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??? INTRODUCTION. In the past 35 years photography has become one of themost powerful aids to the study of astronomy. It has beendeveloped to such an extent ithat at the present time itsapplication covers almost all fields of astronomical research. One of its last conquests is double star astronomy. The earliest photographic observaition of a double star wasmade by Bond in 1858 with a 15 Inch equatorial telescopeat the Harvard College Observatory. From a number of platesthe distance and position angle of Mizar were derived. Since then ithere has been relatively little progress. At thepresent time the number of photographic measures is stillsmall as compared with visual observations at the micrometer.This may partly be ascribed to the fact that with the sametelescope the limiting separation is greater for the photographicplate than for the micrometer. In the observation of photographically close doublespeculiar difficulties arise as is also the case in the visualobservation of micrometrically close pairs. The great advantage of photographic measures

over visualones has clearly been shown by the results of Hertz-sprung (1920) and others. The accuracy of the distanceobtained from one image only is about the same as themean of micrometer observations on 3 to 4 nights. Micrometer observations very often are seriously affectedby systematic or personal errors. In photographic workerrors of this kind â€” at least for the wide pairs â€” arepractically negligible. However this absence of systematic errors holds onlyfor pairs of separation larger than about \'quot;quot;,15 on thephotographic plate. Below this limit the measures are



??? affected by errors due to the action of repulsive and attract-ing forces. The maitter has been studied or mentioned in a number ofpublication 2) Ko stink sky states the presence of systematicpublication K o s t i n s k y states the presence of systematicerrors occurring in measures of satellites. Quoting frompage 150: _____pour deux images tr?¨s voisines et tr?¨s diff?Šrentes en dimension, une sorte d\'influence d\'une image sur l\'autre,,,, doit affecter sp?Šcialement la distance mutuelle ap-parente entre le satellite et la plan?¨te,quot; In a second publication (1909) Kostinsky states thatmeasures of close doubles taken with different exposuretimes show an increase in distance with growing exposuretime. For images overlapping Â°quot;Â°,014 the repulsion amountsto -f Â°quot;Â°.020, Expressed as a function of Di, the distancebetween the inner borders, the repulsion is given by: 80-Pi 7.9 (1 â€” e 100 ) , the unit being one micron, Kostinsky puts forward three hypotheses, finally combin-ing two of them as the most probable explanation of thephenomenon;

______dass die Centra infolge einer reellen Deformation der Bilder von unserem Auge imwillk??rlich in entgegen-gesetzten Richtungen verr??ckt werden,,----quot; (p, 27, 28). According io Ross (1924) three effects are likely tooccur: 1.nbsp;turbidity effect, 2.nbsp;gelatine effect, 3.nbsp;â€žKostinskyquot; effect. The first two will make the distance too small, the thirdone causes a repulsion. 1. The turbidity effect is due to the interaction of thelight of the two images. This causes an elongation of theimages at their adjacent sides. The distance of the centerswill thus ^be measured too small when bisections on thepear shaped areas are made.



??? The amount of the attraction is dependent upon aj) tihe distance Di of the iimer borders, the attractionincreasing with decreasing Di, b) a factor A, this being the growth A (in microns) ofthe diameter of the image with doubling of the exposuretime. Assuming that Scheiner\'s equation holds for allexposure ranges in question, A is defined by A = r log 2 the term astrogamma F being proposed by Ross to denotethe coefficient of log E in diameter = a F log E. Ross has shown that the equation of Scheiner can bereadily deduced from B o u g u e r\'s law of intensity variation â€” ZX I = Ioe , .nbsp;2 log 2 1 =nbsp;A- Thus A is a measure of the seeing or definition. Itsinfluence on the turbidity attraction is such as to have anincrease in attraction with growing A, i. e. with decliningseeing. The attraction reaches a maximum value amounting toV2 A in the case of contact. Under average conditions Aamounts to 30 microns. The corresponding maximumattraction in the case of contact is â€”^quot;quot;.OlS. 2,nbsp;The attraction caused by the gelatine effect is dueto the

contraction during the process of drying, the adjacentimages behaving as one single image. Excluding pyro metol,Ross finds the amount of contraction to be independent ofthe class of developer. Moreover the contraction proves tobe independent of the separation within the limits of theexperiment. For doubles of separation or less the effectamounts to â€”quot;quot;quot;.0016 in the average, 3,nbsp;The repulsive action of the Kostinsky effect must beascribed to a peculiar reaction of the developer. Thereaction products spreading outwards from the centers of



??? the images will evidently be twice as concentrated, roughlyspeaking, in between the two images as in the neighbour- hood of the outer borders. Hence the inner borders will suffer from this deficiencyof the developer in the intermediate space and the imageswill get flattened at the adjacent sides. This flattening isvery often apparent to the eye. It causes an increase mdistance when bisections on both images are made. It is reasonable to assume that the Kostinsky repulsionincreases with increasing size and density of the image andwith decreasing distance Di. Thus for one and the same starthe repulsion will grow with increasing exposure time Theassumption proves to be justified in view of the results of Ross and others,nbsp;. , â€ž ^nbsp;u It will be readily seen that the Kostinsky effect may be considered a consequence of the Eberhard effect. Accordingto Eberhard (1926) the developer affects the density ofan image. Of two images of equal surface intensity but ofunequal size the larger will be of smaller density. Assumingthe same chemical or physical

process to occur in thedevelopment of the double star image, the distortion of theinner borders can thus be readily accounted for. As the small gelatine effect is practically constant andthe turbidity action depends on the distance of the innerborders and the definition only, Ross is able to applycorrections for both. The corrected distances will then only beaffected by the Kostinsky repulsion, assuming Ross\' results and theory to be correct,nbsp;t^ , In some of his experiments Ross finds the Kostinsky repulsion to be quot;quot;quot;.015. For further information concerning the above mentionedeffects the reader is referred to the quoted publicationsand to Â§ 6 of the present publication. In connection herewith attention is called to possiblefurther effects of physiological nature. a) There is little doubt that the bisection of the com-ponent of a double image will be influenced by the pre-sence of the neighbouring image. It is a difficult matter to



??? decide to which extent the bisections will be affected, thesign of the error being even uncertain. b) Moreover the question is put forward whether bisect-ion errors of a pear shaped object occur in the sense asmentioned imder (1). Evidently we must discriminate between two effects inthis case. The first is the already mentioned turbidity effect,the addition of blackened grains in the intermediate space,causing the images to extend towards each other. Thesecond one is the physiological error, varying from oneobserver to the other. For a certain observer it may besuch as to have bisections made outside of the centers,the boimdary lines being a family of lemniscates as indicatedby Ross, In view of various results it seems that generally theturbidity attraction overshadows this particular type ofphysiological error. For the sake of completeness and convenience some oitherresearches concerning the problem will shortly be mentioned,Lau (1912) has measured the artificially produced doublestars of a region which was exposed twice with a shift of11quot; â€” i, e.

quot;quot;quot;,177 on the plate. He finds an apparent repuls-ion for greater intensity, the quantitative agreement withKostinsky\'s measures being very close also, Bellamy \'\'] (1917) has investigated 436 doubles of theOxford Astrographic Catalogue by comparing the distanceswith the visually determined values in the Bumham GeneralCatalogue, He finds the distances too small, the errorsgrowing with decreasing distance, Mitchell and Olivier Â?) (1920) have measured thedistance of Krueger 60 on 27 plates, extending over aperiod of 3 years, the distance decreasing from 2quot;,4 to 1quot;.8.Comparison with Barnard\'s micrometer measures showsneither attraction nor repulsion, Hertzsprung (1920) finds that for close pairs bothattraction and repulsion may occur. The first in the caseof faint fuzzy images, the latter for sharp well exposedimages. Van den Bos (1923) finds negative differences photo-



??? graphie minus visual below 4quot;.5 - i.e. quot;-.114 on hisplates â€” increasing with diminishing distance of the components,nbsp;,111nbsp;j From laboratory experiments Przybyllok andLabitzke (1929) find neither attracting nor repulsmg effects,nbsp;,nbsp;, The results of Shajn (1927) aire in close agreement with the laboratory data obtained by Ross. All imagesbeing overexposed, the effect cf the Kostinsky action onthe distance measurements is very pronounced. It may be mentioned in connection with this particularproblem concerning the distance between double star com-ponents that similar results were obtained for closespectral lines. In some cases the distances turn o?št too.large, in others attracting forces must have acted uponthe images. Measuring r?Šseau lines intersecting at small anglesTurner (1917) finds attraction near the pomt ofintersection. An attempt is made (Â§ 7) to interpret the resultsmentioned above by closer examination of the methodsapplied to obtain the data and discussion thereof.



??? Â§ 2.PROGRAM. The double star program in progress at the LeanderMcCormick Observatory consists mainly in photographingdouble stars with the purpose to determine absolute posit-ions, i, e. the positions with respect to sets of comparisonstars. In this program the number of close pairs wasrelatively small owing mainly to the observational difficult-ies, e, g. the dependence on the seeing and the streneousguiding. Moreover in view of the knowledge of possiblesystematic errors the closer pairs were avoided for thisreason also. The extension of the program towards the closer pairs,suggesited to me by Dr, van de Kamp, seemed a suitablesubject for a dissertation. The work involves additionallabour as has been mentioned and requires much patiencefrom the observer. Thus the plan originated to photograph and measurethese close pairs and to investigate the measures forsystematic errors. During the summer of 1929 a number of plates was takenunder such exposure times as to secure a suitable set ofcomparison stars on the plate. By means of a

rotatingsector the brightness of the double was cut down, to themean magnitude of the comparison stars. The intercomparison of the measures of this first seriesshowed discordances in the distance measures, the latterevidently being affected by the Kostinsky effect. Com-parison with micrometer measures revealed an other kindof errors, the photographic distances being smaller for thecloser pairs. An analogous treatment of Hertzsprung\'smeasures yielded similar results, in good quantitativeagreement with my own measures. The preliminary results



??? were presented at the forty-third meeting of the AmericanAstronomical Society in a paper, the abstract of whichappeared in Popular Astronomy 38, 406; 1930.The following results were derived: Table 1, McCormick material. Puict Pvh Pmcr N Iquot;.5 â€” 2quot;.4 â€” quot;AO 16 gt; 2\'\'.4 -h quot;.01 4 Jmrn â€” 20quot;.8 N is the number of stars. The total number of imagesamounts to 116. Table 2. Potsdam material. l^\'Micr Pph Puict N 1quot;.0 â€”2quot;.0 â€” quot;.09 19 gt; 2quot;.0 -f \'\'.02 30 imm 15//4 The McCormick material was devided into underexposed,normal and overexposed images. Thus the following valuesof Ppi^ â€” Pmcr were derived:



??? Table 3. McCormick material. /\'mlt;2quot;.4 1. underexposed â€” quot;.14 quot;.02 2. normal â€” quot;.02 â€” quot;.04 3. overexposed quot;.14 quot;.05 Group (1) shows the influence of the attracting effectsonly, as the Kostinsky effect is expected to be small forweak images. The increase of ppj^ â€” pj^ with increasing exposuretime (Kostinsky effect) â€” particularly in the case of thecloser pairs â€” is very pronounced. In view of these results it was decided to secujre a setof plates on close pairs exposed in the same manner asperformed by Hertzsprung (1920), In connection with thiswork extensive measurements in the laboratory should beperformed in order to derive the absolute amount ofpossible photographic effects, either repulsing or attracting,A description of the method and some preliminary resultsthereof may be found in paragraph 8, Due toi a course ofcircumstances this work had to be stopped for the timebeing. Hence the material obtained at the telescope had tobe treated in a somewhat different manner than was intended.Instead of

correcting the double star distances by meansof the corrections derived from experiments on artificialpairs the corrections had to be found from the telescopicmaterial itself, comparing the latter with micrometricdeterminations. It will be readily seen that this method has a fundamentaldrawback compared with the laboratory method. In thelatter the â€žtruequot; distance between the components can bedetermined and used. From double star photographs inmost cases no such true value can be found as all images,



??? whether under- or overexposed, may be affected bysystematic errors. Therefore the value adopted as the truedistance is the one determined from micrometer observ-ations. It is known that the latter are affected by accident-al errors of considerable size and often by systematic orpersonal errors of the same order of magnitude. Theprobable error of the mean of distance observations madeon 3 to 4 nights is of the order of quot;.1. This error may bedecreased by increasing the number of nights, but exhibitsonly the internal agreement of the measures as was e.g.pointed out by van den Bos (1925). The accidental plate error, i.e. the error of the distanceof a single image, is about quot;.1 on McCormick plates.Therefore the accuracy of the mean distance derived froma large number of images will be very high as comparedv^th the accuracy of a micrometric distance as determinedby one and the same observer. Up to the present time our knowledge of the systematicerrors of micrometer observations, particularly of the recentones, is relatively small. It was

therefore decided to treatall observations as if affected by accidental errors only anduse a large number of determinations by different observers.It proved to be advisable to plot both recent andearlier observations as most pairs, even those markedâ€žfixedquot; by Bvu-nham, show some change in distance in thecourse of time. Extrapolating to the epoch of the photo-graphic observation gives a value for the distance which maybc used as the â€žstandardquot; value for comparison with thephotographic distances, (see p, 32), These standard distances are free from errors of the kindwhich may affect the positions of close photographicimages. The number of comparisons must be sufficiently large.In that case it is assumed that the standard values will befree from systematic errors. In the selection of stars for the observing program I havelimited myself to doubles whose components are of aboutthe same brightness. For nearly all stars the difference in



??? brightness between the components is less than To exceedthis limit would tend to introduce a magnitude error, which onaccount of its often very troublesome influence should beavoided by any means. In connection with the exposure times stars of about theseventh magnitude (photovisual) are the most suitable.Hence stars of magnitude 9quot; requiring exposure timesabout ten times as large were taken in exceptional casesonly. For a few stars brighter than 7quot; photographs wereobtained with the aid of the rotating sector. Thus the program was made up applying the abovementioned criteria in the first place. Secondly preferencewas given to stars on which photographic measures hadbeen made by others and to those for which a large numberof recent micrometer observations was available. As no special attention was paid to such properties asorbital motion, common proper motion, etc, not all starson the program are interesting ones from this point of view.For reasons which will be mentioned in the nextparagraph the selection favors stars of high

declination.



??? Â§ 3. OBSERVATIONAL MATERIAL,a) The 1930 material. The plates were taken with the 26 inch visual refractor ofthe Leander McCormick Observatory of the University ofVirginia, A description of the instrument may be found inâ€žParallaxes of 260 Starsquot;, by S, A, Mitchell (Columbia Univer-sity Press, 1920), A colour filter Wratten No, 12, minus blue,in front of the plate admits light of wave lengths between5300 A and 5900 A to the plate, the maximum sensitivity beingat about 5550 A, when Cramer Isochromatic plates are used.All plates were taken as near to the meridian as possible,the greatest hour angle being smaller than one hour East orWest, As the mounting of the telescope on the pier is fairlylight the former is rather sensitive to wind. Thereforepreference was given to stars of high declination. This selectionfurthermore offers the advantage of making the necessaryguiding on account of irregularities of the driving clockworkless troublesome. Table 4 gives the number of stars for different declinations. Table 4, decl. number of stars lt; 0Â° 5 0

â€” 20 19 20 â€” 40 19 40 â€” 60 15 60 â€” 80 3



??? The geographic latitude of the observatory is 38Â° 2\' 1quot;,The table shows that 56 % of the doubles, exposed on 51 %of the total number of plates, were taken within about 20degrees of the Zenith, The telescope is in constant use duringall clear nights for various classes of research. The timeavailable for the present work was limited to hours duringthe middle part of the night and had to be made as profitableas possible. Therefore a card system was made, arranged soas to give the necessary information at the telescope. Afterhaving pointed the latter approximately the field in the finderwas compared with the field as copied from the Bonner Durch-musterung charts and the direction accordingly adjusted. Next the double star was set near the centre of the field ofthe large telescope and a suitable guiding star selected. Most of the exposures were made on Cramer Iso Prestoplates as shown by Table 5, Table 5, Plate numbers Emulsion 1 -.9 Cramer Isochromatic 12394 10 â€” 56 Iso Presto 27801 57â€”123 ...... 27821 The exposures were made by

giving the telescope smallshifts in declination and after completion of a row of 10 to 12images shifting in right ascension, and so forlth. The equipmentof the telescope does not include a shutter. Therefore thebeginning and the end of each exposure were performedrespectively by quickly putting the guiding star on the crossof wires in the guiding eyepiece and moving it off. The time required for either manipulation is less than halfa second and therefore small compared even with the shortestexposure time (12 sec.). In fact most images do not show anyguiding error at all. Images having tails whether due to this



??? cause or to poor guiding were rejected before measurement.Or, if measurable yet, the measures were given smaller weight.Although the instrumental part of the work was performedwith the utmost care, this does not prevent however certainimages from being affected by atmospheric influences, errorsof telescope and plates or anomalous action of the developer.Yet one should remember that the measurable images amongall exposures were selected after development. Finding as a rule that the images did not suffer from theabove mentioned way of exposing I applied this methodwithout hesitation for all exposures. Having made the last exposure the clock work of thetelescope was stopped and a bright star allowed to trail overthe plate. For exposure times the geometric series 12â€”15â€”19â€”24â€”30â€”38â€”48â€”60â€”.,. sec, (Hertzsprung 1920) was used. Theinitial expostue time is dependent upon the star\'s apparentmagnitude, the transparency of the atmosphere and the seeing,whereas the total range was chosen according to distance

andseeing. The numbers of doubles, plates and images for differentdistances and qualities are grouped in Table 6, The qualities of the plates indicate to which extent theplates answer the purpose to which they were taken. In a fewcases for instance plates were purposely taken under ratherbad seeing (see p. 36), Therefore the seeing is not the mainfactor determining the qualities of plates and images. In this connection it seems worth mentioning that mostplates were taken under good and excellent or even ,.perfectquot;conditions of seeing (see p. 40). The average ntunber of images per plate is about 25, themaximum and minimum numbers are 146 and 1 respectively. The qualification of the plates was obtained by examiningthe plates after development, using a magnifying glass of lowpower. The numbers of images were taken from the sheetswith the measurements. An attempt was made to obtain fairly equal numbers ofdoubles, plates and images for the different distance ranges



??? in the first column. In view of the dependence of the observeron the atmospheric conditions the result is satisfactory. Table 6, Distance Stars Plates Images e g fg total e g fg total lt; 2quot;.0 7 4 6 3 13 79 154 129 362 2.1â€”2.5 10 12 3 1 16 51 128 150 329 2,6 â€” 3,0 9 13 5 0 18 111 166 162 439 3.1â€”3.5 6 10 1 2 13 169 98 122 389 3.6 â€” 4.0 8 12 3 2 17 49 125 193 367 4.1â€”4.5 4 7 4 1 12 66 136 136 338 4.6 â€” 5.0 5 5 1 1 7 116 56 52 224 gt; 5.1 9 9 5 3 17 75 159 152 386 Total 58 72 28 13 113 716 1022 1096 2834 e = excellent,g = good,fg = fairly good. As developer Carbonal (Hauff) was used. Plates 1â€”6were developed in a tank, the solution being Carbonal.......Vz oz. Water........64 â€ž Potassium bromide , . , 30 grains Time: 30 minutes at 65Â° F. Plates 7â€”123 were developed in a tray, the formula usedbeing as follows:



??? Carbonal 1/4 oz. Water........8 Potassium bromide . . .Time: 10 minutes at 65Â° F, The formula of the fixing bath is: ^ i Water........ \' I Hypo........ / Water........ ] Sodium sulphite (dry) , .Sulphuric acid C,P, . , .Chrom alum...... 30 grains 10226 26 2\'L oz. 8 n B. Is 1Â? n A and B mixed in given proportion and rotation,B poured in A while stirring so as to avoidprecipitation, b) The 1929 material. The plates used in the preliminary investigation, ment-ioned in Â§ 2 have been taken along in the present discussion.The total number of images is small, the nvmibers of platesand stars are relatively large, Cramer Isochromatic plates were used throughout.The arrangement of Table 7 is similar to that of Table 6,The table is selfexplanatory. Table 7. Distance Stars Plates Images e g fg total e g fg total lt; 2quot;.0 12 4 19 10 33 12 30 34 76 2.1â€”2.5 5 2 10 3 15 7 21 11 39 gt; 2,6 4 7 2 3 12 13 6 6 25 Total 21 13 31 16 60 32 57 51 140



??? Nearly all plates of this set were taken under excellentseeing. Various developers were used: Developer Hydrochinone (Determinations of Stellar Parallax,diss. Sten Askl??f) [ Water......35 oz A.nbsp;^ Hydrochinone . , . ,1%f Sodium sulphite ... 1 / Water......35 \\ Sodium carbonate (dry) 1 B,nbsp;/ Potassium carbonate , 3 Potassium bromide . . 1/4Sodium sulphite , , , 3 lA and IB. Elon Quinol (Eastman Kodak) 2 tubesWater 8 oz,70Â° F. Elon Quinol (E, K.) 1 tubeWater 8 oz,70Â° F. quot;Special cartridgequot; (E. K.) 2 tubesWater 8 oz,65Â° F. Elon Quinol (E. K.) 1 tubeWater 8 oz. Potassium bromide 1 : 16 60 drops62Â° F. Elon Quinol (E. K.) 1 tubeWater 8 oz. Potassi^ bromide 1 :16 60 drops63Â° F. Plate 25922â€”3â€”4 25946â€”7â€”8 25968â€”9 26008â€”9 26011 26026â€”7â€”8â€”9 26030â€”1â€”2 26044â€”5â€”6 26060â€”1â€”2â€”3â€”4 26150â€”1 26181 26198â€”9 25849â€”50 25851â€”2 25861â€”2 25879 25880



??? Elon Quinol (E. K.) 1 tubeWater 8 oz. Potassium bromide 1 :16 15 drops64Â° F. 25881 MoHitt\'s developer Elon...... . A, } Sodium sulphite (dry) ,Distilled water to make 25926 52 grains270 â€ž120 oz. ^ Sodium carbonate (dry) 85 grains 5 *^ 11 120 oz. B. Potassium bromide . .Distilled water to make lA and IB. â– f It proved necessary to use 20 grainsin order to prevent fogging. Hauff\'s tank developer 24004 Water ...... 32 oz. 24223 Metol...... \'k )) 24371â€”2 Hydrochinone . . , \'Is If 24416 7 Sodium sulphite (dry) 4 II 24452â€”3 Sodimn carbonate . . II 25085 Pyro...... 1/2 II Potassium bromide . Vxa II (30 grains) Proportion 1 :20. 30 min. at 65Â° F. 25808â€”9 25830 25847â€”8 26023 26129 Carbonal (tank)



??? Â§ 4,MEASURES. a) The 1930 material. The plates have been measm-ed on a Repsold measuringengine. This instriunent, belonging to the Observatory of Leidenand temporarily used at the Astronomical Institute of Amster-dam, was kindly put at my disposal through the courtesy ofProfessors Dr, W, de Sitter and Dr, A, Pannekoek,A description of the instrument may be found inSande Bakhuijzen, van de. Mesure des Clich?Šsd\'apr?¨s la m?Šthode des coordonn?Šes rectangulaires.Bulletin du Comit?Š international permanent pour l\'ex?Š-cution photographique de la Carte du Ciel, Tome I, p.164â€”204, 1892, N ij 1 a n d, A. A, Uitmeting van den Sterrenhoop G.C. 4410(dissertation, 1897; Dutch).The periodic errors of the micrometer screw have beeninvestigated by measuring the distance of two specks on aplate about ,1 apart. Table 8 gives the results expressed inthousandths of a revolution as a unit (1 = Â°\'quot;,085), Thefirst column contains the starting points on the screw, thesecond one the corresponding distances, whereas the differenc-es with

the mean appear in the last column. The probableerror of a distance is 2,6 expressed in the same unit. Each value in the second column is the mean of 2 distancemeasiu-ements. In all cases 5 successive settings on a speckhave been made. It is evident that the periodic screw errors can be neglected,in agreement with the results obtained by Nijland As to theprogressive error, judging by Nijland\'s measures and takinginto account the small distemces to be measured, a redeter-mination of this error seemed not necessary.All measures were performed at Utrecht during the months



??? 20Table 8. 0 97 â€” 2 1 99 0 2 97 â€” 2 3 102 3 4 102 3 5 102 3 6 100 1 7 98 â€” 1 8 98 â€” 1 9 98 â€” 1 Mean 99 March till July of 1931. To illuminate the plate artificiallight was used only, the light source being an ordinary electricbulb. Underneath the plate a piece of lense paper was placedso as to diffuse the light reaching the plate. The magnifyingpower of the microscope was about 35 times. The plates numbered R 2, 10, 13, 17, 24, 28, 33, 40, 41, 43,54, 83 and 89 were measured on a Gaertner measuring machinein Virginia also. This long screw engine is described inâ€žParallaxes of 260 Starsquot; by Mitchell, whereas the descriptionof a slightly different type may be found in Publications ofthe Allegheny Observatory, Vol 3, No. 11; 1916. The examination of the screw resulted in finding bothperiodic and progressive errors to be negligible. The measureswere made from January till June of 1930, with the purposeof getting some preliminary results. It was then found that amagnifying power of about 30 times is the most suitable. Thegrain structure of

the image is well visible, whereas the itnageis not too large for bisection.



??? As regards the Repsold machine its circle carrying the platewas investigated for excentricity. The accuracy required inthe determination of position angles as an additional result isrelatively small. Hence excentricity errors must be large tobe of any influence. As this was not the case small errors,if at all present, were neglected and one microscope read only.The meEisurements were performed as follows.Firstly the circle positions for the trail parallel to thehorizontal and vertical wire were read. After substracting90 degrees from the vertical reading the mean was taken andcalled trail readitig. Then the plate was oriented in such a manner as to havethe line joining the centers of the images parallel to thehorizontal wire. The advantage of this method is that thedistances are always measured in a similar manner which isnot the case when measurements are made in rectangularcoordinates, e,g, in the direction of right ascension and declin-ation, From a comparison of the residuals H off (1929)foimd the measurements in distance to be more accurate thanthe

measurements made in rectangular coordinates. For every suitable image the plate was oriented by handand the circle read. This was repeated after reversing theplate 180 degrees. The mean of all these readings was takenas the orientation of the plate for the distance measurementsof all images. The distances run from 1quot;.5 to 5quot;,5, 1 mm.corresponding to 20quot;.8 on the plate. The error of an orient-ation amounts to 0Â°,5 as determined from good normallyexposed images. Therefore any errors introduced in thedistances by applying this method are negligible. Next the microscope was pointed at the millimeter scaleand the distance between the lines 61 and 60 determined inthousandths of a screw revolution. The distance between thecomponents of the double thread is slightly larger than thewidth of a line. This assures an acciu-ate setting. On eachline 3 settings were made. In the average 1 mm correspondsto 11 quot;quot;.75. Next the images were jexamined emd estimated excellent,good or fairly good. As to the shape of the double image



??? a scale was used according to which the images were classifiedas follows: 0 â€”nbsp;no blackened grains between the images, a â€”nbsp;some ,,nbsp;â€žnbsp;n n n b â€” a bridge of ,,nbsp;))nbsp;1Â? If 1Â? â€? c â€” the images in â€žcontactquot;,d â€” â€ž â€ž â€žblendedquot;, i.e, overlapping.Then all suitable images were measured. Each image wasbisected twice with the single thread and the screw was readin thousandths of a revolution. This was repeated with theplate rotated 180Â°. Furthermore in both positions of the platesingle settings were made on all 4 borders of the double image.These measures were recorded in hundredths of a revolution.The temperature in the room was kept at about 67Â° F. dxuring all measurements. All images having been measured the distance between thelines 61 and 60 was measured once more- Information concerning \'the error of bisection and the errorof a setting on a line of the scale will be found in the nextparagraph, b) The 1929 material. This series of plates was measured on the above

mentionedGaertner machine. The method of measurement was the sameas that applied to the 1930 material.



??? Â§ 5.ERRORS, 1. The errors of measurement are classified, as follows: a)nbsp;The error of bisection Investigation of the material giVes for the groups ofexcellent, good and fairly good images as the probableerror of one bisection ,54, .65 and .74 respectively,the weighted average being .66{jl. Thus in the distance measurement of one imageprobable errors are introduced amounting to ,38, ,46and ,52 respectively, the weighted average being .47 jjl, b)nbsp;The error of setting on a border This error has been determined from measures of thedistance between the outer borders Do, The errorintroduced in the measurement of one Do by the errorof one setting on a border is equal to the latter.The probable values determined are 2,5, 2,7 and3,4 (jL respectively, the weighted average being 2,9 jji,, c)nbsp;The error of setting on a line of the millimeterscale fj. The probable error of one setting on a millimeter lineamounts to quot;quot;,0061, Thus a probable error of quot;^0035or ,3 % is introduced in the value of a 1 mm intervalas expressed in screw revolutions.

The unpublished results of a determination of the scalevalue of the McCormick plates were kindly put at mydisposal by Dr, Vyssotsky. The value used is 1 mm = 20quot;,748, the value of the probableerror being about quot;,0005,



??? 2. Image and plate errors. The systematic errors are discussed in full in the nextparagraph, A table of corrections has been derived byinvestigating all available material. Application of the cor-rections for the images of a same plate will introduce anerror which may affect both image errors s^ and plateerror fp. This will be readily seen as the corrections Chave been derived from all plates. Regarding the remaining errors after correction as purelyaccidental the error of one image may be expressed by s^ representing the other errors of measurement namelyand the errors of the micrometer screw. A comparison of the corrected distances on a same plategives the internal error s^ is small with respect to the other errors and can beneglected. Thusnbsp;_~nbsp;represents the image error after correction in which expression is small ascompared with the pure image error. As to the plate error, for its determination a large munberof plates on one and the same star is needed. However thelargest number occurring is 4. Therefore neither Â?p, thepure plate error, nor

the plate error which is inherent inthe corrected measures can be determined with sufficientaccuracy. The intercomparison of curves of different plates on asame star has been made relative to the correspondingvalues of A (see p. 37). A marked dependence on A hasbeen shown.



??? Correcting the curves by means of this relation offers theopportunity to derive the order of magnitude of the pureplate error fp. For the construction of the table of corrections in Â§ 6, ethe material has been devided into 3 groups of A. Thusslight errors are introduced which are partly responsible forthe errors e . Finally the order of magnitude of the pure image error Â?jmay be determined with sufficient accuracy from thedistances between individual points and curve on the plotsmentioned on page 27.



??? DISCUSSION OF THE MEASURES. a) The relation between p and Di. If there is such a phenomenon as the interaction of twoneighbouring images, a reasonable assumption is that thisinteraction depends upon 1.nbsp;the distance of the inner borders Di, 2.nbsp;the distance between the centers p, 3.nbsp;the sharpness of the image. The third factor is governed mainly by the seeing or defin-ition and may be expressed numerically, e.g. by using apersonal scale from 0 to 5, 5 representing the condition ofperfect seeing, i.e. maximum sharpness. Since however not theseeing itself but its effect on the plate is the essentialcriterium, preference mvist be given to the A scale, A beingthe growth in microns of the diameter of an image withdoubling of the exposure time (see p. 3), For one and the same plate A is assumed constant. Henceit seemed advisable ito investigate graphically the relationbetween p and Di, each plate giving a plot. As has been stated the presence of at least three influencesmay be expected. The attracting forces are the turbidity andgelatine

effects, respectively due to the interaction of thelight of the two images and to the contraction of the imageduring its drying process. The first increases with decreasingDi, the second is mdependent thereof. The repulsing force iscaused by the developer, the latter being deficient in betweenthe two images. This repulsion grows also with decreasing Di, As to the developer effect one seems justified to assumethat it will be negligible in the case of underexposed images.Hence for these images systematic errors, if any, will benegative â€” i,e, pphâ€”pM lt; o* ^^ ^ matter of fact the plotsshow this phenomenon in many cases. It appears that already



??? for fairly blackened images the developer repulsion outgrowsthe attractions and this difference continues to increase withincreasing exposure time, i, e, with approaching adjacentborders. However, when the exposure time is such that thecondition of contact or slight overlap is reached, the rate ofincrease of the measured distance diminishes and the ciu-ve,instead of keeping its resemblance to an exponential function,starts to bend down in the direction of the Di axis. It will be readily seen that not every plate gives a curve likethe sinuous one just mentioned. In fact many different typeshave been found. If the number of images and the range ofexposure times are sufficiently large all close pairs show theabove mentioned relative increase of p with\' decreasing Di,This may then in the simplest case be a linear relation. As tothe absolute dimensions of the errors these are uncertain fora single plate as a consequence of the uncertainty in the extra-polated micrometer distance. In Fig, 1 the plot of R 61 is shown. This plate on 44 Bootiswas taken on the 26th of

April, 1930, The seeing was estimated to be 4â€”5, the transparency ofthe atmosphere was called 3 on a scale on which 5 denotesmaximum transparency. The sky was called â€žclearquot; and thethermometer read at 51Â° F, The total number of images amounts to 146 of which 42images are excellent, 56 good and 48 fairly good. The probable error of a single image, derived from thedeviations of the plotted points from the curve, amounts to3,0 fjL, The exposure times have a range from 12 to 120 sec.The value of A derived from 67 images is A = 28{i., In both coordinates the unit is 1 micron = quot;,02075,The distance determined from micrometer observations is^M = 3quot;.06 Â? quot;,014or \'quot;â– quot;,1475 on the plate. The excellent, good and fairly good images are representedby black, half black and open circles. The relative increase of



??? â€?00 B s B



??? jSp^^witli decreasing Di is very evident and is numerically shownby Table 9. The values of Di have been computed by means of therelation Di = 2 P^-Bo.Table 9. Di Pph PFh â€” Pu 90 145.0 â€” 2.5 80 145.0 â€” 2.5 70 145.1 â€” 2.4 60 145.6 â€” 1.9 50 146.5 â€” 1.0 40 147.8 0.3 30 149.4 1.9 20 151.1 3.6 10 152.8 5.3 0 154.7 7.2 â€” 10 156.7 9.2 â€” 20 158.5 11.0 â€” 30 160.4 12.9 â€” 40 162.5 15.0 â€” 50 164.7 17.2 â€” 60 166.9 19.4 â€” 70 169.3 21.8 â€” 80 172.0 24.5 Unit: 1 micron.



??? An attempt will now be made to give a qualitative explanationof the most complicated type of p-Di curve found. Theexplanation is tentative only, owing to the mixing up withpersonal errors which very likely will be dependent uponDi also. Starting with the underexposed images it is evident thatif the borders are sufficiently close, e.g. Di lt; 80 [ji, forA = 30 fjL, the images will be elongated at the inside. Bisect-ions will be made on two areas being reinforced at theiradjacent sides and appearing of homogeneous density to theeye. Hence the distances will be measured too small. With an increase of exposure time the images grow,involving a growing attraction. At the same time the increaseof intensity will result in having a gradual decrease of thedensity from the centre outwards. To the eye the imageappears to have a nucleus of maximum density. In view ofthe fact that bisections are made on such a nucleus, ifpresent, the measures will get freed from the turbidityinfluence. Moreover the latter is strongly decreased by thebehaviour of the developer which is

deficient in betweenthe two images. Continued increase of exposure time involves a steadygrowth of the images, i,e, a decrease of Di, and at the sametime an increase in size and density of the nucleus. Assuming the developer effect to increase with increasingexposure time the adjacent sides of the images will suffermore and more from this deficiency of the developer. Severalobservers have noted the apparent flattening of the images.The result in the measures is shown by a steadily growingdistance. Suppose the exposure time be pushed that far that themaximum density on the plate is reached. Having passed thisstage the gap between the flattened borders will gradually befilled. Thus the rate of increase of p will gradually diminishand the curve will bend towards the Di axis. As has been stated no attempt has been made to give aquantitative analysis of ithe p-Di curve. The table of cor-rections to be given (Â§ 6, e) has been derived by comparing



??? the curves with standard values (see p, 32, 33), Due to theuncertainty in the measurement of Di, the inner bordersbeing moreover systematically displaced, in practice p hasbeen plotted against Do and finally for each plate each Dohas been converted into Di by means of the standardvalue p J,, The greatest range in p ,^on a single plate is 31,6 microns,corresponding to a range in Di of 160 microns, or to a rangein exposure time of 1 to 45. b) A. The growth A (in microns) of the diameter of animage with doubling of the exposure time has been chosen fora classification of the plates according to seeing or definition.The values of A have been derived for all plates on whichthe number of images ib sufficiently large. The results areunreliable for such plates as were taken through clouds orunder progressively changing seeing. The average A amounts to 29 microns, the maximum andminimum A are 69 and 12 microns respectively. There is apronounced correlation between A and the estimated seeingat the telescope, wliich is shown by Table 10 and its

graphicalrepresentation in Fig. 2,



??? Table 10. Seeing A n 5 22 1 4 â€” 5 26.2 20 4 25.6 23 3 â€” 4 26.8 19 3 31.2 25 2 â€” 3 36.3 7 2 39.3 3 1 â€” 2 52.3 3 Average 3 â€” 4 29.2 (101) n is the number of plates. It appears furthermore that for the condition of excellentor perfect seeing A approaches to a limiting value. Thiscould be expected as for these conditions A depends mainlyon the turbidity of the plate, c) The adopted standard system. As has been mentioned on page 9 micrometer measures weretaken as the standard values for comparison. All errors wereconsidered to be accidental ones, thus neglecting personalor systematic errors. The dependence of the quality of theobservations on the size of the instrument is of little signi-ficance as has been pointed out by van den Bos (1925),Baize (1929) and others. Therefore this factor wasneglected in assigning weights. The observations were weightedaccording to the number of nights only, A measurement on 1 anda mean of 2 nights were given weight 1, a mean of 3, 4, 5 and6 nights was given weight 2, whereas all values derived



??? from measures on. more than 6 nights were given weight 3.As a rule the measures were collected by going backwardschronologically, starting with the very recent ones. Thus anaverage of 25 observations per star was obtained. For mostcases the number of measures made during the last 15 to 20yeafs was sufficiently large, for the remaining part measureshad to be taken back to 1900 or still fiurther back yet. Forthe latter Lewis\' Catalogue of 2-stars and Burnham\'s Gener-al Catalogue were used. In a few cases 25 observationscould not be found, even in going back as far as WilliamHerschel\'s measures. As to the modem observations thesewere collected from a large number of different publications,some of them listed on pages 77 and 78, Though completenessis not claimed the number of overlooked recent observationswill probably be small. For each star the measures were plotted chronologicallyand the extrapolated value determined on the assumptionof a linecir relation. This seems justified as the interval oftime is short for the rapidly changing

â€” and therefore fre-quently observed â€” pairs, whereas in the cases of a longinterval of time the distance changes very slowly. An except-ion was made for a few stars showing clearly a curved relat-ion due to fast orbital motion. In those cases a smooth curvewas drawn by hand, fitting the plotted points as well aspossible. For some stars orbits are available. Nevertheless thesestars were treated in the same manner as the others so asto apply one and the same method to all stars. Their orbitsare not based on the most recent observations. Moreoverthey happen not to fit the modem observations. Thirdly ob-servations may have been rejected, others corrected forpersonal error. The standard system which has been adoptedhere might indeed be spoiled by including one or a few valuescomputed from orbits. The plates taken on C Cancri had to be omitted in thegeneral discussion, i, e. in the derivation of the table ofcorrections. The observations did not allow to determine thevariability of the distance to any degree of accuracy,



??? The total number of observations collected is 1843 on 73stars, an average of 25 observations per star. The average probable error of the extrapolated valueamounts to quot;.025, the average probable error of a single ob-servation is quot;,11, d) Photographic effects. A very elaborate discussion has been given by Ross (1924)whereas several other observers have considered the matterto some extent. Plate errors rather than physiological effectsare the cause of the occurrence of systematic errors in thephotographic distance measures of close pairs. Owing to the change in the original working plan the in-vestigation of artificial pairs (Â§ 8) has reached a preliminarystage only. It is evident that photographic effects should bestudied in the laboratory. It is suggested to investigate photo-metrically the intensity distribution of enlarged images. Thiswould yield the relative effect of the developer and wouldfurthermore show to which extent the erroneous bisectionsmust be ascribed to the personality of the observer. The theory of the turbidity action as given by

Ross seemsto be essentially correct. There is some doubt howeverwhether its influence on the bisections is as simple as assum-ed. Particularly in those cases for wich a notable densityhas been reached it seems doubtful whether the Kostinskyrepulsion can be calculated by simply correcting the observ-ed difference by means of the computed turbidity effect.The effect of the gelatine contraction as determined empiric-ally on the other hand may readily be accounted for. The turbidity effect is dependent upon A and Di, For thelatter Ross uses the measured distance between adjacentborders. For large values of A the borders get more andmore diffuse. Moreover the values of Di obtained in thismanner are too large due to the incomplete development atthe adjacent sides of the images. The second one of the three effects considered by Ross isthe gelatine effect, a shrinkage of the image as a wholeduring the process of drying. With the exception of pyro



??? metol the same ntimerical result was obtained for all classesof developer, within the errors of the experiment. Further-more the contraction appears to be constant between Di = 0and Di = 80 (X, amounting to â€” 1.6 [a for doubles of separationof Â?quot;.1 and less. As to the above mentioned Kostinsky effect this is verylikely caused by the developer reaction known as the Eber-hard effect. Whatever be its chemical or physical explanationthe existence of the Eberhard effect merely is sufficientto account for the Kostinsky effect observed in measures ofclose doubles. The results obtained for a possible dependence upon theclass of developer are not conclusive. From 11 platesdeveloped in various solutions Ross finds a pronouncedretrocession of centers amounting to 9,6 {a for Di = -f 10 p,.The object measured was an artificial double star ofseparation. The ranges in exposiu-e time, Di and imagediameter were 1 to 240 sec,, 96 to 10 {jl and 76 to 171 res-pectively, the corresponding A being 12,5 [jl. Taking into account the influence of both gelatine con-

traction and turbidity attraction the repulsion due to thedeveloper alone is even larger than the value given above. From Table 13a (p, 41) iit appears that the systematic erroras derived from the telescopic material for Ai, pu = 175 [xand Di = 0 amounts to -f- 4,8 |jl, in good agreement with theresults obtained by Ross, In Â§ 8 a comparison between Ross\' and my laboratoryresults is given. e) The systematic errors. For a statistical discussion the material was treated in thefollowing manner. Each curve may be represented by 1.nbsp;its slope with respect to the Di axis, 2.nbsp;the amount of ppj^ â€” p^^ for Di = 0, i,e, the case ofcontact, to be denoted by â€žzeropointquot;. For most plates the plots are such as to allow a straightline to be drawn through the points. In those cases in whicha marked curvatiu-e is present it was decided to use that



??? part of the plot for which the curvature is smallest Thuseither the underexposed or the overexposed images or bothwere neglected and a straight line was drawn fittmg theremaining points as closely as possible. The dependence of the slope and zeropoint on p^ and Awas investigated. Moreover the coefficients for the correlationbetween A and p,^ and the one between slope and zeropoint were computed,nbsp;, , inbsp;.r The dependence of A on p^ was investigated with the only purpose to determine quantitatively the value of thecorrelation coefficient. As a matter of fact the dependence isqualitatively a mere consequence of the observational selection.The closest pairs cannot be photographed unless the seeingis excellent. On the other hand for the wider pairs a widerange of seeing is allowable. Moreover in view of the depend-ence of photographic effects on A a number of plates onwide pairs was purposely taken under rather poor seemg.The following correlation coefficients were found: 1.nbsp;zeropoint and p^.....r = . 600 Â? ,048 (p, e,)

2,nbsp;zeropoint and A...... = . 234 Â? , 075 â€ž 3nbsp;slope andp^...... = - . 362 . 061 â€ž 4nbsp;slope and A.....^ = . 074 Â? , 068 .. 5nbsp;A andp^.....r= .592 ,052 â€ž 6, slope and zeropoint, . r = . 059 Â? . 086 â€ž. 1nbsp;The first result shows the marked increase of zeropointwith pâ€ž or the increase with increasing diameter. This is amanifestation of the Kostinsky effect which assumedly increases with increasing diameter, 3 The third correlation coefficient indicates the tendencyof the slope to decrease with growing p^. This result can bereadily explained by the fact that for the larger distances thecurves in the average do not extend to such small values ofDi as are reached for the closer pairs. Hence photographic effects will be smaller for the first, 2nbsp;In the second case there seems to be no pronouncedcorrelation. This is a remarkable fact since the intercompar-ison of plates on a same star indicates a pronounced depend-ence as will be shown later (p, 37), The correlation coefficient



??? may be statistically explained as follows. The correlation (5)shows the prevalence of large values of A for the largerdistances, which could be expected a priori (see p, 36),Combining this with the coefficient found in case (1) a corre-lation coefficient for case (2), if of any significance, must beof positive sign, 4,nbsp;No correlation between slope and A was found. In viewof the correlation between A and p^j, relative to the corre-lation (3) one might expect to find a slight correlation betweenslope and A- This would then be such as to show a tendencyof the slope to be smaller for larger A- 6, No correlation is present between zeropoint and slope.The first is clearly related to pjjas has been shown in (1),the relation being such as to have zeropoint increasing withincreasing pjj. The less pronounced correlation betweenslope and pj^ shows a tendency of the slope to diminish withincreasing p^i- Therefore this result does no need anyfurther comment either, 5,nbsp;This correlation has been mentioned in connection withcase (2), The dependence of ppjj on A was

investigated as follows.The curves representing different plates on a same star werecompared relative to their corresponding values of A- Thisintercomparison is free from the errors of the standardvalues. An examination showed at first sight that ppj^ de-creases with increasing A in the average. Denoting dp as the change in ppj^ corresponding to anincrease in A of 1 (jl, it is evident that dp must be governedby two factors acting in the same direction. The first is thedifferential Kostinsky effect. Let Ai and A2 belong to plates(1) and (2) on a same star, Ao being larger than Ai. Theimages on (1) and (2) with equal diameters â€” i, e, equalvalues of Di â€” are differently acted upon by the Kostinskyeffect. The images on (2) are of smaller density than thecorresponding ones on (1). Hence they will be less influencedby the repulsive developer reaction. Thus the differential Kostinsky effect causes: _ p^ lt; 0 for A2 gt; Ar



??? The second factor is the differential turbidity action. Theturbidity attraction increases with A- In the case of contactit amounts to V2 A (see p, 3). Thus e.g.: P2 â€”Pi = â€”for As â€”Ai = 10[i,. For increasing Di this difference decreases, the rate ofdecrease being dependent upon AÂ? A value of dp has been determined from each set of â€” i.e.2 to 4 â€” plates on a same star. Next the dependence of dp on Di has been investigated.The individual values of dp have been foimd from the differ-ences between corresponding parts of the curves, i.e. over-lapping iin Di. Thus each dp is related to a certain Di, forwhich the average Di for the overlapping parts of the curveswas taken. Disregarding the weights the large dispersion among theindividual values of dp can be accounted for by the casesfor which the range in A is relatively small. Assigningweights however allows a fair determination of the relationbetween dp and Di. dp is found to be negative, jdpj decreasingwith increasing Di, in excellent agreement with the depend-ence of both differential Kostinsky action

and turbidityeffect on Di. Table 11 contains the values of dp, dt anddK = dp â€” dt. Table 11. Unit : 1 micron. Di dp dt dK 0 â€”.90 â€”.50 â€”.40 10 â€”.75 â€”.47 â€”.28 20 â€”.60 â€”.43 â€”.17 40 â€”.40 â€”.28 â€”.12 80 â€”.15 â€”.08 â€”.07



??? The order of magnitude of the probable error of each dpin the second column is .05 {x. The third column contains the differential turbidity effectat A = 30 {A as a function of Di, The lasit column contains thedifferences between the values in columns (2) and (3). In view of this result and the coefficient found for the cor-relation between zeropoint and p^j the assumption made onp, 26 proves to be justified. Thus the work was carried outon this principle â€” i,e. grouping the plates according to pjjand A. Each curve was read ait points differing 10 f^ in Di, Thus foreach plate a set of differences pp^ â€” p^^ was obtained relat-ive to their corresponding values of Di. The differenceswere weighted taking into account the error of the standardvalue and the error of the curve, derived from the deviationsof the individual points from the curve. Weighting according to -j-^â€”^ would perhaps be prefer- ^M ^Ph able from a theoretical standpoint. It would however causethe curves of smallest weight, though significant as separateobservations, to be of practically no influence.

Therefore it was decided to assign weights proportional to 1/ Ph The numbers of plates for different values of A are givenin Fig. 3,



??? The grouping according to A is shown by the followingTable. Table 12. A seeing number of average plates stars A A, lt; 25 gt; 4 68 36 20.9 25 â€” 32 3 â€” 4 81 58 28.2 A3 gt; 32 lt; 3 22 19 39.7 In Fig|, 4 the results are plotted with respect to Di, eachcurve belonging to a certain pj^ (see Table 13),The unit is 1 micron. Â?In -- ____ --- H Jn ri .9n Â?\'fn t\\n ___ .... â€” -J â€” A ... .â€” ----- Ir .... ------ â€?In A. In iba. ISO. iia. Oa Â?2o- Ha- ioa. 90- 5q_ Sa. {n Q _ In â€? lih If^ Sa. Fig, 4,



??? Fig, 4 shows that on any vertical line for correspondingcurves, i, e, curves belonging to the same p^j^ fAi gt; f Aa gt; ^Aa (see p, 37). Converting the errors into correctibns by reading the cvirvesand reversing ithe sign yields 3 sets of corrections, given inTable 13 a, b, c. The values marked : are less accurate than the others.As to the latter the value of their probable error is about ,5 |jl. Table 13a. Ai Unit : 1 micron. Vm 1 2 3 4 5 6 Di \\ 75 100 125 150 175 200 90 3.8: 2.7: 1.7 80 3.9 2.8: 1.8 70 14.8 8.4 4.0 2.6 1.5 60 13.4 8.0 3.8 2.3 1.1 50 11.6 7.0 3.4 1.8 0.5 40 9.5 5.8 2.7 1.2 â€” 0.4 30 7.4 4.5 1.8 0.2 â€” 2.0 20 9.2: 5.3 3.0 0.6 â€” 1.2 - 3.8 10 6.7: 3.2 1.3: - 0.8 â€” 2.9: 0 4.2: 1.1 â€” 0.5: - 2.5: â€” 4.8: â€”10 1.7: â€” 1.0: â€” 2.5: â€” 4.6: â€” 6.8: â€”20 - 0.7: â€” 3.0: â€” 4.7: â€”30 â€” 5.0: â€” 7.0: -40 â€” 8.7:



??? Table 13b. A. Unit: 1 micron. Vm 1 2 3 4 5 6 7 8 9 Di\\ 75 100 125 150 175 200 225 250 275 150 0.5: 140 2.0: 0.8 0: 130 2.6: LI 0: 120 4.6: 3.0 1.4 0.1: 110 7.8: 6.2: 4.7 3.2 L7 0,2: 100 7.9: 6.3: 4.8 3.3 L7 0: 90 8.0: 6.2 5.0 3.3 1.5 - 0.2: 80 13.0: 10.0: 7.9 6.0 4.8 3.0 1.1 â€” 0.5: 70 12.9: 9.9: 7.7 5.7 4.4 2.5 0.5 â€” 1.2: 60 12.8: 9.8: 7.3 5.2 3.8 1.8 â€” 0.3 â€” 2.2: 50 12.6 9.6 6.7 4.4 2.8 0.8 - 1.3 â€” 3;4: 40 12.3 9.0 5.8 3.3 1.6 â€” 0.4 â€” 2.5: â€” 4.8: 30 17.0: 11.8 8.0 4.5 1.9 0.2 â€” 1.8 4.0: 20 16.8: 11.0 6.6 2.8 0.2 â€” 1.4 â€” 3.4: 10 16.5: 9.9 4.8 0.8 â€” 1.8 â€” 3.2 â€” 5.2: 0 15.8: 8.5 2.6 1.4 â€” 4.0 â€” 5.2 -10 13.6: 6.8 0.2 â€” 3.8 â€” 6.4 â€” 7.4 â€”20 11.2: 4.7 - 2.0 â€” 6.0 â€” 8.5 â€” 9.8 â€”30 2.5 â€” 4.0 â€” 8.0 â€”10.0 â€”11.0 -40 0.3 â€” 5.8 â€” 9.2 â€”10.2 â€”10.8 â€”50 â€” 1.8: â€” 7.4: â€” 9.8 â€”10.0 â€”10.6



??? Table 13c. As Unit: 1 micron. \\ /\'mDi\\ 3 125 4 150 5 175 6200 7 225 8 250 9 275 130 3.0: 1.0: 0.5: 120 3.2 1.7 0.7: 110 5.0: 3.4 2.3 0.9: 100 4.9: 3.6 2.4 1.0: 90 4.8 3.8 2.4 0.9: 80 4.7 3.5 2.2 0.8: 70 4.4 3.2 1.9 0.5: 60 4.1 2.8 1.3 â€” 0.4: 50 6.2: 3.8 2.0 0.4 â€” 1.0: 40 13.5: 9.7: 6.0 2.8 0.8 â€” 0.8 - 2.0: 30 11.6: 8.0 4.3 1.0 1.0 â€” 2.3 â€” 3.5: 20 8.5: 4,9 1.6 - 1.0 â€” 3.4 â€” 4.6 â€” 5.5: 10 5.5: 1.8 â€” 0.9 3.2 5.9 â€” 7.0 â€” 8.0: 0 2.6: â€” 0.7 â€” 3.2 - 5.6 â€” 8.2 - 9.5 11.0: â€”10 1.2: â€” 2.6 â€” 5.3 â€” 8.0 10.3 â€”12.1: â€”14.4: â€”20 - 3.0: â€” 6.5: 9.8: â€”12.3 14.8: 18.1:



??? RESEARCHES BY OTHERS. Some of the investigations dealing with the subject havebeen mentioned in Â§ 1. It may be of interest to give the results of a comparisonwith the â€žstandardquot; visual system. Only those investigationswere considered for which the number of coincidences withthe present series is sufficiently large. Hertzsprung\'s measures yield the following result:For Pm lt; 3quot;.o /Jph -PM = -quot;.076 Â? quot;.010 (p.e.) from 11 stars.For piA gt; 3quot;.o /Jph -PM = -quot;001 Â? quot;.Oil (p.e.) from 16 stars. The probable errors of one difference are quot;.033 and quot;,045respectively. From Hertzsprung\'s published errors and theerrors of the micrometer measures as derived by me theaverage probable errors of one difference amount to quot;,022and quot;,027 respectively. The discrepancy is easily explained by the fact that bothHertzsprung\'s errors and the errors of the standard valuesare but measures of the internal agreement in the two cases.It is probable however that the difference is mainly due tosystematic errors of the

standard values. The result shows that in the average the distances ofHertzsprung\'s close pairs are too small. This is in goodagreement with the results published in Pop, Astr, 38, 406;1930, The scale value of the Potsdam plates is 1 mm = 16quot;,39. O s g o o d\'s measures do not show a pronounced negativedifference ,,photographic minus standardquot; for the close pairs.This is not surprising as the scale value of his plates is1 mm = 8quot;,24, whereas all pairs considered have distanceslarger than 2quot;,3 excepting one double of separation 1quot;,85,



??? The differences for 25 stars yield: For PiA lt; equot;.onbsp; quot;.007 Â? \'\'.013 (p.e.), the probable error of one difference being quot;,065. As derived from Osgood\'s errors and the errors of thestandard values the average probable error of one differenceis quot;,030, The measures of Przybyllok and Labiitzke treatedin a similar manner yield: Yotpu lt;4quot;.onbsp;= -quot;.096 Â?quot;.030 (p.e.) from 7 stars. For pu gt; 4quot;.o Pph-PM = - quot;.011 Â? quot;.030 (p.e,) from 9stars. The probable errors of one difference are quot;,080 and quot;.068respectively. The order of magnitude of the errors of thephotographic measures was derived. Combined with theerrors of the standard values the average probable errors ofone difference were found to be quot;.023 and quot;,027 respectively. The scale value of the plates is 1 mm = 41quot;,84. In this connection the laboratory experiments of theauthors must be mentioned. No evidence of photographicerrors was found. It must be kept in mind however that thismay have partly been caused by the difference in

magnitudeof the components and the relatively large distances of thecenters. It is likely that in this case photographic effects aresmall, maximtun effects occurring for components of equalmagnitude. Van den Bos has shown from comparisons with visualmeasures that for close pairs his distances are measured toosmall, A comparison with the standard system yields: For Pu lt; 6quot;.o /Jph - /^M = - quot;.180 Â? quot;.029 (p.e.) from 8 stars. the probable error of one difference being quot;,082. As derived from van den Bos\' errors and the errors of thestandard values the average probable error of one differenceamounts to quot;,057. The scale value of the plates is 1 mm = 39quot;.37.



??? The comparison of the measures of Marriott and Pit-man with the standard values gives: For Pmlt;5quot;5 /\'pk -/\'m^ - quot;.183 Â? quot;.034 (p.e.)from 10 stars, the probable error of one difference being quot;,108. For the photographic measures the order of magnitude ofthe errors was determined. Combining with the errors of thestandard values the average probable error of one differencewas found to be quot;,057. The scale value of the Sproul plates is 1 mm = 18quot;.74. The coincidences of H o f f\'s measures with the standardvalues give the following result: For ^M lt; 5quot;.o/Jph â€”/\'M quot;.150 quot;.033 (p.e.) from 9 stars, the probable error of one difference being quot;,098, The average probable error of one difference was derivedfrom Hoff\'s errors as estimated by me and the errors of thestandard values. It was found to be quot;.029 approximately. The scale value is 1 mm = 29quot;.26, S h a j n has compared his measures of doubles taken withthe normal astrograph of the Poulkovo Observatory withvisual observations. The images were

overexposed. The resultsare in good agreement with Ross\' laboratory data. Arrangedaccording to distance p the repulsion is largest for the closestpairs. The differences decrease when the images taken withthe longest exposures are omitted. The Kostinsky effect isshown most clearly by grouping the differences with respectto Di. Shajn finds a repulsion of 4,5 [x in the case of contactand a maximum effect of 9,7 ^ for Di about â€” 60 (/â€ž If therelative decrease for still more overlapping images shown bya repulsion of 7,2 {jt, for Di = â€” 120 is real, it would bein excellent agreement with the frequently occurring type ofcurve found in the present investigation and the qualitativeexplanation attempted thereof. It was suggested by Shajn and others to cut down theexposure times as much as possible. As far as reduction of



??? the troublesome Kostinsky effect is concerned this is undoubt-edly advisable. It must be remembered however that in thismanner one is likely to introduce the errors due to attractingcauses to their full extent. They may be of considerable sizetoo, particularly so under mediocre conditions of seeing. The results of KostinskyÂŽ) were the first chronologically,so far as I am aware; the repulsions noted by several otherobservers later on were named after him. In view of all recent results his measures can easily beexplained. Relative to the imequal magnitudes of the com-ponents the question is put forward to which extent hismeasxures may have been affected by a magnitude error.Assuming both Kostinsky effect and turbidity action to reacha maximum for components of equal magnitude, Kostinsky\'sresults may loose slightly as to their quantitative importance.Yet the order of magnitude of the effect agrees very wellwith the data of others. The repulsion reached a maximumvalue of 17 (ji, for Di = â€” 40 [x, being zero for Di largerthan 80 p, and amounting to 10

[ji, in the case of contact. The results obtained by L a u ÂŽ) were found by a differentmethod. Possible errors inherent in the method were alreadymentioned by Ross but thought to be negligible as to theirprobable size. The measures show a good agreement with those ofKostinsky, The complicated combination of repulsive and attractingforces offers the possibility of observing the distances unaf-fected by systematic errors. This case seems to be present inthe measures of Krueger 60 by Mitchell and Olivier ÂŽ).The distances were compared with Barnard\'s visual measures.Yet one objection seems worth being raised namely asregards the comparison with one visual observer only. Latelythe accuracy of Barnard\'s micrometric work has beendoubted by van den Bosch Aside from possible personalerrors the accidental errors render the detection of smallsystematic errors of the photographic measures impossible.



??? As to the measures of Olivier on parallax plates andso-called D-plates, the number of comparisons with thestandard system is 6. The result is: For/JMgt; 2quot;.5 PPK-Pu = \'M5Â? quot;.067 (p.e.) from 5 stars.For/5Mlt;2quot;.5 /jph â€”= â€”quot;.19nbsp;from 1 star. the probable error of one difference for the first comparisonbeing quot;.12. From the estimated photographic error and the errorof a standard value this error is calculated to be quot;,06. The number of comparisons is too small particularly forthe closer distances to have much confidence in the valuesderived. It would therefore be of interest to have a detailedaccount of the author\'s statement regarding the absence ofsystematic errors in his measures found from comparison withvisual ones. Unfortunately this was not given, A criticaldiscussion of systematic errors present in some of Olivier\'smeasures has been given by van den Bos ^o) (1927), V y s s o t s k y\'s data obtained from measures of Espindoubles as compared with Espin\'s measures show strongevidence as to the effect of the

tiurbidity action for weakimages. The manner of comparison being similar to thatapplied in the case of Krueger 60 the results are subject tothe same objection as has been raised therefor. The discordance shown by the investigation of B e 11 amynamely the apparent attraction for overlapping images seemsmore difficult to explain. The cause must be sought for eitherin the photographic measures, as regards their accuracy, orin the micrometer distances used for comparison. Yet a thirdpossibility must be considered also, i.e, the images beingweakly exposed in spite of their blended shape. The other photographic determinations will not be discussedhere, the ntunber of comparisons being too small, or Hheepoch of the observations being too early. As to K i n g\'s



??? measures e.g. there are many stars in common with) thepresent list. However, owing to the early epoch of King\'splates, the number of stars suited for a comparison is toosmall. As has been shown in view of recent data various results,in fact nearly all, though disagreeing among each other atfirst sight, can be plausibly accoiuited for, A discussion of data obtained from similar investigationson spectral lines will not be given, notwithstanding the subjectpossibly being equally interesting as the one considered here.It seemed preferable to limit myself to the case of doublestars exclusively. A limitation which proved justified aposteriori since so much work remains to be done on thissubject.



??? ARTIFICIAL DOUBLE STARS. There is little doubt that in order to obtain good know-ledge about the effects governing the behaviour of closeimages on a photographic plate, artificial star images mustbe investigated. The true distance being known one is ableto find the absolute amount of attraction or repulsion,whereas from ordinary double star exposures relative effectsare found only. An apparatus for producing artificial double stars need notbe complicated. Therefore it seems advisable for the doublestar observer in the case of photographing close pairs tomake some additional experiments on artificial pairs, usingthe same observing conditions as regards plates, developeretc. With the purpose of making a more or less extensive seriesof measurements on artificial double stars an apparatus wasconstructed in the Physical Laboratory of Utrecht undercareful supervision of Dr, M, G, J, Minnaert, I am greatlyindebted to him for his help and interest in the work andwish to express my gratitude to the director Prof, Dr, L, S,Ornstein for giving me the

opportunity of making use of thesplendid equipment of his Laboratory, In spite of the fact that no definite results were obtained,due to the unavoidable discontinuation of the work, it seemsworth while to give at least a description of the apparatusconstructed. Firstly it will be readily understood that the experimentalconditions in the laboratory should approach the observation-al ones at the telescope as closely as possible. The star-like images have to be produced in such a manner as toobtain the same distribution of intensity as in the case ofthe star images. Since in the formation of the latter the



??? scintillation is the main factor the light distribution must beGaussian (M, G, J, Minnaert, Onregelmatige Straalkromming;diss,, Dutch), As light source L (Fig, 6) a large Philips Argenta bulb(300 Watts, 220 Volts) was used. A brass plate S (Fig, 6),15 cm, square, placed close to the lamp, was pierced withholes arranged in such a way as to have the number of holesfrom the centre towards the edges decreasing as a Gaussianfimction. To obtain this distribution concentric circles weredrawn at equal distances and for each ring between twosuccessive circles the computed number of holes bored. Thefinal shape of the holes is indicated by the section view inFig. 5, K mil Fig, 5, The holes were coned out so as to reduce the â€žshadoweffectquot; of the holes near the edges. The total number of holesin all 12 rings, each of which has a width of 5,5 mm,, amountsto 1024, Before entering into any more details a schematic view ofthe mounting is shown by Fig, 6, The thin brass plate A is pierced with circular holes of0,7 mm, diameter arranged as indicated in Fig, 7

(Sectionview in Fig, 8), each pair representing a double star. Eachhole gives a pinhole image of the diaphragm S on the pieceof ground glass d. These pinhole images resemble diffusestar images. They are sharpest for d close to A, thesharpness decreasing with increasing distance d-A, Thelatter may be read on a scale. By means of this device anycondition of seeing can be imitated, the reproducibilitymaking this method preferable above others. The images on the ground glass are photographed with the



??? -e-ih ^-^ z.s 2. a -iy -?Š- Fig. 7. Fig. 8.



??? camera C and reduced in the ratio 20 to 1. Hence the sizeof the components and their mutual distance are comparablewith those of the telescopic images. To this simple apparatus some improvements had to bemade so as to be sure of obtaining a light distribution in theimage strictly comparable with the theoretical one. 1),nbsp;The first requirement is the following. Let â€žcorresponding pointsquot; of two images on d, forminga pair, be two points at equal height and having exactly thesame mutual horizontal distance as the two holes in A, Asseen from the camera objective which is pointed at d, twosuch corresponding points must have the same quantity oflight when closing either one of the two holes in A, This wasachieved by placing the lenses and I2, having focallengths of 20 cm, and 4 m, respectively, in the path of therays. The adjustment is such that S is placed at the focusof 1^. Thus each hole of S throws a beam of parallel rayson to A, two parallel beams of which will reach the corre-sponding points on d. The place of I2 is such that its

focuscoincides with the camera objective. Hence the two beamsreaching the objective from corresponding points will haveleft d in precisely the same direction, 2),nbsp;Secondly care must be taken to have in each imagethe light distribution as computed theoretically. In the first place it is necessary to investigate the intensitydistribution of the light coming from the left hand side of L.Some photographs were made providing an intensity scalealso, the densities measured on an Ica Sensitometer and theintensity determined for each point on the surface. Themeasures resulted in finding the surface intensity distribution,some areas having an intensity of only 50 % of the maximum.This wide range is more than could be expected from a visualexamination only. It seems probable that this unequal distri-bution is caused by local irregularities in the thickness ofof the glass. The niunbers of holes in S were then correctedso as to neutralize the effect of the heterogeneous lightgiving disc.



??? Furthermore it is readily imderstood that the holes of S,as seen from A, are not equally large but so much thesmaller the larger their distance from the centre. Thereforeallowance should be made for the remaining â€žshadow effectquot;(Fig. 9). For a central hole let the angle be A^o â€? o^ÂŽcentre AÂ?i . then we have: unbsp;, A p\' cos a ^ and _ p AÂ?. D A^i_p^ cos cx, AÂ?â€žnbsp;D (1) hence As h = dtga, p\' = (p â€” dtga) cos



??? Thus, substituting in (1): AÂ?i (p â€” dtga) cos^ OLnbsp;, d . â€”-= ^--= cos^ oc--sin a cos AÂ?onbsp;pnbsp;p The distance D is 200 nun,, the width of the holes 1,1 mm.Let the effective depth of a hole be 0,7 mm, in the average,then we get correction factors running from 0,98 betweenri == 5.5 mm, and rg = ILO mm, down to 0.72 for the ringbetween r^ = 60,5 mm, and r^g = 66,0 mm. The arrangementof the holes in S was altered accordingly. There still remains one effect to be corrected for, i. e. thescattering of the light by passing through the piece of groundglass d. The light distribution of the images on d is alteredby the peculiar law of scattering of the ground glass whichtransmits less of the incident light the larger the anglebetween the transmitted and the infalling beam. The effectwas determined photographically and corrected for. In order to shield the camera from stray light a set ofdiaphragms was used indicated by D in Fig, 6, F is ayellow filter. With this arrangement a number of plates was taken, IlfordRapid Chromatic plates were used throughout.

The formula ofthe developer is Carbonal.......2 cc. Water........64 â€ž Potassium bromide 10 % . . 5 â€ž Time: 15 min, at 65Â° F, The formula of the fixing bath used is the same as givenon page 16, Alltogether 34 plates were selected for measurement, thetotal number of images being 102, The â€žtruequot; distances were derived from photographs takenwith d close to A, The following values (in microns) wereobtained:



??? 1.nbsp;83.7. 2.nbsp;114.1. 3.nbsp;133,2, 4.nbsp;154,8, 5.nbsp;204,2, 6- 265,6, As to the other plates, these were taken with 6 differentdistances d-A, thus reproducing 6 different conditions ofseeing. The corresponding values of A were found to be15, 16, 19, 24, 30 and 37 microns.The differences p pj^ â€” p,^^^ are given in Table 14. The values marked : are uncertain. Notwithstanding the small number of images the qualitativeagreement with the previous results (see p. 40) is very good.With the exception of a few values Table 14 exhibits the samecharacteristics as shown by Fig, 4, For instance the decreasePphâ€” Ptrue increasing A for corresponding values ofP truenbsp;the same Di is pronounced. As to a quantitative comparison, herefor the average valuesof Ai, Aa and As. as given in Table 12, may be used.will then be seen that the numerical agreement is satisfactory.The agreement with Ross\' results is very good. This maybe seen by comparing Ross\' measures (Table 30, p. 179)with the values in columns 4 and 5 of Table 14 a, b, c of thepresent

publication. It may be remarked in this connection that the artificialimages are of high quality compared with the telescopic ones. It is my intention to continue the experiments in the wayas indicated above and to obtain an extensive series ofmeasures, A matter of great importance is the separation ofphotographic and physiological errors. It has been suggestedto investigate photometrically the enlarged double images. The results may be of interest to those applying photographyin the determination of positions of double stars.
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??? Â§ 9.CATALOGUE. Tables 15a and 15b contain some information for bothseries of plates, respectively for the R-series (1930 material)and the ^-series (1929 material). Column (2) gives the range in exposure time,Coliunns (3), (4) and (5) contain the numbers of measuredimages. Column (6) gives the values of A- Some of these werederived with the aid of the curve gjiven in Fig, 2 (p. 31). Colimin (10) of Table 15b contains the openings of therotating sector. For instance for sector 5 the angle of the opening amounts to X 360Â°, i, e, 5 % of the infalling light is transmitted. REMARKS(Table 15a). 1. through clouds. 2. some haze. 3. thick. â€?4. clouds; high wind. 5. passing clouds. 6. hazy. 7. haze. 8. clouds at the end. 9. thin clouds. 10. seeing sometimes 2. 11. some wind. 12. wind. 13. seeing variable. 14. sector 17. 15. .. 16. 16. .. eVi. 17. .. 3. 18. .. 30. 19. .. 15. 20. faint guiding star. 21. partly cloudy. 22. lightning. 23. image unsteady.



??? Plate Exp.timerange1 to Images d R e g fg A Seeing Transp, â– r Remarks 1 8 4 32 3- 4 47 2 8 63 11 2 47 2â€”3 4 47 5 25 11 13 16 28 3 4 37 7 20 â€” 4 20 28 4 5 37 8 10 â€” 1 5 25 4Â? 5 37 9 20 â€” 8 12 22 4 5 36 10 40 6 5 2 31 2â€”3 5â€”0 41 1. 12 20 â€” 2 12 43 3Â? 4 42 13 20 4 5 7 30 3 4 51 14 20 â€” 2 14 39 3- 4 51 16 40 â€” â€” 5 31 3â€”4 3 57 2. 17 20 1 7 7 29 4 5 2â€”1 55 19 20 13 11 20 30 (2â€”3(3-44â€”5 2â€”3 55 20 30 1 4 3 25 2â€”1 55 3. 21 20 1 2 6 24 4â€”5 2â€”1 55 23 35 â€” 3 7 30 3- 3-0 60 4. 24 35 â€” 7 4 50 1â€”2 4â€”5 59 5. 25 13 20 12 5 30 3â€”4 3â€”4 43 2. 26 25 1 7 3 26 4 3 ? 43 27 8 1 â€” 4 26 4â€”5 ? 43 28 40 11 3 3 32 4â€”5 3â€”4 43 6. 29 10 9 29 4 26 4â€”5 3 43 30 10 â€” â€” 33 69 1-2 2 46 7., 12. 31 20 10 49 31 30 ( (5) (3-4 3 (3â€”2(2 0 52 6., 8. 32 20 â€” 1 8 32 2- 50 3. 33 60 â€” â€” 17 26 (2â€”3(3-4 3â€”22â€”0 54 1. 34 30 4 11 1 14 4 2â€”3 43 35 25 8 12 5 24 4 5 2â€”3 43 36 40 1 8 10 26 4 3 42 37 20 6 10 7 27 3^ 2â€”3 53 9.



??? Plate Exp. Images Seeing d R timerange1 to e g fg A ,Transp. ^ act, Remarks 38 25 , 6 8 24 f3â€”44â€”5 3â€”2 52 9. 39 40 2 2 2 31 3 5 47 40 40 17 8 7 40 4â€”3 4 43 10. 41 8 3 1 1 38 2â€”3 4 42 11. 42 32 â€” â€” 1 37 2â€”3 3 45 6. 43 20 â€” 1 2 37 (2â€”3(var. ? 43 1. 44 32 â€” â€” 2 46 2â€”3 4 48 45 32 â€” â€” 8 26 3-4 4 51 46 10 _ 7 25 20 4 4 51 47 6 _ 2 7 22 4 5 4 51 11. 48 20 2 8 6 20 4 4 50 49 20 â€” 1 4 18 4 5 4 50 11. 50 20 1 5 6 22 5- 4- 49 52 40 3 11 11 30 Uâ€”3(3-2-3 3 68 12. 53 20 â€” 4 16 38 3-2-0 3- 68 7. 54 20 55 23 9 28 S-4-3 3-4 55 55 20 22 13 17 31 3 5 51 13. 56 20 â€” 1 9 38 2â€”1 5 50 57 20 17 34 23 23 3-4 3 50 58 20 â€” 3 8 22 4- 3 49 8. 59 10 â€” 6 9 20 4â€”3 3 51 60 20 1 4 3 29 4 3 50 61 10 42 56 48 28 4â€”5 3- 51 62 20 18 18 11 30 4â€”5 3- 50 63 20 â€” 5 4 29 4 5 3 68 64 10 â€” 1 10 25 4Â? 3 67 65 10 4 12 24 26 4 3- 66 14. 66 10 17 25 14 35 I3.4 4â€”5 68 15. 67 10 4 22 16 32 3-4 4 67 16.



??? PlateR Exp.timerange1 to e Images 1 g fg A Seeing Transp. tu. Remarks 68 10 1 3 32 3Â? 4â€”5 67 69 20 5 6 7 46 3-2-1 4 5 66 70 32 1 3 3 36 3Â? 4â€”5 65 71 20 _ 18 19 24 3â€”4 3 67 2. 72 16 â€” 7 10 22 3â€”4 3 66 17 73(??) 20 -(-) 13(4) 26 3â€”4 3 70 i (10., 13. 74 25 _ ___ 8 26 4.3- 3 69 1., 13. 75 20 __ 13 14 31 2-4 var. 68 76 32 3 1 2 30 2â€”3 / n 4 61 78 20 â€” 6 4 48 (3 2^4â€”2 4â€”0 60 8., 13. 79 10 7 8 21 29 3â€”5 4â€”3 61 80 20 â€” 6 6 27 4â€”5 3-4 60 83 5 11 12 6 31 4 5 3â€”0 58 1., 18. 84 5 â–  1 4 31 2-3 var. 58 13. 85 20 _ â€” 5 44 1-2-3 var. 65 1. 86 6 10 20 14 36 4 4 59 87 10 13 24 18 24 4â€”5 4 38 89 5 2 6 17 â€? 38 4â€”5 3â€”4 66 91 24 5 4 3 32 3- 4 71 92 16 2 7 12 32 2â€”3 4â€”3 75 21. 93 10 8 16 13 32 3-4-5 3 73 21. 94 3 1 2 5 26 3â€”4 2â€”0 76 5., 22. 95 5 3 21 13 25 3â€”4 4 77 18. 96 5 â€” 1 2 36 2 ? 76 5. 97 16 __ 11 11 33 3Â? 4 75 98 8 2 3 2 34 3â€”4 4 75 99 8 _ 3 5 32 3â€”4 4 74 100 2 â€” 2 â€” 26 3 ? 77 1. 2 14(-) 9(8) 2(11) 21 4 4â€”5 79 1 19. 102 10 1 12 12 34 4Â? 4â€”5 78 1 13.



??? PlateR Exp.timerange1 to e Imagesg fg A Seeing Transp. lu. Remarks 103 5 3 3 28 4Â? 4 77 13. 104 3 â€” â€” 3 26 4- 4 76 11. 105 4 1 8 14 25 3â€”4 4 75 11. 106 10 â€” 1 5 24 4â€”5 2â€”0 74 1. 107 5 28 28 16 25 4â€”5 2â€”0 75 1., 3. ;\\108 4 17(2) 11(17) 7(10) 27 4-3-4 / J mm 4 79 19. 109 10 11 32 28 24 Uâ€”5(5â€”4 4 77 110 20 40 34 8 15 5â€”4 ? 77 1. 111 40 2 14 12 28 Hâ€”5 3â€”4 81 13. 112 10 â€” 11 11 29 V 3â€”2 ? 80 5., 13. 113 20 3 18 18 24 3-4-3 3â€”2 79 7., 9. 114 10 32 18 13 26 3â€”4 2â€”0 75 7., 3. 115 4 â€” 12 29 27 3-4-3 4 69 116 16 7 10 10 29 3Â? 4 77 23. 117 20 6 13\' 14 30 2â€”3 4 75 118 10 26 12 16 26 3-4 ? 81 1. 119 20 4 5 6 26 4â€”5 3 88 1., 6. 120 10 5 6 8 20 4? ? 86 20., 1. 121 20 2 9 5 23 3â€”4 2â€”3 84 1. 122 32 3 6 4 28 3--3Â? 3 83 123 16 9 19 9 25 4 3 85 6.



??? Plate TT Exp.timerange1 to Images a Seeing Transp. dI- Sector Remarks e g fg 24004 1 2 24 4â€”5 3- 5 k 223 1 1 1 â€” 28 3â€”4 2 â€” 50 A/R 371 1 2 â€” â€” 20 5 â€” 35 M 372 1.2 2 â€” â€” ft 5 â€” â€” 35 M 416 1 2 â€” â€” 32 3 â€” â€” 3 M 417 1 2 â€” â€” fgt; 3 â€” â€” 3 M 452 1.1 2 â€” â€” 28 3â€”4 4â€”5 48 3 A/k 453 1 â€” 2 â€” gt;t 3-4 4â€”5 48 3 k 25085 1 -: 1 1 25 4 2â€”3 6 M 808 1 1 1 â€” 24 4â€”5 â€” 68 20 809 1 2 1 â€” tt 4â€”5 â€” 68 20 1. 830 2 â€” 2 â€” 22 4-5 3 76 y2 k 847 1 â€” â€” 1 24 4â€”5 4 â€” y2 k 848 1 â€” â€” 1 It 4â€”5 4 â€” % k 849 3 â€” 2 2 29 4â€”5 4 69 2 850 3 3 1 â€” 22 4â€”5 4 69 2 851 3 â€” â€” 2 28 4â€”5 4 69 2 852 6 1 1 2 22 5 ? 69 2 2. 861 3 â€” 1 2 16 4â€”5 4 68 20 862 3 â€” 2 â€” 5-4-3 4 68 20 3. 879 4 1 2 22 4â€”5 3 67 10 880 4 â€” 1 2 28 4 5 2â€”3 67 10 881 2 1 4 1 24 4/ ^ 2â€”3 66 20 922 3 â€” 2 â€” 22 3 73 3 923 2 â€” â€” 3 it j3-4 3 73 3 924 3 â€” â€” 1 27 i 4(3-4 2â€”1 73 3 4. 926 2 1 2 12 4â€”5 3? 72 35 946 1.5 â€” 3 1 22 4Â? 3 73 20 947 1.1 2 2 â€” 19 4â€”5 3 73 20



??? Plate Exp. Images d TT timerange1 to e g fg A Seeing Transp. r Sector Remarks 25948 1.1 2 1 27 4Â? 3â€”4 73 20 968 1.5 â€” 2 1 21 5 3 75 2 5. 969 2 â€” 2 1 )) 5 3 75 21/2 6., 7. 26008 4 â€” â€” 1 24 4â€”5 â€” 78 2 009 2 â€” â€” 3 4â€”5 â€” 78 3 Oil 4 â€” â€” 2 28 5 â€” 77 3 023 1 â€” â€” 2 25 4 2â€”3 74 % V 026 4 â€” â€” 1 19 4â€”5 3 72 12 027 4 â€” 1 â€” *t 4 5 3â€”4 72 20 028 4 1 â€” 1 ft 4â€”5 4 72 35 029 2 â€” â€” 1 26 4â€”5 3 71 20 8. 030 2 â€” 1 1 tt 4 5 3 71 33 8. 031 2 â€” 1 1 It 4â€”5 3 71 50 8. 032 1 â€” 1 1 24 4â€”5 3 72 11 044 4 â€” 1 â€” 24 4 5 2â€”3 78 3 9. 045 4 â€” 2 â€” 13 5 3 78 5 9. 046 4 2 1 â€” tt 5 3 77 8 060 4 h1 11 11 17 4â€”5 3 76 12 lt;15. U6. 061 4 ji1 1 21 tt 4â€”5 3 75 18 fl5. ne. 062 4 (2k 1 1 tt 4â€”5 3â€”4 75 30 as.il6. 063 1 2 â€” 23 5 3 74 11 064 1 1 â€” 1 tt 5 2? 74 11 10. 129 1 â€” 1 1 24 4â€”5 3 73 Bl 40 k,ll. 150 1.5 â€” â€” 1 23 5 â€” 68 4 12. 151 1.5 â€” 1 â€” tt 5 â€” 68 6 13. 181 1.1 â€” â€” 1 23 5 â€” 64 30 14. 198 2 â€” 3 â€” 19 4â€”5 4 72 30 199 .5 â€” 3 1 19 4â€”5 4 72 50



??? REMARKS k taken by van de Kamp.(Table 15b). Anbsp;Asklof. Mnbsp;â€ž Mitchell. V â€ž Vyssotsky.R â€ž â€ž Reuyl. 1.nbsp;passing clouds. 2.nbsp;objective fogged. 3.nbsp;seeing unsteady, 4.nbsp;thick haze. 5.nbsp;scattered clouds.6..... 7.nbsp;spider in guiding eyepiece. 8.nbsp;tailpiece rotated 2Â°. 9.nbsp;thin clouds. 10.nbsp;clouds. 11.nbsp;Bi-filter reduces about SÂŽ. 12.nbsp;through clouds. 13.nbsp;clear? 14.nbsp;clouds. 15.nbsp;B.G.C. 11233. 16.nbsp;Anon.



??? Table 16 contciins the resxilts of the measures.Column 1. Number in Burnham\'s General Catalogue. 2.nbsp;Right ascension for 1900, 3.nbsp;Declination for 1900. 4.nbsp;Photovisual magnitude taken from the HenryDraper Catalogue, The values in brackets weretaken from other sources. 5.nbsp;Plate number, 6.nbsp;Epoch of the observation. When marked .. theplate was taken on the same night as theprevious one. 7.nbsp;Position angle, 8.nbsp;Probable error of (7), 9.nbsp;Mean distance before correcting. 10.nbsp;Probable error of (9). 11.nbsp;Mean distance after correcting. 12.nbsp;Probable error of (11)..13. Number of images. 14. Remarks. For those stars on which 2 or more plates were takenweighted means are given. Weights were given proportionalto n rounded off for the sake of convenience. It will be readily seen that the probable error is decreasedin the average by applying the corrections. This could beexpected a priori. The probable errors given have been derived from thedeviations of the individual measures from the plate

mean.Therefore the values exhibit only the internal agreement ofthe individual measures. They are of little significance forsmall values of n.



??? R.A. (1900) Decl. Epoch1900 â‚?0 0 Pc \'PC b.g,c. Plate h 1 43.3 29^65 1.8341.862 1.9522.031 213.0212.0 26150 26151 941 5.99 47 24 212.5086.12203.84104.03104.93 1.8481.9994.9685.5245.553 1.9922.1414.9865.2765.521 29.6529.9929.99 30.18 30.19 .094.017.033.009 ,072,014,027,008 .19 .07,1106 179927514477 12 30 31 4763390 6.855.445.56 33 48 25 17 57 33.823.16.5 27 16 35 26 15 41 24 6 475.4235.0403.7395.1785.8061.9131.660.022 5.5415.0233.6585.1785.8061.7971.527 104.57216.2097.30192.7422.84318.65318.38 30.1930.1730.11 30.2030.1730.1130.14 .05.16.11.94.13.48 .008.012009Oil040017 25 7 34 26 816 46014798489050035071 6.30 6.73 8.6 7.20 6.81 20.7 44.4 55.8 11.519.2 .008.011.009.011.029 3724161165 1.6624.9674.947 1.7864.9774.973 318.52129.69129.82 30.1230.1130.14 .014010 .013.010 5136 .08.08 4044 5 19 73 32 6.43 28.4 4.9563.2903.104 129.7687.5887.42 4.9753.3363.220 30.13 30.12 30.13 ,025037 .07.20 .029.031 5422 1316 53 8 7.36 1013 10 19.7 21 20 42 40

87.50100.80165.03164.51164.27 30.1329.12 30.14 30.1530.20 25085202335 54485516 8.47.8 24.7 34.8 3.1971.4683.468.433.321.08 3.507 3.2781.7883.5543.2183.548 281025 .21 .025.039.009 .029,034.009 3.4461.892 164.548.93 3.4602.019 30.1730.17 41 .046 .055 27 (9.6) 5533 45 7 37.3



??? R.A. (1900) Decl. Epoch1900 0 Pc \'PC B.G.C. Plate 5720 11 10.0 28 7 7.13 9121437 30.1130.1330.1330.20 96.1396.5595.7096.13 .16.22.19.14 3.7833.6063.6503.688 .020.033.023.022 3.8223.6833.7063.762 .018.031.021.019 96.1353.50167.73168.42167.23 30.1530.2230.1530.1730.19 3.6822.5425.7745.8615.959 3.7442.6915.7515.8615.948 58175842 (9.0)7.40 27.231.2 60 37 56 43 39242833 .65.36.07.19 .030.024.008.020 .025.022.008.022 167.80180.70179.50 5.8732.6002.670 5.8632.7662.820 30.18 30.26 30.27 6106 12 11.7 30 37 (9.0) 44 45 ,16 .036 .025 30.27 30.19 30.2030.20 2.8062.1042.2702.067 179.805.284.031.42 2.6521.9052.0571.972 6108 12.0 70 42 8.2 323638 .80.62.99 .027.018.027 .029.014.027 3.42242.80191.74193.69 30.2030.1430.1430.31 1.9852.3311.3501.367 2.1512.5041.4131.403 62166236 11 57 9 23 .48.42.83 8.37.12 172159 .020.031.024 31.035.9 .021.024.017 192.85 336.0 343.00 342.10 343.30 1.3603.5061.8741.8131.861 30.2430.2430.1730.2730.31 1.4073.6122.1021.8861.981 63646415 56 57 32 39

(9.0)6.66 58.413 7.3 42294657 .33.27.23 .011.017.009 .008.018.007 30.2630.33 342.87347.63 1.8511.643 1.9991.820 6494 23.6 16 14 7.9 63 .46 .043 .030 9



??? R.A, (1900) Decl. Epoch1900 Pc â‚?0 \'PC 0 Plate b.g.c. 13 28.8 6527 8.12 49 39 65586762 â€”7 22-f5 51 8.26.80 55 48â€”7 19 9.717.3 4 8 22.0 16 51 49 7 36.046.3 7120 48 93 7127 32.314 8.4 67766837 6875 69547031 15 0.5 2.8 7.117.7 8.5 \'4.945.815.64 4.86 6.69 40 30.22 301.17 .06 3.731 .013 3.816 .011 32 52 30.27 301.56 .16 3.828 .024 3.867 .020 25 30.24 301.35 3.775 3.839 68 30.33 221.18 .13 2.511 .051 2.529 .040 4 11. 41 30.22 192.43 .08 4.763 .022 4.793 .031 5 43 30.24 192.90 â€” 4.663 .026 4.728 .028 3 30.23 192.66 4.713 4.760 64 30.33 90.02 .29 1.883 .023 2.033 .022 11 12. 47 30.27 169.99 .20 5.602 .019 5.602 .019 9 13. 69 30.33 170.62 .10 5.599 .016 5.573 .014 18 30.30 170.35 5.600 5.585 48 30.27 14.95 .66 2.753 .014 2.867 .013 16 58 30.31 16.33 .43 2.692 .023 2.818 .024 11 60 30.31 15.50 .37 2.679 .025 2.838 .023 8 30.29 15.53 2.712 2.844 66 30.33 105.21 .05 5.720 .010 5.708 .008 56 14. 53 30.27 45.15 .24 3.101 .028 3.100 .012 20 15, 54 30.30 44.55 .11 3.251 .009 3.293 .006 87 79 30.40 44.37 .06 3.258 .022

3.332 .014 36 30.33 44.62 3.222 3.265 61 30.31 246.90 .07 3.195 .010 3.197 .006 146 16. 65 30.33 246.52 .18 3.079 .014 3.123 .014 \'40 30.32 246.77 3.156 3.172 55 30.30 1210.72 .09 4.328 .007 4.390 .006 52 71 30.34 210.96 .10 4.356 .011 4.334 .008 37 30.32 : 210.83 4.341 4.364



??? B.G.C. R.A. (1900) Decl. Plate Epoch1900 Pc 7160 15 7.9 15 46 8.9 49 30.27 235.43 .36 2.225 .047 2.303 .052 5 80 30.40 235.50 .70 2.287 .023 2.471 ,030 12 30.35 235.47 2.262 2.404 7318 30.0 10 53 ^4.23 72 30.34 181.58 .20 3.860 .013 3.882 .013 17 85 30,40 182.28 â€” 3.644 .055 3.743 .055 5 92 30.42 181.59 .43 3.768 .021 3.789 .018 21 30.39 181.71 3.779 3.814 7314 33.8 30 26 8.2 70 30.33 294.43 .20 4.968 .026 4.948 .010 7 7389 42.6 â€” 5 1 8.85 74 30.34 80.57 .26 3.529 .025 3.486 .028 8 7396 43.9 â€” 2 56 8.3 73 30.34 160.64 .37 2.450 .032 2.446 .039 13 7398 45.1 â€” 2 54 8.7 73a 30.34 282.35 .â€” 2.256 .036 2.232 .030 4 7461 54.6 22 5 8.7 50 30.27 207.54 .28 3.958 .015 3.984 .014 12 7551 16 8.6 13 48 6.84 56 30.30 339.53 .24 3.888 ,046 3.890 ,040 10 62 30.31 339.79 .10 4.090 .006 4.166 .005 47 75 30.34 339.49 .09 4.155 .028 4.079 .021 27 86 30.41 339.78 .08 4.090 .009 4.162 .008 44 30.35 339.68 4.077 4.107 7703 33.9 53 8 6.56fe.58 94 30.47 108.54 .36 3.435 .032 3.450 .030 8 7878 17 3.2 54 36 45.80(5 S3 25830

29.46 114.65 2.150 . 2.338 2: 25847 29.48 112.5 â€” 2.156 â€” 2.266 â€” 1 25848 113.1 â€” 2.010 â€” 2.224 _ 1 83 30.40 111.93 .22 2.189 .023 2.351 .018 29 89 30.41 111.60 .16 2.195 .024 2.355 .017 25 95 30.47 112.65 .26 2.168 .019 2.330 .017 37 29.47 113.42 2.105 2.276 30.43 112.10 2.183 2.344 0 ^Pc



??? R.A. (1900) Decl, Epoch1900 Pc 0 â‚?Q \'Pc b.g.c. Plate 6.59 7.6 6.17 67 30.33 313.58 .12 3.983 .012 4.019 .011 42 93 30.42 313.76 .11 3.952 .012 4.013 .010 37 30.38 313.67 3.968 4.016 84 30.40 113.25 â€” 2.404 .083 2.533 .069 5 87 30.41 112.63 .18 2.576 .012 2.664 .010 55 96 30.47 115.16 â€” 2.547 â€” 2.724 â€” 3 30.42 113.20 2.539 2.651 26023 29.60 266.85 _ 1.956 2.162 __ 2 26129 29.64 267.55 â€” 2.012 â€” 2.152 â€” 2 29.62 267.20 1.984 2.157 76 30.38 190.82 .24 5.471 .048 5.432 .044 6 78 30.39 190.18 .25 5.455 .030 5.467 .031 10 116 30.54 190.44 .10 5.435 .012 5.444 .012 27 30.46 190.44 5.488 5.448 gt; 25849 29.48 181.32 â€” 1.695 .087 1.909 .065 4 25850 sgt; 179.70 â€” 1.794 .038 2.042 .033 4 25851 Â? 182.40 â€” 1.538 â€” 1.809 â–  â€” 2 25852 180.71 â€” 1.745 .152 2.013 .134 4 109 30.51 183.00 .36 1.854 .010 2.006 .008 71 110 30.51 183.13 .17 1.986 .009 2.131 .005 82 29.48 180.83 1.715 1.962 30.51 183.07 1.924 2.072 91 30.42 339.40 .10 5.210 .021 5.197 .017 12 97 30.47 339.44 .15 5.158 .013 5.191 .013

22 111 30.52 339.39 .05 5.178 .012 5.189 .013 28 30.48 339.41 5.178 5.192 23. 21. 8003 37 14 17 20.2 8243 18 21 52.1 8303 -8 11 57.6 8579 19 13 18 23.4 8663 16 54 31.4 6.86 8684 41 12 33.0



??? R.A, (1900) Decl, Epoch1900 B.G.C. eQ Plate Pc \'Pc 219.94323.43324.92 8 34,836.6 87058732 30 39 52 14 (9.0)6.86 104103106 30.49 30.49 30.50 2.3421.6331.640 2.4631.7371.646 ,83 029034 .026.027 30.50 30.48 30.51 324.18 6.156.17 1.636 2.9672.941 1.692 3.0353.085 5.066.02 8783 41.0 39 34 101108 .08.17 .014.009 014009 30.50 30.48 30.51 6.16 115.15113.67 2.953 2.3342.226 3.062 2.3692.374 5.145.37 8785 41.1 39 30 101108 .12.26 .020.016 .017.016 30.5029.45 gt;3 29.4929!50 114.3374.8075.2377.0871.9076.7075.59 2.2742.3222.1131.8181.9261.7661.810 2.3722.3182.1701.9712.1182.0172.073 19 0.6 51 26 9023 (8.7) 25808 25809 25861 25862 25879 25880 29.48 30.47 30.48 75.22214.64214.75 1.9594.3154.375 2.1114.3564.380 7.7 38 37 7.51 9114 98100 .22 .022 .016 30.4730.4730.4930.53 214.68138.28138.53139.09 4.3353.7353.8663.806 4.3643.7913.9303.888 3.8825.268 48.2 25 36 9693 7.41 99105115 ,021.019.015 .17.29.22 .028.018.014 30.5030.56 138.72386.84 3.8125.248 55.9 9808 47 5 7.61 122 .09 .014 .014



??? R.A. (1900) Decl. Epoch1900 Pc \'Pc â‚?0 B.G.C. Plate 6.89 6.69 6.23 8.9 6.64 102 30.48; 350.68 ,17\' 4.095 .016 â–  4.170 .017 25 113 30.52: 350.85 .14. 4.088 .009 4.100 .009 39 117 30.54: 351.05 .18\' 4.097 .013 4.121 .011 33 119 30.55: 350.52 .20 4.110 .022 4.193 .022 15 30.52 350.80 4.096 4.140 26044 29.61 172.5 â€” 1.851 â€” 1.957 â€” 1 26045 Â? 174.35 â€” 1.695 â€” 1.795 â€” 2 26046 171.11 1.855 1.950 â€” 3 107 30.51 173.58 .16 1.942 .007 2.083 .007 72 29.61 172.27 1.814 1.913 30.51 173.58 1.942 2.083 25881 29.50 180.52 1.905 .023 1.925 .024 6 25946 29.54 177.04 â€” 2.087 .082 2.120 .082 4 25947 5? 178.40 2.006 .028 2.044 .026 4 25948 Jgt; 178.94 â€” 1.982 â€” 2.062 â– â€” 3 29.53 178.73 1.995 2.038 i 112 30.52 209.47 .20 2.951 .014 3.069 .016 22 114 30.53 209.03 .10 2.996 .006 3.139 .005 63 118 30.54 208.63 .12 2.989 .010 3.110 .008 54 30.53 209.00 2.982 3.111 26026 29.60 152.4 â€” 1.727 \'â€” 1.882 â€” 1 26027 5J 152.6 1.717 â€” 1.869 â€” 1 26028 Â? 147.85 1.834 1.965 â€” 2 29.60 1150.95 1.759 1

1.905 125922 129.53 ; 222.35 â– 2.739 1 _ 2.863 â– â–  1 â– â–  2: 25922 \' Â? 222.05 â€?2.844 2.977 3 2592^ 219.3 2.592 1 _ 2.772 1 ^ 1 120 30.55 ; 2I9.9C ).34 12.659 Â?.Oil 2.73C 1.015 1 19 121 30.55 i219.8C l.2g 12.707 \'.02C ) 2.762 I.OIS ! 16 123 30.57 \' 218.85 !2.75Â? [.OK i 2.882 !.011 . 37 29.52 1221.4^ 2.74f 2.88? 1 30.5e i 219.4:: gt; 2.71f 2.804 [ 127. 9818 .9 56.6 10 28 9868 35 45 59.8 9944 8.8 63 25 20 4.2 9982 0 34 7.5 10669 49 49 56.3 10676 57.3 6 48



??? R.A, (1900) Decl, Epoch1900-t- B.G.C. e Pc Plate \'PC 10713 20 59.4 56 16 5.74 2600826009 29.58 351.9351.07 1.6021.359 1.7321.535 351.38355.55356.67355.25 29.5829.61 1.4501.7471.8181.954 1.6091.9711.9942.083 11233 21 41.0 (8.8) 2 21 29 :60602606126062 29.6129.61 355.82309.03305.56305.40 1.8401.9352.0241.906 2.0162.1202.1642.091 41.4 (10.0) 21 31 260602606126062 306.66104.5043.943.2543.45 29.6129.5829.60 1.9551.4401.2901.3821.306 2.1251.7391.6221.7221.618 1133413606 49.157.9 65 17 62 21 6.41(9.7) 26011 26029 26030 26031 29.6028.7028.86 43.53266.05267.95266.10 1.3263.1482.9042.892 1.6543.1853.0713.058 11968 22 42.7 6.75 -4 45 24004 24452 24453 28.7928.85 266.7062.8562.25 2.9813.9783.872 3.1054.0943.975 11997 45.6 68 2 6.39 24416 24417 28.85 29.60 29.61 62.55348.9a349.50348.20 348.87 3.9251.6481.7781.796 1.741 4.0341.9031.9691.961 1.944 12076 52.6 62 19 7.76 26032 26063 26064 129.61



??? Plate Epoch1900 0 Pc 8.5 \'6.586.58 24223 28.79 195.70 2.646 2.789 _ 2 24371 28.83 194.45 2.810 â€” 2.892 â€” 2 24372 Â? 193.05 2.836 â€” 2.921 â€” 2 25926 29.53 195.07 â€” 2.883 â€” 3.006 â€” 3 28.99 194.57 2.794 2.902 26181 29.66 193.3 1.904 â€” 2.062 â€” 1 26198 29.67 194.05 1.737 â€” 1.880 â€” 3 26199 191.98 â€” 1.744 .036 1.853 .016 4 29.67 193.07 1.773 1.906 25968 29.57 240.62 1.711 â€” 1.838 â€” 3 25969 )) 242.03 â€” 1.654 â€” 1.793 â€” 3 29.57 241.32 1.682 1.816 30. â‚?0 Vc b.G.C. R.A. (1900) Decl. 8.29.3 12378 16 5 23 22.6 12652 47 31 52.5 12675 33 11 54.4



??? REMARKS 1.nbsp;S 716= 118 Tauri. (Table 16). 2.nbsp;^ Cancri. 3.nbsp;Cancri = 2 1223. 4.nbsp;130 Lyncis = 2 1282. 5.nbsp;2 1348. 6.nbsp;2 1439. 7.nbsp;S 1661. 8.nbsp;The difference in magnitude of the components is about 1^.1. 9.nbsp;02 261.10.nbsp;02 266. 11.nbsp;81 Virginis=:2 1763. 12.nbsp;2 1820. 13.nbsp;2 1833. 14.nbsp;tt Bootis. 15.nbsp;39 Bootis = 2 1890. 16.nbsp;44 Bootis. 17.nbsp;^ Serpentis. 18.nbsp;49 Serpentis = 2 2021. 19.nbsp;17 Draconis = 2 2078. 20.nbsp;fx Draconis. 21.nbsp;p Herculis. 22.nbsp;r Ophiuchi. 23.nbsp;02 358. 24.nbsp;fj Lyrae. 25.nbsp;$2 Lyrae.26 .nbsp;2 2481. 27.nbsp;A Equulei. 28.nbsp;2 2944. 29.nbsp;2 2947. 30.nbsp;37 Andromedae = 2 3050. I am greatly indebted to Mr, Th, Brouwer for renderingvaluable assistance in the reductions and for making thedrawings of Figures 1, 2, 3 and 4, I owe many thanks to Mr, D, van Suylen for making thedrawings of Figures 5, 6, 7, 8 and 9,
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??? STELLINGENÂ? 1.nbsp;De methoden voor het verkrijgen van kimstmatige sterren,zooals die aangewend zijn door Ross, P r z y b y 11 o ken Labitzke en Swings en Legros, zijn nietdoeltreffend, (Mon, Th, Phot, Eastman Kod, Comp, No, 5; 1924,Publ, K??nigsberg 45 (4); 1929,Li?¨ge, Inst, Astr, G?Šod, No, 41; 1930), 2.nbsp;Ten onrechte geeft Osgood gewicht â€žoneindigquot; aanzijn fotografische metingen. (iVl. W. Contr,Â? 371, 4; 1928). 3,nbsp;Ten onrechte meent Lau dat de normaal belichtebeelden vrij zijn van stelselmatige fouten. (A, N, 192, 183; 1912). 4.nbsp;Het onderzoek naar stelselmatige fouten in micrometer-waarnemingen van dubbelsterren is dringend gewenscht. 5,nbsp;Voor de bepaling van trigonometrische ster-parallaxengeniet de refractor de voorkeur boven den reflector. 6,nbsp;De conclusies, welke Zinner op grond van zijn resul-taten, betreffende de toenemende helderheidsveranderingvan i Cephei-sterren trekt, zijn twijfelachtig, (Sitz, Ber, Preuss, Ak, Wiss,, Phys, Maih. 9; 1931), 7,nbsp;De nieuwste bepalingen van de helderheid

van Sirius Bontnemen aan dit bewijs voor de juistheid der relativi-teitstheorie alle overtuigende kracht, (P,A,S,P, 42, 155; 1930, P,A,A,S, 7 (1), 20; 1931), 8.nbsp;Helderheden van objecten als Sirius B dienen met denmicrofotometer van Moll te worden bepaald.



??? 9.nbsp;Als men de lichtsterkte in een punt eener lijn vanFraunhofer berekent met de eenvoudige formule vanSchuster, moet men de â€žlaagdiktequot; H interpre-teeren als !/nbsp;, waarin p\' het quoti??nt van totalen r Q a en electronendruk, ^ de co??ffici??nt der algemeene ab-sorptie en g de gravitatieconstante voorstellen. 10.nbsp;Ten onrechte meent Wurm dat de constanten in debandenserieformule niet veranderen, wanneer deze over-eenkomstig de moderne quantentheorie als een quadra-tische functie van n V2, in plaats van n, geschrevenwordt, (Handbuch der Astr. Phys. 3 (2), 750; 1930), 11.nbsp;De bewering van Mecke, dat een electronen â€žUmlage-rungquot; in een molecule een sterker energieverbruik be-teekent dan in een atoom, is onjuist, (Forts, Chem,, Phys,, phys, Chem, 20 (3). 37; 1929), 12.nbsp;De uitbreiding van het onderricht in het practisch gebruikvan grafische methoden, bij het middelbaar en voorbe-reidend hooger onderwijs, is gewenscht.
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