spectral lines
to shift periodically, now toward the violet, now
* 4.5 e red, it is almost certain proof of the star’s du-
e en if the companion star itself is invisiblei. The
these oscillations give a clew to the orbital mo-
* 6-7 or e visible primary and its unseen comes about a
fainter avitational center, enabling the computer to de-
©Cluster e elements—orbit, mass, velocity, magnitudes,
Lo tc. Thus, curiously enough, the difficulties en-
(X] Nebila d in computing the elements of a visual binary are
. in the case of the spectroscopic binary—the sci-
O Nova > seen quite outranked by the science of the un-
[B] DarkNeb direct method outclassed by the indirect. For
z n the known elements of the spectroscopic bina-
R to Z-Varit} mber those of the visual binaries nearly two toone
ble Stars A

A [EST STAR-FIELDS.
See *“Abbrevis: ‘prospector with modest equipment, the regions in
""'l‘,;'gfzf" ic north polar areas present the best fields for the

f individual features; but the vast expanse to the
from Cygnus is the most impressive for leisure-
g, some loeations disclosing sixty thousand suns
are degree, till the lcwer latitudes are reached
scuring nebulous masses thin out the visible star-
ess than four hundred to the same area. As Dr.
says, ““if the obstructing material were removed,
€. near the galactic plane, clouds of faint Milky
stili more dazzling than those observed, and glob-
ers still more distant than those now knewn, and
d that the greatest diameter of the galactic sys-
C !arger than now assigned —approxirmately 100,
€cs™ or more than 326,000 light years!
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e Mighty One " discloses many rari-
adiant fields to the south and southeast.

164447 Pl.Neb. Sea-green in starry triangle.
4646 Tr.:5-9-9. Sep. 1”.8-0”.2. Difficult.
4039 3.6. Guide-star to great Cluster, 2°s toward Z.
8137 Var. 8.2:13.5 Per. 279.5d.

63836 Glob. Cl. Conceded to be the finest of
the northern heavens. Forty-five thousand suns
ipact spheroidal mass, every unit of which exceeds
by at least two magnitudes (and in whose midst our
day would be quite invisible), the majority of them
o hundreds of times more massive. Diam., 350,
€ 35,000, light years. And yet, according to Dr.
M 13 is one of the nearest of the clusters! A naked-
ct on a clear moonless night, in a small glass a cu-
ivine blurr, often resolvable; but viewed with aper-
increased light-gathering power, a blazing pano-

s of varied tints and staggering brilliancy. Good
phs of such majestic prodigies—of which there are
w visible in our hemisphere—are always a great
ck photo, Ili Sec ) Sweep 2°due s from v Herc.

Bor. 161234 D.:5-6.1. Sep.5”.4.
or. 161933 D.:4.8-5.1. Wide. Sep. 371".9.
I Vis. bin.:3-6.5. a=1".35. Per. 34 46yrs.

three revolutions since disc. by Herschel, 1782.

B30, Sp. bin. Per.4.0d. Spc. A.
64728 Vis. bin.:7-8.5. a=0".85. Per.221.

625 Var. 7.9:13.7. Per.478d.

23 Pl.neb. Bright. Diam.8”. Blue-green.
1 2.81. Sp. bin. Per.410d. Spc. K.

P :3.88.2. Sep.40”.5.

9 Var. 7.6:12.3. Per. 406.2d.

117 D.:6.2-7.5. Wide. Sep.156".2.

15 Var.7.5:12.2. Per.307d.

age distance of naked-eye stars is estimated at 320
5 those of the 12th mag., at about 1000.
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SHIUCHUS: Chart 17-C

Snake Bearer begins at this meridian,
isunsurpassed for sweeping-fields and sensations.

06 164709 D:6.7-8.4, Sep. 1”.0. With 22114
6.2-7 4, finely placed e-w of xOph., 165409, 3 4.
3604 D.:6-7. Sep.69”.7.

802 Vis.bin. 4-6.1. a=0".99. Per. 134y. Ao.

164301 Cl. ‘“Intermediate between globular and
galactic type.”” Distinguished surroundings.

) 165204 Cl. Silvery massed #=12-mg. suns.

. 51Lib. 160011 D:4.9-5.3. Sep.1”.19. 45y.
40 162812 CI. Palebut fine 1. p. star-swarm.
WR112 Var.7.4:10.2. Per.297d. 11'pg, 2.7.
2123 D:6-6. Sep.4".1. Region of dark neb.

165726 A bewilderment of loose Cls., accen-
ed by encompassing black rayless space-deeps.

0719 D.:4.1-7. Sep.48”".8. BothD'saredoubles.
819 D.:2-4. Sep.13”.1. Intense, colorful.

61222 Noble Cl. Richest in the heavens. Herschel.
525 D.:3-8. Prim. Sp.bin. Per. 0.247d. Bi.
ly a Cepheid triple system—a case unique. Henroteau.
s 162426 1.2. *‘Rivalof Mars.” Par.0”.017
y dist. Spc.Ma. Ang.diam., 382 mill. mi.,
ly 500<Sun! Density, 0.00001 — water=1.

fire-bright prodigy not only has as a companion a
merald comes emitting one-two hundredth of its own
. but is so vast that six hundred million worlds like
d crowd within itsconfines! If our Sun wereat its
he orbit of the Earth would lie buried deep withinits
erence, and Marsitself scarcely more than skim the
of this mammoth globe of incandescent gas.

t 161826 Dim but interesting star-cloud.
165030 Var. 6:11.5. Per.279.3d.

- 165630 Striking Cl., dark neb. abounding.
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RACO: Chart 18- A4
174372 D:4-5.2. Sep. 30".9.

w 173768 4.87. Sp.bin. Per.5.28d.

737 175866 Pl.neb. Diam.35"”. [.uminousblue.

s as being the first planetary nebula to revealits gas-
ure to that master spectroscopist, Huggins, in 1804,
up tomany triumphs of research regarding these en-
al bodies. Much smaller but brighter than the Owl
Ursa Major, Magnification disclosesstar center.

tary nebulae resemble somewhat the ball-and-ring
f the planet Saturn. They are ellipsoidal shells of
corrrent at hightemperature, incompositionsimilar to
use, with helium disclosed in the central portions, hy-
and nebulium—the element to which there is no ter-
analogy —in the outer regions. They rotate at vari-
es of speed, increasing toward the central zones nucle-
ut a star of the Wolf-Rayet type, with a mass veloc-
ace of about twenty-four miles per second. Fewer
0 planetaries have been catalogued to date, althcugh

~

Magnimdn
&nd Symbols;.

* Mag 0
or
brighter
* 12
¥ 2-3

*3-4
s ong to our system, averaging about 1000 light years
1 “Planetary nebulae are probably wrecks of an-
*5-6 lisions among stars, and may form into future solar
FoTie similar to our own.” Campbell.
fainter :11’s of HIV 37, onthe 18th. meridian, the Solsticial
© Cluster is located the Pole of the Ecliptic. No conspicuous
Lunit approximates its place to an observer such as
[X]Nebula at the Pole of the Equatorial system: but it isanim-
o point in astronomical calculations and should be lo-
Noya r its bearing on many practical problems.
65 3.2. Strong, with twodoubles in field.
Rz i 55 D:4.6-4.6. Sep. I'+. Exceptionally fine.
i 54 D.:5-5.1. Sep.3".2.
oy el 51 2.4. Par.0.044=741ydist. K5. Agem!

was when, in order to determine star-sgeed, intervals Q(
ty years were necessary between cal.culatnons based on .dl-
vation. But photography has revised all that, reducing
interval necessary to determine proper motion to a single
rnard’s Star, the swiftest moyving sun in space so far dis-
has a proper motion of a little more than 10” yearly,
eans the Moon’s breadth in about 180 years; but there are
fleeter suns in space than even this phenomenon, as fu-
rmination by photography will disclose.
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ULES: Chart 18- B

[vad 171443 Cl. Diam. 7". Bright.
8 037 D.: 4-5.1. Sep.3".6. With =-69 fine Tr.

333 4.8 Var. Sp. bin. Per.2.05d. Spc.B3.

27 3.5-9.5. Vis.bin. a=1"30. Per.43.23 y.

b. Amber-blue. 9.5 alsobin. “Most interest-
" according to Dr. Aitken, ‘‘showing that fre-
ly it is the smaller orfainter star of a wide pair which
If a close binary.” Disc. by Alvan Clark, 1856.

2726 4.5. ApexofSun's way. Herschel.
rou describe an equilateral triangle from zLyrae due
bout 20° to 111 Herc., thence northwest a like dis-
3 Herc., and so back to Vega, within these con-
located the various Apices of the Sun's Way as de-
d by distinguished authorities, from Herschel (1783)
sand Stromberg (1920), including Boss, Campbell
pteyn. The Sun with his planet-family is moving
is region at the rate of about twelve miles per
this star-drift having been determined by the ap-
pening out of the star-fields as we advance, and
osing in as they recede, like forest-trees to a pur-
ter. The motions of thousands of stars were com-
arrive at these approximations; and one canbut
| at the genius of Herschel whose conclusions were
iantly verified by time.

24 D :3-8.1. Sep.26".1. A study in color.
B3 Var. 7.9:12.5. Per.218.5d.

RS & 5821 D.:4.9-49 Sep.6”. Beryl- sardonyx.
114 D.:3.1-6.1. Sep.4".6. Prim.var.:3.1:3.0.

-2

1 15=21.7 1y dist. Approximate diam., 185,

20° ) mi. Stetson.

-9 TUCHUS:

59 012 2.1. Par.0".052=601ydist. Spc.As.

| % BIi241]1 D:5.6-7.4. Sep.27".5.

5. ,nt::dwomnn whosef thtt)lt:ghts are fo;_dth:h _moment lifted
e B cavels of that Tiicess fmo and apace whidh

& ik 7 the subject matter of astronomical research, experiences
UCHUS *a i 3 iration and exaltation that is in no sense fleeting. The
%2166 | -2 abides; it leaves him or her a better and broader-minded

for that experience.”—Benfield.
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BIEICHUS : Chart 18-C -
73904 2.9; 5,4.4;and v, 3.7, hold

rilliantly, with 61 Oph., 174002 D.:5.5-5.8
".6, close p vy, noteworthy.

h 15040 175404 Mg.9.4. Par. 0".53 =6.30
. Spe.Mb. Luminosity, 0.0005 %X Sun, P.m.,
er annum, Nextto «Centauri, our nearest star!

01 Var.8.1:12.5 Per.349d.
172501 Vis. bin.:5.9-6.2. a=1".06. Per. 46
G

73303 Cl. Extended—Ilike blown star-dust.
105 Sp.bin. 4.6. Per.26.27 d. Spc.F.

708 Vis.bin.:5.3-6. a=1".3. Per.223.82y.F.
0215 Var.7.6:13.8. Per.302.2d. Closep .
171418 Cl. Small but scintillant and clear.
75219 Blazing wilderness of starry jewels!
4 D.:5.5-6. Sep.10".6. Dark regions f.

15 3.6. Sp. bin. Per.2.29d. Spc. As.
[TTARIUS:

75922 Neb. Beautiful, in a nest of nebulae.
175723 Neb. Famous Trifid. A dark-night reve-

en in modest apertures. Bulbous image trisected
k rifts of interposing opaque cosmic dust-clouds.
> re photo-enlargements of such interesting phe-
aaid one greatly to appreciate their immensities. Out-
feas rich in stars in cruciform and other symmetries.
k Obs., photo and note, I, Sec.

175924 CI. Myriads of low-mag. stars, and a few
€T units resembling somewhat the Pleiades, involved
€ wastes of incandescent hydrogen and helium, over-
fithdark absorbing patches. A naked-eye wonder.
129



CHART 19- A

XIX curmin sp M, auc 14 X VIII

80

ot 1
55504540355025201510 5

Magnityge,

and Symboly.

* Mag. 0.,
or
brighter

Y-z

’*2.3

* 3-4
K 4.5
*5-6

*6-7, or
fainter

©C1uster
Nebula

© Nova

[B] DarkNebuls

R to Z-Varia-

ble Stars
See ““ Abbrevie-
tions,” Ete,
Page 21

RACO: Chart 19-4
40 180080 [>-5.4-6 Sep.20”.

& 50 184975 Sp. bin. 5.37. Per. 4.12d. Spc. A.
182272 Sp.bin. 3.6. Per.281.8d. Spc. F8,

) 182171 D:4.8-6.5. Sep.0”.5. In field with above.
185059 D.:4.6-7.6. Sep. 30”.3. Nw-se trailof suns
82258 Tr.:4.7-7.7-7. Wide. Impressive, colorful
185558 Vis.bin.:6.8-7.4. a=0".53. 223y. Aa.
184155 D.:5-9. Wide. Radiant blue and topas.

R INHABITED WORLDS.
f there are other worlds orbiting around other suns in
e, it will be many years hence, perhaps centurics, if
r, before we mortals shall be able to gather the slight-
clew, by any direct method at present devisedor in im-
liate prospect, as to their mere existence, to say noth-
of their intricate elemental details with which, in our
solar system, we are so familiar. Even should one of
very nearest of suns possess a planetary family, each of
ass of Jupiter—itself larger than all the other planets
ined—it would require a telescope of twenty-five feet
ure or over to make us even dimly aware of their exis-
"1As the difficult art of lens-making and mounting
bout reached a limit in our great modern refractors, to
a reflector three times the size of the hundred-inch at
Wilson would be to encounter mechanical difficulties
[ nigh insurmountable, and the cost would run into the
lions. However, Dr. Pease, of that famous observatory,
| others high in authority, telieve it can be done; and
one regards the colossal achievements in the last dec-
alone in all branches of research and engineering, the
d ‘impossible " seems to have slipped utterly from our
of science; and a new generation may have ocular
dence of things invisible about which at present we can
ut speculate and dream. Then will all our fascinating the-
regarding ‘other worlds than ours’ be condemned or
fied in the fierce light-gathering powers of the telescope
the future, with all truth and solemnity. Until then we
st “hold opinion ' with Abbot who contends that “‘there
reat probability of there being indeed many worlds like
and there is no reason either to affirm or to doubt that
Y contain as intelligent beings as ourselves. ™
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| 184549 D.:6.5-8.5. Sep.0".5. Chart 19-B

2 184139 Double D.:4.6-6.3:4.9-5.2. Many low-

starsbet. —possibly one complex interrelated system.

183438 0.1. Par,0”.134=24 1y dist. Spc. A.

mbles an old-mine Brazilian brilliant of purest water
sified to infinity! 80X Sun's luminosity. 1500 Vegas
| give more starlight than all the stars in our heavens!

W78 Sp. bin.: 4.3. Per.4.3d. Spc.F.

5036 D.:4.5-6.5. Prim.a Sp. bin. Per. 245 d.
81136 Var.7.7:12.3. Per. 196.4d.

BRI85133 Tr.:5-7-9.5. Sep. 1”.:45".5. Vari-col.
633 D.:3.6-7. Sep.45".8. Prim. Sp.bin. Per.
1. Spc.B2p.

3 185332 Vis. bin.:5.2-8.7. a=1".04. Per. 45.
Spc. Go. Probable Tr. system. Region thrilling!

185132 PI.Neb. Famous “Ring, " 60"x80”. Fin-
e annular type. With h. p., ring becomes a globe of
gas, receiving its effulgence from a central star. A
unit, Easily sighted, s f BLyr. (See photo, 11l Sec|)

LLES:

5l Var.:7.8:12.8. Per. 165d.

)330 Vis.bin.:5.2-10. a=1".1. Per.53.5y. F8.
90 Sp. bin.: 5.5, Per,5.5d. Spc. A,
0426 D,:5.9-5.9. Sep, 13”.8. Exquisite.
184521 D.:7-8.6. Sep.4".1.

183216 D.:6.8-7.2. Sep.2".

phiu., 1919 180911 13.5. Test fora 6-in. glass.

is little doubt that the principal new stars of recent years
the results of collisions or of close approaches, either of
dies, or of a dark massive body and invisible resisting
The suddenness with which the intense brilliancy is gen-
ld seem to call for the former; but the latter is vastly
able, in view of many facts.””—Campbell.

AL
4 3.5. Clear amber. Dainty Tr.f. Field supreme.
184710 D.: 5.8-7. Sep.3".7  Azureand gold.

6709 185310 Two Cls. Alluring expanse f.
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UCHUS: Chart 19-C
3308 Var.:6.6:8.8, Per.335.4d.
0806 Neb. A curious, bright, gaseous unit.
es isos. tri. with two 8-mg. stars. Diam. 6”. Bluish.
D102 Vis,bin. :4,1-6, a=4".56, Per.87 8y. K.
its puzzles and problems still unsolved, offering the best
unities for discoveries which may advance our knowl-
the forces at work in the stellar systems. If it were

these, our interest in the systems themselves would
it there is always a new problem to spur uson. Aitken.

NS: ;

11172 182406 CI. Superlative! Grand star-clouds f.

184105 D.6.2-6. Sep.2”.2.

04 D.:4-4.2, Imperial pair in regal setting!
A:

[I1, 1918 184300 Mag. var., bet. 10.5 and 11.5.

limpsed. (See Mt. Wilson photo, with note Ill. Sec.

01D, 5.6-7.4. Sep, 13”. ?
83303 Vis.bin.:7.2-7.2. a=0".176. Per. 12.
Spe. F8,

i 184205 Var.:4.5:9. Per. 146d.(?) Irreg.
4606 Cl. Fan-shaped, bright star at apex.

81616 Neb. “‘Horseshoe.” In brightest portion
y Way. Curiously arched. Interesting with 1. p., but
reased magnification an exquisite object. Legions
th, with M 24 181318, giant Cl. Dark region p.
183019 Neb. Somewhat diffuse, but strong
21 4.0. Sp. bin, Per, 180.2d. Spc. B8p,
83124 Cl. Another Colossus, ==14° in extent larg-
‘%ht:er than M 13 Herc., tho less condensed. 70,c00
ute mg., +5 to—1.8. (Sun=+4.9). Nf ASag.
30 Vis. bin,:4-5. a=0".56. Per.21.17y. Ax.
whole history of science none bears witness to pathos of
the heroic lives of its devotees as does astronomy.”’—
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XX cumin.oP.M.AUG.2s X IX
2

O Nevalll

Chart 20-4
¢ 194870 D.:4-7.6 Sep.2".8.
2]44 193159 D.:5-7. Sep.76".6. Gold - blue.

aceful star-imagery of the Swan, with its six high-
de brilliants slanting a cross athwart the north-
vens, is the very ganglion of the Galaxy, making the
for reputed features rather difficult, since on every
ere is such a bewilderment of stellar riches.

111, 1920 195553 £11.5, Burst from mag. 15 to
9 within ten days, passing thence thru characteristic
1 stages. (See photo and note, p. 190).

are only three or four more of these won drous objects to be
‘with modest instrumental equipment, notably Nova Per-
, 032443, mag. 12-14; Nova Oph., 1919, 180911, mg. 13.5; and
quil. 111, 184300, mg. 10.2 to 10.9, any one of which may he
d with a telescope of three inch aperture. It is well to
lese amazing paradoxes of the spheres not only because

Magnity
and Symbod,:_

* o
or

brightg

¥* 12

¥r 2-3

K 3-4 been known to recover a portion of their brightness
period of years, but to the discoverers of novae there is
*4-5 d of sundry gold medals and world-wide fame; and cu-
*5-6 nough, the honor in almost every instance has gone to
therto “mute and inglorious” amateur rather than some

%6-7 of rofessional in one of the world’s great observatories.
fainter term new star, or nova, is actually a misnomer. There
idence that the birth of a new star has ever been wit-
@Cluster Even the term ‘temporary star’ often used, is not ex-
lovae appear to be permanent. They are really stars
Nebull temporarily bright. In several cases photographs show
ous existence of a faint star in the very same position
©® Nova by the nova. And furthermore, the nova always fades

omes an inconspicuous star again after a few years.”—

investigation at Harvard under Prof. Bailey's direction
equency of galactic novae brought out the remarkable
hat at least fifteen novae, brighter than the tenth mag-
maximum, have appeared every year during the last
ades. If the frequency of even one-fifth that amount
maintained throughout the hundreds of millions of
approximately constant solar radiation (shown by the
records), more novae have occurred than there are
stars. Our sun, however, which has certainly escaped
T disasters of this kind, but even less serious disturb-
‘apparently moves in an uneventful region of space.”’—

2D .5-7.5. Sep.3".3.

191957 D,:6.3-6.3. Sep.0”.3.

194250 P1. Neb, Diam, 20”; star center.
93850 D.:5.3-5.3. Sep.37".3.
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5849 Var. 8.8:13.3 Per.262.4d. Chart 20-B
3449 Var.7.4:13.9. Per.425.5d
194048 Var.7.3:11.8 Per. 190.4.
44 D.:3-7.9. Sep. 1”.9. Faint ruby comes.
578 194235 D.:6-7.4. Sep.14".8.
91 194234 D.:6-8. Sep. 38" 1. Exceptional.
1632 Var.5.1-13.3. Per.406.6d. “ These variables

g period are red stars, generally of classM in spectrum,
also glowing lines of hydrogen at maximum and of
minimum — young giants at the beginning of the se-
f star life. xCygni is predicted to be larger than
Aira, oCeti, itself over 250 million miles in diameter!
iation of nearly ten magnitudes corresponds to a ten
fold change in light.” Cannon.

192727 D.:3-5.3. Sep.34".5 Thrilling pair!
192327 Vis,bin.:8,2-8.2. a=0".95. Per.243
Spc. F8. Interesting. Sweep due west from §.

37 WideD.:5-8. A fascinating field.

91330 Semi-glob. Cl. Neighborhood radiant.
CULA:

191626 D.:62-6.3. Sep. 54”.6. Charming.
824 D.:5.8-6.2. Sep. 0”.6. Guide-starstoNeb.

95622 Pl. Neb. Giant “Dumb-bell,"" socalledon
of its resemblance with low powers; but with high-

cation the likeness vanishes, as in the case of most
‘analogies to terrestrial commonplaces. [argest of
etaries—major axis about 11’ of arc. Faint nucle-
y stars enmeshed like pearls caught in swirls of lace.
ry stage of nova of remote ages. (See photo, p. 199).

A

18 Vis.bin.:5.4-6.4. a=0".3. Per.25.2y. Az.
95018 Cl. Dazzlingsweep of star-clouds!
A

4411 D.:6-6.8. Sep. 1”.5. Color-test,

10 2.8. Topaz. Par.0729=112 1y dist. Spc. Kz.
139
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- Chart 20-C

R.v., —27mi.-sec. Mg. 10 comes. White
un's brightness. Central of three stars representing an
e in flight—one of the few skiey similitudes that seems
> even remotely justified.

uch less than one per cent. of the starlight is scattered
e traveling for one thousand years through space. Blue and
light travel with the same velocity with an uncertainty
than one part in ten thousand million years.”—Shapley.

190704 D.:6-7. Sep.37". Gemsin aroyal crown.
191007 Var. 8.4:14. Per. 493 d.

5008 D.:5.1-6 Sep.35".6. A color variant.
ITTARIUS:

/51 194014 Pl.neb. Like a monster fish-eye.

h the exception of some difficult and doubtful cases,
galactic nebula has associated with it one or more stars
type comformable to its own spectral type. This definite
between the spectra of the nebulae and of the associ-
ars suggests that the source of luminosity of the nebu-
s the radiation from those stars. According to this view,
bulosity has no intrinsic luminosity, but either is excited
ssion by light from a star of earlier type, or merely re-
’ts light from a star of later type. From a demonstration of
nebulosity around Rigel, it appears that this luminosity
be excited at a distance of twenty light-years.”—Hubble.

91916 6.03. Rapid Sp. hin. Per.7.39d. Spc.A.
es of components, 260 and 54X Sun. Ludendorf. Under
t observation, presenting many anomalies.

91017 Var.8:12.8. Per.390.2d.
1019 Var.7.3:12.7. Per.269d.

lough it seems somewhat paradoxical, there is a great
truth in the saying that any good theory brings with it
_problems than it removes. In a like manner, each great
nce in modern astronomical theory has brought with it a
new problems, and has opened up new fields of vast ex-
e have seen our concepts of the size of the stellar uni-
- steadily increase. Where once we doubtingly discussed
nce of a few thousand light-years, we now confidently
ate distances of hundreds of thousands or millions of
years. With the aid of the methods contributed by the allied
ces, our field of astronomical discovery has expanded in
greater ratio; like our subject matter, it is infinite.”—
e should always keep our minds open to the possibility that
Unexpected may happen, and we should be prepared to observe
ecord whatever is seen, however unexpected.””—Frost.
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BREFIEUS: Chart 21-A
x 201178 D.:4.8. Sep.7" 4.
EU2751 205956 D.:6-7. Sep.1”.9.

658 201152 Tr.:7-9-10.1. Sep.5".5-32".1.
4] 205550 D.:6-7.3. Sep.1".9.

ONOMY AND MATHEMATICS.

en, some years ago a traveler in Egypt, | climbed the Great Pyra-
says my friend, the Hadji, a giant sheik had hold of my
hand, another gripped my left, and a diminutive imp, all
n and sinew, closed in at the rear to boost. As each ledge
cient masonry just met my chin, and to climb this sky-
steep would have been impossible for me without assist-
I was willing to pay the price; and the way I went aviat-
upward, dragged and boosted with such skill and agility
I only touched the high spots, was epical of old Egypt;
before I realized it I stood on the rectangular open space
e top, quite triumphant, and settled down to survey the
ic scene—

“the blear white stretch of sand

With a palm at either hand,”

d the far-flowing silver ribbon of the Nile fading in the dis-
out the time of my swift and comparatively easy ascension,
ung Oxford man—a powerful athlete—undertook the same
hand over foot, scorning these costly assistants; and
assed him quarter-way up, still going strong, game to the
Poring over my little volume of Egyptian history on
mote pinnacle for nearly an hour, I had quite forgotten
hty Briton, when suddenly I saw his blazing face and
velled torso straining up over the last parapet, with jus:
gh breath left in his body to utter a college yell of victory
rolled over beside me too exhausted to enjoy the fruits of
terprise. “There! Didn't I tell you I could do it without
' these bally rotters to help me?” he exclaimed.

s experience may be very remote from anything astrono
and more so from mathematics; but I could not help com
he man who would scale the heights of science, and whe
himself of all the help at hand with that other who, witl
lis courage and native strength, goes it alone. The lattes
et there—and often does, as history proves; but the man
geometry at his right hand, trigonometry on his left
little of the calculus to boost, is sure to arrive at the pin
with swiftness and comparative ease, and be able to en
e spectacle from the summits far more than the one who
hausted his strength and zeal in the struggles of an un
journey. A venerable mathematician who had spent
rears in the science once said to me, ‘I fear that I know
or nothing of mathematics. 1 am like the old German
logist who, on his death-bed, exclaimed, ‘Ach, Gott! If T
only spent my whole life on the dative case.”” Now,
was a great deal about those doughty sheiks that I did
ow, but I do know that they got me to the top strong.
d grateful, with ample time to gather the full significance of the
prospect before me which I might have missed utterly had 1
Sted on ““going it alone.™
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01647 Var. 7:10.6. Per.464d.  Chart 2]/-B
46 Tr.:3.7-5-6.5. Wide.

eb 203845 D.:1.3-12. Sep.75”.4. Par.0”.012
) ly. R.v.,—4mi.-sec. Spc.A2. A super sun!
744 Sp. bin. 4.7. Per. 2.8d. Spc. B3.
203740 Tr.:6.4-6.7-7.7. Sep.0".7-69".

56 202040 Open Cl. A pageant of splendors!
9040 2.3 Par.0”.006=5401y dist. Spc.F8p.
0938 Var.7.2:8.9. Per.413d.

B D..5-6.3. Sep.0".7.

2.6. Marks easternarmof “Northern Cross.™
431 WideD.:6-6.1. Sep.3’. Regal domain!
ec. 204727 Var. Sp.bin. Per.4.4d. Spc.F.
. 205923 Var.8-12.6. Per. 136.8d.

tae 200620 Tr.:6-7.1-83. Sep.11".4-70".7.
INUS:

onstellation of the Dolphin—sometimes called Job's
10 like sundry other celestial facetiae, without logi-
anation—is a dainty asterism to the eastward a lit-
f Aquila; and for all its limitation in size, will be
e a varied treasury, particularly for the ambitious
ator of variables. The Eagle and Arrow form withita
ently located triangle of fairly bright naked-eyestars

)16 Var.9.4:14.8. Per.332d.
16 Var. 9:14.4. Per.277.2d.
15 D.:4-5. Sep. 11”.9. Richduo, gold- green.
14 Vis. bin.:4-5. a=0".48. Per.26.8y. Fs.
202710 D.:7-7.2. Sep. 14" 1. Faintquad. sys-

conti of and effects. There is
no yesterday, no today. Life is one. We humans
ded them into degrees. Therefore, let each hour be
d another more beautiful one; let each lost joy pre-
greater one; let each failure prepare you for new suc-
€t the great joys and the great pains make you strong.
. fourse of your days and create for yourself a sublime des-
€ your life in closest contact with your science; and may
"d his own truth, for each one of us is carrying it
self.”—Bourdelle.
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© 201008 Var.8 4-13.4 284d. Chart 21-C
203007 Neb. Vast, lustrous.

olt is another limited depository of stellar curios to
jeast of the Dolphin, not quite so conspicuous for
but a lively region for random sweeping.

D.:7.-7.1. Sep. 2".6. Exceptional.
1205104 D.:6.7-7.7. Sep.2".1. Crocus - lilac.
03 Vis .bin.:5.8-6.3. a=0".61. 97.4y. Fj3.

 Aquilae 201006 D.:6.9-7.3. Sep.43”.4.
IUS.

er Bearer, the eleventh zodiacal sign, is a vast re-
 a few scattered objects of moment, and these are
h consideration. Good prospecting to eastward.

68 \Var.:7.6:12.9. Per.202.5d.
705 Vis.bin.:6.3-7.6. a=0".64. 135.6y. F.

205911 Pl.neb. Prodigious! Ang.diam. 25" X
equal to orbit of Uranus. Huggins found it gas-
ical, pale blue, said to resemble planet Venus.
rschel who assigned to it a class unique.

ORNUS:

oat, tenth zodiacal sign, the ancients’ Southern
the Sun, opens widely here; and while somewhat
n Aquarius in this meridional area, offers few high
le from its two superb doubles, recorded in ancient
at least one surpassing cluster, M 30, to eastward.

D.:3.2-4.1. Sep.376".1. Magnificent!

WideD.:3.2-6. Sep.205”.3. Prim. Sp.
gest period listed—1375.3d! Spc. Gp.
5 D.:5.5-6.7. Sep.0”.1.

D.: 5-7.1. Sep.2".7. Primrose - plum.

likely that a part of the mass lost by a star through
eplaced by meteoric infall. The Sun absorbs at least
ililon meteors a second, or more than a thousand tons
agnesium, silicon and oxygen, though it is situated in
Space free from nebulosity. But in the case of stars
ulous clouds, or even in lighter nebulosity like the
radiative degradation of a star’s energy may be re-
Palanced, or possibly even reversed. (Skapley.)
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= CHART 22- A ! HEUS: Chart 22-4
XXII e XXI i‘ B s asssa
f I 212770 3-7. Prim. Sp.bin. Per.0.19d. B1.
(N 368 Var.6.1:10.1. Per. 387d.
[ 2 2.6 Par.0”.091=361y dist. Spc. As.
) 210959 D.:6.1-7.1. Sep.1”.1.
Var.4:5. Irreg. H'scurious “ garetsidus. ™
| 213657 Tr.:6.3-7.9-8. Sep.11".7-19".
14955 D.:6-7. Sep.19”. Very fine. Cl.sf.

ON AND STAR-PLACES —One would imagine that
tars in R. A., and Decl., amounting to no more
n's breadth in half a normal lifetime would not
e importance in the consideration of stellar ad-

And yet this slow backward drift of celestial
with the consequent advance of star-places to
of 5014 " of arc yearly, compels a ten-year revis-
tar-maps, and in more precise calculations, with
r accuracy. If the Ecliptic and the Celestial
ere coincident, star-places would stand unalter-
heut the ages; but since their poles stand 2314°
near Polaris, the other in the constellation Draco,
opic motion causes the slipping westward of the
points less than a minute of arc a year, yet suf-
swing around the entire circumference in 25,900
\bout 2000 B. C., this intersectional point—the
inox— stood in the constellation Taurus; in the
yparchus, its discoverer, B. C. 150, in Aries; until
t day it stands in the western regions of Pis-
hich point all right ascensions are computed. In
the Epoch 1920 is employed, although many of
ces are corrected to the current period. The en-
of Precession, from its discovery by the amaz-
to its masterly elucidation by Newton, reads like
romances of celestial mechanics that challenage
LIor interest. See Book List, AlsoPolaris, p 29, and Thue-
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¢ upon it nothing is haphazard, things are not left to
: ything is amenable to law and order. Everything
1 rational .plan, of which we know neither the beginning

but toward which we can help. In face of all that, shall
selves to squabble about trivialities! Or shall we real-
are the heir of all the ages, that the destiny of mankind
v entrusted to us, and that humanity has a potential
nd our wildest dreams!”
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CHART22-B :
X XTI cuLmin.-opP. M.serT. 14 S NI

NUS:
39 212949 Cl. Grand open type.

' 213843 Var. 8.1-12. Very irregular. Sp. peculiar.

popular star with Variable observers. Disc. at Har-
1896. Fairly faint star which at intervals from twenty
ety days suddenly brightens up a hundred fold, almost
ing the eighth mag. Its rise to maximum is almost un-
table, and also the speed with which it increases in
ntensity is variable. To-night it may be barely visible
a four-inch telescope, tomorrow night it may be at full
shtness—the brightest in the field. At other times it

consume a week or more in attaining its maximum. Is
onder that scores of amateurs vie with one another
e fgrlslt to catch SSCygni on its rise to maximum?—
pbell.

0243 Neb. Vast, very curious, sharp so. area.
213641 Tr. 7-7.9-11. Sep.30"-15".

338 D.:5.3-5.9. Sep.15".3. Par.of primary,
10.91y. Lum., .06Sun. P.m.,527". Spc.K3s.
f the four nearest stars in the northern heavens, the
three being: Munich 15040, Oph., 6.2 light years dis-
Lalande 21185, Leo Minor., 7.9; and Procyon, Canis
10.9. In the southern hemisphere there are seven
as near to our solar system as 61 Cygni, or nearer.

nearest object among the stars is the small companion

visual binary, Alpha Centauri, itself 41-3 light-years
. This 11-mag. star is called Proxima Centauri, with a
€r motion of 37.90, which value leads to a parallax of

4.075 light-years (Luyten). Proxima is thus computed to
ixteenth nearer our system than Alpha, with a period
olution about its primary measured in hundreds of thous-
years! (Aitken's ‘Binary Stars.”) Proxima's color index denotes

redness; and, intrinsically, is by far the faintest star
- we have any definite knowledge.

037 Vis.bin.:3.8-8. a=0".91. Per.47y. Fo.
' 28 D.:4-5. Sep. 1”.4. Bin. Red gold -purple-
ASUS: :

25 Vis.bin.:5-5.1. a=0".29.Per.11.3y. Fs.
uul. 210812 Var.9.1:14.2. Per.262d.

212611 Glob. Cl.

fgou}d think the atmosphere was made transparent with this

'ﬂbli%‘;‘:”ﬂ’l‘; mi:“t(;!:: heavenly bodies the perpetual presence
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g. 214009 Tr.:2 5-8.8-11.5. Sep. Chart 22-C
4-140".3. Contrasty colors.

UULEUS:
210609 Tr.:4.1-5.7-11. Sep.2”.1. Attractive.

110909 Vis.bin.:5.3-5.4. a=0".27. Per.5.7y.Fs.

212902 Glob. Cl. Diam. 6’4. Thousands of suns
ressed into a glowing opalescent mass.

2705 3.0. Test mag. 9.9 comes, dist. 35”.
4116 3.0. Par.0”.110=29.61y dist. Spc. .As.

Capricorni 213523 Cl. A fairly luminous naked-
egation of =12-mg. stars, recorded by Aratus and
classic historian-observers. N p 41 Capricorni, mag. 5.

D PLAN OF THE STELLAR SYSTEM. -
observer near the center of one of the remote gigan-
irals, contemplating the heavens with its radiant riv-
of stars cutting the blue in twain, with here and there
lomerate masses, elongated rifts, shimmering irregular
ots and black blotches, would view somewhat of the spec-
presented to us in our familiar Milky Way. As seen
a like distance, our galactic spiral might also disclose
d arms and knotted antennae, like a great pin-wheel
. motionless; but from a point near the axis, survey-
. eriphery, these extended arms might possibly be
red in convolving star-clouds, the entire structure tak-
form of a broad variegated ribbon of light against a
background, the spiral detail, so conspicucus from a
e, quite nullified by reasons of perspective. In the
1ce of cur Milky Way, the north polar point situate in
onstellation Coma Berenices and the south in Sculptor,
ntral plane cuts the Ecliptic at opposing points-
the solstices at an angle of 60°. This plane, as Her-
el observes, *“is to the sidereal universe what the plane
> Ecliptic is to the solar system—a plane of ultimate
ce, the ground plan of the stellar system.™ 1
er has found that the line of intersection of the invariable
f the solar system with the central plane of the Milky Way
arently shifting easterly among the stars by 0.35” of arc per
A literal interpretation of this result favors a rotation of
Way system westerly at the slow rate quoted. The sub-

extremely difficult and the discovery is for the future to
Campbell.
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SNEPHEUS: Chart 23-4
o 2873 220182 D:6.2-7. 14.

$12893 221172 1D:5.5-6.2. Sep. 297

= 220164 D.: 4.7-6.5. Sep.5".6. Fine sequence s.
872 220558 Tr.: 7.1-8-8. Richly diverse region f.

22658 Prototype of the Cepheid class of short-

od Variables—mag., 3.6:4.3. Per. 59-8h-48m.

bin. Spc. G. Two lambent Cls. in field.

at the first violin is to the full orchestra, Delta Cephei is
e full complement of variables. While of short period, the
eids, which Miss Cannon calls ‘“‘the timekeepers of the
1s,” widely distributed and vastly numerous, differ from
lipsing short-period variables of the Algol type in that
ht fluctuations are due not to a dark body passing before
ter in the line of sight, but to internal pulsations—vast

Magm‘udu
and symbﬂls:~

" Mag ¢
or
brighte;
Yo il

Yr2-3
% 3-4

* 4-5
als in the stellar atmosphere which rise and fall with
e ing regularity, a maximum to minimum often occupying
hree or four hours of time. Cepheids are of giant dimen-
*6-7 or probably from one hundred to tén thousand times our
fainter mass—very remote and of exceeding luminosity; hence
value in determining the distance of clusters in which
©Clustev may be located, for there is discovered to be a direct re-
ion between periodicity and absolute magnitude, so that hav-
Nebula ound the parallax of the nearer stars of this class, the
ce of remoter members become computable. By this
10 Dr. Shgipley has_determined the distance of far_ globular
Nova in which Cepheids have been found, thus revising and

Nebul e dening our whole theory regarding these outposts of space.
= teger 60 222457 Vis. bin.:9.3-10.8. a=2".86.
R o Z-Varia- £54.9 yrs. Spc. Ma. Par.0".256=12.51y.

ble Stars faint but remarkable double, being one of the nearest to us

Sec “*Abbr nt of location, in consequence of which we have a more
S i te knowledge of the two reciprocal masses. Both units
norl!;. 2l all, one but one-third and the other one-seventh of our
a8 n; but with density far greater, leading Russell to contend
oth stars are ‘“nearing the very end of their evolutionary
According to Aitken, the faint companion of Kreuger
f the smallest mass so far established for any star; and
nomenally rapid orbital motion of the two tiny suns
a common gravitational center make them objects of ex-
mal astronomical interest. Ninth-magnitude stars are usu-
a distance approximating 400 light years which, in the
a binary of such small mass, would make the computa-
its elements impossible by any modern methods. Kreu-
being only 12.5 light years distant, makes this possible
together unique.
ms has shown that matter at least 2000 times denser than
um is not only possible, but actually exists in the stellar uni-
'—Eddington.
0 make observations carefully, to keep accurate records, to
nothing to chance, and to pass over no point of difference
t_seelging a reason for the discrepancy, are all fundamental
In scientific discovery.””—Curtis,

155



CHART23-B
X XIII cuLmiN.o P M, OC

555045405530

HVIII7 | \ >

-8

-7

3 -8

X -4
LACER[TA 3
R %

40°

-
1
*

*g *S =9
-8
L f
-6
PEGASUS 5
* -4
-3
-2
-1
) \ 30°

g 9

8 =8

7- 37

6 -6

5- =5

- *[J. t -4

o *in -3
Cr -2
ra -1
20" ‘ 2¢
9- | -2
8- \ -8
7- { -7
6~ \ -6
5= =D
5 yi -4
3- | -3
\ 2
i V2

| ¥

55 50 45 40 35 30 25 20 15 10

RTA: Chart 23-B

ly placed modern asterism, being banked on the
and w, by Ceph., Andr., Pegas., and Cyg., almost
jithin the confines of the accompanying chart, and
rded by Hevelius,in 1790. Theugh it displays no
units brighter than the fourth magnitude, as an
ion half enclosed in the Milky Way, it offers a no-
d for explorations.

75 221249 Cl. Massed star-jewels.
1646 4.6. Sp. bin. Per.2.6d. Spc. Bs.

4] Var.:8.3:14.6 Per.299.4d.
89°5.1. Sp. bin. Per. 0.193d. Spc. Ba.
39 Double-D.:6.5-6.5:8.5-10. Superb!
2439 Var.8.2:12.9. Per. 240d.

ed through all our galactic space there are not only

s and nebulae, bright and dark, but there is also
ter, which, in the aggregate mass, has been estimat-
greater than is contained in all the stars. There are
osed to be more dark, invisible stars than luminous

OS5 1. L. p.Sp. bin. Per.818d. Spc. G.
888725927 2.2. Var.giant. Par. 07.026=125

Spc. Mb. Angular diameter, 81 million miles.
vast luminous circumference would thus enclose
94 of our Suns within its confines.

E8'6 Sp.bin. Per. 10.21d. Spc.Fs.
24 3.7. With APeg., s p, a colorful prospect.

our big facts seem to fall into a consistent whole. He
a rash fool who would dare to maintain that the scheme
is surely the true one. Discovery has followed discovery at
e of late that another decade may well find evidences of a
ent tenor. The problem of the evolution of the uni-
too large to be exhausted in a few generations. Even il

e foundations of its solution shall seem to be estab-
will doubtless occupy a thousand years of astronomical
0 fill out the nchle outlines of the structure, and reveal
beﬂuty the grand system of celestial hosts.—Abbot.

omy gives us a new scale of measurement and a new or-
o ven a world-war seems only a local affair of some

asylum in the presence of this ordered march of illim-
rlds.”—Aitken.
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04 D.:5.87.2. Sep.1".2. Chart 23-C

00 D.:4-4.1. Sep. 2".5. In center of cross.

- 224304 Tr.:7-7.5-8. Sep.4".1-55".8.

1905 D.:5.6-5.7. Sep.0".7.

14 D.:6-9. With<Zsp, very sightly.

16 D.:6-6. Sep. 7" 4.

0 Var.:8.2:14. Per.279.7d.

. Aus. 225330 1.3. Par.0".128=25.5 1y dist.

The constellation Piscis Australis —the South-
—lies too low on the horizon in our latitudes to
e extensive observation: but this bright particular
n-al-hut, the Fish's mouth), is a very sightly autumn
t from the southland, the eighteenth in the order of
rilliants.

ED.=Ancbserver on the platform c f a trans-conti-
ited might find it beyond his powers to estimate,
degree of exactness, the speed and direction of oth-
trains, motorcars, aeroplanes, or humbler vehi-
moving in the same direetion, some tangent, and
parently backward, and all at varying velocities.
of the computer of stellar motions on his eighteen-
second observation car—the Earth—in its orbit
he Sun, itself speeding at a twelve-mile-per-second
d an indefinite point in the constellation Hercules!
ntly swirling at random like swarming bees, these
rms have been found to be moving in mass forma-
referential way along the great celestial thorough-
d these swarms include not only stars of every spec-
from the white-hot super-suns to the dwarf car-
but clusters and nebulae, the slow-moving giants
ong at a 21 km.-sec. snail-pace, the dwarfs plung-
itously through space-deeps at an average rate of
d some of them far swifter. “‘No doubt,” observes
““this remarkable procession of stars and other celes-
ects has a profound bearing on the great subject of
lution of the universe. All the hosts of heaven seem
one allegiance to. and to be governed by, one princi-
der. Though thereis infinite variety of detail, there
€ unity of organization. The Universe isone.™
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Chart 24-A

@ 2305713 D.5-7.5. Sep.1".1.
1 Cephei, mag. 3.4, holding forth brilliantly 1°to the

theast, completes the classic configuration of the ‘starred
hiopian monarch’ comprised in «, 8, 8, ¢, and = Ceph.

1567 D.:5.1-7.7 Sep. 27.6. Their primrose and

c tints seem to appear stronger with relatively poor see-

_or thru a faint aurora, as is the case with circumpolar

s in particular. The sharpest skies are not always the
t for comparative observation.

ESIOPEITA:

e of the richest constellations of the northern galactic
beginning at this hour and extending majestically to-
the northeast, comprising some of the noblest ob-
to lure the explorer: famous groups, clusters and vari-
ed units of great brilliancy in the clear blue of the po-
ies, with a Variable-field scarcely surpassed in any
ellation of equal area, there being more than a score

f both the long and short period under close observation
] annotation by zealous observersin various parts of the

d. This constellaticn alone is worthy of years of in-
e research.

B 55865 D.:6-7.3. Sep. 15”.1.

4461 D.:5.7-7.9. Sep.1".7. Orange - gold.

)2 232061 Cl. Extended center, fairly clear.

7 234160 Tr.:7-8.5-9. Sep.3"-29". Contrasty.
0759 Var.7.8:12.4. Per. 228.8d.

96 232558 Mult.:4.8-10:7.4-8.9. Prim. a Sp.
Per.6d. Spc. B3. Neighborhood truly dazzling.

142 235056 6.5. Sp.bin. Per.13.41d. ¢ 11’n.
235356 Cl. Radiant. Pronounced ‘Most superb!’

5455 D.:5.4-7.5. Sep. 3”. Teeming with jewels.

5350 Var.7.1-12.9. Per.431.4d.

e man of science spends his life trying to discern the work-
f nature’s law in order that thought and deed may conform
ure’s harmony. The more he investigates;»the more sure he
es that order prevails, and that there is no supernatural
mena, nor ever have been. But we must hasten to add that
ows full well that only part of nature is or can be revealed
3 and that beyond what he knows as science is a vast realm
d the reach of experiment.”—Cockerell.
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: Chart 24-B
31248 5.0. Rose-jewel, comes.

245 4.0. Sp. bin. Per.20.54d. Spc. K.
00 233343 D :6.1-7. Sep.0”.5. 3’p xAnd.
18 232242 Pl. neb. Bright, bluish green, elliptic-

am., 20”. Var. nucleus and two oval rings.

341 5.9. Sp.bin. Per.322d. Spc. Az.
0 235533 D.:6-6. Sep.2".0.

SLIS:
851 D.:5.5-7.5. Sep.0".5.

5526 Vis.bin. 5.8-11. a=0".82. Per.26.4y. G.
1425 Var. 8.1:12.7. Per. 342.7d.

230114 2.6. Dist.,2721y. Swcor. of Great [J.
are of Pegasus: From AIpha (Markab) n 12° to Beta (Scheat);
: 13° to Alpha And., (Alpheratz), on the Equinoctial Colure;
12° to Gamma Peg., (Algenib); and back 15° to Markab.

4 234811 D.:6.9-7.3. Sep. 18".6.

EATEST OF ALL TELESCOPES NOW BUILDING.

‘has the world been thrilled with the prospect of a new en-
science as by the announcement that a 200-in. reflector—
size and four times the power of the Mt. Wilson giant—
within the next few years, an accomplished fact. The mod-
ade, the necessary millions in money pledged, the staff of
s, foremost men in their various specialty in the world,
and a proper site now being sought. The mirror, 16 ft.
er (about 240 sq. ft. of area), will penetrate space deeps
imagining, picking up billions of new stars of the 25th
less, and “Island Universes” at a distance of 400,000,000
S, reveslmg to us the secrets of their size, velocltxes in
omposition, temperature and other facts wrung from these
celestial units by the wonder-working spectrograph and
ra in master hands. In solar and planetary research the
be conferred cannot be estimated nor predicted, with
t problems solved and doubtless new ones encountered.
are we of this generatmn who may live to see the fruits
miracle of man’s ingenuity in the eternal quest of truth.

astronomers equipped with more powerful instru-
Frobably with more effective methods, will carry on

inter and more distant. It is by taking successive
great problems eventually reach their solution.” —

| -5

‘k‘ -4 is abundant room for the development of new and brilli-
4 | 3 s of attacking astronomy’s larger problems. In general,
3- | it appears probable that future advances will depend upon

lllatlon of many discoveries concerning the units of any
jects, and upon the careful and systematic analysis of
or the basic truths of stellar evolution.”—Curtis.
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231908 D.:7-8. Sep.7")5.

230909 D.:7-8. Sep.25".6. Fielddiverse.
7109 D.:4-8.5 Sep.46".6. Pairs abound.
1413 D.:5.2-7.2. Sep. 13".4. Colorful.
815 Var.6.4:10.3. Per.386.8d.
§18035715 Var.7.4:14.5. Per. 351.2d.
34119 D.:5.3-6.5. Sep.5".6.

FTERNAL MYSTERY OF SPACE.
ogue and c.3551fy with exactness the faunas of the Five
yet to confess only a vague theory as to the nature of the
‘in which they live, would be a serious challenge to science.
hile of various celestial units we have reasonably exact
Ige, of space itself we have only vague hypotheses. Whole
have been written upon its mysteries, many abandoning
ensional reasoning entirely, employing metageometrical
, of attack—a fourth, fifth or sixth-dimensional argument,
‘the same relation to Euclidean geometry that metaphysics
pure physics—vague and imponderable. Still, a few facts
within our grasp: namely, that mterstellar space is
s Einstein proves; that its temperature is absolute zero;
'is not ‘‘empty,” as Eddington shows, supporting at least
rial atom to every cubic centimeter of its content; that,
to Lodge, its functions are gravitation, cohesion, light,
‘and _electro- dynamics—‘‘a vast storehouse of energy in a
ether which only, or mainly, manifests itself in localized
apprehended by us as particles or waves.!” The term
as Prof. Born points out, is only a compromise, “no
noting a substance with its traditional attributes;” and
0 recently contended that the actual existence of an ether
to be “inconsistent with the theory of relatxvxty, yet with-
dium of some sort, how can the propagation of light-waves
d?” Truly, as Newcomb remarked vears ago, ‘“‘Progress
the solution of the greatest problems when measured by
‘want to know. Some questions may require centuries,
ousands of years for their answer.”

damental basis on which science rests is the orderliness
erse. That it is not a chaos has been conﬁrmed by an
 amount of experience, and the principle that it is orderly
versally accepted. This principle is completed in a fun-
respect by the doctrine of evolutxon. According to the
principle of science the universe was orderly yesterday,
today, and will be orderly tomorrow. Accordmg to the
evolution, the order of yesterday changed into that of
continuous and lawful manner; and the order of today
er mto that of tomorrow contmuously and systematically.
universe is not only systematic and orderly in space,

) in time.”—Moulton.
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Orion Nebula contains enou|
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ILLUSTRATION SECTION
TYPES OF

IE GREAT NEBULA OF ORION —Messier 42 — Most impress-
of the diffuse type, enveloping the rare
Lo reveals ruch of the nebula’s internal structure and the location
he gorgeous Trapezium, easily seen with a 3”, or over
hole at the rate of 17.5km.-sec., with a probable revolutionary peri-

The unknown green spectral lines of “nebuleum*™
ents under double and triple ioniza-
In a medium inconceivalily rare —one millionth of a billionth of vur
0sphere — at which rate of proportion one-tenth of our earth’s rnass
Id fill a globe as large as the orbit of Neptune! Nevertheless the
h matter to form a cluster of 10,000
ps 37and 59 (Lick Obs. photo).

P

53

multiple star, Theta Orionis.



NOVA AQUILAE 111, 1918. About the middie of rthe eighth century,
A. D.. (seven hundred and thirty-odd years before the discovery 0
America by Columbus), a mighty catastrophy took place in the heart of
the constellation of Aquila, the Eagle. A star of the 11th. magnitude
(ahundred times fainter than visible with the naked eye, tho fairly com=
parable with ourown Sun in actual size), either exploded utterly or else
encountered another, perhaps a massive burned-out sun, or 2 vagrant
nebula, in its swift space-flight. Within a few hours it flamed up to 2
maximum rivalled by Sirius alone, 400,000 times the luminosity of our
Sun! Now, of the millions of people abroad on theearth in that {ar ay
1160 years ago, not one made note of it, nor even beheld it, for the rea-
son that the tidings of that celestial cataclysm, travelling ear(hward at
the constant rate of 186,300 miles per second, did not reach us till the
night of the seventh of June, 1918, Here anew world, a new gFﬂErS“‘fE
of investigators and a new astronomy greeted it with tools of reseﬂﬂl
of which they of that dark era had not the vaguest conception. _Slo‘f’ Y
then this flaming aegis of the sky paled to the lusterless proportion? Ol
a planetary nebula, after the manner of its class, resuming 1ts "”g'n?a
magnitude, with occasional brightening variations. At present Nozi_
Aquilae 111 is of mag. 10.5, surrounded by a nebulous sheath 18710 5
ameter  Easily glimpsed with moderate powers, 10° west and 8 Sﬁ“to
of Altair, mag. 0.9. The tiny circle on the upper margin of the P i(,
represents the comparative size of the Nova a few days before the “,'n
plosion, which, if that distant sun had a system of planets like our OaEé
must have destroyed them all almost instantly! & Chart 19-C. P
135. (Photo by Dr. Hubble, Mt. Wilson. Exposure 45 min )
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'—"ampl}eyé‘/\iﬁ ELL SIJ;L.R' Messmr 13, in Hercules. Most notable
Bt acd b YI)C}. orty-five thousand suns whose light-journey
hundred tho]egm(]l )et"o.re the dawn of civilization on earth over a
o 1,uSdn“y’ed‘ls ago. Diam., 10 parsecs:32 light years. A
and Anta % lsc’]? blazing suns: red super giants rivaling Betelgeuse
o lé:s, Jue_-wlnte units and myriads of fainter velh’)wh like
Total lumiun which would be utterly lost in its brilliant mazes.
Massed butnosn]y’ .39'000 times Sun’s. Center appears densely
¥ more tha“L‘?oeal stars doubtless are separated from one another
Covered, tho 1(]:13;{2?? 12;521'01]1:11111(:a1 units. No internal motion dis-

sters as a class re a radial velocity of i

Bl See Chart 17-B, p 121, (lla‘\icekqllﬂqudyi:‘)luteh.m" AR B
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ions ari ellar charac=
jor, some of the peripheral condensations appearing of :[LHS“ cl
Jter’, the spectrun{ being of the solar type. Inclination of 38 "dlli'ijllo()ieif
the presence of dark obscuring matter. Mean residual radia Mg
ty ( recessional ), about 400 miles per sec. Estimated dls;dn(up.how’
million light years! For location, see Chart 10-A, page 77.
Mt. Wilson Obs. 607 reflector: exposure 4% hrs.)

Partially condensed type of SPIRAL NEBULA, M 81, in Ursa Ma-

e Spirals

“We must think of our Galaxy as a companion of th A

seen in the telescope; and that we are prob'z_abl_v as nea
nearest spirals as they are to one another.”—Dean.
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BERIEFID NEBULA, Messier 20, in Sagittarius. A conspicuous
“maked-eyed phenomenon in the densest central ar of the Milky
Way. Dark lanes of obscuring cosmic matter lie hetween us and
€ flare of luminous dust-clouds that veil the massive suns inciting
€ radiation, since a star of even the first magnitude will illumine
Lan area over twenty light years in radius, and there must be many
brighter, of various spectral types from O, (blue-white) to K,
Ted-solar). Whole mass probably in a high state of expansive tur-
ulence that has required millions of years to attain its present size
Nd aspect. Messier 20 and its rich environs are worthy of long
q patient study. For location, etc., see Chart 18-C, p 129,
Lick Obs. photo. Exposure, 3 hrs.)
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DIFFUSE NEBULA, Messier 8, in Sagittarius. Irr(r:g‘%leary\;yiﬁ:\} w:)g

in the galactic equatorial region, the densest areas o v ol 16
system. Dimensions, several square degrees, merging nto otl cnderful
class which abound in this bewildering Jomain, notably the WOl eding
Trifid Nebula and M. 21, on the north. Distance, probably C’éim'_s e
100,000 parsecs (326.000 light years). Small perper‘motlon,_uuSion =
wolved, from mags. 1 to 13, radiating energy which gives th[?ilothef“’i“
self-luminous incandescence in the cosmic cloud which wou L5 gian
be as dark as its blackest rifts that doubtless obscure myria S Owill be-
suns in remoter space deeps, never yet seen by man and rrl_?Vr Tocations
Very impressive with clear seeing and low power ocular. o4hrs-)
etc., see Chart 18-C, p. 129. (Lick Obs, photo. Exposure,
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HE WHIRLPOOL NEBULA, Messier 81, in Canes Venatici. First
ula that determined Spirals to be of a distinct class.  On account of
f€Ir vast distance, (Curtis finds by comparison of galactic Novae with
S€ In Spirals that the latter objects lie at a distance approximating
million light years!) these extra-galactic wonders are disclosed in all
arge apertures as misty blotches in dark sparse fields. Buthigher
Bnification reveals them in their true splendor as seen above — colos-
sun and world-building prodigies in vorticose motion that requires
Wards of a hundred thousand years to complete one revolution! Re-
; ,es‘\%ljli}l velocity: 620 km.-sec. Prof. Jeans observes in such spirals as
Cre. hirlpool Nebula a slow development from the globular type under
¥a ased urge of motion until it becomes lenticular, at which critical
5 ?Qr?gr?t%he arms begin to condense at the periphery, finally separating
(M € parent body under tidal action from outside sources.
t. Wilson Obs. photo  Exposure, 10hr., 45min.)
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! .
GREAT NEBULA OF ANDROMEDA — Messier 31,  Inclined 15

to line of sight. Length, 3°. Diam., 14000 parsecs nkl’ﬂ"!yu:((.)\(k)'?\ol
light years Nuclear mass equal to seventy million Suns like o o
Solar type spectrum. Outer regions thick with :n:n({ ]Si'mrcce‘ssionll
boring nebulae belong to the parent system, being of like
radial velocity: 286 miles per second ) _—
About fifty variable stars, thirty-six of Wh_lch are ¢ fltb 1? o
eighty Novae, have been observed by Hubble in the stl\_ll; .»; Copheids
dromeda Nebula, reperts Dr. Adams, of Mt. Wilson. : esen il
establish a good perind-luminosity curve for p'erlqc}s thge e Cephs
seventy days. At the distance of the Nebula lndualte yggnitu e of
eids (nearly a miliion light years), the mean absolute ne1 e @ car
the Novae is —5,2, beside which our own Sun would Ssh”£7
dle amid a blaze of arc-lights! See Chart 1-B, ps. 25 -2/.
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K.NEBULA in Orion. Rara illustration of occulting clouds
OSmic matter which abound in the galactic regions, obscuring,
ording to Prof. Bailey, upwards of 10,000 suns to every square
€e! Tndeed, the entire Milky Way is apparently divided into
oStar-streams by a vast longitudinal sweep of opaque material,

tom Cygnus to Centaurus, which, if torn aside, would reveal
unbroken band of light from millions of suns now eternally
dined, many perhaps far more brilliant than those now seen
Ming the silvery garment of the Galaxy. See ps. 33,47 (Photo
Duncan, Mt. Wilson. Exp, 3 hrs.)
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THE PLEIADES, in Taurus, renowned in classical and Holy Wf{[--gg
observed with moderate powers. Finest of the open cluster type- Q)
suns and photographically (tho probably remoter and thus l:\ﬂ}‘ela?: 2
2000 more. Cluster, according to Dr. Hale, comprises *‘a definite %”y
cal group of common origin and movement in space’” at therateo hite,
century—a Moon's breadth in 5400 years. B-type giants, blue-}';'h[ 2
gold and violet, (in whese midst our own Sun would shine as an €l ol
magnitude unit only), involved in far-reaching nebulosity, the mda Al-
each of the five brightest exceeding our luminary eight hundred fol € reol
cyone, the super-giant lucida of the group, has a surface temperé mpler,
12,000° to 15,000°C., (Sun: 6000°C ), as determined by Dr. rgléiades
“* causing light emission of great intensity.” Diameter of the han th
roup, 101. y., and distance, 325 1. y. —five times more remo}aés
yades. SeeChart 4-B, p. 43, (Photo by Barnard, Yerkes '
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“DUMB-BELL” NEBULA, M27, Vulpec. A vast pearl-white
§ l‘PSpu.ial unit of great interest, several stars of low magnitude
Umining an exceedingly tenuous globe of gas comparable in con-
€Nt to a cubic foot of air expanded to a cubic mile. Probably in
Totation with a period of several thousand years. Diameter, about
00 astronomical units, Parallax, .002. Over 1600 light years
Mistant. Notwithstanding extreme tenuity contains enough sub-
";a”;‘:& to ultimately form a star cluster. See location, Chart 20 B,




SPTRAL NEBULA, HV24, Comae Ber. Typical of its lenticular
form, bulging midway and fading along the extending arms, a riit
of dark obscuring matter slashing the nuclear section, with a faint
star at center. A test object for a six-inch. Spirals are incalcu]a?;lf
in number, scattered throughout the regions of the poles of t‘n_’
Milky Way. Perhaps originally globular, they assume their pré

1 i jo° S1) r on.

sent forms under the stress of gravitation and hlg]\»s[)u‘(l 1%@2‘ 5
Tnconceivably remote and vast in size. ‘‘Possible reservolrs

< systems: O

future galaxies, if not indeed already composing 13
innumerable stars too far distant to discriminate.” See Chart 19
POz | 1
The central, unresolved parts of spirals are something like “::'].I(le‘s
dwarfs of enormous size, where the atoms are as closely p‘;mv_
as in the interior of the companion of Sirius, whose surfﬂcemi““s
ity is 35,000 times greater than that on the Earth. The min i
in the spiral arms of these vast island universes still rema
explained on the basis of Newton’s law. (Jeans.)
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OWL NEBULA, M97, Urs, Maj. One of the most remarkable
of the planetary type, Mag. 12 central star quite discernible with

od seeing, and two others fainter involved in gaseous envelope,
with apparently totally encircling outer ring. Diameter, 200" of
¢, probably ten times the orbit of Neptune. Perhaps a giant
Solar system in the making. For location, see Chart 12 A, p. 89.

Planetary nebulae are so called because each presents a disc
pistead of a point of light, like a star, although they are of stellar
Structure at their centers. Sometimes the starry nucleus is quite
seént, but in the case of the Owl Nebula it is quite bright in
itrast with the silvery lustre of the surprising configuration in
hich it appears involved. The central star is of Type O, denoting
very high temperature, probably thirty thousand degrees, Cent.
'Though there is apparent density, nevertheless more distant stars
[4T€ sometimes seen through more than a hundred billion miles of
PHH€ nebular content surrounding the nucleus, giving evidence of
‘“_S €xtreme tenuity. These objects are extremely remote, with
‘hlgh. velocity in space for all their size calculated to be from five
» 10 €ight hundred times the diameter of the earth’s orbit.
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RING NEBULA, M57, in Constellation Lyra. One of the most
beautiful and unique of the planetaries, easily sighted and strong
enough in outline to be examined. Only annular type glxmpsed
with ordinary telescopes. The nuclear star, about mag. 12.5, seems
brighter because of its spectacular framing, and with good seeins,
even the fainter star, s f, may be glimpsed. A vast and very remote
globe of gas whose central star might enclose our Sqn and ent}f’?
solar system. Elliptical, 83” by 59”. The planetaries, of whic!
there are fewer than one hundred and fifty, tend to congregate if
the Milky Way where stars are found in greatest numbers..
parently revolving on their axes, and of exceedmg;ly vrm}l’hc“ X
structure, they are complex forms and show certain motions ‘1}0“
accounted for by gravitational laws, but due perhaps to radia ]ds
pressure -or other forces as yet unknown to us. Curtis C-Onte:—‘ity
that th= planetaries, owing to their high space velocity, ﬂw”ﬂ"“ﬂg
and other factors, do not indicate stellar evolution in e:n'l."ﬂbm-yﬂ_';
but are sporadic cases of collisions or celestial cataclysms. AV
puzzling class.” See Chart 19 B, p. 133.
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UBECULAR MINOR, Small Magellanic Cloud, .004873
Ucanae. Area about ten square degrees. Distance, over 100,000
t years. High recessional speed, Over a quarter of a million
S in ‘this Cloud are each a hundred times brighter than our
»‘thc.h, in their midst, would be an object of about mag. 23,
visible in our greatest telescopes. Whole region surpassingly
s Particularly in Cepheid variables by which the distance of
Eo loud was determined by shapely, super-giant stars, globular
' open clusters, diffuse nebulae, etc. Globular Clusters, 47
- lanae, lies in field as photographed at Harvard Arequipa station,
:lnd IS itself a stupendous object, milk white with ruddy center.

187



HHE SOLAR SYSTEM

ile the stars and other “‘fixed " celestial units lend themselves to
arts of the cartographer, to map the positions of the Moon and plan-
(save day by day and even hour by hour), would be manifestly im-
ible. Current positions and configurations are given in the several
ithly publications listed in the Appendix, and with exact notation
every day in the American, British and other Nautical Almanacs.

, about
30° from the South Pole, (indicated by white lines, turninghpag.e side-

THE SOUTHERN CROSS in the Constellation of the Centau

; : ; ous
wise), with vast sweep of ciffuse Neb. at extreme right. t itir‘r/l It.
(aist, 27

alar Eclipse, April 28, 1930, Photo by Ansel Easton Adams, at

“Coal Sack" in center. and Alpha Cent., our nearest star, (
Camptcnville, California.

yrs.), at extremeleft. The So. Cross is small but exceptionally
Harvard Obs, photo, Arequipa Station.

prilliant:
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THE SUN
SYMBOL ©

UN-SPOT Maxima Periods, about a decade apart, may
S be called the Jubilee Years of Apollowhen, from an as.

tronomer’s standpoint, he holds forth most brilliantly,
Still, there is seldom an interval between when one or more-
of these stupendous outbursts in the Sun'’s photosphere are
not visible, and even the thrill-proof celestial campaigner js
often awed and spellbound before some sudden solar cata-
clysm that merits world-wide record. For the amateur 3
systematic survey of the Sun, while never-failing inimpress-
iveness, frequently brings important scientific results. Par-
ticularly is this true if the telescope is supplemented with a
camera for making permanent record. (See chapterson Astro-
photograrhy arid The Spectroscope. Also the detailed description of
Dr Hale's Spectrohelioscope for Amateurs).

heliograph-
SOLAR PROMINENCES, Mt. Wtlson Obs.
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SUNSPOTS — Direct Photograph and Hydrogen Spectro!

from Earth: Mean, 92,900,000 miies.

: Mean apparent, 32’ 4”. In miles, 866,500. Surface Area:
000 times Earth’s.
333,000 times Earth’s. Volume: 1,300,000 times Earth’s.
ty: 0.255—about ene-quarter of FEarth's density, ene and
half times the density of water. Surface Gravity: 27.6.
200-pound man would weigh over two and three-quarter tons

the Sun.
Rotation: 27.25 days, synodic; 25.35 days, sidereal.

SUNSPOTS. Photo by Wm. Henry, Brooklyn, N. Y.

rature: Surface, 7000° C., or 12,000° F. Interior temper-
€ estimated in millions.
Gravitational Pull: Equal to a steel rod 3000 miles in di-
€r, extending from Earth to Sun. Light: Equals six hun-
thousand Moons, or fifty billion first-magnitude stars.
¢ If equally distributed, would in one year melt a shell
Ice one hundred and fourteen feet thick surrounding the en
Earth. Perpendicular energy represents three horsepower
Square yard of space on Earth’s surface.
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Principal Solar Features: Photosphere, chromosphere anq .

rona. Photosphere is the source of light and heat, where st

spots and faculae abound. Above is the reversing layer, cop.
posed of incandescent gases, somewhat cooler, about a thoys.

TOTAL ECLIPSE OF THE SUN. Photo by Wm Henry, Brooklyn, N. Y

and miles in depth, in which the spectroscope discloses many
of the elements found on Earth. Enclosing all is the clm()lmo-
sphere, possibly ten thousand miles in depth, corvnpose utgr
glowing gases, chiefly hydrogen; and lastly the ,\aS[ r?mny
sheath of the corona which extends out\\-.arxl into >pa§e e
millions of miles, seen only on the occasion ot a tota e\cjdﬂ;1
when the intenser photosphere is blotted out by the § ?)hi:
and the other solar features may be exammed photograf
cally, and more important still, spectroscopically. .
Light, Sun to Earth, 500 seconds—8m., 20s. Sound “(iUI'd r!;lelfll‘ﬂefs
fourteen years; an aeroplane, one hundred; and relay
seven hundred to cover a like distance. -
If Sun were a hollow sphere, with Earth at its center, t};eér’ o
would describe a circle half way between the cen
Sun’s circumfierence. y -
Sunspots: Colossal storm-centers of solar and magnelflcnﬁrl‘:sgiyn
ranging from a few hundred to many thousands O]omsphefev
diameter, at various levels, some deep in the p]!_ gl
some at higher elevations, with a dark umbra h(oq y i
parison), and converging fllaments of photosp Encncircle the
sources of magnetic energy sufficient to reach and €
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th and account for many disturbing phenomena. General
‘distribution of sunspots between Lat. 5° and 40°, N. or S.,
ew near the Equator and none at the Poles. No true theory
f sunspots established: whether causes or effects, of external
internal origin.

¥e do not believe that the magnetic fields in sunspots can di-
y affect the earth. The best existing evidence points to the
that auroras and terrestrial magnetic storms are caused by
ified particles shot out from eruptive regions which usually
sround active spots. Thus very large quiet spots, with intense
gnetic fields, may cross the disc without producing magnetic
ms on the earth. Such eruptions can easily be seen with the
ectrohelioscope.—Dr. Hale.

ale’s measurements of the flow of hydrogen in the vicinity of
pot vortices have afforded new evidence in support of his pre-
conclusions that the law of gyratory storms in the solar at-
here is the same as the terrestrial law of cyclonic storms.”’—
s.

kable Spots seen edge-on at Sun'slimb. Photo by Wm. Henry.

h’s diameter as viewed from Sun, 17”.6 of an arc. All the
ts together receive but one hundred millionths of Sun’s
il energy. The remainder is lost in space. Each square foot
Sun’s surface radiates energy of 10,000 horsepower per min-
If Earth fell into the Sun, it would supply heat for ninety-
years, and the whole planetary system for 46,000 years. If
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d only by cosmic bodies drawn into it, the Earth tq,
?vlgtlﬂge::cﬁveomz,teo{-ic matter to the weight téf ﬁflty tclms an-
nually per square mile, its axis changed and day engthened—
a manifest absurdity. If Sun’s internal combustion llsi kept up
by consuming itself, even if it were p:.lre.coal_, it woul(f not last
5000 years—a mere instant in the star’s 11fe-h1fitofry‘d' by con-
vection—the outer components falling into an | fee bl_ng lthe e
ternal furnace—since from the size of Neptune ?dorh it t]])e Sun
has shrunken to its present proportions, it wou ave burned
out in a mere fifteen million years. The whole qu]estlon then,
What keeps up the Sun’s mighty forces? is as m!.lcll afcom];)lex
mystery as ever; but the answer at last seems dimly ,()]l’es.lf:gd.
owed in the progressive discoveries of radloactflve elements

h disintegrations yield a maximum amount o _energy to a
s i f these elements—the break-
minimum loss, or transmutation, of t L the b
3 f atoms into electrons under inconceivable pressure and
“flghg:tomillions of degrees beyond anything producible by lab-
gratory methods. Here is a problem we would all love to live
o 1 plete with interest

bservations of the Sun are always replete sty
syl T e
there is not to be found at least on L ao S0

ither elongated at the limb or sharply facing the obs; i
:vlitﬁle daerk Embra and rtlylun(%, ragg%(lll-edr;greedsegecgug}brsz:m\seprgtSweall
defined even in a small glass. The i Of sunspot
well as their approximate location in _longé uofe’the Dest o
preliminarily by focussing the enfhre 1matg L8 the Sun
sheet of white cardboard held a foot 0; tl—‘nv Dehind the
power ocular, and the relative posxtl%r_l g = e up ts floted o
other sheet of cardboard through w u:h le pi’)mm 1d o
telescope extends w‘111 aid in takl_ng_t‘g gllare om the
sheet. As for viewing the spots. individually w th the i B

lar, it is needless to caution the observer tha
(t:g:xtg;:ed 'glare is more than any human eye comllldd;trzi_nds,crzzgg
might be a very dangerous experiment. A dense y Jark
is necessary, preferably of blue or green glassf, Dut
server may make his own by smoking a strip o tl}t ey
slide glass and affixing another strip of glass O}I'er lif. Sep

ing them by a thin sheet of cardboard. Even t en,mck. e
fore the ocular too long in one spot, the glass mag_ : onaly S hih
best method is to make a regular Herschel solar 1311); PRI
can be done very effectively with small expense gion i
instructions given in the instrument-building sec (-qi.ght
makes observation veryfeas]y, elltm&r;ate%lflealéggfyt%ggni‘ng e

he pleasure of solar study. r T
g:(e)l%?egf ,['50: vpiewing sulrllspots, the heat and glare being les;
tense and the images sharper. ] "

Solar radiation, according to Russell, converted m;prepo‘:,‘:sm ge o
low rate of lc per kilowatt hour._ represents a di arestiE rep-
$478,000,000.00 per second! Appalling as this lqsl§ wpof e Suns
reseI;ts x;nerelv one part in over two thousand mil ui?sthe Sun were
total energy radiating prodigally into space deep‘s.t f o feat wou
encased in a shell of ice forty feet thick, the in e{Ies e iameter
melt it in one minute; and a column of ice two mi o ar radiation
extending from Earth to Sun would melt in the tota S
in one second, and disappear in vapor in eight seco

—we
—_the Sun
radiative energy of our own star—the, P other
ha'zlelef:it:l‘;’env:'l:ﬁs computed; but what of the thirty abllllll:zdred or
suns in the firmament, some smaller, but millions

= te 18
even a thousand-fold larger: what becomes of their aggreds
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on continually pouring into space from these vast storehouses
energy? Whither it goes, or is destined to go in a possible

space, as Lodge says, no one has vet been able to hpznrd a
sible guess. Indeed, Prof Jeans contends that space itself is
o vast in comparison with the matter it contains, for all the in-
i , that to discuss the ultimate fate
llar radiation is like discussing the fate of a few grains of
r dropped into the Atlantic!

ZODIACAL LIGHT.—This beautiful solar phenomenon is best
in the Springtime twilight when the Pleiades ride high in the
ens, marking the apex of a weird, cone-shaped effulgence that
ds upward from the sunset horizon in soft ambe_r gradations to the
ith. This is not of terrestrial, but of solar origin, due to the fact
the Sun is the center of a vast lens-shaped cloud of meteoric dust
ich sweeps beyond the boundaries of Venus's orbit, and v151ble.on!y
it these opportune times, or in the eastern heavens before sunrise in
utumn.  Instead of dimming the stars seen thru it, the Zodiacal
ht seems rather to enhance their color effects, imparting a sort of
ly glow, as in the case of an aurora. The spectrum is contin-

lhe nature and origin of the Zodiacal Light is regarded as more
less a mystery.—Eliku Thompson.

bedo.—Lat.: whiteness. The amount of sunlight which a
t or satellite reflects as compared with the amount which
eives. Thus, the Moon reflects a little more than one-
of the light it receives from the Sun; Mercury about one-
; Venus, one-half; Mars, one-quarter; Jupiter, three-
Saturn, one-half; Uranus, three-fifths; Neptune, less
one-half; and the planetoid Vesta, the highest of all—
three-quarters. By comparison, the coefficient of reflec-
f magnesium carhonate is nearly ninety per cent.; of so-
chloride, eighty-two; snow, seventy-eight (Zollner); cloud,
five (Abbot). The f]igh albedo of some planets has sug-
the possibility of their being partially self-luminous—
r, for instance—but there is no proof of internal heat
€nt to augment its natural albedo.

of Sun’s Way. Approximate point of the heavens toward
our Sun and attendant planets are moving at the rate

mi. per sec. (127)

A point in an elliptical orbit furthest from or nearest

Sun—aphelion or perihelion—the Line of Apsides joining

ee. (Gk. hapsis, wheel).

aly. Angular distance of a planet from its perihelion as
ted from the Sun’s center.

on. A planet’s furthest orbital position from Sun. (Ap—

rom; opposed to peri—close to).

inction. Two celestial bodies having the same long., or
J_uganje, to yoke). Inferior C., when Venus or Mercury
in line with the Sun on the near side, and Superior C.,

on the far side, as seen from Earth.

10n.  An outer planet’s position 180 in longitude from
& With Earth between.

10X, Equal night and day. The Sun’s position at the
S€ction of the plane of the Equator with that of the Eclip-

Centrifugal: direction away from center. (Fugio, the
Centripetal: tendency toward the center. (Peto, to
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THE MOON
SYMBOL: ©

OUR knowledge of selenology has widened greatly in re. =

cent years with the work of astrophysicists who havye

met the lunar problem from new points of attack and
greatly spirited our scientific interest in our nearest celes.-
tial neighbor. Refinements of research methods tend to
disprove many theories long held inviolate, to the conclu-
sion that our satellite is not such a dead, airless, vaporless
and eternally changeless bodv as we supposed, but vyield-
ing evidences of recent eruptive disturbances and cven of a
low form of vegetable life inits spacious ravines, presuppos-
ing air and moisture fed from the interior. Atany rate, lun-
ar study is evolving out of its long period of neglect, and is
nov commanding the skill and genius of some of the world's
<2ding investigators whose dicta merit profound respect.

Dist. from Earth: Mean, 238,840 miles—60.3 times Earth’'s equa-
torial radius.

Diam.: 2163 miles—31” 7” of arc—0.273 of Earth’s diam.

Surface Area: One-fourteenth of Earth’s; Volume; one forty-
ninth.

Mass: One eighty-one and five-tenths that of the Earth. Den-
sity: 0.61 compared with Earth; 3.4 the density of water.
(Earth’s density, 5.53.) Gravity: One-sixth of Earth’s. A 200-
pound man would weigh 33.31 pounds on the Moon.

Orbital Velocity: 2287 miles per hour; 3350 feet per sec. Angu-
lar Velocity: 33 per hour—about Moon’s breadth—13° 11’ per
day. Complete circuit twenty-seven and one-third days—one
sidereal month. Synodic Period: 29d. 12h. 44m. 2.86s. (new
Moon to new Moon), varying about two per cent.

Libttation in Long., enables us to see a_lternately ne.arly.eiglil]t1
degrees more of eastern and western limbs; and Libration
Lat., to glimpse over six degrees more of both polar regions.

Atmosphere: Not more than one one-thousanth of our 3",‘1‘_‘&
sphere, if any. Temperature: Lunar night, minus 200 F. 3
fourteen days of constant sunlight must raise this temperatur
very considerably, but it is soon lost.

Albedo: 0.0174—surface reflects only one-sixth of Sun’s light.

Not only does the Moon’s nearness vouchsafe us a more lﬂct;_
mate knowledge of its topography than that of any othel‘O 3
lestial body, but the absence of enveloping vapors, even P
refracting atmosphere, makes the work of selenqgraphers e The
than the surface of Earth’s to our own geodetic survey- oo
vast and waterless Dead Seas of the Moon have been e
ured as with transit and leveling-rod. The craters, somea a
enough to enclose a municipality, others no bigger than 2 men-
urban handkerchief-garden, have been reduced to exact, ing 0
sions. Likewise the mountains enclosing them, often flf
the height of the Catskills or Coast Range, with centra Wash-
lifting from the depths to pinnacles taller than 2 dozen
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gton Monuments piled end on end—all yielding to the refine-
nts of triangulation; and mountains—the lunar Alps, Apen-
nes, Pyrenees and Caucasus, challenging their terrestrial or-
nals for towering peaks and rugged splendor, to say naught
the dread duplicates of Grand Canyons, mimic Death Val-
leys and Libyan deserts. Everywhere is the evidences of
ijmeval volcanic convulsion whose relics no storm nor quake
r disintegrating agency has leveled or perhaps even disturbed
its inchoate aspect. It is the same today as it was ten million
ars before the first star-watchers of Chaldea, save perhaps
the soft reddish-grey mantle of dust that overspreads it from
the meteoric barage of ages.

Comparatively low power will give the moon-student all the
tail he will require for making succeeding observations as the
in crescent widens to full moon, and the elongated shadows
the lunar mountain ranges flatten out to apparent level of a
nished disc. A good lunar map, with the principal objects
signated, may be had very reasonably; and the following of
ese spectacular features in the lunar landscape in the ever-
ngeful light, and familiarity with the major units, will be
nd a charming and worth-while adventure. For those who
sh to delve deeper into lunar lore, let there be no illusions
our satellite’s problems are all unsealed oracles. As -
e says, ‘‘Our present knowedge of the Moon is only fairli
mplete, the result of so much strenuous and persistent wor
ead over the last hundred years, in which the work of ama-
urs forms the larger part. But there still remain many enig-
, which we can only hope will be solved by the continued
orts of lunar observers of the present and future generations.”

OCCULTATIONS.—One of the most interesting phenomena,
urring periodically, which the star-student seldom misses if
nditions are favorable, is the occultation of the fixed stars
d planets by the passage of the moon before them in the
ore or less direct line of sight. Sooner or later every star of
e zodiacal constellations is eclipsed by the moon, stars of the
ird, fourth and fifth magnitude at the rate of a hundred or
ore per month (quite within the detection of small apertures),
occasionally one of the first or second, like Aldebaran,
ica, or of the Pleiades. But the most impressive of all is the
rer occultation of a planet like Jupiter, Saturn or Mars in a
ar sky when the planet seems to hover ‘an instant at the
k eastern limb of the moon, then plunge instantly into ob-
rity, to emerge as suddenly on the western limb a few min-
€s or even an hour or more later, dependmg upon_the chord
the arc which it cuts behind the moon’s disc. Stop-watch
rds of these phenomena are valuable. The Ephemeris gives
. elements for the prediction of occultations of the planets
stars down to the sixth magnitude for every day in the
ar. Occultations have played an important part in the pro-
undly difficult construction of Lunar Tables, problems of nav-
ion, parallax, etc.; and the instantaneous immersion and
mersion of a star behind its disc, without the slightest sign of

lo or appreciable refraction, proves that the moon is utterly
devoid of any atmosphere or trace of water-vapor at its surface.

ently Dr. Brown, of Yale, world authority on lunar motions and
piler of Lunar Tables, has sent out a call to all observers, ama-
r as well as professional, to send in their records of occultations
reduction and permanent tabulation to the better understanding

€ moon's complex variations and the laws which govern them.
is a definite program for the layman, eminently worth while.
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(D—Diameter, Alt.—From depth of Crater or Walled Plain to
A—Mare Crisium, 281x355 mi. B—Mare Serenitatis, 433x424 mi.
50,000 sq. mi. D—Oceanus Procellarum. E—-Mare Humorum,
Nubium. G—Mare Fecunditatis. 1—Tycho, d. 54 mi., alt. 17,000 ft.
mi. 3—Plato, d. 60 mi., alt. 7000. 4—Aristillus, d. 34 mi. 5—
6—Copernicus, d. 56 mi., alt., 24,000 ft. 7—XKepler, d. 22 mi.
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1“m~ B—Mare Humorum, 280 mi. wide. C—Oceanus Procellarum. D—Dor-
'3&000 ft. —Albategnius, d. 71 mi., alt. 9000 ft. 2—Ptolemaeus, d. 102 mi.,
30A1p_h0nsus, d. 75 mi., alt 00 ft. 4—Arzachel, d. 65 mi., alt. 13,600 ft.
3 mi., 5000 ft. deep. 6fDa 7, d. 23 mi., alt. 4100 ft. 7—Bullialdus, d. 38
11 8 —Campanus, d. 30 mi,, alt. 5500 ft. 9—Pilatus and Hesoid. 10—Purbach,
3 —Delaunay, 12—-Werner, d. 45 mi., alt. 16,500 ft. 13—Aliacensis. 14—
d‘s§415f\Valter, d. 93 mi., alt, 9200 ft. 16—Stoefler, d. 90 mi., alt. 11,400 ft.,
9 mi., alt 17,000 ft. 19—Maginus, d. 133 mi., alt. 8000 ft. 20—Heinsius,
'0f100 ft. 21—Longomorntanus, d. 90 r alt. 13,700 ft. 22—Clavius, d. 142
. 23—Schiller, d. 131 mi., alt. 8400 ft. 24—Moretus, d. 78 mi., alt. 15,0001t
199 Mt. Wilson Obs. Photo,




(D—Diameter, Alt.—From depth of Crater or Walled Plain to highes
A Mare Imbrium, 50,000 sq. mi. B—Sinus Iridum. C—Mare Frigor g
14,000 ft, 1—Copernicus, d. 56 mi., alt. 24,000 ft. 2—Eratosthenes, 3 i i ut0” 3

* Imbrium, £0,000 s i Lar i - i
_ ; L : 050, sq. mi. B—Mare Nubium. C—Carpathian Mts. 1—Cope:-
B, s 1 — £ S 3 ~ 7, % Y

{;.Cu:: dT}3e3 A;;i)en:lxtneg,s?).()t.t_tls,g@ f St?llugAr(;:\11312ercllleis, ?1 Sgox?tl.ydilk’t{’ - Cassmll)'ho'l\’ ; 24.200]jt. }Zf—hraltos’télencis, d]t 3; 33'} alts 101:‘6100 £t d3—thimholrl.
cus, d, ., alt. 8,8 . 6 1 s d. .y 11, . Obs. g palt. 2135 {t. 4—Lansburg, d. 28 mi., alt. 97 t. 5—Flamstee . 16 mi.,
mi., alt. 3000 it. 8—Plato, d. 59 mi., alt. 4880 ft. Mt. Wilso i d. 102 mi., alt. 9400 ft. 7—Alphonsus, d. 75 mi., alt. 3900
200 1 ~Ke . 21 mi., 10,000 ft. deep. 10—Tobias Mayer, 9700 ft. deep.
mi., ait. 00 ft. 12—Lambert, d,_ 19 mi., alt. 2000 ft. 13—Timocharis,

s alt. 3200 ft. 14— Pytheas, d. 12 mi., alt. 4400 ft. Mt. Wilson Obs. Photo,
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(D—Diameter, Alt.—From depth of Crater or Walled Plain to highest peak). alt.
(Hold sidewise). 1—Copernicus, d. 56 mi., alt. 24,000 ft. 2—Kepler, d. 21 mi., it
10,000 ft, 3—Aristarchus, d. 27 mi., alt. 6400 ft. 4—Eratosthenes, d. 37 ‘“{1‘0'0 it
10,600 ft. 5—TFlamsteed, d. 15 mi., alt. 1370 ft. 6—Reiner, d. 21 mi., alt. 6

7—Riccioli, d. 100 mi., alt. 10,300 ft. @
i 202 Mt. Wilson Obs. Ph°

The above Relief Map, by Dr. Edison Pettit, of Mt. Wilson
Obs., shows the circles of equal temperatures on the Moon, with
the Sun in the zenith. It is based on calculations made with the
aid of the Hooker hundred-inch telescope combined with the most
delicate of precision instruments, the thermocouple, so sensitive
that it could record the heat from a candle at a distance of one
hundred miles, if there were no atmosphere to interfere,

Only thirteen percent of the Sun’s radiation is reflected by the
Moon, the balance being absorbed and raising the temperature
of that body to about that of boiling water when the Sun is direct-
ly overhead, falling to lower points, as seen on the chart, as the
Sun sinks below the Moon’s horizon. Lunar nights are therefore
excessively cold, approaching the temperature of the Moon’s dark
side which is about —214 degrees F. As the lunar nights are four-
teen days long, the constant temperature during that period must
be about that of liquid air! The changes of such wide range are
due to the fact that, unlike the situation on the Earth, there is
no water-vapor present to pass through, but retaining all but a
small percentage, as is the case on our planet

A S ofP.
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MERCURY
SYMBOL: 8

EING “ Inferior Planets,” and thus never orbiting far

B afield from the parental fireside of the Sun, Mercury
and Venus are no objects for night-long vigils as in

the case of the ““Superior,” being on display to best advan.
' tage just after sunset as evening, and just before sunrise as
morning, stars: and then, in the case of Mercury, for only
a few precious minutes, and for Venus at best an hour or
two, both at crescent stage, like the Moon at quadrature.
But even in small telescopes they aff >rd a thrill that is cer-
t iin to lead one to a deeper study of their classic mvsteries.

Dist. from Sun: At aphelion, 43 million miles; at perihelion, 28
million; mean, 36 million.

Dist. from Earth: At inferior conjunction (between Earth and
Sun), 57 million miles; at superior conjuriction (Sun between
Earth and Mercury), 129 million; mean, 93 million.

Diam.: 3000 miles—only 900 miles larger than our Moon. Sur-
face Area: one-seventh of Earth’s—about equalling that of
Asia and Africa combined.

Mass: One-eighteenth of Earth’s; density, two-thirds; gravity,
one-quarter.

Olégital Velocity: At perihelion, 35 miles per sec.; at aphelion,

Eccentricity: .20560. Inclination to Ecliptic: 7° plus.

Year: 88ds., 23 hrs. Axial Rotation: Unknown. Probably same
as mercurial year—that is, keeps same face toward Sun as our
Moon towards Earth. Owing to libration, one-eighth of Mer-
cury’s surface is alternately in sunlight and darkness.

Temperature: On #de toward Sun, 300° C.; on dark side, abso-
lute zero, i.e., —275° C., or —449.4° F. Mercury receives seven
times as much light and heat from the Sun as Earth, and six
thousand times more than Neptune.

Light: Sun to Mercury, 4 min.

Mercury’s Exception to other Planets: Nearest the Sun; most
light and heat; swiftest orbital motion; most eccentric orbit:
greatest inclination to Ecliptic; lowest albedo; smallest di-
ameter and least mass, the planetoids excepted.

Sun’s corona, elliptical in shape and filled with highly ré
sistant media, extends outward as far as Mercury’s orbit, 1€
tarding the planet’s speed and accounting for its extreme eccen
tricity. (Moreaux.)

Even in full daylight Mercury is sometimes visible in a Sm"]ll

lass or mirror of good definition, and the faint dusky marb'
ings descried. But observers who have glimpsed them are =

no means of one accord with regard to these outlines, am 1

map of Mercury’s surface areas is a desideratum which mt"oyr

the far future may vouchsafe us. Here is some great work
the planetarian enthusiast.
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Transits of Mercury across the face of the Sun are quite fre-
nt compared with the transits of Venus; the next one occur-
on Nov. 8, 1927, and one following ten years later—May 10,
Watching the progress of the little black dot across the
ng disc is a memorable event.

edo: Only 0.13—lowest of the planets, owing presumably to
k rock formation.

ercury is best seen when he reaches his greatest apparent
gation east or west of the Sun, rising or setting about two
s before or after. Spring is best for viewing him as an
ing star, autumn as a morning star, his declination north
e:e times being an advantage. Owing to low horizon and
ght, scintillation often makes him difficult to differentiate
a star. There are only a dozen or more times in the year
n he is on observation, even for so short a time; and it is
that many astronomers, even the great Copernicus, never
limpsed him at all. Calculating the times of Mercury’s most
able appearance from the Ephemeris, (or as noted in the
lous bulletins), he is an object of great beauty and interest;
even a small glass will show his phases very distinctly,
pheric conditions being reasonably favorable.

t recorded observations of Mercury, B. C. 264.

fercury may not be, in himself, one of the more splendid
ts in nature, but he often forms one of the chief brilliants
eal sky pictures of charming character. There is here a
valuable piece of observational work awaiting some capa-
student. It is chiefly amateurs who investigate the physi-
pect of the planets, and they should especially direct their
ion to Mercury and the determination of his rotational
A marking which would aid the solution of the prob-
might present itself at any time. It should be carefully
ed.” (Denning.)
orities agree that daylight observations of Mercury as well as
enus are the best for essaying the rather difficult but
ing task of glimpsing and perhaps making a drawing of
ace markings. Dazzling brilliancies against a dark sky
r to bewilder the optic nerves and quickly fatigue them,
giving rise to phantom objects which subsequent observa-
prove illusory. Many an enthusiast whose ardor over-
ed discretion has announced and staggered the worid
‘discoveries’” which were later proved to be the fictions of
erwrought brain, strained nerves, faulty equipment, or all
combined. Witness the glimpsing of an intra-Mercurial
3 of mountains on Venus twice the height of Mt. Ever-
nd a bursting volcano at the heart of Mercury during a
t! Still, that is no argument against the imminent pos-
y of still greater actual features being discovered by rea-
more perfect equipment and superior intelligence and
knowledge. The planetary branch of astronomy is greatly
ted; and while the terrestrial planets do not offer as bril-
a field for sustained study as do the major, nevertheless,
ho has achieved all there is to be known of these nearer
ary neighbors cannot but be accounted a man of learning
nterprise.
e noblest and most exalted consideration of infinite space is
Newton, who calls it ‘the sensorium of the Godhead.’ For
€ space gives room to infinite knowledge, and is, as it were,
Ofgan of omniscience.”—Addison.
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VENUS
SYMBOL: ¢

UR lovely twin-planet typifies an eternal question.
mark “ hung aloft the night,” being our riearest mem.
ber and closest paradigm in the Sun's family, and yer

the one whose very fundamental elerrents still defy ourpro-
foundest research. However, here are a few facts of which,
antil a greater light dawns, we may be reasonably certain.
Dist. from Sun: Mean, 67.2 million miles.
Dist. from Earth: At inferior conjunction, 26, and at superior,
160 million miles.
Diam.: 7700 miles, to Earth’s 7918. Surface Area: 0.91 Earth’s.
Mass: 0.82 Earth’s. Deansity: 0.94. Gravity: 0.90.
Orbital Velocity: 22 miles per sec. Orbit almost circular.
Eccentricity: 0.007—smallest in system. Inclindtion: 3° 5.
Year: 224.7ds. Axial Rotation: Unknown. Probably same as
the Venusian year, although some recent determinations by English
observers, as well as Pettit and Nicholson, of Mt, Wilson, would lead
to the conclusion that Venus has a short-day period of rotation.
Temperature: Receives about twice as much heat from the Sun
as Earth. y
Albedo: 0.76—highest of the planets owing to cloud-sheath which
surrounds it to the depth of many miles, obscuring its s;r-
face. It is this highly-reflecting vaprous envelope that mahes
Venus at its brightest no less than twenty times brighter than
Aldebaran, nine times brighter than Sirius, and five times
brighter than Jupiter at opposition. I ul
Two noteworthy facts in the student observation of bOtl? ;55;.
cury and Venus are, first, that the best drawings of ts e
face markings by various astronomers have been made ucl'om_
daylight; and, second, that these have invariably been ac
plished with telescopes of small aperture. ' -
As for daylight observation, if the telescope is not prgvflrom
with circles so that the planet’s position may be compute o
the Ephemeris at any hour, when Venus is at western iclear
tion as a morning star, it may be located very easily in 2 el
sky a little before sunrise, the instrument set upon lin i
moved in right ascension from time to time so that e]\;en of 2t
full morning sunlight it is still visible and may be follow!
studied thence for hours.

n

The combined mass of all the Asteroids must be far leffe:r:st

that of our Moon, having no disturbing effect upon 1111ff D ratics

neighboring planets. Their courses are exceedmg}y b

like schools of salmon in a sea of whales. Some of tllelconﬁues
are circular, some elliptical; and some sweep out of the

of the Zodiac by as much as fifty degrees.
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, drawn by G. H. Hamilton: showing surface changes within five days

MARS
SYMBOL: &

ONTROVERSY which agitated the scientific world
for a generation following the discovery and map-
ping of the so-called martian “canals’ —which en-
eering feat appeared to offer us the first visual proof of
ra-mundan- intelligence of human or superhuman order
has settled back into a “plausible but not proven" atti-
ide of mind in which all parties are satisfied to retain their
victions, since subsequent and very favorable opposi-
s have neither substantiated nor nullified them. Nev-
eless, every advance in enlightenment concernirg our
other-planet whose physical aspects much resemble the
arth’s should be given the deepest consideration: for the
iling up of facts and theories year by year may lead to su-
lative results within the next generation, and the obsery-
At amateur may be one to receive the highest honors.

t. from Sun: Mean, 141,500,000 miles. On account of extreme
ceentricity, radius vector varies more than 26 million miles.
ist from Earth: Mean, 48,600,000 miles. Nearest approach, 35
million; at superior conjunction, 234,000,000 miles.
dam.: 4200 miles. Surface Area: Two-sevenths, and Volume
‘Onie-seventh Earth’s. ;

SS: On;-ninth Earth’s. Density: 0.73, and Gravity, 0.38 com-

ared with Earth, so that a man weighing two hundred pounds

lere, and a quarter of a ton on Jupiter, would weigh only
€venty-six pounds on Mars.

Tbital Velocity: 15 miles per sec.

Centricity: Large—0.93. Inclination: Small—1° 51”.
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Year: 687 terrestrial, and 669 Martian, days. Seasons douby,
our own. e
Axial Rotation: 24h., 37m., 22.65 sec.—Martian sidereal day.

Temperature: Mean, 48° F. Boiling point of water on Mars
111° F. (Lowell). )y

Light: Sun to Mars, 12min., plus.

Albedo: Low—0.26—owing to tenuous, cloudless atmosphere angd
dark surface areas.

Mars receives only four-ninths of the Sun’s light and heat that
Earth does, and theoretically should be much colder than sej.
ence has proven it to be. Whence this heat, external or ip.
ternal, still an unsolved problem.

Moons: Two—Mag. 12.0—Deimos, the outer satellite, being only
ten miles in diam., and Phobos, the inner, only thirty-six
miles. (Lowell.) The latter, only 6000 miles distant, has a pe-
riod of revolution one-third of the planet’s own day; hence,
Phobos rises in the west and sets in the east, making this re-
trograde revolution about every seven and one-half hours,

Mean Opposition Magnitude: 2.25, over three times brightness
of a first-magnitude star.

Water-vapor has been found in traces on Mars by Slipher, at
Flagstaff; but Campbell, on Mt. Whitnéy, found not even the
faintest water-vapor bands in the planet’s spectrum. (Jacoby).
Dr. Stoney has shown that water-vapor cannot be held by a
body whose mass is less than one-quarter the mass of the
Earth-——Mars’ mass being only one-ninth. (Espin). Poor con-
tends that “the spectroscope fails to establish anything defi-
nite with regard to atmosphere on Mars.”

As Earth in its orbit around the Sun overtakes and passes
relatively close to Mars every two years and two mqnth;, the
times of most favorable observation of the planet which in all
physical aspects most resembles our own, makes it ppss;ble for
the enthusiast of Martian phenomena to keep up his mtereft
both visually and statistically. For, although there are whole
libraries on Martian discoveries and controversies, no near a;z-
proach of the planet goes by without some new and often starb:
ling revelations leading to new theories, either refuting or_:}zs
stantiating the dicta of a whole army of Martian authori 1il.
Even modest equipment, with good seeing at opposition, wet
disclose many of its surface configurations, polar snowcaﬁ)s,ob.
cetera; and the constant changes over its surface keep t eriod
cerver ever alert for new surprises during this biennial pe 3
You, too, as Prof. Waterfield says, may ‘“leave Mars wit g
memory of some things seen certainly: mists and cAloudsly Sthat‘
water, vegetation and deserts. But there is something ie ggrkl)ﬂ
we cannot forget—a something seen as through a glass e
For, outlined upon the sand of the desert and stretching L
into the regions of fertility we have found strange trac
footprints, may be, of an unknown mtellngence.. der 8

“Knowing as we do how on the earth life exists lmt S here
most diverse conditions, it would appear that on 2 Planesence o
the surface conditions are so similar to our own, the 1“:?; O
intelligent life involves no improbability whatever.
Pickering. o

The first telescopes increased human vision by bg\:e.
times; the latest by no less than two hundred thousand:
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THE ASTEROQIBDS

EARCHING for a missing planet and ultimately dis-
covering a thousand, more orless: this is one of the sur-
prises of a science whose perennial charmis this very
ent of the unexpected. When Titius, in 1772, deduced
athematical sequence for all the known planets from the
outward, leaving only the open space between Mars
ad Jupiter unaccounted for, remembering the honors and
noluments accruing to Herschel for his discovery of Uran-
, all the astronomers of Europe combined in 1789 in a sys-
atic hunt for the hypothetical planet in agreement with
s, known as, Bode's empirical law. It was not until the
rst night of the new century that ‘pay dirt * was struck, to
a gold-prospector’s phrase, in the locating of an eighth-
agnitude planetoid, afterwards named Ceres, by Piazzi, in
ly. Thereafter “‘they came not single spies, but in bat-
as,”’-—a vagrom swarm of interweaving worlds, some a
dred or more miles in diameter, myriads of them mere
ulders. Aside from being mathematical test-objects, as
1 as illustrating Newton's majestic law of universal at-
ction, planetoid-hunting is a very worth while branch of
science that never palls, where earnest effort may lead to
w theories and advanced conclusions.
‘Here is the mathematical sequence of Titius—Bode's Law — that
amazed Europe at the close of the 18th. century, and is quite as un-
plainable today as it ever was:—
each of the following Numbers —
R 0 3 6 it 24 48 9% 197 R348
Add 4, giving— 4 7 10 16 28 52 ' 100 196 352

SR uE o (R) EHDRENG: S
e Ratio.-~ 3.9 72 10 152 27.7 52 954 1918 300.5

he Titius ratios of distance from the Sun are truly remarkable in
eir approximations, falling down most decisively in the instance of
tune. But it is no wonder that the great celestial interrogation-
t, in the fifth place of the series, quickened the imaginations of the
ists of that day as nothing short of a miracle could deo.

O

The Asteroids were probably bodies thrown off by the Sun in
form of a ring, somewhat like those of Saturn, which, owing
the perturbations of the giant Jupiter, never coalesced into
e homogeneous mass—in other words, a single planetary unit.
€ result is a swarm of probably many millions of these or-
€d particles, only the largest of which have ever been de-
Ceres is the leader, though less than five hundred miles
diameter; with Pallas three hundred, Vesta two hundred and
Juno about a hundred, down to Eros, the most interesting
theq all, barely twenty miles across. Owing to its extreme
ntricity and inclination, Eros periodically swirls into the
fines of the orbit of Mars, coming between us and that
anet at a distance of about fourteen million miles!
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JUPITER
SYMBOL: 9]

7= 5 : eat
Photogrupus of Jupiter shqwiug two dmgrent views Of Llc‘lea(s}rthe
Red Spot which, since its discovery in 1878, has appc,atl i
only permanent marking on the disk. At discovery lbeen oray,
cribed as a brick red spot, but more recently it ha_SOO oy 6,300
antil 1926 when it appeared as a plpkxsh spot 19,:3 L o ?.)
miles in size. (Photograph by E. C. Slipher. Courtesy . =.
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VEN the symbol representing Zeus is evidence of the
exalted rank bestowed by the ancients on this chief of
the planetary clan. For, whi'e the origin of some of
e symbols is in doubt, this one seenrs justified, since even
e lensless observers of old must have gauged Jupiter's ap-
parent preeminence over any other ‘ wanderer ' of the zodia-
highway; and his perceptible flatness at the polesmight
ve given them a clew to his inordinate speed of rotation.
deed. those keen-visicned shepherd-starr-en of Chaldea
sht even have glimpszd Io and Europa if not all four ma-
r satellites —a feat claimed in more than one modern in-
stance — though it was reserved for Galileo to see them in
eir true relation to their primary. and deduce the epochal
uths which required centuries for an inflexible intelligence
to accept: And while to this day our knowledge of the Jov-
n mystery isat best tentative and abridged for lack of ev-
lence, the movements of the moons, their vivid transits
d occultations as well as the deep-dyed floating archipel-
of spots along Jupiter's noble expanse, make repeated
ind prolonged vigils a delight and a source of profit always.
Dist. from Sun: Mean, 483 million miles.
. from Earth: At opposition (near side of Sun), 390 million;
at conjunction (far side), 576 million; mean, 483 million miles.
: Polar, 84,000; equatorial, 90,000; mean, 87,000, miles.
317 times Earth’s. Surface Area: 122 times Earth’s.

lume: Nearly 1400 times that of the Earth—greater than all
Ahe other planets combined. Density: 0.23—that is, less than

e-quarter of Earth’s! Interior probably solid; exterior, semi-

liquid, with gases and metallic vapors under octuple layers of
ense cloud 1000 miles in depth, each with a different rate of

rotation. Specific Gravity: 2.64 times Earth’s, so that a man

ighing two hundred pounds here would weigh a quarter of

ton on Jupiter.

tal Velocity: 8 miles per sec.

tricity: 0.048. Inclination to Ecliptic: 1° 19.

11.86 terrestrial years. Day: 9hr., 53m., shortest in solar

stem.

perature: Probably 200° F., but internal heat immense,

‘though insufficient to make planet self-luminous.

bedo: 0.62 (Zollner), owing to its enveloping cloud-sheath
ich gives back more than one-half the light it receives

irom the Sun.

cts at Jupiter's equator move at the rate of eight miles per

cond—28,000 miles per hour!

bons: Nine. Four visible with small apertures, their recurrent

ransits and occultations being given in the Am. Ephemeris

‘and Evening Sky Map so that these interesting objects may
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be studied nightly whenever the planet is visible. Satellite
To is about the size of our Moon; Europa, slightly smaller;
Ganymede challenges Venus, and Callisto almost matches Mer-
cury. These four were discovered by Galileo. The others are
ineffectual as objects of interest, ranging from about forty to
a few hundred miles in diameter. All moons probably keep
same face to planet. Motions of 8th and Yth moons retrograde.
Surface markings, including the famous Great Red Spot (at one
time 30,000 miles long and 7000 wide), shifting and changeful,
proving that the planet itself has never yet been visible. Ow-
ing to Jupiter’s terrific orbital velocity, his surface areas must
be in constant and stupendous turmoil, spots having been
seen to drift by one another at the rate of hundreds of miles
per hour through oceans of metallic vapors! Enormous gravi-
tational power must hold down elements lighter than those on
Earth and unknown to us; and the spectroscope reveals uni-
dentified constituents, besides the spectrum of ordinary re-
flected sunlight. :
Light: Sun to Jupiter, 43min. Earth receives seventy-five per
cgent more lig{npand heat from the Sun than Jupiter. Light
travels from planet to Earth in from 33 to 53min., depending
on positions in respective orbits.

In order that observers making notes of the changing phenomena
seen almost hourly along the various zones of the Jovian planet,
the diagram below, (adapted from the Jupiter Sec., Brit. Ast.
Assn.), will aid in systematic study of the forms, colors and ‘c‘)ther
features. Also will aid in an investigation of the drift in longitude
of the spots and other definite markings to ascertain the rotational
velocities in different latitudes, et cetera. . Drawings should be
made, (preferably in color), within an ellipse to represent the
planet’s disc, the ratio of the polar to the equatorial diameter
being about 15 to 16. Reflecting telescopes give the best color
values, and good seeing cpndltlot_ls are more essgnhal t]lan hlgh
powers. It will be found interesting and highly instructive work-

South Polar Regions

S.S. Temp. Zone—

S Tonp: 2one aesssseesessss—— —S.S. Temp. Belt
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S DR R S S
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N. Tropical Zone—
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212

SATURN

SYMBOL: b

EHOIL D, the supreme appeal in all the solar symphony
— “the most purely beautiful object in all inanimate
nature!”’ Whatever his position in the visible heav-

or the aspect of the rings: broadened out like a cardi-

s hat or fattened to a dagger-edge, Saturn never fails

uicken the admiration and pique the curiosity of the no-

ate or to fire the speculative zeal of the veteran observer.

t. from Sun: Mean, 887 million miles—twice Jupiter’s and

n times Earth’s, distance.

Mistance from Earth: Mean, 900 million miles.

Diam.: 75,000 miles—about nine times Earth’s. Most ob-

ite of the planets, the equatorial being about 7000 miles

€ater than the polar diameter. Surface Area: 86, and Volume
0 times Earth’s.

: 95 times that of Earth. Density: One-eighth of Earth’s, or
nly two-thirds that of water; so that, as has often been said
id pictured, if only there were an ocean big enough, Saturn
ould float! Gravity: 1.2 times Earth’s.

ital Velocity: 6 miles per sec. Eccentricity: 0.056. Inclina-
on. to Ecliptic: 2° 30’.

: 2946 of our years. Axial Rotation: 10h., 15m. Saturn’s
sons are of seven years’ duration.

nperature: About —300° F. Saturn receives but one-ninetieth
the light and heat of the Sun that Earth does, light re-
ring lhr. 20m. to make the journey. Albedo: 0.52—abeut
at of Venus.

Surface of planet probably liquid in a less turbulent state
B on Jupiter, superimposed by cloud-masses of metallic va-
S. Spectrum discloses bands of unknown origin, elements to

213



which there is no terrestrial analogy. Disc is belted like Tt

ter, with shifting tinted areas and local bright or dark ;up,-

which have given a clew to Saturn’s rotational period. ote
It is Saturn’s Ring System, however, that makes him the m

spectacular and unique of the Sun’s august family. These thoSt

flat, concentric rings in the plane of the planet’s equator prl‘ie-

ably not more than fifty miles in thickness, extend oﬁtw; .

from a distance of eight thousand miles from the planet circurd

ference to a radius of 86,000 miles. Being neither liquid, gasm-
ous nor solid, it is as if in remote ages a moon had been crush:ci»
to powder and hurled into space, each infinitesimal particle £l
ing up an independent orbit around its principal, which motjgy,

it has ever since maintained. i
If these rings were homogeneous, the outer rims would move

faster than the inner; but Keeler proved spectroscopically thyy
the reverse is the case. When seen edge-on, as is the case eyer
fifteen years when the plan of the planet’s equator coincides
with our peint of view, the rings become a thin line, all but ip.
visible. At all other times, whether viewed from below the
plane or above it, it is one of the most bewilderingly beautify]
objects in the heaven.

Moons: Ten. The largest, Titan, is easily picked up with a
small glass, being about the size of our own Moon. Two oth-
ers, Rhea and Iapetus, are each about 1000 miles in diameter;
five others ranging from 800 down to 200 miles; and two so
small as to be beyond visual range, being photographic objects
only. All proceed in regular orbital order save one of the lat-
ter, which moves retrograde—a celestial inconsistency which
science is powerless to explain.

THEORIES OF WORLD-BUILDING

During the latter part of the eighteenth century, Swedenborg and
Kant, philosophically, and Laplace, mathematically, offered the
nebular hypothesis: briefly, that tens of millions of years ago the
masses of all the solar-system components were in the form of one
vast moving cloud of gas and cosmic dust. This, under the stress
of gravitation, contraction and cooling, gradually resolved itself
into a concrete unit, which, under swift rotation, finally ;:epnrgte&
portions of its surface mass by centrifugal force, forming rings
like those of Saturn. These finally condensed into individual
planetary forms, the giant of them all, the Sun, at its center. This
theory held for several generations until the progress of astro-
physics made the hypothesis untenable. A practical reverse of this
process is contained in the Chamberlin-Moulton theory of ‘“planetes-
mals.” This conception assumes the planet-building procedure as
having resulted from nothing more or less than the near approa
of a wandering star to our Sun—an accident which may occur to
any star once in several million years. The force of this gigantic
impact dragged the surface Sun-substance into space in the fg‘.'g
of planetesmals, or tiny planets, which assumed ell_lptwal orbt
about their primary, thence coalescing into solid bodies (MeryllfiY-
Venus, Earth and Mars) in the nearer confines, and the ll¢l':‘r
and gaseous (Jupiter, Saturn, Uranus and Neptune), in theﬂ(‘l’“ 8-
regions. More recently Prof. Jeans, revising the theory of ‘V"
mic_encounter,” attributes to tidal forces the elongation Of ‘"
liquid parent mass till that critical state is reached when vast PEZ
tions become detached in isolated units, later condensing info P i
tary configurations and given rotational courses about the stars
The subject is of profoundest interest to all students of ﬂ‘: List)
(See works by Chamberlin, Moulton,Jeans and others in Boo.

214

URANUS
SYMBOL: 3

VE for the reward of patience in having located con-
clusively this tiny emerald gem in the solar circlet, and
aching up on its very romantic history for so modest
ber of so brilliant a family, the seventh planet of the
does not enthuse one to sustained interest. Never-
, what little is known of ““the ‘star’ that set the in-
ual world a-flame "’ in Herschel's time is worthy of se-
consideration, and an occasional greeting is a delighit.

| Phillips remarks, what the discovery of America was to
1d Europe, such was the discovery of Uranus to celestial
e, quadrupling the area of the Sun’s planetary dominions.

from Sun: One and three-quarter billien miles, plus.
31,000 miles. Volume: Forty-seven times Earth’s.

11;1..6 times Earth’s. Density, 0.31 of the Earth; and Grav-
REAT.

Velocity: Slowest save Neptune—4.2 miles per sec.
city: About same as Jupiter’s—0.048—Sun being 83,000,000
s out of center of orbit. Inclination to Ecliptic: 0° 46’ 20”
lest of the planets.

84 yrs., 7 ds. Axial Rotation: 10hr., 45min. (?). Temper-
: Unknown, but probably close to absolute zero—minus
F.—as there is no evidence of internal heat, and planet
es only one-three hundred and sixtieth of the Sun’s
and heat that we receive.

: High by comparison—0.62—about equal te Jupiter’s, else
t would be invisible. As it is, Uranus is seen even in
11 telescopes to be a slightly flattened sea-green disc,
four seconds of arc in diameter, with (under higher mag-
ation) a white streak through the center between two
belts almost perpendicular to the line of vision.
Four—Ariel, Umbriel, Titania and Oberon, in order out-
from planet, all small (200 te 500 miles in diam.), com-
vely close to their principal; and, as their orbits are in-
ed to the Ecliptic at more than a right angle—97°.8—their
n is retrograde.

lculating inconceivable things, testing conclusions by ever
ervations, astronomers gather data for those who shall come
With their eyes on celestial objects unimaginable millions of
iway, they may meet disappointments today and tomorrow;
g0 on building for futures a score or a hundred centuries
e, almost daily uncovering facts which illumine our knowledge
the heavens alone, but of the planet upon which we live.
hopes may often suffer eclipse; but their work is founded
something more than chance; and they press on, content if
t'hley d,(') endures and proves a safe foundation for the builders
ow.
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NEPTUNE
SYMBOL: ¥

HILE Uranus, once located, may be espied withoyt
optical aid by keen vision aided by favorabie condi-
tions—being only a little below the sixth mag_| the
accepted limit of naked-eve visibility — the outpost planet
Neptune. isa telescopic object only, being less than mag.
eight. However, as Neptune occupies eachof the zodiaca]
constellations for a vear or more in succession, once located
his march amongst the stars may be followed with interest,

Dist. from Sun: Mean, two and three-quarter million miles, plus,

Diam.: 33,000 miles—2”.2 of arc—visual mag., 8.5, visible in tele-
scopes of modest aperture, but more difficult than Uranus,
having less albedo as well as being a billion miles more dis-
tant, though slightly larger.

Mass: Seventeen times Earth’s. Volume, fifty-three times. Den-
sity, 0.34, and Surface Gravity, one and one-fourth times
Earth’s.

Orbital Velocity: Lowest of the planets—3.4 miles per sec.

Eccentricity: Only 0.0009—orbit almost circular. Inclination:
1° 45,

Year: 164.9 terrestrial years. Axial Rotation: Doubtful—about
7h., 55m.

Albedo: 0.46 (Zollner)—slightly less than Saturn.

Sun’s Light and Heat: Only one nine-hundredth of that which

Earth receives, still equal to about seven hundred full moons;
and requires over four hours to make the journey.

Moon: Only one, so far as known, about the size of our Moon
and approximately the same distance from the planet, but
with a period of less than six days, and motion retrograde.
No fiction could match the story of the triumph of mind over

Nature’s most secret and stubborn laws as was cxel}mlmecl ﬂ't

the simultaneous, though independent, discovery of Neptune 113)

mathematical deductions leading to a visual verification il the

mid “forties of the last century. It fairly electrified Europe, ?ll“_

incidentally led up to one of the bitterest wars of the intel CHC‘_

tual giants that the world has ever known, whose dlst:mtl.me
bles are echoing still. The perturbations of Uranus, benle"‘v'

due to an outer planet, had long been known; but only two ii’

ing men had the courage and skill to attempt to locatemeu

Adams, of England, and Le Verrier, of France, both ypun% bofsz

unknown to each other. After months of most exacting & +ho

Adams sent his calculations to the Astronomer RO)"BLw‘ o

promptly pigeonholed them, afterwards passing them over 5

incompetent for visual Veriﬁcati(i:mﬁ wnhlout1 success. :

the young Frenchman presente is calculations to lin

Aca\(}ly’emy,g then wrote to the eminent Dr. Galle, of the Berl!

Observatory, asking him to direct his telescope To‘adta new

point in the constellation Aquarius, where he would_h‘;l

and uncharted planet. Within less than a degree of the

lated place, Neptune was found!
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PILUTO

Arrow points to Planet. Bright star below, Delta Gemini
(Flagstaff Obs photo. Courtesy Evening Sky Map).

. Ninth (first trans-Neptunian) planet of our Solar System.

1 Discovergd March, 1930, at Lowell Obs., Flagstaff, Arizona, on

otographic plates of regions calculated by the late Percival

Lowell as the possible location of this and perhaps other more

distant members of the Sun’s family.

‘_A]?istance from Sun, nearly 40 ast units, or approximately three
1on, seven hundred million miles.

Mag., 14— barely visible with ten-inch telescope.

Plutonian year, two and one-half centuries. Moves only three
8Pparent Moon-breadths in a year.

Mass, probably approximating that of Mars.

E Orbit, more elliptical t_han any other major planet, inclined 17°
0 the plane of the ecliptic, all others lying within 7°. Center of
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orbit, just outside that of Saturn; hence, apparently, at perihelion
Pluto’s orbit lies slightly within that of Neptune. >
Probable surface temperature, Absolute Zero (—273 Cent.)
Mass, about three-quarters Earth’s.
Color, yellow, resembling inner planets. (Uranus and Neptune
are blueish).
Albedo, about two-fifths that of the Moon, resembling somewhat
the Moon’s darker areas.

Tllustration adapted from a diagram prepared by Mr. F. L.
Whipple, showing the orbits of the planets_ Earth, Mqrs, ,Tupl"tei'y
Saturn, Uranus, Neptune, and Pluto. The innermost circle dep!lc s
the orbit of the Earth, 1 “astronomical unit,” or 93,000,000 miles
in radius, The planets all revolve around the Sun from west tO_
east—that is, in a counter-clockwise direction. To make the repre

sentation of Pluto’s orbit more realistic, the plane in which it 18
drawn should be rotated from left to right about the dotted 1::‘3
AB, through an angle of 17 degrees to the plane of the 1In'lfl““ G
page. 2The orbits of all the other planets shown, lie near y'tions
common plane, represented by that of the paper. The. post e
of the planets on various dates from 1784 to 1989 are marke! . e
‘center of Pluto’s orbit is indicated by a cross, lying ]QS'E 2 9.5
right of the circle representing the orbit of Saturn, wlucsl °p
“astronomical units” in radius. A.S.
218

COMETS AND METEORS

Comet-Sweeping is a branch of practical astronomy that has
upied the attention of some of the ablest observers; and
mny, like Messier himself, beginning as humble comet-hunters,
ve developed into professionals whose work has displayed
11 and patience amounting to genius. Many great names are
ong those who have served cometary apprenticeship, and
re are corporate societies whose members make a specialty
adding to our treasury of comet-lore. These gigantic and
grom objects, so terrifying to behold, yet many of whose
ual contents you could gather up in a pint-cup, generally be-
g to one of the planetary “families” of comets, Jupiter’s
stly, since he has dragged the greater number of them out of
e-deeps and sent them bowling periodically about the Sun,
ugh all the planets have from two to thirty captures to their
dit. The return of these comets is predicted with fair accu-
oy, usually picked up by the great telescopes and announced
the astronomical periodicals (and also the general press),
before the observer with modest equipment could hope to
slimpse them. But as the comet approaches, by setting the in-
ment in the proper position, and by a careful sidewise and
yw upward movement across the field a few degrees in extent
sing a low-power ocular), the approaching visitant may be
mpsed, and its onward march toward perihelion calculated
watched night by night until lost in the sun’s obliterating
e. After its half turn around the Sun (having possibly lost
rtion of its element, or at least suffered a change in form,
ot utterly torn to shreds by its violent proximity), the comet
iy be picked up again and watched on its swift passing into
icial infinitudes till it becomes the merest dot of vanishing
t. If a small cloud of vapor passed before a star, it would
n or even blot out its light entirely; but through the whole
h of a cumet, nucleus to tail-tip, a star may be seen with
iminished brightness as through a mere aurora, showing that
comet’s most solid content must be in the form of dust of in-
nceivable fineness, with hydrogen and carbon, and a trace of
er elements, in a high state of incandescence. Nevertheless
are very beautiful and interesting celestial phenomena;
whenever one is announced within the range of the obser-
s glass, it is worth all time and patience required to locate
ind watch its progress through the constellations.

Meteor-hunting is another department of the science which

s been found so appealing to the sense of the miraculous and
tiful that societies have been formed for the exchange of
al data and of prints of these elusive visitants, for of course
otography now plays an important role in stalking meteors.
photographic instruments employed are usually small cam-
with wide-angled lenses, shielded by dew-caps, fixed on
sky in the approximate locations of the radiant—the point
radiation named after the constellation in which the shower
redicted. Thus the Leonids emanate from the constellation
about the middle of November; the Lyrids from Lyra, in
ril; the Aquariids, in May; and the Orionids, in October.
metimes the patient watcher will be rewarded with one or
0 bright streaks across his photographic plate; sometimes for
urs there will be none. Still again the plate will be slashed
lines of various degrees of sharpness and directional vari-
and it is the work of the observer to record as nearly as
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joss.ble the altitude of the visitor, its line of progress a
the stars, and seconds of time of flight. These records are
of great value. As Denning says, “Only those who have oce
pied themselves considerably in this work can realize the al:'
tractiveness of meteor observation. Others who are fresh o the
study and lacking experience can hardly appreciate the Dleasure
which the habitual observer feels in its pursuit.” %
Meteor swarms, being the remains of disintegrated comets
preserve their original orbits around the Sun, the Earth cuttiné
throuhg them at the orbital intersections. Here is a fine field
for the visual or photographic investigator; and for ful] in-
structions in the work, maps and blanks, interested observerg
are advised to address The American Meteor Society, C. p
Olivier, Pres., Flower Obs., Univ. of Penna., Upper Darby, Pa.

TABLE OF DATES OF METEOR SHOWERS, (Denning),

muug
often

Quadrantids Jan. 3 [ 230°+52° Slow, long paths
Lyrids April 21 | 270°4-33° Swift, streaks.
1 Aquarids May 2-6 | 338°— 2° Swift, very long.
Draconids June 28| 228°+54° Very slow, short.
Aquarids | Jul.28-30( 339°—12° Slow, long paths.
aCapric'nids; July 25 |303°—10°, Slow, bright, long.
Perseids Aug. 11 | 45°457° Swift, streaks.
Orionids Oct. 19 92° 1 15° Ditto
L_eonids Nov. 14 | 151°+23°| Very swift, streaks,
Andr'medids| Nov. 17 | 25°-+44°| Slow, short, train.
Geminids Dec. 11 | 110°+33°| Short, swift, white.

The rocky material of meteorites is mixed with metalic iron
pure or in compounds, a small per cent almost pure iron mxxg.ti
with nickle. Thirty of the known elements have been found in
meteorites, but none new to science. The very Qerfect crystal-
ization, as well as their fractures and re-cementations, says Dr.
Moulton, indicate that these fragments came from masses of world-
like dimersions. If they were ejected from the Sun, or from
volcanoes on Earth or oon, they would cool quickly and be
lassy instead of crystalline. Chamberlain suggests that they mdy
ﬁe fragmerits of planets of a pre-solar system period; but at any
rate they are proven to be of extra-terrestrial origin.

1f the earth-structure was built up of large and small accretions
of meteotic matter through courtless ages, as the planetesmd
hypothesis assumes, it may be said that the process is still gOlﬂg
on, for upwards of twenty million foreign bodies collide with ou
planet daily. If these aggregations were massed, they would l'd 3
through the barrier of atmosphere and bring a frequent toll of 'les
struction; but being scattered, under a speed of perhaps forty m‘.eﬂ
per second, friction in Earth’s atmosphere turns the greater porti®
of them to vapor and ashes, though the evidence of some of ltlruﬂz
mountasinous size (notably i Arizona and Siberid), as we e
others weighing a few pounds or many tons, convinces us th*i‘ ger
skiey bombardment still goes on, and Earth is slowly growing lari
thereby. Only a beneficent atmosphere saves us from many
tragedy. 3 ’

“Handling a meteorite, we can be sure that it is som'ethmgu‘::lgﬂ
to the material the nucleus of a comet is built up of, if ot
ally 4 piece of a disintegrated comet.”—Bobrovnikoff.
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PART II. s
INSTRUMENT BUILDING

.~ THE REFLECTOR — THE REFRACTOR
MOUNTINGS — OCULARS —PRISMS
SPECTROSCOPES — ASTRO-PHO-
TOGRAPHY — THE SUN DIAL
DRIVING CLOCKS—THE OB-
SERVATORY,ET CETERA

thout the telescope, astronomy could have advanced but little
d the pre-Galilean epoch. Science, like civilization itself, is a
r of tools.”—Curtis.

e pupil of the human eye is about one-fifth of an inch in
eter. It brings to a focus on the retina only so many rays
ht as fall within such an area. If it were an inch in di-
T and could bring to a focus all the rays entering it, our
would be twenty-five times as strong. If six inches, we
see an object nine hundred times as faint as those visible
the unaided eye. We cannot regulate the ﬁ)upils of our

will, but we can build an artificial pupil that serves
ame purpose,—namely, the telescope.”—Showalter.

€ character of the true philosopher is to hope all things not
asonable. He who has seen obscurities which appeared impene-
in mathematical and physical science dispelled, and the most
- and ‘unpromising fields of inquiry converted as if by in-
3 into rich and inexhaustible springs of knowledge and
r will surely be the last to yield to any dispiriting prospects of
the present or the future destinies of mankind. On the other
, the boundless views of intellectual and moral relations which
to him on every hand in the course of these pursuits, the
ledge of the trivial place he occupies in the scale of creation
the sense continually pressed upon him of his own weakness
Incapacity to suspend or even modify the slightest movement of
Yast machinery he sees in action around him, must effectually
in_ce him that humility of pretension, no less than confidence of
D€, is what best becomes his character.”—Sir John Herschel.




URS is the golden age of self-help—the lone.
hand era. We enjoy most that which gjves
us a chance to play our part—if not a first

violin, at least the humble *“traps;” and the best
game is the one in which we are both observer and
participant, Every hour beholds its own miracle
of unheralded genius in unexpected places. A new
discovery in science falls to the honor of an un-
familiar name; a great book bursts the barriers of
a remote wilderness; a new record is established
by a hitherto unknown contestant; and gold med-
als of honor cross the seas to discoverers of novae
or comets who never saw the inside of a great ob-
servatory. Truly, in these times, perhaps even
more than in ages remote, “the race is not to
the swift, nor favor to men of skill; but time and
chance happeneth to them all.”

That which affords the keenest thrill as well
as the most lasting advantange is the product of
one's own ingenious handicraft — the expression
of one’s own constructive individuality. A pur-
chased instrument inspires at best a subjective in-
terest; but one’s own finished product is an objec-
tive experience which gives a deeper insight into
values and relations than is otherwise possible.
Let him buy then who has neither time nor skill.
patience nor assiduity to achieve this personal tri-
umph: but his knowledge and enthusiasm—with-
out which nothing worth while was ever mastered
— will never match his whose labor of love is both
a problem and a pastime; whose workshop i
his classroom and his playground. Not that the
great masters will be equalled or rivalled (though
miracles still abound); but at least the earnest
worker may achieve an instrument that will be 88
open windows into new realms boundless as beau-
tiful, and one of which the giants of Copernical®
and Galilean days might well have been prouc:
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THE REFLECTOR

r T is fortu-
| nate, in a
- way, that a
flecting teles-
is cheaper
thestand-

lay, as well
ier tO con-

a mirror;

TEN-INCH HOME-BUILT REFLECTOR.
Focal length, 90 in. Tube, 11” galvanized iron ir-
rigation pipe. Axes, 1%” machine-threaded pipe.
Four ball-bearings from discarded motor-cars. Cir-
cleson 8”x2” weighted pulley-wheels. Base, sunken
box filled with stone and concrete. Ocular, Huy-

f ghenian, 134” e. f., in rack-and-pinion cell. Defi-
Of @ Per- pition brilliant. Total cost of materials, $26.80-
al triumph. i
S Byron said of Italian—“the most beautiful and easiest
languages to learn, the most difficult to master.” Be
satisfied, therefore, with half measures, short cuts and
fial success. Nothing but your best will bring the re-
ard that your labors entitle you to—riches bevond price.
\ l'lle;s handicapped by difficulties in securing good glass
'a suitable mounting for the larger sizes, anything small-
£ than an eight-inch speculum is rarely advisable, and a
“f-inch is better still. Beyond that size difficulties in-
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\
crease in a ratio that discourages even the trained Profesg
jonal at times; but asix-inch glass requires almost as ny, h
time and laboras a larger mirror which gives far greaters:t
isfaction from the standpoint of light-gathering power 5
ten-inch giving not twice but four times the observing v;ﬂa_
ue of a five-inch glass. The ideal combination, it woylq
seem, is a ten-inch reflector and a four-inch refractor ayyj|.
iary, both of the observer’s own construction.

Another preliminary recommendation concerns the at.
tack on the mounting problems simultaneously with th,
work on the speculum. This may seem a little premature-
but the reason is the very human one that as the mirror ap.'
proaches completion, though other tests are important
nothing gives quite the thrill of satisfaction as when one
slips the unsilvered speculum into the tube and gives it g
real “try out ”’ with a low-power ocular on the moon. Be-
sides this, the leisurely construction of the mounting will
be found a grateful change from the rather monotono
labor over the grinding-post. :

With the relative merits of reflectors and refractors and
the laws which govern their optical principles, as well as the
variations of the Newtonian type of reflector—Cassegrain-
ian, Gregorian, Herschelian, etc.,—we need not deal with
here, but concern ourselves only with the practical con-
struction of the simple Newtonian. This form was devi
by Sir I[saac Newton, about 1668, the first model built by
his own hand, and of less than two-inch aperture. being
still preserved. = : b

Having decided upon the size of your instrument, the
first step is the procuring of your speculum-blank and the
glass ““tool™ of the same diameter but relatively thinner.
(See Appendix: Where to Buy) Asonly the surface reﬂe,c;lon
is required, and no rays pass through the glass asin the
case of a lens, glass of optical fineness is not necessary.
though it should be of high-grade commercial plate, free
from cracks and surface flaws, perfectly circular, ground at
the edges and as thick a disc as possible for your particus
lar requirements—at least an inch for every six of aper
ture. Thus a 1%-inch disc will suffice for a ten-inch s
ulum, but nothing lighter is recommended. :

As you value peace in the family, do not attempt SPeﬁ
lum-grinding in vour weli groomed apartments; for, il G
the drippings of carborundum and emery and the penetrd
tive pervasion of red oxide, the immediate regionof the
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DETAILS OF A TEN-INCH NEWTONIAN REFLECTOR:

A — Hardwood disc, 11”x2”, with four adjusting set-screws.

B — Oak disc, 10”x1”, supporting iron plate to which speculum is ce_mented and anchored with

side-clamps.
€ — Concave speculum, 107x2”, parabolized and silvered on face.

E — Silvered diagonal (oval plate-glass flat), «ffixed to block cut to 45°, from which extends an iron bar passing thru a tube,

A right-angled

itself supported by six adjustable steel wires thru batrel, with thumb-screws for accurate centering.

prism is often employed in place of a flat.
F —Ocular in rack-and-pinion cell, centered on silvered flat or prism.

Telescope tube made of galvanized iron pipe, 117x90”, seamed inside, including revolving sleeve holding ocular system, not

shown in diagram, but seen in photographic reproduction and fully explained in text.



quest of idea over form, as well as the lone combatant's per.
sonal presence, for all his enveloping apron and gauntlees
will resemble the close of a busy day in Flanders. Chooge
rather a shed, outhouse. attic or cellar, preferably before an
open window or door affording light and cheer, for the work
grows tedious as the hoursdrag on, for all one’s enthusiasm
and delight in visible progress. Even most city homes of.
fer at least one solitary refuge where the instrument bujld-
er may hold forth in grimy glory, and solve his problems
without criticism or hindrance. If so, fortune favors him,

MIRROR, TOOL
and GRINDING-
POST at comple-
tion of fine-grind-
ing. The Tool is
cemented to the
top of a 20-gal, oil
drum, filled with
water and support-
ed on a solid stand-
ard of convenient
height, with ample
space for optician
to move around it
duringthegrinding
operation. Careful
levelling of the tool
and perfect rigidi-
ty of the mounting
are imperative.

A template for testing the curvature of your mirror IS
easily made, and is quite indispensable. Having decid
on a ten-inch speculum of ninety inches focal length, let uS
say (a deeper curve may be desired, a ratio, say, of five Of
six-to-one, though nine-to-one gives a wide, flat field), on@
bare floor lay down a batten twice the focal length of your
mirror: i, e., 180 in. from a nail driven in the upper end £
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e as a fulcrum, to another sharp nail, or awl, driven thru
lower end of the battan to serve as a scriber. Under-
h this scriber tack a flat sheet of zinc, carefully mark-
thereon the line of curvature, cutting it out with tin-
or's shears and filing true. As your mirror-grinding pro-
, by standing this gauge across its center, your pro-
ess may be noted; and when you have reached the point
ere the template fits the concavity of the mirror, rough-
ding may cease, and fine-grinding and polishing pro-

Another method of determining your progress is by cov-
ring the face of your mirror with tepid water and project-
the image of the sun upon a wall or sheet of white paper
at the exact focal distance. As grinding proceeds the im-
ge will be seen to grow smaller and smaller until at last it

comes a burning bright disc about thesize of a quarter-
lar, at which point the optician prcceeds to polish and
arabolize.

n the matter of abrasives, corborundum will usuall
found best for rough grinding, emery for the fine. Bot
me in various degrees of fineness, from Grade 40 to 300
d even finer, for the corborundum, and Grades M301 to
0314 for the Wellsworth emery which is standard for ex-
lence. Two hours' grinding with each of four or five
des of corborundum, mixed to a thin paste with distilled
ter, ought to bring the mirror to proper curvature -—- per-
ps in even less time than that --- using just enough abra-
to cover the disc scantily, and working from tweny min-
s to a half-hour at each session --- rarely more. At each
ge of grade be sure to sponge off every trace of the pre-
ling grade, both on mirror, tool, and everywhere about
grinding-post, shaking out apron and gauntlets, for a
ingle rougher grain may drive you back to a previous grade
f grinding, quite discouraging but easily avoided.

ost novices complain that while they find bringing the
or to acceptable curve, with a fine velvety texture of
ace, is comparatively easy, the polishing process is slow
laborious beyond all reason. This should not be; and

: reason usually is because fine-grinding is not carried far
nough. The finest grades of Wellsworth emery ought to
duce asurface that makes polishing easy and sure. This
ery is used by leading lens-workers, washed free of grit
oreign particles, and not used in suspension unless the
rker so desires, in which c=<¢ a quantity is placed in a
glass jar half filled with distilled water, well shaken
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T T
and allowed to settle a half-hour, only the water With the
minutest particles thus in suspension being used. This af.
fords so fine a surface that lens-makers often bring the glasg
to a brilliant polish with only broadcloth and rouge.

It is curious to note how quickly the ingenious workman
will acquire his own individual way of doing things, once he
has mastered first principles and got possession of the main
idea. It is due partly perhaps to man's natural rebellion
against set rules, but still more to the urge of feeling hjs
way along and working out his salvation on his own lines
In the matter of grinding and polishing, for instance, he
may be advised to use three half-diameter circular strokes
to the right to one three-quarter stroke straight across, twirl-
ing themirror slightly by thehandle between strokes, mean-
while moving leftward step by step around the post, mak-
ing the complete circuit every twenty,or thirty strokes, no
two strokes over exactly the same area. While this pro-
cedure is in a general way trustworthy, the operator is sure
to adopt variations of his own as conditions arise —which
is one of the fascinations of glass-working in that it affords
such latitude for original methods. Grubb, who produced
many wonderful mirrors and lenses in his day, affirmed that
each attack on a blank of glass was a new problem and a
distinct adventure.

DIAGRAM OF
GRINDING POST,

A — The glass speculum,
(Curve greatly exag-
gerated to show ef=
fect of abrasion).

B - Abrasive. J

C - The glass “tool™.

D - Grinding post.

E - Cement. F— Wood-
endisc. G Handle,

The puzzling phenomenon of increased concavity as the
two flat glass surfaces are abraded is explained when it is
observed that while with each circular stroke some part 0
the speculum is off the rim of the tool, the grinding of the
central areas ‘‘goes on forever.” This is illustrated in the
above cross-section, though the degree of curvature asillus-
trated represents an impracticably short focus. The depth
of curvature of a normal ten-inch speculum is only about
two millimeters—an amount so small as to be easily over-.
done without repeated tests with the template.

Having achieved as good a surface as care and patienc®
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‘the fine-grinding should reward you, the polishing pro-
ss is next in order; and therein you have the experience of
ny notable instrument-builders to profit by, so that mas-
ey of this interesting branch of the art is only a question
ollowing rules. Various polishers have been trxed—pa—
tin and lead foil, cloth of all grades and textures, silk,
ohite, starch, resin, shellac and paraffin—and whereas
e of these are recommended in special cases for.len.ses,
or prisms, the good old standby, Archangel, Wilming-
or any other good grade of commercial pitch, fulfills
most exacting requirements, whatever shprter-cut expe-
ts may be recommended. Snow's grafting-wax, a Cal-
ia product, which has much the same base, while no
er than pitch, is highly refined, of even texture and the
t consistency without tempering, hold.mg u well at the
ol-edge. I have used and recommended it with confidence
r years. '
/hatever medium is used, it should be melted and twice
ined through cheesecloth as a safeguard; and, .if neces-
tempered with turpentine so that when cold it can be
v dented with the thumbnail. While warm enough
w, but not too hot, the pitch may be poured evenly
r the tool to the depthof a quarter-inch, and the mirror,
. wet with soapy distilled water, pressed firmly down
1 it and moved around to afford a perfect union.. Be-
the pitch is quite cold, lay a straight-edge across the
ol, and with a knife dipped in soapy water, cut V-shaped

<x¥ DAY

SN NV
ANNNNTNY
ANMNNNNTNW
NMYNNNNN

ding Tool cov-
with a quarter-
1 layer of pitch
into squares and
rlaid with rouge
part a brilliant
to the specu-
, Preparatory to
lizing and sil-




grooves clean across the face of the tool about an inchapart
then another scries crosswise, making a series of squares the
middle one of which falls a little off the true center. Brysh
clean and cover with soapy water, replacing mirror under
moderate weight till pitch hardens. You are now ready for
the polishing process which should be done as far removed
from the region of the grinding-post as possible—even an-
other room or a draftless basement; for one grain of em-
ery or corborundum dust on your pitch tool will mar if not
ruin your speculum, and drive you back to fine-grinding
again.

Even the best of rouge [chem,, iron sesquioxide], needs
““washing " so that only the finest of the fine particles touch
the glass. Place a half-pound of the “‘red oxide " in a clean
glass jar, fill with distilled water, shake well and let stand
over night. Pour off water, leaving about an inch to cover.
Spoon out the top portion, spreadingit evenly and thinly
over the pitch squares. Place speculum on the rouged tool
and proceed to polish with a straight stroke, varying it oc-
casionally with the circular, twirling the handle between
strokes, meanwhile moving about the post as in the grind-
ing process. Within a very few minutes a change will be
scen, the central areas will brighten, and little by little, de-
pending on how far the previous fine-grinding was carried,
the entire disc will take on a brilliar t polish. If the opera-
tor experiences any difficulty in attaining his ideal of a per-
fect reflective surface, he might finish polishing and parab-
olizing with a thin coating of melted beeswax laid over the
squares with a camel’s hair or surgical gauze brush. The
foundation-comb used by apiaristsis refined and free from
foreign matter, but straining through muslin while very hot
is a simple and wise precaution before using any kind of
wax.

You have now a speculum ground and polished to perfect
spherical curvature, perhaps, but this is far from producing
a perfect image, as Newton and his contemporary mirror-
makers saw and demonstrated mathematically. All the

A spherical speculum with dotted line inlicatin% a deepen'ng Ol{
the central areas in the form of a parabola in order to |7r=n5‘d?)’
of the reflected rays to one focal point, (Curves exaggeratcd/
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ys which strike a spherical mirror in straight lines are re-
ted back, distributing themselves along the focal plane.
ese rays must all be brought to a single point, as near as
possible, at the eyepiece; hence the parabola which approx-
ates this desideratum.
In order to accomplish this it is only necessary to alter the
pitch-pad on the tool by paring down the outer squares and
Jeaving the central areas intact; which, on resuming the pol-
ing functiononce more, will naturally wear down the cen-
-al regions of the speculum, altering it from the spherical
the parabolic form. When you realize that the difference
tween the curves is computed in hundred-thousandths
an inch—an amount so minute that no micrometer can
gister it, and only repeated laboratory tests on an artific-
star can prove it—the danger of over-parabolizing be-
mes apparent, Usually twelve to fifteen minutes’ parab-
olizing will bring the mirror to a point of readiness for a first
t, if not to complete parabolic curvature. It is much eas-
rand safer to approach this condition slowly than to over-
parabolize and be compelled to alter the pitch-pad in a re-
rse form to bring the mirror back to normal curve again.

PARABOLIZING
TOOL.
Being the normal
olishing Tool cut
own at the periph-
to alter the form
the mirror from
e spherical to the
arabolic, bringing
l the rays to one
1 point.

] =

There have been innumerable lens and mirror tests, with
W and then an original one—or at least a modification
one long tried and found reasonably true in all the optic-
laboratories of the world since the time of its inventor,
~con Foucault, about the middle of the last century. Tho
At calls for no elaborate or expensive apparatus, the Fou-
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cault “knife-edge " test will be found as much a test of pa
tience and skill as of the product of your handicraft - bu{
let not that discourage you, for it is above all a very beay;.
ful experiment.

In a curtained but not too dark a chamber set up you
mirror vertically on a standard or low shelf against a wa]|
anchoring it there securely. Directly opposite, at the cen.
ter of curvature, as when scribing the template, place a small
table upon whichstands a small tin coffee-can with an inch.
hole in the side toward the mirror. Over this hole glue 5
piece of black darkroom paper in whose center you haye
thrust a cambric needle, making a clean round hole. Dj.
rectly behind it in the can suspend a frosted electric glcbe
or place a small oil-lamp, which thus makes of the pin-hole
your artificial ““ test star.”

DIAGRAM OF THE FOUCAULT “KNIFE-EDGE " TEST.

A—Enclosed lamp with pin-hole sight to imitate a star.

B — Observer's eye brought very close to upright knife-edge.

€ — Razor-blade in focal plane, cutting cone of rays from mirror.
D — Speculum under test.

To the left of this point of light, on a level with it, set up-
right on a moveable standard a safety-razor blade. or other
knife-edge. Bend close and bring your eye to the left of the
lamp, and by cautiously moving the latter, you will find
a position in the focal plane where the light of the artific-
ial star will illumine the entire mirror with a brilliant sheen
of light. Now, with due care move the knife-edge along to
a point where it cuts the cone of light from the mirror, arn
you will note the typical parabolic shadow—a faint smoke-
ring effect : one proof of a good speculum. See Appendix, p291-

[f, now, in place of the knife-edge we substitute a low-
power eyepiece, likewise placed in the exact focal plane, W&
shall see the image of the ““star ™ reflected back as a s t
burning bright disc; and wherever carried across the field o
the speculum, remains the same—clean and sharp of core

tour, like a bright new dime—clear to the mirror's edgé
But this is an ideal condition; and ten chances tO Og:e-

considerable labor still will be exacted of the operator
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'such perfection is reached. There may be certain zones
here faintly darkening shadows show slight eievations, or
ers that denote slight depressions; or still again, inequal-
ies near the periphery—all of which must be noted and
1e mirror returned to the polishing-tool, slightly altered to
et +he requirements, for correction, While this may ap-
ar to be difficult, it is surprising kcw soon the remedy for
nese fau'ts will suggest themselves, and how amazingly the
ass responds to the lightest chastening, even with rouged
all of the thumb or finger-tips. Figuring a mirror to per-
ect paraboloid form is a very delicate if fascinatingart; and
chief feature is that it is so easily overdone. Volumes
e been written on this intricate subject; but the ablest
entor of all is patient persistence in the test-room.

" As you will doubtless avail yourself of the first opportun-
ity to test the merits of your optical handiwork on the stars,
you will be grateful for the suggestion that you provide in
advance a mounting, however simple, for your precious
nirror, much as a proud mother has the cradle in waiting
the new-born child. Any loose makeshifts may lead to
ppointment and the illusion that vou have not succeed-
so well in your undertaking at all, when in reality theim-
rfect performance of your mirror is wholly due to faulty
lignment of the optical train, improper focussing or ocular
too high power. But well mounted, you will be surprised

ts unsilvered light-gathering power on some object like
e moon, though it is only the silvered and polished sur-
, giving eighty to ninety per cent reflection, that brings
the stars in their true beauty and majesty. This silver-
g process — all honor to Baron [eibig!—is not difficult;
is one of the prettiest experiments in applied chemistry.

‘Anyone who has had even slight experience in darkroom
vork—and who among this generation of experimenters
not ?— will welcome this silvering episode as something
rhis own heart, being somewhat in the nature of devel-
ing a rare negative or print, save that in case of failure to
tain the highest results in the case of a silvered surface, he
sponge off with nitric acid, wash we!l and begin again—
d doubtless often will. But while no darkroom is neces-
, the same rules with regard to exact measurements,
ically pure ingredients, regulations of temperature and
ove all cleanliness, obtain; and there should be neither
Ste nor guesswork. The formulae are standard; and as
ven here and in the Appendix, offer quite a field for experi-
entation with view to attaining the best results,
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TEN-INCH
SPECULUM
Banded with 4 wide
strip of paraffineq
paper tohold the sj|.
ver nitrate solutiop
during the <ilvering
process—one of the
most interesting ex.
periments in the art
of Reflecting Teles.

cope building.

( Other Silvering
Formulae are given
in the Appendix).

Clean four quart-bottles thoroughly, and label: A, B, C,
and D, as seen in the above cut.

Solution A— Nitrate of Silver, 175 gr.
10 oz.

Solution B— Ammonium Nitrate, 262 gr.
ter, 10 0z.

Solution C -— Granulated sugar, 15 oz., distilled water, 5 oz.
Dissolve and add Tartaric Acid, 50 gr. Boil in glazed dish
ten minutes. Add pure grain Alcohol, 1oz., and water to
make 100z,

Solution D—Caustic Potash, purified by alcohol, 1oz.
Distilled water, 10 oz.

Lay speculum in large graniteware dish, face up. Cut a
three-foot strip of stout paper, about three inches wide, and
run it thru a shallow pan of melted paraffin. coating it well
on both sides. Wrap this strin tightly around the rim of
the speculum, securing it with several turns of strong cord.
This will serve as a container for the solution during the sil-
vering process.

With rubber gloves to protect the hands as well as the
mirror, with a wad of surgical gause dipped in pure nitric
acid, go over every square inchof the glass surface severd
times with thoroughness and considerab'e pressure to insuré
absolute cleanliness, rinsing with distilled water between
scrubbings. A saturated solution of stannous chloride. di-
luted one-half with distilled water, as a finishing cleanser. 'S
advised; but all traces of this scouring agent must also be
eliminated, The insistence upon a perfectly receptive Sur™
face to the silvering agent cannot be too strongly empha-
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Distilled water

Distilled wa-

d. After the final rinsing, cover the glass with distilled

er and let stand in the same temperature as the chemi-
for several hours. At a temperature of 60° to 70°F .,
silver deposits best, If warmer, the action is too rapid
ad the metal deposit too soft to stand the polishing pro-
ess afterward. If too cold, the mirror coats slowly.

Place two measuring glasses side by side, Into one of
1em pour an ounce of Solution A, adding an ounce of Sc-
on B. In the other glass mix likewise one ounce of So-
on C, and one of Solution D, You are now ready to
er.
our off the water covering the face of the speculum, re-
lacing the latter in the graniteware dish. Pour contents of
measuring glass into the other. The mixture will in-
tly turn straw-color, soon deepening to inky blackness.
this instant flow the solution over the speculum, rock-
the dish vigorously. Soon the metallic deposit will be
to film over the entire disc, while muddy granules will
thru the solution. Before these floating particles set-
00 thickly over the silver film, pour off the solution and
over the mirror enough distilled water to cover, Mix
olutions A, B, C. and D, exactly as before, pour water from
speculum and flow over with thc silvering mixture a sec-
time. This doubles the thickness of the film, Repeat
ird time; and, if an extra heavy deposit of silver is re-
gired, a fourth. It should be so that when held up to a
indow or an electric light, objects may be seen dimly out-
d throughit. This accomplished, the mirror is returned
he dish, flowed with distilled water, and every inch of
surface gone over very cautiously with a tuft of absorb-
eotton to clear away the muddy settlings of the chemi-
Repeat two or three times till the silver is bright and
, taking care not to damage the tender film; then set
on edge in a sunny window to dry and harden.

Ifinstructions regarding purity of chemicals, temperature,
d above all cleanliness and caution in manipulation, were
erved, your mirror is doubtless very brilliant, even with-
polishing. = Still, this process is quite simple and will add
ly toits efficiency on the stars.
fter a couple of days’ hardening of the silver deposit, lay
speculum face up on a stove-shelf to warm. Spoon out
le of the washed rouge on a saucer, allowing it to become
e-dry over heat. In a piece of soft new face-chamois wrap
lump of rouge, working into the chamois as much as it
take up, discarding the rest. Place the mirror be-
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fore a window, wrap the rouged chamois around a wad of
cotton and begin polishing at the center, lightly, with cirey,_
lar motion, slowly advancing toward the circumference. A
full hour may be well spent in this occupation, for the re.
sults will fully justify the painstaking, and your speculum
will resemble a polished block of finest ebony.

Doubtless by this time the ambitious optician will be s
pleased with his handicraft and thrilled with the prospect
of giving the results of so much labor a real try-out on the
stars that he will be thankful he had the foresight to carry
on the building of the mounting simultaneously with work
on the speculum, and now has it in readiness for this inter-
esting event. However, many affairs may have intervened
to make this impossible, however desirable. In that case he
is recommended to construct a temporary mounting, as de-
signed after the English model by Prof, Fullan, which may
be easily made, having all the merits of serviceability, rig-
idity and low cost. The lower bearing may be set in con-
crete, the wooden frame, properly oriented, in perfect bal-
ance, permitting a full sweep of the telescope in Right As-
cension and Declination for all the visible heavens save, of
course, the extreme circumpolar regions. But remember,

ome of the greatest reflectors suffer that handicap as well.

*“English Equatorial ™' type of Reflector mounting.
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. The plain “parallactic ladder’ form cf mounting pic-
tured on the preceding page may be elakorated into a more
ermanent device with ingenuity and a little more expense,
as will recommend itself to the builder. Eut whether it
be of this model or the equatorial form illustrated else-
here in this chapter, four things are paramount: rigid-
ity, perfect alignment, smooth working parts and balance.
- The reflector may ke set up in any open space which com-
ymands a wide view, particularly of the southern hcavens. A
domed or sliding-roof housing for a reflector is not imperative
our latitudes, though many have so provided, since by fit
ing a tight felt-lined cap over the mirror, (reached througha
Joor at the lowerend of the tube, as shown in the reproduc-

UBE OF TEI ESCOPE, showing door for capping and uncapping
‘mirror, or for adjustments as occasion requires.

tion ), and covering the optical end during inclement weath-
, the instrument will retain fair adjustment for years. As
further precaution against tarnishing, the speculum may
flowed over with lacquer diluted six to one with amyl ac-

ate and dried an edge. [tisso transparent asnot toimpair
the reflective values of the mirror to any appreciable degree.
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Having chosen a spot withat least a free north and south
view of the heavens, set solidly in the ground an upright foyr
by four post about two feet above an eight-foot square plat.-
form. Around this post set a box of twelve-by-one inch lum-
ber, squared with the points of the compass, and filled i,
with crushed stone and concrete, topped with a heavy oalk
platform for the telescope mounting, oriented, levelled and
made secure. A heavy hardwood wedge, sawed to an angle
equal to the latitude of this chserving station, supports the
polar axis, which, on looking through it, should show Polar-
is in its exact fixed eenter.

Ordinary inch and one-half and two-inch galvanized iron
piping, machine-threaded for accuracy, serves very accepta-
bly for.polar and declination axes, the bearings being tight-
fitting steel collars, or better still, discarded motor-car ball-
bearings which are inexpensive and afford ease and smooth-
ness of motion. Right ascension and declination circles may
be marked off accurately on the flat faces of eight-inch pul-
ley wheels, previously painted dead black, the former with
the Hrs, and Mins., [ to XX1V, and the latterin Degs. and
Mlins., running both ways from 1°to 180°, the readings de-
pending upon which side of the pier the telescope is swung.
Old clock-hands clamped to the tubing will serve very well
for indicators. In the matter of adjustment for observation,
when the declination axis is horizontal, the right ascension
circle should be set at 0, or XXIV hrs.; and the declina-
tion circle should read 0° 0’ when telescope points to a
star on or near the celestial equator, -- 3 Orionis, ¢ Virginis,
8 Aquilae, or ¢ Aquarii, for instance, -- or 90° when fixed on
the North Star. 4

The construction of the main tube will probably be del-
egated to the practical metal-worker, tho here again per-
haps the valiant experimeter will decide to “‘go it alone.
Galvanized iron irrigation pipe comes in various sizes, tho
a neater job may be done by building it specially, seam-
ing it inside. Its diameter should be at least an inch larger
than that of the mirror, four or five inches longer than its
focal length, a revolving sleeve carrying the optical parts,
as seen in the illustrations. Reflectors up to six-inch aper-
ture may revolve in their cradle supports, tube, mirror, op=
tical parts and all; but for larger sizes a fixed tube with 2
revolving sleeve that carries diagonal mechanism, eyepiece
mounting and finder, will be found a great convenience,
making observational adjustments quick, smooth and easy-
This sleeve should be large enough to support two quarter-
inch iron rings on the inside which fit snugly against two
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er rings affixed to the outside of the tube, the sleeve
ped firmly with bands and revolving true.

REVOLVING

. SLEEVE
olding the diagonal
ocular-tube and
der for quick and
adjustment on
ther side of pillar,
ing steel wires
thich support tube
ntaining a sliding
ar to whose further
d is affixed the di-
gonal flat.

The sleeve thus removable makes it easy to arrange all
details of the optical train: lengthening or shortening
tube so that the focal point falls within the ocular sys-
m after right-angled reflection from the diagonal. The
entering and anchoring of the flat is also made easy, for
O true image is possible without perfect alignment.

s, elliptical in shape, large enough to receive the image
tits proper station, and bevelled at bothends. It should
e silvered as carefully and polished as brightly as the mir-
itself, and offers a good subject for preliminary experi-
ental worl along these lines before attacking the major
blem of the mirror. A perfect diagonal is an achieve-
t in itself.
While the great reflectors employ the diagonal flat, small-
es may use the right-angled prism with increased ad-
ntage, since asilvered flat gives from eighty to ninety per
it reflection while a prism gives practically one hundred,
moreover needs no after care save to keep clean. Still,
ms are rather expensive to buy, unless the worker de-
S to undertake grinding and polishing his own according
nstructions given later on, in which effort he will find
her opportunity to prove his skill in the instructive
ts of glass working.
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It is scarcely necessary to call attention to the fact that
counterweighing of both polar and declination axes is es-
sential to insure smooth movement on the bearings during
observational hours. Most print-shops have *‘hell-boxes ™
for discarded type-metal, and a quantity of this may be
had at a reasonable outlay, melted and moulded into discs
that fit the iron piping of your axes, counterbalancing to
a nicety, without appearing cumbersome.

Another detail concerns the blackening of the inside walls
of the entire telescope tube to insure against cross-reflec-
tions. Vegetable black in lacquer thinned with wood alco-
hol will be found efficient and fairly permanent.

The important matter of eyepizces and their construc-
tion will be found elswehere, if the experimenter wishes to
pursue an interesting byway in optics instead of purchas-
ing the finished product from a dealer. Sooner or later he
will probably take up this branch of the art anyway, and
so have a full battery of oculars for the price of one or two
of the professional kind.

A finder being merely a wide-angle field-lens with a pos-
itive Ramsden eyepiece with cross-hairs, the glass-worker
may also undertake one of these, in the meantime content-
ing himself with an ordinary field-glass from which he has
removed the erecting train. Even with a good finder, just
plain sighting along the tube-length gives fair accuracy.

A convenient notebook at hand is recommended; for,
whatever operations are repeated at a later date — and
there are certain to be many —it is a source of satisfac-
tion to be able to turn back to dates, hours given to each
successive function, materials used, etc.; and particular
data regarding every phase of the parabolizing, silvering
and polishing processes. This information may save much
time and avert many an error in subsequent operations.

As a passing admonition: do not suffer your passion for
instrument-bunding —and | have known it to become a pos-
itive obsession in more than one instance—to blind you to
the prime object in view: that of observing the heavens.
It is well sometimes to try to improve upon yourself, but
this commendable enterprise may be overdone. I have in
mind several who started out with the genuine ambition to
become astronomers who were so enamored of the fine-art
of mirror and lens-making that they have done nothing else
since; and the glories of the heavens are still a sealed ora-
cle tothem. Perhaps a perusal of Part I, of this book, will
stir them to a realization of what they are missing by to®
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much devotion to the grinding-tool, and profit accordingly.
Remember that the best traveller is not he who makes un-
due haste to reach his destination, but rather the one who
derives the utmost pleasure and profit from each day's un-
hurried progress. In this work one may delve as deeply into
" mathematics, optics and chemistry as one may wish, for the
field is vast and the rewards are great; but if each day's ad-
vance yields its own intellectual profit, ultimate triumph is
assured, even to those unskilled in the higher sciences.
Asto the respective merits of reflectors and refractors, it
- would seem that those who own them should be the most
competent to judge; tho, as Pope said of our consciences
" and our watches, each is most inclined to ‘‘ believe his own."*
Nevertheless, there area few facts relative to each that are
worth consideration by the prospective telescope-builder.
As to initial cost, the reflector has an immense advan-
tage. A ten-inch speculum-blank and “tool™ cost about
eight dollars; the crown and flint optical discs of the same
size for a refractor, upwards of two hundred. The mount-
“ing of the former may be a very inexpensive home-built af-
fair, while that of a large refractor is intricate and costly.
A ten-inch mirror may be ground and figured in ten to fif-
teen hours; an achromatic lens of equal size would require
" months of most exacting labor to bring to equa! perfection.
- Aperture for aperture, the ratio of power is about eight
and one-half to ten, in favor of the refractor. The latter
Jis rarely truly acnromatic, being more or less afflicted with
‘color aberration, while the reflector gives clean, sharp im-
ages, tho liable tospherical distortion by reason of temper-
‘atural changes, open-tube air currents and flexture. A re-
fractor's tube being closed avoids these very largely.
Observations with the reflector are easy, even of objects
at high altitudes quite inconvenient to reach with a refrac-
‘tor and star-diagonal, especially tiring for long sessions.
In astrophotography, and in some phases of spectoscopic
‘work, the reflector stands supreme; but in the field of vis-
‘ual observation the refractor has never been supplanted.
Refractors of small aperture are handiest for quick ser-
‘vice and short sessions, portable, easily adjusted, never de-
teriating, and requiring no special care. Moreover, some
ochal work has been achieved with such instruments in
e hands of masters. Vide p. 95. As previously observed
hen, the most efficient star-layman’s equipment, it would
em. 1s a ten-inch reflector with a refractor of small aper-
re as a most valuable adjunct, both the products of his
constructive genius.
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While the methods em-
ployed in mirror-making
do not admit of much lat-
itude for such individual
variations as may present
themselves; with mount-
ings the case is different.
Here the ingenious crafts-
man may choose from var-
ious designs that which is
best suited to his require-
ments, his skill with tools,
his equipment, and mcre
thanall, perhaps, hispurse.
Even if he does clect to
follow some particular de-
sign, the charices are that
he will depart more or less
from the original pattern

Gas-pipe mounting for 8%” mirror.
Coupling on oak shaft permits re-
moval of optical parts. E: Eyepiece.

| (V.M. Massey, S. Pasadena, Calif.)

(Left) “'Auto” mounting, using a
discarded driving shaft For mir-
rors up to 10”. (F M. Hicks).

as work progresses, so many
variations suggest themselves
to the better solution of the
mounting problem as he sees
it. Few mountings work out
as originally planned fromthe
photos and specifications.
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Next to optical perfec

* tion is facility and ease in

.observation. Any inno-
vation that mitigates the
fatigue of long sessions at
the eyepiece makes for ef-
ficiency and pleasure in
the work at hand. ina
'staticnar, ocular mount-
ing, while involving two

.~ reflecticns of the image—

one at the diagcnal flat,
the other at the . ncased
prism in the polar axis—

* the incident loss of light
it negligible, while thea .-

vantage of surveying the

~ entire heavens from one

pcsition is obvieus. This
particular mounting de-
mands some considerable

. mechanical skill on the

part of the buildcr; but

- aided by the fine plue-
~ prints (whichmay be had
~at mere cost from the de-
- signers ), the task should

not be so very difficult.

Fixed Eyepiece mounting. with douhle
Prism system. Built by O. S. Marshall,
Springfield, Vt. (Below: close view).
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“‘Pasadena Mountine." stationary eyepiece, for mirrors up to 12”.
Designed by F. M. Hicks, Pasadena, Calif. (Blue prints at cost).

Aside from the physical comfort of remaining seated at
the eyepiece during an entire observing session, there are
other features of the fixed-eyepiece reflector that challenges
the refractor for readiness and adaptability While a find-
er has alwavs been regarded as a prime necessity, whatever
the type of instrument, it is probably less frequently em-
ploved with a mounting of this pattern, and some discard
it altogether. Sighting along the tube with the aid of ring-
sights affords fair approximation, when with a low-power
ocular, giving a field of half a degree or more, the object
sought mav be quickly centered, and a higher power sub-
stituted, if desired. Again, graduated circles in right as-
cension and declination in the fixed-eyepiece form are easy
to install, with the very distinct advantage of being always
within instant range of vision, and vou are spared the ne-
cessity of leaving your post to go gunning in the dark with
a flashlamp to secure vour bearings—alwavs a loss of val-
uable time and sometimes dampening to enthusiasm. In
the case of variable star work, when it is desirable to make
as many magnitude estimates at a single session as possible;
often in widely separated celestial areas, the practical val-
ue of circles right under your ocular, as it were, is obvious.
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Equatorial Mounting for 10” Reflector, by J. A. Johnson,
Fresno, California. (See also Driving Clock, in Appendix).

Thus the ambitious telescope-builder will decide upon
the mounting best suited to his needs, his dexterity with
tools, and of course his means. But whether it is of the
implest and most inexpensive design, or like some one of
those reproduced here and displaying rare craftsmanship,
be assured that the expenditureis amply justified. No en-
thusiast in star study will cavil at his bargain, whatever it
be: and if he is over-critical of his handiwork, it will be in
WWiew of better, if not always bigger, results next time.
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3 S-GRINDER'S BENCH, showing ( left to right ) Motor, rack-and-pinion
-tube, Notebooks, iron Grinding Tool, and vertical [_athe-head with four-
optical Blank in process of fie-grinding. Full working instructions in text

THE REFRACTOR

: HILE differing from each other in optical princip'cs
\;V and construction, between the reflector and refractor
‘ there are many factors in common from the practi-
‘cal optician's standpoint. Though in the refracting system
there are four surfaces to be ground and figured as against
one in the reflector, the methods of attack are very similar
'save that, owing to the smaller areas’ to be worked, hand
power may be largely superceded by machine power, to the
great saving of time and gain in accuracy. Two glass discs
ground together by hand, as in the case of mirror-working,
would eventually bring them to curve; but iron “tools,™
' previously worked to form in a lathe, do the work in less
' than half the time, and may be used repeatedly, even on
blanks of various sizes, with proper corrections.
. Likewise in lens-work a system of templates is employed
* for gauging curvatures as in mirror-making; the abrasives
‘are the same; the squared-surface pitch-pads are similar, as
are the strokes and general methods in practice, so that to
 this point the successful speculum-worker will graduate into
1 247
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the refractor class by easy stages, nor feel far from home iy
any one of them. Buthere the similarity in appliances ang
treatment ceases, for the figuring and testing methods epy.
ployed in lens-work are of a far more intricate and exact.
ing kind, though not beyond the skill of the average master
of the common tools applied to glass-working— perhaps the
simplest of home-built equipments in all the arts.

Given the requisite tools, the mere mechanical labor in-
volved in producing two crown and two flint surfaces of
proper curvature to combine in an achromatic system js
surprisingly easy, calling for no involved mathematics nor
phenomenal manipulative skill. Indeed, some of the fin-
est objectives have been achieved by masters of the craft
who relied almost wholly upon an intuitive sense of mechan-
ical fitness, as many build houses, or radios, or p'ay instry-
ments, or write clever books who were never schooled in the
subtilties of their craft—and were not accounted geniuses
either. By all means, bring all the mathematics you have,
or have time to acquire, to your lens work, to a better un-
derstanding of what you do and why ; but without an intui-
tive sense of cause and effect—of optical values and pro-
portions as well as limitations—you will miss the ideal you
set out to realize, just as with this fine enquiring sense un-
aided you may attain it to your lasting satisfaciicn.

While a foot-power vertical lathe-head, (used by lens-
.workers for a hundred years or more), is not to be despised
even now, electrical power is available in remotest places,
and simplifies grinding problems immensely. The bench
seen on the previous page displays a quarter-horsepower
motor, geared to slow speed, driving a wormscrew engag-
ing a cogwheel attached to an upright steel shaft. This
shaft passes thru ball-bearings set flush with the bench-top,
and rests on ball-bearings set in concrete in perfect align-
ment below. In a rigid metal cup-device, furnished with
set-screws for accurate centering, a four-inch optical bla
is cemented in a bed of shellac tempered with oil of cloves,
the disc levelled and otherwise made ready while the shellac
is still warm.

Economy in many particulars may be commendable, but
in the matter of glass suitable for a telescope objective ar}yt‘
thing but the highest optical grade spells failure. In poin
of fact, considering the difficulties and intricacies involy
in producing a flawless, homogencous disc of crown or flint,
free from bubbles, striae and other imperfections. mcct(l:lrlgr
all the requirements of the exacting optician, the wonde
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is that it can be produced commercially at so reasonable
price. Considering, too, the time, thought and labor which
must be spent upon it to bring it to its highest usefulness as
elescope objective, even the novice at the bench could
ord to take no chances with glass of inferior grade,or with
v not guaranteed by reputable makers. If there be any
shortcomi ngs in the finished product, let not the lens worker
proach himself that he used inferior glass.
- Properly matched crown and flint discs come from the
makers with their characteristics diamond -scratched upon
th=ir edges : Size, No., Melt, Type, value of D-line in spec-
m. i. e., the index of refraction; the v-sign, or relative
im unt of refraction to a given amount of dispersion, etc.,
being also oversize to give plenty of latitude in working.

OBJECTIVE BLANKS —Four-Inch, Clear Aperture.

CROWN:
Type, C. Melt No 593
Index for D-Line, 1.51823

y=59.8 v=362

FLINT:
Type, FM3. MeltNo. 1637
Index for D-Line, 1.62071

Many will wonder at the outset why it is that while a
Single crown lens may give a good terrestrial image under
test, a flint lens of reciprocal figuring to supplement it is so
ential on the stars. The answer is to be found in the
miliar phenomenon known as chromatic aberration where-
By the star-image through a single lens is seen to be sur-
founded by a series of beautiful but embarassing rainbows
color, impeding observational work very seriously. Be-
use of this difficulty, with no known methods of correc-
tion, Newton and his colleagues temporarily abandoned the
Tefractor in favor of the reflector which presented no such
color problems. It was in 1758 that a practical optician,
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John Dollond, demonstrated that by placing a plano-con-
cave flint lens, possessing a different characteristic of djs.
persion, in conjunction with a double-convex crown, chrg.
matic aberration was partially if not wholl_y neutralized;
and thus was the so-called achromatic combination stand.
ardized for all time.

The novitiate’s first reaction upon attacking an optical
blank is one of misgiving—even self-doubting reluctance.
But once launched upon the enterprise, deeply absorbed in
the fascinating work, doubt and hesitancy disappear; and
thereupon arises an delusion of qt';ute an opposite character:
that is the easiest task imaginable, thh.an uncontrollable
impulse to hurry on to the end, forgetting that lens-work
admits of no short cuts, no rash advances nor prolonged
sessions at the grinding table. The best method is to have
fixed hours for slipping on the apron and g_au.nglets, resting
a quarter-hour between half—ho_ur seances, limiting the total
working-time to two hours daily. This may be exceeded
during the process of rough grinding; but you will soon reach
a pass where you will choose to proceed with due caution
and reserve.

Opticians of many lands have experimented for years
with view to approximating the ideal conditions for a lens
that shall meet all requirements, visual, photographic, et
cetera; but for all-round observational work there seems to
be nothing more reliable than the familiar combination of
the double-convex crown with the plano-concave flint, focal
ratio of the system about fifteen to one. Naturally as the
refractive and dispersive characteristics of glass vary, and
even melts differ one with another, the maker's data will be
found the safest criterion; and his advice, always chqerfully
given, the best guide in questions of doubt or expediency.

Of course, if one adopts the simple double-convex crown
(of equal curvature), and plano-concave system, there are
but two iron tools to be roughed up to reverse template
form, whereas with four surfaces to work, (as in the combi-
nation diagrammed to scale on a succeeding page) . there
are four tools to be prepared and kept true to form through-
out the entire grinding process.*

*To illustrate: Below are given two five-inch objective systems as
ted by the famous Mantois, of Paris:—

us:
Outside Crown, Plus, 187

ius :
Outside Crown, Plus, 20%*
o 7

S »* 27'
Inside  Hine, Min. 17%° I Fline, Min.. 25%0
Outside ~ =~ 697 Outside ° 08%

Length of Focus: 787 Short Focus.
(For Sharp's system for calculating radii, see Appendix ) -
250

—

It is sometimes a privilege accorded the novice in the art
to be allowed to take the curves of some good objective of
the size decided upon, and whose capable performance he
would endeavor to dup icate. Thissimplifies matters some-
what, insuring greater accuracy and offering a criterion of
excellence for the final test, Taking the lenses from their
cell with due care, the curves may be measured and com-
puted by the aid of a spherometer, which the clever worker

OPTIIAN'S
SPHEROMETER
for 'etermining the
radius of curvature
- of a lenstotheaccu-
racy of 1-100th of a
millimeter, and with
convex and concave
range of 15mm. lat-
~ itude above and be-
low plane.

" may construct with his own hands—an implement in con-
stant use around the optician's bench. It consists of a sol-
-id metal tabie supported on three equi-spaced needle-point
steellegs A central screw, threaded fifty to the inch, is sur-
- mounted by a milled twirling nob, and provided with a met-
al disc accuratelv graduated at the circumference, 1 to 100,
A millimeter-scale attached to the standard at the side runs
to 15 mm. above plano—convex; and 5mm. below—concave.
In skilled hands the instrument
attains a precision of 1-200mm.

ALB represents circumference
of a spherical surface whose Radi-
us. OD or OA, is required.

Let AB=Diam. of circle indi-
cated by the three leg-points of
spherometer whose central screw-
R point is at C, whose Radius AC is

expressed by ¢, and whose versed
sine, by h. Hence, the formula:

) 2+ k2
Radits oot}
< adaius 2},
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Placed upon a perfectly flat surface,
with the central screw carefully adjust-
ed, the spherometer-reading should be
zero. Transferred to lens-surfaces, the
plus and minus readings should be taken
several times and averaged for precis-
ion. The next important step is to de-
termine the value of ‘r,” theradius of the
circle drawn thru the three outer leg-
points of the spherometer. This is best
done by making micrometric measure-
ments of the distance between the cen-
tral screw-leg point and that of each out-
er leg, taking the mean and recording it
for permanent reference. The values of
the curves in the four-inch system dia-
grammed on this page were calculated
from a standard cbjective, and the tem-
plates cut accordingly.

For each unlike surface to be manipu-
lated separate tool is required. A flat-
faced hardwood madel may be turned
in a lathe. supplied with a boss, or han-
dle. This pattern-tool, whichis of the
sarre dizmeter as the optical blank to be
worked, must be cast in iron in quadru-
plicate, each boss threaded in a lathe,
and the surface of each turned to fit its
particular template. Thisis quitea job
in itself: but when one remenbers tl}at
these tools may be used for years, with:
occasional corrections, they are worth
doing well.

While the grinding is usually done on
the optical blank cemented to the ver-
tical lathe-head, in polishing the mcthod
is sometimes reversed, For this reasors
the boss on each tool is threaded so as
to fit a coupling on the revolving lathe-
head, and the work progresses after the
manner of mirror-grinding. Experience
suggests the better method in each case.

S ) 1=

The processes of roughand fine grinding as well as the po ;

ishing are so far duplicates of the methods employed in mlé'
ror-work, (See p. 207, et seq.,) that the change is only a grat
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ful one of substituting a motor-driven lathe-head for a sta-
tionary grinding-post. The vertical shaft should be provid-
d with ball-bearings, running perfectly true, and so geared
own that you can make ten or twelve hand-turns counter-
ise with the tool, thus no two strokes passing over the same
ea, Itis surprising how quickly a curvature is reached;
d your template should always be at hand for testing to
suard against over-grinding. A variation of a hundredth of
a millimeter from your calculated curves will make a vast
difference in the focal length and working capacity of your
achromatic, soit pays to proceed with patience and caution.

OBJECTIVE BLANKS, shown on page 229, ground

and polished to achromatic curves, ready to place in

the cell for testing preliminary to the final figuring.
Having brought the surfaces of the crown and flint to
perfect spherical curves and given them high polish, you are
ready to seat them in their cell and proceed to test for correc-
tion in chromatic and spherical aberration, definition, etc.
. Lens-testing is a fine-art in itself —the most exacting with
which the optician has to deal as well as the most fascinat-
ng to the enquiring student of the mysterious laws of light.
Every maker has his own peculiar, often secret, methods,
jealously guarded perhaps; but the main principles have be-
come more and more the property of him who has the in-
rest and zeal todig for them, and like as not he will devel-
a few “secret’” processes of hisown. I never knew a
lens-worker who wasn't proudly mysterious about some-
ing or other—probably an unconscious survival of the
pirit of ancient times when it meant death to disclose the
ecrets of the craft. But while volumes have been written
n the subject, some of them involved in fairly Einsteinian
nathematics, great work has been done by men who never
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delved into these intricacies, but who pursued the Common
methods with common sense and the determination to make
a good lens,

A moderately darkened chamber makes a good test-room
in an open window of which is set a solid screen. A hole js
cut in this screen just the size of the lens under test, and the
latter set upright before it. At about the focal distance 5
low-power ocular is mounted on a skeleton tripod in the ex.
act focal plane.

Some fifty feet or more in the open beyond the window is
set up your artificial star in the sunlight, preferably against
a dark background. This ‘“‘star’" may be a steel ball, sj]-
vered bottle-stopper, or best of all a discarded electric-light
globe silvered on the inside, lined up accurately in the optic-
altrain, Now, if the artificial scar is first viewed thru the
crown lens alone with the carefully adjusted eyepiece, blue
and red rainbows will be seen to encircle the image. If the
ocular is pushed forward a little, the blue rings will fade and
the red flare up more brilliantly. Likewise when the eye-

i~

I 0
L Lens under test. fTrue focus. I Inside. 0 Outside true focus.

piece is drawn back of the true focal point, the red rings
will be seen to soften down and the blue to intensify. It
is because a lens is an aggregation of prisms; and each col-
or has a distinctive deviation constant, distributing along
the focal plane, the blue nearest and the red rays furthest
from the lens. By placing the flint lens behind the crown
and again examining the artificial star at the true focus, it
will be seen that the so-called chromatic aberration is miti=
gated if not wholly neutralized by the different refractive
values of the two lenses and a clear image results. But this
ideal condition is seldom attained —only approximated by
even experienced workers; but it is by a close study of these
spectral rings, both inside and outside the focal point, that
the optician determines the degree of under or over-corree
tion of hislens and takes measures accordingly.

Spherical aberration reveals itself under various tests
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As a preliminary, in place of the artificial star, as suggest-
-d in the foregoing, suspend a series of equi-spaced plumb-
ines against a dark background at a suitable distance. If
he lines show straight and sharp clean to the rims of the
Id, the lens tests well; but the chances are that they will
ocar slightly bowed one way or another, as seen (much
aggerated) in the diagram below. Such a condition sug-

vl
1%

erical aberration in lens-system as disclosed by bowed plumb-lines

ts a return to the polishing table, repeated trials alone
dicating the afflicted areas and dictating the kind and
ount of correction necessary. A spherical surface is ex-
ely sensitive to chastening which can be easily over-
e; for a few minutes’ manipulation with a rouged ball
f the thumb is sufficient to change the direction of a light-
y and make or mar a good objective. Here is where the
ardry of lens-figuring begins, and where practical ex-
perience is more informing than many a learned treatise
The artificial star serves well in testing for spherical as
ell as chromatic aberration. In a perfectly centered sys-
tem, viewed inside or outside the true focal point, a good
lens will show a series of quite sharply de-
fined diffraction rings, the outer one some-
hat fringed, but all of them symmetric-
al, with no over-lapping, ellipticity or flare.
‘All corrections should be directed toward
attaining this desideratum, a trustworthy
ular being used lest any faults observed Bt
be accountable to the eye-piece and not to w‘mﬁ‘,fjii’.’; G
the lens under test at all. Precise center- imageina good ob-
|ing is another important factor to avoid feshive: [t_he 3““3{
attributing to your objective shortcomings f5kedslightly out
‘of which it is entirely innocent.
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An auto-collimation method of test for spherical aber.
ration gives a refinement of results that is gratifying; by,
demands an accurately planed flat—not a simple achieve.
ment in itself, by any means—of the test-lens diameter
or larger, and silvered on face. This resembles the Foy,.
cault pin-hole speculum test somewhat, the source of light
being next to the eye, caught from a lamp overhead and
reflected from a steel ball set on a standard in the focal
plane. The “star”-image thus passes twice thru the test-
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M -- Silvered optical flat. L — Lens under test. 1—Lamp whose rays di-
rected on steel ball (B) afford an artificial test-star. O-—Ramsden ocular.
achromatic set up before the silvered flat, doubling any ab-
errational factors that may be disclosed. Itisa highly rec-
ommended test, and makes full returns for labor involved
in making a silvered optical flat, (see instructions uniera
later head), and which is a very valuable accessory to any

optician's bench.

There are many
2 & photographic tests,
some of them sim-
ple enough for the
non-professional to
undertake, others
highly technical, re-
quiring spchial ?p;
aratus. amilia
K ORPIO geometrical or oth=
erdesigns, (like the
illustration on this
page), may be en-
larged and set upat
a distance for pho-
tographingthru the
svstem to discover
any possibie abers
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‘gational defects and so determine the rational remedies

\ Perhaps the long-established Hartmann test has received
‘more modifications under procedure than any other, every
_optician using it in some individual way to suit his precise
needs, for it is above all a precise test method. Basjcally
it consists of making two comparison negatives, one inside
“and one outside the rational focal point, of a series of holes

0O0CCO000000000000000CO0000CCO0O0000CO00000

bout 1 mm. in diameter, in a screen set upright behind the
lens system, crossing the field at its true center. Thru these
‘tiny holes the lens-system projects the incident light upon
‘the plates in the form of black discs, which, taken from the
£wo positions, are subjected to precise measurements. The
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DIAGRAM OF HARTMANN TEST. h—Light source. D — Dia-
phragm with series of holes, either equispaced across diameter of lens or
‘placed arbitrarily in zones. L — Lens under test. P1 — Photographic
plate inside true focus. P2 --Same, outside. d -- Distance between the
two exposures. V - Distance from the plate to intersection of marginal
' beam with optical axis.

“amount of deviation from true correspondence of the pat-
tern on the two plates determines the amount of spherical
“aberration present. If they coincide it is reasonable proof
that all rays striking the objective at equal distances from
its center are equally refracted, and the lens tests well.

It is worth while to remember that the human eye itself
functions very imperfectly at times, and achromatically the
judgment of some otherwise good observers is entirely un-
trustworthy. It istherefore unwise to accept any one per-
son'’s dictum on the merits or demerits of your handicraft
—even your own; for many a good lens has gone into the
liscard thru imperfect methods of test, false alignment, un-
reliable ocular or personal equation when it was in reality
a work of real promise and a credit to its maker.
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As for lens—cells, I have turned and polished some very,
satisfactory ones in hard maple and burl-redwood; but af_
terward used them for models for casting in brass, lathed
true and threaded, at moderate cost. As the centering of
an achromatic is of prime importance, side-screws in the
flange-coupling on the telescope tube is recommended thg
not irrperative if the seating of the lensis true. Neither
is the cementing of crown and flint discs with Canada ba]-
sam, (as is often done with camera and other small sys-
tems), at all necessary. If the inner surfaces are truly re-

EQUATORIAL, Tripod Mount, set
on Zenith star in true Meridian and
observed with Star-diagonal.

arc.

ciprocal the separation af-
forded by tiny strips of
postage stamps affixed to
the rim will suffice. If 4
“ghost " interferes with
the vision, owing to inter-
nal reflections, balsaming
will obviate it.

A good lens is worthy
of a good mounting. One
of the professional kind
may cost anywhere from
fifty dollarsup; butavery
serviceable and accurate
equatorial mounting may
be constructed for a third
of that figure by using an
oak standard (bevelledto
the meridian), surmount-
ing a concrete pillar, the
polar and declination ax-
es madeof hand-threaded
wrought-ironpipe andau-
tomobile shafting, ball-
bearings, et cetera, after
the reflector method ex-
plained on p. 217. Brass
protractors of suitable
size serve excellently for
circles, and clock-hands
for pointers, giving reac:
ings to a few minutes of

I worked almost nightly for three years with such an

equipment, with marked success and with only occasiond
readjustments. Only those who strive can know the posst=
bilities of simple tools and modest means—plus ingenuity:
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A rigid and serviceable
alt-azimuth mounting is
‘one of my home products,
seen in the cut, with its
_ninety-two millimeter re-
fractor set for meridional
observations. Itis an all-
jron tripod, the inch-pip-
ing legs seating into the
standard, interchangeable
with shorter ones when so
desired. The vertical and
crossbars are of solid steel,
clamrping firmly; and the
triangular reinforcing ta-
ble serves as a convenient
shelf for a battery of eye-
ieces. The sliding coun-
terweight and crossbarare
quickly removable, and
the optical parts taken in-
doors while the standard
may remain in the open,
carefully levelled and an-
chored. A protractor dec-
lination-circle may easily
be installed to facilitate
meridian observation.

The value of a star-di-

IRON TRIPOD MOUNT, Home-
built, for 92 mm. Telescope.

all sorts of cramped posi-
tions and then found relie

in one of these prism ac-
cessories that make high-
altitude observing so easy
and delightful. Perhaps
the high cost of soslight a
mechanism deters many,
(the professional kind are
priced from twelve to for-
ty dollars) ; but when one

1 STAR DIAGONAL AND PRISM.

like that shown in the il-
lustration may be put to-
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gether for less than a dollar, this aid to vision may easily
be added to any equipment. One-inch boro-silicate crown,
prism-blanks cost about seventy-five cents; and after grind-
ing and polishing to
true 90° angle, may be
mounted against two
hardwood blocks set
at right anglesto each
other, one-inch holes.
opposite the faces of
the prism, the whole
boxed in with polished
hard rubber. While
there is an incident

STAR AND SOLAR DIAGONALS  loss of [i%ht—_barely
ten per cent — the offsetting advantages in observing ze-
nithpstars horizontally and those at high altitudes oblique-
lv downward are such as to justify its adoption. The re-

fiection being total, silvering the surfaces is unnecessary .

For those who observe sun-
spots and other solar phenome-
na directly, the Herschelian so-
lar diagonal is indispensable and
quite as easily constructed. The
prism unit, however, instead of
being right-angled, is merely a
wedge-shaped slab of glass set in
the mount-
ing.at anan-
gle of 45° to
the telescop-
ic axis. Thus A
while only a
low per(ient—
age of light : ; ; —
relcts into Diamo Hersdsl SlarPlasret, 11

e
(which is carefully covered with a disc of dark glass E)O
avoid injury to the eye), it is all-sufficient; the balance
the intense radiation escaping thru the holes cut in the caf
at the end of the axis tube. Violet, blue or neutral-tlrltet
glass discs on the ocular may be tried out to find the mOSV
suitable for clear-seeing and safety. The wedgeﬂ:’it maé
be made of commercial plate, ground to about a 10 an%h?"
This deviation from the two-flat surface form averts ¥
objectionable deuble image.
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A SERVICEABLE GRINDING HEAD FOR SMALL LENSES

THE EYEPIECE

UST why the successful objective and mirror-maker
should pass up the daintier art of ocular construction
and thereby miss one of the most fascinating branch-
of optical bench work is a mystery. It cannot be that
he regards it as beneath his consideration, for it is quite as
exacting in its way as work of a more pretentious order.
Neither can it be charged to economy, for oculars which
dinarily cost from six to twenty dollars may be built for
fifth of this outlay, once the tools are in hand; and one
ay grind and mount a whole battery of eyepieces in the
e required to grind and figure a speculum or objective
size. PResides, the field for experimentation in this en-
anting realm of optics is limitless, and leads to the pro-
duction of lenses for other uses: the spectroscope, micro-
Scope, astro photographic camera and projection devices.
In fact, the field is as wide-ranged as it is inviting to the

To be sure, if one elects to make a real professional job
of it, constructing the mountings of brass or other metal,
the advantage of a good threading lathe is obvious. But
these halcyon days of the experimenter when almost ev-
ry crossroad garage is so equipped, assistance in this par-
cular is not hard to find if one must forego the pleasures
d profit of having one’s own at convenient hand. But
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mountings of seasoned and well-turned hardwood are by
no means to be despised if the lenses are perfectly seateq
at their calculated distances apart; and [ have seen many
that might do very exacting professional duty if so required.

Of course, a grinding head, as shown in the illustration
on the previous page, (quite inexpensive and interchange-
able for many glass, metal and wood-working utilities), js
essential, foot-driven, or better still, powered by a small
motor geared down to slow speed. A chuck on the end of
the spindle holds the tool for shaping to curve, and later
the bﬁ)ck whereon the lens-blank is cemented, (asalso seen,
in the illustration), for grinding to template form and im-
parting a brilliant polish. :

If the optical mechanism of the human eye gave seeing
values corresponding to an inch or more instead of a mere
fifth of an inch, and very imperfect at that, we might not
need enlarging aidsto visionat all. For all an ocular does
is tomagnify the image as seen at the focal point. There-
fore, the matter of oculars is one of personal equation; and
while some demand complicated and high-power systems
—always at the expense of light —others may be content
with a single-lens ocular, as in the case of the great Her-
schel who held in contempt those observers who would sac-
rifice sharp detinition to increased magnification, claiming,
that objects seen indifferently or not at all with high-pow-
er oculars often came clearly to view with a single lens.

Whatever else is true, high powers magnify faultsas well
as virtues: lens-astigmatism, atmospheric disturbances and
personal defects ol vision; and while the ambitious lens-
worker will likely try his hand at various complex systems,
for steady observationai work he will revert to first prin-
ciples and consistent combinations. No photographer
would think of trving to cover an eight-by-ten plate with
a four-by-five lens; and yet some there are who would ex-
pect an objective or mirror to do the like impossible.

The method of grinding and polishing eyepieces is prac-
ticallv the same as that employed in objective work save
that the horizontal grinding-head spindle is substituted for
the vertical shaft; and the motion being swifter, the abra-
sives and polishing agents work faster. Templates are as
much in evidence in this work, too, to avoid errors of curv=
ature; but faults and even breakage are not so serious a$
the cost of the working material is negligible by compari=
son, and one may make a dozen discards in experiment
ing without much monetary loss. Indeed, the chances aré
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. that the optical bench will be pretty well littered up with
wreckage before the novice attains his precise desires: and
. vet hemay achieve success at his very first venture. Glass-
working is one of the world's oldest and most absorbing
games of chance.

There is such latitude in the methods of bringing tools
to template form that probably every available implement
~ will be tried out to find the quickest means of accomplish-

ing this rougher part of the job. Old files, rounded on the
~end against a grindstone, arc as good as anything, both for
. pre'iminary work on the iron and later on glass.  The con-
“vex and concave tools (of various sizes depending on vour
| te o plate curves), will take the forms seen in the drawings
“ below; and, to make more efficient, may be finely grooved

.

TYPICAL GRINDING TOOLS FOR LARGER EYEPIECES.

across the face with a circular saw to afford more even dis-
‘tribution of abrasive in the case of the larger surfaces. In
. the instance of the smaller lenses, the tools may be cut in
- drawn brass, ungrooved, the rough blank under treatment
cemented to a spindle held true in the grinding-head chuck.

=gy

SMALL LENS WORK: (Above) The rough Disc cemented on a
snindle. (Below) Lense and Tool in process of grinding.

The polishing process with all small lenses is also much
the same as with larger units, as previously explained in
detail in instructions on polishing objectives, every optic=
1an having his favorite medium: cartridge paper, broad-
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cloth or whatnot ; but well-washed rouge, moist or dry, is
common to them all, and the novice is given free rein tq
his passion for exeprimentation along these lines.

If the operator does not wish to risk his purchased optic-
al blanks at once, he can usually pick up a handful of syjt.
able trial-bits from some optician's discard-drawer with
which to get his hand in; and likely as not his very first ef-
fort will be creditable as well as instructive. Even frag-
ments of high-grade commercial plate have been known to
furnish material for some excellent’oculars; but small bits
of high optical grade are cheap, and much good labor on
poor material will afford only half results at best.

Whatever ocular you succeed in producing, you will al-
ways be seeking new forms—not necessarily higher pow-
ers, but types you believe to be better suited to your spec-
ial needs—and will ever be on the lookout for new com-
binations, as the radio enthusiast hungers after new hook-
ups. But there are certain systems that are standard: and
the most familiar of these are given herewith, drawn fairly
close to scale. These forms are susceptible of many mod-
ifications, as experience will dictate; but while each has its
advantages, it has its limitations too, so do not expect any
one of them to work a miracle,

D
}

b &4

2”
DIAGRAM OF HUYGHENIAN TYPE OF EYEPIECE.

The HUYGHENS type of ocular is probably the most
popular with telescopists, giving a fairly large angu!ar‘_ﬁe{
— about 60°— free from distortion, but not altogether irom
color. Components: two plano-convex lenses, plancs t0-
ward the eye. Relative focal lengths: 3 to 1. Distance,
plane to plane, equal to one-half the sum of their foca
lengths. Thus is applied the rule: —
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TO FIND THE FOCAL LENGTH OF THE EQUIVA-
LENT LENS: Multiply the focal length of ‘the field-lens
by the focal length of the eye-lens. Divide the product by
the distance between the planes—i. e., half the sum of their
focal lengths. The quotient will represent the equivalent fo-
cus of the system.

. Thus the equivalent focus of the Huyghenian system is
found to be one and one-half inches. When applied to a
ten-inch reflector of, say, ninety inches focal length, using
the formula: M= F + f —that is to say, Magnifying Pow-
er equals Focal Length of Mirror divided by Equiva'ent
Focus of Eyepiece —we have 90 + 114 = 60, the power of
the telescope with this equipment.

D One of the many
variations of this
Huyghenian (nega-

" tive) system is dia-
%rzlién{ned here. The

<]" field-lens is seen to

" £ be an inch shorter

of focus, the eve-

lens being the same
as in the common
type. This system

I"
| MODIFIED HUYGHENIAN FORM  2fiords an angular

The RAMSDEN, ( positive) type of eyepiece is chiefly
adaptable to micrometric or other precision work using
oss-wires or spider-web reticles placed in the focal p ane,
for transits, finders and the like. The system consists of

; [m - !
) 7T %7

ORIGINAL RAMSDEN FORM. MOUDIFIED RAMSDEN.,

two plano-convex lenses of equal focal length, the eve-lens
sually one-half the diameter of the field-lens and propor=
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tionally thinner. The plane sides are placed outward and
at a mutual distance represented by two-thirds the foca]
length of either lens. Sometimes both field and eye-lenses
are of equal size, giving an angular field of 90°, or there-
abouts— very desirable in comet or meteor observations,
The Kelner orthoscopic

ocular, computed to afford

D
| even greater freedom from
distortion, fulfills more ex-
acting conditions [t isan
r =83 achromatic combination,
=2 =99 Cconsisting of a double-con-
vex field-lens in series with
an eye-lens of double-con-
o vex crown cemented to a

88—

double-concave flint lens,

KELNER ORTHOSCOPIC TYPE. ashere drawn tc scale.
Erecting eyepieces, which turn upright the inverted view
charateristic of all astronomical telescopes, are quite sim-
ple, the lens-curves being plano-convex in proper relation

§ e T S
fe125° f=182"
| S
;‘&"g ——>

TERRESTRIAL ERECTING SYSTEM, used with negativ.e Ocu}ar.
for the forword unit of the system, the eye-eqd unit bg}ng
a Kelner orthoscopic, a sliding-tube mounting affor 1r:$X
considerable latitude of adjustment. An erecting .systei v
adds greatly to the usefulness of your glass, making it avar

able for terrestrial daylight seeing as well as for star-work.

A
Battery of Eye-
Pieces:
Powers, 60 to 280
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Laboratory SPECTROSCOPE, (Newall). S--Slit. C- Collimator
lens. O-—-Objective of Telescope. E--Eyepiece. Crown glass prism sup~
ported on revolving table, and optical parts adjustable to prism-train.

THE SPECTR®SCOPE

HILE spectroscopy would seem to be a distinct and
‘ wholly justified science in itself, quite apart from as-
| tronomy, yet during the past few decades star-study
has made such amazing advances thru its aid, playing so
brilliant a role in all branches of celestial research, that a
‘working knowledge of the rudiments—even so much as
‘may be glimpsed with simple equipment of one’s own con-
struction —is quite essential to an unfoldment of the mys-
teries of space, as well as an appreciation of what the mas-
ter intellects of our time are achieving along these lines, -

One observation may be stated as a truism: once a spec-
troscope-fan, always. The charm of constant surprise stim-
ates to ever deeper enquiry. It is as if the firmament
itself had issued through the blazing spectrum an eternal
cha''enge written in rainbows of promise. Whoever has
ce climbed this dazzling Jacob’s Ladder into the empy-
rean will ever remember the glorious adventure, nor once
regret the time and labor involved in constructing his own
utfit, however modest the beginnings; and it is safe to pre-
dict that he will be urged to pursue his researches to the
limit of his means and intelligence, so great is the lure of
the spectral art once its fascinations take hold. For in
truth the printed reproductions of a stellar or solar spec-
trum are to thing seen thru the wizardry of the prism as
the photograph of a masterpiece by Raphael or Michel-
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angelo compares with its inspired original in the Sistine
Chapel. It may disclose in sharp relief its mathematica]
designs and give a clew to their hidden meanings; but ““the
vision of the master mind™’ only the real can reveal in a]i
its beauty and austerity. Even a simple Amici direct-vis.
ion prism train placed before the telescope eyepiece (gg
explained in the text), will open up a new world in the
spectra of sun and stars, clarifying much that may seem
obscure and highly technical in the foregoing chart notes.

PRINCIPLE OF THE SPECTROSCOPE. (Steavenson).

Schematic view showing how the incident ray, entering the Collimator at the focal point
{ the Lens, is projected into the Prism and emerges in a Sp‘vectrgl band, passing .[hr;,u
the telescope to the eye, or is caught on the photographic plate for permanent record.

The benefits to research by reason of this ““sesame’ of
the stars are incalculable; yet as a mine of great riches its
possibilities have scarcely been surface-panned. Neverthe-
less by its aid we discover the physical elements in suns
far and near, of which our own Sun is one of thirty billion;
and that these elements are fairly identical with those on
this earth— that the universe is a unit. Moreover, it has
discovered unseen bodies orbiting around seen suns, and
weighed them as in a balance. It has determined the ve-
locity and direction of suns in space, our own among them.
It is contributing to the solution of the intricate problems
of stellar temperatures; of the pulsations of the CCphCldS"
and the mystery of the long-period variables; the paradox
of the ether; and with each recurrent eclipse a deeper ur-
derstanding of solar phenomena by which we may formu-
late laws which govern other suns in space. The meregt
index of spectroscopic achievements at the hands of th¢
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masters of all the great observo-laboratories of the world
would fill pages, and their full commentaries already com-
prise libraries, aside from purely local research in every
branch of applied chemistry and the arts.

But it is only with the introductory glimpses into this
promised land of research that we have to deal here, des-
cribing only the simplest home-built forms of the spectro-
scope for the novitiate in the art, recommending the bril-
liant authorities (listed in the Appendix), for the deeper
enlightenment he is certain sooner or later to crave.
As the prism is the prime factor in the equipment, the
experimenter will at once undertake the grinding and pol-
ishing of a suitable block of glass—crown, flint, or good
‘commercial p'ate—unless he eects to purchase his prism-
blanks, which come in various grades and angles, making
work at the bench easier and insuring greater accuracy.
But it may be
that the novice
ill wish to ex-
eriment with

degree prism of
three strips of
in negative-
glass, perfectly

seams and bot-
tom, and filled
ith distilled

HOME-BUILT PRISMS: Left, hollow glass,

o y filled with distilled water. Right, same, filled
lsulphlde, Or with carbon disulphide. Center, boro-silicate
other liquid, as crown. angle, 90°. Tools, goniometer for meas-
shown in the il. Urine angles, and vernier precision caliper.
lustration. In laboratory research such liquid prisms are
of great survice, giving brilliant results with solar light re-
flected into the optical train, or the bright-line spectra of
'various chemical salts vaporized in an alcohol or other hot
flame: lithium, sodium, barium, strontium, potassium, and
the like. Carbon disulphide gives magnificent dispersion;
But it must be carefully contained in a capped prism, be-
Ing volatile, highly inflammable and malodorous; but it af-
ords full requiting compensations.

The grinding and polishing of prisms to angular precis-
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jon is not so difficult a jobas itisa particular one. If pur.
chased blanks of boro-silicate and flint are used, they are
already fairly accurate of angle, and peed only the finish-
ing process for whatever use they are mpended. Blocks of
glass may be quickly worked down to prism form on a pow-
er corborundum or emery wheel, afterwards transferred to
the upright grinding table whose tools must be absolutely
plane and frequently tested to keep them so. Prisms may
be worked singly or in gangs four-on, each supported by a
brass or typemetal block sawed to the cgmplememary an-
gle, and the entire series seated firmly in the holder with
hot shellac as in grinding an objective. In fact, the pro-
cess from now on is a duplication of lens work save that a
plane instead of a spherical surface is the go_a‘, calling for
some pretty nice workmanship. Still, all things are possi-
ble with patience, plus a little experience; and the rewards
are mighty well worth the effort.

f table DIRECT VISION SPECTROSCOPEZ
i?r:itgioFi?lg(;ism Train and Collimator; Eye-piece and ad-
justable razor-blade Slit, for general observation.

Anyone who achieves a good prism may be proud l(')1f 2
precise job well done; but a five-prism Amici train, t rg
crown and two flint, so accurate of angle that they may b¢
balsamed side to side in perfect series—this is a real tri-
umph. Still, a combination of this order justifies the labor
since it affords such a range of dispersion, revealing a beé-
wilderment of Fraunhofer lines, and available for 1a:b0f?'
tory experiment or for spectral observation of the ce egtljs
units. In the latter case a dazzling shaft of spectral hu
cuts the sky several times the width of the te'escopic e‘ts
from crimson to violet, with dark beads strung along 1
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Amici five-prism Direct Vision Spectro-
scope adapted to the Telescope.

| jective, making what is known as an
“objective prism,” used very largely
in spectral photography. Noslit is re-
quired, one or more spectra in the tel-
" escopic field being displayed at once—
often a truly beautiful spectacle. The
Pleiades, for instance, thru my 46 mm.
| objective prism disclose at least a doz-
en spectra, entirely filling the field like
" a flock of birds of paradise in flight, four
' or five of them especially brilliant and
well defined. This arrangement is a
little tedious of adjustment, but not so

difficult as the Amici slit-train at the
“eyepiece, which latter of course gives
' far greater dispersion, tho only a sin-

gle unit is under examination at a time.
" In viewing the spectrum of reflected
“sunlight in the sky thru your five-prism
' portable spectroscope, you will soon be-
‘come familiar with the principal fea-
tures, notably the vivid double D-line
" of sodium conspicuously placed a little
" out of center toward the red where it
merges into the orange. This may be
" called the weather-prophet’s line; for
if the atmosphere be charged with va-
" por even in a slight degree, fuzzy rain-
bands will be seen alongside the D-line
toward the red, the heavier the charge
of moisture the more pronounced the
telltale rain-bands, making storm pre-
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span, representing
the Fraunhofer in-
dices, whichcharac-
teristic dots, by the
use of a cylindrical
lens eyepiece, may
be elongated into
definite lines.

If the enthusiast
wishes toundertake
a larger prism— 40
mm. or more, for in-

| stance, from base to apex, preferably dense flint—he may
| mount it at the proper angle in front of his refractor ob-

Diagram of a sliding-tube Direct Vision Spectroscope for general analysis.
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dictions possible, sometimes hours before the actual even
This is but one of the practical uses of this brilliant device
Extremely simple, but with resylts
surpassingly interesting and beautify]
. is this cryptographer of the cosmos [t
is merely an analyzer light from what_
soever source: ‘‘the heavensabove | the
®.8 earth beneath or the waters under the
earth,” for nothing can resist heat; and
= as heat gives light, the prism literally
2 tears its beams apart like a royal gar-
- ment and reveals the origin and com-
position of each individual thread [t
is only necessary to pass the in:ident
<= ray from whatsoever source—Sun, star,
candle-flame or volatilized element —
thru a narrow slit and condensing 'ens,
viewing it with an enlarging telescope,
.2 and its secrets stand revealed! This
amazing discovery gives rise to a few
formulated facts which serve as a basis

for all spectroscopic investigation:—

(a) A glowing transparent gas gives
a spectrum of isolated bright lines.

(b) A solid element, or combination
of elements, heated to incandescence,
gives a continuous visible spe-trum

(c) If a cooler gas of any element is
interposed, dark absorption lines ap-
pear, giving direct evidence of the na-
ture of that element, whether seen in
a laboratory flame or electric furnace,
in the photosphere of the Sun or that
of the most distant star. Thus in the
solar spectrum here reproduced are dis-
closed the presence of more than thirty
known elements, with many more Yet
to be revealed. This amazing phenom-
enon is the ground plan of all branches
of spectroscopy as pertaining to terres-
trial analysis, and also justifies the more
intricate system of classification of stel-
lar spectra as given on page 20. Plain
black and white reproductions of these_
messages of the Infinite give no hint of the dazzhngdg“’\‘)v
dations of color that fascinate the beholder; but they drd
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% a vivid picture of the
g teeming complexity of
elemrental forces at war
; in the high tempera-
> ture photosphereof the
neighboring Sun or dis-
2 tant star.

Of the discoveries of
Newton, Fraunhofer,
Kirchhoff, Huggins,
Rutherford, Doppler,
< Draperand others, and

. of the conditions and
5 laws which govern va-
2 riationof spectralty pes
g —continuous, btright-
§ line, banded, fluted,
~ absorption, etc., as ap-
3 plied to celestial or
§ purely laboratory re-
< search, the ambitious

. are referred to the ex-
cellent authorities list-
ed in the Book section,
ps. 280 1. The merest
survey of the Golconda
of unmined wealth dis-
closed to the prospect-
ingspectro-analyst
would fill pages It is
the chief function of
this chapter to encour-
age the novice to build
his own spectroscope,
and, as Newall savs,
““See for himself!” He
too may yie'd to its in-
tellectual fascinations,
and understand why
men have given, and
are now giving, their
entire lives to this no-
ble branch of research,
accounting themselves
7. rich in the privilege to
~ doso. From such will

(Mills)

cturus, K

Bottom) Ar

lass F8

(Top) Polaris, C

PICAL STELLAR 'SPECTRA"

come the greater spectroscopic revelations of the future.
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Director, Mt.

M. Hicks ),

Hale,

(Diagram by Mr. ¥

George E

The simplifiecd SPECTROHELIOSCOPE, designed especially for-amateurs, by Dr
Wilsan Qbservatary, Califarnia, easy of construction and hrilliant in results.

Next to the thrill of making great discoveries is the joy of
, if possible, to bring the means
of making more discoveries within the province of the amateur
by simplifying the methods of the great research institutions
'so that any ambitious layman may “see for himself,” and per-
‘chance add his bit to the sum total of astrenomical research.

r. George E. Hale, founder of observatories and master-mind
‘in astrophysics, has thus embodied the principle of the Spectro-
“helioscope, one of many of his epochal inventions, in an instru-
sment which any experimenter may build (excepting the grat-
- ing) and so beheld the wonders of the Sun’s activities—flames of
gas shooting half a million miles in height at a speed of two
hundred miles a second, the shifting sunspots and swirling so-
‘lar whirlpools—almost as if he were working with the giant in-
strument on Mt. Wilson itself. It is Dr. Hale’s desire to see
 these spectrohelioscopes established by amateurs and profes-
sionals alikein all parts of the world so that a constant watch
‘on solar variations may be noted and placed on record. Here
then is another brilliant opportunity for the thrill-searching ex-
‘perimenter.
Briefly, the photographic reproduction on the opposite page
“tells the story. The instrument consists of two parts: the Solar
‘Telescope and the Spectrohelioscope itself. The rays of the sun
fall upon the lower plane mirror, 5% in. in diameter, silvered
on the face, which is set parallel to the earth’s axis, and rotated
¥ an ordinary clock movement at the rate of one complete rev-
lution in forty-eight hours. The rays are thus sent upward to
‘the second 4% in. plane mirror which is held in a fork so that
it may be rotated at will, bringing various parts of the sun
into view for investigation by the spectrohelioscope. Between

e two instruments is mounted a four-inch plano-convex lens
of 18’ focus. This forms a solar image on the upper slit of the
‘Spectrohelioscope. The narrow divergent beam then passes to a
concave mirror of 13 feet focal length, which returns it as a
‘parallel beam to a diffraction grating, mounted near the slit.
The grating itself is so mounted as to be turned on its ver-
tical axis to any angle corresponding to the various regions of
the spectrum. The lower concave mirror, to the left, receives
he spectral image and projects it back through a second slit
the eyepiece. The upper and lower slits are so mounted as
0 oscillate and synchronize the spectral line under observa-
‘tion, this motion (a small fraction of an inch) being imparted
y a small motor.
If the instrument is set up in a darkened chamber and the
nlight projected from the coelostat through a convenient hole
in the wall, the gorgeous solar spectrum will be seen in all its
glory, from extreme red to violet, crossed by myriads of lines
f varying degrees of intensity, and solar prominences and the
oving flow of flaming hydrogen rounding sunspots may be ex-
amined. So enthusiastic has Dr. Hale become over the pros-
pect of jamateurs building spectrohelioscopes and undertaking
Serious observational work that he has provided that complete
orking blueprints may be obtained at the nominal cost of
oduction by addressing the Mt. Wilson Observatory, Pasa-
ena, Calif. Unfortunately no grating replica suitable for use
ith. this .instrument are yet obtainable, but good speculum
metal gratings can be purchased from certain dealers in optical
struments.
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REPLICA GRATING SPECTROSCOPES
By F. M. HICKS

Type A

A—Knurled end piece with 5/16” diameter opening.

B—Metal holder (2 wanted).

C—Prism 30° — 60° — 90° (optical glass preferred).

D-—Replica grating 14’ square (ruling set horizontally). Ruled
side toward slit.

E—Glass to hold replica grating, use microscope cover glass.

F—Lens with 3 or 4”7 focus.

G—Brass tubing 14”7 outside diameter to fit eye-piece holder of
telescope.

H—Stationary slit, jaw set about 100th of an inch apart (may be
made from a safety razor blade, non-rusting metal prefer-
able). Inside of tube and slit to Be finished dead black.

60
90”
Ports
30°
Prism C

ADJUSTABLE SLIT L

L.1 shows simplified form of adjustable slit. C is angle prism
which should be of optlcal glass; angles made perfect as possi-
Ble and surfaces true.

Zollner Type Ocular Star Spectrescope

This type may be constructed by taking the knurled end- piece
A with the prism and grating attached; add to the prism side
17 of fitting or tube threaded so it will fit on one of the eye-
pieces of your telescope. Select a low power eye-piece (not over
10 diameters for each inch of your objective).

To use this type of spectroscope first bring the star to the
center of the field, then screw on the above described end-piece
A. (No slit is reqmred)
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F

moow

A

Direct VlSlOn Spectroscope with adjustable slit and magmfy-
ing lens. A B C D and E the same as in Type A. F magni-
fying lens with one and one-half inch focus (this can be ob-
tained at small expense from a discarded camera). G brass
tubing one and one-quarter inch outside diameter. H end-piece
to hold adjustable slit. I and J adjustable slit (I being station-
ary). Sketch on left shows threaded holder by which slit J is
moved and closed by spring tension. K loose knurled nut. All
metal inside of tube to be finished dead black. By reducing
‘diameter of Type B it will make a very handy pocket spectro-
scope for spectrum analysis in the laboratory. Try it on the
new type of Neon or Mercury vacuum tube signs and you will
see a beautiful example of spectrum analysis.

- The above designs of direct vision spectroscope have been
worked out from suggestions made by Dr. . Anderson of
Mount Wilson Observatory. Blue prints of the ‘same may be
obtained from F. M. Hicks, 1315 South Oakland Avenue, Pasa-
‘dena, at 35 cents each.

Replica Gratings: Messrs. Howell & Sherburne, Pasadena, Calif.

- Wallace Replica Diffraction Gratings, ruled 14,438 lines to the inch,
($2.00), to 25,000 lines per inch, ($9.00 to $15.00 each) Central Scien-
tific Company, 460 E. Ohio st., Chicago, Ill. (Bulletin 22).

. The amateur will do well to begin his observation with the
: , our nearest star. Study his chromosphere and prominences.
WIth telescope of over four inch aperture, the aperture should
be reduced to prevent possible injury to the eye. Betelgeuse
‘and Antares are good types of red stars, while Sirius and
cha are good types of blue-white stars. The planets, first mag-
nitude stars and some of the nebulae will be found most in-
teresting.

When using the spectroscope on the stars it is easier to oper-
‘ate without a slit, unless you have a good clock or motor drive.
‘With the stars it is better to observe with the slit wide opem
while with the sun and planets a narrow slit is needed. In or-
der to show the spectrum lines well, except in case of promi-
- nences where it is better if the slit is somewhat widened. It is
preferable to have a telescope with not less than 8” mirror if
the spectroscope is used on the stars whose spectra will appear
quite narrow but may be widened by the use of a cylindrical
lens placed in front of the replica grating.

With the spectroscope the image of the star will be trans-
formed from a point of light into a color band crossed at inter-
vals by the distinctive lines that constitute the signature ef
that particular star.
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THE HICKS SPECTRA DEMONSTRATOR

The Spectra Demonstrator shown in the above cut contzins £
vacuum tubes, three incandescent lamps, iron and copper elec-
trodes, which when excited by an electric current give off light
which varies in wave length (i.e. color) according to the ele-
ment excited.

Examine this light with a spectroscope and you will see it
dispersed into a band called a spectrum, the visible part of which
shows violet (short waves, about two hundred thousandths of anm
inch in length), green, yellow and dark red (the dark red be-
ing produced by waves about twice the length of those produc-
ing the visible violet.) Beyond these visible rays are the invis-
ible rays that range from infinitesimally short permetrating Mil-
liken cosmic rays about two-trillionths of an inch in Iength om
through the gamma rays, X-rays, ultra vielet, red heat rays to
Hertzian waves (used in radio), the longest of which are many
miles in length. These rays all have a speed of 186,300 miles
per second, the same as light. From the study of the spectrum,
which is the study of Iuminous bodies by the light they emit,
is discovered what the stars are made of, their density, pres-
sure, temperature and direction of motion.

The visible part of the spectrum (only about one-sixtieth of
the whole) reveal the fact that each element has its own dis-
tinctive lines and spacings, colored accerding to the region 1O
which they occur, not duplicated in any other element. In this
connection it is interesting to note that helium, now commer-
cially valuable, was discovered in the sun many years before it
was found on the earth. Some spectra such as mercury show
the movement of electrons in masses, while the spectra of oth-
ers such as nitrogen show the movement of masses of mole-
ciiles, 4 very noticeable difference in effect, thus demonstrating
certain phases of the atomic theory.
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It is into this most interesting and fascinating world, that
weaches into physics and chemistry as well as astronomy, that
the amateur is invited with his home-made spectroscope. While
«the Hicks Spectra Demonstrator shown above was designed es-

- pecially fer schoels, colleges and the interested public for edu-

«cational purposes, the amateur may assemble an inexpensive
demonstrator that will reveal nature in one of her most fas-
«wcinating imeods.

Amateur Spectrum Demonstrator

Vacuum Tubes %" -diameter, dbeut 6” long, the middle 1/3
«of the tube {where the spectroscope is used) reduced by the

~ glass blower te 4” diameter. Fill tubes with gas to about 10

MM pressure; copper electrodes and terminal wires same as
ithose used for Neen signs. Tubes of mercury, neon, helium and
mnitrogen are recommended. These you should ‘be able to get

. #rom your nearest neon electric sign ‘builder.

“Transformer. Preferably 4000 velts .02 amps. built te suit your
‘heuse current; secure from neon sign builder er manufacturer

. of transfermers (cest about $5.00).

Condenser. Material wanted: 4 pieces selected single thick-
mness glass 514x7Y%; 4 pieces pure tinfeil 4”x6”; 2-stranded wire
terminals. Fasten in the center of each side of two pieces of
glass the sheets of tinfoil, and held in place by heating glass
and applying hot beeswax. This will leave a border 34” wide

. around the tinfoil. Paint this border with asphalt paint. The
. other two glasses are protection cover plates (outside). Bind

the whole together with electric tape.
The two terminals should be of stranded copper wire. Strands

- spread out fan-shaped, laid between double thickness of tinfoil,

then one terminal placed between the two middle pieces of tin-

- foil plates and the other terminal prepared in the same way,

divided into twe parts and contacted with the other two sheets
of tinfoil. The condenser is wired in series between the trans-
former and the spark electrodes. The size and capacity of the
«condenser may be increased if desired. The condenser is used
wonly with “Sparks” not connected with vacuum tubes.

Iron Spark, a round fat spark is required, use 3/16” diameter
iron rods for electrodes, space them about 74” apart, wire up
same as the vacuum tubes, with condenser added.

Incandescent Frested Lamps are used to show continuous
apectra (same as the sun spectra) use lamp having the light
concentrated at one point in the light bulb, it is at this point
you direct the spectroscope (there is a 1” round 15 watt lamp
fills this requirement). Absorption Spectrum effects are shown

by placing in front of the lamp colored gelatin paper or glass

screens such as used with mowving picture lanterns. By select-
ing the preper colors you can cut out or absorb any one or all
of the four primary colors.

Wiring, leading from the house current to the primary ter-

- minal of the transformer, and to the incandescent lamps, use

ordinary house electric light cord; all other wiring should be
of the heavy insulated stranded copper cable type such as is
used on ignition system of automobiles. In general wire up
same as for the neen signs.

Caution. Insulate thoroughly and handle carefully as you
are handling dangerous high frequency electric current.
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vacuum tubes should last a long time if the current.is on only
when looking through the spectroscope. The slit of the spec.
troscope should be close up to the vacuum tube.

The Hicks Spectra Demonstrator together with its companioy
instrument, the Color Absorption Demonstrator, both designed
and built by F. M. Hicks, have been installed in the Nationg|
Academy of Science at Washington, California Institute of
Technology and Mount Wilson Observatory at Pasadena, ag
permanent exhibits to illustrate the principles of spectrum
analysis.

Newton decomposed light in 1672. Wollaston used a narrow slit
and detected the principal dark lines in the solar spectrum in 1803,
Fraunhofer perfected the method, and in 1820 measured six hundred
of these lines which now bear his illustrious name; but they were
not interpreted until 1852 by Stokes (who recognized the D-line
as due to sodium vapor), and Kirchhoff and Bunsen, who, in 1859,
identified many terrestrial elements in the sun and so founded stel-
lar spectroscopy.

A single photograph of a spectrum, says Dr. Adams, will vield
a value of the intrinsic brightness and distance of a star, and it is
applicable to stars whose distances are so great that the usual direct
method of measurement cannot be used. The nearest star to us is
at a distance of twenty-five million million miles, and most of
even the brightest stars are from ten to one hundred times fur-
ther away. As seen from these greater distances the earth’s orbit
b almost vanishingly small. In the spectroscopic method,
however, the intrinsic brightness of a star can be determined
equally well whatever the distance. This method has nearly tripled
the number of stars of which we now know the distance.

From a star’s light we can measure its position, its slow move-
ment across the sky, its brightness and its distance, but we can do
a great deal more. By analyzing its light we can study its indi-
viduality, which is defined almost as uniquely by the faint rays of
light which reach us as is the personality of a friend by the actions
of his daily life.

“We have every reason to believe that there are no great dif-
ferences in the composition of the heavenly bodies. Why then do
we not see in their spectra the lines of all these elements? The
answer is a very simple one. The Sun and the stars are too hot
or too cold, too rare or too dense, to show all the lines at the
same time. It takes more energy to rob some elements of their
electrons than it does others. A sun-spot and the red stars are
comparatively cool, and the temperature is high enough to bring
out strongly only those lines of the elements which require little
energy for their excitation. So the low-temperature lines are
strong and the lines of ionized elements are weak. At the higher
temperature of the general surface of the Sun the ionized lines
become stronger. When we come to the hottest stars the elements
become completely ionized, the lines due to the normal atom dis-
appear, and we have a spectrum consisting solely of lines due to
very highly excited atoms. The spectra of the hottest stars, ac-
cordingly, are very simple, consisting of lines of ionized helium,
doubly or triply ionized oxygen, nitrogen, and one or two other
elements. It would be quite possible, therefore, to conceive of 2
star so hot that it had no lines at all—at least, in the part of the
spectrum we can observe.”—Adams.
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ASTRO-PHOTOGRAPHY

UCCESS in visual observation leads sooner or later to
an enquiry into the methods of stellar photography as
practiced by aspiring amateurs ever seeking new an-

gles on celestial problems. And, excepting work with the
sSpectroscope, there is nothing more interesting in process
nor gratifying in results. In star-work the unexpected is
censtantly happening; and instances are by no means rare
}vhe. rein some obscure astro-photographer has been “ on the
:)ob at some critical moment and given to the world an
imperishable record of some celestial event, becoming, as it
were, internationally famous over night. o

Visual observ-
etion s at best a
fleeting, and at
times, a wholly
unrelizble im-
pression; a pho-
tograph is a def-
inite and lasting
merrcorial. The
hurran eye sees
in perfectlyafter
a few tense mo-
ments; the sen-
sitizedplate nev-
er tires: its effect
iscumulative. If
astroncmy were
still dependent
upon the “draw-
ings" of celestia!
phenomena that
passed credence
in the elder Her-
sckel’s time, how

:glfi;gxisgd E%L!fESTIAL EAMERA,I attached limited would be
O r-inch Refractor, showing Holder f
No. 500 Film-pack, indingSlit—sP%uttg-, ae:d ?;tie-l the scope and
cled Finder for hand-guiding when necessary. Preposterous our
. concepts of the
amiliar gems as revealed to us by the modern witchery of
the sky-camera! In truth, it has revolutionized the science.
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It is not to be expected that with simple home-tuilt ap_
paratus one can compete in long-distance contests with the
great observatories with their colossal power-driven teles_
copes that hold their far-seeing eyes on remotest objects for
twenty to thirty hours in five-hour nightly shifts.  Never-
theless, a genuine thrill of accomplishment rewards the in-
vestigator who makes his first excursion in celestial shap-
shotting; and the chances are that his very first evening’s
returns will prove gratifying, perhaps even valuable as 3
record of some unique ce%;stial happening

If, among the
relics of an old-
time photo-gal-
lery, the treas-
ure-trover dis-
coversa portrait
lens (preferably
of Englishman-
ufacture), such
as did service in
the slow pre-
dry plate days,
heray consider
himself very for-
tunate. Speedis
noobject instar-
photography, so
in these days of
the miracle-lens
An 8x10 View Camera, equipped with old-style the OIC_i‘SChOQl
Portrait Lens, mounted on an equatorial Refrac- portrait type 1S

tor for lor_lg-exposure guidirllg ig R A. -ia l:"ery sal\'aged for ce-
fair substitute for the costly driving-clock. lestial uses.

Whatever size plate the lens may cover, it may be in-
stalled in a view-camera mounted securely on an equatori-
al placed in the meridian, a central star of the field being
followed at the eyepiece during an exposure of six to thirty
minutes, depending upon the lens, the plate, atmospheric
conditions, and the sky-region sought. Longer exposures
are very fatiguing, and the brighter units suffer by halation
in aneffort to grasp the fainter star-clouds, clusters or neb-
ulae that abound so generously in almost every constella-
tion, notably in or near the Milky Way. If the mounting
is altazimuth instead of equatorial, a meridian star-field 1S
preferable since at culmination there is the least con_currcnt
motion in declination, and following a key-star in right as-
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cension is not so difficult to insure clean, sharp star-images.

In photographing single units, such as the members of
our solar system, an improvised camera, capable of holding
a small film-pack and provided with a slit-shutter, takes the
place of the eyepiece of either refractor or reflector, receiv-
ing the image at the focal point without ocular magnifica-
tion, leaving to darkroom treatment the enlarging of the
‘negative print to any size that the grain of the emulsion
will stand. The image of the Moon, for instance, at the
primary focus of a ten-inch reflector is eight-tenths of an
inch, plus.* This seems very small: but a good sharp neg-
ative of even smaller size, (preferably one taken thru a light
wyellow ray-filter), will stand enlargement up to six or eight
times its size, particularly if an enlarged negative, (threc or
four times the size), is first made from the original , and the
elox or bromide enlargement made from the latter.

Another meth-
‘od involving the
se of a regular
‘Huyghens ocu-
lar, or a Barlow
(double con-
cave) lens toen-
arge the image
on the plate or

‘acommon hand-
camera secured
to the ocular-
tube, produces
some fine results Film-pack Camera attached to a 10” Reflector,

in skillful hands. (reversed in the cut to show slit in Slide), very
. ever, the in- practical for lunar and solar photography.
cident loss of light and the necessarily increased time of
posure present difficulties that only considerable practice
ccessfully overcomes. The reflector image is practically
self-corrected for photographic rays; but in the refractor
the chemical and the visual rays differ, making a shorter
focus for photography imperative to insure sharp details.
agnification of the image also demands an increase in ex-
posure-time in regular ratio: twice the diameter, four times
the exposure; thrice the magnification, nine times the ex-

*RULE : To find size of image of Sun or Moon (angular diam,, 31’) on
ground glass of camera at primary focus: Divide focal length of teles-

e by .111. Ex.: Focal length of 10-in. reflector, 90in. Divided by
111 gives .81, or a little more than four-fifths of an inch.
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posure, etc. This calls for an equatorial mount and careful
guiding, as well as quite perfect atmospheric conditions. Of
course, during a lunar eclipse, the occultation of a major
planct or a first-magnitude star, p. e.,_Aldebayan, or lxkg in-
teresting event, (fully worth while taking all kinds of pains),
& slightly prolonged exposure is desirable. . )
Snapshotting sunspots at the primary focus is fascinat-
ing work, and the results, (during a sunspot maximurmn, for
instance ), are sometimes very v&_xluable. If plates are used,
they should be the sléwest obtainable, and the shutter the
fastest you can devise; and even then the mirror or lens
must. be ““stopped down'" by placing over the field-end of
the telescope a blackened cardboard or aluminum hoqd in
whose exact center is sharply cut a round hole whose diam-
eter is not greater than one-sixthof the diameter of the lens
or mirror. Even this may admit an over-abundance of light
and a smaller superimposed diaphragm found necessary. It
will all depend upon the emulsiont used, the speed of the
shutter, etc. Adjustable diaphragms of various apertures
are easily made, and experiment is the guide to perfection.
Photography of the planets is the most difficult and least
eompensating of all, for even the products of the great teles-
copes leave much to be desired, since the limited areas under
- reflected light and atmospheric obstacles planetary and ter-
restrial give the images the appearance of flash-shots at sea-
bottom: interesting but inconclusive as regards details. The
experiment is worth the trial, nevertheless, preferably with
a refractor-carnera and a Barlow amplifying-lens ocular.

Asteroid-hunting with a portrait-lens camera mounted on
an equatorial refractor is often fruitful of a rich results. By
““focussing for infinity ™" on the zodiac, (the path of all the
planets, major and minor), and following the stars for a
half-hour or more with due care, the latter will show them-
selves as small round dots; whereas the p!ane;mds, if a.rlly
may be present, will disclose themselves by distinct trails,
owing to their motion in space. Many ob;eryers_reverse
the process, swinging the camera counterwise lq‘r_lghth?.;-'
cension at the speed-rate of the little * wanderers, " in whi¢
case the stars will describe elongated streaks, while the as-
teroids will punctuate the field with perceptible round dOFg-
Report should be made of the detection of any planetoll‘ ).
(or any other uncharted celestial visitant, for that matli:, i
with full data, to the nearest professional observatory wher
it will receive due consideration, and doubtless elicit some
very valuable advice. (Seep.77).
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The darkroom work in conjunction with stellar photog-
raphy is so simple and interesting that few will choose to
pass it on to the commercial professional, once they have
known its charms. There are professionals who so delight
. in producing sornething new and beautiful that they will
. give your precious exposures the time and care necessary to
- attain the best results; but | have seldom tried to save time
and labor that way without undue expense, and then done
the work all over again to completer satisfaction.

Instructions in the art of enlarging on any of the stand-
ard sensitized papers may be had for the asking, and elabo-
rate apparatus is not necessary, A small bellows-camera
- with a good lens, backed up against a hole in the darkroom

wall will throw on a screen an enlarged image of any nega-
tive placed between glass plates in the platcholder’s groove,
A sheet of ground zlass will diffuse the sunlight thru the ori-
fice by day. or thelight of a hundred-watt lamp suspended
behind it for enlarging by night. Sharp-focussing with a
hand-magnifier, and test-slips to gauge the timing to best
advantage will secure the utmost that the plate can give;
and as experiment along these lines is inexpensive, one can
afford to be satisfied only with the best prints obtainable.

In developing the original plateor film, it is unwise to in-
dulge in any of the intensification or reduction methods so
dear to the victim of mistaken exposure —mercuric chlo-
ride, red prussiate, etc. — which usually fall down in celes-
tial work. Of course in the case of an eclipse or some event
not soon to be duplicated, when it is a matter of risk some-
thing or lose all, any corrective might be justified; but any
' celestial exposure that has been so treated usually shows it
to its detriment.

[f the product of your skill is of timely interest, such as a
comet, fireball or an eclipse, it is likely to be not only of sci-
entific value but may command a good price as a news fea-
ture. The world at large is always attracted by whatever
things strange and beautiful are presented with authority,
anda picture is an open book — cne pcrceives at a glance
whﬂt printed pages might not half so clearly reveal.

: Hfgh-power oculars on objects like Jupiter give an expansive
image at the expense of detail. The temptation to “strain’ your
lens, whatever the aperature, is sometimes very strong; but
after a little practice, medium powers will be found to be the
best working aids. A Barlow lens (double concave placed in
front of the ocular train) is an admirable expedient in plane-

tary work with favorable skies. It broadens the image beauti-
fully without much loss of detail.
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THE SUN-DIAL

*‘Ye Dial is ye Book of ye Sun on which he writes
the Storie of the Day.'--Robert Hegge, 1630.

BSERVATORIES thruout the world are apparently
O pleased to render homage to man’s first mechanism
by which he linked celestial phenomena with practical
daily life, since before their doors, or somewhere on their
walls, are erected manifold variations of this most vener-
able of time-pieces—mem-
orials of the marriage of
mathematics with mun-
dane affairs in itsfirst form
adaptable to the needs of
the humble layman. From
[saiah's time, seven hun-
dred years before Christ,
to the middle of the eight-
eenth century thesun-dial
was man's sole time-giver.
It is no wonder that while
its uses have been largely
superceded, veneration for
so noble a relic remains in
all civilized communities,
and thousands are set up
every year as household
Lares in the great family
of Time. Itisaliving trik-
ute—a perpetual noonday
salaam to the astronomy of
the ages.

Sun-dials are among the
world's most beautiful and
treasured reliquaries; and,
unlike any other that we
signalize, belongsto noone
nation or age, but to every
people and clime where
““ye Sun writes hys chron-
icles in ye silent Voice of .
Time. and without which ~ SUN-DIAL erected at Fountain

2 - Qaks, California.
ye Day were dumbe!™ It
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is no wonder that the story of gnomonics comprises whole li-
braries, and that from simple beginnings it developed into
the dignity of a science at the hands of the dialling Danie!s
who complicated the rudimentary forms without very ma-
terially augmenting their efficiency.

Fundimentally the sun-dial has remained the same for
several thousand years: a levelled and oriented surface upon
which is engraved the symbols of the Sun’'s march from a
few hours before high ncon to as many hours after, his pro-
gress traced by the shadcw of an upright gnemon, (Gk.: an
“interpreter ), placed in the true meridian, and of an angle
corresponding to the latitude of the place. The fact that
it only approximates true Apparent Time but four times a
year— April and June 15. Sept. 1, and Dec. 24—and at all
times must employ an Equation of Time chart (Seep. 169y, in
order to calculate Standard Time with only fair precision,
does not greatly perturb the ambitious gnecmonist. He will
attain the hightest degree of accuracy within his skill; but
he is bent upon producing something truly scientific and
beautiful without entering into competition with the chro-
nometer and the radio, and verily he has his reward.

As the gnomon is to the sun-dial what the hands are to
the clcck, tco much care cannct be exercised in its ccn-
struction. The altitude of the Pole being equai to the lati-
tude of the observer, (and as latitudes differ thruout the
length and breadth of the land save those points that are
laterally indentical), commercial dials that are generalized
for mere ornament are usually worthless as time-givers
— at least without careful revision. To plan your gnomon
(knowing your latitude), it is only necessary to strike an
oblique line thru the arc of a protractor at the proper in-

A Pattern for the \\
GNOMON iseas- | N
ily made by draw-
ing a line thru a
protractor at the
point indicated by
thel atitude of the
Station.

tersection, shaping the triangle to correspond, afterwards
checking with your goniometer sighted on the North Star.
e permanent gnomon may be cut out of eighth-inch sheet
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brass, (or quarter-inch if the base exceeds a foot in diam-
eter), fixed solidly in position, the whole resting upon 4
firm foundation proof against jarring olit of place.

The Equation of Time Chart, (p. , which is comput-
ed to mins.—as close as any common or garden sun-dial de-
mands—may be copied and waterproof-framed to be fixed
to the standard for easy consultation; or better still, etched
in bronze, and secured to the time-plate below the gnomon.

Having placed the gnomon with utmost precision, when
the next date falls whereon Civil Time and Apparent (sun-
dial) Time are identical—i. e., April 15, June 15, Sept. I,
or Dec, 24 — a check may be made on the hour-divisions
and subdivisions with an accurate timepiece, since on these
dates only of the entire year no plus nor minus calculation
is necessary. The division-points, thus checked, may be
made permanent.

Variations in dial-making may be gathered from author-
ities comprising some of the most ingenious exponents of
the noble art of gnomonics for the past thousand years, the
products of whose genius are still ‘‘recording sunny hours"
wherever on earth—

“the golden Sun
Gallops the Zodiac in his glittering coach,™
and scores of forms are readily accessible to the seeker af-
ter the archaic and unconventional. (See Book List).

“Till now you dreamed not what could be done
With a bit of rock and a ray of sun!"—Lowell.

In laying off the design for the Dial, the point of radiation should
lie midway on the line drawn between the figures VI, as indicated.
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APPENDIX

MIRROR TESTS. (Reference frem p, 232).

The principle of the Foucault knife-edge test
is easily grasped; but in practice so many varia-
tjons of light and shadow arise that the student
may often find himself puzzled to know just
wherein the faults may lie, and particularly what
remedies may be applied to correct them. Many
have given up in despair and taken their handi-
craft to a professional, paying a generous fee to
have their mirrors brought to perfection, while
others have stuck it out, as it were, and been
finally rewarded with complete success, gaining
very valuable experience by the way. No part
of the optician’s job requires such patience and
care in every detail, and yet nothing gives greater
satisfaction than this process of correction well
accomplished.

Once the true center of curvature is found, (a
lighted candle or the lamp minus its shade will
id in determining it approximately), and both the artificial star
and knife-edge set with extreme accuracy, it will be noted that if

— M
Spherical Mirror under the knife-edge test.
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the latter is passed into the cone of light from the mirror at ,
point inside the true center of curvature, the mirror will appear
to darken on the same side as the knife-edge; while if the latter
is withdrawn beyond the center, the shadow will be seen to move
across the field from the opposite side. At the true point all rays
from the pin-hole ‘“‘star” will be reflected back with even illumina.
tion all over the field, if it be a true sphere. It is then that any
inequalities become distinguishable as seen by the highlights ang
shadows over the various zones of the disc, denoting the high or
low areas. It is somewhat confusing at first to interpret these
lights and shadows, but in a general sense it may be said that
excessive high lights denote the areas that are slightly raised, while
the shadows indicate depressions. It is the art of the optician to
interpret these evidences of deviation from the true sphere, and
by altering the tool and stroke in polishing, wear down these
zones which are high, or bring the entire surface to the level of the
areas that are seen to be low. This is a very delicate procedure
and frequent testing is imperative to avoid overdoing it, for a
condition of under-correction is far better than over-correction—a
fault that is prevalent in even professional handicraft. Glass is
the most sensitive material to work on that can be imagined; and
a correction of some thousanths of an inch is enough to make or
mar a polished surface, approaching perfection or working away
from it, Repeated tests are the only criteria of progress.

|

A cross section of the parabolized Mirror of comparativel.y
short Focus. The depth of the curve of one of longer focus is
very appreciably less. .

In order to attain a perfect parabolic figure, as faultless a spher-
ical surface, with as high a polish as possible, is essential; else
the delicate parabolic shadows will be misinterpreted or missed
entirely. There is no doubt that the parabolic form tends to bring
all rays to a more perfect focus, particularly in larger mirrors
where parabolizing is quite imperative; but, as Wright has pointed
out in his article on this subject in Popular Astronomy, (No. 387,
q. v.), “a perfectly spherical eight-inch mirror with a focal length
of eight feet will usually give better definition than one of four
feet focal length that has been given an eighty per cent correction.”
There is so little difference between the sphere and the parabola
that the optician is tempted to approach the hyperboloid (as
shown in the illustration), necessitating a return to first principles
—always a discouraging procedure. If, therefore, the mirror be
of a diameter not exceeding eight inches, or thereabouts, and the
amateur optician has achieved a good spherical form under test,
it might be well to let good enough alone. However, it is quite
likely that his passion for experimenting will rarely allow him
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The Foucault knife-edge Shadow as seen passing over the
surface of the Mirror when the cone of light is cut into from a
point inside the center of curvature (left), and also when the
rays are cut into from a point outside the true center. At the
true center, however, the entire field of the sphere is illumined
with an uniform greyish sheen, whose faint lights and shadows,
if such there are, instantly become evident. (Drawn by Dr. von
Krudy).
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The Hyperboloidal Figure as attested by the deep shadow
and indicated by the exaggerated cross section of the Mirror, the
result of over-parabolizing—a very common fault, necessitating
refiguring back to the sphere.

to do so. Further the author quoted above pursues this topic
with clearness and authority :—

It is amazing that more reflectors of small aperture are not
made spherical with aperture ratios of from f 10 to f 13. Not
only are they much easier for the amateur to make and test than
those of shorter focus, but the aberrations for points off the
axis are less, they give better results generally with ordinary
two lens eyepieces, and are less critical of exact adjustment of the
eyepiece to position of best focus. Perhaps it is due to the tend-
ency to copy the relative dimensions of the larger professional
instruments without inquiring very closely into the requirements
of the case. It should be remembered that the larger instruments
are used exclusively for photography where short focus instru-
ments are desirable to obtain negatives of faint objects with a
minimum of exposure time, and that the cost of mounting and
the accessibility of the eyepiece end are increasingly important
factors with increase in aperture. None of these limitations apP]Y
to a small instrument. A reflector 6 to 8 feet long is inexpensive
to house and convenient to use, and the amateur’s photographic
efforts if any are likely to be confined to the brighter objects
unless he is blessed with a precision mounting that few of us can
afford. It is perhaps significant that most of the early reflectors
built before the advent of photography were of f 10 or longer,
particularly those of moderate aperture,
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COMPUTING RADII FOR SMALL TELESCOPE
OB_J BEGTIVE. (Reference frcm p, 250).

A simple rule frequently used to determine the radii
for a telescope objective of Chance (Eng.), crown and
flint glass is given by Mr. Donald E. Sharp, Hamburg,
N. Y., as follows:

Make the first three radii numerically equal to four-
tenths (0.4) the desired focal length. The last radius
is found by multiplying the first radius by the flint
dispersion and dividing the product by the difference
between the flint dispersion and twice the crown dis-
persion. If the flint dispersion is greater than twice
the crown dispersion the last radius is convex; if it
is less, then the last radius is concave. The crown is
in front and is equiconvex. The flint is concave to
fit the crown on one side and may be cemented if
desired. Quite commonly the last surface of the
flint has such a long radius that it may be finished
flat.

Example:

Flint has dispersion 0.01670
Crown has dispersion 0.00800
Desired focal length 64 inches

Crown 1st radius = (0.4) (64) = + 25.6”
(Convex)

Crown 2nd radius = (0.4) (64) = 1225164
(Convex)

Flint 3rd radius = (0.4) (64) = — 25.6”
(Concave)

Flint 4th radius

e 0.0167

(0.0167) —2(0.008)

When the flint dispersion is twice the crown dis-
persion (or very nearly so) the last surface of the
flint is plane and the objective consists of a double
convex lens and a plano concave flint. The first three
curved surfaces are of equal radius in any case. The
ratio of diameter of focal length is usually not over
1 to 15,

= + 611”7 convex
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SILVERING

U. S. Bureau of Standards. Circular 32. (Supplementary to p. 234)

Cleaning the surface to be silvered is the most import-
ant part of the process, whatever formula is used.

Make a swab by winding absorbent cotton on the end
of a glass spatula or glass rod, with sufficient thickness
of cotton so that there will be no danger of scratching
the glass with the rcd. With such a swab and pure nitric
acid, to which a little distilled water may be added, clean
every part of the surface; considerable pressure should
be used in rubbing with the swab. Do not let any part
of the glass become dry in this process; if it does, swab
and clean again. Rinse off the nitric acid, for which
ordinary water may be used at first, followed by distilled
(or rain) water. Finally leave the mirror in a tray or
other container, covered with distilled water, until ready
to silver. No part of the mirror should be allowed to
become dry.

THE BRASHEAR FORMULA

This process is probably used more than any other for
silvering the surface of large mirrors used in reflecting
telescopes, and laboratory mirrors where a thick coat is
desired.

For most work the following proportions will be found
adequate :

Sq. cms., divided by 40, (or, Sq. inches by 6), equals Grams of Silver
Nitrate required. (For very thick coat:substitute 27 for 40 and 4 for 6).

CAUTION : In using the Brashear process keep the
solutions, and do the silvering, at a temperature of about
15°C, or 59°F. In hot weather it is advisable to use 1ce
to keep the temperature of the solution below 18°C.
(64°F). If warmer than this the resulting coat is apt
to .be soft, and there is danger of the formation of small
amounts of silver fulminate, which is very explosive.

The reducing solution :

Rock candy 90 grams
Nitric acid (sp. gr. 1.22) 4cc
Alcohol 175 cc
Distilled water . 1000 cc

This reducing solution is preferably made up in 2d-
vance; the older it is, the better it will work. If neces-
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sary to use at once, the action may be improved by boil-
ing it, adding the alcohol after it has cooled.

The silvering solution: (Make up just before silvering.)

A Distilled water 300 cc
Silver nitrate 20 grams
Strongest ammonia, as may be needed (see below)

B Distilled water 100 cc
Caustic potash 10 grams

C Distilled water 30 cc
Silver nitrate 2 grams

In solution A, after the nitrate is all dissolved, add
ammonia gradually. The solution will at once turn a
dark brown. Continue adding ammonia, drop by drop
toward the close of the process, until the solution just
clears up; avoid an excess of ammonia. Then pour in
Solution B; the mixture will again turn dark brown or
black. Again add ammonia, drop by drop toward the
close, and stirring constantly, until the solution just clears
up again. It should now be a light brown or straw color,
but transparent.

Next add slowly, stirring constantly, as much of the re-
serve silver solution, C, as the mixture will take up with-
out turning too dark; it is important that the nitrate of
silver be in excess. Continue this till there is quite a lit-
tle suspended matter, which the solution refuses to take
up. Filter through absorbent. cotton.

When ready to silver, pour into this mixture about 6 cc
of the reducing solution for each gram of silver nitrate
used, and pour at once upon the mirror, which has been
lying covered by about the same amount of water as is
used in the solutions; this water need not be poured off.

The process will be finished in from three to eight
minutes, depending on the temperature of the solutions,
which should never exceed 18°C (64°F). It is well to
make preliminary tests in small beakers or drinking
glasses to get the time necessary as the coat is apt to
bleach if process is continued too long. Keep solution
in motion so that the thick sediment which forms will
not deposit on the silver coat. A wvery light swabbing
with loose absorbent cotton over every part of the mirror,

~ will be found advantageous in large mirrors, as soon as

the coat begins to form. Avoid exposing the surface to
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the air for more than a second or two at a time to obserye
progress.

Get the spent solution off quickly at the close of the
process, rinse thoroughly, first with ordinary and then
with distilled water; swab lightly with absorbent cotton
while rinsing if there is much “bloom” on the surface.

THE ROCHELLE SALTS PROCESS
Solution A :

Silver nitrate 10 grams

Distilled water 100 grams

To this add concentrated ammonia until the precipitate
first formed is just redissolved (care used in mixing
well).

Then drop by drop add 10 per cent solution of silver
nitrate in water until the solution is opalescent.

Dilute to 1 liter, filter and bottle.

Solution B :

Silver nitrate 2 grams
Rochelle salt 1.66 grams
Distilled water 1 liter

Bring the solution of silver nitrate in distilled water
to_a boil. Then add Rochelle salt dry. Boil 5 minutes,
stirring all the time. Filter and keep in dark bottle.

To silver:

Use equal parts A and B at room temperature. The
deposition of silver on the glass surface will he more
rapid and complete if that surface is several degrees
warmer than the solution.

THE FORMALDEHYDE PROCESS
The Reducing Solution:

Distilled water 200 cc

Merck's formaldehyde 40 cc
The Silver Solution :

Distilled water 1000 cc

Silver nitrate 21.6 grams

Add strong ammonia gradually and clear up fully.

Mix these two solutions thoroughly and quickly and

pour on the mirror; keep solution in motion. When the

solution is clear with the exception of small black grains

like gunpowder, and these appear to be depositing on the

silver coat, the process is complete. Rinse thoroughly.
Temperature about 20°C (68°F).
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JOHNSON'S WEIGHT-DRIVE CLOCK

This clock is of the weight-drive type, controlled by a very
sensitive ring-governor enclosed in a plate-glass case. The
gears are of standard 48 pitch. The winding barrel is five
inches long and three inches in diameter. The plates are made
of bronze-—a pattern is made of wcod and casting made from
it. The separators for separating the plates are made of five-
sixteenth cold rolled steel; but the shafts of five-sixteenths
drill rod, and pivots not less. than one- eighth inch diameter.
The gear ratios are as follows: The barrel should make 8 RPM,
the main drive shaft 16 RPM, and the governor 150 RPM. From
the main shaft to driving worm there should be a 12 to 1 re-
duction gear as the worm should make one revolution in four
minutes, and the polar axis one degree per minute. I am using
a five-eighths worm with eighteen threads per inch.
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A 10” WITH MOTOR-DRIVE AND GOVE_RNOR
Designed and built by Raymond D. Cooke, Nameoki, Ill.

The speed f the motor is 2400 RPM. The first worm gear has
30 teeth, the second 20, the third 30, giving _the last wot‘mha
speed of one revolution in_ 7.5 min. The six-inch gear on the
polar axis has 192 teeth, giving the required one revolution 1l

h the

24 hours. This view also shows the declination circle wit 5

readin, lass and the flashlight and battery. The motor
shunt %m%md for six volts. Just below the binding posts can bre
seen a small resistance, which is normally in the armature C}t
cuit. When the governor falls low enough to make contact wi
the small spring below it, this short circuits the resistance an
causes the motor to run faster.
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A MOTOR-DRIVE CLOCK FOR 12” REFLECTOR
Designed and built by Dr. J. J. Byl, San Jose, Calif.

The 'motor in this electric drive is of the induction type of a
rated speed of 1725 RPM. As the load is light for the 14 HP
capacity, this speed will be reduced but little, making the
movement of the telescope in right ascension just about right
with the following assemblage of gears and worms: 24 pitch
worm  on motorshaft on 24 pitch gear, 72 teeth; 24 pitch worm
on 24 pitch gear, 72 teeth; 16 pitch worm on 16 pitch gear, 48
teeth. - The last gear is on a shaft that is fitted into the as-
semblage of an automobile starter and is either held or released
by the set screw on this assemblage. The pinion of this as-
semblage ‘has 12 teeth which engage the ring gear of 119 teeth.
The pinion can be thrown out of connection with the ring gear
by loosening the set screw and turning this sleeve .on barrel.
. The ring gear is shrunk on a brake drum, which happened to
be just the right size. The pulley on the motor shaft can be
fitted with a friction band to slightly reduce the speed of the
motor should this be necessary. '
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A PRACTICAL GRINDING MACHINE

After having ground and polished his third or fourth mirror, the am-
ateur optician will likely turn his farcy toward some sort of a machine
that will possibly lighten his labors, and at the same time meet the re-
quirements in general efficiency. There are many practical types of
grinding and polishing machines, but for the most part they are for use
n commercial instrument works, highly technical and costly. Howev-
er, there are some of less intricate design, like that seen here, which
the mechanically-minded experimenter will be able to build almost from
sight from the clearness and simplicity of the parts as shown in the re—
production - a serviceable auxiliary to any optician’s bench, and a very
palpable test of one’s skill with tools.

The portable grinding and polishing machine shown above
was built by Donald Perry, Glendale, Calif., a member of the
Amateur Telescope Makers Society of Los Angeles, Calif.

The top of the right hand vertical shaft carries a hardwood
plate (having 3 clamping jaws). Upon this plate is placed the
glass disc for grinding. Shaft is driven by %4 HP motor whose
speed is reduced by pulleys until plate revolves about 60 times
per minute (worm gear drive may be used in place of pulleys
and belting).

The top of the worm driven rotating shaft (both the shafts are

driven at about the same speed) carries a hardwood disc, the
upper side of which is slotted to hold an adjustable bearing,
téat provides eccentric motion for the slotted hardwood connect-
ing rod, which transmits the reciprocating motion to the grind-
ing disc. The left end of the connecting rod has adjustable
counterbalances so that the weight on grinding tool may be lcss
sened as fine grinding and polishing begins. The opposite end
of the connecting rod carries a pawl on the end of rod to ro-
tate the holder, giving it a slow ratchet motion. The adjust-
able arm is anchored at one end, the other being clan}ped in
the slot of the arm and provides a method of regulating the
stroke.
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A LOW-COST OBSERVATORY
Constructed by E. H. Morse, Pasadena, Calif.

- While an observatory is not an imperative necessity for the housing of
either reﬂectgr or refractor in most temperate localities, (since most any
sort of covering will suffice' when the instrument is not in use), there is
something quite “‘professional " and cosy withal about a walled enclosure
whether with sliding roof or revolving dome, that makes for privacy and
concentration on the observing program at hand, and many will wish to
build them. Mr. Morse observes with a 15” home-built reflector.

The building shown in above cut is 12’ in diameter and 14’
high, is built of 12 sections, 3’ each. The foundations are 6”
concrete, with 10” footing and of sufficient depth to reach below
frost line. Anchored to this foundation is a 2x4 mud sill. The

upright side studding is 2x3 set 1’ 6” centers. These also built

in’ 12 sections of 3’ each and spiked to mud sill. On top of thi
s]t‘uddmg is spiked a 2x3 plate. On this plate is nailed apcircu]af'
wooden track plate built up of two thicknesses of 74x6” ‘boards
(joints lapped, hardwood preferable, the circular tracks should
be cut on a band saw). Run 12 sets of rollers upon this track
plate to carry the dome. These rollers are fitted in a cast-iron

301



bracket so that one roller 2” face

and 3” diameter rides on top of the

circular track and one roller 1147

face by 2” diameter runs on inside

edge of circular track, to keep the

dome in place. Resting upon, and

bolted to the top of the roller

brackets, is a built-up circular

dome plate, consisting of two

pieces %x6” wood, same size and

2"y g~ construction as track plate. Upon

Fx this dome plate is built the ribbed

revolving dome. The framing of the

74 dome consists of 12 ribs, 2x3, sawed

on a 6’ radius and spiked to dome

plate. These ribs framed together

at the top having two or three lines

7r&8CK of 2x3 horizontal stiffeners spaced
equally. All lumber dressed.

After framing dome, construct in
one of the 3’ openings a parallel
opening for the two hinged curved
i shutters. These shutters are made

with over-lapping edges to prevent
l leakage. The entire dome is cov-

f
L1115,
ANNRNNNNN

ered with 28-gauge galvanized iron,
tacked on ribs with double thick-
% ness strip of tooﬁng paper and

$

© 2”"x14" wood strips to fasten same
. to ribs. The galvanized iron should
N extend 3” below the level of the

track plate for protection from
weather. Below the track plate
cover with sheathing; locate door
and window to suit and paint the
g whole two coats of good oil and
| — [~ Shes?hing lead paint.

The dome may be revolved either
by hand or motor. The size of the
dolme is gov’Ie‘;lleeddby the size of thle
. Sy telescope. 1s dome was original-

{2 X3 “S/// 1y built for an 814" reflector and
now houses a short focus 15” re-
flector. The height will depend on

possible interference by nearby
Found, trees and buildings; avoid proxim-
ity of heated chimneys as heated
currents of air prevent good visi-
bility. The concrete foundation of

the telescope is separate from an
independent of the floor or bpildmg.
This plan may be modified to lessen labor and material cost.
The foundation and building up to the height of a circular
track might be made square in the place of 12-sided, as shown
in _cut.
Use 4x6 mud sills, anchored to posts of either wood or con-
crete in place of all concrete foundation.
Build dome square or hexagonal, without curves, and cover
with doublc thickness of tar paper or single thickness of heavy
painted canvas.
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BCOK LIST

'ASTRONOMY AND COSMOGONY. A profound general survey of

modern astrophysical research, by Prof. J. H. Jeans, Cambridge Univ.
Engrossing to layman and trained adept alike.~ (McMillan. $10.00).
A SOURCE BOOK IN ASTRONOMY. By Dir. Harlow Shapl f
Harvard Obs., and Helen E. Howarth. A representative sumdrgaer};: gf
four hundred years of progress in the science. (McGraw, Hill. $4.00).

ASTRONOMY. A revision of Young's Manual, by Prof. H. N. Rus-
sell, and collaborators, of Princeton Obs. 2 vols.: [ —The Solar System.
I1--Astrorhysicsand Stellar Astronomy. The layman's most recent and
definite reference: a veritable treasury of celestial riches. (Ginn, $5.00)
ASTRONOMY —Adolfo Stahl Lectures. Delivered under the auspices
of the Ast. Soc. of the Pacific, by W. W. Campbell, R. G. Aitken, H.D.
Curtis, R. T. Crawford, C.E.St. John, A.O. LLeuschner and F. H. Sears.
A brilliant and porular symposivm. (Pub. by the Society, $3.50).
ASTRONOMY, New. By Prof David Todd, Director Emeritus, Am-
herst Obs. (Harpers, $2.00). Popular and informing.
ASTRONOMY With An Opera Glass. By Garrett P. Serviss, Ameri=
ca's most famous popularizer of science. One of many of this author's
delightful and reliable books for the general reader. (Appleton $2.50).
ASTRONOMY, Side Lights On. By Simon Newcomb. The dean of
astronomers, master of clear and convincing English. (Harpers, $2.50).
ASTRONOMERS, Great. By Sir Robert Ball. The wonder-workers of
the science, theirstruggles and ultimate triumphs. (Pitman, London).
ASTRONOMY, Popular. By Camille Flammarion. Translated and
revised to dateby Gore. Brilliant and inspiring — a monumental work
in all that the title implies. (Appleton, $6.00).

ASTRONOMY, Elements. By Prof. E. A. Fath, Carleton Coll. Obs.,
and Assoc. Ed., “‘Popular Astroromy.” A textbook, exact, up-to-the-
hour, and widely endorsed by professionals. (McGraw-Hlill, $3.00).
ASTROPHYSICS, Astronomical. By J. M. Stratton. A valuable ref-
erence treatise for the advanced research worker. (Methuen, London).
ASTPOPHYSICS, Modern. By Herbert Dingle, F. R. A. S. Compre-
hensive and scholarly, by a leading philosopher-physicist. (McMillan).
BINARY STARS, The. By Dr. Robt. G. Aitken, Associate Director,
Lick Obs. Method of double-star research and notable results of years
of patient pioneering in a field as brilliant as it is arduous and exacting.
Anepochal contribution to science, yet not too profound for the average
layman. (McMurtrie, $3.50).

CELESTIAL OBJECTS For Common Telescopes. By Rev. T. W.
Webb, F.R. A.S. revisedby T.E Espin, M. A. 2 vols.: [--The Solar
System, (with large-scale map of the Moon). [1--Star-places of seven
thousand celestial objects. A standard work that has enjoyed many re-
printings since the first edition in 1859. Should be in every advanced
observer's library. (Longmans, Green, $6.00).

EARTH And The Stars. By Charles G. Abbott. of the Smithsonian
Inst., Washington. One of the most recent and readable expositions of
modern theories and discoveries in every department of the science. A
clear, graphic survey for busy readers. (Van Nostrand, $3.00).
HEAVENS, A Popular Guide To The. By Sir Robt. Ball, F.R.S. A
new revised and handsomely illustrated edition of this standard work
by the l.owndezn Professor of Ast., Cambridge. (Van Nostrand, $3.50)
HEAVENS, The New. By Geo. E. Hale, Hon. Director, Mt. Wilson
Obs. Recent triumphs in stellar research set forth in vivid, non-tech-
nical style. Uniform with ‘““The Depths of the Universe’ and **Beyond
the Mill »7\y_ay," reprinted from Scribncrg’s hiag‘ ($§ribner, $1.50).

303



HISTORY of Astronomy, By Arthur Berry, Cambridze Univ. Broad,
readable and exact, A brilliant summary. (Scribner, $1 50).
LABORATORY MANUAL in Astronomy. By Mary E. Byrd, A. B,
Smith Coll. Obs. Practical results thru simple methods. (Ginn, $2.00)
“First Observations in Astronomy,” same author. ($1.50)

LENS WORK For Amateurs. By Henry Orford. Practical instruction
in the optical branch of instrument-building. (Pitman. London, $1.50).
MATHEMATICAL ASTRONOMY. By C.H Barlowand G. H. Bry-
an. A sound introduction to Chauvenet or Moulton.

MECHANICS, Celestial By Forest Ray Mculton. Ph.D., Univ of Chi-
cago. Methods of interpreting and predicting celestial phenomena by a
renowned authority in astrophysics. (McMiilan, $4.00)

METEORS. By Charles P. Olivier. McCormick Obs.  I[ncreasing in-
terest in this branch of the. science justifies this stimulating and typo-
graphically superb compendium. (Williams & Watkins, Balt., Md.)
MODERN ASTRONOMY By Prof H. H. Tumer, Uxford. A clear-
ly presented account of the evolution in the science duriing the last quar-
ter of a century. (Constable, London).

MODERN ASTRONOMY. By Hector Macpherson, F.R. A.S Pop-
ular, timely and widely read. (Oxford Press, $2 00)

MOON, The By Philip Fauth. Tr. by J. Ellard Gore. Summary of a
quarter—century of selenographic research. (Van Nostrand).

MUSIC OF THE SPHERES By Florence A. Grondal A nature-
lover's astromomy.” Scholarly and poetic. (McMillan, $2.50).
OBJECTIVES, Telescope. Methods of adjustments and tests by opti-
cians of world-wide reputation: T.Cooke & Sons, York, Eng. ($5.00).
OPTICAL SYSTEMS of Lenses, Prisms and Mirrors — A Simplified
Method of Tracing Rays. By Dr. L. Silberstein, Univ. of Rome A
graphic abstract involving vectorial mechanicsand algebra, with many
diagrams. For advanced computors. (Longmans, Green, $2.50).
OPTICAL TABLES and Data for Opticians. By Silvanus P. Thomp-
son, D.Sc. An indispensable compilation for glass-workers in whatever
field, with valuable correlative information. (Spon, London, $3.00){
OPTICS, Practical, For Laboratory and Workshop. By B. K. Johnson.
A thoroughly efficient treatise on theory and practice. (Benn, London).
OPTICS, Thick Lens. By A. L. Baker, Ph.D. A working text for the
serious investigator, with copious diagrams. (Van Nostrand, $2.00).
OPTICS, Outlines of Applied. By P. G. Nutting. A noteworthv con=
tribution by an eminent Bureau of Standards physicist. (Blackiston).
OPTICS, Theory Of. By Sir Arthur Schuster, Univ. of Manchester. A
standard treatise covering all branches of the science. (Arnold, London),
OPTICS, Geometrical. By Jas. P. C. Southall, Ala. Polytech. An ad-
vanced compendium for the mathematical adept. (McMillan).
PHOTOGRAPHY, Astronomical. By H. H. Waters. Methods in the
practiced hands of an enthusiast in this rare art. (Gall-Inglis, London).
SPECTROSCOPE, And Its Work. By Prof. H.F.Newall Cambridge.
“Designed to stir the reader to wish to see for himself.” --and succeeds
admirably. The best of the elementaries. (Gorham. N Y., $2.00). !
SPECTROSCOPE, The. By T. Thorn Baker, F.R. A.S Exhaustive
summary of laboratory research for the adept. (Balliere [.andan).
SPECTROSCOPY By E.C.C.Baly. F.R.S. Standard in cvery tech=
nical library of the world. New ed., 2 vols. (Longmans, Green).
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SKIES. Splendors Of The. By Isabel Martin Lewis. A. M., Naval Obs,
Staff. Presents recent data in lucid popular form. (Duffield, $2.00).
SPLENDOURS OF The Heavens. Ed.by T.E.R.Phillips,, F.R.A.S.,
Chapters by eminent British scientists: Crommelin, Denning, Dingle,
Doig, Goodacre, Hepburn, Longbottom, Maunder, McPherson, Parr,
Reynolds, Steavenson, Waterfield, and others, covering every sector of
stellar research, A distinguished symposium. Two quarto vols., 1000 il-
lustrations, many in color. Printed in Eng. (McBride, N. Y., $12.50).
STARLIGHT. By Dr. Harlow Shapley, Direc. Harvard Obs. A recent
work by one of the world’s first-rank astrophysicists. (Doran. $1.00).
STARS, A Field Book Of, By Wm. Tyler Olcott, M. A. A graphic pre-
sentationof the constellations for beginners’ self-help. (Putnam, $1.50).
“In Star Land With A Three-Inch Telescope. Same author and pub-
lisher. An excellent lead to serious and definite star-study. ($1.50).
“Star Lore Of All Ages,” ““Sun Lore Of All Ages.” Scholarly and pic-
torially enchanting--a rich treasure-trove from rare sources. ($4.50).
STARS, How To Study The. By Lucien Rudaux. Tr.by A.H. Keane,
Standzrd handbook by practical observer and builder. (Stokes, $2.50)
STARS, The Friendly. By Martha Evans Martin. This happily titled
and dependable book merits its wide popularity. (Harpers, $2.00).
STARS And Atoms. By A.S.Eddington, Direc. Cambridge Univ Obs.
Lectures before the British Assn. A recent and notable digestin astro-
physics by an acknowledged leader. (Yale Press, $2.00).
STARS, Evenings With The. By Mary A. Proctor, {(daughter of the late
R. A. Proctor), brilliant popular writer and lecturer. (Cassell, $2.50).
STAR-BOOK, The Beginner's. By Kelvin McKready. Fulfills its title,
Excellent illustrations. (Putnam, $4.50).
STELLAR ATMOSPHERES. By Cecelia H. Payne, Ph.D. Observa-
tional study of high surface temperatures as related to the problem of
stellarevolution. Foreword by Dr. Shapley. (Harvard Obs. $2.50).
STELLAR MOTIONS. By William Wallace Campbell, Sc.D.,L.L.D.,
Direc. LickObs , Pres. Univ. of Calif. Standard treatise by a world-au-
thority in every province of celestial research. (Yale Press, $3 50).
STELLAR MOVEMENTS And Structure Of The Universe. By A.S.
Eddington, Cambridge Obs. The present state of our knowledge, with
data on new discoveries recently brought to iight. (McMillan, $3.00).
SUN DIALS. Historic forms, etc. By A. R.R.Green. (McMillan).
YE SUN DIAL BOOK. By T. G. W. Henslow, M.A. Exhaustive re-
search, pictorially perfection. (Arnold, London).
SUN DIALS AND ROSES, By Alice Morse Earle. ““Garden delights
as emblems.”” History embellished with romance. (McMillan, $2.50).
TELESCOPE, The. By Louis C. Bell, Ph.D. Best of recent non-tech-
nical treatises on the evolution and principles underlying all optical in-
struments of research. A standard work. (McGraw-Hill, $3.00).
TELESCOPE MAKING. Amateur, (Reflectors). By Russell W. Por-
ter, M.S., Rev. Wm F. A.Ellisan, Albert G. Ingalls, Assoc. Ed. *'Scien-
tific American,” and others. Mirror-building, testing and mounting in
everydetail. Practical, reliable, well illustrated. (Munn & Co. =
UNIVERSE OF STARS, The. An up-to-the-hour radio symposium by
distinguished members of Harvard Obs. staff. (Harvard Press, $2.00).
VARIABLE STARS, An Introduction To The Study Of. By Caroline
E.Furness, Ph. D., Direc. Vassar Coll. Obs. Best work on thissubject in
any language. Standardinevery observer’'slibrary. (Houghton Mifflin).
WATCHERS Of The Sky. By Alfred Noyes. Noble poetry! (Stokes).
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AMER. EPHEMERIS AND NAUT. ALMANAC: Indispensable to
the serious observer Gives R. A and Dec. of hundreds of stars, posi-
tion of Sun an Planets for every day in the year, the Moon for every
hour, culminations of Polaris, Time Tables, methods of reduction, and
a mass of correlative information. The government’s wonder-beok,
and practically a giftat $1.00. Supt.of Documents, Washington, D.C_

Barritt-Serviss STAR & PLANET FINDER. Practical, weli construct-
ed, quick acr.on. Leon Barritt, 367 Fultonst. Brooklyn, N.Y. $5.00

STAR ATLAS: Norton's, placing 7000 objects. Full notes, $3.50.

Proctor’s. Revised to Epoch 1920 Stars to mag. 7. $6.25.
Schurig's Stars down to mag. 6.5. White on blue field. $2.50.
Steuker's. New. Three parts. Text in three languages, $15.00,
Upton's. Large, clearcharts, with notes.. $4 00. (Ginn& Co.)

(Leon Barritt, Brooklyn, N. Y , or Technical Book Co., San Francisco).

PERIODICALS:

ASTROPHYSICAL JOURMAL. Advanced, often highly techaical, but
the acknowledged leader in research. {Univ. of Chicago Press, $6.00).

MONTHLY EVENING SKY MAP, Deservedly popular. Month
to month positions of heavenly bodies. with interesting current com-
ments, A journal for every star-lover. (Leon Barritt. Pub.. 367 Ful-
ton st , Brooklyn, N. Y. $1,50 yearly).

POPULAR ASTRONOMY. A Revicw of Astronomy and Allied Sci-
ences. Apart from its general excellence as a timely and informative
criterion, it publishes the Variable Star Assn. monthly observations in
full. Holds first place among the purely astronomical periodicals of
the world. (Northfield. Minn. 10 issues yearly, $4.50).

PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE
PACIFIC, A bi-monthly review of current research in celestial sci-
ence by eminent authorities, Free to members. (Ast, Soc. of the Pa-
cific, Merchants Exchange Bldg., San Francisco, Calif, $5.00 yearly),

SCIENCE. A weeklvdigest of progress and discovery, giving special at-
tention to astronomical advancement, (Science Press, Grand Central
Terminal. N. Y. $6.00 per year).

JOURNAL OF THEROYAL ASTRONOMICAL SOCIETY OF CAN-
ADA. Popuular and varied. (198 Coilege st,, Toronto, Can, $2.00),

SCIENTIFIC AMERICAN, 24-26 W. 40th St., New York. Monthly.
$4.00 per year. Special Dept., *‘The Amateur Astronomer, " by Albert
G. Ingalls. Publishes ‘‘Amateur Telescope Making.” ($3.00, postpaid).
This book has encouraged thousands to *‘build their own.™
SCIENCE NEWS LETTER, B St., N. W., Washington, D.C, Week-
lv Summary of Current Science. $5.00 a year.

SOCIETIES:

AMERICAN ASTRONOMICAL SOCIETY. Mainly professionals,
but includes others devoted to the science or related branches. Digests
of papers read at bi-yearly meetings (reprinted from Popular Astrono-
my), gratis. R. S. Dugan, Secy., Princeton Univ., N. J. (Dues, $2.00).
ASTRONOMICAL SOCIETY OF THE PACIFIC. “Open toall who
feel an interest in astronomy." . H. Adams, Secy.,"Merchants Ex-
change, San Francisco, Calif. (Dues, 5.00 yearly. Publications inc.)
AMER. ASSN. OF VARIABLE STAR OBSERVERS. (Seep. 159).
AMERICAN METEOR SOCIETY. (Seep. 187). ¥
ROYAL ASTRONOMICAL SOCIETY OF CANADA, Toronto, Can.
Welcomes amateurs. (Ann. fee, $2.00). Journal and yearly Handbook.
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WHERE TO PURCHASE MATERIALS.

GLASS of standard commercial plate is now available at any one
of the many agencies of the Pittsburgh Glass Co., in all large
cities. Since the war (when submarine and battleship portlight
glass was made up to two inches in thickness), mirror blanks of
about one and one-half inches in thickness are about as heavy as
are obtainable except on special order. However, glass from an
inch to one and three-eighths inches in thickness is easily obtain-
able and suffices for the usual amateur’s handicraft up to ten
inches in diameter. Many fine mirrors have been made of glass
lighter in weight than called for in the theoretical six-to-one rule,
Sometimes an odd slab of glass of sufficient thickness may be
picked up at very low cost and several discs cut out with seam-
less pipe attached to a drill press of geared lathe, using Grade 80
carborundum. One of my friends cut seven mirror-discs, six to nine
inches each, from such a cast-away slab at a cost of $20.00.
The Corning Glass Works, Corning, N. Y., supplies Pyrex glass
for reflector mirrors up to about twelve inches. Low coefficient
of expansion so that variations of temperature do not affect the
image in climates subject to sudden changes. Rather expensive
and more difficult to work than plate or crown glass, but “worth
the cost,” as one correspondent says. (Ten-in. disc, without tools,
about $35.00).
TELESCOPE ACCESSORIES of various kinds are furnished
by reputable concerns whose prices vary somewhat, so that it
would be well for the prospective customer to write for price lists,
stating explicitly what is desired. Any of the following will be glad
to assist the amateur,
John E. Mellish, St. Charles, Ill.,
Gaertner Scientific Corp., 1201 Wrightwood Ave., Chicago, TIL
Wm. Mogey & Sons, Inc., Interhaven Ave., Plainfield, N. J.
S. Junkunc, 213 So. Aberdeen St., Chicago, Ill,
Carl Zeiss, 485 Fifth Ave., New York.
Spenser Scientific and Experimental Works, Denver, Colo.
T. E. Jeslerski, 3222 N. Hamlin Ave., Chicago, Ill, :
Donald E. Sharp, Hamburg, N. Y., besides being agent for Chance
Bros, & Co., Birmingham, Eng., makers of optical glass, furnishes
refractor blanks of any size, slab crown and flint and cut prism
blanks of any size or angle, ocular blanks (for those who wish to
make their own), finished eyepieces, etc. Also crown mirror blanks
for high grade reflectors and flats.
The Eastern Science Supply Co., P. O. Box 1414, Boston, Mass.,
offer a wide variety of astronomical equipment and supplies for
observatory, laboratory, lectures and classroom. Special Bulletins
on request. Apparatus for astrophotography and publishers of
Edward Skinner King’s “Manual of Celestial Photography,” the
book that all ambitious amateurs have been waiting for, covering
every detail of this interesting subject.
H. E. Dall, 186 Dunstable Road, Luton, Eng., supplies at very
reasonable cost the Tolles form of Eyepiece, made from Chance
dense barium crown, of various foci. These solid oculars are per-
fection in workmanship and give sharp, crisp images with high
light transmission, especially adapted for planetary detail and faint
double stars, Further information on request. (Prices, $5.00 and
$6.00, duty free).
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OPTICAL GLASS: Bausch & Lomb Optical Co, Rochester, N. Y., or
their agents, who likewise supply Carborundum, (No. 900, for rough
grinding; 902, smoothing; 904-E, fine grinding; and 906-E, cxtra fine).
Also high grade Blocking Pitch, (stick form), No. 914-P, at 18c. per lb.,
and dry Rouge in 5 Ib. cans, at 30c. per lb.

PITCH: Archangel, Wilmington or Los Angeles Pitch for sale quite gen-
erally by dealers in building materials. Snow’s grafting wax, clean and
of fine texture, at farmers’ supply houses, (30c. Ib.); likewise apiarist’s
foundation-comb for quick, high polishing when stiffened with shellac on
back and impressed on tool. (10c. per sheet). Morris Polishing Pads, in
great favor with lens-workers, sold by J. I. Morris, Southbridge, Mass.
ABRASIVES: Carborundum in
five grades (75 mesh, coarse, to
300, fine flour), now obtained at
hardware stores, at 50c. per Ib.
(%4 1b. of each grade goes a long
way). Wellsworth Emery comes
in five grades: M100-M203, grit-
less, fast and reliable. An ounce
or two of each grade suffices for
many lenses and prisms. Amer.
Optical Co., Southbridge ,Mass.

:
ROUGE, black iron oxide, stan- ‘ WM «
nic oxide or other polishing me- | M
dium, as well as chemicals, (sil- i
ver nitrate. potass. hydroxide,
ammonium nitrate, etc.), and
precision tools, write University L3
Apparatus Co., Berkeley, Calif | R s .
IFFRACTION GRATING REPLI , from Rowland, Michelson,
II\DAt. Wilson and other originals, ruled 14,800 to 25,00 to the inch, giving
wide dispersion and brilliant spectra. For Dr. Wallace s REF])',I"%S' (Sﬁ{v
cut), apply, Central Scientific Supply Co., 460 E.Ohiost,, if[ago,u e
(Bulletin 22 gives specimen reproductions and all details). owe‘_ ,
Sherburne, Pasadena, Calif., also supply Grating Replicas of high quality.

The John M. Pierce
Telescope Works, of
Springfield, Vt., as-
sists amateurs with
advice and supplies
of all kinds for re-
flector building, etc.
Corresponderice in-
vited.

Blue prints of com-
plete OBSERVA-
TORY, $10.00. Ap-
ply, A. E. Schroed-
er. 1075 Forest CIiff
Drive, Clevel'nd, O.
BRASS TUBING,
etc., sold by Fixture
Dealers; Lacquer at
Paint Supplies. Al-
most everythingne-
cessary in telescope-
building is available
0o, ] P =K in the smaller cities
- : - o nowadays.

& !
EDASEK

(See p.306). 308
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AND_

GLOSSARY

OF TERMS

ASTRONOMICAL CONSTANTS AND SIGNS - TIME RECK-
ONING - SIDEREAL TIME OF MEAN NOON TABLE -
EQUATION OF TIME CHART - VARIABLE STAR
OBSERVATIONS - CLASSIFICATION OF VARI-
ABLES - DIAGRAM OF CIRCUMPOLAR RE-
GIONS - CHART OF NEARER STARS -
MEASUREMENTS OF PARALLAX -

MISC., AND GLOSSARY

ASTRONOMICAL CONSTANTS, SIGNS, ETC.

Solar Parallax, 8”.80
Constant of Aberration, 20”.47
General Precession, 507.2564
Moon's Eq. Hor. Parallax, 57/27.70
Obliquity of Ecliptic, 23°27’ 87.26
LENGTH OF YEAR:
Tropical (Equinox to Equinox),
365d 5h 48m 46s
Sidereal, : : 365d6h9m9.5s
Anomalistic ~ 365d 6h 13m 53.1s
LENGTH OF MONTH:
Synodical (New Moon to
New Moon), 29d 12h 44m 2.8s

Tropical, : 27d7h43m4.7s
Sidereal, : 27d7h43m11l.5s
Anomalistic, 27d13h18m 33.1s

Nodical, : : 27d5h 5m35.8s
LENGTH OF DAY:

Sidereal, 23h 56m4.091s, m.s. t
] Mean Solar, 24h 3m. 56.55s, sid. t.

EARTH: Polar Radius, 3949.99 mi.
Equatorial Radius, 3963.34 mi.

Mean Orbital Speed, 18.496 mi.-sec.

Mean Density, 5.53. Water= 1.

1° Lat.: 69.0569 statute miles.

1° Long.: 69.2316 statute miles.

| Statute Mile: 0.868362 nautical.

1 Naut. Mile: 1.151594 statute.
Number of Stars brighter than —=

Mag. 0-3 Mag. & - 46 200

1-11 9 - 139,300
2-39 10 - 380,000
3-133 11 - 1,026,000
4 - 446 12 - 2,590,000
5-1,466 15 - 5,890,000
6 -4,730 14-13,120,000

15 -27,500,000
16 - 57,100,000
. . (Harvard Visual Scale).
Limit of naked-eye vision, Mag. 6.
Ditto, telescopic, see page 18.

O/ Conjunction: two celestial units
in same Longitude or R. A —0°
Opposition: Planet on opposite
side of Earth from Sun —180°.

D Quadrature: Planet is in Long.
90° east or west from the Sun,

% Sextile: 60° difference in Long.,
or Right Ascension.

A Trine: 120° difference in Long.,
or Right Ascension.

Long. of ascending node. Plan-
et crosses Ecliptic from S to N.
Long. of descending node. Plan-
et crosses Ecliptic from N. to S.
P —Period in years.
T — Time of perihelion passage.

T Long. of perihelion point of orbit.
“ reckoned from Vernal Equinox.
Eccentricity of orbit; ratioof dist.
focus to center to vertex to center.
a Semi-major axis; half the great=
est diameter of orbit.
q Perihelion distance: shortest dis-
tance planet to Sun.
.1 Mean angular motion of celestial
th body in unit of time
) Angle of ascending node to peri=
helion point of orbit.
i Inclination of orbital plane to the
plane of the Ecliptic.
G.C. T.—Greenwich Civil Time,
L.C.T.— Local Civil Time

M — Mean anomaly.

( Other signs and symbols, page 21).
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TIME, Civil—Astronomical.—Beginning 1925, by international
agreement, the astronomical day, computed from noon to noomn,
was changed to agree with the civil day, beginning at midnight.
Astronomical twenty-four hour clocks were set forward twelve
hours; but sidereal clocks remain unchanged. This change in
no wise affects star-places or sidereal time relating to them,
dealing only with the prediction of phenomena, the ephemerides
of planets, comets, etc.; nor does it affect the Julian Calendar
used in Variable Star work. Instead of A.M. and P.M., the
twenty-four hour notation is employed: Hrs. 0 to 12 from mid-
night to noon, Hrs. 12 to 24, from noon to midnight. Greenwich
time is quickly changed to Standard time by subtracting the
number-of-hours of the observer s Standard time zone.
—Sidereal-Time of Meanm Noon.—Good timepieces are essential
to accurate star-work, especially a good clock or watch giving
mean standard time from which the sidereal time may be re-
duced. A clock may be so regulated as to gain four minutes a
day (3 min. 56.5 sec., to be exact), which is the star-time lead
over the mean-time interval in twenty-four hours. Or, correct-
ing the standard time noon radio signals for the observer’s
meridian, a reasonable approximation to sidereal time may be
arrived at by computing the months, days, hours and minutes
which have elapsed since the Vernal Equinox—noon of the pre-

vious March 22—and checking ‘G & Star of known Tight ascen-
sion as found in the cCharts.
For instance, at eight o’clock of the evening of Oct. 23rd, you

begin observing and wish to check your sidereal time.
Noon, Mar. 22, to noon, Oct. 22, 7mo., at 2hr, per mo. 14hr.

Noon, Oct. 22, to noon, Oct. 23, 1 day 4m.
Noon, Oct. 23, to 8 P.M., observing hour Wshr.,.
Total, or Sidereal Time of observing hour 22hr. 4m.

Referring to Chart XXIII-C, opp. p. 159, we find that alpha
Aquarii, directly on the celestial equator, culminates at R. A.
22hr. 1lm. With telescope set in the true meridian, clamped in
declination at Ohr., the instant alpha Aquarii reaches the cen-
ter of the field of vision indicates the true sidereal time. Set
your sidereal clock accordingly.

A still simpler method, without reduction, is to consult the
following table which approximates sidereal time for the first,
tenth and twentieth day of every month in the year.

SIDEREAL TIME OF MEAN NOON

To Mean Tirri&Nan,a(% the following dates, add the hrs., and mins,,
given in italics. The result will approximate Sidereal Time.

h. m. h. m. h. m. h. m

APR. 1- 030 |JUL. 1- 6 33 |OCT.1-12 35 | JAN. 1-18 39
10- 17 11 10- 708 10-15 11 10-19 15
20-1 52 20- 748 20-13 50 20 - 19 54
MAY 1-232|AUG.1- 835 |NOV.1-14 38 |FEB. 1-20 41
10 - 3 08 10- 910 10- 15 11 10-21 17
20- 3 47 20- 950 20-15 53 20 - 21 56
JUN.1 - & 54 | SEPT.1-10 37 |DEC. 1-16 36 | MAR. 1-22 32
10-11 15 10-17 11 10- 23 07

20-11 52ﬂ 20-17 51 20 - 23 47

e —

3 kfev 3l 5‘1 7 it

Instructions—Find nearest date in left-hand column. Subtract
or add 4m. for each day before or after observing date. Add
time elapsed from noon to observing hour. If sum exceeds 24h.,
subtract 24. Result will be Sidereal Time of observing hour.
Verify on some star of known R. A.

Ex.: Wanted—Sidereal Time of observing hour, 8 p. m., M. S.
T., Mar. 17.

Nearest date, Mar. 20. Sid. Time, noon, as per

above chart 23h. 47m.
Subtract 4m. per day for three days, Mar. 17 to 20......... 12
Sidereal Time of mean noon, Mar. 17 ...23h. 35m.
Add time elapsed from noon to observing hour. . 8,100
J : 31h. 35m.
Subtracting twenty-four hours 24 00
We have the Sidereal Time, 8 p. m., Mar. 17 o, 7h. 35m.

Reference to Chart 8-C shows that Procyon (alpha Canis Mi-
noris) comes to the meridian at 7h., 35m., decl. 5° 29/, north.

Equation of Time.—If the Earth’s orbit around the Sun were
a perfect circle, with no perturbing influences, sun-time would
be uniform from noon to noon throughout the year; but such is
very far from being the case. The gun is sometimes ‘‘fast” by
more than a quarter-hour, and sometimes ‘“slow’” by almost the
same amount. This necessitates striking an average for the
entire year and affixing it to a “fictitious” Sun whose noon-to-
noon rate is constant to insure uniform time-service. Sun Dials,
accurately oriented, give apparent time of the true Sun. In or-
der that it may agree with the Civil Time of our work-a-day
world, a fixed Equation of Time Chart is consulted so as to add
or subtract the intervals between the varying apparent time
and the uniform ‘“fictitious” Civil Time. As ordinary Sun Dials
approximate apparent time to the accuracy of minutes only, the
seconds in the Equation Charts are discarded. Etched in metal
(with a suitable motto), these charts may be made artistic as
well as indispensable accessories to mounted dials.

EQUATION OF TIME CHART

Plus: Add mins. — italics — to Apparent Time on days indicated in left-
hand column. Minus: Subtract from Apparent, or Sun Dial, Time.

JAN. FEB. MAR.APR. MAY JUN. JUL. AUG.SEPT. OCT. NOV. DEC.

Plus| 1-2311-72| 1-4| 1-2| 1-2| 1-3| 16| 1- | 1-10[ 1-16] 1.12
1.5 | 4-144-711| 3-3| 2-3| 4-1| 4-4| 5-5| | 4-711\11-15| 2-1p
3-% [20-13/9-10| 5-2|30-,/10-0(10-5(13-¢ Min.| 8.72/18-74| 4.9
5.5 [27-1213.9| 9.1 19-6/18-3| 5-1\11-13(22-13| 7-8
76 16-8|12-0 Plus 22-2| 8.2/15-14|26-12| 9-7
9.7 20-7], - 19-7 26-1/11-3/20-15(29-77(11-6

12-8 23.6," M. 24. 30-0|14-4|27-16 13.5

14-9 26-5,21-1 29-3 17-5 16-4

17-10 30-4/26-2 19-6 18-5

20-71 | 22-7 20-2

24-72 25-8 22-1

29-13 1 28-9 24-0

| | | Plus

\ | 126-1

1 | 130-2
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THE PRACTICAL OBSERVING OF
VARIABLE STARS
ONE of the most fruitful fields of endeavor in practical

full printed instructions, the enlarged Fr. Hagen maps show-
ing each Variable and its comparison-stars with their Har-
vard photometric magnitudes, and such personal assistance
as the novice may require to attain true proficiency.

The magnit. de-estimates as received monthly from ob-
servers in vario. s parts of the world are carefully recorded,
and duplicate lists published in “POPULAR ASTRONOMY"
for comparison.

astronomy, both from the standpoint of intellectual

benefits to the observer and the advancement of sci-
ence, is a systematic study of Variable Stars. There are
many thousands of amateur—or, as Prof. Turner, of Ox-
ford, chooses rather to term them, non-professional —as-
tronomers thruout the world, who, while keeping alive the
deepest interest in celestial phenomena, and possessing in-
struments either purchased or of their own construction,
are nevertheless without a definite program in their obser-
vational activities, lacking the stimulus of concerted effort
under professional guidance. The advantages of fellowship
with co-workers in so admirable a pursuit is just what is of-
fered by the American Association of Variable Star Observ-
ers—a society founded in 1911, with a present membership
approaching four hundred in all parts of the world, and a
quarter of a million recorded observations to their credit
inthe archives of the Association at Harvard Observatory.

“Long-period Variables, on account of their large range
and slow variations, are well suited to the skill and require-
ments of the amateur observer, Continuity of observation
for these and many of the irregular Variables is a great de-
sideratum,’” says LLeon Campbell, of that institution.

A Bulletinis issued bi-monthly from Harvard Obs., clas-
sifying Variables according to their predicted brightness:
(1) Stars brighter than mag. 8, for observers using small
instruments, field or opera-glasses, or even the naked eye.
(2) Stars of mags. 8 to 10, for somewhat higher powers.
(3) Stars of mags. 10 to 12, for 3” telescopes, or larger.
(4) Stars of mags. 12 to 14, for 5” telescopes, or larger.
(5) Stars fainter than mag. 14, for large instruments only.

(See page 18: ““‘Powers of Telescopes of Various Apertures’).

As provided by the Constitution and By Laws of the As-
sociation, ‘“ Any person interested in the advancement of
Variable Star work is eligible to membership.”” This pre-
supposes neither wide technical training, the employment
of any but low-priced, or better still, home-built equipment
—anything, in fact, but good eyesight, clear skies, a little
patience, and the wish and will to do a reasonable service
in the furtherance of this important and progressive branch
of practical astronomy. The Association does the rest: with
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‘The Julian Day is the chronological reckoning employed in Var-
iable Star work, since in calculations involving events often centu-
ries apart, simple subtraction of one ““ J. D." from another suffices.

) ULIAN DATE, ZERO HOUR, FOR EACH MONTH, 1927-1935
Add Number of Days and Tenths of a Day, (see Table), up to Observing Hour

1927 1928 1929 1930 1931 1932 1933 1954 1935

AN. | 24881 | 2524625612 | 25977 | 26342 | 26707 | 27073 | 27438 | 27803

EB. | 24912 | 25277 | 25643 | 26008 | 26373 | 26738 | 27104 | 27469 | 27834
MAR. | 24940 | 25306 | 25671 | 26036 | 26401 | 26766 | 27131 | 27496 | 27861
APR. [24971 | 25337 | 25702 | 26067 | 26432 | 26797 | 27162 | 27527 | 27892
MAY | 25001 | 25367 | 25732 | 26097 | 26462 | 26827 | 27192 | 27557 | 27922
JUN. |25032 | 25398 | 25763 | 26128 | 26493 | 26858 | 27223 | 27588 | 27953
JUL. |25062 | 25428 | 25793 | 26158 | 26523 | 26888 | 27253 | 27618 | 27983
AUG. [ 25093 | 25459 | 25824 | 26189 | 26554 | 26919 | 27284 | 27649 | 28014
SEP. [25124]25490 [ 25855 | 26220 | 26585 | 26950 | 27315 | 27680 | 28045
OCT. (2515425520 [ 25885 | 26250 | 26615 | 26980 | 27345 | 27710 | 28075
NOV. [ 25185 | 25551 [ 25916 | 26281 | 260646 | 27011 [ 27376 | 27741 | 28106
DEC. | 25215 | 25581 | 25946 | 26311 | 26676 | 27041 | 27406 | 27771 | 28136

. STANDARD TIME IN TENTHS OF A DAY, Greenwich Mean Time.
Tenths  EasternS.T. CentralS.T. Mount.S.T. PacificS.T.
05 5:49 - 8:12 4:49 - 7:12 3:49 - 6:12
06 8:13-10:36  7:13 - 9:36 6:13 - 8:36, - 5713 -.7:36
07 10:37-13:00 9:37 - 12:00 8:37 - 11:00 7:37-10:11

‘Example: Observing Hour, 9 P. M., Pac. S. T., June 20, 1930. In Julian Day
reckoning this becomes J. D. 26128, plus20ds., plus 0.7hr., or J. D. 26148.7.

““One field of astronomical work is largely the amateur’s own: a large portion
'of the Variable Stars can best be observed with small telescopes. . . Their laws
can be learned only by many observers widely distributed, to secure observa-
tions uninterruptedly in all longitudes.”--The late Prof. Pickering, Harvard.

*“The keynote of success in this work is perseverance. In finding a new field
there is a joy akin to the discovery of a rare treasure.”--W. T. Olcott.

““Variable Stars present one of the most important problems of the sidereal
‘universe, and indirectly related to oursolar system. .. An unlimited field is
open to the careful and interested observer. No other branch of research is so
suitable to the resources of the amateur astronomer. . . Unlimited aid and
resources are freely offered by those who are anxious to further the cause of the
‘amateur toward accomplishing something of value to science.”'--Leon Campbell.

-a For full information, address, Wm. Tyler Olcott, Secy., A. A.V.S.0., 7
WNo. 62 Church street., Norwich, Ct.
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CLASSIFICATION OF VARIABLE STARS. Steavenson:..
Character/ Period Typical Star

{ (a) “DARK'™ ECLIPSING  Algol

Hoai. Y gl per. 4 (b) "BRIGHT “ ECLIPSING BetaLyrac

(¢) CEPHEIDS Delta Ceph.
lar { (d) CLUSTER VARS. In Glob. Cls.
Long-per. Vars. (See Appendix for full information).
J (a) Faint, with occasional rises SSCyegni
Irreg- No defi (b) Bright, with occasional falls R Cor.Bor.

ular :lgcel P& (¢) Long continued irreg. changes Eta Argus
R (d) Single gigantic outburst Nova Aquil. 111

All of the above type-stars are mapped and annotated in the pre-
ceding pages, excepting Eta Argus, not visible in our latitudes.

The Regular short-period Class (a) type deals with visu-
al binaries in which a relatively darker body orbits with
its primary about a common center of gravity in the line
of sight, partially obscuring it periodically.

Class (b) assumes that both these suns are bright, close
and possibly elongated by tidal action.

Class (¢) is a type of small variation due to internal
““pulsations " or a dense surrounding and resisting medium
through which the star is seen brightly or dimmed, de-
pending on its orbital position as viewed from Earth.

Class (d) is also of the Cepheid type, but of periods less
than one day, and of which hundreds have been found
in star-clusters, leading up to a determination of the ap-
proximate distances of these remote aggregations.

Short-period Variables are part of the routine work of the
great observatories specially equipped for such observa-
tions; but those of long-period are, as Prof. Pickering said
“a field for the amateur largely his own.”

“The observer of Variable Stars will gradually acquire a closer
acquaintance with selected regions of the sky tham could be gained
by observational work of any other kind; and he will find a fas-
cination imr the study of these Variables, many of which are sidereal
puzzles, which will far more than compensate him for the time and
trouble expended.”—Memoirs, Brit. Ast. Assn.

“The thrill of seeing one of the lucid' stars of the sky periodically
dimming or emhancing its brightness is an experience never to be
forgotten. The study of stellar variation has been not only a hobby
or useful diversion for the amateur, but has commanded the efforts
ot nearly all the greatest astronomers of the last hundred years
About one-third of the time of the 100-inch telescope at Mt. Wilson'
is now devoted to variable stars of different kinds.”—Joy.

“Not desultory observation, mo matter how interestimg, but it is
work with a purpose that counts. The small telescope should not
be relegated to any narrow line of observation. The employment of
instruments of moderate power is not yet closed to the amateur;
and the more our beloved science is pursued by such in' the fines?
spirit of enquiry, the greater its future will be.”—Rumrill.

3ré

CHART OF CIRCUMPOLAR REGIONS, illustrating the phenom-
enon of the Precession of the Equinoxes, (p. 149), and indicating posi-
of Thuban, the Pole Star at the time of the building of the Pyramids,
2750 B. C. Thuban (p. 107), lies 26° from Polaris on the circle drawn
to represent the path of the Earth's axis during a complete cycle of
25,900 years. The true Pole is located by the tiny dot directly above
Polaris, distant 1 ° &', about which it revolves every 24hrs. Nearly op-
posite, close to the circle, stands Vega, the Pole Star 12,000 yrs. hence.
(p. 29). The chart shows the constellations within 55° of the Pole.

_ The Galactic System.—A flattened disc or watch-shaped aggrega-
tion of stars, diameter about 300,000 light years, thickness, about
one-eighth, or 37,500 light years, with Sun 50,000 light years from
center. (Shapley.) Includes all observable stars, together with
planetary nebulae and irregular galactic nebulae, both light and
dark, (Hale.) From Cygnus to Centaurus the Milky Way is di-
vided into two nearly parallel streams, with dark irregular central
band. Central line of great galactic circle inclined about 63° to
the Equator. Galactic Poles, R.A. 12° 40’ Dec. }-28 (in Coms
Berenices), and 0° 40’, Dec. —28° (Sculptor) Galactic Long. and
Lat. are computed from a point in Aquila, R.A. 18° 40’, the as-
cending node on the celestial equator.

Vast regions in the Milky Way, says Prof. Bailey, are m
less _obscured _by occulting clouds. The number of y;turs th:srelo‘:;
‘tio‘wev;' by this obscuration is ten thousand or more to the square
egree
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DIAGRAM showing all Stars whose Distances are less than Ten Par-
secs, or Thirty-thre= %,irrht Years. (Van Maanen, in A S.of P. pubs.)
ABSOLUTE MAGNITUDE: —

. Brighter than 0.0. @ Mag.0.0t03.0. e 3to8. eFainterthan8.

At present about 125 stars are known to have distances of less
than 33 light-years. These have been plotted in the diagram in
such a way that the distance from the center is proportional to
the actual distance from the Sun.

The “Absolute Magnitude,” (which represents the intrinsic bright-
ness and not the diameter of the star), is roughly indicated by the
size of the dot. For instance, Vega is intrinsically brighter than
Arcturus; but Vega’s diameter is less than one-tenth that of
Arcturus, whose diameter is about 23 million miles, On the scalg
here employed, one linear inch represents a distance of about 25
light-years, or 147 million million miles. On such a scale the diameter
of Arcturus would have to be represented by a dot less than one
six-millionth of an inch in diameter, a dimension wholly indiscern-
ible under the most powerful ultra-microscope. 1

Absolute magnitude represents a star’s apparent brightness at
a standard of one-tenth of a second of arc, or 32.6 light years.
Referring to p. 87, we find that an object whose parallax is one
second of arc would lie at a distance of 3.26 light years. A value
ten times that is adopted as a criterion of absolute magnitude,
bringing all measurable stars to standard scale, and removing the
nearer stars to conform to it. Thus the absolute magnitude of
our Sun, that is, if it were removed to a distance of 32.6 light
years, would be about mag. 5, barely visible with the unaided eye.
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STELLAR EVOLUTION.—A theory of stellar evolution which
is now favored by most astronomers assumes that stars form from
dark matter in some matter, the details of which are not known.
At first they are of enormous size, 10,000,000 miles or more in
diameter, but extremely tenuous, the mean density being of the
order of one hundredth or less that of the air we breathe. As they
contract under their own gravitation, they grow hotter, so that the
effective brightness remains nearly the same, although the color
slowly changes from red to white. They are now a small fraction
of their original size, and further contraction cannot maintain their
temperatures as they will radiate heat faster than it is manufactured
by contraction. Hence they begin to cool off and will pass through
the same temperatures and colors as before but in the reverse or-
der. Moreover they now grow steadily fainter. There will thus be
two kinds of yellow and red stars, one on the ascending and the
other on the descending temperature branch. These were named
by Hertzsprung ‘“‘giants” and “dwarfs,” respectively, and these
terms have come into wide use in this connection. The giants are
large and tenuous, the dwarfs small and dense. This scheme of
stellar development is represented by the diagram  The process
begins with the large star at the lower left corner and proceeds to-
wards the right. As the star shrinks the temperature increases
to maximum at the top of the diagram and drops steadily there-
after until the star becomes too faint to be visible.

The color of our Sun is white or yellowish, clearly intermediate
between the cool red stars and the very hot bluish ones. But on
which branch of the evolutionary ladder does he belong? The sad
truth is that our glorious Sun is on the dwarf or declining branch,
well past middle life. As ruler of the planetary system he plays
a magnificent role, but looked at from a cosmical view point he
must be recognized as a big toad in a little puddle. He has still
a long time to live and shine, undoubtedly millions of years, but
he is well past the prime of life. (Dr. Merrill, in A.S. of P. Pubs.)
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HOW FAR AWAY IS THAT STAR AND HOW DO YOU

KNOW ?~—These are questions frequently asked, and with reason,
for the vast dimensions of the stellar universe appeal powerfully
to the lmagmatmn It is not possible within this space to answer
either question fully, for that would involve an account of all the
dfferent direct and indirect methods by which astronomers have
measured the distances to individual stars and have secured close
estimates of the average distances of great groups of stars classed
according to some characteristic like apparent brightness or spec-
tral type. But it will be of interest to outline one method of
solving the problem, the so-called trigonometric method.

The principle on which this method rests is the same as that
upon which the surveyor depends for his measures of the distance
to an inaccessible terrestial object and will be readily understood
from the diagram that is given above.

In its motion about the Sun the Earth passes from the point E
to the point E’ in six months, as for example, in the interval from
March 1 to September 1. That is, at these two dates it is at the
opposite extremities of a diameter of its orbit; a diameter 186,-
000,000 miles long. Measures of the direction of the star at the
two dates provide the angles, which, thh this base line, determine
the tnangle But while the prmmple is simple, its pxacncal appli-
cation is exceedingly difficult and makes the most exacting de-
mands upon the observer’s skill; just how exacting will be realized
when it is stated that to draw our triangle to scale in the case of
the very nearest star, if we let the distance from the Earth to the
Sun be one foot (i. e., let the line E — E’ be two feet long) the
lines E — Star and E’ — Star must be extended about 50 miles!
It is not surprising therefore that by 1900 the approximate dist-
ances of only three score of the nearest stars were known,

Early in the present century, however, photographic processes had
been so far perfected, and the techmque of applying them to this
problem had been so thoroughly mastered that for greater accuracy
was attainable than by any of the older visual methods. The pro-
cedure is to take photographs of the star whose distance or ‘“paral-
lax” is desired and of the fainter stars that are apparently near it
in the sky at the proper time intervals, and with the most scrupu-
lous attention to every detail, to avoid errors of observation. It is
assumed that practically all of the fainter stars will be so distant
that their apparent positions will not be appreciably affected by
the Earth’s orbital motion and that the parallax star will be seen
among them in the direction E S when the Earth is at E and in
the direction E* S’ when the Earth is at E’. The background stars
serve as reference points by means of which the displacement S—5
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(which is, of course, erroneously exaggerated-in the diagram) is
measured.

Six American and one English Observatory have for a number
of years carried out a cooperative program of measures of stellar
distances by this method and the results have been most gratifying.
Dr. Schlesinger of Yale University Observatory has recently
gathered all the available measures into a single (preliminary)
catalogue, This has 1870 entries. Some of the distances (parallax)
given are very accurate; others, naturally, are subject to a consid-
erable uncertainty; for to make our triangle represent the most
distant stars now measured by the trigonometric method it would
be necessary (keeping the line E E’ 2 feet long) to have E—Star
and E’ — Star nearly 4,000 miles long! Even so it is obvious that
only the stars comparatwely near us are within reach of direct
measurement by this method. (Dr. R. G. Aitken in A. S. of P.
leaflet).

ETHER-WAVES—HERTZIAN TO COSMIC.

Astrology, reputed “father of Astronomy," seems to be dis-
counted today in every other assumption save that we are con-
stantly beset with many forms of skiey mﬂuences. Modern as-
trophysics demonstrates that all inter-stellar space is eternally bom-
barded by ether-waves of various kinds and degrees of force whose
maniiestations have been measured, analyzed and even utilized
industrially. Of the longest of these waves—the Hertzian—we have
a daily demonstration in the our familiar radio—waves measured
in kilometers. Next in the series are the short electric and the in-
fra-red, detected by the bolometer and measurable in Angstrom
units (one ten-millionth of a millimeter), giving rise to the phe-
nomenon of heat. Then follow the visible spectrum and the ul-
tra-violet, photographic and chemical; X-rays due to the ioniza-
tion of gas, and the gamma-rays given up by radio-active substances
such as radium, thorium and uranium. And now behold the short-
est, most penetrating of all, latest discovered and as yet least un-
derstood—the cosmic: “signals sent out through the heavens of the
creation of the common elements out of positive and mnegative
electrons.”” And therein lies the astounding reversal of Nature's
laws in that while all other wave-emanations that fill the primor-
dial void appear to be the result of the disintegration of the el-
ements—the breaking down or transmutation of the higher forms
into the lower—these cosmic rays appear to offer reasonable proof
that a process of evolution on an ascending scale is proceeding
throughout the universe, creating from the basic element, hydrogen,
actual atoms of helmm. oxygen, silicon, magnesium and possibly
iron. Here at last is an authoritative answer to the query of ages:
Why, with this eternal outpouring of energy incident upon the
breaking up of the elements, has not the universe run down and
the suns gone dead countless billions of years ago? Hitherto it
has seemed as if only Siva, the Hindu god of heat death and de-
struction has presided over the cosmos; but’ now the prophet
Millikan in his cosmic ray demonstrates also the mightier presence
of a Brahma and Vishnu, Creator and Preserver of the eternal
verities, and science takes on a new lease of life.

With a small mirror, a few bits of paper and cardboard, some fine
hairs and a couple of knife-blades, the astronomer Young laid the
foundations of the wave theory of light, and discovered the principle
of the interferometer which now measures the angular diameter of
stars scores of light years distant. In the hands of a master, what
earthly thing is so small and mean that it may not be used to some
transcendent end?
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GLOSSARY
ASTRONOMICAL, ASTROPHYSICAL AND OPTICAL TERMS

Aberration. Failure of lens or mirror to bring all light-rays to
focal point. Chromatic—unequal refraction of colors. Spherical
—distribution of rays along optical axis instead of a single
focal point. (Mirrors only may have the latter defect, while a
lens may have both). Astronomically, Aberration signifies the
apparent displacement of a star due to earth’s rotation, atmos-
pheric refraction, etc.

Abrasive. Any grinding medium such as carborundum, steel
filings, emery, etc.

Absolute Magnitude. A star’s brightness at a hypothetical
uniform distance of 0.1”” of arc. Our Sun’s absolute magnitude,
thus removed, would be about plus 5, or at an approximate dis-
tance of 32.6 light years.

Achromatic. A lens free from color interference.

Albedo. Percentage of Sun’s reflected light from planet or
satellite.

Algol Type. Eclipsing Variable Stars resembling Algol (Beta
Persei), in general behavior.

Altitude. Angular elevation above the horizon.

Altazimuth. A telescope mounting which provides for vertical
and horizontal adjustment. (Surveyor’s transit type),

Aperture. Available diameter of mirror or lens.

Apogee. Moon’s farthest distance from the Earth. (Opposed to
perigee, nearest),

Atom. The Greeks, believing it the smallest universal particle
in nature, called it “the indivisible” (a-tomos); but we now
know that it is divisible into 1800 parts, called electrons, (as
in the case of hydrogen); negative charges of energy around a
central positive nucleus, called by Rutherford, a proton. New-
ton believed atoms infinitely hard particles in various geomet-
rical forms; Lord Kelvin reversing this theory with a concep-
tion of vortex rings in ether; and later Bohr advanced his
theory of its purely electrical structure. More recently we have
the wave atom of Schrodinger—the entire charge not being
localized but spread thruout the -entire volume of the atomic
sphere. Whatever the argument with regard to its potengml
form, it is fairly definitely established that the atom consists
merely of electrons and positive electricity,

Azimuth. Angular position of star measured along horizon
from point of star’s meridian eastward to that of the observer.
Corresponds to Right Ascension in Celestial reckoning.

Bolometer. An electrical device of extreme precision for meas:
uring heat-rays from celestial bodies. (Bolo—shaft, dart).

Bolide. A fireball of meteoric matter, far more brilliant than
a meteor or shooting-star, frequently visible by day. i
Cassegrainian. Type of reflecting telescope especially adapte
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to spectroscopic and astro-photographic work, in which the
mirror is usually centrally pierced, allowing the star-beams to
be reflected back from a convex mirror to the eyepiece or
camera behind the speculum, instead of being reflected outward
from a Newtonian flat at the upper end of the tube or mount-
ing. With unpierced speculum the rays are reflected outward to
the eyepiece by means of another prism fixed between speculum
and concave mirror above.

Coelostat. (Coelum, the heavens). A plane mirror rotated by
clockwork to produce a stationary beam from a celestial object
for long periods of observation or photography. A secondary
mirror is employed to keep the image in the focal plane. Vari-
ations of this mounting such as the Siderostat and Heliostat
are adapted to special uses.

Colures. The two great circles passing through the poles of the
heavens, intercepting the Equator at the Vernal Equinox (Equi-
noctial c.,) and 90° therefrom (Solstitial).

Constants. Fixed values in astronomical calculations. (188)

Culmination. The instant when a celestial unit crosses the
observer’s meridian. Upper and Lower C., the position of Pol-
aris above or below the true north polar point (14)

Cyiindrical Lens. For broadening or lengthening a spectral
image to give greater detail. Designed as if a section cut
lengthwise from a solid rod of glass (plano-cylindrical—posi-
tive), or plano may be ground to correspond to convex side,
giving double power, and set at right angles to the meridian
of the axis.

Diffraction. (Frangere, to break). The deviation of light-rays
from a - straight course when monochromatic radiations are
passed through small openings, as a slit in a prism spectro-
scope, a diffraction-grating renlica, or as reflected back from a
speculum-metal grating. Diffraction Grating. A plane (or con-
cave) metal plate diamond-ruled with fine lines, ten to twenty
thousand to the inch, upon which a light-beam falls and is
reflected back in part, other portions being diffracted according
to wave-length, forming a spectrum. Metal gratings are very
expensive; but excellent replicas are in thé market at reason-
able prices, giving brilliant results.

Eccentricity. Devjation from a true circular orbit.

Elements. The six quantities required to determine an orbit:
(e) eccentricity, (a) semi-major axis, ({) inclination of orbital
plane to plane of the Ecliptic, (1) longitude of ascending node,
(p) period of revolution, and (t) time of perihelion passage.
Elongation. Angular distance eastward or westward from the
Sun of Venus or Mercury, the Moon from Earth, or Polaris from
the true north polar point.

Epoch. Reference to dates of determined star-places. Example:
Epoch 1920. Epochs are usually computed ten years apart,
Galaxy. Reference to our own Milky Way, to remote -spiral
systems of stars, or as lately, to still farther “Galaxies of
Galaxies” as revealed by our giant telescopes.

The thin watch-like disc of overwhelming extent which we call
the Milky Way and our ‘‘universe,” is in well-determined motion.
As a whole, according to Dr. Shapley, it is turning about a distant
but wholly mysterious center situated in the heart of the solidly
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packed constellation of Sagittarius, with a velocity' o_f two h
miles a second. What is at that center—that illimitable h
hearts? No one can even conjecture. Vast conglomerations of ¢gs.
mic clouds, radiantly effulgent or bleakly dark, conceal from us fqy.
ever that eternal secret; and whether it is some central super-sup
—some all-compelling nuclear mass about which revolve al] the
other suns of our universe—including our own and its tiny retinye
of planets—man will probably never know for many millions of
years, even if he survives that long, as science proves he has liveq
in the past, and doubtless will in the future. At best we have by
“‘lifted a corner of the veil in which the cosmos is shrouded.”
Galactons. “Island universes” or groups of galaxies, each re.
sembling our own, of perhaps 170,000 light years diameter.
Cosmons. Still vaster and more remote “galaxies.of galaxies,”
as the Coma-Virgo groups. (Shaplev). Of these immeasurably
distant objects barely a half dozen have been even approxi-
mately measured. The countless thousands more remain ag
problems for the astronomer of the future.

Heliocentric. The Sun’s center as a point of reference in com-
putations of parallax, etc. ) iy
Hour Angle. The angle between the celestial meridian and the
hour-circle of a star. Quickly determined by noting the side-
real time and subtracting therefrom the star’'s Right Ascension
as given in the Ephemeris.
Index of Refraction. The ratio of the sine of the angle of inci-
dence (entering ray), to the sine of the angle of refraction
(emergent ray), passing from air into any denser medium.
Symbol, mu.
Ionization. The process of stripping negative electrons from
their positive nuclei, accomplished on a minor scale in the
laboratory, but in the interior of stars proceeding with an inten-
sity many million fold, of which the spectroscope gives direct
evidence. ]
Isostacy. A geological condition of equilibrium under terres-
trial gravitation. Iso—equal. ] )
Isotropic. Light transmitted equally in all du-;;non;.t

's Laws governing planetary motion. (1) orbits are
exltleipplteirc:l. with gSun at gne of the foci. (2) The radius vec‘tlgll’
(line joining planet and Sun), sweeps equal areas in lfx%'on
times. (3) “Harmonic.” The squares of the periods of revo Th‘us
are proportional to the cubes of their mean solar distance. uted'
one term of the equation known, the other is qunckly‘ cc;mtD and.

. Reciprocal positions of Earth and Moon in lat,

{:)irtl‘;ftiii,; which pwe aré’ able to glimpse more than the half of
the Moon’s sphere as presented to us. s Ve

A uantity of matter contained in a Vi o .
gr::lsmt ?f spacey it occupies. Density: the mass contained per
unit of volume. ] il
Meridian Circle. A transit instrument mount%l‘idpde”\’\:?th arad-
swing in the exact north-_ar.ld-sou;’h line, provi le 1 /17:000 =
ated circle of utmost precision (1”” of are, equa to )
an inch), to time the transit of celestial bodies. -
Micrometer. An instrument of preg:ision attachgdl to ?tste Tilar:
for measuring the angular separation of celestial units.
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provided with spider-threads and screwhead graduations of
extreme exactness.

Motion. Direct, apparent eastward advance of a planet among
the stars; retrograde: apparent westward, owing to Earth’s and
the planet’s reciprocal positions in their orbits.

Nadir. The point beneath the observer’s station, as opposed to
zenith, the point directly overhead.

Newton’s Law of Gravitation.

€ ¢ All bodies attract one another
. with a force proportional to th

T ! eir masses and inversely as to
the square of their distances. This law holds good in the
infinitesimal as well as remotest suns in space.

Node. Point where an orbital plane intersects the

Ascending: passing from south to north; descending,
- to south.

Nutation. Unstable motion of Earth’s pole around the pole of
the Ecliptic by reason of solar and lunar attraction, since our
globe is not a true sphere, but an oblate spheroid having more
than 26 miles greater equatorial diameter than polar.
- Optical Principles. Light-waves move at right angles to their
wave-fronts except when intercepted by another medium,—say,
a convex or concave lens—when these waves are converged or
 diverged from their straight-line course, how much or little
depending upon thke amount of interposed curvature. A convex
lens, being thicker at the center than at the periphery, retards
' the central beams and causes a curvature of the wave-front to
a point where the rays cross one another—the focus. Such
lenses are positive, or plus 4. A concave lens, being thinner at
the center, imprints a bulging curvature on the otherwise par-
allel wave-front, causing the beams to diverge to a degree in-
dicated by the concavity of the lens. Such lenses are negative,
or minus — The optician’s unit of curvature of both plus and
minus lenses is the diopter (Gk.: to see through), of standard
focal length of one meter. To convert diopters to inches,
divide 40 (or, to be exact, 39.3708), by the number of diopters.
o convert inches to diopters, divide 40 by the number of
inches. The diopter is also a simple pocket lens-measurer on
‘the principle of the spherometer explained on page 227, and ad-
Jjusted to allow for the refractivity of crown glass, 0.51. (Eng-
ish spelling, dioptrie).
Though telescopic instruments are of comparatively recent in-
vention, lenses themselves are known to be very ancient. Sir
‘Henry Layard discovered in the ruins of Nimrud (B. C. 1500) a
crystal lens used as a magnifier by the skilled carvers of cuni-
form inscriptions on signet-cylinders éf the early kings of Ur,
“City of the Moon.”
Orientation. Relating to the cardinal points of the compass.

Position Angle. In binary star work, the angle between the
‘Earth’s polar plane and those of the stars under observation.

Q uantum. A theory to explain the propagation of light-waves
from various sources by successive small accretions or out-
bursts of energy, in contradistinction to the older wave-theory
of a continuous emission. This recent and very abstruse con-
ept is founded on Planck’s quantum constant, represented by
the letter h, whose numerical value is 6.55.

Reflective Power of Metals. Before the invention of Leibig’s
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silvering on glass process, specula (from which the name), were
made of various alloys, still in use for many purposes—combin-
ations of copper, tin, silver, aluminum, etc., magnesium, in
various proportions, with an average reflective value from 63
to 84 per cent, as against 71 to 92 per cent for polished silver-
on-glass. Silver alone gives a reflective power of about 92
per cent; platinum, 66; nickel, 64; gold, 81; and copper, 70,
(average for the entire spectrum). s
Refraction. Light rays bent in passing through various trans-
parent mediums—glass, quartz, water, etc.

Refractive Indices. Silicate crown, 1.5182. Silicate flint, 1.62071.
Dense flint, 1.6372. Very dense, 1.7782. Fused quartz, 1.4585
(D - line). Rock salt, 1.5442. Canada balsam, 1.526. Castor
oil, 1.490. Alcohol, 1.3638. Carbon bisulphide, 1.6303. Water,
1.3336.

Secular. Reference to long periods of time. (Seculum, age).

Spectra. Emission: (1) Continuous, from solids or liquids ren-
dered incandescent. Bright-line, emitted by incandescent gases
or vapors. Fluted, incandescent vapors of carbon compounds,
etc., and certain of the elements. Absorption: band-spectra, as
seen through colored transparent liquids, solids or gases. Line-
spectra: as seen in the spectrum of the Sun and stars—the
Fraunhofer lines—due to the absorption of light from a con-
tinuous sourcé in passing through transparent incandescent
metallic vapors enclosing the celestial body, each set of lines
in constant positions, so that, when duplicated in the labora-
tory, we know the nature of the elements existing in those
distant luminaries. Some elements give few lines, others hun-
dreds. Of the ninety-two chemical elements, from hydrogen to
Uranium, fifty-eight have thus been found to exist in the Sun.
Syzygy. Points in the Moon’s orbit when in conjunction or
opposition to the Sun. (Gk. yoked together).
Thermopile. An electrical device of extreme delicacy for meas:
uring radiation from planets and stars in which a sensitive
gdlvanometer plays an important part. (Thermocouple).
Zodidc. An imaginary belt through the heavens about 16 de-
grees wide and bisected by the Ecliptic, known as ‘“the path
of the planets,” locating the 12 signs. (Gk. zodiakos, pertaining
to animals). Owing to the precession of the Equinoxes, the
Signs no longer correspond to the zodiacal constellations, but
have moved westward so that the Sign of Aries is now in the
constellation of Pisces, etc. (p. 149).

“The Jacob’s Ladder of Truth, let down from heaven, is now the
common highway upon which the many toil upward.”—Coleridge.

“No one will doubt that in astronomy, as in every other science,
the advance depends largely on individual genius and initiative.”

“The more distant objects are in space the more they excite the
attention of the astronomer, if only he may hope to acquire positive
knowledge about them. Not because he is more interested in things
distant than in things near, but because he may more completely em-
brace in the scope of his work the beginning and the end — the
boundaries of things—and thus indirectly more fully comprehend all
that they include. From his standpoint,

‘All are but parts of a stupendous whole,
Whose body nature is and God the soul.” »_Newcomb.
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—Illustration, 180.
Antares—Super-Giant, 123.
Apex of Sun’s Wav, 127,
Asteroids—The, 200.
Astronomical Constants,
—Signs and Symbols, 309.
Astronomical Progress, 81.

—Discovery,Recent, 141.
Astronomy and Math., 143.
—Deepens Religion, 117.
Barlow Lens, 285.

Brief Digests— Index, 11.
Celestial Photographs, 71.
Cent. Scale converted, 20.
Cepheid Variables, 155.
Charts—Explanation of, 14.
Clusters—Glob., Range, 37.
Color Scale—Hagen's, 21.
Comet-sweeping, 219
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“Crab " Nebula, M1, 55.
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“Cui Bono? ™" 13.

Degrees in R. A. converted to
Hrs.,and Mins,—Table, 19

Discoveries now of instant
world-wide interest, 101.

Discoveries—Reporting, 77.

Dumb-bell Nebula, M27, in

Vulpec., 139, Photo, 183.

Earth's Isolation, 91.

Equation of Time Chart, 311

Estimrating Remote Ob-
jects, 89.

Field of Telescope, 20.

Giants—Stellar, 67.
Giant-Dwarf Theory, 75.
Hercules Cluster, M13—
Note, 121 Photo, 175.
Horseshoe Nebula, M17, Sag-
ittarii, 135.
Hour Angle—defined, 17.
How far away is that Star,
and how do you know? 318.
HV 24 Com. Ber., photo, 185.
Julian Day—Table, 166.
Jupiter, 212.
Key-Stars—Directions of
Objects from, 21.
Krueger 60, 155.
Latitude and Longitude—
calculation of, 15.
Law—Bode's Empirical, 209.
Light Year—note on, 45.
Light Waves, 99.
Locating Stars E. or W, of
Meridian, 17.
Magic Number, 87.
Magnitudes—Stellar
—Explanation of Scale, 18.
Mars, 207,
—Intelligent Life or1, 179.
Mercury, 204.
Meridian—Methods of
Determining, 14.

Meteor Observing—Table of
Showers, 220
Mira, oCeti—note on, 39.
Mizar—Pioneer Double, 101,
Month—I ength of, 188.
Moon, 196.
Naked-eye Astronomy, 105.
Nebecular Minor. photo, 187.
Nebula, Spiral: M81, Ursae
Maj., 77. Photo, 176.
—“Whirlpool,”" M51, 103.
Mit. Wilson photo, 179,
Nebulae—Dark, 33, 47
—Gaseous No intrinsic Lu-
minosity, 41, 141.
—Planetary, 125.
Neptune, 216.
Novae—Frequency of, 137.
—Discoveries of, 137.
—Known, now visible. 137.
—Theories concerning, 133.
Photo, Nova Aquil. [T, 174.
Observational Handicaps, 65.
Observers—Plea for, 37.
Occultations—Lunar, 197.
Orion—noteon, 51.
—Great Nebula in, 59.
—Lick Obs. photo, 173.
Other Inhabited Worlds, 131.
Owl Neb., 89. Photo, 185.
Pegasus—Great Square, 163.
Phenomena—Natural, 161.
Plan of Stellar System, 153.
Pleiades, The—note on, 43.
—Barnard photo, 182.
Pluto, 217.
Polaris—note on, 29.
—and Big Dipper as units of
V measurement, 20. !
{ Pole Stars, Past—Future, ﬂd
Precessionandstarplaces, 149
MPresepe—:‘Bee Hive,” 73.
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Radial Motions, 33.
—Velocity—Unit of, 20.
Records—Making same, 155.
Reducing Errors, 101.
Refraction—Laws of, 113.
Resolving Powers of Tel-
escopes—Table, 18.
Right Ascension and
Declination—defined, 16.
Ring Nebula, M57, in Lyra—
133, Photo, 186.
“Runaway Star, "—The, 91.
Saturn, 8. "2/ °
Secu'ar Changes—note, 85.
Sid. Time, Mean Noon, 310.
Sirius and Companion, 63.
Small Instruments, 95.
Solstitial Colure, 125.
Space—Vast Expanse of, 65.
—Muvstery of, 165.
Spectroscopic Binaries, 119.
Spectra: Main Divisions, 20.
Stars, Binarv—defined, 53.
—Average Distance, 111.
—Heat Engines, 47.
—Numberof given Mag., 309,

—Our Nearest, 151 and 316.

—Speed of, 125, 159.
—Temp., of Interior vast, 69.
—Visible and Invisible, 157.
—Visible in Various Lats., 71.
Star-fields—Richest, 119.
Starlight—Constancy of, 111.
Stellar Evolution, 317.
Stellar System—Plan of, 153.
— Variability—Causes of, 79
Southern Cross, photo, 188.
Sun—The, 189.

System— Galactic, 315.
Telescope—Field of, 20.
—Powers of, 18.
Thuban—¢«Drac., 107.
Time—Civil, Astronom., 310.
Trifid Neb., 129. Photo, 177
Truths—Rediscovering, 93.
Uranus, 184.

Variable Stars Classified, 314.
—Cepheids, 155.

—Practical Observing, 312.
—SSCyg., Most popular, 151.
Venus, 206.

Waves—Ether, 319.
Zodiacal Light, 195.
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REFLECTING TELESCOPES:
Abrasives—Washing, 227.
Curves—Spher.-Parab., 230.
Details, 10” Newtonian, 225.
Diagonal, construction, 239.
Finder, 240, |
Grinding Post, Diag., 228.
Mirror and Tool, Photo, 226.
Mountings, various, 236.
Notebook—Value of, 240.
Parabolizing—Methods, Al-
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tering Tool, etc. Diag. 231.
Pitch-pad, preparing, 229.
Polishers, various, 228.
Polishing Silvered Disc, 235.
Rouge, washing, 230,
Silvering Process, 233.

mulae, 234, 294.
Sleeve, revolving, Illus., 239,
Speculum and Tool, I1l., 234.
Tarnishing, to avoid, 237.
Template, cutting out, 226,

For-



Tests, preliminary, 227. Fou-
cault, ill., 232. Appen. 289.
Tool, normal polishing, 229.
Vegetable-bl'k Lacquer, 240.
Workshop, 226.
REFRACTORS:
—Reflectors comp., 241-4.
Aberration—Chromatic, 249.
—Spherical, 255.
Bench—IL ens-worker's, 247.
Cells—Lens, 258
Centering Objectives, 255.
Glass—Optical, 248,
—Discs, Crown-Flint, 249-53.
Lens—Ach., Scale, 252, 293.
Mounting—E quatorial, 258,
Alt-azimuth, Illus., 259.
Rings—Diffraction, 255.
Spherometer, Illus., and cal-
culating Curves, 251.
Solar Diagonal, diagram, 260.
Star Diagonal, Illus., 259.
Tests—On artificial Star, 254.
The Hartmann, Auto-colli-
mation, Photographic, etc.,
diagrams, 255-7.
EYEPIECES:
Construction, 261.
Battery of, Photo, 266.
Equiv. Focus—Rule, 265,

Grinding Head, 261.
Huyghenian, diag., 264-5.
Kelner System, diag., 206.
Mountings, 261.

Polishing Methods, 263.
Ramsden, (positive), 265.
Templates, 263.

Terrestrial, diag., 266

Tools Required, Illus., 263.
Prisms: Crown, flint, etc., 265
—Tools for working, 270
THE SPECTROSCOPE, 267.
Amici — Direct Vision, 270.
Schematic View, 271,

D-line Weather-prophet, 271.
Objective-prism, 271.
Spectrum Analysis, 273.
Spectra—Sun, Stars, Il1.,273.
Hale's Spectrohelioscope, 275.
Replica Grating Type, 276.
Hicks Sp. Demonstrator, 278.
ASTRO-PHOTOGRAPHY, 281.
Darkroom methods, 285.
Usefulness and value, 286.
THE SuN DiaL, 287.

The gnomon, 288.

Equation of Time Chart, 311-
Diagrams, 289.

Driving Devices, 291-3.
Grinding Machine, 300.
Low cost Observatory, 301.

-~ ’

it sale

‘“May thy Star rise high!™
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