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FOR POPULAR ASTRONOMY.
During the summer and autumn, 1894, 464. micrometric meas-
ures of the diameter of Mars were made at this observatory.

NUMBER OF MEASURES OF THE DIAMETERS OF MARS.

Equatorial Diameters............ 256
BolarEDianjetenseya it in . 208
464

Of these 403 were made by a. E. Douglass.

50 were made by Professor W. H. Pickering.
11 were made by Percival Lowell.

464

The 403 taken by Mr. Douglass, in addition to their general
value, these prove to be of peculiar interest. For on reducing
them I find that beside furnishing, from their great number, rela-
tively accurate values of the equatorial and polar diameters and
of the polar flattening, they yield a by product as unexpected as
it is important. Their discussion reveals what appears to be
unmistakeable evidence of a twilight upon the planet, sufficiently
pronounced to be visible from the Earth and actually to have
been measured, unconsciously. That Mars possessed an atmo-
sphere we had what amounted to proof positive before; but
that the fact should again he brought to light in this literal
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manner, as a silver lining to a cloud of figures is a point of some
curiosity. For the measures had no such end in view ; indeed,
to detect the presence of an atmosphere by measures of the
diameters had not suggested itself to any one. Yet, as will be
seen, the quantities upon which the evidence rests are so large as
to be quite without the pale of accidental error, being ten times
as large as the probable errors of observation, and twice as large
as the differences that disclose the polar flattening. That up to
this time they should have escaped detection is due to their hav-
ing been masked by another factor affecting the size of the polar
diameter, the varying irradiation from the polar cap. To the
hitherto unsuspected presence of the first of these factors and to
the difficulty of duly evaluating the second are attributable in all
probability the discrepancies in the values previously found for
the ellipticity.

The first of Mr. Douglass’ measures were made on the 6th of
July and the last on the 21st of November, 1894.. From the
12th of October the planet was measured by him nearly every
other night; and in the following manner: the longitudinal
thread of the micrometer having been set to the planet’s phase
axis or polar axis as the case might be, the field of the microme-
ter was so adjusted that the stationary transverse thread lay
close to, but not on, the limb of the planet’s disk. The movable
thread was then carried some way beyond the other limb and
steadily brought back till it lay to the same side of, and at the
same distance from the other limb, that the stationary thread
lay from the first one. It was then read. During the process of
bringing it up its motion was never reversed. In case of over-
running it was carried some distance back and again continu-
ously brought up. Thus any possible backlash was prevented
from affecting the measures.

The whole field was next shifted till the stationary thread oc-
cupied the same general position toward the second limb that it
had done toward the first, and the movéable thread was brought
past it till it reached a corresponding distance from the other
limb, upon which it was read. The whole field was then shifted
to the first position and the process repeated. Each reading thus
furnished half the data to two measures.

In the measures made during September, October, and Novem-
ber, Mr. Douglass took the further precaution to place himself so
that the line joining his eyes was kept either perpendicular or
parallel to the diameter measured; a record of his position being
entered opposite the measures. Such record appears in column
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4. of the table: E. S. standing for *‘ eyes parallel to single thread,”
that is, parallel to the longitudinal thread of the micrometer;
and E. D., “eyes parallel to double (i. e. transverse) threads.”
E. S. therefore denotes a horizontal measurement; E. D. a verti-
cal one. As measures were taken in both positions for each
diameter at various times, we have here a comparison of some
value as will appear further on.

To eliminate systematic errors as much as possible a circular
disk was constructed, carefully measured, and carried to the top
of Mt. Agassiz, one of the San Francisco peaks, where it was
placed just under the summit, facing the Observatory. From tri-
angulation the angles by which its position deviated from the
vertical in the first place and from parallelism to the dome in the
second were found to be respectively: 6° and 2° west; its distance
from the dome in an air-line being 45,330 ft , whence its appar-
ent diameters were:

vertical diameter : 217.08
horizontal diameter : 21 .22

The size of the artificial disk was thus such as to subtend at
that distance from the Observatory an angle very nearly equal
to the planet’s disk. The diameters were thea observel throu )
the telescope and micrometrically measured by Mr. Douglass.

Of the measures of the planet, the first to be reduced were those
taken trom Oct. 12 to Nov. 22 inclusive. They are as follows:

TasLE I.
PoLAR DIAMETERS.

Measured by Mr. A. E. Douglass.

Cor. for Cor. for Cor. for

. No. of Uncor. Cor. for Irrad.on Irrad. on  phase.
TG Meas. Eyepiece Wt. Meas. Refrac. Limb.  Term.
h m ’r ’7” ’” ’ ’”
Oct. 12 13 45 5 862 5 21.95 21.95 21.85 2179 2L8I
15 T3 42 161 et SRR S o T 8 a1 Al Sl T D R 206
L B A ELIS. g 2T pke oL 7y 2.6 H21: 50 H 2160
L0 Sl B RoN E.S. 2 21.92 219z 21.82 21.73 2L73
2003057 Rh E.S. 5 21.69 21.69 2I.59 2I.50 2I.50
217 X3 g2 I5E E.D. 5 =21.69° 21.70 21.60 2I1.5T 2.5l
21 14 B End i E.S. 4 21.61 21.61 2I.51 21.42 21.47;
23 IR A0 Sl SRS T e 21.152 21.08 2Lu§
24312 Sic LRI ExS 3 SRy 02118 21.08 20.9.8 21.98
245 125320 26, NS E. DL « i 210852100 20.99 20.89 20.89
20T ST OSSR E.S. 3 20.94 2094 2084 20.75 20.75
B0 SATAHS ORI IUEEE E.S. 3 2078 20.78 2068 20.59 20.59
NOV: 2521330 Stk e E S. 6  20.I5 .20.15 2005 19.97 . 1997
A0 T2 Ao CEER E.S. 4 .19.85 19.85 19.75 19.67 19.68
Lo et ot X ESfii5 T BI9:61 1 19-6T “I10:5T FT9.43"  19.44
SaalA RSt E.S. 3 19.54 19.54 19.44 19.36 19.37
623 2t st n SR ST ot 70,67 10,67 .19 .57 1 19.49; ° 19.50
0 STR G LTS SR A0 2 JE S L0 2R L D A0 O5 e 19: O
T4 s B et E.S. 6  18.02 18.02 17.92 17.8)5 [7,555
L e S e ERSE 5 I8I03 R T9t03 702 ST 7,655 i1i7:88
iR A B ST a8ty ig8 7. 197 L17.00) 1\ 17.02 L 17.06
2018 CETS5 ORo RS BEST a7 ns ST 5 ST 05 EREI6.008 703
Tl DeARE ' BESi2 70 16,860 16:36" “16.76- - .16.70" ' 16.74

2
=

R SR £ 1 ) G 11

.
e

F oy B S I

T A - e TR



Micrometric Measures of the Diameters of Mars.

F . 7 - i
(:r_COl‘. irr. 0”.10 with power 862 and irradiation varying as
the y of the illumination.

Measures made on true diameter.

TasLE II.

EQuaTOriaL DIAMETERS. 2

.
5 Cor.dtor ?or.‘;or Ci)il‘, for = gf;
s No. of J . Cor: for X .on Irrad.on Phase. T&=
Time. Meag. Eyepiece Wt. .{lerclgr i{g;ragr iri?nb, Term. % §E§

h m ’” ’” ’” ’” ’” ’”
Oct.12 13 15 5 862 e 22.1 22,15 22.05 21.99 22.06 .51
HE TSR R E.S. i 21.92 21.96 21.86 21.78 21.80 g.42
LV DSl E.S. 4 21.98 21.99 21.89 21.79 2L.79 g.44
TOMUTANAS i BaSE 3 122,008 22; OLEI2L. O 21.81  21.81 9.50
20 radinT e E.S. ?6 21.80 21.81 Zl.gl 2;.6é 21.61 9.44
21 1425 6 B D. 4 2174 . 2175 ‘2% 5 2L 21.56 9.45
Yot 21.58 21.48 21.39 2I.39

S TR S E.S. 5 2I57 9-37

2 o 2 21 21.46 21.36 21.28 21.30 9
230 T4e15 0 BsS g '4g 21.38 21.28 2121 2124 B
ZAETITC OO E.S. 3 243 @ 2fzs 2nI3 arni6’ 3nag 2142
24852 F ok Tniial st E. P 515 21'3? 20:92 20.82 20.77 20.88 2°49
20 300 58 E.D. 3 2090 2055 2045 2040 2054 032
S0 Is Sen E.D. 2 Z03% 2004 1994 1980 2010 g3
Now: 20 14 12" gagecs E. D. 19:87 19.88 19.78 19.74 20.01 9.2~
VR R [0 21 ‘: g B 1 10.49 19-50 19-40 19.36  19.66 9_i°
57 3.03: 305 A5 B D 3 1946 1948 1938 1934 1964 o3
S AR B P S 19550 19.60 19.50  19.46 19.79 '
6. 132066 5 B D. 7 19.04 19.06 18.96 18.92 19.34 9'28
9 SRR E E D 6 17.90 17-93 17.83 17.80 18.37 e
RAi< TA XS A B D 617695 17-7X 17.61  17.58 18.15 o5
15 =13 307 E.D. 5 1676 1678 16.68 16.66 17 36 9-58
19 13 g $ E.D. b 16.65 16.67 12.57 16.55  17.>8 324
20 12 20 ; ’ 6. 16. 16.2 16. 90
e Tl e BDay ol 2 10.34 35 5 23  16.97 9.53

For cor. irr. 07.10 with power 862.

Measures made on true diameter. '

No. of Meas. denotes the number of the dlf:ferences in the read.
ings between the movable and .the fixed wire, the movable 5
having been placed first on one side of the fixed one, and MRy
the other.

Before discussing the table the corrections in the several co
umns deserve notice. Of these, the first is that arising 34 re-
fraction. This is thF correction due to the differentia] iy o;
refraction upon the planet’s opposite limbs at the extremities of
the particular diameter measured. It depends upon the altitude
of the planet at the time of observation, and upon the inclination
at that moment of the particular diameter to the vertical. 1p
about half the measures only was it large enough to make itself
perceptible to hundredths of a second of arc.

The correction for abberation, similarly a differential effect

was so utterly insignificant throughout as not to appear at all
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The next correction is that due to irradiation. As this is the
chief correction into which uncertainty enters we will consider it
at some length, the more so that no investigation of it, has, to
my knowledge, ever been made. It is an important correction,
but one for which no possible value can destroy the quantities
upon which the evidence for the twilight rests, or even effect ap-
preciably the amount of the polar flattening. This will be evi-
dent farther on. Its effect is primarily upon the absolute values
of the diameters; and secondarily upon the amount, not the exis-
tence, of the twilight arc.

It is to be noticed, to start with, that the irradiation is a func-
tion of the illumination and of the observer. For a given ob-
server, therefore, it is a function of the illumination, and for a
given illumination it is a personal constant. Itis independent of
the size of the object and diminishes relatively with the magnifi-
ation. Other things equal, the greater the power used, the smal-
ler the correction arising from it.

Toward its determination two different tests were made, in
each case upon both Professor W. H. Pickering and myself; in the
one the effect should have been less than in the case of Mars, in
the other greater. As in both cases the observers substantially
agreed, the results may be accepted as having some impersnnzil
value.

The first test was made upon a railroad switch-head, a white
circular disk with a smaller black circle painted upon it. The size
of these circles was unknown to the ohservers.

Their estimates were

(W.H. P.) (white rim) 1.; (diameter black circle) 1 3
(P. L.) (two sets—mean) - 1. ‘ i 0 1965

The disks and their distance were then measured and gave :

for diameter black circle : 202 mm.

for radius white rim 126 mm.
o 1
atio : s
tor re 16
for distance from eve : 57 yds

Therefore 1 mm equalled 37.9
For the amount of the irradiation in seconds of are, x, assume
the amount of the irradiation of the white rim against the gen-
eral background of earth of a brown color to have been 24 of that
of the rim against the black circle. We have, then, for the first
observer, the following equation to determine x.

DSOSl e 2.0

212 mm. — § x 1.3’
for the second observer X 40"

from which x = 9.2 mm. or 36”
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The second test was on the Moon (Nov. 22, 1894), when the
old moon was seen on the new moon’s arms. In this case the ir-
radiation proved for both observers to be 1/7 of the radius of the
old moon or about 157”.

The illumination of the surface of Mars bears to the illumina-

tion of the lunar surface the ratio to unity; the first

(1.5)° 17
factor denoting the ratio due to their respective distarces from
the Sun, and the second that due their respective albedoes. In
round numbers this = (2/3)% 3/2 or 2/3. But in the telescope,
owing to the loss of light in passing through the lenses, first of
the object glass and then of the eyvepiece, this is further to be di-
minished by the ratio of .82 to unity; which gives .55 for the
relative illumination of the Martian surface as compared with
the lunar.

Irradiation being a question of contrast and the contrast be-
tween the Martian limb and the sky being pretty certainly
greater than that of the white rim and the black circle of the
switch-head, just as it is certainly less than that of the Moon’s
brizht limb and the sky, to which the contrast between the limbs
of the old and of the new Moon closely approximates, the value
for Mars should lie between the two determinations. Just where
it falls between the two is a matter of estimate inasmuch as the
exact functional relation between the illumination and the irrad-
iation is not known. If we assume it to be, for short distances
from the edge of the bright body, as the square root of the illum-
ination, we have the irradiation from the Martian disk in the
telescope 3/4 of that of the lunar to the naked eye; if as the
fourth root .87, if as the sixth .91. Perhaps we shall not be far
out if we take .8 for the value. This gives 127" for Mars. But
this again should be slightly diminished on account of the light-
ening of the field in the telescope due to the inevitable scattering
of light by the surfaces of the lenses and the diminished contrast
in consequence. If we assume the field to be relatively twice as
bright for Mars, we get about 110" for the irradiation. With a
power of 862,110” becomes 0”7.125. For a lower power it is
proportionately greater, for a higher one proportionately less.
All the measures on and after September 23d were made with a
power of 862; those before with powers from 440 to 1308. [
have calculated two tables, one on the basis of an irradiation of
0”.10 and one on that of 0”.15; the first table is given in its en-
tirety, of the second only the means. Lastly, account has been
taken of the time at which the measure was made, whether dur-
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ing the night, the dawn, or the daylight, and the correction ap-
plied in accordance. Such is the correction for irradiation upon
the planet’s limb. The double of it, therefore, would need to be
subtracted from the measures of a disk similarly placed to that
of Mars and fully illuminated.

But here we come to a correction upon this correction. Except
at the moment of opposition the disk of the planet showed, not
two bright limbs, but a limb and a terminator. Now it is evi-
dent at once that the irradiation upon the terminator must be
very different from that upon the limb, inasmvch as the light
fades away to nothing at the one while it has its full value at the
other.

To determine the amount of the consequent correction needed
at the terminator, it is to he observed that if Mars presented a
dead surface like a plaster cast, we should have the edges less
brilliant than the centre and the following formula to express the

difference
1

me (sin w)"_'— [cos y —cos (a + y)]

I again the illumination were equal all over we should have for
values of the phase angle appearing in these measures:

1

s (ﬁ? y))" “[C“S ed i A L y)]

where y is the areocentric angle between the Sun and the Earti;
a the angle between the terminator and the point of the illumin-
ated surface whose irradiation is sought; m, the ratio of the
irradiation at the limb to the radius of the disk; n, denotes the
ratio of the irradiation to the illumination; and ¢ is a constant
determined so as to make the irradiation at the limb unity.

But the actual surface of Mars is neither of these, being ac-
tually brighter near the limb than elsewhere. If this effect were
due, as it probably is, to illuminated particles in the air, the first
term would depend, omitting the effects of temperature, etc.,

upon
— a sec @

n | pe o
\’ f Sec @, ¢y e do
g

where the limits ¢, and ¢, depend upon the chord intercepted he-
tween the top of the atmosphere and the tangent to the surface
at the point, and the integral is the amount of atmosphere neces-
sary for visibility. The term is then to be multiplied by the ratio
of the illumination of the disk at the time to that at opposition.
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The integral cannot be directly tound, being attainable ouly by a
series. As we do not know that this fully expresses the fact, it
will be sufficient to estimate approximately the z%mount of tl.ae
correction for each varying phase angle. This will be found in
column 9. Substitution in the column of any other valce, even
to the whole extent of the correction for irradiation at the limb—
a value which would imply equal illumination there, which is
not only theoretically impossible, but visibly not thg case—would
not suffice to affect, substantially, the result, as will appear on
performing the operation and comparing the values obtained
with those given below.

The corrections for irradiation at the centre of the limb and at
the extremities of the phase diameter have been taken as the
same. This would be approximately true in the case of an at-
mospherically enveloped planet. It would not be true for a bare
one, as is evident from the case of the Moon. When the Moon
shows a crescent the greater irradiation at the center of the limb
is manifest to the naked eye in its distortion of the limb bevond
a perfect semi circle. The above consideration has of course no
effect upon the question of a twilight arc; but only upon the
polar flattening.

Fourth comes the correction for phase. Inasmuch as the phase
axis and the polar axis did not in general coincide, there entered
into its determination beside the amount of the lacking lune, the
angle of inclination of the two axes. So that the amount of the
defalcation had to be calculated in accordance for each night.

Fifth comes the correction for tilt. As the planet’s polar axis
was inclined to the Earth, the diameter measured for the polar
one was not the true polar diameter. The diameter measured
for the equatorial diameter, although also not in fact an equa-
torial diameter, was always exactly equivalent to one since its
extremities were always 90° distant from the pole. To get the
?‘orrection to be applied to the polar diameter, the polar flatten-
Ing was taken at 1/200, a value sufficiently near the truth, and
gave 0”7.007 at the beginning of the measures, 0”7.006 in the mid-
dle, and 0”.007 again at the end. This being, for the interval of
a few days practically constant was applied to the several means
into which the resulting columns were divided. It does not
therefore appear in Table I.

No correction is needed for astigmatism, since the measures
themselves correct it, inasmuch as image, field, and wire are all
three proportionately affected.

In the last column appear the measures reduced to distance
unity.
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So soon as the measures had been corrected and reduced, two
results made themselves evident, both so large as to be almost
unmistakeable, before taking the means. One was the polar flat-
tening. This was more or less expected. The other was not;
but it was even more noticeable. It was a systematic increase in
the size of the equatorial diameter from opposition to the times
when the last measures were made in November. The November
measures were evidently larger than the October ones; while, on
the other hand, the polar measures showed no corresponding in-
crease Struck by this fact and suspecting its cause, instead of tak-
ing the mean of all the measures for each diameter, I divided
the:n into sets according to their proximity in date to the time of
opposition, and took the mean of these sets.

Allowing for tilt as well as for the other corrections the meais
are as follows:

MEASURES POLAR DIAMETER.

Mean Oct. 15th to Oct. 23d both dates inc. ..occeevveeveeeeeeeeeeeennnn, 9”7 379
L ¢ 12th, 24th, 30th. both dates iNCuweeeeeeeeeeeeeeeeeeeeeeenn... PSS
Nov. 2d to Nov. 21st, both dates inc

MEASURES EQUATORIAL DIAMETER.
Mean Oct. 15th to Oct. 23d both dates inc

‘e

12th. 24th and 30th both dates inc o
Nov. 2d to Nov. 21st hoth dates 1NC. ..cccceunrunnreoniinns 9 .545

‘e

Opposition occurred on October 20th. The first set in each
schedule, therefore, was made within four days of opposition;
the second, within eleven days of it; the last from fourteen to
thirty-two days after it. That there is a systematic increase
in the equatorial measures is apparent. That it is not paral-
lelled by a corresponding increase in the polar ones shows
instantly that it can hardly have been due to systematic error in
the observer, since in that case both sets of measures would in all
probability have been affected.

Now as all the measures had previously been corrected for re-
fraction, irradiation, phase and tilt, the means of each diameter
should have agreed with themselves. The polar did so in a very
satisfactory manner; the equatorial not only did not, but they
differed in proportion to the distance in time from the date of op-
pousition. Now the only factor that increased in proportion to
the distance in time from opposition was the phase. The direct
effect in the way of decreasing the equatorial diameter had
already, as we have seen, been allowed for; what is more itis a
correction susceptible of some exactness, since it depends upon
the motions and relative distances of the Earth and Mars, quan-
tities very accurately known. Besides these quantities there is
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nothing which enters into the calculation but the position of the
pole of Mars, and this would have to be, not only some 35 Mar-
tian degrees in error to explain the discrepancy, but, as we shall
see later, would have had to have shifted obligingly to an oppo-
site error during July and August to account for the measures
taken then. In other words no such discrepancy exists.

In the case of a bare globe this direct effect would be the only
effect phase could have upon the equatorical diameter; not so,
however, in the case of a body not bare. If a planet possessed
an atmosphere, that atmosphere would cause the phenomenon of
twilight, and to an observer at a distance the effect of the twi-
light would be to prolong the terminator beyvond what would
otherwise be its limit. There would thus result a seeming in-
crease in the equatorial diameter as the disk passed from the full
to the gibhous phase. Not only would this be the case, but con-
trarywise in the absence of an atmosphere, the measures of the
equatorial diameter, should not only have shown no increcse
with increase of phase, but should actually have shown a de-
crease, inasmuch as it would be impossible for an observer to see
quite out to the edge of the disk under its diminishing illumina-
tion.

TABLE II.—EARLY DIAMETERS.

PoLAR.

¢ z 2
= o 3 FERS e
= CifE 2 £ =
s 1[0 of Eye- EiE g . 5 =2 S
ime, Meas piece. Wt. i 2 S -y priz:
h m 7 ’” ’” <4 Zh e
July (% 15 o o PO 3 1 B § 12.12 12.07 12.02 12.03 12.03 10.0I 10.00
o 816 42 4 S0 s 2183 12,76 (12.69  12.69 12.69 T0.0I SSIOS
20 16 10 3 s 6 2 1302 12.95 12.88 12.89 12.89 0.68 0.67
22 18 8 § 1305 6 3 12.93 12.92 12.90 I2.90 12.90 9.54 . 9.53
Atig- | TI16, 10 o B SoR ST g - T4.94 @ 14.00 ' 14.91 14.91  9.47 SHGE
SLT4Ng 560 5L S 0 4 1531 [ 15.24 I5.17° 15.18 1518 . 9.40 g
2 o G B OR T g2 15,88 . 15.84 15.84  15.84 9.25 UGN
Sq}t. 20 14 5 3 4 3 20.59 20.45 20.31 20.32 20.32 0.43 09.42
¢85 23 14.35 54 862 5. 3 20.85 2075 20.65 20.66 20.66 9.42  SoNE
et R A830" 1 & AR Syl o167, 21.57 21.58 2I.58° '0.378 S
EQUATORIAL.
July 6 17 4761796 ‘5. "0.093 0.88° 9.88 9.88 11.74 - 9.76 "Hoims
o 8 16 25 6 ok 6. 3 10.49 .10.42 10.42 10.42 12.39 . 10,15 STGRES
: 18 18 30 5 % 6 5 [0.67 10.64 10.64 10.65 12.56 ' 9.58 oiEE
“ 221755 5 1305 8 3 1075 1073 10.73 10.74 12.66 9.38  9.38
Aug. 11 1545 5 2 6 & 30.12.70 . 12,74 12.74. 13.74 15.83  I10.04 S FOIE
Y 141445 5 o RSN T3 OMITR. 727 13,72 13,72 15.74: . Q.75 S
ZIETR SRR 6T S 6dn T4 02 13.98° F3:98 '13.99 15.85  9.26" =Nt
Sept. 20 14 15 5 0 Siias $30.60419.55
S AN T2 R ER02°% 6 34 20,11 . 10.01
0/ BTN 7 H (T ¢t AR ENOT 33 o

Bozire: 04 10;
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The effect which would be due toa visible twilight is thus strik-
ingly reflected in the measures. Nor is this all. Comparison
with the measures made in July, August, and September and the
first part of October brings the same effect even more promi-
nently into view. The table of these measures 1s opposite.

Now if we take the means of these measures also in chronolog-

ical sets and put them beside the later ones, we get the following
most curious corroboration:

TAaBLE III.—MEANS.

POLAR DIAMETERS.

Cor. for Ref

irr., tilt

and phase. Prob. Angle of

Irr. 0°2.10 Error. Phase. Irr. 0”7 15

’” o
July (6 to 22 inc.) 9.976 0.13 0 9 933
Aug. (11 to 21 inc.) 9.362 0.04 0 9.325
Sept. (20 to Oct. 5 inc.) 9.401 0.012 0 9 355
Oct. (12 and 24 to 30 iuc ) 9.375 0.028 1 9.336
Oct. (15 to 23 inc.) 9.379 0.011 2.5 9 3390
Oct. (12 and 24 to 30 inc.) 9 375 0.028 1 9.336
Nov. (2 to 21 inc) 9.390 0.012 4 9.350
EQUATORIAL DIAMETERS.

July (6 to 22 inc.) 9.691 0.11 46.5 9.672
Aug. (11 to 21 inc.) 9.666 015 41 9.645
Sept. (20 to Oct. 5) 9.523 0.010 20.5 9 490
Oct. (12 and 24 to 30 inc.) 9.457 0.016 7 9.417
Oct. (15 to 23 inc ) 9.429 0010 1 9.385
Oct. (12 and 24 to 30 inc.) 9 457 0016 74 9.417
Nov. (2 to 21 inc.) 9.545 0.015 19 9.514

The effect here is certainly striking. On the one hand we see
that except for July the values of the polar diameter remained
substantially the same from beginning to end; on the other hand,
that the equatorial diameter increased on both sides of opposi-
tion, that it increased in proportion to its distance from opposi
tion, and that the probable errors of the means are much less
the values of the variations.

The smallness of the polar means for October 12th, 24th and
30th is doubtless to be attributed to the fact that some of the
measures then taken were abnormally small.

That the probable errors are so much larger in the earlier meas-
ures is partly explained by the relatively small size of the disk at
the time; for the probable errors would vary inversely as the
square of the disk’s diameter.

By way of applying still further correction to the above result
we maynow take into account the position of the observer’s eyes
although the consequent correction is too small to be practically
appreciable.

The result is not without interest on its own account, for it dis-

A\
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closes a sort of psychic analogae to astigmatism. As:tigmausm
proper cannot enter into the values obtained because 1t. must af-
fect equally the space passed over by a turn of the micrometer
screw and the image itself. It therefore cancels out of the result.
Nevertheless, measures of double stars show a difference accord'-
ing as the distance between them 1s measured vertically or h(?n-
zontally to the line joining the observer's eyes. To determine
whether there is any such effect in the present case we notice tha.t
amoung the measures are tour pairs made under identical condi-
tions except for the manner of setting the eyes. These pairs are
as follows:

PoLAR DIAMETERS. EQUATORIAL DIAMETERS
h m h m
Oct. 21" 1342 'B.D, . 942 Octi2d 14 25 E.D. 945
Oct. 21 14500 B =S! 9.39 Oct. 21 14 45 E.S. 9.37
OcEs245 S 2 5165 B S 9.30 Oct. 24 11560 S E5S: 9.42
Oct. 24 1233 E.D 9.27 Oct. 24 12 50 [DRg DI ()

On scanning these there seems to be no preponderance one way
or the other since in just half the pairs the E. D. measures are the
greater and in half of them the reverse. But on further inspec-
tion it appears that another personal factor is at work; for on
considering the matter of time it turns out that in every pair the
later measure is the smaller. If from the hint thus given the

EQUATORIAL DIAMETER.

Taken hefore or after Polar Diameter.

’” ’” ’”

Equa. diam. greater than
polar one by

Sept. 20 after +0.10
¢ 08 before —+ 0.08
Oct. .6 before + 0.18
Syt br before -+ 0.11
=10 after 4 0.06
ik before -+ 0.07
g before + 0.04 Difference beween
S 00 after +0.03 the means of those
“ 99 after + 0.06 taken Defore and
o after + 0.01 after
§a0.03 after + 0.09 + 0.03
e 7 ) before + 0.12 those taken before
TR after —0.13 being this much
$ W00 before + 0.06  larger than those
REERE0) after -+ 0.03 taken after.
Nov. 2 after + 0.06
it 4 after -+ 0.16
* 5 after 4+ 0.10
! 5 betore -+ 0.13
¥ 6 after + 0.14
o 9 after + 0.13
Bt ' 8 before + 0.25
D before + 0.14
o LD after -+ 0.16
e 20 after + 0.14
Sl after -+ 0.13

mean + 0.09 mean 4 0.12
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whole polar series be compared, as regards priority of observa-
tion, with the whole equatorial one, measure for measure, the

same difference is brought to light, as appears on taking the
mean of the foregoing table.

Turning now to the measures of the artificial disk upon Mt.
Agassiz as observed by Mr. Douglass, we have:

DisK.
VERTICAL DIAMETERS.

Direct Meas. Seeing Wt. Cor. for Refr.
m

OCE25 65 198 St £ 3 5 E D.2087 20.92
Oct. 25 5. .38 st L 2 S SR E 2T SI8 21.16
Oct. 31 "4 36 "= & 2 8 “E"D.21.16 D1
NoF 2686 ol Fes £ 2 3 E.D.2083 20.88
NO ¥ RGeS & 1, (S A D DR 21.02

Mean from Seeing 20.98 21.03
Mean from squares of S eing 20 96 21.01

HoOR1ZONTAL DIAMETERS.

h m

OctE2 5 oF ais

’”

5 Direct Meas. 5 5 E.S. 21.09
Qet=D5 5 45 &8 2 2 E.S. 2114
(Ot s 2 E ey TR 4 b 3 EUSE21530
Nov. 6 5 OV ik L 2 2 *E.'S. 20.91
Nov. 8 4 42 > 2 1 75

B2S. 210
21.11
21 10

from whichwe find for the horizontal diameters taken before or
after the vertical diameter,

Mean from Seeing
Mean from square of Seeing

Oct. 25 hetore difference + .17 difference.
Wet: 25 after — 02 R

Pats S before 4 .15 0 009 2
Nov. 6 before 4+ 03 in favor of before.
Nov. 8 before =0l

but as this was on a disk of 217 it becomes on one of 9.4 about
07.05. This agrees within expectation with the result found
from Mars. ;

Returning to the four pairs of measures of Mars and using the
value 0”.03 deducted from the whole series of measures of the
planet for the before-after correction we get 0”7.02 for the correc-
tion between E. S. and E. D., E. D. being = E. S + 07.02.

For corroboration of this value it is not possible to use the
measures of the artificial disk. For inspection of them shows
that the observed measures were actually smaller than the real
ones, which hints that the disk. in consequence of exposure to t.hc
weather, shrank. It becomes, therefore, probable that the disk
shrank unequally and therefore its actual dimensions become un-
reliable.

If now we apply hoth these corrections to the previous table of
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the means of the two diameters we have, taking for basis E. S.:

POLAR. EQUATORIAL.
Trr.-077.10 | Fgaa 0440
July 9.976 9.98 9.691 9.69
August 9.362 9.36 9.666 9.67
Sept. 20, 23, Oct. 5 9.406 9.41 9.518 9.52
Oct. 12. 24, 30 9:3%9 9.38 9.452 9.45
Oct 15, 23 9.379 9.3R 9.429 9.43
Oct. 12, 24, 30 9.379 9.38 9.452 9.45
Nov. 2, 21 9 380 9.38 9.540 9.54

The same relative result would have come out in the table for
the irradiation correction 0”.15.

Professor W. H. Pickering’s measures, although relatively few
in number, confirm so far as thev go Mr. Douglass’. They are as
follows:

TaBLE IV.

Measured by Professor Pickering.

EARLY DIAMETERS.

POLAR.

NIXP
uo jos o

Eye- Uncor Cor. Irr. Cor Irr. Cor. for Cor.for At Dist. Unity
Time. Meas. piece. Wt. Meas. on Limb onTerm Refrac. Phase. Appar. True.
h m 7 ’” ’” ’” ’” 'z ’”
[l TRy b o2 SR O 7 12.36 12.33 I12.30 I2.30 12.31  9.88 0.87
255 MBI A0 5 % 5 4 12.98 12.96 i2.94 12.94 1294 9.64 9.63
Ao T T2, f 7 7  14.16 14.14 14.12 14.12 14.12 9.30 9.29
24 ATce 201, 05 5 5 4 16.67 16.60 16.53 16.54 16.54 9.44 9.43
EQUATORIAL.
iSRS T0 LS 6T g 3t 10,54 10.505110.50 . 10.50, S12.478S10-0O L SEQ O
DIESTOB0: % 5 5 5 4 1091 10.88 10.88 10.89 12.84 9.58 9.58
S TSI S o 5 4 11.08 1105 II.05 II.06 I3.04 9.73 9.73
Ang 7R G053 vy 7 7 12.62 12.55 12.55 I2.55 I4.55 9.52 Q.52
77 Gy 14 S o 4 4 15.06 14.92 14.92 14.92 16.80 9.59 9.59
28 S 1SS0 3 3043 T525° 15.2T T6.21.15.22° 16.07 1 0.36880:36
TABLE V.
MEANS.

Professor W. H. Pickering.
Polar Diameter reduced to dist. unity (all corrections made except

for the twilight band)...ccccoviiiiiiriniiininiiiieeiieeeeeees it e e 9 373
Equatorial Diameter reduced to dist. unity (all corrections made except

for the twilight DANd)....cocvvuriieriniieiiiiicinieiiiiie eiiiniicien ceeeetieeenn, 33580
Polar Diameter, polar cap away from limb... G
Polar Diameter. polar cap on the limh...... ... : 9”.49

Twilight are 11°.

To determine the extent of the twilight thus disclosed by the
measures: if we call E the phase angle; T the angle between the
radius to the sunset point and the radius prolonged, to the point
of the atmosphere last illuminated ; a, the true equatorial radius
reduced to distance unity. and b, the corresponding amount of
its excess, we have the following equation to determine T:



Percival Lowell. 15

3l +cosE+sinE.tan T

1*'_{:'C‘OW S g + b

T, neglecting temperature, etc., being determined from

Do — a sec @d@
f Secaig (CNE)
v

where the limits ¢, and P,
stantly equal to the
bility. Whence

are such as to make the integral con-
amount of illumination necessary for visi-

__b.1 tcosE
tan T-— —Q‘QSFE

As b is the mean value of the excess of the equatorial diameter

between certain times, we must, to determine T take the mean
value of

1 77+ cos E

sin E
between the same times.

This mean value is in form,

E2 X ST
f b S P A

) sin E &r-
Ex SE S

But as dE is not constant if dt be taken constant, its value in
terms of dt must be introduced from the elliptic motions. A
short cut to the result may be taken, however, by deducing this
mean value direct from the phase corrections.

By so doing we get an approximate value of T, which applied
to the measures of October 15th to 23d—since even these were
not made exactly at opposition—gives a new value tor b and a
closer approximation to 2a. By repeating this process we get
values for both as near as we please to their true values until
E=T. After this, when E < T, the equation ceases to be true,
b diminishing not to nothing, but to a minimum with irradiation
0”7 10 of about 0”7.025 at distance unity, the amount namely of
the twilight seen in profile on the limb. This also is affected hy
irradiation, since the twilight itself would be swamped in the
irradiation effect of the limb, and at the same time would cause
an irradiation of its own. We can thus get an approximate
value for the twilight arc which is evidently about 5°, the double
of which or 10° is the angle which determines the duration of the
twilight. On the Earth this angle is 18°.

The value for the twilight band deduced from these chserva-
tions does not measure the full breadth of that band. It gives
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only a minimal value for it. For although Mars shows us a disk
which is always more than half-full, in which aspect an illumin-
ated fringe of atmosphere would be more perceptible to an ob-
server placed without than toone placed within it, provided both
were at the same distance off, in the case before as the observer is
a great deal farther off. In consequence, what would be quite
recognizable to one standing upon the planet’s surface would be
too faint to be seen by him at a distance of forty millions of
miles. The detection, therefore, of any twilight on Mars hints
that the extent of that twilight is greater than appears; how
much greater we cannot at present say.

A second possible cause affecting the extent of the twilight is
the constitution of the Martian atmosphere. That atmosphere
is practically cloudless; if also it be clearer than our own, the
twilight would be relatively less, for the amount of twilight is,
among other things, a question of the clearness of the air. Itis
the particles suspended in the air that reflect the light; the less
particles, therefore, the less the twilight.

PoLAR FLATTENING.

From these measures we deduce for the polar flattening L,
the value 1/190

This value receives corroboration from two other sources. It is,
in the first place, happily accordant with what theory would lead
us to expect. Tisserand has found that with the known rotation
of Mars and supposing homogeneity, the planet’s flattening
should be 1/175 of the equatorial diameter, while if the strata
varied in density after the manner of those of the Earth, the
polar flattening should be 1/227 of it. Now assuming Mars to
have been developed in general accordance with nebular hypothe-
sis, his strata would neither be homogeneous on the one hand,
nor on the other, would they vary in density from the surface to
the center so marked, as is the case with those of the Earth. For
Mars, being a smaller body, the pressure due to gravity would
be less, somewhere between that of the Earth and that of homo-
geneity (which is nothing) and the polar flattening should there-
fore be somewhere between 1/227 and 1/175 of the equatorial
diameter. 1/190 is, therefore, not far from the value probable
a priori.

Secondly, since this paper was, written Hermann Struve has
found from the speed of rotation of the apsides of Deimos and
Phobos the value 1/190 for the polar flattening. It is interesting
to have this result agree thus closely with theory, as it furnishes
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so much more reason for believing in the general evolution of our
solar system.

Any value much less than 1/190 would require that Mars
should have solidified an unconscionably long time ago. For as
we see, the Earth still rotates very nearly as she did when she
solidified, and although in the case of Mars this must have
happened relatively long before, yet on the other hand, Mars _ .
lacks relatively the tools for the purpose, possessing neither suit.” ekl
able satellites on the one side, nor sufficient seas on the other.
For the absolute dimensions of the diameters we

i i iati may best take
the correction for irradiation at 07,125

and thus obtain :

Twilight arc (minimal value) abgég 100
LowELL OBSERVATORY,
Dec., 1895.
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of the Diamete
giving beside the Size and the Elliptieity of the Planet

Apparent Evidence of a Twilight Arc.

1-6*‘3"” During the summer and cubumn, 1894 Hes-Bouglass and Prof=
464

2gsor W.HBlokering-mede S&mieromgtric me surss of ihe dlumetaz- of
lrvdid, Prade. At iy Aiers alssz, . Jmsut] b _) L J“ 403 ""’*‘74)
M}'rsl\ In addition ‘o their ffeneral value, 4kese prove to be of pecu- }
lier interest. For on reducing them I.find that beside furnishing,
from £hair greatl number, relatively sccurate values of the equatorial
end polar dicmeters and of the polar f1 ttening, they yield 2 by-pro=
duct as unexpeeted as it is important., Their discussion reveals what :
appours to bz unmistekesble evidence of o twilight upon the plenet,
sufficiently pronounced to b visible from the Farth and actually to
have been measured, unconsciously, That Mars possessed an atmosSphere
we had what ampunted to proof positive before; but that the fact
should again be brought to light ih this litersal mamner, :s a gilver
iining to a eloud of figures, is a point of some curiosity. For tha
measures had no such end in view; indeed, to detect the presence of
o aboosphere by measures of the diameters hod not suggesied itsels
to any one, TYet, as will be seen, the quentities upon which the evia
denee rests ars s0 lerge as to be quite without the pale of aceidental
error, being ten times as large as Lhe probuoble errorg of observation,
and twiece os large as the differences that disclose the poler flgt-

tenings. That up 10 thlS time the) should have escaped detection is

due o their having been masked by another faeior affecting the size
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of the poler diameter, the varying irrediction from the polar cap.

To the hitherto unsuspected presence of the first of t hese factorsg anl
to the difficult\f of duly evaluating the second are attributable in

all probability the discrepencies in the velues previously found for

Lot o
Yo " L ,i A, ’
' O L1Ar je 3 4
ulke ?ﬁ‘i‘@:&-—mmmﬁo , v, * 4
.’ gfﬁ?-.’ - féf?f‘ v/ :'t*v""".?"l‘r/"?'f"-i’
/ T‘f‘;o first messures were made on the 6ih of July and the last

5

on the "’1s‘c. of November, 1894. Fron the

//,, J ;ML

was me surﬂd nearly every other night, 5

thh of October the planet

Wweﬁmwﬁe%%r%vg}m in the following moiner: the
longd ;udi;nal thread of the micrometer heving been set Lo the planei’s
phode axis or polar axis as the cese might be, the field of ihe micran—

troengverse threa

~

o eter /a., so adjusted thet the svi.ationar:y" 1 ley close
~::‘to’ but not on, the limb of the planet’s disk. The moveable thread
was/ then carried some way beyond the otherlimb and steadily brought
bs,ei: till it lay to the same'side of, .,-:1d;§;e same distabee from, the
other limb that the stationery thread ley from the first one. Ii wes
then read, During the proeess of bringing it up its motion was never
reversed. In case of overrunning it was carried some distiance back

and again eontinuously brought up. Thus «ny possible backlosh was

prevented from ¢ ffeeting the weasures.

..N..

The whole field was next shifted till the stationery threoad

occupied the seme general position iowardthe second limb that it had
[/ .*/// Lo
the first, and the moveable owne- broughd past it +i11 it

reached a corresponding distence from the other limb, upon wpich it



3.
was raed, The whole field wes Lhen shifted to Lthe first position and
the process repgated, Each reading thus furnishod half the data to
iwo measures, ‘ '

Later in the paper I shall conside/x\i those mode by Professor
“dgkering which will pe found to coufirm the }“esult. But here at the
outset it my be welll to note that vhether *..hip results of many obser-
vers ere L0 be preferred to those of one is, L;_fu'.ttin;; personalities,

|
1 % -
& question entirely of what is to be determined, If tie determinatim

be ine of absolute QUiantity, the more observez;s the better, provided
i
e ; .
tey be good; but if an the other hand, the dei;erzm:m.tum be of relw
{ {
etive magnitudes, t"nc{ number of observations ,,f not the number of ob-
Servers, is the important mtter. ;
P el o Hrebon,
In the measures e# Septemifer, October, and Movember, Mr,
Douglass took the further precaution to ploce himself so that the
line joining his eyes was kept either perpendicular or porallal to
. rﬁff‘*ﬂf Lode'se
the diameter measursd; sad-entered-¢ record of his position Opposite
the measures, Such record appears in eolum 4 of the table: 2.5, a4
stending for "eyes parallel to0 single thread®, thet is, parallel to
the longitudinel thread of the micrometer; and E.D.y "eyes parallel
to double (i.e. transverse) threads'. E.S, therafore denotes a hori -
zontel measurement; E.D. a vertieal ong, As meecsures wer: taken in
both positions for each diameter at various times, we have har: 2 com

perison of some velue as will appeer further on.

To eliminate sysiemetic errors os michas possidble a eireuls-




TABLE I,

Frreteck ot
POLAR DIAMETERS. ~¢éé,42?72325n42¢a
Time No.of Eyepiece Wt. Uncor. Cor.for Cor.far Cor.for Cor.for Reduced to ' ,
Meas. Meas, Refrae, Irrad.on Irrad, Phas Distance Unity. Jl P Mé:@ A:/S/L eZﬂ,; /OW% fé
Limb on Term. 2_”2&% > 4- 7
Sert+20 14h 5637 B.S. 4 200,59 201,60 2645520446 2446 I7.50 Measures—made—on—phuse timmeter.
14 . . . 207,76 o 4AT— p— u ' « T

Qote 5 14BE6mM 7 — —4—230.97 911 78 218,73 218,68 gn . £ e

" 12 13h 45m 5 g 5 21',95 21%,95 214,85 21%.79 21%,81 9".40 fgzectes Fhpade ok yyue LiZdsTles

. 15 13h 42m 6 " E.R.A. 4 217,84 210,84 21%,74 210,67 21% .68 9%.36

- 17 15h 4 * E.S. 4 210,77 210,77 21'.67 21".59 211,60 9%.38

" 19 15h 5m 5 " E.S. 2 217,92 210,92 21%.,82 21%.73 214,73 9".46 5

. 20 13h 57m 5 * E.S. 5 21%,69 21*,69 21'.59 217,50 211,50 9'.41

- 21 13h 42m 5 * EJDe 5 21%,69 21,70 21'.60 21°,51 218,51 90,42

. 21 14h S " E.S. 4 21',61 210,61 21%,51 21%.,42 21%.42 9,39

. 23 13h 40m 5 * E.S. 4 21'.,28 21,28 214,18 21*.08 219,08 9v.31 ,

. 24 12h 15m 5 * E.S., 3 21%,17 21%,18 21',.08 20'.98 20",98 9'.30 ‘

L 24 12h 33m 6 L E.D. 3 21",08 21".09 20%,.,99 20".89 204,89 99,27

" 29 13h 1lém S " E.S. 3 20",94 20",94 20*.84 20".,75 208,75 9F.46

: 30 14h 50m 7 * E.S. 3 20'.,78 20',78 20%'.68 20°%,59 204,59 9".46 : Y
Nove 2 13h 34m 5 " E.S. 6 20'.15 20,15 20".05 19'.97 197,97 9%.36

2 4 12h 40m 5 * E.S. 4 19'.,85 19,85 19",75 19",67 191,68 9%,37

. 5 13h 10m S . E.S. § 19'.,61 19".,61 19*.,51 191,43 19" .44 97,34

. 5 14h 38m 5 " E.S. 3 19%,54 197,54 19%.44 19°.36 194,37 99,30 y

" 6 12h 45m 5 * E.S. 7 19,67 19'.67 19".57 199,49 197" ,50 9v.44

b 9 13h 35m S * E.S. 7 19*,23 19%,23 197,13 197,05 190,07 9¢.49

" 14 14h 3m 5 ' E.S. 6 18+.02 18%,02 174,92 17'.85 177,88 9".34

' 15 13h 53m 5 *» E.S. 5 18',03 18',03 17%.92 17%.85 179.88 OV.44

" 19 12h 45m 5 * E.S. 3 17*,19 17+,19 17'.09 17%.02 171,06 9%.38 A

" 20 1lh 50m 5 * E.S. 2 17,15 17*,15 17*.05 16%.99 177,03 9".46

u 21 11h 45m 5 e - BN

16*.86 16*.86 16',76 169,70
TABIE II.

167,74 9".40

EQUATORIAL DIAMETERS,

S 5 . z - 26lH¥}—9‘r55——————iEmBﬂTe&ﬂﬂﬂk%ﬂﬁ—?h&3&4ﬁ£ﬂmﬁﬁr$
u 2% 14h 125p5———8v* EDe— 6 207,11 20", IT 2061 —199% .99 901 ga G450 -

—Oct, 5 34m3I5m7 1~ 2IV,83 21T, : LI ~2rtfgek—svtss:*—‘”"""_““’ trde——
. 12 13h 15m 5 . 5 22+,15 224,15 225,05 21%,99 928,08 9".51 624£»¢abz2a¢4:ah:7;22J Arnolen
: 15 14h 2m S " E.S., 3 21%.96 21%".,96 21'.86 21'.78 211,80 9°.42
" 17 14h 42m 5 * E.S. 4 21*,98 217,99 21,89 21¢,79 B 210,79 9%, 44
" 19 14n 48m 5 ' E.S. 3 22%.00 227,01 21".91 21%.81 | 217,81 9%.50 ;
o 20 14h 1lm 5 "» E.S. ?6 21°.80 21+.81 21°.71 21*.61 218 .61 9Y.4d



TABLE II.

(Cont.)

EQUATORIAL DIAMETERS.

Time No,of Eyepiece Wi.
‘Meas,

Oct. 21 14¢h 25m 6 862 E.D. 4
g 21 14h 45m 5 * E.S. §
. 23 14h 15m 7 " E.S. 3
- 24 11h S50m 6 B RS 8
. 24 12h 50m 5 * EJ . 5
< 29 13h 3m 5 * E.De S
. 30 15h 5 s+ E.D. 2

Nove 2 14h ¥2m 5 » ED. 6
x 4 13h 10m 3 * E.D. %4
- 5 13h 36m S ¢ RBeDe
. 5 14h 15m 5 * EJD. 3
: 6 13h 20m 6 * E.JD. 8
. 9 13h 53m § 8. EDe 7
. 14 14h 18m 7 " E.,D. 6
. 15 13h 36m 7 s E.D. 6
. 19 13h 5} F iR 9
o 20 12h 20m 5 » EJD. 6

. 21 11h 58m 4 e T L

Uneore.
Meas -

21,74
21*.57
21% .45
21,38
21%.32
20",91
20" .54
20%,03
19+ .87
191,49
19%,46
104,59
19.004
17%,90
17%.68
16*,76
16%.65
16" .34

Cor.for
Refrac,

210,75
21%.58
21%.46
214,38
219,33
207,92
20".55
20", 04
197,88
19".50
19,48
19%,60
174,93
17t.73
160 .78
16* .67
16%.35

//&.7,///%)_ ﬂéﬁfzw /Z W}«/M %%
ﬁv: % /é(d AQ;/ A’/Z/f/&q - 7Z Tz s 4%(
e = s e

A S e Lt j{l{ﬁzsjéflﬁzjaé.

pZ 2256 ﬂfZZi%L L2

&P me Y //4¢4‘ZZL5 Zr—‘fl;*Jﬁi bete,  THato-

52ﬁ;, Do azct —

Jod i /MJAL D &;:,/& = St

Cr 1l ev

Cor,.for Cor.for
Irrad.on Irrad.on

Limb

217,65
21",48
21,36
217,28
21%,23
20,82
20",.45
190,94
19%,78
197,40
197,38
187,96
179 .83
17+ ,61

16°.68p

16,57
16,25

5

m

Terme

21".56
21" .39
21¢,28
21'.21
217,16
20",77
20" .40
19*,74
19t .36
19%,34
19%,46
18,92
17¢,.80
17+,.58
16%.66
167,55
16%.23

oo
Tt L

//?/A,(

%, T H /74:} L/ @‘Zf’ e S g

-

41,,4,4,,4/\/ Freleo -

Cor.for
Phase

214,56
21%,39
21,30
21' 024
21+,19
20" .88
201,54
20,10
20,01
19 .66
194,64
197,79
19% .34
18" ,37
18-,§;
17+ .36
17,28

16'.37

Reduced tO ;ZW s i 5;% al}a /,{%/ﬂ«/?/)

Distance Unity.

9¥ .45
98,37
9. .40
90 42
9..40
91,52
9% .43
g 42
9" .53
g%, 44
9,43
9+ .58
9r .62

s
98 5%

9¢,60
9r,53

NN

~



disk was construeted, carefully measured, ehd carried to the top of 1%
Agas3i%, one of the San Francisco peaks, where it was placed just une

der the sumrit facing the Chbgcervatory.

s3—to—sabtend »_;é, m.\ tdistonece = arglie very neeriycous i to—the vian-
¥#he 17 102 g ik aler #, ;

gtisdisk. he sx.glés by which it 8sposition desviaied from the verti-
cal in the first plsee and from parallelism to the dome in the second
wer: found to be respectively: 69 and 29 west; A pcini—in—the-toun
of Firgsteffy the domo-snd-the—digk-weretthen-severslly triasngulated
fromr 7 Dagd linme mth'““c*l"m,t&l}_» B v&rﬂ&&&&y amd Bve—for—ithe.

sy L4 Dee I o Rk ltut. P Tring 2
etr=iise-distance Yhiugen the done @ad._.maérs—k.p. ,—"Gﬁd’—fm
elay tion-of the disk tbove the dome e PedaAbed

&f* .‘
ameters ef—ihe-diglh-gormg—oud

Ae.pgarent di-

voerticel dismeter 7 21v .08
horizontal dizmeter 21*» .22

b ,
The dicmelers-were then ouservec‘i through the telescope and miclpmet-

ricelly meesured by lMr. Douzlass.™The size of the crtificial disk wes

hus such &8s L0 subtend at that distance from the Cbservagiory an angle

very nearly equal to iLhe alimet"s disk. g5~ 4 e,
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Before ciscussing the remlting values the eOl"r@ctlonn de-—

serve notice., Of these, the first is thetl arising fmom refraction.

This is the correction due to the diflerential effeact of refraction m,

upon the planet’s opposite limbs at ithe extremities of the partieular

diemeter measured, 1t depends upon the altitude of the planet at the



time of observation, and upon ithe inelination at that moment of ithe
particular diameter to the veriical., In about helf the measures only

a8 it large enough 10 make itself percoptible to hundredths of a

The eorrection for abberration, similarly s differential ef.
feeh was s0 ubterly indignifieant throughout as not to appesr at all,

»

The next correction is thet due to irrovietion. As thig is
the ehief correction into which unceriainty enters we wil. consider
it at some length, the more so thot no investigation of it, hes, to
my lknowledge, ever been mede, It is an important ceorrection, but one
for whieh no possible velue cen destroy ‘he quantities upon whiceh the

evidence for the twilight rests, or even effect appreciasbly the amount

b4y
=4y

of the bolar flattening. This will be evident farther on. Iis effect
is primerily uvon ihe absolute values of the dianmeters; and secondar-
ily upon the amount, not the existence, of the twilight are.

It is to be noticed, to stariwith, thet the irraciation is s
funetion of the illumination and of the observer. Tor o given obser-
ver, thereiore, it is & function of the illumination, andfor o given
illumination it i3 a personsl constant. It is ind=vpendent of Lhe sim

of the objeet and diminishes relatively with the :magnification. ther

things equal, therefore; the grester te power used, the amaller the
\—&

q

corrgction erising from it.y ro;ard iis determinction two difforent
tests were made, in cach case upon both FProfessor W.H.Pie! ering and

myself; in the one the effect should huve been less then in the ¢ase



e

of Mors, in the other greater, As in both csses the observers sube-

«

. ST
stantially agreed, the resulis :nay be accepted as having some ,personal

The first test wes meade upon & reoilroed switeh-head,: white

;o
Ze

eircular disk with e smeller black cirele painted upon it. The si

7

L83 wag uninown to Lheobservers,

iy

of these cire
Their estimetes were

W.H,P,) (white rim) 1.; (diesmeter bleck cirele) 1.5
P,L,) (two sets - neenit B “ o 8 1,26
and their disiauce were then measured and gave:

for dicmeter bleck cirele . 202 mm.

for radius white rim ~ 126 nm.
for ratie - R

16
for distenee from eye: 67 yds.

Therefore 1 mm, equalled 3,9
Fo: the emount of the irradiction in seconds of are, L,
assume the gmount of ‘'he irradistion of the white rim egainsi the gen-
eral background of Earth of 2 brovn color to hove been 2/3 of thet o
the rim against Lhe bleck eirele, We have, then, for ihe firsi ob-
server, the following squation to determine Xx.
250 m.+10/3. X 240 4 from which r=98.2 m, or 36 ;

212 mm,— 6/3. X E 5
for t he second observer ¥ = 400
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The seecond test we

47}

0il

&

e Moon (Mom.22, 1884), when the old
moon was scen n the new moon’s ecrmg., In this ease the irradistion
proved for beth observers to be 1/7 of the rodius of the old moon or

about 157",

The illwndnation of the surface of iars bears to the illum-

B mrecls
ination of the luner surface the Fetlewins rotio _J1_. 26  the first
2.

b

factor denobting the ratio due to their respeciive distances form the

Sun, and the 3 econd that dus thei

H
o)
175}

spective albedges, 1In round nus»
bers this=(f/3 . 5/? or 2/3, But in the telescope owing to ihe loss
of light in passing through the lenses first of the objeet glass and

then of the eye~pleee this is furiher %o be diminished by the ratio o

82 to unity; which gives % for the relative illfkmination of Lhe

Mertian surfeee =28 conpered with the lunar.

1.

5 s d Ay Al rers o gL g i o » ‘ v ~ o
Irraodiation being o question of eontrazt and the contrast

between the Mertian limd and the sly being pretiy certainly
than that of the white rim cnd tl black eirele of ihe switeh-head,
Just as i is ceriainly less than that of the moon’s bright 1imb and
the sky, to which the conltras! between the 1limbs of Lhe 0ld and of iLhe
new moon closely approximeies, the v;lue for Mars should lies between

-

the two determinations, Jugt where

oad

t folls between the two isg

tter of estime'e inasmich as the exac!t funetional relation be tween
he illwaination and the irradiation ig not mown, I we assume i
VRS ofe s ¥ 355 5 N g -4 “ - b vead P o ) Q@ lt

3

be, for short distunces from the edge of Lthe bright body, as the

ey

square root of the illumination/we have the irrcdiation from Lhe Mo



8.
tien disk in the ielescope 3/4 of thai of the lunar tot he naked @§§;
if as the fourth root .87, if as the sixth .91, Perhaps we shall not
be for out if we take .8 for the value. 7This gives 127¢ for lars.
But this ogedin should be slightly diminished on sccount of the 1i ght=

ening of the field in the telescope due to the inevitable scatteri g

s of the lenses and the dimdnished conlrast in

o
oy
‘..)
ok
o
g
O
s}
e
L -
"‘;
(3
(L)

bright

“

consequence. If we assume the field to be relativaly twice o
for lars, we get about 110* for tihe irradiation., With 2 pover orf 5862
110% becones 0,125, For a lowdr power it i3z proportidnately ireater
for & higher one proportidnately less. -8z @11 the measures on and
after Séptember 234 were maede with a power of 862; thoss before with
povers from 440 to 13508. I have coleoulated two tables, one on the
2sis of an 1rrud*u.iox of O“ lO “ad on> on that of 04,15
bo Geriie 42 ; J : 7. 04
7 LaJtly aogount h\s been taken 0f L he time at which tihe
mecsure was made, whether during the night, ihe dawn, or:éofl ignt, ang
the eorrection applied in ceeordince, Sueh is the eorrection for
irradiaticn upon ‘hie planet?s limb. The double of it, therefore,
es of a disk similer

; F

placed to thal of lbrs eand fully illuminated. But here we come Lo o

would need to be subirceted from Lthe maasuy

g

correction upon this correction, Fxecepl ~t the moment of Gpposition
the disk of the planet showed, not two bright limbs, but & limb and a
terminator. Now it is evident at once th.i the irre iation upon the

terminator must be very different from that upon the limb, ines wmeh g

¥
(&)
|
o
i |
<
iy
b
L
@
i
€

wey Lo nothing st the one while it hus its full valwe




at the terminator, it is to be observed thet if lbrs presented a dead |

surface like a plaster asty w2 should hove the edges less brilliant

than the centre and tre fOllO*.’;’i?“." formla to express the differ ence
, .“_

’7 (J’«“ )"ﬂ v'.e-:y L‘pc:b(o( 57

If egein the illumination were aqual all over we should have for vaol-

11 AR 1 mine oo
L‘._.»w A .-._e 638 B &) a

”'2

7le appearing in these mg@sures:
:;.
j*?" r -
e e ¢ Coal +v)] wher
Tontcty) = [ery -l

-
y & the aregeentric angle between 4ie Sun -nd the Earth;

~3
o
o
(¢
(6]

ot -,-the angle between the terminaior and the point of the illumin:ted
surfcce whose irradiation is sought;

tal

P ’ the ratio of the irrscia‘dion at the limb to the radius of the disk

) / denotes the ratio of ths irr Jiation to itre illu J.*l".t‘ul'l

aalk L P A CrrlSfani Lelohstr1pred Lo—28 [ Jrntt Z,Mm{a%”zfé{
But ihe aetual surface of Mars is neither of these, being %}‘

tuelly brighter near the limb than elsewhere. If this effect were

duz, 28 it probably is, to illumdnated p.riicles in the air, the first

term“woul (xe S8l

thet op of the atmosphere and ihe tangent to the urface ot the point,
end the integral is the amounl of atmosphere necessary for visibili ty.

The term is then %o be multiplied by the ratio of the illumination of

3

@ integral eannot be

-

f
the disk at the time 40 that a \‘/:)'_Jposition. T

direetly found, being attainable only by o .series., As we <0 not knovr
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The corrections for irradistion at ihe cenire of the limb
end at the extremities of the phese diameter hove been taken e the
game. This would be epproximetely true in she case of an atmospher-

-
3
LS

ieally enveloped planet., It would not be true for = bares one, as is
evident from the cage of theldoon. Whenh the loon shows o crescent the

greater irradlation at th

o)
Q

entre of the limb is manifest to the naked
gye in iis distortion of the limb beyond o perfect semicircle, The
above consideration hag of course no =ffect upon L e q

twilight are; but only upon the polar flattening,
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set, 14 will be suffucient 10 estimate

: i - . -
that this fully expresses the iy 1% ma
- 5 T o £ ”~ 3 - - T ~ - - ¥ &
yproximetely the amount of the correciion for each varying phese an-

71e, Thig +will be found in colum ¢, Substitution in the column of

jation 2t the limb ~ a value which would imply equal illwmination
there, whieh is not only theoretieally imposszible, but visibly not the
case = would not suffice to offect, cubstantially, the result, es will
appear on performing the operation end comparing the values obtained
Fourth comes the eorrection for phese. Inasmuch 28 the phes
axis and the poler axis did not in general coincide,; there entered
into its determination beside the mmount of ithe locking lune, th

f inelination of the two axes. So that the cmount 0 the @e-

|
o
3
ot
D
o

3 % 3 - - 3 A o - 3 b3 5
faleation had to be esleulated in 2ccordance for each nighis

Fifth comes the correction for tilt. As the pkgnet’s poler

.

axis was inelined to the Farth, the dicmeter measured for the poler

o

: - Q4 - 3 ¥ 5 A
one was not the true polor diameter. The diameter messured 16er the

5

di-meter,

b

acl an equatoris

-
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equatoricl diame'er, al
wag 2lwayvs exactly equivalent to one since its extremities were al-

ways 90 distant from the pole. To et the eorrection to be :pplied

to the polor diameter, ap-essroXiEsto Toiee—ov the poler flatiering pee

/%4 QML,

/?O ron-4elken whieh—ras sufficiently aecar the truth, and geve O0v.0®

at the beginning of the measures, 0*.006 )n the middle, and 0'.007

3

arain at the end. This being, for ithe intervel of o few doys preocti-
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No correction is neededfor %Stl,uutlol as the meassures then
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see ned t0 have shirfted obligingly to an op-

posite error during July end Aupust to sceount for the measures taken

i1 : R 3 @ . $ . ; . A v sl
J1@ cése of & body not bvare. If a plenet possessed an at-

atmosphere would cause the phenomenon of twilight, and

Y 1N & 4% at a 14 ¢« -
to an obgerver at & digtance

. T Lo oagaeppeed s o - y 7, uriim ¢ sereyy 3 . aa ¥ 1+ 14ra49 b
17 the terminator beyond what wou.d otherwise be its limit.

23 the Jdisk pessed from the full to the gibbous phase.

$ha ala e £ 5 o 9 A o + s o8 Tk & i N g g = ¥ g =
Ll apsence QI anavwnospiere, Lhe meesures of the equs Ju;l;vl disme ter

- ; NS 3 v P "y AT - Py wrd ox N " T2l
SS—thgeposgs dxerenseds, sholld not only hove shown 0 luerenst, but

a decrease, inasmich as it would be impc

s 3 b -

sible for an observer 10 3ee quite ocut to the edge’ under did e
A

R A s P 24 whd Al urncs 3 v e s 8 - -+ L . - A
e eilect which would be due 0 o visible twilighl svea

>

pioniet is tlms strikingly refleected in the meusures. Nor is this all,

in July, augusti and September and

3 £ o~ s £ ¥ Fyans g e J7 \ 3 &
the first part of October brings the swae even 1ore prome

inently into view, The table of ithese me sures is as follows:

Table £/



‘ - EARLY DIAMETERS. M. A. E. DO\ISIQ v For irr. O%,10
POLAR,

Time Mo.of Eyepiece Wi. Seeing Set on Uneor. Cor.lrr,

: r.lrr., Cor.for Cor,.for At disi., Unity ;
Mees., i) Meas. on Limb on Term., Refree. FPhese Apper, True

July 6 17h 10m 4 - 617 8 5 Phose exis 12%,12 12%,07 29,02 129,03 12°,03 10%,01° 10%.00

July 8 1Ch 42m 4 v o e R B R R L 120,69 129,69 10v.01 10%.40 ‘

* 20 16h 10m 3 e i s+ 13*.,02 12°.95 12%,890 12%,89 94,68 9v.67 : a5
s 2218h 8m 5 1208 ¢ & ¢« » . 12v.53  12% .93 3 120,90 12,90 9%.54 9% 53 '
Aug,. 1116h 10n 5 ¥ gy M. B 140 97 140 04U 149,01 140,91 Qw47 99,46 b
® 14 14h 50m S e s O RSTR SRR . .3 ¢ 154,18 15%,18 O%,40 O%,39

" 21 17h 550 5 617 n ¢ & s 156,83 15%.88 150.84 15%.84 99,25 9%,24 ?
Sept20 14h 5 A TER R * 20°.59 20,45 209,32 209,32 0,43 9v,42

» 23 14h 35m 5 BG2 5, -3 % . * .90v.85 20%.7% 204,66 20'.66 9,42  9v.41

OCet, 5 14h 36m 7 e T . & 21877 21%.67

21*,58 21%*,68 9,37 94,56
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Table IlI.

cor.for ref,, Prob. Angle of Irr. O'.l
1rfe, ®11i 8rror: Phase
and phase
A% s B DI
July (6 to 22 inc.) 9.976 0*,13 0° 9,933
Aug. (11 to 21 ine.)9.362 0".04 P° 8,520
Sept.(20 to Oct.5 ine.)
9.401 g8, 012 3 9.3555
Oet, (12 & 24 to 30 ine.)
9.375 0%,028 gk 9.336
ot 11530 29 ine.)08.379 0 011 2°.5 9.339
Nov. (2 to 21 ine.) 9.390 onr,012 4 9. 590
b¢.0@‘*1¢/é”jﬁw¢‘> 5 s sl
- T3y Gl ol 4
Equatorial Diameters,
July (6 to 22 ine.) 9.691 ov.11 46°,5 9,672
Aug., (31 to 21 ine.)9.666 LA §. 4.° 9,645
Sept.(20 89 Oct.5) 9.523 01010 202 but 4890
Oct. (12 & 24 to 30 inec.)
9.457 G016 i 9.417
Oet. 115 1o 23 ine.)9.428 0u,010 1.0 9,385
Oct. (12 & 24 to 30 ine.)
9.457 e 016 ¥ sk 9.417
Nov., (2 to 21 ine.) 9.545 PGS 19V Y8504




of these measures also in chrono-
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0 3. sets and put them beside the later ones, we get the following
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The smellness

30th i3 doubtless to be

L) o

of Lhe pclor means for Oetober 12, 24 and

attributed to the foet that some of the mes

ures the aken wer: abngrmzlly small,
R

Thet the pobable errors are so much larger in the earlier
measures is portly explained by the relatively sinll size of Lthe disk
at the time; for Lhe probeble errors would vary inversely as the:
squere of the disk?s diameter,

By way of applying still furihercorr>ection to the above

esult we may now iake into aceount the position of the observer?s

eyes although the consequent correctiou is too smeil to be practically

nn
el

preciablyg,

The result is not without interest on its own sccount, for
it discloses u sort of psychie enclogee ta astipgmaiism. Astipmatisnm
proper cunnol enter into the velues obtazined beceuse it must affect

ly the space pessed

equal

the imege itself., Ii th

legs, mecsures of double
tanee betwesn
joining the bbserver!s
effect in the present ez
peirs made under identie
the eyes. These pairs

Foler Diameter

Oct.21 13h 42m E.D,
Oet.21 14h Q0m E.S.
0ot .24 12h 15m E.S.

Oct .24 12h 35m E.D.

them is meen

el eonditions exeapt for

&t

over by & turn of the micrometler scerew and

erefore e negls out of the result. Neverihew
stars shov a difference aceording zs the dis
surec vertically or hfirizentally to the lim
eyes. To determine whether thers is sny such
se we notice thet among the meosures are four

Lthe menner of settiny

as follows:

e

Equatoriel Di "u"‘tev

&}.42 Octo }—‘“.‘5..‘. r)bm 2 -‘_.. 9.4_.5
9,39 0ct.21 14h 462 E.C. 9.3
9,30 Oct,24 11h BOm ¥.S, .49
0.27 Oct .24 12h S0m F.D, 0.40

Ues . ,




"3
]

Foe-(0h scenning these there 3eems to be

one way or the other sinec

¢4

in just half the pairs
are the greater and in half of them Lhe reverse, But on further ine
Spaetion it eppears that another personal fastor is ot work, for on

eonsidering the matter of time it turns out that in every palr the

later mecsure is Lhe swelder, If from the hint thus given the whole

N

polar series be compared,as regards priorily of obser mmn,\ ufewure

'fox usuref‘" th the whole equatorial one, tle same differsnce euerses
B brepd i legd S, :

28 appecrs on talking the measn of the following table.
# o

Equatorial Dl&aeterﬁgucan boforc or ftem Poler Diamelars

vis9 equat .diam, gleedy
;’f
epu.uO af Ler :
25 hefore
Oct. o before
Ont. 12 before + 0,11
¥ 16 after 401,06
i ¥ before + 08,07
u 19 before + 00,04 s o
" 20 after 10,03 :
" 2l after L0v, 00
U 21 after +0%,01
u 20 af tar 40,09
t 24 b bhefore + 08,12
i o4 after IS e o,
" 29 hefore 4 0,00
' &0 af ter or .03
Nov, 2 after +04,00
i 4 atter 409,10
W 5 after L0010
i 5 vefore 40,13
ﬁ 4 aftey +0", 14
0 9 after 404,13
i 14 hefore ' +04 .25
$ 30 before 407,14
" 19 after 404,16
n 20 efter +00,14
# 21 after + 0%, 13
T . 407 ,_g; ‘:7;1(“4’ # ‘+ ‘(fv o 2__,
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%’nz p;iliw’j 4 {ffi :

\fe t‘ind ﬁ’oriz.iwn teken o efors or a.fter vert. diam,

Oct.28 before differance -4 ,17
“0Oct .20 after - C—-,02
Oct,.31 before I ot | O < DG~
"~ ‘Nov. 8 be fore o e ST Mm i
Nov. 8 bafore -, 0L ‘ = ‘g,‘,](‘.w_,, [}

S but a8 thiz was on & disk of 21" it becones on ons of RARE shout OV, (5
T:u.:* cogrees within expectation with the requl* founu fon dars,
Returni;g Lo the faur pairs of messures of E.-ff;;rs and using
the value 0%,05 deduebed from Lhe vhole series 01‘ Laosures of t?;iez
plenet for the bafore-after coz"rection we geh
0*.02 for the.corsction belween E:.i;. c.‘: D., ED, bei..L,
=548, 4 0,02 .
Tor corroborw}mn of *his welue ii-4ds not possible to use
: % : : B
+.ho';alecusm‘es of the artifieiasl disk, ;«".;f.» ) pr.vn
Tablo
e ‘ L e ey 94 g
gnspection of them «t¥T S_‘."C‘fatx at Wtz}e NILZUrES WeTe grestar )

(?f’ai.wf’)fi*‘* /"/;W*('A;wé :
zthanthe aae-t—e-p unc Lt diak, in QO;}—quaenee cf' exposure 1o the weas

ther shreank, :
Z’{‘i' l‘;{f f?
Coms 5, %80 nrOoL.bJ.e that the disk shra.nk unequa,l.ty cad ~Lherefore its

“sebtunl dimensions hoooue unrelislile.
I now we g ply botu thase correctionsto the previoug table

a5

- of the mosns of +he tA® diameters we have, teking {c¢r basis E.Si:
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s # o e R
Lbte ¥
P
Prof. W. H, Pickering ’
Polar Diameter reduced to dist upity (all corrections made except for

the twilight band) 9%.373

Equatorial Diameter o 0 u \ " corrections made except for
the twilight band) 9".580

gn, 14

Poa_ar Diameter, Wherrlﬂ;?polar cap wes away from g~ Limb 94 _49

: y Wher—the polar cap wes on the limb
Twilight are 11
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i s PPy os By PR 5 V- b i :
A8 (i3 the mean value of the axecess of the equatorial di-

T tnke the mean

5 St AR A . £ ¥ 3 Ay & ¥ SR I 1 it A Ny / S PLC
in teyms - of ¢ mist be introduced from the elliptic motions, A shorl

cut Lo the result mey be taken, horgver, by deducing ithis
direci > 3¢ corrections,
By-80 dping we get an- spproximete velue of T, whieh epplied

to the maisures of October 16th to 234 - 8inceg even these were not

maderexeetiy et opposition - gives & new %wolue for b and a:closer ap~

g SO e A R . )
L).L"CK.L,‘ 727 7% 1 s 71 © B A

&s. near o wa-please to their true valuss until EaT,.  After this,

%S4 MY = o ~
Hoby  Thig elso

would be swamped in

s G svs 1y Ford e - waman A% a4 3 o4 o . Y P . o

Saug- TN would ‘eause n-irradiation of 11S owh, Wwor oan et . 8l
Ox - . . ; § o35 2% i . f i » R PREYS J -

oximate value for. vhe t¥ilight ore whieh-is evidently about b

o ’
3 3 - 3 < - 4 R T Y 3 A% 7 3 34 11 + -
tle or Y0  ig the arngle whheh determines the duratlon
~r
N T B e & Wy A = . v et 2 Ry
of:vhe twilkight. On ihe Earth-thigs angle is 1B ;

The voilue for the fwilight bond deducad from these ohsers
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