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RADIATIVE ACCELERATION OF MATERIAL 

Several recent papers in the Astronomical literature have dealt with 

the ejection of material from a self- gravitating body under the action of 

radiation pressure. In some instances, authors have had in mind applications 

to stars (e.g., Lucy and Solomon1), and in other instances to quasi -stellar 

sources (e.g., Mushotsky, Solomon and Strittmatter2). There seems little 

doubt that radiation pressure acting on resonance lines plays a crucial role 

in ejecting matter from 0 and B stars, as Lucy and Solomon showed. It is 

less obvious that the mechanism can produce some of the phenomena seen in the 

quasi -stellar sources, and therefore, though the general physical principles 

are the same, we will concentrate on the applications to quasi -stellar sources. 

In particular, we wish to comment on whether radiative acceleration of 

material can produce the very sharp, highly displaced absorption lines typi- 

fied by PHL 938, PHL 957, PKS 0237 -23, H 1331 + 170, Ton 1530 and 4C05.34. 

This question is important because the apparent difficulty in understanding 

how such features intrinsic to the quasi -stellar sources could be produced 

has frequently been used by some authors in support of the argument that the 

absorbing material is not intrinsic to the quasi -stellar source, but is inter- 

vening matter with a lower cosmological redshift. Lynds3 has reviewed the 

salient observational material and discussed some of its implications. 

An acceptable theory must account for the following features: (i) it 

must produce the observed terminal velocities, (ii) it must produce the ex- 

tremely narrow width of the lines, (iii) it should account for the levels of 

ionization found in the lines and the column density of material and (iv) un- 

less it is to be rather ad hoc it should link the conditions deduced in the 

absorbing material to those prevailing in the emission line region, (v) it 

should explain why substantial absorption is often not seen at much lower 
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velocities - a problem related to (ii). PHL 938 provides in some sense the 

most stringent case for any intrinsic mechanism, since it involves displace- 

ment of the absorption lines from the emission lines which, if interpreted 

as Doppler shifts from a cosmologically distant source imply velocities of 

A0 150,000 km /sec, whereas dV ' 50 km /sec (Burbidge and Chan4). As a slightly 

more typical situation we shall consider V ^'60,000 km /sec, AVM -60 km /sec, 

and a column density of ̂ -1019 hydrogen atoms /cm2. 

To examine these problems semi -quantitatively it is convenient to con- 

sider two idealized cases: In one case we consider a steady, spherically 

symmetric outflow, and in the other case we consider isolated shreds of mater- 

ial moving only under the influence of gravity and radiation pressure. 

I. STEADY FLOWS 

(a) Davidson's Difficulty 

If we consider steady, spherically symmetric flows, then the satisfaction 

of condition (iv) becomes mandatory. In this case we immediately run into a 

severe objection to radiative acceleration as the dominant mechanism for pro- 

ducing PHL 938 -type objects, raised initially by Davidson5'6. 

Davidson has studied the ionization equilibrium conditions for a typical 

QSO "composite spectrum" assuming photoionization to be the dominant ioniza- 

tion mechanism. The ionization equilibrium depends on the ratio of the ener- 

gy density of UV radiation to the electron density. Thermal equilibrium re- 

quires temperatures of order 10 - 20,000 °K so this ratio clearly can be used 

to infer a value of Prad 
/Pgas' 

which Davidson finds to be .1/30. (It is 

important to note that it is really the energy density, not flux, which is 

inferred.) 
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Davidson thus infers that radiation cannot play a significant role in the 

namics of quasi -stellar envelopes. Evidently, if the ionization is partly 

or wholly collisional and not wholly radiative the value of Prad 
/Pgas 

would 

be even less. 

Since the rough estimates of the very high terminal velocities which 

can be attained by material close to the "surface" of a quasi- stellar source 

seem eminently plausible2, one is perhaps somewhat surprised at Davidson's 

results. It is thus of some interest to look at the situation in a little 

more detail, even though the outcome is obvious from loose, but elementary, 

momentum considerations. 

For illustrative purposes consider first absorbing material which has 

a constant cross section with frequency. Consider also the material to behav- 

ior adiabatically beyond a certain point. As is well known,in the absence of 

a radiation pressure term, conservation of enthalpy implies that the terminal 

velocity cannot significantly exceed the thermal velocity near the base of the 

flow. At most, the radiation pressure term can increase the terminal velocity 

by a factor ¡ X , where %_ L d/N11 GMw+C is some appropriate mean (over distance) 

ratio of radiative acceleration to gravity. A smooth flow must pass through 

the sonic point condition in such a way that grad - 
g1. 

(For a recent care- 

ful and detailed discussion of the passage of the flow through the sonic point 

see Cassinelli and Castor )7 . If terminal velocities much in excess of the 

thermal velocity are to occur, then shortly after passing through the sonic 

point, % must substantially increase (due, for example to a significant change 

in the level of ionization of the material), a phenomenon occurring in the 

solutions obtained by Lucy and Solomon and called by Casinelli and Castor the 

"after burner effect ". Davidson's difficulty now manifests itself by noting 
2 

that )~ -ro 
P s If we have (Vs/Yes,)¿¿ , and require X 1 

9 Vtsc 
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then we require O (1'r P9l 
» 1 , but since, according to 

r 
LL Í Davidson() CP1 

this implies 'to >> > 1 . Thus, the root of the difficulty is that steady 

flows which would eject matter to infinity with Vca » VS had they remained 

optically thin would become optically thick very quickly. It is easy to show 

that this opacity build -up occurs so rapidly that the terminal velocity which 

is reached (if indeed the material can escape at all) never much exceeds Vs. 

Had we dealt with a scattering rather than an absorbing medium (e.g., 

electron scattering) the discussion would have to proceed somewhat differently, t D 
but it is also easy to show that the result is the same: if we examine ( IFI) a 

bit beyond the sonic point, we must have Pr >>, P in order to produce V »V 
esc 

contrary to Davidson's results. 

Finally, we can see that the case of line absorption contains the same 

difficulty. If we imagine a resonance line with VD .i VS, we may ignore 

the scattered radiation insofar as it affects the acceleration since if V Vs 
the velocity gradients are so steep that all scattering must take place only 

locally and local scatterings beyond the first do not significantly alter 

the momentum delivered to the gas. 

In this case, 

Lv co) d v). (o,r` 
Y 

)(Vs) 
Pr 

v° c {v:'' -_Cñ , (1) 

4W roc v1 o) 

Consider the flow at a point a little beyond the sonic point, where the velo- 

city Vo VS , then compute the increment in optical depth, 02', for the dis- 

tance o r over which the material is accelerated through a velocity increment 

AV, V0"-Ns when exposed to the full intensity of the continuum: 

_ Ly(AV)p Ar 
2 C vo 4 7t ; c vn no Va 

Using the first relation of (2) and the expression above for LW, 

.6:"C .6:"C rn / z 
= 4cYdr Vo vs V, , lLr 

(2) 



or from the second relation in (1) 

^- 
a Pg 

VS Fr Vp 

, 

'` 9 c 
(TA) >>1 (3) 

Thus the line cannot accelerate fast enough to get out of its own shadow, 

so to speak, and support is rapidly withdrawn. 

In passing, we note that in the case considered by Lucy and Solomon 

(and in the observations of the early type stars, where manifestly v » V ), 

Pr /Pg 105 at the sonic point in a typical case (see their Table 2). That 

the value of Pr /Pg at the sonic point in a B star is more than 6 orders of 

magnitude greater than in Davidson's calculations we find quite surprising, 

since the level of ionization appears to be, if anything, greater in the QSO. 

This apparently comes about because of the flat spectra of the QSOs. 

We do not know exactly where in the hypothetical steady flow the ioniza- 

tion calculations of Davidson would refer, but since the line widths are» Vs, 

most of the material we observe would have to be in the supersonic region. 

Since Davidson's assertion that Pr Pg seems such a fundamental dif- 

ficulty in explaining the QS0 absorption spectra - certainly the PHL 938 - 

like objects - in terms of steady flow, it is important to ask whether Pr 

1/30 Pg could be vastly in error. Davidson's value of Pr /Pg stems primarily 

from reproducing the CIV /Ly a strength in ionization -bounded filaments for 

his composite QSOs. Davidson notes that in the vicinity of Pr /Pg ti 1/30, 

(CIV /Ly a) increases roughly linearly with Pr /Pg. It is clear that eventually 

this increase with Pr /Pg ceases, since beyond a certain point one is sim- 

ply adding layers of thoroughly ionized hydrogen (which produce Ly a by recom- 

bination), and highly ionized carbon which contribute very little to CIV. 

This suggests that one may be dealing with situation in which Pr /Pg 

could be far greater than inferred by Davidson. In fact, McAlpine's8 calculations 

include interior regions (or filaments) where the value of Pr /Pg is very much 



larger ( 200) than Davidson's. Observationally, we expect that in the high -Z 

QSOs one can distinguish between models involving high Pr /P 
g 

from those with 

low Pr /Pg (both producing roughly the mean observed CIV /Ly a value) only by 

appeal to OVI 1035 /CIV. A series of static ionization models were kindly 

calculated by Dr. R. E. Williams to investigate this point, and it appears 

that the CIV /Ly a ratio occurring at Pr /Pg^ 1/30 is only increased bye-. 2 

at Pr /Pg'+ 10. In the Pr /Pg^' 1/30 case Williams finds OVI /CIV e+ 1 /10, while 

in the Pr /Pgti 10 model he finds OVI /CIV r 5. In the handful of objects for 

which OVI is accessible, it appears observationally that OVI /CIV 
ti 

1. It seems 

clear that CIV /Ly a is not a very good index of the value of Pr /Pg incident 

on the inner surface of a cloud, and the OVI /CIV evidence suggests to us that 

Pr /Pg may generally much exceed Davidson's estimate. Also, the direct appli- 

cation of filament calculations to a hypothetical steady spherical flow with 

varying density is a little dubious. Thus, Davidson's objection must certainly 

be treated with some reserve, though it seems to us that it is still strong 

enough to make production of PHL 938 -type objects by steady flow rather unlikely. 

(b) Some Properties of Steady Flows 

Because of the uncertainties in interpreting the ionization equilibrium 

arguments a semi -quantitative description of some of the possibilities inher- 

ent in steady radiation driven flows is still of interest. In particular, we 

wish to consider whether there is any likelihood at all of the "detached ab- 

sorption line" phenomenon being produced by steady flows, no matter what the 

value of Pr /Pg. We will consider only the supersonic part of the flow, ig- 

nore gas pressure, and for simplicity consider pure hydrogen with only a single 

line (Ly a), the level of ionization being determined solely by ionization 

and recombination. We doubt that omission of all other elements will com- 

pletely mislead us, since empirically3 hydrogen seems responsible for most 

of the absorption. Additionally, we shall: ignore all relativistic effects 
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entirely (obviously a poor approximation quantitatively if we are serious 

about PHL 938) and also ignore the Doppler effect except insofar as the 1st 

order Doppler effect influences the line opacity, consider only pure extinc- 

tion in the line and continuum, and assume a power -law spectrum for the con- 

tinuum with a slopeii = 1.5. We thus have not allowed for any phenomenon 

akin to "line locking" but will consider this question in connection with 

non -steady flows. 

We have considered the properties of a pure hydrogen, spherically sym- 

metric steady flow driven by radiation pressure with a Óa 1.5 power law spec- 

trum, in which electron scattering, Lyman continuum absorption and Ly a scat- 

tering are the opacity sources. The equation of motion and continuity equa- 

tion must be supplemented by two describing the increase in the continuous 

opacity and the level of hydrogen ionization. The latter equation is simply 

the continuity equation for neutral hydrogen, with recombination and photoion- 

ization acting as source and sink terms. In a slow, dense flow the source and 

sink terms balance and we have quasi -statistical equilibrium. Eventually 

however, the ionization will become "frozen in" to some value it had lower 

down in the flow. 

We can deal with the line radiation by ignoring the scattered radiation 

and use the "thin line approximation ", i.e., we assume that the intrinsic line 

width is so small that a linear expansion of V(r) in the neighborhood of the 

absorbing atom in question - i.e., over two or three Doppler widths - is valid. 

In this case, the acceleration term due to a line in the equation of motion 

Tot 
involves a term of the form F(TL) _ ,, (I-- e Ay 

where 7:1_ XoM/ 
4IV 

, a result in agreement with that obtained by Lucy 
Am c dr 

from a more sophisticated discussion. 

* 
This seems adequate, as explained above, as far as momentum transport is 
concerned, but clearly is inadequate if we want to compute line profiles, to 
which the re- scattered radiation contributes: See Lucy9 for a detailed dis- 
cussion. 
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In this approximation then, at any given point in the flow, we may 

regard the equation of motion as a transcendental equation for (dv /dr) having 

the following properties: 

Provided the acceleration associated with electron scattering and con- 

tinuous absorption is greater than that of gravity, the net acceleration is 

unique and positive - though the local line opacity may be either large or 

small. On the other hand, if the acceleration associated with the continuous 

opacity sources is less than gravity than in some situations one may obtain 

a unique value of the deceleration, or alternatively one has the situation 

in which, in addition to the deceleration solution always present, one finds 

two accelerated solutions. Evidently, one would choose one of the three 

solutions based upon continuity considerations and choose the solution adja- 

cent to that taken in the previous Ar, but the presence of multiple solutions 

clearly raises questions concerning the stability of the solution, the answer 

to which we are frankly not certain of. It is also not clear what interpre- 

tation is to be given the situation in which, if one is on, for example, the 

optically thin accelerating branch, the flow gradually evolves in such a way 

that the two accelerating solutions gradually coalesce and disappear, leaving 

only the decelerating solution. In this case we conjecture that the immediate 

consequence is simply that second derivitives must be included in the expres- 

sion for the acceleration due to the line and that these second derivitives 

will gradually lead the flow over to the decelerating solution. 

Scargle10 has also speculated on the nature of the instabilities asso- 

ciated with material accelerated by radiation pressure acting on optically 

thick lines, but a detailed investigation is needed. 

Given the approximation described and the simple approximation for F('L) 

noted, then it turns out that the inclusion of the Ly a line simply changes 

the coefficient, but does not alter the mathematical form of the system of 
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equations, regardless of whether Ly a is thick or thin, and this leads us to 

expect that, barring the possible instabilities alluded to above, the pre- 

sence of Ly a will not qualitatively change the range of behavior of the flows 

with only continuous absorption present. In particular, we looked to see 

whether it is possible to have a very gently accelerated flow (producing the 

zero -velocity emission lines of moderate breadth) out to some point, where 

rather suddenly the flow is accelerated and quickly reaches a terminal velo- 

city, circumstances which might produce both the emission line region and the 

sort of detached absorption cores we are especially interested in. 

About the only set of circumstances in which we can envisage this coming 

about is one in which electron scattering plus the hydrogen absorption initially 

very nearly balance gravity, and in which after a region of nearly constant 

velocity, the continuum opacity approaches unity, possibly triggering a sharp 

drop in the ionization and possibly a sudden accelerating. For any power 

law spectrum however, and a situation in which most of the hydrogen is ionized, 
and 

the interplay between the continuity equation /ionization equation leads to 

the acceleration term from the hydrogen continuum increasing only as et1/3, and 

the transition region to high velocities is not confined to a zone small com- 

pared to the emission line region. Generally, the situation with power law 

spectra seems to differ significantly from the case studied by Lucy and Solomon 

in that increasing the degree of ionization, which accompanies an accelerating 

flow in the absence of continuous absorption, leads to decreasing acceleration - 

i.e., a strong after burner effect is harder to come by. 

II. NON- STEADY FLOWS 

(a) Is the acceleration coherent? 

In the case of isolated filaments, it is clear that Davidson's difficulty 

can be easily surmounted, for there is nothing to prevent us from considering 



such filaments with small optical depths. 

The main question now is whether the material can be accelerated coher- 

ently, or whether there are effects which tend to disrupt the filament 

in velocity space. If those filaments responsible for the highly displaced 

absorption lines arose from conditions similar to those responsible for produc- 

ing the emission line region, then Davidson's argument indicates that unless 

there are stresses acting to contain the filaments comparable to the gas pres- 

sure (Davidson suggests magnetic fields and relativistic particles) - in which 

case the role of radiation pressure may be irrelevant - then the filaments 

will freely expand. This is not directly a serious objection however, for 

the expansion would merely produce line widths comparable to the thermal velo- 

city. 

Williams has recently considered two effects which arise from the 

radiation itself and tend to disrupt the filament. The first is associated 

with the redistribution in frequency of the scattered photons in an optically 

thick line. The arriving unscattered line- center photons immediately transmit 

their momentum to the inner face of the filament, but the scattered photons 

diffusing through the rest of the filament away from line- center are far less 

effective in accelerating the material, so that the initial response of the 

filament exposed to the continuum source is one of compression on the inner 

surface (together with a small expansion of the outer edge) but the actual 

net result will involve fairly complex dynamical effects and needs further study. 

The second effect arises from the divergence of the flux of line photons 

created within the filament and will cause the line to disperse. 

Before considering this effect, we can ask whether the accelerated fila- 

ments can have arisen under conditions assumed to exist in the emission line 

regions purely on the basis of the ionization equilibrium of the emission line 

region. 
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Assume that Lv(A =1550) r, 7 x 1030 , a typical value for high- redshift 

QS0 if they are cosmologically distant. Consider optically thin CIV filaments 

with f = 0.3, nC /nH = 10 -4 and most of the carbon as CIV. Multiply the 

acceleration associated with the CIV ion by 3 to take into account the effects 

of other lines and the continuum. Finally, compute the initial radius from 

which the acceleration began in order to obtain the very high terminal velo- 

cities characteristic of the PHL 938 -type object, which we take to be 105 km /sec. 

When this is done we find ro = 5 x 1017 cm, a not unreasonable value from the 

time scale of the continuum fluctuations. For this value of r and our assumed 
Lv, we then find F and from Davidson's value of U1 infer a value of ne = 1.2 x 

1012, a value much too high to allow the presence of forbidden lines. Similar, 

but numerically different considerations were gone into by Mushotsky et al, who 

were prepared to rule out radiation pressure as the accelerating mechanism if 

highly displaced absorption cores were to be found in an object like 3C48, 

which does show strong forbidden lines. 

In fact, a density of 1.2 x 1012 is so high that collisional de- excitation 

of CIII] 1909 is quite strong12 but the line is, in fact, reported to be pre- 

sent in PHL 938 itself. However, quite aside from the uncertainties described 

above in Davidson's U1, we feel that ruling out radiation pressure as the 

accelerating mechanism is too drastic a conclusion. Instead, we simply con- 

clude that if radiation pressure is the acceleration mechanism, and if David - 

son's U1 is about right then the accelerated filaments were not typical of 

those we now see in the emission line region. 

Returning to the question of the disruption of the filament by internally 

created photons, we can express the "fractional differential acceleration" 

of the cloud in terms of the ratio ô of the flux at one edge of the cloud 

associated with the internally created photons, to the incident flux which we 



can write as (compare Williams' eqtn. 9): 

Tt e $1L dde- Ye, ¡.1 V xy x 

- 
- GIg4 - 

F1,4 

(Av) 

which we can rewrite, very approximately, as 

1 
10 \ -` 06 gItT 

s, , L (,e II,D e 
i ) de --, Fac T 

*lee. )(11i i 
VOo FP 

This expression does not take into account the redistribution in frequency 

12 

(4) 

of the photons as they diffuse through the gas, but Williams' detailed calcu- 

lations show it to be approximately correct. 

For CIV, 1550, (hvo /kT) 4, 
ocoll dex 

x 10 16, and for Davidson's models 

Pe 
/Prad 

1/30, (n. 9.) CIV " 
2 x 1016 so d " 2e . The value of 

Uddp 
VDopp in an individual filament is very uncertain, but a value...-. 200 km /sec 

seems reasonable. Thus, d ^- 10. 

If d were to be constant during the acceleration process, we would require 

that d - 10 -3 to satisfy the observational requirements on the lines in the 

PHL 938 -type objects. 

The conclusion therefore, even allowing for substantial increase in David - 

son's U1, reinforces the one arrived at previously: the accelerated filaments 

would have to arise under conditions very different from those now producing 

the observed emission. 

In particular, either the number of atoms in the line of sight would have 

to be very much smaller, or the value of Pe 
/Prad 

near the starting point much 

lower. However, in PHL 938 the estimate for the number of H atoms in the 

line of sight for the accelerated filament is only about 25 times lower than 

the value in Davidson's filaments and, if anything, this current value must 

be somewhat lower than the initial value due to expansion, so we cannot signi- 

ficantly alleviate the difficulty this way. On the other hand, if the initial 



density were very much less than this - say by two orders of magnitude - the 

state of ionization would be increased such that the effective acceleration 

is very much decreased, and the starting radius made still smaller. Whether 

a consistent picture free from the disruption problem can be found remains 

to be seen, but in our view this remains the most serious obstacle to the 

radiative acceleration mechanism and needs further investigation. 

(b) "Line Locking" 

Our final comments concern the question of "line locking ", that is 

the quenching of the acceleration when the Doppler shift of the material ex- 

poses the absorbing lines to a sharply reduced flux associated with absorption 

by underlying material. This mechanism has been discussed by Mushotsky et al, 

and more recently by Scargle, who presented some very persuasive evidence - at 

least for some stellar cases - that a mechanism of this type is operating. 

Suggestive evidence for line locking in the QS0 1331 + 170 has also 

been presented by Strittmatter et al13. To obtain some rough semi -quantita- 

tive feeling for the effectiveness of this mechanism, we consider the following 

very simple model: an absorption line in a thin filament is exposed to a 

continuum whose shape is flat to frequency vi, redshifted into the line center 

when the velocity V/C = The The absorption trough drops to a minimum at a 

residual intensity r at velocity ß2, and then begins to climb again. If 

there are N lines driving the filament, one of which encounters the absorption 

trough, then zero acceleration occurs for a value of radiative acceleration 

to gravity of -- ño 
(,nn - 1 ) + Y` 

If X significantly exceeds this value 

\the 

material will be driven through 

the absorption trough. Consider then 1 4V40 /Sp . In the absence of the trough, 

filA'' 2GM (X- 0 
r, c2- 

velocity space yielding somewhere between ßl and ß2. The key question is 
ou 

, but the trough will trap the material in 
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ea 
how much dispersion during the acceleration (i.e., --- S , cf. equa- 

tion 5) can be tolerated and have the line -locking phenomenon squeeze the line 

down to the extremely narrow widths found in the PHL 938 -type objects. If 

we specify the parameters ßl, 82, ß., A, r, N it is then a simple matter to solve 

the equations of motion and calculate what value of O will yield Q 
oo 

.0002. 

Clearly the most difficult problem is to produce the first sharp inner 

set of lines. Once that has been done, as Scargle has pointed out, the effect 
and 

can propagate / generate a whole sequence of line -locked shells. Scargle cites 

convincing evidence in HD 190073, and a fairly good case for one set of lines 

locking another set has been presented by Strittmatter et al for the QSO H 1331 + 

170. 

In the QSOs the sharpest features, not associated with the detached cores 

themselves, are probably the absorption troughs associated with the P -Cygni 

type profiles with characteristic widths 1000 - 3000 km /sec. Consider then 

the following typical numerical example: $1 = 0.1, 82 - 81 = 0.015, r = 0.25, 

Bw = 0.2 and only a single line doing the accelerating. In this case X0 = 4, 

and we consider a spread of A about X = 2.5. We find that Y ß 
= .0002 for 

00 á 
of about .025. (Note that this is 250 times less than the value 

A 
estimated from equation (5) using Davidson's ionization equilibrium.) Thus, 

even with the line locking mechanism operating, the dispersive effects must 

be quite small - this value of d seems not entirely out of the question and we 

consider the mechanism to be on the verge of plausibility. 

In the case where many lines are accelerating the filament a rather deli- 

cate balance between grad, g must exist to lock the lines - e.g., a N 1.1 

for 10 lines even when the locking line encounters a trough of zero residual 

intensity. Scargle has argued that this is precisely what is expected and that 

the atmosphere will adjust itself to bring about this delicate balance. It is 
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not clear at all that this is the case. Certainly in the case of steady flows, 

it seems almost certain that this is not the case once the flow is well beyond 

the sonic point. In Lucy and Solomon's Table 2, at the sonic point where grad 

must equal g, CIV is only 1% ionized, and since the velocity increases by two 

orders of magnitude before reaching its terminal value, the ionization will 

increase by a comparable amount, and since CIV is the main accelerating agent, 

one would anticipate the delicate balance which exists at the sonic point to 

be quickly destroyed unless the locking takes place at velocities very near 

the sound speed. In our view this is the most serious theoretical objection 

to the otherwise very attractive model proposed by Scargle. 

In the case of the QSO a value of X as low as 4 near the surface of the 

object would be quite significant, since it would then imply that material near 

the surface suffers a significant gravitational redshift. Unless the emission 

line region is very distant from the surface this would be a mildly surprising 

state of affairs in view of the good agreement claimed to exist between some 

QSO redshifts and surrounding galaxy redshifts14,15. 

Other accelerating mechanisms - with or without the aid of radiation pres- 

sure - remain to be quantitatively explored. Our own prejudice leans toward 

the following speculative scenario: "Ambient gas is maintained at such a high 

level of ionization that X < 1. From time to time outbursts of relativis- 

tic plasma send shocks through this case heating it to very high temperatures, 

and producing filaments at the plasma -gas interface through Rayleigh- Taylor 

type instabilities. These filaments compress through very rapid cooling, 

increasing their density by several orders of magnitude, with corresponding 

decrease in the level of ionization. In such a filament X >> 1 very rapidly, 

and radiation pressure then drives out the filament, it having been confined 

throughout by the pressure of the plasma." Whatever the acceleration and con- 

fining mechanism, the bizarre mixture of ionization levels observed in these 

filaments needs explanation. 
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Until the objections to the purely radiative mechanisms described in 

these Comments are resolved, or until detailed work on a "plasma outburst" 

model is done, we must still regard the origin of the PHL 938 -type absorp- 

tion lines as an important unsolved problem. 
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