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The space velocities of O—B5 stars in the solar neighborhood are analyzed in the present
paper. After a short presentation of the historical background, the stars are divided,
following Paper 1, into members of the Gould and galactic belts on the basis of their
positions in space. This permits a homogeneous kinematical comparison to be made
between the two belts. The local galactic velocity field is found to be perturbed by the
presence of the Gould belt, as reflected in the derived values of the Oort constant B
and of the K term for the youngest stars. If the Gould belt is expanding as a unit
(which is uncertain), the expansion age must be about 7 X 107 yr. Systematic translational
motion of the Gould belt with respect to the galactic belt is negligibly small in directions
parallel to the galactic plane. But a coherent “seesaw” motion of the Gould belt in the
direction perpendicular to the galactic plane can explain the observed vertical velocities
of stars in this belt. It is suggested that the Gould belt had a violent origin close to
the galactic plane and that each passage of this belt through the galactic plane initiated
a major period of star formation. Inferred kinematical ages for most of the stars
concerned are 2X 107 or 6X 107 yr, which agree well with the observed frequency
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distribution of their nuclear ages.

INTRODUCTION

HE majority of O and B stars in the solar

neighborhood are distributed in two flat systems or
“belts.” A study of the structural properties of the
“Gould belt” (sometimes called the local system) and
of the more familiar “galactic belt” has revealed that
these belts can be separated by means of a least-squares
solution for the two best-fitting planes that pass through
the O and B star distributions (Stothers and Frogel 1974,
Paper I). Although the assignment of stars to each belt
is not always unique, the method of assignment is cer-
tainly objective and permits a reliable test to be made for
possible kinematical differences between the two belts
by using stars of very nearly the same distance and
spectral type in each belt.

In the present paper, we give first a historical review
of the earlier kinematical investigations in order to
supplement our previous account of the positional in-
vestigations. Then we study the motions themselves: the
local solar motion, differential galactic rotation, mean
peculiar stellar velocities, and systematic stellar motions
parallel and perpendicular to the galactic plane.

1. HISTORICAL SURVEY
A. Stars

Originally, the local system of apparently bright stars
was regarded kinematically as an outlying fragment of
a violently rotating Galaxy (Alexander 1852), although

4)CTIO is supported by the National Science Foundation under
contract No. NSF-C866.

later it came to be regarded as a scarcely differentiable
substrate of an ellipsoidal Galaxy approaching statistical
equilibrium (Ohlsson 1927). When Kapteyn (1905)
discovered that the observed motions of the nearby stars
could be represented in terms of “two star streams,”
further kinematical work (Turner 1912; Stromberg
1918; Kapteyn 1922; Jeans 1922) implicitly began to
isolate the local system from the rest of the Galaxy.

In the “two-stream” approximation, some of the stars
of spectral type B appeared to be associated with Stream
I, lying along the galactic belt (Halm 1911); but other
B stars seemed to compose a “third” stream, lying along
the southern part of the Gould belt and moving in the
direction of the solar antapex (Eddington 1910a; Halm
1911). L. Boss (1911) and Campbell (1911) confirmed
that the motions of the B stars were directed roughly
parallel to the galactic plane and Kapteyn (1916) even
found a slight acceleration of the motion of Stream 1.
Smaller moving groups of B stars were also discovered
in relatively confined areas of the sky, viz. in Taurus
(Midler 1846), Sco-Cen (Eddington 1910a), Perseus
(Boss 1910; Eddington 1910b; Kapteyn 1910a), Vela
(Plummer 1913, Kapteyn 1914}, Orion (Kapteyn 1918),
Cas~Tau (Rasmuson 1921), and possibly other regions
(Markowitz 1948). B. Boss (1910) found that some of
the groups seemed to be radially expanding, as if from

.a point. Thus, the notion of an expanding stellar associ-

ation arose (Ambartsumian 1949).

Two crucial discoveries led to the modern picture of
the relationship between the local system and the Galaxy
as a whole. First, Shapley in 1919 conclusively showed
that the local system is only a small, outlying wisp in the
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greater galactic system (although he incorrectly re-
garded the local star streaming as due to a radial trans-
lation of the local system away from the galactic center).
Second, Lindblad and Oort, in the years 1925-1927,
demonstrated the differential rotation of the Galaxy,
including the local system, around Shapley’s distant
center in Sagittarius. Thus, the idea that the local system
might be an object of high peculiar velocity (Strémberg
1924; Oort 1926; Shapley 1930) soon became untena-
ble.

There persisted, nonetheless, a small positive residual
in the peculiar radial velocities of the brighter B stars
(Oort 1927; Plaskett 1928). This residual, amounting
to about +5 km sec™!, had been discovered some years
earlier (Frost and Adams 1904; Kapteyn and Frost
1910) and had been calied the K term by Campbell
(1911). Various interpretations of it, connected with the
motion of the Gould belt, were subsequently suggested
(Kapteyn 1910b; Boss 1911; Campbell 1911; von der
Pahlen and Freundlich 1928; Plaskett 1930; Mineur
1930b; Ogorodnikoff 1932; Lindblad 1936; Pismis 1938;
Bourgeois and Coutrez 1943; Toronzhadze 1950; Shain
and Gaze 1953). -

The vertex of the observed velocity ellipsoid for the
nearby B stars was unexpectedly found to point some-
what away from the galactic center, although the
amount of the deviation is difficult to determine because
the velocities of these stars are relatively small and be-
cause the velocity ellipse in the galactic plane is nearly
circular. On the “two-stream” hypothesis, however, the
deviation of the vertex was found to be about 10°-20°
(Tannahill 1954; Clube 1973). There are several inter-
pretations of this deviation based on the assumed motions
of the Gould belt (Oort 1928; Lindblad 1935, 1936;
Ogorodnikoff 1958; Bonino and Missana 1960; Kato
1968).

The earliest modern work on the internal kinematics
of the local system purported to demonstrate a variety
of motions, viz. axial rotation (Mineur 1930a), expansion
(Mineur 1934), and spiral motion (Kaburaki 1933). The
velocities of the stars were found to lie essentially in the
plane of the local system (Dziewulksi 1931). Further
work has frequently indicated some rotational motion
(Dziewulski 1938, 1947, 1959; Cuypers 1940; Armellini
1944; Schmidt 1949; Shatsova 1950, 1952, 1955; Ogo-
rodnikoff 1950; Karpowicz and Zonn 1955; Karpowicz
1956a, 1956b, 1961; Filin 1957a, 1957b), but the derived
rotational periods cover a wide range, (5-200) X 107 yr.
In the case of expansion (Schmidt 1949; Toronzhadze
1950, 1953, 1956; Eggen 1961; Bonneau 1964; Clube
1967; Lesh 1968, 1972; Froeschlé 1969), the derived
time scales span the range (3-22) X 107 yr. Moreover,
the dominant direction of expansion may possibly be
along an axis pointing toward or away from the galactic
center (Eggen 1961; Bonneau 1964; Clube 1967). In-
dividual associations within the local system show ex-
pansion ages varying from 3 X 105 to 2 X 107 yr (Blaauw
1964). This scatter in the ages of the associations, cou-
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pled with the fact that “field” stars may possibly have
a smaller K term than “association” stars in parts of the
local system (Markowitz 1948; Lesh 1968), helps to
explain the uncertainty of the overall expansion age for
the system. In fact, other studies have preferred no sys-
tematic motion at all (Bok 1930; Mohr 1938; Moerdijk
1962; Fricke 1967; Jones 1971; Fricke and Tsioumis
1975).

Apart from the aforementioned expansion age, whose
most probable value is (4-7) X 107 yr, another ki-
nematical age can be derived. This age is based on the
amount of deviation of the vertex of the velocity ellipsoid
and is ~5 X 107 yr, according to three different theories
(Ogorodnikoff 1958; Bonino and Missana 1960; House
and Innanen 1975). The nuclear age of the local system
is not unique because star formation is still going on, but
the oldest clusters that are possible members of the sys-
tem have nuclear ages of 8 X 107 yr (Eggen 1975). On
the other hand, the “characteristic” members of the
system have an average nuclear age of 3 X 107 yr (Paper

D).
B. Interstellar Matter

Like the B stars, the local clouds of interstellar calcium
(Slipher 1909) and of ionized hydrogen (Campbell 1911)
have been shown to have very small peculiar motions.
The K term derived from nearby neutral hydrogen is
similar to that derived from B stars (Erickson, Helfer,
and Tatel 1959) and may indicate an expansion of the
local gas system (Davies 1960; Helfer 1961). That the
outflow of gas is confined to low galactic latitudes and
may conceivably be replenished by an inflow of gas from
high galactic latitudes was first shown by McGee and
Murray (1961). This picture was later elaborated by
Weaver (1974) in his “eddy” model of the local sys-
tem.

In a different model, McGee and Milton (1964) pos-
tulated the existence of a very large gas cloud encom-
passing the whole solar neighborhood and consisting of
several lesser clouds, which are located, for example, in
Sco-Oph, Pup-Vel, and Ori-Tau-Per. Their model of
the gas, not tied too specifically to the Gould belt and
certainly not ignoring the observed irregularities, is
rather similar to Hansen’s (1968) later model.

A third model of the local gas distribution (Lindblad
1967, 1974a; Lindblad, Grape, Sandqvist, and Schober
1973; Grape 1975) invokes simply an expanding ring of
gas, centered near the Pleiades (or in Puppis according
to Harten 1971). This ring is distorted into an elliptical
shape by differential galactic rotation. The expansion
age of the ring turns out to be 6 X 107 yr. Dust clouds,
seen in interstellar OH (Hughes and Routledge 1972),
as well as interstellar formaldehyde (Lindblad et al.
1973; Dieter 1973; Sandqvist and Lindroos 1976) and
also H 1 (Knapp 1974), share in the general expansion
of the hydrogen gas. Grape (1975) has modified this
picture into one of an expanding cloud whose ejected
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debris is now falling back to the galactic plane from high  hydrogen gas is found to be a minor perturbation in the

overall gas flow predicted on the basis of the density-
wave theory, in which two spiral arms are present near

In a fourth model, the apparent local expansion of the

galactic latitudes.
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the Sun (Burton and Bania 1974). Hence, the Gould belt
system would be, in this model, more illusory than real.
Lindblad (1974b), however, believes that the density
wave has formed a true local system, and he invokes, for
this purpose, a galactic shock in the Carina spiral arm
5 X 107 yr ago.

Substructure in the local gas distribution was once
thought of as being lumpy or cloudy, but it may actually
be wispy or filamentary (Weaver 1974; Heiles and
Jenkins 1976; Sandage 1976). A small “tilted disk™ of
gas in the solar neighborhood has recently been identified
(Fejes and Wesselius 1973), but it may not be real
(Grape 1975; Heiles and Jenkins 1976). Nevertheless,
strong concentrations of gas are known to be flowing out
of young stellar clusters and associations (e.g., Kerr
1968). Other gas motions in the local system, like rota-
tion, may also be present (Helfer 1961; Takakubo 1967),
but in all cases the random gas velocities are very small,
being equal to about half the random velocities of the
stellar associations.

Pronik (1966) and Bingham and Shakeshaft (1967)
have suggested, on the basis of interstellar polarization
measurements, that the Gould belt has little or no
magnetic field. Either the expansion (Bingham and
Shakeshaft 1967) or the translation through space
(Clube 1968) of the local system is postulated by these
authors to have pushed aside and distorted the sur-
rounding spiral arm (or interarm) field lines. Davies
(1968), however, found possible evidence for a magnetic
field parallel to the Gould belt, while Mathewson and his
collaborators (Mathewson 1968; Mathewson and Ni-
cholls 1968; Mathewson and Ford 1970) suggested that,
superimposed on the longitudinal magnetic field of the
general galactic disk, there is a helical magnetic field
associated with the Gould belt. The large value of 59°
found for the deviation of the vertex of the velocity el-
lipsoid for the nearby neutral hydrogen has also sug-
gested the influence of a local magnetic field (Venugopal
and Shuter 1969). Finally, magnetic “loops,” “spurs,”
and “filaments” seem to abound in the local gas, par-
ticularly near the borders of the Gould belt (e.g., Heiles
and Jenkins 1976).

II. SOLAR MOTION, DIFFERENTIAL
GALACTIC ROTATION, AND K TERM

The nearby early-type stars have already been as-
signed, in Paper I, to the Gould and galactic belts on the
basis of their positions in space. Presumably, if there
exists a significant difference between the average ki-
nematical properties of each belt, this difference should
show up in solutions for the local solar motion, differ-
ential galactic rotation, and K term, based on the stars
in each group. Since the errors of measurement of the
radial velocities and proper motions are known to be
systematically dependent on apparent magnitude (i.c.,
on distance), our present approach is expected to lead to
more trustworthy results than the results of earlier
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studies that generally did not employ groups of object
and comparison stars with similar distances and spectral
types. The present analysis is based on the following data
for O-BS stars: positions in space (Paper I), radial ve-
locities having average mean errors of less than £3.7 km
sec™! (see Appendix), and proper motions referred to the
FK4 system (Smithsonian Astrophysical Observatory
1966). A mean error of £3.7 km sec™! in the inferred
tangential velocities is attained at a distance of about »
= 400 pc. Only stars having both radial velocities and
proper motions known will be used here. N will denote
the number of stars.

Earlier results have consistently indicated that Oort’s
constant 4 and the longitude of the axis of galactic
rotation /o cannot be accurately determined by using
stars as close to the Sun as are the members of Gould’s
belt. Therefore, we simply adopt here the standard values
of A = 15 km sec™! kpc™! and /o = 0°, although any
other reasonable choice is found to make no significant -
difference in our final results. Furthermore, we also
adopt, rather than solve for, the corrections to
Newcomb’s precessional constants, by using Fricke’s
(1972) recommended values. Since Fricke and Tsioumis
(1975) found no significant difference between their
separate solutions for the solar motion based on FK4
proper motions in right ascension and in declination, we
have directly transformed the equatorial proper motion
components into galactic proper motion components.
The equations of condition for the radial velocities and
for the proper motion components in galactic longitude
and latitude are now set up in the usual way [e.g., Smart
1968, Eqgs. 8.41(2), 8.42(2), and 8.42(3)]. In our notation
and arrangement,

v, — Ar sin 2/ cos?b
=K—Cicoslcosb— Cysinlcosbh
— C3sin b, (1)
uycosb — Ax~1cos 2/ cos b
=Bk~ lcosb+ C; (kr)~'sin !/
—Cy(xr)~tceosl, (2)
up + A (2x)~!sin 2/ sin 2b
=Cy{xr) Vcoslsinb+ Cy{(xr)~'sin/sinb
—C;3 (kr)~'cos b, (3)

where
C1 = Vg cos bg cos [, 4)
Cy = Vg cos bg sin [, (5)
C3 = Vg sin bg, (6)

and k = 4.74, if r is measured in parsecs, ¥ in kilometers
per second, and p in seconds of arc per year. Solutions
are obtained by the method of least squares, with all stars
assigned equal weight. The solution based on radial ve-
locities v, yields the K term, the Sun’s velocity Ve, and
the galactic coordinates of the apex of the Sun’s motion,
lo and be. From the proper motions in galactic long-
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itude, u;, are derived Oort’s constant B, /e, and the
composite quantity Vg cos be, while the proper motions
in galactic latitude, yp, yield /o, bo, and V. Within the
errors, the separate solutions based on the separate
proper motion components do not differ very much and
so the results from these two solutions have been com-
bined. Final values for the derived kinematical constants
are given in Table I, where mean errors (as elsewhere in
this paper) are quoted.

It is comforting to notice that the derived kmcmatlcal
constants are relatively insensitive to the inclusion or
omission of stars without known luminosity classes (class
V was assumed for these stars). There also appears to be
no significant difference in the derived values of Vo,
between the Gould belt and the galactic belt, and the
small differences in /, and b, are probably caused by the
different spatial concentrations of the stars in the two
belts (at the longitude of the solar apex, the Gould belt
lies close to its maximum latitude of 20° above the ga-
lactic belt).

Despite the rather large mean errors, the derived
values of Oort’s B for the Gould belt seem to be consid-
erably more negative than for the galactic belt. This
difference is due almost entirely to the contribution from
the O-B2.5 stars (and presumably from the youngest of
the B3-B5 stars), which are relatively more numerous
in the Gould belt than in the galactic belt. Thus, it is the
youngest component of the Gould belt that seems to
represent a local perturbation of the general galactic
velocity field, as other authors (e.g., Fricke and Tsioumis
1975) have also found. This does not necessarily imply
a systematic rotation of the Gould belt, however.

There is also a definite indication that the K term for
the Gould belt is larger than that for the galactic belt.
Again, the difference arises primarily from the O-B2.5
stars, whose deviant behavior is also reflected in other
very young objects, for example, the luminous super-
giants and the B3-B5 stars of the Sco-Cen group. This
latter group of stars dominates the Gould belt solutions
for r < 200 pc (see also Froeschlé 1969). Thus, in the
case of the youngest members of the Gould belt, the
average K term is about 5 km sec™!, which is to be
compared with only 1-2 km sec™! for the typical nearby
galactic belt B stars, which tend to be older objects and
not members of associations.

In general, the most likely sources for the K term are
group expansion and the gravitational redshift (e.g.,
Jones 1971). The latter source alone is expected to con-
tribute, on the average, about 1.4 km sec™! for the O-
B2.5 stars and about 1.1 km sec™! for the B3-B5 stars,
if we employ the latest available data on stellar masses
and radii in calculating the gravitational redshift for an
average star in each of our two spectroscopic groups of
stars. [This prediction for the gravitational redshift
seems to be consistent with the small observed K term
for the stars of the galactic belt, which is not generally
considered to be expanding. More distant B stars in the
galactic belt also show a K term of about 1 km sec™!
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TABLE II. Least-squares solutions for the local kinematical
constants based on the radial velocities of dark dust clouds as seen in
molecular emission.

V@ K
Molecule . I bo (kmsec™!) (kmsec™!) N
2C160  61°+2 31°4+4 258412 59405 90
BCIO  60£2 25+ 6 252+15 S56+0.7 68
OH S8+2 31+6 226+16 41+£05 72
H,CO 61 +2 26+ 4 232410 43404 185

(Feast and Shuttleworth 1965), which is further sup-
ported by the measured redshifts of B stars in clusters
(Thackeray 1967).] For the Gould belt, then, the part
of the K term that cannot be explained by the gravita-
tional redshift is approximately 4 km sec™1, if only the
youngest members of the belt are used. Interpreted as
being due to linear expansion of the Gould belt as a
whole, such a velocity implies an expansion time of about
7 X 107 yr. But, since only the youngest stars seem to be
expanding, Lesh (1972) and Fricke and Tsioumis (1975)
have suggested that, possibly, the expansion arises from
the individual expansions of the young associations
within the Gould belt. (A simple geometrical argument
shows that if all the associations have about the same
number of stars, are expanding isotropically, and are
moving, insofar as their centroids are concerned, ran-
domly with respect to the local standard of rest, then a
net expansion will be observed if one averages the mea-
sured peculiar radial velocities of all the stars.) On the
other hand, the numerous dark dust clouds in the solar
neighborhood (most of which lie along the Gould belt)
also show a K term of about 4 km sec™!, even when the
solar motion is solved for simultaneously (see Appendix
and Table I1), rather than assumed, as in the work of
earlier authors (Sec. I). If the K term arises from the
individual expansions of associations, then the expansions
must get under way before star formation begins.

A small part of the K term may arise from the fol-
lowing two additional effects, one of them geometrical
and the other kinematical. Among the nearby stars, as
compared with distant stars, the component of motion
perpendicular to the galactic plane contributes rather
heavily to the measured radial valocity, simply because
the average nearby star lies at a higher galactic latitude
than does the average distant star. Since stars as young
as O-B2.5 stars have lifetimes that scarcely exceed the
time necessary for these objects to reach the apices of
their vertical motions, it might be expected that most of
these stars will be observed moving away from, rather
than toward, the galactic plane, if they are, in fact, born
very near the plane. This preferred motion ought to show
up as a positive K term which decreases with increasing
distance from the Sun. It might also be expected that
since the more distant O-B2.5 stars lie, on the average,
farther from the galactic plane as a result of the tilt of
the Gould belt, their vertical velocities, and hence their
apparent K term, would be a fortiori smaller. However,
almost all the O-B2.5 stars are actually found at or near
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TABLE 1. Mean peculiar velocities of BO-BS5 stars with MK classifications (units of velocity are kilometers per second).
r
Belt Sp.T. (o) (%) ) k&) (V) @HVE gnur @iz i () N
Gould BO-BS 0-200 1.1 —47 0.3 12.3 8.6 9.3 5.5 13.8 2.8 81
B0O-B2.5 0-200 20 =58 —0.1 11.5 7.1 10.1 3.8 12.9 2.3 30
B3-B5 0-200 0.5 —4.1 0.5 12.7 9.4 8.7 6.3 14.3 3.1 St
BO-B5 200-400 0.6 —-16 =20 19.7 13.3 15.4 11.8 23.5 6.0 111
Galactic BO-B5 0-200 -—-1.2 —47 2.1 13.8 10.1 10.5 8.2 16.7 2.8 57
B0O-2.5 0-200 -0.1 -—1.6 0.7 9.1 4.6 7.8 2.9 9.5 2.6 8
B3-BS 0-200 -1.3 =53 2.3 14.6 10.8 10.8 8.8 17.6 2.8 49
BO-BS 200-400 04 —1.4 2.0 20.0 14.1 12.9 11.6 22.3 6.9 67
Combined BO-B5S 0-200 0.1 —4.7 1.0 12.9 9.3 9.8 6.8 15.1 2.8 138
B0O-B2.5 0-200 1.6 —49 0.1 11.0 6.6 9.7 3.7 12.3 2.3 38
B3-BS 0-200 -04 —46 1.4 13.6 10.1 98 7.6 16.0 2.9 100
B0O-BS 200-400 0.5 -—-15 =05 19.8 13.6 14.5 11.7 23.1 6.3 178

the apices of their vertical orbits (Sec. I11) and, therefore,
this particular kinematical contribution to the total K
term must be small. Moreover, the galactic concentration
of these stars is so strong that the geometrical effect of
increasing distance from the Sun must also be rather
small.

In order to obtain an average picture of the general
velocity field for all the O-B5 stars in the greater solar
neighborhood, we have derived another set of solutions
by using the stars of both belts (Table I). Our final re-
sults, based on a mean of the first, fourth, and seventh
solution for the “combined” belts, may be expressed
as

lo = 60° £ 2°, )
bo = +21° + 2°, (8)
Vo =21+ 1kmsec™!, (9)
B=—15%5kmsec™! kpc™!, (10)
K=2+1kmsec!, (1D

derived under the assumption that 4 = 15 km sec™!
kpc™!. For comparison, standard values of these quan-
tities for stars of all spectral types combined are /o =
56°, bp = +23°, Vo =20 km sec™!, and B = —10 km
sec™! kpc™!' (Delhaye 1965; Schmidt 1965). While
agreement is fairly good, it is worth emphasizing that the
deviant behavior of B and K, shown by the very youngest
objects of all, seems to be a kinematical peculiarity of the
Gould belt.

HI. PECULIAR VELOCITIES

To discuss the peculiar motions of the early-type stars,
only the most reliable data that we have at hand will be
used, viz. the data for the BO-BS stars with MK spectral
classifications and with distances less than r = 400 pc.
Values of the standard solar motion and of the differ-
ential galactic rotation, as quoted at the end of Sec. I1
for stars of all spectral types combined, will be subtracted
from the observed velocities. A K term of 2 km sec™! will
also be subtracted.

The coordinate system adopted for the components
of the peculiar velocities is analogous to the one adopted

in Paper 1 for the galactic positions. In rectangular
coordinates, the x component and y component of the
total velocity V increase parallel to the direction of the
galactic center from the Sun (/ = 0°, b = 0°) and par-
allel to the direction of the local galactic rotation (/ =
90°, b = 0°), respectively, while the Z component in-
creases parallel to the direction of the North Galactic
Pole (b = 90°).

The derived mean velocities and rms velocities for B
stars in the Gould and galactic belts are listed in Table
I1I. Mean errors € of the total velocities are also given
(the individual velocity components have nearly the same
errors as these). In deriving the mean errors, a possible
error of £0.3 mag in the distance modulus of each star
has been assumed. If the velocities and their errors were
distributed normally, the true dispersion ¢ could be ob-
tained from the formula o2 = ( V2 Y1/2 — &2: however,
additional small corrections should be introduced for
systematic motions as well (see below). The observed
distribution function for ¥ is normal only in a crude
sense. Since it is affected by clustering and streaming
motions of the stars, its true form is probably not pre-
cisely representable (cf. Blaauw 1958; Stothers and Tech
1964; Feast and Shuttleworth 1965; Shatsova 1967).

Our numerical results indicate that the rms velocities
increase with distance. [This increase continues beyond
r = 400 pc. For example, BO-BS stars of both belts
combined show (¥2)1/2 = 49.4 km sec™! and (V) =
15.5 km sec™! for 400 < r < 600 pc.] The formal errors
of these velocities are sufficiently small that formal
corrections of them would also be very small. We suspect
that the true errors at large distances are considerably
larger than the formal ones; for example, Shatsova
(1967) estimated that there is no increase of the velocities .
out to at least » = 500 pc. The present results for r < 200
pc are in very good agreement with hers. Of course, the
relative motions between associations of stars are con-
siderably greater than the internal motions within indi-
vidual associations and, therefore, the adoption of pro-
gressively larger volumes of space, encompassing a larger
number of associations, could possibly lead to the ob-
served general increase of the rms velocities with dis-
tance.
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FiG. . Rectangular velocity components parallel to the galactic plane are plotted for all early-type stars within » = 400 pc assigned to the
Gould belt. Filled and open circles refer to spectral types BO-B2.5 and B3-BS, respectively.

A. Motions Parallel to the Galaétic Plane

‘Horizontal velocity components of the B stars are
plotted in Figs. 1 and 2 for the Gould and galactic belts,
respectively. Two ranges of spectral type, BO-B2.5 and
B3-BS5, are discriminated symbolically in these di-
agrams, which contain only stars with » < 400 pc in order
that the mean observational errors in the velocities not
exceed £3 km sec™! (» < 200 pc) or £7 km sec™! (200

< r <400 pc).

It is clear that the scatter in these diagrams prohibits
our determination of a meaningful velocity ellipse for the
early B-type stars. The bimodal distribution of velocities
found earlier by Yuan (1971) would appear to be simply
a chance effect due to the small number of stars involved,
since he used only 17 stars with » < 100 pe.

Very little kinematical difference between the two
belts shows up on the X, y plane, according to our results.
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FIG. 2. Same as Fig. 1, but for the galactic belt stars.
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Fi1G. 3. The component of velocity perpendicular to the galactic plane is plotted against the vertical height above or below the galactic plane
for all early-type stars within r = 400 pc assigned to the Gould belt. Filled and open circles refer to spectral types B0-B2.5 and B3-BS5, re-

spectively.

Eggen (1961, 1975) has attempted to discriminate
members of the Gould belt from nonmembers by using
kinematical criteria. However, the kinematical identities
of some of his assigned stellar groups have been ques-
tioned before, viz. the groups in Vela (Blaauw 1946),
Her-Lyr (Blaauw 1956), and Cas-Tau (Petrie 1958).
Moreover, many of the more distant groups that are
definite members of the galactic belt have motions that
are not very dissimilar from those of the nearby stars (see
Fig. 18 of Eggen 1961). Nevertheless, the nearest stars
of all exhibit a small systematic difference in p of about
—3 km sec™! with respect to the more distant stars—a
result found also by Feast and Shuttleworth (1965). This
difference is probably caused by the well-known
streaming of the stars in Sco-Cen toward the solar
antapex. Since our method of assigning stars to the two
belts is not very accurate near the Sun (where the belts
intersect each other), it is not surprising that some
members of the Sco-Cen group seem to have been as-
signed, incorrectly, to the galactic belt, which appears
to exhibit the same sort of streaming among its nearby
stars as does the Gould belt.

B. Motions Perpendicular to the Galactic Plane

The vertical velocity components of the early B stars
in the Gould belt with » <400 pc are plotted in Fig. 3 as
a function of their distances above or below the galactic
plane. Notice that, among the BO-B2.5 stars in partic-

ular, several clumpings of stars appear, which reveal
individual associations. For example, the clump centered
at z = 50 pc refers to the Sco-Cen group and the one at
z = —120 pc refers to the nearer portions of the Ori OB1
and Per OB2 associations. A comparison plot showing
the stars of the galactic belt is presented in Fig. 4. The
apparent asymmetry in the distribution of the stars in
this figure is simply due to the fact that the galactic belt
of early-type is inclined by an angle of about 5° to the
IAU galactic plane. Notice that the galactic belt stars
are located closer to the galactic plane, on the average,
and have a much wider dispersion of vertical velocities
at all z, than do the members of the Gould belt.

Since both the average values of the absolute velocities
and the dispersions around these average values seem to
be very small at all z distances in the Gould belt, one
might conclude that most of the stars (especially the
B0O-B2.5 stars) have reached the apices of their vertical
orbits, on the assumption that they all began their tra-
jectories through space close to the layer z = 0 and at
very nearly the same time. The period P of vertical os-
cillation near the galactic plane is independent of the
initial velocity of the stars and equal to about 8 X 107 yr
(Stothers and Tech 1964); therefore, the implied ki-
nematical age of the Gould belt would be about 7 = 2 X
107 yr, since

7= (P/2x) tan~! 2wz/P2). (12)

This age is of the same order as the characteristic nuclear
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F1G. 4. Same as Fig. 3, but for the galactic belt stars.

age of the belt, 3 X 107 yr (Paper I), and the expansion
age of the Sco-Cen group, 2 X 107 yr (Blaauw 1964;
Jones 1971).

The slightly decreasing average value of 2, with in-
creasing positive values of z, suggest that an age spread
may exist in depth through the Sco-Cen group. Thus,
the more distant members of the group may be the older,
with kinematical ages ranging from 1.5 X 109 yr (near
members) to 2.5 X 106 yr (far members). One possible
explanation for this age spread is that the original dis-
turbance that created the Gould belt moved very slowly
across the galactic plane. In that event, the Orion and
Perseus stars would be expected to have z motions very
much out of phase with respect to the Sco-Cen stars.
Since this does not seem to be the case, an alternative
explanation of the small phase differences among the
Sco-Cen stars is necessary. Perhaps random density
fluctuations have distorted the local galactic distribution
of mass, which determines the force and, hence, oscil-
lation period for motions perpendicular to the galactic
plane (cf. Oort, quoted in Blaauw 1952; Clube 1967).
Further information on this point is, unfortunately,
buried in the observational errors of Fig. 3, where the
mean error is +5 km sec™!. In any case, we do not con-
firm the very negative z velocities that Lesh (1968) found
among the Orion and Perseus stars; our results for 53
BO0-B2.5 stars in this region yield {(z) = —2.0 km sec™!.
For all the foregoing reasons, we believe it likely that the
Gould belt was actually formed close to the layer z = 0,
where heavy concentrations of matter are normally

found, rather than at high z (as in the contrary picture
of Strauss and Poeppel 1976; Schmidt-Kaler and House
1976).

A possible interpretation, then, of the Gould belt is
that about 2 X 107 yr ago some disturbance knocked a
slab of gas and dust out of the galactic plane. Stars
condensed as a result of the disturbance. The slab has,
ever since, been executing a “seesaw” motion about a line
in the galactic plane running from Cassiopeia to Carina.
One end of the slab is now protruding out of the plane in
the direction of Sco-Cen and the other end is pointing
downward toward Orion.

It is necessary to point out that the Gould belt could
actually be older than 2 X 107 yr. Equation (12) admits
as a solution any age longer by an integer multiple of the
half-period of vertical oscillation than the minimum age
we selected above; hence, the true age could be 6 X 107
yr (the observed horizontal dissipation of the Gould belt
probably excludes an age longer than about 7 X 107 yr).
If this is so, it follows that the initial disturbance which
created the Gould belt occurred 6 X 107 yr ago and,
subsequently, when the belt again passed through the
galactic plane, a second wave of star formation began as
a result of encounters between the gas and dust clouds
of the Gould belt and those of the galactic belt. Hence,
the stellar ages in both belts could be broadly peaked
around values of 2 X 107 and 6 X 107 yr. In fact, there
is a noticeable peak in the nuclear age distribution of the
somewhat older star clusters in the vicinity of the Sun at
about 5 X 107 yr {spectral type B5; see the list of clusters
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tabulated by Becker and Fenkart 1971). Within our limit
of 400 pc, the sample of clusters is probably very nearly
complete for spectral types earlier than B8.

A further prediction based on a greater assumed age
for the Gould belt is that the most recent wave of star
formation ought to have taken place primarily where the
encounters between the gas and dust clouds of the two
belts are strongest, i.¢., at distances far from the Cassi-
opeia-Carina line. This may well be the case observa-
tionally, since the youngest stars are seen to be concen-
trated in Ori OB1, Sco-Cen, Per OB2, and regions of
Taurus. An alternative intepretation of the absence of
very young stars (and dust) close to the Sun is that local
material has been used up in star formation and the site
of active star formation has moved out into richer re-
gions. In either case, the roughly uniform density of the
Gould belt and the high concentration of dark dust
clouds and very young stars in the Gould belt, as com-
pared with the galactic belt, are consistent with the hy-
pothesis that the former belt is a chunk expelled from the
latter.

The original disturbance that created the Gould belt
could have been a strong shock produced by a galactic
spiral density wave, if we accept the picture of Roberts
(1969) and Lindblad (1974b). The Gould belt would
then have to be regarded as more than a statistical
fluctuation of the flow field of the Galaxy (Heckmann
and Strassl 1934; Burton and Bania 1974; Schmidt-
Kaler and House 1976), though certainly less than an
independent galactic subsystem (Shapley 1930; Kabu-
raki 1933; Schmidt 1949). It seems clear that the present
inclination of the Gould belt to the galactic plane and the
distribution of the stellar z velocities argue for an evo-
lutionary interpretation of the belt’s vertical structure,
although the evolution of its horizontal structure remains
unclear.

IV. CONCLUSION

After a historical review of the present subject, we
have analyzed the observed space velocities of O-BS
stars lying within about 1 kpc around the Sun. In Paper
I these stars were divided into members of the Gould and
galactic belts on the basis of their positions in space. The
present kinematical determinations of the Qort constant
B and the K term confirm results by earlier authors that
the Gould belt {or at least its youngest component)
comprises a local perturbation in the general galactic
velocity field. If the Gould belt is expanding as a unit
(which is by no means certain), its expansion age must
be about 7 X 107 yr.

Translational motion of the Gould belt relative to the
galactic belt and paraliel to the plane of the Galaxy
seems to be negligibly small. However, our analysis of
stellar motions perpendicular to the galactic plane shows
some evidence for an approximate “seesaw’ motion of
the Gould belt about the Cassiopeia-Carina line in the
galactic plane. The age of the Gould belt inferred from
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the vertical motions is either 2 X 107 or 6 X 107 yr. This
would imply the existence of either one or two waves of
star formation as the Gould belt passed through the
galactic belt either once or twice. The known nuclear
ages of stars in the two belts lend some support to our
proposed model.

Further progress will obviously depend on the acqui-
sition of more accurate velocity data for O and B stars
near the Sun and on the measurement of the velocities
of additional stars of faint apparent magnitude.

APPENDIX: RADIAL VELOCITIES

A. Stars

A literature search was made for published radial
velocities of the O-B5 stars whose positions were de-
termined in Paper 1. The different determinations of the
radial velocity for each star were averaged by intro-
ducing a (partly subjective) system of weights based on
the quoted mean errors, the numbers of plates taken, and
an inspection of the radial velocity curves if the star was
a variable. Following a comparative study by Petrie
(1963), we first corrected the Lick radial velocities of
stars fainter than apparent magnitude m = 6.5 by adding
the following velocity increments: 5 km sec™! if 6.5 <m
< 7.5,and 10 km sec™! if m > 7.5. However, since few
of our stars happen to be fainter than m = 6.5, the effect
of making these corrections is undoubtedly small. The
method that we adopted for the final assignment of
quality classes to the radial velocities was that of Wilson
(1953). We retained only stars with quality classes a, b,
and ¢ (average mean errors of not more than £3.7 km
sec™!). Our compilation was completed in 1966, but an
updating of the data at the present time would not be
expected to lead to any significant overall improvement.
For the luminous supergiants, we simply used the radial
velocities quoted by Humphreys (1970).

B. Dark Dust Clouds

A catalog of celestial positions and radial velocities
of 242 dark dust clouds has been prepared by searching
the literature. Only clouds with low velocities (solar
neighborhood objects) have been retained. Most of the
published velocities have been determined from the in-
terstellar lines of the molecules 12C!60, 13C160Q, OH, and
H,CO. Since these published velocities are given with
respect to the local standard of rest as defined by an
adopted solar motion of Vo = 20 km sec™!, ao(1900) =
18" and 65(1900) = +30° (approximately /o = 56° and
bo = +23°), the original heliocentric velocities have first
been recovered. Then, since the distances to only a few
clouds are known, an assumed contribution from dif-
ferential galactic rotation has been removed from the
data (the characteristic sin 2/ signature appears clearly
in the velocities). A semiamplitude of (A4r) = 4 kmsec™!
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has been adopted; if 4 = 15 km sec™! kpc™!, then (r)
= 270 pc, which is the average distance, approximately,
of 40 dust clouds in Knapp’s (1974) Table I1I. The actual
adopted value of (Ar) is, however, unimportant for our
applications. Most of the dark dust clouds appear to lie
along the Gould belt (Lynds 1962), but the radial ve-
locity coverage of the clouds is incomplete in the southern
sky, except for some H,CO observations.
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