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I.--l%e Parallaxes o f  p arid e Cnssiopeiz, deduced front 
R utlt er f urd Photographic ;&as ti rep. 

BY llAIlOJ,D JACOIIY. 

Rend Jan. 0,1693. 

TIIE RUTIIEI~YUI~D ptiotogrripliic nicnsures of the stars surrountl- 
ing p Cassiopeim arc derived froai twenty-eight negatives nintlc 
between 1870 ,July, and 1873 Deccinbcr. These obserwtioris \vcrc . 
taken in  accordance with ~~U1'IIEIIFUIl l ) 'S  rcgiilar p l n n  for sccuriiig 
accurate micrometric nieitsIircy of star clusters : but in order to 
coiiibinc therewith :L deteririiiiiltio~i of i)iirttlliix, the observations 
wcrc all iiiadc in the months of July, Jnnunry, arid Dccciiibcr. 
Therc are two iiiiprcssioiis ripori each negative. d tliscussiori of 
all the iiiicroiiictric iiieasiircs of soiiie lirty.six s t m  will be prrblisli~tl 
Iiitcr. the present piiper contairiing those measures only that hnrc 
I ~ e n  selected for the prallris detcrrninntion. I hnvc set clorvri i t i  

table.1. (p. 1 2 )  the dntcs aiitl other details of the x v c r d  esposiires, 
so fnr as they nrc! conncctcd with tlic 1)rc:sciit prposc.  'rhc sidereal 
t h e  givcri is the meiiii of the four instants niarkiiig thc kgirinirig 
and cnding of tht! two exposi~rcs. The second exposiire nlnays 
begun a few secouds after the piidiiig of the lirst, a i d  the durntioii 
of each IV~LLS six oiiiiutcs. 

Table 11. (p, 13)  gives n list of tho cornpnrison stars eniploycd. 
Tlic pair g, 11, will not furnish a siiitnlde psrnllax factor in  distaiicc, 
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I)ut it has been included to scciire cvidcncc as to possiblc variation of 
scale vuluc wit11 position angle. I t  is perhaps ncccssnry to r m u r k  
that I h:ivc preferred to  base thc study of pnraliax upon nmsures  : 
of distance only. Tlie original plan did not iiiclutlo tlic pair C; d ;  
h u t  tlic obscrvations of tlic pair c, 0 ,  Iluving produccil a discordant 
result, tlie pair c, d,  was also coinptitcd. I~ront tliis discordance it 
has bceii possible to ol,tttin n ra luc  for tlie parallax of o Cnssiopeiz, 
a result not anticipated when tlic rcdiiction of tlie obscrvntions \vas 
I q u n .  I t  is for this rrason that the star c appcnrs twice in table 
I I .  ~ I l c  method of coiiiputntion is the one coininonly employed.' 
'I'hc t\vo sturs of cnch pair were selected so 11s to diiTcr upproxi- 
ni:itcly 1800 i n  position anplc with respect to Cnssiopciz. The  
x n l c  d u e  ivas then dctcrmined for cadi pair, oii cucli plntc, so ns 
t o  makc tlic slim of tlic distillices froin $U constant. The diference 
of' thc saiiie tlistanccts ~ v a s  tlicii tnltcn as tlic qu:intity froiii wliosc 
variation the parallax slrould :ippenr. Tliis incthod gives the csccss 
of' tlic 1rnrallux of tlic principal stnr over the in(:an of tlie parallaxes 
of the two compmison stars.* 

Kvery ol);icrvation of distanco contnincd i i i  tlic I~UTIII.:llPUItD 

o1)scrvntion I J O O ~ ~ S  lins been usctl, the trcntnicnt of tlic observational 
(lnt:t Iicing :is follows : First, nrcnns \vcrc tnlteii of the separate 
pointings of' tlic niicroecopc, each nicasure of distancc dcpcnding 
n ~ ) o n  ten indcpcntlont pointings on p Cnssiopeim, and ten on the 
conipnrison star. 'I'lic distutices thus obtniircxl from thc two s c p -  
rate impressions wcrc coml)inctl into a single nrcan dcl)endirig iilt(J- 
y?tlier on 40 paintings, and tliis incan was tlien consitlcrcd as one 
wniplcte nicnsurc. l 'hu  dist:inces thus obtained are exprcs.ml iii 
divisions of the g1:iss sciilc of the nie:istiring microinctcr, onc such 
division 1JCing approsimatcly equal to z8".01. 'l'lic S~IUIC unit of' 
~\ i (~asurc lias gcncrnlly I)ccn cmplojcd througliout nll t l ro  subse- 
quent c:ilcirlntioris. Tlrc followiiig corr(:ctions wcrc then applied:- 

I .  Correction for rlivisinn errors. Tlicse \vcrc.t:lltcri from tlic t:tble 
of corrections determined by hJ( iEI1S . t  

' * Tliis is of corrrse not strictly true i i r i ~ e ~ s  tlic tno corrlpnrison stars 3rd 

eqi i idiutnnt  from tlic princip:il st:ir,--R coriditioii wliicll slioriltl :ilrvnys III! 
:ipproxiiiiateIy stitisfirtl. Sor is it possible to cirdnct: tile pnrniinx of tho 
pr i r i i~ ipd  stnr with r q m t  to cndi cornpnrisnn stnr ycpnr:itely, S ~ I I C I !  tibe 
p ~ l ' n l l n ~ ~ r  of L o t h  coiiipnrisoii st:irs will  a1w:iyy iiilluellce tile result tllroogli 
t l i v  scnle value t l e t~~~~r i i r r~ t i~ i i r .  

t Ann. N. Y. Acid.  Sci., vol. vi, 11. 250. 
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2 .  Thc I ‘  tangent correction,” due to tlic pliotograpli bciiig taken 
011 a plniie surfacc. This corrcction is dcrivcd froni titbit, 

IV. A,  givcn in my paper on tlic I ~ ~ ~ ~ i ~ ~ t x ~ v i i i ~  p h o t o p p h i c  
iiicasiircs of the stars about p Cygni.” 

3. Corrcction for rcfrnctioii, computed nccordiiig to thc iiiethotl 
givcn in niy piper on ttic 1’lciadcs.t IYlicncvcr ncccssriry, 
the highcr tcrms of the rcfrnctiou were npprosin~ntc~ly tnkcn 
into necount. 

, 4. Corrcctioii for abcrrntion, curi~l)utctl according to the ciistoni:iry 

Bcsselinii fo rn iu l z .~  

5.  Correction for thc proper niotioii of p CnssioIieiz. Tl~c  o b w -  
viitioiis have Lecn rctliiccd to tlic cpwh 1872.0, iisiiig At iwrs ’  
jirop(:r inotioii, which is : 

Aa = -f 0’.3S60 ab = - ~.” jSo ,  

ccirrcsporiding to a motion of f.729 upoil  n g e n t  circlc wliosc 
pusition nnglc is I I j” 4’. 
p = thc iinnual propcr niotioii  of‘ the principal star on a grc5:it 

. 
Kon, i n  gencr:il, i f  we le t :  

circle, 
= thc position niiglc of thnt ;rent circle nt tlic tiinc I,, 

t = the t.irne of obscrwtion, cs~~rcsse’d i n  yenrs a i d  fractions 
of a yc i~r .  And p u t :  

q v = L - - I  
s, = cos ( x  - p) 

I ) ,  = t p  

I 

25 
S, = - 

1’. - 2 2 
,-7P 

sin’ ( 2  - p j  

then n c  niust ntltl  to t l ic  OIJSPrVCtl dirtnnccs tlic corrrction : 

A S  = , ~ c ~ ’ l  f h2f!;. 
‘I’hc vtrlllcs of ti,, S,, PI, :id I!, wcd i i i  tlic: jirc.<ciit papcr a w  

xivcn in tnblc 111. (p. 13), thc unit of niensiirc for p Ileing O I W  

division of the glass scale, ris nlrcndy csplniiicd. The t1istnricc.G 
thus completely corrected, arc wt down i i i  tliv sccond n i ~ d  Iliird 
c~~liiiiiris of tablc IV. (p. 15).  Thc foiirtli and fifth col~iniiis of t i le  

siiiiic t;iblc contnin tlie s im of the tlistnnccs of tlic two coiiiparisoii 

* Ann. B. Y. Acntl. Sci., vol. v i ,  p. 340. 
$ Atitroic. Uiitersucli., vol. i, p. 202, el rcq. 

f Ibitl., pp. zjj, d scq. 
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stars from p Cassiopcim, and the difference of thnt sum from nn 
adopted mean given a t  the foot of the fourth colun~n. I n  the sixth, 
seventh, nnd eighth colrinin are pluced , the  dwerence of the dis- 
tances LIR given in the second und third colunins ; the scale CO)’)‘CC- 

/ ion,  which is simply a proportiorin1 part of the qunntity given 
in the columii “mcnn ininits sum ’7; and finally tlic c o w e c k d  difer- 
ence, to  be used in forming the pnrallnx cquntions. The lntter 
equations, toge.ctticr with their solutions, arc to be foiind in table V. 
(p. 20 ) ;  and with regard to tliem I have oiily to remark tha t  the  
iibsolutc tcriiis nrc expressed i n  units of the sccond decimal place, 
equivalent to 0”.2801. TIE parnllas coeficients in the observation 
cquntions of table V. nrc coiiiputed by thc custoniury forniuI;o, ns 
follu\vs :- 

Let m, 6, be the coijrdinntes of p Cnssiopeim for 1872. 
Y, 0,  be the radius vector, and longitude of tlic sun; 

and eulllpllte- 

(1 sill G =sin i cos C ,  h sin If= sin 6 sin a,fsin F 
y cos C: = sir1 5,  

li sin ( H  -j- 6 )  

Ii cos H= - cos 6, J’cos F = - cos c eos E 

S, = 
S, = 
P., = - r sin 0 

thc parnllnx codficicnt for any one of the cquntions y i l l  be : 

then if we pii t  : 
f sin ( p  + F )  
9 sin ( p  + G )  

11, = - 1’ cos 0 

where S,’ and S,’ rctiv to thc second comparison star of the pnir. 
‘t’he corresponding cocficicrit for thc srtm of the distnnces of the 
t w o  eoinl)arison st:m of any pair is 

wliich 1 hare found sriflicicntly sninll to bc ncgligiblc for all the 
pnira used i n  thc prcscnt rc~careli. 

The vii ln~s of S9, Y,, PJ, Z’,, are found in table 111. (p. 13). 
llcforc procccding to discuss thc p:~rnllnx rc.srilts, as ohtained in 

tnblc V., nttcntion should lie cnllcd tu tablc IT, A, which throws 
w i i c  light on the question of variation of scale vnliic. T h e  first 
live coluiiins of this tnlilc give for ench plntc, nntl for each pnir of 
stars, that fraction of “mean 7JtinftS sum,” froiu table IV., which 
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corresponds to a distance of 100 divisions of the scale. It wilt be 
secn that this qiinutity is a nicnsurc of the discordancc bctwccn the 
scde voluc for crich plate, aiid tlic nicnn scalc value for all the plates. 
S o w ,  by placing these discordnoccs, ns dcriwtl from pnirs of stnrs 
(lifering widely in positioii nnglc, sitlc by side, tvc ctin a t  once see 
whcthcr tlic scalc vahic varies with positioii angle, or is rcully a 
constant for any givcn platc. T o  innlie this comparison quite 
rigorous, the adopted i i i~!aii ,  from which tlic quantity “mean ~ ~ i n l t s  
sum’’ is dcrivcd in  tnblc IV., onght to be coniputed froin tlic mca- 
siiri:s of those plates only, t l int  h:ivc! iiiil)ressioiis of all  tlic stnrs. 
Accordingly the “adopted nmiis” of table IY. arc computed from 
the Illcnsurcs of plntcs 

3’ 41 47 51 
3 2  4 2  4s jS 
33 43 49 59 
34 46 50 60 

1:scept i n  tlic case of the pair c ,  d ,  which  ivas sriI)scqucntly ndtlcd, 
8:: nlreiidy explnincd. In this cnsc I have ii~ecl thc :ictual iiican of 
a11 the valr~cs giecn iri trihle I V . ,  B circiinistancc which will riot 
in:tterially nffuct the cvidcncc! furnislictl by this pa i r  of’ stars. Thc 
pair c ,  o has not  becn used, sincc tlic parallax of o ivould tcnd to 
rciitlcr its c-iidcncc rinrclinl)lc. Two things Iwonic: plain froni : i n  

iiisprction of tlic t n l h  In .the first placc, tlicrc is no dccisivc: cvi- 
tttricc of great variations of scatc value with position nriglc. 1;i 
fact, i f  \YO rc,rrnrtl ns cnsuul tlic tliffcrcnccs from thc nican values 
contained i n  thc sixth coli~rnii, we find as tlic arcragc dill’crcii~x 
witlioiit rcgard to sign, =to.oojo. This would correspond to :bout 
0’’.05 per IOOO”: but i t  is hardly jircatcr than the ncces~ary unccbr- 
hirity of observation. Iu the second plaec, ne sec that the scolc 
vnluc dcpciids tipon teiiiperaturc. This lnttcr circunistnncc, it is 

:iliiiost necdlcss to remark, ilocs not iiiflucncc the para1l:ix cletcrnii- 
iiation, ttiough it will bc of importancc in tlic general discussiori of 
:dl thc niicronictric niensurcs. 

I t  will tlrcrcforc be of intcrcr;t to cxdmine thc cvidcricc a little 
niorc i n  detail. In doing this, I liavc tnkcn into considcration t,h(! 
rrndinps of tlic focal niicronictcr, ns sct down i n  table I. One 
revolution of this niicromctcr is cqiiic.nlcnt to 0.05 irichcs, nntl  the 
arrnngcmcnt is such that incrcnsing readings of the riiicronictcr 



G Rulherfurd Photographic Measures. 

correspond to increasing focal length of the tclcscopc. 
tllc focal length, wc liiivc the following : 

Mcnri niigulnr scnle vnlue t  == Z ~ ~ ' . O I Z J  

TO cnlculnte 

Linear scale vnliic* = 0.020859 inches. 

froin wliicli : 

Now putting : 
Focal lciigth 153.j9 inches. 

f L' rending of the focnl microiiwtcr for any given plate, 

I find froin tbc nbovc focd lcngtli nntl pi tch of thc niicroiiictcr 
scrcw tlint tlic nnnibcrs given i n  table IV. d rcqriirc LLII ndditioiinl 
t:orrcction of: 

$0.032 j (f- 7.86) 

to rctlucc: tlicni to  t l i c  nicnn foc:rI rending (7 .S6) .  Accortlingly, this 
corrctction hns been npplicd to the incans i n  the r-istli co!iiiiin, thi is  

ohtaiiiing tlic coriwtctl iiiciiiis of tlic srvt:ritli colriiiin. Fro~ii  tlimc 
lnttcr it is possible to discuss tlic d k c t  of tciiiperntiirc, iiitlclwii- 
tlcntly of tlic focal rcndings, prorpitl(d wc wsiirnc that the zcro 
point of tlic sciilc nttirclictl to tlic focnl niicronictcr nlwnys retnincd 
c!x:ictIy tlw saint tlirtnncc froin thc opticirl centre of the Icns, csocpt 

. ;is iiiIIiicnccxI c*hnnges of tcinlicrntiirc.  om this nasiiniptinii 
,cni i  1i:irdIy bc r e y ~ l c t l  ns nlto;ctIier jiistilid a priqri i r i  the case 
of tlic I L i m i x i x x n  tolcscopc. I hnvc therefore nind'c t w o  scpnrntv 
lcnst sqiinrc nt1,jiistinerits of the qriantitics given i n  thc colun~iis 

, lrletrn illid ?Nt!an cnrrecled. 
Ikprcscnting tticsc qnnntitics by cqnations of the form : 

5 + Y ( t  - 6) 
whcrc 1 is the oliscrvctl tcnipcratiire for nny plate, and to the nicnn 
tcnilicrnture, I find : 

Column mean = - ,0027 f .00063 - .000372 ( 1  - 5 8 O . 4 )  

Colnnin .nieun corr'd = - .0027 f .ooo57 - .000424 ( t  - 5 8 O . 4 )  

The attached prol)nblc errors sliow tlint the ol)servntions arc: 
represented better i f  IVC tnkc tlic rendings of the focd micronietcr 
iiito ncconnt. This would scciii to justify tlic assumption of coil- 

f .000029 

f. .000027 

* I IOOEIIS '  dett!rmiiinLinn, Atin. N. Y. Acad. Sci., vol. vi, p. 249. 
1 'IYw I'leiades result, ibid., p. 270. 
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stancy in thc focal zero point ; and I shnll  thcrcforc adopt tlic tcm- 
pcraturc coclkicnt from the sccotid solution, via : 

- o.000424 f 0.000027 

Tliis cocfficicnt holds good for p tlistnncc of IOO divisions of the 
scdc. For o m  division of tlic scnlc it will bc: 

- 0d.00000424 f: 0.00000027, or - O”.OOOI 19 7f o”.ooooo8. 

T h c  cvidcncc us to tlic rcnlity of this tcnipcr:iturc cocllicicnt sccins 
to I)c vcry strong, iiotwitIi.itiitidirlg tliiit tlic se:ilc r:tl[ics ohlairitd 
for tlic Plci:rtlcs plates* did not rippear to wry with tctiipcriitrirc:. 
In the light of tlic prcscnt cvitlcncc \vc niny pcrh:ips bc jnstilictl ii1 

nscr ihig this to the conipnrntivcly siiinll ch:iii~es of tcnil)criitiirti 
throughont the PIcintIcs series, nnd‘ to ttic fact t1i:Lt tIic Iiist two 
Plcindcs pl:ites fiiwistt n vcry tliscortliitit scale vnlric,  whiclt tcrids 
to conceal tlic srnnller tctttpcI’;ititre cIIiccts. So s;itisfnctory expI:itiii- 

tion of tbi3 Inttcr circiinistancc sii,z!.jicsta itsdf, rinless we nssutiic 
that the ylnas scnlc lint1 Iwcii rciiio\wl tcniporarily froni the nicnsiir- 
ing nincliinc; ntttl tlint wlicn rcpl:tcctl, it nindc n sninll niiglc w i t h  
its foriiit:r position. I t  seoins best., therefore, to tlisrc,cnrtl t l w  last 
t w o  I’Iciudcs platcs i n  tlcducitig n dclinitiw sc:ilc valuc. I f  WV, 
do thk, tlic I’lcintlcs wries give for tlic incan sciilc v:il[ic -8”.otjs, 
corrcyondirig to a iiic:in tcinpcrritiirc of the telescope q r O . 6 ,  : i ~ d  :t 

inenti focnl rc:idiitg 7.S8. For n pl:ttc having :iny other tcnilwn- 
tiirc ( I )  nnd focnl rcntling ( J ) ,  M’C ouglit tlicrcforc to iisc n seal(! 

valuc computed by the following formula : 

, 

S~nlcvnlut: = 2 s 1 1 , 0 1 3 ~ - 0 ’ 1 . 0 0 ~ 3  ( J -  7.SS) -O”.OOOII~ ( 1  - 41.6)  ( a )  

On t h o  0 t h  hand, if \vc prefer to,rct:iin tlic settle rhlucs froit) 
tlic last two I’lcindcs plntes, n:c slioulil hnvc : 

Scalevalue = zS’f.orz4-o/~.oogo(J- 7.S7) - 0 ‘ 1 . 0 0 c ~ ~ 9  ( t -  40.3) ( b )  

1 he following table shows how thcsc two f o r m r h  represent t h e  
obscrvcd I’lcindes scafc values. Tlic tiitinhers i r r  the fourth colurr~~t 
arc m a n s  fron~ the two in~~wcssions on the p1:itc. 

I, 

* Am. N. Y. Acad. Sci., vol. vi, p. 271. 
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' h I C  
xu. 

16 
17 
I S  
19 
20  
2 1  
22 

7.9 
7.9 
fi. 1 

7.78 
7.78 

35- 
3 5 
'7 

Cntiiputed Scelc Val. 

I 
I~hr in .  (0).  Forin. ( b ) .  

28.0144 i 2S.0127 

... -- 

i 

.oq4 ~ .0127 

.013j  ! .013? 

.0185 .or16 
,013j I .or18 
.012(1 , .OI12 
.0143 .0126 
.o14) .0126 
.Oi'Il) ' ,0182 
.or.19 I . 0 1 j 2  

.-. .- 
,I ' ! I  

Residtinln, C--0. 
. ... . - .  

1:orin. ((I). 
- _- 

--.0024 
--.om7 
- 0009 
f.0013 
+.0017 

+.0007 

F'orni. ( b )  

--.00.(1 

- 0007 
-. ooo4 

.oooo 
--.0010 

--.0034 

-.0005 --.ooL?? 
+.ooii - . m 6  

+.0083 , +.0066 
f.0079 I +.no62 

T h e  rcsitliinls nrc not qiiitc sntisfiictorj. I hnvc therefore disciisscd 
the Plcindcs scale vrilucs by nienns of foriniilii (a), omitting t h e  
cliscordnrit 1)latcs 2 4  and 2 5 ,  and find tlic tcniperiiturc coelficieiit : 

- o'1.0002~o f 0".0000~0. 
It is fiirtlicr to lie rrinnrkctl, tll:it thc rcsitliinla from formula (0) nre 
soinc\vli:it less thnii IYC shoiilt~ Ket if w e  lcft tlie tciiipcmtiirc niid 

f'oc:il rcidiri; iiltopcthcr out  of considemtion. 
l o  roinplctc tlik part of the siilijcct, it is nccessnry to csnnlinc! 

tlic critlcncc of tlic p Cygiii pI:ites.* For $is i i i i rposc I r;elcctcd 
f i w i i  the RUTIIEI~FUIUI p Cyzni list four pairs of stnrs, suitably 
tlistribiitcd i n  position niiglc. Trcatiiig tlic tlntn esnctly ns :ilrcady 
rl~~scribctl for tlic p C:issiopcicc plntcs, g i rcs  the tciiipcniturc coclli- 
eient: 

, I  

- 0d.00000696 f Od.00000167 ,  01' - 0".000195 f 01'.000047 I 
The low wiglit of this result, like that  from the I'lcindcs scrics, 

is of voiirsc tluc to the sinall i~riniber of plntes Iisctl, n n d  to tile 
cwiiilin rat i vcl y sl igli t rn iige of tci i i  icrn t u re. A sseni bl i rig t Iic t 11 reo 
valtics obtiiiiietl, wc hnw for tile tcnipcratiirc cocfficiciit : 

I I  11 

p Cnssiopcin: . . . - O.OOOI 19 zk o.ooooo8 
p Cygni . . . . . - 0.0001~5 f 0.000047 

l'lcindcs . . . . . - o.oooz3o f o 000040 

Mcnn by weight . . - 0.000125 f 0.000008 
'Thc evidence of thc p C y p i  i i i id  I'leindcs plates prncticnlly docs 
iiot ciinngc tlic result from tlic Cnssiopeim plates. I hnl tllerefore 

* Ann. N. Y. Acnd. of Sci., vol. viJ pp. 331, el set[. 
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inelirk1 to regard f a )  as t Iic bcst scn~c vatiie forriiultt tlcdriciblc.froni 
thc cvidcnrc made nvailaldc iip to tlic present time. In tlic case 
of tlie p C y p i  plntcs, whose tiiciin focnl r(mling is 7.68, nnd nie:in 
tciiilic!rntiire 6S3.0, this foriiiulit pivcs 28”.0125,  n.liicli ngrccs nlinost 
csnctly with tbc ~cn le  v:iluc (28”.0124) actu:tlly ciiiployctl in  the 
p C y p i  rcductions. 

Rcturning no\v to the rcsults nrising from the soltition of tlic 
cquations in tnblc V. (1). 20) wc find tlic follo\ving vducs  for n, 
the pnr:tliax, and y, the cor‘rcction of’ thc :inntin1 proper iitotiim 
ctl’cct. Thc quantity x, wliich is mcrdy the error of the viiluc 
nrliitrnrily nssunicd for the “corrected diffcrcncc,” is licrc omitted. 

Comp. Glnrrt. 7r Y OlIC ~ql l : l l i l l t l .*  

a and b + 0.219 f 0.045 -0.153 f o.ojr  =t 0 . ~ 5 1  
c and rl + 0.266 f o 035 -t 0 . 1 2 7  .t o.oj2 f 0 . ~ 2 2  

e aodf + 0.324 zk o.ojo - 0.136 f o.oj6 zk 0.196 
c nnd 0 .f 0.151 st 0.026 - O . I Z Z  f o.oqr 3z 0.190 

9 

I’riili. error 

I t  wi l l  bc srcn nt  on^ that tlic vnliics of n tlctlucctl from tlte tirst 
tliwc p i r s  a g o c  with c:ich otlicr fully ns ncl l  ns niiglrt I)c cspcctcd 
from thcir prol)nLlc crrot’.~. The pmill:is dcpciiding on c nticl 8 ,  nri 

tlic otlicr hand, differs widely. We m:ij rycli i t le that this is duc! 
t o  tlic csistcnce of a scnsiblt: pnrnll:tx belonging to a. If‘ \ re  then 
depcntl upon tlic first thrct: pnirs for the ~)aralliix of wc sliiill have, 
t a l i i ~ g  the I D C ~ I I  by weight: 

1’araIl:tx of p Cnssiopciz = -t 0“.275 f orr .oz4.  

Iliit i f  wc considcr tlic tlircc! tlctrrniiiiations ns Iiavin= cqunl \vci,yht, 
we get for thc nrithnictic:il nii’nii, nrirl pl.obnlJlC error frotii tlic tlircc 
rc.sidii:iIs, fi = + o”.zSo f ot1.026. Xnw i f  we ndinit the existenre 
of a scnsible Iinrallns for 0 ,  tlic result olitnirled nhovc frotn thc coin- 
piirison stnrs c nrid o is not the pnra1l:is of p, but n quantity which 
is wry nearly cquol to:  

n.licr,e,: n arid n, arc the parnIInxcs of p nnd a, P 
8, and so nrc tlic distnriccs of c nnd o from p .  

* Tliis is tlie prolmhln error of the clfxjlrcnre of two distauces ari mimured 
m i  one plato. But  as there arc two impressions on i!acli platv, it may also be 
ri*:nrkl as the probable error of 0110 cnmplcto measuru of distalice from R 

single impression. 



10 Ritlherf urd Mologi-apltic ,Ilensures. 

We thercforc have thc cquation : 

8, - so 
+0”.27j ( f o ” . 0 2 4 ) - + ~ ~  = + 0”.151 (‘t o”.oz6) 

a solution of which givcs: 

Parallax of o Cassiopcia? = + 0”.232 f o”.o67. 
This result niay bc rcgnrdcd as coriliriuatory of that of EESSIX,, W I I O  
found for p thc par:ill:is - 0”.1,2 & 0”.29, by the iiic!tliod of dillbr- 
CIICCR of right ascoiisioii, usiiig o as his coiupnrisoii star. Possibly 
a rc-rt:driction of I$I.:SSI.:L’s observetioris, usiiig tlic best value of the 
proper iiiotion, nriglit alter his liiial coriclusiori : :is it  stands, it 
siwiis to intlicptc a t  Ic:ist an approsiniiitc equality bctncen tlic 

Froiii thc v:ilucs of obtniiit:tl i n  the solutiou of the iioriii:iI 

cquntions I h : iw  dctlucccl corrcctioiis for tlic , ~ t i \ \ ~ ~ i i s - E i ~ , ~ l ~ i , ~ : ~  

proper iiiotioii of p, oii tlic nssuiiiption t h a t  the coriipnrisoii stars 
(except 0 )  have no propcr iiiotioiis of thcir owii. 
hare tlic saiiic iii&iniiix 11s before, arid put :  

’ 

par:illuscs of p %lid 0. 

, 

If we let p aiitl 

t u  = the corrcdion rcqiiircd by tlif(l-adopted valuc of p cos x 
v =  ‘ I  p sin 

Then each pair of coiiipnrison stars furtiisllcs an equation of tile 
forill : 

(cos p - coy p’) zo + (sin 11 - siii 11’) L; - y = o 

wlicrc p and p’ arc tlic position iiiiglcs of tlic two stars. 
tioiis so obtaiiictl arc : 

I 1  I 1  I 

Tlic cquii- 

,I 

Stars a nntl  b 

e :indf 

- I 8000 w - 0.8460 u + 0.1534 = o 

$. 0.7563~ - 1.8116 u + 0.1360 = o 

G alld d t 0.0293 I U  - 1.9376 L: - 0.1 267 = 0 

froni which the normal quatioris tire : 

3.8128.~ + 0.2112 V - 0.1770 = o 
$. 7.9880 2: - 0.6292 = o 

and the solution is 

w = + o:b421 z t  olb147 
v = + 0.0777 f 0.0102 

thc prol)al)le crror of oric equation being =k 0”.0287. 

thesc corrections to the v:iIucs prcvioesly nssuhicd, I gct: 
Aplllying 

‘’ 

Corrcctcd p sin x = + 3“.4j7 Corrected p cos x = - 1”.538 



Parallaxes of p and e Cassiopeis. 11 

corrcsponding to :I niotion of 3”.754 upon a grcnt circlc 1vho.c 
position nnglc is 113’ 59’. ’I’lic follo\ring :ire t l ~ c ~ ~ ~ r ~ r c  t l ic  severill 
vnlucs of thc proper iiiotion, to be coiiipnrcd with ciicli other: 

P X Aa a8 

A S  jiist otjtniiwtl . . . . . 3.781 11; 59 + 0.39jo - I ~ S ~ S  
Auw~ns’- I i ic~u. (I~Io), :is w e d  

i n  tl l i!  priasellt papt:’ . . . 3 . 7 2 9  I I j 4 + o.;SGo - I.$O 

Ac\vi~i~s’-lii:.~u., re(luccit1 to 1872 3.729 1 1 5  13 + o.;Sjd - 1.jS9 

Wlicri IYC coMparc tlic pnrnllss of C:issiolici:c dcr ivd i n  ttio 
prcscnt 11:1pcr, with tlic \\.ark of othcr obswvatoricr;, \ r e  liiiil I:irxc 
discordniiccs. ‘ l ’ l i i t ~  tlic Osf‘ord pliotog,.r.;iphie rcsuit is oiiIy : t i m i t t ,  

0’’ 036 f o”.oI~, wliilc the ~ ~ U T I ~ E I I I ~ U R I ~  phtcs give o”.z.)~ j= 0”.04j 
froin tlic sniiic pilir of conipr isoi i  stiirs. 011 tlic otlicr l i i t i id,  S*ri:uvi: 
has olJtninct1 O”.ZS I f 0”.07 j froni tlistnnce niviisuiw, :ind i‘rniii 
~~(isi t ioii  angles 0”.42j z t  0”.07z. I t  is tlicrcfurc 1 i I i ~ i i i  t1i:it tlic! 
pliotogrnpliic Iiictliod of dctcriiiining Iiar:tllascj cxiiiiiot Iic r c p r d d  
ns frcc from systciiintic error. A i i  cssm.iii:itioii of tlic iyuitioits of 
tnblc V. slio\vs that i r c p t i w  1):ir:illas c:odIicients ~ 1 l ~ : I ~ ~ : l ~ J ~ ~  OC~III’ 

i n  ttic cnsc of platcis c~sposcd nt c:istcrii Iioiir nnglcs. ‘fliis cir(;iini- 

stnncc!, wliic:h nriscs frnni tlic iriconvc:iiic:ncc of obswriiig :iftcr mid- 
night, iiiny possibly protliicc sgstciiiatic crror. 13ut tlic c:vi(lciiiv~ 
of tlic scnlc \ d u e  tnblc (IT. A )  is :ifininst this siippo.?itioii, :IS is 
nlso the approsinintc* cqwility of tlic p:trfilliix(:s ol)tnirictl I‘rimi pnirs 
of coitip:irison stnrs Iinviiig widely dill’crcnt t1ist:inCcs froni p.  

I n  conclusion, thc results hcrc dcdriccd niny bc suiiiiiicd up as 
follows :- 

0 1  9 

~ a r n ~ ~ n x  of p cnssiopcis olbra f o ( b q  
Pnrnllnx o f  o Ciissinpci:c 0.232 rt 0.067 

Ilut thc nbovc probnblc crrors nirrst not bc talien as I’didJh! csti-  
matcs of nnccr tn in t~ ,  sincc a coniprisoii w i t h  tlic \vork of otlicr 
nstronoincrs sccnis to indicntc tlic possildity of systomatic w o r .  
But i f  n’e nrc williiig to accept thc! nbovc! results, it is ~ i c r l i n ~ i ~  
allownblc t o  speculnte upon p rind o Cnsiolicia! ns II sgstcni rc- 
niotcly rcscnibling that of 61 Cygiii. Tlic iiitlicntiotr of cqii:ility 
of pnrnllaxcs fririii~lied by J~I.:SSEL’S ol~~c:rvations, :itid tlic slight 
cvitlcncc of vnrintion i n  t h o  proIwr niotion of p C:issiopciiu obtniiicd 
from thc cquations on 11. 10, would alniost SCCIII to h v o r  sue11 an 
iden. 
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I 

'lalt 
NO. 
- 
3' 
32  
33 
34 
36 

37 
38 
40 
41 
'I 2 

43 
44 
45 
46 
47 

48 
49 
50 
5 1  
52 

5 3  
54 
5 5  
56 
57 

5s 
59 
60 
I 

Rulherfurd Pholograpliic bleasiires. 

- 
D3 t c. 

- 
1870 Ju ly  23 

1S7o .Inly 30 
rSyo July 30 
1871 July 10 

ISTO Jllly 23 

IIoiir 411glc 

'9" 47m 53 
20 56 49 
19 15 29 
19 43 49 
19 39 52 

__ .. -. . 

43005 ! - 81r46 
33-04 - 95.07 

43.67 - 80.70 
47.70 ' - 75.7s 

44.22 , - 80.00 

79O 
79 
70 
70 
76 

76 
65 

.lo.Pg - 84.24'  71 
35.63 - 91.26' 71 
39.38 - 86.14' 73 
34.04 
27.So 

33.55 
38.45 
2s.59 
34,49 
42.32 

37.23 
51.26 
45.16 
39.78 
34.69 

+ 94.291 24 + 87.37 24 
+102.50 21 
- 92.91 1 7j 
- 82.37, 69 

- 
I:nci 
Midr 
- 
7.7 
7.7 
7.9 
7.9 
7.9 

7.9 s. I 

1.9 
7.9 
7.9 

7.9 
7.9 
7.9 
7.9 
7.9 

7.9 
7.9 
7.95 
7.75 
7.8 

7.8 
7.73 
7.75 
7.75 
7.8 

7.8 
7.3 
1.9 



Parallaxes of p and R Causiopeiz. 13 

so. ill 
A. (i. ca1. 

Cnmbr. U. S. 
- -. . . - 

5 ’ 7  
SO9 

485 

527 * 

490 

5’9 

Approx. I’usilion, Ikfcrrcd top Cass 

Uislancc. ~ 1’0s. Aiig. 
31ng. in - 

A. ti. Cxf. I i 

7 .5  
8.9 

I 
2727 i 169 7 7. I 

496 I 8.2 3175 I 335 10 

4 8 j  I 8.8 ’ 170j  , 271 48 
5.11 j 5 .5  ’ , 1966 I 70 46 

St.e pageu 3 alld 4. 

~~ 

Proper Notion. 

SI. ,>. Star. 

I . . . . 

-0.018 
-0.010 
-0.001 
-0.001 

0. OOO 
0. 000 

-0,002 
-0 003 

--0.003 

-0.493 $0 804 
fo.328 -0.826 

-0.S86 f o  305 
-0.7 14 - 0 . 2 2 0  

fo.8j9 -0 094 
-0.128 , -0.722 
+0.364 +0.604 
-0.849 I +O.jOZ 

f0.883 -0.233 
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1'1 

-0.1917 

-0. IS91 
-0. 1891 

-0.1917 
1-c.037 
$0.037 
$0.036 
t 0 .036  

-0.06j4 , $0.004 

-0.0634 I +o.ooLf 
-o.ojSb , $0.004 
t o  000s 0.000 
fo.oooS ' 0. m 
+O.OoIi 

$0.0734 
t o  073s 
fo.o;;S 
$0. 1356 

+0,1;6j 
$0.1367 
$0. I j70 
+o 2045, 
f o . 2 0 7 2  

$0.2072 
+o. 207s 
4-0 207s 

t 0 . 0 7 3 4  

1;. 

-0.S72 
-0.S7 I 
-0.bOS 
-0.S0j 
-0.96j 

-0.96j 
-0.894 
t 0 . 9 6 2  
+o,r)62 

1 '$. 

0.000 $0,951 

$O.OOj ' -0.901 

+O 000 -0.693 
t o  00; --0.900 

+o.ooh -0.sp 
+o.olS +0.942 

+O.S2' 
$0. j22 
t o . 6 1 S  
t 0 . 6 1 8  

+0.3'9 

t0.319 
+O.jlS 

-0.203 
-0.202 

-0.ZjZ 

t O . 4 7 0  
t 0 . 4 7 0  
+O.4Sj  
+o..~S6 
-0.2Y3 

-0.332 
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TamE IV.-oBSERVATIONAL DATA. 
COMPARISON STARS I: A N D  (1. - 

l'latc 
S O .  

- _. 

3' 
3' 
33 :; 
40 
42 
45 
46 
47 
48 
50 
5' 
53 
58 
59 
60 

I)illhncc.l I 
(1 - c. Scnlc Cor 

Distance. 

Star c. ~ Star d.  

. - . . . - . 

- -. __ 
I 

5.9758 I87.2109 
,0712 ,2026 

Sum. ' arcan 
( I+  c. ,,llinua SIIU 

-~ 

48.1867 ' --.ox?o 16.231 2 
.229Q 
.2060 
.23q 
,2191 
.2648 
.2423 
.2110 
.2108 

.2606 

.2sj6 

.2161 
a2254 
.2360 
* 2405 
. 2 2 j  I 

26.2300 

,2653 

26.2351 
.23'4 
.20S8 

.2359 

.219S 

.2614 
,241 j 
.2170 
, 2 1 2 8  
.2627 
,2546 
.2jlI 
.21FI 

--.0039 
-.oor6 
-.oo?8 
--.0036 
--.0007 
+.0034 
+.ooOS 
-.00;0 

t.0026 
+.oobo 
+.0015 
+.OOlO 

--.oo20 

.I738 

.18j3 

.I456 

.1806 

. I 688 

.1603 
,1816 . I 760 
* 1199 

-. 009 I 

--.0206 
-. 004 I 
+.o191 

--.0169 
--.011,; 

--.0159 

+.0044 

+.or48 

.I947 
:2106 
.I943 

.zoo9 

.I993 

.I944 
* 2063 

.20jI 

.2Ojj 

. I927  

. I870  

.1308 +.oj;9 

.is61 I +.ooSb 

.r614 , +.oo;; 

.rjS9 ~ +.oogY 

.I833 --.orS6 

.I445 +.0202 

.15j7 t .0090 

. 2 2 s 7  -.0033 

.2351 +.0006 

.2369 +.0036 

Asstinled valu 
,2215  I '  , +.0016 . .  

Adopted mznn 148.1647 

..". J -r t. 
I I ! I Stare. ' Starj. I 

.OOIO --.Ooo~ 
f.0003 
+.oooj 
--.ooog 
--.0007 
-. 000s 
+.OOIO 
+.OOOj 
+.ooOS 
+.@334 
+.OoOl 

.0698 

.0679 

.I033 

. I 0 1 5  
,1019 
-0545 
.oj96 
.OjZj 
.0688 

41 I . 5 9 9  
42 .5964 
43 ,6021 
44 ~ .5948 
46 .6004 

.4146 

5 7  
58 ! 
59 
60 



Pavallaxes of I( and e Cussiopeiz. I f  

'I' A UL,E J V , -0 i l s~ l tVA.C ION A L  D .\TA. 

C O ~ P A I l l S O ~  STAlIS g AND h.  
(Sot  used for prmllax.) 

43 .3753 
44 I -3747 

+.0156 + 0168 
-.0096 
. -.0093 

,-.007S 

-- .OIIO , .ojz9 
+.oirg ' .oz?o 

--.oojl .OI4b 

-.0022 

, f .0102 , O t j ?  

+.006S , .021j 

16.02 lC 

.0;;.; 

.ojro 

. O l R h  

.0r62 

.0r96 

.0r17 

.015g 

.0j21 

.0316 

.0;69 
.0249 
.a250 

.02b7 
,0257 
.029Y 
.0255 

.0263 

.O.!(JI 

.02y 

.01 j j 
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9. 2 742 
.271y 
,2661 
.27:6 
. 2 i 5 7  
.3010 

--.00:5 9.2737 
+.coo; .27?Z 
-.oo13 .264Y 
-.OOOU I .2770 
--.0004 ' . z j j 3  
f.0024 

.?S97 , +.ooox 
,2911 +.oozf 

,2862 - 0023 
. ~ j S 6  -co?S 
2795 ' - - .OOl8 

.294? ' - 0028 

.josh f.co19 
,3199 +0016 
.2y52 +.co11 
. joy0 + 0007 



Parallaxes of p and 8 Gassiopeiz. 

TABLE IV. A-VARIATION OP SCAI.E VAI,UI.:. 

See page 4. 

Plntc 
SO. 

3' 
32 
33 
34 
36 

37 
3s  
40 

-. - .- . -. .. . . . .... . . . -. .. , 

--.0041 --.Or49 ' -.or63 --.0096 --.0112 
--.01Sg --.0062 --.oo52 --.orq 
--.0071 ! -.0107 --.oiz? --.ou9g 
--.0041 I -.0139 --.o~j; - .ooj~ 
-.or29 --.0010 

--.orgo I 

--.OIS)4 --.0028 --.OO;S 

+.007S f.0129 +.0145 
41 +.0016 + OOSO' + . O I I . l  

43 , S.0026 
44 ' 
45 I --.OW4 
46 -.0160 

47 +.or36 

48 +.OZOI 

49 --67 
50 +.0079 

I 

5 3  --.0091 
54 I 
55 ' 

- - . O M  --.oos; 
-.orSS - 0 0 7 j  - 0114 --.0141 -.0034 

-.ooj6 I --.0073 
+.OISO + 0230 .+.0o56 

+.0229 = + . O I S G  +.ocG9 
f.0231 +.0074 

+.oojS ' +.oroo foobo 
+so039 --.0o46 

--.0126 -.0044 
-.0037 
-.0oIO 
- - .OOj2 

--.or07 

-,my6 -. 0070 

--.01()0 
--.oGs7 
+.or 17  

+.m73 
f.0040 

-.010s 
--.or32 

--.0103 
t .0143 

+.or64 
+.00i9 
f . O o i 9  
--.oojs 
-.or j 2  

--.mS7 

-.OOj2 

--.0100 

--.oc9s 

-.003j 
-.0010 

Ncnn 
Cttrr'cl. 

--.or64 
-.OI j9 
-.WS7 
--.00S; 
-.0057 

--.0177 
- oooy 
+.o1;o + ooSG 
+.ooj; 

--.009; 
--.011g 
-.COY; 
--.cog0 
+.oigG 

+.or77 
+.0092 
+.o1oS 
--.0074 
--.or72 

--.or07 
--.OO73 
--.0046 
--.OOss 

58 +.or17 I +.ooz2 f.0042 +.004S 

59 I - a 7 7  , +.or37 +.0072 , - 0024 
60 I -.0037 f.0061 --.0100 +.OO;2 

I 

19  

83 O 

83 
73 
73 
75 

78 
GS 
34 
34 
3 6 

73 
73 
73 
75 
28 

27 
27 
23 
78 
70 

70 
78 
78 
78 
43 

43 
30 
30 - 



SO 

l'lntc. 
31 
32 
33 
34 
36 
37 
3s 
4 0  
41 
42 
43 
4s 
46 
47 
4s 
49 
50 

Sr 
5 2  

53 
57 
SS 
59 
60 

1.oo.c 
1.00 

I .oo 
I .oo 
1 .oo 
1 . 0 0  

1.00 

1.00 

1.00 

1.00 

I .oo 
1.00 

1.00 

1.00 

I .oo 
1.00 

1.00 

1.00 

I.GO 

1.00 

I .oo 
1.00 

1.00 

-1.44y 
-1.44 
-1.42 
-1.4' 
-0.48 
-0.4s 
-0.44 
$0.0 I 

+o.or 
+O.Ol 

to .55 
+o.Sj 
+o.s5 
+1.02 

4-1.03 
+ L O 3  
+1.0; 

fr .54  
+'.56 
+ I .  j6  
f I . 9 7  
4-1.97 
+I47 

1.00 . f1.97 

- 1 . 5 7 ~  
-1.57 
-1.67 
-1.67 
-1.31 

-1..;1 

-1 .57  
+ I . 1 2  

f l . 1 2  

+1.13 

-1.50 

-1.52 

f1.23 
t 1 . 3 0  
+ I . j O  

f I . 3 3  
-1.43 

- l . j +  

-1.54 
+o. 73 
t o .  i 3  
fo.81 
fo.81 

- 1 . j Z  

-0.1s 

-0.41 
f1.o; 
+o. 22 

-0.3G 
fo.15 
f1.16 
-4.04 
-3.9; 
-0. js 
+0.86 
f I . 2 0  

+ I . O I  

--?..to 
-3.01 

-1 , ; i  

- 1 . 2 j  

+o 90 
t o .  19 
-1.74 

+o. j o  
+ I . l S  

+ I . j z t  
+o. 6s 

v. 

+o. 14 

-0.00 

+i.29 
+o 4(r 
-0.gg 

-0 44 
+O..V 
-2. I 2  

-2.01 

+1.43 

+0.4Y 
+o. I j 

+0 23 
-0. Y; 
-1.49 
-0.13 

+o. 3" 
-0.2s 

-3 .Oj  

+d.So 
+i.GS 
f 2 .  I I 

+I  a;  

-1.10 



I'lnte. 
3' 
32 

33 
34 

40 
42 
45 
46 
47 
48 
50 

5 '  
53 
58 
59 
60 

38 

Parallaxes of p and o Cassiopeis. 

1 . 0 0 . C  

1.00 

1.00 

1.00 

1.00 

1.00 

1 . 0 0  

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1 .oo 
1.00 

I .oo 

+1.82 

+' .75  
+'.75 
+ I S 6  
-1.81 

-1.s2 

+1.84 
t 1 . 8 4  
-1.s2 

-1.82 

-1.82 

t r . 8 7  
+ I 3 4  
- 1 . 7 1  

-1.74 
-1.74 

-0.02 

-2.40 
+0.2j 

--r.og 

+3.48 
+1.23 

-1.60 
-1.92 

+3 .53  
t 3 . 0 6  
+2. j G  

-1.39 
4 . 4 6  
t 0 . 6 0  
+'.OS 
-0.69 

v 

+o.ja 

-2.06 
+o. 3s  

$0.57 

t ' . O 9  
-0.20 

-1.17 
-0.2s 

-0.60 

+I.j!, 
+ l . l j  

+0.63 
+O 40 

-0.so 
t l . 3 1  

-0 ;s 
-2.12 

Xormnl liquatioiis. 

+17.oooor + 7 . o p y  + 2.1100n + 6.2900 = o 
tz8.5SSg -19.1220 + 9.9503 = o 

fj5.3681 -42.4082 = 0 

Soliitioii. 
In units zd dcc. place. 

w = t0.9479 &o. I 262 

In  Arc. 
I, 

n = t o .  265 j -CO.O353 
= +0.4525 k0.1849 

z = -0.6753 &o.z108 
J = +o.r267 -1-o.oj18 
r = -0.1892 -c0.0618 

Scale. Arc. 
Prob. error of one q u a t i o n  = 0.7955 = 0 1 1 . 2 ~ 2 2  

I 



Plate. 
3’ 
32 
33 
34 
41 
42 
43 
44 
46 
47 
48 
49 
50 
57 
58 
59 
Go 

Rutherfurd Pholographic Jleasures. 

1.001: 

I .oo 
1,00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I .oo 
1.00 

-1.449 
-1.44 
-1.43 

-1.42 
fo.01 

fo.01 

to .55  
4-0.55 
to.55 
f1 .02 

4-1.03 
+ I 3 3  
t I . 0 3  
+ I 4 7  

t I . 9 7  
+ I 4 7  
t 1 . 9 7  

-1.31n 
-1.30 
-1.19 
-1.19 

t 1 . 4 0  
t I . 4 6  
-1.36 
-1.36 
-1.34 
t I . 4 5  
t I . 4 2  
+1.41 

t I . 4 0  
4-1.55 
t 1 . 5 5  
t I . 5 5 .  
t 1 . 5 3  

-0. I I 

t 0 . 3 0  
f1.49 
-0.09 
-1.51 

-1.82 
f l . 0 3  
t 1 . 6 0  
+1.07 
-2.35 
-2.78 

-3.34 
-1.58 

-1.69 
4-0.33 
-2.23 
t 0 . 6 2  

- - 0  
- 0  

= o  
= o  
- 0  

a 0  

- 0  

- 0  

r o  
= o  
- 0  

- 0  

- 0  
- 0  

- 0  

- 0  

= o  

- 

- 
* 

- 

- 
- 
- 
- 
- 
- 

U. 

-0.44 

f1.29 
-0.29 

t0.69 
+o 35 
-0.33 
t0.24 
-0.27 

-0.69 
-1.16 

-1.73 
t o  02  

-0.3 7 
t 1 . 6 6  
-0 91 

f f . 9 4  

-0.02 



l'lote 
31 

3 3 
34 

40 
41 
42 
43 
44 
'1 S 
46 
4 7  
4s 
49 
50 
5 '  
53 
57 
5s 
59 
60 

' jz 

. 38 

Pwallaxe~ of p and o GassiopeiE. 

I .00i 

1.00 

1.00 

1 . 0 0  

1 .00 

1.00 

1.00 

1.00 

I .oo 
1.00 

1.00 

1.00 

1.00 

1 . 0 0  

I .oo 
1.00 

1.00 

I .M) 

1.03 

I .oo 
r . 0 )  

1.00 

- .. , 

-1.44y f r . 8 9 ~  

-1.42 +1.8+ 
-1.42 +I.%, 
-0.44 -!-1.93 

-1.44 f l . 8 9  

+O.Ol -1.81 

$001 - l .SI  

+o.or -1.84 
t O . S j  + I  91 

$0.55 -kl.9[ 
$0.55 f I . 9 0  
+o.jj +1.90 
t 1 . 0 2  -1.SJ 

$1.03 - 1 . q  

+i.oj  -1.34 
+ r . 0 3  -1.8j 
$1.54 i - 1 . 9  

+ I . j 6  +r.S9 , 

$1.97 -1.66 

f 1 . q  -1.66 
t 1 . 9 7  -1.70 
$1.37 -1.70 

-1.63 

-1,;s 

-1.30 
-1.47 
f 1 . u  

+o. 3 j 

--, - 9  -.>- 

+O.Oj 

-0.61 

-,;.42 

-1.23 

f O . 2 1  

-!-1.77 
+j. I j 
t o  6;  
t 1 . S ;  

t o  33 
--0 I!, 

+1.77 
So.81 
+ I  Sf  
-0 01 

25 

I'. 

$0.21 

t o  ob 
-0 72 

t0.50 
--0.06 

t o  j i  
4 . 4 4  
-0.7j 

t o .  37 
-2 .44 
-0.26 

f r . 1 8  
t0.53 
51.90 

t 0 . h  

t o .  ss 
t o  3.1 
$0 21  

--o. 7.5 
t0.26 

-1 , j I )  

- 4 . 6 2  

t r e  = 18.18 




