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THE SUN'S MOTION IN SPACE.' 

SCIENCEneeded two thousand years to disentangle the 
earth's orbital movement from the revolutions of the other 
planets, and the incornpayably more arduous problem of dis- 
tinguishing the solar share in the confused multitude of 
stellar displacements first presented itself as possibly tracta- 
ble little more than a century azo. In  the laclr for it as yet 
of a defiilite solution there is, then, no ground for sul.prlse. 
but much for satisfaction In the large measure of success at- 
tending the strci l~ous attacks of which it has so often been 
made the object. 

Approximately correct knowledge as to the direction and 
velocity of the sun's translation is indispensable to a profita- 
ble study of sidereal coostruction; but, apart frurr: sorrle ac- 
quaintance with the nature of sidereal construction, it is dif- 
ficult, if not imposs~ble. of attainment. One, in fact, pre- 
supposes the other. To separate a common element of 
motion from the heterogeneous sl1iftlng.s upon the sphere of 
three or four thousand stars is a task practicable only under 
certain conditions. To begin with, the proprr motions in- 
vestigated must be established with general exactitude. The 
errot,s inevitably affect~ng them must be such as pretty 
nearly, in the total upshot, lo neutralize one another. For 
should they run mainly in one direction, the result will be 
falsified in a degree enorniously disproportiorlate to tlieir 
magnitude. The adoption, for instance, of a system of dec- 
linations as much as 1" of arc astray, might displace to the 
extent of 10° north or south the point fixed upon as the apex 
of the sun's way (see L. Boss, Astr. Jour., No. 213). Rlsks 
on this score, however, will become less formidable, with 
the further advance of practical astronomy along a track 
definable as an asymptote to the curve of ideal perfection. 

Besides this obstacle to be overcome, tliere is another 
whlch i l  will soon be possible to evade. Hitherto, inquiries 
into the solar movement have been hampered 6y the neces-
sity for preliminary assumptions of some kind as to the rela- 
tive distances of classes of stars. But all such assumptions, 
especially when applied to selected lists, are highly insecure; 
and any fabric reared upon them must be considered to 
stand upon treacherous around. The spectrographic method, 
however, here fortunately comes into play. " Proper 
motions" are only angular velocities. They tell nothing as 
to the value of the perspective e l e ~ ~ e n t  they may be supposed 
to include, or as to the real rate of going of the bodies they 
are attributed to, u n t ~ l  the size of the sphere upLn which 
they are measured has been otherwise ascertained. But the 
displacements of lines in stellar spectra give directly the ac- 
tual velocities relative to the earth of the observed stars. 
The question of thei~. distances is, therefore, a t  once elimi- 
nated. Now the radial component of stellar motion is mixed 
up, precisely in the same way as the tangential component, 
with the solar movement; and since complete knowledge of 
it, in a sufficient number of cases, is rapidly becoming ac- 
cessible, while knowledge of tangential velocity must for a 

1 A. M. Clerke in Nature of Oot. 15. 

long time remain part id or uncertain, the advantage of re-
placing the discussion of proper motions by that of motions 
in line of sight is obvious and immediate. And the admira- 
ble n-ork carried on at  Potsdam during the last three years 
will soon afford the nieans of doing so in the first, if only 
a pre1in1inai.y investigation of the solar translat~on based 
upon measurements of photographed stellar spectra. 

The difficulties, then, caused either by inaccui.aciesin star- 
catalogues or by ignorznce of star-distances, may be over-
come; but there is a th~rd ,  impossible a t  present to be sur-
mounted, and not without ulisgiv~ng to be passed by. All 
inquiries upon the subject of the advance of our system 
through space start with an hypothesis most unlikely to be 
true. The nlethod uniforn~ly adopted in them- and no 
other is available -is to treat the inherent tnotions of the 
stars (theii. so-called rnotus peculiures) as pursn~d indiffer- 
eritly in all directions. The steady drift extricable from 
them by r ~ ~ l e s  founded upon the science of probabilities is 
presumed to be solar motion v~sually transferred to them in 
proportions varying with their remotenesi in space, and 
their situations on the sphere. If t h ~ spresumpt~on be in any 
degree baseless, the result of the inquiry is pro  t u l t t o  falsi-
fied. Unless the deviations from the parallactic line of the 
st9llar motions balance one another on the mhole. their dis- 
cusbion may easily be as fruitless as that of observations 
tainted with systematic errors. I t  is sca~.cely, however, 
doubtful that law, and not chance, governs the sidereal rev- 
olutions. The point open to question is whether the work- 
ings of l aw may not be so exceedingly intricate as to produce 
a grand sum total of results whicl,, from the geometrical 
side, may justifiably be regarded as casual. 

The search for evidence of a general plan in the wander- 
ings of the stars over the face of the sky has so far proved 
fruitless. Local concert can be traced, but no widely-dif-
fused preference for one direction over any other makes it- 
self definitely felt. Some regard, nevertheless, ?nustbe paid 
by them to the plane of the Milky Way, since it is alto- 
gether incredible that the actual construction of the t~eav-
ens is without dependence upon the method of their revolu- 
tions. 

The apparent anomaly vanishes upon the consideration of 
the profundities of space and time in which the fundamental 
design of the sidereal universe lies buried. Its composition 
out of an indefinite number of partial systems is more than 
probable; but the inconceivable leisureliness with which 
their mutual relations develop ~ ~ e n d e ~ s  the harmony of those 
relations inappreciable by short-lived terrestrial denizens. 
L L Proper motions,'' if this be so, are of a subordinate kind; 
they are indexes simply to the mechanism of particular ag- 
gregations, and have no definable connection with the 
mechanisn~ of the whole. No considerable error may then 
be involved in treating them, for purposes of calculation, a s  
indifferently directed; and the elicited solar movement may 
genuinely represent the displacement of our system relative 
to its more immediate stellar environment. This is perhaps 
the utmost to be hoped for until sidereal astronomy has 
reached another stadium of progress, unless, indeed, effect 
should be given to Clerk Maxwell's suggestiotl for deriving 
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the absolute longitude of the solar apex from observations of 
the  eclipses of Jupiter's sabellites (Proc. Roy. Soc., vol. xxx. 
p. 109). But this is far from l~kely.  

I n  the first place, the revolutions of the Jovian system 
cannot be predicted with anything like the required ac-
curacy. I n  the second place, there is no certainhy that the 
postulatetl phenomena have any real existence. If, however, 
i t  be safe to essume that the solar system, cutting its way 
tl~rougll space, virtually raises an  ethereal counter-currenc, 
and if it be further granted that light travels faster with 
than against such a current, then indeed it becomes specula- 
.ttrely possible, through slight alternate accelerations and re- 
tardatiolls of ecl~pses taking place respectively ahead of and 
in the xvnlce of the sun, to determine his absolute path in space 
a s  projected upon the eclipt~c. That is to say, the longitude 
of the apes could be deduced together with the resolved part 
o f  the solar velocitv; the latitude of the apex, as well as the 
eonlponetit of velocity perperldicnlar to the plane of the 
eclipt~c, remaining, however, unknown. 

The beaten track, meanwhile, has coilducteit tcvo recent 
inquiries to r2sults of some interest The chief aim of each 
was the detection of systematic peculiarities In tlre motions 
of stell~ts assemblages af ter  the subtraction from them of 
their common perspective element By varying the rnate-
rials aild method of analysts, Professor Lewis Boss, director 
o f  the Albany OSs-rv~tory,  hopes that corresponding varia- 
tioils in tiie upshot lzlay betray a significant character. Thus, 
i f  stsrb selected or1 d~f f r r en t  princ~ples give notably and con- 
sistently r;15felerit results, the cause of the difference may 
with sovrie sllow of reasoli be supposed to res~de in specialities 
of movernent appertaining to the several groups. Professor 
Boss broke ground in this d~rectionby Investigating 284 
proper ~~iotions,  few of which had been sin?~larly employed 
before Astr Jour., No. 213). They were all taken from an  
equatorial z1,ne 4' 20' in breadth, with a mean declination 
of +3", observed a t  Albany for the catalogue of the Astro- 
nomisuhr Gesellscbaft, and furnished data accordiiigly for a 
virtuaily rndependent research of a somewhat distinct~ve 
kind. I t  was carried dut to three separate conclusions. Set-
t ing aside five stars with secular ~novernents ranging above 
loo", Protesaor Ross divided the 279 left available illto two 
sets -one of 135 stars brighter, the other of 144 stars fainter, 
than  the eighth nlagnitude. The first collection gave for 
&he goal of solar translation a point about 4' north of a 
L y r z ,  in It..\ 280°, Decl. f 43'; the second, one some 
thirty sewn minutes of time to thz west of 8 Cvgni, in R.A. 
286O, Decl + 4s9. For a tblrd and final solution, twenty- 
s ix  stars moving 40"-100" were rejected, and the rema~ning 
253 classed in a single series. The upshot of their discussion 
.was to shift the apex of movement to R 4.28g0, Decl, f 5i0. 
So far as the difference from the previous pair of results is 
capable of interpretation, it would seem to imply a predomi- 
slant set dowards the north-east of the twentr-six swifter 
motioas subsequently dismissed as prejudicial, but in truth 
the data employed were not accurate enough to warrant so 
definih an inference. The Albany proper motions, as Pro 
ffesmr Boss was careful to explain. depend for the most part 
upon the right ascensions of Bessel's and Lalande's zones, 
and are hence subject to large errors. Their study must be 
regarded as suggestive r a t l ~ e ~  than decisive. 

A better quality and a larger quantity of material was dis- 
p s e d  of by the latest and perhaps the most laborious inves- 
$tgator of this intricate problem. M. Oscar Stumpe of Bonn 
(Astr. Nach., Nos. 2999, 3000) took his stars, to the number 
gif 1,054, from various quarters, if chiefly Iron? .iuwers's nod 

Argelander's lists, critically testing, however, the movement 
attributed to each of not less than 16" a century. This he 
fixed as the limit of secure determination, unless for stars 
observed with exceptional constancy and care. His discus- 
sion of them is instructive in more ways than one. Adopt-
ing (the additional couiputative burden imposed by it not- 
withstanding) Schonfeld's modification of Airy's formulz,  
he introduced into his equations a fifth unknown quantity 
expressive of a possible stellar drift in galactic longitude. A 
negative result was obtained. Nosymptom came to light of 
"rotation " in the plane of the Milky Way. 

M. Xtumpe's intrepid industlay mas further shown in his 
disregard of customary "scamping" subterfuges. Expedients 
for abbreviation vainly spread their allurements; every one 
of his 2,108 equations was separately and resolutely solved. 
A more important intlovation was his substitution of proper 
motion for magnitmdr as a criterion of remoteness. Dividing 
his stars on this principle illto four groups, he obtained an 
apex for thr  sun's translation corresponding to each as fol- 
lows : -
Group. Nllmber ot Proper motlon. Apex. 

included stars. , 

I. 551 0.16 to 0.32 R.A. 287.4 Decl. +42 
11. 340 0.32 to 0.66 " 279.7 " 40.6 

111. 105 0.64 to 1.28 L' 287.9 " 32.1 
IV. 58 up\varJs " 285.2 " 30.41 28 a ~ ~ d  

Here, again, we find a marlzed and progressive desceilt of 
the apex toxards the equator with the increasing swiftness 
of the objects serving for its tletermi~iation, leading to the 
suspicion that the most northerly may be the nlost genuine 
position, because the one least affected by stellar inclividuali- 
ties of movement. By nearly all recent investigations, more- 
over, the solar point de mire has been placed considerably 
further to the east and nearer. lo the Milky Way than seemed 
admissible to their prrdecesso's, so that the constellat~on 
Lyra may now be said to have a stronger claim than Her- 
cules to include i t ;  and the necessity has almost disappeared 
for attributing to the solar orbit a high inclination to the 
medial galactic plaue. 

From both the Albany and the Bonn discussions, tliere 
emerged with singular clearness a highly significant relation. 
The mean magnitudes of the twy groups into which Pro- 
fessor Boss divided his 279 stars, were respectively 6.6 and 
8.6, the corresponding mean proper motions 21.9" and 20.9". 
I n  other words, a set of stars on the whole six times brighter 
than anotl~er set owned a scarcely larger sum-total of appar-
ent displacement. And that this approximate equality of 
movement really denoted approximate equality of mean dis- 
tance was made manifest by the further circunlstance that 
the secular journey of the sun proved to subtend nearly the 
same angle whichever of the groups was made the stand- 
point for its survey. Indeed, the fainter collection actually 
gave the larger angle (13.73" as against 12 39"), and so far  
an indication that the stars composing it were, on a n  aver- 
age, nearer to the earth than the much brighter ones consid- 
ered apart. 

A result similar in character was 'eached by M. Stumpe. 
Between the mobility of his star groups and the values de- 
rived from thein for the angular movement of the sun the 
conformity proved so close as materially to strengthen the 
inference that apparent movement measures real distance 
The mean brilliancy of his classified stars seemed, on tbe 
contrary, quite iudependent of their mobility. Iudeed, its 
changes tended in an opposite direction. The mean magn- 
tude of the slowest group was 6.0, of the swiftest 6.5, of the 
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intermediate pair 6.7 and 6.1. And these are not isolated 
facts. Comparisons of the same kind, and leading to identi- 
cal conclusions, were made by Professor Eastrnan a t  Wash- 
ington in 1889 I Phil. Society Bulletin, vol. xi., p. 143; Pro- 
ceedings Amer. ilssociatian, 1889, p. 71). 

What  meaning can we attribute to them ? Uncritically 
considered, they seem to assert two things, one peasonable, 
the otl~er palpably absurd. The first - that the average 
angular velocity of the stars varies inversely with their tlis- 
tance from ourselves - few will be disposed to doubt; the 
second -that their average apparent lustre has nothing to 
do with greater or less remoteness- few nil1 be disposed to 
admit. But, iu order to interpret truly, well-ascertained if 
unexpected relationships, we n ~ u s t  remember that the sensi- 
bly nlnring star3 used to determine the solar translation are 
chosen from a multitude sensibly fixed; aud that the propor- 
tion of stationary to travelling stars rises rapidly with de- 
scent clown the scale of magnitude. Hence a mean struck 
in d~sregard of the zeros is totally misleading; while the 
account is no sooner made exhaustive than its anomalous 
character becomes largely modified. Yet it does not wholly 
disappear. There is some warrant for it in nature. And 
its warrant may perhaps consist in a preponderance, among 
suns endowed with high physical speed, of small, or slightly 
luminous, over powerfully radiative bodies. Why  this 
should be so, it would be futile, even by conjecture, to attempt 
to explain. 

AN INGENIOUS FORGING PRESS. 

MR W. D. ALLEN, in a paper read a t  the autumn meeting 
of the Iron and Steel Institute, London, in October (Nature, 
Oct. 15), described a forging press, which, although it has 
been at  work for some years a t  the Bessemer Works in 
Sheffield, is so ingenious, and so new to most people, that it 
is worthy of description. The press has the appearance of 
a steam hammer, and, indeed, there is a steam cylinder a t  
the top, just as in a hammer. The use of the steam, how- 
ever, is only to raise the " tup"  when the hydraulic pressure 
is released. The press consists of an  anvil block below and 
a ram above, the work being in a vertical direction. The 
ram works in a hydraulic cylinder, and is carried through 
the top end of the latter in the shape of a stout shaft or 
shank, which may be described as a tail-rod to the ram. At-
tached to this is the piston rod of the steam piston, the latter, 
of course, working in  its own cylinder. The stearn cylinder 
and hydraulic cylinder are therefore placed tandemwise, the 
latter being underneath. The hydraulic cylinder is supplied 
with water at  pressure by a suitable pump, the barrel of the 
pump being in direct communication with the hydraulic 
cylinder, there being no valve of any kind between the 
two. 

If we have made our explanation clesr, it will be seen that 
the ram will descend and ascend stroke for stroke with the 
pump plunger (the same water flowing backwards and for- 
wards cout~nuously), it being remembered that the steam 
cylinder has always a tendency to lift the ram. Thus, upon 
the pump making a forward stroke, the water in its barrel is 
forced into the hydraulic cylinder; the ram is thus forced 
down, and gives the necessary squeeze to the work on the 
anvil. The pump plunger then starts on its return stroke, 
and so, by enlarging the space in the pump barrel, enables 
the hydraulic ram to rise and press the water out of the cyl- 
inder and back into the pump. T l ~ e  rising of the ram is 
caused by the lifting action of the steam under the piston; 
the atter. it will be remembered, being attached to the ram. 

Of course the water pressure is sufficient to overcome the  
steam pressure on the downward stroke. 

The chief use of this press is to produce work of any given 
thicknesses within the range of the machine. This end is at- 
tained by regulating the volume of water used. The action 
may be explained as follows. W e  will suppose, merely for  
simplicity sake, the contents of the pump barrel to be one 
cubic foot, and that of the hydraulic cylinder, when the ram 
is a t  the full extent of its stroke, to be two cubic feet. W e  
will neglect the con~ect ing pipe between the two, as that is 
not a variable and does not affect the principle. If there be  
admitted to the pump but one cuhic foot of wster as the  
plunger moves forward, it will drive all this water (omitting 
clearance) into the hydraulic cylinder, and the ram would 
therefore only descend one-half its stroke. If the stroke 
were two feet the travel would be twelve inches, whilst there 
would be twelve inches of space between the anvil and the 
lower side of the squeezing tool on the end of the ram. Ob-
jects of twelve inches, or above twelve inches in thickness, 
could therefore be forged. If, however, an article six inches 
thick Elad to be worked, another half cubic foot of water 
rvould have to be admitted. As the pump barrel would only 
accommodate one cubic foot of water, the extra. half cubic 
foot would remain permanently in the hydraulic cylinder, 
and the ran] would therefore not go, by six inches, to the  
top of its stroke; in other words, the traverse of t2ie ram 
would be carried six inches nearer the anvil. 

I t  will be remembered that the upward movement of the 
ram is effected by the steam cylinder, which is powerful 
enough to lift the dead weight ;f the ram, but is overcome 
by the hydraulic pressure. I t  will be seen that by regu- 
lating the volume of water in the machine, the ram -al-
though always making the same length of stroke-can be 
kept worktng a t  any given distance from the anvil: the ram 
and pump-plunger making stroke for stroke as the water 
flows backwards and forwards between the barrel of the  
pump and hydraulic cylinder. The device is no less impor- 
tant than ingenious. I n  ordinary forging, reliance has to  
be placed for accuracy of work on the skill of the workman. 
I t  is surprising how near perfection a good forgeman will 
arrive by constant practice. Such men are necessarily scarce, 
and as a consequence very highly paid, but even the nearest 
approximation of eye and hastily applied callipers, with the 
chance of getting a little too much work on at  the last 
minute, carinot equal the absolutely correct results of this 
automatic system. 

ASTRONOMICAL NOTES. 

The Rev. T. E. Espin has found two new variable stars in 
Cygnus, viz., I). &I.+ 36", 3852, and D. M. $ 4g0, 3239. 
They are both of a strong red color. 

The Harvard College Observatory has just issued a paper 
entitled " Preparation and Discussion of the Draper Cata- 
logue." The introduction to the volume contains reference 
to the gift of Mrs. Draper of tlie funds by which the work 
has been carried on, and also a description of the instrument 
with which the photographs were taken. Then follows a 
catalogue of the spectra of the stars. The plates were ex- 
posed in tbe years 1886 and 1887. 

I n  the Proceed~ngs of the Irish Academy (vol. 4, No. 4, 
third series) Mr. J. E. Gore has 4 very inferesting paper 
entitled "A Catalogue of Binary Stars for which Orbits have 
been Computed." Thc catslltrgue contains 59 stars, giving 
the name of each star, its approximate position for the epoch 
1890.0, the elements, by w!:orn computed, magnitude of com- 


