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1 Introduction

In a spiral galaxy two mass components are visible: stars and gas. The

distribution of the stars is obtained from optical observations. It consists of

a disk; in the inner regions also a bulge may be present. The distribution

of the gas is inferred from 21 cm line observations of the neutral hydrogen,

which is indicated as HI and is the primary component of the gas. The gas

appears to be located in a layer with approximately the same orientation in

space as the stellar disk.

Usually the gas layer of a spiral galaxy is modelled as a set of circular

rings, all rings having the same centre and systemic velocity, and orientations

in space that are allowed to vary mildly with the radii of the rings. The

orientations of the rings and the rotation velocities of the gas on the rings

are derived from the HI velocity �eld (the distribution on the sky of the

observed HI mean line of sight velocity), and after the ring parameters have

been determined, the surface densities of the gas on the rings are derived

from the HI column density �eld (the observed HI distribution on the sky)

(Begeman 1987, Ph.D. thesis).

The rotation velocity on a circular ring is proportional to the square

root of the amount of mass inside the ring. So, from the measured rotation

velocities also the radial mass distribution in the spiral galaxy can be derived.

In most spiral galaxies, at small radii the measured rotation velocities rapidly

increase with radius to remain constant at intermediate and large radii. If

all the mass were in the form of stars and gas, however, at large radii the

rotation velocities would show a Keplerian fall o� with radius, which is not

observed. This means that in the outer parts of the galaxies much more

mass may be present than is seen in the form of stars and gas.

Apparently the radial mass distribution in a spiral galaxy is not repre-

sented correctly by the radial distribution of the stars and gas. So probably

the vertical mass distribution in the galaxy will neither be represented cor-

rectly by the vertical distribution of the stars and gas, and therefore it must
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be derived otherwise. Polar ring galaxies have been used for this purpose. In

addition to a disk, a polar ring galaxy has a ring of stars and gas perpendic-

ular to the plane of the galaxy, and from the rotation velocities of the gas in

this ring the vertical mass distribution in the galaxy can be derived (Sackett

and Sparke 1990). In ordinary spiral galaxies, the combination of the ran-

dom velocity dispersion of the gas and the gas layer thickness can be used. If

the gas is in hydrostatic equilibrium in the vertical direction, the thickness of

the gas layer will depend solely on the random velocity dispersion of the gas

and on the vertical mass distribution of the galaxy: if the random velocity

dispersion is high while the layer is thin, the mass distribution in the galaxy

will be attened, and vice versa. Therefore, from measurements of the HI

random velocity dispersion and layer thickness in a spiral galaxy, also the

attening of the mass distribution in the galaxy can be derived.

However, only in edge-on galaxies the HI layer thickness, and only in

face-on galaxies the vertical random velocity dispersion can be measured

directly. Van der Kruit (1981) used such measurements to determine the

mass distribution in the edge-on spiral galaxy NGC 891. While the gas

layer thickness in NGC 891 was directly measured, the HI random velocity

dispersion was assumed to be the average value measured in a number of

approximately face-on galaxies.

The disadvantages of this approach are clear. The thickness of the gas

layer is only measured correctly if the layer is viewed exactly edge-on. If

it is not, the projection on the sky of the layer will interfere with the mea-

surement, and since the radial extent of the gas layer of a spiral galaxy is

much larger than its vertical extent, this will disturb the measurement. The

random velocity dispersion of the gas, however, is only measured correctly

if the layer is viewed exactly face-on, since otherwise the rotation of the gas

will interfere with the measurement. So two spiral galaxies are needed, one

must be viewed exactly edge-on, and the other exactly face-on. Also it must

be assumed that in the edge-on galaxy the random velocity dispersion of

the gas is equal to the average value found in the face-on galaxies. In good

approximation this is probably correct however, as in a number of face-on

galaxies approximately the same HI random velocity dispersions have been

found (Kamphuis 1993, Ph.D. thesis, page 265).

In the present study, in two inclined spiral galaxies, NGC 3198 and

NGC 2403, the HI random velocity dispersion and layer thickness will be

measured simultaneously. This will be done from the HI velocity dispersion

�eld (the distribution on the sky of the observed HI line of sight velocity

dispersion). In an inclined spiral galaxy, the observed line of sight velocity
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dispersion at each position in the sky is the sum of the random velocity dis-

persion and a systematic component. This systematic component represents

the variation of the line of sight velocity inside the volume that is spanned

by the observational beam and the layer thickness. It is proportional to

the positional dependence of the line of sight velocity and the size of the

volume, and through the volume also to the layer thickness. In an inclined

spiral galaxy, therefore, in addition to the HI random velocity dispersion,

from the observed HI velocity dispersion �eld also the gas layer thickness

can in principle be derived. In this thesis this method will be developed and

used.

Subsequently, the measured random velocity dispersions and the layer

thicknesses will be used to determine the vertical mass distribution in each

of the two galaxies. In the determination also the gravitation of the gas itself

will be taken into account. This is necessary, because in the outer parts of a

spiral galaxy, the gas makes an important contribution to the mass density

near the plane of the galaxy, and therefore the self-gravitation of the gas has

signi�cant inuence on the thickness of the gas layer.
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