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tion therefore whether the American med- 
ical profession shall permit to develop un- 
challenged that movement now grown so 
powerful in this country whereby non-
medical men are elevated to positions of 
authority and responsibility in public 
health matters, whicll after all are medical 
matters. Without doubt many non-medical 
men may become expert health officers and 
discharge their duties to the communities 
which they serve in an intelligent manner. 
Can they be trusted in a crisis however and 
are we willing as physicians that a practise 
so fraught with danger be continued? 

Finally how can we educate the great 
mass of people in this country who are en- 
gaging in all sorts of philanthropic enter- 
prises which verge on medicine or which re- 
quire some medical advice and assistance if 
all this work is to be prosecuted intelli- 
gently. These individuals are constantly 
turning to the medical profession for the 
solutions of knotty, difficult problems and 
indeed in no time in the history of this 
country have physicians had greater oppor- 
tunities oE directing broad, comprehensive -
charitable movements in the proper direc- 
tion so that great sums of money shall be 
intelligen1,ly used for useful and beneficial 
objects. This education of the people in 
matters affecting their health can probably 
best be given in a museum of hygiene where 
models of all sorts of apparatus, collections 
of charts and statistical materials can be 
made available for study, where public lec- 
tures can be given on health topics, where 
experts in various lincs can be consulted, 
where commissions car1 be formed for the 
investigation of special problems of public 
health. Such a museum mould become a 
great center for education in hygiene and 
public health and prove of incalculable 
benefit to the community in which i t  might 
happen to be located. 

The qnestion as to which of these three 

needs should first be satisfied is not easy -to 
answer and the answer will also vary ac- 
cording to the individual point of view of 
those of us who study the problems. They 
are here presented in what seems to me to 
be the logical arrangement. If possible let 
us first educate our meclical students, then 
our officers of health, then the public. 
Should the order be changed however no 
great harm will result. Should this country 
be so fortunate as to see schools of hy,' oiene 
attached to the medical departments of our 
universities properly endowed and aiming 
to satisfy all three needs, then indeed shall 
we be fortunate beyond the wildest dreams 
of the most enthusiastic student of the 
subject. WILLIAMW. FORD 

THE JOHNS UNIVERSITYI%OPKINS 
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AIEASUREXENTS OF T H E  DISTAhTCES OF 
T H Z  STARS1 

FORthe lecture in honor and memory of 
Edward ITalley, which it is my privilege l,o 
deliver this year, I have chosen an &ccourit 
of the persistent efforts made by astroa- 
omers to measure the distances of the fixed 
stars. For many generations their attempts 
were unsuccessful, though some of them led 
to great and unexpected discoveries. I t  is 
less than eighty years ago that the distanctls 
of two or three of the nearest stars were 
determined with any certainty. The nuni. 
her was added to, slowly at first, but after- 
wards at a greater rate, and now that large 

I The "Halley Lect~~re"(slightly ablidgod), 
delivered at Oxford on May 20, by Sir F. W. Dy-
son, F.R.S., Astronomor Royal, and printod in the 
issue of Nutt~refor June 3. 
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tel~scopcs are available and photographic 
methods have been developed, we may ex- 
pect that in the next few years very rapid 
progress will be made, 

For many renturics astronomers had 
speculated on the distances of the stars. 
The Creeks measurecl the distance of the 
moon; they knew that the sun and planets 
were much further away, and placed then1 
correctly in order of distance, guessing 
that the sun was nearer than Jupiter be- 
cause i t  went round the sky in one year 
while Jupiter took twelve. The stars, from 
their absolute constancy of relative posi- 
tion, were rightly judged to be still more 
clistant-but how much more they had no 
means of telling. 

In  1543 Copernicns published "De Rcvo- 
lntionibus Orbium Ca1lestium," ancl showed 
thnt the ~*emarl;able movements of the plan- 
ets among the stars were nznch easier to 
understand on the hypothesis that the earth 
moved annually round the sun. Galileo's 
telescope added such cogent arguments that 
the Copernican system mas firmly estab- 
lished. Arnoiig other difficulties which mere 
not cleared up at  the time one of I l~e  most 
i n ~ p o ~ t a n twas this: If the earth describes 
a great orbit round the sun, its position 
changes veiy greatly. The qncstion was 
rightly asked: Why do not the nearer stars 
change their positions relatively to  the 
more distant ones? There was only one 
answer. Because they are so extremely dis- 
tant. This was a hard saying, and the only 
reply which Kcpler, who was a convinced 
believer in the earth's movemeltt round 
the sun, could make to critics was '(Bolus 
erat devoranclus. '' 

Altho~xgli no differences in the positions 
of the stars were discernible to the naked 
eye, i t  might be that smaller differences 
existed which could be detected by refined 
astroriomical meastlrements. To the naked 
eye a change in the angle between neigh- 

boring stars not more than the apparent 
diameter of the RUII or moon sho~lldbe 
ohservable. No snch changes are perceivpd. 
The stars are -it may he conclucled--at 
least tu.0 hnndred tiincs as distant as the 
sim. With the instruments in use in the 
qeventeenth century-before the telescope 
was used for the accurate measnreinent of 
angles- -angles one twentieth as large \vcre 
measurable, and the conclusion mas reached 
thnt the stars were at least four thousand 
times as distant as thc sun. Bilt no posi- 
tive results were obtained. Attempts fol- 
lowed with the telescope and weye equally 
unsnccessf~zl. IToolre tried to fiitcl changes 
in the position of the stilr y Draconi~ and 
failed. Flan~stcecl, Picard and Cassini 
lnacle extensive observations to detect 
changes in the position of the pole star and 
failed. 7Iorrebo~v thought he hnd detected 
slight clianges in the position of Sirius due 
to its nearness in a series of observations 
made by Riirner. ITe published s pamph-
let, entitltld "Copernicus triamphans," in 
1727, but the changes in tlie position of 
Sirins were riot verified by other obsrrvcrs, 
and were clue to slight movements of 
Riimer's instruments. 

Thus in ffallcy's time i t  was fairly well 
established that the stars werc at  least 20,- 
000 or 30.000 tirncs as clistaat as the sun, 
TIalley did not succeetl in finding their 
range, but he made an important discovery 
which showed that three of the stars were 
at  sensible distances. Tn 7718 he contrib- 
uted to the Royal Society a paper entitled 
"Considerations of the Change of the Lati- 
tude of Some of the Principal Bright 
Stars. " While pursuing researches on an- 
other subject, he foaud that the three 
bright stars-Alldebaran, Sirius and Arc- 
turus---occupied positions among the other 
stars cliffering considerably from those as-
signed to them in thc Almagest of Ptolemy. 
He showed that the possibility of an error 



in the transcription of the manuscript could 
be safely excluded, and that the sout,hward 
movement of these stars to the extent of 
37', 42' and 3 3 ' i .  e., angles larger than 
the apparent diameter of the sun in the 
sky-were established. He remarks : 

What shall we say thent I t  is scarce possible 
that the antients could be deeeixed in so plain a 
matter, three observers confirming each other. 
Again thesc stars being the most conspicuous in 
heaven are in all probability nearest to the earth, 
and if they have any particular motion of their 
own, it is most likely to be perceived in them, 
which in so long a tinlo as 1800 years may show 
itself by an alteration of their places, though it be 
utterly imperceptible in a single centnry of yeari. 

This is the first good evidence, i. c., evi-
dence which we now know to be true, that 
the so-called fixed stars are not fixed rela- 
tively to one another. I t  is the first posi- 
tive proof that the distances of the stars are 
sensibly less than infinite. This, then, is 
the stage at which astronomers had arrived 
less than two hundred years ago. The 
stars are at least 20,000 or  30,000 times as 
distant as the sun, but three of the brightest 
of them are perceived to be not infinitely 
distant. 

The greatest step in the determination of 
stellar distances was made by another Ox-
ford astronomer, James Bradley. His un- 
paralleled skill as an astronomer was early 
recognized by Halley, who tells how 

Dr. Pound and his nephew, Mr. Bradley, did, 
myself being present, in the last opposition of the 
Sun and Nars this way demonstrate the extreme 
minuteness of the sun's parallax and that it was 
not more than 12 seconds nor less than 9 seconds. 

Translated from astronomical language, 
the distance of the sun is between 95 and 
125 millions of miles. Actually the dis- 
tance is 93 million miles. The astronomer 
who so readily measured the distance of 
the sun entered on the great research 
which had baffled his predecessors-the dis-
tance of the stars. 

The theory of the determination of stellar 
parallax is very simple : the whofe difficulty 
lies in its execution, because the angles are 
so small that the slightest errors vitiate the 
results completely. Even at the present 
time with large telescopes, and mechanism 
which moves the telescope so tliat the diur- 
nal movement of the stays is followed and 
they appear fixed to the observer in tlie 
field of the telescope, and with the adili- 
tional help of photography, the determina- 
tion of the parallax of a star requires a 
a good deal of care, and is a matter of great 
delicacy. But in Bradley's time telescopes 
were imperfect, and the mechanism for 
moving them uniformly to follow the diur- 
nal rotation of the stars had not been 
devised. 

This was in some ways very fortunate, as 
the method Bradley was forced to adopt 
led to two most important and unexpected 
discoveries. Every day, owing to the 
earth's rotation, the stars appear to (le-
scribe circles in the sky. They reach the 
highest point when they cross the mericlian 
or vertical plane running north and south. 
If we lcave out all disturbing causes and 
suppose the earth's axis is quite fixed in 
direction, a star S,  if a t  a great distance 
from the earth, will always cross the merid- 
ian at  the same point S ;  but, if i t  is very 
near, its movement in the small parallactic 
ellipse will a t  one period of the year bring 
i t  rather north of its mean position and a t  
the opposite period an equal amount south. 

Bradley, therefore, designed an instru-
ment for measuring the angular distance 
from the zenith, a t  which a certain star, y 

Draconis, crossed the meridian. This in- 
strument is called a zenith sector, and is 
shown in the slide. The direction of the 
vertical is given by a plumb-line, and he 
measured from day to day the angular dis- 
tance of the star from the direction of the 
vertical. From December, 1725, to March, 
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1726, the star gradually moved further tion, than thnt of the line passing through the 

south; then i t  remained' stationary for a 
little lime; then moved northwarcls until, 
by the middle of June, i t  was in the same 
position as in Deceniber. It, continned to 
move northwards until the beginning of 
September, then turned again and reached 
its old position in December. The move- 
inent n-as very regular and evidently not 
due to any errors in Bradley's observations. 
B L I ~it was most unexpected. The effect of 
parallax-which Bradley was lool~ingfor 
-n~ould have brought the star furthest 
south in December, not in March. The 
timi.s were all three months wrong. 
Bmclley examined other stars, thinking 
first that this inight be due to a niovement 
of the earth's pole. But this would not ex- 
plain the phenomena. The true explana- 
tion, i t  is said, although I do not know how 
truly, occurre~l to Bradley when he was 
sailillg on the Thames, and noticed that the 
directioii of the wind, as indicated by a 
vane on the mast-head, varieil slightly with 
the colrrse on which the boat was sailing. 
An account of the observations in the Corm 
of a letter from Eradleg to TTalley is pilb- 
lished in the bh  ilocoplrical Transaclio?zs 
For Dccen~ber, 1'728 : 

LVhen the ye:ir x i s  coinpletcil, T hegan to or-
anllne and cornpare 11ly o b ~ e ~ ~ a t i o n s ,  and having 
pictly nell  intiqficd nlyscllf :rs to tlre geiicrnl laws 
of ihe  pAeilo*ncnci, I thcn endeavored to find out 
the canse of them. I mas already con5inccd tha t  
the appalent nlotion of tile stais mas not owing 
lo  a nrl tat~on of tile eaitii'b axis. Tile rielit thing 
tliat olielcd itselil, cras an alitration in the diree- 
tlon of ilic plunrh-liue, vrrith MIIICI~ the instrunlent 
nas  consiantly rcrtifieil; but this upon trial pror ed 
inir~iiicleut. Then I considered nha t  iefiactiou 
mrght do, but hele :~lso ~ o t h i n g  sntisfactory oc-
curred. At  last 7_ conjccturcil that all the p7ze-
non:cncc, hitl io~to mcntio~ied, proceeaed from the 
prog~.essivc motion of light and tho earth's annual 
nlotion in it5 otbit. For I ~)cieeivod that, if light 
v a s  propagated ill time, tlie alrpalent place of a 
fixed object ~ t o u l d  not bo tile same x~hon the eye is 
a t  lest, as allell ~t is no^ iig in any other diroc-

eye and the objeel; and that, ahen tho eye is mol-
ing in different directions, tho apparor~t place of 
the object would be different. 

This wonderful discovery of the aberra- 
lion of light is usually elucidated by the 
very honely illustration of h o ~ s  an um-
l~rella ir held in a slio~ver of rain. Suppose 
the rain were falling straight down anil a 
man wallcing rouncl a circnlar track: he 
always holds the mnbrclla a little in front 
of him---because when he is wall~ing north- 
tx-ard the rain appears to come a little from 
the north, when lie is going eastward it ap-
pears to come a little from the east, and 
so 011. 

Although the phenomena Bradley hacl 
ohserved were almost tvholly explained in 
this way, there mere still some res id~al  
changes, which toolr nineteen years to un- 
ravel; and he explained these by a nuta- 
tion or small oscillation of the earth's axis, 
tvhich took nineteen years to complete its 
period. I can not dwell on these two great 
discoveries. For our present purpose, it 
should be said that aberration and n ~ ~ t a t i o n  
canse fay greater changes in the apparent 
positions of the stars than, we now linom, 
aye caused by parallax. Until they 
understood and allowerl for or eliminated, 
all search for l~arallaur mufit have been in 
vain. Fnrther, Pirarllcy 's ol~servations 
shored that in the case of y Draconis, a t  
any rate, parallax did not clislslace the star 
by so much 3s 1.0'' f l 'on~its mean posilion, 
or that the star wns 200,000 times as clis- 
tant as the snn. Vvie may say that Bradley 
reached to just about the inside limit of the 
distances of the nearer stars. 

H~etme now try to give some idea oC n;lt:rt 
is meant by a parallax of I", which corre- 
sponds to a clistance 200,000 tin~es that of 
the slm. Probably many of you have looked 
a t  the second star in the tail of the Great 
Bear, Blixar, i t  is nainccl, anil have seen 
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there is a fainter star near it, which you 
can see nicely on a fine night. These stars 
are 600" apart;  with a big telescope with a 
rnagnifi~a~tionof 600 times-and this is 
about as high a magnification as can be 
generally used in England-two stars 1" 
apart are seen double just as clearly as 
Alcor and Mizar are seen with the naked 
eye. I think this is the most useful way to 
think of 1"-a very small angle, which one 
needs a magnification of 600 times to see 
easily and clearly. Bradley showed that 
y Draconis did not wander by this amount 
from its mean position among the stars in 
consequence of our changing viewpoint. 

The next attempt to which I wish to 
refer is the one made by Sir William Ber- 
schel. I n  a paper communicated by him to 
the Royal Society in December, 1781, he 
reviews the serious difficulties involved in 
determining the parallax of a star by com- 
paring its zenith distance a t  different times 
of the year. Especially there is the uncer- 
tainty introduced by the refraction of 
light, and in addition as the angular dis-
tances of stars from the zenith are changed 
by precession, nutation and aberration, any 
errors in the calculated amount of these 
changes will all affect the resnlts. He pro- 
posed, therefore, to examine with his big 
telescope the bright stars and see which of 
them had faint stars near them. The bright 
stars, he said, are probably much nearer 
than the faint stars; and if the parallax 
does not even amount to 1" the case is by 
no means clesperate. With a large telescope 
of veiy great perfection i t  should be pos- 
sible to detect changes in the angular dis- 
tance of two neighboring stars. By this 
differential method the diEculties inherent 
in the method of zenith distances will be 
eliminated. Herschel made a great survey 
to find suitable stars, and in this way was 
led to the discovery of double stars<. e., of 
pairs of stars which are physically con-

nected and revolve around one another, just 
like sun and earth. This was a most im- 
portant discovery, but as the two compo- 
nents of a double star are practically a t  
the same distance from us they do not serve 
to determine parallax, for whieh me need 
one star to serve as a distant mark. 

For another forty years persistent ef-
forts were made without success. Piazzi, 
in Italy, thought he had detected parallax 
in Sirius and a number of other bright 
stars, but the changes he detected in the 
zenith distances were unquestionably due 
to errors introducecl by uncertainty in re- 
fraction, or slight changes in the position 
of his instruments in the course of the 
year. Dr. Brinkley, in Dublin, made a 
gallant effort and tooli. the greatest pains. 
He thought he had succeeded, and f'or 
many years there was a controversy be- 
tween him and Pond as to nhcthcr his re- 
sults were trustworthy. The state of 
knowledge of the clistances of the fixed 
stars in 1823 is summed up accura1,ely by 
Pond in the Philosop?zical Tralzsactions: 

The history of annual parallax appears to me t o  
be this: in proportion as instruments have been 
imperfect in their construction, they h a w  misled 
observers into the belief of the existence of sen-
sible parallax. This has happened in I ta ly  to  as-
tlonomers of the very first reputation. The D i ~ b -  
lin instrument is superior to any of a similar con-
struction on the continent; and accordingly it 
shows a much less parallax than the Italian as-
tronomers imagined they had detected. Conceiving 
that I have established, beyond a doubt, that  the 
Greenwich instrument approaches still nearer to  
perfection, I can colne to no other conclusion than 
that this is the reason why it discovers no parallax 
a t  all. 

Besides these and other efforts to find 
parallax in the zenith distances of stars, 
attempts were also made to detect changes 
in the time at  which the stars cross the 
meridian, to see if they are slightly before 
their time at  one period of the year and 
slightly after it a t  another. But these, too, 
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were unsuccessful, even in the hands of 
astronomers like Ressel and Struve. The 
best were some observations of circnmpolar 
stars miitlc by Struve ill Dorpat hetween 
1814 arid 1821. Tlie follo~ving taljle shows 
some of the results a t  which hc a~ r ived :  

star to be near the srln, arid tlicreforc to 
have appreciable 1)arallax. 61 Cygni is 
nol nearly so bright ;IS a Lyric but has 
a very great angular movement or proprr- 
n~otion among the stars. Bessel used an 
instrmnent called a, heliometer. Like 

Polaris and E Urs. Maj. ............................. * f 0.0.53at= f 6075 f K034 

e Urs. Maj. and  a Cass. ............................. a f 0.962d=-0.13li k 0110 

t Urs. Maj. and  6 Cass. ............................. a + I .OBI)*'= + 0.175 +- 0.137 

p Urs. Min. and  a Pcrsei ............................. r + 0.402~'== + 0.305 f 0.071 

Capella a n d P  Drae. ................................ 7r+ 7.147s'=+O134F0.139 

f~Anrig. a r idy  D ~ a c ................................ r + 1 . 1 3 8 n ' = + O . 0 2 0 ~ 0 . 1 1 7  


This table has the merit of not looking 
x~~ilcllyimpossible in the present state of 
our lcnowlcdge. I t  has the disadvantage 
of not giving a definite parallax to each 
star. E'or example, it is impossible to  say 
how much of the 0.134" is to be gjvcn to 
Capella and how nnnch to /3 Draconis. 
Further, the probable errors, though really 
small, are lxarly as large as the quantities 
determined. 

Struve ancl Bcsscl therefore attempted 
the problem by the differenfir~l methocl 
recommended by ITerscIiel. By  this time 
i t  had become easier to carry out. The 

Struve's telescope, i t  was mounted so that 
i t  could be driven by clocLmork to poirlt 
always at the same star. The object-glass 
of Bcssel's telescope was made hy t l ~ cgreat 
optician Fraunhofer, with the intention of 
cutting i t  in halves. Fraunhofer died be- 
fore the trime came to carry out this dcli- 
cate operation, but it was successfully ac-
complished after his dcatli. 

Delicate mechanism was provided for 
turning the glass, and also for moving thc 
t ~ ollalves, the ar~iotrnt of moveinent being 
ITeqT accurately measured by scrc~~is.Each 
half gives a perfect in~agc of any object 

metllocl of mounting tclescopcs ~(jllator- which is examined, but the two images are 

ially had ]leeu devised, so that the telescope 
was aI17~i1ys krpt pointjllg to the same 
of by c,ock.rvorlr-driven l,2echanism. 

struvecllose the bright star a jJyrE, ;md 
mcasnretl its distance Ei*oln a faint star 

ahout 40" away on ninety-six night? be- 
tween November, 3 835, ancl Amyast, 1838. 
h~tlic focal plane of his telescope he hati 
what is called a position nlicrometer. The 
micrometer contni~is ttvo parallel spider- 
threads stretched on fuamcs, and .the 
frames are mov;ilole by screws until the 
position sl~owtvn in the clingram is reachecl: 
the clistailce apart of the threads is lrnowr~ 
1,s ihc yeadings of the screw-heads. TSe 
fomd  that a T~yriEhacl a parallax 0.262" 
wit11 a probable error f0.025". 

Beasel cliose lllc star GI Cygrri as a lilrely 

shifted hy afl ilmoulli ~ ~ ( ~ l a l  to the distancr 

one-half of the lens is rnovecl along the 
oilier. Thirs when a bright star ancl faint 

star arc looked at,  one half of the object- 
~ l a q scan be made to give imagcs S and s, 
and the other llalf Sf and sf. By moving 
the scrcw exactly the ilmount s' can 
11ernadc to coincide with X, and the rrad- 
inq oP tllc screw gives a mcasixre of llie 
angular clistance between the two stars. 
I3cssel ~naclr observations on ninety-eight.
~iights  clxt(c'nding iron1 f i ~ ~ g ~ ~ r t , to1837, 
Septemhcr, 1838. The table, talren from 
a report by 117:ti11,~ shows ho-cri closely tlic 
xncan of the observations for each month 
accarcls with Ihe snpposition th;tf the star 
has tlic parallax 0.369": 

"l("1, 3.A. Val. XLI., 1). 39.S.2 
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the most serviceable instrument for deter- 
Effect of 

Observed Parallax mining stellar parallax until the applica- 
Mean Date Disappointment O"369 tion of photography for this purpose. 
August 23 .............. + 6197 + dl212 -
September 14 ........... + 0.100 + 0.100 

October 12 ............. + 0.040 -0.057 

1 1 / Modern Observn-


November 22 ............ -0.214 -0.258 

December 21 ............ -0.322 -0.317 


1838 
,, N 

January 14 ............. -0.376 -0.318 

February 5 ............. -0.223 -0.266 

May 14 ................ + 0.245 + 0.238 

June 19 ................ + 0.360 + 0.332 

July 13 ................ + 0.216 + 0.332 

August 19 ............. , ,+0.151 + 0.227 

Septeniber 19 ........... + 0.040 + 0.073 


Simultaneously with these determina-
tions of the distance of a Lyra and 61 
Cygni, the distance of a Ceatauri, one of 
the brightest of the southern stars, was 
found by Henderson from observations of 
zenith distance made by him at  the Cape 
between April, 1832, and May, 1833. I-Ie 
learned just before the termination of his 
residence a t  the Cape that this star had a 
very large proper-motion. Suspecting a 
possible parallax, he examined the observa- 
tions when he had taken up his new office 
of Astronomer Royal for Scotland, and 
found a parallax amounting to 0.92". R e  
did not, however, publish his results until 
he found that they were confirmed by the 
right ascensions. I n  a communication to 
the Royal Astronomical Society in Decem- 
ber, 1838, he states that it is probable that 
the star has a parallax 011.0". 

The great and difficult problem which 
had occupied astronomers for many gen- 
erations was thus solved for three separate 
stars in 1838 (see table). 

Henderson's observation is interesting 
because a Centauri is, as far as we yet 
know, tlle nearest of all the stars to us. 
But by far the most valuable of these ob- 
servatiolls is Bessel's. The heliometer, 
which he devised, proved itself to be by far  

a Centaur (/*.-I ,, 1 

del-son).............. 1.0 200,000 0.750 270,000 

61 Cygni (Bessel) ... 0.314 640,000 0.285 700,000 
a Lyra: (Struve) ..... 0.262 1760.000 0.10 ,, 2.000.0001 1 

(,The unit of distance is that from the earth to 
the sun.) 

The somewhat dramatic manner in which 
the distances of three stars were determined 
in the same year, after several centuries of 
failures, may have led to the hope that the 
range of many more stars would soon be 
found. This was not the case, however. 
Each star had to be measured separately, 
and involved many nights of observations. 
The quantities to be measured miere so 
small that they taxed tlie resources of the 
best instruments and best observers. In 
1843 Peters published the parallaxes of 
half a dozen stars determined with the ver- 
tical circle at  Pulkova, but the parallax of 
only one of these, Polaris, is obtained with 
much accuracy. With Bessel's heliometer, 
Scliliiter and Wichmann measured tlie dis- 
tance of Gr. 1830, the star which had the 
largest known proper-motion. I n  the 'six- 
ties, Auwers with the same instrunlent de- 
termined the parallax of several quick-mov- 
ing stars, and also of the briqht star Pro- 
cyon. With the Bonn heliometer, Knleger 
in the 'sixties measured the distance of 
three stars, and Winnecke two more. Other 
observations were made, amongst others, by 
Maclear, Otto Struve, Briinnow ancl Ball; 
but as these observers had not such suitable 
instruments, their results were not of the 
same high standard of value. A generous 
estimate would place the number of stars 
the distance of which had been satisfactor- 
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ily determined before 1880 a t  not niore t,han 
twenty. 

In  the 'eighties, progress became more 
rapid. Gill, the Astronomer Royal for the 
Cape, in conjunction with a young Ameri- 
can astronomer, Xlkin, determined mith 
great accuracy, though with only a small 
&-inch heliometer, the distance of nine stars 
of the southern hemisphere. These stars in- 
cluded a Centaari, and the bright stars 
Sirius and Canop~zs. These results were 
comnlun icated to the Royal Astronomjcal 
Society in 1884. The work of Gill and 
Elkin did not stop there. After some years, 
a very fine 7-inch helionleter was obtained 
at the Cape, and mith it, between 1888 and 
1898, the parallaxes of seventeen stars were 
determined by Gill and his assistants with 
very great accuracy. The stars obscrved at 
the Cape consisted of the brightest stars of 
the southern hemisphere, and of the stars 
mith the greatest proper-motions. 'The re- 
sults were remarkable. The stars with 
large proper-motions werc near1 y always 
con~pariztively near-say within one million 
times the sun's distance. On the other 
hand, some of the very brightest stars, par- 
ticularly Canopus, the brightest star in the 
sky after Sirius, were at vastly greater dis- 
tances. 

Meanwhile Elkin, who had been appointed 
director of the Yale Observatory in 1884, 
carried out mith a 6-inch heliometer, between 
the years 1885 arid 1892, a determination of 
the distances of the ten brightest stars oC 
the northern hemisphere. After these were 
finished the Yale observers, Elldn, Chase 
and Smith, embarked on the ambitions 
program ol the determinatioll of the dis- 
tances of 163 stars of the northern hemis- 
phere which show large proper-motion. 
They have aclcled forty-one souther^^ stars 
to these, ancl thirty-five stars of special in- 
terest. The results of all thcse ohserva-
lions were published in 3912. They have 

not, in most cases, the high accuracy of the 
Cape observations, hut, nevertholess, are of 
great accuracy, and appear to be free from 
any considerable systematic error. A third 
important series of observations was made 
by Peter wit21 a &inch heliometer at Leip- 
zig. These were commenced about 1890, 
ancl continued until the death of Professor 
Peter in 1922. The parallaxes of twenty 
stars were determined with the same high 
accuracy as the Cape observations. 

Observations mith the heliometer requi1.e 
both sliill and industry. 1'0 sccure the 
needful accuracy measures must be made 
in four different positions of the instnr- 
ment, so that possible small systematic 
errors may be eliminated by reversal. 
Great care is required in the adjustments 
of the instrument, particularly in the accn- 
rate determination of the scale-value al, dif-
ferent temperatures. The possibility of ob- 
taining satisfactory results with less labor 
was considered by Kapteyn, in view of the 
successful determination of the parallax of 
Cir. 34 by Auwers. From 1885 to IS87 he 
made observations with the transit-circle 
at Leyden of fifteen stars for the purposes 
of cletcrminiiig parallax. The observation 
consisted in ohscrving the time w h ~ nthc 
star the parallax of which was sought and 
two or three neighboring stars cros:iecl the 
niericlian. Observations are made at  thc 
two most favorable eybochs--say every night 
in March, and every night in September-- 
to determine whether the star has changed 
its position relatively to its neighbors in the 
interval. The difficulties are twofold. The 
purely accidental error 01 observations of 
transits is considerable as compared with 
the small quantity which is sought. Re-
sides this, the star of which the parallax is 
rcquired is probably brighter than the com-
parison stars, and special precautions are 
required to guard against personal errors 
o f  the observer. 
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I n  questions of this kind the only satis- 
factory mray is to judge by the results. 
From observations made on fifty nights, 
values of the parallax are obtained not 
nearly so accurate as the best heliometer 
observations, but still of considerable ac-
curacy. Ii'inally, the parallaxes of four of 
the stars which had been previously deter- 
mined by measures with a heliometer 
showed satisfactory agreement. 

This method has been employed by Jiist 
a t  Heidelberg, very extensively by Flint a t  
the Washburn Observatory of the Univer- 
sity of Wisconsin, and is now being tried 
a t  the Cape by TTout6, a pupil of Kapteyn's. 
I t  appears to me that this method can never 
give results of the highest accuracy, but 
that i t  may be of use in a preliminary 
search for stars of large parallax. The 
argument of the facility of the method 
compared with the heliometer has, how- 
ever, lost much of its force; for, as I hope 
to show next, the highest accuracy attain- 
able with the heliometer can be secured 
much more easily with a photographic 
telescope. 

The application of photography to the 
determination of stellar parallax was first 
niade by I'ritchard in Oxford between 1887 
and 1889. He took a large number of 
photographs and measured on them the 
an,wlar distance of the star which he was 
considering from four of its neighbors. I n  
this way he determined the parallax of five 
stars. I3c began this work late in life, and 
it was left for others to develop the photo- 
graphic rnethod and find what accuracy 
could be attained with it. A t  first sight 
it seems very easy, but experience shows 
that there are a number of small errors 
which can creep in and vitiate the results, 
unless care is talren to avoid them. 

It has gradually become clear that with 
a few simple precautions and contrivances, 
a greater accuracy can be reached in the 

determination of parallax by photography 
and with much less trouble than by any 
other method. Between 1895 and 1905, 
several astronomers succeeded in obtaining 
from a few plates results as accurate as 
could be obtained from many nights' ob- 
servations with the heliometer by the most 
slrilled observers. I n  the last five years a 
large number of determinations havo been 
made. I n  1910 Schlesinger published the 
parallaxes of twenty-five stars from photo- 
graphs taken with the 40-inch refractor of 
the Yerkes Observatory, and in 1913 Rus- 
sell published the parallaxes of forty stays 
from photographs taken by Hinlcs and 
himself at  Cambridge. The opinion ex-
pressed by Gill on these observations3 was 
that but for the wonderful precision of the 
Yerlres observations, the Cambridge results 
would have been regarded as of the higli- 
est class. The facility with which the 
Yerkes results are obtainable is expressed 
very tersely by Schlesinger : 

The number of stellar parallaxes that can be de- 
termined per annum will in the long run be about 
equal to the number of' clear nights available for 
tho work. 

With the heliometer at  least ten times as 
much time would have been required. Dur-
ing the last year two further installments 
of the results of the Yerkes Observatory 
have been published by Slocum and 
Mitchell, giving the parallaxes of more than 
fifty stars. It might be thought that the 
high accuracy attained by them is largelly 
attributable to the great length of the tele- 
scope. From experience a t  Greenwich, I 
do not think this is the case, and believe 
that similar results are obtainable with tele- 
scopes of shorter focal length. As several 
observatories are now occupied with this 
worlc, we may expect that the number of 
stars the distances of which are fairly well 
known will soon amount to thousands, as 

3 M. N., Vol. LXII., p. 325. 
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coniparcci with three in  1838, aboirt twenty 
in  1880, abont sixty in 1300, and now per- 
haps two hundred. 

The stars the distances of which have 
been measured have generally been specially 
selected on accolrnt of their brightness or 
large propcr-motion. Each s ta r  has been 
examiner1 individually. Kapteyn has sug- 
gestecl that instead of examining stars 
singly in  this may, photography gives at1 
opportunity of examining all the stars in 
a small area of the sky simultaneously, and 
picking out, the near ones. The method has 
b ~ e ntried by ICapteyn ancl others-among 
them Dr.  Rambant. The idea is very at- 
tractive, because i t  examines tlie averase 
s tar  and not the bright s tar  or s tar  of larger 
proper-motion. It is liable, however, to 
some errors of systen~atic cl~aracter, espe-
cially as regards stars of different maq~ii-  
tudes. Comparison of thc results so 01,-
twined with tlriose found otherwise will 
demonstrntc whether these errors can 11e 
kept snficiently small by great care in  
taking the photog~.ay)hs. Until this is done 
no opi~iion can be expressed on the success 
of this experiment, which is wort11 careful 
trial. 

Tllc question inay be asked, How near 
must a s tar  be to us: for its distance to be 
meas~trahle? I th ink we may say tc.11mill-
ion times the ~1111's distance. This corrc- 
sponds to the small angle 0.02" for  the 
par:tllas. If a star's parallax amounts to 
thiq, there are, I believe, scveral observa- 
torirs where it coi~lii be detected with rea- 
sonable secnrity, though we shall know 
more certainly by the comparison of the re- 
sults of different ohserviitions when they 
accumulate. 

You will readily iinagin(h that an accu-
rate knowledge of the cliqtanres of many 
stiars will be of great service to astronomy. 
T h c ~ eare ample data to determine the posi- 
tions, velocities, Ii~minosities i~ndmasses of 

lYlanty sttrrs if only the clistauces ciln be 
fornlcl. Thus we Imow the distance of 
Sirius, and we are able to say that  it i s  
travelling in a certain direction with a 
\rcllocity of so nrmly milcs per sccoiid; that 
it gives out forty-eight tiines as m l ~ c h  light 
ar the sim, but is only two and a half times 
ar  massive. The eollectiori arid elassifica- 
tion of pnrticl~ltirs of this Itind i n  certain to 
cive many intcwsting and perhaps snrpris- 
ing results. Rlit i t  is not xlry purpose to 
deal with this to-night. The task I sct be- 
fore myself in  this lecture was to give an  
itlea of the difficulties which astronomers 
have gradirally surmounted, and the exteut 
l o  which they have succeeded in measuring 
the distances of the stars. 

F. m.DYSON 

ACIENTirPIC NOTER AND N E T S  

FIFTYyears ago William Xorth n i c e  was 
graduated from Weslcyan University, and two 
years later was electccl professor of geology and 
rrntural history, a tit1 e w11ic.h was ch:lnged t o  
professor of geology iu 1884, when the depart- 
ment of biologv was eslahlishcd. Professor 
]:ice's services as teacher, administrator and 
investigntor mere aclcnowledged by the  eonfer- 
r ing  on him of the  degree of doctor of laws by 
ITesleyaa Trniversity a t  i t s  recent connnence- 
ment. 

I)n. Vrc~lo~rC. V ~ U C I I ~ N ,professor of hy- 
giene a t  the IJniversity of A~fichignn and presi- 
dent of tlrc ilnierican 3Tedical Association, re-
ceived tllc lsonvrary degree of IiT2.D. a t  the 
allnunl c.ornr-ncncemcnt of Jefferson MetJical 
Collrqe, Philadelphia, on J u n e  5. 

TT~RT~T:cloctorates of science were conferred 
by tlie Univrrsity of Pcnnsylvania a t  i ts  com- 
nl~ilccmcut exercises on J n n e  16. The recip-
icnts ant1 Provost Smith's remarks were a s  
follo-rvu: Bohorl Andlows Jfillik-an-PI-lysicist 
of en~incnce, editor, whose inve~tigat ions i n  
clcctricity, in molecular p h y ~ i c sand heat  have 
won for  you deserved and well-merited recog- 
nit ion. Harry I"~e(l(~ric7eKeller--13ceause of 
your p ~ o f o u n d  Lnorvledge of cltemicnl science, 


