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SPIRAL STRUCTURE IN THE INNER PARTS OF THE GALACTIC SYSTEM DERIVED
FROM THE HYDROGEN EMISSION AT 21 CM WAVE LENGTH

BY M.SCHMIDT

This paper contains a first attempt to determine the spiral structure of the inner parts of the Galactic System from the hydrogen
emission at 21 cm wave length. The observational material consists of 215 drift curves at longitudes [ = 340°, 345°..., 35° at fre-
quency intervals of about 40 kc/s and 125 line profiles at longitudes / = 340°, 342°.5 . . ., 40° and latitudes b = +2°.5, +0°.5, —1°.5,
—3%5, —5°5.

The distribution in latitude is used to separate at each frequency the contributions from the two points on the line of sight that have
the same Doppler shift. Information on the linear distribution of hydrogen perpendicular to the galactic plane is obtained from the
angular distribution at frequencies closely corresponding to the maximum radial velocity (Table 3, Figure 3). The thickness of the
layer between the points where the hydrogen density has dropped to half the maximum density has a constant value of about
220 pc for R > 3 kpc. The measurements are corrected for antenna pattern and bandwidth of the receiver. In a preliminary separa-
tion of the two contributions the influence of the continuous galactic radiation field is estimated. Then the intensities are converted
to optical depth. Corrections are applied for the dispersion of random cloud velocities. The final separation results in maximum
hydrogen densities n, and mean z co-ordinates z of the hydrogen layer at 808 points in the galactic plane (Table g, Figures 6 and 7,
Plate B).

Four or five arms are seen. The Orion arm and the Sagittarius arm may be traced to the far side of the System. Both are clearly

trailing. Further arms may be distinguished tangent to the line of sight at / = 6°, [ = 359° and [ = 346°.

1. Introduction.

In the present paper a first attempt is described to
derive the distribution of neutral hydrogen in the
inner parts of the Galactic System from the emission
at 21 cm wave length. The previous attempt by
Loumann !) from published 21-cm line profiles was
largely arbitrary. Kweg, MUuLLER and WESTERHOUT?)
found two secondary maxima in the rotational veloci-
ties which they attributed to spiral arms.

The main difficulty in deriving the distribution of
hydrogen from 21-cm line profiles is the ambiguity
in distance at each frequency. If V, is the radial
velocity of a hydrogen cloud in the galactic plane due
to differential galactic rotation, R its distance to the
centre of the Galactic System, w(R) the angular
rotational velocity, R, and «, the corresponding
quantities near the sun, and I’ = [ — 327°.5 the angle
between the hydrogen cloud and the centre, then

V,=R,{w(R) — w,}sinl. (1)

It is possible to compute w(R) from this equation for
each value of the radial velocity V, at each longitude
. If the angular velocity w(R) is decreasing with
increasing R, as it does according to B.4.N. No. 458,
we may obtain R from «(R). However, the line of
sight contains two points with equal R if R < R,.
Therefore, the emission measured at a certain fre-
quency consists of contributions from two points. The
separation of these contributions is attempted in this
investigation by studying the distribution of intensity
with galactic latitude. The information needed about
the linear distribution of hydrogen perpendicular to
the galactic plane is obtained from the only point in
the line profiles where no ambiguity exists, viz. at the

") W. Lonmann, Zs. f. 4p. 35, 9o, 1954.
%) K. K. Kweg, C. A. MuLLEr and G. WESTERHOUT, B.A.N.
12, 211 (No. 458), 1954-.

maximum radial velocity. No assumptions are made
concerning the position of the layer of hydrogen with
respect to the galactic plane. The final result con-
sists of

1. the z-distribution of hydrogen at various values
of R (section 11).

2. the distribution of Z, the z-value of the centre of
the hydrogen layer, over the galactic plane (section 12).

3. the distribution of ny, the hydrogen density at
z = Z, over the galactic plane (section 13).
As the reduction involves many steps and consecutive
approximations, a block diagram is provided (Figure
4) to show the general plan.

2. Measurements.

Galactic co-ordinates based on the standard pole
a = 12"40™, § = +28° (1900), are used throughout
this investigation.

A total of 215 drift curves, crossing the galactic
equator at 5° intervals in galactic longitude from
[ = 340° to 35° with fixed paraboloid and fixed
frequency, was obtained with the Kootwijk receiver
in December 1953, May 1954 and December 1954.
The radial velocity corresponding to each drift curve
was computed and corrected for the orbital motion
of the earth and for the motion of the sun with respect
to the local standard of rest. The time at which the
galactic plane & = o° passed through the centre of
the beam was computed for each drift curve, taking
the time constant of the receiver into account.

A description of the receiver and the method for
computing the radial velocities, and the intensity
scale, is given by C. A. MurLLER and G. WESTER-
HOUT 3). The line profiles at 2°.5 intervals in / from
| = 340° to ! = 40°, and at latitudes of approximately

%) B.A.N. 13, 151 (No. 475, first paper), 1957.
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b = +2°5, +0°%5, —1°5, —3°5 and —5°.5 from
the catalogue (Table 1 in the paper cited) have been
used in this investigation. These profiles are obtained
in groups along declination circles, with intervals of
10™ in right ascension, corresponding to about 2° in 4.
The declination circles in this region cut the galactic
equator under a large angle, so that a change in right
ascension is primarily a change in galactic latitude.
In the further reduction all line profiles on the same
declination circle have been assumed to represent the
line profiles at a fixed longitude / corresponding to
the point with b~ — 1°.5, where maximum inten-
sities are found.

3. Determination of distances.

For any velocity V, in a line profile at longitude /,
the angular velocity (R) may be calculated from (1),
taking R, = 8.2 kpc and o, = 26.4 km/sec. kpc. The
value of R may be found from «(R) by means of the
rotation curve, given in B.4.N. No. 458, Figure 10.
Some values of w(R) are tabulated in Table 1.

TABLE 1 ‘
Angular velocity of rotation, (R), taken from B.A.N. No. 458

R o(R) R o(R) -
kpc km/sec. kpc kpc km/sec. kpc
1:5 108.0 5.5\ 40.4
2.0 88.0 . 6.0 37.4

2.5 74-8 6.5 34.7

3.0 65.7 7.0 32.2

35 58.3 7-5 29.7
4.0 52.5 8.0 27.3

4.5 47.8 8.2 26.4
5.0 437

The distance to the sun is either
r,=R,cosl' —V'R* —RZ,,
or r,=R,cosl'+ VR —R,,
where R, = R, sin /’. The values of r, and r, for
= 340°.9, 343°.4, . . . at 20 kc/s intervals are given

in Table 9. The relation between frequency and
radial velocity used here is 1 km/sec = —4.735 kc/s.

(2)

4. Corrections for beamwidth and bandwidth.

Corrections for beamwidth of the antenna are
applied only one-dimensionally in the latitude direc-
tion, because the variation of intensity with latitude
is much greater than with longitude. The antenna
pattern was determined from observations on the sun,
carried out by Mr H. van WoERDEN, and appeared
to have a nearly gaussian form. The half-power width
of the beam was 1°.9 in horizontal direction and 2°.7
in vertical direction. A determination by G. WESTER-
HOUT from measurements on the radio source Cas A

© Astronomical Institutes of The Netherlands e
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confirmed these values (Figure 2 of the preceding
article, p. 203). The pattern is assumed to have an
elliptical form. For each drift curve the effective
halfwidth A of the beam can then be obtained from
the angle between the galactic equator and the
vertical at the time of observation. Correcting the
drift curves for the beamwidth 4 was somewhat
difficult because the halfwidths!) of many observed
drift curves exceeded 4 by only 50%,. It was thought
best to approximate the drift curve £(5) by a gaussian
curve g(b) with the same halfwidth W. This part may
be corrected rigorously and yields a gaussian curve
g'(b) with halfwidth G =V W? — 42, The residual
distribution r(b) = k(b) — g(b) represents a minor
part in most cases. By EppiNngTON’s approximation
the first-order correction of the residual is obtained
with
A* Py

11.1 062’ (3)

where 7’(b) is the corrected residual distribution. The
corrected drift curve i(b) then is the sum of the two
corrected components,

i(b) = g'(b) + 7' (b).

v (b) = r(b)

1 (b)
The factor /z(—b)

applied to a measured intensity /. Plots of this factor
against frequency were made at each longitude and
latitude where a line profile was available. These line
profiles were then corrected for beamwidth by multi-
plying the intensity %, read at each frequency, by the
i
h
made at [ = 340°.9 and [ = 343°.4 for R < 4 kpc,
because the intensities become very low and the
latitude distribution very narrow.

The corrections for the bandwidth of the receiver,
which is 37 kc/s, are not large and may be determined
by a formula similar to (3)

represents the correction factor to be

corresponding value of - . No corrections could be

02,
I(f) =i(f) — 123 g , (4)

where f is the frequency in kc/s and I(f) the line
profile corrected for beamwidth and bandwidth. In
practice the second derivative of i against f was
replaced by the second difference A% over an interval
of 20 kc/s in frequency. The correction then becomes
— 0.3 A%. The corrected line profiles are given in
Figure 1.

1) The word halfwidth of a distribution function denotes in this
paper the full width between the points where the function
has dropped to half its maximum value. The halfwidth of
the density distribution perpendicular to the galactic plane
is also called the thickness of the layer.
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Line profiles corrected for bandwidth and antenna pattern (I), converted into optical depth (t) and corrected for
cloud velocities (t”). Abscissae are kc/s, ordinates are intensities in mm on the record and optical depths.

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1957BAN....13..247S&amp;db_key=AST

7BAN D 13. 2Z47S0

rt

LEIDEN

T 1197

2 100

"

1147

251
FIGURE 1 (continued)

(=06

L

153

&

N

171

3

o

Jr=122

g

3
o

o

g

-16

196 .37

0

200

=197 =.05

.

B.A.N. 475§

}t=24.7 §=+05

253

&

.

3

7

31

s

o

200

oliw

n
o
&

&y

265 -25

1 272 -35

o

ke/s 200

Jt=272 t=405

8
>
]

o

ke/s 200

Line profiles corrected for bandwidth and antenna pattern (I), converted into optical depth (r) and corrected for
cloud velocities (). Abscissae are kc/s, ordinates are intensities in mm on the record and optical depths.

© Astronomical Institutes of The Netherlands ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1957BAN....13..247S&amp;db_key=AST

7BAN. T T.C13T D 24750

rt

B.A.N. 473§ 252

FIGURE 1 (continued)

1] 297 E
] t=+05 ]
2 1004
N
1 505 M
0o o . ]

L L

PN

La T

309 } a2
_ /’\«\14 14 a7
2 100 /N e 4
]
1 50 - -
z 5 i
° 3 TA &2 El
1 -24 ] -25 ]
2 1004 - .
1 1 |
1 50] 3 -
o0 322 BN 427
34 I\ -36 .37

o - N

°...8 .8

[ | ..
j%‘

Pov o b v baw v b s v o byaay
J Y

8
8

Tz
&8
&8

) oE 3
] 334 ] 384
b -14 -14
2 100: -
s -
o ob—— 3
h 347 h 399
] -32 h -34
2 1007 3
5o :
0 05———.— ]
[ 00 0 kes 100

Line profiles corrected for bandwidth and antenna pattern (I),

converted into optical depth (t) and corrected for cloud veloci-

ties (v'). Abscissae are kc/s, ordinates are intensities in mm
on the record and optical depths.

LEIDEN

5. The space density of sources of continuous radiation.

For the conversion of intensities into optical depths
we need the distribution in space of the sources of
continuous radiation. A preliminary investigation of
the continuous radiation at 1420 Mc/s has been made
by G. WesterHOUT !). At the time when it became
necessary to take the effect of the continuous radiation
into account, there was little information about its
distribution with longitude. Only one set of measure-
ments, obtained by the author and reduced by
WESTERHOUT, was available then. These measure-
ments gave the intensity of the continuous radiation
as a function of latitude for longitudes 340°, 350°, o°
and 10° and have been used to obtain a rough idea
about the distribution in space of the sources of
continuous radiation. Later measurements have
shown that the values at /[ = 350° and / = o° both
exceeded the values at neighbouring longitudes by
more than 50 per cent, probably because they were
taken in the neighbourhood of discrete sources. The
unfortunate consequence is that the space density in
degrees Kelvin per kpc of line of sight, given in
Table 2 and used in this investigation, is wrong by
more than 50%,. The space model has been computed
assuming axial symmetry of the radiation field.

TABLE 2

Space density of sources of continuous radiation, used in this
investigation (superseded by later measurements).

R (kpc)
b
2 3 4 5 6 7
source density (°K/kpc)
+ 0°.6 o 0.6 1.3 2.1 1.7 0.4
— 0°%5 o 1.9 2.8 3.0 1.9 0.4
— 1°6 o 3.0 2.8 2.4 1.3 0.4
— 2°%7 o 1.2 2.0 1.8 0.9 0.4
— 3°8 o 1.1 1.1 0.7 0.6 0.2

For each longitude and distance the function 7,
which is the intensity of the continuous radiation
originating at distances greater than r was calculated
from this model. The influence of the errors in this
model on the final hydrogen densities is negligible.
It is strongest in the densest parts, where it amounts

to about 109,.

6. Relation between observed line intensity, optical depth and
continuous radiation.

Let us consider measurements made at a frequency
corresponding to the distances r; and r, (r, > r,). Let I
be the observed intensity in the line at this frequency,
I, the intensity of the continuous radiation in this
direction and I, the intensity for infinite optical depth.
Further, let I, be the intensity of continuous radia-

1Y B.A.N. 13, 105 (No. 472), 1956.
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tion from a distance greater than r;, 7, the optical
depth of the hydrogen at the distance r;,and let 7,
and =, be defined in a similar manner.

The intensity 7 is the difference between the com-
bined intensities of line and continuum received in
the measuring band and the intensity of the con-
tinuum received in the comparison band. The line
intensity is

I (1—e™1772),

The intensity of the continuum in the measuring band
consists of a part I, — I, , a part I, — I, reduced

by the hydrogen at r;, and a part I,, reduced by
all the hydrogen. It is, therefore, in total

lc— Icr1+ (Icr! _Ic,.z) e~ "1 ]crzg"fl'fz_

The intensity of the continuum in the comparison
band is 1. Hence, the measured intensity is

I=I(1—e™ ") —I, (1—e ™) —I, e (1—e ™).

(5)

The values of I, and I,, may be computed from
Table 2.

The value of I has been obtained by studying the
maximum intensities measured in the direction of
Cygnus through the Orion arm, in the direction of
the centre and of the anticentre. The determination
of I, in the direction of Cygnus has been carried
out in exactly the same manner as in B.4.N. No.
452 !). New observational data outside the galactic
equator and corrected for antenna pattern gave
I, = 58°and I, = 124°, which then yielded I, = 126°.

A second determination of I, was made from the
maximum intensity found near the galactic centre,
corrected for continuous radiation. As all continuous
radiation originates behind the hydrogen effectively
observed, which is at a small distance owing to the lack
of differential galactic rotation, the correction simply
consists of adding the intensity of the continuous
radiation to the measured line intensity. The maxi-
mum intensity found is 106° at [ = 329°.1, b = —2°.3.
The intensity of the continuous radiation is 17°. This
continuous radiation, however, decreases the gain of
the receiver by 2.8%, due to its effect on the auto-
matic gain control ?). Therefore the real line intensity
I, is 1.028 X 106° + 17° = 126°.

The agreement between both temperatures is better
than could have been expected. In the direction of
the anticentre a top intensity of 111° is measured.
If the temperature is taken to be 126°, the optical
depth in this direction should be about 2. This seems
quite reasonable and does not contradict the assumed

1) H. C. van pE Huist, C. A. MuLLER and J. H. OorT, B.4.N.
12, 117 (No. 452, section 16), 1954.
%) C. A. MuLLer and G. WesterHOUT, B.4.N. 13, 151 (No.

475, first paper, section 4), 1957.
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value of the temperature. It seems therefore that the
temperature does not fluctuate very much in a large
region of the Galactic System around the sun. In all
reductions of 21-cm observations described in this series
of papers the intensity of 125° for infinite optical depth
has been used. A lower value does not seem possible
but a somewhat higher value might also fit the
observations.

7. Preliminary determination of z-distribution of hydrogen
at different values of R.

We shall now determine the z-distribution of
hydrogen from the latitude distribution near the
maximum recession velocity for each longitude. The
maximum recession velocity has been determined for
all longitudes in B.A.N. No. 458. At this velocity,
R reaches its minimum value R,, = R, sin [, so that
r, = r, = R, cos [’. These points are located on a
circle having the line sun-centre as a diameter. We
shall call this circle the midpoint circle. On this circle
no ambiguity in distance exists and the angular
latitude distribution of the intensity / may be con-
verted into a linear z-distribution of optical depth 7.
Only drift curves for which the frequencies are near
the maximum radial velocity were used in the in-
vestigation of the z-distribution. It is sufficient then
to put I, and I,, equal to % I, so that

[=(L,—1L) (1 —e7). (6)
By means of this formula the optical depths were
calculated from the intensities. Then t was plotted

TABLE 3

Angle G between the latitudes where the hydrogen
layer reaches half its maximum density, and cor-
responding thickness of the layer
(see note on p. 248).

No. of l G Thickness
measurement
[} o
2271 345.9 1.20 161 pc
1747 1.17 157
2290 350.9 2.08 2’70
605 1.58 206
1344 1.84 240
592 2.03 262
1345 1.95 252
2336 355.0 | 1.84 229
1346 1.69 211
689 1.93 238
1347 1.89 233
2274 0.9 | 1.04 229
1348 1.77 208
2313 5.9 2.08 229
617 2.16 240
2275 10.9 1.97 200
618 2.03 210
2315 15.9 1.97 183
626 2.70 248
2335 20.9 3.66 307
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FIGURE 2
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Thickness of the hydrogen layer between the points where
the density has dropped to half the maximum density (not
corrected for random cloud velocities).

against latitude & for longitudes 345°, 350°, . .., 20°,
and the angular halfwidth G of the latitude distri-
bution was determined. This angular halfwidth was
transformed to a linear halfwidth !) by means of the
known distance r; = 7,. Here a small correction was
applied in order to allow for the difference of the
two distances r; and 7,. The resulting linear halfwidths
are given in Table 3. They have been plotted against
the galactocentric distance R in Figure 2. The scatter

FiGURE 3
Y T T I P T T —

35 +4 +3 +2 +1 0 -1 -2 -3 -4 q-s

Distribution of hydrogen in the z-direction, normalized to
Tmax = I and halfwidth 2. Crosses indicate a gaussian curve
with the same halfwidth.

'} See note on p. 248.
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in the values of the linear halfwidth or thickness must
be due, at least for a part, to irregularities in the
z-distribution of hydrogen. The figure shows that
the thickness hardly varies with R. A constant mean
value of 230 pc was adopted at this stage of the
reduction.

All graphs t(b) were then reduced to halfwidth 2
and maximum value 1 and were plotted together
with coinciding half-intensity points in Figure 3. The
scatter in the points is not large. No systematic
deviations depending on longitude were found. The
gaussian curve with the same halfwidth is ¢*63<
and is indicated by a few crosses in the figure. In the
upper half the gaussian curve represents the distri-
bution sufficiently well but in the outer parts the
distribution is wider than the gaussian curve. The
mean curve drawn through the points is tabulated
in Table 4. We shall call this distribution a(g) where

z—z . . .
qg= P and z, is the z co-ordinate of maximum
intensity.

Some asymmetry is indicated, the southern part
being more extended than the northern part. An
improved distribution is derived in section 11.

TABLE 4

Distribution a(g) of hydrogen in the z-direction;

g = fﬁgﬁ The finally adopted distributiona(g) (cf. section 11)
is symmetrical and identical with the values given below for
h.l _ g.— z;
¢<o,whtleg= —r -

q a a q a a
g>o0g<o g>o0g¢g<o
O 1.000 I.000 +2.5 .060 .100
+o0.1 .993 .993 2.6 .055 .091
0.2 .972 .972 2.7 .050 .084
0.3 .040 .940 2.8 .046 .078
o.4 .895 .895 2.9 .043 .072
o.5 .841 .841 3.0 .040 .066
0.6 779 779 3.1 .036 .o61
o i1z 712 3.2 .033 .056
0.8 .642 .642 3.3 .030 .052
0.9 .570 .570 3.4 .026 .048
1.0 .500 .500 3.5 .023 .044
I.I 432 .432 3.6 .020 .o40
1.2 .369 .369 3.7 .018 .036
1.3 .316 .316 3.8 .015 .032
1.4 .270 .279 3.9 .012 .029
1.5 .230 .250 4.0 .010 .026
1.6 .199 .222 4.1 .008 .023
17 .169 .200 4.2 .006 .020
1.8 .145 .179 4.3 .004 .017
1.9 .126 .164 4.4 .002 .0I4
2.0 .II0 .I50 4.5 .000 .OII
2.1 .096 .138 4.6 .000 .009
2.2 .086 .128 4.7 .000 .006
2.3 .076 .119 4.8 .000 .oo04
2.4 .068 .1o9 4.9 .000 .002
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Ficure 4
CONTINUOUS
LINE PROFILES DRIFT CURVES RADIATION
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M. Ne Blockdiagram of the reductions. The numbers refer to the sections.

8. Preliminary separation of contributions from far and near
points. ‘

The first separation (see blockdiagram, Figure 4)
has to be carried out in intensities, because equation
(5) does not allow a straightforward determination
of total optical depth (v = =, + 1,) from the intensity
1. It has been carried out for 118 drift curves as
follows.

From the frequency at which a drift curve is
observed, r, and r, are calculated by eq. (2). The
distribution of optical depth with z at both these
distances is assumed to have the form a(g); it is
transformed into angular distributions a(b, 4,), where
b, is the latitude of maximum optical depth of one
of the contributors so that 2 = 1 for 4 = b,. Let the

maximum optical depth be denoted by <,. The values
of b, and t, should now be determined for both
contributors. Each drift curve should therefore yield
four unknowns, which we shall call =, ,, ,, b,. The
total optical depth at any latitude 5 is

7141 (b, by) + a2y (b, b,)
and the intensity read from the drift curve may be
written by equation (5) as
I(0) = I,(1 — eorm%%) —
— I, (1 — ) — I, e (1 — ™), (7)
By reading the drift curve I(4) at four different
latitudes, we obtain four equations of the form (7)

with four unknowns <, 1,, 4;, b,. In principle the
unknowns can thus be determined. In practice this
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TABLE 5
First separation of drift curves into contributions at distances 7, and 7,.

. R r r 2 2 No. of f R T f, Z z
Tent | kcfs | kpe k[;c kpfc 1 T2 p¢1: p:: Tnent | kefs | kpe kI:l»c kI;c "1 2 pcls pé
l=1340°%9 l=0°9

— 259 | 3.76 | 474 |11.22| .42 | .21 | — 154 | — 352 1349 | — 375 | 4.96 | 479 | 8.91| .46 | .50 | — 97| — 167
219 | 4.19 | 4.25 | I1.71| .51 .50 105 346 1361 334 | 5.24 | 4.18 | 9.52| .45 24 89 200
179 | 4.67 | 3.71 11225 | .84 .62 95 336 1362 204 | 5.54 | 3.62 | 10.07| .59 .07 102 278
145 | 5.17 | 3.17 [ 1279 | .90 .96 74 325 581 283 | 5.63 | 3.48 | 10.22| .46 .26 91 310
105 | 5.88 | 2.42 | 13.54 | 1.47 .83 31 | — 146 1375 262 | 578 | 3.24 | 10.46| .66 .30 89 267

— 55| 6.96 | 1.28 | 14.68 | 1.06 76 | — 132 631 259 | 5.81 | 3.19 | 10.51| .74 22 83 246

. 1389 221 | 6.12 | 2.71 1 10.99| .66 | .36 75 258
1=345°9 1403 179 | 6.49 | 2.18 | 11.52| .48 | .30 48 288

— 420|334 | 567 | 9.89| .07 | .24 | —135| —237 | 2324 174 | 6.53 | 213 | I1.57 | .55 | .54 | — 21| 202
382 | 3.56 | 5.34 | 10.22| .14 | .16 145 296 1404 139 | 6.87 | 1.67 | 12.03| .60 | .68 | + a1 178
382 3.56 5.34 | 10.22 .04 .27 172 329 1418 97 | 7.29 I.12 12.58 .64- .82 + 39 160
367 | 3.67 | 5.18 | 10.38| .08 | .33 167 347 8og 77| 747 | 0,90 |12.80| .67 | .58 | — 15 207
342 | 3.83 | 4.96 | 10.60| .26 | .24 152 323 828 | — 64| 7.59 | 075 |12.95| 78 | .45 | — 10| — 198

317 | 4.03 | 4.69 | 10.87 .zg 24 118 363 I=5°9
302 | 4.15 | 4.54 |11.02| .I .65 137 35
268 | 447 | 414 |11.42| .13 | .96 107 369 556 | — 360 | 5.35 | 478 | 8.08| .80 | .44 | — 113 | — 104

263 | 4.51 | 4.09 | 11.47 | .22 .94 92 383 556° 359 | 5.36 | 475 | 8.11| .69 54 124 197
249 | 4.63 | 3.04 | 11.62| .26 .86 104 354 624 355 | 5.39 | 4.66 | 8.20| .64 | .66 112 196
223 | 4.88 | 3.64 |11.92| .35 76 95 342 2292 315 | 5.66 | 3.95 | 8.91| .68 .63 95 230
218 | 4.93 | 3.59 | 11.97| .52 | .66 102 342 632 303 | 574 | 3.78 | 9.08| .69 | .74 94 236
183 | 5.35 | 3.10 | 12.46| .53 | .61 54 304 633 277 | 5.91 | 3.43 | 943| .66 | .78 8o 285
169 | 5.54 | 2.88 |12.68| .68 60 | — 43 250 641 239 | 6.20 | 2.82 | 9.97| .60 8o 49 322
110 | 6.38 | 1.95 | 13.61| 1.30 | 1.32 | + 25 310 2325 231 | 6.27 | 2.77 | 10.09| .58 78 49 262

— 351|736 | 0.89 |14.67| .90 | .01 |+ 8| — 366 649 201 | 6.50 | 2.39 |10.47| .70 | .78 48 252
665 165 | 6.80 | 1.92 | 10.94| .86 .65 49 196

°.0 680 135 7.02 1.52 | I1.34| .74 .5?; 43 123
2291 125 | 7.1 1.39 | 11.47| 70| 48 | — 20 187

ﬁz igf g ?z g‘g;' ‘;: ‘;g izi z;; g 690 92 | 7.43 | 1.02 [ 11.84| .52 44 |+ 3 296
504 871 7.47 | 0.96 |11.90| .52 43 12 242

361 | 4.28 | 476 | 10.30| .20 74 153 289 826 3 6 6
3 73| 7-59 | 0-80 |12.06 | .5 45 14| 255
321 | 4.58 | 4.31 | 1075 | .33 58 132 345 829 68 | 7.63 | 075 | 12.11| .55 42 17 269
281 | 4.88 | 3.90 | 1 I'é6 '33 .’gz 136 3§g 8or 50| 778 | 0.55 |12.31| .61 44 34 179
239 | 5.27 | 3.39 |11.67| .3 -89 101 3 _ _
230 | 527 | 3.30 |11.67| 24 | o8 132 384 1434 20 | 8.03 | 0.22 |12.64| .51 48 | + 40 206
199 | 5.68 | 2.88 | 12.18 | .41 .68 76 355 l=10%9
159 | 6.13 | 2.34 |12.72| 46 | 72 | — 5 220 625 | —313 | 587 | 430 | 7.62| .46 | 1.58 | — 153 | — 227
157 | 6.15 | 2.32 | 12.74| .58 | 62 | + 3. 186 2293 282 | 6.08 | 3.66 | 8.26| .44 | 2.23 99 210
120 | 6.61 | 1.78 | 13.28| .60 .68 29 218 634 275 | 6.13 | 3.54 | 8.38| .68 | 1.72 104 261
78| 7-19 | 1.12 | 13.94 | .70 | .71 31 279 2204 242 | 6.37 | 2.08 | 8.04| .60 | 1.01 94 223
64 | 7.36 | 0.94 | 14.12| .52 | .54 32 310 642 237 | 6.40 | 2.92 | 9.00| .61 | .88 104 259
61 | 7.40 | 089 |14.17| 6o | .54 |+ 37 365 650 199 | 6.67 | 2.38 | 9.54| .64 | .78 56 301
58| 7.44 | 084 |14.22| 60| .59 | — 7 268 2314 106 | 670 | 2.33 | 9.509| .68 64 45 275
— 35| 774|051 [1455] .75 | .27 |+ 31| —332 666 163 | 6.95 | 1.89 | 10.03| .84 | .84 32 238
° 674 125 | 7.26 | 1.38 [ 10.54| .81 .60 20 189
9 2304 114 | 7.34 | 1.25 | 10.67| .86 | .52 22 242
— 408 | 443 | 5.12 | 9.32| .72 28 | — 136 | — 267 691 89 | 7.52 | 0.97 | 10.95| .47 .93 6 206
402 | 4.47 | 504 | 9.40| .76 24 132 256 769 84| 7.56 | 0.01 |11.01| .48 | 1.06 5 185
368 | 4.67 | 465 | 979 .63 | .30 143 260 1445 | — 53| 7.80 | 0.56 | 11.36| .44 | 1.23 | — 36| — 182
327 | 4.95 | 4.17 | 10.27| .63 .20 120 294 o
322 | 4.98 | 4.12 | 10.32| .57 | .24 109 277 | 1=15%9
287 | 5.26 | 3.60 | 1075 | .46 22 87 271 643 | — 234 | 6.55 | 3.13 | 7.75| 1.06 .92 | — 104 | — 197
245 | 5.62 | 3.17 | 11.27| .43 .23 69 273 2326 224 | 6.62 | 2.94 | 7.94| .79 | 1.05 93 175
205 | 5.08 | 2.69 | 11.75| .46 .36 | — 38 310 651 196 | 6.82 | 2.45 | 8.43| .60 .52 60 186
164 | 6.40 | 2.15 | 12.29 | .33 69 | + 3 312 658 157 { 7.11 | 1.84 | 9.04| .64 17 | — 10 69
157 | 6.47 | 2.06 | 12.38| .44 | .72 14 266 667 119 7.37 | 1.35 | 9.53| 56 | 44 |+ 2 190
124 | 6.83 | 1.61 | 12.83| .50 .94 51 325 814 110 | 7.44 | 1.22 | 9.66| .50 55 | — 3 207
115 | 6.93 | 1.49 | 12.95 | .53 | .96 9 300 2327 94| 755 | 1.03 | 985| 42| 72 |+ 2 147
84 | 7.29 | 1.06 | 13.38| .56 .70 14 323 692 8 | 7.6r {093 | 995| 44 | 1 | — 3 185
59 | 7.55 | 076 |13.68| .s0 | .46 12 304 774 69 | 772 | 075 | 10.13 | .41 .93 o 150
55 | 7.60 | 0.62 |13.82| .63 43 48 296 775 49| 7.86 | 0.52 | 10.36| .30 | .69 | + 7 247
— 32| 7.85 | 0.41 | 14.03 | I.II .34 | + 122 | — 366 1446 | — 35| 7.96 | 0.36 | 10.52| .50 64 | + 26 | — 164
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[} .

i TABLE 5 (continued)

‘_|I

[}

1 1 No. of R r 7 2 z No. of f R r r z 2,

- Toment | kcfs | kpc kl;c kI;c 1 T2 p:: pc Mment | ke/s | kpc k;:c kgc Tt 2 p:: pc

i

l‘: l=20°%9 l=25°9

S 2295 | — 185 | 6.99 | 2.53 | 7.25 54 | 46 | — 24| — 172 2328 | — 136 | 7.37 | 1.93 | 6.67| .56 | 1 | — 56| — 136
2316 158 | 7.18 | 2.02 | 7.76 41 .33 33 186 803 | — 49| 7.90 | 060 | 8.00| .40 | .60 | — 32| — 187
2%06 1 §7 7.‘6;4 1.42 2.36 .4g .7;. 67 40 | | =30°%9

22 4| 705 | 099 | ©79 | -4 40 | — 44 44 834 | — 108 | 7.57 | 1.78 | 5.56| .60 | 74| — 87| — 76

2305 | — 37| 796 | 041 | 937 | 8o | .70 |+ 61| — 54 2318 | — 49| 7.91 | 070 | 6.64| 1.26 | .46 | — 94 | — 108

solution must be carried out by successive approxi-
mations. The following method was used. First,
approximate values of 7, and 7, are obtained by
assuming values of 4; and b,. These four values are
substituted in the equations (7) and the errors AI(b)
determined. By differentiating (%) with respect to
the four unknowns, these errors are expressed as
linear combinations of the errors Az, At,, Ab;, and
Ab,. The four linear equations obtained are solved
for At,, At,, Ab; and Ab, and the originally assumed
values are corrected for these errors. The same
method may be carried from the second approxi-
mation to the third approximation, which always
sufficed. In the actual reduction only three readings
were made from the drift curves, one of them being
the maximum intensity. This does not essentially
alter the method described. The angles 4; and 5, were
finally converted to linear heights above the galactic
plane z; and z, with the known distances r; and 7,.

The results of this first separation of the contri-
butions from the far and near points are given in
Table 5. These results are not final, because no cor-
rection for the dispersion of random cloud velocities
has yet been applied. The purpose of this first
separation is to enable us to convert intensities into
optical depths taking out the effect of the continuous
radiation.

9. Conversion of intensities into optical depths.

The preceding results permit us to compute at
each latitute & of a drift curve the optical depths
7, (6) and =, (b). By substituting these into (5) we
obtain the intensity I, (b). This “model” intensity
corresponds to the hydrogen distribution tabulated
in Tables 4 and 5. If the model is correct, this
intensity I, (b) should be close to the measured
intensity I(b) of the drift curve. The agreement was
satisfactory, in general.

We now reduce I(4) to optical depth t,, neglecting
the continuous radiation:

Tu=_1n(1— (8)

1

?)

o
+ 7

The ratio y = , which is the factor by which

u

7, has to be multiplied in order to obtain the optical
depth, corrected for continuous radiation, v = v, + 1, ,
is now known. Plots of y against f, at each longitude
and latitude where a line profile is available, were
made by interpolation. Each line profile was then
converted into 7, by (8) and into total optical depth
© by multiplication with y. The line profiles reduced
to optical depth t are shown in Figure 1.

10. Correction for dispersion of cloud velocities.

It is very difficult to obtain information on the
distribution of peculiar velocities of hydrogen clouds
in the inner parts of the Galactic System. KWwEE,
MuLLer and WesTERHOUT !) state that the form of the
profiles near maximum radial velocity suggests a gaus-
sian distribution function more strongly than a distri-
bution of the form ¢™'°/" as found by BLaauw ?) from
a study ofinterstellar lines. The unknown distribution
of hydrogen along the observed part of the line of sight
may, however, have distorted the form of the profiles
near maximum radial velocity.

A discussion of the various methods that may be
used to correct the line profiles for random cloud
velocities is given by OLLONGREN and VAN DE
Huwst 3). It was considered best to apply a second-
difference correction

v =1 — e, (9)
similar to the correction applied for bandwidth; here e
is proportional to (dispersion)?. The exact correction
methods for gaussian and exponential distribution
functions are compared with this approximate
method (with € = 2) in Figure 1 of the preceding
paper 4).

In the present investigation we have to assume that
the dispersion of the cloud velocities changes with
distance R from the galactic centre. In order to
determine the coefficient ¢ as a function of R, recourse
was made to a model of the distribution of mass in
the Galactic System °); model 2 has been used. The

Y Loc. cit.

%) A. Braauw, B.A.N. 11, 459 (No. 436), 1952.

*) B.A.N. 13, 196 (No. 475, second paper), 1957.

*) G. WesternHout, B.4.N. 13, 201 (No. 475, third paper)

1957.
%) M. Scumipt, B.A.N. 13, 15 (No. 468), 1956.
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K
model gives 3972, the derivative of the force parallel

to the galactic axis near the galactic plane. This
quantity increases towards the galactic centre. In
order to keep up a layer of constant thickness, as
found in section 7, the velocity dispersion of the
hydrogen in the z-direction should increase propor-
tionally. This yields the velocity dispersion in the
z-direction, ¢, as a function of R. We need, however,
the dispersion of velocities parallel to the galactic
plane. The ratio of these dispersions is not known.
Assuming that it does not depend on R, we find that

¢(R) = constant . {cz (R) }2.

The constant is chosen in such a manner, that the
minimum optical depth found between the arms after
the correction (9), is zero or only slightly negative.
This defines the maximum values of e(R). As the value
found at R = 8.2 was ¢ = 1.4, somewhat smaller than
the value used for the reduction of 21-cm measure-
ments of the outer parts of the Galactic System,
it was considered suitable to use these maximum
values in the reduction. From the example given by
WESTERHOUT it appears that the correction withe = 2
gives the best approximation for a gaussian distri-
bution with a dispersion ¢ = 6 km/sec. Corresponding
values of ¢ for the other values of € used are given as
a function of R in Table 6 and Figure 3.

All line profiles were corrected for the dispersion
of peculiar cloud velocities by means of these data.
The corrected profiles ©" are shown in Figure 1.

Ideally we should find no contribution of optical
depth in the corrected line profiles for radial velocities
greater than the rotational velocity at each longitude.

TABLE 6

Values of the correction

factoreand the correspond-

ing dispersion o of the ran-
dom cloud velocities.

R € c
(kpc) (km/sec)
2 12.4 15.0
3 7.6 11.7
4 5.1 9.6
5 3.7 8.2
6 2.7 7.0
7 2.0 6.0
8.2 1.4 5.0

That this is not so will be due to small errors in the
curve of the rotational velocities and to the rough
method used to correct for the random cloud ve-
locities. A correction will have to be applied to the
optical depths at velocities close to the maximum
velocity (section 13).

LEIDEN
FiGcure ;5
T I ] I
10 -
I KM/SEC
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The correction factor ¢ and the corresponding dispersion ¢ of
the random cloud velocities.

11. z-distribution of hydrogen at different values of R.

It is now possible to improve the results of section 7
and to derive a z-distribution of hydrogen, corrected
for the effect of random cloud velocities. Use has been
made of some of the best observed drift curves with
a frequency somewhat below the maximum radial

’

velocities. The factor % , with which the optical depth

T at any latitude in a drift curve has to be multiplied
to give the corrected optical depth <', may be
determined by interpolation from the line profiles at
the same longitude /,. This correction reduced the
halfwidths of the drift curves by 2 to 7%,. Accordingly,
the thickness of the hydrogen layer now becomes 220
pc. The distribution used in the final separation is
symmetric and identical to the negative half of the
—z,
110 °

curve given in Figure 3 and Table 4, withg = z

12. Heights of the hydrogen layer above the galactic plane.

The first separation (section 8) had shown that a
denser net of points over the galactic plane was
needed to give insight into the hydrogen distribution.
The drift curves were observed at intervals of 5° in
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longitude and 40 to 50 kc/s in frequency. The line
profiles, however, are available at 2°.5 longitude
intervals and may be read at 20 kc/s intervals. At this
stage of the work it became clear that the spacing in
latitude of the line profiles, which is only 2°, is still
too large. If we want to determine optical depth and
position of the far contributions, which may have an
angular halfwidth less than 1°, it is necessary to have
two line profiles which both contain a considerable
intensity from that far contribution. It was impossible
to obtain the additional profiles needed at 4 = — 0°.5
and — 2°.5 before the removal of the receiver from
Kootwijk to Dwingeloo. However, these profiles could
be constructed from the drift curves. For a correct
interpolation in the 4o kc/s intervals, for which the
drift curves are available, the line profiles at latitudes
+0°%5, —1°5 and — 3°.5 were consulted. The
resulting line profiles at latitudes — 0°.5 and — 2°.5
were further reduced in the same way as the other
profiles.

With these supplementary profiles the material
thus consists of optical depths at each 5° interval of
longitude and each 20 kc/s interval of frequency, at
latitudes + o°.5, — 0°.5, — 1°.5, — 2°.5 and — 3°.5.

A second separation of contributions in optical
depths, similar to the separation described in section
8, was now carried out. This separation was based
on the equation

v (6) = 7 a,(b, b)) + 7, ay (b, by), (10)

which is much simpler than equation (7). Again, the
values of 7;, 7, , b; and b, were obtained by successive
approximations. The angles 4, and b, were converted
to linear heights, z, and z,, above the galactic plane.
They are given in Table g.

This separation still does not represent the final
result, because accidental errors in z, may introduce
systematic errors in =,’. If we consider a latitude
distribution 7(b) at a frequency for which the ratio
of r; and r, is great and at which =, is small, then the
second contribution forms only a very low and
narrow hump on top of the first contribution. Errors
in the measurements, which are much enlarged by
the correction for peculiar cloud velocities, may make
the optical depth at one of the latitudes somewhat too
large. It is then quite probable that a spurious hump
occurs, which in the separation is attributed to the
second, narrow contribution. Thus irregular values
of z, and too large values of ©,” may be introduced.

To avoid these systematic errors the z-values were
smoothed. This smoothing process was carried out in
graphs of z against L in intervals of £ kpc in R, where
L is the galactocentric longitude, which increases in
the same sense as the galactic longitude /. The
direction towards the sun is L = o°. Smoothing over
L seems preferable to smoothing over r because
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Smoothed curves of height Z above the galactic plane, as a
function of galactocentric longitude L, in intervals of o.5 kpc
in R. (Sun has L = o°).

separate spiral arms may well have different heights,
while in one spiral arm only gradual changes of
height may be expected. The smoothed curves z(L)
are shown in Figure 6, while the corresponding
curves z(r) are given in Figure 7 and in Table g.

WEesTerHOUT !) has used the values of Z from
Figure 7, together with values of z for the region
R > 8.2 kpc, to determine the position of a mean
galactic plane. The position of this plane is indicated
in Figure 7 by dashed lines. The average deviation
from the mean plane of the hydrogen in the region
discussed here is -+ 32 pc.

13. Final separation and calculation of hydrogen densities.

The separation described in the previous section
may now be repeated, taking the values of z; and z,
from Table 9. Whenever one of the t-values became
negative, the value was taken to be zero and the

1) L.c., section 16, p. 217 of this Bulletin.
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separation repeated. The resulting values of ;" and
7," are given in Table q.

The relation between the optical depth 1’ and the
hydrogen density zy is given in atoms per cm?® by !)

Ny = 0.07447' dV [dr (11)
if T= 125°K.

av,
Here ~f1s expressed in km/sec. kpc and is computed

d
R dw
m 2 2
dv,|dr =3 ]/R —Rp.  (12)

The conversion factor ny/t" is listed in Table g
together with the resulting hydrogen densities n,
and n,.

The densities were projected on the galactic plane
and curves of equal density n; = 0.2, 0.6, 1.0 and 1.6
atoms per cm’® were drawn. The resulting map is
shown in Plate B (opposite p. 247). The isodensity con-
tours near the circle R = 8.2 kpc are necessarily
somewhat arbitrary. No separation has been carried
out if the ratio 7,/r; was smaller than 1.8. The region
to which this applies is indicated by two thick circles
in the figure. In this region the optical depths of the
two contributions were taken equal for lack of better
information.

For the region between [ = 40°.9 and 5%°.5,
R < 8.2 kpc, which was not studied in this investiga-
tion, WESTERHOUT, after a careful study of plots of
optical depth against latitude and radial velocity,
concluded that most of the hydrogen is situated in the
far points; he has drawn the isodensity contours ac-
cordingly.

We still have to account for the optical depths
found at velocities higher than the rotational veloci-
ties. The relation to the hydrogen density is obtained
by integrating (11)

from

[rqdr=ny . Ar= o744 [« (V)dV, . (12)

g
Ve> Vinax

The left-hand side represents the number of hydrogen
atoms per am? along the line of sight to be added to
the number already obtained. It is listed in Table 7
in the unit kpc/cm?® These additional hydrogen
atoms have been distributed as well as possible over
2 kpc of the line of sight, situated symmetrically with
respect to the midpoint of the line of sight. In some
directions the hydrogen densities are considerably
changed by this addition. These changes have been
taken into account in drawing the isodensity contours
in Plate B.

1) B.A.N. 12, 117 (No. 452), 1954, €gs. (12) and (18).
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TABLE 7

Number of hydrogen atoms along the
line of sight with velocities higher than
the rotational velocities.

. 1y Ar ! . Ar
kpc/cm® kpc/cm®
o o
3459 +.19 15.9 +.35
3484 —.05 184 +.30
350.9 —.04 20.9 +.55
353.4 +.o1 23.4 +.14
355.9 —.OI 25.9 +.18
358.4 +.29 28.4 +.13
0.9 +.31 30.9 .11
34 +.a5 334 +.04
5.9 .27 35.9 +.04
84 .01 384 +.03
10.9 —.I2 40.9 .05
13.4 +.0I

14. Interpretation and discussion of the results.

The final results consist of:

a. the maximum hydrogen density, Table o,
Plate B (opposite p. 247).

b. the height z of the maximum hydrogen density,
Table 9, Figures 6 and 7.

;61
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¢. the relative distribution of hydrogen density
in the z-direction, Table 4, Figure 3, where ¢ =
(z—Z)/110 pPC.

In examining these results it should be noted that
the data for each longitude have been treated entirely
independently, except for the smoothing of Z (section
12), which cannot have affected the densities.

Perusal of Plate B shows the following features. The
Orion arm may be followed from /= 220° down to
[ = 341°, which is the lower longitude limit of the
present investigation. Between [ = 220° and [/ = 50°
it lies mainly outside the circle R = 8.2 kpc. There
seems to be a break in the arm between / = 25° and
! = 35°, where it splits up into two separate parts,
one inside and one outside the circle R = 8.2 kpc.
The next arm, seen tangentially at / = 18°, extends
to the region in Sagittarius where MorcaN, CobE

TaBLE 8
Average densities in the near and the
far points.
n | om
6 <R <82| .84cm™ | .86cm™
R <6 .40 .68

TaBLE 9

Final results of the separations; the distance from the sun is 7, the height above the galactic plane of the points of maximum
density in the z-direction is z, and the value of this density is 7.

S R r 7, z, z, , , , n, n, z Z,

kefs kpc kpc kpc pc pc T2 T cm™ cm™ pc pc
l=1340°9

20 7775 0.47 15.49 — 482 1.10 .95 .66 72 .63 + o | — 505

40 7.30 0.93 15.03 o 515 .94 1.86 .67 .63 1.25 o 493

60 6.84 1.41 14.55 — 42 495 1.32 1.98 .68 .90 1.36 - 9 460

8o 6.40 1.87 14.09 15 385 1.96 .01 71 1.39 .01 22 396
100 5.98 2.31 13.65 1.45 .00 4 1.08 .00 36 329
120 5.61 2.70 13.26 66 282 .63 2.45 8o .50 1.95 52 312
140 5.26 3.08 12.88 74 309 49 3.23 .89 43 2.87 66 309
160 4.93 3.43 12.53 85 288 .86 .95 1.00 .86 .95 86 309
180 4.67 3.71 12.25 85 301 47 1.86 1.08 .51 2.0I 102 311
200 4.42 3.99 11.97 — 140 | — 4II 70 .00 1.17 .82 .00 121 316
220 4.17 4.27 11.69 .18 1.02 1.25 22 1.28 — 139 | — 319

[=343°4

20 7.82 0.40 15.38 1.19 .36 77 .91 .28 + 10 | — 451

40 7.44 0.80 14.98 75 .55 78 .58 43 6 439

60 +7.06 1.20 14.58 .83 Ko} 79 .65 72 + 2 407

8o 6.69 1.59 14.19 1.29 .65 81 1.04 .52 — I 339
100 6.31 1.99 13.79 1.93 .00 82 1.59 .00 i 301
120 5.96 2.37 13.41 .90 1.39 .86 78 1.20 19 297
140 5.64 2.72 13.06 .90 2.09 .92 .83 1.92 35 311
160 5.34 3.05 12.73 .39 1.30 1.00 .39 1.29 62 326
180 5.05 3.37 12.41 .27 1.51 1.09 .29 1.65 84 333
200 4.80 3.65 12.13 00 44 1.19 .00 .52 104 340
220 4.59 3.89 11.89 .00 1.77 1.26 .00 2.23 124 346
240 4.38 4.13 11.65 .56 .29 1.33 74 .39 135 346
260 4.17 4-38 11.40 .00 79 1.40 .00 1.I1 — 146 | — 346
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TABLE 9 (continued)

R T T z z , , n n z z
kefs kpc kplc k;:c p:: pi: ©1 y T2 nu/T e cm? p:: pé
l=345%9
20 .87 0.35 15.21 : 1.13 .00 .87 .98 .00 + 11 | — 396
40 7.54 0.70 14.86 — 92 | — 329 .66 1.02 .88 .57 1.24 1 385
6o 7.22 1.04 14.52 + 13 514 79 .35 .89 71 41 13 365
8o 6.87 1.42 14.14 43 304 I.15 4.39 .90 1.04 3.96 20 282
100 6.53 1.79 13.77 + 35 262 2.15 3.26 .91 1.97 2.98 22 275
120 6.23 2.11 13.45 — 24 373 1.34 1.48 .94 1.25 1.39 + 14 280
140 5.93 2.45 13.11 + 15 337 1.20 .97 .97 1.16 94 — 6 314
160 5.66 2.75 12.81 I 1.77 1.02 I 1.81 38 342
180 5.40 3.04 12.52 .30 .00 1.09 .33 .00 66 355
200 5.14 3.34 12.22 47 .66 1.18 .55 78 88 364
220 4.92 3.60 11.96 — 123 484 .29 1.49 1.26 .37 1.88 110 374
240 4.72 3.83 I11.73 387 .0I 1.93 1.33 .0I 2.57 125 377
260 4-53 4.06 11.50 .00 1.50 1.39 0o 2.08 133 372
280 4.35 4.29 11.27 — 158 386 .00 1.30 1.45 .00 1.88 138 363
300 4.17 4.51 11.05 — 390 .00 1.29 1.51 .00 1.95 140 356
320 4.01 4.72 10.84 .37 12 1.54 .57 .18 144 346
340 3.86 4.92 10.64 .20 41 1.59 .32 .65 152 337
360 3.72 5.11 10.45 .04 .07 1.64 .07 JII 155 328
380 3.58 5.31 10.25 .01 .02 1.69 .02 .00 158 320
400 3.45 5.50 10.06 .02 .00 1.71 .03 .00 164 310
420 3.34 5.67 9.89 .03 .14 1.72 12 12 166 304
440 3.23 5.85 9.71 12 12 171 21 21 172 296
460 3.13 6.02 9.54 .08 .08 1.69 JI4 14 173 289
480 3.03 6.21 9.35 .08 .08 1.62 I3 13 178 277
500 2.93 6.41 9.15 .08 .08 1.55 JI2 12 179 268
520 2.84 6.62 8.94 .00 .00 1.42 .00 .00 184 261
540 2.75 6.86 8.70 14 .14 1.22 .17 .17 187 248
560 2.66 7.17 8.39 .15 .15 .87 .13 .13 — 194 | — 233
1=1348°4
20 7.90 0.32 15.00 .04 .08 .96 .91 .08 + 11 | — 308
40 7.62 0.63 14.69 .85 .00 .97 82 .00 1I 308
60 7.33 0.94 14.38 .22 2.15 .98 22 2.10 13 304
8o 7.03 1.27 14.05 .91 3.35 .99 .90 3.30 18 292
100 6.73 1.60 13.72 1.18 3.21 1.00 1.18 3.21 20 277
120 6.44 1.92 13.40 1.04 1.11 1.01 1.05 1.12 + 13 2770
140 6.17 2.23 13.09 .68 1.13 1.03 70 1.16 - 2 2777
160 5.91 2.53 12.79 .66 .00 1.06 .70 .00 28 288
180 5.67 2.81 12.51 .13 81 1.10 14 89 50 318
200 5.44 3.08 12.24 .20 1.19 1.16 23 1.38 68 350
220 5.21 3.35 11.97 .39 .58 1.24 48 72 Qo0 372
240 5.00 3.61 11.71 27 44 1.31 .35 .58 108 376
260 4.81 3.85 11.47 .08 .82 1.38 JII 1.13 121 374
280 4.65 4.05 11.27 .26 43 1.42 .37 .61 132 367
300 4-49 4.26 11.06 .01 771 1.47 .01 1.04 136 356
320 4.33 4.47 10.85 ' .00 .87 1.50 .00 1.30 143 342
340 4.17 4.69 10.63 .18 .46 1.54 28 71 147 328
360 4.02 4.91 10.41 .00 84 1.56 .00 1.31 150 318
380 3.89 5.10 10.22 .31 .07 1.58 49 JII 151 310
400 3.76 5.30 10.02 42 27 1.59 .67 43 156 301
420 3.64 5.50 9.82 II JII 1.59 .17 17 161 204
440 3-53 5.69 9.63 35 -35 1.57 55 .55 164 286
460 3.42 5.90 9.42 .20 .20 1.54 .31 .31 165 278
480 3.32 6.10 9.22 .01 .01 1.46 .01 .01 170 266
500 3.22 6.32 9.00 .00 .00 1.36 .00 .00 172 253
520 3.13 6.56 8.76 .08 .08 1.20 .10 .10 174 240
540 3.04 6.85 8.47 .33 .33 94 .31 .31 176 220
560 2.94 7.42 7.90 71 71 .30 22 22 — 187 | — 198
l=350°%9
20 7.94 28 14.76 .98 .00 1.06 1.04 .00 + 11 | — 308
40 7.68 .57 14.47 .60 76 1.06 .64 81 + 11 | — 308
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TABLE g (continued)

R T T, z z | , . , n n Z z
kefs kpc kl;c kI;c p:: p:: ©1 2 ol cm™ cm p:: p::
l=350%9
60 7.41 .87 14.17 — 150 | — 268 .6o 1.33 1.06 .64 1.41 + 13 | — 309
8o 7.16 1.15 13.89 + 99 315 .69 1.43 1.06 73 1.52 16 301
100 6.88 1.46 13.58 8o .97 1.07 .86 1.04 19 280
120 6.61 1.77 13.27 58 264 51 1.57 1.08 .55 1.70 + 1I 258
140 6.37 2.05 12.99 + 41 211 48 1.28 1.10 .53 1.41 o 242
160 6.12 2.34 12.70 .62 .36 111 .69 .40 — 16 233
180 5.88 2.63 12.41 250: .23 1.82 1.14 .26 2.07 33 280
200 5.67 2.88 12.16 27 .91 1.18 .32 1.07 50 336
220 5.46 3.14 11.90 — 47 431 .19 2.00 1.22 .23 2.44 72 368
240 5.26 3.39 11.65 48 442 .21 1.92 1.28 27 2.46 91 376
260 5.06 3.65 11.39 244 404 .07 1.69 1.35 .09 2.28 110 376
280 4.88 3.89 11.15 156 397 .32 .87 1.40 45 1.22 125 372
300 473 4.09 10.95 227 359 .21 1.46 1.44 .30 2.10 133 358
320 4.58 4.30 10.74 22 .00 1.48 .33 .00 142 338
340 4.44 4.51 10.53 .14 75 1.49 21 I.12 144 320
360 4.29 473 10.31 342 .00 1.65 1.50 .00 2.48 144 308
380 4.15 4.95 10.09 198 213 .29 .30 1.50 44 45 143 299
400 4.03 5.15 9.89 147 328 .35 27 1.49 .52 .40 148 292
420 3.90 5.38 9.66 — 154 324 24 24 1.46 .35 .35 154 284
440 379 5.59 945 -45 45 1.42 64 .64 156 276
460 3.68 5.81 9.23 — 283 75 75 1.37 1.03 1.03 157 267
480 3.57 6.06 8.98 .61 .61 1.26 77 77 163 254
500 3.47 6.33 8.71 .50 .50 I.11 .56 56 165 236
520 3.39 6.59 8.45 .52 .52 .91 47 47 165 220
540 3.29 7.08 7.96 32 .32 47 .15 .15 — 166 | — 191
1=353°4
20 7.96 27 14.49 1.01 .01 1.13 1.25 .01 + 11 | — 297
40 772 .54 14.22 44 47 1.14 .50 .54 11 297
60 7.48 81 13.95 .31 77 1.13 .35 87 11 297
8o 7.25 1.08 13.68 78 1.28 1.14 .89 1.46 13 290
100 7.00 1.36 13.40 .52 2.07 I.14 .59 2.36 12 275
120 6.75 1.66 13.10 .31 2.55 1.15 .36 2.93 + 6 260
140 6.52 1.93 12.83 .09 1.69 1.15 IO 1.94 o 244
160 6.29 2.21 12.55 74 .00 1.16 86 .00 — 14 238
180 6.07 2.48 12.28 43 .54 1.18 .51 .64 28 262
200 5.86 2.74 12.02 1.03 .00 1.20 1.24 oo 42 296
220 5.67 2.98 11.78 70 .I5 1.23 .86 .18 59 329
240 5.48 323 11.53 -29 -53 .27 -37 .67 75 344
260 5.29 3.49 11.27 .32 .55 1.30 42 72 9I 350
280 5.I1 3.73 11.03 .54 78 1.35 73 1.05 107 352.
300 4.95 3.96 10.80 .26 1.38 1.40 .36 1.93 117 350
320 479 4.20 10.56 .26 .00 1.42 .37 .00 128 340
340 4.66 4.40 10.36 47 .45 1.43 .67 .64 134 326
360 4.53 4.60 10.16 .00 .36 1.44 .00 .52 139 314
380 4.40 4.82 9.04 .09 22, 1.43 I3 .10 142 298
400 4.27 5.05 9.71 .00 .32 1.40 .00 45 145 290
420 4.14 5.30 9.46 42 42 1.36 .57 .57 152 266
440 4.02 5.55 9.21 .65 .65 1.27 .83 .83 155 257
460 3.91 5.81 8.95 42 42 1.17 49 49 156 246
480 3.81 6.08 8.68 .92 .92 1.04 .96 .96 163 233
500 371 6.41 8.35 .57 .57 .83 477 47 172 213
520 3.60 7.00 7.76 .39 .39 .35 .14 .14 — 176 °| — 187
l=355%9
20 7.98 .25 14.17 .00 73 1.21 .00 .88 + 11 | —286
40 7.76 .50 13.92 o | — 187 .38 48 1.20 .46 .58 I1 286
60 7.54 77 13.65 .46 1.03 1.20 .55 1.24 10 286
8o 7.33 1.00 13.42 — 86 263 73 .64 1.20 .88 77 10 280
100 7.11 1.27 13.15 76 2.10 1.20 .91 2.52 + 6 271
120 6.88 1.54 12.88 .33 2.27 1.20 .40 2.72 o 261
140 6.65 1.82 12.60 — 14 | — 264 .16 1.95 1.21 .19 2.36 o | —248
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TABLE 9 (continued)

R 7 7 z z , , , n n, z Z
kefs kpc kl:;c k]::c ptI: pf: T T2 | cm™ cm? p:: pé
l=355%9
160 6.44 2.09 12.33 + 26 | — 243 .19 1.13 1.20 .23 1.36 — 12 | — 242
180 6.24 2.34 12.08 + 13 222 47 .37 1.21 .57 45 22 242
200 6.03 2.61 11.81 — 30 340 78 .19 1.21 .94 .23 35 256
220 5.85 2.85 11.57 59 353 .68 .00 1.24 .84 .00 46 289
240 5.67 3.00 11.33 .19 .32 1.25 24 .40 58 312
260 5.49 3.35 11.07 119 320 .20 .25 1.27 .25 .32 73 324
280 5.32 3.59 10.83 — 57 .38 .00 1.30 49 .00 88 333
300 5.15 3.85 10.57 + 24 | — 235 .64 .00 1.33 .85 .00 101 341
320 5.00 4.08 10.34 — 1178 3 .00 1.35 .99 .00 113 342
340 4.85 4.33 10.09 .60 g2 1.35 81 .97 124 332
360 4.72 4.55 9.87 | — 169 -57 55 | 1.35 77 74 133 319
380 4.60 477 9.65 .37 73 1.32 49 .96 141 297
400 4.48 5.01 0.41 } .59 41 1.28 76 .52 143 269
420 4.36 5.26 9.16 .53 .53 1.20 .64 .64 148 249
440 4.23 5.57 8.85 77 77 1.09 .84 .84 154 240
460 4.12 5.88 8.54 .62 .62 .95 .59 .59 156 227
480 4.02 6.24 8.18 .39 .39 73 .28 .28 164 213
500 3.91 6.93 7.49 27 27 23 .06 .06 — 179 | — 191
{=1358°4
20 800 | .24 13.84 .62 .89 1.26 78 1.I12 4+ 11 | — 258
40 7.79 49 13.59 .81 .00 1.26 1.02 oo 9 258
60 7.59 72 13.36 1.11 .00 1.26 1.40 .00 7 258
8o 7.39 .97 13.11 .40 1.46 1.25 ° .50 1.82 + 4 256
100 7.19 1.21 12.87 47 2.95 '| 1.25 . .59 3.69 o 253
120 6.98 1.47 12.61 .49 3.21 1.25 | .61 4.01 — 6 254
140 6.77 1.74 12.34 .54 90 | I1.24 .67 1.12 9 255
160 6.56 2.01 12.07 .30 .00 1.24 .37 .00 20 253
180 6.37 2.26 11.82 .55 .20 1.24 .68 .25 . 29 253
200 6.18 2.52 11.56 .38 1.51 1.23 47 1.86 42 263
220 6.00 2.76 11.32 .62 .55 1.23 76 .68 53 282
240 5.82 3.02 11.06 .28 .57 1.24 .35 71 62 298
260 5.66 3.26 10.82 .54 JI2 1.24 .67 .15 73 306
280 5.50 3.50 10.58 .27 .00 1.25 .34 .00 84 308
300 5-34 3.75 10.33 .65 .00 1.27 83 .00 92 311
320 5.18 4.02 10.06 78 .09 1.27 .99 JII 101 310
340 5.03 4.29 9.79 .40 81 1.26 .50 1.02 112 304
360 4.90 4.53 9.55 33 .97 1.24 41 1.20 121 293
380 4777 4.80 9.28 1.22 .10 1.19 1.45 12 133 276
400 4.66 5.04 9.04 .38 .38 1.13 43 43 138 255
420 4.55 5.31 8.77 1.00 1.00 1.04 1.04 1.04 143 235
440 4.44 5.63 8.45 70 70 .90 .63 .63 148 214
460 4.32 6.07 8.01 .90 .90 .66 .60 .60 — 160 | — 192
l=0%9
20 8.01 .23 13.47 + 4| — 130 .61 .35 1.32 81 .46 + 10 | — 231
40 7.82 46 13.24 .91 .00 1.31 1.19 .00 8 231
60 7.63 70 13.00 1.30 .18 1.30 1.69 .23 + 2 231
8o .44 .93 12.77 — 32 235 .60 1.78 1.30 78 2.31 - 1 232
100 7.26 1.16 12.54 28 2.59 1.29 .36 3.34 7 236
120 7.07 1.41 12.29 .51 1.31 1.28 .65 1.68 11 248
140 6.86 1.68 12.02 49 1.09 1.27 .62 1.38 19 262
160 6.67 1.04 11.76 26 218 .18 1.01 1.26 .23 1.27 26 264
180 6.49 2.18 11.52 .55 .00 1.25 .69 .00 35 264
200 6.31 2.44 11.26 42 .87 .00 1.24 1.08 .00 47 2770
220 6.13 2.70 11.00 64 250 .97 .19 1.23 1.19 .23 60 2/75
240 5.96 2.95 10.75 64 250 .96 .52 1.22 1.17 .63 66 284
260 5.80 3.20 10.50 158 177 .54 1.19 I.21 .65 1.44 73 286
280 5.65 3.45 10.25 99 374 .40 .00 1.20 .48 .00 79 283
300 .| 5.50 3.770 10.00 .26 .00 1.19 .31 .00 84 282
320 5.35 3.97 9.73 .16 .36 1.18 .19 42 88 278
340 5.20 4.26 9.44 90 58 .39 24 1.15 45 28 99 275
360 5.06 4.56 9.14 — 70 | — 092 .60 .09 1.10 .66 .10 — 110 | — 267
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TABLE 9 (continued)
f R 7 7 z z , , , n n Z Z
kc/s kpc kl:;c k;:c pé pé 1 2 g cml’3 cn'f'3 pt: ptzc
l=0°9
380 4.93 4.86 8.84 — 88 | — 172 24 .84 1.04 .25 .87 — 124 | — 255
400 4.81 5.18 8.52 — 150 | — 9o .56 .56 .93 .52 .52 132 240
420 471 5.49 8.21 .80 .80 .8o .64 .64 139 221
440 4.60 5.94 776 .52 .52 .57 .30 .30 — 143 | — 189
=34
20 8.02 22 13.06 .68 .34 1.36 .92 46 + 10 |— 229
40 7.85 44 12.84 1.13 .00 1.35 1.53 .00 7 229
60 7.67 .67 12.61 .84 .86 1.34 1.13 1.15 + 2 229
8o 7.49 .go 12.38 .58 .89 1.33 77 1.18 o 231
100 7.31 1.14 12.14 44 .14 1.32 .58 .18 — 4 233
120 7.14 1.36 11.92 .81 .00 1.31 1.06 .00 1I 243
140 6.95 1.62 11.66 1.23 .00 1.30 1.60 .00 20 252
160 6.76 1.89 11.39 .96 .59 1.28 1.23 76 26 257
180 6.59 2.14 11.14 .66 .84 1.26 .83 1.06 35 261
200 6.42 2.39 10.89 .46 1.38 1.24 .57 1.71 48 268
220 6.25 2.65 10.63 .58 .00 1.22 71 .00 60 274
240 6.09 2.90 10.38 .91 .99 1.20 1.09 1.19 67 284
260 5.03 3.17 10.11 1.27 72, 1.17 1.49 84 75 286
280 5.78 3.43 9.85 .38 1.20 I.15 44 1.38 81 2777
300 5.64 3.69 9.59 .19 .50 I.12 21 .56 86 268
320 5.50 3.97 9.31 .00 .21 1.08 .00 .23 92 256
340 5.36 4.27 9.01 .15 .00 1.03 .15 .00 101 246
360 5.22 4.61 8.67 .60 .00 .95 .57 .00 III 235
380 5.08 5.01 8.27 .91 .91 .83 76 76 125 222
400 4.96 5.43 7.85 .40 .40 .66 .26 .26 144 198
420 4.85 6.02 7.26 48 48 .36 .17 .17 — 154 |— 192
l=5°%9
20 8.03 22 12.64 + 51 | — 223 77 1.74 1.39 1.07 2.42 + 10 |— 226
40 7.86 44 12.42 — 42 .99 .17 1.38 1.37 23 7 226
60 7.70 .65 12.21 + 68 264 73 .69 1.37 1.00 .95 2 228
8o 7.53 .88 11.98 .59 .34 1.35 .80 .46 + 1 230
100 7.36 I.II 11.75 + 24 231 .56 .37 1.35 76 .50 — 3 231
120 7.20 1.34 11.52 - 2 463 B4 .15 1.32 I.I1 .20 11 239
140 7.02 1.60 11.26 1.29 .00 1.28 1.65 .00 20 242
160 6.85 1.85 11.01 + 3 242 1.27 1.01 1.28 1.63 1.29 25 250
180 6.68 2.10 10.76 — I 214 84 1.27 1.26 1.06 1.60 36 257
200 6.51 2.37 10.49 22 245 .59 1.24 1.22 72 1.51 50 266
220 6.36 2.62 10.24 143 197 .20 .90 1.20 24 1.08 60 273
240 6.20 2.89 9.97 57 285 48 79 1.16 .56 .92 68 283
260 6.04 3.18 9.68 ° 78 350 .56 1.80 1.12 .63 2.02 76 286
280 5.89 3.47 9.39 59 348 42 1.74 1.08 45 1.88 82 273
300 5.75 3.76 9.10 57 252 47 1.42 1.02 48 1.45 88 255
320 5.62 4.05 8.81 .51 42 .96 49 .40 97 234
340 5.49 4.37 8.49 88 243 76 .50 .89 .68 44 102 218
360 5.35 4.78 8.08 — 142 144 .66 .66 76 .50 .50 112 205
380 5.22 5.27 7.59 — 188 77 77 .58 44 44 128 189
400 5.09 6.43 6.43 76 76 .00 .00 .00 — 156 | — 156
=84
20 8.04 22 12.18 .95 .16 1.4 1.34 .23 + 11 | — 213
40 7.88 43 11.97 .99 .89 1.39 1.38 1.24 8 213
60 7772 .65 11.75 44 1.10 1.38 .61 1.52 + 2 215
8o 7.56 .88 11.52 .29 1.83 1.36 .39 2.49 o 218
100 7.41 1.09 11.31 44 .40 1.35 .59 .54 — 8 221
120 7.25 1.33 11.07 .69 41 1.32 .91 .54 15 226
140 7.09 1.57 10.83 1.22 .92 1.29 1.57 1.19 22 234
160 6.92 1.84 10.56 1.64 .45 1.27 2.08 .57 29 246
180 6.75 2.11 10.29 1.73 .00 1.23 2.13 .00 38 252
200 6.59 2.38 10.02 .89 .65 1.19 1.06 77 — 51 | — 256
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TABLE 9 (continued)
R T T, z , , , n n Z Z,
ke/s kpc k;;c kpfc plc ch ©1 ‘ 2 ’ ol ™ ( cm™ r cm-? p:; pc
=284
220 6.44 2.65 9.75 42, .00 1.15 48 .00 — 64 | — 260
240 6.30 2.91 9.49 .45 47 I.I1 .50 .52 75 264
260 6.15 3.20 9.20 .83 .07 1.05 .87 .07 86 261
280 6.00 3.52 8.88 .23 2.75 .98 23 2.71 97 251
300 5.86 3.85 8.55 .99 3.17 .91 .90 2.88 108 238
320 5.73 4.20 8.20 73 2.38 81 .59 1.94 119 222
340 5.61 4.58 7.82 1.13 1.13 .69 78 78 128 209
360 5.48 5.IT 7.29 a2 12 .50 .06 .06 — 143 | — 183
! = 10°9
20 8.05 21 11.71 .88 47 1.42 1.25 .67 + 11 |— 200
40 7.90 42 11.50 + o1 | — 218 .51 2.22 1.40 71 3.11 9 200
60 775 .64 11.28 - 9 196 .20 2.19 1.38 .28 3.02 + 2 201
8o 7.59 .87 11.05 73 202 .23 1.88 1.35 .31 2.54 - 1 203
100 7.44 1.10 10.82 7 220 .57 1.44 1.33 76 1.92 12 209
120 7.29 1.33 10.59 165 46 71 28 1.30 .92 .36 19 213
140 7.14 1.57 10.35 1.04 .00 1.27 1.32 .00 24 224
160 6.98 1.83 10.09 8 202 76 1.95 1.24 .94 2.42 33 240
180 6.82 2.11 9.81 66 267 .97 1.59 1.20 1.16 1.91 41 244
200 6.66 2.40 9.52 42 452 1.08 .00 1.15 1.24 .00 52 244
220 6.51 2.69 9.23 .59 .00 1.09 .64 .00 66 244
240 6.37 2.98 8.094 47 JII 1.03 48 JII 8o 244
260 6.23 3.29 8.63 154 317 77 .00 .96 74 .00 97 233
280 6.09 3.64 8.28 211 .00 6.62 .86 .00 5.72 111 228
300 5.96 4.00 7.92 — 154 154 1.14 1.57 77 .87 1.20 129 216
320 5.83 4-45 7.47 — 219 1.14 1.14 .62 71 ht 140 208
340 5.71 5.01 6.91 .62 .62 41 25 .25 — 154 | — 196
=134
20 8.06 21 11.21 .65 71 1.42 .92 1.0I + 11 |— 192
40 7.91 43 10.99 .99 1.36 1.40 1.39 1.90 9 192
60 777 .64 10.78 .32 84 1.37 44 1.15 + 2 194
8o 7.62 .88 10.54 .27 I.51 1.33 .36 2.01 - 1 196
100 7.47 1.12 10.30 1 1.30 1.31 .93 1.70 15 201
120 7.33 1.35 10.07 76 .38 1.27 .97 .48 21 205
140 7.19 1.59 9.83 .37 .64 1.24 46 79 26 210
160 7.04 1.85 9.57 82 .00 1.19 .98 .00 33 218
180 6.88 2.15 9.27 24 73 1.14 27 .83 42 220
200 6.73 2.45 8.97 .46 .28 1.08 .50 .30 48 220
220 6.58 2.78 8.64 .68 .30 1.0I .69 .30 64 219
240 6.45 3.08 8.34 .64 1.23 .03 .59 1.14 81 214
260 6.32 3.42 8.00 .Qo 2.14 .84 75 1.79 99 204
280 6.18 3.84 7.58 .00 5.67 771 .00 4.03 113 194
300 6.05 433 7.09 1.32 1.32 .55 72 72| 128 178
320 5.92 5.IT 6.31 .65 .65 .25 .16 .16 | — 143 | — 160
I = 15°%9
20 8.06 22 10.68 77 .00 1.40 1.08 .00 + 11 | — 187
40 7.92 44 10.46 + 125 | — 240 .91 81 1.37 1.25 I.11 10 187
60 7.78 .66 10.24 — 57 126 76 .52 1.35 1.03 70 + 2 187
8o 7.64 .89 10.01 .57 1.00 1.31 75 1.31 — I 190
100 7.50 1.13 9.77 25 208 72 8o 1.27 .91 1.02 20 196
120 7.36 1.38 9.52 .81 .68 1.24 1.00 84 23 198
140 7.23 1.62 9.28 .40 .00 1.19 48 .00 29 198
160 7.09 1.89 9.01 .34 .00 1.14 .39 .00 33 199
180 6.94 2.20 8.70 .50 .00 1.07 .54 .00 42 199
200 6.79 2.53 8.37 73 185 73 .00 1.00 73 .00 44 198
220 6.65 2.87 8.03 177 141 1.24 .84 .91 1.13 76 63 196
240 6.51 3.26 7.64 — 158 | — 141 1.83 1.52 79 1.45 1.21 84 187
260 6.39 3.65 7.25 1.05 2.23 .68 71 1.51 101 176
280 6.26 4.18 6.72 82 | 1.53% .49 .55 .55 — 116 | — 162
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TABLE g (continued)

R 7 1, z z , , , n n Z Z
kc/s kpc k;;c kpzc ptlt p:: 1 2 nuf cm? cm? p:: pi:
| = 18°4
20 8.07 21 10.15 .03 .00 1.39 1.29 .00 + 11 | — 148
40 7.93 44 9.92 1.33 1.79 1.35 1.80 2.42 9 150
60 7.80 .66 9.70 .69 .91 1.31 .9o 1.19 + 2 156
8o 7.66 .91 9.45 41 1.22 1.27 .52 1.55 — 2 165
100 7.53 1.15 9.21 .96 .05 1.23 1.18 .06 - 18 174
120 7.39 1.42 8.04 1 26 1.17 .83 .30 23 179
140 7.26 1.68 8.68 .46 .10 1.13 .52 I 32 182
160 7.12 1.98 | 8.38 42 .00 1.05 44 .00 40 180
180 6.98 2.30 8.06 .40 .00 .08 .39 .00 47 176
200 6.84 2.66 7.70 1.00 .00 .88 .88 .00 50 167
220 6.70 3.07 7.29 .04 1.51 76 71 1.15 59 158
240 6.57 3.53 6.83 2.48 .40 .61 1.52 24 70 136
260 6.45 4.11 6.25 3.21 3.21 41 1.32 1.32 — 84 | — 114
I = 20°%9
20 8.07 22 9.56 .86 42, 1.35 1.17 .57 + 11 |— 110
40 7.94 45 9.33 1.14 1.62 1.30 1.48 2.11 9 113
60 7.81 .68 9.10 + o9 | — 150 78 .18 1.26 .98 23 + 2 124
8o 7.68 .93 8.85 — 88 202 42 .19 1.21 .51 .23 - 3 140
100 7.55 1.19 8.50 + 65 74 .61 24 1.15 70 .28 16 152
120 7.42 1.46 8.32 86 117 .60 74 1.10 .66 .81 23 161
140 7.29 1.75 8.03 + 8 180 .53 .28 1.03 .55 .29 35 165
160 7.16 2.07 7.71 .43 .00 .95 41 .00 47 162
180 7.03 2.42 7.36 — 54 175 .56 .32 .86 48 27 53 154
200 6.89 2.85 6.93 — 13 | — 268 .93 .00 73 .68 .00 55 136
220 6.76 3.34 6.44 1.73 .00 57 .98 .00 55 121
240 6.62 4.16 5.62 1.23 1.23 .28 .34 .34 — 57 | — 83
| =123°4
20 8.07 24 8.96 .65 .06 1.31 .85 .08 + 7| — 121
40 7.95 .46 8.74 1.33 .34 1.26 1.68 43 + 4 123
60 7.82 72 8.48 79 .30 1.21 .96 .36 - 1 128
8o 7.70 .97 8.23 46 .00 1.15 .53 .00 7 136
100 7.57 1.25 7.95 76 .00 1.08 82 .00 16 138
120 7.45 1.53 7.67 .59 .30 1.02 .60 .31 22 136
140 7.32 1.87 7.33 .59 .66 .03 .55 .61 31 138
160 7.20 2.21 6.99 .60 72, 83 .50 .60 41 134
180 7.07 2.63 6.57 .40 1.50 70 28 1.05 59 126
200 6.93 3.21 5.99 1.31 .00 .51 .67 .00 62 99
220 6.80 4.23 4.97 .46 46 .14 .06 .06 — 65 | — 72
I = 25°%9
20 8.08 23 8.37 — 123 .16 1.45 1.25 .20 1.81 + 2| —132
40 7.96 47 8.13 1.45 .00 1.20 1.74 .00 o 132
60 7.83 75 7.85 1.08 .00 1.13 1.22 .00 — 4 132
8o 7.71 1.03 7.57 A1 .00 1.07 76 .00 11 132
100 7.59 1.32 7.28 - 7 20 .54 27 .99 .53 .27 16 123
120 7.47 1.64 6.96 — 42 117 72 .65 .90 .65 .58 21 113
140 7.35 2.00 6.60 + 1 1677 1.14 .40 8o .91 .32 26 . 110
160 7.23 2.42 6.18 — 112 78 78 .67 .52 .52 34 108
180 7.10 3.00 5.60 — 6 .23 1.31 47 I .62 — 66 | — 99
Il =28°4
20 8.08 .26 774 .65 .38 1.16 75 44 — 9 | — 132
40 7.96 .52 7.48 1.52 .10 1.11 .| 1.69 I 13 132
60 7.84 81 7.19 1.56 .00 1.04 1.62 .00 19 132
8o 7.72 1.1 6.89 1.14 .00 .96 1.08 .00 23 132
100 7.60 1.45 6.55 .34 .35 .86 .29 .30 28 126
120 7.48 1.84 6.16 .54 1.16 74 .40 .86 29 99
140 7.37 2.25 5.75 1.26 .66 .61 77 .40 33 86
160 7.25 2.86 5.14 .51 .51 41 .21 21 — 38| — 73
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TABLE g (continued)
R T 7, 2y 2, , T’/ n /Tr ny n, z1 22
ke/s kpc kpc kpc pc pc 2 H cm™ cm™ pPC pc
= 30°9
20 8.08 .28 7.08 .03 .00 1.09 1.01 .00 21 132
40 7.97 .55 6.81 — 209 1.88 .16 1.02 1.92 .16 28 132
60 7.85 .87 6.49 152 1.59 .16 .93 1.48 .15 33 132
8o 7473 1.23 6.13 197 .96 .09 .83 8o .07 35 132
100 7.62 1.60 5.76 141 .96 .82 172 .69 .59 38 131
120 7.50 2.09 5.27 — 6o .80 84 .56 45 47 37 86
140 7.38 2.82 4.54 .52 .52 31 .16 .16 40 62
=334 )
20 8.09 .28 6.40 1.19 .29 .01 1.20 29 15 106
40 7.97 .62 6.06 1.20 1.40 .91 1.09 1.27 20 100
60 7.86 .96 5.72 1.81 .00 .81 1.47 .00 26 99
8o 7.74 1.39 5.29 776 .97 .68 .51 .65 29 95
100 7.63 1.89 479 89 - .03 .52 .46 .02 35 88
120 7.51 2.79 3.89 .30 .30 .20 .06 .06 42 55
l=35%9
20 8.09 .31 5.75 — 132 1.49 1.77 91 1.35 1.61 9 8o
40 7.98 .66 5.40 198 3.01 .00 .80 2.41 .00 12 68
60 7.86 1.10 4.96 44 1.03 .63 .67 .69 42 20 66
8o 7.75 1.62 4.44 — 33 .15 1.04 .50 .07 .52 22 58
100 7.64 2.48 3.58 .17 .17 .20 .03 .03 32 46
1= 38°4
20 8.09 .36 5.00 1.20 2.98 79 .95 2.35 11 66
40 7.98 78 4.58 3.47 .20 .66 2.27 13 o 60
60 7.87 1.31 4.05 1.11 - .00 48 .53 .00 11 57
8o 7.76 2.29 3.07 .20 .20 .14 .03 .03 30 44
| = 40°9
20 8.09 43 4.17 .00 7.04 .64 .00 4-53 II 57
40 7.98 .98 3.62 2.22 .00 .46 1.02 .00 o 47
60 7.88 1.90 2.70 .50 .50 .14 .07 .07 22 36

and WHrTrorD !) located a number of O associations.
The three associations with / > 341° are all situated in
a region where ny; exceeds 1.0. This Sagittarius arm may
be followed to the other side of the Galactic System to
at least/ = 357°. Below / = 357° the structure becomes
quite complicated. It is interesting to note that in
this region the height of the hydrogen layer shows
evident irregularities (Figure 7). The arm may consist
of two components at different z, but higher angular
resolution is needed to solve this problem.

The next arm, seen tangentially at / = 6°, merges
into the complicated region just described. Towards
the sun it may be followed down to 4 kpc distance
from the sun at / = 355°. Here it merges with another
arm which runs mainly parallel to the previous arm.
This arm is tangential to the line of sight at [ = 359°.
It does not seem to merge with the same arm at the
other end. Finally, a not very dense arm may be seen
tangentially at / = 346°.

Kweg, MuLLER and WEsTERHOUT ?) found second-

Y 4p. F. 118, 318, 1953.
*) B.A.N. 12, 211 (No. 458), 1954.

ary maxima in their curve of rotational velocities,
which they attributed to spiral arms seen tangentially
at /=3°4 and /= 18°4. These longitudes agree

.quite well with the arms found at / = 6° and [ = 18°

in the present investigation. Also, the secondary
maximum of the rotational velocity at [ = 348°.4
agrees with the arm found at/ = 346°. Both the Orion
arm and the Sagittarius arm clearly are inclined in
the sense that they are trailing.

Plate B shows that the Orion and Sagittarius arms
are denser in the regions which are more distant from
the sun. Too large an average density in the far points
would result if the assumed thickness of the hydrogen
layer had been too large. Average hydrogen densities
were computed for the near points and for the far

‘points in two intervals of R. Table 8 shows that the

differences in average densities of near and far points
are not large.

The author wishes to thank Mr E. pe Rooy, who
carried out most of the extensive calculations. Prof.
vaN DE Hutrst kindly read the manuscript.
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