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ABSTRACT

Simultaneous UV and X-ray observations of the blazar PKS 0521 —365 are combined with radio, IR,
optical, and y-ray data taken at different epochs to study the overall emission from 10° to 10?3 Hz. The
flux distribution declines from the IR to the UV range (&, —yy = 1.4 + 0.1), but hardens at higher fre-
quencies. The remarkably flat X-ray spectrum (energy index oy = 0.68 + 0.12 in the range 0.2-7 keV)
suggests a significant contribution by the inverse Compton process in this band. This is supported by the
detection of the source in y-rays by the EGRET experiment. The full radio-to-y-ray energy distribution is
discussed. Various arguments suggest that the jet is not closely aligned with the line of sight (6 ~ 30°),
implying that the observed radiation is weakly boosted. This allows a direct estimate of the importance
of different sources of photons available for upscattering. We conclude that in this source the synchro-
tron photons are likely to be the seeds for the inverse Compton process.

Subject headings: galaxies: individual (PKS 0521 —365) — galaxies: jets — gamma rays: observations —

radiation mechanisms: nonthermal

1. INTRODUCTION

The flat spectrum radio source PKS 0521 — 365 is strong-
ly polarized (6%, Angel & Stockman 1980), variable (Eggen
1970; Shen, Usher, & Barrett 1972; Ulrich et al. 1984;
Edelson 1992; Falomo, Scarpa, & Bersanelli 1994) and
exhibits strong emission lines (Scarpa, Falomo, & Pian
1995, and references therein). Its proximity (z = 0.055)
allows the detection of the host galaxy and of a bright
optical jet (Danziger et al. 1979; Cayatte & Sol 1987; Mac-
chetto et al. 1991; Falomo 1994). Thus it cannot be strictly
classified neither as a BL Lac object nor as a highly pol-
arized quasar. The term blazar, intended to include essen-
tially all flat spectrum radio sources, is particularly useful
for this source. '

During the 1992 May 14-June 4 viewing period, the
EGRET instrument onboard GRO detected the source in
y-rays at a significance level of 4 ¢ (Lin et al. 1995, and
references therein). The discovery of emission at energies
greater than 100 MeV supports the blazar nature of PKS
0521—365.

Here we study the broadband energy distribution of the
source using simultaneous UV and X-ray observations
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taken on 1983 November and combining them with radio,
millimeter, and simultaneous near-IR-optical data at differ-
ent epochs and with the more recently measured y-ray flux.
Parts of these data have been already published separately
(see next section for references), but the UV and X-ray
observations were never jointly studied, while the circum-
stance of their simultaneity is crucial in modeling the spec-
tral energy distribution.

Several arguments suggest that the emitting jet in this
source is not closely aligned with the line of sight and there-
fore the continuum might not be strongly boosted by rela-
tivistic bulk motion. Assuming this, together with direct
observation of broad emission lines, allows us to discuss the
relative importance of synchrotron and external photons
for the production of y-rays via the inverse Compton (IC)
process. The physical and geometrical parameters of the
jet are estimated applying an inhomogeneous relativistic
jet model which radiates through the synchrotron self-
Compton (SSC) process.

2. OBSERVATIONS AND DATA ANALYSIS

Simultaneous observations of the object with IUE (1200-
3000 A) and EXOSAT (0.2-7 keV) were performed on 1983
November 2 and 30 (see Table 1). During the first IUE
observation only the SWP camera (1200-1950 A) was
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TABLE 1
JOURNAL OF OBSERVATIONS?
Date Instrument Range Energy Index F*(2650 A) F (1700 A) F (1keV) F (100 MeV)

1979 Oct6.......... Einstein® (IPC) 0.2-3.5keV 0.58%3:33 1.03 £ 0.17
1983 Nov2......... EXOSAT®(LE + ME) 0.2-7 keV 0.52 + 0.09 147 +0.17

IUE (SWP + LWP) 1300-1900 A 340 + 75
1983 Nov 30........ EXOSAT®(LE + ME) 0.2-7 keV 0.68 + 0.12 1.78 + 0.24

IUE (SWP + LWP) 1300-2800 A 1.1+05 610 + 130 360 + 70
1988Jan8 .......... IUE (SWP) 1300-1900 A 330 £+ 60
1992 Aug29 ........ ROSAT* (PSPC) 0.2-2.4keV 0971553 e 2.06 + 0.09 e
1992 May/Jun...... GRO (EGRET) 0.1-5GeV 1.16 + 0.36 (1.3 +£04) x 1074

® Errors represent 90% uncertainties.
® Fluxes are in pJy.

¢ A power-law fit at free Ny, yielded an energy index o = 1.14*2:4 (Worrall & Wilkes 1990).
¢ The reported results are in good agreement with those obtained by Garilli & Maccagni 1990.

¢ 3869 + 63 net counts for a total exposure of 4845 s.

exposed, whereas on November 30 both SWP and LWP
(2000-3000 A) spectra were recorded. The UV spectra were
extracted with the GEX procedure (Urry & Reichert 1988),
flux-calibrated after Bohlin et al. (1990; SWP, see Fig. 1)
and Cassatella, Lloyd, & Gonzalez-Riestra (1988; LWP).
The November 30 spectral fluxes were binned and averaged
in intervals of ~100 A. These data, dereddened with 4, =
0.2, were best-fitted with a power-law model (F, oc v™%)
through a y? minimization procedure. The resulting energy
index is reported in Table 1. Here are given also the inte-
grated, averaged, and dereddened broadband fluxes from
both observations at the effective wavelengths of 1700 A
(SWP) and 2650 A (LWP). No significant variability is seen
between the SWP fluxes at the two epochs, in conflict with
the finding of Edelson et al. (1992) based on a different
extraction method and on a spectral fit. We tend to con-
sider, for this faint source (which has also strong line
emission), our broadband fluxes more reliable; moreover,

LA L L L O L L L LI IR

(a)

LA B N

F, (10 erg s em™ 1)
-
T

SRS N ST ST N Y R R |

o
LA B B

J_LIAI;LII\\'IIIIIIJ\[llllllllllllll
00 1300 1400 1500 1600 1700 1800 1900

-
[\

LANLANLANL AN LA L L O Y L B

(®)

F, (10" erg s™ em™ &)

LI L L N N O L L N Y I

oo b e L e by

J_llllllIIiIIIIIIIlI|IALlJJI4LILlIIII

1200 1300 1400 1500 (A)1600 1700 1800 1800
A

F1G. 1.—IUE spectra of PKS 0521 —365 taken on (a) 1983 November 2
(SWP 21435) and (b) 1983 November 30 (SWP 21647).

we believe the GEX extraction is particularly suitable for
these spectra, due to the low S/N. The X-ray data obtained
at both epochs with the LE and ME instruments onboard
EXOSAT were analyzed by Sambruna et al. (1994). No
significant flux variations are present between the two
epochs. The results of a power-law fit with absorption fixed
at the Galactic value, Ny = 3.37 x 102° cm~2 (Elvis,
Lockman, & Wilkes 1989), are reported in Table 1.

X-ray data obtained with Einstein (1979) and ROSAT
(1992) were retrieved from the archives and analyzed again
under the hypothesis of a simple power law with a fixed
column density. The results are also reported in Table 1.

Near-IR-optical spectrophotometry was obtained in
1988 January at ESO (see Falomo et al. 1993). Simulta-
neously with our IR-optical observation, we recorded an
TUE spectrum, at a flux level consistent with those of 1983
(see Table 1). On the basis of this agreement, we combined
the 1983 November 30 UV-X-ray data and the 1988
January near-IR-optical data to obtain the spectral flux
distribution from the near-IR to the X-ray range shown
in Figure 2, together with archival IRAS data (Impey &
Neugebauer 1988). The near-IR and optical data were
dereddened and the stellar contribution of the host galaxy,
which is rather strong in this object (~50%, Pian et al.
1994), was subtracted.
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FiG. 2.—Spectral flux distribution of PKS 0521—365 from far-IR to
X-rays. Equal symbols are used for simultaneous data. UV and X-ray data
(open dots) refer to 1983 November 30. Near-IR-optical data (open
diamonds) refer to 1988 January. Far-IR data (filled squares) are taken
from the IRAS archive. Error bars represent 1 ¢ uncertainties. The overim-
posed solid lines represent the power-law best-fit curves to the near-IR-to-
UV and to the X-ray data.
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It is clear from Figure 2 that the spectral flux distribution
steepens around 10'* Hz. Above this frequency, the data are
consistent with a single power law. A best fit to the com-
bined near-IR, optical, and UV data yields « = 1.4 + 0.1 at
the 90% confidence level (2 ~ 1.3). An extrapolation of the
optical-UV continuum to the X-ray band falls below the
simultaneously observed 1 keV flux by almost a factor 10
and the X-ray slope (xx = 0.68 + 0.12) is definitely flatter
than that in the IR-optical-UV range, suggesting that a
different emission mechanism operates in the X-ray band.

3. THE BROADBAND ENERGY DISTRIBUTION

To the near-IR-to-X-ray spectral flux distribution we
added the VLBI radio flux measured by Preston et al.
(1989); fluxes at millimeter wavelengths (Knapp & Patten
1991); far-IR data from the IR AS satellite (Impey & Neuge-
bauer 1988), and the power-law spectral fit determined by
Lin et al. (1995) after analysis of the EGRET y-ray observa-
tions (&, = 1.16 + 0.36). We thus obtained an overall spec-
tral energy distribution extending over 14.5 decades in
frequency. The nonsimultaneity of the far-IR and radio data
can clearly affect to some extent the overall spectral shape.
At long wavelengths the short- and medium-term variabil-
ity amplitude is usually not large (see, e.g., Edelson &
Malkan 1987; Valtaoja 1994); the yearly variability can be
relevant (see, e.g, Grandi et al. 1994), but assuming a
maximum flux variation of even a factor of 2, our conclu-
sions do not dramatically change, due to the wide extension
of the emitted power range (see § 4.2 and Table 2). On the
other hand, as apparent from observations of other blazars,
the y-ray emission can undergo significant variability (see,
e.g., Thompson et al. 1994; Maraschi et al. 1994a). The flux
used here [(1.8 + 0.5) x 10”7 photons s ! cm ™2 at energy
>100 MeV] is the only one reported thus far for this
source.

The overall spectral energy distribution is shown in
Figure 3 in the vF, representation. The X-ray data obtained
with Einstein and ROSAT are also shown in the form of
best-fit power laws (absorption was fixed at the Galactic
value; see Table 1 for our best-fit parameters). The source
intensity at 1 keV varied by a factor 2. The spectral indices
derived from EXOSAT are consistent with that from Ein-
stein (which has rather large errors). The ROSAT spectrum
is softer than measured either with EXOSAT or Einstein.
This could be due to spectral variability of the source,
(Ao ~ 0.3 is not uncommon for blazars; see, e.g., Sambruna
et al. 1994), but it may also be related to the softer range of
the ROSAT instrument (Table 1). In fact, an extension of
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F1G. 3—Spectral energy distribution of PKS 0521 —365. IUE and
EXOSAT data refer to 1983 November 30. The EXOSAT power-law
spectral fit is reported along with the 1.6 ¢ (90%) confidence range. For
comparison, the power laws representing the ROSAT spectrum best fit
(solid line) and the Einstein best fit (dashed line) are reported. The 1 o
confidence range of the spectral fit to the y-ray data as determined by Lin
et al. (1995) is also shown. The dashed-dotted line represents the synchro-
tron and self-Compton contributions within the adopted jet model. Error
bars on the low-frequency data points are omitted.

the steep UV component to the soft X-ray band is not
unlikely. A similar situation was found in the case of the
BL Lac object PKS 0537 —441 (Treves et al. 1993).

The broadband energy distribution clearly shows two
spectral regions where the observed energy output is
maximum (see Fig. 3). One component peaks in the far-IR
(~10!3-10'* Hz), the other component shows up between 1
keV and 100 MeV, and probably peaks at energies lower
than 100 MeV, as suggested by the y-ray energy index. In
any case, we note that the power in the observed y-ray band
is already comparable to the bolometric power at all other
frequencies. The two components apparently join in the
extreme UV-soft X-ray range. This “double-humped”
energy distribution is similar to that of other blazars (see,
e.g., Maraschi, Ghisellini, & Celotti 1994b).

4. THEORETICAL CONSIDERATIONS

4.1. General Remarks

It is natural to interpret the double-humped energy dis-
tribution of blazars as due to synchrotron and IC emission.
The first mechanism can account for the self-absorbed radio
emission and for the millimeter, far- and near-IR, optical,
and UV continuum of PKS 0521 — 365, assuming a suitably

INPUT PARAMETERS FOR AN INHOMOGENEOUS JET MODEL?

TABLE 2

Parameter Paraboloid Cone 1.6 o (90%) Uncertainty
Spectral index 0ty ......ooiiiiiiiiiii 0.5 0.5 0.1
Magnetic field power-law index m................. 1 1 0.3
Electron density power-law index n............... 0.5 1.5 0.1
Maximum frequency power-law index 7.......... 1 1 0.3
Emission region profile € ....................co..l. 0.5 1
Inner radius Ro (CM) «.oevevneenineininnnicnennnen. 103 10°R, 0.1R,
Outer 1adiUS ....oevevineeniieiiiieeeeeaeanen 10°R, 10°R,
Initial Magnetic field B, (G) ....................... 20 0.02 0.1B,
Initial electron density K, (cm™3) ................. 7.5 x 10* 24 x 103 0.15K,
Initial maximum synch. frequency v5,,, (Hz)...... 6 x 106 6 x 103 0.25v%,,,
Bulk Lorentz factor I' ................oooiii, 1.2 1.2 0.1

2 Symbols for the relevant parameters are those adopted in Ghisellini et al. 1985.
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curved spectral shape of the relativistic electrons or an inho-
mogeneous jet (see below).

The high-energy emission (X- and y-rays) can then be
produced via IC scattering of the relativistic (synchrotron-
emitting) electrons off photons produced in the same region
(in this case the high-energy emission is SSC, see, e.g.,
Maraschi, Ghisellini, & Celotti 1992),-or alternatively off.
photons emitted by an accretion disk (e.g., Dermer &
Schlickeiser 1993) or the broad-line region, and/or scattered
by some surrounding material (e.g., Sikora, Begelman, &
Rees 1993, 1994).

In order to account for the high “apparent” radiation
density observed in many objects, it is necessary to assume
that the emitting plasma is moving relativistically so that
the observed radiation is amplified by relativistic beaming.
The case of PKS 0521 — 365 is of special interest in that the
evidence suggests that relativistic boosting is not large in
this source:

1. The ratio, R, of the core to extended radio flux is
believed to be a beaming indicator, since the emission from
the core is supposed to be beamed, while the emission from
the extended components is isotropic (see, e.g., Orr &
Browne 1982). The distribution of R, for BL Lac objects
and flat radio spectrum quasars is in the range 1-1000,
while the range for radio galaxies (F-R I and F-R II)is 1073
to 1 (see, e.g., Maraschi & Rovetti 1994), supporting uni-
fication schemes in which BL Lac objects and flat radio
spectrum quasars are F-R I and F-R II radio galaxies
observed at small angles (Blandford & Rees 1978; Urry &
Shafer 1984; Ghisellini et al. 1993). The value observed for
PKS 0521-365, at 1.4 GHz is R, ~ 0.3 (Antonucci &
Ulvestad 1985). Such a small value suggests a modest
beaming of the core radio emission in the line of sight direc-
tion, and therefore a relatively large viewing angle.

2. Applying the SSC model to the VLBI core of this
source (requiring that the radio core does not overproduce
the X-ray emission), Ghisellini et al. (1993) found é ~ 1 for
the radio emission.

3. Requiring the source to be transparent to 1 GeV
y-rays, estimating the size from variability, and assuming
that the X-rays (which are targets of the y-rays for the
photon-photon process) are cospatial with the y-rays,
Dondi & Ghisellini (1995) found é ~ 1.3 for the high-energy
emission.

Another suggestion of a large viewing angle comes from
the presence, in PKS 0521 —365, of a well-defined optical
jet, with an angular size of 6”5 (7 kpc, Kegl 1986; Macchetto
et al. 1991; Sparks, Biretta, & Macchetto 1994) and well-
aligned with the nucleus. It is a weaker evidence because a
well-defined optical jet is visible also in 3C 273, for which
other beaming indicators suggest instead a small angle of
view. Note, however, that in 3C 273 the VLBI jet is mis-
aligned with the optical jet by an angle of ~20° (Unwin et
al. 1985). Moreover, unlike the case of 3C 273, no super-
luminal motion was detected in PKS 0521 —365 through
VLBI techniques, which further suggests a large viewing
angle for the radio jet of the latter source.

Note that a Doppler boosting factor 6 ~ 1 means that we
are measuring the intrinsic continuum of this object.

We can estimate the relative importance of different
sources of photons for IC scattering by relativistic electrons
in the jet. Approximating the emission region within the jet
as a sphere of radius Ry,,, moving with bulk Lorentz factor
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I' at an angle 6 with the line of sight and defining the
Doppler factor § = [I" — (I'2 — 1)*/2 cos 6], the intrinsic
(primed) energy density of the internally produced radiation
is

Lsyn — 6 Lsyn,44
4R cO* 0*Riiob, 16

since the observed synchrotron luminosity L, corresponds
to an intrinsically emitted luminosity L, , = 6 “L,,,. Here
Ly 44 and Ry 16 are in units of 10** ergs s™* and 10'°
cm, respectively.

From the luminosity in the broad lines Lg; g (Which is of
the order of 6 x 10*? ergs s, Scarpa et al. 1995) we can
evaluate the energy density of the external radiation, in the
rest frame of the blob, where it is enhanced by a factor I'%.
Assuming a spherical broad-line region with radius Rg g,
we have

’ —
Uint -

ergsem 3 (1)

. Ly e T2 (1 +p)°
BLR " 4nR2,ec 3B

L 2
~T1x 10742242 ergsom ™2, @
BLR,17

! and

where Ly g 4, and Ryyg 1, are in units of 10*? ergs s~
10'7 cm, respectively.

Another contribution to the radiation energy density
may come from photons emitted directly by a disk (see
far-UV points in Fig. 3). This contribution is very important
close to the disk, but decreases rapidly for larger distance.
Assuming that a luminosity L, is emitted by the inner accre-
tion disk, within a radius R,, we have

Ldl'*Z R,% -1/2713
’ ~ — _a . 1 _ 3
Ui~ 3 B {[1 ﬁ(l + R? [1-4]
L l—‘2 R2 -1/27]3
~35 x 102 24— {[1 — /3<1 + —"> ]
BR3 15 R}

-0 - /3]3} ergscm 3, 3)

where R, is the distance of the emitting blob to the accretion
disk.

We can see that if 6 is of order unity and I < 10, the
external radiation density is unlikely to dominate. In this
case, assuming a blob radius Ry,,, = 10' cm, and deriving
from the overall energy distribution (Fig. 3) Ly, ~ 10** ergs
s™'and L, <7 x 10*? ergs s~!, we have that the internal
radiation energy density always dominates the contribution
from the broad-line region, and dominates the radiation
energy density produced directly by the accretion disk if
R, >3 x 10" cm.

As a consequence, equations (1)—(3) suggest that the main
mechanism for the production of y-rays is SSC, unless I is
uncommonly large or the size of the blob is of the same
order as the size of the broad-line region. In this respect,
note that in the case of a relativistic jet, Ry, should corre-
spond to the cross-sectional radius of the jet.

4.2. Inhomogeneous Jet Model

In order to be more quantitative, we apply specifically the
inhomogeneous jet model of Ghisellini, Maraschi, & Treves
(1985) and Ghisellini & Maraschi (1989), where the emitting
region is made up of a paraboloid ending up in a cone. The
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1 plasma flow is relativistic, possibly accelerating in the para-
bolic part of the jet and the electron density and magnetic
field are simple functions (power laws) of the radial distance.
In this model the overall spectrum is the sum of the local
contributions which have different spectra. Energetically,
the dominant emission region is the outer part of the para-
boloid, which radiates at 1013~10'* Hz by synchrotron and
in y-rays by self-Compton, while the conical region is neces-
sary to account for the radio emission.

Although the model is rather simplified, it contains a
large number of free parameters. We therefore searched for
a solution which appears consistent with the data rather
than for a best-fit to the data. The result is shown in Figure
3 and the corresponding parameters are given in Table 2.
To take into account the effect of possible variability on the
overall spectral energy distribution, due to the non-
simultaneity of the data, we considered the fluxes in the
various energy bands as independent and added in quadra-
ture to each flux intrinsic error a frequency-dependent per-
centage variability estimate (from 5% for the radio up to
90% for the y-rays, based on typical multifrequency long-
term variability of blazars) and consequently determined
the 90% probability range for each fitted parameter
through a x2 routine. This reasonable assumption on the
unpredictable occurrence of flux variability allows to assign
conservative uncertainties to the computed physical quan-
tities (last column of Table 2).

The model reproduces rather well the data from radio to
y-rays. In particular, it fits well to the slopes of the
EXOSAT and the Einstein X-ray data and to the slope of
the EGRET y-ray data, and accounts for the X-ray and
y-ray fluxes within the uncertainties. Note that in the soft
X-ray band the synchrotron and the self-Compton contri-
butions, which have very different spectra, overlap. There-
fore, a relatively small relative flux variation may yield a
significant spectral variation, which may account for the
softer ROSAT spectrum. A similar behavior was found in
the case of the radio bright BL Lac object PKS 0537 —441
(Treves et al. 1993).

In this model, X-rays are coming from SSC scattering of
relativistic electrons off the radio and millimeter photons,
while the GeV y-ray emission is produced by SSC off
optical-UV photons. This allows to predict a spectral slope
for the y-ray spectrum of ~1.3, consistent with the value
determined by Lin et al. (1995; «, = 1.16 + 0.36).

The observed peak at ~3 x 103 Hz corresponds to the
thin synchrotron emission of the intermediate region of the
jet (outer paraboloid). The same region is responsible for
the self-Compton peak in the MeV band.

The bulk Lorentz factor of the plasma in the paraboloid
is constant, I' ~ 1.2 (see Table 2), and the viewing angle is
0 ~ 30° (with an uncertainty of ~20%), implying a Doppler
beaming factor 6 ~ 1.5 and an apparent plasma velocity
lower than the light speed (B,,, ~ 0.5). The small value of
the beaming factor is in agreement with the other indepen-
dent estimates discussed in § 4.1. The presence of only mar-
ginally relativistic conditions and of modest beaming is
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consistent with the observation of the radio and optical jet,
which would not be visible if it were strictly aligned with the
line of sight; with the absence of observed superluminal
motion, and with the modest value of the core dominance
parameter.

5. DISCUSSION AND CONCLUSIONS

PKS 0521 —365 is one of the three relatively nearby
sources detected by EGRET (the other two objects with
z < 0.1 are Mrk 421 and PKS 2005—489; sece Von Mon-
tigny et al. 1995). The proximity of these objects allows their
detection above 100 MeV even if their y-ray luminosity does
not largely dominate their power output, and even if the
entire radiation is not greatly Doppler-boosted. It may be
that the dominance of the y-ray luminosity in other blazars
observed by EGRET so far is the result of a selection effect,
due to the limited EGRET sensitivity which prevents detec-
tion of far-away objects unless they are in “exceptional”
flaring state in y-rays.

The proximity of PKS 0521 —365 allows in principle its
detectability at TeV energies, like Mrk 421 (Punch et al
1992) and Mrk 501 (Quinn et al. 1995), since photon-photon
interactions with the IR background radiation should be
modest (Stecker, de Jager, & Salamon 1992; de Jager,
Stecker, & Salamon 1994). However, in our model, the IC
component at TeV energies falls much below the threshold
sensitivity of present detectors, so that the actual detection
is not expected, unless the object undergoes an extraordi-
narily large y-ray outburst.

We have shown that the origin of the high-energy emis-
sion in PKS 0521 — 365 is likely SSC process, rather than IC
on externally produced radiation. This result is based on the
small value of the beaming factor, resulting in a large intrin-
sic (and internally produced) synchrotron energy density.

The similar output in synchrotron and self-Compton
luminosities thus indicates an approximate equipartition
between the magnetic and synchrotron energy density in
the relativistic jet. This, of course, does not exclude the
possibility that in other sources the dominant cooling
mechanism is IC on external radiation, as proposed by
Sikora et al. (1994).

If SSC is the dominant cooling mechanism in PKS
0521—365, then we can predict a general pattern of
variability at different frequencies (see also Maraschi et al.
1994a, b). Assume in fact that the variation in flux is pro-
duced by a variation in the density of the relativistic elec-
trons N. Then the synchrotron luminosity varies linearly
with N, while the self-Compton flux should be proportional
to N2. If, instead, external radiation is important for the IC
mechanism, then both the synchrotron and the Compton
components are proportional to N, and should thus vary
with similar amplitudes.

We are grateful to H. C. Thomas for providing informa-
tion on ROSAT data in advance of publication, and to
O. C. de Jager for his helpful criticism and suggestions.
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