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emission process, such as the comptonization model discussed,
would favour the identification of Cyg X-1 with a black hole or
other object without a strong magnetic field, which would
modify the spectrum through cyclotron processes. The spectrum
of a thermal process would be cut off at an energy determined by
the maximum temperature. Qur observations show that such a
maximum temperaiure must be at least in the neighbourhood of
50-1060 keV, approximately the largest value allowed by current
theory'®.
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The distinctions between compact cores in varlous powerful
extragalactic sources have proved difficult to interpret. In a few
source categories (for example radio galaxies and quasistellar
radio sources) extended structure on much larger scales exist;
their energy is undoubtedly supplied through the narrow chan-
nels that are being increasingly observed and seem to be directed
from the compact cores. Continnous production of high-energy
plasma in a high-pressure region at the core centre is mecessary
to account for the energetics and channel structures', The
twin-exhaust mechanism® is one means of tormmg double jetsin
active galactic nuclel. As originally envisaged®, the ‘central
engine’ contiunously releases hot gas in the centre of a flat-
bottomed potential well formed by the stelar claster In a galactic
centre. This potential well holds a cloud of cooler gas which
confines the hot gas in a central cavity. If the cooler gas cloud is
flattened {(for example, by rotation), bnoyancy forces cam
accelerate the hot gas into two collimated jets via de Laval
nozzles. These {ets may correspond to the observed radio jets in
quasars and radio galaxies, and result in the formation of
extended double sources. Here, we combine new resalts from
numerical calculations® of the Blandford—Rees model®, with
severe observational and theoretical constraints, to reach
conclusions concerning the nature of the allowed flows. In
particular, we conclude that high-velocity, high-powered jets
cannot be produced in gravitational potentials produced by
stellar clusters. However, the more general notion of the twin-
exhanst mechanism', in which the central potential can be
cusp-like near a massive black hole, is not ruled out for the
high-powered radio sources. Note alse that more compex twin-
exhanst models (for example, magnetohydrodynamic flows)
may lead to less severe constraints.
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Blandford and Rees® obtained analytical results by treating
the cavity fiow as that of a one-dimensional relativistic fuid with
the containing cloud supported by thermal pressure in a flat-
bottomed potential well. They proposed central clouds of size
=100 pc. Wiita® demonstrated that a cloud assmall as 1 pc is still
consistent with X-ray observations, Furthermore, he also used a
‘1% dimensional numerical method* to study the formation
process and discovered a lower limit to the power for which jets
form. Recently, a fully two-dimensional axisymmetric code has
been used”® to explore the formation process, with full inclusion
of nonlinear hydrodynamic instabilities. Several interesting
results were obtained and are summarized below.

A self-gravitating cloud with an axial pressure raticof 2 : 1 was
used and non-relativistic hot gas introduced with specific energy
~10 times greater than the cloud’s specific energy, e. For a
certain central luminosity range (L v, Laed, N0zzles do form®,
but are more compact than those assumed previously”™. Above
Los—~2.06%2G™, the jet collapses and large clouds are ejected,
Below L.~ 0.05¢%2G ™, the jet continucusly pinches off and
reforms and small bubbles rise out along the symmetry axis.
These limits are also seen to be limits on the nozzle radius
ry-—jets form when 0.1h <r,<0.64, where / is the pressure
scale height in the cloud, These results were analytically
generalized by careful consideration of the cavity structure and
instabilities (for details see ref. 6). The lower limit is due to the
Kelvin-Helmholtz instability breaking up thin nozzles, whereas
the upper limit is due to the Rayleigh-Taylor instability along
the cavity walls, Thus we found that jets form between
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where ¢g and ¢, are the sound speeds in the cloud and hot gas,

respectively; M, and M, are the mass of £as and total mass,
respectively, wnthm h; and &ci = GM/h, that is,
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These can be derived from L < g,cirZ, where py is the jet
density®. The maximum follows directly from the condition
r, < 0.6k, The effectiveness of the Kelvin—-Helmholtz instability
results in the higher exponent of (¢,/3¢;) in the minimum jet
power (this extra exponent of 4/3 is a combination of jet thrust
(2) and growth rate and phase velacity (—2/3)). It follows that

jets cannot be maintained for ¢; > 30c,.
We note the critical dependence on ¢o. If ¢, typically varies
between 10°kms™ and 3.10° kms™', then the jet power can
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Fig.1 The constraints on galactic nuclei mass M, and scale height
4 for jets of power 10*%ergs™" in the optically thick case as
described in the text. Both observational (sofid lines) and theoreti-
cal constraints (broken lines) cannot be simultaneously satisfied.
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range between 10*' ergs ' and 10*® erg s~". Such a wide range is
necessary to cover all sources with jets or extended components.
‘We suggest that these formulae will also hold for a radiatively
supported cloud, taking ¢~ p./p where p, is radiation pressure
and p is the mass density, and also for a relativistic gas after
adjustments are made for relativistic effects that wilj involve
factors of 1—c3/¢c? Without the support of numerical simula-
tions and given the complexity of three-dimensional fluid flows,
these extensions are tentative.

We list below the observational constrazinis imposed by
quasars and the compact central components of radio galaxies.

{1) h<1pe. This comes directly from very long baseline
interferometry observations (there is also a class of radio galax-
ies with sizes of a few kpc that will not be considered here)’.

(2} Collimated energy outputs, L;, between 10*' ergs™" and
10°® ergs™! are typical over long time scales. The quasar jet in
4C 32.69 may require up to 10*® ergs™' (ref. 8). Directed
outbursts in strongly varying radio quasars often require
10%® erg s over periods of a few years®. The upper end of the jet
power range provides the severest constraint when combined
with equation (1).

(3) X-ray luminosities from quasars are in the range L,~
10*-10%" ergs™" (tefs 10, 11). Only a fraction of this is thought
to occur by thermal emission. Thus, although less extreme cases
exist, we can place a severe limitation on quasars with jets by
taking Ls<0.1 L,, where Ly is the free—free emission from the
cloud. This constraint will then also apply to radio galaxies.

To these we add the following theoretical constraints.

(4) p, = 10°M (1 pe/#)*? pc® is a maximum stellar density
for ordinary stars'>"3, derived by requiring a star collision time
>10%yr. Above this value, star mergers occur and the star
cluster is rapidly converted into a supermassive star. This value
is extremely high and we believe that the maximum p, may in
fact be smaller. Greater densities are possible if collapsed stars
are present. .

{5) Mass outflows from galactic nuclei >M ~ 1,000 Mg yr~
lead to enormous difficulties’. There is no known mechanism for
continuously supplying the central engine at such a rate over
long time scales. As L,=24ciM (with ¢ =3co), limits on M
force limits on L,

Constraints (1} and (2) can be satisfied for a portion of the
parameter space (M, M,), given cg, c; and £ It is convenient to
rewrite constraint (1), using equation (3) as (£ =1, ¢, = 3c,):
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and to bound M, by constraint (2) using equations {1) and (2):
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Near the limiting values, much of the flow is disrupted by
instabilities, perhaps giving rise to the observed radio jets.
Efficient energy transfer will occur in the range ~{0.1, 0.7) of the
bracketed quantity in equation (5), and we shall take the mean to
be 0.4, We have also taken ¢; =3¢, Because L, L., a5
¢1 - 30¢, this will not greatly affect our results.

First consider the case where the confining cloud is optically
thin, that is, the optical depth, 7, of the cloud is less than unity.
The thermal X-ray emission is given by’
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This constraint is stronger than the optical depth condition.
When equations (4), {5) and (6) are combined, a lower limit to ¢,
is obtained:
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An upper Hmit for ¢ is obtained by invoking constraint {4} and
eliminating A wusing equation (3): (co/10°kms ™)<
0.7(M./10°M >, This vields the result that jf we wish the
flat-bottomed potential to be produced by stars, then ¢q<
5.3%10° kms™, That is, the twin-exhaust model for a stellar
cluster necessitates low sound speeds. Due to the restriction
¢, < 30cy, stellar cluster models cannot produce the stable rela-
tivistic jets previously assumed®®, Using equation {7), the
maximum jet power is 2.7 % 10** erg s7'. These limits to ¢, and
L, may be related to head-tail radio galaxies and other weak
radio sources, where low jet speeds have been inferred"*"*.

We can find further solutions involving stellar potentials if the
cloud is optically thick. Here ¢ ~ p./p ~ GM,/h where p, is the
radiation pressure and p is the mass density. The median jet
luminosity can be rewritten as (¢, = 3¢y, £ =1):

Lj M M 3/2 lpc i1
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The total radiation limits M, through the Eddington limit. Here
we take

ML' _ L::kl < Li
10%0Me 10%ergs™ 10*%ergs™

This proves to be unimportant in the following. Further con-
straints are M,=<M, and M.,/10°Ms>4.3(h/1pc)® is the
condition for the optical thickness of the jet to exceed 10 (if the
cloud is optically thick, but the jet is optically thin, the advan-
tages of taking an optically thick cloud are lost). For M, <M,
the optically thick and observational constraints {(1-3) can be
satisfied (Fig. 1) only if M, <3x10°M for the twin-exhaust
model. The theoretical constraints {4, 5), however, require M, >
8.4x 107 Mo for L; = 10*° ergs™’'. Thus we find two possibilities:
either L;<<1.4x10"* ergs™' or the mass is not in the form of
ordinary stars. The second possibility necessitates masses of an
order of magnitude above that given by constraint (4). Thus,
again we have found that stellar cluster models are implausible
for high powered jets.

Finally, we can look at supermassive clouds by taking M, = M,
and so dropping constraint (4). Use of constraint (5) in equation
{8) vields L, <6 X 10** erg s, after eliminating » using equation
{3). Here, the low sound speed of the dense cloud is prohibiting
powerful jets.

There are two alternatives to assuming that M, is in the form
of stars. The first is to have the mass in a cluster of collapsed
objects. With the increased collision times, constraint (4) can be
relaxed, bui we will not pursue this possibility here. The other is
that the mass is primarily in a central black hole that will produce
a cusp-tike potentiat (1/r). Such supermassive objects can meet
the mass requirements of either of the above models and are
consistent with observations'®.

Can jets form in steep potential wells? The pressure dis-
tribution of a stationary adiabatic atmoe;phere surrounding a
point mass is of the form Par™™”"Yar™ for a specific heat
ratio y = 5/3 where r is the radial distance. It was found® that the
cavity structures analysed here wili only be produced for Par™™
with m < 2. Thus adiabatic atmospheres are not permissible. A
radiatively coeling cloud will have a flatter pressure distribution.
With pressure dominating gravity, the mass requirements are
eased; mereover, the rate of cooling leads to a central accretion

(9}
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rate consistent with the mass ejected through the jets®. We
further suggest that the cloud sound speed is ~10°kms ', as
then the jet velocity will be noarelativistic, ~0.1¢, which agrees
with expectations™'”. This model predicts that jets approaching
relativistic speeds, that is, ¢, > 30co~Lin = Lo Will be
highly variable and short-lived, perhaps giving rise to the rapidly
separating discreet components observed in such sources, and
intrinsic outbursts with =10* ergs?.

We conclude that the twin-exhaust model for radio jets
cannot be ruled out, but that distinct classes of confining clouds
{Fig. 2) may occur. The low-powered jets (L; = 10" ergs™") can
be maintained by a flat-bottomed stellar cluster potential. These
jets must have nonrelativistic jet velocities, which could be as
low as 10°~10° kms™!, comparable with the intersteliar velo-
cities which the jets may encounter on the way out of the ‘central
engine’. Thus, these low-power jets could still have black hole
sources (r ~ 1077 pe), but with the jet flow becoming randomized
before being refocused by de Laval nozzles on scales of ~1 pc
where the gravitational potential is dominated by the stellar
cluster, It seems that if the stars are replaced by a central black
hole with a cusp potential and a non-adiabatic atmosphere, then
powerful jets are attainable. It is hoped that the above analysis
will suggest future observations which will distinguish between
these models.
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In the past five years, glass formation has been observed in many
chemical systems imvolving zirconium tetrafluoride’™. These
ionic glasses were unexpected as no theory of glass formation
had predicied their occurrence. Most common glasses can be
explained by the Zachariazen theory" which gives criteria for
vitreous structures with highly directed three-dimensional bond
arrays, according to energy and kinetic considerations.
However, the theory does not encompass some new amorphous
systems sach as amorphous germanium or the new ionic glasses.
I review here the structural and energetic conditions for glass
formation im ionic systems with particular reference to fluoride
glasses.

In some non-stoichiometric compounds, especially in ‘anion-
excess’ phases, the structure includes both order and disorder
elements, the cations describing a regular network related to the

average crystallographic cell and the anions being situated in a
disordered way over equivalent positions around the cationic
sites. Examples are UQ;,, (ref. 7}, (Ca¥YF,,, (ref. 8), MF.,,
(ref. 3) and (Zx, Ln) (O, Fla,, {ref. 10). Which all have cubic
symmetry. A cubic distribution maximizes the cation—cation
distances and therefore minimizes their coulombic repulsion, If
this regular cubic distribution may be precluded, for example, by
addition of larger cations, then the cationic array may also be
disordered. Such 2 relationship exists between the non-stoi-
chiometric phrases (Ln, Zr)F,, (ref, 11} and the ternary ZrF,~
LnF,-Bak, glasses {ref. 12).

The predominant role of the anions in disordered ionic solid
state phases enables the problem of glass formation to be
addressed by considering the additional features leading to
stabilization of a non-periodic packing. This approach involves
both energetic and ordering elements. Glass formation is
allowed if the rate of nucleus formation and the velocity of
crystal growth are low enough to avoid noticeable recrystal-
lization of the melt between liquidus and glassy transition, This
may be achieved when the activation enthalpy for shear viscosity
is high. In the case of covalent network glasses, the structural
implications are expressed by Zachariasen rules. For ionic glas-
ses, the first obvious condition is that the mobility of highly
charged cations in the structure is low. Besides, constructing a
non-periodic structure implies that there are several ways in
which the cations can be inserted in the anionic packing, which is
also correlated to the fact that the energy of the glassy structure
must be close to the energy of the crystalline forms that derive
from it.

The lattice energy of the solid W may be writien as: W=
We~+ Wy where Wy is the electrostatic energy and Wy the
repulsion eitergy resulting from the overlapping of the electronic
shells, The electrostatic term Wy may be rigorously calculated
by summation of convergentseries in direct or reciprocal space if
the precise structure is known'®, It may be expressed as the sum
of the repulsive anionic ehergy Wga, the repulsive cationic
energy Wy, and the interaction energy between ions of
oppeosite sign WL

We= W+ Wpa+ Wace

with Wi <0, Wg, and W00

The predominant part is W, which is proportional to the
produci of the cationic charge » and the anionic charge z. Wy, is
proportional to z® and Wxc to r®. We will increase with
increasing #, and decreasing bond lengths, as long as the repul-
sive part Wy is not too important. In a vitreous ionic structure,
only a short-range order exists and therefore the coulombic
energy restricted to near-neighbour ions is likely to be similar
for crystals and glasses. The medium- and long-range coulombic

Table 1 Giass forming ability of various cations with respect to anionic
and cationic feld strength

Glass

Cation  Aniorn  Fa* Fc* Fa/F- progenitor Ref.
AP F 0.78 5.6 7.2 Yes 19
Be®" F 0.78 7.4 9.5 Yes 19
Zrt F 0.78 5 6.4 Yes 12
Hf** F 0.78 5.2 6.7 Yes 20
Ga®* F 0.78 4.8 6.1 Yes 14
Fe'* F 0.78 47 6.0 Yes 14
o F 0,78 49 6.3 Yes 14
Th*' F 0.78 3.8 3.9 Yes 15, 16
v3- F 0.78 3.1 4.0 Yes 71,22
Za’ F 0.78 2.8 3.6 Yes 22
5i** F 0.78 154 19.7 No

Mo®" ¥ 0.78 146 18.7 No

Ca™* F 0.78 1,78 2.3 No

NaF F 0.78 0.85 1.1 No

Zn™ Cl 0.55 333 64 Yes 19
Bi** Cl 0.55 2.91 53 Yes 23

* Calculated from the ionic radius values given in ref. 24.
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