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Craig L. Sarazin: X-ray emission from clusters of galaxies 11

¢D: the cluster is dominated by a central cD galaxy
example A2199). cD galaxies were defined by
Mathews, Morgan, -and Schmidt (1964) as galaxies with
the nucleus ‘of a very luminous elliptical galaxy embedded
in an extended, amorphous optical halo of low surface
brightness. -They are generally found near the center of
dense clusters and groups of galaxies. They are, as a
class, the most luminous galaxies known if one exciudes
nuclear ‘sources, such as quasars. cD galaxm are dis-
cussed extensively in Sec, IT.T.1, .

" B: binary—the cluster is dominated by a pair of lumi-

- ‘nous galaxies [example: A1656 (Comall.

" L: line—at least three of the brightest gala:ues appear

_ 10 be in a straight line [example: A426 (Perseus)].

.. -C; core~four or more of the ten brightest galaxies
.. form a cluster core, with comparable galaxy separations
.. [example: A2065 (Corona Borealis)].

. F: flat—the brightest galaxies form a flattened distri-
E - bution on the sky [example: A2151 (Hercules)].

. I irregular-~the distribution of brightest galaxies is ir-
regular, with no obvious center or core (example: A400).

~ Rood and Sastry (1971) give classifications for low-
- redshift Abell clusters on this system. They show that
" these classifications form a bifurcated sequence, which
can be represented by a “tuning-fork” diagram [Fig. 3(a)].
. This sequence is correlated with the sequence of regular
¥ to irregular clusters in the sense that clusters on the left
E - of the diagram (cD and B) are regular and those to the
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FIG. 3. (a) The Rood-Sastry {(1971) cluster classification
scheme. (b) The revised Rood-Sastry classes from Struble and
Rood (1982).
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right (F and I) are irregular. Rich clusters are more or
less equally distributed among the three arms of the dia-
gram.

Recently, Struble and Rood (1982,1984) have proposed
a revised version of the RS classification system. The
definitions have been revised slightly, and a number of
subclasses of the main RS classes have been proposed.
More significantly, Struble and Rood have rearranged the
“tuning fork” diagram into a “split linear” diagram {Fig.
3(b)], based on systematic trends in the galaxy distribution
and content of clusters, This new scheme was devised in
part from a comparison to numerical N-body simulations
of the collapse of clusters (White, 1976c; Carnevali et al.,
1981; Farouki et al., 1983; also see Fig. 4 below). Struble
and Rood propose that this sequence represents an evolu-
tionary sequence of clusters from irregular I to ¢D clus-
ters. . -
Morgan (1961) and Oemler (1974) have constructed
classification systems based on the galactic content of
clusters [that is, the fraction of cluster galaxies which are
spirals (Sp’s), disk galaxies without spiral structure (SO’s),

“or elliptical (E’s)]. Morgan (1961) classified clusters as

type i if they contained large numbers of spirals and as
type ii if they contained few spirals. Oemler (1974) has
refined this system, defining three classes of clusters:
spirgl-rich clusters, in which spirals (Sp) are the most
common galam&, sp%z?al-pooriclusters, in which spirals
are less common and SO's are the most common galaxies;
and cD clusters, which are dominated by a central ¢D
galaxy and in which the great majority of galaxies are el-
lipticals or S0’s.

These systems of classification are empirically found to
be highly correlated, and can roughly be mapped into a
one-dimensional sequence running from regular clusters
to irregular clusters (Abell, 1965,1975). As shown in
Table II, regular clusters are highly symmetric in shape
and have a core with a high concentration of galaxies to-
ward the center. Subclustering is weak or absent in regu-
lar clusters. In contrast, irregular clusters have little
symmetry or central concentration and often show signi-
ficant subclustering. This suggests that the regular clus-
ters” are, in some sense, dynamically relaxed systems,
while the irregular clusters are dynamically less evolved
and have preserved roughly their distribution of forma-
tion. ~ Additional -evidence that regular clusters “are
dynamically relaxed is provided in Secs. IL. F, ILG, and
ILJ.1, and the nature of the dynamical processes that
might produce this relaxation is discussed in Sec. ILL

Regular clusters 'tend to be compact (Zwicky type),
Bautz-Morgan type I to II, Rood-Sastry types cD or B,
Morgan fype ii, Oemler spiral-poor or ¢ clusters. These
last four correlations indicate a connection between the
dynamyical state and galactic content of clusters.” There is
no one-to-one correlation between the morphology of a
cluster and its richness; regular clusters are always rich,
while irregular clusters may be either rich or sparse.
However, regular clusters tend to have higher central
galaxy densities than irregular clusters, because they are
at least as rich and more compact.




hat L; increases with cluster richness, which is
aily observed (Sandage, 1976). However, Schechter
d'Peebles (1976) have argued that the near constancy of
£4ilts ‘from 2 sélection effect (that-is, the observed
araple is bissed), and that the ‘statistical hypothesis may
- ali ; . ‘ . N ' ‘ :
rnatively, the brightest cluster galaxies may be af-
‘special physical processes, such as the tidal in-
r mergers of galaxies (Peach, 1969; Qstriker
he, 1975; Richstone, 1975; Hausman and Os-
j."Byidence that this may indeed be the case is

and Tiem
riker, 1978
wiminosity functions of many clusters are
el represented by the Schechter or Abell
versdl value of M * significant departures
& muiinber of clusters (Oemler, 1974; Mottmann
A 977; Dresslet, 1978b). These departures in-
ie yariations in.the value 6f M, variations in the slope.
& the faint end, of thé luminosity function [ in
Schechter's, fofm, Eq. (2.3)], and variations in the steep-
1iess™ of, the “bright end of the luminosity function
‘(Dréssler, 1978b). These variations are, in many cases,
‘correlated with cluster morphology (Sec. IL.E). The varia-
jofis in' M and & probably reflect variations in the con-
itions, in the cluster at its formation, while the variations
{"the bright” enid slope miay result from evolutionary

changes, such ‘as the tidal interaction or merging of mas-~

——

‘sive ‘galaxies (Richstone, 1575; Hausman and Ostriker,
1978).” In particular, the clusters with the stespest Tumi-
" nosity functions at the bright end often contain ¢D galax-
. tes (Dressler, 1978b); this may indicate that the brighter
- galaxies were either eliminated by mergers to form the cD
or diminished in brightness through tidal stripping (Sec.
ol
" Turner and Gott (1976a) have shown that the luminosi-
* ty functjon of galaxies in small groups is well represented
‘by Eg. (2.3). In fact, Baheall (1979a) has suggested that
the luminosity function of all galaxian systems—from
‘ single galaxies (in or out of clusters) to the groups and
clusters themselves—can be fit in a single function similar
to the Schechter form [Eq. (2.3)].

u
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“Craig L..Sarazin: X-ray emission from cE.us‘ter’s.

___single pronounced concentration of galaxies,

TABLE II. Propetties of morphological classes of clusters.

of g'élaxigs{ R

E. ,Morphological classification of clusters

A mumber of different cluster properties have been used
to construct morphological classification systems for clus-
ters. Somewhat surprisingly, these different systems are

waRdzsFrappeats“thatzclusiers. can. be

ST R .
y idely-asia: One-dimensio uence,
Ghaitrict O L egil far st rregular-Fcinsters 2 {Abell,
1965,1575). There is considerable evidence that the Fegit=™”
arE e e TR A AR STe Vol Ve Hanierelaxed
thanithefirregularsclustefs: The various morphological
classification schemes are described below, and the way in
which they fit into the one-dimensional sequence s sum-
marized in Table II, which is adapted from Abell (1975)
and Bahcall (19772). N L '

Zwicky et al. (1961—1968) classified clusters asicoms.. -
TR PR oA A compact cluster hasd *.
with more
than ten galaxies appearing in contact as seen on the
plate. A medium compact cluster has either a single con-
centration with ten galaxies separated by roughly their
own diameters, or several concentrations. An open cluster
Jacks any pronounced concentration of galaxies.

Bautz and Morgan (1970) give a classification system
based on the degree to which the cluster is dominated by
its brightest galaxies. Bautz-Morgan type-Frlusters are.
SoTniHared Sby iaisingle, central cD palary: cD galaxies
have the most luminous and extensive optical emission
found in galaxies (see Sec. ILI.1). In #ype IT clusters, the
brightest galaxies are intermediate between ¢D and nor-
mal giant ellipticals, while in fype III, there are no dom-~
inating cluster galaxies. Type I-II and fype IT-IIT are in-
termediates. Leir and van den Bergh (1977) have classi-
fied 1889 rich Abell clusters on the Bautz-Morgan sys-
tem,.and some of the newer southern catalogs (e.g., White
and Quintana, 1985) give Bautz-Morgan types for their
clusters. :

The original Rood-Sastry (1971) classification system is
based on the nature and distribution of the ten brightest
cluster . galaxies. Basically, the six Rood-Sastry (RS)
classes are defined as follows: '

=53

{} Property Regular Tntermediate Trregular
v . Zwicky type compact medium-compact open
e Bautz-Morgan type 11,11 LI -1, 1
J Rood-Sastry type ¢D,B,L,C LCF FI
Jd Galactic Content elliptical rich spiral poor ,_~spiral rich
G E:80:5p 342 1:4:2 1:2:3.
- Morgan type i i-i i
l Oemler type . ¢D, spiral poor spiral poor spiral rich
’ Symmetry spherical intermediate . irregular
. Central concentration high moderate o TET e Jow,
" Subclustering absent moderate significant
J Richness rich rich-moderate tich-poor
n*= 107 n*>10! n*>10°
j Rev. Mod, Phys., Vol, 58, No. 1, January 1886
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Chapter 1

OPTICAL ANALYSIS OF CLUSTER MERGERS

Marisa Girardi
Dipartimento di Astronomia
Universitd degli Studi di Triesle
girardi@ts. astro.it

Andrea Biviano

Osservatorio Asironomico di Trieste
INAF

biviano@ts.astro.it

Abstract  An incressing amount of data has revealed that many clusters are very
complex systems. Optical analyses show that several ciusters contain
subsystems of galaxies, suggesting that they are still in the phase of
dynamical relexation. Indeed, there is & growing evidence that these
subsystems arise as the consequence of group/cluster mergers. We here
review the state of art of optical search and charecterization of cluster
substructures. We describe the effects cluster mergers have on optical
megsures of cluster dynamics, and on the properties of cluster member
galaxies. We also discuss cluster mergers in relation to the large scale
structure of the universe.

Keywords: Clusters: general, galaxies; evolution, cosmology, interactions

1, INTRODUCTION

Until the 80’ clusters have been modeled as virialized spherically
symmetric systems (e.g., Kent & Gunn 1982). Rather, clusters often
contain subsystems of galaxies, usually called substructures or subclus-
ters. Indeed, in the hierarchical scenario of large scale formation it is
quite natural to expect that clusters form from the merger of small sub-
clumps (e.g., Colberg et al. 1999}. In this context, the presence of
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Fig. 10. System mass vs. projection angle for bound and unbound so-
lutions (thick solid and thick dashed curves, respectively) of the two-
bedy madel applied to the E and SN+SW subsystems. Labels Bl, and
Bl indicate the bound and incoming, ie., coliapsing solutions (thick
solid curve). Label BO indicates the bound outgoing, i.e., expanding
solutions (thick solid curve). Label UQ indicates the unbound outgoing
solutions (thick dashed curve), The horizontal Hnes give therange of ob-
servational values of the mass system with a 50% error. The thin dashed
curve separates bound and unbound regions accerding to the Newtonian
criterion {above and below the thin dashed curve, respectively).

of the shock M ~ 2.8 as inferred by B09 from the radio spectral
index of A2345-2. The Mach numberis defined to be M = uy/c,,
where v, is the velocity of the shock and ¢ is the sound speed in
the pre-shock gas (see e.g., Sarazin 2002 for a review). The value
of ¢,, obtained from our estimate of oyg ~ 900 km 5!, leads to a
value of b, ~ 2.5x10° km s™!, Assuming the shock velocity to be
a constant, the shock covered a ~0.9 h;d Mpc scale (i.e., the dis-
tance of the relic from the cluster center) in a time of ~0.35 Gyr.
We assume this time as our estimate of ¢, Although the velocity
of the shock is not constant, studies based on nuimerical simu-
lations show how the variation in »; is much smaller than the
variation in the relative velocity of the subclumps identified with
their dark matter components (see Fig. 4 of Springel & Farrar
2007, and Fig. 14 of Mastropietro & Burkert 2008), thus our
rough estimate of ¢ is acceptable as a first order approximation.
The bimodal model solution gives the total system mass
Msys, 1.€. the sum of the masses of the E+SW+NW Zroups,
as a function of @, where & is the projection angle between
the plane of the sky and the line connecting the centers of the
two clumps (e.g., Gregory & Thompson 1984), Figure 10 com-
pares the bimodal-model solutions with the observed mass of
the system considering a 50% uncertainty band. The present
solutions span the bound outgoing solutions (i.e., expanding),
BO; the bound incoming solutions (ie., collapsing), BI; and
Bly; and the unbound outgoing solutions, UQ. For the incom-
ing case, there are two solutions because of the ambiguity in
the projection angle a. The BO solution is the only one to be
consistent with the observed mass range leading to a @ ~ 40—
50 degrees. The BO solution means that the E group is mov-
ing towards East going in the opposite direction with respect
to the observer, while the SW+NW complex is moving to-
ward West toward the observer. The angle estimate means that

Page 10 of 12

17

!ll]lll'llll

—
N
ES
il!li!lllll

13 @

0 20 40 60
o{degrees)

o
o

Fig. 1L The same that in Fig, 10 bt for the NW and SW subsystems.
Thick and thin lines give the results for VirLos ~ 100 and 50 km 5!,
respectively.

the true spatial distance between the two subclumps is ~1.3-
1.5 h;u’ Mpc and that the real, i.e, deprojected, velocity differ-
ence is Vi ~ 10001250 km s~!. We note that the present rej-
ative velocity between galaxy clumps is smaller than the shock
velocity, i.e., the regime is not stationary, but this is expected
when comparing shock and collisionless components in numer-
cal simulations (Springel & Farrar 2007; Mastropietro & Burkert
2008). The deprojected velocity difference of the two clumps at
the cross core time is Vir ~ 2000-2800 km s, i.e. comparable
to that of the shock as expected.

As for the second collision, the values of relevant param-
sters for the two-clump system (the SW and the NW groups)
are Vir ~ 0 km 57! (since we do not see any significant ve-
locity difference), D ~ 0.3 hz) Mpc and Mo ~ 1.1 +05 ~
1.6 x10Y h3} Mo. In our scenario this merger is more recent
than the above one and thus we assume 2 time ¢ ~ 0.2 Gyr.

Figure 11 shows the results for Vir = 50 km s~ and V; =
100 km s7*, The BO solution is well acceptable with ¢ ~ 2-20°,
This means that the SW grouap is moving toward South and the
NW group towards North and, as someway expected from the
observations, the NW and SW groups define a direction almost
paraliel to the plane of the sky. The true spatial distance is simi-
lar to the projected one, The real velocity difference has a huge
uncertainty due to its dependence from the very uncertain o
value. Notice that this merger should be considered of minor
importance with respect to the main one described above, thus
here the bimodal model is likely a worse representation of the
reality than the above case.

In conclusion, we recover from our toy model quantitative
results consistent with the global scenario. Thus, our analysis of
the internal cluster dynamics well supports the “outgoing merger
shocks” model proposed by B09. We also present an explanation
for the relics asymmetry and the peculiarity of A2345-1. Our
explanation is based on the internal structure of A2345, rather
than on a possible merger with an external, close group {e.g. the
group “X1” detected by B09), Before applying more reliable ap-
proaches to the study of A2345 internal dynamics, an improve-
ment of the present observational picture would be very useful,
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ergies of ~ 3 x 10% ergs; such shocks are the major heating source for
the X-ray emitting intracluster medium. The shock velocities in merger
shocks are similar to those in supernova remnants in our Galaxy, and we
expect them to produce similar effects. Mergers shocks should heat and
compress the X-ray emitting intracluster gas, and increase its entropy.
We also expect that particle acceleration by these shocks will produce
relativistic electrons and ions, and these can produce synchrotron radio,
inverse Compton (IC) extreme ultraviolet (EUV) and hard X-ray, and
ganuna-ray emission.

In this chapter, I will review some of the basic physics of cluster
mergers. As later chapters discuss the optical, X-ray, and radio observa-
tions of mergers, 1 will concentrate of theoretical issues. Also, because
Jater chapters discuss simulations of cluster mergers and of large scale
structure, I will mainly discuss analytical or semi-analytical aspects of
cluster mergers. In § 1.1, semi-analytic estimates of merger rates based
on Press-Schechter theory are reviewed. Some simple estimates of the
kinematics of binary cluster mergers are given in § 1.2. The thermal
effects of merger shocks are discussed in § 2, with an emphasis on de-
termining the physical conditions in mergers from X-ray observations of
temperatures and densities. Many clusters and groups contain cooling
flow cores. During a merger, these cool cores will interact hydrodynam-
ically with the hotter, more diffuse intracluster gas (§ 3). This can lead
to the disruption of the cooling flow core, as discussed in § 3.1. Recently,
the Chandra X-ray Observatory has detected a number of “cold fronts”
in merging clusters, which apparently are cool cores moving through hot,
shack heated, diffuse cluster gas (§ 3.2). Relativistic particles may be
accelerated or reaccelerated in merger shocks or turbulence generated by
mergers. The nonthermal effects of mergers are discussed in § 4. The re-
sulting radio, extreme uliraviolet, hard X-ray, and gamma-ray emission
is described.

1. BASIC MERGER RATES AND
KINEMATICS -~

1.1. ESTIMATES OF MERGER RATES

The rates of cluster mergers as a function of the cluster masses and
redshift can be estimated using a simple formalism originally proposed
by Press & Schechter {1974, hereafter PS), and developed in more detail
by Bond et al. (1991) and Lacey & Cole (1993), among others. Com-
parisons to observations of clusters and to numerical simulations show
that PS provides a good representation of the statistical properties of
clusters, if the PS parameters are carefully selected (e:g., Lacey & Cole

-~

LYYD, DIYAL 04 INULLMELL LTI, L AU LUK LLUSIEI LA GO AL Maluby s wms s omms
clusters grow by the gravitational instability of initially small amplitude
gaussian density Auctuations generated by some process in the early
Universe. The fluctuation spectrum is assumed to have larger amph-
tudes on smaller scales. Thus, galaxies and clusters form hierarchically,
with lower mass objects (galaxies and groups of galaxies) forming before
larger clusters. These smaller objects then merge to form clusters.

In the extended PS formalism, the density fluctuations in the Uni-
verse are sinoothed on a variety of mass scales. Reglons are assumed
to collapse when their density exceeds a critical value, which is usually
taken to be the density for the collapse for an isolated, spherical mass
concentration of the same mass. If one smooths the density fuctuations
in some region on a variety of mass scales, the average density may ex-
ceed the critical density for collapse on a variety of different mass scales.
The assumption of the extended PS formalism is that material is asso-
ciated with the largest mass scale for which collapse has occurred, and
that smaller mass scales have merged into the larger object. With these
assumptions, the PS formalism allows one to estimate the abundance
of clusters as a function of their mass, and the rates at which clusters
nerge.

Let n{M,z)dM be the comoving number density of clusters with
masses in the range M to M + dM in the Universe at a redshift of
z. According to PS, the differential number density is given by

2 P Se(z) ld Ino(M) x| §2(2)
M2 o(M) | din M | TP 202(M)

dM, (1)

n(M,z)dM =

where 7 is the current mean density of the Universe, o{M) is the current
rins density Auctuation within a sphere of mean mass M, and 8.(2) Is
the critical linear overdensity for a region to collapse at a redshift z.

In Cold Dark Matter models, the initial spectrum of fluctuations can
be calculated for various cosmologies (Bardeen et al. 1986). Over the
range of scales covered by clusters, 1t is generally sufficient to consider
a power-law spectrum of density perturbations, which is consistent with
these CDM models:

o(M) = o5 @,@é “ | )

where og is the present day rms density fluctuation on a scale of 8 ™!
Mpe, Mg = (47/3)(8 7! Mpc)3p is the mass contained in a sphere of ra-
dius 8 h~! Mpc, and the scaling with the Hubble constant is h = Hgy/100.
When the scaling with the Hubble constant is not given explicitly, we
assume Hy == 50 km s™! Mpc™?, i.e. h = 0.5. The exponent a is given
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Figure 1.1, An example of a PS merger tree for a cluster of galaxies with a final
wass of Mg = 10'°h™" Mg (Randall et al. 2001). The mass is shown as a function of
the age of the Universe ¢; the preseut age is tg. This model was for an open Universe
with £, = 0.3 and 14 = 0.

1 1 I

1.2.1 Turn-Around Distances. Assume that the fwo sub-
clusters of mass M and M, merge at some time !merge (the age of the
Universe at the time of the merger). It is assumed that the two sub-
clusters have fallen together from a large distance dy with (possibly)
nonzero angular momentum. (The exact value of dy does not affect the
collision velocity very strongly as long as it is large and the infall veloc-
ity approaches free-fall from infinity.)_For the purpose of computing the
initial relative velocity, we approximate the two clusters as point masses.
We assume that the two subclusters were initially expanding away from
one another in the Hubble flow, and that their radial velocity was zero at
their greatest separation dy. If we assume that the two subclusters dom-
inate the mass in the region of the Universe they occupy, we can treat
their initial expansion and recollapse as the orbit of two point masses,
and Kepler's Third Law gives the greatest separation as

2/3

| Emer
dy = (20 (M + by)]/* 2tme

X

z

Figure 1.2, A schematic diagram of the kinematics for a merger between two sub-
clusters of masses Afy and A» and radii Ry and Rs. The separation of the cluster
centers is d, and the impact parameter is b, and the initiai relative velocity is v.

My + My 1a tmerge 2/3
1013 Mg 1010 yr

2 4.5 Mpc. (10)

1.2.2 Merger Velocities. At the separation dy, the clusters
are assumed to have zero relative radial velocity; hence their orbital
angular momentiun and energy are

Joro = mugdp
1 5 GAM| Ay

Eop = wﬂ.:e_m - 2 \ {11)
where their H.ma,,wnm& mass is
w M1 Mo
i = —— e 12
MM 12

and vy is their r,zaw:mwﬁ?m transverse velocity. At the separation d,
the relative velocity v is perpendicular to the direction of b, so we can
write

Jorb = mub
. M, M.
By = .Waﬁcm - £ : (13)



&Q

. 4 o&amv Aoéeav Amo.ov e6
L @ N\TA 0 ) NS\ Y

, 0p
2 anatl (CTEAT

0n

&

¢
st £1100[9A ssIaasueI} [RiYtUl Burpuodsaiios oy,

N..Sﬂ..TG.&.

WY = Vo
po

(02) oy ) S
; prot4 o1 peddoip aq UBD ULIS}
| sty ‘snyy, wiey Adreus renusiod By} Jo YI & Y7 APyewrxoidde aq
o.p umoys aq wed (g1) uorenbs jo 10jeufIoUsp A1} Ul 7/ m:lﬁhmu \,ﬂm,ﬁmﬁm
omeury aql, g ~ (4 UA)S YRl 08 STE & 40(8/9) S (U ) S
S081= g \mﬁ — ¢ \mmvv u9om)9q SoLIBA 1] "SIDISN[OQNS OM) JY} JO SsewW
w3re] 01 1B[fRWSs 33 Jo (/7)) onrel oy wo spusdsp Luo 3 Ing

4 1
g/s G+ UN) . AR
4 1
2/e (erem + oyam) [0+ )

SE US11TIM D¢ URD UOIIDIII0D STY,J, 'Si9ISn{oqns o3 jo LFisue pus
: ¢
RIUSWOW 1RINJUR [BUIBIUL Y] 10} §3091100 (py ‘Ipy )} f worpouny ayy ‘s19f]

v

= (o0 ) f

(61) °

002 _ @lﬂ
(Epy Cuy) S m\;m ! KAl U_ ry HIOp
(81) (e ‘U DY

2q 03 puncy 81 I1a31em
91 JO wnjuawowr Ie[nBue [BQI0 sfeisar 9] ‘suciIe[aI 8sely Juisny
"$91819U3 810} 9Y1 JO
%1 S ¥z ~ uonoey e A[uo are Loy se paroudi oq uro se1fIeuL OIjAULY
[euolyelor 2y, 9% AF1sus [e31qI0 53 snjd SI9ISN[OQNS [BIIUI Y] JO
$91319US 1] JO WINS 9y ST 19ISN[0 pafiaur a1y Jo £31auUs TeUY ST, “.Emm
[epul 1e00] swes o1 Afejeurixordde Aq peonpoid [fe exe Aoy soms ‘ (U0}
-0211p 2wies 9Y3 Suoye o1 49y} JBY3 9°1) POIE[RIIO0 IR BIUSWIOW Ie[ndue
913 TRy} Swnss® apy ~HOp wnjuawIoun re[nadue 1eIqI0 97 SIALF 20ULISJIP
3] Sunfe) pue &y + lpy SSRUI [BUY 97 PUR Zjy PUR lpy Sessew [e1)Iul
atp} 09 (1) uoryenba SutA[ddy %O wmuwswow remue fe3rqro a1 snyd
SIOISN[OGNS OM) S1[] JO BIUSWIOW Je[NTur Y1 JO WINS 94} ST WNJUSWIOW TB]
-nFue {2107 [BUY §1] "ISISN[D PASISWI [RUY Y3 9 0} O[RY Y] oXe) s1 Jor]
T[eM S o/ JA 30 [ ST B[EDS BIUSWIOW Ie[nIue o1} Jey]
sorpdwt yorym ‘oo Jy 2 |57 B sseur I1eUy Y oeds sIagsnp jo so18rous
ay3 reys A[duwr $19ISND I0] SUOIR[I [RIMA [RWLIOU S, "GO') =~ Y YHm

(1) L ol
AR z/e ATDY
Aq uen1? ore sorxeres
JO s19980[2 JO Bluswow remue (ej0) oSeiose 877 1BYJ SWINSSE [[IM oM
‘SNYT, "G0°0 & Y Jo onfea ® 10§ (91) uoryenbs ur symser sy 34 9915w
BUSWIOWI JR[NFUR SY3 ‘SnjuIe)Isoun oty UdALS ‘I9ABMOH -en[eA TenjoR
o1} 03 uonpipaxd A10ey3-1esul] 9y jo oljer o} ur uotstedsip (940g ~)
a51e] © UM ‘earry Jo 10308} ® ATy8no1 £q serxered Jo wmjusuromt Iem3ue
[euY o243 $301paxdiaao £1081) aweu TEUL (PRET) SIYM glm quatzaaide
ul ‘puy AeyJ, 'sI9ISnId 07 1040 A1ren PINOYS $3[Ns$a1 11213 peipnys £aip)
a3ues ssew a1y} jo pus roddn 93 Y€ 08 ‘uoryewtioj rejs 10 Jurjood apnyout
J0U PIP SUOIBINWIIS 99T ], ‘SUOIIR[NO[ED OIPAT] /Apog- N Te0180j0ms00 Ul
PaULIOY sarxered jo ejusuIowt rejndue [e130' 01 suonjotpaad Licayg-resur|
jo uosiredwos peprejsp e peunioyred aaey (000Z) '[B 3o urwiedng ‘Kyqusn
-9y "O['Y 8y} jo ssewr oYy Jo Juapusdepur ‘quwisuon A1eyewrxordder aq o9
P3100dxs 81 v jo enjea sfrvieAn 8Y3 ‘410941 IBRUI] U] "SSBW SII ST J pue
‘43101 12907 831 81 77 ‘O[BY 9} JO WINJUBHOU reinsue (2109 9y st p AT Ay

/e ND

(91) e

=X

(6961 so[qead)
58 pauysp st v 1eewrered uids oy, ‘(100g) wizereg % ISHOTY Ul udaAld
st Juewngre STU3 'SO[RY IojyemI-yIep jo uids SSI{UOISUSWIP 24} 0] Jjnsax
£100)-180UT] By UO poseq senyea siqissod jo ofue1 ayj jo syewnse uwe
aald 1 ‘snyJ, ‘Telregem Burpunoims woi senbiog [ep1y £q paurunisiop aq
([} Wnjuawow 1e[ndue oy, **uy siynoda 10910ux IBJINIIS DUR S$5SSBIN
TE[IUWIS M sieysnjoqns jo sxeBiswr 10y sjqissod are sanfes jo sfuer ®
‘redoutad up -0a Lyoo7ea [enyussue) [erjIur oy3 10 PO wnjueUIOw ey
-n3ue [e3qic syj A[juereambs 10 ‘q 19jewered joedun oy} st e8I
o1 0} mwjourered oneuraury Sururewrsz a7, *SOIJID0[9A  9ISIOA
-SURB], pue ‘sisjewrereg joedwy ‘ejusuroly Temiuy £ T

®)
m i odp 1 O o101
1) ._sw AN hlflv A v ~a
e H ! % -1 z/1- P z/1 Y+ Uy 0t62
/1
I0

o o
@: . AIJ IH A%fmv (B + W) og =~ 0
I— L&

Puy pu® Oa sjeurmife am ‘AS1ous pue wnjuewow repniue Juraissuoy)



-uo ayedissip sy20YS [eOIwRUApPOIpAY 9sor) ‘s1o81eur 1o0lew Uy ‘wWNIpsW
I9)SN[ORIJUI ) OJUI UIALIP dIe Syooys ‘sreBrewr Juum( -sBie wmoHN
se yonw se jo serfreus Surpulq [euorjeyiaeid Suises(a1 ‘s/ury 00z~ JO
SOIYID0[A J' JPI[[0? SIPISN[IQNS 3} ‘SIAFIUT 9o} U] "PO[qUISSSE IR §19}
-SN0 YOIYM Aq WSTURYOSW dY) 918 S19FIswl 19)sn[) ‘Suey 31g oY) 9ouIs
9SIDATU[() 9} UT SJUIAD JT}FIOUD JSOUI B} 9IB SIAFISW I8)SN[d I0[BIN

uoI})INPOIIU]

‘PaqiIdsap are s1afiamn m,.m,onm Ul pajeIa[ende sadired [ewIajuon
uroyj uoisstura Aer-emwmed pue ‘Aei-y pIey ‘19[0IABI}N QWAIJXe ‘OIpel

a7) 10] S[APOW pUE SUOIIRAIISq() .no&/ﬁ:ﬁ, bgd?uqﬁdg aq 03 pajoedxa
are (A3IN 081 ~ °wl = g setdreuwa) (Q¢ L s1099®] ZIUAIOT TIIM
SUOIJI3[F ‘Suol vnc SU0I03[3 JIYSIAIR[al mo suoi non a8xe L1oa ure)

-2 p[noYs serxe[ed jo sI91SN[O ‘SY20Ys Ul nosﬁw 98 a[o1yred jo jjnsax
® SY "PossSNOsIp ale sIafrew Sunimp sed asuap ssa] ‘19330277 [IIM SII0D
85217 JO SUOIJDBIIUI [BIIUIBUAPOIPAY 3Y) ‘S9100 mop Suijood
-snpo Auejy -19819w oY) Jo sonewWLUDR pue A139urosd syj aul
pasn aq ued SY20YS JO SUOITBAIaSqO ABI-Y -sa[drired J1ISIATIE[al [
-I0U 2)RIB[RI0R OS[e PINOYS pue sed ay) =AY SHOO0YS 9S8y pur ‘wnips
I9)SN[DRBIUT A} OJUI SYIOUS SALIP SIaBIS[y 'maald st s1aSiowr Areurq jo
sorewAULY AYY Jo jusurjear) ojduIls © pue ‘pamarasl are sajel Ivfiaw jo
S9)BWIIS? JNJA[RUR-TIIAG "SUOIJR[NUIIS [BOLISWINU ULy} IaYjel sjuawndie
ondreue opdurts uo siseydure ue Y)IM ‘PISSNOSIP 9q [[im S1e81ewr Jo SA1)
-1adoid TeorsAyd oiseq ay) jo swog ‘Jueg 3ig YY) SIUIS ISISAIU[) 9] UI
syuaAe o198 10us Jsour oYy are s1afaur 1asn(o 1oleyy sdnoid pue s1a)sn(O
Iagjrews jo 81w reuoneyiaeid ayg Aq wroy Arereus? samxeed Jo s1gsn)  jovIISqQVY

npaeluidiaguizeses

VSN ‘§I80-60685 VA "211059330140Y)
8188 Tog 0 'd

muburg fo Ainstaniug)

fwouolysy fo quawipioda(g

uizereg 7 8rei)

SHHOYHHIN HHLSNTDO 40 SOISAHd HH.L
[ 9den)

fad —s



G ey

—eupiuey PIRpUe)s o) Aq PAUTIS}op 218 NOOYS I0SI8Ul B S50108 WnIpaw:-
T9ISUIRIJUL B UL SO[QELIBA [BOIWRUAPOIPAY 8Yj Ul UOIRIIBA OGJ, & r~g ¥
o

SOLLVINANIY JDOHS  'T'C. -8

¥

583 1015NDRIIUI BY) JO Suryesy JY) 03 A[JUBOYIUTS
9INQLIIUOD SHIOYS 198191 J¥Y} UOIBRUIIGUOD 109ITP € 8P1A0Id SUOIIRAISSO
sseyy ‘sny ], "sed payooys ayj W JueIuod yesy oyweds Jussead sy} jnoge
10 I4(z/¢) = §V.L ¢ b s1 Ado1yus ut aSueyn sy sonpoid oy peyedisstp
aq 9snur Yarym b sporgred 1od ety oyweds oy, ¥(g/g) = sy A[ydnox v
st suoia1 paxpoys ayy ur Adorjus ogeds ur esesrul oy ‘y-snudAD) uy
('91002 T2 99 WUIPIA ‘299€ 1[°qY JO uolye3aidIaful 9} HO JGNOP J8ED Y- <G ]
ARl SOFRUIl BRIPURYY) JU8d9Y) "syooys 1281ow Juoi)s moys o} pareadde . o ;H
[OIM SIISN[D OmY ‘/99¢ [[2qY pue y-snudL) jo sefew IVSOY pue ¢
sdew sanjeredwes yOEY 01 1821 stys parrdde (666T) ‘T8 19 UONAKIR]Y ey

{z'¢ § ‘SallIMUITUODSIP 10BRFUOD Ji
19130 10 (SIUCI P[Od,, jou 33} SHO0US A[[Eal 2Ie SAIJMUIFUOISIP 1oyl ™t {7
9910 03 pasn aq ued (Adorjus oy Aprernonted) seniyuenb 9say) JO [[B |, ~ 30
ur eseerowr Surpuodsa1ind a1y ‘sesearour Adorjus pire ‘seswarour oanssaxd ! Nm .
‘Suryeey ‘norsseadurod sanpoid ppnoys syooys 1efew aoulg sefewrt Aer-y iR
Y} Ut 99s $YOOYS 1981aw Juaredde ragye 1sn( pue a10jeq jsnl sed ey ur T

fdoxjue oyroads oYy SUIULISIAP 03 SUCHLAISSGO ABI-Y BST UED OUO ‘SUT, .
- |3

;0 uo spuadsp sseujySiiqg s0elans ArI-Y ayj o[iym ‘I, JUILLISIP 0F PasT @ ]
3q weo B1j0ads fei-y Jo suorpearesq() -arnjeroduia) seS oY) s T aIeym -\qemM

=

L

RN AR

¢ &v,ﬁ m J— ! .u

(v2) m R e g
¢ 4 R
.Awwvg@m = oy e

81 sed Q
2ap! ue jo Adorjuz oyroeds ay) ‘SjueISU0D SATYIPPR UM OF, 'se[oijred
‘0 I9qUUNU [RI0% 9YI 5T A7 19YM ‘NT/S = 5 ‘sed ey ur eporyred tod Adoxyus i
groads ayy st 1epIsuod 03 Ljjuendb [nyesn v ose8 oy w ¢ Adoxjue ey
¥SBRIOUT SN} pue ‘SI84SN[O UI SBF 99 03 SoFUBRYD 9[(ISISABLII BT SHDOYG )

(g §) s1018N[OQNS BAISSRUI SI0W Y UL JBY) URYY .
[9SUAP ST I9ISNIIYNS Ia[[RwUs 811 Ul SeF o110e[eB18)ul oY) JI ¥ram aq osfe w%..
(B 199ST{DQNS BAISSRI SSA BY) U SHOOYS BY) ‘9S€D I93}B[ 9Y) UI ‘ISASMOT] v
SIDISTI[D SAISSEUI I0W JI4 BUIFISWU SIDISTI[IQNS SSRUT MO Ut I0 ‘8187500
0 s513ed 199010 9] U S© YINS ‘$EIURISIUTIID SUIOS IOPUN INODO KBTI SHIOYS w »

wSuonyg g ¥ py JO sIBOqUINU YYRIA YIM SYI0YS $309dX9 9UO ‘(2wAnjoA AFAO L

Y3 IBTPUIYDG (100G UIZRIeS 7§ ION 16661 12 10 2811100y ‘g66T oIl |
B Ie[pumog) suonernuts wfraur {q pewlIguod pur 9A0qR usAld juswng
Te opduts a1y uo peseq -%o/fa = Ly SI DOYS BY) JO ISQUINU YOBY oI
Sie B

e i

11 L . S0 susbuapy 4aasnyn fo snsfiyg syT,

L2

‘UAY Y, “A318USD a3 1 ¢ pue amsserd sed o3 8t  2aaym ‘d/g(g/g) N = 5o
st sed yooysexd oy ut pseds punos sy], ‘sed 19ysnpoeIqul yooysad ey

03 SAIIR[3L aAM HOOUS ® YINS JO £300[0A 23 8q *n 387 ‘SI0ISTOQNS OM] -

91} JO Sed IoISNIBIUI 9Yj OJUl SeARM YOOUS BALIP [[Im SI19FIoW 193810
T8y} s30adxe suo ‘)nser ® 5y ‘0s A[pEiepow LU0 Ing ‘omosiadng aq
03 pajoedxe are sradrour 193SN[O UF SUOLROWT B ‘SNIT, ‘Terjuatod euor
-e1avid oy} uweyy (om) jo 1030%f ® A[ySnoz £q) xe8xep st A10070A TrRIUT
a1} Jo arenbs ayy yey) serduwir yoigm ‘A310070a adeoss 917 03 a[qeteduwos
ore (GT uorenbs) s1ejsndANS A3 JO $81ID0[RA J[EIUI AU “1eFiewd ® Fur
-m renusjod peuotye)iaviS ey} of sjqeredwiod §1 WOI A jo (peads
punos) £3100eA [eULIOY) 1} JO srenbs a1y 1B1} sordul uey) weI0a1)
[erua oY, ‘syediewr Suons Surofiepun jou are YoM SI9IST[D U TR
-nba oiyeysoIpAy 03 esopo Aqrersuad st () WIMIpawW I99STIRIIUT 9K T,

SMOOHS
HHEOHHIN 0 SOISAHd TVINUIHL 'C

"(swnjoa suyy ‘eroty) 29 preiay “§-9) SJUBWR[Y INIONIS aeos adre Suole
IN220 SI19FISUT JSOUI J1 SaTl[BA IamOf O3 peselq oq Aew sizewuered joed
~Wt Jo uolnqrIIsip ayj ‘puey I9YJ0 YY) U "SII)SN[IQNS OM] UBY] II0W
Suraoaur sre81sw ur 1000 AW s1vjsurered poeduwut 1881 (8T I8 10
UOIIAYTRIN) 18519t ® Yons jo ojdurexs ue SI GEEE [[PQV 1 AToNI[ St 91
‘dew ernyersdwey pue sfewr LeI-Y 91} U0 Paseq Lanoao o) pa1oadxe os[e
are s1ejeurered joedur 108re] yjim s1e81ew pue ‘[eoijsijels pue arewxoxd
-de sr1e sjuewndre Surpaseid sY] ‘19ASMOY (6661 "T® 10 YoyASHIRR) ¥
-snu3£D) Jurpunorms 1eysnpo oy ur 1ef1ew atyy st spdurexs ue ‘3880 j[ews
® §15933ns L8ojoydiow Aer-y ayy azaym sieSeur Jo umouy are sejdurexs
AuB sz03snId Ul $2I00 s8 oYy JO sozIs U3 09 aquredwods ‘siajsures
-ed goedwr [rews A[are] sAjoaur 0y pojoedxs ore s1efiewr 1sour ‘SN,

60 201 (5) o (1), (59, () () oo
asgzzw?g%,;v%ﬁ:wa 9

soATd
(zg) uotyenba ojur (1z) % (gI) suoryenbs Juininsqng  -(g1) uorjenbs
ur wiey (0p/q) eyy doxp ued BUO 1Y) 05 °p B> ¢ yeyq ssipdunl (zg) uory
-enba jeyy ajoN (gy) uorjenbs Lq usard s £yporeA [rejut 91} aIaYm

: 12
(z2) fop mlv ~q VAL

0

(71T @1n31) st woIBI[[O> 9Yy 10] I9jetrRIRd Joedwt sy
‘p uoryeredas & 0} IDIOUT SUO SPIEMO) UL[[E} SARY SISISHD 9Y) LYY

QUTTCTATTY TVWTWO ATT CRTOCETAMIT T s trmnrer e



oM] oI} Usam7aq SeY uoiSar pexdous Ay usym ofejs Lpree ue je (G
= Iy pue ( = q) 19819 O1LeWWAS UO-prAY © ST ased jsoduns oy,
‘SI9ISTITD
9s91]} UI SoTyRWIAULY SY} surutIajep 01 parjdde useq aaey suorppuod dwnl
}004s a1} pue ‘(qTOOT T8 99 WIUIAIA ‘LI9E 199V ‘1008 T2 10 YHNANIEY
‘009 1199V 1007 ‘' 1° teudura)] ‘gg [eqy '9'9) sieisnio Jurdiemwt jo 18q
LU £ JO 898eu BIPUBY]) UT PI)0IISP USs(q 9ARY $H00Ys 3]qissod ‘A[jusoal
2I0J "urelIBoun onb siam sesf[eur osey) ‘YOG JO UOIIM[0sal IBNIUR
1ood 2y jo ssnedag (100¢ ([°QV PU® ‘GY07 [[PQV ‘Y-SnulLD) siejsnp
9011} U SISPISW JO SOIJRUISUIY o] SUINLISI8P O} SUOLBAISS(D VDSV
posn (GEGT) T8 99 UDIASNIR]N "SUOlIR[al 8sol} Fuisn s19100[es IeFrow
oY) SALIBP 0} PIsM Ueaq 2ABY S1918n[2 Jo sdew amjeisduis) Avi-y
"(#o[eq g § ur passnosIp Sju0ly Pyod, 9y “'3-9)
80BJISIUI JIBIUCD B J0U PUB YOOUS ® 81 A)SUsp $€d 9] Ul £3MUIJUOISID
B JBU) MOUWY O} pepesu si uoryewaojul amssoid 10 amjeradwe) yeysy st
wejqoxd puodas oY, °"A1ID0[oA }OOUS 21[3 10U JNq W ISQUINU YoBR 91)
QUIULI2}RP 03 U0 smof[e uorssaxdurod xo0ys a3 ‘(A7) moryenbs wroay snoia
-qO SI S 8211100724 9Y] JO 27008 [[BIBA0 21} 138 0} Papeau st amjeisdure) €
‘9811, "SUOSEaI 0M) 0] ‘AFID075A HOOUS 91 SUIIIIISP 03 SUOCTE UOISSaIAUIOD
¥O0US 97} JO SIUIUIDINSBIW 2SN 0} J NIIPIP ST U ‘I9a0mO[] -odewl ABI-Y
31} WOI} A[J02IIp PAINSLIW 9q URD UCISSaIdUIod HOO0USs a1} ‘APAIIRUIRI[Y

H&TLE& ﬁ A H&v ﬁlgﬁvw o
.||||| |+ .,.:..._. _,,,,E.,E,,,nl
(62) T .@v T+PLT 2/t i 8L/ (NT+P/ T I

se saanjeradure) oY} WO} PSALISP 9q UeD /) woIssardwos Jooys oy, "%
ssewr uojoxd oYy jo sjrun ut apayred 1ad ssewn weswr oYY s 7 pue ‘Yoous

a1y ssoxoe a8ueyd Lywores g st *e[n/(1 ~ )] = tn — In = Sy s1eym

" QQ L
(82) o mﬂ|mv (1=0)==| ="y

(6661 ‘T8 10 UIIIASYIRIA) WIOL] PBIISJUI aq Ued AJI00[0A HO0US oY} ‘e10ads
£feI-y WO} PaINSEIUW 90 URY {OOUS I9FIsw 9] JO 8PS I8UNS U0 $3Inje
-radwey YY) J] '9SELIOUT ANsusp Io/pue ‘sunsseld ‘@inyeraduis) }OOoys
USAIS B IOJ SSTIAID0[PA DOUS JoSIeux oY) 9A1d 09 suorye[al dwmnl ay) j18Aul
0} speau auo ‘sniy, ‘syooys reSiew ul sdwnl Ajisusp pue sinjereduwa)
oY) sInsesw A[}O5IIp 07 Pash @q UBD SUOIJBAISSqO Avi-Y ‘“qusssid 1y
Y -UOIYR[[PISU0) PUR ZH-01I8Y
uo srejeworjosds aarsaadstpuou wolinjosal fersdsds 1eygdy Jo Youne[ oyl
I0] JrEm [IIA SIBISTD JSOW UT $21IV0[0A §BF JO SUOITRUIULISISP 1091IP ag)
11y} ATAYI[ ST 91 “IeAomoOl] ‘[njesn aq Aeur uolmaN/NNY Afrenadse pue

nT miAR imrir dmnnmam o nrenafer 4 aer =

S U U LB
BIPURY U0 s1jeutonydads Juryeld oy ‘serrgswos8 ojdurs pue suoige.
JYS1Iq L1984 YJIm SISBD MOJ B U] ‘SISSTD UT S613100[84 $F 10910MW 2InEESU
03 Jusrognsul A[[eursIRwr (359 1B} ST UOIIN{OSAI SIY) ‘SN ], 'S /W 00T <
JO uoTn[osa1 £)1007aA B OUT S9JR[SURIY TOTUYM ABY / T8 SUI[ 3 8 9UT I8 A
001 < jo uormiossa jeroads © aaely sGOHD u0IMeN /Y Pue “eIpuey;
“VOSV U0 S1030939p (D)) WIOLJ STHOD AARTY] Sarxe[ed JO 8I99SN[D Ul SUOIFs:
papuaixe 107 v1y0ads Aei-y 1saq oyj ‘quesexd 1y -sed ey ut sdum/ ATSUST
pue ‘emssexd ‘oanjersdwe oyy sat1ep 0} uopuod dwmnf 8831[] BST PINO:
auo ‘re)sn[o Fuidiew Ul sed ay) Jo amIonaIs £A300[RA a1y MDY BUO JT

P PR RV “uotsserdurod xpoys a1 st 1d/8d = 1) seym
.. TN Ty
T4 PRl
(2) T
- ,._./!“ .......

‘S® USIIMaI 9q ued suoryipuod dwnf ofJ, “ewseld paziuot Ang 107 ¢ \ ¢

= PEL 51 pure ?mvﬁ o1yRqRIpR mﬁu 87891} ogIveds JO o1jel oY) st PRL 19 M

J 1 PEL
d 1

Aq wea1d st ssewr Jtun god £S10us [RUISIUI BY) ‘YOOYS o1 JO opIs yoEs
uo ping 1931ed ¢ se saaryaq sed oyj 37 'ssew jiun tod L31eue [RuIsjuT
29U} st 2 pue ‘seS ot} ur ssew Jrun xod Ad{eyjus o) 8§13 4+ J /d = m ‘ai1syy

4 (4

3

(92)

(ez) Bl pem = 1ol pm
i 7
“atd + o7 = lald + 17
Yontd == Tpid

suorrpuod dwnl Fuismorjoy eyy ssrdur usyy £S1eus pur
‘RIUSIIOW ‘SSRUE JO UOTIBAISSUOY) (58T spoysard oy ojur SunuRApE St
Ao0YUs 8Y} YOI Yiim paads Sy ‘DAIJBUIDI[R I0) YOOYS Y} Ojul [RiI8TRW
Jo £yroopea reUIpn)Fuol oYy st fa = la ‘snyy 'sed spoysisod pue roysaxd
813 #jouep g pur { s3d1Iosqns oYy $e ‘uoljowW jerjuaBue) ou sy se8 aryy
‘pue ‘£reuorie)s sl 9DBJINS YDOYS 9Y1 JO JUIWI[P 1) ‘SWEI STy} U] "HI0US
83} JO 9pI8 IaY3Ia UO B3 2} JO. 78Y) 09 [enba st yorga £3105eA TerjuaSuse)
B SBY YOI PUR ‘DIRJING YIOUS 9Y3} JO JUSIS]D 18] 31s SUTAOW ST YoIym
ourely e 0} 08 03 [NJOSTL St 4§ 08 ‘YOOYS 317 Je SNONUIIUOD §T A1100[94 24}
3o qusmoduion Terjuelues oy, ‘(sdwuexs 10] ‘Yo0Ys 8Y3 JO SINJBAIND JO
STIP®I 87} UBY) IS[[BUIS YOTHU) IOYS B JO S0BJINS 3} JO JUSLIL[S [[RUIS ©
ISpIsUo)) 'pazl[eurIayy st £51eua yooys paredIssip 91} JO [[€ Yoy} SoUWnsse
ouo g1 *(g8 § ‘696T Z3ysyrT 2 nepuw] “5-3) suonpuod dwmf joruoSny



ssoxdwion qsnu e ey} ‘sny], “wnrxqmbe o11eisoIpdy ur A[Iesu urewal
01 peasleq ST se 9yl 4nsai © Sy -suoiFox asery ul sed aiy jo (awy
BUISSOID PUNOS 9T} SUIT) [RIHUBUAD Y7 wey) 1BSFU0] Yonuwl A|[eIsuds s
‘aurty S1qQNY S} UBY) I9}IOUS UOTEU YFNOYIe ‘Y BUI00D By, “,_IA
Opr o1~ 91e sajex Surjood peoldL], '2AI9SGO am uolsstwe AvI-Y 8y} 0}
anp sso] £31aua o) Jo J[nsal B ST seinjeiedurs) Iemof 9881} 03 umop (3
0T~) amyeraduwa) 19)snoRIIUL IOYSIY WOY Jur00d ST SUOLIBT 59T UT
sed oy jey St ssayjodAy ayy, (uotleipel umo $31 07 snp amjersduws)
MOT 0} [00D 03 88 9Y3 10] a7e0s s a3} 1°9°7 sawury FUI[00D JIOYS I9YIeX
Apdun ssuytsuap ySuy oy, s1098n[d Jo sired 19)N0 Y] UI ISOY) UBY) I9[00D
yonwt are Yarym ‘(3 0T~ 03 umop) seinjeradwa) ;o[ J® SES JO syunowre
931%] 21% 2181} JRYY ajeoipul e1ddads Lei-y “s1ssnio jo suorjrod iino
313 Ul S3N[BA 33BIdAR 97 U] I9YSIY YoNH aIe SUOIFaI 9s81f) Ul S3I]ISUIP
geS 198Ny oRIUI O], ‘UOtdal moy Jurjood o1} JO IjusD 3y 1e Axered ((10)
1B11q B SI 91917 ‘058D 41040 U] '(MOIADI SAISUDIXS U I10] FHGT URIYB,] 008)
Smop Jurjood,, se umouy sseujydrrq soelans Ler-yY oY) ul sdsno snou
-IWIN] 2ARY SOIXE[Ed JO SI9)STT JO UOIJDe] JUBILIUSIS B JO SI9Ua0 3l T,

SHHDYH "SA SMOTd DNITOOD ‘'€
SHYOD dHLSNTDO TOOD ANV SHHDYHIN ‘g

“Buiyesy }0oys 1) Jo
%€ 1NOUE ST UIYM ‘§L°T = ¢/, JO 10308] & £Aq aInjesadmns) uoje oy
sesea1oul uorsserduiod J11eqeIpe 0s ‘67’7 = /) S! moisseadwod }o01s oy],
“(1g "be) 80z Jo 1070%] ® ST a1njeIaduIa) UT ASEAIOUT HIOUS [R107 Y1 ‘YI0US
g/ = PR ‘g = v v w ‘opdurexs 104 'SUOIJO9[e JO UINWSY SSSTUOISI[OD
OU 9IoM 2I9Y) JI UaAd ‘syooys 1eB1ewr ur sel yooysysod oyl Ul SUOIPID
8] Uo 2B [[11S P[NOM SI} PU® ‘uoissaidiiod DITBQRIPE 0} S1P ST S{I0YS
T9qUIINT YORIN 0] Ul Suryesy oYy jo jred JuBdGIUSIS B ‘I0A0RIOTN "POZIUCE
A8y pue (suol pue suorios[e Yjoq) g0y aynb Apesire st sed Hooyserd
a3 ‘ST 1B, "SHPONS I28I2UI JO SISGUUNU DR MO[ 9] JO ISNBIA] SHDOUS
aABM SB[q BAOUISdNS UL SSOY] UEY) IS[{BUIS YINUI 3IB SHOOUS IdZ1aw
I9)ST[D UL §708]8 winLIqiInbauou a1} yeyy A[3qI[ ST 1 ‘pPUeRY IBY)0 3Y] U
‘uoryeziuol wniqyinbs-uou ydnoxyy pajoedxs aq 1qIiwr s109e IefIUAIg
"SI1975N[2 JJTYSPal MO[ JO SUOIJBAISSO ARI-Y Ul pasjosal Aferjeds aq pnoo
Fel oY) 1R} SINSUT 0] YINOUd dFIe] ST SOUBISIP SIY, “wnIweds AvI-y
a1} Jo adeys a1 SaUIWLIAIEp YA (aInjeraduia) adeIaAe 10 UOL a1} UBY]
Jeyrei) srnjersdura) wOIIOS[@ 9YY ST 1 “9SINOD J() IUOIJ HOOUS 8Y) pulyeq

?Euso.ov AM%J §/Wy 000€
U a/s L 5

jo somesip e ye uoljijredmbe yore1 07 einjereduwre) 10133979 3]

(1g)  ody m voﬁng@
-

100dx@ prnom suo ‘suyy fa(p/1) st juog ooys ay3 puw sed yooysysod a1y
ussmlaq A1100[aA sAlye[er 8Y], "1099%] GIOINOL) oYY SI V pue ‘Ajoaryosds
-81 ‘amnjeradure) pue A} susp Isqunu 0130219 3] aIe 37, puR *u s1oym

‘ e~ 1000 A 501
(0g) ‘i A - v A = vmsxﬂ.m ~
1- g/e\ L
A?Ev VUl ;2°uLg Ag b
e \UA/  Pwlmg T

(2961 10291dg) st se8 paziuor j0y © UE SUOISI[{00 qUIO[NO)) JO }jNSal @ s
uorredmbe yoeoxdde og suojord pue UOIII3[9 10} 3]wDS Jly 91y ‘suot
o} UBY IB[00D JRUMAWOS 31B SUOI09[S yooysisod oy rey mEEzmmaN.
"SUOT S SU01109[2 JUIIESY UT HATI08YS 58 jou A[jerouss are 8¥201US S59[ OIS
0D '(0002'666T BMezINET, ‘6661 T8 390 UDITASYHIRIA]) UOIYRZTUOT WLy
-inbouou pue swol pur suoIIdB jo uoniedmbauou Furpniour "ﬁEumm
“Xo aIe $1osye WNIqUIMbsUOU ‘Yons sy ‘syueuwal vAoursdns wi sing
00 S ‘S}20YS $Se[UOIsI[[00 adupoxd o3 pajoadxs a1e sisfrsw .HEE.:O

SLOUAAT WNTAIITINOANON ‘e

SJUSWINEIR [[RUI UIOY pue "X -UOUE[{2ISUO)) PUR ZH-011SY Yjis sed 9l
Ul SJUSWRINSBW £31D0[9A J001Ip WO ‘Syj1yspal eorjdo UI01] peuluriajep
SOUITO0ToA YIm Suryesy spoys Suwredwos Aq syqissod 2q PINOYS 59897 1a1[}
-I0 ‘seIxe[ed JO SI19ISN[D ul $essa0oxd [BIIaILOU PUR [RUWLIN]] JO $9]01
SATIRISI 91y Jo 180} jueirodunl we gpraoid ued syIOys 1eSrow ur sdunf
arnjersduia 9y3 ‘suyy, “sARI OIS0 10 ‘Spley oneudeur ‘BousngIny 07Ul

o.mn_@.zmmov UoI0RIy_Iofewl e jey} pue ‘pszijeuriat Apeanpoape st £81e

-U8 ooys 943 Jey) $)se88ns A5usisiEwos sy, 's/wy pgg~ jo Ajwofea
118}-89} atpy o1} Y3lm justraside pood punoy (G661) [e J0 YOMIASNIRy
“y-snudL) jo sseo o1y uy (g uoiyenbs) snipex punore-uiny ayy wiogy
[183-92g £q pajorperd senpea oY) yjim SYOOUS FaSIatl sy ut sduml ainy
-eroduia) oY) WOy PaAlIep $B1I00[A IoS1ew o1y aredwod wed auQ)

S/ 0B~ Jo A3100[0A 18810M1 B M JEIYSISUOD PUR ‘(L66T [ 39 Uom())
[EPOTII] ST 199805 ST} UI §1Xe[ed oY) Jo uoynquysip 310024 [eIpes oy L,
(1007 wizeieg 2 1o3ory) 18810 SR JO SUOIIR[NWIIS [RIIIBUINT JO §)[Nsal
943 YA Juaumaside o[qruosear ut st jusmnSre sydurs SIY], ‘s/uy Q07
=2 A JO £)100[eA 1810w € puncy ‘e 10 OHA IR ‘I9ISN[Y y-snulL)) ay)
10y dew emyeredurs) YOQY oY1 0% sonbruipey aseryy Juididdy Sayg
= a 80l st s19ysnpqNs omg 83 Jo £3100[9A 10diewr 1) ULy ‘Lreuoryers
A1resu st uordor pexpoys ayy wyNm sef oty J1 cordwexe uwe st rajsn
y-snudky oy yeyy 35093ns (6661) v 10 YOIASIRl SI103U0D I918SN7D



jusroyyns st sanssard wer sy J1 ‘193SN[O 9Y7 Jo suorer [eIgusy 9 $910Ea
I95I8Ur 8Y) 9IU0 ‘95D SIY) W] 19U o) ot A[prder asearour jou M
amssaxd soy Jurjood syy uayy ‘(jopow Buryy e ur se “F'9) jurysuod Ajresu
ST [erjustod oy} YOIYM UM BI00 opIm B sey [enjuajod [euoryeiiaesd
TOISTD 8Y3 JI "WInIqINDa 21981501p4AY JO UOIHIPWOD A1) £q peururiajep
8t 181w a1y 03 roud sed M40y Buljooo a1y ur ajyoxd simssexd a,
‘SuoneruIs I8y ut wordnasip syj 01 uorremxordde
olqeuosear ® sepraoid woleRldX SIYY ey3 puy (100g) ‘T8 Jo ZOUIQL) MO
Jurood oyy pue seS meysnpqus Suidrew o1y Jo Lyoo7ea JATIB]AL 9Y] ST
B2 pu ‘moy Jurjoos oy jo Uoredo oy 9e sl 1ajsnioqns Surdiew oy jo
Aytsuap o13 st % ‘mop Furjooo ay3 i srgoxd eanssexd oy st (u4) 407 sre1ym

(ze) (4490 X G0

Agstyes yorgm mper e se8 mog Surjood 911 sAOISX
[li% 19810 ayyy Jery spoadxe auo ‘ased |1} ST SIY} Fumunssy -smop Jur
-[000 Ful3dnIsIp 10 WSURYISUI UTRW 373 sem ‘Julyesy Fo0YS wey) 19T)RI
‘emssaxd urexr jer) penSie pey (1661) seure(q 73 uelqeq ‘Iorjreq (1002
UIZBIRS 7§ 1901y OS[R 838) §83 199307 o) qiim X Al{eniusas few pue
.ﬁmuﬂmm% ST MO Jurjo0d a7y ut sed sy, ERISRIIqNS Jurdieur oy wrog
sed jo amsserd wrer oy yjim pajeroosse st smopg Surfooo Supdnastp 107
WSTURYOSW utewt oYy jeyy 18888ns ‘e 98 zouwrpn) £q SUOI}R[NUIS 91T,
"ouIT) JUI[00D [RIHUI 87} Wely)
198u0] %481 Moqe Auo st amssexd [eurstio ayy 03 uorsurdxs o11BQRBIpR
J93J% SWl} JUN00D [eUy oY) “YOoys 7 = Vv % 107 -9818[ L1904 j0U SI otury
Jurjooo o1y ur ssessom oy ‘eansserd oysead s31 09 spuedxa se3 2y It
U248 ‘13A9m0Y -ourr) Surjood ay uayISus] (14 uoisuedxs J1yeqRIpE puE
‘Pueedxs Arensusas i se8 paxoons oy Jemy K[ ST 9T ‘9 &,y (g ET
+12) 3 v swqunu yoepy ypm SNO0US 10] UOISSIHe Funjyei)ssworq
[PUIey] 03 onp awrry Fuijooo Yy sasearoep Aqrenjoe Suryeay yooys ‘qnser
® 8y "suotssardwod jueayrusis £q parweduronoe are 835®BaI3UT sanjersdure
lrewrs 8sey ], “(z Jo 10%0%} ® ¥) smieradwmsy ur 89SBI0UI 1S8POW I8)el
#onpord £[uo pur ‘siequInu yoey MOT 9ABY sxooYs 1ad1ow ‘Surueyeom
STE3 INOYIM UdAY “sjuarped £nsusp dosgs asaryy quuipd £913 se uayeam 0}
peoadxa aq prnom syooys IeFsw SU3} pu® ‘smof JUOOD UM PajeIoosse
sjusipeld Ayisuop desys pue sayisusp ysny oyy oyenjeuad 0y syooys esey)
103 3NOLYIP ST 31 *9811,] *smop Burjood Surydnisip 1e JUSIOIIAUT A[9ATIR[DI 3
PInoys syooys 1e8rew jeyy 1se38ns yorym syuowmSre o1durrs yo requnu e
are a1ey ], "uondnisip mog 2uroos jo wsraeyssur urewr syj aq o3} resdde
10U S30p sIYy ‘SUOTIR[AWIIS SYY U] -MOf Surjoos sy dojs pue ses Moy
Jurooo ayy dn jeay syooys IeSIowm oy} jeys st Ayqiqrssod asyjouy
'S10919 TRUOITRIIARIS 1510 I0 [EPI} 03 NP 10U st moiydnisip
SUl 1BYY 150BFNS SUOHRINUITS MOTJ, SIS0 ur j0U Inq ‘s9sed SuwIos ul

IS seabuay uasny) fo sosfiyg aur

soy Furjooo sy 3dnistp s1eSisw o3 yeys puy 4oy, ‘w380 urew ayg ut
soy Burjooos ¢ uo (1o38012 urRW Y1y JO SSBW 943 Jo 91/71 10 3/1) SI998T1)
-qns [ews £[sAryeRI Yjm sofow U0-pBaY JO $308K9 813 jo SUOIRINMIS
TedtreuAporpAy speur aaey (100Z) Te 10 zowon ‘ATjuscey -suoryernus
Apoq-N Lppind wo Paseq sem sty ng ‘smop Suijood pajdnisip sis81aw
ey} pensie (pgp1) ueiqey 73 UUATE)OJ 'S9pod [edrureudporpdy jo uon
MOS8 TeoLIBIINY 313 03 sBus[eyd JueOYIUIIs ® (118 are smopg Burjoon jo
SWOIgor 18Uur oY) ur soyeos swr} Jurfood pider pue ssyeos [et1eds [pews
o} 9snedaq A1edre] ‘esre pasordxsun A[BAIYR]aI ® &1 SIYT, "peadnisip are
ssop Juijood yorym Lq SWSIUBYISI 9Y3 APujs 0 papsau a1e suoTyR IS
leonueudpoIpAy resrreun “WISTURYDIUW 1930 swIos Aq 10 ‘sed ki) )
~IHL 181300 U3m 41 Burxiun £q ‘sanssexd wel 03 anp 191800 33 Jo 189uLD
343 uroy Ajreotureudp 31 Furrowex 4q ‘se8 17000 By Juryesy yooys 4q
‘s10aga 1epI Aq paidnasip aq g8 MOy But[o0o sy T, ‘smoyy Furooo 9dna
~SIp SI1a8I0W $30URISNOID YEUM Jopun pue moy A[joexs respun st 1
“E1ew oYy ut yoods juaserd
9Y3 0} 1589 Ju ‘paAlaIns oAey 03 teadde smoy 3urjooo 37 ‘smegsLs asor)
ul *(z'¢ § ur mopeq PoSSTOSIp s3u01] Pfod,, sy3) sBF joos JO 8100 Furaomm
Aprder ym 819950 Juidiewr jo rsquinu e UMOYs Ay sofewl Api-y
£107eA305q () RApURY) ‘Apueosy -sidwrexs ue 8q Aewr (6661 ‘& 18 ya9IA
SIBI) $907 [[eqV ‘snipex [edtsdyd a1y pue 9jex Ful1o0o 9y J0 surzey 314
q30q ‘s2100 Furjoon [retus AoAryerar yjim o9e)s padueApe 21011 ® §2 S19)
~SO[0 FuldBw jJo IBquInu a918] ® are osfe am=Y T, (1007 ® 99 Toudurayy)
98 1199V PUR (6661 T %0 YoIIASY IR LB6T ' 10 UBMQ) $86T e 10 pheu
-1y¥) y-snu84n spnjour few serdurexyy IISNTD 2Yy jo 8100 Jurjood 8y
payoeal jo4 3 ueary syooys 8T 93 210UM s1ef1ewr 98e)s-AL1es aq o
readde aseny ‘sesed 350w ur 's193snp SurSiew uy smoy Furjoos eyerspow
JO S9s®0 swios are a19yy, “(z66T I 10 93pq ‘R86T UeSIIUSY ) seyeprpues
Tod1ewr L[ay1 oI yorym ‘s1380[0 TepOoMq 10 rerndein L1oa yym pejerd
~OSSB YaASU jsout[e a1e smoy Surjoos a81e] Liaa ‘ATrenprAtput e payoor]
e Bu10Fuo ue Jo uopEIIpU ue UB0 dI% SBINJONIYS te[nFeis oyy,
(96671 resT, 22 s30ng) seSeu Ae1-y are1yy yo sishyeue [eonysiyess Aq peartep
S® SIBISNID UT saIngonIgs renBalll pue ‘sayer Jurfooo 10/pue smoy Fuifooo
USSMISq UOIIR[RII001IUE [BIHISTIRYS SuoIIs St 319y g, ‘smoy Burooo idn
-SIPp SI9JI0WIr JBY) S0uUSpPIAS 1281IpUT JUBDHIUTLS ST 9137]) ‘Kreorndun
'seS 1098N{2 18000 uTRjUOD
SuOISe1 8seYy, ‘Jeus0 19)SM[O oU3 spresmoy L[pider esearour ose yorym
sorysusp sef ysny Ajduwr s9sseuIqSLiq aoeyIns ySiy oy, "1318N[0 9Y} JO 199
S0 93 premol A[pider esesiout yorgm $2858U9YB11q 90BLINGS AB1-Y 1yB1iq
L1on are smopy Surooo JOo sonsueRIeyd [RUOHERAINSqO Areuniad oy,
wnipsw 1agsnpoeIiur Juifjasao
97 JO 1y3em oy} 110ddns uwo s anssaad ® uleymew o3 sjoon 1 se



t £1atsstue LeI-Y oY) 219Um ‘8100 PO 8} JO SpIsUl isn[ pauruizajep
.@ wes amssoxd uorjeude)s o) ©S ‘JUOY Plov Y} SSOIIE SNOTUNUOD §]
ssoad a1 ‘IoAMOY] [rews 9q 01 e[ st yuiod uorjeudels oy} Iwau
®3 104 o3 Jo Lyaissid ayy ‘eorverd uy -se@ewil pur B1j09ds Ler-y
101} poUIWIvIEp aq prnom semssdid sy, Ty SUNUISILAP OF Umm: aq
qnod sel goy Ay} ur ¥ pue Lf JO SHUSUUAIMSEIW ‘ordmourxd ur ‘snyJ,
fy qiim A[[edIuojouow pue A[SNONU)Uod SasesIdul (17 /%) omyer ayg,

I -
1< Ty ¢ pe AHwI_)\.N lﬁmﬁv ﬁxvsrAT_‘o v MH\,\

e '
o) T i =
.H ..Vs :\,\ 1-P2L Am?\ﬂ”ﬁaﬁ + ._”v
PR

“(PTT § ‘696T ZITUsyIT 79 wepweT "89) Aq udALd st

resrysdn ey ey} o} jutod uworyeudess oy} 1€ anssaid oY) JO ORI AYJ,
i pueyg prod eyl

0 peelE PeIe0] oq [[Ia Yooys moq e ‘T < Uy I ‘ged wrearjsdn oty oqul
1102 PIOY 9} JO UOTIOW Y} JO IaquInu [YIBA 343 2 155/1n = lpy pue
sed wesrysdn siy} ur peads punos o) aq %0 g8 "la ‘ged 199901 213 0}
JATIR[OI 9100 P02 8} JO A3I00[2A 97} JB PaqIn)sIpun 8q [{iM ged jot] o)
o mop oy ‘weerjsdn reg (g1 Jrg ur .38, ) yutod WOITBUSR)S ST 18 0192
1q [ sed j01] o) Jo £9100[eA MO 93 Pue ‘@100 PIOD A} JO 9VRLINS Y]

* 15, PeNITWL §1 ‘09Z SI SEd oSTYIp 19130y PUE sed asuUsp 191000 A3 mo Ayoorea
JA1YR[31 973 alaya ‘yutod woreuBe)s ey, "DIE PAYSEP B S8 UAOLS ST YDA HIOUS m0q
1 Aq pepaderd 9q {ji& JUOL PIod a1 WRYY ‘(I < i) Ajlediuosuery Buiaour st Juoxy
oo oYy JI "sed jof paginisipun ‘mrearysdn sy jusseadar [, Pef{eqe| uoider 9y,
8100 PIOS 91} punole sed 131707 93 Jo MO[ IYI JO SIUUIRLIS 218 mmnz.v:ow MOITRU
Y, "Sed 191701 Y} 0 SAIR[AI 339] AU} pIemo] FuiAOW St BI0D Eoﬂu oy, "¥9Isn[2 I8lo
7yy Jo suordel 19910 9Y) WO $B8 9SNYIP RI0W ‘133301 T3 pue ses 2109 w_ou asuap
Piod 213 usaayaq £INUMTOISIP 0BIUO0Y #if) sjuasa1daes 1431 oY} 3@ OIR PO : w,mms m%,h
19819 129SND B Wl JUOY POJ, B PUNOIE MOY JO WEIFRIp OWRWSYIS ¥ 677 2Nl

YO0 sMOL

sed asusp ‘joo

mog prod

03 re[rotpuadiad st moy 8y sxaym jutod swo gsef e aq [[lm 2I8YT, ‘0192
94 [Ii4 8100 PJov 9173 30 20eyIns oy sed $€F J01] Jo moy 9y3 JO Jusuoded
[RULIOU 1Y, "98Po Ju01y Jun[q ‘PeAins A[qioous e SBY 2107 Ploa ayl ey
SWINSSE 9| "9I0D PIOD 3} JO SWIBIY ISBI BT[] UI UMBID ST Yorym ‘g1 amdif
ul pajensnqyr st Anewosd oy, (67 73 87 "sba) saoqe pessnosip syooys
118w 107 ey} 0y snoJoreue st anbiuyoay SIYy,], 9102 P[od JO A110079A 2ATY
-B[o1 B3} SUIUIISIBP 0] Pash aq wed juoy pod e ur sef oYy jo einyeradurs)
pue ‘emssaxd ‘Aysuep eyy ur worjenrea oyy (q1007) T 19 UIUIHIA Ul
K[oATSUR)XD POSSNISIP §Y ‘SJUOI PO JO SOIjBMIDUIY] 1'7'¢

‘(swnfoa sriyy)
T 12 UBULIO, 388 ‘SjUOIF P[0 858Y7 JO SUOIIRAISSGO 9] JO MBIIADI SAISUD)
-X3 UT 10] ‘SI9ISN[D I3TJ0 JO IOQUINT B Ul PIAIISAO UIBQ SARY SJUOI] POD
‘Ayuanbasqng -poriad suros 10§ 95es] 12 ‘SI6BIBU UT SATAINS Arpergred oy
o[qe aq 03 readde op smoy Furood ‘saoqe Pajou sy “siejsn[oqns Surdiow
JO H30q 10 9UO JO $3100 JUI[OOI Y} I SPNO POO JYF JO IDINVS 37 1B
onB1e (000Z) T8 10 YONASYIE ,JUOI D[OD, € SB UOIJEN}IS SIYY O 19701
(q100Z) ‘T8 %2 urunyyIA ‘sed 183304 A1) ydnoayy Ajprder Suraow st pnop
P1od o1, "(000% T8 99 YoIAsNIE]y) SBS Iasuap ‘Isp[od JO POp B pue sed
ISTYIP ‘107 USMIB(Q SSIYINUIIUOISIP J0BIUOD aq 03 readde Aayy ‘peesjsu]
"(000% ‘T® 10 UDIIABTRIA) SYOOYS Bq J0U P[NOD SBINIRS] 9$9Y) 1B pamoys
suotjelres Adorjue pue amjeredural o) jo uSis j0e1100u1 &) pue dwil
axnssaxd ® Jo yoe[ o1, "suoiFe1 asuep §s9] oYy ur seS oyy ueyy Adoius
oyads Temol © pey suordar asayy ur seS oyj ‘snyy 4000 pus asuap 104G
aIam suordal sseulySirq s0eyIns LeI-Y YSIY 2YJ, '95€D B J0U SBM ST
Yey3 PomOYs SJUSMIBINSEaW arnjetadurs] ‘1949M0Y "SYOOYS 19915t aidm
98913 Jeqy A[oNi| pewees 3t ‘A[ruity ‘(0007 T 19 UDJIASHIRTA]) I9ISND
¢P1Z 1129V 23 UO BIBP UOTIRdYIIBA 800108 of[qnd 911 Ul Uess 181y atom
$S11INUIIUOOSIP Yons jo 1red Yy selxe[ed Jo siepsnpd Jurdiew wl ss1yInuT)
-UO2SIP $89UI11q sovyms dreys £1ea jo eoussexd ayy sem L1o9earasq(
ARI-¥ BIPUBYD SU) YNM SS[I9A00SIP £jIB0 DIJRMWRIP BI0WI Y} JO FUQ)

SINOYA dTOD ‘T°E

"Pepesu aIem TOPOW M AN U3 UM JUSISISU0D ‘srerjusjod Teajuso dasess
Yy} pepu[lod puUB ‘Y07 (1Y 193810 JuUIISW oYY Uf §2I0D [00D [[RUiS
omy 1) 01 Juawndre siyy pardde (666T) T8 10 yonasyIepy -spenuajod
payead A[drIeys oAy SI815N[D IPYIOYM U0 9IUSPIAS 8piA0Id UEd 81918112
Burdisu ul 58100 (002 JO 8218 PUR [BAIAINS BY) ‘sny], "suorSar 1SOULIBTIUL
o1 30U INq moy Jur[ood oYy jo s3red Isjno sy saowel Aew Iefrsur o1
‘(L661 T® 1o oarerey ‘siyord M N B Ul se) pexyeod A1daeys st renguajod
1BISNT0 83 J1 ‘pURY 121[30 Yj W MO SuT00d 8y Jo [je A[resu ssowel
03 JUBPIYNS 3q P[NOYS 1 ‘MO 5ulj00d 9y o sjxed F9IN0 817 SAOUIAT 09



-9A 9591 YILM SHOOYUS YR} 9IBOIPUI SIULUMWSI BAOUISANS JO SUOIIBAISSGO
OIpRY ST Q00F~ JO SOIIIO0[A UM SHOOUS SAJOAUT SIABISW 1238T[0)

SMOOHS
HIDHIW 4O SOISAHI TVINUAHILNON ¥

07 01 ~ g St L99¢ T1PqV ul y3Fuans prey orpeudewr patubaz o1y,
'd10 < &g ‘suotex styy ut 4 exnssard sed o1} JO UOIIDRL] [RIALI}-UOU © 3q
8.1 emsssxd orpeudew o1 gey] seambai uoissarddns sty T, ‘moy [erjusfuey
o) Aq payeIsus$ J9sIT ST YPIYM ‘piey o1jeudewr [erjusdue; ® Aq possaxd
-dns st fy[iqegsut oty yeyy endxe (BT0E) Te 10 UWIUIIA AN[iqeisur (H
-3) ZHOYWIIH-UWIA[SY] o) Aq POUSPROI] PUB Paqinisip aq pInoys juoly
a1} (g1 "S1g) Ju0y P[od Ay} 3B Moy Iveys [erusBuE) 9y} JO asnedayg
(21007 ‘T® 39 WHITPAIA) JUOIf Pod oY e oy reryuefues oy o ogwads
Pley o1paudeut {eryuaBuey © 03 anp 10 ‘(s1ejsn(a ynoyJuorys passeaddns aq
1S worONpuod Jeey ‘esed YOIYM ul) ppey oneudew pajSury A[[eIouss
® 03 80P ST ST} I9Yjeym Jurod SIY} JB UIRLISdUN ST 3] ‘PioY d1jsulewu
IsnoRIul 83 JO S109hR Yy 03 onp sl uotssaxddns sty yeyy AL ST 1]
(2961 tezudg 8-8) ewsed pozljouSEWUN UR UT SR[EA [BIISSED 2U) O
aAlR[I (Q'RI007 “[% 99 WIWIUMIA ‘000% Uelqeq 23 110334) 10308] o8re|
e £q pessoxddns aq uoronpuco [EwILY) Jey) so1mbel SO PlOd YIIM
SI938SN[0 FUIFI9W I9YJ0 UT SINSSI JL[IWIS pue Juetpreild smyeradura) deols
A10A s1] JO S0USISIX® BT, "UOIBI SIY) UT SUOII[R JO yyed-saxj-uvew a1y
ey s St ST, (91007 ‘T8 99 UNIIUYNIA) oY 7 URY} I0MOLTRN ST UIIYM
uot8a1 ® Ul 8IM000 $sauyYTiaq 99eyIns Kei-y oy ut ofueyp Fuikuedwonoe
oY} pue ‘(QI00Z ‘T8 30 WIUIUNIA) JUOL P[OJ oY} SSOI0€ OM] JO I030%] ®©
moqe Aq seBueyo smyerodursy Iyl ‘499§ [Pqy ul -sseudieys may) S
SIISTI[D [RISAS Ul AI0JRAISSQ() RIPURTY) 87) IIM PIAISSYO SIUOY PlOD
8} jo joadse s[geqrRwal AU ‘$3U057 PIOD JO YIPIM 08

(100 T 12 roudwa}y) g8 [feqy pue ‘(100g ¢ 19 BII0ZZBIA)

8E9Z+1°02210 XM ‘(41007 T8 32 WIUIYHIA ) L99§ [[99V UI SUOI} P[od wioy
S919100[@A JOTISUI 8} SUIULIAJSP 03 POsn usaq 9aBY sonbruyde) oseyT,

, "UIRYISOUT JU0I]
P10 Y3 jo adeys anij 9y} ayewl OS[ $709]J8 HO0II8(01 "POIRWIISIIOPUN
9q 03 1}y pue pajewII}seIsa0 8q o} *p asnes L[{erous$ (14 s1oeye uoidal
-oxd (96T AOURSTY]) JUO POD B3 JO 1Ry} ULYY 197e813 A[rEnNSn ST 00YS
#04 973 JO 3INJRAIND JO SNIPRI Y4 vsnedeyg "s308ys uorgdaloxd Aq payos;
e £[3u01}s ST S191SM[0 PaAIssqo 0} d1ysouSerp sy jo uoreordde syl
"$95¥BI09P IBUINU YORJA 9U3 8 U0y Pod oyt Jo adeys oy uo L(Buociys
spuadap Os{e 90URISIP JO-PURIS 9N ‘PULRY 19Y10 91y U() 'Si98IOW I9ISND
uf peyoedxa senfes mOf Y3 I0f IOQUINT YIBJ] 9} I0] O13S0uFeIp oAT)ISULS

A1oa & ‘sfem swos ul ‘st potjew suyy ‘st iAytun seyoeoadde yequinu
UORIAL 93 S® Sasearoul edueiSIp Yo-pueys oy, ‘(pLET WS0APRY ‘FLGT
Ang) serrremwioad sidurls JO IOQUIMU © 107 3SIX9 SUOISSAIAKD orewrxoldde
ordws owos pue ‘(§FGT) [BOIN Aq ULALS Ussq SBY p 91BNORY 0] POIIauT
s1eunxordde Terousl A[arey ® ‘s19aqo jo sedeys e 09 sarpdde yorym soues
“SIp Po-pue)s ay3 103 uoissaxdxe oukeuwe eidwiis ou st aay) ySnoyy[y
(2861 18101Yy0g) ju01y PJOY Fesrtayds
® 10f ; (1 — Lpv) Jo uorpoung e se £y /5p jo senfea oty SMoYs 1 aanig
"Juoly p1oo ayy jo adeys oY) uo puw 1)y Taqumu Yo oy uo spusdep
9 quoay proo oY} JO 2aMjeAIND JO SnIpRl 213 09 p Jo o13RI BT, (QIQQ7 Te
39 UTUIUNEA ) JUOL PIOD 83 JO HOMOW 2} JO ToquUINY YIRIAF BT[] S)RWITISS
0} pesn 8q os[R uwd (P S0URISID JO-pueIS, WIOUS Y3} HOOUS MOq oy
uo juiod 3585012 ayy pue juiod uoryeuSe)s e uzom3aq S0UBISIP BT,
adeys
SIY3 Ul SUOII09sIp 0} pes] Aewr ainyeredmie) sef 191SN[D 813 Tl SUOIyRITRA
‘toasmoH “(T}y);080 = Wy ‘sr8ue qovy oY) 03 spuodssiion suod e
sty Jo oSwe Suiuedo 8T} ‘OUOD © SUIIO] PUR SDURISIP ISIASURI) 981e]
® 03 peoeny aq uwd YOOUS moq oYl I (67 & 8¢ 'sHs) Fdoys moq aryy
ve duml h:mmm% 10/pue smyezedwa) oy woy £3IH0[2A 817 SuTULILIEP
ose wed suo (T < Tjpy) OIHOSURI} ST 9100 PIOD B Jo uonow o1y 7
12ty = Ta £q usatd st @unovue sy Jo
A9100[94 Y} ‘POUNEIRIPP useq se Uy sou() ‘IeuIuy yonwr 9q 03 Aoy

'g/¢ = PoL pue juoy prov [BOLISYds ® 10§ §I ST, J8quInu [ORRY oY &1 1 by XM

‘(1 ~ Iv)/1 Jo moyoung = se ‘quoxy proo Jo uoifaz woryede)s 9yl Jo Y SINYEAIND

JO STIpPRI 811 0} P ¥DOUS M0q 8Y3 JO IDURYSIP JO-PURYS BYY JO ORI OYY, FT aunbig
(1 - M/

OF 3 T 10°
[T T T3 T rrrrme=T—T T [FTT T F T T r

Illl(i

Fus'e

IIII?I!

ot

___——__q ] —_qqh_mm 1 _—_—q___ 1







1984Ap]...286..422G Page 433

Zof4d

http://articles.adsab_s.harvard.edu/cgi—bin/nph—iartic

No. 2, 1984 A2197 AND A21% GALAXY CLUSTERS 433
TAHRLE 3
Masa ARD Lusinoarry CALCULATIONE

A A2197

R M, JE.5 M/L

Subsample (210 em) (x00' Mgl {x10'? Ly} (solar units)

r<04 1.26 211 10 212

r<06......0 1,59 55 22 25

r<(0876...... 2.26 2.8 32 8
B. A2199

R5 Mf .l‘ MIL
Subsample {20 em) (%00 Mgl (10 Loy (solar units)

r<04. .. 1.02 192 06 320
[ 11 T 1.66 2546 1.5 7
r<0852...... 4 132 22 60

Zwicky magnitudes in any other locale to provide an approximate lotal lumisosity for that focale which is then sealed up to the
m, = 17.5 limit of the BGP sample. .

We must also include some correction for internal absorption within the individua! galaxics. To do so, we follow the results
outlined by Thompson, Welker, and Gregory (1578), who determined an avernge correction for a sample of galsxies with an
E:50:S +Ir distribution of 10% !28% :62%. This correction amounts to —0.35 mag, which we apply (o all samples but those in the
contral cluster cores (r < 0°4), Finally, we must adopt a distance to determine the cluster distance modulus, For this purpose we
adopt d = 9166/ Mpe, and we find a distance moduius of m— M = 34.81 -5 log i

Using all carreclions given above, we caleulate the luminosities and M/L ratios shown in columns (4) and (5) of Table 5, Part A of
this table gives the results for A2197, and part B for A2199. The outer samples indicate a decrease of M/L as a funclion of distance
from the cluster core,

d) Double Cluster Infall Analysis

The binary nature of the A2197/A2199 system provides a nearly unique opportunity of determining cluster masses independent of
the virial lechnique. The analysis described here was originaliy outlined by Thompson (1982) and il starts with the formalism
introduced by Peebles {1971) and Gunn (1974). The unigue character of the Iotlowing solulion lies in the [aet that the total system
mass and M/L ratio are delermined as a Tunction of the projection angle « between the plane of the sky and the linc connecting the
cluster centers {i.c., « = @ if the two cluslers are at precisely the same cosmological distances from the observer). Consequently we
find a set of solulions which depend on e,

Let us clearly state that the solution rests on the simplifying assumptions of a simple two-body problem with linear motion (i.c.,
no rotational support) and boundary values of R = 0 ut 7' = 0. We sturt with the well-known parameterized solutions to the field
equations, with separate solutions for the bound and unbound cases:

@Vn A
Bound SV Unbound

R=&{1—cosi) Rn—q-@;-(coshx—l) )
2 Dy
P\ . GM . 2
T= E—M-) (x —sin ) 'I‘m%l (sinh ¥ — x)
Ve 26M\Y? siny - sinh 3)
R.. {—cosy ®eoshy—1"

The relationship between R, {the projected scparation on the plane of the sky) and R (the true spatial separation) is the simple
geometrical equality

R,= Rcos e, @)
where R, = 6.25/h » 10™ em; and similerly the true relative velocity ¥ and the obacrved radial velocity Vg are related by

Vam Vsine, {5)

where Vy = 194 £ 77kms ™",
After substituting eguations {4) and (5} into equations (1}-(3), it becomes obvious thai the problem is overdetermined, and thal a

© American Astronomical Society « Provided by the NASA Astrophysics Data System
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Figure 11 shows x-ray isointensity contours superposed on optical sky prints for six
*-ray defined cluster morphological classes.
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cation according to’ dynamical STATES, WE Uave MuL usoviupueseys o0 v
between the different classes of highly disturbed clusters (i.e., complex

and double)._Since there is nothing special about the I Mpc aperture
it is sensible to explore the effects of using different apertures. The re-

sult of computing the power ratios in a 0.5 Mpc aperture is displayed in
Figure 3.7 :

1077 10-* 10 104 ¢

E L} T V.1 lllll 1 T i'ill L] T 1 IIIIII 1 2

[ DOUBLE as .

3 @ COMPLEX 3%

o [ 1%

Q E PRIMARY WITH P@ EE
® - SMALL SECONDARY 3
A ;
- SINGLE A40g9 ]

S E

: 1 1l [Ill!' 1 11 !!Illl 1 LAl 111l

Figure 9.7 As Figure 3.6 but for the[e

By focusing initially on P/ Fp it can be seen that three of the clusters
appear to be relaxed systems (i.e., small P2/ Pp). This is because the 0.5
Mpc aperture only encloses 1 component of the double cluster and only
the primary component of A85. The single component cluster A2029
appears relaxed on both the 0.5 and 1 Mpc scales. However, A514 is
complex on many scales and it is easily distinguished from the other
reference clusters as a disturbed system in the 0.5 Mpc aperture. Of
course, one only needs to appeal to P3/Fp to verify that both the double
and complex clusters are actually in a younger dynamical state than the
others. Hence, the power ratios represent a quantitative implementation
of the Jones & Forman classification scheme, particularly on the 0.5-Mpc
scale.




50 MERGING PROCESSES IN GALAXY CLUSTERS

2.2. MERGER FREQUENCY OF ROSAT
CLUSTERS

The result of computing power ratios for the brightest ~ 40 ROSAT
clusters is displayed in Figure 3.8. It is immediately apparent that there-
is a marked deficiency of highly disturbed clusters (complex and double).
These brightest clusters therefore lack young members and are instead
dominated by mostly evolved clusters with only small-scale (< 500 kpc)
substructure. Since such highly evolved clusters are usually associated
with cooling flows it should be expected that cooling flows dominate
the brightest clusters as has been suggested before on different grounds
(e.g., Arnaud 1988; Forman & Jones 1990; Edge et al. 1992; Peres et al.
1998).

In Pigure 3.9 the quantztatlve connection between cooling flows and
cluster morphology is shown by the a,ntl-correla.tlon of the mass deposi-
tion rate (M) and Py/P,. This represents the first quantitative descrip-
tion of the anti-correlation of substructure with the strength of a cooling
flow. Note the large scatter for systems that have significant substruc-
ture (i.e., large P»/Pp). Analysis of this correlation and its large scatter
should shed light on how cooling flows are disrupted by mergers and are
subsequently re-established.
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Figure 3.8.  Power ratios of the brightest ~ 40 clusters (Buote & Tsai 1996} com-
puted within apertures of 0.5 Mpe (Left) and 1 Mpc (Right).
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Figure 8.15. ROSAT temperature map of the Coma cluster (Briel & Henry 1998),

with any precision for all but a small number of the brightest clusters.
For these-¢lusters the §/N was so high that the data-from- the spectra
below 2 keV managed to place interesting constraints on the tempera-
ture.

For example, the ROSAT temperature map of Coma (Bnel & Henry
1998) displayed in Figure 3.15 shows significant temperature variations.
The region of hotter gas in between the main cluster and the NGC 4839
subcluster is consistent with shock heating during the passage of the
subcluster through the main cluster (e.g., Burns et al. 1994; Ishizaka
& Mineshige 1996). However, further simulations are required to estab-
lish whether the subcluster is currently falling in or has already passed
through the main cluster. As noted by Briel & Henry (1998) if the sub-
cluster already passed though the main body then it is unclear why the
subcluster still has retained its halo of hot gas. Other ROSAT temper-
ature maps of mergers display similar evidence for shock-heating (e.g.,
Briel & Henry 1994; Henry & Briel 1995, 1996; Ettori et al. 2000).
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obtained from ASCA data depending on the PSF deconvolution pro-
cedure used (see White 2000; Irwin & Bregman 2000 and references
therein) the detailed temperature features obtained with ASCA do need
to be confirmed with Chandra and XMM (as do those with BeppoSAX
because of its low spatial resolution.) . Nevertheless, the overall trend
of non-azimuthal temperature structures and the shock-heating of the
intra-cluster medium are supported by the available ROSAT, ASCA,
and BeppoSAX data.

6.2. QUANTITATIVE CLASSIFICATION OF
TEMPERATURE MORPHOLOGY
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Figure 3.17. A possible description of the evolution of the X-ray temperature struc-
ture and image morphology during the formation and evolution of a cluster.

To obtain a more complete picture of the current dynamical states and
the merger histories of clusters the global morphological classification of
cluster images discussed in § 2 should also incorporate the morphologies
of X-ray temperature maps. In Flgure 3.17 I show an idealized picture
of How the temperature morphology of a cluster might evolve during
a merger. At early times there is a large spread of temperatures dis-
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ABSTRACT

The Chandra image of the merging, hot galaxy cluster 1E 065756 reveals a bow shock propagating in front
of a bullet-like gas cloud just exiting the disrupted cluster core. This is the first clear example of a shock front
in a cluster. From the jumps in the gas density and temperature at the shock, the Mach number of the builet-
like cloud is 2-3, This corresponds to a velocity of 30004000 km s~ relative to the main cluster, which means
that the cloud traversed the core just 0.1-0.2 Gyr ago. The 6-7 keV “bullet” appears to be a remnant of a dense
cooling flow region once located at the center of a merging subcluster whose outer gas has been stripped by ram
pressure. The bullet’s shape indicates that it is near the final stage of being destroyed by ram pressure and
gasdynamic instabilities, as the subcluster galaxies move well ahead of the cool gas. The unique simplicity of
the shock front and bullet geometry in 1E 0657—56 may allow a number of interesting future measurements.
The cluster’s average temperature is 14-15 keV but shows large spatial variations. The hottest gas (7> 20 keV)
lies in the region of the radio halo enhancement and extensive merging activity involving subclusters other than
the bullet,

Subject headings: galaxies: clusters: individual (1E 0657—56)-— intergalactic medium — X-rays: galaxies

1. INTRODUCTION

Galaxy clusters form via mergers of smaller subunits, Such
mergers dissipate a large fraction of the subclusters’ vast kinetic
energy through gasdynamic shocks, heating the intracluster gas
and probably accelerating high-energy particles (e.g., Sarazin
2001 and references therein). Shocks contain information.on
the velocity and geometry of the merger. They also provide a
unique laboratory for studying the intracluster plasma, includ-
ing such processes as thermal conduction and electron-ion
equilibration (e.g., Shafranov 1957; Takizawa 1999). Some ex-
ploratory uses of X-ray data on cluster shocks were described
by Markevitch, Sarazin, & Vikhlinin (1999). While many merg-
ing clusters exhibit recently heated gas (see, e.g., Henry &
Briel 1995, Markevitch et al. 1999, Furusho et al. 2001, and
references in those works; Neumann et al. 2001), so far only
two candidate merger shock fronts were observed. One is a
mild X-ray brightness edge, apparently a shock with a Mach
number near 1, preceding the prominent “cold front” in A3667
(Vikhlinin, Markevitch, & Murray 2001). Another is a hot re-
gion in front of the A665 core (Markevitch & Vikhlinin 2001,
hereafter MV) that shows no clear density jump, perhaps be-
cause of an unfavorable viewing geometry,

The Chandra observation of 1E 0657—56 presents the first
clear example of a cluster bow shock. This z = 0.296 cluster
was discovered by Tucker, Tananbaum, & Remillard (1995) as
an Einstein IPC extended source. From ASCA data, Tucker et
al. (1998, hereafter T98) derived a temperature around 17 keV,
making this system one of the hottest known (see also Yagoob
1999 and Liang et al. 2000, hereafter LHBA). ROSAT data
show that 1E 065756 is a merger (T98). It also hosts the
most luminous synchrotron radio halo (LHBA).

Below we present results from the Chandra observation of
1E 0657—56 performed in 2000 October. We use &, = 100
hAkms™ Mpc™ and @, = 0.3, A = 0; ' = 0.172 &' Mpc at
the cluster redshift. Confidence intervals are 90% for one pa-
rameter, unless specified otherwise.

' Also at the University of Culifornia, San Dicgo.
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2. DATA ANALYSIS

1E 0657—-56 was observed by ACIS-I at the focal-plane
temperature of —120°C for a useful exposure of 24.3 ks. To
derive the gas temperature for a given region of the cluster
image, the telescope and detector response were modeled as
described in MV. The ACIS background rate did not vary dur-
ing the exposure but was higher than expected by a factor of
about 1.3, most likely due to anomalous “space weather.” This
required special background modeling, To do this, we extracted
a spectrum from the ACIS-] region outside an » = 8'6
(1.5 &' Mpc) circle centered on the cluster, which should be
free of cluster emission. Point sources were excluded. The
observed excess over the nominal background® was well mod-
eled in the 0.7-10 keV band by the sum of two power laws
E* with photon indices o = —0.6 and 3.0 (dominant below
and above E ~ 5 keV, respectively) originating inside the de-
tector, i.e., without applying the mirror effective area and CCD
efficiency to the model. Such a background anomaly in the
ACIS-I chips is rare and not yet understood. We assumed that
this component is distributed uniformly over the detector and
added it (normalized by solid angle) to the nominal background
spectra. High-energy residuals in the overall cluster fit indicated
that the normalization of the corrected background required an
additional 10% increase (perhaps indicating some spatial non-
uniformity of the excess), which we applied to the spectra from
all cluster regions,

To make a 0.5-5 keV image for the gas density analysis, we
compared the observed background rate far from the cluster
with the nominal model background (without the above ad-
ditional component) and derived a correction factor of 1.35 for
this wide band, which was applied to the model background
image. This is of course consistent with the above spectral
correction. A 10% background uncertainty was included in
deriving the confidence intervals for all quantities. This ap-
proximate background modeling is adequate for our present

* A combination of blank-field obscrvations normalized by the exposure
time (sce hitp:/fasc.harvard.edw/eal, click “ACIS,” then “ACIS Background").
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