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302 Mr. Hamb aut ^ On the Parallax 5, 

positions of a piece of stont cardboard, carefully cut in tdie 
form of a semicircle of 2oomm diameter, the radius CA being 

Kepler’s Equation. 

graduated in millimetres. A point F is taken on CA, so that 
OF 

To use the apparatus, all that is necessary is to set AD at 
right angles to US (which is easily done by the lines on the 
paper) at a distance from PQ equal to the mean anomaly (nt), 
and to roll the semicircular card along the ruler until the 
point F lies on the line PQ. Then the distance OC7 is equal to 
u — nt. 

It only remains, therefore, to add OC', which is obtained in 
degrees directly from the scale BS, to nt in order to obtain u in 
degrees. 

In the example illustrated in the figure, I have taken nt 
equal to twice the angular unit ;= ii4°‘6 and e=o*75. By rolling 
the card I find 

OC' = 26°-8; 

wnence 
u- ii40-64-260,8 = I4i0,4. 

On the Parallax of Double Stars. By Arthur A. Bambaut, M.A. 

(Commtmicated by Sir B. S. Ball, LL.D, F.B.S.) 

In a paper published in the Proceedings of the Boyal Irish 
Academy (sud ser., vol. iv., No. 6), I pointed out the relation 
connecting the parallax and the relative velocity of the compo- 
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March i890. of Double Stars. SOS 

nents of a double star with the period and angular elements of 
its orbit, and discussed the possibility of determining the dis- 
tance by means of spectroscopic observations of this velocity. 

At the time my paper was read (May 1886), my examination 
of the question seemed to point to the conclusion that the veloci- 
ties to be expected were too small to be measured with any 
degree of certainty, and although the photographic method even 
then wore a very promising appearance, it seemed that, for some 
time to come, at least, there was but little prospect of success in 
this direction. 

Since that date, however, the splendid progress made by 
Professor Pickering and others in the art of photographing 
stellar spectra has altered the whole aspect of the question, and 
in particular the magnificent series of results, lately published in 
the Astronomische Nachrichten by Professor Yogel and Dr. 
Scheiner, seems to demonstrate the possibility of applying this 
method with success to the determination of parallax. 

It is in the hope of inducing astronomers who may be engaged 
on this kind of observation, or who have the requisite instru- 
ments at their disposal, to take up what, under present circum- 
stances, appears to me a promising field of work that I venture 
once more to direct attention to the subject. 

In my paper before referred to (p. 666) I have shown 
that if 

of the orbit, 

<p denotes the angle between the tangent to the orbit and the major axis, 

A. „ ,, angle between the line of nodes and the major axis, 

7 „ „ inclination 

a „ „ semi-axis-major 

e „ ,, eccentricity 

r „ „ radius vector 

P „ „ period, 

Tr ,, ,, parallax in secs, of arc ) 
... . . . i of the star, 

V ,, ,, velocity m miles per sec. in the line of sight; 
l „ ,, mean motion of the Earth in miles per second, 

then 
^_la2Vi —tz sin (9 —X) sin 7 

Pr V i -- e2 cos2<|> 

This equation gives us a relation between tt and V depending 
only on the period and angular elements of the orbit, by means 
of which, if Y has been determined by observation, tt can be im- 
mediately deduced. 

In my previous paper I took unity as the critical value of ttY 
for this reason, that if ttY is at any time equal to unity, we know 
either that tt is not less than one-tenth of a second of arc, or that 
Y is not less than ten miles per second—ten miles appearing to 
me at that time as being about the limit of velocity which could 
with certainty be detected. 
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304 Rambaut, On the Rar all ax k. 5, 

A perusal of Professor Vogel’s paper in Nos. 2896 and 2897 
of the Astronomische Nachrichten shows, however, that this value 
may now be very much reduced. He there gives, amongst other 
results, ten different values for the motion of a Aurigce in the 
line of sight, obtained on different nights, all lying between+ 3*1 
and +4*0 German geographical miles, while his results for Venus 
agree within a tenth of a geographical mile with the calculated 
values. If, then, we assume that, where the components are 
fairly equal in brightness, a velocity of one English mile per 
second is not quite beyond the capabilities of the spectrographic 
m* thod, we shall find that a number of double stars whose orbits 
have been determined are within measurable distance either by 
the trigonometrical or spectrographic method, so far, at least, a& 
the values of tt and V are concerned. 

This being the case it seems to me desirable to reduce the 
formulae to a more convenient shape, and to compute ttV for some 
other stars not included in my previous paper. 

I have shown (p. 667) that we may write 

s^n s^n y 
Tb ’ 

where b is the semi-axis-minor and 7/ the perpendicular from the 

Parallax of Double Stars. 

empty focus on the tangent to the orbit. Also p' sin (0 — A) is the 
orthogonal projection of p' on the line of nodes, and this (see 
figure) is equal to the sum of the projections of F'G and GT, where 
F^G is half the distance between the foci, and GT the line join- 
ing the foot of pf with the centre of the ellipse. 

But the projection of F;G is equal to ae cosA, and that of 
GT is equal to a cos (0 —A), 0 being the true anomaly, so that 
we have 
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March 1890. of Double Stars. 305 

<a2 sin y r /n a \t 7r\ = [e cos À + COS (0 - A)], 

or ttY = A r B cos (0 — A) i 

1 . /«e s'n 7 cos A ■where A =    

and B = la sin 7 

Pa/I^ / 

(a) 

A and B being constants depending only on the elements of the 
orbit. 

If we wish to know at what time the value of rvV reaches its 
maximum value for any particular binary pair we have to make 

A + B cos (0 — A) a ^maximum, 
or 

sin(0~A) = o. 

Hence we see that, if we disregard the sign of V, the value of ttV 
will be greatest when 0=\ or tt + X, or, as I showed otherwise in 
my previous paper, the relative velocity in the line of sight is a 
maximum when the body is passing through the line of nodes, 
and the first of equations (a) shows that its greatest value is 
dr A + B, the upper or lower sign being taken according as X is in 
the first or fourth, or in the second or third quadrants. 

I may take this opportunity of saying that the method which 
computers of double-star orbits adopt of placing & (on which 
the quadrant of X depends) in all four quadrants is entirely 
misleading, as it is calculated to give the impression that there 
is some means of determining which is the ascending node from 
micrometric observations alone; whereas the fact is that we 
cannot from these data decide at which node the companion is 
receding from or approaching the Sun, nor is there even any 
convention as to which direction of motion should be implied by 
the term ascending. We can, of course, from micrometrie 
measures fix the position of the line of nodes, but the longitude 
of the ascending node must always be doubtful to the extent of 
1800, unless the spectroscope be employed and the resolved part 
of the velocity be sufficiently large to become sensible. 

With regard to this point Villarceau, in his paper on double- 
star orbits, in the Connaissance des Temps, 1877, remarks :—■ 
“L’angle & sera indéterminée à 180 degrés près. Cela doit 
être, puisque il est impossible de distinguer si le satellite en 
traversant l’un des nœuds s’écarte ou se rapproche de notre 
système solaire.” Lower down he says : “ Le signe de I ” (the in- 
clination of the orbit) “reste arbitraire. La longitude fè, étant 
celle du nœud ascendant, est ambiguë, comme il vient d’être dit, 
et l’on peut toujours prendre I positif et compris entre o et 180 
degrés. . . . L’hypothèse de I négatif change effectivement le 
nœud ascendant en nœud descendant.” And, again, “ La valeur 
de I. . . . restera affectée du double signe qu’on ne peut éviter.” 

Now, although this ambiguity is of no importance when we 
are concerned with only one particular binary system, and aim 
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3o6 Mr. Bambautj On the Parallax L- 5, 

only at predicting tlie distance and position of the pair for any 
given time, yet if we wish to draw general conclusions from the 
situations of a large number of groups, such, for the sake of 
illustration, as Mädler’s conception of a “ stellar equatorial plane,,, 

to which he supposes the planes of the double-star orbits to be 
approximately parallel, this ambiguity meets us at the very out- 
set. If, for instance, we take the star p Eridani, and inquire 
how the plane of its orbit is situated with regard to the plane 
passing through Procyon^ Mira Cett\ and the Sun, we shall find 
that we cannot tell whether it is approximately perpendicular or 
approximately parallel to it. Or if we compare the plane of the 
orbit of $ Cygni with that of the Earths equator, we cannot 
determine whether it is inclined to it at an angle of 7 or of 
82 degrees. The advantages, therefore, to be expected from 
spectroscopic, or rather spectrographic, observations of double 
stars for which ttY is greater than o*i, are 

(1) An independent check on the parallax where this has 
been determined trigonometrically. 

(2) A determination of the parallax where, owing to its 
smallness, the trigonometrical method fails. 

(3) A determination of the sign of the inclination which will 
remove the ambiguity attaching to the situation of the orbit. 

In Table I. below I give the elements of a number of orbits, 
and the values of A and B as computed from these elements. 
These quantities will enable us to compute the value of ttY cor- 
responding to any given time with the least possible labour, 
as it is only necessary to compute the value of 0 for the given 
time, and to substitute the value thus found in the first of 
equations (a). In the last column of this table is given the 
greatest value to which ttY can attain ; and if it is required to 
ascertain at what epoch ttY reaches its maximum value, it 
is only necessary to find the date corresponding to # = A. 
or 0 = 7T + ^, according to the quadrant in which X lies, as 
explained above. In Table II. will be found the values of ttY for 
some of the most remarkable pairs, corresponding to the date 
1891 o, and in those cases where the parallax has been determined 
I have added the value of Y in the third column. It will be 
noticed that in the case of these stars, as might have been ex- 
pected in consequence of their comparative nearness to us, the 
velocities are for the most part very small and such as direct eye- 
observations must fail to deal with. The success of Professor 
YogeFs method, however, and of the Henry Draper Memorial 
photographs, seems to hold out the hope that even velocities 
such as these may become sensible on the plates, and, in view of 
the very striking observations on ¿ Ursæ Majoris lately published 
by Professor Pickering, it is not improbable that the highest 
velocities will be found, not in the wide and easy doubles, but in 
those close pairs such a^s 8 Equulei, where, owing either to their 
remoteness or the smallness of the linear dimensions of their 
orbits, it is extremely difficult to divide the discs optically or to 
separate the two spectra on the photographic plate. 
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3TO Mr. Barnard, Celestial Photographs l. 

Table II. 

Values for 1891‘O. 

Y 

2'3 

Tr aud Authority. 

O'^ 0.2. 

IsTame. 

7] Cassiopeiæ 

36 Andromedæ +0 034 

p Eridani _ 0-205 

a Cam's Maj. '-5*326 

^ 1037 +0151 
a GreiDinorum + 0112 

I Ursæ Maj. -0*294 

y Virginis + o 076 

a Centauri + 2*741 

1 Boötis +0 372 

44 i Boötis — 0*082 

7] Coronæ Bor. — o 352 

51 £ Libræ +0 184 

C Herculis —0*325 
70 p Ophiuchi + o 197 

7 Coronæ Austr. + o 698 

2 2173 _0
,327 

0 235 +0*076 
61 Cygni “I 173 

5J -0285 

C Aquarii +-0041 

I3'4 0*39 dill and Elkin. 

°6 0*20 Johnson. 

7'4 004 Klinkerfnes. 

3 7 074 Gill and Elkin. 

1-2 o*i6 Krueger. 

2‘5 0*47 Ball. 
0*7 • 11. 55 

On some Celestial Photographs made with, a large Portrait Lens at 
the Lieh Observatory. By E. E. Barnard, M.A. 

Professor Holden having secured for the Lick Observatory a 
very large portrait lens (maker, Willard, New York i8cq) I 
have taken advantage of the opportunity to make with it some 
experimental long-exposure negatives of the Milky Way the 
great nebula of Andromeda, and the Pleiades. This lens with 
the diaphragm removed, has an equivalent aperture of K-g inches 
and a focal length of 31 inches. ? 

The lens was mounted temporarily in a rough wooden box 
and before beginning work the stellar focus was accurately deter- 
mined by a series of exposures on Polaris, &c. 

_ The camera was then strapped firmly upon the tube of the 
6g-mch equatoreal, which, with a high power, was used as a 
following telescope. This instrument, having slow-motion rods 
m right ascension and declination at the eye-end, wras specially 
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