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1. TIWTRODUCTZIOL

1.1 Method of Analysis. The Teledyne Analytical
Tnstruments (TATI) Series 310 Portsble Trace Oxygen Analyzerxr
utilizes a unigue, patented micro-fuel cell to electro-
chemically measure the concentratign of oxygen in a gas stream.
The cell has an absolute zero and“produces a linear output
from the low parts per million (ppm) level through 21%
(210,000 ppm) oxygen. When coupled with a "state of the art”
two stage amplifier system that incorporates a hybrid opera-
tional amplifier and an integrated circuit (TC), the cell
provides linear trace oxygen analysis in the ranges of 0--10,
0-100, 0~1,000, and 0-10,000 ppm. No zero gas is required,
and the instrument may be calibrated with air (obviating
the use of guestionable "certified”" trace oxygen calibration
gases). )

1.2 Standard Features. The following outstanding features
are incorporated in the Series 310 Portable Trace Oxygen Analyzer
line:

1.2.1 Miecro~Fuel Cell. The Series 310 sets a new
standard in maintenance-free operation. The micro-fuel cell
is a sealed electrochemical transducer with no electrolyte
to change or electrodes to clean. When the cell reaches the
end of its useful life (6 months minimum), it is merely thrown
away and replaced, as one would replace a battery in a flash-
light.

The cell is specific for oxygen and is not influenced by sample
flow rate or the presence of reducing agents, such as hydro-
carbons, CO, SO_, etc. When a nominal flowrate of 0.25 scfh
(approximately %50 cc/min) 1s maintained through the instrument,
the response time is 90% in less than 10 seconds foxr most
ranges. The instrument can also be installed in a glove box

to provide ppm oxygen analysis by diffusion sampling only.

1.2.2 Temperature Compensation. The Series 310
utilizes a thermistor controlled temperature compensation
circuit to maintain * 5% of reading oxr % 2% of scale accuracy
(whichever is greater) over the operating temperature range
(30 to 125°F). Employing the compensation approach, rather
than temperature control method, provides acceptable accuracy




over a wide range of ambient temperature fluctuation and
eliminates the maintenance problems that normally accompany
the components associated with an electrical heating system.

1.2.3 Meter Readout. The Series 310 is equipped with
an exceptionally accurate (% 0.5%ﬂ$inearity) panel meter for
direct readout of the analysis. A linear 100 division scale
(mirror equipped to eliminate parallex) promotes reliable,
accurate readout of the analysis at any point on the scale.

The resolution and accuracy of the instrument's meter obviates
the necessity of an accessory readout device -- unless a
permanent recording of the analysis is required.

Integral single and double alarm circuitry {see optional
feature) is also available.

1.2.4 oOutput Signal. For those applications requiring
a continuous recording of the oxygen content of the sample, a
linear output signal of from 0-1 millivolt to 0-1 volt D.C. is
available at no extra charge. Unless otherwise specified at
the time of purchase, the output signal will be 0-1 volt D.C.

The output signal, regardless of magnitude, is suitable for
driving external devices that have an input impedance of
10,000 ohms or more.

1.2.5 Multiple Ranges of Analysis. The Series 310
accurately measures oxygen concentrations from 0-10 ppm to
0-10,000 ppm (full scale). Range adjustment is in decade
steps, and is accomplished by the positioning of a selector
switch. Each range of analysis is identified by the multiply-
ing factor that is to be applied to the basic 10 major divisions
of the integral meter scale; i.e., X1 would be 0-10 ppm oxygen
full scale, X10, 0~100 ppm oxygen, and so on.

Tn addition, a "CAL" position is provided to extend the range

of measurement to include the oxygen concentration of air. With
the selector in this position, the instrument may be accurately
calibrated by drawing air through the cell manifold and using
the "CAL" mark on the meter dial to set the span control,

1.2.6 Speed\of Response. With a sample flowrate of
0.25 scfh, the Series 310 achieves 90% response in 10 seconds




to full scale changes in oxygen concentration in the X10, X100
and X1000 ranges. In the X1 range, 90% response is realized

in 30 seconds. In general, the response of the micro-fuel cell
is significantly superior to that of most portable electro-
chemical trace oxXygen measuring systems currently on the market.

1.2.7 Compact Packaging’ The analyzer is housed in
an aluminum case that is eguipped with a carrying handle for
easy portability. When in use, the analyzer should be placed
in an upright position on a level surface (off level position-
ing will detract from the meter accuracy).

Access to the instrument components is gained by loosening (ccw)
the three (3) guarter turn fasteners on the back of the outer
case. The outer case may then be detached from the control
panel. The instrument may be further disassembled by first
removing the back plate assembly, and then the printed circuit
board {or hoards) from their respective standoffs. These
assemblies may be removed without disturbing the integral
wiring. The disassembled units then lay out as pictured on

the "Analyzer Wiring Diagram" -~ which is included among the
drawings at the rear of the manual.

The instrument is eguipped with two (2) guick disconnect type
tubing fittings, each of which features an integral shutoff
valve that automatically closes when its mating fitting is
disengaged. The fittings are an integral part of the micro~
fuel cell manifold, and project through the rear of the instru-
ment. TATI also provides three (3) male fittings for the
instrument, one of which is eqguipped with a plastic tube.

The tubing equipped fitting is used to draw air through the
instrument for calibration purposes {(See Section 3 of the
manual) .

An eight foot detachable power cord is also furnished with
the analyzer.

1.3 Optional Feature. The basic Model 310 analyzer in-
corporates all the standard features listed in Section 1.2 of
the manual. The following optional feature is also available
upon request:

1.3.1 Inteqgral Alarm Circuitrv. One (Model 310-1)




or two (Model 310-2) independently adjustable contreol cilrcuits
are available as an accessory option.

control over an external circuit is achieved by a relay whose
solenoid coil is operated by an electronic "“comparator" cir-
cuit. The switch contacts of thesrelay are interconnected
with the customer's circuit on the terminal strip at the

rear of the instrument. The control point at which the relay
operates is determined by the setting of a dial equipped
potentiometer on the control panel. The linearity of the
oxygen signal and 10 turn "set point" potentiometer, plus

the resolution {1,000 discrete divisions} of the turns
counting control dial, provides precise monitoring of any
oxygen concentration within the range capability of the analyzer.
The decade nature of the ranges of analysis and the set point
dial permits the user to set his control by simply dialing the
control until it reads the desired oxygen level. The only
mental calculation required is the proper placement of the
decimal point, as the meter scale has 100 divisions and the
control dial 1,000, plus allowances must be made for the

fact that relay action will occur at the same spot on the
scale regardless of range switch position.

The integral control circuitry can be arranged so that the
relay is energized eitheér above or below the set point.

Unless otherwise specified, the control relay in a single

set point instrument (Model 310-1) will be energized below

the set point, and the relays in a double set point instrument
(Model 310~-2) will be energized when the oxygen level is
reading above set point #1 and below set point #2.

Fach alarm relay energizes a red indicator light that is
associated with its respective set point. WNormally (see pre-
vious paragraph), the light illuminates when its respective
relay is in a de-energized condition (set point exceeded).

2. SUPPORTING EQUIPHMENT AND SERVICES.

2.1 Power Service. A source of single phase, 105 to 125
volt, 50 or 60 cycle power, capable of delivering a 1/4 ampere
of current continuously, is required to coperate the Series 310
analyzer.




The analyzer is supplied with a UAL approved 3 wire detach-
able power cord. Under no circumstances bypass the ground
lead of the cord. Aside from eliminating personnel short
circuit protection, bypassing the ground wire will deprive
the instruments electronic circultry of an earth ground
reference -- which could lead tq#grratic, unreliable per-
formance. i

2.2 Sampling Eguipment. The customer must provide

the necessary flow control hardware for positive pressure
applications; TAI suggests a simple throttle valve installed
in the sample line bstween the sample point and the analyzer.
The flowrate should be limited to between 0.1 and 10 liters/
min. for atmospheric pressure sampling, connect a pump down-—
stream from the analyzer, and draw (rather than push) the
sample through the instrument.

2.3 External Signal. All models of the Series 310 are
eguipped to provide an output signal. The magnitude of the
available signal can be preset by TAT from 0-1 millivolt DC
(full scale) to 0-1 volt DC (full scale) and should be
specified by the customer at the time of purchase. Unless
otherwise specified, the output will be 0-1 volt DC. Refer
to the “Specification Data" Section of the Manual to deter~
mine the output signal magnitude.

The output signal, regardless of magnitude, is suitable for
driving external devices that have an input impedance of
10,000 ohms or more.

Two conductor shielded cable is recommended for interconnection
purposes (particularly for those instruments whose output signal
magnitude is in the lower millivolt range). Polarize the sig-
nal connections as shown on the "Pictorial Diagram", and

connect the ghield at the external readout device only.

2.4 External Alarms. Models 310-1 and 310-2 feature integral,
adjustable alarm control circuits {(see Section 1l.3.1 for des-
criptive information).

The form "C" contacts (normally closed-common-normally open)
of the relay (or relays) are electrically terminated on the
rear terminal strip. In order to properly use the SPDT switch



that these contacts represent, the customer must first ascer-
tain when the relay (or relays) is energized (above or kbelow
set point). When applicable, this information will be found
documented in the "Specification Data" section of the manual.
The appropriate terminal strip connections for both models
are identified on the "Pictorial Diagram".

The load current of the circuit being controlled by either of
the set point relays should be no greater than 5 amperes (non-
inductive).

3. OPERATION

3.1 Introduction. The Series 310 is supplied completely
assembled and ready for instant use. The micro-fuel cell is
in place within the manifold, and prior to shipment, the mani-
fold was purged with an inert gas to eliminate all but traces
of oxygen from the internal sampling system. The integral
shutoff valves in the quick disconnect sample fittings, if
not disturkbed, will maintain this inert atmosphere within
the manifold indefinitely. This can be demonstrated by
connecting the power cord and advancing the range selector
switch to the X100 (0-1,000 ppm) position.

When the range selector is advanced from the "OFF" posgition,
power to the instruments circuitry is established. The meter
may drive downscale off the zero mark momentarily when power
is first applied -- but will move upscale and come to balance
shortly thereafter.

It is impossible to achieve a "perfect" seal of the internal
sample system, and what the meter is indicating is the diffu-
sion -- consumpition balance point of internal sample system
and the micro-fuel cell.

This "balance" point, with a properly calibrated instrument,
is always within the limits of the X100 range. If the read-
ing climbs off the limits of this scale, a leak in the mani-
fold assembly is indicated.

7O EXTEND CELL LIFE AND MINIMIZE THE TIME REQUIRED TO MAKE

THE NEXT ANALYSIS, THE INSTRUMENT SHOULD ATWAYS BE PURGED WITH
THE SAMPLE OR AN INERT GAS PRIOR TO BEING TAKEN OUT OF SERVICE
FOR STANDEY OR STORACE.




3.2 Calibration. The inherently constant output of the
cell during its useful 1life precliudes a definitive calibration
cycle. TAT feels that the interval between calibrations should
be dictated by the customer's application. If the instrument
is being used to certify the oxygen content of a product for
delivery, then, a calibration prier to certification would
certainly be in order. If, on tHe other hand, the instrument
is being used to monitor or guard a sample for predetermined
limits of acceptability, the customer's knowledge of that
sample and the evidence provided by the analyzer will in
themselves determine when a calibration check is in order.

DO NOT CALILBRATE THE INSTRUMENT UNLESS THERE IS A TRACE
OXYGEN GAS READILY AVAILARLE FOR PURGING IMMEDIATELY FOLLOW-
ING THE CALIBRATION PROCEDURE.

3.2.1 cCalibration Procedure. Employ the following
step by step procedure to calibrate the instruwment.

1) Stand the instrument upright on a level surface,
and with the range switch in the "OFF" position, check the
alignment of the meter pointer with the zero mark on the
scale., Use the mirror to eliminate parallex, and adjust
the screw on the face of the meter, if necessary, until the
pointer and zero mark are in precise coincidence.

2} Advance the range switch to the "CAL" position.

3) Install the plastic tube equipped male disconnect
fitting in either of the analyzer's sample ports, and a
blank disconnect fitting in the other port (direction of
sample flow 1s of no importance). Gently suck (do not blow)
on the plastic tube and observe the meter reading. Continue
to suck on the tube until the meter reading is stable.

4} Unlock and adjust the span control until the meter
pointer is in coincidence with the *CAL" mark on the meter
scale. BE SURE T0O RELOCK THE CCONTROL AFTER THE ADJUSTMENT
L5 MADE.

5} Immediately after step 4 has been accomplished, dis-
connect the tubing eduipped calibration fitting, and plug in
glther the sample or a source cof inert gas.



If the instrument is to be used for sampling after the
calibration procedure has been completed, follew the decreas-
ing oxygen reading by positioning the range switch so that
the meter gives the best possible resolution of the oxygen.
DO NOT ATTEMPT TO ACTUALLY TAKE A READING UNTIT, THE METER
INDICATION STABILIZES. If the sample oxygen content lies
within the limits of the X1 rang€&€ (0-10 ppm), it will take
about fifteen minutes for the instrument to recover suffi-
ciently from the effects of the 209,000 ppm oxygen concen-
tration of air (over four decades of range differential).
Recovery time is proportionally less for coarser ranges.

If, on the other hand, the instrument is not to be used
immediately after calibration, and a low ppm oxygen gas

is being employed as a puxge, allow the reading to stabilize,
and then disconnect both male fittings. ALWAYS DISCONNECT
TEE SOURCE FITTING FIRST, AND IMMEDTIATELY THEREAFTER, THE
VENT FPITTING.

3.3 Positive Bressure Sampling. When connecting the
instrument to a positive pressure sample source, ALWAYS
proceed as follows:

1) Before making anv connections to the instrument,
establish a flowrate in the sample line of from 0.1 to 10
liters/min. Allow the sample to vent to atmosphere long
enough to purge the line free of air.

2) Install the vent fitting f£irst, and then the sample
source fitting. Be prepared to make the connections in
rapid order, so that atmospheric diliffusion time through the
vent fitting is held to a minimum.

When disconnecting the instrument, reverse the procedure:
source fitting first, and then vent fitting.

The objective of the connection -~ disconnection procedure is
to obviate the possibility of pressurizing the cell. IF A
FLOWING SAMPLE WAS CONNECTED TO THE MANTFOLD WITHOUT THE VENT
FITTING IN PLACE, THE PRESSURE IN THE MANTFOLD WOUILD RISE AND
BE EQUAL TO THE SAMPLE PRESSURE ALMOST IMMEDIATELY. In such

a situation, depending on the magnitude of the sample pressure,
the cell could be permanently damaged.




3.4 Atmospheric Pressure Sampling., If the sample is at
atmospheric pressure (or slightlv negative)}, a sample pump
will be reguired downstream from the analyzer. The inlet
side of the pump should alsoc be eqguipped with a throttle
valve -- so that sample flow can be reduced to between 0.1
and 10 liters/min. If pump loading is a consideration, the
inlet side of the pump will have to include a bypass path
that is open to the atmosphere through still another throttle
valve. The sample path and bypass path may then be balanced
by manipulating the two valves, so that the sample flow is
within the prescribed limits without loading the pump.

UNDER NO CIRCUMSTANCES SHOULD THERE BE ANY RESTRICTIONS IN
THE LINE BETWEEN THE SAMPLE POLNT AND THE ANALYZER —-- as a
partial vacuum would then be drawn on the cell. Since the
cell is a partial pressure sensitive device, any oxygen
readings taken under these conditions would be erroneous.

4, MATNTENANCE

4,1 Routine Maintenance. No routine, periodic mainten-
anace is required. The only moving parts contained in the
analyzer are the meter movement and the plug-in relay f(or
relays). The micro-fuel cell is a sealed, modular component
that can only be replaced when at fault.

4.2 Cell Replacement. The characteristics of the micro-
fuel cell are similar to those of a nickel cadmium battery
in that both provide an almost constant coutput through theixr
useful life, and then fall off sharply towards zero at the
end. If the sample being analyzed has low X1 range oxygen
concentration, cell failure will probably be indicated by
the inability to properly calibrate the analyzer. The
user will find that very little adjustment of the 1O0~turn
span potentiometer will be required to keep the analyzer
calibrated properly during the duration of a given cell's
useful life. If large, many turn adjustments (cw) are
required to calibrate the instrument, or calibration cannot
be achieved within the range of the control, the cell should
be immediately replaced.




To offset the possibility of not having a replacement cell
available when it is needed, TAIL recommends that a spare
cell be purchased shortly after the instrument is placed in
service, and each time the cell is replaced thereafter.

The spare cell should be carefully stored in an area that
is not subiject to large variations in“ambient temperature
(75° F nominal), and in such a way as to obviate any possi-
bility of incurring damage. Under no circumstances, dig-
turb the integrity of the cell package until the cell is to
be actually used. If the cell package is punctured and air
permitted to enter, the cell will immediately start to re-
act to the presence of oxygen.

Packaged spare cells are equipped with a removable shorting
clip. While in storage, the cell should be inspected period-
ically for electrolyte leakage. If a cell is leaking, the
shorting clip will turn black in color, and in severe cases,
actually break into several pieces. If either of these
symptoms are detected, return the cell to TATI for replace-
ment. DO NOT DISTURB THE CELL PACKAGE. If the cell package
is intact, TAI will replace the cell at no cost.

No tools are reguired to replace the cell in the instrument.
Simply unscrew (ccw) the plug at the bottom of the analyzer
and the cell will drop out of the manifold cavity.

Remove the new cell from its package, and carefully remove
the shorting clip and the paper sticker that is in place
over the sensing surface of the cell. Do not touch the

gold colored sensing surface of the cell -=- as it 1s covered
with a delicate teflon membrane that can be ruptured in
handling.

Place the cell on the end of the manifold plug -- so that
the sensing surface of the cell is in contact with the plug
and the electrical contact plate end of the cell is facing
upwards. Insert the cell and plug in the manifold cavity,
and screw the plug back into place. Apply as much pressure
as you can with your fingers, but use no tools.

After the cell has been installed, purge the instrument

- 10 -
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with an inert gas {ox the sample), and then proceed as directed
in Section 3.2.1.

4,3 Cell Warranty. The Cl;ﬁg B~2 cell employed in the
Series 310 is warranted for 60,000 percent-hours or six (6)
months of service (whichever occurs first).

With regard to spare cells, service time starts when the
cell is removed from its shipping package. The customer
should stock only one spare cell per instrument at a time.
Do not attempt to stockpile spare cells.

The Series 310 should not be used in applications where CO

is a major component in the sample. Concentrations of 1,000
ppm or less will not effect the cell performance. The follow-
ing page is a graph showing the effects of CO, on cell life.

If a cell was working satisfactorily, but ceases to function
before the warranty period expires, the customer will receive
credit, on a pro-rated basis, toward the purchase of a new cell.

Customers having warranty claims must return the cell in gues-
tion to the Ffactory for evaluation., If it is determined that
failure is due to faulty workmanship or material, the cell will
be replaced at no cost to the customer. WARNING: Evidence

of damage due to tampering or mishandling will render the

cell warranty null and void.

5. TECHNICAL INFORMATION

5.1 Transduction and Temperature Compensation. The TAIL
Series 310 Trace Oxygen Analyzer utilizes a unique electro-
chemical transducer whose features include:

Specificity for oxygen.
Maintenance free operation.

Long calibration interval and life.
Disposable configuration.

Low cost.

WU W b

The transducer functions as a fuel cell:; in this instance,
the fuel is oxygen. Oxygen diffusing into the cell reacts

- 11 -
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chemically to produce an electrical current that is proportional
to the oxygen concentration in the gas phase immediately adjacent
to the cells sensing surface.

The cell has an inherent positive temperature coefficient, the
effects of which have been minimized through the implementation

of a calibrated thermistor compensation circuit. The instrument

is cycled through the operating temperature xange (30 to 125°F)

and the value of resistor R21 (see scoleématic) will produce the
advertised accuracy specification (+ 2% of scale of = 5% of reading,
whichever is greater). The reader should understand that the * 5%
of reading specification is a derivative of the wide operating
temperature range, and that at a constant temperature, the accuracy
is * 2% of scale.

This calibration is accomplished by TAI, and under no circumstances
should the setting of any circuit board trimmer be tampered with
unless under the direct supervision of an authorized TAI represen=
tative.

5.2 Output Circuit. The Series 310 output circuit (meter,
alarm comparator, and external signal) has been designed so that
when the instrument is properly calibrated, precisely one (1)
volt potential difference exists between the slider and cow ter-
minal of the span potentiometer (Pl)}), when the full scale (any
range) oxygen is being sensed by the cell. TAI standardizes the
output to within # 0.5 mv DC with a differential volt meter, and
then adjusts the meter (trimmer RIB) so that is reads exactly full
scale. The output signal can be preset to meet the customer's
requirement through the proper selection of a voltage divider
{R15 and R16).

5.3 Alarm Comparator Circuit. By standardizing the available
full scale voltage presented by the oxygen measuring circuit, TAIL .
is able to provide highly accurate alarm contreol circultry as an
option {see Section 1.3.1).

the 10-turn set point potentiometers (P3 and P4) of the circuit are
powered from a secondary power supply that also has been adjusted
(trimmer R34) so that precisely 1 volt appears across the potentio-
meters. A comparison of the signal magnitudes being received from
the potentiometers and the oxygen amplifier is then made by the
differential amplifiers (A3 and A4) in the alarm relay control
circuits. As the oxygen signal level passes through coincidence

~13-



with the signal being received from the potentiometers,
transistors (Q9 and Ql0)

relays (K2 and K3).

the
energlize or de-energize the switching

The circuit can be configured so that either
relay will operate above or below set point by transposing the

signals at the inverting and non-inverting inputs of the differ-
ential amplifier.

Fe
s



6. SPECIFICATION DATA

6.1 TAI Sales Order_Number:

6.2 Instrument Model‘ﬁumbex:;&ﬁl@.

6.3 Instrument Seria1 Humber:

6.4 Micro~fuel Cell Class:

6.5 Accuracy: =+ 2% of scale at constant temperature;
+ 2% of scale or * 5% of reading, whichever is greaterxr, over
the operating temperature range.

6.6 Operating Temperature Range: 30 to 125°F.

6.7 Response and Recoﬁerv: At the specified flowrate
(0.25 scfh), 90% in 10 seconds on the X10, X100 and X1000 ranges,
and 90% in 0 seconds on the Xl range.

6.8 Output Signal:

6.9 Ranges of Analvsis: Xl : 0-10 ppm Oxvgen.
X110 : 0-100 ppm Oxvygen.
X100 : 0-1,000 ppm Oxygen.

X1000: 0-10,000 ppm Oxygen.

6.10 Recommended Span Gas: Atmospheric air.

6.11 Alarm Set Point #l:

6.12 Alarm Set Point $#2:




TAL SERIES 310 g/ (>

RECOMMENDED SPARE PARTS LIST

QUANTITY. PART NO. DESCRIPTION
L R-179 Relay, P&B KHP17D11-24V
o
2 =51 Microfuse, % Amp.
* 2 I-32 Lanp, G.E. #327
1 ¢~6689 Micro~Fuel Cell, Class RB-2
| CER REAB T € p L el
|4 Cld] 3L Dby prver sigpuy b b

* Used in Models 310-1 and 310-2 only.

A minimum charge of :$20.00 applies to all spare part orders.
ZEMPQRTANT: Ordérs for spare parts must include the model and
serial numbers of the instrument for which the parts are intended

Orders should be sent to:

TELEDYNE ANALYTICAL INSTRUMENTS
16830 Chestnut Street
City of industry, CA 81748
{818) 961-9221 (213) 283-7181

TWX: (910) 584-1887 TDYANYL COID
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DRAWING LIST

MODEL 310

B--8929 OUTLINE DIAGRAM

A-14138 02 CELL DELAY INSTALLATION DIAGRAM

C-89058 SCHEMATIC



T e e 2 e ey et e,

: - .

03 LEUDINTE YNISYEYS

A

ANTHIUYILS T-HOCST WO O3L14d

P “.w..&; [T m § wo
g

RTINS

WyHoOvid vid01Did

. " olg saM3s

HIAZATYNY NIOAXO FOVHL 378VLIMOJ

S1LVE

g3 3N | m 2008

VINBO3ITVD 'WN3OYSYd
DML 3HAG3I3Z 40 HOISIAIG ¥ -

SINFWNYLSNI TYOLLATYNY INAGTE 1T

AL = UYINoNY _ 108 = "33

T ADVES H Q31412345 INIMUIHLO S5FINN IonrEiigL

I B2 @ T

27 9Md SHINdAYS 3AON3Y
: ¢ 8§.6I-1 2

Z A0dIND 2INYHD
w B9 ~1-8 1

‘O 3Nss|

SISIMILISAY OL1'0 OV 'LOVENIOY %§T0 ALIALLISHIS

%10 13IBYINSIY ZHY "S03dS 9NIMOTI04 FHL 'SISIX3
AULIADHID WHY TV OGNV SISATYNY N33M138 NOLLOVHILNI ON
‘NOILYEIO A28 3NINEZL30 0L IWNYW FHL

40 NOLLI3IS NOILYDITgdY 3HL 335 “{NDIL3HISIG SHIWOLSND
3HL L¥: LHI0d 135 MOT3T HO IAOBY UIZISHINI 34v SAv3d
{ SALLONON] NON)S3M3IdWY G 1V OFIVY 3¥Y SISVINGD AYIaH
HERIALEND SIDIATE NOISIAID 00C'| "NENL OF 34V €°WIT 3HL 0HLNO3
G3ddINU3 W0 G3LVIDOSSY ZHL 40 DHILIZS 3HL AS QINIANZL3G
Sl LuiGd WYY ZHL LNIOd 138 3HL HOACHAL S355vd
NOILYHINZINOD “0 3HL §v AVTIEH V SILYNLIY AUNIND way Y
SHLTAELIRDEID WHYTY TIVHDILINE JUNIVES 2.01€ NV 1-0IF §'1300W

JHOW HO SHHO 00001 40 IaRveSdi

NOLLYEBIIVY ¥3LdY AIBIVIOIWN {SY9 NIDAXD
Wdd HO% ¥ WO} 5v9 3INVE 30AC0CHLINIZY TIDHINGD NVdS FHL NUISY -
aHY '3IVIS BALIH JHL NO HUVH V3 FHL HLIM 3OM3GIDHIDT NI S|
HALNIOd H3LIW IHL LN L] LSACGQY ONY TTGHLNDD HY4S 3HL NI07NN
'SAZIVAVIS 11 NIHM oNIQyIy HILAW L Z10M "3RAL 212Svd
JHL NO DNINONS AQ IHSWOHEISHI 2HL OINT Hiv MYHD ATLIN3S -1H0d
HIHIO IHL Nl 9MiLlld G3d4InD3 3anl Ji1Svd v oY 'i1¥0d 3dMvs
N0 NI ONLLILD NAJO NV TTYLSNE “NOWLISOd Y3 J0L MO HI1iMS Jonvy
3HL 32v1d “ZEWVYS BV NY HLE INIRNYLSHI 3HL JLIVERINYD 01 €

3ATA FULIOBHE B0 HOLYINOEY ¥ HIHLS SHIST A9 Q35na3y 38 Y2 38N3S3ud
FHWYS FHL T3N0SE I HIN/SHIIT 0101 10 38 9NCHS ZUVHADTS 33dMys 2

AINVHYYR JHL 00N QNY L] 3ovisvg Avi

TN e

LOdNL NV Hii 321A30 ¥ SHIAIHG ¥DZ 3718VLIINS §I TVNDIS
IHL OGA 1-0 S| IN4ANC 3HL “031A0345 SSIMEIHLI0 SSIINN
TIVRYIS LNJLND NY BuNlv3d INFWNELSHI IHL 50 ST300W 1V

SNOLL<D ABLINOEIT L0440

“FI3) 1394. GHOW

o SHL TSR N0 SAGHZY 0L
ANG G3SA L¥0d §SIIV T30
h ONLLLY HIHLIF
WOHA GELNIA B0 QIINCOBIM
3 AV TIGHYVS CHAYHOHLIA
SI uniilid OMIAYW JHL N3HA
ATW2NLYAOLOY SIS0 LWL IAIVA
24CLAHS IYHEIMN v SIBNLYIA

Sv9

NOLLYMBIMYD WISS4S ¥ ¥02 035N
3H1 135440 OL {NIWUXD %6'0T)
NOILISOd NOLLYHBITVD Hlv WY
SIUALY IS 54315 30V 550 N NIDAXO
Yal-0 QL Wdd OI-0 WO 4G 535HYH
SISXIYHY 'HOLIMS YOLI5T35 ISNVH

‘SYD NVdS “WID3dS v LNOHLIM
GEULVHEITYD 38 AVW LNIWNYLSHE FHL
Y SMZHASOWIY GNY IO HB1SH
3HL NO AYYW YD 3KI THILIMS
BONYY 3HI 40 NOILISOJ v 3HL
YOBINDD SIHL OHISN HIDAXO 40

ONILLE HOVE SONILL|S m;m:«m.\\
HOTIOPMS LIZNNOIDT ¥2N0
7

‘3SNA FAILIZ10Hd

HOMLYRLNIDINGD NAONN ¥ 1SNIVEY
QL G3ISATIOHLNDD HOLLYESITvS

LH3NNY LS

SBINVIKOIDY GY0D 63mod
SNIIYH [ TH 09 .06 "AgEl-gol Ul\
ATILLAIVFY YIMOS AHVAHING

TSEHALVIL
AMLINDHIZ TYHY3LX3 04 wmwuuq\
HIKOLSND HOJ YIS TYNINNIL

1334HL 30 H...zm_\
HIHZL5VE NENL A 3SvD HILRO

.

15M LNICd L3S WYYV SY SHunlivald
3NYS ZaN ENIOG 138 wyyy

{2-3E B 1-0f §71300W ] IHDM PayTY
ONILVIIONT 13N LNiOd 135 WuvY

BISKIVYNY 40 39HvY

FEYVIVAY [N LNIOd 135 wWuvwy

-

$330,9/6 § §1 LNINNYISHI 'RLOK

333 3HL ONIAHNSST by
JOHNOS 3TdMYS LIIHNOSSIG SIVATY
3JHNCS =74WYS IHL NFHL oY ISEI3 oNILL

LHINBYISHE IHL STIRUUGRYLS .\

LAWO 2-0IE TI00N HLIM FTBVTVAY) -
“[AIND 2-0iE "iH00W ) 1HO xmq._q(\
SHLLYOION] "25t LNIOd 138 WuvY.

SHILND 3HL U3A0Q FIEVLSOrgy
ATINA "Z-0IE © 1-0lE ST300W Hilm

“HELIW BRILYIloN T
{ALIBYENDTT 6501 zomm_ummn_l\

SHI0N TTYHCLLYHILO INVIYOdHI

sz.kk_u’iﬂ,ﬂm‘w SH1 NIHL ONY “15Hid ONILLlg
SHLLIIHHNOOSIG NIHM 9Ll
i3 1N3AA BHL L33HHOD

SATRIY

SRR

v

TATE wwwdr

i1
=N
=

\
& —

EAE

8§

PP . -




o~

3

T T e SR TS o S T A

- BElihly

RlE LT IR0 ISATH oo

aav | Zefuona | s3 da CWTIDVIC NOILY 1TV LSNI
PO AIV04E Ay13Q 1120 O
’ HEINLAL )
— : VINEO4ITYD 13188Y9 NYS
meve SINZANMLSK] TYOILATVNY
9L-br-1 siva m 514 3vos ._ Ww.,mmfﬂ!m&.krm;a.wmﬂ

o/t F HYTIOONY .ﬁ SQ0° F D34

PO[1 R Cloved # GH41D3dS5 FSIMEIHLGO SEE"NN ITNYVHEH3IYOL

Sl rr b A = b,

v

SLINIYID. WRVIY HI M g NIWONLSMY
MU LN O350 T TRV OT  wald v =

1SILON

d7 =

TIHGFD =

724
&

THOISSIWHI 4 HILUHM LNOHLIA SN B0 AZIDNGCH4LIE 321400 39 CL \a\_mhw.b\.m” \..«&m
3 12K 51 1T "HOILYWHCIND IYIIHIAIdHOD SHITLHOD aMY SIHIWAHASKD TYDILAIYHY IHAGITIL 20 ALHIJOHL ZHL St aHiMYdd SiHL \ﬂm\@,.\r\w.v“ \M m
: 5 | NOETS = NG
e 7G0T 30707
m n ¥ i -
11
W L | Mot .IUM @ ' @
i _K,
it
11
[
. 14
Y ‘
1
— I
T RZION TFS. el
't
1B
wW— .
oasr =g I
TFZATING ~ |
@J&QN\UV \ﬁéﬁ nr.lll.l»lrr. H .
i T : ‘
—_— _w :
Mh%r--li 1e/16 1 NIZU9|
] St 1] - o S/ RERR
=, = LG TS e
il @o%%\u? Gl 2/1-8 | 39NVH0!
LS o - .
QUL | 15r7 ZaihT T o of | Hovid]
3dv ‘C 188l i w A3 ro.,w




e . " .- - . R Y l._u..v.lﬂ.!.ull
L X e R N DL s ) A
E T ' RO HO SIDAND XD IMROMIE MoxdriTa — e
_ r = . e . - - L B
3 mmmw 270N ama | . - DUNWETS RARECEEE RS - ; . _ -
- .wmn&_ =] mwl eSe GigGamEs T o | ST mr.ﬁwr. . i -
’ YIZATYNY NIDEX0 Soval . : A A ,
YBINOIMYT YImavevd B ~ ! M
-t IRELUTTII AD wrReAE W
w._.zmmmmm._.mz_ TVOLLUTYNY FNAGETEL . b
YRl F Cioved & CIAITTSN Lm0 WP EoWVET Ml
SEQINY
Cr—mmryS .
= -
16
-
. _ '
m h««l.-._
A 9.4 WG
- r ol h.%m L Ga !
ALILY ] pomre  GE DT f
™HGTHL e I~ + \

i
=
-
P
: i - e -
. Mw e R : L2
e T3
sag
ASTE _1E¢ e tou
1210 Fwe AWLTS ¥EAGe
=T SR BriTae s - —%galla.ﬂ.qtggu w
- - T Tanm=d T .n:\ﬂ TTHATIIED 8200108 STY THewy *.
N YT -
- ‘ﬂ\- .ﬂ.’.lf Ao
, SS¥a .&.n!!nu H5 tavh Ty TRusit ey
. ey \ THT 1200 fe RL SRS Thagg : m
o g&ltgggggguagcs -
- 3 g ngl~§.—=h§_lhévg
vogr i " 3T I e DTS T wdeer tm SR Ty Yt T *

1

o3 Gugwesn -

war-gey

ETECE

O@v © Byra -0t 07
s =8~ [t =5 Bl
. 2l IElo-$8-073

- 7] Fe~TE-% B
R 021053003,

s e

B SR TY ST




&

SR L]

ARTING mroonE

TLOGVAS UIROD

300 0% SRIYI0U 31V OVE LT 1T
IR, B4 HONISOS SMY 18 SA00M1D
T EL1 D) DAL 110 GRIFOT O S 323 OvE

syl Y Job-i1-3t BZzi=~96 F0I3 “Omi 1
‘wri O jes-BE-il yZE-GE §023 0N 01
- aav] 31w NGUHINDS3 A3,

St o

e
! - ¢ | .
—,. d‘n m m mm IO 3HoH R 0D FINIHNTY
o gt oua —om = \\‘“ i T
- ol
PO e oLg T3Q0N ve-5L-11 M N adY /d Al |14 2340
HAZAIYNY N2DAXO 30vHL s 7 vi g ENE
= WYHOYIQ DNIYIM Ea i R /1 vi oz A399/3LHM
T g Fuwi an $IEnLYNOS /s i/ i NI/ ADHVED
Wre 36 WHEDSTYD (AEESRAM JT 430 Qna”« - XXIL N 1 —-a3 3
smbojouyrag NUSHING ulpapEy o hun scawsng ¥ nmw d nu.n. weEHn / NI3HD
sjuawsnlisy| 0onAouY SufPdiT] M ﬁ%ﬁﬂﬁﬁn s {Sy3dyinrl wNO-G0Y
Sigsﬂmaﬂﬁw.uﬁ;ﬂhﬂsumﬁﬁhhmihn!iih el TS I 03
Jralivd 40 YR v il ISHVHD
HOUdUI530 ~ ‘on v _ r] w [y vio/i-81 IMVEO
v i1 INTEO/ LHM
A36 DRI . Z/1 -2 3/ 3HR
By VLD QY HXOUHL 0534 ] t/1-TL RO/ HIE
FDed D1 FETDTY Him N\wtww a3y
o D6 S5y g/ -2l ZUHM/HE
z/1-61 HIVIE
s 1 G3/300wa0
ZISE ¥ W s I - il
Nee S 1O 560 (123 e m\w o1 HIVIE/IDHVHD
€ o 20 z/1-0t INB
.\ /1 -E3 UM/ 30HVED
Brteg
viz/i~tl HMONE
Z/u [ESEN
ZE69-2 0uvid "Id
e o o ©
T Py st
ﬁ “afy W ENE
| t
I
i
{ w3 1133 ALA
gy TaiElite 0 AJx
Ei R L] 2
u oo HONCE-074 15 o
SITAIG N0 TR O T
nm».ﬁuo_.— 5 O dwm.ua Rwﬁ. SEE SVI0S VY G
£ PSRRI RSB EAT
& 1 TEER-D) ATEISSY OdYOR Td
. \ SIS RaT 3550830 553
Hne -4 Sawimafoava b i

i

W00\ TEI

ATN ORRE
ANCHODTS BIROIFWHL

P

SSIANH MY rOyd

3EV0 WIXYQD Q313HOVE ONY

QRUYVINSNE NOT43L “VvOZZ "GOZ8Y N30I38 v ¥ % £ T 71 A0 T
VOZZ "OINNL O30NYHLS 'O3LVINSNI NOIJ3L STOONIRIM Q3TIVISNI T "t

03141034S 35MY3HLIO SSTINN SF1I0N

I 4



Catn M Qlisiws  T7 deiee 1908 FuiTrlrg

ijom-U O oM VA Tea orndim

(iTae | rrwens | 03 w9 F-OIE 1=2G0N
~ st WS ZANY NITARO ZOVEL

- YINUOJMTIYD THISTEYH

vieee 3iv9 | e} SANTINMULSHL TVIILATYNY SNAGATIL
L = wTnewr | toer S 3aa | e ¥ abvad i GEtaiBiad FMIRERIGTE SR DR TIMYMETEL

e LRI
PR R LR ]
IS R YY)
Fos @ ons T 1 avtass
P R L IO
LT P orrram, )
Fuwte AT AT T, ST P NaEr T
ey ar— o~

Jieang atexam i RS e

2L e 3 By T p
. bk T B L]
‘ . A3
- ot Ly =k
- T LRI 1) r
(e wilos] '
2edb oy ie = o] —di—= il ¢ S mews S iz v
%_.nm\n:.'d © yrart e 0 e arwe— - (2] P L [P O LR F M| <yuen P
= Pl i
——eyo el ﬁ. et b )
v 3 P L Y F N-F an ISR S F FET]
» ~ wh o boleland
P IS W 1y g HET N
— ]

Ao = i ™ 1
wviag N e v T
L2 L] IR3 Q
£A 1

oy.=3 3
x IR )
N ow :
T N e
T - Fua
3 . ()
o - +H
e B
e o5
e 3
an e e ML E IR N Rl
P
LA

" ! Stany, — . —rtran, ATEs R

R T L

FEHET ammITEY GIITE U2
Mt B T D S

A

PEaeAfS XTeRTy

=
B2 THY te RIFC T Give AR PGy TTTYS 1T e { T

TEAS ORI 4 RITATE AL R P atan T N0t o —
e Rt o VRT3 L) i ?

ASOU K21 9T G HC CRIANET Atk e TN e o PYr

Q nvasg

i r
33

LEeLeA

fEeE he ) Sedeanyis | b iy
G FTE TE T e Ferul 2o A3 vEi

CAL INL FTIWDRECY oUY LEFER-D
@vrd oo 30 TAANECIE] SOLTAdL
SEOTVTE 3ivier TERivRitaTH
G a3 T 25 b 10T TATH SaTA
FFLAY FTIA SATTLe FROIGA TET

Tve 5N
P
':__*;I;;
ey - fu B
Ras ey
I 8 ]

e T "
» _M_ ..,.hw .H_ 059 FAnISSY arred d

xo pas DHERRITD

e

ATE
A ATTORCIES AERATITIRL

‘v\h L Jmu B 2 Faar v s

£ 0479 Wz
ik ¥2-TA G0
{ T GR- £ g

WEOOTTT T .03 T

2L~ =G &
- pwrssEy - GFTa

=
|




