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ABSTRACT

.

jarmonic distortion of three phase power systems is  caused by
iarge amounts of electric power consumers using power electronic
instalilations {e.g. drives and rectifiers). It has a number
of undesirable consegquences and has become an increasingly

important rrablem with the rapid growth and ready availlability of

the power electronic devices and installabions.

4 famous mathematical technique called "symmetrical components”
was used to model the fundamental components of three phase

aystems. This method was extended to various harmonics.

e aim of this thesis is to measure both the magnitudes and

4]

h
rhase anglez of various harmonics which exist in three phasge

powsr syvztems, and to express them in symmetrical components.

A digital electronics and microprocessor- based instrument was
designed and constructed using the novel signal modulation
technique called "+1 and -1" which was developed by the author of
this thesis. This instrument was employed to achieve the

above objectives.
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LI ST 0OF SYympepQoLS

This list does not include all symbols used, since all symbols
were already clearly defined in the thesis. Instead this
list displays the symbols which may create confusion.

DO,D+,G— Zero, positive and negative sequence components
G0,0+,Q* Sequence components of Voltages

EO,E+,Y— Sequence components of Currents

Uad(t),UbO(t) ,Uco(t) Instantaneous zero sequence components

Ual(t), Ubl(t),Ucl(t) Instantanecus positive sequence components

UaR2(t) Ub2(t) ,Uc2(t) Instantaneous negative sequence components

oo

Uk Fealk amplitude

Uk Mean level of. output

U Mean level of output modul ated at O deg. phase shift clock
goUg Mean level of ocutput modul ated at 20 deg. phase shift clock
k Order of harmonic

8 . ¢ . ,ﬁ Angles

Hn Fms value of amplitude of nth harmonic
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Anal ogue-to~-digital Convertor
Current Transformer

Dual Edge Triggered

Flip Flop

Fast Fourier Transform
Impul se Response Filter

Fhase Lock Loop
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CHAPTER @MNE

" Where shall I begdin, please your Majesty ? " he asked. Begin
at the beginning, the King said, gravely, " and g0 on till you
come Lo the end: then stop.

Alice’s Adventures in Wonderland,

Lewis Carroll

The 1last thing one knows in constructing a work is what to put
first.

Blaise Pascal



Introduction

ek

i—-1. An introducticn to harmonic distortion .

The zim of an electric power system is to provide a supply of
electricity to large numbers of consumers. Idealliy this
electricity is supplied as a perfectly sinusoidal voltage of
constant amplitude and fregquency. In practice the operation of
the supply system and the use made of the supply by the consumers
causes various deviations from the ideél. One form of deviation
is distortion of the waveform. This problem has become
increasingly important with the ready - availability of power

electronic devices.

1-2. Causes of harmonics.

If a power system is to supply a good sinusoidal voltage the
generators themselves must generate a sinusoidal waveform.
Starting at the generator terminals the first components to
affect the waveform are the transformers. Fartial saturation of
the iron causes the magnetising current to differ significantly
from a sine wave, which is to say that it contains harmonic
components § 1 J. The contribution of harmonics of the
magnetising current to the distortien of the supply wvoltage
depends on the source impedance of the supply and the magnitude

of the harmonic currents.



Larger amounts of harmonic distortion are more usually caused by
various types of rectifying load. For a rectifier of a given
size, the harmonic currents are affected by the pulse number and
the possiblie appliication of phase angle control [ 2 3. t.oads
caontaining saturated iraon cores also draw distorted cwrent.
Significant amounts of harmonic distortion may arise, not only
from large installations, but aiso from the combined effect of a
iarge number of small installations. The manufacturers of
household gppliances should adopt power supply circuits that do
not cause large switch— on transients, for examples as in TV
receivers, heaters and boilers [ 3 1. These transients are
equivalent to injecting a substantial amount of harmonic currents

into the supply as well as in some cases direct curtrents.

1-Z. Harmonic currents and their effects on system voltages.

The harmonic voltage distortion can be found as the product of
the harmonic current and the impedance at that frequéncy of the
component or components through which it flows. The harmonic
voltage distortion is liable to reach unusually high values when
the harmonic current encounters a_paréllel or series resonant

circuit [ 4 1. Since a parallel combination of inductance and

capacitance presents a high impedance to current, the harmonic

vol tage distortién will be increased. A series resocnant circuit
provides a iow impedance path for currents which will in turn
cause increased voltage distortion across the inductive and
capacitive branches. An electricity distribution network

10



contains inductive compenents, usually in the form of the leakage

reactance of transformers. Capacitors are often connectsd far

power factor correction and in cable networks, the cable
capacitanrce can alsc form part of a tuned circuit.

The maximum voltage' distortion on a power system does not
necessarily occur at the point of connection of the distorting
iaad. Magnification may very well be caused at relatively

remote points on the netwark and this must always to be kept 1in

mind when connecting distorting loads.

1-4. The disadvantages of harmonic distortion.

Harmonic distortion has a number of undesirable consequences.
Harmonic distortion increases the curtrent carried by capacitors
connected tc the system, particularly when they unexpectly {form
part of a resonant circuit. Such current may operate a
protective device <causing the capacitor to be disconnected, or
may., cver a period, reduce the life of the capacitor [ 4 1.

The most serious effect upon a.c. machines of system harmonics is
an increase in machine losses [ 5, 4, 7 1. The major compbnent
af extra loss occuwrs in the rotor. Harmonic voltage distbrtion
has little effect upon the torgue or power developed by a machine
but can give rise to torque pulsations which could be significant
r &6, 7 1.

Some electronic equipment uses the supply voltage waveform direct
-ly to control the switching instant of thyristors and similar

components. Distortion of the voltage wave can adversely affect

!l



the performance of such devices, particulariy when the distortion
is severe, and the voltage may cross the zero line or some other
ievel more than twice per cycie [ 2 3. Since the ear is mast
sensitive teo sounds having frequences around 1 KHz, the
introduction of voltages of this frequency 1intoc a telephope
system will lead to a disturbing hum 2 1. Such disturbances
can occur when telephone lines run parallel with power lines
carrying distorted currents with appreciable high frequency
conponents [ 2 1. Distorted currents wiill also increase the
losses in the supply system both because a given power supply
requires a larger r.m.s. current and as a result of additional

skin effect losses [ 2 3.

1-%. Harmonic elimination.

Most of the information on harmonic control relates to the three—
phase a.c.- d.c. or a.c.— a.c. power canvertor. There are in
general two accepted wavs in which the harmonics developed by the
convertor can be caontrolled. The first method is to increase
the puise number of the convertor and the second is to install

harmanic filters € 2 1. In the first case the orders of the
characteristic harmonic for a waveform with pulse number p are

pg * 1, where q is an integer. Therefore, the higher the pulse
rumber, the higher the frequency of the lowest order harmonic

produced. Moreover as the harmonic order increases, its

amplitude decreases. On the other hand, harmonic filters

connected to a.c. system generally have two functions, i.e. to

12



reduce harmonic voltage and current below the permitted levels
2i=0 the to provide of some of the reactive power absorption.
There have been several attempts to achieve harmonic control by
other means. Three of these are:
1. 'Magnetic flux compensation for power transformers.
A current transformer 1s use to detect the harmonic
components coming fram the non-linear ioad and these are
+ted through an an amplifier into the tertiary winding.of
2 transformer in such a manner as to cause cancellation
of the harmonic current concerned [ 8 1.
2. Harmanic re—injection for low pulse—number convertors to
emul ate thé gualities of higher pulse—number convertors.
The d.c. ripple ocutput of 6-pulse convertor and the
output of its feedback convertor can be combine together
to produce a 12-pulse wavefarm an the d.c. side [ 9 1 .
2. Multi-layer cablies are composed of different maferials
with higher values af resistance on the outside léyers.
This is to eliminate the higher harmonics which propagate
algng the cutside layers due to the skin—effect for d.c.
transmission lines. This method was utilized in the
d.c. transmission lines between coal enriched Siberia and
the industrialiy dense European part of USS5R [ 10 ]J.
All  the methads mentionea above are generally Complicafed and

expensive,; to implement practically.

13



I-4. HMeasurement of Harmonic Distortion.

For many vears the ctandard method of measw ing harmonic

[

ect the appropriate frequency component from

n

dicstortion was &5 se
the distorited wave by means of a tuned circuit, Ancother

appraach is ta wuse the sampling circuits to stare the

of the waveform at succescsive instants

3
]
]
“
i
o«
h
b

[
m
0

instantan
during the cycle and to compute a Fourier analysis on- line.
Signal modulation technique is also one of the alternative way,
which separates the various frequencies components of the signal

oy means of modulating them with a special modulating waveform.

The oprincipise obisctive of this project is to design and
construct an instrument capable of measuring both magnitude and
phase of harmonic power f1ow. The method adapted in this
thesis is the signal modulation technique.

There are =iy  main areas which nesed close examination with
reference to harmonic monitoring techniques of this project.
Frimarily, the electronic components used in building the
instrument must be highly precise, 2.g. the input scaling
circuits must empiay very low offzset type operational
amplifers and the analogue—- to- digital convertar must be stable
and should have high resplution quality. Secondly, the meters
connected to the harmonic generators, which are used to
calibrate the readings of the instrument, must be very accurate.

It will be perfect for testing accuracy if electronic praogramm—

4



able harmonic generators are employed instead of the traditional

synchronous rotating generators. The electronic generators cons-—

A Y

ist of high resaolution and precise digital-to-analog convertors.

The Shapés? ampiitudes and angles of their output waveforms can
also be pirogrammed. Since the output waveforms, amplitudes
and angles are known and are highly stable, it is not neé@maq/tc

rely on  analogue meters and oscilloscopes, etc. Analogue
meters often generate inaccurate readings. Thirdly, the
frequency respanse and accuracy of the current transformers is
impartant. targe input current signals will have to be stepped
down, so that their amplitudes are compatible with the electronic
equipment. Fourthliy, fhe type of analytic technique must be
caonsidered to give maximum accuracy and potential af real-
time speed of measurement. Fifthly, the instrument must be
designed to have the capaebility of communication with other
instruments or controllers. Finally, the results mu?t be
interpreted correctly by the equipment and presented in a

meaningful manner.

15



CHAPTER YH®

For every problem there is one solution which is simple, neat
and wrong.

H. L. Mencken
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Z2-1. Symmetrical Components Analysis.

The electrical power system normally operates in a halanced 3 -
phase sinusoidal steady state mode. However, there are certain
situations which can cause unbalanced aoperation. - The most severe
of these is & short circuit or fault. Less severe conditions
are the presence of large amount of single phase loads and their
unegual distribution. A long untransposed transmission lines
inherently also causes udbalance L 11, 12 1.

Arbitrarily unbalanced three phase voltages or currents can be
transformed into I sets of balanced Z~phase components or
symmetrical components [ 13 3. We can transform an arbitrarily
unbal anced cardition into symmetrical components, compute the
system response by straight- forward circuit analysis on simple
circuit models, and transform the results back into the original
phase variables.

In a general ZI-phase circuit, we must deal with a minimum of
three voltages and three currents. The specific definitibns are

shown in Fig. 2.1 . Each voltage and current is considered as

being a sinuscidal steady state waveform and therefore may he

expressed using phasor notation as shown in Fig. 2.2 L 14 1.

Modern technique in the calculation of system unbalanced
conditions demands a knowledge of the theory of symmetricai
components and the phase sequence characteristics of the

individual parts of the system.

It



< 2} ])@j(;,q\t;.cn of phase valtage and

curvents n 3- phase circuit .
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it 1s possib

(=]

g8 to analvyse any given system of three— phase

unbalanced phasars into thres other balanced phasor systems which

u
-8
m
n
]
(3]
Jond

ed positive ; negative and zero phase sequence phasors

e positive phase sequence system is tﬁat in which the phase (
or line } voltages and or currents reach their maxima in the same
order as da those of the normal supply.

It ie conventionally assumed that all phasors rotate in a

counter—~ clockwise direction , and the positive phase 'sequence

system is that in which - the phase maxima occur in the order ABC

-
[y
u
td

Conversely , the negative phase sequence system is that in which
the phasors , while rotating in the same direction as the

o

n

itive phase seguence phasors  namely ; counter— clockwise .

he

reach their maxima in the order ACB ( iS»].

The =zero phase sequence system is a single- phase phasor , and it
represents the residual voltage or current which is present in
three— phase circuit under fault conditions when a fourth wire is
presént either as & direct metallic cannection or as a double

earth on the system [ 15 1.

The  positive phase sequence systems of voltages and currents are
those which correspond to the normal load conditions £ 16 1J.

The negative phase sequence systems of veltages and currents are
those which set up in the circuit by the Ffault  and their
magnitudes are a direct measure of the superposed fault
conditions between phases . The individual wvoltages and

currents of this system are confined to the three lines [ 16 1.

20



The zera phase sequence systems of voltages and currents are cet
up in the circuit by the fault, and their magnitudes are 2 direct
measure of the supsrposed fault conditions to earth - The
vaitages and currants of this system embrace the faurth wire
{ or Qﬂﬁund vy in addition to the three line wires L i6 1.

- .
The fundamental frequency positive- and negative— sequence
impedance of machines rotating close to synchronous speed differ
considerably. This is due to the fact that the stator developed
rotating flux field set up by the positive—-seguence voltages
component is largely magnetizing, only small currents are induced
in the rotor. However , negative-sequence currents of double

frequency are induced in the rotor and the impedance is

determined largely by the leakage fluxes of the stator and rotor

]
bt
Y

1

As has been stated above, the method is applicabkle faor guantities
which may be represented by sinusoidal veltages and currents.

Faor problems in which higher harmonics play an important part the

pp ey
<

~2. Symmghua{companents af various harmonics.

A distorted current or voltage waveform can be represented by the
well— known Fourier series which is the sum of a fundamental and

a series of harmonic components. For this to be be valid, the
distorted waveform has to have the same wave chape for an

indefinite number of cyclies or persist for a reasonable length

of time.

21



Distorted wave=z of a pericdic nature can be resoived into a
Fourier series consisiting of a fundamental and higher harmonics.
The result can be expressed in the general form

uit) = /2 [ Hl cos (wk + #1) + H2 cos Ziwt + ¥

+ M3 cos '__';(wt+z3) U |
{ 2.1 35

in which Hi, HZ ,.....,represent the r.m.=. values of amplitude
and 1, ¢27 fIs ceac-.. represent the phase angle of the
respective harmaonics. This relation can alsc be expressed in

expanential terms as :

o0
uit; = Re /2 2 H exp jn{wt + @n)y =

=1 ]

= Re /2 [ Hi exp i (wt+@1) + H2 exp IZ2(wt+g2)
+ HI exp j3(wt+@3) + ...... 1
¢ 2.2

The phase reiationship between the fundamental and the harmonic
components is zlways impartant. When several different sources

n

ombine together, the phase angle af the harmonic camponents may
differ comnsiderably and the resuiting distortion may be emphasis—
ed or reduced.

The advantage af this method of representing a distorted wave as

being made up of a fundamental and = series of harmonics is that,

in a linear system each harmonic component may be considered
separately, and the final! distortion may be found by superposi-

tion of the various components.

22



Considering first the symmetrical system

or volt

Ubl it

Holits

b1l {t)

P

a~2 HIi

Ucl(t)

H1

have equal amplitudes |

ages Uai, Ubl and Uct
i oand Ucl
e to each

+ HT exp iS(wt+0Z+aM/3) + ..... 3

+ HE exp i3Gwt+0GE+201/3 + oL, 3

= Re u"/:é
n=i
= Re J/2 [ Hi
+ H3
o0
= re /2 2
n={
= Re 5/5 L
= He ».-/5
= Re /2 [ Hi
substituting
= Re /2 I
exp i lwt+{1)

= Re /2 I

exp j (wt+01)
= Re /2 ¢
exp i (wt+0i)

Hl1 exp

exg i

]

other other

o0
> Hr exp dntwt +0n) exp

exp jiZ

Hz
H2
~2 HZ

i

‘ceitive— sequence System .

of

£

oot
I8}

= o

and

+

j {wt+N14+4M /3 + H2

1,3)

and

i2 ewt+(2)

exp
exp 2 (wt+d2)
exp j2{(wt+d)

23

three— phase currents

Iinlo}

 Being balanced,

Hn exp intwt +0n} exp in{4T1/3)

are displacsd 120 deg.

+ HZ exp JZ{wt+0(2)

#p I12{wt+U2+4T™ /3

0
} Hn exp jniwt +0n) exp in(2T1/3)
n=1{

(2.3.0)

(wt+01+2T173) + HZ exp JiZ(wt+{2+2T7/3

~ =
e

cl

a2 = exp j4Tt(/3)
+ H3 exp i (wt+3)
+ eew. 1 (Z.4.a)
+ HZ exp iZ{wt+{3)
+ ... 3 (Z.4.
+ HIZ exp ji3(wt+(3)
+ ... 1 (2.4.c)

o o o g TR, e et g



Thus it will be seen that the {fundamental terms (Hl) possess  a
gocsitive-seguence {(a= do thes fourth and seventh, etc. harmonicsi,
the second harmonic terms (H2: possess a negative—segusnce (alse
fifth and eleventh, eitc.! and the third harmonic terms (H3)

possecss a Zero-seuence

results are summarized in
222, NMegative-seg

multiples of threel.

Table Z-—-1.

vence Svstem.

Likewise. consider system of three phase currents or voltages

Ual, Ub2 and Uc2 in Fig.

{jaZ{t = Ee /E
= Re /2 [ Hi exp j (wt+p1)
+ HE
UbZ{t) = Re /2
Y\:]
= Re /2 { Hi exp i
+ HI exp i3
UCZit) = Rre /2
nz)
= Re /2 € H1 exp j

+ H3ZE

2
i

exp jSiwtfﬁS) +

oQ
2 Hn exp in(wt +JB.—;;-.

w2 /3 +

xp i3 Gwb+PI+a™/3) + LLLLll 1

2
<

o
Y Hn exp jn(wt + By eup ino)
n=|

+ HZ exp i2(wt+p2

e

1.
]
]
fu
Ny

#p J(2T1 /73

(wt+f1+21/3) + H2 exp j2(wtfﬁ2+2ff/3)

T |

oo
E Hn exp jnd{wt +J5n) exp j4T1/3)

(wt+ﬁz+4r1/3) + HZ exp JZ(wt+f2eafy/3)

(2.5.c)

2%



and a™2 = exp j¢4aT1/=

UaZit) = Re /2 [
Hi axp j (ut+ﬁ13 + HZ2 sxp jZ(wtfﬁE) + HE exp iZ(wt+f3)
+ Le.. 1 (2.6.a}
U2ty = Re J2 T
a Hi exp 3 (wt+pPl1) + a™2 HZ exp JE2(wt+p2) + HI exp j3(wttﬁ3)

N (Z.4.8)
UcZit) = Re /2 T

1]
[N ]
Xz
[y
b4
N

aup i (wtfﬁi? + a HZ e j2(wttﬁ2) + HI ewx jS(wttﬁS)

+ ... 1 (2.6.c)
The fundamental terms (H1l) have a negative—-sequence {as do  the
fourth and seventh, etc. harmonics), the second harmonic terms

{H2} have a positive-sequence {(alsc fifth and eigth, etc.’) and

the third harmonic terms (H3) have a zero-sequence (also =il
multiples of three). These results are also summarized in

T N

able Z2-1 .

June?

2=E-G. Zero— sequence System .

I+ 2 purely zero—- sequence csystem is considered with phasor
diagram as shown in Fig. 2.2.d . Ua(t), Ubo{t) and UcO{t) are
equal in magnitude and in phase so that the fundamental and all

the harmonic terms (Hn! are of zero-—-sequence.

25



______________ e e e e e
Harmonic i Sequence
T —— e e e e e e e e e e e e e e e e e e e e e e e e o e ]
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2-3, Relationship between line and phase wvoltages and currents

. . /
with harmonics.

When substantial harmonics are present the /= relation between
line and phase guantities ( i.e. ¥ line = /3 V phase ) of the
star— connection of a 33— phase system no longer holds. Harmonic
voltages in successive phases are * 27In/3 out of phase with each

nther and the resulting line wvoltage becomes
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Vab () Valt) - Vbit)

Il
D
D
)

vn exp in(wt + @) — exp intwt + gn + 4TT/3) 13

™

vn cos niwt + Zn) — cas nlwt + An + 47173 1

™1

|
|
™)

li
N
ANME ArIR AR

Vn f 2 sin niwt + @n + 207/3 sin n211/3) 1

{

When n = 3,6,9. 2tc. Vab becaomes zera, it.e. na triple harmonics
exist in the line voltages. Similariy, for the delta— connected

three phase system ., a complete path for the triple harmonic

curirents is formed. These currents fiow in phriase around the
loop and the relation of Itline = /3 1 phase also no longer
holds.

When analysing the penetration of harmonics into a power network

it i usual to assume that the effective inductive reactance for

the nth harmonic is n times the fundamental value (Zl = 3 nwf L}
and the capacitive reactance is 1/n times (Zc = 1/j nwf B9
L 14 1.
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THREE .

There ig a Turkish proverb to the effect that ¢ the world belongs
to the dis#ati%fied. |
I believed in this saying absolutely.

For me the one great underlying principle of all human progress

? makes men strive for better

is that ¥ divine discontent
conditions and improved methods.

Charles P. S2teinmetsz
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.t HARMOMIC HMONITORING

There are three areas which need ciose examination with reference

~

o harmonic monitoring. These are the current transformer,

r

n
tons

ignal processing squipment and interpretation of results.

The simplified eguivalent circuit of current transformer is shown
in Fig. 3.1. [ 18 3.

Defining

) = | maikage reactance referred to secondary

e = Magnatising reactance referred to secondary

Ly = Terminating reactance of secondary

Cw = Reactance due to wire capacitance referred to secondary .

For low frequencies, the seffect of wire capacitance ( €Cw )} can be

'neglected and therefore

i3 = ( NiI/NZ ) I, 3.1 )
Ie = E, 7/ W Le . ' t 3.2
I, = 14 - Ie { 3.3 )
E, =W I, Ly + Ly ) { 3.4 )
Substitutingvequatimns (3.1) and (3.3} into equation {(3.4) :

E, =W ( Loy + Ly [ (&i/NE) I, - Ie 3 { 3.9 )

Toc predict I, 4or a given I,with known termination ( Lpg ¥
equation ( 3.5 ) has two unknowns ( E, and Ie ) - The-
secaond relation between E, and Ie is the magnetization curve

{ Eversus Ie ¢ Fig. 3.2 )} . If equation ( 3.5 ) is plotted

-
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on the same coordinates as

t+
=y

& magnetization curve (Fig.3.2), the

¥

ersection of the twe plots

in

[w

3

will represent a seciution for £,

. T
anc i .

EOWiING 1e , now I, can be solved

. The

error of C7 is the deviation of I2 from 14 as expressed as a
percentaqe of 12 .

CT error = (I3 - I, ) 7/ I, = Ie / 1]

CT error increases with increasing CT current and is further
increased by high terminating impedance . The optimum
termination of CT would he a perfect short circuit . Even at
short circuit the CT error is not zerc , due to the internal
ieakaoge reactance of the CT7 .

The tvpical freguency response of a CT is plot of the magnitude
of the current ratiao, that is, 10utput current! / Ilnput currentl
= |Glikeil , as & function of radian frequency We , that i1s , as
the freauerncy of forcing function We change for a fixed load.
L 19 3. The magnitude of the force function is maintained
constant during the process of taking data for the [G{jiWe) |
versus We plot (Fig. 3.3) .

When a current transformer operating at 30 or &0 Hz carries very
low current., the absaolute error increases because the magnetising
current bz=comes more significant. The better the CT quality, the
smaller is the effect. Az frequency increases, magnetising
reactance increases and magnetising current decreases {see
equation 3.2 ) , so that for small current a CT produces a higher
gutput of current at high freguencies than at iow frequencies.

Er-ors due to core losses and secondary leakage inductance and

winding capacitance are only significant at frequencies
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ot  above F0 Khz genarallv. Helow ¥Hz commercialily

avarlanle TTs are reparted L 20 1 to be adeqguate for harmonics

monitorinag . However, the following precactions should be

tatern @

i The CF burden be wvery loaw impedance . to reduce the
reguired CT voltsge and conéequently . the magnetising
Currant

2t it ia recomnended that twisted- pailr or coexial leads Fram
the CT trn the test equipment as short as possible to
minnimize unwanted pickup .

) I+ the C7T is a multi- winding tvpe, use ghe highest ratios
of =secondary/primary . Higher ratiocs require 1ower
magnetising cwrent and tend to be more accurates .

Z-2. Signal processing techniqgues.

There are, basically. three different approaches to analvsis

ot naermonic distoriion. They are

(11} Filtering
{11} Fourier transfarm
{1112 Modulation

Each of the above can be implemented by analogue ar digital

techniques. Thz digital approach supersedes the analogue one
in new designs as a resulit of digital devices are relatively much

cheaper and can be programmable.
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With the AFiltering techinigue both random transient and steady

n

tate harmonics can be

neasuwred if the reiative phase

relatianships of the harmonics are of no concern. Fhase shifts

at different freaguencies can be compensated by use of tunable aill

4]

Cass Filter, which unfortunately alsoc have different amplitude

responses to different signals carrving different frequencies.

Ja
.h

ilter bank is required to deal with different freguencies. A
six—poie Butterworth bandpass filter is a suitable choice because
of its monotonically flat amplitude response. Even if the
fraeguency of the input signal shifis slightiy from the centre

frequency of the filter, theres is no need to re-calibrate © 21 1.
in its digitsl implementation, 1t is referred to as an Infinite
Impulse Response filter. The design of IiR filters has trad-
itionaliv been based upon the transformation of an analogue

filter zapproximetion to a digital +4iiter [ 21 1.

. Fourier Transform.

The Fourier Transform can be approximated by the discrete Fourier
transfaorm which can speeded up by using Fast-Fourier-
transform aigorithms. Al though the Fast—Fourier—transfarm
algorithm was developed for use on general-purpose computers}
some dedicated digitél signal processors with FFT-based spectrum
analyzers like TI's TMS 320, TRW's TDC 1028 and ITT's UWDFI G1, on
a single FPC board, have recently become available on the market.

The FFT operates on whole blocks of data at a time in order to
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Let the gain be switched from +1 to -1 at a reference frequency,
sc that the gain = +1 P 0 < b < T/

-1 3 TI/Wy < & < 2 TT/UW,
where Wy ics the angular reference frequency .

Let the mean level of cutput over one reference period be U,

0 T 7wy
U= 2 Uk Wy I SIN (KW; t + B, /K )dt -

- K=h G
277/W,
SIN (KWg t + B /K )dt 1 7 217
TT/7W,
o ‘ /W, 2T1/uW,
2 UcW, { [-COS(KW; t +8, /K) 1] - [-COS (KWt +Bx/K) 1] >
k=h . 0 TT/W,

00 .
=2 Uy Wy € L ~COS ¢ TIKW, /W, + Be/K) + COS ( Be/K ) 1 —

“h
[ -COS(2TTKW /W, + B /K) +COS(TTKWg /W, + 8,/K) 1 3 / 207Kk

Let N = KW, / W, = Kf; /f, , then

s

o0
U, = Z U ECOS (B8, /) + COS(2TTN + B /Y — 2CO0S(TTN + B/KY1 /7 2TIN
- K=h

When N is an even number , U, = 0 .
When N is an odd number, COS (8, /K) = — COS (TIN + B,./K) , then
oo - ] Lt i
u, = 2*2 Ug €OS (B /K) 7/ TIN = zh(Z Uk 7T1) (£ 7Kf ) COS (8, /K)
0 Fal
= Z B (f, /£ ) COS (B, /K 3 where A= 2 U /TTIN (3.6.1)
K=h ’
o0 o
When f, = kKf; , U = E Ax COS (B /7K) = z Xk (3.6.2)
- kzh k=h
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Shifting the reference frequency to 9?0 degrees lag, causes the

mean level of output over one reference pericd to equal

o0 0 0
Ug = 2 AKCOS (B, /K — T1/2) = ) ASIN (B, /K) = ) Yy (Z.6.3)
- kzh k=h k=zh

When N is a fraction , the situation becomes more complicated .

Consider a distorted waveform which has a fundamental and
hairmonic frequencies .

The radian freguency (Wy) of the reference clock is given by

We =L Ws for L > 1 .

The frequency of Mth harmonic is M times the frequency of-
fundamental .

Let the mean level of ocutput over one fundamental pericd be U,.

Far L > Mand M = 1, 2, J; cc.cae,9,

@ -~ L (26—-1)*27T1/2L
by = 2 U, 2 < sin (M Wt + 84/M) d(Wt)
- Mzl &= (20-2) %271 /2L
20#271/2 ‘
_ J sin (M Wt + 8y/M) dWt) /72177
(20-1)#2TT/2L
0 L (20-11TT/L
= ) Uy £ [ ~ cos (M Wt + 8,/M) 1
M=l &= (20-2) 1T/L
2T /7L
-~ [ — cas (MWt + 84/M) 1 ¥/ 2TiM
(2e-1 TT/L

o0 L
= z Z { <- cos [(ZQ—l)ﬂM/L-f-EM/M] + cos E(ZQ"Z)ﬁM/L*‘BM/M]}

- <— cos [ 2QTTM/L+8, /M1 + cos [(2Q-1) TTM/L+8m/M]1>

F

T Uy /7 2MM

-
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Let

I+

s
]

3%

o L
2Uy 2 € - 2cos [ (20-1)TIM/L + By /M 3
m=) Q=i+  cos [ (20-23TTM/L + 8um/M 1
+ cos I 2eTTM/L + 8,/M 31 > /7 2T1M
P = -1 , then
o0 L-l
D { Uy 24 -2 cas [ (2P+1)TTM/L + Bu /M 1
mzl P=0  + cos i ZEIIM/L + By /M ]
+  cas [ (ZP+2)TTM/L + 8x /M 1 > /7 2T1M 3
g .= TIM/L + 8, /M , then
o0 P2 L~
S € Uy < - 2 cas ( 2(IMP/L + & )
m=| 77 + cos ( 2TTMP/L + & - TTM/L )
+ cos ( 2TTMP/L + @ + TIM/L ) > /7 21TM 3
] ~ L-
2 LU, < - 2 cos { 27IMP/L + & )
M=) =0+ 2 cos { 2TTMF/L + B ) cos ( TTM/L ) > /7 27IM
00 - L
22U cas (TIM/L) = 1 3 L 3 cos (20TMR/L+@) 1 /7 21TM
m=] p=0
" L1 j2mTmp/L + )
J ¢ 2Uy fcas(TTM/L) -11 Re [ 1 /20TM
M= P20
o 3¢ L- J2UTMP/L.
) £ 2Uy Lcos(TIM/L) -11 Re [ €& 1 /21TM
m=| p=0
o - jawm/L\P
2> €24, [cas(TIM/Ly -t1 Re [ € > @3 1 /21T
M= p=0
exp JTTM/L =2¢ 1 { which implies L == ™M ) , then
w o
2 £ 20Uy Lcos ¢ TIM/L ) -~ 1 1 [ 1/2TTM 1 *
M=| , .
H L J2mm/L
Re < £ €7 3 E1- (e)*TML) g/ 01~ @ 1>
00 e .
J2TTM
2 {204f....1C....7Re < [....1[1 - & ¥/ t....1 >
m=|
o0 P -
2 L2 Uy Levesd Loened Re € [ewed P 1 =1 F /7 Caunad >
m=!
Q

Y
e

)

e

(W]

.

W)



Modulating the <signal for one fundamental period, with a clock
fregquency ranging firom the fundamental to i1t’'s nth harmonic (
where n can be infinity }); gives us a mean level of output.

This mean level of cutput can be represented by the eguation (
F.6.17 with different fr/Kf, ratics, which must be ar odd number.
Unfortunately this modulation technique does not allow the direct
measurement of the magnitude of i1ndividual harmonics, since the

presence of higher harmonics also contributes to the mean d.c.

output ( see equation 3.6.1 ) . These higher barmonics result
in smallef d.c. components as the order of the bharmonics
increases. If the d.c. components arising from harmonics

higher than the 253th are neglected, then a set of equations (3.7}
can be obtained from equations (3.6.2) and (3.6.3) .

Referring to equations set (3.7) ,

Ue 1is the peak amplitude of the signal.

By is the angle of signal with respect to the reference
{ wusually taken as the zero crossing point of the

fundamental 1 .

e 1s the mean level af output modulated at the reference
frequency.

U 1s the mean leveliof output modulated at the frequency
with 20 deg. phase shifted.

k is the order of the harmonics.
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) S F U 088 o+ 2y cosa =
3/” s L O + ﬁ LI; C0S 8;— +
— —am - — )— . -
— — — +~— li S . A z
ST t,; CO8 8y, =T Lhe COS &6
9o = ;}: U, SIN§ o+ = iU SIF =
37', 3 AN 83 + E'ﬂ', U_‘- SIN B;— +
U S 2 |
- i SIN & to— SIN
=7 U S5 *3e Us SIN B¢ (3.7.0)
. 2 B
i - ™ ‘
oty = = U, ©088, + = u, cos Z
T 3 Y Cos g + }? b, cos 8, +
_ ~ _ _ _ ~ ~ . -L :‘.‘ 2' e
—_— oas
T Ug COs 818 + W L, £08S 8,.
gt = -%,— U, SIn &, + i':’é SIN & 2
W SIN &, + 5—7rfU,o SIN &,, +
_— e + = L SIN & s = A =
91T 8 ! =¥ 7,_1?Ln,_,, EIN Esl— —:x—-z)
ol = 5= Uy  £0S 8 = !
3 C£OS 8, + = U, COS = u
T 3 s O as g8, + 3_—1,-, b, €05 8,
2z .. .
777, U;, [ ES 82.[
ply = = Uy  SIN 8; + — R
/ 7 9 ¢ * ;r Lf,}, SIN 8,
2 '
=3 Un  SIN 8,
(Z.7.3)
i3 = = u z
ol, = =—U, O 84 + — U 08 | >
7{ 4 3T i, Cas 8,, + ;,Tr u,, Cis 8,,
goliy = % Uy SIN B, + = s_s SIN & ke
s Y 8, + HT U, SIN B., (5.7.4:
by = 2 Us cos g 2 L
cos + = U C
1r & 37 s cos 8/‘—— + :S?ri_llé— cas B;;
’ s . ~
g0 U5 —_— L;_()_ SIN B, + — U 2
= 7 Ui 5 * gyl SIN 8 G.7.m)
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f

For h =9, ....; 25 , equatiogns (Z.7.%9) to (3.7.25) can be solved

simultanecusly for the absoclute values of Ay and B8, to give:

A = X2+ ¥ 2 : (3.8.1)
B¢ = K arc caos ( X /7 A2 (3. 8.2
Egquations (3.7.6) to (3.7.8) each have two d.c. terms . The

second terms arising from higher harmonics could be eliminated by
dividing equations (3.7.18), (Z.7.21) and (3.7.24) by a factor aof
%  and then subtracting the results from equations (3.7.6) to
(3.7.8) respectively. Equations (Z.8.1) and (3.8.2) can now
be applied to find A, ; 8, , A, , By , Ay and 8§ -

Based on the same procedure, the d.c. terms existing in equations
{(Z.7.1) to (3.7.3) can be eliminated and A, to A; and §, to 8,
can also be obtained .

The values of each 8. from the equation (3.8.2) are the absoclute

values and the guadrants to which they belong 1is determined

according teo Fig. (3.4) . Fig. 3.4 shows the relationship
hetween Xx, Y and 8, for each individual harmonic. Fig. (3.95)

shows the X, _Y, _B¢ curves for the fundamental and the third

harmonic.

~2-4, Aspects of the different methods.

Both digital filtering and discrete Fourier Transform algorithms
have been develaoped for use on minicomputers. There are large
amounts of software for implementing a digital @ filter in many
digital Ffilters and signal processing books. Maost of the

programs are written in Fortran-77. In one book [ 24 1 ,
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the authors collected several special programs written in
assembly langauges af several of the most common 16 bhit
microprocessors ,i.e. 8086, MC68000, 78000, THMS59995, and 9445
respectively for the implementation of real_ time software
filters in digital form. A similar situation exists for the
handlina of DFT ’'s. GE@KiNLi and YAVUZ, in their book [221 ,
pgublished a special program for measuring the harmonics on
the mains.

It 1is difficult to translate this software into the Basic
1l anguage and run it on microcomputers because most of
microcaomputers using the Basic language are slow, especially on
input routine. Unfortunately, in measurement of harmonics,
a high sample rate 1is demanded.

One of the principle objective of this project was to design and
construct  an instrument capeble of measuring the magnitude and
phase of the harmonic components of both voltage and current
accurately and quickly. The signal modutation method
described above is the most attractive choice. » This methaod
15 better than the filtering and Fourier- transform methods
because it preserves both magnitude and phase information of all
harmonics involved. It alse has the advantage that any shapes
of waveform can be analyzed as in the filtering and Fourier
transform methods. This is a more generalized method than the
aone developed recently by the Russian bhorn Israeli engineer M. A.
Slonim and his colleagues F. FP. Biringer and 1. Rapoport (25, 2613
which can handle only a limited number of known waveforms.

Another advantage is that it can be easily implemented by digital

W



cirenitry and software, as described in the rest of this thesis.

3. Interpretation of results.

Harmonic measurements of a substantial mains power which has
multiple' freguencies, resonances, fluctuating amplitudes and
multiple sources nature, are complicated.

Strrange phenomena  can be present if overheating or instabilty
nocures irn he system during measurement. In this case,
measurements of harmonics alone are inadequate and may be
misleading.

A non-linear © load supplied by a noisy source can cause the

net power flow to be away from or towards the 1load depending
arn  the relative magnitude of the harmonic source in the load
and the supply. The magnitude 1is usually too small to be of

caoncern., otherwise measurements can be postponed until the supply

gets quieter,

L3



CHAPTER FOUR

The fancy 1is indeed no other than a mode of memory emancipated .
from the order of time and space.

Samuel Taylor Coleridge



0

4 INSTRUMENTATION

4—-1. Introduction

One of the aims of this thesis is to design an instrument based
on the " +1 and -1 " signal modulation technique to measure both
magnitude and phase of voltage. and current, which forms a major
part of the work involved in this project.

This 1nstrument should run fast and preferably have the capacity
to run in real time. The new trend in electronic system design
is to minimize the use of analogue circuitry, especially analogue
filters, and 1instead maximize the use aof digital circuits and
software. Unfortunately, due to limited funds, a low-'cost
design 1s the only choice.

The basic design principle, the actual hardware development, the
practical problems enco;ntered and their solutions will be

explained in the {following paragraphs.

4-2. Basic design philosophy.

Fig. 4.1 shows the basic layout of the instrument. it is

convenient to divide it into eight major functional blocks.

4-2-1, Part 1 Scaling.
The maximum inputs to the instrument are defined as :
Vv - 240 V a.c.

I - 1 A a.c.

¥7
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e~

A LED indicator on the front panel of the instrument will. light
up it any input signal exceeds these values. The signals pass
through & scaling circuit made up of high wattage resistors,
restricting the amplitude of the signals to within -5 V and +5 V.
Scaling down 240V a.c. maximum input voltage to 3V a.c. requires
the circuitt shown in Fig. s -

The resistors used are at least half-watt each and 1% accurate.

The total gain of this passive circuit is @
Vout /Vin = S/{(330 + 10) = 1/68

I+ the 1input voltage signals are larger than 240 Va.c., the

values of resistors of voltage scaling circuit should be

recalculated to suit the new specification. It is not
recommended that potential transformers be wused for scaling
purposes because their frequency response characteristics depend
on such factors as stray inductance, capacitance of the windings
and the frequency. dependent core losses.

Input current signals must be converted to voltages. The
circuit in Fig. 4.3 i< employed.

The resistors here are 10-watt each and 1Z accurate.

The total gain of this passive circuit is:

Vout/Iin = (4.7 + 2.2) V/A = 4.9 V/A

Over— range current signals can be stepped down using current
transformers with 0.1% rated accuracy.

Thereafter the signals are fed to an analogue multiplexer which

is controlled by the microprocessor. The multiplexer chooses

one of six channels ( Va,Vb,Vc,Ia,Ilb,Ic ) and feeds this to the
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high input impedance buffer and then to the inputs of the sign-—
bit modulatar and the sample and hold.

The analogue multiplexer is implemented with cmos analogue gates
and a digital decoder. The cmos analogue gates used were IH 3052
which have 150 ohms on-resistance and 60 dBR cross coupling
reisctian. The latfer parameter is small enough to be
rneglected and the former can be compensated. The IHSO05Z is
directly controlled by TTL logic levels. Unfortunately, IH303532
is not a device designed for precision applications. It has
valtage and current offsets and con-off switching noise which may
degrade the accurracy of the measurement. A better device
should be used to replace the IH3052 if funds become available.
The decoder causes the multiplexer to route one of the input
channels to the buffer. It 1is contraolled by the
microprocessor. Fig. 4.4 shows the circuit diagram of the

miltiplexer.

[4-2-2. Part 2 Reference clock generator.

The fundamental of Va is chosen as the reference clock aof the
whole system. The signal from channel Va is noisy and
contaminated by harmonics because 1t comes from the @mains.
There are two methods of recovering the fundamental from the
input siagnal, namely :

i. Low pass active filter.

2. Phase~locked loop with exclusive—or gate input to

eliminate noise.

51

e e e Fomn i e e e W A ettt e A T3 et AT P e ha ™ o~y



|E5
: - P Et‘f{er
V. ilfer
E |
] OM.J@FM-
J PN B S
3 of Multiplexer
E3
Ib 2 > /
Fl
T 7
El
AN AN i\ N A X QXTHEOSz
§w?'toke§
D(EQ.O'F(}(Q(‘
Py LS 138)
C Lateh,
FLLSHS
D2 Py Do

N . Y
Daty lLine of mvoprocesse

MUI‘t( P,QXQ’W
52



Both methods generate phase shift which could be compensated for
By an analogue phase-—shifter. The input impedance of such a
phase-shifter must be very high to avoid locading which will have

arn effect

]

n the accurscy of the signal  Ya. dne of the

a Pl 1s that it can also lock onto an harmonic

by
1

i zadvantages o

ek

of the signal [ 27 3. The f1lter i1is thus left = the only
opition. tinfaortunately, neither the low-pass filter nor the
nhase compenszation circuit have a high value of input impedance,

sc the Ya input signal first has to be buffered using a valtage

follower circuit which bas an input impedance of several mega-—

ohms. The low- pass filter 1s a second order active
Techebyshev type. The 2nd harmonic has 20 dE  attenuation
reiative to the fundamental freguency. Fig. 4.5 shows the
circait L 21 1. The 2H2~Dhﬁ trim pot in Fig. 4.5 has to be

adiusted with the help of an oscilloscope until the input signal
(20 Hzy of the phazse-shift compensator is in phase with the
output of low-pass filter. The signal passes through the
lowpass filter and 1 +ed to a zero-crossing detector.

A zero— crossing detector, implemented by analog comparator
LM3192, would detect the fundamental filtered signal as it crosses
the zero value. Noise will cause multiple zero crossings.
Thus another detector must be used in conjuction with the =zero—
crossing detector to detect the first rising edge. A non-
retriggerable one-shot 74158221 is suitable for this application.
Once triggered, itsioutput is independent of further transitions
of the input and it will be reset after a preset time. The

output of the ane—shot will be a clean and well defined reference
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clock. This reference clock need not have a 507 duty cycle,
pecause only the period of the reference clock i1s of importance.

The reference clock generator circuit diagram is shown in Fig.

4.6 . .
——————————————— - e e e e e g r_-~__.____.1 [T T
Fhase—~shi+tt Low-pass Zero— lst rising

Va—>— > > crossing ——>
campensator filter detector edge detectar
e e e e e e nm e ] ......_..—-..._._.._..J e e e e e e s e o e SN -

Fig. 4.6 Reference Clock Generator.

{4-2-%. Part 3= Sign— bit modulator

The function of the sign— bit modulator is to multiply the ampli-
tude of the input signal by +1 or -1 within a specified period .

This operation is controlled by the modulating clock. This
procedure has first been i1mplemented by software on a computer.
The computer gets the samples directly fraom the ADC and then
multiplies them by +i or —1 according to the reference clock
which 1s also simulated by software. This method of
implementation was attempted, but is impractical, because i1t uses
too much processina time, i.e. it delays the measurement time.
Saome additional hardware i1s required to speed up the operation.
The output of the modulator feeds a sign detector LHM311 to
generate a reference clock. The clock will be in a high state
if the amplitude of the signal from the modulator is negative and
the clock will be in a low state 1f the signal 1is positive.

The output of the sign detector is assigned to the sign— bit of
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the ADC and the ADC therefore ohly measures the absolute

amplitude of the signal and not 1ts sign.

Care must be taken in the design of a sign— bit moedulator. The
multiplier funcition af the modulator needs to be symmetrical

about the zera voliage reference toc generate output values with

a positive and negative gain of one during a specified period.

it can only allow small =rrors due to the offset of the ground

reference  voltage and the switching noise at the time the signal

switches from +1 to ~-1 or vice versa.

The circuit diagram (Fig. 4.7} andlprocedure to design a sign— bit
modulator is as follows :

The modulating clock 1s derived from a modulating ciock

gene-rator, i1ts frequency being controlled by the microprocessor.

When the switch 1 is on, the output voltage will be equal to the

invaerse of the value of the input. When the switch | is off,

the output will be equal to the input voltage.

Switch 2 1is always on and is built in the same IC package as

switch 1. The on—- resistance of switch 1 and that of switch 2

is therefore always the same even if the temperature changes.

The next step is to look for optimal values of resistances R1,

RZ2, and Rf in Fig. 4.7 .

Let) the on—-resistance of switch 1 and 2 be r ohms and 1ts off~—
resistance be infinite.

According to Fig. 4.8 v

el = (Vo — Vin)R1 / (R1 + Rf + r) + Vin
= Yo RIJ(R1 + RF + r) + Vin [ 1 - R1/(R1 + Rf + r) 1
e2 = VvVin R3 / (R2 + R}
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When the open loop gain i1s very large, el = e2 , therefore

Vo Hl/(Ri+ Rf+ v) = Vin [ REZ/(R2 + R3) + R/ (Ri+ Rf+ r) — 1 1

Va/s/Vin = [ RI/(RZ+R3) — (R¥+r)/(R1+Rf+r) 1 (R1+Rf+r) / Ri
(4.1}
When switch 1 is off, R3 is equal to infinity.
Eguation (4.1) bpecomes
Vo/Vin = (Rl + Rf + r3 L 1 - (Rf +r') /7 (Rl + Rf +r} 1/ RI1

= (Rt + Rf + r) [ (R1 +Rf +r —-Rf -r) / (R1 4Rf +r) 1 / R1
=1
When switch 1 1s on, R3 is equal to r ochms and Vao/Vin is
expected to be -1.

EFauation (4.1) becemes

(Rl + Rf + r) L r/(R2 + r} — (Rt + r)/(R1l + Rf + r) 1 / R1L = -1
r{ Rt + Rf + v }/L RL ( RZ +r ) 1 - Rf/R1 - r/R1 = -1

ri (Rl +Rf +r )/ (RZ2Z+r ) -1 131/R1 - Rf/R1l = -1

FrC (R1L + RfF ~R2I/CRZ2 +r 3y 1 - Rf/R1T = -1

Taking Ht + Rt - ﬁE = 0 , the expression becomes Rf = R1 and then
R2 = 2 Rl = 2 Rf. The modulator is implemented by a precision

operational amplifier (OF-27) [281, a cmos analogue switch IHS052
and metal {ilm precision resistors. Choosing R1=100k
ohms the other values can be derived as, RZ=200k ohms and Rf=100k

ohms. The circuit in Fig. 4.9 1is the actual modulator .

4-2-4, Part 4 Modulating clock generators.

The modulating clock generator is a programmablé square wave

generator. It must be possible for the microprocessor ta set
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its output freaguency to the fundamenal or any aof the harmonics of
the reference clock from the zero-crossing detector. Qne
important point is that it must have the capability fo
synchronize with the input reference clock with very little phase
shitt ervor, ideaily =zero- phase shift; - Another clock
generator operating at the same frequency, but with a 20 degree
phase shitt 1s required to run in parallel with the zero- phase—
shift one. This could be implemented in software, but the

‘use of &a digital phase shifter is preferable in aorder tao save

computing time in the microprocessor. The Intel chip 8234
L %% 1 1= chosen as the in—- phase clock generator. Its
operating clock frequency is 2.5 MHz . The 8254 has three
programmable i1nterval count- down counters. When counter O

operates 1in mode 3, 1t behaves as a square wave generataor.
When counter 1 aperates in mode 2, it behaves as an automatic
reloaded  counter. To calculate the frequency of the Nth
order harmonic of the input siagnal counter 1 must count the
duration between two successive rising edges of the fundamental
filtered zero—- crossing ( ZC ) signal, 1i.e. the duration of one
cycle of the fundamental component of the input signal. The
micraopracessar will then read the value of the count from counter
1 and divide it by N . After dividing the value of the count
by N, the microprocessor sends this value to counter O to
gener-ate a modulating square wave clock which is of the same
period as  the Nth harmonic of input signal. In order to
obtain the value of the count fraom counter 1, the clock input of

counter 1 must be inhibited by using the GATE1l input of this
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counter. Otherwise, the count may.be in the process of
changing when it is read, giving an undefined result. Counter
O also has a GATEG input which 1= used to sychronize it with the
rising edge of the IC signal. Fig. 4.10 shows the controlling
civcuit and timing diagram of counter 1. An  innavative
device, called the dual =dge triggered flip- flop ¢ DET.FF ) 1s
used to allaow counter 1 to operate in counting mode between two
assigned successive rising edges of ‘tﬁe Zg signal.
tnfortunately, 1in arder to prevent counter 1 from operating
repeatedly, the first rising edge of the ZC signal cannot be
directly applied to the DET flip-flop. Instead, the
micropraocessor has to poll the ZIC sighal until 1t detects a
change state low +to state high. It then issues a GATEQ
signal which in turn activates the GATE1 input 1ine of counter 1.
" This will become inactivé again aftter the second successive
rising edge of the ZIC signal. " Whenever the GATEl input line
is inactive, the Ffinal value of the count is latched and the
microprgocessor can read it from counter 1i.

Anather modulating clock has a 90 degree phase-lag in relation ta

the first ane.’ This clock generator is implemented using a
phase— lock -loop {PLL) technigue. The chip chosen was a&a
cmos 4046 [ 20 ] The FLL was designed to lock to the input

=

clnﬁk signal with a frequency range from 35 Hz to 1.3 KHz.
This circuit is programmed to have a fixed 2?0 degree phase— shift
between the input and output clock sigrals by setting the B
inputs of a cascaded 8-bit BCD magnitude caomparator chip 74C85 to‘

89. Fig. 4.11 shows the circuit of the digital phase
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shifter. Both clocks feed an analogue multiplexer (cmos 40351)
and one af them is selected by the microprocessor as a modulating

clock. Fig. 4.12 shows a modulating clock generator.

4-2-5. Dual - edge triggered flip— flop ( DET FF ) .

Before further discussion of other circuits, a commercially
unavailable device, called a dual—- edge triggered flip—-flop has
to be mentioned, because it will appear frequently later on.
There are occasions when the design of discrete logic circuits
can be simplified i¥f DET FFs are utilised. The DET FF 1is
developed with the use of a controlled glitch and its circuit and
timing diagram ére shown in Fi1g.413.
Referring to Fig.¢ 13 y the output goes to the 1 state on every
positive transition of the input A line and the output goes to
the © state on every positive transition of the input B line.
The output of the flip— flop is capable of being reset by another
A line transition immediately after being cleared, regardless of
the level of B line. A controlled glitch occurs whenever the B
line makes a positive t}ansition. The circuit’s operation is
as tollows :
1. ©Qa 1is set by every positive transition of line A.
2. If Ba is set, FFE is enabled and set on a positive transitién
of line R;
3. this causes FFA to clear, which now clears FFB via its clear
input.

4. Thus FFB 1is only set +for the time it takes itsel+ to set,
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plus the time it takes for FFA to clear. Since this is
about two propagation delay times, FFEB creates a glitch of
perhaps 40 ns maximum.

S%. The positive transition of the line B causes the glitch,
which 1s the setting of FFE.

&. When FFB is set, it causes the clearing of FFA, and when FFA
clears, 1t clears FFB terminating the glitch.

7. In summary, the positive edge of the B line causes the output
to rise, and the positive edge of the R line causes the

glitch, which causes the output to fall.

4-2-4. Fart S5 Sample— and- Hold and

Analogue—~ to— Digital Convertor ( ADC ).

It is necessary to locate a sample and hald device LF3I98 in front
of an analogue to digital convertor, even if the ADC has a very
fast canversion speed; Its function is to hold the i1input signal
constant for the duration of the sampling of the ADC . It has
a storage capacitor to store the input signal value and also
to smoath very short spikes which are fatal to the accuracy of
ann ADC. A small value of storage capacitor is preferable for
high sample rate applications and the capacitor used should have
a very low loss. Folyethylene type capacitors are employed.
The sample and hold device has a FET type input with a very high
input impedance to prevent the leakage of charge from the storage
capacitor. It should also have a fast slew rate to follow the

change of input signal during sampling. Access times also need
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to be shaort for high speed applications.

The ADL was based on & 1Z-bit successive approximation fegister
74C905, a fast analoque comparator LM361 and a R-ZR resistor
i adder . A homemade ADC system was used instead of a
commercialiy available cne, because high speed 12-bit ADCs are
expensive and the cheap anes are too slow [ 31 1. If there
are enough funds, a commercially available fast ADC should be
emploved to enswre the accuracy of the measurement.

The principle of- the successive approximation type ADC will not
be discussed further here. There 1s extensive literature
cancerning data conversion and acquisition which explains in
detail how such ADE "= worlk.

In order to drive the 12-bit S0K/100K resistor 1ladder network and

achieve + or — 1/2 LSBE resolution, two cmos 74HC244 chips [ 30 1]
are used as buffers. The power supply of the 74HC244 is
regulated. Fig. 4.14 and Fig. 4.15 show the ADC system and

its timing diagram respectively.

The successive approximation register has such inputs as a clock
line, a start line (3) and a data line (D) . The outputs are
data lines DO to D1l and a conversion complete line (CC) .

The operation clock frequency, derived from the 15 MHz of the

clock generator of the microprocessor, i1is 1.25 MH=z, ( 15/12 =

1.25 ) .

The sampling rate is 13.2 uS. In 20 ms, the ADC can take 1470
samples. Accarding to Sharon’'s Theorem the minimum sampling
freguency should be 2#25%50 Hz = 2.5 KHz. By increasing the

sampling fregquency a more accurate result of measurement is
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cbtained. It should be realized that the settling time of the
ADRC must be less than the sampling time between two successive
samples.

The ADCL line feads the one- shot circuit to create the 5 signal
of the ADC which starts at the rising edge.of ADCL and ends after
one operational clock period of the ADC.

Both the CC amd ADCL signals feed a DET FF to set up the control
logic input ( 5/H ) af the samplie— and— hold device. Fig.
4.16 shows the circulit and timing diagram.

During the period between the rising edges of control signals
"ADCL" and "CC" § the samplé— and- hold device operates in hold
maode and the rest time in sample mode.

S 1s derived from a monostable with a period of 1.05 MS, which
ensures that S is held in the O state for at least. one
operational clock period of the ARC, this being necessary to
initiate a conversion. The monostable is triggered when the
low byte of the ADC is read, and the sample- and- Hold device is
switched to hold mode, ready for the next conversion. The
data input (D) comes from the output of the comparator. Thé
canversion complete output (CC) goes high whenever the conversion
begins and remains at fhe 1 state during a conversion.

After a maximum of 13 cycles it goes to the 0 state and the

conversion is complete. This latches the data outputs into
two eight— bit latches to be read by the microprocessor. It
also switches the sample~ and- hold device back to sample mode.

When the microprocessor reads the 16~ bit port ADCP, the chip

select line for the ADC (from decoder 74LS138) goes low. - This,
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together with the read strobe and AQC being low, genérates ADCL
which enables the low byte from the latch onto the data bus.
The microprocessor then issues a second read with AQ high to read
the second bvyte. This ensures ADCH to go low, allowing the
second latch to put the high byte onto the data bus.

Fig. 4.17 shows its circuit and timing diagram.

Only S bits of the MSE are used to represent the input signal in
digital form, i.é. D8 to Diil and DIiS5. DiZ to D13 are
permanently tied to ground and D14 i1s tied to the zero— crossing
detector 's output. In other words Di4 1s used as a
semaphore to show when the zero crossing occurs.

D15 i=s the sign bit of the data which is generated from the sign-
bit modulator. If it is low, the data 1s positive; i1f high,
the data 1s negative.

The input signal of the ADC cannot go beyond the range of 0 to 5
volts, because the ADC operates only within these limits.

a.0. input signals have to be rectified before they can be fed

to the ADC. The rectifvying circuit is exactly the same as the
one used as the modulaiing clock generator. Fig. 4.18 showg the
circuit. Referring to Fig. 4.18, whenever the input signal is
positive, the output of comparator LM319 goes high. This
switches off the switch IHS052, so the output signal follows the
input signal. Whenever the input signal is negative, the
output of LM3I19 goes low to turn on the switch, so that the
circuit has a gain of -1, rectifying the signal.

Data expressed in this form is better than in 2°'s complement form

because i1t gains one more bit, i.e. 13-bit accuracy.
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Thus, depending on the sign— bit, the input signal is modulated
in software, which 1is faster than the traditional hardware

modulator.

{-2-7. FPart & Micraprocessor unit.

The microprocessor 1s the centiral unit of the system. It links
=211l other units of the_system through i1ts data, address and
control lines. The micropocessor unit includes input-output
ports, memory and control logic.

In order to facilitate the arithmetic processing, eliminate the
reguirements . for writing long software routines and accelerate
the measuring time, a hardware numerical processor is desirable.
Gwing ta the economic factor, some algorithms for arithmetic
processing has to be developed instead.

The Intel chip 80B8 was used as the microprocessor unit of the
system because of the microprocessor development facilities for
the Intel B80BB available. The Intel MDS 111 computer, the
IBM FC with Microsoft Assembler and the FDP-11 with an 8086 Cross
Assembler are good examples.

The Intel functions of the 8088 processor are quite different
from its predecessor, the 8085, and circuits designed for the-
8085 would not be compatible to the B088 system. The B088 has
an instruction stream queuing mechanism which is lacking in the
8085. This gueuwing mechanism allows the B0B8B efficient use of
bus bandwidth. Whenever there is space for at least 2 bytes

in the queue, the bus interface unit of the processor will
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attempt & word fetch memory cycle. This greatly reduces dead
time an the memory bus. The gueuwe acts as a first—-in-first-—-out
huffer, From which the exe;ution unit executes instruction bytes
as reguired. Because af the presence of the queuing mechanism,
the address lines of the microprocessor are always busy. This
is the most 1mportant key point for designing the peripheral
interfacing circuits of the B088.

The EEIE:;;f;EE lines (E;) of the memory and peripherals,
including the timer, the ADC and the intrumentation interface
controller, come +rom the address bus. EEI;ZEEI;EE lines can
stay active until very late in the bus cycle; resulting in bus
contention elsewhere in the system. A ;;;_EEIEZ;EI;EE (ﬁEé)
signal needs to be generated, starting at the falling edge of the
address. latch ernable (ALE) contrDL%.signal of the processar and
terminating when either the ;;;E; (WR) or FEQE (EB) control
signal goes high. This could easily be implemented with orne
DET FF.

When the input or output instruction of I/0 port i1s executed by
the microprocessor, signal 55 becomes active. The inverted 52
together with the falling edge of the ALE causes the DET FF to
generate the falling edge of NCS of peripherals.

Fig. 4.19 shows the new chip select circuit of peripherals and
its timing.

keferring to Fig. 4.19, whenever the S2 signal is activated, the
present cycle accesses an input or output port. The

new chip select (NCS5) signal determines the active period of the

decoder 74L.5138. Address lines A3, A4 and A7 decide which

77



Pecordey

out put < O{:

ALE — AT p_____ _
= | - A5 [
2
E_R——’ ) FS> G |22 | Ennbiel — O(Qc()rder‘
oW — , S :
PET FF __%__annblea —
ALE "N
Sz . x
AP~AS T X | X
EE oY OW \5/ E)w
I (5//
NCS ~N
oNE CF SELECTED }[ %’
WINT CF ¢ b

DEIORDER

Figo 4.9

New Cf\'sp select

( NCS ) circuit

of hon- memory peviphevals and .

ts ‘t?m}ng’ ol?afram.

78



one of the eight output lines of the decoder which has same

duration as NCS5., is to be active. Table 4.1 shows the address

of each new chip select line and which chip is activated by the

NCS line.
Fig. 4.20 shows the ;;;mEEIEW;EI;EE of the erasable programmable

read anly memoary (EFROM) and the timing diagram. The EFROM can

be addressed from OFCOOOH up to OFFFFFH, 16K bytes altogether.

_______________________________________________________________________ -
Address new chip select

QEOH to OFFH HFIER talker and listener

OCOH to ODFH LED and Multiplexer

GAOH to OBFH ADC

80H to 9FH 1. HManual switches 1 to 5 decide the ma)ximum

aorder of harmonic to be measured {(maximun

up to 25th .

Ea]

2. Zero-crassing signal

&0H  to 7FH FProgrammable interval timer.

40H to SFH Modulating clocks selector.

20H te 3FH Synchronizing signal for modulating clock.
Table 4.1 Address of each new chip select.

Fig. 4.21 shows the ;;;_EQIE_EEI;EE circuit of random access

memory (RAM) and tts timing diagram. The RAM can be addressed

from 0Q00H up to 1FFFH; 8K bytes space altogether.
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This signal can be generated with the circuit of Fig. 23 .
MCoB488 also has  R/W signal line. This signal can be
implemented with the circuit of Fig. 4.24 .

According to the specification of the B0O88&, IR and OW only last
minimumly for 325 ns. On the other hand. the E signal must
have a minimum duration of 450G ns. Therefore a wait étate
generator for the 8088 i1is needed in order to lengthen the E
signal to more than 450 ns duration. Since aone wait state can
only generate 100 ns extra time;, which does not match the
specification of the MC68488, a triple wait state generator is
employed. Fig. 4.25 and Fig. 4.26 show the triple wait state
generator and its timing and state diagrams respectively.
Referring to Fig. 4.26, the system’s WAIT line is driven low
whenever a device requiring three wait states is selected.

The flip- flops are cleared when either ALE or the Eé of the GPIA
is high, forcing system wait line high, which is connected to the
RDY! line of the system clock generator 8284.

I+ no wait state is required, the flip- flops do not change.
If &a wait state is required, the CLR pins of the flip— flops are
released and the ocutput of the generator toggles on the falling

edge of the system clock at the beginning of T2 to force three

wait states according to the state diagram of outputs &1 and @2

of FF1 and FF2 (Fig. 4.26) . After 3 wait states, the WAIT
signalics removed, indicating readiness and allowing the
completion of the bus cycle. Further changes in the state of

the +flip flop will not affect the bus cycle. The circuit

allows approximately 600 ns for the chip to select, decode and

2




/‘;vom
2038

—

1

423

To MC 6i49%

T

E signal  Civent

o M 65488

Yig' C24

Do‘ /&

17\/\,7 S‘.‘f}m.\ C‘.wa“‘t

35



AojReaaUaly  Byers - Qi wt_u.ﬁ. %o \»P.,go%,u STH 34

88489 :
.Mlll? )
o .
£ I
A1
e ¢ A2072
2 %T 1 AlAD (swu,w\m
Py ) hEsThE Ly HisThi AE .
o .,h\ € = L AI.L Y Aill
FLEM Wngy de =4 J 3
_ A 3 ) ]
< Ei.l:«mld.w wm g = _ < b)) Ia =
J o

36



Ty P SEONES >><—T“”—><-TW2 SSLLLINGNLN
N\ { /
@ L } i q l_d _
R |
/ ’ ;‘

/

I
/

o

7

/%3

)

3
invalid ;

d)v T ‘——p“:}"\

S N

WAST : ‘ : : Wat signal
(to"ﬂett fu 1 { v ;G-:: i r___,—-/\_“’f_\
' ! 1 | ]
RPY2 fin¢ v | |1 | }\ \
4 | : ‘ i\
cf 828 ) \X" G/\ }, mare;\:;: )¢ X
t{\ | \ 3s-ns % i B
P \ N % | &\ | |
{3 Y
N N | b | i
| | ' " ' 1 ]
l ‘ 14 ,I/ | | '
N i W/ i ' ‘
Nz & : | (2' I |
! ! ’ | ! ! to|
| ! i i | | : |
i I ! l | “ l}_‘ i .
Gle G2 G"G‘z K2 Q& G Or @G &6 >
>0 C) _(10) 1), (v l)\j(o ONNE O)q(_ll)q(Ou‘)/\ﬁ

e

-
[ R

Fig. 4,26

— \/_
State Jm&fam 0{ wtput Ql ;\ml A of FFJ m\dl

According to the Specification of 8284 :

One wait state Tw3 sets up because tw > 35 ns .

Tw2 because of tw > 35 ns and

instead T4 is issued after Tul .

T4 cannot be issued after
tr < 119 ns

»

This wait signal is invalid and ignored by 8284 because it
is not 1ssued by the end of T7 or start of T3 .

i ‘Th,.m‘”i and S*ﬁa{e Ol\GQ;YWS @}C

Tf;F[Q» \/Jai{; - S{A{é {ren era‘eo(“
37

e —— e it



candition the syvstem’'s ready signal.

G429, FPart 8 Microcomputer.

The pufpoze cf using a microcomputer ( HF 85 ) is mostly for
scaling the raw results and expressing theé in ymmetrhalcmnwmmﬁ5
then to wutilize i1ts screen and printer to display the results.
It 1s =2lso uwsed as a controller to control other potential
instruments running in parallel with the system by means of

1te instrumentation interface.

4-2-10. Overall operation.

Finally, consider the overall action of the system. After
passing through the scaling circuit, the input signal from Va
goes inta the reference clock generator. The reference clock
generataor recovers the fundamental of the input signal in the
form of a cilean and well defined rectangular wave. This signal
is then fed to the input port of the microprocessor. The
microprocessor always polls the input—-port to see whether the
inoput rectangular wave changes from a low state to a high state.
If this happens, the microprocessor immediately sends out a
zignal from its output port to the modulating clock generators in
order to synchronize the reference clock. There will be a
phase shift between the referencé &lock and modulating clock,
caused by the time gap between the time when the microprocessor

catches the change of state of reference clock and when the
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micraprocessor  issues a synchronizing signal., This phase

9

e 3 ¥ the polling fFreguenc of the
| Ct ] Y

ot

hift will b negligeb

microprocessor 1= very much higher than the fregquency af the

reference  oclock. The modulating clock signal +4eeds  the
sign— bit modulator and modulates one of the six input channels
ot the analogue multiplerer which is selected by the
microprocessor cyclically, 1n order to generate the sign—-bit for
the ADRC. The cutput of the butfered multiplexer is fed +to
the sample and hold device and then the ADC. The sample

and hold samples the input analogue signal at a specified time
and then holdse this value until 1t takes the next sample
point. The ADC converts the analogure values held in  the
sample and held inte digital code and then feeds it to the i1input
port of the microprocessor. . The microprocessor fetcheslthe
data from the ADC and then processes it according to the program

stored in the memory. The microprocessor deals with each

input channel for one cycle Qf-{fﬁﬁiﬁﬁﬂ%ﬁ?afia;time and then

awitches to the next channel until all six chanpels have been

1

ei-wved. After serving all six 1nput channels, the
microprocessar continues to calculate all the required da£a and
then passes it to the instrumentation interface. The
microcomputer picks up the data +rom the tnstrumentation
interface and then multiplies it by the scaling factors and
expresses i1t in:vmmeﬁrmaicOmWnadg. It then transfers the data to

1ts display unit or uses it for other purposes.
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Hecause many electronics components are  incorporated in the

svstem, 1t was impossible to fit all the components on one card.

The SH-64 bus was wtilized to help the distribution of the
components onto several cards. : The assignment of the function
of every line is shown 1n Appendix [ A J. One of the most

fatal disadvantages af the SH-64 bus i= 1ts backplane which has

undershoot  and ringing transients. All the wires in the
backplane behave as transmission lines, in which uanwanted

transients exicst.

Several attempts were made to eliminate these transients and the

following conclusions abtained.

1. A1l the 1nput and output lines of each card have to be

i

[

ZeECUureg

]

by the drivers or huffers.

)
—

‘he 74ALS or 74F series of TTL drivers and buffers are highly
recommended, because . the 74ALS  and 74F series IC's outputs
inclqde ciamﬁing dicdes to limit undershoot and control
~inging on long éignal iines. ‘ As with . .the input diode

odes  are intended for transient suppression .

Ynd

clamos, these d

3, ‘Deployv active terminators at both ends of the backplane.

4-2-12, ~ Layout of circuitry.
‘The syétemvhas been constructed using a modular approach. Each

module resides on a standard Eurocard, 100 mm by 220 mm. These

-~ . e B T T T . T



cards then plug into an SH.&4 backplane using a rack maunting

ewvstam . There are three cards in the system: Card 6, Card E

and Card C,

Card A contains all analogue circuits and the ADC .

Card H contains the microprocessor, memory, counter and cantraol
circuits.

._
re
by

sarch C

1
]

ins the IEEE-48B interface and digital phase shifter
circuilts.

Theze individual circuit diagrams are appended in Appendix B.
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It 1is important to note that probably no large operating system
using current design technology can withstand a determined and
well-ccordinated - attack, and that most such documented
penetrations have been remarkably easy.

B. Hebbard =t al.

It is necessary to point oub that there iz almost no writings
composed 1n non-parent language of the author which 1is not
subject to criticism 1f any defect therein is purposively sought.

Kwan Leung Shum
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SOFTWARE

S5-1. The procedure of develaoping an opsrating system for the

instrument

The operating system of the instrument was developed using the
editing, assembling and i1n-circuit emulation facilities of
Intel 's Microprocesswr Development Series 111 System (MDS-II1) .
This system allows easy and rapid development and debugging of

assembly language (ASM 86 ) programs; the language used for

writing the operating system of the instrument . Each
routine 1is created as a file using the editor called "Alter" of
the MDS-III . The editor creates what is known as a source

code, whichh must then be assembled by ASSEMBLER_86 to form the

microprocessor compatible machine code of 8088. The MDS_II11
linker program called "YLINK 8&" is then use tae l1inkk all the
routines together without assigning absolute addresses. All

the routines are now specified at relocatable addresses and are

r
]

ready to debugaged using the i1in-circuit—- emulator (ICE_86)
facilities. These are particularly powerful facilities
which allow users to trace the execution of a program, thus
=1lowing programming errors to be located and corrected.
Ferhaps more important is that this can be done using combination
of the MDE-III hardware featuwres and/or the hardware of the
instrument being developed. Thus the software can be initially

tested wusing MDS-III hardware only. As more of the system

hardware 1is developed, so it is incarporated inta the test
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. 5 oy

nrocedure, thereby ensuring that all testing and debuggirng 1=
carvied out on & unit as close to the final product as possible.

after the debugging procedure, & svstem program of the MDS-III

Lmd
=
T
0
bob

LI ESY 1w eaploved to locate he saftware at absolute

el

addresses. fainother system program of MDS_III called "OH B&“
is used to convert the binary absoclute object module intoa Intel 's

=tandard hexadegcimal format. This hexadecimal file is then

transterred to the hozt computer (FODP-11/23) o Unfortunately,

the Intel’'s standard hexadecimal format is neot used by the EFROM

programmer, which 1s connected to the FDP-11/23 . Theretare,
& svetem -porogram on the FDF-11/27 called "CON® is used to
convert it inte compatible form . The +inal step is to

down—load the compatible hexadecimal code developed in FDP-11/23

to the EFROM programmer and program the code into the EPROM .

S-2. The operating svystem.

The  aperating system controls all the functions of the harmonic
analyser. ~ There are two diagrams of concern. The first
is Fia. 5.1 which is the flowchart outling the operating system.
Fig. 3.2 shows the priority of the various procedures and nesting
procedures and where they +it into the overall operatinag system
and the sequence in which they are called.

The program listing of the operating system in the Appendix C
includes comments for the purpose of demonstrating the function
of each section of the code.

It must be stressed that the software currently used was composed

Z
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hardware YeSet

Initiate Processor &v\OL per"fakera(s

4

Select one of the input channels

. Y
‘ Zero ~ CYOESIn
';o—< g
¢ Yes
A

ADC in opevational mode fov (qc/e o)C

‘][uw(zsmev\{,a,( ‘frefp,e»\c% of input Sffl\ar(

Y
Read counter! ond Yenew
the a<sifned moo(ula{;,\é clock freg.
4
dverage the mput  Samples

N
No Have all channels Va. Vy, Ve,
: Ta,Zy, Te been sevved <
+ Yes

Calenlate A“g. and Amp.

|

Ou‘(’,pw'ﬁ vesults -to HP—gﬁ'l

+

Fig &1 Flowehare of the operating -system.
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________________________________________________________________ -
BEGIN

MOD_CLE_SYN
MOD_CLE_UFDATE
DUMMY_READ

ZC_ADC

MOD_CLE_UFDATE_1
ZC_ADC
MOD_CLE_UFDATE_1
AVERAGING

LED
ZC_ADC
MOD_CLE_UFDATE_1
AVERAG ING
MOD_CL¥_UFDATE_1
THREE_7_8

DEHA
THREE_7_7

DEHA
THREE_7 6

DEHA
THREE_7_5

DEHA
THREE_7 _4

DEHA
THREE_7_3

DEHA
THREE _7_2

DEHA
THREE 7 1

DEHA
DIV_32
SROQT

QUE

QUE
DIV_32
FANG
GFIE
GFIE
GFIEL L

Fig. 5.2 Order of Execution of the Frocedure of Operating System.
(Read from the left and down?’.

96



with the obiective of achieving maximum speed because real— time

signal processing speesd 1s tequired.
3 d =i q

SR B Imitialization.

The operating system was divided into 8 parts, Fart 0 ta Part 7.
Fart @ consists of the "SAMPM segment,. "ATCSY segment and
"ETACE SELBY segment.

The "S5AMPY" segment zZets up the storage area for the temporary
data and scratch pad registers.

The "ATCSE" segment stores the whole arc_cosine look up  table.

The "STACK _SEG" segment preserves the memory space for the system

stack.
S-2-2. The operation of the software.
Folliowing & hardware reset program, which is inside the YRES"

segment located at the end of the program, execution is
transferred +to the “BEGIN" procedure. The "BEGIN" is the main
procedure which is divided into seven parts; parts 1 to 7.

<1 Fart 1 starts the code segment and defines the addresses of
all the /0 ports, and initialises all the segment registers and
stacks.

L2 In Part 2 the microprocessor turns off the overflow LED and
selects chanﬁel 6 which accesses Va as the first channel to be
processed. Counter 0 and counter 1 are then initialised. It
selects the 0_deg. phase modulating clock to modulate the input

signal. The microprocessor then reads the external switch port
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TEWEY L which must be set manually before the program  commences

in arder to determine the maxvimumn order of harmonics {(fraom 1 to

231 to be measured. Cournter O of the chip 8254 provides the
modulating ciock to the sign- bit modulator. This 1is
inttially set to S50 Hz. Unce the measuring process starts the

counter assignead frequency is updated to a new harmonic frequency

before the microprocessor commences teo process the new  channel

duwiring the measurement.

Frocedure "MOD _ClE SYMY is then called. This procedure polls
the ZC port until the fundamental filtered zera_crossing ( ZC 1
signal iz detected. When this 1s completed it synchronizes

the modulating clock by reseting counter G.
Frocedure "HOD_CLE_UFDATEY 1s now called and polls the ZC port

until  the IC signal 1s again detected (¢ i.e. ane fundamental

cvoie later 3 .
The value of counter 1 is read. This value is decremented
until one fundamental cycle has passed. This value is used to

update counter O, which generates the moduliating clock.
Froceduwe "DLMMY READ" 1= now executed; this is a pilot procedure
which leads the ANC into the normal operation. The channel
polinter (Ré&) 1s inittialised with channel & which accesses Va.

The microprocessor now calls procedure "ZC_ADEY with a zero
degres phase shift meodulating clock. This procedure lets the
CPU  first poll the ZC port until the rising edge of ZC signal is
detected after which the analogue— to- digital convertor (ADC)

starts converting the analogue signal into the digital form.

The microprocessor stores the samples in the memory for one
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period of the zerc _cocrossing signal, and then checks each sampile

<

to determine whether itse value i out of the O o SV range. 1+

—

it is, the ©CFU lights the LED to show the overfliow status of

nal. While checking over flow operatiorn. the OFU
alsoc modul ates each sample according to i1ts sign_ bit, D13, which
comes from the sign _bit modulator. I+ the D13 contains "GV

the OCFU wil} not change the cample, which means the sample 1s
multiplied by one. I+ the D15 contains "1Y . the CPUY wili
convert the sample into 2's complement form, which means the

sample 1s muitipliied by negative ane. After maodulating &11

Lo

samples, the CFUJ sums them up and then averages them by dividing

tiher summation value witihh the total number of samples invalved in
the summation. After averaging, the mean level values of
autput LU,  and %UK are abtained. The U, and U are
abtained by modulating at O_ and 90_ degree phase shift reference
clock respectivelv. The oUx and U are then stored at
address XY in memory.

The ADC does have gffset error which must be eliminated by the
following procedure :

l.et Fi be the absolute value of sample with +ve sign-bit .

Let @j be the absclute value aof csample with -ve sign-bit .

Let Ri and R3j be the absclute values of affset error of the ADC,

~
a2

s aeeees M

)

J l, Ty oaene., N

where k is the total number of input samples in one fundamental

period. -
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or R = R which will be equal to the

("R

Taka approximation, f

m
-
i
-
et
/M

minimam abisa

i

te value of sanples, i.e. ., FH o= Min (Pi or CG3).

Sum of =zamples = Summeation [{(+Fi + Ri)»1 + Summation [{(-03 - Rj?3
= Summation P11 - Summation L8313 + (F-p R
Therefore,
Summation (Fid + Summation [03] = Sum of samples - (M—-N}#R

whers {(M-Nj} is the difference of the number of samples with +vae

and —-ve =ign bit.,

Frecedure "MOD _CLE_UFDATE 17 1s called and counter O genevrates
modulating clock with its assigned harmonic frequency. This
assigned freqguency is stored in register Ri4. The microproc—

essor chooses the 20 _deg. phase shift modulating clock befare
modul ating thé input signal so that the modulating éiock can have
longer time to stahilise.

Frocedure  "AVERAEING" is called and checks for overflow of input
signral  and mnodulates samples with gain +1 or -1 accaording to
sign—bit. it alsc eliminates the offset error according to the
method described above in the "ZC_ADCH .

Froceduwes “ZC_ADCY  and "MOD_CLE UPDATE 1" are again called but
at a 90_deg. phase shift modulating clock. The next channel
{1.e. channel ) is then selected.

Frocedure "AVERAGING" is again called to process those samples
derived at the F0_deg. phase madulating clock.

The whole cycle is then repeated. This cycle is repeated for

each channel { channel & down to channel i, each with two sets of

data, one at O_degree and the other 0_degree phase shift
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modulating clock) .

Atter all Six channels have bheen accessed the contents of

register Ri4 1= decrezased by one.. It is then checked to see
i+ 1t i= zero. if not, the cvele is repeated using the new
" harmonic frequency. If it is zero then Fart I is started.

“3x FPart 3 processes egquation set (3.7) and 1is programmed to
calculate D.C. terms af Z2UxCOS B¢ /k{(p+13TT and 2U¢SIN 8, /k{p+1)TT

in equation (Z.7) based on the method described in the ¢ ’y%kif;i

Bk Y Tl S

(Z-2-3) . Equation (3=-7-4) to (3-7-8) each have two DTC'
terms. _ The 2nd term arising from the higher harmonics can
be eliminated by dividing equation equations (3.7.18), (3.7.21)
and (3.7.24)' by a factor af 3 and then substracting them from
quations (3.7.6) to (3.7.8) respectively. By Eepeating the

same procedure; those D.C. terms which exist in eguation (3.7.1)

to (Z.7.3) can be eliminated.

'The,D.C. terms. are stored in memory in the following order :

(  Nak  soVak
oMb 9ok
oVeck soVck
olar ~ 9olak
QIbk s0lbk

olck golci

“where subscript ¥ is the order of the harmonic.

The values of D.C. terms are stored in memory, starting with

1_thosg related to. the fundamental and going up to those related to

the highest harmonic. -

According to the above datarstructure, each set of values related

[0/
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to a particular harmanic occupies 12 words {(or 24 bytes). This
means that the starting address offset of each set of dats

Barmornc 15 a multiple of 24 .

Fart I processse B procedures, nameldy proceduwre "THREE 7 8" down

Frocedur e PIHREE 7 8" begimns 0Oy inittializina the =tarting
- P F VY e 3 i - el or~i; Y 244 a1 {7 Y 3
environment Ffor caloulating eguation (3.7.8) . The microproc-—

+irat resds the swiich port (5WPY to determine the maxzimun
order of harmonic that needs to be measured.

-

I+ the order of the harmonic is less than aor equal to 23, the

procedure terminates and retwrns to the main routine. If 1t is
greater thian 23, a +actor 3 is stored in register Ré. There—

aftter the routine DEHA is called and executes the following

nrocedure @

Jt retrieves the set ( ol ol ) and divides it by the
conktent of RS, which i= 3 . It then subtracts the result
from set { JA 90l 7 - The new set of results is 2Ug COS 65 /717
and 2U; SIN Bg /7T . This =et is stored back in ( LU 9ol ) -

&1l the resulis are expressed 1n the two's complement form,
Frocedures Y“THREE 7 7" down to "THREE_7_1" operate on the same
basis. each using a different set of data, a different dividing
factor stored in Ré and a different address pointer according to
eguatinon set (Z.7) .

“4x Fart 4 calculates the average input fundamental freguency of
6 channels based on the first 12 input values from counter 1,
which are stored in the memory location "ZCC" using the following

eguation :

- 02




FRED *# 10 = 10%132«2,5E6 /7 5uUM [ZCCY .,
mhere 2.5 is the cpesratioanal freguency of counter 1 in Milz 1%
a scaling factor and SUM [ZEC! the summation of the first 17
SE Fart 3 calculates Ay = X+ Y, R and

B, = ARC_COS ¢ X /Ag ) .

It ales calculates the aguadrant of ¢ according to Fig. 2.4 .

It vees procedurs "DIV_ _3E32Y , which is & 32 bit by 32 kit division
procedure, using the substract _and_test method.

finother procedure invoalved 1s  YSROOT" which has a nesting
procedure called "QUE® . "SROOT" calculates the sguare root

e an

ot a 32 kit binary number involved in the calculation of

- The =zigoarithm of calculating square roots is
from an old Chinece formuila which is expressed in verse form for
decimal mubers modified ftor binary numbers.

It First divides the ZZ_bit number into two groups of 16 _bit
gacti. The procedu;e caxlled "QRUE" calculates both the most and
the least significant words of the data. The result of a
sguarg root of a 22 _bit number is 16 _bit .

After "SROOT" is completed, "DIV_32" is called to work out Xy /A-

Frocedure "FAMG" is called to determine the absolute value of 8k

in binary form. The arc_cosine value ({ or 8¢ )} i1s contained in
thé DI reqgister. The angle determined is only in the range O
to P00 degree with scaling factor 10, tHat is, 0 to R00. Its
quadirant has to be established by other procedures. This

procedure uses fast searching metheod to determine the angle from

the looking up table defined in the "ATCS" segment. The
/03
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accuracy (resolution) of this lock up table is 0.2 degree. The

speed of this procedure using a look _up table inconjunction with

a gsearching technigue is much faster than numerical processors.

The gqguadrant of 0, ic determined from the sign of Xk and Yy

scecrdino to Fig. (3.4) - 8 is based on the fundamental

scxle. On the harmonic scaley, 6 = K * @ . It is
:

important  to note that O¢ is always checked and adjusted to

an angle betwsen O and &0 degree.

b Fart & chooses the angle of the fundamental component of Va
a2s the reference. A1l angles of the harmonic components,
which are sets of data; refer to it. If any angle is larger

than 260 degree the micropracessor adjusts the angle to the range
of O to 340 degree.
L7 Fart 7 transfers amplitudes and angles of V¢ and [, from

\

the furndamental up to the assigned harmonic order {( maximum 25 3,

ta the GFIE bus. The interface address of this instrument is
arbiirarily assigned as 9. Frocedures “"GFIEBRY and "GPIRB1" are

czlled three times in total to transfer three types and sets of

data: {1} total number of data that needs to be transferred, (2)
fundamental frequency and (3) amplitudes and angles | to the
GFIE interface. The GFIB is one af the most complex interface
sysiemns. To describe 1ts operation is beyvand the scope of this
thesis. To wunderstand this routine one needs to consult the
data Shget of MC&EE4BB and IEEE_488 bus EpECificafiDn. The
whole program will bhe repeated after the data has - been

transferred to the interface.

10K
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Ti-3. Soaftware of the microcomputer.

& program called "HY" written in the Rasic language runs on  an

e .

PiFSD micr cconputer for scaiing the raw data of harmonic

components from the HFIE, expressing them in meéﬁvkﬂ wmﬁmmtg and

-

calculating the rms values of output voltage and current of the 3

phases, Fig. S.3

i

shows the flowchart of the program. The

program listing iz appended in Appendix P,

The program  first palls the HRPIBE until 1t 1i1s ready for
transferring data.  The raw data is then received from the HPIE.
The microcomputer then scales the data to obtain the resultant
harmonic components QF amplitude and angle. fAftter scaling,
the resultant components will be printed. Thereafter, the
resulitant components are relocated in the memory to create the
initial circumstances for calculation of Symmtﬁca\ campanents {
DO, U+ and U- ) of each harmanic voltage and current.
According  to Fortesque’s theaory [ 13 1 ¢ GO, U+ and U- can be

calculated as tollows =

Ue = ( Ua + Ub + Uc ) 7 =
D+ = Ga + a Gb + a2 Gc Yy /=
U- = ( Ua + a2 Ub + a Uc ) / =
or .
Uo = £ [ Ua cas Ba + Ub cos ¢ 8b) + Uc caos (¢ 8c) 1 +
j [ Ua sin B8a + Ub sin ( 8b) + lUc sin ( 8c) 1 > /7 3
U+ = { [ Ua cos Ba + Ub cos (i20+8b) + Uc cos (240+8c) 1 +
j L Ua sin B8a + Ub sin (12048b) + Uc sin (240+8c) 1 ¥ / 3
U- = { [ Ua cos Ba + Ub cos (240+B8h) + Uc cos (120+8c) 1 +
i [ Ua sin Ba + Ub sin (240+8b) + Uc sin (120+8c) 31 3 / 3
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Reset HPTIB

L,,,—<H P16 Ready >
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INPUT DATA
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Program " WF"
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Referring ta the above formusla, Ua, Ub and Uc are to be

considered atate in
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Nothing ever becomes real till it is experienced ___ even a

proverh is no proverb fto you till your life has illustrated it.

John Keats
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b RESULTS

The success of a new instrument depends on its ability to measure
a given vafue more accurately, more simply, more cheaply and with
more versatility than is allowed by existing equipments. Thus
the testing and evaluation is as important as the design and

construction of a new instrument.

&—-1. Testing Apparatus.

The apparatus employed to evaluate the performance of the

harmonic analyser are as follows :

(1) A set-up of three phase gynchronous rotating harmonic
generators manufactured by the Mawdsley’s Ltd., England.

(2) Three sets of CTs ( JIS C1721, Type 2243, Rated Accuracy

0.1% ) manufactured by the Yokogawa Electric Works Ltd.,
Japan.

(Z) Three sets of Voltmeters and Ammeters ( Type 2013, Class
0.9 ) manufactured by the same company as the CTs.

(4) One Digital Storage Oscilloscope.

(3) One X-Y Flotter.
(&) Three sets of adjustable Resistive Loads.

(7) One Current Frobe.
Further details about the characteristics of the above apparatus

can be obtained by consulting the'specification sheets of their

manufacturers.
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b2 Freparation of Testing Apparatus.

The following matters have to prepare for the testing :
(1) Firstly all the meters used in test were calibrated and a

R
range on them has been selected to give a{”&%ﬁmﬂﬁ deflection 1in

order to obtain a more accurate and reliable reference for
measurement.

(2) The connecting leads between the analyser and the CT were.
made as short as possible so as to avoid excessive unwanted
pickup.

) One of the input channels of a digital storage oscilloscope
was*{@&ilized to monitor the output voltage waveform of phase A.
(4) A current probe was connected to the other channel of the
oscilloscope to show the current waveform of phase A.

(5) The stored voltage and current waveforms were then plotted
using an X-Y plotter.

(6) The readings from the analoéue meters were the root mean
square values of the tested waveforms. Each reading

represents the summation of all the measured harmonics of each

phase. This can be illustrated in the following equation :

1 T
Urms 2[7 So[ 2 He(t) 17 dt

where Urms is the resultant root mean square (RMS) value of the

voltage or current.

A software approach was adopted to calculate the resultant RMS
values of Va, Vb, Vc, Ia, Ib and Ic of all. the harmonics from the
memory of the microcomputer. These resultant values are used

to compare the readings obtained from the analogue meters.

1o
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(7Y The expression given by [ 7 Uesin (ngt + 0, /Ky ] represents

N
the tested waveform. Substituting the peak amplitudes (k) and
rvhagse angles (6, ) of harmconic components obtained from the

analyzer to the expresgion, the waveform could be reconstrueted.
This wags acconplished using a programming teehnique.to take the
summation of the most sighificant harmonics of phase A, i.e. the
fundamental, 3rd., 5th and 7th. The reconstructed individual
and resultant waveforms of phase A were theni;@}ilized to compare

the one recorded by the X-Y plotter.

6-3. Procedure of operating the harmonic analyser.

FProcedure of operating the harmonic analyser is as follows

{1} Connect the voltages and currents inputs properly as in Fig.

loads A, B and C must be adjusted to match

L1, Resist

T

hts

]
D

aeach other precisely to minimize unbalance amongst phases.

(2} Using the manual switch inside the analyser to assign the
maximum order ( from 1 to 25 ) of the harmonic needed to be
measured ( in this measurement the switch is set to 7 ) and then
turn on the analyser.

(3) Switch on the HP85% and load the "H7" program from the tape.
{4) Press the reset button on the front panel of the analyser.
(5) Wait for 1 minute time and then press the RUN button on the
keyboard of HP35.

(8) The results will be shown in the screen or printer of HP85
automatically and continucusly.

(7)  The operation can be stopped by pressing the reset key of

HP85 together with the reset button of the analyser.

1
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&—-4. Results of the tests.

Two setz of results each were recorded at different electrical
angles for the following combinations of harmonics, which were
generated by the harmonic generators.

ist and Ird (Test 1 and 2).

-~
—
[

{23 lst and 3th iTest = and 4).

{3} 1st and 7th {Test 5 and &).

{4 1st, Zrd, Sth and 7th (Test 7 and 8).

An additional test {(Test 9) was done to examine non-distorted
waveforms with fundamental frequency in an unbalanced three phase
power supply by decreasing the resistances of Load A, E and C in
turn.

The results of the tests are appended in Appendix E to

demonstrate the capability of the analyser.
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hr s rpmay e e e aay e e B I e I T e -~ - it . N— ™ AT



-5, Conclusion of the tests.

.

The ‘wvarious tests performed on the analyvser show that the
analyser does measure harmonic components in amplitude and angle
carrectly for wvoltage and current. Infortunately the goals
) high degree of precision and .real time apeed were not
consummately achieved with this model, but some alterations could
be made to enhance both accuracy and speed conciderably.

Firstly with regard to the real time speed, >this can be improved
by adding more hardware into the measuring system. _ One
analyvser per channel would be ideal if the economic factor is not
of conecern.

Secondly with regard to accuracy, an attempt to explain the
difference of readings betwsen the analyser and the analogue
meters has to be consider first
(1) The readings taken from the reference meters are at a time
later or earlier than that cohtained from the analyser. = This is
because of the unavailability of the sophisticated controlling
excitatipn circuitry to stabilize the generators. Hence,
there must be some difference between the two readings.

(2) The analogue multiplexer in the input circuit of the
analyser generates noise. This is caused by channel switching.
It also has an inherent voltage and current offset error.

(33 The readings were taken by the analyser on each channel at
least one fundamental period after the previous one, instead of
taken simultaneously. This also causes error owing to

fréquency fluctuations of +the signal from the denerators at

various measuring times.

14



{ &) The performance of ADC is not as reliable as a commercial

equivalent. The former device is more problably susceptible to
erronr.
(53 The analogue meters and current transformers have nonlinesr

characteristics such as stray inductance, capacitance of windings

and +the frequericy dependent core loss, which way also cause

error.
(6) The harmonic generabors have nc scale to show the change of
the electrical angle. This makes the measurement very

inconvenient.

The way to eliminate the experimental errors is as follows

{a}' The errors owing to the instability of the rotating
harmonic generators and the nonlinearity of analogue meters as in
£1), (5) and {8} above can be eliminated by the employment of the
electronic harmonic generators instead of the one used in the

measurement as explained in section 1-7. The construction

and design the electronic generators is beyond the scope of this

{h} The error owing to the switching noise, voltage and current
offset of +the multiplexer and the time interval between the
measurements of successive channels as in (2) and (3) above can
be overcome by using 12 ADCs, two for each channel at 0 and 90
deg. phase shift modulating clock, instead of employment of the
noisy analodue multiplexer.

{c} The error owing to the performance of ADC in (4) above 955

be overcome by replacement of the homemade ADC * with fa more

reliable commercial equivalent.
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fd? A more careful lavout of the cireuit on a printed circuit

board would also reduce the nolse, 1.e. reduce the degree of

T

rTror.
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CHAPTER HEUEM

To make an end is to make a bedinning.
The end is where we start from.

T. 5. Rkliot

If a jade travels thousand miles,;; it is only through

perseverance.

K. L. Shum



7 CONCLUSIONS AND RECOMMENDATIONS

This thesis has covered the subject of harmonics existing in a
three phase power system and the measurement thereof. It is
hoped that its application will be of some use in solving some of

the problems caused by harmonics in three phase systems.

In view of the contents of thisithesis the followiqg conclusions
can be drawn.

(1) The main cdntribution of this project was the developmenf of
a general purpose instrument for measuring amplitudes and phase
angles of harmonics of the three ﬁhase power systems and express
them in symmetrical components.

(2) The final QohngTatwn of the instrument is relatively
unimportant. Important is the measurement technique employed
by the instrument.

(3) The project showed that an innovative "+1 and -1" modulation
technique can be succeésfully applied to measure the amplitudes
and phase anéles of harmonics.

(4) The various tests performed on the instrument show that ‘it
functions praoperly, but the goals of hjgh degree of precision and
real time speed were not consummaté19 achieved with this first
model . |

(3) The overall impression of the thesis is that the expressing
of the amplitudes and phase angles of harmonic ~components in
symmetrical components seems irrelevant. The reason of
expressing the testingvreéults in symmetrical components will be

explained in Recommendation (3).
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In the view of the author of this thesis the following
recommendations are proposed.

<1> A thorough analysis and software simulation tests to
evaluate the performance of the "+1 and -1" technique should be
internationally disclosed by the author of this thesis in order
to raise a challenge to the current signal processing methods.
These jobs are obviously beyond the scope of‘this thesis.

L2 Both measuring speed and accuracy will bé considerably
improved‘ if some alterations are made according to the
suggestions in section &-5.

{3 "Symmetrical components” i§ the elementary vehicle of
unbalance and load flow analyses for thrée phase power systems.
With a ‘iittle additional software, this instrument can be
extended to énalyse unbalance and load flow, etc. i.e. increasing
the versaﬁility of the inétrument.

<4> An instrument like this is useful for harmonic, unbalance,
load flow analyses, etc. in areas with dense electrical
distribution networks, for example the USA, Europe and North-east
Asia.

<5* The merits and advantages of this instrument over that of
the mini~ and/or mainframe computer,in&lude the following :
Inexpensive and easy installation,Jmaintenance and supervision of
performance in terms of. .

{a’ harmonic analyais,

L)

b} unbalance analysis,
{c> load flow analysis,

{d> the ability of communication with host computer and/or

11



parallel operation with other instruments such as
controllers, etc.
is ensuwed 1if an entire distribution networlk is served by this
instrument.
<&> The deployhent of hundreds of this instrument in a whole
distribution network will prove more effectiye than a few mini-
and/or mainframe computers.
L7 The veréatility of the instrument makes it extremely
powerful and it is hoped that circumstances will permit the

further development and application of the instrument.
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The world is surely large enough for you and me.

Toby

V24



Aprendix A. Assignment of SH-84 Bus
( C { Pin ) { A
+ 5 v 1 + 8V
DB1 2 RO
DR3 3 LR2
DESs 4 DB4
DR7 5 DB6
zC & 1.25 MHz
R/W I
LEDP g
ADCH 9 ADCL
AB1 10 ABQ
1 AB2
12
13
14
15
16
17
18
i9
20
21 RESET
o
23
24
25
26
ouT 0 27 . CS OF 68488
28
29
30 MOD_CLK .
- 12 Vv 31 PHASE PORT
+ 12 v _ 32 GND
Notice DB and AB stand for Data and Address Bus respectively.
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APPENDTIX B

Individual Circuit Diagrams of Card A, B and C.
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IC Listing of CARD A :

n 7415374 16) LF3I56

2) 74L.5374 17) LF356

3) 74HC244 18) LM311

4) 74HC244 19) IHS5052
3) 74C9005 20) 0r27

&) LM3I&61 21) LF398

7) 741514 ' 22) 741.574
8) Or27 23 7415221
?) IH5052 24) 74LS51Z5A
10) IHS0&2 25y  LM3I17

11) 74L.5138
12) 7418735
13 LMZ19
14) OPZ7
15) QF27

Components Listing of Card A :

Capacitor Others

ci1,C2 -——— O.lp/_ Dl —--~-———- LED
CI ———m—m—m I300n polyethylene

C4 ———m———= 14 tant

cs —————- o. 1 tant

C6 —————- in

C7 —-————— Y1

Resistor :

R1,R2,RZ Z30K ohm 1/2W
rR4,R5,R5,R7,R8,R?,R10,R11,R12,R1Z3,R14,R1S 10K ohm 1/2W
R1&,R17,R18 4.7 ohm 10W

R19,R20,R21 2.2 ohm 10W

R22 3IZ0 ohm 1/2W

R2Z,R24 1Mohm 1%

R25 10K ohm

R2&6 2KE2 trimmed pot

R27.R28 15K ohm 1%
RZ0,R3I1,RIZ2,REZ,R34, RIS RI6,RI7 100K ohm 1%
RZ8,RZ9? 2Zk2 ohm

R4Q 220 ohm

R41 560 ohm

R42 200 ohm trimmed pot

R4Z 1KES ohm

R44 SOK-100K ohm (12-bit) Resistor Ladder

BS
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IC Listing of CARD B :

1)

2)

)

4)

6)

7)

8)

)

10)

11)

8284
8088
74LS373
74LS244
74ALST73
74L5245
8288
7415244
74L5244
741574

741514
74L514
74ALB00

74L574

186)

17)

'18)

19)

20)

21)

22)

~=r
ot

24)

26)

27)

28)

=29)

F0)

Component Listing of Card B :

+ X1

D1

B1

C1.

R1

R2,R3,R4,RS,Ré,R7

81

— s Sty e S o e i . Yo

—— s e oo s sitat v Smpas

15MHZ Crystal

IN4148 Diode

7415138

74LS20

741574

"74LS30

741874

74L802

74L802

74L574

74L832

74L5244

74L8735

74L574

8234

L2264

FPress~button switch

33#5 tant
10K ohm

8 position switch

Bg

2K2 ohm
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IC Listing of Card C

1)

3 ]

&)

7)

8)

D

MC&8488

MC3447

MC3447

74L.85123A

74L5244

4066

- 74L514

4046
4013

4013

Component Listing of Card C

P1 IEEE/ANSI Connector
ci,Cc2 10 u ohm tant
CT SOpF

R1 10 K ohm

R2,R3 15 K ohm

R4 22K ohm

Bl



AFPFPENDTIZX c

Frogram Listing of Operating System.

Cl



I

‘

3gYd  98/L0/bT

Caf

ONISSOMI OMAZ A3HALTIA TP LNAWYANN A
WY3l "0rd

WAWINIRW

WAK I XA

{013

- 378NV

AINLI WY

HOLY3ANOD WLINIA 0L 3N907TYNY
ANTBA A1NT059Y

0 A
MO
MO
MO
bea
HOA
HO-
b= [N
H0)

WAHS

sanwls 0zt
SANY.LS AXE
SANYLS  *NIWE
SANYLS XM
sanwls  #1od
SANYLS  “ONY !
SANYLS Wy
saNvls  oay:
SaNYLS  *SaY!

NOILYIAINEGY ¢
LA e e L e e e L s e L e A L T T e T

3WUN

N3IW

AVMLISY 09 OHM ISOHL 40 HON HLUMM SI NOILMOJ 3ISOHM ISOHL 40 LON
30UMO AHL G3IMOLS3E LSYH NOHL WOHM NO FSOHL 40 HLYd 3HL

HlYd LHOIUMLS 3IHL SN MOHS

¥338 3IM AIY 3NIHL

4IHSMOM 3M 0d 3INOTY JIHL OL

INBWIOAND 40 AYA IHL 40 HILSYW FHL

INHIONIW LSOW ANY LNIIDIJEINTA LSOW

SATMOM 3HL 40 aM0T THL

(09 0L 39 3ISIYMd W

STI0HWAS 48" &Y

SF. UK. gE. AF. g¥, AW, SN OC. QW 5. A, RV. 3N, EW, 3. SE. 2X. EW, xw.

3o4N0S

o

.—qﬁ.—qﬁﬁ.—-lﬁ-—-h—n—-l[‘\l{’-lz'\l

~HMTHNDONOS-NMSDONDTS A

"
=z
o
.|

a0

PRt 987°98WEY fAS d3HOANI M3ITNEL

LAQ CY:C4 NI d33¢71d 3TMNA0W LD

WNHS 3NAOW 40 ATHWISSY @ €A HITHWISSY OMIVW 981/88/.8/96808 1I1-5-

WNH

) CMITHIWISSY OMOYW 981/88/.8/



(
I ONY A 40 "ON  "Grx9 ! (&) 4N aest Ma AW 107 ATy
(

[STray

0P - WOMA WYS 40 "ON (i) dNd 00T Ml WYS 001 Qo0Z)
HSb LY aMOM LN3IW93S AWYS mm
‘ £
HHEE SRR SR RS S RS R RSB R R R | t6
" 85007 0MY MO4 3TEYL 4N HOOT (NY Y3MY 39YMOLS 4N L3S mw
: B LMy} 0¢
T T T Ty Te T TaTTaraTeTgrTaTaTgTTeTaTEITSTETETaTEIprTpreTgrpGIprprprpTgIpraTITY. 88
:
SEEFELEEELEEESEEFETEESTEEELEEITISELEELETEETEELETEEIEEELEELESTEEAE ] t8
17/47339HL (27 ¢ Za
ETLTRTUHL (ZE) 6 18
ST/7IAYHL (T2 ¢ 08
YTZ7334HL (@) ¢ 64
ST/Z7ITUHL (b1) & ars
97/Z7330HL (B1) & LL
LDZ73IYHL (L1 ¢ Sz
8 £ 33IUHL (FT) ¢ =Y
auad~AWWNG (S1) ¢ ]
THIdD (p1) ¢ </
HId9 (£1) % o
ONYA (ZT) ¢ 12
azd (1)t QL
AN (@T) ¢ &9
1QONMS (6 & a9
ETAIA (8) & L9
gHIA () 59
NAS™SID_GOW  (9) & £9
_219adn°H197aon () ¢ v9
173LYAAN”HID oW (b)) ¢ 2
ONIOYMIAY  (£) & z
ay Iz (2 4 19
NIO3F (1) 29
g 65
2 4IAMO0 SIHNAIIOMA § 82
Y R Ty T T e pappprrery wm
ve
o0
HEHEHEHEH RSB B SRR SRR RS RR R CHHHHHHR RHRH8 28
304N0S 3INI £HO

- 30vd  98/L@/YT | _ WNHS  M3TEW3SSY OMOYW 981/88/.8/




"m.

et bt 2
Ny

S
L

HAd 440
HSH:440
HY:34:0
HD 4@
HRA4:440
H8444@
HEA440
HA 4440
H334-40
HAA4-40

HO®JH40 19 d4OMm

.
fYLYAd AHUNOAWEL 3H0OLS 01 SdYd HILYMIS auy

T M3LNNOD 40 3INWA 2T LST S3IMOLS 097§ (&) <dNa
HAINIQL JIZ ¢

YNSIS LNGNI JO AONANOAMA F9YMIAY ¢

. (&) <SNa
TANNYHD M3d A MO X 40 "ON " QZ*Ztt (&) 4Na
I ANY A dJO0 9NY 40 "ON ~gZ=9! (&) <4Na

[99d 98740/

(oo v (- {"..

N r-.. { £~ IR 2 ST o T f'.. |28 S0 g 1 4

az

00t

o1

aoes:

aqest

Ma
LNIWOAS

803y
ALY

SAN3 dWWS

= (4]
gd
H(
44

Ma
Ma
Ma
Md
Md

Ma
M

Ma

M

-0
4
i did

M i)
Prtrtrt A

8~
~a
XX

0

I}

it

-~ (P

3
T

2y

PIH OL @M

ajay
43327
934
-89
HSY

Y
A
AX

ONY
30MN0S

WNHS

avt AA4=C
LT AAGE
T A-A49z
Qb1 Ad?
it Ad45:
38/ § A48
ol A9
15’4 A
AT A43:
0%# AdAd:
L% T
b3g |
QeT
1A
P §
RN |
11
D=1
&8
8c1
LT
921
O
ey
A |
&1
127
AT
61T
811
L1Y
11
STt
It
Pl O §
Kl )
TTY

ONQO S
SSS8—~
et v et Tt

Sa1
baT ¢
o

£OT 205)
{

Py,

zZaT @ST)
NI PaC

HIATHWISEY OMIYW 981/88/L¢



14

3A9Yd  98/L0/v1

(A9)

(@%)

(A%)

(PEH)

(A< 1)

(02)

(at)

PETI=18"

PAT=ISE

P8=151

TL=18¢

B9=16 4

Ar=I84

HOY 640
Hy (640D
HS @4 4@
HPLY 4@
HP?Y AR
HP&Y A
HE W 4@
HS H4Y 4@
HATHAD
HYbH @
H?LHA@
HOYHE 4@
HYH @
HZ 4940
HE 1240
HEY 340
H&69340
H=8040

N 1)
HB8dJ 4@
HA 4040
HZ14 40
HAEdA@
H@9d 4@
HIB8Jd-A@A
HAYd 4@
HAH A
HAad 4@
HY (A
H? T340
HILH34@
HJY34@
HYP9 340
HA434@
HL&34@
HAY3-40
H?J34@
HJA340
HI 4340
H=@ 440
H6T A-B
HAZ 440
Hd=4-4@
HAb 440
HAS A0
HI3Y 440
H@L A4
HE84-4@
HB8&64-4@
HSY 440
HAH 440
HEH 4 40
H&J 440
HIAJH4-4D
HZd 440

AJHN0OS

WNHS

HONDEAHMITONONEO S HIITOND OB M0

H
E

CS—=HMSTHNOND S~

61
AT
6T
6T
61
6T
6T
81
81
81
a1
81
81t
81
81
81
81
LT
LT
L1
LT
LT
L1
LT
L1 m¢d¢
L1
L1
91
91
9L
Q1
91
91
91
91
9T
91
(=%
=1
Gl
BT
Gt
a1
(o
ol
T
ot
A
NI

u £d0

1t

HAMFWISSY OMOYW 981/88/48/7



3G9

8/LD/FT

@TT)

(ZOT#)

(@@1)

(As6)

(@28)

(L)
(B4)

bPAT=18E

Q=15

P81=IS¢

RFT=16 "

tt1=184
PrI=18¢

H&TYAD

HS6Y30

HT 4930

HLLE 4@
MO A0
HAt 4@
HB8Vv 4@
HI81 4@
HADY A
HI 1540
HE2540
Hy65-10
Hy (540
Hz 1940
HES9 4D

HB69 40D

HAD94@
HY@Z 40
HStZ 40
HOBZ 40
HYEZ 40
Hiz 4749
HOZB8H0
HE9840
HE6840
H1a840
H906 40
HHE 640
H49640

NS

WNHS

85 Wb
LSS UAGE
QL vAat4
o) H341
AR d30Y
ool H334
ToE 2395
T6ad JdRy
7 L A3
&YE 395
8ve 304
Ly A0
Q& 2385
[ A3
A A3
P A A3
o A3
T 324
7} 78 AAQY
e D448
F D400
&I TA6E
) 1494
G, 1410
e &40
PR o495
FAA & A
P A8z
7 5 . (1S
& el d
o P (04|
& 7 440
Qe 7 A8+1
Gos 7408
& 7440
PR GATT
A GALG
A Lavé
7, Kl SHAPd
LHTT QAT
81 QAT
LTE 9406
91 94020
a1 LAYD
v1s A%
“1Z £-08
A A £.494
T1& LAt o
Q1 8408
608 8419
8o 8486
LAC 8:41d
A 6490
20 b
74"t 6449

ANIT = ()

HATHWASEY OHIWW 981/88/.48,



Q

. HOYd 98/L0/4T

(@ALt)

s-0
~ 3

(S T#)

(Av 1)

(@t

(E2T#)

PYE=1S

T
s

QLE=

n Ld

BAL=19

P9Z=1G ¢

vZ=18"

ArE=18¢

HPZEA
ImmrQS
HoLwd
I¢MJQS
HYS 0@
HYdt+(d0
H6EGAR
HL950@
HSE20d0
HIH?A?@
H3Z,Ld@
HYY/d@
HZZ8d0
HA46800
HBT 600
HI&60@
H6QYAA
HIBYd®
HB84Y(AD
HIPHE(0@
HEFFAW
HB52a0
HJJZAA
HAtaa@
HZHdaa
H5Z3d@
H?6300
HP@40@
HPL4U@
H?3:40@
HYrS030
HZJ@3@
HAZ 130
H34& 130
HLBZ3
HELE3@
HAAZ3@
HPv &30
HA4Yo
HB81+3@
Hd/¥30
H?3¢30
H3Y53@
HIdS30
H? 19230
HY.930
HJd930
HAY L30
HIY/.30
HZ@830
HE?830
HZJ830
HIZ630
H-A/L630
HAJ630

3JMN0S

WNHS

Ty
404
Q
"

=T =
R <(a8d
TT ra&f
1 = aod
6@ AV
805 raod
LA moaﬂ
0L a4
GOL a6
O dcd
b A
A T, b £.QYY
T@% 880G
A% 8046
L6T 6A8T
86 60T
L&T YIs60
96E uais
G6HT vagd
68 H2039
RHE Ja53
&6 2085
T4 < dw)
D& Qadvy
&8 aac
88 (0 1)
48T a4
8¢ 4090
=87 Ad9L
¥8& A093
£8& A3vs
8% @3
188 134
uga 1336
&LE A VA
8L i L
LLE Z3dda
LS, 391
542 £3HY
VLT r3asi1
£LE 3L
&LE 393
143 GIA0b
BLE LT
6T 9391
89c ?394
LT 234d
AL LAY
598 £3TY
o 8320
P 83L9
&9 8327
198 6T
T a9 6344
&G 634a
3ININ rd0

HATHWASEY OMObW 981/68/48,



HE3, 290 Md SHEL
HIT2H@ Md HOT
HAFEHRA Md A8
HZvH@ M a9
HYASHD Mdl LY@
HEELHA Md GHSY
HP YR Md P
H?3940 Ma @993
" H?8/,490 Ma L4399
(BCT) BYv=18* HSE8d0 Ma 8d52
HyO8HRA Md B8y
HEQ&HRD glel (1=t
HRLYH®A Ml YI0@
HO&YER Md 4= e L)
H6EAHD Md HH b
Hya3d@ Md Hdv
HRLDH®D M 29D L
HYQdd Mda agve
} Htuade Ma Iy
(BTT) BTY=IG*H HA=39@ Mda IHAL
. Hd39@ Mma A9d
(BOZH#) FTv=I5" H3? A9@ Ma HdA9
HPOBIM MQ sl
HJ6@2Q Md @B2ds
25100 Md | A
I&Jﬁbs Md ﬁU&J
HIGoD Ma .
HE: EUS Ma
. HZB%00 M
(P0Z) ODY=I1Gt HY T+ 0 Ma
HOY+I0 Ma
H:5500 Md
HIJdS0A [ylef
HI®2D0 Md
HZ A900 Mdl
HI8L00 ma
HATBJ0 Md
HA46800 Mda
X HOE &2 Ma
(D6T) DBE=IG* HYa60 glel
HIYYIR Ma .
HZa9Oe Md 3C
HISAI@ Md H30%
H8399@ Md 93834
HELD00 Md ADEL
HE 4200 Mg 2044
H¥8dJ@ Ml adva
H22300 Md 3231
Htv&6301 Md AN b
(281) @9r=I184 HYT 400 md HJ91
(LLTH) BLRE=15# HTIYAD0 Ma AJTY
H9Z0Ad Mad LT rila g
HIYRdd: Ma I AaY
HAZ1d@ Md GTE 1348
=HIAD M LA Taey
FDHNOS ANIT £g0

- 3994 rﬁm\hs\¢ﬁ. . v WNHS HATHWASEY OMOUW 981 /88/.48/



8

(A8I)
(6LTH)

(ALE

(@9E)

(@vT)

FWWd  98/L0/%1

s
g

Ry

R
ke
nm

=
¢
i3

i
5]

AEG=18

PAm=IG*E

P8Y=18 ¢

FPY=16 ¢

OF=18 ¢

HJZ 280
HH3068@

HYYJsom -

HE89360
HPE H48@
Ht 4480
HIYN6M
HOST16@
H6TI26@
HEJZ6@
HA& =6
Hadbv 6@
H205%60
HAd5460
HB8L960
HILL60
H6AL60
HIYB60
H6G660
HAQY 6@
H?JY60
HJ/.36@
HT=06@
H?32460
HHE6A 68
HAdv 360
HEDA60
HLd 460
HB?0Y0
HYT 1Y@
HJOIVY®
HIZZYd
HAZ Y
HAJ=ve
HABYYA
HIESY0
HY3SY0
HB8469Y0
HSY Y0
HE4/LY0
H168Y0

CHAY&YD

H? 4690
HIYYY@
HE v EY
HS 4390
HA6JY0
HZP Y@
HA3JvYe
HP46390
HaE A9
Hi 3490
HYBd@
HAS 190
Hyd1d0

ATHNOS

WAHS

Lt 807
gT a8a3
12t asuy
R BB
61t BT
81t 4843
L1 R&HTE
STt 1605
STt T66 T
b1t T65A
21t C6Db
STt voED
1§57 £650
214 06 -8
60t 9687
80 L6TE
LDt L663
SRt 861Y
S@t bbb
v O Y6 -0
£Qb P65
St | 3607
10 , 261§
Q0 9693
b q6H6
8oL 364
Lé% H6Z0
G H6GH
=V RY8s
v 1991
b {¥ale!
Toi £9az
165 £HaE
Db £9aa
685 e
88 CYDE
VA= ]
S8 U6
=z DN (Y95
vBL LYT
8% 8946
T8 64
185 659
085 Yy TH
b5 A4
845 a95 -
L% e
SLE A9z
SLE (Y 43
VL% 3996
25 4905
TLE 4943
125 2aY8
@LE 1342
695 1950
ANIT =(w

HIATFWESESY OMOYW 981/88/.48



45

3994 - 98/L0/0T

(@)

(@1

(DO=#)

(@6Z)

@99=15 ¢

ZH =
Bv9=

HH
mm

0R9=15

08G=18 4

H6HAFQ)
HIg819@
HR9Z90
LEE90
H7@v90
HB8dv20
HHYS90
HJ.499@
HAYL90
H41890
HR 4897
HBJ670
HALY??
HA9499@
HRALZI9@
H44090
HAJJ9®

HJ46390

HY949@
HB8ENL0
H?@T1L0
HEATL@

CHA6ZLD

HI9L40

- HBEV LD

HEAS L0
H40520
HY4F L0
Hv9LL@
HIZBLO
HB48.0
HED6LD
HIB8Y.0
HECSHL0
HI12/.0
HE3040
HEYa./L0
HZ/3L@
H&6: 4.0
H4d440
HGSJ080
HYB818@
HRSZ80
Hi7 1280
H6(:80
HO4&V 80

HR9580

L9800
HP 3980
HB8Y /80
HY9880
HES 680
HJ3680
HOYY8@
HJ9480

Jo4N08

WNHS

8Lv D964
Liy 19404
LY o099
SLY P AN
iy 790
LLt 780
oLl S99y
| V44 F93L
QLY £93Y
&9t 8941
89t 82@4
L9t 69270
99t Y904
59t H909
oYy 290
L9 2944
w2t d93c
19t 4936
A9t 4999
oyl QL8%
8% 1490
LSV 1450
95t &Ldb
i LI9
4514 v LB
ESY 5420
A= 5440
15t LY
a5y LLYD
Lot 8.3
avt 8484
Lyt 6LED
K4'A v/48
vt 85
vt J/44d1
Eb 2459
A AV a.,dv
1344 ALTL
vt AL6E
st 4444
8Lt 2850
LEY 1898
it Z805
S ©8v1
Yot =860
P 8346
AN G809
TZt 985
=t 7891
&, 488Y
82t . 88Y9
LY 68498
o 6833
SCt v8Jy
It 4809
ANIT £ga0

HIATHWISSY OMOPW 981/88/48/



‘07

30Yd  98/L0/t1

(A6L)

(@8%)

(BL:#)

(ALL)

(@9L)

(&SE#)

(AYH)

NeL=18 1%

PP L=1S
PGL=1G "

ArL=18¢

s
—
L]
-
nw

P0L=15¢

P89=18 ¢

HO6ETED
H&LTSD
MHé e
H6SY 0
Ho6E G0
H&OTIL@
HB49:0
HBALED
HLAB8LA
HP6650
HY L4950
Irjm S
H&%0
ISﬁQ
H33ds0
HJJ3<0
H6W 450
H/8Av0
HYe? 1@
HIvZv0
H3TsvR
HE A4S0
HLAv @
HedS Y@
H489¢@
HE9 Lt @
HLV 8@
HEZ6v0
Hd46¢ @
HB8AYL @
c33v0
HA8dva
HLAL O
HIt3tv0
HAT 4@
Hy 440
HADLSO
HOY 150
HA/LE50
HBGSLS
HOL SO
HB2SS0
HAJSS@
H.L9950
H3IBLE0
HS98%5@
HEL 650
HTITYGO
HL3vs@
HAgHS@
HE&6IE0
HB9d50
HJL3%0
HITAS0
HZ3450

AJHN0Y

WNHS

ﬁ
w—t
S
[
G
o
=
o
=
G
s
S
G

<
T
¢
1
1
T
1
I
1
1
T
@

0
s8
NBNNNg

A

=3

S INONDS~HYTNONDS
88 s

S
sgs8s
NN

SN Do
00
SRS

g}

eirIst
0000
S

OO S—
oOoWe-o
LS aEs ks s ok s

1)
ki
g

4

2
o
<+

S~
oD
<<

bLty
ANIN

HITHWISEY OOV 981/88/48



1

Javd . 9B/L@/YVT

(Ot )

(CEb#)

(STv#)

(A1)

(00Y)

(R6LH#)

®88=1S

998=1G*

098=15#

OvB=15¢

$8=1G#

PT8=15"¢

208=16¢

H 3000
H6D 100
HIYZ0@
HL6200
HLL YO
HOES00
HI¥920
HSEL00
HYQB80Q
H43800
(1600
HB8aY00

HE1R1A

I
m~
aw

s

Ium

ITI
LINEY
0oL
NTFI—

IL¢0

Fl
&
N~

IIXT
s
Ol —
o0

HZJY

ITTITXT
Lol
00T
wAaum
R bl e B R R R e e e
SSSSEE88S8S88888

X
(%]
M3
w

304N0S

WNHS

88% BA3 ¢
L85 1060 €
o8 ENE
8t vYQALL &
I GAJS €
o8% P01y «©
18% LAGE 1
Q84 s0ve
ets 60oa
LLS vasy
QLS 036 &
S48 A018 ¢
¢n7 aase ¢
Py JaYb i
ﬂn@ 403 §
T4%5 QIET ¢
QLS @TLA
L5 1189
894 ZTdda &
L9G “l&Y €
9% viig ¢
9% G139 t
oL P14y ¢
rcm L1Z% €
A4 8141 7
195 g1dd !
@9t 6130 «
655 VIidd ¢
85% 169 ¢
L% A168 1
a5 aqrae
i Aldb ¢
vt ATEE 2
P Q5T J
R = QIB84 &
156 1edd ¢
Q5% coadg ¢
ae 1o !
LYS E&E59 ¢
PYa QLY
SvS LEET, L
A4 8THD
g /4 82d3 ¢
o &m&u ¢
S i !
bEs uz¢> ¢
8&% AZSH
LES 3L L
“S ALY«
QuG 4884 ¢
=i . =14 I
ANT T £an

HATHWISEY OMIVW 981/88/48/¢



FA

HAT N3 HEWW HMAAM0 T YH
*a3NNSyYaW 3d_0L ¢
SA3IN LYHL SIINOWMUH 40 MH3IAN0 XYW 3HLE

3AIJI3d_ 0L SAHILIMG 135 TUNNYW MO ¥

3NY $d OL O “d3ISONN 3MY L0 ANY €a¥ HOY N3 «MS 40 AHASYW 32
"IYNGIS ONISSOMT ~043Z SI QQ. H28 no3 HEYW WHO 4

‘40 01 20 LI9 8 SNIYLNOD dMS# HR8 no3 &3&

H4440 nod ASYW  AT4WYS

HRLO8 no3 HEYW LIF NOQIS

HoY o3 3av 40 H8vW JZ

. 00y LIA ZT WOM4 3TdWYS_SI 11d 0L O
TUNDIS PZ SI ¢1d ANY LIg  NIIS  SI G

HOQ

2aY 40 LM0d ONILMULS ANY LNANT ¥ Hov® o3 430y
*ISNNN 3HY 90 0L £d ‘A MYNNYHD 103736 H?@ Nno3 A NYH3
*STIYNNYHD LNdNI 3ND0IWNY XIS 40 3INOE -
3IS00H] 04 Y3A0I3A MOA4 3INY 24 0L @aF HRO no3 «4+40_d3d7
HO8 no3a NOo aan
. "d3a Mod Sl ho.
40 01 0a L1 '8 mZHGPZOU Ja3T ¢ H230 no3a <d37]

SOLYISA O3S HIVLS 1SS dWYS :SA 938 3A0D 8D JWNSSY
HESI4@ 1Y aMOM LN3IW93S 938" 3009

#############################################################m
*SLH04 0/1 3ML 1Y 40 S3ISSIMACY SIANIATA ANV “SHIYLS OZCW

SHALSINAY LNIWO3S 3IHL v SIZITWILINI AN IN3WIIS 3000 3HL mHECme
T ¢ hmaa.
#############################################################.

SAN3 838_4IYLS
aXOM 13997 H0L7HOVYLS
(&) d4Na [t Ma
HEv L9 dYOM IN3WO3S 635" HIYLS
SAN3 S3LY
(DSY) DO6=1GE HRRVO? M
. 3IM4N0S
3994 98/L@/t1 WMHS

LE @2t

vea 9

ZZ9 o
s Q¢

OS—HMSTHIONDIE
f R R R e e R R R R T g
060000000

in

8 1)

kg S L <IOND
coSSS8S98888
NHB000000-80-0

L65

65 5)
1273
65
L6G
265
166
B6S
685 ralrlrlr]

3aNIT 040

HIAMHWIESY 0MOVW 981/88/48.



@3LlyNaowW 3HL “TYNDIS GNISSOMI ~0OM3Z A3AMILTIA TWINIWYANNA HHL IPsz
NOILYZ INOYHONAS NI 31oM3a-40 0L 2av SL03MIQ 08 W LI ‘HOLIMS 4¢zmmhxmw
IHL AS JANDISSY 3T dINOM. HOIHM SIIONINOIMA IJINOWMYH LNIMNIHAIA m>¢xw
NYD HI0TD SNILYINAOW SIHL "H{T0 ONILYINAOW 14IMS ~ASYHL 930 ~ 06 mow
'930 T HMIHLIF LY ATTIWIITIAD STEANNYHO XIS SALYINAOW 087 FHW
"SHIALSIOIY AMUMOLWIL ANY SLMOd 0O/ 1SOW S3ZIWILINI 3NILNOM mHIhm

&t quaw
##########################################t##################m

*AOYLE SHZITYILINI S 4017 HI9LS 138440°4dS AOK
.amem_xmmuNHJ¢HkHzH" xcmm>oz

, SOLY XY AOW

*0935 HIYLS SIZIMYILINT ¢ X9:SS AQW

i 938 HIYLIS XY ADW

"935 Yivd S3ZIWILINI & XY *Sad AOW

. dWES ¢ XY AQW

*LANMMAINI 3 1HYSIA S 1719
LV I0MA NIS3d
"1MOd G3ZINOMHINAS 312 ONILYINAOW & HOZ no3 L9
HOO no3 Q6 A0 aDW
HOS no3 ;I b e (|

. "180d 3HL NI g3A04W3 SI 44 >420w

1M0Od 133138 xJu ONILYINACK 930 @6 HO 0OF HOY no3 ASYHS
*1¥0d @¥ILNNODE H@9 no3 @MLD
* 1M0d ﬂmmkzncu. HB9 ne3 1ML

. "Z_3A0W _‘AMUNIES —
MOLYM3NI9 3LUH §Y THILNNOD S3ZITYILINI HY L NE3 QYoM ILND™ TMLD
] "¢ 3A0W_ ‘AMUNIGE _—
3AYM FHYNOS SY BYILNNOD SAZIIVILIINI HoE: N3  a¥OM_LND™@M1D
"MALNNDD 40 aH¥OM oHINDD ¢ H8Z nes_ — o¥Ly
304N0S
39vd - 98/L0/%1. | . WMHS

&L @&sd
8.9 2238
LL9 340084
LY 2038
S49 ralra]r)Ake |
YLD . 830138
L9 rulrde) v an 1)
A |

&99 1IN

659 u]h
L59 @

569 1

zZq9 g
169 8¢

L9
Zve

3aNIT LR0

v

HIATHWASEY 04IUW 981/88/48



LA

FTLLAS MAXFTAILTNW MOd "038 "0MIIW AT LIumé &4 XD ADK

"J3ISSIV0MA I 0L TIINNYHY K
18MI+4 FHL 8Y ¥A 8388300V HOIHM 9 TTANNYHI &

L3738 N4D INIWIAMASYIW 40 9NINNISZEE 3H)L we JQ,&QMJ 1No
i BA NUHI "9 AQW
"aAT A0 NMNLE L4037 100

4407 a3 Y AOW  ENIOEET

##########################ﬁ###################t#i############m
*00Z 40 MIAINIQS 4007 ¢

TTHALNNOD 40 3N7YA HHL 237

THILIMS MYNMILX3 AH 3310317138 -

‘aaMNSYIW A9 0L SAIAN LUHL JHZOZmGI A0 MAGHO “Xol  STM:
"dALNIAXTA 39 0L ONIOY ﬁq LOHL HIAAHO DINOWMYH 4 TM

. O (HM3IUINTIOA AA MO HX) dAX Itd

"THILNNOD “MILNNOD NMOA T LNNOD 3HL 40 3NTIYA LNY L INS3N .8M
"SITEWYS FJA~ M0 3A+ L3N H0 meZDZ A-

"MILNIOA TTANNYHD -

! SHALSTIOAM aY«d HOLYISE

.ﬁ.whcaij A0 A0 &

nﬁxuvazﬁ3¢&m>¢

T 31vadn QDQ

,n@muv32H3¢mm>¢

T 3Lvddn oW«

A «ady Q7 s
OTTALYALAN T HTI0T oW © UQ@ D7) AYHEM AWWNQE
319ddn. AT _dOW

NAS™ 4127 oW &

m

fJ3IATOANT S3MNA330M

"O3S OMOIW 721 SI AWIL INITHWYS YLva 3HLE

"ZHW SZ°T SI ADNINDAMA H70 2aY 3HL NY ZHW G2 SI TMILNMNDD ANY @X3LNNO0D S
40 AONINOAYA HO07TD TUNOILYMIAL0 IHL “ZHW S SI AONINOIHA 4710 NJD FHLSE

‘ “ZH 59 NYHL MILUEME LON ANY ZH G d

NYHL SS37 38 LON LSNW TWNOIS IHL 40 AONINOAMA MYWLINIWYANNA LMNLNI FHLE
*(4t2) LIS NOILYNHDA NI J3sSsaddXd 89 SWMELd

*3°d INYLTINS3M 3HL 139 01 J3EDPHIAY ANV 4N J3IWWNS 39 0L 3AVH S314Wus ¢
32HN0S

€. 2. g, IO, @¥. ¥, Sx. X, OX- EX. OW. SW. A ST EC- BT ZX. OF, aF. ST, aF. OO 2¥. S5, 2T gW. CF. BW. S¥. G K. DX RE. O OF. O

2094 98/L0/4T | _, WAHS

[ 3474
{li [=F4

614

L
L
4
A
L
L
L
e
L
L
L

SO

DO —ME
S8 —trtrirfrt ittt

LAL

L69
ANITT

BALHDEH

@093
P00
23943
rafralra s

g0

HATHWIASSY OMIOvW 981/88/.48,



TANNYHD HLTIM MIINIOL TIENNOHD S3AZIIWILINT & M L3S0 XA AQW
TOSTIENNYHD 9 XDE X3 ADW
™

OTTYANIWYANN A HLIM GAZI7ITLINT 4 MEEXET ADK

PIM L3SAA40°XT AOW
T2 AOKW

IS XY ADW
4007 L3ASAHA0XT ADW

aw

QA7 SFZINYILING

* dAX SAZITWILINT & IS*IXHI AOW

TTH L3SH40°XH AOW

* IS TINNE IS“18 MOX

"NOTLYMIALD WWHMON OLINI 20y 3AHL 3qI1neé AQYaE " AWKNA T
HTD ONILYTINAOW 3LYALNE - 319a4n 3127 oW 1190

M) ONILYTINAOW 3IZ INOHHINAS & NAS S0 A0W 1190

XY'@41d LNO

200 05=7H @5/ZHW S°Z 0L INIWWAINDIE
SI_HIIHM ZH 05 SY S8 40 @NILNNOD AgE .
ILNIWATGWI HD ONILYTINAOW 3AHL SIZIYILINI ¢ A00e05 " XY AOW
e EXH] AOW

1Y rmmumo Xd AOW
HEUW M3AMO YUH Y ANY

"AIHNSYIW ¢

33 QL SA33N LYHL JINOWMYH 40 M3IAM0 °“XUWE
338 0L 1M0d HOLIMS TYNMALIXT WOMA LMNaANT E AMS 1Y NI

"TIYNEIS LNANT 3HL 3IYINdoW 0L “ONINNISZRT S
ML LY HT1D ONILYINAOW 930 2 3SYHA IS00HD & a~H uqua LNo

2 {10 aoW AOW

. X9 IMLD 1N
"HA4440 HLIM TYILNNOD SIZITYILINI HA3340° XY AOW

I EOMLD LN0

. 'z maoz * AMUNTIH
HMOLYM3NID 3ALuM SY THILINNOD SIZIWILINI ¢ . - .
INOMTTILND  THLO Y ADW
IPEOMLD LN
. . 3A0M ¢
AMYNTIHE “IAUM IHYNOS SY BYIALNNOD mmNHJcHPHzH. - _
GHOM TILND @MDY AOW
LIZY 4007
Xt 40
. XY HSM:
*NMOQ ¢

ST 39Yd  98/L0/%1

LRV

LTIV

A2MNOS

WNHS

dS]
GLAE
VAT
=8
&8
T8
208
&b
864
L&
QEL
6L
&L
bl
ShL
164,
D&6L
684
884
L8L

hﬂh
cmh

SL
¢ £
..J......\..
Chl

ANIT

7 T 8]
DOFN &

L0988

A RNTEE
103

AN LS
T TAGHAA

£5.68
T3

9 AL
FOTABE

r@4183
D943

pasa L Lt eEe
4088

I &HH
ATy

8w 3
Ay
0804

8943
444484

8493

L@
8493

Lod
N o

836
@

£H0

HATHWASEY OXMIU 981/88/.48.



1

CONTLAOM LA4NT FLA9EX3 Lvadadt - oy dWp
IO 173LYAHN"H1D Ao 10
.omm:n«gz" _ o :
39 0L SA33N LYHL quozqu 40 §3AN0 kxﬁnm S vrxay pou

.Fri@loh &237 ImHZH¢ umu ﬂEJNn
F mImQID szmHmmd QMkDUMxmmmIrMIBLU¢J" JOJG&EJ
"a3Lnaaxa Lsne. 1UHL DINOWMYH A0 JJQJG 19 ¢ CXHT9 AOW

1Y L3SHA04XE AOW

"AIENSYHW ¢ .
39 0L SA3aN kqxh quozqu 40 MAAMO XYW ~al £XF1°70 AOW
mﬁm.kmmuua,xm AOW
"TANNYHD LX3N sxuu 197 4007
_ nxxu XD AOW
oM 135440°X3 AOW
ONIAOYNIAAY T11Y0
gt ASYHL LMD
@ 410 aow AOW
TTANNYHI LX3aN LJ3713sd I H4a3T LMo
"NIVOY ¥A TTENNYHD SHZIWILINI “SHAS EATNYHI 1Y ADW
: _ * ONE 1 g2l anNp
S THAMIS TANNYHI 9 7Y MIHLIIWM 335 0L H03IHD ¢ @ AW D)

“ANNYHD LX3N ¢ xq 23d
. CXHI“XY AOW

oY 13ASH440X9 AOW

T 3LYAANT W12 G0W 1Y

* N0 T dOW LA4IHS 3ASYHAL 930 06 -
LY 30y 3198340 ANY 2Z 17046 aAaY 32 TNIYD

ONIOYMIAY 1TV

T 3ASYHd 1N
@610 AWt Y AW

173L9A4NTHID 7 Ao YD

" M0 TdOW LAIHS 3SYHd 0M3ZE -
19 aau MFQIm&D dNY L1HO4 37 1704 ¢ aday 2z T1va

T 0L NMOA 9@ WOMA SIMULS IENNUHD § X2CxXd1 ACW
"ONINNIOAT FAHL LY A

3JOvd 98/L0/01

: ﬁ ﬁr.:l

FTTYN

3JHNOS

WNHS

196

m m
LEB

Y

rPEAMHMTNONO
Ardrdrdrd ettt ettt
LRHOODHOTIDO0

THEE
06483
088
s M
6DV L
EIYVE

L0986
P 1264

L1Y8
v 1bedd
HAJES
4088
v 1849
oROasH

Br3
nana
Q393
2003
EOSL
alraln11e b
8t
2048
1844

£0dvad

..l&s... mlm
08483

A3
DO

“084983
ZRAF8H
4068

0'Ea0

HATHWASSY OMIPW 981/88/48



“UYHAM b L FEMHLE
C(YHIAM S/ HAMML
P (YHED) 9L FAYMHL
¢ (YHAA) £/ HAIMHLE

(YHIAM 8727 33YH L &

T J3AN0ANI SIMNGRI0MA ¥

2L, g, &, AW, v,

* wT747334HL, 0L NMOA W87 27 3AMHLG HMNAI00N
AT3WUN “L1MYd SIHL NI 03SSA00Md 39 01 J3IAAAN 3WY S3IMNAIIOM- LHOIAE
"WMOd LN3WINHW0D S.& NI ommmmmaxmm
INY Yivd T PZ 40 3HILINW Y ST DINOWMYH MYINIILMYA ¥ 0L omkc4mmw
Ylvd 40 L3S HOV3A 40 L3S440 SS3IMAAY ONILMYLS 3IML LYHL SNY3W mHIPW
"AX SS3IHAAY NI AMOW3IW 40 S3LAH 9%Z%Z SATLNID0 DINOWMYH MYINDILMYd Y o+w
@3lyTaY SINTWWA IHL 40 L3S HOYE “3WNLONMLS vivd 3A09Y 3HL OL mzHamouocw
"JINOWMYH 3HL 40 MIAH0 FHL SI 4 LAIMISHNS IYIHM S
[ 42106 H2I0  H4AI@s6 HAI®  MeIQs6 HeIQ

A3AB6  HIAD  HGARE  HAAD  HEARL  HeAD ]
I H3IAMO ONIMOTN04 IHL NI AMOWIW NI 34018 3MY SWM3IL *0°Q FHLE
"JALYNIWITE 33 NUDE
(G°£°S) OL (T°4°E) SNOILYNO3 NI LSIX3 HIIHM SWMIL *0°d 3ISOHL .mz:amuomaw
3WYS 3HL SNILYIH3H Ad *AT3AILO34SEN (B8°2°F) OL (9°2°%) SNOILYNGT WOMAE

W3HL ONILIYMIANS NIHL ANY £ 40 MOLOYd ¥ AS (bZ°L°%) ANY (IZ°L°€) ‘(81 L%
SNOILYNO3 ONIAIAIA AS QILUNIWITE 39 ANO3 SOIINOWMUH MIHOIH IHL WOMd ONISIMYE
WH3L aNZ 3HL "SWHAL "0°A OML 3AYH HOY3 (8°/°%) OL (9°L°%) monkqaamw
*(£727¢) NOILI3S 3HL NI g34IMIS3A OHLIW 3HL NO d3svd (/°g) L3S onkqaamw
HL NI AT+ *Id/( 8 NIS)>PNE  ANY A (T+d) %14/ (P8 SO *NZ 40 SWMH3IL .u.ow
31YTNITIYI 01 GIWWYMO0M4 SI ANY (L°£) L3S NOILYNE3 S3ISSII0M4 INILNOY mHIPW
| . Tt LMYd S
L T P R T PR e e E R S R R TR L TR LT

LA A

304N0S

3994 98/L0/%T WNHS

I8

-
L

08—

688
884
488
784
=84
88
£88
88
188
@88
648
848
L8
L8
&8
48
=48
o448
148
0.8
698
898
£98
998
=98
98
€98
98

3NIT £do

HIATHIWASSY OMIYW 981/88/.8/¢



*d007 40 S3IWIL ONILADAXI 40 MIFWNN “XD§ AZT XD AOW
IS 1NN 1515 MOX
997 1L3SH440° X3 AQOW 16071

#############################################################.
] _ A >Ho,
! QIATOANT SIMNAID0M i

. OC. oF. BE.

"S3NTYA LNGNI ZT 3HL 40 NOILUWWNS 3HL ST [IDZIWNS ANY MOLOYA!

ONITWOS ¥ SI @1 ‘ZHW 5°Z I TMILNNOD 40 AONINOIYA ONILUMALD ST b
‘([ 30Z IWNS) / ( 9AGTTHZIXDT ) = PI*THd}

ONIMOTI04 3HL ONISN THILNAOD WOMA SINTYA LNGNI 2T LSHIA 3HL NO a3svds
STINNYHO 9 40 AININOZNA TOLNIWYANNS LNNI FIUNIAY FHL 3LYINITY0

b i Luydt

B A S SRR R R |

b A3HEML YD
L. 33HHL YD
~A3HHL 190
33xHL Y3
AIHHL YD)
JAHHL W0
~J3NHHL Y]
TIANHL Y3 it

OO M0

############################################################

- "MOSIAIA 1S3.193ME
"93d @6 (INY @ MO M3INIOS
"Ll35440 S83IMAAY WMAL "3°d LX3N
"MOSIALIC

"MIALNIOL S83IHAAY WH3AL "3°q 18Y7
"TIINNYHD HO04 H3ILNIOA

¢ SM3LSIa9aN aud HI.LYD gt

Ly 1t
CErarn #

S—NHMD0

¢ {YH3IA) T_ L _33MHLE
 (OHAM E L _FTFYHL
(JHIA)E £ IAMHL &
J0HN0S
39vd  98/L0/b1 . , _ WNHS

146 DOIBE
DLG QALE
694 P 1@9d4

894

A 4 80vv83
Ivé 806583
avs A £@Z383
né 408683
8L LB3v83
6 LBT1I83
9Eb 207383
o5 20.683

L16 .
3ANIN a0

{
'

HITHWISSY OMIYW 981/88//.8/



T MX MG™E M LASAA0 " XT ADW TBAT VAN IELR

. P8AT .
- _ XA*LXAT AW 6LDT L1468
fE "X MSWE M 1384404 Xa AOW mmmﬂ A VAL
YT X XA W 9LAT &3l
XY “XA ADW Y TWN mmmw Paas
Xt 93N A" B4
TLOT
CTIWT oz 14071 rove
. HRB“HJ LSAL @LAT VBRI
“NOILYII _ L7 E _ 691
A0 NOILYMYAEINA HO47X 40 LIS NEIS HI3HD S XY XA AOW wmw# aas
= A 7108 [IS+XI1410 AOW 991 8rH8
Z:1S aqy G901 TR90ES
AX L1HS440°X3 AOW www“ 1184494
XY EXa] AOW 901 LD68
T L3ASA40°XT AQW mwmﬁ TAC YA
% Txyl CIS+XHI“XY AQW 6501 : POHEE
AX L3SH40°X9 ADW mamw 118494
*AX SSIAMAAY H0 MIINIOL T I1SH EXAIYIS AOW 201 LA
@M 13SH40°XT AOW wamﬁ 18444
XYEOXHT AOW . 23007 alr B LB6B
*dANNSYIW 39 01 Sa33aNd TonT
LYHL DINOWMYH 40 M3AM0 XYW ONY STIANNYHO & 15071
40 MIFWNN 40 19NdOM«d 3HL 0L WNO3 SI HOIHME _ =378
4007 3HL 40 S3WIL ONILADAXI 40 MIHWAN  8M ¢ 8N 13SH4-40° X3 AOW mwmﬁ Y1889
"JIOUNGI 39 0L SAIIAN LYHL A % X 40 HIHWNNE XA I LvDT P
"SIYNNYHD 98 F5Xd ADW mwmﬁ PRSDYH
C ASYW MIAMO T YH Y ANY PrOT ATvE
*dINNSYIW 39 0L SA33N 1YHL JINOWMYH =H0¢ Sh@T
HMAAMO0 XYW 3HL 338 0L 180 HOLIMS WOMA LNaANT E dAMS Y NI - . mwm“ P8y
XY TN K XY XY MOX swwﬁ B
"MIINIOL SSIMAGY AX SIZITWILINI ¢ ISCLXET AQW 8L@T LE6B
OM 13SH440°X"d ADKW omm“ P I84HS
"HIAINIOL SSAMAAY ONY ANY WY SIZIWILINI G IS“CXH] ADW oL@t LrbB
. S 13S-440°X8 ADW vE@T v 1E88a
‘IS 1INNE IS“IS MOX mmmﬁ QAT
.
HHERHE R A R R R R R R R R R mmmﬁ
"G39YNYW 39 0L SAIEN LYPHL A AN X 40 H3IFWAN T8N LZ01
3ONN0S NI £E0

.mmc&. Qm\h8\¢av‘ : S : . . WAHS HNATEHWISSY OMOPW 981/88/.48.



1<

. 39vd

ARQE XY JWD

1a W

XY 10 9HOX
ASYWTHACH0 9H J ONY
Mg, 19 NI

XY HOX

‘893d_ @9
«*gxH=78 CAIYIS JINDWHUH NO

" [ONYISAY (NIS ONYA 119D

VS TEUATA TIV0

X¢ 1a AOW

* ANINYISE Xa "W

© ANIAIAIC 40 MOLOUA4 ONITUIS SI HA4A-40 ¢ HAd440° XA ADW
"MOSIAIQ 40 MSKW o @' <49 AOW

ANTYA A+ 0L GIONUHO 39 0L SA33IN HX HA-E XY 93N
X HA+E moGJ 70

* NOIS LS3LE HoOE8 " anNy

Xy ¢ xa AOW

" LIH TNSIS HLIM #HX Xy [XAI“XY AOW

M 135440°Xd ADW

XD'LIS+XH] ADW
dWY 1354404 X3 AQW

[XF34IS AQW
S 135440°Xd AOW

TOL00M AMOLSE

Y T MA + Ee HX ) OMsE 10048 190
* T HA 4+ T HXE 43°xa Jay
Ia“xy aav

° AGSW T X A [xg1¢ , g4 AQW

&M 13SH40°XT ADW
* AHST T 2. 44X T I1at CXH1°1a AOW

T HAS XA NW
. XA* XY AOW

XTI 93N

JETWT Z0
HBB8‘Ha 183l

Id“xa AOW
XYErXdl AOW

*NO

1L
40 NOILuMYdaMd MO0d4 MA 40 LISg

WJaHkJszn

vJ
NOIS HIIAHI*

98/L0/%T

aNY @ 40 39NUY 3HL 0L 3M9ONw 0L d310304Y dNY d3A403HD SI 7B
"ATYWOS MWANIWWANMA 3IHL NO d3sud 51 Yg*s

F1607

ZIWT

3034N0S

WAHS

FuTT AVAIJE
SETT LALAD
=171 Lé
EETT AT vE
CETl 28v3
TETY QO
ATl
6ET1
811
LSTT
9TT1 Y2Z8A
[T
Yoll EAT983
ECTT
oIl 8498
1Tl &3Ld
DET1T EEREL-
LTI 2230043
8l111
LTT1T 844
9111
5111 vl
vIlL P8R8
ETTT 0aas
ZITT
TTTT 4038
ar1t VAR IAS |
6T T
8OTT 80468
(DT AAYHH
9011
SO1T 22498
471 15834
TOTT
CAT1 =@ada3
1011
D11 ST
6H6D1T JAA PN,
8601
L&6BT 4248
6A1 139
2401
6T 45438
=601
oAl &3l
1601 &ads
Q6D 1
6801 vacsd
880AT
801 By L
2801 989394
£8o1
v8AT L0498
=801
2801 L0468
ANLT £40

HIATEWASSY OMOUW .981/88/48



"SSAMAAY ONY S0 XHANT E CXATY IS ADW T&HTT 458
GM LIASAHA0XT AOW 20 wmﬁ« v1584
A9 1A ANS 8811 (149
- o 10«8 OHIX LBTT AL
aune v [ AOOFE " «d  ADW e o mm%ﬁ HR@ T
49T 781 P&BRH.
aResT aays 5 LAOBDLITY
- . LwGJ IANE & L0005,
“avnn [ WD) e et wm O AT
A@O azn &l Dby T
. . . 1; 1d ANS 84 a4
avne E [+8—7% ot 1d e:ux L EPA:
Aa9N8T 49 AOW 9L £L080q:
HWEHT 3N (=Y YOG,
EEXA dWD $HZM 4 TOYATE
avnm T C+4+1% HAOTT AW z B6eTa
HEOT 3NC ssux
D XA W POY AL E
X9t xa aay PATE
L . 1iXa aNy PDTOZHTE
*(NSIS HAY @ LIg ANY (N9IS Ay T LIg “xat T4Xa 0M 010
—- TEXY ANy PDERRT
: * HX 40 NSIS 3JHL SNIVINOD @ LIdg _xaé TEXY T10M Pa1d
" 34X 40 NSIS FHL SNIVINGD T LIS XY TEXY T0M DI1aQ

i (P "5) "91.44
0L SNICMOIIY SONOTEI FIONY FHL SINYMAYNED MN04 40 3IND INTWM3LAd

ar. BE

ISCXES1 ADW :
¢ﬁm\mm

NNNHDERNN 00000003800

MOCS—MHMITNONDI ST ONDSCHMINONDT 8~

@M 13S440°XS AOW

*MIULNIOS AX LX3N IS¢ £:18 aay o TR9058
‘118 TNSIS Ld439X3 SLIS MAHLD 440 HEUWé HOPVB“ Xd (NY [ PBABEATH
"NOIS HA E CIS+XTI°XA AOW w @THR
- 1S aay v TR9058
“LI8 TNOIS 1L430X3 SLId H3IHLO 440 HSYW!E HRAS XY aNY 7 28RRLT
* NOIS HXE CIS+XTT"XY AQW w PRy
AX 135440°Xd AOW w 118494
* X3ANI SS3IMAAY AX IS [XF1°I8 AQW v L5A8
sm LASHAO " XH A0 w Y1884

XY Ta AOW 10607 o

aneos ‘ xy Ans o

G601 AND &

- rdrdrird = it = A vl St S i i vl i A A i S eSS v S e i
. it it rdydi ittt A vl vt vt v L A v it e i A v S il i A T o T e e T i

3A2HN0S

w
=z

s,

TET 3994 98/.0/v1 o | WIHS MIEWISSY OMIYW 981/88/.8.




N

"4007 3HL 40 SIWIL ONILNDIXA LSFL S T£17 4007

* X3ANI SSAMAAY ONY_ LX3N ¢ 18 aay

T (DONY 40 INTYA MAN IMOLS XYPLIS+XET1 AOW

*ONY FONIMILEY ~ ()N E XA Xy qqay

T (IYONY LF9¢ CIGS+XH]XY AOW  FTZLM

T OXYUREZ*E O XDE XX AOW

" LI 3AILYDENE Xd 93N

" TIGANIWYANNA 40 'A [0 TONY LA E CIS+XHIIXA AOW

ENY  13S4405 X3 AOW

" IS 1NN IS'IS MOX

— L Xd TINW

ToXYwE O X(At £°Xa AOW

T OXUxZT Tdgt XY dd AOW

T XUzt 1°XY HS

. HSYW H3IAM0 WH Y dNY
"d3NNSY3IW_39 0L SAI3IN LYHL JINOWMYH -40*

HM3aN0 XUl AHL 338 0L LMOd HOLIMS WOMd LMJNI® AMS Y NI
T XY OTINNE

XY ' Xy MOX EMOT

B SR S S R R R R S i
*93d ©9z OL 0

40 FONYM 3HL OL 3TGNY 3HL SL1SNCAY N4D 3HL ‘IINOIA @9 NYHL 39y

SI F9789NY ANY dI "11 0L ¥343Y¥ SININOAWOD DINOWMYH 40 SITONY 19t
"FINIYIAIM IHL SY BA 40 LININOJWOO TWINIWYANNS 3HL 40 3ISNY 3HL 3SOOHD
9 ¢ 1Myl

HHHE S E AR SRS SRR RS R R R AR RS R R B R

o7 JdWre

MO _Z0
X9 03

[XA1‘XY ADW

B 13S440°XE AOW

15°¢ LXd1 AOW
SM 13SH440°X9d AOW

N & z'1s aay
gt gt L15+Xd1 AOW
ONY 13S440° X AQW

‘4007 40 SIWIL ONILNIAXI 40 NHIAFWNN 1LsS3LE

“XIANI 883MaavY_1X3
*ONG IHO0L

J0MN0S

30vd  98/L0/b7 . WNHS

ISLE R NG 1

GHE GATH ¢
Zhet : 209358
rHE ] 0068
SHET CITQ
EYET 008 (
TYE] 8046 §
OvEl

CE YacLd ¢
B8IE @148 .
LET 012094 t
it FATE &
St
pEZ] TALA §
€T QOIOYH (
ZILl

ToE T 83dg &
BETT @ITQq ¢
621 41vE .
82Tl

i 28v3 ¢
F.-.; ﬁ..l

SECT @oLE f
beol

OET 1

6121

8121

LIZ]

GIET

SIE}

yIZ1

SIT]
Z1gl

1121
@IZT

601

80T 1

LOT1

SO 1

SOl 445063 ¢
YO 1
£OT1 COYL =
2T 8t (
10T 1 £@a8 -«
20z 1 y18843 ¢
611

611 LEGB
611 vrEead :
611

611 TO9058 ¢
611 8I68 :
611 @133a3 &
611
aNIT LEO

HINFWISSY 0HIvW 981/88/48/¢



3994

98/L0/t1

POIATIOANT S3IHNAAD0MA

"FOVAMELNT FHL Ol CIUNISSNUML

NI3H SYH Ylvd IHL ¥3Ldvy ILUI4EY 39 TTIM WoMa0Md 3I0HM 3HL “5nd ¥
HI49 0L AON3NOIME LN4NT 390M3AY 3HL (5)  ANY (G XYWl M3IAH0 SOINOKMUH i
3INDISSY 3HL 0L TWLNIWYANNS WOMd I % A 40 SHTIONY ANY SIANLITEWY CE1 4
‘3IMMIASNUML 39 0L SAIIN LYHL YLvad 40 MIFWNN T9L0L 3HL (1) & MIHSNUML
L7 LMudl

B R R R R S S S

. BT. af. SE. BN BT 3T W,

TN

. o, wE, RE-

vaL 4007

‘1S aay

Hm+«;u AOW
415 agy  ¢9dLT

A@B9E XY ANS

9L A
A0 ¢ XY dWd

aAonest Xy ans

7847 ae
A0B9% ‘XY WD
10221+ Xy aav
X9 <04

XY LIS+XHI AOW
£'15 gdy 24l
aee9s Xy ans

SH17 °9p
oLt XY WD
aoaos Xy ans

SHLY A0
o9 Xy 4WD

aoove ‘ Xy aay

XY HSMNA
CIS+XH1*XY AOW LT
@18 AOW
43 XD AOW
IDHNOS
WMHS

1@ T
QAT
L& T
861
LETT
Qmuf.ﬂ
Lo T
.Sm:d..
FDFH
S6EET
nbf
QLT
&80T
mme

cmm”
8T

LYET
ANIT

HIATHWASSY

£0&3

EDILE

An68
Z097:8
ABTAZ

LA L
d00TJ%E
Agaras

A0/
3P 1A%
YOOHS

85

2068
L@A?J58
d001as

Q<L
AV TQE
0010

HJOC L
30D1a%E

600950
Q048

2A2033
aoas

a0

=5

— o A § SR

R M

maid

ESE RN

Q

/

8

981/88/48/%



" HIAD LASEHM HRE " "1 ADW =Tz G
" 6 SY 8583EMAQY IDYAMALNI SHZIWILINI ¢ Y HEER LN0 v393 ¢
69 ADW 6008 :
X EXHT AQK L068
SY 135440 X AOW vIEBEa ¢
© T+ XYRGRgd XY ONI oy &
T OXYRGRTE TEXY THS 23Ta &
XS LXAT AOW LD6B b
Y LISAH0 XE AOK yTOSHE 1
. XG0k THLA o
" XUx9 ! FEXA AW ROFOYE T
"AALNSYIW 39 0L 4 - R
SA33N LYHL DINOWHYH -0 M3AH0 XYW W HSYW ¥AAHMO YH Y ANy d1vE Y
AMG * 7Y NI 08y &
" XY NN X9 ‘X MOX QIEE 9
S R S S R R
"NOILYDIHIO34S 8NN3 88y FFAI ANV 8BYBFIW
40 133HS vlvad 3HL LINSNOD 0L SA33IN 3NO 3ANILNOY SIHL ANYLSMAANN 0L
* SHLONE X
"OM3Z Ol ISYINIIA ATIYNLNIAT T1IM ANY : 3
T+ (A3¥NSY3AW 33 0L SAIIN LYHL DINOWMYH 40 MIAMO XYW) *#Z*9 : =i
= Y 40 INIINOD 3HL ATIWILINI _ ¢ 61%1
"HI49 01 J3YIJSNUML 3d 01 SAIEN LYHL Y1lvd 40 M3GWNN TYL0Ll 3HL “aM! 81L1
"0M3z7 0l 3SYAHI3IA ATIYNLNIAT T1IIM ANY : STET
(A3MNSY3W 39 0L SA33AN LYHL JINOWMUH 40_MIAMO_XUW) %3 : SIET
= M 40 LN3LNOD 3HL ATYLLINI : yizl
A3YILSNYML 33 0L SAFIN LYHL S3TANY MO SIANLITEWY 40 MIFWAN WLI0L 3HL “Hyi wwww
: OTET
4 £ 60% 1
P SM3ALSINIY a¥d HOLYOS: BOL T
: LOT T
g 0% 1
: 5051
1914498 v@LT
910" £OLT
‘AId0 ¢ EAT I
ADHN0S 3ANI = {w

. 39vd . 98/L0/%1 . | WNHS MIHEWASSY OMOUW 981/88/.8/9




98/LR/HT

THIAE YD

BIIS
LXST"XD)

AQ
AQK

tH LASHAQ" XS AOW

¢ OTONY AINY " dWY

MIAASNYML &

o0 400 010 400 Shm et 04 S0 ok 441 4439 Heas e OLUD Set Ros S04 S B 411m Ten S0 SAA S0 o0 P SRR LA SReR ARRR USR8 ARV A RO TR ARH BRI S A IR Chtn o 1004 Srom Sk FEAL ke S4hs PRI RS S nts PR AR Bt st Skt e v 48800 T

fd3NM3LASNYML 33 0L SA33N LYHL viud 40 SH3gWNN W1i0L (”_mh_meG,m._.m

HI49 190
S 1S AQW

' X0
0344 h;ﬂm¢0 Xd

AQ
ADKW

¢ AONINGAMYA TWININYANNS M-S Zcigm

FIAID 4441 00 ErtP R P18 $0008 beatm Ervnd CotR $H4M et 59909 Sevie nsnn S HOAS Teeen 7RSS Gasnr SAbe HACRS Gneas A4ae T4SS 59040 SBNR BBFRE Gextn SUON FO0AD SRR Faran 3009 99009 4099 sede S0%i0 Senss Sared 44440 G4osa Sesen HOVR AFRSR 0 20000 Seaes Gouey Sress Bee H4se oo RS et Whewe sersd S0eds sase A00m wrotn &)

" ASYH MyATDE
T SHEAY
" ONG

& OAN3 1M04 WIMIASE

=TS
" ONS
& (34NJ00 Fds !

HOS ANV 104 WIN3SE

* NOILH40 ONE
SLAMNYMILINT ONE
*13S3ad MuIN0E

m.uﬁ 190

18
ﬁ X3
SH L3S440" X

AQKW
AQW
ADW

W tHZEE LNO
Y MOX
L0 ZNC

v 9 aNg
HT30“TIY NI
(AT zZp

‘I aNy

MY 30 0 NT
W EHZE0 1N
HIY Y AOW
WEHZIE LNo
Yt H@3a LNo
YAHESR LD
WY HOX
WHEE LNO

LT

FLHT

JAAH4NAS

WNHS

Vi
Z
L

&9
9
nﬂ
nw

TTid7T
Aatet
&A1
BT
LA
Ot T
LObT
YAl
=1
SO T
1Ak T
a1
mv«vh.. ﬂ
8651
LETT
QLT
b1
boHET
bl
chE T
1681
SQHH
6851
881
LBET
A=
o8I
Nmrﬂ
A=l
1841
28Tt
&LET
85T
LLST
QLET
QL5 T
TLET
wl T
SLET
1

TLE
QL
&L
89
L%
9%
595
roET
L90T
9T
1981
AT
bl 1
8aar

LGSR

NI

I
. T
I
1
I

@A
vajrlnlneis|
ADHE

1OsaH.

=AAI83
alln L el
AATALA
b TOGHE

TR6H8H
rafrlalrels|

DD1B6E

VAT

n393
£E0

o~

HITHWIASEY OXIYW 981 /88/L8/7¢



IYYMLA0S Ad JILUNIWITI 39 L1SNW HITHM MOMME 135440 3AUH S30A DAY 3HL
"AMOW3IW 40 SSIAHAAY AX LY JIMOLS NIHL mmqm

ANB6 aNY NG HI0TD "930706 LY NOLLYINAOW WOM4 S3IW0D 4NBs NG EOOJUW
JININIATY LAIHS FSVHL 93070 LY NOILYINAOW WOML S3IW0D 4N@ .amquhmow
INY CIN06 ANY HND LN4LND 40 S3INTWA 3A3T Ny3W 3HL “ONIGUNIAY xmkqu
*NOILYWWAS NI 0IATOANI SITHWYS 40 MIFWAN "YLOL 3HL HLIM 3NTYA zaHkazz:mw
IHL ONIAIAIA AH WIHL S3IOYHIAY NIHL ANY oM WIHL SWNS M«d * S34WYS u:Fm
ONILYINAOW MILAY "AND AS A3ITHILTINW ST 3THWUS AHL SNYIW HIIHM ,m4azqmm
IHL JONYHD LON TIIM NdD 3HL “u@. SNIYLNOD STA 3HL AT *3NO m>HF¢mmzw
AG @3IN4ILNW SI 374WYS 3HL SNY3W HIIHM “WHDH LNIWITLHW0D 8.2 OLNT F1dWus
IHL LNIANOD TIIM NED FHL “uTe SNIYLINGD GTd 3HL dI *HOLYINAOW %Hm;zmHmm
FHL WOMd S3IW0D HIIHM “GTd *LIF ~NIIS SLI 0L INIAMOOJY T— MO T+ qumw

Ad 3T4WUYS HOW3 SALYTINAOW 0SW N4D ‘NOILUMIH0 MOTEN3AD ONIHIFHI MJszm
*UNOIS LA4NI 40 SNLYLS MOT14M3A0 MOHS OL a3 FHL SLHIIT N0 ,mHW

L1 41 "3ONUM A & OL @ 3HL 40 LNO SI 3NTWA SLI M3IHLIHM 335 Ol mJazqmw
HOY3 SHIIHI NIHL ANY “TUNSIS 07 40 dOIM3d4 3NO M04 SITHWYS 3HL §1.39 uaqw

* ONILYMIH0 SLMYLS I0Y FHL N3IHL ‘3LULS o Tw 3HL 04 «@. 3HL zazum

SAMOLIMS 07 ILNN LMOJ 0Z 3HL 7704 1SMId4 NdD 3HL S137T 3HNA300Md mHIhW
BESHERARBREASHEEE RIS HHER RS R SRR R S SR B g ¢

HYIN 0084 2av 07

. ¥
AT A P A NN PG P PG A PO P P PG NI R G D P P PN U P P DG P P N PO N N PO P P P P RS P P N PO N D P N PO N N P g B N N N o N 0 N -

4aN3  NI93d
*ONINNIO3E 3HL 0L ¥Ovd 09% O NISIFT dWl

AMNNOS

94 98/L0/V1 V WMNHS

i
I

I

PRI

seddIItISTISISS

SISl

NONOES—MMSTHIONDS

4

<
AP
TI
<<
d Mttt et At e v v vt v v T v v e
~

3
5
53

(49963 &

TN OGN DO S~
Z et = OO
eSS ITSS

L

a0

HIATFHWISSY OMIYW 9B1/88/748/9



3z,

e

*EeIMAay 0z T xat AMS XA AQKW
azm;uo;xqu;uN 19 AOKW

“SIXAANI NOIS 3A+ ANY SSINAAY 40 LNIWIAMOINI & & &L AOW
*SEIMAAY FTldWUS E Wgs hmm¢uo AOW
* IS NN Is* Hm HOX

TA“CXH] AOKW

LY 135440 X3 AOW

- ' 89LZE 135440 HLIME

ONILMYLS LI “NIIS 3A~ ANY _LIA NOIS IA+ HLIMSE
SIATNAWYS 40 MIFWNN FHL 40 3ON3IMIAAIA IHL 1A+

ageLse 1a AOW Q1Y
#############################################################m

“ANTWWA 3LNT0SHY WNWINIW HLIM 374WYS 3HL ANY LIdg N9IS JA-~ 7 LIH NIIS HA+ Ithu
SITdWYS 40 HIFWNN 3HL H0 FONINIAAIA IHL H0 LINAOMA IHL SNNIW SIVHWYS IHL H0 ¢
WNS 3HL Ol WNO3 SI SITHWYS IHL 40 WNS FHL 40 3INWA 3NYL 3HL “AMUYWWNS NI:
"LIg N9IS 3A- QZQM

LIg NOIS 3A+ HLIM S3TdWYS 40 HM3IFdWNN 3HL 40 IONIMHALAIA IHL ST (N-W) mmmIzw

M (N-W) = SFNHAWYS 40 WNS = L0801 NOILYWWNS + C¥d] ZOHHQZZDmW

.mmoummthm

M¥ (N—=W) + CL8O1 NOILYWWNS - [Td4] NOILYWWNS

LM — [0=)] NOILYWWNS + [(IM + Tod+) 1 NOILYWWNS S3NdWYS 40 WNS

*( FO MO Td ) NIW =M ‘SI LYHL ‘SINJWUS H40 INYA

*SHY NIW 3IHL 0L WNB3 39 T1TIM HSIHM M = M MO ™ ‘NOILYWIXOMddY FHdl
"d0INM3d TWINIWYANNA INO NI S3T4WYS LNGANI 40 M3IFWAN YL0L 3HL 81 3 343HM

]

il

C + T =¥
NEscsssbzéy = (
Z.......N.. = T IMIHM

¢ Oy 40 MOMME 13SH440 40 S3INTWA ALNTI0SHY 3HL 39 (Y dNY T L3S
LI TNOIS 3A~ HLIM I4WYS 40 3INTWA JLN10Sdy 3aHL 39 (o L3718
119 "NOIS 3A+ HLIM I1dWYS 40 3NTWA FLNT0SHY 3HL 39 Td L3

. OF. gw. §T. AK. BN, 2F. EX. OF. F. OF. A7, EF. OF. 2%, SC. a¥. O K¥. OO SE. BO.

: SMOTI04 SY SI MOMM3 LISJ40 INILYNIWITE 40 3unNa3aooMd 3HL "HOYOM Y §
324N0S
399d  98/.0/%1 ” | WNHS

4

IDIE

U3

ANHNONHNNnRNNNHNNNIN
B L L L R

ST NOND S~ MM ONGC 8 ~
SEEESE it rtrd e vttt {3 {

Lol
c6h1
16b1
Bev1
6811
88v1
(81
81
=8¢ 1
v8v1
=81
RATL A
181
28v1
LY
8411
Livl
LbT
=74 A
vivl
A A
ZLv1
14v1
DLy
LT
89t 1
LIv1

ANIT

BARBYA
Q13
palraarags
rlrlrlrt=gs|
FALE
4568
198443

A8AA 44

£H0

HITHWISESY 0MIUW 981/88/48/



.JU Q3 4 &HAAA (]
4918 aay L2l GATD #
Xy ﬂHﬂfx@u AQIW 4 06 &
. XY NI L | S aJ4d 8
‘NMOA HT1LL3S 0L 035 OMIOIW QST 92 3A19 (L® &
M3AMO_NI 37 104 LNOHLIM SIATJWYS & SAHYL aag . 1/
"d007T SIHL A0 SAWIL SONTLNDIXHE 40 MIFWNAN - M0t &0 AOK Mﬂ 6ATH 9
: - 10N g9 Qé&
MO L0zé 0N ) LPGET D&
* HOIH 07 BET ZND QT LA%L E
* 07 .s3ALé mlel I¢ 183L L9t 13avs 0
A5 18 Aay e e BV
Xg* nHm+x@u AW i s D
Xt NI A VA Wﬂm an o«
349 A0 HSYIW 2Z°°10 AOW QA! Arid 4
«dON b 06 B
AN 8a% Q6 £
HE ZNE L3E LAGL &
19 J3d Ptk 6034 &
lm 18 aay GL5 G40 v
bl , Xt ._.xw AQW b QN68 oA
XA* XY NI fHET mmm a3 3
0N 1 Q6 A
"NMOJ 311138 0L 238 OMHIIW OTT 27 3AI8 0LE &Y 5
MAAEO NI 2Z 77104 LNOHLIM S3ATHWYS 6 SIHYL ayt ave
"d007 SIHL H40 S3WIL ONTLNIAXTE 40 HIEWNN ik JU J3d Lt &34 &
aeat“1a AOW N¢J vate 4
"AIYANI SI INdWYS LSHIdE XPrIs +xmu AOW it BALE G
"NOILYN3A0 24Y S3ZITWILINI @ XY NI o Az b
" 88aAMAayY 24y Xaf AJAY " XA AQW oal pavwyd 1
. "NOILYM3IAD SLI SIMYLS Oaué TH51
ALYLS wlw 0L «@n WOMA SIHILIMS 07 NAHME MﬁMw
"ONILNMNODE . 8ihl
THILNNOD LMYLS ANV X110 ONILYINAOW mNHZDmIUZ>wm Ay 3Lva LNo h%mw 72 P
HETH Z mmmﬁ
* Mo Oz &Y 20 oGt Hdb L
1t J¢ anNy Gl 1088 4
XAy NI YT MMMM. K
=Y IND BEGT HA%4 8.
X% 23d &80T 8 /L
. XY o0 B8IoT 8% 9
"NMOQ 3NL13S IZ HOdA 038 OMIIW @1 LIum: . XY HSMed FEUT LEGT a %
& XY AQW Mmmﬁ QL8 &
" HOIH DZ¢ H¢J IND 7o o454 @
. 13 _Q aNg . Pty | 1ATE 3
=02 104+ XA*Y NI L SV SEaT J3a @
A0HNOS ANTT 0a0

39vd  98/L0/v7 | . WNHS  M3EWISSY ONOVW 98T/88/.8/91




[

Teem Aae

(&' IS oWl

: CXHT IS ADKW

“THILNMOD MO SLNNOD TT LSMTA4 aMOLs s ADAZ LASHAD " XE ADW

15 H&MNA

"THALNNQD 40 ANTIYA LINGLTINSA3M 8M 8 XY LXA1 ADW

8Y 138440°X9 AQW

"THALNNOD 40 ANTIWA LNDLTINSAM X9t xa.xq gNs

Y HAAAH0 = IMILNNDD 40 ANTYA LUw 1St HAA4:40° XY AOW

X XA AOW
* hzuzumHjomz.MIk SAMILYW LI TILNMN NOTLYYA40E
AHL Y343 "ZH 99 3AA0EY SI 27 A0 AINANDAMA S
3HL “ady 40 uZthom LNENT 3HL 3LN23AXE 0.8
Quammz S3ATTAAD NdD 40 mmmz:z IHL ST 99 HIOIHM NI
“(ZH S9%99/ZHW ) OBTT ‘SI1JWYS ;Dlzp A0 MIFWNN &
aHL QL LNITUAINEE ST HIIMM ZH 29 ZOJMI 3]
TYLNIWOANNA 40 ADNANDAMA 3IHL “S1 hqxh qumHa“
AZ 40 ADNIANODAMA AML mthmzz AAS 04 A23AWD*

@TY W

Q&L Y

XH°1S D

daattxd AW

©OLNIWIAMINDIAY FHL S3HILYW LI TILNN NOILYMI-O0E
JHL 1W343M “ZH St MONEd SI 0Z 40 ADNINO3HAE
3HL *0aY 40 ANILNOM LNGNI 3AHL 21N03X3 OLd
,d3d3A3IN S3TOAD N4D H0 HIFIWAN 3HL ST 99 HIOIHM NI ¢
ANI CY*99/ZHW S) OBLT *S3INAWYS LNANI 40 HIFIWNNE
JHL OL ININYAINGDI SI HIIHM ZH St 3A08Y St
IYLNIWGANNS 40 ADNINO3MA IHL ‘ST LYHL “UNOISHE
JZ 40 ADNINO3HA FHL MIAHLIHM 338 0L H23HDE

DIYT WL

GeET AR

XA'IS WD

afasLr*Xd AOW

T°I8 MHS

*S3VAWYS 40 HMIFWNN WL0L TIS ‘Z/Ig=15%
] THLDP XY NI

18
"THILNNOD WONA 3INWA LSILSYT IHL §.L39
"HOIHW 07
0z 281 20

3L T0fHY 1S3l

49918 aay

Xy* LIS+XT]1 AOW
Xq* XY NI

24y 40 HSYW 2Z 110 AQW
0N

10N

2T ZNE

3994 98/L0/b1

LT X~

Jolin

3oHN0OS

WAHS

T91
191
191
191
191
191
191
191
191
191
A91
Q1

DO S —C4HIDONDE

S&?H
6BET
88G1
£84GT
85

c8G1Y
rE51T
58GT
85T
1867
8s1T
&LGT
BLGT
LLGY

ANIT

HATEHWASSY

P

L0648
¥ 1868

ote 1
A A8
20a8

¢SJ¢mm

Qmmm

—:. s f.s

=
UYad

J31d
8953

LAb L
T348
s T 1
D268

as
P14

Dé

Q6
LAGL

0a0

T

RO REA]

OMOYI 981/88/48/9



"F1AWYS TIUNIOINO XY CIS+XH1°XY ACOK 9891 DBAR
. . . GRYT
.aQDJmHIHuommszazHP:umeuommmz:zm>¢m" xczmna nu¢J qmcH sm

: =891
*MOT1AMNIAND ¢ . aan 1mvd iaam Mmmﬁ 8183
: @¢J AW 2891 R6r@a3
IS 1NN HOX YA QAT
Wus kmmuuo xm AOW wmmw Queean
*SAT4WYS dILYINGOW £ LI
Y 40 NOILYWWNS JO0 WNS 40 AFSW 71NN Jd* A5 A MOX mmwm 0
*ST1AWYS dILYINGOW ¢ . 2491
Y 40 NOILYWWNS 40 WNS 40 AESTT 71NN XO# X35 XD H0X MMM# 6IEE
*AOULS NI_SIVdWUS 40 HMIAWNN “W10L 3AUSE . XY HSNd DALY D%
* J0Md JAv JZ WOM4 SI IS d0 LNILNOD JAHLE IS'XY AOW mmww 9248
" Hda4d0f . 4991
SI 4335 LST 3HL “MOMMI 138440 WNWINIW IQ# HA44@" 1T AOW mmwﬁ 4 A4
va91
MUIAN 2044 SNISUNANY 991
. A
#######ﬁ#####################################################m Mwww
" w04y 0Z. NI d3SN dOHL3W 3HL 01 SNIAMOIDY MOMM3I 135440 3HL mmPGZHZHJmm mmwﬁ .
0879 11 *1I9-N9IS 0L INIQY03IY T- (ONY T+ NIUO HLIM mmJizcmm mmwﬁ
S3LYINAOW ANY TIYNDIS LNGNI 3HL 40 MONAH3A0 MOA SXHO3HD 3HNA300MdA mHIPm mmmm
HUGHEH B R GRS R R R WWMM
, @S91
27 S S £ D 5 T D A S 2 D T 5 O O R 5 R S T T 1 2 T 0 X R R S 2 S TR SRR 8 LT
871
LvFT
- NAA
4dN3 Odv 32 Sv97
. Vasd!
LPI1
ohel
13y 1491 =0
2vI1
IS «0d L RN 61T 3%
. B9l
1s¢ X1 NOW Le91 L5468
0027 Pwmuu "Xd AOW wmww 7 13%94
*M3LNIOS SSINAAY LX3NE z'1s Qqav YT Z092=8
XU LIS+XA1 AOW £X91 : 2068 |
007 138440°Xd AOW SRt 10994
30HN0S 3NIT rg0

£ 399d 98/L4@/v1 , : . WNHS HIATMHWIASEY OMIYW 981/88/48/¢



HLIM S3T74WYS 3A~ MO 3A+ L3N 40 MIFWNN XY [XA1°XY AQW Tl L0E8
LY 138440 Xd ADW mmw# # 1986
1 INC 8541 adgses
*SAWIL <007 ISYIMDAA ¢ XY 230 LELT 8¢
*4007 SIHL 40 SAWIL ONILNDAXI 40 MNIFWNN XY XY 40 mmmw 8%
. WYS L3SH40°X3 AOW mwwﬁ rfrlnlnle g
*S34WYS 40 XAANI SSIMAAY IS IS <04 mmwﬁ 35
* AHSW _S3ATNHWYS IHL WNSE Xd <49 gy IR G
* AHST T SINHWYS 3HL WNSE X94XD aqu omwﬁ 8IL0
"MOMMI L3S440 WNWINIW ~1q¥ Id 404 wm“ 4%
"L NI 89.Z% 1384408 . GEL1
HLIM S3N4WYS 3A-~ MO 3A+ L3N 40 MIFWNN IAYS S IA*CX91 AOW =0 Nmaﬁ 4568
"IATHWYS A3LYINACKW 3N+ 40 AESK S XA XA HOX TELT TALE
*I+IA fANAWYS AA+E I ONI F= Ul mmwﬁ Ly
HHb" Wl 6141 P6t@a3
XY 93N 8141 8d/d
HA4440 XA AOW L14T Add4-499
SWHMOH "dW0Q S.Z OUINTE QTLY
INGWYS 3HL JLU93IN ‘0OM3Z TSTd ‘LI NOIS AA- ¢ mﬁmﬁ
T OI-IA CANGWYS 3A-¢ 1a 23a mﬁmﬁ v
*OM3Z TRTd LI TN9IS 3AA+E gy zp wﬁmﬁ LAY L
* LI9 TN9DIS 0OLE - . bRLT
ONIQHOIIY T- MO T+ NIUYD HLIM SINLWYS FLYINAOWE H4SYW LI NOIS IS aNY mwmﬁ 28009318
" 89425 L3ASHA0! DL
HLIM S3N4WYS 3IA- ¥0 3A+ L3N 40 MH3IFWNN ~1dé XH141a AOW SQRLT 4548
LM km 440° X8 ADW ¢wwﬁ v 15884
2851
Ia HsNd mmmﬁ L5
" [WYS] SAY XY ‘S3T4WYS TYNIOINO IS IS* XY 9HIX v wmwﬁ 96
. : . Iafx"g 9HIX 8691 4148
- 4¢4 ANE . L6 ZREL
"HOMMI 136440 WAWINIW " I1aé Xq dWd 9691 409%
"HOMM3I 135440 SY [WYSI SAY *NIW ¥0d4 H007¢ wwwﬁ
“MOAY3A0 & a3 3ac £691 83 L
*MOAMIN0 HOFHD ¢ ASUW 31WYS C X9 dWD 2697 404459418
[ WYS 1 89Y IS¢ XIS AOW 1691 £498
"MOWLS NI S3N4WUS 40 X3IANI §S3Hady 3AvSt - 1S _HsNd D691 95
[WYS] sdv  XAa! ASYW 3N4WYS F X ANY 6891 V445318
XYoxd AQW 8891 8038
"SINHWYS 40 XIANI SSINAAY LX3aANE Z'1s aay L8971 ZO9058
3IMNOS ANIN 490

£ 30vd 98/L@/61 - o WNHS  MIAWISSY OMIYW 981/88/.8/




e

* dWED 8.2 NI LI 88384dXE ¢ NY3W 3AA-E I 93N
"NY3W A+ S A AN
"NYAW FHL 40 NIIS H03HDE HORES “ XA Ny
*SINAWYS A0 MIFWNIN/STNAWYS 40 WNS ¢ ZETAId 1NYD
- @48 AOW
SITNHWYS 40 MIFWNN WLOL X0 X3 40
"LN4LN0 d3LYINAoW 40 13A3TE
NY3IW 3HL 139 0L SANHWYS 40 WNS 3HL INIOYMHIAYS
HRMB * XA aay
Xd LON
Id LON
@*xXd daS
T¢Id 49NS
* dW0D S.F 40 AYILSNTE
[ WHO4 "NOIS 1 NI WS 3A0NML FHL S53M«dx3t
*OAA+E TY zZ0
HRPRS * XY ONY
"NOIS HOFIHD S XA* XY AOW
"WNS 3INML 40 AgGST _I1dé XD°1Id AOW
*WNS 3NML 40 ASSW XAk A3 XA AOW
Xd“<d Jay
X9 X0 aay

(STNHWYS TA~ L3N 40 HIFWNAN) * (MOMMT 138440 WNAWINIW) + S3T4WYS

" (SIANAWYS A~ LIAN 40 MIAFWNN) ¥
* (HOMM3E L385440 ZDEHZHEVH

X9+Xa 1a N

. Xq“Xy ans

" XY < 89LTSE X9 P XA 9HDX

. S dWe
* (SATAWYS FA+ LIAN 40 YIFWON) ¥

* (HOMYZE L3540 WAWINIW) & .

~(837dlus 40 WNS) ¢ ?‘xd aay

TéXY aav

Xd 1ON

. XY LON
* (8ITHWYS IA+ L3N 40 MIAWNN) ¢
% (MOMM3I 135440 WAKWINIW) &

S UXY+XAt IG 0K

"S314WYS 3A+ LIAN 40 MIaUNN " XY XA*Xy ans
* XY » @9LTLE

T XY & BILTE v HC

XA XY il

A8RLTE XA AOW
* g9.Zy 1383408

Joud 9B/L@/¢1T

YTl

s
nn
we_

40 WA

3234dN08s

WNHS

&Y

9641
S6LT
oLl
r&hﬂ

Ha\q
B&HLT

S~MEITin
PIGHNNNN

NNNNNNN
vt e T el

H4a4 4

oL
PBYAZATE

0Las3

(ulralrlrlets|
b

A8ARCaT8
VA
4144

DAYILE
184359

A0y L
08ARSS
048
&-498
Had8

=T
8320

L3LA
a2 ¢

b
D69043
AREaAL8
PBIRL?

KA VA
@a.s4
L34
&0as
1134

SIHL
ral=]rlrivi=|

40

HITEWISEY OMOUW 981/88/.48/



X TGE6T s
Xz PEBT &%
X LrBT Wi
_ v 881
M0 NI LYTINAOW ALYHIANRDD & XY @OMLD LNO wwmﬁ
XD ALQ GyaT
XA XA MOX wwm#
"OINOWMYH 40 M3AM0 X0 CXAD 1D AQKW ErET 408
PIN 13S440°XT ADW TY8T A RN
XD XD MOX F3a i
CXAT‘XY AQW LA
8Y 135440 X5 AOQW £ 1838554
Xd HMSNA g
X2 HSNd 15
Xd HSMN T
XY HSNA a5
#############################################################m
*AIONANDAMA 3 TNOWMEH amzmHmmcm
HLIM A4710 ONILYNQOW ¢ FLYHINIS 0L @ MIALNNQT SATAILON IMNAII0OMA mszm
HHHHHE R RS HE R S SR RS H B S A SR RS AR SR S S SRS S S & ﬁﬁmﬁ
. N QEBT
MYIN 0M.d T 3AL9A4N {110 don LIBT
8187
. LTB1
% 2 R I S R S G R S ST 122 S5 S S T 20 5 T T 2 4 502 0 2 T IR T R T 4 50 2005 2 5 200 S D S SR O NS S SR o mm e m B QIST
5187
v18T
CI81
AANA - ONIOYMHEAY zZ18¢%
1181
=]
LOBT
Lad BRST 0
. , LO8B1
"XAGNI SS3IAMAQY AX LXANE IS“EXH] AODW 081 L5 68
TTM LASHL40XT AQW mwmﬁ 13843
: 418 aav 081 7 Ll b =)
*LA4LN0 GILYTINAOW 40 3NTIYA NYIW JAYS S I CIS+XTT AOW OB 85 &8
AX 13S440¢x8 AOW wmmﬁ 118495
CXHI1°IS ADW HélT LEARB
TIM L3ASHA40°XT AOW ZPT 8441 13844
; LbLT
[FOMN0S ANTM £HE

Jovd  98/L0/%1 WNHS MITEWISSY OHOUW 981/88/48/




" @MIALNNOD ALYAAN XY @MLD 100 061 B934

) CA&6T
. a4 XY AOW YO&T ol
"AAIYA ML LNO HMOME X9l ANg SR6T =) 1
TTMIALNNOD WOMA ANWA LNANT S IHLD XY NI TR6T 8953
‘HOIH 0Z¢ T@61
- : DA&T
MO Tz rPIERT 20 L6811 Aty £
. DY ANy B6ET 1288
07 M0 XA*Y NI 128w L6BT 3
681
PTG IND G681 HAGL
XY 934 Yo T 8y
. X4 40 “hBT 8%
NMOQ 31138 0Z MH0Od 235 DHOIW 0T LIbm!d XY HSNd 91297 c681 : %
MO 0zt L4 XY ADKW wmmﬁ . 2R608H
" HOIH 0z G129 ZIND 6881 H45/
. 10570 ANy 8881 1088
07 T XA NI f2T&EUT %mmm a4
“1M0d4 0z Txad - AMS XA ADW LR81 PORBYH
AME T A0 HMEYW 974710 ADW ¥e81 Qv 1d
. - * HAAAd0E . o881
1y 1MYLS "MILNNOD NMOA INMOD ST THIALNAGD S HAxAA40" a2 AQK mmmﬁ A444a8
2881
.......... H481
MYIN J0M  3LYAHNT 1197 0K 8481
LLBT
252!
HHEH GRS R R R S B R R R g mmmﬁ
"@HILINNOD €0 3NTWA BFHL SALYALN ANY ATRLYIAIWKWI ¢ mwmm
HI0MD ONILYINAOW FHL SIAZINOMHONAS LI NAHL "31Y1S HOIH 3HL 0L 3lvist mmmﬁ
MO 3HL WOYd4 SEHOLIMS WNSIS 0Z TTILNA LH04 3Z 3HL S7704 3¥NA3E008d SIHLE wwmﬁ
HHEHS U R RS SRR SRR SRS R R B R B R RS S R RS RS R a4 ¢ mwm#
v98T
. “981
S 4538 5 500 0 1 2 o It S 5 T DY i D O D S0 ok 5 O o S T T 0 S 20 8 204 1 o e 1 D 8 e e S e g i g e e s e B o8l
1981
2981
- - - 6681
AaN3 17 3L9A4N 110 Aok 8581
L2581
0BT
ao871
13y ¥581 PR
. L6811
XY <40d Za81 89
AR 304N0S ANIT rE0
i 399d 98/L@/41 . _ WNHS MITMEWIASSY OMOVW 981/88/.8/



{70 ANILYTINAOW IZINOMHIONAS ¢ HOIH 07%
*MO1 0z
* 07 M0«

"NMOQ 3TILL3S 3Z MO0« J3S OMIIW BT Liumé

‘MO 0zt
"HOIH "0zt
* 07 T0AE

*1MO4 07 T xaé

A(NZ NAS

139
93499 LN0O

491 70
109 ANy
XQ“y NI

TLTYT ZIND
X¢ 03d

XY d0d

X4 HSNd
& XY AOW

L]¥T ZND
I e N
Xa* 9 NI

dMS ¢ XA AQW

AMS T A0 HSYW 274710 AOW

D0M NAS

#7127 aow

LT

APALH

SLTWT

w0 aou

#############################################################m

TATALVYIAIWWI ATO ONILYTNAOW 3HL SIAZINOMHINAS LI N3IHL

"ALYLS H

9IH 3HL

0L MO 3HL WOY4 S3HILIMS UNIIS JZ TILNA LMOd4 7 3HL 817104 mmjomuomi.mHIhm
T P e e s L e e e e s e e L L

* 370 ONILYTINAOW 3IHL IZINOMHONAS !

39vd  98/L0/41 .

[T

A4AN3  3LYd«n

L3y

,wf3lve Lno

i o Iu (0] X

304N0OS

WNHS

Q94T

bHR6T

8661

FAST N

Q6T

GRéOT

Pe6eT - w3
o611

ER6T AEYF L
1661

Q61T 4%
66T | 8 o
86t J3 ¢
LY6T

6T HAGL
Sv6t 8t .
tv6T 8%
w61 7 [y
TUéHT AR6MBA <
Tv6t

Q61 J45/ ¢
66T Ta8E «
861 a3 ¢
LE6T

PL61 ooo8YHd
Cnb T Atidg -
et

webT

RANN |

T&6T '
AL6T

6E6T

8&461

T6T

6T

GE6T

&6t

61T

EE61

1261

D6t

6HTI6T

8161

LT6T

I61T

GI6T

Y161

161

S161

1161

Q16T

6B61 P I
8061

LD6T DEFH
ANTT Int= (W

HIATMFWISSY OMIVW 981/88/48/¢



2>

"OM3zZ

"NOISIAIQ 0%

NOTLUMY AT MOA PA MOYX 40 LIS NOIS HOHHD S
MAATIATA LXAN XAt
"MOSIAIA XAt

" OAHST MOSIAIA XD

*XAANT SSINAAY LX3N 164
*1AS4-40 SSAMAAY LXAN X
T OMOPX X

HLIM J3ZITWILINI ‘WNS 1%
"MOSIAIA &M

"MOSIAIAQ TXYE

XY 7N
NOYTT 20

HRS*HA 1S3

X3 A0

X3 Ald

XA XA MOX

Xd HSN:

XY 93N

WOy Zr

HRB  HA aNY

X" XA AOW

XA LXH] AOW

Zhxa ans

XO4%XA AQW
CXHTXD ADW

M 13AS4404%X3 ADKW
XA 1S |ANS
CXAT°XA AOW

oM 138 A40XT ADW
CIS+XHT XY ADW
AX LASAAD XH ADW
TA*1Q MNOX

XY rXE1 ADKW

oM LISAA0 X ADW
[XHIEXY ADW

M LHSAA4AD" XS AOKW

HMYIN DOMA

HiNLvA|

TN

YHAQ

############################################################im
TIONSIS mUHZOZKGIm
BOJ.NIH ONILYINAOKW A J3LYHM3INTGD 1N4LN0 T13A37 NY3IW 3HL NI S18IX3 IUHI3W
SIOINOWMUH HOTIH FHL WOMA d3AIMAJ SWM31l "0°d SHIUNIWITA 3YMNa300Md mHIHW

#############################################################m

[39vd 98/L0/v1

wase smre roon e meese MARY Sieen serte OO MY SRESS MESH Sires Stete sernd seste shs Subdt st S SO S04 Hom Samy Tesm seesy Siess febee Sase s LM veIed See Seds

2T 20000 JUUND 11003 SRR N3N U550 SI0% I SN 2320 IIU U5 DIRE ST 200N 00 LAIOY CRRRR S00ED 0NST TN 000D 2R JISOT CINTD DD IS 2300 03003 130T D NND % 4 AN S AN meumm N SN MU NM NN IS I e il a

AMN0S

WNHS

1861
Ae6T
LLbT
BL6T
LL6T
QLET
LL6T
WibT
wL61
SLbT
T461
BLEHT
6961
89461
LI&T
961
L9961
7941
=961
261

3aNIN

HIAHWISSY

DI

8L

SAY L
BB
rilate ¢

L1668
SRYHLe
Tads
APHS
T TOLEH

R |t
£1H8
13488

QR
T T84

LDEE
Y ILEA

40498
b TE8H

a0

81/88/.8.



. 91AT
XY 93N 5108 8AL
PIQZ
NOYT Z0 C1QT TOvL
HEB“Hd 1S3 TIQE D809 A
. X0 d0d 1108 b5
X3 Ald AIOE Tl
XA“Xa MOX L00T TaATE
X HSA TG BO0F )
LDOF
XY 93N QAT §1L
nRVT
Wog Z YO0 : IO L
HEB HA ANy TORT BEIHNS
X9* XA AOW ZO0E DaAgs
"NDISIAIQ +40% 1003
NOILUMUAEMA MO4 A HMOYX 40 LI NAIS HOAHD S wwwm
. o
. XC*LXAT ADW 8661 L168
"MIAAIAIQ LXAN T X(d 2 Xa ang Lb6T TQYIALE
"MOSIAIQ XAt X34Xd AOW 66T 148
" AFST MOSIAIQ TXOf XH714XD AQW Sh6T ADHEB
FY meuuo.xm ADW ¢mw# 104849
- Chb
*XIANI SS8INAAY LX3IN IS4 XA41s 4ans - TabT 49z
" 135440 S83HAAY LX3IN XA E [XFD XA AOW 1661 2148
£ LIASHHA0XE ADW wmw# 13,849
A MOPX XD CIS+XH1*XY AQW _ 8861 lnEsts)
AX 13SHA0°XT AOW L Ta ! %mmﬁ 1184494
— . . ) ot €2
"OM37Z HLIM Q3IZITWILINI ‘WNs T1qat 1A 10 MOX mmm# Ads
"MOSIAIQ “TMé XYLXAD ADW = LDEE
: ZH 13S440°XT AOW wmwﬁ Yy 10/84
"MOSIAIQ XY CXFD XY ADKW D861 LOHS
9N LASHHA0XH ADK b6 AL
861
LLbT
MYIN 00MA YHIAA GLbT
et
| 7 £.Cy
AR B e mwwﬁ
“ (3]
“IYNOIS SIINOWMOH mwwﬁ
4 &y
MO 3HL ONILYNAOW AS 3LUN3ENZO IN4LN0 T3AIT NY3W 3HL NI SLSIX3 HOIHME mmmﬁ
SOINOWMYH HOIH 3HL WOMd d3IAIMIA SWHAL *0°d SILYNIWINE IWNAII0ML SIHLE %wwﬁ
. . - "}
BHEHSHHH GRS HE R RS RS R R B RS R mwwﬁ
TP T
57 % 559 5 50 50t 59 R T2 e e o o T S D D 0 R S A 3 S 25 S 0 T SRR RS T 082 &O6T
IDHNOS NI a0

L Fvd 98/L0/v1. . o A . WNMS HIMFWISSY OMIAVW 981/88/.48/

-




!OAOHLAW LSALTANY LOYMLEans | 1408
"L £2'92 1 "SHO0E OML NI J3FIMIS3A SYM AOHLEW LS3AL ANV LOWMLENS 3HLE mwmm
" [
"IYNAFIONE FHL WOMA SNMNLIY 8808 3IHL NIHM XD ANY 49 F mwmm
. s = <
MIYd M3ILSIO3Y NI MIANIUWAM 3HL ANY IA ONY XA MIvd Y3LSIOAM NI 3dolst wmmm
..... " a &
3 TIM LONS3M AHL " XD ANY dF MIVd M3LSIOAM NI ALILNGUMNG LIS &¢ 3HLE ﬂmmn
. . (¥
AH I0 ANY XA MIVd MILSIOAY NI ALILNYMNG LIA ZE 3HL S3ATAIA FYNAID0OEL SIHLE womu
- [
"AOH.LAW ¢ wrmw
LS3L TaNY TLOUMLENS 3HL ONISN 3WNA300Md NOISIAIQ LIF 28 AG LId Zgf mmmm
FUHHGHE SR H SR BB HE R REHAS B RES B RER R S R B S RS SRR R RS ¢ mmsw
SEos
15078
S ot g T I T S5 I3 855 24 G Y SIS D 2 S 1 1 5 o 7 D S I T I O T S TS TR R RS BN SRS m SO
LD
gvrac
LYOT
4aNEA YHAA AT
SYQT
YA
. 17
"WHMOA “JdWODE THoT
S.Z NI 34y AX SS3HAQY NI 3IHOLS Y1lvd 3HLE 13N &wmm 0
"3LN23X3A_S3AWIL 4007 kmmhﬂ [XA1XD AOW 650T 4048
Z 40 HM3UINIOL GM* oM 135440°X3 AOW nmmm Y1889
"HMALNIOLS SSIHAAY WHIL "IJLX3IN 3MOLSE IS“ILXH] AOW nmsm L5468
- L2018 aay LA z@92:c8
"¥IINIOS SSINAQY WMEL *0°a LSy 184 CXH11S AQW ¢fsr LEA8
* HAX TIME IM 13S4d40°X9I AOW £20Z VAL YAE |
XU LIS+XH1 AOW Tzaz 2068
"WNILE o,
"0°d 1S3IMOT_3HL WOMd STINOWMYH MIHOIH WOMd § . LEQT
ONISIMY SWH3L "0°a TV 40 WNS 3HL LJYMLlaNst 10Xy aay 8z0z LI5@
. "WHM3L *D°a LST J0 LOOME CIS+XHT*XY AOW LEAT DRI
AX L3S440'X3 AOW ammm 1184494
"WMOd "dW0D S.Z NI WNS 3HL 3AILY93N “‘S3AE Id 9aN wwmm 4044
£ZAT
"ONE ¢o1 3Ne 0T 6254
T5XY 4WD 1E0T 2010ds;
¢_S3BIMY NOILYNDIE 2TOT
40 °0°@ LST 3HL M3IHL3IHM 338 0L HI3IHO! [XHT*XY AOQKW . mwwm L0498
‘Wwns "1at X9*1a aay INOQYT L10% 8450
3I04N0S 3NIT rao

3994 8/LB/1 - WNHS HIATHWISSY OMOPW 9281/88/48/




68

. “LONs3Y 0L MOSIAIA aday 0s 101 +
@ = LI IN3ILONG “SMNID0 MOMMOH AHSH TTTT HH
" ONIVEY AMLY MOSIAIC L4IHS ° NOILIAQY ON HSH -
T = LI LN3TLOND * MOMYMOd ON VoL YRDD OV
TNIVEOY AML ¢ MOSIAIQ LAIHS DIAT
SHSH alrajralr] SS
. SLTNSAd 04 HOSIAIA QQQ 0% S&HS I +
@ = LIg LNIAILONG ‘SMNII0 3Dmicm SHHS HHﬁH 1T
" NIvOY >mh mOmHDHQ LATHS ° NOILIAdY ON SSﬁS ﬁ
= LId INITLOND MOMMOE ON 2107 2020 SS

S Ma04s st deien Snbes omend Seded Mhash Mtd (mem Thage dvPes S00Le Moovs SH1e% PHSSS S04%0 N9USD Maven SauPS SHTHS M4 bHRRS SHLRS Seimt

"NIVIY AML ¢ MOSIAIQ LAIHS oRAT A1 -
2100 TIO0 OV
~LINS3Y 0J HOSIAIA ady 0S8 NeRR 1AT +

“ B o= 114 IN3ILONG “SYHNID0 MOMMDH ATOD DTTIT 11

" NIYGY AML® MOSIAIQ LAIHS * ZSHPHQQ¢ ON 200 1At -
T = LIA LN3IILONB MOMYOHE ON DI0 1100 20

"NIVEY AML ' MOSIAIQ LAIHS 2000 2101 -

2T00 1TOTT 20
‘ "LNS3EY 0L MOSIAIA ady 0S Q00 2010 T +
@ = 114 INITLONG °SHNI00 MOMMO0d PTOQ 1@ T1

000 uste e Gense s Sum o SHLUD SO0RD Shyet Shate Bovee 0000 LS G000 P08 EOSY MOOU Sevee SeRiD e Fuvrn tesuy Feste Shese

"NIVSY AML ¢ HOSIAIQ LAIHS ralralrag] mmwm T -

D120 ralr]
. ~LTNS3d 0L HOSIAIG adv 0S5 2000 QOAT AT+
© = LI9 INATLONO °SYN3I00 MOMHOL D102 121D @1
HOSIATA 2000 2T AT~

ONIAIANIA 2100 T@TT 00

. OF. 3X. IL. aW. NT. IF. IC. BN, AT BT, EF. AL B 3F. I0. of. AP E¥. 8C. o €N, op. BN, of. E0. 5N A8, g, £I, OF. €. o5 CF, 3o £6, OO, B8, o XD,

POI0T AH 2100 TOTT S3IAIAIQ “IN4dWYX3 MO S
"SSHANOMA 1SILTANY T LIYMIENS LX3N mIr,

MD4 @3SN ST NOILOYMIENS 3HL 40 LINS3M JHL NG “LNITLONO AHL OLNI memkzmm
SI wTw Y “NOILIUMIANS 3HL ONIMNG SHNDI0 MOMMOS ON HI "d3H0183Y mHW
AN3AIAIQ 3HL 40 3INTYA TYNISIN0 IHL LyHL 05 NOILOUMLISNS 3HL 40 LTNS3 mIHm
Ol d3day SI HOSIAIQ 3HL ANV “INIILONG 3HL NI M3IAINT SI 0. ¥ ‘AId LI HOIHMSE
‘NOILIUMIENS IHL 40 LINS3M Y Sy d3NMNII0 MOMMOS ¥ A1 "ANIAIAIQ 3IHLE

uD LI 1SHI4 3HL WOMH4 d3LIYMLEANS SUYM HOSIAIC 3IHL “NOISIAIAQ AMUNIS NI

=
AT

AHN0S

30vd . 98/L@/¥T o WNHS

o
T T T
CIOATIET

(Y

M

IO

T

s
S

—OoMTNISNDOOS—HMISNONEIS 0

mhsw
YL@
A
ZLDT

NI £490

HITHWASSY 04I9W 9871 /88/.48/



"AMMYD 3HL LNAWI W00 § WD AAYON 181z G4
“ gIHSIIAYLSI-IM SIANIAIAIQ WILNYd ¢ 6L1%
40 3INWA_SNOIAFNA FHL LYHL 0S NOILIUMIANS i 871¢%
SHL 40 LINS3¥ IAL OL a3day 38 1SNW H0STAIGH LLTE
3HL NOILDYM1ANS SNOTAIMA FHL 40 LINSIH AHL ¥ | CTAT
X9 a8 0ay 51T 83T T
1S'X2 aav AL 3050
‘0l MOSIAIQ 3HL Ay LON 04 ‘@ ST AMMYD JHL A% aavoN aNe mwﬁm YO L
“ONIAIAIA WILdYd 0% A OL1E
AGSW WOMdA MOSIAIQ 3HL MOMMOA HLIM L39Y1dns: X9* 48 A4S 6912 CEE
"ONIAIAIA TYILMY . L91Z
40 AEST WOMA MOSIAIQ 40 857 3HL LOVMIANS ISX2 4ns 991E o) o
458 04 51T 8a1d
* X2 aNY Hd A ¥9 1%
SMILSIOAY NI OIMOLS MOSIAIQ “IYIIMyd JHL OLNIE £91E
MOSIAIQ IHL A0 HSW 3HL FLYLOM © ISIMMIHLOE T4X3 oM 291z 1a1a
* @ SI INWA A1 NENLIME £117_Z0 091 1142
"INAOD LIA 3HL INIWAMO3A XA E xd 2934 6512 Ee
“AMMYD FHL OLNI GNIAIAIQ 40 GSW IHL 3LVLOME 1¢xa 10 LE1Z. Za1da
*AMMYD 3HL OINI ANIAIATA A0 AS7 3HL 3LVL0NE 1410 79Y :LISLXN 9512 Zata
HAd424Xa ANy ) AL44T318
X3* X3 MOX £S1E 635E
"ONIAIALIA IWILMYd FHLE , Zo1e
AMOLS QL dISN TIIM, AZHL XD ANY o8 NT9d TIONG 4940 NOX TS1T a3z
*T2eTANTIYA 1MYLIS‘ 3NTYA LIS §.HOSIAIQ XAl £2 X AOW BS1E @@1zd4
“HOSIAIOQ FHL d40 AGSW X9t A8 X9 AW &Y 1T 5388
“HOSIAIA 3HL 40 AGST IS¢ XJ*1S AOW 811 1448
X8 HSNd LY1E o6
118 "N9IS 3AVSE X9 HSNA Sy 1T oS
Xa¢ XY aNy SYIZ TIET
"L18 TNOIS 40 HSUM! HR@@B* XY AQW YY1T 08008
1§ HSNd SH1T 93
TY1g
Tr1Z
. DY IE
MYIN  00Md  ZETAIA LT1T
BE1Z
421
HEGHHEHE R B R R R R R R S | mmﬁw
. g ZE1E
" (@101 @102) SI LINS3AY IHL *INZILONG 3HL AA QIAIAIQ NIZH SUH! exi
ANIAIAIAQ 3HL 0S ‘WHO4MIL NI3F IAYH SNOTLOUMIENS ANY SLAIHS LHOIF! wm#w
N 2000 220D B0 : BZ1%
ettt inut i ute ¢ LE1E .
- 30MN0S AN LHO

- 3aYd  98/L0/%1 : : . _ WNHS M3IMFWISEY - 043U 981/88/748,



e e

e ¢ ot el s ot

124

39 0L SYH MHOSIAIQ 3IHL * J3WMO4 SI ANIAIAICQ WILMYL 3IHL 3OND * XD ANy o4
MIYd MILSIO3M NI d3M0OLS SI LUHL ANIAIAIQ "WILMYd 3HL 40 4877 3HL OLNI g3ivloMd
SI “AMMYI FHL NI MON SI HOIHM ‘aN3AIAIC 3HL 40 9SW 3HL *@3LNI3X3I LONE
SI NOILONMLSNI Z0 3HL ‘d3lnNd3ax3 SI NOILONMLISNI X3 230 3HL M3LAY OMHZNON SI4
LNAOD 3HL AT "A3L3NH4W0D SI INNAIDOMA 3IHL ‘0437 SIHIYAM LNNOD 3HL ZMIzm
* JILNIWIMO3A SI d3IMOLS LNNOD LIF 3L ‘d31vlod N33F SYH AN3IAIAIQ NIPW

H3LAY *Id ANY XA MIYL MILSIOIM OLNI “LId-Ad~LId “IN3ILONOD 3IHL ILYL0M OFW
a3sn sSI JNDINHIZL SIHL “IQ ANY XJ MIVd H3LSION3M 40 HSTT 3HL OLNI Omhchomm
39 01l AMMYD 3HL S3SNYI 0S1Y LI LNG “AMMUD 3HL OLNI ANIAIAIQ 3HL 40 mmzw

- 3HL S319Y1l0M %JZO LON SNOILINYLSNI OML 40 3ON3INO3S SIHL *NOILYLOM mHIhw
40 17NS3Y ¥ SY @ 31907 ¥ HM0 T 0189077 U M3MLIZA SI AWMYD 3HL ‘1437 mIPm
OL 30NO d31lvl0M N3IHL SI Id aNY Xd MIVd MHALSINIM NI d3INIVLNOD AONIAIAIA %Hmw
- “ANIUAIAIQ WILYMY4 3HL dT0H 0L d3sn SI LYHL HIvd M3LSINAW 3HL

I, W, 0. OF. GX. AF. X DO

"ZE 3HL ;
SI SIHL 3SNYD3d d3MY3TD NIHL SI XD ANY 49 M3LSI93M ~ "MIvd xmhmHmmmm
FLYINHOMA4Y 3HL NI d3AYS SI LNIILONY 3HL 40 LIF 18SY7 3HL LYHL 0S8 3WIL!
YNOILIAAY NY d3LN03x3I 3d LSNW IHNAII0M IHL NIHLIM 4007 FLvlod JHL ozqm
‘ ONIAIAIAQ 3HL NI SLIH £ 3™y 3™3HL 3SNwI3E ©F SI LNNOD LIA 3HL .xuw
aNY <49 MIVd M3LSIOIY NI 33 LSNW HMOSIAIA 3IHL dNY Id ANY XA MIvd mmhmHmmzw
3HL NI Q3NIYLINOD 39 LSAW ANIAIALA 3HL “d3T190 81 227 AIA IHNAI00Md NIHMA

s ot et e st doten Moot S s ot o M ) b Ak AR et SN SAAP Shh SMS0E o Sbees Sobes eots oot Seam S04 SO0t Lbbnt Shebt SObtt fotbe SONMD USeas SALMS Shast Sbens SOSns OSSO0 i B SO FHSOF LI 08 S PRI SH00S OO SIBMS 400N AR SASMN SEARE SOS F4POH SHAMR Seam Sebrs

daN3 T ALd
L3
- . IS 404
CANIAIAIA 40 LIA TNSIS MIA0D3IME X9 ¢xa aay
*1LI9 NOIS X9l XY +0d
: _ Xd J0d ARy
"HMOSIAIA FHL NI LIF M3IHLONY 1S3L N3HL® LIALXN oWe
_ IDHN0S
WNHS

39vd  98/.L0/%1

e
o
-
[
-

LS

RIS IS IR
SR I IR I IR IR IR IR TR I S A

MM SN
Bt it e v o

pa
LY

s}
g
—t

“

RIRIsisteivisigieis

Geivisivisioh

GIFMTNONOG T ION

Z 0000oooeroerosoern

Pl el R R R e R D L P R
g

P
R

11}
.

HAHWIASSY

OMOVIW 981/88/ Lt



¢ FMNAIN0M LOOM 3MUNOS LIg -2 8
BHHESHE SR AR R R R R R R S R R R R R 4

XD ANY JdE MIVd MALSIO3M JHL NI J3AYS SI KMQZH¢EMKW

LIA"ZS 3HL "IA ANY XA MIVd MILSIgEM NI d3aM0Ls 81 LN3ITLONG mIFW
*AMMYI FHL OLNI L4377 GALYL0M SI Id ANY XA MIvd M3ILSIO3M NI QwZHGFZOUW
ONAJIAIA 3FHL =0 95W LX3IN 3HL LYHL 3WIL 3HL 1Y 14 Ny XJ MIvd EMFmHammm

40 8877 3HL OUINT J31VY10M N3IHL SI 1Id AYMPD SIHL "NOILIUMIANS PHm.UHm
AHL 40 LNS3Y ¥ S9Y d3dNN300 mMOMMO0d ¥ LON MO M3HL3IHM LI37438 QL QMPZMEMJ&EDUW
81 AMMUD 3HL ° QAYON LY "AAUON 0L S4WNC 8808 HHL ‘NOILIUMLANS HHm ..... nFm
AHL 40 LTNS3EM ¥ 8Y MOMMOA ON ST HM3IHL Al "(J3.LNJ3X3 3AMY mZOHPUDK%mZHW
00 Ny aay HL0d ‘SIHL 04 0L " IANTYA MIYNISIMO SLI 0L QZMOH>HOW

IYILNYS 3HL BMOLSIM 0L NOILOUMLANS LIA ED 3HL 40 1INS3Y 3HL 0L Qmaoqm

g LsSN HOSIAIA IHL NYHL H3ITTWWS SI ANIAIANIA "YILWYd 3HL N3HL .ZDHucmkmjmm
118 7Z¢ 3HL 40 1NS3IM U SY MOMMOE Y ST EMEHL JI "HOSIAICQ 3HL ZGIP,
MIOHYT MO OL WNo3 S1 ANIATIATA WILMYL FHL NIHL ‘NOILIYMLIANS LId ~T mmszmd
SIHL WOMA4 SMNJ30 MOMMOd ON dI * MOMMOS ANY SNIULNOD AMMUO 3HL “3S4N0D uO.
*MILSI93M o4 th WOMd AMOWZEW 40 LNILNOQD 3HL SLOUVMLENS ATINO LON ZDH%QDMPmZH,
g48 3IHL .QZNQH>HQ MYILNYA FHL H0 AGSTT FHL WOMH d3LOvMidnNg SuM momH>HO.
FHL 40 AHST 3HL NIHM ILYMINZD MOMMOS Y N33 3AVH AVW 3M3HL 3SNYD3d Qmmjm
SI NOILJNYLSNI H4% 3HL St wxd.&m HES) o WOMA 30&10&!1&&3!QMPO¢EHmDmW
SI X¥ 40 LIN3ILNOD IFHL dNY M3L1SIg93AY <49 3IHL NI d3d0Ls QZNQH>HO JGHHMQu.

3HL d0 AASW 3HL "M3LSINAY XD JFHL NI q3anvs SI ZOHPU¢MkmDm 3HL uQ FJDmmm.
IHL * IS'X3 dNS * (ANIAIAIA “WILNYd 3HL 40 >mm4 JHL)Y M3ALSIO3IH XJ mIP“

A0 IN3LINOD IHL WOMd d3L09M1dNS ST IS 40 ANILINOQD 3HL LI WOMA QNPUGKkmDmm
JoNN0s

kA

3904 98/L0/4F , WNHS

HIATHWISEY OMOVW

£40

981/88/48



lep

oD 1@
JHOLEAN

et min i G ey A ALY seb feenr RAS 0B BHeSh SRS SNITA S0SI0 Reror dARkY HaRRS OB

T+ (T%b) 19 1
19 @

(4]
———t.00_IQ 1@ . ./

100d T @ @ 1
" d31LovMLX3
SI (10 0@ 12 1@ 40 100M 3IMYNDS 3HL HOIHM NI S3TN4WYX3 ONIMOTT04
JHL 338 © o "a3MOLS3M SI NOILIYMLIANS 3H). ANY @ SI 100M 3HL “AAILYDIN
SI HAANIYWIM 3HL dI "dNOMY 1PHL MO4 100Y 3HL SY d3M3ALINT 8T T U
‘IATIYOINNON ST MIAANIYWIM IHL 4l "ALIYMLIEANS (NY “d3sn SI LI HIIHM

H0d 4NOM9 3HL 40 LI9IAd ANYH LHOIM 3HL HLIM d3IN9ITIY SI MOSIAIQ TWIWL

3HL 40 LISOIA ANUYH LHOIM 3HL “ [ T+N.Z%t 1 NOISS3IM:AX3 3HL SI MIANIUVWIYM

JHL WOMA4 3109M1ANS 33 0L MOLIYA IWIML 3HL ‘S4N0MO 9NIQ3IITINS . TV HO4
" 100y

HHL NI J3M3IIN3 SI @ ¥V “dNOME SIHL 40 14377 3IHL 0L 4N0M9 @ 371EN0d HIv3
H0d *4NOMO SIHL MOd4 L00M 3HL NI d383LINT SI T ¢ ANY 3AILUYSINNON 3
TIM M3ANIUYWIN 3HL “1lJudLIENS NV 4N0oM9 SIHL 40 1149 dNYH-1HOIM 3HL
HLIM T U NIITY “S30M37Z OML NIUVINOD 10N 5300 IYHL 1437 3H1 WOMA
s1idg LO dNOMY 1SMI4 IHL 16 NOILYNM3H0 NOILJIUMLIX3 TvNlIov 3IHL NI93d

"ASW THL WOMd ONILMYLS ¢ HOVH

S1Id OML1 40 S4N0M9 O0LINI ANYOIduM 3IML 40 S1T1d 3HL 3LoMu43S

! SMOTT04 SV SIt

™

(1)

. 2%, QK. AR, BF. B0, Y. CF. O OC. 9. AT, o AW, AF, EF. S€. €0, OF. OW, OO, SF. OO 28, oF. CF. AC. IF, OF. X, A 2. ox. 8F. BF, OC, W2, TN, oo, IO, CF. IO, O GF, OF. A

IHNAZT0HL 3HL "SHIFWNN TYWIISA HOA UTINWNOd AHLIG J3WAHM mmmzHIUJ
dl0 NY WOYd d3Td4dIdon SI mmmmz:z AMUNTE HOd S100M 3IMYNOS mZchJDUJQU.
40 WHLIHO9TW 3JHL (LI 9T) H3ALSIONAY XI NI d3H0LS 39 11IM FJDmmxd

FHL “MST SNIVLINOD XY “MSW SNIVLNOD XA 3¥3HM (LIF7ZE) XY ANY XA chm.
H31STI93 NI d3N0LSs dkdo 40 100dY 3IYYNOS 3IHL S3LYINITWD 34NA300M mHIr.

3N

39vd . 98/L0/t1

WMNHS

-

<
7
A
o
<
o
L
-
<
ol
o
>
S
.4
e
-
<
s
[
&
S
>
o
bt
o
-
A=
7

+
i

‘3

PP

o by b
B

PP

1

S
i

I

OS8ES ettt = (4 [

o
8
1
™t

DNINDEI~HMITIONDOTS

(g ls
13

L4EE
mmuylnl
h&atﬂt
&L
Q68D
¢0HN

mvf.al
ANIT rdr

HIAMEHWISEY OHOUk 981/88/ Lt



17

"ONIAIAIA MIN —XD¥ X9 X3 MO oRvE 8050
.xmoquzmm" b&TE
1SYT 40 QHOM SW 40 SLIA Z LSYT 440 HSOW HOA440° X2 ANy 865¢ 44047318
o T¢XY T0M Gorz 214
"NOILISO< GN3 LHOIM OL S1Id OML 3S3HL LATHS: 1°Xy 0M oyt _ @31a
HORBID * XY ANV 7oie - QO0D5E
. XA LXAT ADW - ZLET L1468
11 3MOLS! 94 13S440°XT AOW Jore . p1yBE4
. T4Xxd 10M bBEZ zoTa
"NOILISOd @ ANV 1Z LIS OL 9 ANY £ LId LAIHSE T¢Xd -0M 885 T Zo1d
"YLYa 40 dMOM S oXat L XY XA AOW LBET G
“Y1vd 0 aMOM 81 X EXE14XY AOW 5857 L0A8
q8Y L3SH40 X3 AOW mmmm v TORIA
“YlYd 40 aMOM SW IHL LNO HYOM LSMI* N 1o mmm 05Te3
. 14X 0M 180T 1914
"NOILISOd QN3 LHOIM OL SLIA OML ISIHL LATHSE 1¢X3 0 08LT 1914
BT ANY ST LIA LJ3OXHE SLIH 16 440 N8UWt HERGDR* XD NG bL5c RI00TITE
. XA*CXET ADW LLET ‘ LT68
“L1 3HOLSE 9y 13S440" XA AOW GLi v 1rBad
. T¢Xa oM _ plES zZ01a
"NOILISOd 8 ONY & LIA OL &1 ANY ST LI9 L4IHS: 1*Xad 0y £/5E £01a
"Y1¥a 40 QHOM SW TX3E X@* X2 AOW wmmw voa8
“100M SIZIYILINI ¢ @ dd AOW mwmm 00D
. X9 IXA1 AOW L9%% LO6S
"Yiyad 40 aMOM ST 3MOLSE 1S9 135440°XE AOW mwn: v TOSHA
L&
. XA“CXAT AOW yoT L168
"YLYd 40 aMOM SW IMOLS ! HSY L3SH440°X3 ADW mwmm v1esag
EQuE
1952
RIS
HY3N 0Md4  LOOMS b5EE
FREs
9TLE
####################################################na#########m Sere
MIANIYWIY 20 © ! S5EE
T+ (o*p) 10 20 1 § t=tts
10 00 1 ; REET
3M0LS3Y § LYz
xxxxxxxxxxxxxxxxxxx : 8bvie
T+ (E*t) 10 o1 § Lrie
A0MN0S anIT £EO

3994 98/L0/01 - . | : WNHS MITEWISEY OMIYW 981/88/.8/

. .



10M LY @A

19Xy _
1" XY 0M r4ns rjaRNe
XA XY AOW PALS SOHE
. EXHI“ XA AOW s i L1EE
HLIM LwAg:s _ 15V
39 QL 3IMY HOIMM SLIA OML LX3AN AMYATMA R M LASHAAO XTI AQW Mwwm 12 8d¢%
..... - XY dg MO BYvE 83I4g
“LOOM A48 T 49 10M SEMST %me SATC
"I SI SLIH OML LYHL MDA LOON NOISSY ! T*XY AQOW T8N WWWW PATIO8E
V . TMET WD LObE AGHRHE
'O SI SLId OML JLYHL 04 1L00M NOISSY XY ADW ShvE BVABE
XA*XD AQW &%Wﬁ YOdE
. 7 &
"HOLOYA WIML < MIAANIYWIM AT s THST dNp R S8R/
COMIAANIVWAEM XD XY X0 ans govs ga8ae
*HAANIVIWAIY 0d3NSd Xas X0 XA AOW %m m . Tade
© TN TR S XY ONI SEbE @b
XYPXY aqu b /20 PO
XY Xy aagy sebe @a5e
) XY AOW LMST SEvE Gade
"S1IE 8 MO04 8 SI W10L ‘4007 SNIMOII0AE . T8vd
AHL S30Jd SAWIL ONILNIIXI 40 MIFWNN 1+ 8°I0 AOW Mm m rlrls]ni-t
BEZVE
LIV
MYEN J0MNd 3N Tve
‘ YEYE
HEHHGHEEHHHHEG G4 H S H G SR S H U S S S S S S S G S - ﬁm¢w
. Ty
"LO0M IMYNOS 3HL 40 AMOM (ST MO SW) § 12be
INYIIAINGIS LSYy3T 3HL MO LSOW 3Wdl H10d S3ALYTINITIYI 34NAdaI0M4 mHIHm MMWM
] &
###############################################################" %“WW
) L O 25
S £ 5 S 3 4 355 S 6 R R 2 50 5 6 S 55 5 S 2 5 0 2 T R S 4 O R R H IvE
N /A
It
1T
daN3 100MS ATtE
&Y E
8S8Ove
LOVE
1.3 R E o)
- , 7, | /A
“LNS3AY 3IHL IHOLS X0+ dF' XD AOW Nwwm ange
"YlYd 40 aHOM ST FHL LOO HMOME 3Ina 1Yo Zove PRIO8T
A34N0S ANIT fE0

=1 mmca_ om\Ns\¢ﬁ\ ‘ ‘ | WAHS MATEWISEY OMOYW 981/88/4E




9 39vd . 98/L0/01

AANE azn

M) FHL LuH S LTH

Y H4a3T N0
NOTTHET Y ADW

HYAN a0Md aan

it G414 st et 000 e i S e e St 4t Sl G ot Maeag St Sovis SAAee Betse Seons St Sdoih HALE Seatd Seoes Seber Tersd Hess SO Feees Sered SHOLE SHOLS Porve Meis SeviL Sebm Mesks CesM Pered Meeds Lot i SuV Sbest Muve Pever Wi VRS i Motk 0400 e Aarid Mk i e Mt e e duit S

' OTIENYE  LNOMA 3HL NO
NOLLOF 13S3H FHL ONISSaMd Ad NIVAY 1MOLS3IM ATINO NI WILSAS 3HL
N4l 3HL LTWH NG 3Jv H0 SNLYLS MOMAM3IA0 MOHS 0L a3 3HL LHEIT

F8T1 AMNAIAI0NT SIHL JO NOILONMA

I I I S etk vy oo smem mmess s seem aeem Smi 000 40030 21dn Sevas Swes m Samem SLEW SALT 10 P0G Selas Sabm LS eieS YOS BIA S04 pesle Shaes Skve sesme Seme Shem P SIom $3ias feote TRasH Sers ot Smsm fows Shide SEm eesd TS fedet Siaas fases RS Sidus 4N 80034 $Heis SAibS smimy et s sonse
R B I R R O T S A RS T S I o O S o R A S R A N R S s an e I s R e o rm e a I S o i s s g o s g s s e o me su 0

v

se. or, OE.

.
H
[
.

HAN3 3N

13y

, . MG ZND
"AWIL ONILNDAXI LS3LS 1a 230

"AN3AIAIA M3IN ~ XOf XA*XD MO

. 1:XD 104
AMOM SW MIANIYWIN* T¢X2 10M

; 1¢Xa 10M
"AHOM 571 MIAANIGWIM ¢ T'Xd "10M
HRBYO® " Xd aNY

xqpnmmu ADW
94 138440 X9 AOKW

3A0MN08

WNHS

TonT
TAGE
Q05E
bobE
BobE
Loy
SabE
SobE
vobT
CobE
Fob
Tove
0btE
68YE
88tz
L8bT
S8bE
CBYE
e
TBbE
Z8be
18bE
28tz
bIbE
8ive
LIYE
SibE
ClbE
YIbE
£/ bE
Five
T/tE
QlyE
b E
89vF
LYz
GUE
ST
YovE
SObE
Z9bE
194F,
A9YE
LGHE
8Tt e
L5y7

INIT

@BIE
ik=1ribe

P 1.u
o

=y

Av
Lial-174

1310
1310
&A10
&210
PoNAzATE

068
v Tbi3da

= (o

MIATEWISSY OMOYW 981/88/LE



Ly

LNYJIAINGIS LSOW ANOJ3S 3HL “ANYW Q0L #3MY O (INY 3 4 40 9NIAW3EH MIFm
H3IANMN SW3LI 3sOHL 3SNvI3d 009 = 18 1V SLWYLS HXXXL ANY #@Z ﬁHmm
LY LYUYLS HXXX3D ‘@ = IS LV SLYYLS HXXXH40 FdWuX3 MO "ANavL wIkw

40 ( 206 = I8 v N3 3HL OL ( @ = 18 ) ONINNIOIE 3FHL WOMd ATIMONS >Km>w
ONIHIYIS 40 QUILSNI “ANNOd SI F1ONY LHOIM 3IHL ILNN 3M3IHL mZHIumcmmm
SIMULS LI LYHL 0S5 ‘LISIA INYIIAINDIS 1SOW IWYS HLIM SWILI 3ASOHL 40 mZQ.
40 $83MAQY ONILIMYLS 3HL 0L S4WNe NIHWL LI “SI LI (4 OL @ WOM4) NZD“
HIIHM 338 0l LI9IJd LNYIIHINGIS 1SO0W 3HL SHI3HI LSHId ONYd,. mx:omuamiw
"WHOd4 X3H NI Jd3583d«dX3 S1LI9Id ¥ SvH INEYL SO3Y NI W3LI >mm>d“
"NOILNT0S3EY 930 '@ S1 mecr 4N THOOT SIHL 40 ADYMNOOY MIP.

‘O30 @06 SNYIW P06 =15 XIAANI !
04 ONIANOLS3IHHMOD HA2XY SI 3NYA 803  JWY 3IHL N3

930 1S SNY3W $1S =15 XAAN
OL ONIANO4SANMOD HzZd4é6 ST 3NTvA SO03  IOMY 3AHL N3H

M
H
mE
8930 _&°0 SNYIW @02 =15 xmazy
H
M e

0L 9NIANOL4S3INN0D HLd4-40 SI 3INYA SOJ ~OMY AHL N3H

930 @ SNYdW @ =18 XIAUN
0L ONIANOHASIYHOD HA4A44@ ST 3NwA SOJ3  OMY 3H)L N3H

! SadWYXT HOdE
"WYMO0ME 3HL 40 LN3IWO3S SJLY, 3HL NI J3aNId43d 37gvL o 4n 5

WOMd4 379NY 3HL LNO ANI4 OL JOHL3IW ONIHOMYIS LSYd S3ISN IHNAIDOMd SIHLE

*SAMNA3I0NE HMIHLO AS d3NIWMILAA 3F 0L SYH LNYHAvNo &

811 ‘006 OL @ ‘SI 1YHL ‘@7 MOLOYd ONITWIS HLIM 930 @6 OL @ JONYM 3HL'

NI ATINO SI ANMO4 319NY 3HL "H3LSIOAM Id 3HL NI J3ANIVINOD SI 3aNWA ‘S

INIS0D TOMY IHL WHMO4 AMYNIS NI 3NISOD ~O¥v 3L9INJTYD NYD 3IMNA300Md SIHL

. €. IO £, BN, 8C. TN, SF. 8C. EF. £, €C. CE. A¥. LT, EW. 20

o
a
_
u
|._

. aer, &

NN

T

HYAN 044 ONG A

30dN0S

[9Yd  98/L@/YT . | . WAHS

hﬂﬁwq.:t
ﬁ)nﬂx.t
IS

.-IO .....ft
C9EE
196G
Sﬁwa.:lt

6HLLE
8HGE
LSET
EGE
REST
¢1§r
Nmnﬂ

Y G
m¢:...:...
\ ¢ :ur.L

NIONDrE—~
CACI TN T NN G

NNNINEINNGIN

43

Z rdet—trtet i

il
—
-

LHC

HATMHWISSY OMAVIW 981/88/ L8



(X3H) LI9IA INYOTAINSIS 1S0W ANE _T1d
“(X3H)  LI9IA INYIIAINIIS LS0OW XY

00004 onan sosay et vy Bae G40 Beb Saree St i e boves SOHAS SAndD Smees S SO0 et S MSRMD SHOA SASMN MMM Mkt dadad e FTVSH A Shrts S4sd oole somie BUAUE Bovy Sourp Aaseh SHIND $00m Fecis M) S oS S4F4P SS0eS Ao bads B ki Sesm 9400 St Maoey Seauh bonds M ey SNASS S90St VAute Bt

.mﬁommmuom& AYIIMIWNN NYHL M3ALSYA
Y HLIM J3L1YH3-H00INI 3EYL 40740071 ¥ 9NISN
930 @6 SNY3IW @ =

ANIT W

6aln Zr
Xv 23d

6L Z0
X 030

£17 20
Xu 234

HEAT ZE
X9 03da

6117 Z0
XY J3qa

6017 20
XWXy MO

HABRO* XY ANy
H40QM@“1d dNY

0N
104
10M
“10M

AOW

10M
10M
10N
10M

AQW
AOW

* r = r

L3

>
MK DK e eI

QO HAvivrivd T v
Ia CICE a aaqQa

=<

- o~

HINW SI 3INOINHIAL SINIHIYYAS

er. s W,

IHNAFI0EL SIHL 40 d3348 MIFm

IS NV 930 © SNY3W 206

Ist

‘SI LYHL ‘378Yl S0 04V QHLMIANTI 3HL NI X3ANI IS 3HL 40 ¥3a¥0 3HL*
ONISYIATY Ad LNO ANNOA 39 0STW NYD 3NIS ~OMY H40 378NV 3HL .>Jm¢4Hszm
| : mm:omucma.
Iumamm 3HL 4N d334S 0L ¥3QH0 NI gFH03HO 39 0L SA33N 057W W3HL 40 »HmHo.

. 399d  98/.0/¥1

JDNN0S

WNHS

HY
-
3-8
4

173
ko]
o

0LET
695E
895E
L95E

aNIT

Q6% 1d

N
a8

STy
8

STy
8

a4
8
T
m.

Wiy,
SJI*

074D,
PV40L3T

£

HMIATEWISEY OMIOPKW 981/88/.4E



&b

3994 98/L0/%1

HBAPB " 1d JWD
AL dWe
S0 TS AOW
AL Wl
e 18 AW
SHTLT OUND
HLB@AR " IA WD
AL JWEC
P°1IS AOW
1517 40
HIQMA " 1A HWD
yiila Z0

XY 23d

=117 z0

XY 23a

=il ozre

Xy 23d
TiLm z>»

X9 33d
@tLm oze

Xy 034

6171 71

XY 03d

gL Zr

XY 33da
LTzl

X9 330

9L zZr

XY 034

SLT dWe
L7 JdWe
2L duWe
EL due
TL7 JWl
AL JdWe

T

4
3]
-t
b=
~

TSI

TONDT
1651
t6p L
F Sl Ry
16T L7
617
16017

A03HN0OS

WNHS

PLIE
SL9T,
VL9
LT
LT
1498
DLAE
L99E
899

999E

TEOT
LSl W )

3NIT

¥99%

845t

QLA
De8t 3
D6y LA
ra]raR" gz Y

209,
LDAATE

BEALA:
BROAI:

Al W
A ALt

AT

81
Qits
- 81

ot
81t

A«
81

Pabs
81

AGb s
81

89,
g1

T4tz
81

YLl
81

Q0862
aui86:
ROS6E:
PAALGE
PRLYG:
ranlnul= -

rad

HIMFWISEY OMAVW 981/88/.LE



25

2994

98/LQ/01

CEVCIS

o
1)
—i
<
T}
Ld
wmad

|

ru.l
b= i}
Ui

o
0
o
1

dsie

=‘..Ll

aens

=il

aavs

=b.l

Qﬂll

-

ane:z

o}
o
N~
{ ™4
-
nml1 Bl ul 0l 01 Bl

nd

]
N
i
ol

a
]
3
&
=i =iif
= kvt el = el b= B et Rl b= e i e

N1 aF- W ud Bl

nd ud

aseac

=1l

aaqsn

-
witf

o] (o]
ip] -
< ~G

asen
acs

L
Qﬂﬁﬁwm
IvTL

AOW

dW
ADW

AW D
AQW

30
AOW

AW 0
ANOW

dW
AOW

=Y
AOW

AW
AOW

AW
ADW

= 1NN
ADW

AW
AOW

dW
AQW

AW
AOW

AW
AOW

AW
AQW
AW

AW
ADW

=1
AQW

1 oar

)N

STAM

L

291N

LY R

810

=N

QTN

FTTLT

T

T T4

304N0s8

WNHS

IS IS IR IS IS IS IS IR I Il

NN NNNNNN?

GO CA T T L S T 4 T T4 0

FO~HEGTNONTOTE [
1S vt vt vt ottt ottt

]
S
~

T0LE
BOLE
66T
869
L6EFT
PEFE
5698
69T
T6EPE
&HEIE
1698
Q69T
689E
8892
LBIE
989
S89T
Y89
pag s L
ot = 1
1898
B9
&L9E
8L9E
LLGE

3NIN

12T

B6v@a:
TR3463

A&vRd:
10083

P6DTa:
[T VAT

D61
1QL93¢

B6OTAr
TAYS3r

ilYar =i
1aTvax

68T
TADEAE

BEATT
104135

Bb&y s
TAT@AE

DEYEF:
BRas&A3E

D6@YI:
aeaaz:

Q&P
ri]r b= 4= £

B&IP Az
a1 R v b

BbILE:
POTLHAE

A&«
LD AH4EE

MW6ASTE
QodL3E

DEEH:
20993%

QA .
o LEC

HITEW3SSY OHIWW 981/88/L¢



15

- 3994

& AMNID0 09 0L A0 MHML AMUWIMAE

" (AHSKW) NS 0L YLYd oo™ “sHAl
" N

o138 ogé

* BHAS

* ONE

& TAMNOO0 09 0L HO MHL AMUWIMAE
*AN3S 0L vlvd xat

20 0304n Plant govin sarem veom peeae Seete ot i St febts Sedee e SR SLeM sone Seote fmian S S POME ot iesd ST} siels GAbes Shwes st ISMGt Sheoe Seeds Yeevi mii B3 peskt SO Yoted SASII S1Oe gurel Yoo dbrss SO daamd seom BO4sk Sebed SANUR SIAAN selis et Sesr beest St MRbeY SHUMS S1asd Sever drer 1T fren bhues
SIS T S N A N e O R N N T S M I I N L T I I NI I g Rt I I L s i I S s s

HZ30 ' Y NI

WEHLAG LMD
HO Y AOW

e 2P
HOY ‘Y LS3H)
HR3* Y NI
I1E ZND
HBEB Y HWD
HB8 Y aNY
HZ3O 1Y NI

CIS+XH1"XA AQKW

HY3EN 2044

"HAId4H AHML 0L AJDN3NOAHA
MYLINIWYANMNS 3HL ANY J3MY3H48NeHL 39 0J. ST3aN v1ivd 40 H3dWNN Yi0L 40

YT

RRtE
374

H4I149

ex.

2@ zx. B, oW XT.

PLYd FHL SMIASNUHML INY J1ddH A0 SSANIAYAM 3HL S717104 3MNA300Md mHIPm
HHUHGH R B R R S R R U B R R R R R

A0N3 ONG A4
L3
*aNYy CIat IS 10 AOK Pz L0
- : T3LT dWp
* 3TEYL JNTHOOT NI OCAND 3HL HLIME
SAHILYW IAd NI 3NWA LNANI 3HL ILINA HOMYASE Z¢1s aav
@Z11 ANe

*XIANI SSAMAAY INML FHL LAD «HOM

98/L0/ v}

CIS+XTIESAXA WD
SNV 13AS440“XT AOW

1818 aav

£131N

317
A2MN0S

WNHS

O g

-y
FAY A

ANIT

&t

£ZS
?k
At
Ave
@3t
85
880
881

&3v

@14

bt
FARN

A4t
Fad:
@I

SOL

@Argees
POARAx
A%k
IR={N

HIPW3ASEY OHMIYW 981/88/.LE



*OONE Pl = Y A

&438 08t HOY "% LS53L
tOBHEAS HOAR Y NI fELd™

" OONE TLETL ZND

HB8 ' 19 4D

HB8 ‘Y aNY

& QAMNIN0 08 0L MO MMl AMOUWIMAE
aN3S 0L wiva “xat

HEAO W NI S TLEML

CIS+XH14XA ADW
AWy 135440 X3 ADW f1EML

HYEN 0Md THIAD

rent e ALY LI S4404 TOLY Snss BIREY BOLE SAUIE MAi fmws S4bar SALH H{A VOUHA Sbued MRS it Teme mrer Sam AU FAEM SVGIn TeWY SANE WOM EVAA Srew 4y AFHLL SALAL S044A TAME YUY S0eeh Seues Shut VAL Latel 44AN WAULE WARL AR VWS Tt Sant u

I T T T A A A L T T T o T T S I L L T L S T S A T T A L L T S L N S S S A S A T R M I TN T I IO i o SN NS ROttt e

b

"HI4dH IHL 0L "9NY ONY  “dWY uam

YiYd AHL SMIASNUML INY dIdH 40 SSANIAYIN 3H)L 8T1M0«d 3WNaaN0Nd mHIkm
HHEHGH GRS SRR RS R SRS B B R R R SR S ¥

AaN3 A1 49
* 53AE 13y
" ONE v197 20
& 13s 0ds HOY Y 1S34
HOIAR 1Y NI $p1gM
. 97 4007
©OMIINIOA SSAMAGY ASYAMONT ¢ zh1s qav
; ; YiHL3 LNO
“(AFST) ANAS 0L YLYd avo ‘S3Af AT AOW
* ONE 2" 20
& L38 vdt HOY* v 1531
STAAE HRAR Y NI ol
* ONE YTET ZNE
HB8° Y HWD
H88 1Y aNY
AIMNOS
WNHS

3avd  98/L0/%1

G Aty
v g
D3t
845
889
881
S
@aran
AQAWH.

L

FAREN

188

<168

e18e

1188

a1ac

HOBE

s08<

YR uISTA

908 @l

(] 7} KA

rdrl= YAt

=08 A&k

08T D3v:

14715 1

08 Gac:

LOHLE oA, Srae b

86LE

LELE LAz

LHLE EOYE

S6LT )

v6HLE Vb s

bl A8k

LT

T16LE Q3av:

BHLE

68LE 8404

88.8 8805

LBLE a8y

ANTT £

HIATHWIASEY OMOvW 981/88/LE



13

* ONS PEITIL 2D ity
doLAS O HOY Y LG3) DS
HARAB 1% NT  sp71E7, PAYy
LA sl EXETLL Py
PIHL AW LB Qb5 DE
BHRT
_ . XL <007 f E3ERE
MIALNID SSAMOY 3ISYAMDNT & chIs aaw
4 I HLEGB LOD LAY
"(AHST ANHS 0L VLY QuO0T fSTAS A ADKW Fsaly.
Y ON OEd 20 &) Aty
é L3S A HOY " Y L83 At e
*OBHAL H@H0 Mg NI 2071 N3y
IR WE T ZND
HEBE“ Y WD)
‘ HB8* Y aNY
S AAMNTN0 09 0L HO MHL AMYWIMA S HE3IR MY NI s 1
. : Y EHLRAG LMD
*(AESW) ONIS 0L vlvd avno *S3AS HA* MY ADW
"N £7d7d4 70
& L3s @Al HOY ‘1Y 183L
T GAAS HMAER Y NI 351
" NG T71H 14 ZND
HB8 " 1Y =W
. . HB88 ‘Y aNY
¢ dIAHNIIN 09 0L HO MHl AMUWT Med HEAD ™Y NT 51719
*CUNZS 0L vlvwa Txat CIS+XHTXA AOW @18
ONY LIASH40°XT AOW b= P @TIOA
. MY EHLAD LNO Lk
“CAEST) ONES 0L vivda avo™ “s3Af "I ADK EMe
* ONE idATL 70 el
¢, 135 @9t HoY "y 183l AL
© S3AA HR3D 1Y NI *21d71) FEla
" ONY YLl ZND
, HE8 Y WD
_ : HBR " 1Y aNY -
& IMND00 09 0L HO Mol AMYWIMASE HZ3D“ 1w NI SYLlHML
. . M EHLIO LNO
" (AFSW) AN3IS 0L vivda avn "SAAS HA* Y ADW

A0HN0S

=1

5 J9vd  98/L@/v1 : WNHS HAMFWISSY OMIUW 981 /887 LF



XY AQW 156 ralrapn il ge)

9 13ASHAA0 XHE ADW Mm%ﬂ VAR4S1EE
. s
Y ORTHRER (T F CHR"IS AOW TH6IDT W%WH cA8s3ad
. 17 C0.
el w=m 3 MIAMOE 8601 AW Fved iy mis t
A PoM3AM0 H&OT Y LY &HE . wALL
T 6E
ety WD LveT - L1JE
C HSYW MAAMO WHE Y ANY 6T AT
*AIYNSYIW 38 0L SAIAIN LOHL DINOWMYH ) Tir6E
40 ¥3IAMO XYk 335 0L LYH0d HOLIMS WOYA L0«ANT: AMS IV NI W@MN A8Y3
. A Y5 b,
“(8°4°%) NOILYNO3 ONILYINITIVI MO4 INIWNOMIAND ONILIMYLS 3M)l S3IZINMYILINIE Wﬁwﬂ
. — 6T
MY3N 20M4 8 4 IHFMHL %Mm
, ¢v9m_
lllll 2 o e e T S O M o v e mmm E s £ 5 TIOK
- T86E
A0dN3 ayvad AWWNA Wr&
I rl
m () m.u Co
1.3y %{%- 3
- — - W
T 3Lvddn A0 doW TMwd ﬂfwt 3433083
_ aavTaz WA mmom H49683
. Y~ T
"d00Z SIZITWILINIG . IS“CXT) ADW 1E6E L5268
4002 13S440°X9 AQW Mm&m 1354949
* dAX S3ZIYILINIE ISCIXA1 ADW wﬂ&m LE6B
TTY L3S440°X9 AOW %“Mm 13843
18 NN IS¢18 MOX 5162 9L
MY CXE] AQKW 162 L9088
PIM 13SH40° XA AQW P oY v 1i6dY
14719 ADW c16T 1024
: 1162
- DILHE
HY 3N J0Md awv3ad AWWNG LRLE
8A6<
LALT
) ase
1 15 5 T S O S S S S S S 5 R S 1 S N I e e T S Y S R S 2 5 0 B 2 T B M S S I TS MRS mmmmmemmomam M QALT
TALS
pal; 1yl
T FoYse
dan 1148 TR6T
DDLEE,
&&mﬂ
) 868
* B3Ar . L3 L6BE : 3
. A0MNOS ANT PHO

vs = 399d ?8/L@/v1 - . - WNHS HINFWISSY OHIYW 981/88/48/



. GORE
© @Z_r= ¢ MIANOS L6077 _AWE YeOE P6GEEa
AR R (Y L 9607 91 zog: SBLL
- 4@z Iy dud) To0E by IOIE
| _ | HSYWTNIAN0 GH Y ANY 0Q0E ATPE
*(3UNSYEW_39 0L SAIIN LYHL DINOWMYH 40% 666T : .
MAAHO XYW 336 0L L1804 HOLIMS WOMd LNHNT AMS 'Y NI 8662 28y 3
! S,
*(£"£"INOILYNOE ONILYINOTYD MO LNIWNOMIAND ONILMULS 3HL SIZITWILINT 9662
MYEN  J0Md L7LTIINHL mwww
.r....p...m.mum
““"ﬂﬂﬂﬁﬂu““““"ﬂ““ﬁﬂ.ﬂ“u“.ﬂﬁ"ﬂuﬁ"”u.n“ﬁaﬂﬁuwxﬁ““uﬂﬂgﬁuﬂﬁ""ﬂﬂuﬁuﬂﬂu".llhn““ﬂﬁﬂﬂuﬂ"“u?i“ﬂnﬂ " .H“U&m
Y
- L86E
- AaN3 8727 33NHL 8862
LB6E
F86E
L3Y 11860 C86T Pt
vB6T
8807 <007 2862 Y3z 3
— LXH34XD AQW 1862 4048
"JANNUHD M¥OdA MILNIOL “XD% @y L3SA40°XE AOW 0862 v 182
807 €007 wmmw 6423
: ) .. &
"SOINOWNYH M3HOIH OL 3Nd SWN3L "3°U ILYUNIWITD? YHIA 90 562 a41083
. . R 2 d Q.
s X2 X1 AOW 18071 /63 4068
930 @6 ANY @ HOd MILNIOS ~XJ4 Gy L3SA40°XE AOQW £/ & 12894
| £4XI AOW e6g POT 06
e X2°LXA1 AOK 8807 @L6E 4068
"TENNUHD ¥0A M3LNIOD ~X0¥ @y 135340°XE AOW 66T b 18LAA
| F¢X3 AOW 8962 P0966H
*MILNIOS SS3IHAAY WHAL *0°a L§Y1 ISt IS'LXA] AOW G96E L568
18 13S440°XE AOW S96g ATYA:
. ‘ XY IXE1 AW £96Z L068
. “_NOILYNo3} 2962
3HL NI _SWM3L *0°0 HNOEHOIEN IAISSITONG OML‘ T96E
NI3ML3A ¥IAM0 J0 30MIYIJAIQ IHL SI ( )¢ » 096E
3HL BATSNI INJINDD JHI FHIHM C(FT) #5xzTxe arss‘ xy AOW © 6B6E 120884
£ 135440°Xd AOW 8562 VG
= (8°/7£) NOILYNGI 3LYINIWI S wmmw
YE6E
£86T
X9 XA AOW Z26E (LB68
304N0S 3NIT rHO

38 39vd . 9B/L0/%Y. - . WNHS MATHWISSY OMIYW 981/88/.L8/

B




F9vd  98/L0/v7

My 3N 0M Q7L AAMHL

SANH L7 L7 FAMHL

134 ETL607
££0971 4007

*JINNYHD HMO0d4 MILNIOS “X2¢ @ mewmm“mm »mn

LB 4007

*SOINOWMYH MAHOIH 0L 3N SWM3IL "2°¢ JLYNIWITIE YHAA 190
. XDLXAT AOW 1207

"930 06 ANY @ MOd4 H3IAINIOZ “ XD S L3ASH404XE AOW
EUXD AOKW

- X3 LXI]1 AQW BLLOT
“TIANNYHD HO4 H3LNIOL  XO* 2y Hmmuuonxm NOW

2" X3 AOW

IS‘CXAT ADW
TH L3SH440°Xd AOW

XULXIT AOW

*HIALNIOL SS3IHAAY WMAL *2°Ad LSy ISt

" NOILYNDE:

BHL NI SWH3Ll *J°d HN0FGHOI3N IAISSIIING OML
N3I3ML3T MIAH0 40 3IYIYIA4IA 3HL SI ¢ )&

3HL 3AISNI IN3ILNOD 3HL 3AHIAHM * (bT) *F#ET -« avss Xy AQW

: . M 138440 XA AOW

To(L4E) NOILYN®I 3.L9TIN0Iwa¢E

XY LXAT AOKW

4XY AOW

M 135440 X2 AOW
aAosy ‘1S5 AOW 19607

"MOSIAIQ LS3LYaME Txyé
"MILNIOSL SSIMAAY WHMIL "2°d 18y TIS¢

! OMOM39 SNOILONMLISNI HOAE

" ORZRTHR(T-TE) §

IDHNOS

WNHS

PCOL £
8YQT YIT3I
SH05 6473
T o0 241083
LEDE 4068

8L@L 15834
L@ ROTA6T

CEAL 4868
Y@L 18sdd
i @ ralrhedritta |

15Q% . L5568
P VAR TAEL

g8oac LB68

I ssts|
1344

1
LTOL ¥

-~
8
]

L0468
Q0:08d
y1v8ag

100334

FIMIMIMEAIEE

S~MFTH-oND
g ettt
SSesS8S8GCE

ac
88
S8

EAPIIEE

™~
S
8
5

3aNIT 040

HITTHWIASSY OMOYW 981/88/48/



L3y 119607 mﬁﬁm o o
99071 4007 mﬁ%w CE b
- [XA3°XD AOW TITE AQES
*JINNYHD MO4 M3ILNIOd ~X0¢ @Y L3SA40*Xd AOW m%«m v 18285
907 4007 mwﬁm 6423
*SOINOWMYH MIHOIH OL 3Nd SWHAL *0°0 FLUNIWIEE YHAA 1Y %mmw 41883
- X2 CX91 AOW 190 COTE 4068
930 06 ANY @ MO4 MIINIOL “XO§ oM 13§ uuo XE AOW YoIL v 172884
‘X3 AOW mmﬁm ARED6A
- XDCLXET AQW 9907 Tars AD683
*JANNYHD MOd MILNIOL “XDE @M 13S340°X3 AOW @OTE v18/84
X3 AOW mmmm A0 BbA
*MAINIOS SSIAMAAY WMAL "9°ad LSy TI1st IS“EXHY AOW o605 L5 68
T 1385:140°X8 AOW mwmm v IYZad
. XY LXET AOW e L068
* NOTILYNOFE Y I
FHL NI SWMIL *0°d YNOHHOIEAN IAISSIIING OML & T60%
N33ML38 ¥3A¥0 40 30834410, IHL 8T ¢ )¢ 1605
IHL IATSNI INILNOD IAL 3MIAM “(TT) *G%T*T ! a8zz ‘XY AQW DLOT QoY B
oM 138440°Xd AOW mmmm v 132494
$(9'p Z) NOILYNOI 3LV NI E LB0E
IRALT
C8QL
A vB0L
XY CXET AOW £80T LO6S
XY AOW cBO: PO o8
9N 13S440°Xd AOW mmwm . b 1v8Hd
C GRZHTH (T-BT) ¥ aAsav IS AOKW 4607 mmmm 10863Hd
“HOSIAICQ LSILYAMNG “XY! LLDE
"MIAINIOL SSINAAY WMIL -J°a L1891 ISt mmmm
, 4 : MOT39 SNOILONMLSNI f mwmm
ZL0%
105
*LT = f o MIAMOE 19607 WL DLOE P655a3
*Tz1 ¢ r g3IAN0: 4607 9P 69T TOLL
890%
QTP Y AWD 1905 105
HEYW ™ MIAMO YH Y ANY F90% AT6E
*AIMNSYIW 39 0L SAIIN LYHL DINOWMYH H0 % LR9QT
MIAAYO XYW 335 01 LY0d HOLIMS WOMA LNANT AMS* Y NI mwmm 08¢ 3
(9L SINOILYNOE ONILYIND YO MOd LNIWNOMIANT ONILIMYLS IHL SIZIYILINT ZIPT
39MN0S ANI T rao

mm_da...o.m\\.S\e,ﬁ o . WNHS HIMHWASEY OMIVW 981/88/.8/



3

o

"YWALNIOL S83INAAY WMHL "0'd Llsy Isd

* NOILYNO3 JML:

NI SWM3L *3°d HNOSHSIAN IAISS3IOONS OmML:E
N3I3ML3g M3AM0O 40 JOMIHIAA4IA H3AHL 81 ( )
IHL 3BAISNI INIINOD 3IHL IMIHM °(BT) *9%T#TE

<. oe. 8

T HEREX (T-ST)

" 9RTHEX (T-5T) &
B2 =< MAAHO:

*aT » MIAMOE

QXD AOW

IS*CXA] ADW
M L3SH440° X9 ADW

XYODXAT AOKW

N Aoy . Xy AQW
£M 138440 X AOW

I (SLTE) NOILYNGA JLYINIYDE

X9 EXH1 AOW
9N an¢¢o.xm ADW 16560
XY AOW
A9E IS AOW FTma0
LBG0 HWe
S° XY AOW
APLAC IS AOW
1659 40,
LS Y WD 134607
"HOSIAIA LS3ILYIAMG

Xyl
"MIINIOA SS3ANAAY WM3IL "0°d LSV mmm

v"
il
-

HIAMO £
MIAMO

L Rl
£
L]

"d3MNSYIW 39 0L SA3IN LYHL IINOWMYH *
d0 H3AMO0 “XYk 338 0L 1HO0d HILIMS WOMA LOANT S

¢ MO0TEE SNOTLINMLSNT M

.Nm.h.ﬂvZOAHGDGm ONILYINDWD HO4 LNSWNOHIAND ONILNULS 3IHL SIZIWILINI G

38vd  98/L@/01

12607 AW
3607 YL
Qrréy 4Wo
HEYIW HMIAYO YH Y ONY
AMS Y NI
MY3IN 20N ST LT AIANHL
NS 9 £ A3YHL
308N0S
WIHS

T4 LE DDA64
DLTE
6P T L5568
891L riviadg
LTS
PPTL £068
GFTE
rI1E
EPTE
ST 220484
T9TL L ANV E:
DITE
HETE
8GTL
LSTE
PGTE
LGTE L0468
PRIL 1v89d
EGETR
SETE PO:=08d
TGIE 1AA53Y
AGTE
b 1L As/@93
8t V5084
LYTE convag
Ne AL
CHI
1A QT L
S TR 61IE
o1
IS AS
b AN
HETE
8L TE
LEVE
QUIR
GETE Do
PElE e@LL
SETE
CEIE 3@0%
TETE ATvE
s b
6ITE 28va3
8L
LITE
9T
STTE
vorE
e TR
o TE
T&STE
sl N
HTIE
8l1L
LTTE
3NIT g0

H3I1gW3SsY OMOUW 981/88/48/



M LASGAH40°XE AOW
= EXY AQW

Y ORTHRTH(T-TT) ¢ ar9os 15 AW
&H VD dWE
GEXY AOW

P OXTXEX (T—-QT)
© AT =g MAAMO

* @2 MIMOE [yyo A
ez 1 W0

a9st ‘IS ADW

er. 2o,

670

Ty

1J60M

"MOSIAIA 1S3LyaMg “xy
"MIINIOA SS8INAAY WMIL *0°q 18v1 TIsE
! MO39 SNOILONMISNI MO4%

2

oMIAMO S WO AW
"mmaas" am54¢n

- ATIi7Y dWO
HSYW MIAAMO GH 1Y ANY

X

*A3IHNSYIW 39 0L SAIAN LUHL DINOWMUH HA0¢

MIAAHO XYW 338 0L LHOd HOLIMS WOMA LNANTE HMS F Y NI
(P LTRINOILYNDA ONILYINDIYD MO4 LNIWNOMIANI ONILMULS FHL S3ZIWILINI &
2044 Y LTEANHL
AANHA G LT 33N
13y 8607
QeH™1 4007
*TIENNYHI M0d MILNIOL X0 oM meumm”mm »mn
. S 4007
"SOINOWMYH MIHOIH OL 3Nd SWM3AL *0°d ILYNIWITIFE YHIA T
930 @6 ANY @ MOd MIINIOL ~XO¥ =48] kumwpmmmm »wn FsO
ZEXD AOW
XD“CXd1 ACQW fslali g
@M 135440 X AOW
I34N0S
WNHS

G 39¥d  98/L0/¢7

1vBas
Q5084
128034
C B&LBEIA
oo RGBT
g 1Aa823d
81¢
L1
91 &AL
a1 v10%
718
C17
zle
117
A7
LHAT
8@¢
L@y B6Eva3
Q¢ ShLL
cB
7@ SA0%
m ATvE
10:¢ @agy3
@B
6LHTE
861¢
LHTE
961E
GHIE
PeTE
CoHTE
ShHTE
1618
D61
6818
8915w &
L8TE
981% vIZ3
c81s
81 40498
w81e 184349
S8BT
I81% bAZH
g1 .
&LTE JAvE83
8418
LLTE 4068
QLTS 1284949
QLYY PRTB6E
vLTE
SLTE A068
ol 184498 .
aNIT ran

HIATMHWISSY OMOUW 981/88/48/!



29

MIAME &
NENIRE

eSO AW
06T Y

m_Jq AWD

HASYIW MATHO YH" Y ONY

“AaNNSY3W_HY 0L SAE3N LYHL O INOWMYH LS.

MIAMO XYW 3FS 0L IMOd HILIMS WOMA L0NTE AMS Y NT
(R TLTEINOILYMOE ONILYINIIYI MOA INIWNOHIANT ONILIMYLS JH) SAZINGILINT &
MYEN a0Md £ LT AAMH,
AQNEA LT HEAMH L
L3 £ enT

PO 007

- CXHI“XD ADW

*TANNYHD MO4 MILNIOQLS X0 @M LASHH0 XS ADW

$a1 <4007

*SATNOWMYH MIHOIH OL 3N SWMIL "2 °d ALYNIWINAE YHAQ 190
..... : XO*EXIT ADW O™

0930 @6 ANY @ HOd4 MIAINIOL “XDE oY 138440 X ADW

TEXD AOW
XD CXA1 AOW R

@M LISAHA0°XT AOW

XD AQW

"HIINIOA S83IHAAY WMEL "D'a LSy I8¢ ISCCXEIT AOW

TH L3SH440°X8 AOW

XY LXI1 AOW

"NOILYNGET 3HL
NI SWHIL 0°d dNOIHOIIN IAISSIOINS OmMl.
NI3IML3d M3AM0 40 3OM3IMN3A41d WIH 81 ()
MIP FATISNIT LNILNOD FHL 3W3IHM ° (8) *9%#T*J

nE. 2. 3T, AN

aT&HT XY AOW

oM LASHH40° X AOW

("L 7E)

3994 98/L0/11

NOILYNGE3 FLYINI WIS

XY CXHT AQKW
30HN0S

WMNHS

Qb HT
WALL

8005
ATHE

B8vH

Pt
ot A

YIZA

ADER
Y18

b 12884

L6
LA IA- L

LB6HB

ralrlmizste!
T T ALEE

VAR
ANT

£Las68
LHEO

HAMFWASHY QHO9W 98T1/88/7 48/



[XHI°XD ADW -l@de
oM L3SHA0XH ADW Y TELAS
. <7 H007 LAT:
*SOINOWHUYH M3IHAIH 0L 3Ng SWM3IL “0°d ILYNIWIIE YHIA YD 140887
- XDPCXHT AQW sty H06¢
930 @6 ANY @ 04 MIINIOL "X2f - oM L3ISAH40°XT AOW ATAZ L
TEXD ADW 3lra R Y
X2'CXH1 AQW it | AD4E
Od 13S440°XT AQW Y1848
X3 ADW DAFD&E
"MALNIOS SS3IHAAY WMIL *0I°Q 1sy1 TI1gd ISCCXAT ADW Lt
TS L3ASAH40“XT ADW Y IYLHE
. XYELXHT ADW LD&E
"NOILYNOZE
AHL NI _SWM3L "0°d HNOEAHSIAN IAISSIDING OMLé :
NIAMLIT MIAHO 40 IOMIMIAAIQ IHL ST ( ) & e
AHL JAISNI LNILINOD SHL IMIHM * (9) %x9%T%T 8 Avv T XY AOW P DBR&SE
oM 135440°X3 AQW £ VAR (3
EO(ET47E) NOILYNO3 3Lvna ol £f
XY EXE1 AOW E5 LB&E
Y 13SH4-40° X3 AOW 1680 L P To8HE
. XY AOW o ROLDSE
* ORTHRTH (T L) E AZT6T YIS AOW kANt msmm rln e
: A7) PR
SLET dhp 105 D623
. SOXY AQW il eS8
AT RT* (T-BT) § A9SEIS AOW LOTE 12053E
ST =< MAAMOE mwmm
ST > ¥IAMO! geeo dp F&EL 607
ast v W L xnt] mwmm H400%
ST
L0 dWp PR AT Dok THE
. LoXY AOW coTE YA
" ORTHTR(T-TT) & ansy*I1s AQuW T . EE
*OTS = MIAMOE DoTE
) LBTE _
* I » M3IAMOE 0 4r 88CS LR
arz* Iy duwo 10607 %mmm S5
"MOSIAIQ LSILYIND ~XY i LBTE
"HALNIOL SSIMAAY WMIL "3 1SV TIst Y8
' OMOTIAT SNOILOAMAISNI MOAE mmmm
AINNOS ANIT CEC

|84 JoYd  98/L0/FT | WNHS HIFW3IESY OH3VW 981/88/LE

‘..a.




ABTEIY HWO PLEEE % | W@

_ &ETH AW QoY 1A
o o LEXY ADW 0R L0
" R H (T-bT) 4 , AZTES IS AW 10853
*pT o= MIAAMO S
T RT U MEAMOS , TEETO AL bR,
. CAYTEIY HWD 1TSS D0
6ZTO WL P& TE:
. S _ . 6 XY AOW PR6D8:
C PRTHS%(T~BT) & ABRY IS ADW TOB6
© 8T =< MIAYO o
T BT MIAMOE TeZ| A LD
: aAsT I WD 1TEED TT0
HETA AW 2% s
: . ATT*XY ADW PARS:
ORISR (T-TE) E ArR= 1S AOW TO8 43
cET = MIAMOE :
YTE e MIAMO SEH AP LHAEL
\ 1289 dWD t3607 9105
"HOSIAIQ 1831y3aMe "Xy
"HMALNIQY SSINAAY WMIL "27a LSy i8¢
P MOTIHE SNOILONYISNI FHL MOAE
TR wm 8 MIAAHOE 1Z6BT AW DL&LFH:
TG« T MIAMOE J607 Yo TRLs
- _ 8 HWo (w7 Ja i
C HSUYW T MIAMO T YH Y aNY ATbe
"dIHNSY3IW 39 0L SAIAN 1YHL JINOWMYH =0 & .
HAAMO XYW 335 0L LMO0d HOLIMS WOMA LNANT & AMS Y NI D8y
* (ZTLUSINOILUNAE ONILYTINDTIY) MOd INIWNOYMIANT ONIIMULS 3AHL SIZIWILINI ¢
. MYEN 20  Z7473aMHL
AN 74T AANMHL
C1EM EenT o
=507 4007 VK [
AINNOS e

z9  39Yd 98/L0/tv1 o - _— WNHS HIAMEWISEY OMOUW 981/88/L¢



Ry

9

"TTANNYHD M0O4 M3IINIOd X0E

*SOINOWMYH M3IHIIH OL 3Nd SWM3L "0°d FALUNIWIT3E

"930d B6 ANY @ M0O4 H3ILNIOA  X2E

"TTTANNYHD M0O4 HIINIQAL XD E

"HIINIOL SS3IMNAAY WM3L *0°ad 18y T I8t

"NOILYNo3E
3HL NI SWH3L "0°d dHNOGHSI3AN JAISSIDINS ngn
NIaMLi3d Y3AHO H40 HOM3IM3LLIA FHL SI wm

IHL 3AISNI INIINOD JHL 3IHIHM A¢v*0*r*

' ORZHTH (1-F)

¢ ORTRER(T-DT)
S AT =4 MAIAAMD

BT > M3IAMOE

3994 98/L0/1T

0N

A

[XHI XD
@4 13S440° X4

<07
YHAU
XD LX)

5y Pumuhouxm
A

X"
P 13844

~ x>
Qo

™™ 136

it
Tum
wif =
g \QOH
> =X
mxm >Xxl
[ Yy s g M)

asé 't xy

£M 135440° X9

-

L]

13
<007

AOW
AOW

=007
190

AOW
AOQW
AOW

AOW
ACQW
AW

AOW
AQW
AOW

AOQW
AQW

ACW
AOW

AQW
AOQK

dW
AOK
AOW

£ HAMMHL

E60M

220"

Rt

CULTEY NOILYNY3 3LYN0Iwo &

IAN0S

WNHS

CATA AN
S
VAATAN
PN AT
St
T
Qb
bbb
gt
AM¢ﬂ
¢.
13
¢H¢3
4'I ¢: ¢.¢I

EAHMITUIEN
e e R R e R e R R |
Tt LLEST

®
S8
e
3

e
Dl
Ay
n
de
o
e
-
e
Dl
e
Did
e
o
e

o

PN

VA A

Qg
Y18Ldy

HAS:
HA46T18:!
AD6¢
b 138dY
SSESQN
AQ6E
1844y
ra]r, ar 128
LT bt

bIYLdE
L6

20A98x
P TILAE

LBb&E
v 1v8d:e

RO
BO8L AL

Q6LDH:
rilril=tr I o1
lrlsie e
HAE
LHC

HIATHWISSY OMAUW 981/88/4L¢E



1O <007
HHIA TR0
XO'EXHT AQW
X0 GM LASHA0" XH ADW
XD AOW

X0 LXET ADW
PN LASH40°XH AOW
FEXD ADW

"MILNIOS SSINAAY WMIL "0°d LSy T I1sF X918 ADW
xc,_xmu ACIW
TM 13S5440°XT AOW

XT "IN
(& XA ADW

Xt 33
X4 - LXH3 ADW
A LASAAO0" X AOW

"HY 1IN MY HY MOX
Qa0 LT FEAYW CHEEWON NIAZ T 0Ed
"MIEWNN ado ¢ R Ty

& MIFWNN NIAT MO dd0 LS3AL 0L LIH AMMYJZ 3GNHE T HE MM

" A39VNYIM ¢ .
39 0L SAIIN LYHL JINOWMYH H0 MIAMD XUl HY W HY AOW
xa,nxmu>oz

"SOINOWMYH MAHATH 0L 3NA SWHHAL 00 JLYUNIWIT1HE

ORA B6 ANY @ HOd4 HILNIOS

"TIANNYHD MOd MIUANIOL XOE

-t GRTHEE

* NOILYNO3IE

FHL NI SWMAL 30 MN0AHOIIN HAISSIAIING E

OML N3I3AML3IE HMIAAHO A0 FADHAMIA4IA AHL 81 ¢ ) 3
BHL 3AISNI LNILNOD JHL 3HIHM ° () #9%ZxT ¢ asy  xa AoW

M L3ABHH0° XT ACK

TE em D MIAAMOE 1607 W
T« MEAMOE WaenT Y
"MIAAMO ANZ HOHEHD S J@ Al

HBYW HIANO CI % dANY

"AIHNSYIW IF OL SAIIN LUHL DINOWMYH E

40 M¥3IAM0 "XWiW 335 0L LH0d HOLIMS WOMA LAANT E dAMS Y NI

(T CLTEINOILYNGT SNILYTINIWI HO4 LNIWNOMIANI ONILMYLE AHL SIZIWILINI ¢

v9  39Yd. 98/L0/%1

(T £°%) NOILYNO3 3LUINIuo s

ANHNOS

LAV

1e8d
BATDE

STTOM =AD&
P IELH

BOAs6:
-
L&

AR VIASS
AL,

QA8 T

m.
L6

T8
L7 1
834

J.. -

Sure

JQSM
= Lo
LT E&S

ST

QAR

FH6H0T

D& T
WL

A i M )
AT

A8y

ANTT =13

WNHS HIATEHWASEY OYIUW 981/88/L¢



NIS93A anN3

SanN3 S3ad
NIO3d JWC
HA4440 1LY LN3W93S S

140500009

u
LV P N VN N N VN N NV T NV v P TV N T VN P NN TV VL TV VYV W VY VT VR W VY VR VR VI VR VT VI VI, VI Vi

FIE T IR G R R PR P

S(aN3 93s 3ada a15a%
LIS
9IG
. 218
L AT S R N N N N R R N e I I TN S N I I N I RN M SR I s s o G A N e I AN Il I an mamman an a sm _n. ¢.ﬂm...”
E1SE
- - ClSD
JdaN3 T £ 33MHL TIGE
DIGE

o
g
i3
3

-3 redn 8ASL =Z
LA
11977 <007 Q@S YALE
SO5E
“ - nxmu”xu AQW YBASE A29E
.JNZZQIUEDLENPZHDixU Szkmm&ucxm,>02 msmm ¢Hm%mm

A i L=

IDHN0S ANTT L0

v

c9  39vd  98/L@/vT WIHS MITEWIASSY OMIYW 981/88/.8




9383000 Hy3ad MyIaN oo oot EgT)

938_3d00 HOLYO HoEN oottt TLTYT
938_3dJ00 H89v@ Hoan 1ottt L1y

938_3d00 HEZ90@ ¥9aN oot ot T IgT
936_dI03 H8JJ Moan oot ot Ty

935 _da02 HJIJgoe Mo3aN 1ottt Iy
93634000 HoJae MYAN Tttt T 66467

§35_3d00 Hv3:<e HY93aN oo oo g
036 _3a00 HALED b Ly | e 1

38,3003 HLFEE b=V |1 e - £ = 8

935 _.3d07 H@JIZ b v | . - 4

8383400 HYLE0 dodN 1 o o ottt gyl

935. 3400 HATHA b L | ot A

035_3d00 HIAYH qoanN 1 o+ o0 ot T

936_3d0) HAQLD b L | I R A

936 3400 HIAZO b viE |\ e &

938 300 HBI1:LId b L | - 3y |

938, 3000 HSZLe b L | e |

935 _3d073 HIez b L | T s

935 3000 HbvLO HMUIN T 00 Tttt v eaET

936..3d00 HIDEO Hqo3aN oot ot TRAET]

9353000 HS800 Mugan oot 0 0 TTERT

936_34d00 HE:d b L | R £

938 300 HYO50 b L ) f S

- H4TOO HAFWAN  * * HEYW M3IAM0 YH
9383000 HE9@@=3Z1S H6I90 MY3aN oA 0 ottt 0 TEIAE
938 JI00 HMILOM=3ZI8 HLL6RQ MYEAN oA 0 7t "HTA9
HBC@ L - ¥ A £5)

dWYS  HIGYT adom A vt 0 TiEEMA

- HA80Y HIAFWON * " HEUW T WO
938, 3000 HIJRQ=IZ18 HILMGD MUAN o " 0 v 0 TONYA
93534000 HY100=3ZIS HIILD MUIN o ° ° * avadT AWWNA
9353000 HSE00=3Z18 HAdYQ HYaN A4 7 v g8 ALd
935 3d0J HISBO=3ZIS HJALv@ MEPIN 4 ¢ " CPHEd
HB8.,00 HMAdWN ot o I

Hv /00 HIFWNN * “adom™ TAND THLD

H890@ HM3gWON ot COSTHLD

H?ZA® MIAFWNN ° "aMOM” J_Zd Q4.3

HR900 M3dghnn oot o0 o ~@MLD

S54Y gydOM HYd6@=3Z1S ANIWO3ES Y935 3d0d
- H?20® MIEWAN 7 0 ¢> “NYHD
935 3000 HBJI0=3Z1S HOOBO b L I N \ B 2 = 1
935 3d0D HOARR=3ZIS HY9LW HMYAN o4 ° 0t " ONISUMIAY
SdY aMOM H9B8:Z@=37Z15 ANIWE3s o 0 galy
dW9E  HYGHT adim A -+ 2 0t TIGY

dWYS  HBGYT adom A - = " 0t 7 HBY

dWYS (A5T)  HOJ@aT adam A v o0t ONY

J dWYS (B5T) HOYHD adom A oottt WY
HOYOA b L= (I 1 [0 (v

SJlY HOroo adom A - " 0t "GOOy

SI78N4d Ydvd HO0R0=3Z1S ANIWH3IS * 0t T 0388
S3ALNAIMLLIY 3NTIYA 3dAL JWEN

ONILSIT ATEWL TTOHEWAS

72

W|Yd  98/L07%T WIHS MIEWIASSY OMOYW 981/88/.8/9808




935 _Fq03 HIBTA MYAN T CEGTT
938 3000 H4680 HYIAN ° 6T
8935._34d00 H6480 HYIN ) 16D
935 _3d03 HA60 HYIN : 1Z607
9357 3A00  H6H6D HYIN i Jq&cJ

mwﬁ ..... ma:u H321@ HYEN
935 _3d00 HA9.@ MY 3N
0936 .34d00 HLLLD HU3N
93$_33a03
935_3d00 HLALD HYIN
935 3000 HA340 MG AN
935 3dQ0  HLALD MU IN
€35..3d003 HI=80 HYIN
935_3d03 Hervew HY3IN
935..3000 HAJTIQ HY3IN
8353000 H6880 HG3AN
935 _3d00 HI&8Q HOY3N
938_.3d00 HEJ1A HYIN
9353403

I
L
<L
™~
]
i
<T
]
=
S U U N DS DU S DU UG DU VU DU DA SO DU DU DA DA

I
+1
wl
m
S
[ (2 1
<
W
=z
—

935_3q00 HII8NA m¢w2 oo e :
9353000 Hv310 Mo3IN Tttt Y ERT
938_3d0J HLG6@ HYAN Tttt ottt TEEDT
935_3dQ0 HAS6@ b | e 11
9353000 H6B61 b= v | I e B 40
935 3000 HLvéO MYaN 7 o 0 ottt 1T
935_3d03 HAY&Y qYaN T o ot ot ot 187
€935.3d003 HYITL MUIN T 0% 7 0t 0t R
936_3da3 HIv1IR b ke | 8 1 I
935..3d03 HYZ1N b v | e 4 1 Yy
035 3000 HILEQ b v e ¢ I
€3S5.30023 HIY0 H9aN T 00 0ttt T ENT
935_30d00 HB&EN b Ly | e Y |
938 3A03 HI6Z0 HYEaN 700 2 0o ot L HT
HRJIA@ HIFWON ottt (I
HA800 HS3FHWAN o NO dET
- HR2AA HIHWAN "t 440 33T
938 3400 HEARA=3ZIS HLLGD b [ e o - iy
935_3d03 HIISA MYaN oottt T aNT
935.3d03 HEH90 b v | e |
938_3d0J HAWQ MY3IN 7o ot ot Ty
935 3403 HEI90 MUYIN T ottt e TEM
935_3d03 HIY9D b v | S £
935 _3d03 H6690 b Ao | e A =
935_3d03 HLL90 b v | e - i
£36.3d003 HZ100 HYaN 710 0 0t " NISAFT
935_34d03 HL9v@ q9Y3IaN 7ottt ottt TNAYT
935 3d03 HYYvre MUIN Tttt AT
935 _3d03 HJIZAd b A |V e
9353400 Hs3IZ H9IN 77 o 0o 2T
935 _3Jd03 HSLv) HqYaN 71 o0 o ot 0t L EeT
835 _3d00 HI100 MPEN T o o ottt ZTERT
935 3003 H3IvvA MdYIN Tttt 9IEYT
94s..3a00 IG¢¢S MOaN 7o ottt gIEDT)
835 3a03 HESY MUIN T ottt B IEYT
SILNFIMLILY  3INTWA AdALl 3WYN

L9

[vd 98/L0/v1 v  . : WNHS MITHWIASSY OMIYW 981/88/.8/9808




T 3LYAAN A7 GOW
ALVAAN_ A3, AOKW

T NAS_HTD A0
(06,4 _dOW

g HEZv? HYIAN o
S H3ILYD HUIN o
5 HI9P0 HYAN o

HRABA HIIWMN
- HAGAR MEEWON
948 _3d023 HY89® Y AN

9535 _AA0T HEEBW=IZ ]

ammumoouzmﬁssamNﬁ
935 30T HYTOB=37 1

.

935 3Jd0d HSB890 MYIN =
9483000 HISSO HYIN T "PHLM
938_30d00  HEvEl HUEN "L
93634023 HJIEE HY 3N "PHLT
9353407 HIY9D HUIN b1
835 _FdA3 HIS9@ HYEN = Nag
Q3S_IA0T  HBGA HMy3aN £17
. 9383403 HIAZIO HY3AN 917
935._3d03 - H3ASA MEIN bR
9353403 Hy998  HYIN L1
035 _3d03 HHASEO HYIN &b
9353000 HY990 HYAN L7
938 3400 HBJdS0 HYEN o
935 3000 HATED HYIN ©A471

1

e
o

938_.3d00 HALIA HY3IN
938_3d00 HSAS0 HYIN
9383003 Hvé69Q HUYIN
935_3d03 HPLID MY IN
948_3d03 HZJsa HY3AN

JE5 U DU UG DU DU NN VI NS DS DU YU DU DN DN U PR U P JUN YN NN
=
-

S~HMMtTNne. S8 =D

= a2 z £ 28 8 8 g % svd pvdrif:f 2 2 @ 0 £ 8 2 @ 3 2 e & =

u
u a
" -
o «
- (3
- .
[ L]
o °
[ »
a L]
o L]
[l o
= [l
“ aQ
w -
o [}
[ L]
° a
a »
o L]
- [
" a
- L]
[ -
“ u
" ®
[l w
# -
u L]
» "
. u
a u
u L]
a ]
» )
L] -
o ]
] -
= L]
" .
[ [
w a
s .
L] L]
L] [
“ ]
[ "
e ]
" .
» »
" u
u L]
a -
“ a
] L]

t £ m ® 8 6 = B ¢ W m € s ® @ B 2 S z Z x R m £ o Z B % g 8 =z B % T r £ g S p € & B e ® uw on a s x ()

£ B = & o ® = B g R B 3 ® ® p € o © z ® @ T m & £ B & € z S M £ w M B ®m € B £ & B T o T w % ©w & © T ® &
a 8§ g & p » = O g B t ®E @O ® x @ £ ¥ x © ®» B g ® x & 4 ® x ¥ J = §g ® xx N B X T T B ® pn O @ ¥ B8 T = 8

“ I
835 _3IdA0DI HEI90 HY3IN ) 111
935 3d003 HLO90 HMYIN : TL
935_3d00 HLIZ90 HMY3N ) L7
938_3d0330 H81I%0 HY3N ) |
0385 _3d00 HPE90 HYIN ) .17
93830030 H6ED HMYIN M ) Ti
g 9353403 HY=90 HYAN T ° 117
935_3a00 Hay?0 HUIN T ° Tl
935_3000 HPv¥I0 HOYIN T ° i
935_dJd03 HILID HMUIN T : Tl
945 3400 HIOSH HY3N T 6L
9353403 HZ8?0 HYIN T ) @A
935 _ 310D H6550 HMUIN T s OTEMET
93S_3d0I HILGD HGAN 7 " EMET
935_3d03 H3IAFSO HYIN 1 T IMET
938_3400 H:L0ZO MU3N 7 : 4O
9353000 HBATA MUEIN T i 4N
935_dJd00 H&8YH HUYEN T A 25
93253000 HISLO HUIN T © "H&AT
935 3400 HI&LL0 MY3IN T 2 -1
8935_3d030 HIJL0 MEIN T Tt d46071
038_3d0J HI18@ HYIN 7 " r3607
94834000 HIZB80 HYIN T o taAs60M
936_3400 HAY8H HUYIAN T Y0607
935 _30d03 HSB6D HY3IN T N L-1e 0
935_3d00 H&Lé6D HYIN T " Y607
938 _3d00 HSB8L@ HUIN 7 * 186471
9348 3d00 HRILO HE3IN T *TIL6ON
935.3d070 HL@28@ HUIN T 126071
938 3d02 HZS8@ MUIN T T %607
S3LNGIHLIY 3NTYA JdAL AWYN

g9

9gd 98/L0@/01Y R Hw | . WMNHS MITHEWESEY OMOvW 981/88/.8/9808




9365 _3000 HAYRA=3Z15 HIILY MYIN o " 0 9
936..3000 HIb8B=3719 H9DB0) HUIN 4 ¢ % 0 g
936..3d0J HIYO=3ZI18 HLG80 HUAN o ° " " " b
935_30d00 HYLN0=3Z15 HOVSO MUSN o vt
935 _3A0D Hri@20=321S8 HY48Q ME N & R
935 3q07) HIPDO=3Z18 HIA94LD MYEAN !
Ismss 1¢LEBZ st
938 HIVILS HIE00 adJom A = v " d
SHY_OMOM HELB0=32198 ANIFWHAE 0 g
938 2400 HYYAV=3ZIS HRISD MY3IN o 00 vt
HRAXE HAGWON " ° HEYW
HAAAD HI3gWnN * " 0 w8y
S5qY dMOM HR6Y T=37185 INZWG3s = = = v o
AWYS (O00T plralnlvlr] auom-A o+ o000
SHY YMUYd HLO00=3Z18 INAWGES 2
dWYS  HYBY I adom A = oo
dWyS  HB8Y T auom A - oo
dWYS H981 1 auom o = = = v
dW9SG  HP8bY T adOMm A+ o0
dWUS  HIBYT auom A oo
dWYS HAsY T adom A oo oo
dAWYS  HIALPT auom & oo
dWOS  HILYT aduom A = * = ="
AWYS  HQEVT diAgd A "o et
dWGS  Hbéh Y ALAg A e
dWYS  HI6DT ALAE A oo
AWYS  HIZAYT ALAT A oo
dWYS  HB6YT adam A o0
dWs HIABYT adom A - o oo
dW9S  HIBY T adom A = =~ =
AWYS  HYLPT adom A <+ o« oo
&Ecm Imh¢ﬁ aqom A =~ o0
935 3003 HIYER=3Z1S 9650 H9IN o - o0
9353009 I¢rms MYIN T oo oo e
935_3d03 HIT8O MuaN 7o+ oot
948_3d03 HI/L80 Hy3anN oo
9353003 HI90 doaN 71 o¢+oro0o o
9353403 HAI3I8 e e
935 _3d03 HSI80 MoamN 1o+t
£35._3d00 H84d80 MyaN 70+ o0
93873007 HAZ60 dagaN oot oo
935°3d00 H6560 b |
36 _3d00 HIT6LO pe v | I
935 _3d00 H4160 MyaN 3 o+ o0
935_HA0TJ HI160 b Ly |
935 _3d03 HITL2 dyamw 31 o007
935_3d00 He6RLO b v |
938_3d003 H4490 b= |\ I
935 _3dA03 HLA490 dqyaN 7 o o o 0
638 3400 HE499 Myan 3o~ o oo
HALRA d3gwnN oo e
dWYs  HBSYT adom A ¢+ v oo
dWYg (£) HEGPI adom A& o+ o+ 00
935_34d00 HZAv@ d49aN 7 o v v ot .Hum_xz
935 30070 HLA50 MPaN v vt ot 7t JAavoN
SALNFIMLLIY  3NTWA JdAl TN

49

vd  98/7L0/41 4 .w: e . WNHS HATEHW3SSY OMavW 981/88/48/9808




a

avd  98/L0/%T

ANNOZ SMOMME ON “3LE74W00 ATHWHEHSSY
ONILSIT FTHYL T0AWAS 40 dN3A

dWYS  HIGRT Quom A 0 |40

dWUsS (ST) HD9YT quom A - = " DR 1) 4

HOY2@ MIFWAN * "dME mO HSYW 37

- HAYBO MIFWNN * 20aY” 407 HSYW_ D2
938 Fd0I HIZYAD= mNHm. H82JZ® dUaN o v o " "adayw 37
mzcm £205) Imuﬁﬁ auom & v 0" 0 om ot TAY

935 _ 3000 HLT/L MY3N 1ottt et e

935_3d090 Immos MYIN 0ttt g1 End

9387300 HEIYA b | R - A 1~ o N

9353003 HPA9@ A vl |\ I S X = G WA

938_3d02 H3IJFD HMUYaN ot oot TN

9383000 H&eI9@ bl | e B = i N

- 938 300 HEZLD MuaN 7 o o o ottt vEd
935_3d00 HOYDD=3ZIS HIVLQ MUIN o ° "t 87/ 3AMHL
93% 3000 HOYER=3Z18 HIBLD MYAN of * " 0 " L4 FAMHL
SALNYIMLLIY  3NTTYA AdAL YN

WNHS HEATHWASSY O4IUW 981/88/.8/9808



- 534 A HLZA00 Hir dAH44 HAdd4d

838 3d0J v HU2460 HOH A0 A HRAQL D -

S3JlY 4 H98:Z0 HS81 04 HAA®?J A

- dWYS v H?61 1 HGIABTO HO%L OO

935 HAULS % HZZ00 HILy20 glrlragrgnln]

BasLe 8 HOROA HOQAIBA HOOZOO

AYTIMEND 88110 3WPN NDIY HLINITI A LS LH LS

. YW INIWOES
HAAVA = L3ISH40 HOSId = HAPMOUMUL SSIANJAY LHUYLS 3INA0OW

WNHS 3TNAOKW 40 Jdud AMOWIW

G3ZIMYILINI LON MILISIOAM SA 49 ONINMUM
JIZITWILINI LON SMH3LSIE3Y 48 INY S5 29 SNINMUM
PAWIL 98/7L0/¢1 PHELYA

SANYWWOD NOILGIDANT NI d3I4IDEA48 ST0OMLINDY
oAl 2mId L0400
ANTITEYsede 3714 LNANI

IL 3vd o o | @°TA ‘MALYI0T 9808 III-SITHIS

IR S S S S

e



AFFENDTIX D

Program Listing of the Software of Microcomputer.



: FOR

REM FROG H?
DIM AC28) ! Ua

DIM BCZ83 ! ANG Va
DIM CC28) ! Ub

DIM DC2@Y ' ANG Wb
DIM EC28) ! Ve

DIM FC26) | RANG Yc
OIf Z<¢598> ! RAW DATA
DEG

RESET 7 | RESET HPIB

| B4R BHNRAAHERHSHERERY
! POLL FOR HPIEB RERDIMESS
! #G484448420 RS0 U U4 RE
S=SPOLL(YB9)> ! SERIAL POLL
ODISP S 1 STATUS OF HPIE

I NOT BIT(S.&> THEN 148
DISF "SGR DK 2%

REM SERVWICE RERUEST

DISE "5 = ";8

IF NOT BIT{(S.R8> THEN 144
REM TEST RERCDIMESS OF HPIER
OISP "BIT & SET 0OK"

ENTER 7B2 USING "#.HW" ; B
REM B IS TOTAL NUMBER OF
REM INPUT SAMPLES HAHD ERACH
REM CONSISTS OF ONE WORD IM
EEM MEMORY .

DISP " B=";B

| $HRH4RGGHEHBHBRURERE

I INPUT DRTA FROM HPIB

! REfESH404A2RR00R N

FOR I=8 TO0 B-1

ENTER 785 USING "#.W" ; Z2(I>
REM Z(I> IS AMP. DR ANG.
MEXT 1

D SH4484480 048808004 004084
! SCALE HARMONIC COMPOMNENTS
P HSH4488 4444880 E4B 0B HERY

F=2¢(@,-18

REM RECOVER THE FUND. FRE@.
PRINT “FUND. FREG .=";F;" HZ"
PRINT

Cc=B-1

REM C IS TOTAL MUMBER OF RAW
DATA OF AMF. AMD ANG.

mM=C DOIY 12

FEM M IS ORDER OF HARMOMICS
NEEDED TO BE HAMDLED.

J=1

REM J=1 IS INDEX TO ARDDORESS
THE FIRST DRATA.Va.IN MEMORY.
L=7
REM
THE
Is.
FOR

L=7 IS INDEX TJ ADORESS
FIRST CURRENT AMFLITUDE.
K=1 TO M

I=1 TO J+5 STEP 2
ZCI>=_8922%2(1}

REM . 8322 IS SCALING FARCTOR
OF VOLTRGE = (348-5)(5-2~12>
$CPI/Z23C1/SAR 23

D]

256

5606
578

S8a
55848
680
alB
6cd
638
od@

559
€60
&78
650
598
760
718
720
738
740
758
768
7708
786
798
ga
219
s29
339
g46
858
666
£79
389
8§99
280
918
928
935
240
956
268
azi
230
299
1608
1218
1826
1638
1846
1650
1666
1670

1958

REM (348-3)> FROM INPUT
SCALING CIRCUIT.
REM (5-2~12) FROM RDC.

REM (PI- 2> FROM COEF. OF
EQN SET (3).(1-50R 20

NEXT
J=J+1
NEXT

1
2
K

FOR K=1 TO M

FOR 1
ZCID=

SCALING FACTOR =

=L TO

L+5 STEP 2

.Be1965%Z2(1>
REM .R201965 IS INPUT CURRENT

C1/6_93¢5/,2~412XCP1-2)

REM (1/5_9)_ SCHLIHh FACTOR.

MEXT
L=L+12
NEXT

FOR I=2 70O C

I

e

K

STEP 2

ZeIX=2C15r11

REM SCALING FACTOR

NEXT

1

POHHGHHESHER SRR HHERR
! PRINT RESULTANT

! HARMONIC COMPONENTS
I #EEH4488RH4RHAHEESR

H=1 !

FOR I=

PRINT
FRINT
PRINT
PRINT
PRINT
PRINT
PRIMT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
H=H+1
NEXT

H=H-1

H IS
1 7O
“HA.

“YA=
“ANG
“yB=
“ANG
HyC=
“ANG

“ 1A=
"ANG
“1B=
“ANG
“IC=
“ANG

I

HARMONILC
C STEP 12
ORDER= ";H

"i2¢I)
WA= "3Z(I+1)
w;ZCI42)

YB= ";Z(I1+3)
n;Z2CI+4)
WC=";ZC145)

";ZCI+56)
IA= " 2C(I+7)
"iZCI+8)
IB= ";2(I+9>
" Z2CI+1a)
IC=

I #H44HERRG0440400

RELOCATE RESULTANT
HARMOMIC
IN MEMORY
FHGHAHEHAHERRREREHS
EM STORE Va.la

COMPONENTS

12%¥6+5+T STEP

OF ANG.

QRDER

"iZ2CI+112

IS RMS

(1/8AR 2>%

=)



Pk b bk b b b ek ek pot bk b b b b fb ek b ok pb bk b bk ot bk pk ek et b ok ot

Cof Cad ol ol a) el Cad 00 Ca) G T3 1) PO Po2 T P P00 PO T 30 b= b gt b i et bt et s et (50

WO S WP = S0 = T L L) P = 00 00 =) T N Ja ) o = (52 00

d=_+1

NEXT I

HFEM STORE HNF OF Y3
T=T+1

J=8

FOR I=T TO 12%6+K+T
B(Ja=Z2C1>

J=J+1

HEXT 1

HEM STORE Vb.Ib
T=T+1 '

d=a

FOR I=T TO 12%6+6+T STEP
ClJr=Z412

J=J+1 ‘
NEXT I 1
REM STORE RNG OF Vb
T=T+1 -

J=0 ‘
FOR I=T TO 12%6+0+T.
DCJr=2¢1: ’
J=J+1

(4]

AND - Ib

STEP 6

NEXT 1

REM STORE
T=T+1

J=1

FOR I=T TO 12%6+5+T
ECJy=2¢1)

J=J+1

NEXT 1

REM STORE RANG OF Mc
T=T+1

J=8

FOR I=T TO 12%6+6+T
F{Jy=2¢1)

J=J+1

NEXT I

D OSSR HRERRARERBRRRRRERY

I CALCULATE U@,U+ AND U-

I RHHBRREHRAREBRARANRERR
H=0

FOR I=1 TO H

o=6

FOR P=1 TO 2
G=ACNIXCOSCRCHD )
W=ACNYXSINCBCNY )
X=G+CC(N)YXCOSCD(N) }+E(NYXCOS
CFCNYD
Y=W+CCNI¥SINCDCNY Y+ECHD XS IN
CFOND)

K=SBR(RA2+Y~2) /3
L=ATH2(Y ., %)

Yo, lc

)
—
m
Al
o

AND Ic

STEP 5

R=G+C(NI*COSC128+D(NYY+ECNDY,

¥COSCz248+F (N))
T=W+C(H)XSINC128+D(HYY+E(N)
¥SINC248+F (N2
M=SQR(X~2+¥~22-3
R=ATNZ2C(Y, X)
A=G+C(NIYXCOS(248+D(MNXI+EC(ND
¥COSC128+FC(N))

P2

Y=W+C (NI XSTNC248+D(NY 2 +ECND
¥SINC12B+F (N>
U=SER(X~2+Y~2) 3
Y=ATHNH2C(Y, XD

N=H+1

-IF =1 THEN GOTO 1858

HEBEHERGHBHSBHBEREHIHE
! PRINT RESULTANT
! SYMMETRICAL COMPONENTS
! OF HARMONICS.
! #EEHNEESRRHERRERRRREED

FPRINT "HA. ORDER= ":I

PRINT

PRINT "WB= ";K

PRINT "AHNG V8= *;L

PRINT "Q+=-";HM

PREINT "AHG W+= "“;R

PRINT "Y-= ";U

PRINT "ANHG V-= ";¥

PRINT

Q=1

GOTO 1948

PRINT "I@= “;K .

PRINT "ANG I@= “;L

PRINT "I+= ";H -

PRINT "ANG I+= ";R

PRINT "I-= ";U

PRINT "AHNG I-= ";V¥

PRINT

PRINT

=8

NEXT P

NEXT I
REGUBGARRBRHBSHERS

! CALCULATE RESULTANT
! PHASE YOLTAGES

I AND CURRENTS.

U 2322322223 E 2
K=5@QRr{2)

L=a

FP=6 TO 366

N@@&@@QN@@Q@@

e | | T T T 1 == I T L ({1

G=1 T0O H

‘l'ﬂC'-CXZGIC'nNZJ.C"ZZ

N
/'\
[
I
—
>4

U= U+H<T>iSIN<G*<P—BcT)/G>>x
}f’

V=U+C(THIRSINCGX(P-D(TY G) X
K
W=W+ECTX>XSINC(GX(P-F(T)~/G> X%
K



S=T+1 .
R=R+HCSIXSINCGX(P-B(S>-G) X
K
Y=Y+C(SHI¥SINC(GEX(P-D(SH)/G) Xk
K C
D=0+E(S)X¥SIN(GX(P-F(S)-G)X
K N

NEXT G

L=L+li~2

M=M+ij~2

N=H+W~2

Q=G+x~2

R=R+Y¥Y~2

Z=2+0~2

NEXT P

R=L-3684

B=SQR(A)

C=Mr358

O=S3R(C}

E=N-364

F=5QR (E>

G=@-3608

H=S5GR (G}

I=R-368

J=SER(I

K=2,368

L=SQR (K>} -

VOB HRREHSER RS RS

! PRINT RESULTANT RHMS

' OF Ya,Vb:Wc,1a. Ib, Ic.

P #4444 804 8804084 HE
PRINT

FRINT

PRINT "YA= *;
PRINT “yB= *;
FRINT ®"YC= *;
PRINT "IA= “;
PRINT "1B= *;
PRINT "IC= *;
EMD ’

FreXImom

D3



APPENDTIX E

Note : The units of voltage and current used in this appendix are

V and A respectively.

E|



TEST !

Resultant Waveform of Harmonics : 1lst + 3¢d

Resultant RMS Values ~ Analogue Meters readings DEVIATION
of 3 phase components of 3 phase power supply ( %)
WA=  B7.BS29388231 ¢8-8 -2-4/
WB= &7 .8R32084238% Y 4 A2 A = EE
YC= £9.6338462756 (87 FO3E
IR= 4 559865408441 ¢. 8 + /135
IB= 4. 328487540653 . s/ —¢-%o0
IC= 4.48714953128 - 0ks

fs0

E2
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,T : .E HF—: rl[:Zit—_F‘: S
A= d K
2'1'55 _ .
T2 6.5
- 5
HH
IA=
T SR
L $Ein A
Hhils TE=
E:... it
- FiHis
- 1C=
- FIMG
i3
If= - R -
S HF . ORDER= &
TR =
1E= WE= . @z
Hidis ST LR =
-~ FHG WA= o
EFi WE= &
Hf-! i3 — L -
. Hidis = =
'.}!:I= [
e - - ARG We= =]
HA . CoROER= 3 -
Ip= “az
FHG Ir=
1e= @3
ANG IB=
IC= B21E1S
ANG IC= 117 .2
=" 1.7 HR. ORDER= 7
AL IH=
1es 1.F UA= 1 17SE
HHLG iE= AMS LWFR=  Z8EB .9
C= 16 AR
T AT AHG WEB= 147.2
V= 1. 13226
AHG YWC= 27 .2
IA= BRIELS
AHG If= 277.9
I6=  ©1972
RHIZ 1E= 157 .2
IC= .H24545
RHG IC= A7 .9

Amplitudes and phase angles of harmonic components.
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Resultant Waveform of Harmonics : 1st + 3yd
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Amplitudes and phase angles of harmonic components.
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TEST 3

Resultant Waveform of Harmonics : 1st + $th
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Resultant Waveform of Harmonics : 1st + Eth

Resultant RMS Values Analogue Meters readings DEVIATION .
of 3 phase components of 3 phase power supply (. %)
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TEST 5

Resultant Waveform of Harmonics : 1st + 7 +th

Resultant RMS Values Analogue Meters readings DEVIATION

of 3 phase components of 3 phase power supply { %)
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Amplitudes and phase angles of harmonic components.
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TEST 6

Resultant Waveform of Harmoniecs : 1st + 7th

Resultant RMS Values ' Analogue Meters readings DEVIATION -

- of 3 phase components of 3 phase power supply ( %.)
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TEST 7

Resultant Waveform of Harmonics : 1st + 3rd + 5th + 7 th

Resultant RMS Values

Analogue Meters readings DEVIATION
of 3 phase components

of 3 phase power supply ( %)
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TEST &8

Resultant Waveform of Harmonics : 1st + 3rd + §th + 7 th

Resultant RMS Values Analogue Meters readings DEVIATION

of 3 phase components - 0of 3 phase power supply { %)
VA= 57 .7E44336335 552 _tees
VE= T4 TIRETIIILI 5.3 - |02
MC= SR R4221375465 5&.0 <4 270
A= 2.16334854622 .00 N
IB= 3. 286373433545 3.0 + 564
IC= 32.1i78283193:=7 29§ + 697

E37



i' Lol iu
- pemp
s e
(|

-
"

A £ I
LJprcall & o Ror i )
D I I TR T

)

T

S
mT I
[l

SR AR

=T

G .

T
TmToD
5ion 1

Hﬂg

4

T
A
o

e ﬂ:l T O

[T SN I SR |

#—

-

Feed

N W B AN |

—t
D}
I

A
Im
oy

T
1
i}

-

F
P ONR O I R

[xx]

Hel
1

[
(%)
U

s
Tl
T

[y

YRR

GRDER=

AN oy

[T

ey
L

AR I

-
-

=
D
o~
4.

ot
i,
(1

it
Al
3

*
A

<

ST e T = T e
A

k3

-

-t
m-

oI Oy Ty

—
(e}

[X]

[n}
-

O [ IO [ or]

ot
Y|

[y
Lo

X

[gX]
F—

4
1

5
=
2
bl
=
=

m
A
I

wuh
-

[¥n]
T,
DRSS S I o

0
(Y]

- i
el
-
Pl
-
7

DY OO I

>
=
h ]
15}
4

T4

g Ml KX

00T T

[0 D |

[y |

Ty T 0

[y

il

8

il

o

S e SO

—_

[y

(%]

L]

T

I

b
T mMEITD

[ B | I v B T R v BT

<D

I

—t
)
i

AHG
I1E=
HHG
IC=
AMNG

I
px]

T

O on

=D

T m

T Do e
ST EImMED

BN O I v I [ I e IR

1

ORDER

L1835

iR= T 7
L@Raz

YE= 1872
1124

Y= &7 .2

[
I
UN | B

U |

]
.

=]
[}

. E517
WA= 147 1
5.o8431
WB= 27 1
25462
Y= 2671
52223
IA= 148.5
LBV 3E74
IE= 8.5
 SRZ4T
IC= Zed . 5

(A u]
e

(N |
'v_l:l
[y
AN]

T

W
oyl
T
1

Ly
1
]
[a e}
=)
—
Wt

DU NV

[y
T

c—a
D

—
X
P
M
o
b
—

,_1
m
[ [ O

o
(&N

[
|

BTy e P O

Y T 00
e
-

N |
™~
—

[}
A
e}
m
A
I

¥.2231
WA= 1497 2

B =
YE= 77.2

79268
Mo=" Z17.2

[y
LRAY

-t
XI
— )
Ja

-
m-
[T SO TR S | Qo <3
k +
]
(N OO PN |

22
(s
el B
[V Y I
- .

-
-
fu—y
H

-Amplitudes and phase angles of harmonic components.

T N e 2w L s



L e i1 . Py Pyt . ST T '
R AL B! ] Pl w S 7 T + FUrd
k) . . -, . £

s o e T A - 1 g, T s -~
' e S, Cll R o R LE ek R ) PR e i

| ERR TR NS BT I SO Y R O A Couf -

@ B ALty

so

E3f

w B jos,

L

] .0 ﬂw.p T
8 Bk Fun” Eadin Giie

'



P SO T TN UL N T AR O SO TR T U8 N I T O

g
[T

i

o
S -

Fae T 8 T T
g : £ RT3
i Eip BLUE L E ¢
g PeuStad e’ Tt ZdSn

I

FURR=Twus (11w W0 o)

w4 ATT)

ko A

(

a

- we w o

E40



HA . ORDER= 4

WE=
AHG
i‘,! + =
AH
[

RHEG

-
Cx

e
pras

Heu

z o+

tH

LI PO T 1 I
I b=t T bt Tt b
L

-
-

MG
HH . ORDER= 5
Hf . OFDER= 2
YEs= B E8a51S
i AHG YB= 47 6
BHE 4= © EEAZIII
= AN Y+= 1
AHG o= &8 SIAIIFE-;
= AHG Y-= 416825923 -
AHG
Ig= 5.3
Ig= 3. 4947 AHG 18=
AMHEG Ip= =73 IT+= S52E1
T+=  RIESE AHE I+= 14
AMG I+= 17 I-= 5. Z4a3
I-= 2. 4947 AHG I-= 111
AHEG I-= —48
HA . OrROER= &
HE . OROER= 3
va= 3. ISEFITE-3
Y= T @Bad AHG W= ITEIIA4EET
AHG Vo= 13 W+= & 22IIIIIIIIIE-Z
M= 16 21 AMG b+= -52 4
MG e —14 W-= 3 IFIS13527IZE-3
W—= 7 Bdde AHG W—= —-145 S3I7633047
AHG Y-= -5 _ R
S Ia= {1 SA4iBz72256E-3
[6= AMG IR= 19 1851089778
AH I+=  @I4515
I+= AHE I+= -72.3
AHG I-= 1.504182
[-= BHEG I-= -178. 28
A
HE . OFDER=
Wa=  AS2ISIETSE1
AHE WA= £ 885184994
Y= 7. 44SEEGEEERET
AHG W+= —162. 8
Wo= BE2Z9167SE13
AMG M—= =7 5148958865
IG= 7.731455855432E-3
ANG I8= FE6 12726RS987
[+= 427412333333
AHG I+= -153.6
I-= 7.78145535487E-3
AMG I-= -23 2879606963
e o o L

Symmetrical components of harmonics.
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" RMS Values of =

L A1
Va=
Vb=
Ve=
Ia=
Ib=
Ic=

[ B 1
- Va=

Vb=
Ve=
Ia=
Ib=
Ic=

L C 3
Va=
Vb=
Ve=
Ia=
Ib=
Ic=

TEST 9

Wavéform of Fundamental

ey " DEVIATION
phase components of I phase power supply %)
60,4282 59.9 o o8t
61,766 . 61.5 +.0:43 .
b2.4724 okl ke
4, 680723 4,70 - 0.4
. 643274 3. 60 + .19
I.574456 3. 61 B - /-0 B
bl.6544  51.8 -0-1%
60, 483 61.0 —0- 85
52.3241 T - T A + 1.0
T.5433z8 . 3 54 - 0- 4}
4,72836t 4,74 —90- 4%
3.4848 .55 - [ 8}
51.5734 61,9 -0:-£3
62,3348 61.8 + 0:46
59, 0723 60,2 —1-91
3.67462 ‘ ~_ z.s=8 £ 262
z.5437 . =.=58 _ —[:02
4,773264 4.75 +0- 49
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(A)

FUMD .

HA .

FREQ .=

ORDER= 1

HFR . ORDGEK

k

Ya= 5994
ANG Wa= 1f
l."

VA= g8 4zaz Vo :
ANG VA= @ W= 61.5554€

YB=  £1.76E AHG M+= B

AME YE= 4@ ’-.'l-":' ) 3994%2@13453

UC= £n 47o4 ANG W-= —166. 113345716
AHG W= g

FHG VL= 126 1= . 357836749417

Ta= 4 copves ANG 1B= 517848570
AMG 1A= 2.8 I+= 2 96515

1B= 2 543274 FNG I+=_ 3.8

ANG IB= 2438 le= 30vEIET4I4lT

oo 3 sra4ne ; ANG I-= 6£.98215932943
AHG I0= 1733

(8) A .

FURD ., FRER .= 4%.3 HZ~

[}
-
[
m
A
li
[y

HA. GROER= 1 ‘

| VB= | SITORESEE4
UA=  E£1.6544 ANG WB= 51, 973A535203
AHG WA= @ W+=  §1.487A3IIIIZ
p= &l 453 ANG W+= @&~
ANG VE=  24@ Y-= 537965884
Vo= B2 3241 ANG W-= -81. 8728536303
. AHG yo= 128

IG6= 42351188377
1A= 3. 54338 ANG Id= —112.311599324
AHG 1A= S 4 I+= 3.93726333333
TE= 53E ANG I+= 5. 39999329998
FIHG : I-= 423511883777
1C= ANG I-= 123.111599324

FUHD. FRER = 43,9 HZ

HA. ORDER= 1 " HA. ORDER= 1

1B=
AHG
IC=
ANG

b= oy c—=2
;ﬁr H?E'JL“4 V= 9854313548357
Al VA= a8 ANG Was 7z, b°93?4?999
"E’— l:-.-;‘.:..:-4.:. ‘\'l+: b@ a7 37.2?'3":
HHEG VE= 246 AHG Vo -;3- PR R B
T — [P * W -3 -
Ane oo lres V-= 985431548573
LWL= 1z@ ANG YW-= 72.898374399%
i [SoETEE ) I6= 329665156327
= 0= 2 AHG I8= 122 665T2637R
33333233

I+= 3.9977.
ANG I+= 8.3
I-= 389665156823

AHG I-= -1Q6.066736378

[

Y] wn
=4 £
et ) P e SOy

[N X I

-
DO S L RS B 0N
I -
oo
S

-

]

Symmetrical Components
of Fundamental

Amplitudes and Angles
of Fundamental
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Reconstructed waveforms
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