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Introduction

In 1946 the late Frank S. Hogg, then Director of this Observatory,

set out to design a long-range programme to measure the radial

velocities of a large group of late-type stars, believing that stars

of this kind had been neglected in comparison with early-type stars.

To make the observational material most useful he decided to

choose stars for which proper motion data were already available

and to choose them so that the observational material would

provide information well suited to galactic studies. With these

points in mind, he chose the declination zone +25° to +30° which

includes both the solar apex and the north galactic pole, and he

selected from the Yale Catalogue of the Positions and Proper Motions

(Schlesinger and Barney, 1933) the stars listed with photographic

magnitudes brighter than 9.01 and of spectral types GO and later

for which radial velocities were not then known. The final pro-

gramme included 1041 stars. Because of systematic errors in the

photographic magnitudes of the Yale Catalogue the selected stars

are for the most part fainter than 9th magnitude, and because of

errors in the Henry Draper classification many are of type F.

The observations for this programme occupied a large part of the

observing time of the 74-inch telescope from 1946 until 1954. As the

observing and measuring of the spectrograms proceeded, it became
apparent that the velocity data would be much more useful if

spectral and luminosity classes and improved photographic magni-

tudes could be added. Accordingly, classification and photometric

programmes were undertaken for the same stars. The present

report combines the results of these three separate programmes.
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The Radial Velocities

Observations. In conformity with earlier practices at this Observa-

tory, four or more measurable spectrograms distributed over a

reasonable interval of time were obtained for each star; the total

number for this programme was about 4600. Eighty-three per cent,

of the spectrograms were obtained with the 12|-inch camera of the

one-prism spectrograph yielding a dispersion of 66 A./mm.at Hy,

the remainder (mostly of the brighter stars) with the 25-inch

camera, dispersion 33 A./mm. Kodak Spectroscopic 103a-O

plates were used almost exclusively. Exposure times ranged from

one-half hour to two hours.

Throughout the observations of the programme stars, spectro-

grams were also obtained of a selection of the fainter standard

velocity stars of G- and K-type listed in the Transactions of the

International Astronomical Union, vol. 7; in all, 156 spectrograms

of 18 standards were obtained with the smaller dispersion and 45

spectrograms of 14 standards with the larger dispersion. The

purpose was to provide a control in the manner outlined below.

All regular observers took part in the observations. Particular

credit is due to G. F. Longworth and F. Hawker of the technical

staff for much of the observing and for maintenance of the telescope

and spectrograph and to Miss Ruth Northcott and Dr. J. B. Oke

for their vigilance over the progress of the observing and the

maintenance of plate quality.

Measurements. Measurement and reduction were carried out by

methods reported in our earlier Publications (vol. 1, nos. 3, 13, and

16). On good quality plates the number of lines measured was

about 20. The spectrograms of the standard velocity stars were

measured in the same manner as those of programme stars.

Most of the regular members of the staff and a number of summer

assistants shared the task of measuring the plates. Miss Northcott

supervised the work of the assistants.

Stars of Variable Velocity. A question which merits discussion in

any radial velocity study is the incidence of velocity variation.

In the past it has been customary to assign variability in a rather

arbitrary manner from a look at the individual velocities with

allowance for the precision of measurement. We wished to employ
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a more objective means of deciding to what degree the measures

indicated variability. The following method was developed along

lines suggested by Dr. Donald A. MacRae.

Reference has already been made to a group of spectrograms of

standard velocity stars taken and measured under the same

circumstances as the programme stars. We assume that these

measures of standards form a population subject to the same

error dispersion as the programme stars, except that they lack

whatever dispersion may be present among the measures of some

programme stars by reason of true variation of velocity. The
problem is to identify what programme stars possess this additional

"error" dispersion.

Consider first the standard velocity stars.

Say we have h plates of r stars on which we have measured a

grand total of N lines.

Let us compute the deviation of each line-measure from the mean
for the plate; call these the "within-plate" deviations. Call the sum
of the squares of the deviations of all these N lines Sw .

Let us also compute the deviation of each plate mean from the

weighted star mean; call these the "among-plate" deviations.

Multiply the square of each "among-plate" deviation by the num-

ber of lines measured on the plate and call the sum of these products

S«.

Now if there were no source of error other than the errors of

setting on the lines, we would have

N— h h — r'

But we can expect an error involving systematic shift of all lines

on a plate for a variety of reasons. Call this the "plate error" and

let the estimate of it be co.

It can be shown that

N-h )N
We evaluated this for "standard" plates for both 66A./mm. and

33 A./mm. dispersions and found

w = 5.0 km. /sec. for the 66 A./mm.
co = 2.6 km. /sec. for the 33 A./mm.
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Now consider a programme star for which we have h' plates with a

total of N' lines.

We compute S'w and S' a for this star.

Then the quantity, F, given by

1 S'w h'-l N'co2

F
=
N'-h'' S'a

+
S'a '

can be shown to be Snedecor's ratio of variances for degrees of

freedom h' — l and N' — h'. Using Snedecor's table of F's, — see,

for example, Weatherburn (19-49)—we can now say whether or

not the scatter shown by the programme star's velocity measures

from plate to plate is significant If the F value computed

exceeds Snedecor's "1% point", then there is a probability smaller

than one per cent, that the amount of scatter has arisen by chance

and it is strongly suggested that the radial velocity of the star is

variable. If the F value exceeds Snedecor's "5% point", but not

the "1% point", then the probability that the amount of scatter

has arisen by chance is between one and five per cent, and it is

less strongly suggested that the star's velocity is variable. If the F
value is less than Snedecor's "5% point", we can hardly consider

that the observations suggest variable velocity.

For all of the stars we have made this computation and it is on the

basis of this that we have assigned positive variability (strongly

suggested) or questionable variability (less strongly suggested).

We have also used the measures for the standard velocity stars to

establish the weights to apply to the different measures in obtaining

the mean velocity for a star. We used weight 4 for good plates of

the higher dispersion, 1 for good plates of the lower dispersion and

\ for plates on which fewer than 10 lines could be measured.

A more complete study of the available statistical data may be

made at a later time.

Spectral Classification

A decision was made during the course of the investigation to

reclassify the spectra of all the 1041 stars using the MK system

(Johnson and Morgan, 1953). To this end a series of spectrograms

of MK standard stars was obtained, using both dispersions and the

same emulsion as for the programme stars. For each dispersion, a

careful study of the series revealed the criteria which would be
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most useful in the various ranges of spectral and luminosity classes,

and a routine was developed for "converging" on the correct class

of a spectrogram, using both the general appearance of the spec-

trum and the estimated intensity ratios of the lines and making
continual reference to the spectrograms of the standards. Evidence

has been adduced that the classification made with our spectro-

grams does not depart systematically from that made with the

smaller dispersions and wider spectra on which the MK system

was developed.

The classifications reported here are mostly those made by Miss

Barbara Creeper (Mrs. V. Gaizauskas) using the 66 A./mm.
spectrograms. For a few dozen stars for which there were no plates

of this dispersion, classifications made by Dr. Ian Halliday from

33 A./mm. spectrograms were listed.

Difficulty was encountered with the M-type stars. With our

spectrograms we found it difficult to assign a sub-classification to

those stars which were recognized as giants of spectral class later

than M2; all such are listed merely as M III.

Photometry

A casual comparison between the photographic magnitudes of

the Yale Catalogue and visual magnitudes listed there and elsewhere

sufficed to show that the photographic magnitudes are unsatis-

factory, the errors sometimes amounting to a magnitude. Therefore

it appeared most desirable to undertake a photometric programme
for our stars. This was done by Dr. Donald A. MacRae of this

Observatory in collaboration with Dr. Jurgen Stock of the Warner
and Swasey and the Hamburg Observatories. They will publish

soon a more complete account of this work than the following

brief summary.
Through the kindness of Dr. O. Heckmann, Director of the

Hamburg Observatory, 80 fields distributed around the sky at

declination +27|° were photographed with the "original" Schmidt

telescope at Hamburg. These fields so overlapped that all our

programme stars appeared on two films at least. The films, which

cover an area 7.5° in diameter, were Perutz Phototechnical B
emulsion exposed behind Schott filters BG3 and GG13, each 1 mm.
thick. For the measurement of the films, the Eichner Astrophoto-

meter of the Warner and Swasey Observatory was made available
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through the kindness of the Director, Dr. J. J. Nassau. Many of

the films were also measured on the iris photometer of the Hamburg
Observatory. Dr. Stock supervised this part of the work.

To make possible the conversion of the astrophotometer readings

to magnitudes, 24 sequences, involving 165 of the programme

stars between 7.0 mag. and 10.0 mag., were selected. These stars

were observed photoelectrically by Mr. G. Bakos, under Dr.

MacRae's supervision, using the photometer attached to the 19-inch

telescope of this Observatory. Each star was observed twice at

least and the magnitudes, reduced to the B-V system of Johnson

and Morgan, will be published separately.

Magnitudes, m e , on the colour system of the Schmidt films were

derived from the photoelectric measures by means of the equation,

nt e = 5+0.33 (B-V),

and the 24 sequences were used to calibrate the astrophotometer

measures. The quantities listed in Table I are the resulting photo-

graphic magnitudes. It is believed that residual field errors are

negligible. The average mean error of a final magnitude is ±0.045.

Tabulation of Results

The main body of the results is given in Table I. Following is a

description of this table.

Column 1 gives the A.G. designations of the stars.

Column 2 gives the H.D. designations where applicable. A note has been added

whenever any ambiguity could arise as to either designation or as to

which component of a double star is meant.

Columns 3 and 4 give the 1950 positions which have been rounded off from the

positions given in the Yale Transactions, vol. 24.

Column 5 gives the photographic magnitudes derived by MacRae and Stock

as described in the foregoing section. The magnitudes are from the

photographic photometry in all cases except for those values marked

with an asterisk which refers to stars which, for one reason or another,

were measured only photoelectrically.

Column 6 gives the spectral classes assigned from our spectrograms as described

in an earlier section. A colon refers to a classification which is doubtful,

either because the plates are poor (when no note is given), or for some

specific reason referred to in a note. Stars classified as M III are those

which have been recognized as giants later than M2 but to which

sub-classes could not be assigned with confidence.

{Continued on page 137.)



TABLE I

A.G. H. D. R.A.
(1950)

Dec.

(1950)

14436



TABLE I - continued

A.G.



TABLE I - continued

A.G. H.D.

1082 12029

1084 12052

1094 12232

1097 12260

1102 12402

1103 12426

1113 12535

1122 12638

1128 12728

1139 12897

1143

1145 13017
1158

1178 13565

1181 13610

1186 13691

1192b 13747

1200 13836

1209 13943

1222 14146

1248 14456

1251 14479

1252 14490

1264
1265

1269 14608
1271 14624
1292 14875
1293 14876

1295 14874

1297 14918

1301 14949

1304 14969
1324 15256
1330 15326

1371 16099
1376 16139
1429 17119
1436 17190
1447 17283

1454 17382
1455 17396

1473 17674
1474 17673
1497 17963

R.A.
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A.G.
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A.G.
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A.G.
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A.G.
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A.G.
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A.G.



TABLE I - continued

A.G. H.D.

5489



A.G. H. D.

6031 106184
6035 106398
6052 106857
6054 106947
6060 107132

6078 107468
6085 107611

6091 107725
6125 108466
6134 108675

6140 108805
6146 108976
6149 109012
6163 109282
6170 109463

6172 109482
6175 109552
6177 109627
6182 109823
6222 110788

6227 110883
6246 111285
6249
6259 111541
6274 111842

6280 112001
6294 112257
6295 112299
6313 112753
6321 113094

6325 113242
6343 113771
6359 114037
6364 114093
6368 114172

6385 114636
6407 115103
6411 115256
6416 115339
6421 115613

6430 115762
6435 115929
6438 116029
6443 116232
6454 116329
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A.G.



TABLE I - continued

A.G. H.D.

6940 129412
6960 130215
6971

1J30500
6983 130766
7008 131509

7022 131972
7032 132256
7035 132304
7039 132524
7042 132737

7061 133460
7062 133459
7079 133922
7089 134246
7090 134282

7106 134680
7116 135145
7152 136231
7155 136274
7181 136901

7183 137003
7201 137688
7220 138156
7256 139007
7276 139550

7280 139608
7281 139749
7298 140385
7326 140913
7333 141176

7353 141690
7367 142053
7377 142209
7378 142243
7385 142418

R.A. Dec.

(1950) (1950)

14 39. 5 + 24 45

43. 9 27 43

45. 6 25 41

47. 25 21

51. 1 28 43

14 53. 8 +24 35

55. 2 25 31

55. 5 24 52

56. 6 25 15

57. 7 27 21

01.6 26 14

15 01. 7 +-27 17

04. 2 26 38

05. 9 28 43

06.

1

26 54

15 08. 2 4-27 37

10. 7 28 07

16. 6 25 57

16. 9 25 52

20. 3 25 48

15 20.

7

f28 14

24. 4 28 18

27. 3 27 16

32.

7

25 10

35. 8 25 48

15 36. 1 +24 41

36. 9 25 54

40. 2 29 47

43. 1 28 37

44. 7 25 14

15 47. 4 +25 37

49. 4 25 27

50.

3

28 45

50.

5

29 04

51.

5

29 37

Ptg.



TABLE I - continued

A.G. H.D.

7507 145404
7511 145458
7513 145457
7537 145890
7603 147487

R.A. Dec.

(1950) (1950)

16 07. 7 +26 08

08. 25 37

08.0 26 52

10. 3 26 34

19. 2 27 29

Ptg.

Mag.
Class

9. 20 GO V
8.67 G8 n-III

8. 14 K0 III

9. 15 Kl m
9. 15 GO V

Velocity p. E. PI.

(km. /sec)

- 19.6 0. 8 4

- 4.5 1.2 4

- 3.3 1.1 7

var? 4

-58.2 1.0 4

Ref.

7608 147527
7612 147665
7629 147980
7685 149067
7690 149132

16 19. 4 +29 07

20.

2

24 52

21.

9

28 30

29.

4

25 57

29.

7

29 43

9. 41 F5 IV

9. 50 F8 V
8. 80 Kl II-III

9. 26 G8 II

9. 25 K2 II

- 33.

5

1. 4 5

- 7.0 1.6 5

- 28. 8 2. 1 4

- 4. 1 1. 8 4

- 18. 2 1.2 4

7692 149142
7698 149241
7704 149403
7709 149474
7721 149803

7734 150087
7735 150086
7737 150102
7742 150205
7756 150431

7761 150567
7769 150665
7774

7776 150799
7779 150889

7799 151256
7806 151369
7826 151625
7833 151780
7847 152032

7857 152264
7860 152306
7884 152748
7908 153224
7940 153698

7956 154049
7969 154183
7973

7989 154510
8001 154635

8009 154760
8026 154942
8032 155041
8046 155344
8063 155675

16 29. 8 +26 08

30. 4 27 49

31. 5 24 59

32. 25 35

33. 9 29 51

16 35. 7 +27 28

35.

6

28 56

35. 8 2 7 09

36. 3 29 46

37. 9 25 38

16 38.

7

+29 01

39. 5 26 11

40. 1 25 31

40. 2 25 31

40. 9 25 57

16 43. 2 +24 40

44.0 26 08
45. 4 28 29
46. 5 26 41

48. 26 18

16 49.

2

+29 39

49. 5 28 12

52. 1 27 40

54. 9 29 40

57. 9 27 23

17 00. +25 06

00.

9

25 43

01. 1 24 55

02. 8 28 10

03. 7 25 34

17 04. 3 +26 35

05. 5 28 11

06. 29 13

07.

9

26 31

•10. 1 25 18

8.97



TABLE I - continued

A.G. H.D. R.A.
(1950)

Dec.

(1950)

Ptg.

Mag.
Class Velocity P. E.

(km. /sec)

PL Ref.

8066

8072 155839
8073 155878
8077 155989
8079 156002

8084
8085 156093

8098 156362
8104 156454
8114 156563

8117 156652
8127 156774
8128 156775
8135 156966

8152 157294

8189 158038
8207 158332
8223 158521
8244 158823
8283 159479

8291 159608
8309 159948
8311 159968
8338 160508
8350 160678

8372 160952
8380 161112
8387 161197
8390 161196
8392 161268

8492 162901
8506 163077
8523 163331
8559 163949
8563 163970

8564 163969
8569 164042
8571 164079
8617 164923
8651 165473

8654 165589
8656

8669 165989
8677 166070
8683 166093

17 10. 2 +29 35

11. 2 25 03

11.2 27 59

11.

9

26 14

12. 1 26 53

17 12. 2 +29 38

12. 5 26 07

14.0 27 11

14.6 26 38

15. 3 25 05

17 15. 6 +28 58

16. 4 26 59

16.

5

25 51

17.

4

27 20

19.

3

26 01

17 23. 8 +27 21

25. 6 26 50

26. 8 26 46

28. 3 29 33

31. 9 26 42

17 32. 4 +29 48

34. 4 25 39

34. 4 27 36

37. 2 26 47

38. 1 29 16

17 39. 7 +29 37

40. 6 26 34

41. 1 24 49

41. 1 29 40

41. 5 27 03

17 50.

4

+25 00

51. 3 25 00

52. 5 27 37

55. 6 28 00

5. 88 27 51

17 55.

8

+28 15

56.

2

27 24

56. 4 28 00

18 00.

4

25 00

03. 29 05

18 03. 5 +28 41

04. 25 41

05. 5 26 24

05. 8 27 23

05. 9 29 49

9. 48
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A.G.
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A.G.
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A.G.



TABLE I - continued

A.G. H. D.

11779 198313
11808 198483

11809 198482
11814 198526
11817 198550

11823
11855 198821
11919 199375
11923 199440
11941 199598

R.A. Dae.

(1950) (1950)

20 46.

5

+28 37

47. 6 25 35

47. 5 30 28

47. 9 28 48

48. 1 29 12

20 48. 4 +28 31

50. 28 40

53. 9 27 23

54. 2 27 19

55. 5 26 13

Ptg.

Mag.
Class

9. 31 Kl rv

8. 55 GO V
9. 54 K2 III

9. 91 Kl in
9. 81 K5 V

9. 67 K0 III

9. 47 K2 III

8.03 K2 III

9. 67 Kl IE
7. 66 GO V

\ elocity
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A.G.
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A.G.
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A.G.



TABLE I - continued

A.G.
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Column 7 gives the mean radial velocities. When the designation "var." appears,

it means that the data strongly suggest variable velocity; "var?"

means that variable velocity is less strongly suggested. Assignment

of these classifications has been made on the basis of a statistical

treatment of the data as described earlier. For both "var." and

"var?" stars, no mean velocities are given, but the individual velocities

are listed in Table II.

Column 8 gives the probable errors of the mean velocities derived from the

individual plate velocities in the usual manner.

Notwithstanding the remarks made with reference to column 7, one

can expect that a number of the stars with probable errors in excess

of 2 km. /sec. are variable in velocity; but it is not possible to say

which ones with any degree of confidence.

Column 9 gives the numbers of plates used for the velocity determination.

Column 10 refers to inclusion in a series of notes following the table (N) or to

inclusion in Table II (II) or in Table III (III).

Stars with Variable Velocity (Table II)

In Table II are listed the individual velocities, along with the

Julian Days of the observations, of those stars which, on the basis

of the statistical criteria mentioned earlier, have been listed in

Table I as having certain or almost certain velocity variations

(var.) or as having less strongly suggested variations (var?). There

are 43 of the former and 31 of the latter. In two instances where

many observations are at hand and an orbit will be published soon,

the individual velocities are not listed.

High-Velocity Stars (Table III)

On the basis of radial-velocity data alone, it is possible to classify

a number of the stars as high-velocity stars. Table III lists all the

programme stars, 31 in number, for which the radial velocities,

after correction for solar motion (Apex 18h, +30°; velocity 20

km. /sec), exceed 65 km./sec. Sixteen of these stars (marked R)

have been listed by Miss Roman in her recent Catalogue of High

Velocity Stars (1955).

Earlier Publication of Some of the Radial Velocities

Radial velocities of 223 of the stars included in this report were

reported in 1950, when the data were less complete, to R. E. Wilson

and were included by him in his General Catalogue of Stellar Radial

Velocities (1953). The velocities given in Table I differ in a number

of cases by one or two km. /sec. from the velocities reported in
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Wilson's Catalogue, either because of the effect of subsequent

observations or by virtue of different weighting. Aside from these

small differences, the corrections to Wilson's Catalogue are as

follows.

The following stars, reported as spectroscopic binaries in Wilson's

Catalogue are now, as a result of more careful analysis, believed to

have constant velocity: A.G. 366, 382, 444, 647, 714, 983, 2157,

2714, 2845, 3240, 4051, 6808, 6983, 7155, 7468, 7989, 9629, 13283,

13870, 13918, 14015, 14060, 14084.

A.G. 628 reported in Wilson's Catalogue as having constant

velocity is now believed to be probably variable in velocity.

The velocity assigned to star number 14428 in Wilson's Catalogue

(B.D. 29° 4828) really belongs to A.G. 13821 (B.D. 29° 4830).
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TABLE II

Stars with Variable Radial Velocity

Star
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Star
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Star
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Star
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Star




