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PREFACE

This technical report was prepared by the Center for Information and
Numerical Data Analysis and Synthesis (CINDAS), Purdue University, West
Lafayette, Indiana, under the auspices of the Office of Standard Reference
Data of the National Bureau of Standards (NBS), Department of Commerce,
Washington, D.C. It represents the most exhaustive review and critical

evaluation of the recorded world knowledge on the electrical resistivity of
ten selected binary alloy systems, and is a continuation of a similar work

on the thermal conductivity of the same ten binary alloy systems already
published. The recommended self-consistent electrical resistivity values
presented in this report cover the full ranges of composition and temperature
for most of the alloy systems and go far beyond the limited experimental data,

which are often conflicting and uncertain in many cases. Thus, new knowledge
| has been generated in this process of data analysis and synthesis.

_ This report serves multiple purposes. It provides engineering and

. design data for virtually all compositions of the ten binary alloy systems

: for industrial applications at all temperatures. It provides reliable data
against which theoreticians can test their theories. Furthermore, the knowl-
edge of the electrical resistivity of binary alloy systems is essential for
the study and estimation of the electrical resistivity of ternary and more
complex engineering alloys.

Although this report is primarily the result of financial support and
¥ interest of the NBS Office of Standard Reference Data, the extensive documen-
tary activity essential to this work was supported by the Defense Logistics

Agency of the Department of Defense. Throughout the course of this work,

Dr. P. G. Klemens, who is a Visiting Research Professor at CINDAS and Professor

of Physics at the University of Connecticut, has given the staff of this project
é valuable technical guidance and advice; his contributions are hereby gratefully

acknowledged. Thanks are also due Dr. H. J. White, Jr., of the NBS Office of

) Standard Reference Data for his aympathetic understanding and help in many ways.

@ Y. S. TOULOUKIAN

Director of CINDAS

Distinguished Atkins Professor of
Engineering

éq Purdue University
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This work complles, reviews, and discusses the available data and
information on the electrical resistivity of ten selected binary alloy
systems and presents the recommended values resulting from critical evalua-
tion, correlation, analysis, and synthesis of the available data and infor-
mation. The ten binary alloy systems selected are the systems of aluminum—
copper, aluminum-magnesium, copper-gold, copper-nickel, copper-palladium,
copper-zinc, gold-palladium, gold-silver, iron-nickl, and silver-~palladium.
The recommended values for each of the ten binary alloy systems except three
(aluminum~copper, aluminum-magnesium, and copper-zinc) are given for 27
zompositions: 0 (pure element), 0.5, 1, 3, 5, 10(5)95, 97, 99, 99.5, and
100% (pure element). For aluminum-copper, aluminum-magnesium, and copper-
zinc alloy systems, the recommended values are given for 26, 12, and 11
compositions, respectively. For most of the alloy systems the recommended
values cover the temperature range from 1 K to the solidus temperature of
the alloys or to about 1200 K. For most of the nine elements constituting
the alloy systems, the recommended values cover the temperature range from
1 K to above the melting point into the molten state. The estimated uncer-
tainties in most of the recommended values are about 3% to *52.

Key words: Alloy systems; alloys; conductivity; critical evaluation; data
analysis; data compilation; data synthesis; electrical conductivity; electri-
cal resistivity; metals; recommended values; resistivity.
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1. INTRODUCTION

The principal objective of this étudy was to critically evaluate, correlate,
analyze, and synthesize all the available data and information on the electrical
resistivity of ten selected binary alloy systems and to generate recommended
values over the widest practicable ranges of temperature and alloy composition
for each of the alloy systems. This study is a continuation of a similar work
on the thermal conductivity of the same ten binary alloy systems [1]!

The ten binary alloy éystems selected are the systems of aluminum—-copper,
aluminum-magnesium, copper-gold, copper-nickel, copper-palladium, copper-zinc,
gold-palladium, gold-silver, iron~nickel, and silver-palladium. These systems
include all the three different kinds of binary alloy systems: nontransition-
metal and nontransition-metal systems (aluminum-~copper, aluminum-magnesium,
copper-gold, copper-zinc, and gold-silver), nontransition-metal and transition-
metal systems (copper-nickel, copper-palladium, gold-palladium, and silver-
palladium), and a transition-metal and transition-metal system (iron-nickel).
Most of these alloy systems are among those for which the largest amounts of
experimental data are available. However, it will become evident later that
even for these alloy systems serious gaps still exist in the electrical resis-
tivity data, as concerns dependence on both composition and temperature, and
that some of the available experimental data sets show large uncertainties or

wide divergences.

The resulting electrical resistivity values presented in this work are
designatéd as recommended or provisional values depending upon the level of
confidence placed on the values and, hence, upon the uncertainty in the values
assigned. The uncertainty in the recommended electrical resistivity values is
less than or equal to 5% and that in the provisional values is greater than
$5%. It will be noted that most of the resulting values are designated as
recommended values and the uncertainty in the values is generally of the order
of 31 to 5%.

The recommended electrical resistivity values are based on the room-
temperature dimensions of the alloys, as thermal expansion corrections have not
been made. This is due to the fact that the available experimental data on the
electrical resistivity of the alloys, upon which the recommendations are based,

! Numbers in brackets indicate literature references listed in Sectiom 6.
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are not corrected for thermal expansion, and that thermal expansion values for
the respective alloys are not available for such corrections to be made. If
the values of thermal expansion, AL(T)/L,, for the alloys are available, the

electrical resistivity values corrected for thermal expansion, P 4> can

correcte
easily be calculated from the given values uncorrected for thermal expansion,

Puncorrecteds PY the following relation:

o o AL(T)
pcorrected(T) [1 + L, puncorrected(T)

where AL = L - L;, and L and L, are the lengths of the specimen at any tempera-

ture T and at a reference temperature T,, respectively. The thermal expansion
correction amounts roughly to about ~0.2% to -0.7% at very low temperatures,
zero at room temperature, about 0.3% to 0.7 at 500 K, and about 2% near the

melting point of the alloy.

The recommended (or provisional) values generated are for alloys which
are not ordered and have not been cold-worked severely; the values would be

lower for ordered alloys and higher for cold-worked alloys at low temperatures.

The general background information on this work is given in Section 2,
which includes a brief summary of the theory of the electrical resistivity of
metals and alloys, a short description of the procedure and method usad for
the data evaluation, correlation, analysis, and synthesis and the generation
of recommended values, and a detailed explanation of the specifics and conventions

used in the presentation of the data and information.

The experimental data and information and the recommended (or provisional)
values for the electrical resistivity of the ten binary alloy systems are
presented in Section 3. In the discussion of the electrical resistivity of
each alloy system, individual pieces of available data and information are
reviewed, details of data analysia and synthesis are given, the considerations
involved in arriving at the final assessment and recommendation are discussed,
the recommended values and the experimental data are compared, and the uncer-
tainties in the recommended values are stated. For each of the alloy systems
except three (aluminum-copper, aluminum-magnesium, and copper-zinc), the
recommended values are given for 27 compositions: O(pure element), 0.5, 1, 3,
5, 10(5)95, 97, 99, 99.5, and 100%(pure element). For aluminum-copper alloy
system, recommended values are presented for 26 compositions, without that




containing 80% copper. For aluminum-magnesium alloy system, recommended values
are generated only for 12 compositions, lacking those containing 15 to 85%
magnesium. Recommended values are given for only 11 compositions of the copper-
zinc alloy system, and no values are for those with 35 to 99.5X zinc. For most
of the compositions the recommended values cdver the temperature range from

1 K to near the solidus temperature (melting starting point). The recommended
values have been smoothed simultaneously over both temperature and composition

dependences.

The last three sections are for acknowledgments, appendices, and references.
There are three appendices given. The first appendix presents, as an example,
a detailed account of analysis and synthesis of the electrical resiotivitj of
gold-silver alloy system. A logical organization of the methods for the mea-
surement of electrical resistivity is given in the second appendix. The third
appendix presents conversion factors for the units of electrical resistivity,
which may be used to convert easily the electrical resistivity values in the

SI units given in this work to values in any of the several other units listed.
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2. GENERAL BACKGROUND

2.1. Theoretical Background
a. Matthiessen's Rule

It was found experimentally by Matthiessen [2,3] that the increase in the
electrical resistivity of a metal due to the presence of a small amount of
another metal in solid solution is independent of the temperature. According
to this Matthiessen's rule, the total electrical resistivity of an impure
metal may therefore be separated into two additive contributions and written

in the form

D(C,T) b po(c) + pi(T)p (1)

where p, is the residual resistivity caused by the scattering of electrons by
impurity atoms and lattice defects and is temperature-independent but dependent
on the impurity concentration, c, and p; is the temperature-dependent intrimsic
resistivity arising from the scattering of electrons by lattice waves, or

phonons.

The validity of the Matthiessen's rule has been assessed by Sondheimer
[4], who concluded that the maximum deviation should not exceed one percent
of py in the idealized case in which the impurities do not affect the phonon
and electron spectra. However, significant deviations from Matthiessen's
rule do occur, which will be discussed in Subsection e. Thus, in general the

electrical resistivity of an impure metal is given by

P(c,T) = py(c) + p4(T) + A(c,T), (2)

where A 18 the deviation from the Matthiessen's rule.

In separating the electrical resistivity into its components, the temperature
dependent part sometimes includes the electrical resistivity due to electron-
electron scattering, p,; indeed, this is thought to be the dominant temperature-

dependent term in transition metals at low temperatures.

In what follows, we will first discuss py, Paes P,s and A, then consider
the electrical resistivity of nontransition-metal alloys, and finally comment
on aapeéts of the electrical resistivity of transition metals and their alloys.
The theory of electrical resistivity of metals and alloys has been the subject
of a number of reviews and has constituted a large portion of the material in

several books [5-21].




b. Intrinsic Electrical Resistivity

The intrinsic electrical resistivity which is due to scattering of
electrons by phonons may be approximated by the Bloch-Gruneisen formula [22-24]}:

c [1)° [PR/T .5e%4q
i ) | o @

where C is a constant characteristic of the metal and proportional to the
square of the electron-phonon interaction constant, M is the atomic weight,
and Op 1s a characteristic temperature of the metal which characterizes its
intrinsic electrical resistivity in the same way as the Debye temperature,

8p, characterizes its lattice specific heat. The dimensionless variable of
integration z = Nw/kT, where h is the Planck constant divided by 2w, w is

the phonon angular frequency, and k is the Boltzmann constant. The derivation
of eq. (3) is based on the simplifying assumptions that the Fermi surface is
spherical, that the conduction electrons can be treated as free in the first
approximation, that the spectrum of lattice vibrations is that of the Debye
model, that the phonon distribution 1s essentially undisturbed by the scattering
processes, and that electron-phonon Umklapp processes can be ignored. Conse-
quently, it is perhaps most reasonable to expect the Bloch-Gruneisen formula
to agree with experiment in the case of monovalent metals. Nevertheless, the
intrinsic resistivity of many metals can be well represented by eq. (3) over
a wide temperature range by a suitable choice of 6 and C, though no single

value of 6p can fit the data at all temperatures.

At low temperatures (T < 6j/20), eq. (3) reduced to

124.4C [T)°
- B ) @

while at high temperatures (T > 8g), to a good approximation, it reduces to

C T
Py ® Moy {6;) . (5)

Thus it agrees with the experimental facts that at low temperatures (but above
about 20 K) the electrical resistivity of some metallic elements is proportional
to Ts, and at high temperatures the resistivity of most metals increases approx-

imately linearly with temperature.




The intrinsic resistivity of a metal at the characteristic temperature,
T = 6 in eq. (3), is

1
C

s 2
zedz 0.53660 . (6)
e?-1)?2 R

Combining eqs. (3) and (6) yields the reduced intrinsic resistivity equation

Py 7Y [T]s JGR/T z5eZdz
— o 4,226 |5 —_—, 0
P4 (8g) Br (e% - 1)2

0
which gives a single curve for all metals. The values of the reduced intrinsic
resistivity from eq. (7) as a function of the reduced temperature, T/GR, have
been compared favorably with the experimental data for a number of metals
[25,26].

c. Electrical Resistivity due to Electron-Electron Scattering

As in the case of the scattering of electrons by phonons, electron-electron
collisions are of two types: normal processes, in which the total wave vector
is conserved, and Umklapp processes in which the total wave vectors before and
after the collision differ by a reciprocal lattice vector. On the other hand,
unlike electron-phonon Umklapp processes, electron-electron UmVlapp processes

are not frozen out at low temperatures.

Normal processes, involving the collision between two s-band cunduction
electrons, do not contribute directly to the electrical resistivity because
they do not change the total momentum and thus have no effect on the current.
Normal processes involving the scattering of an s-band conduction electron by
a non-conducting d-band electron do contribute to the electrical resfstivity,
and are thought to be the dominant temperature~dependent resistive processes
in transition elements and their alloys at very low temperatures, since their
resistivities show the T? temperature dependence expected for electron-electron
scattering rather than the T® temperature dependence expected for the intrinsic
resistivity. This temperature dependence of the electrical resistivity due to

electron-electron scattering:

Pe = T? (8)
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comes about through the double application of the exclusion principle in the
scattering processes; it applies to both the initial states and final states.
For simplicity assume all the states with energies less than the Fermi energy,
€p, to be occupied and consider the scattering of electron 1, in an excited
state of energy greater than €p by €,, colliding with electron 2 having energy
less than €p by €,. Then conservation of energy requires that €, be greater
than €,, since the final states must be empty and, therefore, must have
energies greater than €. Thus, the orbital of electron 2 must lie within a
shell of thickness €, within the Fermi surface so that only a fraction, E,/eF,
of the electrons can scatter electron 1. Further, the final states must also
lie within a shell of thickness less than £€; outside the Fermi surface so that
only a fraction, €,/€p, of the final states compatible with conservation of
energy and momentum are allowed by the exclusion principle. The average energy
of an occupied excited state measured from €p is approximately kT so that

€,/ep = kT/5p and the effect of the double application of the exclusion prin-
ciple is to reduce the collision cross section for electron-electron scattering

by a factor (kT/eF)2 below its value for a screened Coulomb interaction.

Umklapp processes between two conduction electrons do contribute to the
electrical resistivity. Because these processes involve a reciprocal lattice
vector, the wave functions of the electrons involved cannot be regarded as
sample plane waves, but must be treated as true Bloch functions having the
periodicity of the lattice. The result of this is to introduce into the ex-
pression for the resistivity the square of an interference factor. Apparently
this factor is quite small, as the low temperature electrical resistivity of
most ordinary metals does not show the T? temperature depemdence expected for
such a resistive mechanism; however, a contribution proportional to T? has
been observed in the liquid-helfum-temperature resistivity of indium and

aluminum,

d. Resldual Electrical Resistivity

The electrical resistivity of a metal or an alloy approaches a constant
value, the residual electrical resistivity, as the temperature decreases toward
absolute zero. Exceptions to this rule are the phenomena of superconductivity,
which are not considered here. The residual resistivity is due to the scatter-
ing of electrons by foreign atoms and lattice defects such as vacancies, inter-

stitials, dislocations, and stacking faults.
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The most important contribution to the residual resistivity is the
scattering of electrons by foreign atoms, which will be discussed in Subsec-
tion f in connection with the electrical resistivity of alloys.

Electrical resistivities due to vacancies and interstitials have been
estimated theoretically, and studied experimentally by using neutron-irradiated
samples. The increase in the resistivity due to vacancies, 6pvac.’ and that
due to interstitials, Gpint.’ have been given for copper by Blatt [20] as

follows:

80yac. = 1.0 ~ 1.5 x 10" ® Qm/atomic percent

8P{nt. = 0.5 ~ 1.0 x 10 ® Qm/atomic percent.

Dislocations scatter electrons weakly; however, it is sometimes
energetically favorable for a dislocation to dissociate into two partial
dislocations separated by a ribbon of stacking faults which, particularly if
it is wide, may be effective in scattering electrons. Thus, the resistivity
due to dislocations is often significantly larger than predicted by theoretical
calculations, which may be caused by the substantial contributions of stacking
faults and the core of the dislocation line to the resistivity of plastically
deformed metals.

Calculation of the resistivity due to stacking faults is difficult and
requires a knowledge of the Fermi surface. However, Howie [27] was able to
account for the resistivity of a deformed copper specimen in terms of a

reasonable density of stacking faults.

e. Deviations from Matthiessen's Rule

For Matthiessen's rule to be exact, the scattering of electrons by
imperfections and by phonons would have to be independent of each cther, and
this is only approximately true. Other causes for deviations from Matthiessen's

rule are as follows:

(1) Alloying may alter the band structure of the metal.

(2) Alloying may change the phonon spectrum or perturb the phonon
distribution in the steady state.

(3) There may be parallel conduction by two bands of electromns.




The first two effects are to be expected in concentrated alloys, but
i two-band effects can cause significant deviations in multivalent elements and

in very dilute alloys of monovalent elements.

The two-band effect was first discussed by Sondheimer and Wilson [28],
who considered the case in which the s- and d~bands of electrons of a transi-
tion element conduct in parallel. They found that if p, depends only on pyg
and pyq of the s- and d-bands, respectively, and p; depends only on p;, and
Pyqs then the deviation from Matthiessen's rule is given by

Pog Pig(h — V)?

BP0 T A F D@+ 0 o0l O

-where y = Pod/Pgs and V = py3/pjg. Thus, there is a positive deviation unless
these ratios are equal. At low temperatures Pig 1s smaller than p,g so that
A 1s approximately proportional to Pig and thus to Pys while at high tempera-
i tures Pjg is larger than p,g so that A is approximately proportional to (g
and thus to p,. It follows that A increases from zero at zero temperature to
a constant value proportional to p, at high temperatures. When p, and pj are

of the same order of magnitude, the deviation can be approximated by

O Py Py
e 10
b= Boo+YOP{ 0

SRR VW RV

where o, 8, and Y are positive quantities of the order of unity [6, p. 312].
Taking o, B, and Y equal to unity it follows that the largest relative devia-
tion, A/(p, + P4), occurs when p, and py are equal.

Dugdale and Basinski [29] explained the deviations from Matthiessen's
rule observed in dilute copper alloys and silver alloys on the bases of an
argument by Ziman [30] concerning the different anisotropies of relaxation
times for phonon and impurity scattering. While their expression for A is
equivalent to that obtained by Sondheimer and Wilson, the interpretation and

temperature dependence are quite different.

f Ziman divided electrons into two groups: (1) the bélly electrons associated
with the spherical portions of the Fermi surface and (2) the neck electrons
associated with the portions of the Fermi surface which approach or make con-
tact with the zone boundary. The electron-phonon interactions responsible

T
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for py are of two types: normal processes in which the sum of the wave vectors

remain unchanged, and Umklapp processes in which the sum of the wave vectors

changes by a reciprocal lattice vector. In the case of belly electrons, Umklapp
processes can take place only with phonons having a minimum wave vector and
minimum energy determined by the differences between the belly electron wave
vector and the nearest wave vector in the next Brillonin zone. At low tempera-
tures such phonons disappear and the Umklapp processes involving belly electrons
are frozen out. On the other hand, the neck electrons have wave vectors arbi-
trarily near to the zone boundary and Umklapp processes can occur at both low and
high temperatures. Thus, while the strength of the electron-phonon interactions
may be about the same for the two groups at room temperature and above, at

low temperatures they are much stronger on the neck than on the belly so that
the ratio pib/pin increases from a small value at low temperatures to a constant
value at room temperature and above. Ziman considered impurity scattering in
the cases of silver in gold and of copper in gold. In the first case the atomic
volumes are very nearly equal and the effect of silver atoms on the conduction

electrons is due only to differences in the effective potential in the ion core,

consequently the belly electrons, which have wave functions that are large in
the region of the core, will be strongly scattered, while the neck electrons,
which have wave functions that are large only in the region between the cores,
will be weakly scattered. In the second case the atomic volumes are very
different, and the effect of the copper atoms on the conduction electrons is
much like that of a charged impurity, a change in the potential extending out
into the region between the ion cores, so that the neck electrons are also

scattered strongly.

It follows from the above that on this model 1f the ratio pib/pin is always
smaller than the ratio pgp/Pyp, then A rises from zero at zero temperature,
goes through a maximum, and takes on a constant value at high temperatures;
this is the behavior observed in the dilute Cu + Au and Ag + Au alloys investi-
gated by Dugdale and Basinski.

The deviations from Matthiessen's rule in iron alloys [31] and nickel
alloys [32] have been explained in terms of parallel conduction by the spin-up
and spin-down electrons. At low temperatures there are few interactions between
the electrons of opposite apin, so that an electron with its spin in a given

direction emerging from an impurity collision will reach the next impurity with
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{ its spin unchanged; thus an impurity resistivity can be defined for each group.

! If the iﬁputity relaxation time is considerably longer for one group of electromns
o than for the other, the scattering of electrons of that group will contribute
relatively little to the residual resistivity. At high temperatures, on the
other hand, there may exist (presumably as a result of electron-electron
collisions) a process of spin mixing in which the electrons change their spin
directions a number of times between impurity collisions. There will then be
no group of electrons that experience relatively small impurity scattering,
and the high-temperature impurity resistivity will become considerably greate:

than the low-temperature residual resistivity.

——r —

Deviations from Matthiessen's rule have been comprehensively reviewed by
Bass [33] and by Cimberle et al. [34].

‘ f. Electrical Resistivity of Alloys

Alloying affects the electrical resistivity of the host metal drastically,
since it causes latt’ .e perturbations, modifies the lattice-vibrational spectrum
and electronic band structure, changes the Ferml energy and electronic density

of states, etc.

5‘ For the residual electrical resistivity of binary solid-solution alloys
containing ¢ mole fraction of element A and (1 - c) mole fraction of element B,
Nordheim's rule [35] is

Py = c(l=-c). (11)
This rule is applicable only to homogeneous random (not ordered) solid solutions

of two metals which are not transition elements. It is apparent from eq. (11)
that p, is directly proportional to ¢ if c << 1.

Nordheim's rule can be made plausible by the following argument. The
average cellular potential for a binary alloy with mole fraction ¢ of element A

in element B is given by

¢ = chdp + (1-cloy Q2)

and the perturbations of this potential at the sites of the A and B atoms are

S0p = 0y = ¢ = (L-c)(dy-0p) = (L-c)dyg (13)

, 64’3 - 4’3 -¢= C(¢B-¢A) - "C¢AB .
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In the Born approximation, the scattering cross section per scattering center
is proportional to the square of the matrix element of the perturbation. The
probability per unit time that an electron will be scattered from state ¥
into state Y., by a single A atom is (1-c)? U? where

u- J Yo dpp ¥ dr 1s)

and ¥ and Y. are the initial and final wave functions. The probability per
unit time that an electron will be scattered by a single B atom is c?u?.
Since the fractions of A atoms and B atoms are ¢ and (1-c), the total scat-

tering probability per unit time, and therefore the residual resistivity, is

of the form

pp = [c(l=c)?2 + (1-c)c?lu? = c(1-c)U?. (16)

This rule is obeyed quite well by many binary alloy systems, but not by those

in which either constituent is a transition element.

In dilute solid-..lution alloys, Norbury [36] found that the increase
of residual resistivity per atomic percent solute, §p,, increases with the

valence difference, §Z, between the solute and the solvent atoms. By analyzing

thoroughly the data on this effect, Linde [37-39] concluded that §p, is pro-

portional to the square of 6Z, i.e., j
8o, = a + b(82)?, an

where a and b are constants for a given solvent metal and a given row of the

periodic table to which the solute elements belong. This is the Norbury-Linde's

rule.

A rough theoretical justification for Norbury-Linde's rule was given by
Mott {[40], who calculated Sp, on the assumption that :the electrons behave as
if they were free and used a screened Coulomb potentisl to describe the per-
turbation, and used the Born approximation to calculate the scattering cross

gectio.n. For a solute in the same row of the periodic table, in which case

a is zero, he obtained

-
2 2 2,2 2p?
8p, = 2162) e [h[l + M} - [1 + _q_h__} J . (18)

q2h2

100 mv? 4m3v?
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_{ Here e, m, and v are the electronic charge, mass, and velocity, q is the

;g screening parameter, and h is the reduced Planck constant. The (82)? depen-
dence is obtained because in the Born approximation the scattering is propor-
tional to the square of the matrix element of the perturbation. The Born
approximation overestimates the scattering for this type of potential so that
e eq. (18) is only an approximation; however, fair agreement with experiment
can be obtained by taking the screening parameter to be somewhat greater than
the usual estimate., Better estimates of Gpo can be obtained by the more
refined phase-shift calculations, but these do not yield the simple (62)2

1 dependence.
1 Norbury-Linde's rule is not obeyed when the alloying involves transition

elements or polyvalent elements such as aluminum and magnesium.

! Another factor influencing the residual resistivity of alloys is short
| range order which may either decrease it, as in the case of a brass [41],
- or increase it as in the case of copper-gold alloys [42,43]. Short range

X order is increased by annealing and destroyed by mechanical deformation and
by heating and quenching.

In the case of binary alloy systems whose alloys are two-phase (o + B)
mixtures, the electrical resistivity of the alloys is equal to the sum of the
product of the electrical resistivity of each phase and its volume fraction,

i.e.,

where Py and pg are the electrical resistivities and Vg, and VB are the volume

fractions of a and B phases, respectively. Equation (19) is derived by con-

sidering the alloy as a rod which consists of a large number of small fibers
in parallel, with each fiber having a certain volume of a~phase in series with

a certain volume of B-phase.
g. Electrical Resistivity of Transition Elements and Their Alloys
In terms of electronic transport properties, the most important feature
of transition elements, at least those having face-centered cubic crystal
structure such as nickel and palladium, is the presence of a narrow d-band

with a high density of states overlapping the conduction band at the Fermi

energy level. As originally suggested by Mott [44], the role of this d-band
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is to provide a large number of levels into which the s~electrons can be
scattered and lost from the current, thus causing the high electrical resis-

tivity of transition elements as compared with that of ordinary metals.

As palladium is added to silver, the resistivity first increases in the
way observed for binary alloys of ordinary metals. At a certain composition,
about 40 atomic percent palladium, the number of conduction electrons is no
longer sufficlent to fill the d-band holes and the resistivity begins to in-
crease rapidly, rising to an asymmetric peak. Mott [44] provided a semi-
quantitative explanation of the shape of the curve which may be summarized as
follows. The resistivity was taken to be the sum of terms due to s~s and s-d
scattering. The resistivity due to s-s scattering was taken to have the com-
position dependence given by Nordheim's rule while that due to s-d scattering
was taken to be proportional to the density of vacant states in the d-band,
which in turn was taken to vary in the same way as the paramagnetic suscepti-
bility, that is, as (p--c)2 for ¢ < g, and zero for ¢ > p for atomic fraction
¢ of silver in palladium, where p is the number of positive holes per atom in
pure palladium. Also, while silver and palladium in the alloy were assumed
to have a common s-band, the d-band was assumed to be split into two bands and
the one associated with silver atoms was taken to be below that associated
with palladium atoms and thus below the Fermi energy level. With these assump-
tions Mott obtained the following equation for the electrical resistivity of

the alloys:
p=A(p-c)2(L-c)e? + B(1-c)c, (20)

where A and B are constants. If A and B are properly chosen, eq. (20) will
result in a resistivity-composition curve similar to that observed experimentally

for this alloy system.

Coles and Taylor [45] used a similar model to explain the shape of this
resistivity-composition curve but derived the density of states of the d-band
from the electronic specific heat. Later, Dugdale and Guénault [46] modified
Mott's model to make it consistent with the findings of Vuillemin and Priestley
[47] concerning the Fermi surface of palladium. With this model they were
able to explain not only the shape of the resistivity-composition curve but

also the low-temperature thermoelectric power of these alloys.
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The temperature dependence of the electrical resistivity of nickel and
iron shows an anomaly caused by their being ferromagnetic: while above the
Curie temperature the resistivity has the usual concave-downward curvature,
below the Curie temperature it is concave upward. This behavior can be ex-
plained on the basis of a band model for the d-electrons in terms of s-d
scattering, and on the basis of a model in which the d-electrons are localized
on their atoms in terms of spin-disorder scattering. Mott and Stevens [48]
argued that the former model applied to nickel and the latter to {iron.

In the band model the narrow d-band overlaps the s~band. Above the Curie
temperature, vacant d-states of both spin directions are present in equal
numbers. Below the Curie temperature, there is a greater number of vacant states
with spin up in a given domain and the number increases with decreasing temper-
ature, while the number with spin down decreases until at zero temperature all
of the spin down states are filled. If only states with spin up are vacant,
then a spin-down electron cannot make a spin-conserving transition into the
d-band, so that its mean free path is greater than in the unmagnetized state.
Assuming that the energy is proportional to the square of the wave vector so
that the density of d-states at the Fermi level, Nd(EF), is proportional to
the square root of the Fermi energy, noting that the Fermi wave number, is
proportional to the cube root of the electron density, one obtains

(21)

IR VL
N, < |17 )
where M is the net magnetization, reaching the saturation value My, at T = 0 K,
and t refers to spin up and spin down electrons. Since the reciprocal relaxa-
tion time, and thus the resistivity due to s-d transitions, is proportional to
Ny(eg), one obtains

. =p  +0p 1$—’il/3. (22)
+ 88 sd M,

In an unmagnetized specimen there are many domains in which the magnetization
of the d-spin is in different directions so that, instead of having parallel
conduction by spin~up and spin-down electroms, both types of electrons see an

average resistivity:
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For small M/M, this reduces to

i 1{M)?
‘ P = Ogq + Pad [:1 - -9-[!40} ] ’ (24)

which is in qualitative agreement with the experimental data for nickel.

If the d~electrons are localized on their atoms, then instead of s-d
scattering, the theory proposes an s~d exchange interaction with an energy
depending on the relative orientation of the spin of a moving s-electrom to
that of the fixed d-electron near which it is passing. If the spins of the
d-electrons in a domain are lined up parallel, then the electrons would not
be scattered, but as the temperature is increased, the d-spins within the
domain become disordered, and there is an extra contribution to the resis-
! tivity which increases rapidly as the Curie temperature is approached and

takes a constant value above the Curie temperature.

Since s-d scattering due to the electron-phonon interaction continues
to increase with temperature above the Curie temperature, while the spin~
disorder scattering takes on a constant value, the two mechanisms can be
distinguished experimentally. Coles [49] predicts the former behavior for
a Ni-Pd alloy and the latter behavior for an Fe-Rh alloy.

!
:




. 5
"o st

o r—n —— et Fara—

LR . :

3

2.2. Data Evaluation and Generation of Recommended Values

The recommended electrical resistivity values were generated through
critical evaluation, correlation, analysis, and synthesis of the available
experimental data and information compiled from all sources. The procedure
involved critical evaluation of the validity of available data and related
information, judgment on the reliability and accuracy of the data, resolution,
and reconciliation of disagreements in conflicting data, correlation of data
in terms of various controlling parameters, cutrve fitting with theoretical or
empirical equations, and synthesis of the often fragmentary data to generate

a full range of coverage of internally consistent "best' values.

In the critical evaluation of the validity and reliability of a set of
experimental electrical resistivity data, the temperature dependence of the
data was examined, and any unusual dependence or anomaly was carefully inves-
tigated. The experimental technique was reviewed to see whether the actual
boundary conditions in the measurement agreed with those assumed in the theory,
and the estimation of inaccuracies by the authors was checked to ensure that
all the possible sources of error were considered. The sources of error might
include the inaccuracy in the measurement of specimen dimensions and of the
distance between potential probes, uncertainty due to the effect of thermal
expansion, inaccuracy in temperature measurement, inaccuracy due to poor
sensitivity of measuring devices or circuits, uncertainty at high temperature
due to specimen instability or specimen and/or thermocouple contamination,
etc. These and other possible sources of error were carefully considered in

critical evaluation of experimental data.

The uncertainty of a set of experimental data is caused, however, not
only by the experimental error in the measurement, but also by the inadequacy
of characterization of the material for which the data are reported. Therefore,
in data analysis it should be kept in mind that the total difference between
two sets of experimental data is the sum of the difference due to experimental
error and the real difference due to sample variance. It was found in this
and other studies that the chemical composition of a specimen reported by the
author was often unreliable. This might partly be due to the fact that in many
cases the stated composition of a specimen was at the author obtained from
the company who supplied the specimen and it could at best represent only the

17
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nominal composition; the actual composition varied from sample to sample. In
R other cases there was a strong tendency for only certain particular elements

to be detected by a particular chemical analysis which could miss other impor- i
tant constituents. Furthermore, the chemical composition c¢f a specimen might

change when it was measured at high temperature.

In many cases research papers did not contain adequate information for
performing a truly critical evaluation. In these cases, some other considera-

tions were used for data evaluation. For instance, if several author's data

agreed with one another and, more importantly, these were obtained by using

different experimental methods, these data were judged to be reliable. However,
if the different sets of data were obtained by means of the same experimental
method, even though they all agreed, the reliability of the data was still
subject to questioning, because they might all suffer from a common, but
unknown, source of error. Secondly, if the same apparatus had been used for
measurements of other materials and the other results were reliable, the result
for the new material was judged also to be reliable. If the information given
by the author was entirely inadequate to make any value judgment, the data
assessment was subjective. At times, judgments were based upon factors and
considerations such as the central purpose of his research, the motivation

for his measurement, general knowledge of the experimenter, his past performance,

the reputation of his laboratory, etc.

In the process of critical evaluation of experimental data outlined above,
unreliable and erroneous data were noted and set aside. The remaining data
were then used for data correlation and synthesis, and graphical smoothing was
often used. In graphical smoothing of experimental data for a binary alloy
system, cross-plotting from electrical resistivity data versus temperature to
resistivity data versus composition and vice versa were made. Smooth curves
were drawn which approximate the best fit to the resistivity data versus tem-
perature, and points from the smoothed curves were used to construct resistivity-
versus-composition curves for a convenient set of selected temperatures. In a

resistivity-versus-composition graph, the family of isotherms was similar and

any required smoothing of the data could be done more easily and with greater
confidence than when working directly with the resistivity-versus-temperature
curves. The points from the resulting smoothed curves vwere then used to comstruct

resistivity-versus-temperature curves for selected compositions, and these curves
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.{ were further smoothed. In the graphical smoothing process it was extremely

important that the alloy phase diagrams be constantly consulted and the phase

! boundaries between solid solutions and/or mechanical mixtures and the boundaries
of magnetic transitions be kept in mind, so as to be aware of any possible

discontinuity or sudden change of slope in the resistivity curves.

In graphical smoothing and synthesis of data for a binary alloy system,
instead of cross-plotting the total electrical resistivity, p(c,T), it was
often better to work with the temperature-dependent part, pi(c,T), of the
electrical resistivity, i.e.,

py(c,T) = p(c,T) - py(c). (25)

e A s

This temperature-dependent part changes more slowly with the alloy composition,
c, than does the total electrical resistivity, and its isotherms may form a
family more convenient for cross-plotting. Furthermore, for a binary alloy
system that forms a continuous series of solid solutions over the entire range

i of compositions, it has proved very useful to go further in this direction by

working with the quantity
A(C;T) = Di(C’T) - Bi(c,T)s (26)

where Bi is the atomic~fraction-weighted average of the intrinsic resistivities,

pi(A) and pi(B), of the two pure metals A and B:

3 Bilc,T) = cog (1) + (1-0) 04 BV(M) 27
with ¢ = N of metal A.

Since the quantity A is at most a few percent of p, irregularities and
discrepancies in the values of p become very conspicuous in plots of A or A/T,
and this incrzases the confidence with which one can reject some data as
aberrant or unreliable. In the low-temperature region it is better to cross-
plot A versus T or c, while at high temperature cross-plotting A/T versus
T or ¢ 18 preferred. Cross-plotting of A is convenient up to 300 K and cross-

plotting of A/T down to 100 K; the range of overlap in T makes it useful to

employ both types of plot in relating low-temperature data to high-temperature

data. As an example to illustrate the application of this method and procedure,
a detailed account of analysis and synthesis of the electrical resistivity data
for tue guiu-2flver alloy system is presented in Appendix 5.1.
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Combining eqs (25) to (27) gives an expression for the electrical
resistivity of a binary alloy:

' p(e,T) = pgle) + cpy AV (M + (1-0) o, BV(1) + A, D). (28)

This expression reduces to eq (2) for an impure metal for which ¢ approaches

v zero.

1
3
t
»
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2.3. Presentation of Data and Information

In this work, the term “binary alloy system" refers to the full range of

composition of two alloying elements and is signified by a hyphen between the

two elements, such as aluminum-copper alloy system. The term "binary alloys"

refers to a group of binary alloys in which the first alloying element is

predominant and is signified by a plus between the two elements, such as

aluminum + copper alloys. In specifying the composition of an alloy, weight

percent is denoted by % and atomic percent by At.Z or at.Z.

(1) A discussion text,

(2)

3
(4)

(5)

(6)

)

(8)

(9)

Thus, there are normally five figures and seven tables for each alloy system,
excepting that some additional figures presenting other useful information are

also given for a few particular alloy systems.

In the discussion text on the electrical resistivity of each alloy system,
individual pieces of available data and information are reviewed, details of
data analysis and synthesis are given, the considerations involved in arriving

In each of the subsections in Section 3, electrical resistivity data and

information for each alloy system are presented in the following order:

A table of recommended values given as a functicn of both temperature
and composition,

Two figures presenting recommended values as a function of temperature,
Two comparable figures presenting experimental data as a function of
temperature,

Two tables giving measurement information on the experimental data
presented in the two figures of item (4),

Two comparable tables tabulating experimental data of all the data
sets presented in the two figures of item (4) and/or listed in the

two tables of item (5),

A figure presenting both recommended values and experimental data

as a function of composition,
A table giving measurement information on the experimental data presented
in the figure of item (7), and

A comparable table tabulating experimental data of all the data sets
presented in the figure of item (7) and/or listed in the table of
item (8).
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at the final assessment and recommendation are discussed, the recommended
i values and the experimental data are compared, and the uncertainties of the

recommended values are stated.

In the table of recommended values, those values which are provisional
are indicated each by a double dagger (). The designation as recommended or
provisional values depends upon the level of confidence placed on the values
and, hence, upon the uncertainty in the values assigned. The uncertainty in
the recommended electrical resistivity values is %52 or smaller and that in

the provisional values is greater than #5%.

Values in a temperature range where no experimental data are available

e e e

are indicated each by an asterisk (*). However, it is important to note that
in many cases whether experimental data are available or not in a particular
temperature range has no bearing on the accuracy or uncertainty in the recom-
mended values generated for that temperature range. It is because in many
cases the available experimental data in a particular temperature range are
those already rejected as erroneous or unreliable and therefore not used at
all in the generation of recommended values for that temperature range, and
in many other cases the recommended values for a particular temperature range
were generated from accurate values in other ranges and therefore are accurate
even though no experimental data are available in that particular temperature
range. In other words, recommended values with asterisks do not necessarily
have larger uncertainty than those without, and in many cases the opposite is

true,

The recommended (or provisional) values in some of the tables are given
with more significant figures than warranted, which is merely for tabular
smoothness or for the convenience of internal comparison. Hence, the number
of significant figures given in the table has no bearing on the degree of
accuracy or uncertainty in the values; the uncertainty in the values is always

explicitly stated.

For each of the ten binary alloy systems except three (aluminum-copper,
aluminum-magnesium, and copper-zinc), the recommended (or provisional) values
are given for 27 compositions: O(pure element), 0.5, 1, 3, 5, 10(5)95, 97, 99,
99.5, and 100X (pure element). The alloy compositions in atomic percent

corresponding to these in weight percent are also specified. For aluminum-

copper alloy system, recommended values are presented for 26 compositions,
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without that containing 80%Z copper. For aluminum-magnesium alloy system,
recommended values are generated only for 12 compositions, lacking those
containing 15 to 85% magnesium, Recommended values are given for only 11
compositions of the copper-zinc alloy system, and no values are for those
with 35 to 99.5% zinc. For most of the compositions the recommended values
cover the temperature range from 1 K to near the solidus temperature (melting
starting point). The recommended values have been smoothed simultaneously

over both temperature and composition dependences.

The recommended values for the elements are for well-annealed high-purity
specimens of the respective elements; however, those values for temperatures
below about 100 K are applicable only to the particular specimens having
residual electrical resistivities as given at 1 K in the tables. The recommended
values generated for the alloys are for those which are not ordered and have not
been severely cold-worked or quenched; the electrical resistivity values would
be lower for ordered alloys and higher for cold-worked alloys at low tempera-
tures. Furthermore, the values generated are based on the room-temperature
dimensions of the alloys, as thermal expansion corrections have not been made.
This is due to the fact that the available experimental data on the electrical
resistivity of the alloys, upon which the recommendations are based, are not
corrected for thermal expansion, and that thermal expansion values for the
respective alloys are not available for such corrections to be made. If the
values of thermal expansion, AL(T)/L,, for the alloys are available, the elec-
trical resistivity values corrected for thermal expansion, Peorrected® ©an
easily be calculated from the given values uncorrected for thermal expansion,

Puncorrected® by the following relation:

AL(T)

Pcorrected(T) = [1 + 'i{'] Puncorrected (T)s (29)
where AL = L - L,, and L and L, are the lengths of the specimen at any temper-
ature T and at a reference temperature T,, respectively. The thermal expansion
correction amounts roughly to about -0.2% to -0.7% at very low temperatures,
zero at room temperature, about 0.3% to 0.7% at 500 K, and about 2% near the

melting point of the alloy.

In the figures presenting recommended (or provisional) electrical resistivity
values as a function of temperature, continuous (solid) curves represent recom-

mended values and long-dashed curves represent provisional values. The short-dashed




24

portion of any of the above two types of curves represents values in that

i temperature range where no experimental data are available. In a particular
temperature range experimental data are considered to be available for a
particular alloy composition for which recommended values have been generated
1f the available experimental data are for a composition closer to that
particular composition than to the next composition for which recommended
values have also been generated. If the available experimental data are for
a composition in the middle of two compositions for which recommended values
have been generated, experimental data are considered available for both

compositions.

In the figures presenting experimental data, a data set consisting of a

—— —— ——

single data point is denoted by a number enclosed by a square, and a curve

that connects a set of two or more data points is denoted by a ringed number.
These data set numbers correspond to those listed in the accompanying tables
providing measurement information and tabulating numerical data for each of

the data sets. When several sets of data are too close together to be dis-
tinguishable, some of the data sets, though listed and tabulated in the tables,
are omitted from the figure for the sake of clarity. The data set numbers of
those data sets omitted from the figure are asterisked in both tables providing

the measurement information and tabulating the experimental data. If only

V Wger .

part of the data points of a data set are omitted from the figure, only those
data points omitted are asterisked in the table tabulating the experimental
data.

The tables providing the measurement information contain for each set of
experimental data the following information: data set number, reference number,
author(s), year of publication, experimentai method used for the measurement,
temperature range covered by the data, alloy name and specimen designation,
alloy composition, specimen specification and characterization, and information
on measurement conditions, which are contained in the original paper. The ex~
perimental methods used for the measurement of the electrical resistivity of

alloys are indicated in the tables by the following code letters:

Direct-current potentiometer method
Direct-current bridge method
Alternating-current potentiometer method

m O = >

Eddy current decay method




P Van der Pauw method
R Rotating magnetic field method

v Voltmeter and ammeter direct reading method

Details of these and other methods for the measurement of electrical resistivity
may be found in the literature references given in Appendix 5.2, which rresents

a complete scheme for the classification and organization of the methods.

The last column of the table on measurement information with heading
"“Composition, Specification, and Remarks" should contain the following infor-
mation on the specimen and its measurement if such information is provided

in the original source document:

(1) Chemical composition,

(2) Type of crystal and crystalline axis orientation,

(3) Microstructure and inhomogeneity,

(4) Specimen shape and dimensions,

(5) Method and procedure of fabricationm,

(6) Manufacturer, supplier, and stock number,

(7) Prior heat history and cold-work history,

(8) Heat treatment, cold working, irradiative and other treatments,

(9) Test environment such as measured in vacuum, or in nitrogen
under pressure,

(10) Relevant physical properties such as density, transition temperature,
Curie temperature, etc., and

(11) Whether the data were corrected for the thermal expansion of the

specimen.

It will be noted, however, that in the majority of cases the authors did not

report in their research papers all the necessary pertinent informatiom.

In the tables tabulating the experimental data, all the original data
reported in different units have been converted to have the same units: the
SI units 10 °Qm. The recommended values generated are also given in the same
units. Conversion factors for the units of electrical resistivity, which may
be used to convert the electrical resistivity values in the SI units given in

this work to values in other units, are given in Appendix 5.3.

It should be noted that in this work the measurement information and
experimental data are given in the above two kinds of tables only for the
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binary alloys, but not for the pure metals, even though the recommended values
for the pure metals are yiven in the tables of recommended values. The experi-
mental data and measurement information on the nine metallic elements which
constitute the ten binary alloy systems together with details of their critical

reviews, evaluations, and discussions are presented elsewhere {50-54].

In the figures presenting both recommended values and experimental data
as a function of composition, for the sake of clarity recommended or provisional
values are presented only for a selected few temperatures and are all represented
as continuous (solid) curves. In these figures the alloy compositions are given

in atomic percent, with weight percent indicated at the top of the figures.
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3. ELECTRICAL RESISTIVITY OF BINARY ALLOY SYSTEMS

3.1. Aluminum-Copper Alloy System

The aluminum-copper alloy system does not form a continuous series of
solid solutions. The maximum solid solubility of copper in aluminum is 5.7%
(2.50 at.%) at 821 K and the solubility decreases to 0.1-0.2% (0.04~0.08 at.%)
at 523 K, The maximum solid solubility of aluminum in copper is 9.4% (19.6 at.%)
in the range from about 650 to 838 K and the solubility decreases at higher and

lower temperatures. Thus the region of solid solution is limited.

There are 154 sets of experimental electrical resistivity data available
for this system. Eight of the 27 data sets for Al + Cu alloys listed in
table 2, tabulated in table 3, and shown in figure 3 are merely single data
points. Most of the data were measured between 250 K and 700 K for alloys
containing no more than 15% Cu. Only one single point is available at 4.2 K.
Of the 106 data sets for Cu + Al alloys listed in table 4, tabulated in table 5,
and shown in figure 4, 36 sets are single data points measured at 4.2 K or at
room temperature. Most of the data were measured between room temperature and
1000 K. Three of the 21 resistivity - composition data sets listed in table 6,
tabulated in table 7, and shown in figure 5 are for specimens in liquid state.

For the Al + Cu alloys, the resistivity - composition curve at 273 K was
first determined in figure 5 following mainly the data of Smith [55] (Al-Cu
data set 4). TFor ordinary alloys, it is usually reasonable to assume that the
deviation of the electrical resistivity from the Matthiessen's rule due to
alloying is small at low temperatures, say, below 50 K. The resistivity -
composition curve at 4.2 K is then drawn parallel to the curve for 273 K.
Starting from the values at these two temperatures, the recommended curves for
the Al + Cu alloys were drawn according to the temperature dependence of the
data of Griffiths and Schofield [56] (Al + Cu data sets 1-5).

For the Cu + Al alloys containing 10% Al or less, the recommended values
for the resistivity at 293 K were obtained by drawing a best smooth isotherm
80 as to agree to within #4% with the data of Gaudig and Warlimont [57] (Cu + Al
data sets 86, 87), Panin et al. {58,59] (Cu + Al data sets 88, 90, 92, 94),
Hibbard [60] (Cu + Al data set 48), Wechsler and Kernohan [61] (Cu + Al data
set 43), Gulyaev and Trusova [62] (Al-Cu data set 16), Linde [63] (Cu + Al

27
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data sets 44-46; Cu + Al data set 47 is 10% higher than the recommended value),
and Smith and Palmer [64] (Cu + Al data sets 2, 3, 5, 6; Cu + Al data set 4 1is

11X higher than the recommended values). For specimens containing more than

.. w— o

10Z Al, the isotherm representing the recommended values for the resistivity

at 293 K follows the trend of the room-temperature data of Pecijare and Jannsen
{65,66] (Cu + Al data sets 33-42), Koster and Rothenbacher [67) (Cu + Al data
sets 67-70), and Hishiyama [68! (Al-Cu data set 21). For these more concentrated
alloys, it should be noted that some authors, notably Smith and Palmer [64]

(Cu + Al data sets 8, 9), Sinha and Prasad [69] (Cu + Al data sets 52, 53), and
Griffiths and Schofield [56] (Cu + Al data set 1), have reported resistivities

as much as 30% greater than the recommended values. The isothermal resis-

tivities suggested by these authors increase more rapidly as a function of

. increasing aluminum content than do the recommended values. The discrepancy
i is largely unexplained due to lack of information, other than to suggest a
probable difference in specimen impurities and crystalline structures, which
points to a need for detailed specimen characterization in any future work on
the resistivity of these alloys. For specimens containing from 15 to 25% Al,
the data indicate a maximum in the isothermal resistivity as a function of

; composition. However, there is insufficient evidence to indicate where the
9‘ maximum is, and not enough information is available in this region to warrant
the recommendation of values for the resistivity of the 20Z Al alloy at 293 K

N or other temperatures.

s it e

The recommended values for the residual resistivities of Cu + Al alloys

were generated by drawing a best smooth isotherm through the data of Weinberg
[70] (Cu + Al data sets 65, 66), Chu and Lipschultz [71,72] (Cu + Al data sets
28, 55), Charlsey and Salter [73,74] (Cu + Al data sets 10-17, 19; Al-Cu data

set 19), Kusonokl and Suzuki [75] (Cu + Al data set 20), Wechsler and Kernohan
[61) (Cu + Al data set 43), Lindenfeld and Pennebaker [76] (Cu + Al data set 18),
Kapoor et al. [77] (Cu + Al data sets 103-105), and Mitchell et al. [78] (Cu +
Al data sets 22, 24). The great majority of those data lie within 0.5 10 8 Qm
of the recommended isotherm. For alloys containing more than 10% Al, no measure-

ments were made below 250 K except a single point for a 461 Al alloy at 4.2 K.
Consequently no recommendations are made below 250 K for the more dense alloys.
. The recommended values for the resistivities at temperatures above room tempera-
i ture were based primarily on the data of Smith and Palmer [64]) (Cu + Al data

l
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sets 2, 3, 5, 6), Gaudig and Warlimont [57] (Cu + Al data sets 86, 87), and
Panin et al. [59] (Cu + Al data sets 92, 94) with some weight given to the
data of Jannsen and Pecijare [65,66] (Cu + Al data sets 33-42) and Sinha and
Prasad [69] (Cu + Al data sets 50~53).

The resulting recommended electrical resistivity values for Al, Cu, and
for 24 Al-Cu binary alloys are presented in table 1 and shown in figures 1,
2, and 5. No values were generated for Cu + 20Z Al alloy. The recommended
values for Al and for Cu are for well-annealed high-purity specimens, but
those values for temperatures below about 100 K are applicable only to Al and
Cu having residual electrical resistivities as given at 1 K in table 1. The
alloys for which the recommended values are generated are not ordered and
have not been quenched or cold-worked severely. For most of the alloys, the
recommended values cover a full range of temperature from 1 K to the solidus
temperature of the alloy where melting starts. These values are not corrected
for the thermal expansion of the material. The estimated uncertainties in the
values for the various alloys and for different temperature ranges are explicitly
stated in a footnote to table 1. Some of the values in table 1 are indicated

as provisional because their uncertainties are greater than +5Z.
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3.2. Aluminum-Magnesium Alloy System

The aluminum-magnesium alloy system does not form a continuous series of
solid solutions. The maximum solid solubility of magnesium in aluminum is
17.4% (18.9 at.%) at 723 K and the solubility decreases at higher and lower
temperatures, being only 1.9% (2.1 at.Z) at 373 K. The maximum solid solubility
of aluminum in magnesium is 12.7% (11.6 at.%) at 710 K and likewise it decreases
at higher and lower temperatures, being only about 1.5% (1.3 at.%) at 373 K.
Thus the region of solid solution for this system is even more limited than
that of the aluminum-copper alloy system.

There are 76 sets of experimental electrical resistivity data available
for this system. Of the 43 data sets for Al + Mg alloys listed in table 9,
tabulated in table 10, and shown in figure 8, 11 sets are merely single data
points. Twelve of the 28 data sets for Mg + Al alloys listed in table 11,
tabulated in table 12, and shown in figure 9 are single data points. Of the
5 resistivity-composition data sets listed in table 13, tabulated in table 14,

and shown in figure 10, one set is for specimens in liquid state.

For the Al + Mg alloys, measurements were limited to alloys containing
no more than 142 Mg. Recommended values were, therefore, generated only for
0.5 to 10Z Mg alloys. For the electrical resistivity of these alloys, it
appears that the deviation from the Matthiessen's rule due to alloying is
small, Hence, a residual resistivity versus composition curve was constructed
based on the slope of the data of Gulyaev and Trusova [62] (Al-Mg data set 4)
measured at 293 K, and the total electrical resistivity of each alloy was then
obtained by adding its residual electrical resistivity to the intrinsic elec-
trical resistivity of pure Al [54]. The resulting recommended values agree
well with the data of Hase et al. [99] (Al + Mg data sets 1-4) and of Cordier
and Detert [100] (Al + Mg data sets 12-14) above room temperature, and agree
with the data of Seth and Wood [101] (Al + Mg data sets 9-11), Clark et al.
[102,103] (Al + Mg data sets 15, 26, 27), and Clark and Tryon [104] (Al + Mg
data sets 28-36) between 100 K and 300 K.

For the Mg + Al alloys, no measurements were made for alloys containing
more than 12.2% Al. Accordingly, the recommended values were generated for
0.5 to 102 Al alloys only. For the electrical resistivity of these alloys,
the deviation from the Matthiessen's rule due to alloying appears also to be
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small. The residual resistivity values of these alloys were derived based on
the data of Smith [55] (Al-Mg data set 5) measured at 292 K, and the total ;
electrical resistivity of each alloy was obtained by adding its residual
resistivity to the intrinsic electrical resistivity of pure Mg [51). The
resulting recommended values agree with the data of Staebler [105] (Mg + Al
data sets 19-21) and of Powell et al. [106] (Mg + Al data set 28) above room
temperature, and with the data of Hedgecock and Muir [107] (Mg + Al data sets
1-3) and Seth and Wood [101] (Mg + Al data sets 4-%) below room temperature.
|

The resulting recommended electrical resistivity values for Al, Mg, and
for 10 Al-Mg binary alloys are presented in table 8 and shown in figures 6,
7, and 10, No values were generated for alloys containing 15 to 85% Mg. The
recommended values for Al and for Mg are for well-annealed high-purity specimens,
but those values for temperatures below about 100 K are applicable only to Al
and Mg having residual electrical resistivities as given at 1 K in table 8.
The alloys for which the recommended values are generated are not ordered and
have not been quenched or cold-worked severely. The recommended values cover

a full range of temperature from 1 K to the solidus temperature of the alloy

where melting starts. These values are not corrected for the thermal expansion i
of the material. The estimated uncertainties in the values for the various
alloys and for different temperature ranges are explicitly stated in a footmote

to table 8. Some of the values in table 8 are indicated as provisional because

their uncertainties are greater than *5%.
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3.3. Copper-Gold Alloy System

The copper-gold alloy system forms a continuous series of solid solutions
over the entire range of compositions. However, ordered structures are formed
at temperatures below 663 K for compositions ranging from about 40 to 63% Au
(17.7 to 35.5 at.%Z Au) and below 683 K for compositions ranging from about
63 to 94% Au (35.5 to 83.5 at.% Au). These ordered structures are due to the
formation of intermetallic compounds CuzAu (50.85% Au), CuAu (75.63% Au), and
CuAua (90.30% Au). For CuszAu and CuAu, the ordered state possesses a remarkably
lower resistivity than that of the disordered state. However, for CuAu, it
has been found that the electrical resistivity increases as ordering proceeds
below the transition point, but the residual resistivity is slightly lower in
the highly ordered state [119-121].

The experiments by Johansson and Linde [122] (Cu-Au data sets 1-3) showed
the dependence of the electrical resistivity on the degree of ordering. Solid
solutions of metals are usually of the substitutional type in which the different
atoms are positioned randomly at sites of the crystal lattice. In a number of
alloys with stoichiometric composition and at sufficiently low temperatures,
the atoms are arranged in such a manner that each species of atom occupies only
a certain type of site in the crystal lattice; an alloy in this state is called
ordered. As the temperature increases, there is a transition of some of the
atoms from their sites to foreign sites; such an alloy is called partially
ordered. The concentration of atoms of a given type on foreign sites increases
with temperature and at some temperature the concentration of atoms on sites
of different types becomes identical; such an alloy is called disordered. The
temperature at which such a transition occurs is called the order-disorder
phase transition temperature or the critical temperature. The order-disorder
phase transition occurs not only in alloys with stoichiometric composition and
the critical temperature is a well defined function of composition. In this
work experimental data on intermetallic compounds and ordered alloys are ex-
¢luded, though data on partially ordered alloys are compiled and presented
in the figures and tables. However, these data are not evaluated or analyzed

since recommended values for disordered alloys only are generated.

There are 243 sets of experimental data available for this alloy system.
These experimental data sets are listed in tables 16, 18, and 20, tabulated in
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tables 17, 19, and 21 , and shown partially in figures 13, 14, and 15. Un-
fortunately, most of the available data are for specimens in partially ordered
state. For the disordered state, more important experimental data and
information are from the following. Johansson and Linde [122] (Cu-Au data
sets 1-3) reported a complete curve of resistivity versus composition at

293 K. Borelius, Johansson, and Linde [123] (Cu + Au data sets 6-8 and Au + Cu
data sets 1-22) measured a series of alloys containing 20.2, 22.6, 25.0,

27.7, 30.1, 45.0, 50.0, and 55.0 at.Z Au during both heating and cooling of
the specimens. Passaglia and Love [124] (Au + Cu data sets 23-26) measured
the resistivity of Au + Cu alloys from liquid helium temperature to about

90 K for both quenched and annealed specimens. Tainsh and White [125] (Cu +
Au data sets 9, 10) reported the resistivity of alloys containing 20.1 and
38.0 wt.Z Au at 4.2, 90, and 293 K. Linde [126] (Cu + Au data sets 1-5)
reported the resistivity at 291.2 K of alloys containing 1.53, 3.00, 5.92,
7.05, and 8.75 wt.Z Au.

The smoothing and synthesizing of the electrical resistivity data was
based mainly on the results reported in the above five research papers. Since
Cu, Ag, and Au are in the samé column of the periodic table, the properties of
Au + Cu alloys and Au + Ag alloys may be similar in some respects. Accordingly,
in the composition range where ordering occurs, some of the resistivity versus
temperature curves have been obtained by taking a point on the resistivity
versus composition isotherm and drawing a curve parallel to the electrical
resistivity curve of an Au + Ag alloy of the same atomic concentration; values
obtained in this way for the electrical resistivity are considered only pro-
visional. Using this method, the values obtained for the gold-rich alloys

would appear to be more reliable than those for the copper-rich alloys.

The resulting recommended electrical resistivity values for Cu, Au, and
for 25 Cu~Au binary alloys are presented in table 15 and showm in figures 11,
12, and 15, The recommended values for Cu and for Au are for well-annealed
high-purity specimens, but those values for temperatures below about 100 K are
applicable only to Cu and Au having residual electrical resistivities as given
at 1 K in table 15. The alloys for which the recommended values are generated
are not ordered and have not been quenched or cold-worked severely. The
recommended values cover a full range of tewperature from 1 K to the solidus
temperature of the alloy where melting starts. These values are not corrected
for the thermal expansion of the material. The estimated uncertainties in
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1 the values for the various alloys and for different temperature ranges are
/ explicitly stated in a footnote to table 15. Many of the values in table 15
)

are indicated as provisional because their uncertainties are greater than #5%.

[ - NP

o

‘."
3
<
b




‘SIQEINAS 93¢ w9p [wyoemiedxe 0o sisys efiuv: eSuesdWR W]
"ouIuA lonoisiatag ¢

X 00F SA0QE 40T ¥ PAV ‘Y (0¥ 01 051 WO[YLF ‘Y 051 AOTeq 9L ¥ 1BV 00 01 -~ D00 06

3 00) SA0QU YOI ¥ pus ‘Y 00% OF 051 WOH YL F ‘Y OST MOIIQYL® BV 00°S ~R)00°98

Y 00F SAOqS &OTF PUB *Y 00% 01 051 WO 4LF *) 05T AOJIqY%L¥ IRV 80°C ~BI00°L8

*3 00F GACQE £OTF PUW *Y 00F 02 0ST WO RLF ‘N 0F1 MO1Iq%LF MY 001 ~RD0 66

. " 00F SAOQE 4HTF Pas 3 00¥ O3 051 WO YSF “N 05T MO1AqLLF MY O5°0 ~RD0S 66
"X $°A9CT SA0QUYST PRV ‘Y §°LOCT O) ) 005 SAOGN YBF “Y 608 03 N 0SC SAOQU I ¥ ‘Y 05T 03 Y 0STIA0Q® %5 “0F *Y 0ST 01 001 0AOQE %I ¥ ‘Y 00101 dB YL F AV 00°0 ~BD00°001

IEMOJI0] BE DIE BONJEA KJIA1I6]821 [RNNII2 oYY UY S WIMIE]
%2 0oLl
()ro°1z  esex
#6111 0381 $239°0T  6GET 488701 9¥ET $498°6 £SE1 $480°6 114 (8)9t6°6  9°LsET
$:20°IT  0OST $81°01 0061 $258°6 00€1 $425°6 00cT $215°6 00€1 $6E°6 ongt
$:91°01 0021 $.28°6 0021 $186°8 00%1 $+99°8 00z1 $488°8 00zt oLee 0021
+.08°8 00Tt +49%°8 0011 +aT1°8 0011 $+408°L 0011 $469°L 0011 96c°L 001k
$:89°8 0001 $#8°L 0001 $262°L 0001 $298°9 0001 $498°9 0001 99L°9 0001
3.69°L 006 $498°9 008 $405°9 006 ++91°9 008 $290°9 006 £L8°S 006
$:¥6°9 008 #01°8 008 $4%L°C 008 P ] 008 $41€°S 008 £12°S 008
$433°9 0oL $sl8°S  OOL $410°S 00L $269°¥ 0oL $48S°¥ 00L 189°¥ 0oL
$028°S 009 ++99°% 009 $41C°¥ 009 $286°C 009 $288°¢ 009 e 009
+:18°F 00S $:98°C 00 #409°¢ 008 $23°C 005 $ul1°E 005 6L0°¢E 005
s3L°Y 00 +38°€  00¥ #1672 00¥ #8S°2 0o¥ #8%°2 00y 86€°2 oo
“6L°E ose #28°C 05t +85°2 ot 2T 0se +F1°2 ost 190°2 oce
«9¥°E 00 +68°C  00€ #¥2°3 00¢ +16°1 00c “28°1 oot <Ll 00
«3F°8 £63 #¥8°C  £62 «02°¢ £62 «98°1 [ oLL°Y €62 8L9°1 €63
62°¢ £22 | T3 ST 1 90°g e €Lt (3 ¥l £L2 e 1 €L
~¥°¢ 052z 422 052 o16°1 0sz 81 oSz “6%°1 05T $e£°1 os2
«05°2 002 #16°T 002 096°1 00z #88°1 00z o1 00z 8%0°1 00Z
«9F°2 osI #95°T  0c1 #03°1 0St #128°0 05t #06L°0 0st 10L°0 oLt
$411°2 001 $12°1 001 $4068°0 001 $4025°0 001 $26E7°0 00t 6¥£°0 001
$:50°3 06 $:51°1 08 $+08L°0 06 $:055°0 06 $40LE°0 06 29270 06
$:96°1 08 $:90°T 08 $460L°0 08 $48L8°0 08 $420€°0 08 9120 08
$:08°1 oL $+4L66°0 0L $51¥9°0 oL $+116°0 ol $4262°0 oL ) 0.
$:38°1 09 $4156°0 09 $2165°0 09 $:192°0 09 +4081°0 09 $260°0 o8
3e8L°1 05 $+106°0  0S $4655°0 0s $4622°0 0s $4171°0 0s 0750°0 os
TICTR o $:6L8°0  OF £40¥5°0 ov $2012°0 oy 40210 o 0+20°0 o
$:8L°1 ot $218°0 O $21€5°0 o $4102°0 o £4801°0 o¢ 0cs00°0 ot
3:2L°1 €z $:0L8°0 ST $.085°0 sz $4002°0 sz $4201°0 sz 05800 °0 e
$23L°1 0z $.028°0 02 420850 0z $+002°0 0z £,001°0 0z 08800 °0 0z
3-TL°1 1 $,028°0 ST $:0£5°0 st $2002°0 st $£001°0 St 812000 111
$-2L°1 o1 $s0.8°0 01 $:0€5°0 o1 $4002°0 ot £+001°0 o1 20200°0 o1
$:2L°1 L $40L9°0 L $,0£8°0 L $4002°0 L $4001°0 L 00200 "0 L
$TL°1 v $0.8°0 ¥ $20€5°0 ¥ $002°0 ¥ $001°0 v 00200°0 y
$22L°1 T $:0L8°0 T $:0€8°0 1 $4002°0 1 $x001°0 1 00200°0 1
g 1 Jd 1 d 1 d } dJd 1 d L
(%°7v 91°C ) %00°01 iny (5°1V 29°T ) %00°S V] (%°IV 66°0 ) %00°C V] (%'IV ZE'0 ) %00°T AV (%°IV 91°0 ) %05°0 0V &IV 00°0 ) 400°0 OV
(%°3v 15°98) %00°06 0D |  (8°3v ££°86) 400°58 :nD] (%1 10°66) %00°L6 nD| (% IV 89°66) %00°66 MO | (% "IV ¥8°66) %S 68 0D K4V 00°00T) %00°00T :0)

[0 U401 ' ‘Ajansiecy [e0111091F N ‘L ‘eamjvaadws])
JNALSAS AOTIV QIOD-YIdOD JO ALIALLSISTE TVOIHLOTTT QIANTRNOOIY  "S1 TTEVL

78




*OIQUITSAR aI¥ ¥Ivp [eowmizedxs ou axsga ofuel ssmysisdwmey u -
enfeA (WBOISIAGYE ¢
S1 00¥ 2A0QE SOTF PuUv ‘Y 00F 03 051 WOX) 4SF ‘Y 0ST MOJ0Q %LLF MY 00°0¥ ~ BD 00°09
31 00F 9AOGE %01 ¥ PUR *Sf 00F O3 OST WIOS] S0F °* 05T MOT2q %L¥F MV 00°SE - RD 00°$9
31 00% 9A0QE %OTF pu® ‘3 00 03 01 WO YS¥ 3 0ST MO[2q %L F BV 00°0€ - 1D 00°0L
3 00 9A0GE %OT¥ PUT '3 00F 0} 0S1 WO} S¥F *3 051 MOIXQ YLF YV 00°ST - BD 00°SL
3 00F 3A0GE O01F PUE *3 00F O3 0ST WO %UGF N 0ST MOlaq %L ¥ NV 00°0Z - 1) 00°08
3 00¥ a0qe %OTF pue ‘S| 00F O3 0ST WOJ] YSF ‘3 05T MOIaQ %L ¥ Uy 00°ST - 1D 00°¢8
ISMOTI0} S8 aJw sonEA AJJANSINaI [EMIIOI0 S W) SeNUINISIMN 4
268 °91 21 $19°91 9921 $98E°F1 $921 69 °S1 LLe1 $+95°C1 6821 4811 cott
$.91°9% 0031 $296°¥1 002t $aL8°C1 003t #8881 0021 $298°11 0021 $400 11 002t
#218°61 0011 $481 %1 001t $280°C1 0011 $60°21 0011 $20°T1 0011 $81°01 0011
$+89 91 0001 $aL8 €T 0001 $+0€ °21 0001 $2¢°11 0001 $s0C 01 0001 $46C°6 0001
$69°¢T 006 $119°81 006 #68°11 006 495 °01 008 $455°6 006 3429°8 00¢
3:86°31 008 $108°11 008 $18°01 008 $18°6 008 $-28°8 008 8L 008
361 °21 0oL $+#1°11 00L $80°01 00L $80°6 0oL $160°8 0oL $4€1°L noL
P 1L 009 $:67°01 009 $L8°8 009 +E'8 009 +LE°L 009 $-29°9 009
262 °01 00S $12L°6 00S $L9°8 005 $09°L 00S $489°9 00S PECIN 005
$0°0t uo¥y 08 00¥ 66°L 00v 86°9 00¥ 66°S 00% #50°S 0oy
oL°8 oSt +69°8 0S¢ "L 0se €9°9 ose $9°§ 0st s1L°y 0st
9c8 00€ «5€°8 00t 0c°L oot 829 00t s 00t 4C°y 00t
1e°8 £62 6z2°8 £63 $2°L €62 €29 €62 82°s €6z - [
816 €2 918 €L L £L2 60°9 €Lz si'g (374 oz'y £
£0°6 083 »00°'8 0s2 96°9 0s2 €6°S 0T 66y 0se 0°F sz
oLr's 002 »99°L 002 29°9 002 65 002 $9°Y 008 »0L°S (4
188 ost +£8°L 051 929 ost z2's ost oy os? 98¢ ost
++0°8 001 $200°L 001 $16°g ) 498°% 0ot 86t 001 $210°C oot
$96°L 06 $+£6°9 (13 W8S 06 6L ¥ 06 488°¢ 08 +36°C o8
$36°L 08 $218°9 08 $L°S 08 LY 08 $08°C o8 82 08
$S8°L oL $08°9 oL $0L°S oL #9°9 oL sFLS oL $208°8 oL
8LL 09 $2¥L°9 09 #9°S 09 +95°Y 09 #9°S 09 P )
$eL°L 0s $529°9 05 +S°s 0s $28°Y 0s +19°8 0s $+89°¢ oS
$99°L oy $s19°9 oy ik o¥ +6%°¥ (1 4 $18°S o $+09°¢ o
$6S°L os $20S°9 0t $18°g ot Y'Yy os $¥e°e ot $e19°2 3
$98°L 5z $595°9 st 088 52 $9Y°y sz #S'S st $:09°3 sz
5L 0z 59 () 4 +69°S 0z i (4 258 oz $-8%°C oz
$£8°L st $4€5°9 St $089° 11 $e59°Y st $728 € 14 $285°3 $1
$026°L o1 $425°9 ot $5L¥°9 ot $95Y°Y o1 $425°C ot $+88°2 ot
$+2§°L L $+29°9 L $2L9°9 3 e Il #4258 i 882 L
$25°L ¥y 428°9 v Huy's v 5y ¥ $28°¢ » +#%°¢ ’
$:29°L 1 $225°9 1 tal¥°S 4 +S9°> 1 $229°¢C 1 888 1
d 1 d 1 d 1 o 1 g 1 g 1
(%"IVOLLT) %00°0% NV { (%"IV 08°9T) %00 3 %3V ST°Z1) %00°08 ™V M*..c 1L°8 ) %00°S8 NV | (o3 99°L w %0008 MV | (%°IVEES ) WS Ay
%IV 0£°28) %00°09 :nD | (%°1V 02°S8) %00°S9 %IV S8°L8) %00°0L 1D | (%IV 82°08) %00°SL MO | (%" IV IS 28) %00°08 MmO | (%W 19°v8) %088 WD &
(@ 3401 ‘9 “Gransisey [$o11109(F 1Y ‘L ‘oanjesedwsa] ;
(ponupmod) | NAISXS AOTTV ATOO-HIAAOO JO ALIAILSISIY TVOMLLOTIZ IANINNOIZY  °S1 TIAVL ;
5
k54
m b
by
=3

H
m«,
11




*PIQUITNAT SIT WUP [UIMIIedEe OU S200M eBULS annIedwme] W o o
*enfes VEOISAGLS & N
X 00F SA0qW 4OTF PUS “Y 00F 03 0S1 WAL 4S5 F ‘Y 0S1 M01eq 4L ¥ NV 00°0L - 0D 00°0C 4
*M 00F SA0qE &OT ¥ DUV 3 00F 01 OST WOIJ 4L F Y OST MO[Sq KL ¥ BV 00°99 - RD 00 °5C i
*3 00% QAOQE QOTF Puv X 00F 03 05T WO 4LF °X 0ST M0T8q %L F TV 00°09 - DD 00 0V i
N 00F 240Q® §OT ¥ pUv *Y 00 O 05T WO LS F ‘N OST MO[0q 4LF NV 00°SS - D 00°9Y |
°N 00% 2A0q¥ 01 F PUS *Y 00F 03 0ST WO} &EF *N 05T #019q §LF IRV 00°05 -~ BD 0008 ¢
3 00% 340Q® 0T F PUS ‘3 00F 03 OST TR} GG F ‘Y 0SY MOTq RLF WYV 90°SY - B) 00°5% ; 4
SMOTIO) 9% AIU SIN[EA AJAIISINGI [SIII010 N3 W] SOTEIITIIIONY §
i $218°02 9081 #229°61 11841 #159°81 7T sol¥°LY el
¢ $088°13 ss1t $408°1T 9611 $299°03 0031 #4961 o021 #8801 00zt 81 L1 0021
‘ $908°03 o011 +68°08 0011 Sal¥ 61 oot $4£5°81 0011 $aLE°L1 oott $09C°91 eo1t
4900 °02 0001 #49C°61T 0001 $435°81 0001 $409°LL 0001 $485°91 0001 $e88 61 0001
$+20°61 008 #39°9T 008 $19°L1 006 $1L°91 006 $TL°61 008 sIL°9 00
$+11°81 008 $L8°LT 008 $9L°91 008 $28°S1 008 +16°%1 ] s38°¢1 o
$6¥3°L1 0oL $+80°01 00 496°51 00 #20°S1 002 1N oL et oL
$00% °91 009 $408°ST 009 $L1°st 009 $0°¥Y 009 s8c°ct 009 €9 3t o0
#+85 'S1 008 $+60°ST 005 $09°91 008 $¥5°E1 005 €9°31 00S 811 oot
8L %1 00¥ #1891 00% $9°E1 00 18°31 00y 11 00y £0°11 00y
&e T 0 #36°CT 0SS «2°e1 0se «9¥°31 ose 0911 os¢ 8901 oe
“86°c1 00¢ #8581 008 +08°31 008 SI1°21 0ot sg°11 00¢ s¢°01 oo
.w £6°¢t o8z sr'er g6z $8°21 €63 90°21 €62 0z°11 [ | o« ol (]
LLet 71 seer €2 oLzt oLt 26°11 (711 20°11 €u2 ool L3
65 °E1 082 HU81 0s2 +¥8°31 05z L1 052 16°01 053 00°01 s2
»02°S1 00g «8L°21 002 #8131 002 ST9°IT 002 L8°01 00t ”'s o0t
»18°31 oSt «0P°21 08T «08°11 ost «S0°T1 os1 2801 ost gc°s oSt
$4E%°T1 00t $s20°21 001 $o¥8° 11 oot $40L°01 00T $88°6 001 $00°6 o0t
$458°21 08 $486°1T 06 $2L8°11 06 $1£9°01 06 +18°6 06 96°8 06
$#22°21 o $:L8°17 08 $08°11 08 $195°01 08 $9L°6 08 $18°¢ 08
! #2°T1 oL $08°I1 0L 32211 oL $6%°01 (3 $89°6 oL 408°8 oL
$o31 °81 o0 #48L°1F 09 $oS1°11 0 $a39°01 09 $29°6 09 L8 09
$650°21 os $4S9°1T 09 $:80°11 0s $296°01 0s $5S°6 0 $19°8 o
$516°TT ob $e28°TT  QF $400°11 0y $482°01 oy $89°6 oy $19°8 or
$08°T1 o€ $206°11 08 $2£6°01 [ $:22°01 o $29°6 o¢ $¥8°8 [
$298°11 sz 39911 ST $06°01 st $281°01 144 $6C°6 (14 $12°8 14
#9811 0z I 02 $68°01 (1 $L1°01 0z +£°6 (11 $69°¢ oz
1468 °TT st EM - SRS S $289°01 1 $4S1°01 st $45€°6 st 898 st
$428°11 ot #8911 01 $288°01 o1 $4¥1°01 ot $49E°6 o1 $489°8 o
$:28°11 L $89° 11 L $488 °01 L $291°01 L $236°6 A $:8%°8 4
$38°11 ’ 13 0t S 88 °01 v s¥1°01 * $¥€°6 » ®rg v
$428°11 1 $E86°T11 1 28801 L $a91°01 1 $:36°6 1 +48%°8 1
d 1 d 1 d L d 1 d L q 1
(%°IV S6°ZP) %00°0L NV | (%°IV 9¥°LE) %00°S9 NV | (% IV 19°TC) %00°09 NV | (% IV 82°82) %O°SS MY | (%°'IV 6C°¥E) %00°0S 0V | (% IV 88 °0T) 4LN0°SY MV
w (%°1V S0°28) %00°0€ 0D | (% 3V ¥5°29) %00°08 nD | (%°IV 66°L9) %00°0% M | (%°3V 2L°1L) $O0°SH 1D | (% WV 19°SL) %00 °0S D | (%°IV TI°6L) %0O°SE ™MD

(w0401 ‘9 *Aa1apsisay (01130917 N L ‘9amuIadWma])
(ponupiuoo) | WALSAS AOT1V QTOD-MIAdOD J0 ALIALLSISTE TVIIULOATI GIANTNNOIIY  “ST TIEVL

(=]
(-}




81

*QIUIIUAT oJ¥ ¥I¥D [RenTIIedkd 0u sxeqm ofuwel sXNNINIWMNL WY o
‘on[eA [PUOISIANIS ¢
*X 00¥ 9AOQE LOT ¥ PUB Y 00F 03 0ST WOIJ 4T F ‘Y 0ST MOIQ 4L F MY 60°L6 - 1D 00°C
*31 0% 9AOQE %OT ¥ PUS *Y 00F 0 OS] W] %4GF ‘N 0ST MOIIQ 4L F TV 00°C6 - RD 00°S
*3 00F 9AOQV 40T ¥ PUE ‘Y 00F 01 0ST WIS SF ‘M 0ST Moloq gL ¥  :ny 00°06 - 1 00°01
3 00% SAOHE &0YF PU ‘3 009 0 091 WOI] %SF ‘N 051 MOJaq 4L F Ny 00°c8 - MO 00°S1
b

M 00F 940G8 40T ¥ pu® ‘¥ 00% 03 0ST WOIJ %S F ‘N 0ST MOIIq ©LF NV 00°0% - 0D 00°0F
S 00F @AOQE &01F DU ‘N 00F 03 0S1 WOLJ §TF *X 0ST MO[8q L F NV 00°SL - 8D 00°€%
18MOTIO] ST OI¥ GON[RA AIANISIPEI [EILIID0T0 oY1 UF SHWPILIIINA §
$aF9 76T oLe $209°91 et
$:9€ P 0021 3491 °91 0031 $4197°61 6611 $0€°12 9811 $60°22 1148 $62°%% b 13
$208°61 0011 $s10°S1 0011 #2L¥°81 0011 © #0£°02 0011 £451°18 0011 $¥8°12T 0011
581731 0001 $:08°€1 0001 #1496 °L1 0001 3€2°61 0001 $-81°03 0001 $2€°02 0001
3S0°11 008 #3831 006 $40€°91 006 $S1°81 006 $460°61 006 $1€°61 006
#50°01 008 $98°11 008 $,86°ST. 008 $91°21 008 $o¥1°81 008 $8€°81 008
$01°6 0oL 326701 00L $:8€°¥1 0oL $62°91 0L $292°L1 00 6¥°LL 0oL
36178 009 43001 009 2247 €T 009 P9 °ST 009 21¥°91 009 +€9°91 009
$ce°L 00¢ $¥1°6 00S 4285721 00S +09°%1 00§ $6L5°C1 008 $8L°S1 005
69 [ 14 82°8 00% oL°11 00 et 00¥% 8L %1 oor ¥6°p1 oov
019 0st 8L 0S¢ 16711 0S¢ =9€°€1 0se »ZE V1 0st L c2ial 0se
»69°S 00t =9V°L 00g 16°01 00¢ 296731 oog +36°C1 00€ | 190 48 00€
¥9°S €6¢ «1¥°L €62 98°01 €63 18°31 €62 »98°€1 £62 60°$1 €6t
Lr°s &2 sZ°L eLe 0L 01 €Lz SL°3t oLe +0L°E1 eLT €6°¢cl Lt
+88°8 0s2 «L0°L 052 25701 0s2 =LS°T1 052 «38°€1 (454 SLgY 0ce
£2:-0 4 002 »89°9 002 g1°01 002 +81°21 003 +31°€E1 002 9¢t°el 00z
=8%°F 0st »0€°9 0st eL’6 0s1 *8L°11 0st «PL2T 0st 86°31 (124
#:80°F 00t $416°S 001 $£€°6 001 $488°T1 001 $45€°31 001 $05°21 001
: $:00°¥ [} #268°S 06 $S2°6 06 $40€°71 06 $492°21 [ ] $18°31 06
$226°C 08 $25L°S 08 $L1°6 08 32711 08 $281°21 08 $€9°21 [
$¥3°¢ oL $89°S oL 30176 oL $SI°11 oL $01°21 [} L1981 ¢ oL
] $.9L°¢ 09 $209°S 09 $20°¢ 09 . $a2L0°11 09 $480°31 09 #2271 o9
w $+89°€ 0S $235°S os $76°8 0s $,66°01 0s $456°11 0s $02°0t oS
3:09°¢ 14 $2¥¥°S (44 $98°8 oy #516°01 114 $el8°11 or $21°3 .14
$:3C°E ot $+9€°S (1] $8L°8 [ $2£8°01 [ $408°11 [ $H0°Lt ot
$.6F°E ST $.£8°S 114 $5L°8 sz $:6L°01 S% $alL°11 s $00°21 ST
$9F°¢ (114 $18°S 02 $EL°8 02 $LL°01 0z $SL°T1 02 ¥96°11 [24
=S98 ST $162°S st $53L°8 St $29L°01 St #4711 114 $18°11 st
¥ $:¥0°C o1 $482°S o1 $a32L°8 (13 $25L°01 o1 $a2L°11 o1 $96°11 ot
e ia L $2L3°S L $12L°8 L $28L°07 L $23L°11 L $86°11 &4
e ¥ . $L3°S ¥ L8 ¥ $9L°01 ’ $3L°11 14 #56°11 b 4
20978 1 $aL2°S 1 $:2L°8 1 $45L°01 1 $43L°11 T $$8°11 1
0 1 d 1 d 1 d 1 d i d i
(%°1V S2°18) %00°L6 TV | (%°3V L6°58) %00°66 MY | (%'3v 8E°FL) %00°06 NV | (%°IV ¥9°¥9) %00°S8 NV | (%°IV ¥5°9%) %00°08 BV | (%°IV S1°6¥) %00 °SL *BY
(%W SL'8 ) %00°c D | (%°IV £0°¥1) %00°S D | (%°3v 39°6T) %00°01 RO | (%"1V 9E°SE) %O °ST N (%°IV 99°6%) %00°0C 0D | (%°IV 28°08) %400 °ST mD

Tw 0,01 ‘9 “Mpanwisey [worx0ld N ‘L ‘oamyeredwo)
(ponunuoo) JWIALSAS XOTIV ATOD-UAAAOD 10 ALIALLSISIY TVORLOITI GIANTINNOOTY  °ST ITAVL




i
L]
“SIqUIIVAT 0I¥ 818D wyewmtzedxs oU o3eqa shuxs esnmisduwes W]
“ORTEA [RUOISIAOLE ¢
*3000 94008 %8 *TF PUT “y 009 01 31 08 A0S LT F N 00 01 Y0P SAOQE 4L F *Y OV O3 ST GAOGREAF N ST 01 HOT 0AOqE 45 *T¥F "y 01 IAN LI F V00 °00Y ~ 8000
N 00) SAOE YT ¥ PUV *y 00F 03 0ST WO YGF ‘Y 051 MO(OQ%LF V0S8 -%D05°0
* 00) SAOQE KOTF PUB *3 00¥ 03 0GT WOH LT 3 081 AO[Q%ULF V06786 ~RD00°1
SBMO[[0] 8% OJ¢ SanfEA LJANISISl [EMTDISIS o Ul SARNITINNEN
(X3 001
{7)90°1¢ Lo
(s)opr-ct  es°ucel $48L°E1 g2ey
269°21 00€1 L¥°E1 00E1 $2L0°91 82t
303841 0021 $401°31 0021 $ell°T1 oozt
450°01 0011 $2LL°01 oott s P11 001t
L CN] 0001 lS°6 0001 $488°01 0001
8L°L 006 Sel¥'8 006 $201°6 008
$SL°9 008 $+99°2 008 $ed09 008
8L 00L $418°9 0oL 01 0L
£98° 009 $239°S 009 $81°9 909
208°¢ 00 £489°¥ 005 $40E°S 005
201°¢ 00y »T8°S 00% 10 oor
1 , £69°2 ose rg oSt £0°y e
7 3¢ 4 00¢ »00°¢ 00¢ 39°¢ 00t
"zt €63 63 114 73 c6
250°¢ 8Lt 8L°8 €Lz or'e €3
$98°1 0s2 «63°¢ 0s2 4 44 oSz
100 002 #8177 002 18°2 002
£90°1 0s1 81 ost | U oSt
369°0 001 #4281 00t +00°2 oot
950 08 $+63°1 06 $26°1 06
T8v°0 08 $513°1 o8 R o9
96c°0 oL $£1°1 oL $9L°1 oL
0t "0 09 $290°1 09 891 0
2320 (] $2996°0 os +09°1 s
$191°0 o +368°0 oy $1s°% oy
$23L0°0 ot $2825°0 ot P11 084 ¢
$£050°0 st $2108°0 s2 #HF'1 114
$9¥60°0 02 $08L°0 0z STHT oz
85300 st $40LL°0 s1 $09°1 14
9320°0 o $20LL°0 o1 Or°1 o1
1320°0 L $40LL°0 i $09°1 3
0320°0 v $0LL°0 v 001 ’
03200 1 $50LL°0 1 $0¥°1 1
d 1 d L aq 1
% °IV 00°00T) %00°00T NV | (%°IV L¥°86) %05°66 0V | (%°IV 96°98) %D0°68 *V
(43 00°0 ) %00°0 MO | (% Wes T )ens°0 M) | (K°W 30°c ) %001 :mD

(o Q9 o.01 *Y “Ayjapisyeoy [POVI1001 X ‘3 ‘odmyezedwioy]
(Penwn00) L ALSXS XOTIV T10D-BAAAOD 40 ALIALLSISIY TVOMIOTTI GIANINNOITY  *ST TIAVL

~N
«©

—~—— e e

T —
S




© T N ‘3UNLVNIIWIL SYONID
S » € ] o 8 96 ¢ € z o0 8 9 ¢ ¢ € F] oo 8 9 ¢ ¥ ¢ 2 )
£ 2 e
; ~ T T T _ T T T T « T 4 _ Y u \f SERa L M — d|1 T — -
”h\A_ _ _1_ Ty ' oy e e e m e e e = {0
N 92K @'N:0) —L ) 05°LERI Ny _ ' =T W %G 0 o 7
\ ' ' . “ \\ 1

) ; | ;

S .

. -
-

o e o —
-

WO 0l ‘ALIALSISIN TVONLO3T3

(IDN3AN3430 FUNLVHIINIL)
SAOTIV Q109+43dd0d |
40 ALIAILSISIM TVOIMNLO313 —¢
A3AN3WWOI3Y —
1 . - —de
_ | | N
| | | ! e




N ‘3UNLIVHIINIL

1

. e A—-l———-ﬁ

(3ON30N343Q 3MNLVHIINIL)

SAOTIV ¥43dd0d+Q109

ST 40 ALIAILSIS3H WOINLO3T3 T

G3AON3WNOO3Y

s - i =k 4

L S P B

84

.o .luﬁfﬂljaﬁw.«mu]... y

WO o Of ‘ALIAILSISIY TWONILIII

]




Sr3unetd

_n_ﬁ_

A PLET dW:%D

A 8S°LECH d'W:Ry

£
T
|
!

+ 40 ALIAILSISIY TvIINLO3T3
. TVLNINREIX3

N ‘3NLVHIINIL

e
©

|

}

t

,.4“,_‘.__%__ ©

(3ON3AN3d30 JNLYH3IJWIL)
SAOTIV Q1109 + ¥3dd0D

1

fm— g - ——— 0
i

- b——

|
|
!

-4
L

[ DU

.

B S R

W Te 0F "'ALIAILSISIY TVIIMLOTI




e 3 ‘3UNLVY3dNEL
s v & 2 O 8 9§ v € 3 O e 9 s v € 2 o8 9 v ] '
ﬂ_%A __gﬁ___J.M_JJ_ JA_JJ_A,_ P i .MA __ﬁ~
¥ o290 wm:o0 - n egzeet wwiny | m _ ! , h A, Lo ; ! . B
| A B A
(3ON3AN3d30 38NLVY3dN3L) |L|«t ‘b : ,, - oo St S K
: | i ]
SAOTIV ¥3dd00+Q109 | . | R T
; , ‘ . ,
— "

"]l T

40 ALIAUSIS3Y WOMLOZE |, o .
IVAN3NIY3dX3 L TR

-
—

o
Lt
i
-+
!

o

o

wE e O 'ALALSIER TVONLOAI




87

*oanBi) W] GMORS 0N »
*g02 8 §9°0T
Lywusp 1D 00S WO I RA=-807 Uy peqousnd (00 WD § X JNIWEIP WW § ¥°ss 2 £LT-1T A eeet ‘A ‘tisdsog W1 T
*yoam Guo J0j D 0OF 03 0OC ¥ pofweunre uowdads eaoqe o4l X tLe~12 A €e61 *A ‘isidsog  TEU H1T
*¢ud 3 09 °01
Ayysuep ¢D 00§ WO J9M~3D] U} peydusnd 13Ul WD 9 X JNSWEIP WU § 9°8Z |4 e12-12 A £c81 A ‘neydecod WY oF
*pa[ood Aimore puw
24 0Z 30} 31 £19 0} £1S ¢ PIREAII-183Y Inq Wowdads aroqe A} 0F Je[jUNE 1 2°163 £eel ‘H‘mey 161 .6t
*paqouanbuay ‘1Y § J0j M SL0T I8 p2)eady-1e0y t3uo] WO 0T X Jajouwielp W g $0°SZ 1 2°162 eeet ‘H‘mad 161 g1
‘gawioads aanqw Yy 0} JE[fWIs ¢ (nD o/8 9 °68) Tonisodwod pawmare) 0°92 g gl eLE‘EL 8161 °g ‘mwoxjspag O€T L%
*ay Z/1 20} jured Bupy[etu 1eau o) P3EIY lIAPWEP
ww { 2314 0] UMRIp pue paf[oa ¢ (nD o/ g “6L ) uontsodwod pajernate) LW e°ss £LE°6LZ 6161 3 ‘wonspas 0S1 91
*yamyoade asoqu A 07 Je(wys ¢ {ny 0/® G °IT) uopiisodutod pajeinafed 0°8t £62-2°% v LG6T °Te @ "D H°A ‘dmay 621 st
“£'y ‘gsmel
"3y [ 10} O 0GL ¥ pI[ROUUT {X3)IULEIP pue ‘°n°d ‘suatmualy
uy Wo g *0 put Buof WO g uamydads ¢ (ny o/¢ ¢ *} ) uopysodiiod pajenae) 1°02 £62-2°% v 1661 fenyeygea ‘dutey 621 U
‘H ‘uueiuappay
*:0T X 19°Z Joroe; w10} tauifiesiiaLiod tuojisodwod paemaie) 9°2T %8 £8°22 ve61 pue °7 ‘mesounin 81 €1
*H ‘DuewappIy
*0T X £6 °1 1039¥} ULI0] fem}[MIeL1o£]od tuopisodulod pejernored 8°¥2  2°SL €822 ¥e61 pue °3 ‘oaspounan  BZI 1
°g..3 Wd U7 9070 °0 = Lp/% ‘pros o.md 5g°68 pue
23ddod aphoa1991a Woaj padedaad ¢ (ny o/ g *Z1) Bonysodulod payemored L'og (932 3573 QI § LS6T °H ‘TioW pue °y ‘noy 2T 1T
!U—-O .szs
‘vomyoads asoqe oy oy Jefjwls ¢ (ny o/e g *91) wonsodwod pajeIno[e) 08¢ £623-2% V 2961 pae -poy ‘gsmer $21 0L
*0 0GL 38 paeauwe ¢Snof wo 9 pue D ‘A
JIaaarelp uy Qi ¢ of £ wewyoads pol ¢ (ny o/e ¢ * ) uopysadwiod paEMOIB) 1°02 £63-2'v V 2961 pue ‘poy ‘gsurel S 6
*Suy1005 3uyanp pa.mgvew mewjoads dAoqe ogL 1$°L¥ 18L-982 A 826t "Te3 ‘*n ‘suprazog €Tl 8
*Sap3eay Supanp epE SHUSWIMETIWL
tuauroads aaoqe aqy 0y Jejrmls ¢ (ny o/ §°2z) uonsodurod pRENIE) 1S°Ly 18L-£9 A 826t ‘832 ‘°D ‘sujjazog 63T L
*Bayjo0d pae Supeaey oq Jurnp dpew
nuamamsvout {asmeradwe; Bunow Jrag wede pajadi-jEoy ‘olM
ayenbs WUI T X { 0} PIYj0I ‘uopipuod 3ufjox daoy 03 Aem B U PI[00D ‘O [ ‘aparl
pue aamexaduray Junawl leau payeasi-jeay ‘aqny 23aTmb oy pyrow pue ‘*H D ‘vossueyop
‘sqeraarewr [enyuy fonw 0Z X T X 1 ¢ {0V 0/® Z°0Z) uonisodwod pajenofe) L6°SY S6L-982 A 8261 ‘*n ‘snjiazog €21 9
*(nv o/% 00 ‘¢) uopisodwod paje[na(e) sL°g z'162 Zeet *O'f ‘apajT 921 €
*{nv o/u g¢ 3 ) uonjsoduwiod paemared S0°L 2°162 2e61 ‘O°P ‘opury 9%T ¥
*(nv o/® ¢¢ 1) uorsodwod paemore) 26°S Z 162 Ze6T *O°f ‘opmT 92T €
*(nv o/® 886 °0) uopisodurod payemared 00°¢ z°162 Ze61 *O°f *spmy 921 T
*(nv o/® 005 *0) voniisodwod pajemote) €5°1 %°162 2¢c6t *O°f ‘apmT B3 1
ny njy uoneudisaq . . oN
N'aduwy pasn oN
(23 'suoyyeoNsoadg *(panuiiuod) uotisodwo) (suaszad yyBrom) uduryoadg ' Jeax (s)aoqiny R 198
u e vonwwoduio) pue awey dwsl  powndn P geq

{souepaadag omeaadwal ) SXOTTV Q10D + HIAIOO J0 ALIALLSISAY TVOIYLOATI JHL NO NOLLVIWHOINI INTWIHNSVIN

‘91 3TAVL




i
‘oandly; U3 wAoqs 10) ¢
§
3
[
: °d ‘hararwy)
{ *2SuTs 83 99 °9¢ JO SS9 ¥ JepUN % *CT POUTEXIN STINON) UBRIOeds 0AOQE oL ¥sz ny ot Ty v TL6T  PO% "M AV ‘Jeaee] 06  ,6€ ]
: *DO[WOTTS ¢ *00) °d “ksqarwq)
3uenadofeasq PO GOTNdeay [WIORTEINT] WOT} PUTNGo toutTRei1oliod ¥°sg ny ot Ty v TL6T  PUR ‘MQ°V ‘laAe>] 06 st : 1
*Y93M 200 20} D 00F O3 00C 3¢ PO[POUUN UIW|OAds SA0qE oL 9°6¥ L £L2-12 A ££61 ‘A ‘Disidsog 281 L6 S 4
*¢. 310 3 80°%Y 3
A19u9p 13 005 WO} 13)ea-231 U] peqousnd ¢3ao] WO § X JGJPULEIP UIW § 9°6¥ L £12-12 A £€61 *A ‘nodsog  2ET  oe w
“3P3M 90O 30} O 00F O} 0OF ¥ PITEHTIR wowr]dads sA0qE oflL 0°8y L cLE-TT A €61 A ‘nsidsog T ST :
g0 3 18°1Y
L&yreasp 1D 005 Worp I9iea-99] oy peqausnd :Ho| WI § X JNWep UNI ¥ 0°8¥ L £12-12 A £ee1 A ‘TiTidsod  TE1 LT
*}oas WO JOJ D O0¥ O} 0OC 3¢ pIeUTT Towdads eAoqe oq,) 0°9% ® eL2-12 A £eet ‘A ‘timydsod  ZE1 €€
o 8 121y
£1®uap 1D 005 WoJj JNwM~-00] U] pogaaand (Buo] Wo 9 X JNjAWEp W ¥ 0°9% g €L2-T2 A €6t *A ‘nisidsogd  ZE1 2¢
*}29m 900 JO} O 00F 03 00C I¥ porvoume usmoads dA0qE YL €°sy L £L2-12 A €esl ‘A ‘nmdsog el IE
e 8 59011
L1euap 1D 005 WoJ) J33EM-30] W) payouend (Buof WO g X 1Nawep WU § s°sy vg €L2~12 A €c61 A ‘iedsog  ZE1  LOC
%93 WO JOJ 3 00F 03 0OF 1® PI[EIUTE TIT[OIds 3r0qe AL Lcy S £12-12 A ££61 ‘A ‘usidsog 1 62
g0 3 05 11
&ysuop 1D 005 WoJJ 3318m-231 U} pagausnb t3uoy wo 9 X JRowerp W ¥ L°E¥ S £L2-12 A €261 ‘A ‘twidsod  TET ST
"33 3UO 10} ) 00F O3 OOE I® palEauUe WWIdAde Iroq8 AL 0°2v v €L2-12 A £66T ‘A ‘epdsod £V 402
oo 3 TRl
Ay#uap £D 008 WoIJ I em-90) Uy peqouanb (3uol wd 9 X IMPwEp Wm P 0°2y 1 4 €L2-12 A £E61 *A ‘nisydsod  2¢1 92
“%33M 9Uo J0J D 00¥F ) 00F I8 pafeoTut uawdade asoqe aqlL L°6¢ € £LZ~12 A €61 A ‘nisidsod  EET 45T
KR TR K1 8 ¢
; Lisuap 19 00¢ Wol) I31eM-30] Ul paouand (Buof wo 9 X JNdWITIp WL L°6¢ € €L3-12 A €661 A ‘lsidsog  ZE1 #2
L
: “393m 3U0 JOJ D 00¥ 0} 00E I8 PareaUUE UAL[DAde IA0QE YL ¥°se 2 £L3-12 A €est A ‘lisidsod  TET  GET
ny no wonyeudieaq . . “oN
syIeway pue ‘suciyEdyioadg ‘(panuijuod) uoyisoduio) (uaoaad wyBram)  wauryoadg X aﬂ__u.oiz pasn Jeax (#)zomny wﬂﬂ ws
uonyisodwoy pue aureN L PN aeq

(penupiuod) (douspuadag sameaadlal ) gXOTIV @I0D + HIAJOD 40 ALIALLSISIY TVOIHLO3TI FHL NO NOILVINHOJINI ININIUNSVIK "9t 3TAVL




At o s 5

R e gy

L4 4 2 4

«68€ L3S v1vad

988 ¥ [ 3 4
8¢ 1L3As viva
¥y 3°tiZ
12°2 28l
99°1 8°0¢

i¢ 133 vivad

91°1T1 z'eiz
996 z°8L
62°6 802
9t L3S vivd
00°9 2'eLe
89°¢ z°8L
60°¢ 802
€ 1ds vivd
9801 2812
s 2'8L
668 80t
+ ¥ 135 vivd
£2°6 276l
ot L z'oL
059 8°08
£€ 14s vivd
18°01 2tz
56 2'8L
£0°6 8°02
7€ 1dS vivd
C g .

s€'L 5L
12°s z°8L
99 8°02
¢ Lds viLvd
g8 01 2'82
588 z°8L
) 8°02
+08 135 viva
e 263
8L°L z°8L
222 8°02
82 135 viva
€01 ze
088 Z8L
¥'8 8°02
8 138 vivd
8L°6 282
91°8 z°8L
cL°L 8°02
« 12 138 vivd
8976 TR
0z°8 28
$8°L 802
92 145 vivd
6576 z5ez
68°L 2°8L
¥°L 8°02
«Z 138 vivd
826 TR ]
18°L Z°8L
9%°L 8°02
¥Z 138 vivd
d i

8 ¢°eLE
28°9 2°8L
8y°9 8°0%
#82 138 Y1Lvd
128 [ ¥>4
9L°9 2 8l
3 ) 8°02
2% L3S viva
9 CeLT
18°¥ Z2°8L
5°¥ 8°02

«12 L3S V1vd

129 z°cLz
o8°F 2°8L
¥y 8°02
02 135 viva
659 2162
+61 135 vivd
&9 2162
8T 1as vivd
66°01 z°ci8
s€°6 2°€L2
IT I35 vivd
81781 z'ele
¥soLl Z°€L8
91 13s vivd
6878 €62
e°L 06
¥0°L z'y
ST 1ds vivd
d 1

" €68
18°¢ 06
£9°¢ zy
¥ 135 viva
18z z'e8
2L1°T 238
$T 135 vivad
60°S z'e8
1y 222
7T 14s vivd
vz £L91
€92 gLet
TT 135 vivd
88°8 £62
8L 06
'L z'y
o7 L3S viva
1878 £62
16°¢ 06
£s5°e zp
§1ds vaivad
%0°S1 2718
«S6°FL Z'18L
£8°%1 2°18L
PP 269
«59°%L 2z 6L
«95 BT 213l
Ly vl z-0%L
ST°31 2°089
SI1°P1 2099
«50°F1 2°899
+98°€1 Z°¥59
¥9°cl 2°059
[Fuo5y 8 13s viva
d L

(w U401 *0 ‘Qransisey (0100013 ) ‘L ‘eamqesaduar)

~8F T zwe
«92°E1 z°2v9
«90°ET Z°659
£L°21 2089
26°11 z'109
#1811 2165
wn 2'88°
LEU°TT 2°Ls
V601 25968
sL°01 z°1c8
#C5°01 2288
£€°01 z°ens
£1°01 zcap
+10°01 z°2Ly
18°6 Z'00p
958 z'vey
928 2208
618 z°982

¥ 13s vivd
$0°S1 2°18L
€8 b1 z°l8L
wbL¥1 Z°6%L
¥9 %1 27l
«95°PT 2°63L
6% ¥l Z°ElL
+SETL 2'869
62°¥1 77689
#91°P1 2°09
S TUPT 2°099
#TUPL 2299
STT°PT z°che
#£6°€1 z°9e9
«EL°ET z°189
sLvel 2929
gr°g1 z'p19
£26°21 2°609
31 2°%09
szt 2'¢68
TR 2°98¢
«12°31 Z°18¢
et 2°bLS
6L°11 2°9g¢
PTRI3 2°228
81°01 2°90¥
286 z°c9¢

11495 vivd

d 1

(vouspwadeq omeiadwmal) SAOTTV Q10D + HIddOD O ALIALLSISIH TVOINLOATA FHL NO VLVQ TVINIWIHIIXT

—— -

Hall £ oot SR .

-oanfyy U1 Waoys 10N &

‘LT ITEVL

90 °F1 Z2°c62
500°¥1 2°¢8L

#86°€1 z°sLL
+26°E1 z's9L
08°€l zeIcL
«cLoel Z¥52L
«SLet T e
LSeoel z-8cL
«0L°€1 2°zcL
#¥9°eL z-€zL
es gl z'eiL
«16°E1 z-z0L
e el 2°ce9
+£E°ET z°p19
SIE°ET z-29
«02°E1 2°¢99
+€2 €1 2099
«£2°¢T 2°F59
o1-€l 2-0c9
#01°€1 Z'ctn
#¥0°E1 259
6°21 Z 11y
6L°zT z-s8e
ep-2t 2°8S
722l z-vas
o121 z-coc
#¥-01 2952
9138 vivd
812°¢ z-162
sI3sviva
zwE 2°168
¥ 13s viva
sz z'u
€ 1ds vivad
00z°z 2-16¢
Z13s viva
et 2 162
T1as viva
d 1

1




*eavdy} U WAoNs 104 »
Sa11000 ALY PIRSIET Bouzioads sA0qe S¢L 98°08 22062 A 714 ‘e ‘7D ‘sylaiog  $31 «3T
*Supiveq JalIND PeIMSWOu (T “ON W8
weQ 203 wowiosds ey 03 eTTU(S ¢ (R §°1¢ g¥ ) BoRIwOdWOD payETIOIED) 96°02 €TL-06C A 8381 ‘o0 ‘D ‘syijosog €1 LIB
*pervecue A(payvada mowoeds oaoqe oL (3 £ €63 A 8261 ‘e ‘°n ‘srqialod  €Z1 «0T
*Sujjo0d KNP POINSBIT Bowr1oads SA0qe SUL (- [ 8LE-00T A 8261 ‘re12 ‘°p ‘styladog €31 61
*pIIwOYal uajoads asoqe aqlL [ (] 8LE-01 A 826t ‘T®i0 **D ‘snfrazog  €2Z1 61
*2aj[000 JuMp paInswew UIWIdAds 9AOQE SYL ec"¥e 8¥-01 A 8261 ‘1839 ‘°D ‘snyjarog  €C1 LT
“Suneey Suimp poINSYowlal BIW0ads 2AOGQE OYL 0 682 LOvY-8¥ A 8zel ‘e 39 ‘"D ‘sufalog €21 91
‘pesnseaulal uaurjoads 2A0qs SYL [ 3 74 LZr-%0r A 8z61 *[e 39 ‘°D ‘snpiazog €21 ST
*TOWIIMSPIW 10] PAINOYDS UoW[o3ds 9AOqE oYL 8¢ '¥2 LZv-11 A 8261 ‘Te32 D ‘sniforog  CEL BT
“Suyjood Supanp painscow upede zaw(dads aaoqs oYL (3 74 61r-L1 A 8z61 ‘re3e ‘ D ‘smialod €21 LE1
“ujivay Supmp pa.mseowas weutjoads aa0qe oL 8€°¥3 61¥-51 A 8261 ‘(832 *°D ‘sojlazed  €TU #2I1
311000 Supmp peangwawt Bewsdads aaoqe ALy [ 14 12e-81 A 8261 ‘32 ‘D ‘sny[arog  £T1 41
aIMp pemssatt (pegqonsnd (usuijoads Jaoqe o) 5B .ﬂg-»uaiawh% _”u
‘popIm WORIENNIqE) “‘sucisUIMIP atues ¢ (N 0/¢ 0S) UORISEdWOD paIEMOLED 6£°¥2 L2ze-81 A 8261 3 ‘"D ‘snilazog  E€TT 401
*2u11000 JuLIn PaInswW WW}Ods aA0qE SYL 82°8C L0L-982 A 8261 ‘Te 9 “°D ‘snjjatog ET1 6
*Bupyeay Julnp pains
-wouwt tuowrjoads sAoqe A 03 Je(uLs ¢ (N 0/% §G ) uonsodwiod pajenate) 8Z°82 L0L-£82 A 8261 ‘T8 “°D ‘ONJ[2208 €TT +2
*Suy[000 SuINp painseawl Uawoads aA0qE oY) £8°2¥ 00L-€82 A 8261 ‘[e3d ‘°o ‘snppazod €21 5L
*Bupyeay Buyanp pomsrour
‘gour1oade aa0qe oy 03 Jefrui(s ¢ (N 0/% 6°49 ) wonIsodwion pajEae) £8°2y 00L-L82 A 8261 ‘232 *°D ‘snialod €21 o9
*3ujjood JaInp poJnseawl UdUIOAds JA0QE SRL ey gEL-Z8Z A 8261 ‘Te 39 “°D ‘snjjazo@ €21 46

*uneay Surmp poinsrow
¢1 0T 3AIDD JO} UIW]0dS IAOQE Y} ¥V JUWEII}~18IY PUL ‘POYIW

TOREDLIqE] ‘FuOTRUITND 2wes ¢ (nD o/e ¢ 2L ) uonsedwos pyeMmIE) | 1LY 2eL-18¢ A 8261 ‘fe19 D ‘snijadod €21 «F
*Bupyeay Supmp pasnseaw ¢payouonh wowyoads aaoqe YL 8T 6% 959-LLZ A 8261 1819 *°D ‘snpjatod €T €
*Buttooo Surmp pamseowr uowjoads 9aoqe AL 81 6% €3L-€82 A 8261 ‘39 **D ‘smaparod €Z1 #2
*Sunyeaq uranp ponseaw tarmeaaduia; Aayjjowr Jwou ujede pajeady-jeay
$3a1 2awnbs WIw T X T o) pajjod ‘uoprpuod Jupfjos doax 0) Aem v up ‘q°r ‘epmy
Pa1o0d ‘3umezadwiay San[aul LU PAYLOI-1EoY ‘3qmy Z3sEnb up pnjow pus ‘°H°D ‘uvossuwof
SIEEANNT [ERM] (W 9Z X T X T ¢ (nD 0/€ 1) uoTijeoduzod pajoIndE) 8T°6¥ €3L-682 A 8Z61 D ‘en1[oI0€  ETY of
no ny voyeudisaq ; - oy 0N
yaduey pas ON
IRy pus ‘suotiesfrioads ‘(panutiuod) uotisodwo) (wooaad yBiam)  vawrdadg . Jeax (s)aoyqiny . 98
uvonisodwo) pue awrey duway  pownoW Lt arq

(s3uapuado aimeradwal ) SAOTTY HIAA0D + TOO 40 ALIALLSISAY TYOIYL03TT FHL NO NOLLVIWHOINI ININAUNSVIN 81 ITAVL

90

e s -

s o e e - - e




-
-
‘omBy; oy amogs 0N o 5 1
*H ‘vuswappay m.
“poqousnb Geqy PUS JY § 30§ O 026~ 1¥ PO[STUY WIWIJoAds SAOQE oL, 66y 1°08 €L el pue °q ‘UISIIUNID GZ1 OF -k 1
‘H gm— ~
*Iq 3¢ 30§ O 095~ I8 PI[YeaUE TOWIIAAS SA0qE AL 86 1°0% 7T 4] 13 pue 3 ‘UICIAMNID  BZT 460 1
*H ‘uuTwappay ,, ;
*Jq 02 30} D 00F~ I® PITEIUUE WBWIadE SACqE AL, 66y 1°09 eLz'e8 ¥eet pue °F ‘OISBUNID @21 48E S
*H ‘vuewappay ;
*2 008 WoJj) pIqITand 38w tomirnesrafied tuonsedmos pajernare) 8°6¥ 1°08 ] (373 pue °q ‘uasraunin 8TI .8
*H ‘muewoppay , ;
uwowydads sa0qe Ay 03 JV[IAIS ST E¥°86 €L3-22 ) pue *3 ‘uasiounid 8T1 9 X
*H ‘ourwoppay o
1890 founimsfiodiod tuop)soduiod pajernofe) or°e 6°98 €L2-22 veet pue 3 ‘wasrnmin 821 op ]
*H ‘UuBWINP | ) A
*aq OF J0J O S9E 18 pI[esuue uawIidads aroqe oL y0r 9°68 €Lz ¥eel pus °3 ‘wsppuld ST L3¢ %
*H ‘muewappay 1
1880 tamyjiwsLaadtod tuonysodurod pajernore) ¥'0T 9°68 €8 st pus °3 ‘vaspaunin €21 L¢e :
‘uaurjoads 2a0qe aqy 0y Jeyjmys ¢ (RO 0/ 1°gS) UoRjsoduiod parenore) SL°0F  $T°6S £LE‘ELT 6161 ‘q ‘wonspag 0€1  Z¢ H
wawyoads 3a0qe o 0) JeQUILs ¢ (ND) 0/¢ ¥ °ZF ) uonsodwod paje(nod(e) 261 eLe°eLe 6161 °g ‘wionspas 01 I¢ !
~wamtoxds 2a0q8 Ay 03 e[S ¢ (RO O/ Z°0¢ ) Tofjjsodurod paje[mare) €22t LL°l8 £LE'ELT 6161 °3 ‘wpnspas otl  0F
~uaurioads asoqe o 03 JE(IRLS ¢ (RD 0/8 002 ) uonysodwiod pajeInore) S¥*L  6S°%6 ELE‘ELT 6161 °q ‘wugnspIds ofl 62 1
1y 2/1 Joj ymod Bupiatl 03 98010 PIjTIUTE LIILM 3
JJIWEP UNG T 03 UMEIP PUE PI[I0J ¢ (D 0/E G °6) UoRfsodulod paend[e) L3¢ E£L°96 eLe‘eLs 616t °3 ‘WQNEPIS ol 82
*pajaodal S3N[BA PIYIOCOWS MIMNIBA WY UTW OF I0J M £28 1¥
PareoUUEdL pue ‘I12;2WEIP U WD (0 °0 03 WMBIP-PIOD ‘Y ¥ 10] M €221 1B
pafeouuE “{d1y) WD 1 °0 0) PAOI~PIOD (AN EW-TOBUOP WOT) PIUTEIG °D ‘saxfs
‘8uof wd ¢ 2T X Ja32WEp WO §°0 ¢ (DD 0/ 51 ) nonysoduiod pajeInaje) Z°6¥ €L9-€63 8cet pae *m°J ‘sauof EET LT
*d°m 23071
*(wa U g9°¢ = W) aq ¥ Joj O 058 3¢ poresuwe vowpoads JAoqe aqL 62°¥2 68-9°C ¥V SS6T pue °3 ‘eyfessed VT 92
*(ma U7 g6 "¢t = W) £2 "oN 135 mEQ *d°A\ ‘9a0T
10} zawyoade asoqe agy 03 JeUAS ¢ (1D 0/ 05) Gonisodwiod pajemared 68 °¥%2 ¥e-€s V SS6T pue °3 ‘syiessed  ¥Z1 ST
qom ‘oaoq
(o U gp°p = Ev Iq gF 40 O 058 18 pajroume nawjoads 2A0qE oYL 81 °6¥ 28-0"'¥ v (3134 pue °3 ‘wBessed VII 2
* (o 971 102 °11 = W) “apuy pue uossueqop
JO D 0Z 1® an[ea £31Ane18aa woay pajejodeaixa anrea 19 f11a119183a juyod
201 aqy Swysn *lod = (1.)9 ‘wopmmba sy Aq *oouw)918sl Jujod 30} pue
20uTIR]EL JO OfEA oY) ‘A parzodad Ay WOL} PAIIaAU0D sanes AaAneisax
1231230312 ¢pagouand Hjjawm Somoy v apfaocxd o} A{snorodia uaxeys
‘amnoea Sy Jopum saqm J0d4\ pafess Uy Bumjaw £q ‘oD pue doysyd “f .
wodj paujeyqo prod aund 66 °66 PUE ASITN-UOSUYOL WIOL] PITTEIQO “d°M ‘oY
3addod aand g66 *66 wios) paredaxd ¢ (nD o/w gL ) uopjsodwod payemarsd 8T 6Y a8y Vv sser pue °3 ‘eyiiveseg W1 ¢
n) ny uoryeudisaq . oy TON
ytaBwey posp oN
siamway pue ‘suonedipoads ‘(panupuod) uopisodwo) (wedaad yyBrem)  uawrroeds . Ie8x (s)20mny . 9s
uonisodumon pue aureN dway  poeR Y weg
L
(porammoo) (aouepuadaq essmuesedwal ) SXO0TTY HAILOD + AT0D 40 ALIALISISAY TVOINLOITA JHL NO NOLLVWHOINI INIWIUASVAN ‘81 ITAVL .




“ ‘oaniy) uj waoye YN »
M *RNA 000 205 O 00P 03 $OC 39 POTISUTN BNKRI0NAS SAOqE oL ' 3'Es o1 eLT~18 A teet A ‘Isidsod T 99
| ‘e Ju0 3 £6°TT
' Lyysuep 1D 009 Woay 30ea~007 U] peyoutend tHEo| WO § X J030W NP UIE 8y  T'TS ot eLe~1Z A L011 A ‘nsisod  TE1 09 ¥ .
*NO0A U0 10} D 00F 93 0OC ¥ POTESUTN BMKIOeds aA0qE oYL gey 9°0S L €L2-T2 A ceet ‘A ‘nisidsod  $E1 o9 1 3
g 510 3 01 °21 Qjeusp Inq ¢5 °ON 9§ MEQ 0] GSWI0d I 03 IN(IWIG 6% 8°08 L €L2-1Z A ecst ‘A ‘nsidsod  TEY L19 m
“)9M SUO 0] D 00 O 0OC 1% P[veUUT TBW]OAds saoqe oL g6y 8°08 8 €L8-18 A £est A ‘usidsod e 09 '
‘¢ 0 3 00°21 -
Kysuep 13 005 W3} 13yWM-231 U] peqonsnd {Buof Wo 9 X IAIWEIP WU § g6y 8°0S 6 £L2-12 A €e6Y A ‘usiisod €T 65 i
*Aymots pajood pus Iy 0T 30} D 00F 03 0OC ¥ PI[EaTULaI uswjIads saoqe oYy, LE°0T €9°68 Al z°162 £c61 *H ‘MoM  1E1 89 ﬁ
*paqausnb pue Iq § J0) D 008 03 PAIERYAI uawjoads asoqE aqL 1€°0T £9°68 Al 2162 €£67 ‘H ‘MOY 1Y LS |
*Aimols %
1 PaLood pue JY 03 20§ O 00¥ 03 00C 3¥ pareauus Buo| Wd QT X JOWeEIp WL g L€°01 €968 Al Z°162 €c61 R ‘Mo¥  1C1 L9¢ f
*Apmols po1ood pue Iy 0Z 10} D 00 O 00E I® po[Eawuy uaWldeds saoqe o], 0€°¥C 0L°SL o Z°162 £e6l *H ‘MMOH 161 <€
*peqouand pue Iq ¥ 205 O 008 3¢ paIEsn-qrey ‘Buo| W O X I9JPWBIP WK § 0e°¥T 0L°SL L) 2°168 ceet ‘H ‘908 161 498 3
*Aimots pe1ood puw Iy 0Z 407 D 00F 03 0O I8 po[easuEas aawroade asoqe oql, SZ'6F SL°0S n z°162 £c61 ‘H ‘oY IE1 €5 3
‘pagouanb pav Iq ¥ J0j J 008 01 PN UoULjoads SA0QE B, $2°'6% SL'0S n 27162 £e6T *H ‘Mo €1 ,2¢
*Aj;ots pa100d pue JY 0Z 105 O 00F 03 00E 1% Pa[EITus uawifdeds oroqe aq), g2'6y SL°0S o z°162 €£6Y H ‘Mod 161 LIS ;
“paqousnd puv Iy § 1o} O 008 3¢ pARAX-EaY {Baol Wo Of X I9j0WEIP wIW § 92°6% 910G n Z 162 £E61 *H ‘Mey 1€l 08 h.
*H ‘sarwiappay 1
*Xq 0 J0] D STE~ 1% pareaun sowdads aaoqe aqy vy 96 £L3'c8 PL6Y pus I ‘vasumin  8Z1 «6¥
" *H ‘vuewiappoy
‘SIOu § I peanseew nsunjoads Jsoqe oq) 792 9°GL €8 vest pur *3 ‘sesjormin  8ZY 9%
‘H ‘vunwappdy
*pIqousnb oqy Iy  J0] D 008 18 pafraUne UIWIIAMs SA0qe I, ¥'¥z  9°SL €8 (134 pue °3 ‘vaspounin 821 LLF
*H ‘maeurappay
*aY 0€ 0] D SZC e pojreuns TsWIdede sa0qw OqY, ¥¥z  9'SL £L3°c8 ¥E6T puv *q ‘wosteunty 81 9%
. *H ‘tuewappoy
*aq 0E 303 D SPE 3 porvenns zewioeds saoqe AL vy 9°SL £L2'c8 ¥e6T pus °3 ‘wagrammi  8Z1 S¢
°H ‘mmruloppay
°aq T 30] D 09€ ¢ po[esunE uBW|oads sA0qE oYL Py 9'SL £62-t8 yeer puw °3 ‘vaspauniy  SZT ¥
*H ‘tuewappay _
*0 008 Wolj pogouanb tised teuj(insiioliod ‘ropisodwiod paIRRIIED YT 9°SL z62-£8 oY pue °3 ‘vosiaunyd 921 €Y
*H ‘uuewappay
*Jq 0§ 10] D SZE~ I¢ peeouus udwjoads aAoqe L ey T1°0S £8°22 yeet pue °3 ‘vasauNID BT «Z¥
*H ‘waewappoy
‘SYI00W ¢ 12)¥ PoMSuI uRujoeds sA0qe O 86y 1°08 [% 3¢ ] ye6t pue °3 ‘vastawnld) 921 #Ib
| Ry my  uopwulised .y posp oq N
myIvey pus ‘suoijedpIaadg ‘(penuniuod) uofitsodwiod (madsad wBram)  uwawjoadg “dwag, ey (s)soqny o o
uonsoduro) pue swreN pownm neq

(pormpuo0) (aouspusdaq eamuesedmal) SAOTTY HAAAOD + TI0D 40 XLIALLSISEM TVOIMLO'1d THL NO NOLLVIRHOINI INTWINASVIN 81 216VL J_ .

R e - - . - ——




o o,

93

omBy) U3 UMOYS 10N «

g I 3 9L°€1
Lyysuap £ 005 WOJJ 193wm~0d1 Uf peqouend (3ao] WO § X INPWEIP W 9°1e  ¥°89 €2 €L3-13 A £eel ‘A ‘nedsod  ZET 48
“y9am 300 205 D 00F OF 00€ I¥ Pa|venun wITI}oeds aaoqu oY, 9°28 L9 e 8212 A £E81 °A ‘nisdsod  ZEV .88

*g 0 ¥ 09T
Lyywuep D 005 WO 1038e~001 0] Ppaqousnd (0] WO § X JAIWEIP UMK § 926  ¥°L9 2 £L2-12 A €eel °A ‘nisdsog  TET U8
*}2aM 200 30] D 00¥ OF OOE I® Pajseuus UAW|Ids saoqe Y.L §'ce  9°99 7 £L2-1% A 15734 ‘A ‘lisidsod 281 98

‘g0 3 62°CT
Lysusp tD 00% WOIJ INWA-9D] U] pyIasnd {3u0] WD § X INPWIRIP WW § s¢e 999 ¢ £L2-12 A eest ‘A ‘nsidsogd €V o8
*3a3M 20 J0J D 00¥ 0} OOE V¢ PI[eIUTT Tawtlads asoqe YL ¥HE  9°99 (14 €LZ-1T A 14 A ‘nsidsogd  TEY 8

‘g0 3 Z¥ et
Kysusp $D 005 IO} Jaem-301 U payouanb Buol W § X 13WElp WW ¥ ¥¥C 9°S9 03 eL2-T2 A cest *A ‘nsidsog  TE1 08
*}I3M 3UO JOJ D 00F 01 00C 1€ PI[LIun¥ UaITOde 3A0GE YL gt L°¥D 61 eL3-12 A ££6Y *A ‘nisdsod  ZE1 28

*¢400 3 £6°31
A31809p 1D 00C WOIJ J33RM-30f TF pagoaanb (3uol wd> 9 X Ijauresp wWul § €°66  L°F9 81 £L2-12 A ££61 A ‘lisidsod  ZEY I8
*393am 8uo 203 J 00F 01 00F 18 POTEIUTS TSUIIIAd8 3A0qE AL $°98  9°€9 81 £L2-12 A £e6t *A ‘ieidsod  zev 08

s Juo 3 00°CT
Ayysusp 10 005 GI0L} INeM-30] U pagaaanb ¢2a0] WO 9 X INGWEP WUl § 79 9°€9 '} 4 £L2~12 A £e6t ‘A ‘tsidsod  2¢T 6L
*jeam 20 Joj D 00V O} 00C I® PI[BIUNE UaWIOAdE aA0qE SL e 929 L1 £L2-13 A £e6t A ‘uisidsod 281 .SL

*e10 8 9161
Ayieaep 1D 005 WO} JeM-99] T PIoudnb {3uo] WO 9 X JojoWIElp WL § Pie 9°29 L1 £L2-12 A €861 ‘A ‘nsidsod  ZET LML
323 IO 10} D 00 03 00E I8 PafesUue UaWdads aA0qe AL 9°8€ 19 14 £LZ~12 A €E6T A ‘usidsog  ZEr 9L

*¢Jud 3 00°¢Y
Kysuap 1D 00$ WOIJ JIem-20] U] payound {Suof WO g X JPwrElp W ¥ 9°88  ¥°I9 91 €L2-12 A 1534 *A ‘nsidsod T 5L
*}93m U0 10] D) 00F OF 00€ 1¥ PIBauLE TaWjoHds dA0qE BYL 66  S°09 1 ¢ €L2-12 A €61 A ‘nsidsog  EET

*g o B L0°CY
Aysusp 1D 008 WO} J3EBM-~23] UY pagousnd (300l WO 9 X INIWEP WK § S'6€  S°09 st €L3-12 A ££61 *A ‘usydsog 26T oL
*N3M U0 JO} D DO¥ O} DOF B PITEUUE TaW(Oads aA0qe YL L0F €76 ¥I £L2-12 A £E6Y ‘A ‘sidsod €1z

‘e-Muo B gL2Y
Lyysuop 40 008 WO} J93RA~33] U] poYduanb tBuo] WO 9 X JsjowRlp WK § L0y £°6S ¥1 £L2-18 A (=14 *A ‘tisidsog 1 1L
*}oaM o I0] O 00¥ OF 0OE 1® pateowre uAwKjoads aA0qE YL € 0718 €1 €L2-12 A 66t *A ‘nsidsog  TE1 oL

oo 3 gy 31
A3peuap 10 005 WWOJ) 19yem~2D1 U parouand (Buol WO 9 X JAjOWIRIP WW ¥ & 0L £1 €12-12 A £66T *A ‘usidsog 281 69
*}30.a 900 10} D 00F 03 00 18 PA[EIAUUY UdW(Iade aroqe S 1% 6°SS bA | £L2-12 A €661 *A ‘usidsod T 89

: ‘c.M0 3 gp3T
Aysuap ¢D 005 WO} I3WM-33} U} poqousnd ¢Buo W g X JnRowElp WW ¥ I 8°SS 2t €L2-12 A ££6Y ‘A ‘nsysod  TEL L9
YoM U0 J0J D 00% 03 00C I® Pe[¥ouTs usw[dads oA0qE QL 8'sy 2°¥S 14 £L3-18 A £661 *A ‘nsydsog €T 99

e Juo B 9e°3t
&ysuap D 005 WO} JNuM-231 UF paqauand O] WO 9 X JjowWelp WUl § 8y T°¥S T £23-12 A ££8Y ‘A ‘nsydsog T €9
no ny voneudiseq . . "oN
#yavmay pus ‘suoRoI0adg ‘(panutiucd) uonsodwo) (moo2ad uBiom)  vowmoadg A an.!oé PO eax {s)z0mny .auz.. s

gonsoduio) pue JuteN L POWIR neq

> .

(panapood) (souspusdaq eameladme] ) SAOTIV HIIIOO + @109 40 ALIALLSISIY TVOINLOTTA THL NO NOLLVWHOINI INTIWIHASYIN ‘81 3TRVL

Rt e




— oy wacye w0y ¢
*N90A 980 20§ D 00) 03 $OE I PITESTIIS WTIoNds Sa0qE YL S°eT 808 = 3 sLE-18 A teet °A ‘nevissd W1 SIL
e JR0 3 99 °91
£9e0p 10 008 W3 303u-001 Wy peyousnd (500] WD § X INSWIP WM § sl s°o8 »® -1 A sl A ‘isviseg  EET L1
*NSeA 900 Jog ) 00V O3 0OC 3¢ POTROUAIS VeuTjoeds SASQE STL 8°08  g°6L [ eLe-1z A -3 A ‘tioisod  SET U1
gm0 8 2091
£yyomep 10 003 WOy J9ywn-e0; Wy pegauiend (B0t WO 9 X INSWVIP WK P 802 Z°6L 1] eLe-1z A ecet A ‘neised W 1T
“NVOM SWO JOf O 00F 08 60C I¥ POTIGUS UNITOAdS 2A0QW YL, $°IC  s°8L ge eLz-1 A 561 ‘A ‘Deiseg 1 01T
‘eI 3 61T
K1euep 1D 00S W) A0 W~-00) W) PegIonb {BUo WO § X INOWNP W § s 1L S8l ze Lz~ A cssl ‘A "usMised BT 801
*¥o0A SUD Joj O 0¥ 03 00C I¥ PO{PeRTS TAu|dade JA0qE oYL s°gT 9Ll 1€ eLT-18 A seet A ‘neMisod  TET 901
*p M0 3 98 °P1
Aywusp 1D 005 WO} 20304-03f U] PAYIUIND {INO] WO § X JNPVWEIP WK ¥ s'82  S°LL 1€ £Lz-13 A eest ‘A ‘enired  IET Lot
393 SUO 107 D 00F 03 00 I¥ PO{PIUTS WOW[OAdS JA0QE YL, 983 ¥ ot sLz-12 A (273 A ‘nsised ICT o901
g2 3 £9°¥1
L11wep 2D 005 WouJ I81a~80] T} Ppaqausnd (Buoy WD § X 1312UIVP WW ¥ 9CE 9L ot sLz-12 A ceet ‘A ‘Dedissd TC1 SOt
“X00M 200 IO} 3 0OF 01 00C I POJEITUT UWSW|dS 40QE YL »¥C 9°SL L4 §L2-12 A sost *A ‘Dedsog LT POT
¢ 8 99°31 Lyisusp 1ng T2 “oN g TMuQ Joj uswidads Iy 0y Je(UIS ¥ 9sL L4 $L2-12 A ee6t A ‘usMsed TE1 €01
“3POM U0 JOJ O 00F 01 00F 3¢ PITSIUUS USW]edy 2AOQE ST, »¥  9°SL 62 8L3-12 A =174 ‘A ‘nsMisog €1 L2010
%R0 B LLyY
Lyywosp 13 008 WO} 1)8m~901 T} peyousnd (Juoy WD § X INIWWP WU § ¥z e'sL (~4 L1212 A teet *A ‘Tisddsog  TET LT01
“¥93M 200 0] D 00F 01 00C 1¥ POTSOUNT UGWITOads GAOYS oYL 1 6% - 1 6L2-12 A eeet *A ‘evisog  TEL ,001
e Ju0 8 LYY
Lpwasp $3 005 WOX) 19)WA-9f U1 PIgouend {Hio] WD 9 X INWEIP W ¥ 'S 6°%L 82 eLZ-1T A o6t ‘A ‘isdsod  IET .66
*YPM JU0 103 D 00F 01 0OF 3T PI woUNE uankjIads aAoqe oYL, T9T 86l L2 £L2-12 A sceT A ‘rrsddsed Tl 86
‘¢ 8 2991
Lyeasp 1D 00§ Wolj 193em-301 Uj pegousnd ¢Buo] WD 9 X JNIUEIP W § 2°98  8°SL L3 sL2-12 A gest ‘A ‘isidsod T ol6
“Yo9A $0 J0J O 00% 0) 00F I® POTEIUUE UGKIOdS dAOQE YL, Pz 2T {14 eLT-1T A eeet A ‘nedsog  TET 96
. a0 B eyt
fatsusp 13 005 WOI] INRA-0] U] PaYoUSND (B0l WO 9 X INIWWP WM ¥ ¥z 9T 92 €L2-12 A £86t *A ‘Tisidsegd  ZET 496
“¥oam 9UO J0J O 00% 0} 00F I¥ poreeuTe uanxjoads sAoye gL 62 o'l 14 £L2-12 A ceel ‘A ‘ieMdsod  TE1 W6
g 0 3 8T YT
Ly1809p 13 005 WO 191eM-201 T} PAYjousnd ‘300 WD 9 X INIWEP UK ¥ 62 o1 4 eL2-12 A €e6t ‘A ‘I181980d T 456
“¥odm SUO J0J D 00% 0} 00€ ¥ PI[eam® uMmidads eAoqE QL £°0¢ L'69 " cL2-12 A ce6t A ‘nepdsod  gEY 26
‘¢ 0 8 1031
KLyjeuep 3 005 WO} 33)wa-991 U} poqonend !Buol UId § X INANTEP UM § £°0C  L°69 2 L2-12 A €6t A ‘TIeMds0d  ZEY 16
*¥P0m U0 10} D 00Y O3 0OF 1¥ PO[EINTE UIW]IAdS 2A0qE oYL 9°1€  ¥°89 (-4 eLz-12 A ce6t A ‘ieMdsod  zE1 06
nd 8y vopieuBisaq . on X
syIvwey pue ‘suoiieossoddg ‘(ponmyuod) vorsoduo) {mooaad yBem)  wawizoodg x.,_”.u.o.& PO ey {e)soqmy unr.- »§
vornisodwo) puv owey L PoweN neq

(perapiuoa) (souspuedaq samusaduat ) SXOTIV HAL0D + ATOD 20 ALIALLSIBAN TVIIULOTTE AHL NO NOLLVUDINI INIWIUNSVIN ‘81 ANAVL

94

e R g ey r - ererr et v e e - . . _— . _
b - The e . —— ——— —

¥




95

—Joandyj uj GA0ge 10N «
*IPSM 6TO 205 O 00 03 00Q I® PATRITTY Towoeds saoqe oYY, 98 %06 oy eL2~18 A geet A ‘trdsog  zX1 9T

*¢ 310 8 £0°LT
Lysaep £ 00§ WO} 39WA~-00) WY poyouend B0 Wo P X JNOWNP WK 9°8 v°08 14 eLT-12 A 121} A ‘freMsog  TEL 6T
*NOOA SUC J0J O 00F O 00€ I* POIWSTUS TOW[I0dS 840G SR, 1°0T  6°68 v £L2-12 A seet A ‘nevisod  TC1 001

¢-uo 3 96°91
K1800p D 00§ WOSJ J01RA-9I] UY PIgITsnd o] Wo 9 X JojouLEIp WW ¥ 1°01 668 ¥ £L2-18 A £e61 °A ‘nsiisog  2ZEU S61
*}99M 9UO JOJ D 00 03 00F I® pa[esuUe usuneds saoqe IqL 8°0T  2°68 144 £L2-12 A £E61 °A ‘nisdsod  TET 36X

s Juo 3 18°91
Aysuep 1D 006 WO} JNEM-29] U] peyousnb ¢Buof WId 9 X IqoWeEIp UM 80T  Z'e8 144 £Le-12 A (314 *A ‘Umdsod  ZE1 £C1
“}oaM U0 JOJ O 00F 01 00T 1€ paleaauE waurioads asoqe YL 9°Ir  ¥°8g - £y £L2-12 A £e61 ‘A ‘nsddsog  ZTEU ,2¢1

*eu0 3 08°91
Ayguap ¢D 005 WOIJ I3em-20) Uy payduenb tBuof wo 9 x I3PwWelp una 91T ¥°88 ey €LT-13 A ££61 ‘A ‘DsKisod  ZEY LIET
*}334 PUD 10} O 00F O 0OE I paeowus Uow]dads SA0qE 34, 97t %8 4 2 £L3-12 A (1514 °A ‘tisdsod  ZE1 4OCL

0 3 £9°9T
Lywuap D 005 WO} 298N-20) U] payouanb ¢Buo] Wo 9 X JnPWEIP WK § 9°3T  ¥°L8 44 £LZ-12 A £e81 °A ‘Iisidsod  2eV 621
*¥oaa 200 0} D 00% 03 00E I8 pajeouwre usuijdoads 2aoqe oYL 9°6T  ¥°98 w £L2-12 A €est *A ‘nsidsod  ZC1 82T

*g w0 3 gy °91
Lyjsuap ¢ 00§ WOLS 1938M-30] U] pagoudnh ¢Suol WO § X IMPWEIP UK ¥ 9°€T  ¥°98 ™ £L2-T2 A eest A ‘usuisogd  ZC1 LLIT
*3PaM 900 JOJ D 00F O) 00F ¥ pajeoune usuIrcads aAoqe oqL L'¥T goee oy $L2-123 A €e61 ‘A ‘nsidsod €1 L9821

g o 3 1¢°91
&y1s09p 1D 008 WO} 198A-20] U] poYouanb ¢Buof W 9 X JNIWEIP UMM § L'PT  €°G8 oy £L2-12 A £e61 A ‘usiisod  ZET 621
“¥oaM 900 J0J O 00F 01 00¢ 1€ pajrauTe uourioeds 2a0qw 941 §°8T L°¥8 8¢ £L2-12 A sest ‘A ‘nsidsod  ZE1  $ZT

gAud 3 L1491
&yysuap ¢D 005 WO 193eA~-301 Ul poqauanb {3u0] W g X Iourelp Wt § g8l L°¥8 68 £13-18 A 1273 ‘A ‘nisdeod  ZEU (€31
“393M 9UD 30} O 00F 03 00F I® PaEaUTE UGW]Oads sA0qe AL, 8'cT 298 8¢ €L2-12 A £06T ‘A ‘nsideod  ZLT 43T

“gNm0 3 LT 9T
Kyysusp D 00S WoIJ 1NWA-3] UY paqousnb (Buol WO 9 X INOULEIP WU § 8°ST  2°¥8 8¢ s12-12 A £eet A ‘usidsod ZBY 121
*¥o0M 300 0] D 00¥ 0 00C I8 pajesune usuIjIads vAOqe oqY, L9t e°c8 18 €L2-1T A scet *A ‘nisiisog  ZEl LOZT

"¢ o 3 96°ST
Ly1sa0p 1D 00§ WOIF 191¥4-92] U} payousnd {3uo] wo § X JNOWElp W § L9T  g°e8 L8 £12-12 A €06t A ‘nedsod T 611
%934 940 30} D 00F 03 00 3B Paresuus usHIdeds aAoqe YL 9°.T  ¥°Z8 9 §L2-12 A sE6t *A ‘meidvog  TE1 81T

‘0 3 68°GT A

£31909p £ 009 WOSJ I9)RM-23] U] poquanb ¢Buol Wo 9 X IIWEP WL ¥ 9%l  ¥°28 98 £12-12 A 21 4 A ‘Usiisod  TET LLIT
“feem 9U0 107 D O0F 03 00 3* pa[vouTs uswIdeds ds0qe agy, 88T L°I8 se €L2-T2 A 173 4 A ‘IsWsod  TCT (911

g0 3 £L°0T
Lyeaep 1D 008 THOS} 1938a-03) U] potjousnd {Ao] WO § X J9jWEIp W § €°8T  L°I8 L1 £L2-18 A -~ 1 A ‘DeNisod  TET oSTT

) ny uoygsuBiseq . . oN
syiemoy pue ‘suoiEdNToadg *(penaTiuco) uoriisoduod (moored yhom)  weunosds WM PO gyex {s)aommny _ﬂzx ws

uonisoduio)  puw swey L POWN wneq

(peramiuoo) (eowepusdeq rmeradwa]) SXOTTV HIALOD + ATOD 40 ALIALLSISAY TVOIHLIATR FAL NO NOLLVNHOINT ININIUNSVIN ‘8l 319Vl

—————— —— —me —




“srmusedines Wl 3¢ 110 SUnd-ERoss W N I
pogoussh puv UjXL 0§ 30§ O 0TV 1¢ WIRONA ¥} POTVONES BOUIIONES SAORS 4L 'y  te'0s [ ust ‘oW ‘°D g ‘humg SET 6T . w "
*peIpIo ‘oamyuiadney WOOX 19 N <
Jeyea u) peqaend pue Jq 0LT J0f PIRTERIMT *O 05§ 0 PEOOO-AOWRIN] EA WY
$Iq 00F 305 D 99C IW PMTOLI-1WNY DEY(SOUIE WINTULIOW] W1 POIoI puw R
soamiusg 1o ‘vjod Sumew oq JO O 05 WIPIA sAep § Joj eseqdeomt 1
=¥ 1100 UW T} pareeaur Jepuilfd Lo[I® ‘prowt [Bo)IpUNLD ¥ Uy Sunewd *q°f ‘soswmoq) M
~doap pue volas uy Sonjaut-oas 4q Ny pas 1) oxnd g4 ‘64 Wol) peawd puR ‘°q*1 ‘sueqoy ) M
-sad Hoppn "W Y00 0 uamndade fjoj ¢ (nY o/t 93 ) uonisoduioo payemored 8Ty %6°0S t 3 77 ¢ *D°g ‘huimp 91 SSL
*O STV 1% payeey-1waq -
tSupjems vononpay Aq Jaddoo aand ¢e6s °6¢ pue prol eand 646 °66 UrOI) *y°r ‘snkwy m
pexudoad ¢ U1 00T°0 X 00T °0 X §3° ¢ (nY 0/% 0°09) TORIOAWOD PAENIWD A7) S 4 -] 6T~y gLt PUR CH'L ‘stasg ¥E1 WIST
"SI 300 10} D 00F 0 00C I® pefwauus wawldade Jaoqe AL I § c'8e 9s eLe-12 A £e6l ‘A ‘nedsod e 951
*gJu2 3 68°8T b
K1emep 1) 009 WOIJ 1NBM-3 U} pegoaenb tBuo] WO 9 X INW NP WW ¥ Lt DR ] ] 1212 A - 3¢ ‘A ‘Tisdsod  ZET $S1 :
*N93M 300 10} D 00F 0) DOE 3¢ pojvounre cowjdads aaoqe YL | 2 9°98 »w eL2-1T A 2211 A ‘lisidsod ZE1 ST ., w
*gJud 3 5891 3
Ayjeuep £D 008 WO} 191wm-031 U} poqousnb (B0l WD P X JNIWEIP W § ¥ 9°98 " sLz-1z A >} ‘A ‘isidsog  Z01  £ST ,
*¥I9M JU0 30} D 0OF O3 0O ¢ PI[ITUN uA[OAde Sa0qw g 1 9°%8 (-] eLZ-12 A - 14 ‘A ‘Nsdsod  TET 25T 1
‘ptuo 3 68°L1 :
Aytenop £ 008 WOIJ J938M~-30f U] peqouand ¢S00] WO § X INIWEP UIW P ¥°S 978 €8 L2128 A se6t ‘A ‘Tisdsod  ZEV LIST '
“Y2aM 0UD 30 D 00F 0) 0O I¥ Pejweums ustmioads aaoqe ), €9 L°c8 28 tL2-12 A £eet A ‘rsvdsed  ZRT G0ST
‘o0 B TL LT
Lyeasp tD 008 W01 11WA-30] Uy pqousnd (Buo] WO 9 X JegIWEIP WU § 1 3] L's8 2] 8L2-12 A [+ 14 *A ‘Trsidsog T 641
YoM 9T0 10] D 00F 0) 0OE I8 Pa{reuuT usUIIOods SAOyS YL 6°9 1°c6 s €12 A €561 ‘A ‘Tisidsog 1 991
.m0 3 99°L1
f1909p £D 00 WO I9)8A-20] Uy pajouend t3uo] Wa 9 X JPULNP WIUL § 69 1°ge 1 £L2~12 A £eel *A ‘tisidsod  TCT L¥L
“¥I0M 900 JOJ D O0F 03 QO£ J¥ PIJEUUS UNKIO0dS JA0QE M, ¥L 9°26 s eL2~12 A €61 A ‘lisdsod  ZET «AHFT
e Juo B o L1
Ayysuop 1D 005 WOl 2NRA-901 Uy pagouend t3u0] Wo 9 X INPWEP W § ¥°L 9°%6 0s eL8-12 A €661 ‘A ‘Isidsod g1 LS
“}90M 200 20} O 00F ) 00E I POTvOUUE usTIIRds sA0qE UL 08 0°Z6 6y 1T g ¢ 4 A £e61 A ‘Devdsod  ZET T i
‘¢ 50 8 gy L1 _
Ayysuap 2D 00S UIoJ} 191RM-30] Uy poyouanb Buof WO 9 X JROWT]P WW ¥ 0°8 0°26 ov eL3-12 A €6t © A ‘tmidsod  ZET EHT ]
“yoam 990 JoJ O 00¥ O (OE ¥ Pajveue uewoads aAeqe dYL L8 £°16 8y £LZ-12 A ecet A ‘Usidsogd BT LTFT
*¢Im0 3 92°L1
Aysusp 9 00S WO} 123eM~30] U} pagouanb tBu0| WO 9 X JNOWEP UM § L8 €°18 8y £18~12 A £e61 A ‘nsidsod  Z61 THY
‘393m 200 205 D 00 03 OO I® PIjEoTs HIWDAds a0qe oqL 4] 8°06 1 £L2-12 A £e81 *A ‘nsideod  TET ,09T
*¢Ju0 B 0Z°LL
KLysuep 1D 00 WO} INWM-30y Uy pagIaanb {Buo] Wd 9 X JNWEIP UIKL § 2°6 8°08 w £L2-T2 A £E6T *A ‘nexdsod  TCT L6ST
ny ay uoryeuBsaq oy °ON
yIRmoy pus ‘suonEoNIIadg ‘(penuyiucs) uoysoduwo;) (woozed wBom)  uewrrdadg u..”h..u“qz PR reax (s)zomny «Mﬂ s
uopisodwo) pue aureN L POUPK =g

(pevamnoo) (souspuedeq samereduta) ) SXOTTV HIE0D + Q10D J0 ALIALISISAY TVOIHLOTTI THL NO NOILVNYOINI INTHRIUNSVIN ‘81 ITAVL

96

Y gt ~wrre e -
g - Ty e EE - -—— —
. -, - . A e ———— —— - -
", &




97

it RN

*0amBy u] amogs 0N «
*3-3 wo U7 ¥5710°0 = 1p/%
wq semioade saoqe e 03 Jerrurpe ¢ (WY o/¢ §1) wonisodarod pejemaren L's £°08 SLYT-ELTT W L8361 “H ‘SWON PUT °V ‘Io”d LI SLY
.M uwo Ufgrr0°0 = 19/%
Inq uourjoads saoqe oM 0y Iepyans ¢ (Y o/% 31 ) wonisodwod pajemorR) 11T 6788 eLVI~ELZT H L96T °H ‘TION POV ‘Y ‘[OH LT BLT
*;-3 wo UM y210°0 = 1p/%
q wat1oads aAoqe oy 03 JeTTUNS ¢ (RY 0/ 0L ) uonisedwod paysInIRY T2 ¢°L8 CLIT-EL8T W 86T °H ‘TIoN puw ‘v ‘noy  LEY L1
3.3 wo U7 og10 %0 = 1p/%
nq uaurraads Iroqe Iy 03 JELS ¢ (NY 0/8 L °g9) uolsoduzod pajemole) 8°qT 28 CLPI-ELZT M LS6T  °H ‘TI0IN pUe °y ‘foy  LZT H0LY
;-3 wd U7 0z10°0 = 1p/%
1nq geundade 210q o 03 Jefrwls ¢ (RY o/8 L °99) vonsodwod pajemote) 6'eT  T1°98 eLYI-EL3T o L561 “H ‘ZIOI PO "V ‘IO LZ1 SLT
;-3 wo B o100 = 1p/%
Ing Kauryoads as0qe am 03 Je[Iuls ¢ (Y 0/8 09 ) uopjsoduiod pAEINO(RD LT e°28 ELYI-ELIT W LSBT °H ‘ZI0M PUS °V ‘TIoH  LZT SLT
*y_3 wo U 81100 = 1p/%p
Inq Gowrjaads IA0qE A3 03 J¥TjUNs ¢ (NY o/¥ g5 ) uopsodwod prnenoie) ¥¥Z  9°SL eLFI-ELZT Y 1861 °H ‘Smo) pue °y ‘floy L21 £LI
*y-3 wo ¥ 9600 °0 = 1p/%p
1nq uewjdads 3aoqe oy 03 Jepyuys ¢ (ny o/¢ oF ) uopisoduiod premored 9°z¢  ¥°L9 gLVI-ELZT ¥ 1561 °H ‘ZTIOW pUe °Y ‘o 21 2Ll
*3-3 W B 50100 = Lp/%p
Inq uauzjoads aaoqe aqy 0y Jejrueys ¢ (Ry 0/% ¥¢) uopjsoduiod paje[nored S8 S°I9 SLYT-ELZT ¥ LS6T °H ‘Z10M PU® °V [0 LZ1 «ILT
;-3 wd 87 6010°0 = 1p/%
nq waurjoade aaoqe oy oy Je(jwys ¢ (nY o/e 2¢) uonisodwiod payeMaIED L0y  £°69 CLVI-ELZT W LS6T  °H ‘TN PUe °V ‘[lod 12T LOLT
*1-X wo U1 6800 °0 = Lp/%p
Inq uanIjoads 3aoqe oy 03 Je[TUNs ¢ (MY 0/® og ) uoyIsoduiod pajeno[eD) 6%y  1°LS SLPI-EL2T H 1S6T  °H ‘ToN puw °v ‘roy LT 691
*s.N Wd 7 £600°0 = 1p/%P
Ing usturdads aaoqe oy 0y Jeqrys ¢ (ny o/ g7) wopsodwiod paEMoTe) €Sy L9 SLPI-ELZT ¥ 1561 °H ‘TIOIN pUE "V ‘NOd  LZ1 89T
*s_3 W 237 1600 °0 = Lp/Yp ‘plo3 aund g6 °66 pur Jaddod InA0II0TS
woJj pasedasd ta3es pinbil uy ¢ (Ry 0/€ $7) uolisodutod payemore) 26y  8°0S CLYI-CLZT o LS6T °H ‘ZIoR pde °V ‘liod 13T 19T
“sewoads aaoqe Mp 0} JerEnys ¢ (RO o/% g °g) vonisoduiod payemorE) 910 L1E1~10¢ eL8T ‘e ‘'Y ‘loosy  9E1 99T
*1°D ‘oporiand
n) aand §66 66 PUE Ny aand G686 66 Wos) paedaad puw ‘g ‘mymelzog
tSuof wo QT X IAEP W g2 °0 ¢ (D 0/¥ ¢ *T) vonisoduiod payBNIED ze°0 11£1-462 zL8t ‘¥ ‘noosy 98T cot
*paJapIosp D 008 WoJj payouandb uawroads daoqe Ay L 81°6y 28°0§ 962-2°¥ 113 ¢ ‘W ‘°O°q ‘Aemy  CET 9T
*PaIIPIORIP 1D 00L WoJ peyoaand uourjoads asoqe oL 81°6F 28°08 962-2°% TL6t ‘239 ‘°D°d AmmH ST €97
*PAIIpIONIP 1D 009 WO} poiiousnd uamioads asoqe oYL 8I°6r 28°08 962-2°¥ 16t ‘ei0 ‘*D°q *Aemp  SET 291
D 00§ WoJj pagouanb uawiioade aroqe Ayl 81'6y 28°08 962-2°¥ et ‘T3 “°D°d ‘ARINH  GC1 #T9L
*a‘f ‘uvoswioyy,
puw *°q*>1 ‘s113q0H
*D 0S¥ Woaj peqouand usurjoads asoqe aqy 816y 28°0S 962-2°¥ 1773 ¢ “*n°d ‘AemH  ¢E1 4091
ny Y vonwuMesd L iney  pasn oy N
fIemaY pus ‘suoiIeIIedg *(penuniuod) uosoduto) (waosad wlom)  nowdadg ‘dway pogeyy ™A (s)z0qmny oy VS
uonieodwo) pue sweyN neq
(pomummo2) (eouspuedeq samesadwmal ) SX011Y HAdHOD + @100 4O ALIALLSISAY TVIIHLI4TI JHL NO NOLLVIWHO4NI ININAUNSVINR 81 TTAVL
et

- W g s o — - o W s . PR




wo O 981 °1 ANATIFIERZ (WNPIROI L10piog *D°d ‘scemery
nduwIes SAR] ZeTITP WO ¢ °T U0 PUNOM L[8900] Y P 03 § WOIJ X 0SL T pus ‘g ‘W ‘IvmeN
patesauw *‘Baof wo OF NOQY pur WD §Z0 0 01 L °0 ISWWNIP usurjods eapm $800°0 0°0%-1°01 V 8961 **g°q ‘woureq LE1 281
*;_3 wo U7 £510°0 = 1P/
1nq gautjoads eA0qE P 0 JETTUNS ¢ (RY /8 & °L8) UOTIsOdWIOD PIIFTNIED Y 9°6 SLYT-ELZT M 1961 °H ‘O P YV ‘Mo LI o181
*usnrj2ods saoqs 9q) 03 Jeriurls ¢ (MY 0/ LL) uoRIvodWod peIEMOED 88 218 cLYT-£22t M 1S6T °H ‘Tiop pur °V ‘oY LT 08T
ny ny uopjeuBisaq . oy ON
myrewoy puv ‘suonisonioedg *{penuriucd) worsisodurod (sozod ygBiom)  ueunoadg A oned o K {s)}romry oy S
uonsodwo) pue JweN L g

{ponamuoo) (aouepuadaq samriadwial) SAOTTV YIAAOO + 'T0D 0 ALIALLSISAY TVOIHLOATI THL NO NOLLVWHOINI INIWIYNSVAN 81 ITAVL

T e g T - —— - ———— e




T

o
-
*2anBy} U UMORY 10K &
£2°91 (4517
18°st (14 16°6 81z 0z 's1 z°¥c9 ST°91 2°00L 0z°91 2oL st 2°ezL “
9L°¥T 00% 08°6 881 01" Lt T°¥e9 01°91 z° 189 S1°9Y zerL 8c Sy zo9uL ‘
¥6 "€t 8¢ 15°6 Z81 €591 2°7¢89 20°91 2°5L9 0191 2°soL 8E°5Y 2012 ]
29°21 ¥se s oLt zz°9t 2°2¢9 20°91 Z°699 80°9Y 2°969 6z°c1 z°s0L ]
6.1 ote e €St 00°91 2°089 16°ST 2°v99 2091 2°c99 62°S1 z-o0L
86 °01 14 6L'8 zel 69°sY 2829 16 ST 2°.89 $6°S1 2°vL9 ¥Zoct 2°269
Lreot Lz 05°8 00T 6L'6 2°962 68°51 Z'159 06 "S1 T°¥99 61°51 2°c89 . _
82°6 9237 12°8 9L ZL°SY 2°'8¥9 vt 2°299 et 2°059 :
0z°8 (13 ge'L S1 «6 138 vivd 28-St 2°9¥9 05 st 2°299 60°CT 2719 :
ox°9 i 21°g1 2°689 ¥6 b1 2°199 80°¢T 2°999 .
«11 135 Y1Vd £9°02 2L 66 %1 2°8L9 66 €T 2°ce9 86 °¥1 2°9¢o
L£1 13s viva 1502 2°10L ¥8 91 Z°189 €51 Z°LF9 z9°¥1 T 19 s
1 18°21 Lzt 1¥°02 2°269 69°51 z-0L9 81°€T 2139 10°91 Z459
z6 'l 61y S5 €1 61¢ 9% 02 2169 L5 b1 2529 1621 2°1E9 cL et z°9¥9
LY sI¥ €0°¥T 60€ L8702 Z°e89 ve BT z°L19 s¢°2t 2°529 ¥oet zoev9 .
gt €0 0% °¥I to¢ 4861 Z°pL9 91°¥1 27219 ¥ 31 2°0z9 ot°et T'Z19 i
8% 21 £6¢ 19°%1 ¥62 00°8T 2°eL9 88°¢1 2509 FAGeA z°219 £€8°21 T st9
£¢ 2t 98¢ 66°P1 ¥82 e Z°eLe £L°el 2°L6S oLTI 2°c09 w2t 2259 :
00°21 69¢ ¥2°'s1 8.2 £9°01 2°699 T5°¢1 27188 89°T1 Z°009 12°21 2°CEY ] ]
pL1T 2 €8-St 22 $2°91 2999 12T 2°'8L8 98 11 Z°06S 2 T°H0Y : L
TR ¢ 82¢ 19°51 912 10°91 2099 gL3t 2°2Ns 69°01 2°19¢ 9801 27168 |
92°11 3 ¢8°s1 v 19°5tT 27559 5631 2°L2¢ ¥2 o0l 2°168 1.-01 206 : M
N 8t S0t s8 ST 0eeg 6¥ St 2°0S9 0g 21 268 26°6 2°66¥ €28 TSIy
13804 ¥62 gL°et 01z 98 "1 299 ¥2°01 2182 856 2 ¢y 06°9 z-es2 4
3L0t 192 19°61 €61 61°6I 2°0¥9 £1's T 7A }
101 892 186 gLl 90°ST 2°089 +9 13s viva T8 2°16¢ .2 138 vavad 1
980t €52 91°sL L¥T 9¢ °51 2°£68
8101 8£T S6°p1 zat 10°1L 2° 138 €291 z'zEL »«¥ L3S vava -1 gzt
90°01 o£z T 2 ¢ 88 6% 0T 2°482 0Z°91 z2'eal LAY ¢ z-9nL
16°6 812 8E°¥I 8¥ S1°81 Z°glL 12°¢1 2°959