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Naval Weapons Center

AN ACTIVITY OF THE NAVAL MATERIAL COMMAND

FOREWORD

This report summarizes efforts to find suitable voltammetric
methods for analysis of nitrate esters and aromatic nitro compounds and
is presented in two parts under the general title, "Voltammetric Analy-
sis of Ordnance Materials.” Part | (NWC TP 6505, published in April
1984) is "Detection and Quantitation of Nitrate Esters and Various
Nitro Compounds in Water by Voltammetry,” and this report is Part 2.

We have included some material published previously in October 1981 as
NWC TM 4684 and have incorporated updates to that material.

The work described in this report was performed as part of a
general program of electrochemical analysis of ordnance materials. The
work was sponsored by the Naval Sea Systems Command, Task Area Number
WKF65559, Program Flement 62565N; by the U.S. Army Toxic and Hazardous
Materials Agency, Task R904.10.N0163; and by the Naval Underwater
Systems Center, WPN Source AA17X492.3790.

This report has becn reviewed for technical accuracy by George
McManis.

Approved by Under authority of
E. B. ROYCE, Head K. A. DICKERSON
Research Department Capt., USN
15 November 1984 Commander

Released tor publication by
B. W. HAYS
Technical Director
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INTRODUCTION

A silver wire electrode has been found to be an effective working
electrode for the voltammetric determination of nitrate esters and
aromatic nitro compounds in water (Reference 1). The search for such an
electrode was prompted by interest on the part of ordnance facilities in
the monitoring of effluent waters for contamination by materials such as
propyleneglycoldinitrate (PGDN), nitroglycerin (NG), dinitrotoluene
(DNT), and trinitrotoluene (TNT). Commercially avaflable voltammeters
are too expensive and complex for purposes of bench or fieid testing,
and a portable digital voltammeter has been developed at the Naval
Weapons Center (NWC). The voltammeter was built by the Electronics
Systems Branch at the request of the Instrumental Chemical Analysis
Branch. This report describes the construction, circuitry, software,
and operation of the instrument.

GENERAL DESCRIPTION

The voltammeter 1s designed to operate in conjunction with a silver
wire working electrode, a platinum wire counter electrode and a standard
calomel electrode (SCE) or silver/silver chloride reference electrode.

A diagram of the system is shown in Figure 1.

The control unit was designed to meet the following criteria:

1. Portable. Housed in aluminum instrument case. Size: 18 x 13
x 5 inches (45 x 32.5 x 12.5 cm).

2. Semiautomatic. For simple operation by field personnel.
Powered by conventional 115 Vv AC.

3. Drive solid electrodes with slow varying voltage ramps.
4. Take measurements of electrode currents for signal processing.

5. Calculate the contamination level in parts per million (ppm)
and provide this value on hard copy printout.
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X-Y RECORDER

DIGITAL VOLTAMMETER

CONTROL UNIT SOLID
ELECTRODES

‘ SOLUTION TO
PRINTOUT BE TESTED

115v AC
FIGURE 1. Diagram of the Voltammeter.

Expected levels of contamination to be measured by the instrument
are in the range of 0.1 to 10 ppm. Although designed specifically to
measure contamination by PGDN, it can be used to measure contamination
by other nitrate esters and nitro compounds which have similar
voltammograms, e.g., NG, DNT, and TNT.

The equipment setup for performing the digital voltammeter test
consists of the electronic control unit and the test solution chamber
with solid electrodes. The test chamber apparatus will consist of the
test solution in the chamber, with means to support three electrodes in
the solution. A cable connects the control unit to the top of the solid
electrodes. The electronic control unit will sit on a workbench and
plug into 115 V AC for power. Three analog test points are provided on
the front panel to drive an X-Y recorder. Use of an X-Y recorder is not
necessary for normal use of this system.

A conmnector on the front panel mates the cable to the test
chamber. The cable has color-coded clips that readily attach to the
electrodes. A brief outline follows which describes basic operation of
a single testing of a test solution.

1. Prepare the test chamber.

2. Power on.

3. Run in BLANK mode.
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4. Prepare the chamber. Run in CAL (calibration) mode.

RS T I T
f

5. Prepare the chamber. Run in TEST mode.

..

Printer supplies hard copy of results.

(=]
.

7. Power off.

Each "run” will take a little less than 4 minutes to complete.

:; The system provides a slow varying voltage ramp to the electrodes.
. As the ramp voltage increases in absolute value, the chamber solution

. reacts chemically, characterized by a varying electric current in the
working electrode, which is proportional to the amount of chemical
contamination in the solution. This varying electric current is ampli-
fied, measured, and stored internally. The heart of the electronics

system 1s the Intel 8085 microprocessor. Under software control, the .,L;
system subtracts the background current from the current due to the (SRR
contaminant, then the system calculates the concentration of contaminant -

(range: 0.1 to 10.0 ppm) by comparison with the current obtained from a )
known standard solution. The calculated concentration in ppm is R
displayed and printed out on hard copy. R

DESCRIPTION OF CONTROLS

Figure 2 is a diagram of the front panel of the voltammeter. A
brief description of each part of the front panel is given.

Ammeter

- Indicates current flow between working and counter electrodes.

Month/Day

'Y Date is dialed manually by operator before start of the day's
- runs.

Light Emitting Diode (LED) N

These four lights are illuminated in succession during a run to -
indicate the completion of the three fast voltage scans and the start of ]

) - the slow scan. T

Standard Concentration

@« " -
P R P S

Indicates concentration of solution used for standard. Correct
value {n ppm {s dialed manually by operator before start of run.
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. Mode Switch ':-k:
When this switch is set to BLANK, CAL, or TEST, the electrode cell ﬂj:;
is placed into the circuit and the resulting current flow shows on the LR
ammeter. PR
Display (ppm) !
Shows integral part of number which is printed by microprocessor. ‘;
-
Run .
Pressing of this button actuates the sequence of three rapid volt- =
age srans followed by one slow scan. :"'H
Reset ]

Pressing of this button aborts any run in progress. Results from
previous runs are retained in memory.

SYSTEM DESCRIPTION

Figure 3 is a diagram of the entire system. The electrode current
amplifier converts the electric current to a voltage, amplifies it, and
scales it properly to drive the analog meter and the sample/hold ampli-
fier. The analog meter i1s a real-time display of the relative amplitude
of the electrode current (signal Y). The sample/hold amplifier is under
software control and includes an analog-to-digital (A/D) conversion of
the signal for the microprocessor. The scan generator circuits consist
of a digital-to—-analog (D/A) converter and scaling amplifiers.

Software controls the rate of both types of scans (fast: 50 mV/s;
slow: S5 mV/s). The output labeled X is the voltage ramp, which is made
available at an X-Y recorder terminal, and also goes to the counter
electrode at the chamber. The reference electrode signal is brought
into this circuit and added to the counter electrode signal to maintain -~ -
a correct drive potential to the chamber, :

Front panel control switches include a system RESET switch, RUN sf{}
switch, and mode selection rotary switch, Their functions are detailed )
- later. Front panel thumbwheel switches provide:

e
PP G R

1. Setting in numbers which indicate month and day. These digits
will be printed on the hard copy printout.

s
P
S

R

2. Standard solution concentration number (usually set at 1). -y
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The digital printer, DATEL DPP-Q/, is a self-countained numeric
thermal printer. It is controlled by microprocessor software and will
print the date and the resultant contamination level in ppm. The LED
numeric digital display will indicate the test results in ppm and may be
used for diagnostic tests on the system or display of intermediate
results. -

There is a set of four individual light-emitting diode lamps on the
front panel that will indicate the progress in real time of a RUN
sequence. The power supply for the unit 1s internal and is powered by
115 V AC. An on/off switch, fuze, and power—on lamp are on the front N
panel. N

Figure 2 shows the front panel layout. The analog meter, scaled
for 0 to 2 V BC, shows the relative magnitude of electric current coming
from the working electrode during any scan (fast or slow--in any of the
k' three modes) in real time. The rotary switch 1is used to select the mode

of operation for a run operation. The off position means that no mode
- is selected and presents an off condition to the electrodes. An off
condition for the electrodes 1s working electrode grounded, counter
electrode open, and reference electrode——mno change.

Figure 4 illustrates the basic circuit for operation of the elec- i
trodes in a run condition and in an off condition. The rotary switch is St
to be gset to OFF when preparations are made to the test chamber. Just ~
before pressing RUN to start a run sequence, the rotary switch 1is set to T
the desired mode. At the conclusion of a run (i.e., when all four lamps ol
are on and a value is present on the digital display), the rotary switch Sl
is returned to off. -

There are two momentary push button switches. The RUN switch, when .
activated, initiates active running of the software program. Once :
pressed, the system begins running and continues to completion of a
cycle (just less than 4 minutes) unless reset. The RESET push button
will interrupt any operation and set the system in a reset state
awaiting a run command. Use of the reset switch would occur when it is
necessary to halt the system operation and start over. Stored data from
previously completed runs will be retained In memory when the system is
reset. <l

The digital displav of two digits will primarily be used to display R
final results of a test in ppm. During active operation and in the e
reset condition this display will be blank. The four LED lamps will )
show progression through a single test, Thev will light under the -,
following conditions:

LED 1 At conclusion of first FAST scan.

% LED 2 At conclusion of second FAST scan.
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DRIVE CIRCUITS

COUNTER (AUX) ELECTRODE

%

/ /REFERENCE ELECTRODE

=N
GROUND

|
| TEST CHAMBER
|

AMPLIFIER

WORKING ELECTRODE

SYSTEM OPERATING
IN _RUN CONDITION

. R SRR P R o T T e e W, .
LR AL AT W P WAEIRE Y L L WP, W e \'._; A_L“‘Lfn:

DRIVE CIRCUITS

v -
GROUND

|
|
L

e ——J

AMPLIFIER

SYSTEM IN OFF
CONDITION

FIGURE 4. Basic Electrode Circuit.
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NWC TP 6577
LED 3 At conclusion of third FAST scan.
LED 4 At conclusion of the 60-second pause.

All four LEDs lit at once indicate that the three preparation scans and
the pause have been completed, and that the system will immediately
begin a slow scan in the selected mode. At the end of a slow scan, the
digital display will turn on with the resultant parameter for that
mode. This concludes a "run.” Pressing RUN or RESET will immediately
turn the digital display and the four LEDs off.

Figure 5 is a diagram of the electronics system. The Intel 8085
microprocessor is the controller for the system. It is wired on the
PLS-858 card, a standard microcomputer card from Pro-Log Corporation,
which includes system memory circuits. The software program in machine
language is stored in two erasable programmable read-only memory (EPROM)
devices. These memory devices were programmed with the Tektronix 8002
Microcomputer Development System. The analog circuits card was built
and designed at NWC and contains integrated circuit amplifiers and data
converters to process signals for the first prototype and was replaced
with a printed circuit (PC) Board in the second unit that was built.
The thumbwheel switches circuit 1s contained on a PC board and is now
readily reproducible. The digital display board is presently wire wrap
and could be replaced with a PC board directly. The printer interface
is also in wire wrap and could be replaced by a PC board, or may com—
pletely be eliminated by replacing the numeric printer with a more com-
plex alphanumeric serial input printer. Such-a printer could provide
lettering on the printout as an added clarity feature and would inter-
face more directly with the microprocessor. This alphanumeric printer
costs half again as much as the numeric printer. The rest of the wiring
is point—-to~point wiring and has been designed to be kept to a minimum
(many signals are transferred serially instead of as 8-bit parallel
information).

The analog meter is a rugged, watertight, sealed unit, built to
withstand the rigors of travel and abuse which the system may encounter
in normal usage. It is of much higher quality than standard meters and
is scaled to be driven by 0 to 2 V DC signals. It will display electric
current variations through the working electrode. The thumbwheel
switches circuit and the digital display board were wrapped for the
first prototype and were replaced with PC boards in the second unit.
The power supplies are standard modules to convert 115 V AC to +5 V DC
and to +15 V DC. This entire electronics system is mounted to the back
of the front panel so that it will 1ift out of the case easily for
servicing and modifying.

Appendix A shows detailed schematics, chassis wiring diagrams, and
component layouts.
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t
SPECIFICATIONS N
Following is a list of specifications for the voltammeter. :};}
1. Provide FAST and SLOW scans e
FAST defined as 50 mV/s
SLOW defined as 5 mV/s
2. Voltage range of linear DC ramps during a scan
FAST scans from -0.30 to ~1,20 V -
SLOW scans from -0.30 to ~-0.80 V
These potential limits are adjustable by changing parameter values .
- in software. g

3. The rotary switch will determine the mode of operation
OFF
BLANK, pure solution in the chamber
CAL (calibration), with 1 ppm standard

TEST, for testing the unknown

4. Pressing the RUN button will cause the following
Preparation scan 1 FAST
Preparation scan 2 FAST
Preparation scan 3 FAST

60-second pause RS

Measuring scan SLOW

5. It will be understood by the operator that the three FAST scans
will prepare the electrodes, and that during the one SLOW scan the

cables from the electrodes.

. electrode current will be measured, processed, and recorded. -
v 6. Provide digital readout--two numeric digits will show ppm 1

- levels of contamination. B
p . T
3 7. Provide outputs capable of driving an X-Y recorder. -
- 8. Provide thumbwheel switch to select ppm level of the standard L
. solution (usually 1 ppm). <
; 9. An electrical connector on the front panel will mate with .

13
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10. It is estimated that a ! ppm contamination level causes a
change in electrode current of 0.35 to 0.55 yA. During a CAL run this
much current difference should be observed. The software design could
be modified to test for this conditfon. A test failure would indicate a
faulty electrode, an incorrect solution mixture, or some similar fault.

11. The printer will provide a hard copy printout of final results
in ppm of contaminant.

12. The analog meter will display the relative magnitude of
electrode current in real time.

13. During the SLOW scan, a sample window will exist from which the
microprocessor will take samples of the electrode current. The micro-
processor will record each sample, select the peak sample, and store
this peak value as the electric current level for that scan.

14. The sample window is defined as the time during which the
electrode potential varies from -0.45 to —-0.65 V, during a SLOW scan.

15. The sample and hold amplifier circuit includes an A/D
converter. Measured electric current through the working electrode of
40 yA will set the sample and hold amplifier to 9.99 V, which is its
limit of measurement. Electric currents exceeding 40 pyA will saturate
the amplifier and give false results from the system.

16. Table 1 shows the basic parameters to be measured and/or
manipulated by the system, and lists their expected limits.

TABLE 1. Basic Parameters and Expected Limits.

Electric
current Analog Range of
Software from voltage values in
Parameter mnemonic | electrode range software
BLANK solution? IBLNK 0-10.80 yA | 0-2.70 V 00-45,¢
CAL solution® IMCAL 0-14.40 yA | 0-3.60 V 00-5C, ¢
TEST solution? IMTST 0-36.00 yA | 0-8.99 V | 00-E5,¢
Calibration standard (04 usually 1
Dilution factor DF 1, 2, 3,
or 4

4 Measured electric current.

14
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MICROPROCESSOR PROGRAM

The Intel 8085 microcomputer software program was developed in
assembly language with the use of the Tektronix 8002 Microcomputer
Development System. The machine language program was derived from the
assembly language listing and stored on EPROMs to be used as hardware
for the Digital Voltammeter System. Figure 6 is a general flowchart of
the program. Appendix B includes the detailed flowcharts and the list
code printout for the entire software program.

CALCULATIONS

[ Table 2 shows the sequence of calculations of the digital voltam-
meter. The terms used in the equations are defined in Table 1 and on
. page 17. The following definitions apply to the parameters used by the
h software program. A mnemonic is assigned to each parameter.
s
.

TABLE 2. Sequence of Calculations of the Digital Voltammeter.

Mode
Function BLANK CAL TEST
Parameter IBLNK IMCAL IMTST
{peak of 20)
( IMCAL-IBLNK)
Calculations None ICAL = -—-—-7§;——-— IMBTST = IMTST ~ IBLNK
CS usually = 1 DF =1, 2, 3, or 4
IPPMDF = (IPPM)(DF)
a (IMBTST)(DF)
T 1cAL
D .
Marker 1 2 3
2 Results IBLNK ICAL IPPMDF
D
15
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RESET
INTERRUPT
TIME DELAY
y
1ST FAST SCAN
INTERRUPT []
SYSTEM

2ND FAST SCAN | |

3

=1 3RD FAST SCAN
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MODE SELECT |

f j q

BLANK

SLOW
SCAN

CAL TEST

SLOw SLOW
SCAN SCAN

] ! 1
L pant ] T erinT ] | priNT |

l
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FIGURE 6. General Flow Chart.
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INPUT PARAMETERS

I BLNK The peak value of 20 samples of measured electrode
current in the BLANK solution. A measured quantity
scaled for software use.

S IMCAL The peak value of 20 samples of measured electrode
current in the CAL solution. A measured quantity scaled 3
for software use. ]

_: IMTST The peak value of 20 samples of measured electrode o
current in the TEST solution. A measured quantity scaled S
for software use.

Cs Calibration factor; represents the concentration level in :3-f
the CAL solution. Usually equal to 1 ppm. Set as a T
factor in software or dialed in by the front panel ppm Lo
switch.

PRNRY

DF Dilution factor; the factor applied to the calculated BSOS

concentration level in TEST solution assuming no dilution
effects when preparing the solution. Set as a factor in
software. Usually equal to 1, 2, 3, or 4.

CALCULATED PARAMETERS

ICAL Value proportional to the differential amount of electric
current equivalent to 1 ppm.

IMBTST Value proportional to the differential amount of current
from TEST solution compared to BLANK solution.

IPPM Contaminant concentration in TEST solution, not
congidering a dilution factor.

IPPMDF Contaminant concentration in TEST solution including the
dilution factor. The final result.

EQUATIONS TO BE PROCESSED

) Given parameters (measured values and scale factors) = IBLNK, RN
IMCAL, IMTST, CS, and DF,

(IMCAL - BLNK)

ICAL = (1)
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IMBTST = IMTST - IBLNK (2)
IMBTST

IPPM = (3)
ICAL

IPPMDF = (IPPM)(DF) (4)

(IMBTST)(DF)
- A (s)
ICAL

OPERATING PROCEDURE

1. Plug power cable into panel (upper right) and connect to 115V AC.

2. Connect electrode cable to panel (lower left). With electrodes
inserted into cell, connect leads to electrodes as follows:

a. WKG lead to working electrode.
b. AUX lead to auxiliary (counter) electrode.

c. REF lead to reference electrode.

The GND lead need not be connected, but should be grounded for optimum
results.

3. Set mode switch to the uppermost OFF position.
4, Dial thumbwheel switches to correct date (month/day).

5. Set STANDARD dial to concentration in ppm that will be used for a
standard.

6. Turn power ON.

7. Measure blank solution (distilled water + salt + buffer) into cell.
Deaerate for about 20) minutes.

8. Set mode switch on BLANK.

9. When ammeter needle is steady, press RUN. Observe three fast pre-

paratory scans, 60-second pause, and one slow measuring scan. The four

small lights to the left of the ammeter will light up in succession at

the end of each fast scan and at the end of the 60-second pause. At end :

of run, the printer will print date and the display will show a random -

number. S
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10. Turn mode switch counterclockwise to next OFF setting.

11. Add standard PGDN (or other analyte) to blank to yield final concen-
tration equal to setting on STANDARD. Deaerate for about 50 seconds.

12. Turn mode switch to CAL.

13. When ammeter needle 1is steady, press RUN. Observe three preparatory
scans, 60-second pause, and one slow measuring scan. Printer will

advance without printing any number.
14. Turn mode switch counterclockwise to next OFF setting.

15. Add salt/buffer to unknown solution, measure solution into cell, and
deaerate for about 20 minutes.

16. Turn mode switch to TEST.

17. When ammeter needle is steady, press RUN. Observe three preparatory
scans, 60-second pause, and one slow measuring scan. Printer will print
unknown concentration in ppm (to one decimal figure). Display will show
whole number part of concentration.

18. Turn mode switch to next OFF setting.
19. For any additional unknown solutions, repeat steps 15-18.

20. To abort a run, press RESET. Printer will then print random
number.

21. For use in conjunction with an X-Y recorder, make the following
connections:

a. X on voltammeter to (+) input of X on recorder.

b. Y on voltammeter to (+) input of Y on recorder,

c. GND on voltammeter to (-) input of Y on recorder.

d. (-) input of X to (-) input of Y on recorder.

Recorder settings:
a. X = 100 mV/nmin
b. Y =1 V/inch for fast scan,

100 mV/inch for slow scan when concentrations greater

than 3 ppm,
lO3mV/min for slow scan when concentrations less than
prm.

19
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D A 8085 EDGE CARD SYSTEMS
PLS-858 ONE CARD SYSTEM

The PLS-858 18 a complete 8085 miCroprocessor system ononed's” x 6 =" Circuitcard The system provides a 56-pin card edge connector
that 18 similar to the existing Pro-Log PLS-881 microprocessors The PLS-858 incorporates atl the elements of the highly popuiar PLS-881
and PLS-888 and expands on them The PLS-858 offers the capability of expanding program memory to 8192 bytes using 2048 byte D2002
PROM (2716 or equivalent) The PLS-858 aiso comes with 1024 bytes of read write memory and can be expanded to 2048 bytes simply by
pluggng n two addiional D1004 RAMS (2114 07 equivalent) Like the companion PLS cards the more powertul PLS-B58 includes three
output ports and two input ports at the card edge. however 170 can be expanded 10 eight input and eight output ports with asimpieribbon
cable expansion system that accesses the data bus and 1/O decoder strobe The PLS-858 offers 5 external interrupts. a senal input hne
and a seriat output line, 320 nanosecond time states, and single +5V supply operation To utiize the full power of the 8085 and add
versatiity 1o the PLS-858. an interrupt expansion connector 18 provided

FEATURES * Three 8-Bit Output Ports - J
o 8085 Processor o Two 8-Bit Input Porta .
* 2K Byte RAM capacity with 1K Included * External Port Expansion to 18 ports . . 1
« Sockets lor 8K Bytes 2716 EPROM o Five interrupts . A
o Crystal Clock * 1 Egch Serial input and Output Lines R
* 320 Nanosecond Siate Time * Program Compatible with 8080 Systems . .
+ Power-on snd External Reset * Single +5V Supply K
o v semm ourryr R . E
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SHADING INDICATES SOCKETS ONLY

PLS-858 ONE CARD SYSTEM

FIGURE A-1. One Card System Description.
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PLS-858 ONE CARD SYSTEM SPECIFICATIONS
CARD DIMENSIONS Pi3 858 POGE (ONNECTOR PIN LIST
® 45010 (1143 ¢cm) high by 6500 (1651 cin} iong DR R
e 04810 {122 cm) maximum protile thickness - -
e 0062 in (016 cm) printed circudt board thickness - - - .
L VOLTS " ~ SYOLTS
CARD INCLUDES RIUND - ~ | ueouse .
SPARE 3 . SPARE .
* Cara ejector NS . W s *
« One 8085 Processor IND & . T " NY & "
® 1K 8-Dit bytes 2114 RAM and sockets for second 1K bytes ND- 2 . . LIRS
® Four AOM suckets tor 2716 PROMSs wos . W {me .
e Crystai clock circuit and provisions for external clock LT " . INY A W .
* Power-on and external reset ND-Y " - Nty -
® 2 Input ports {8-bit) | oz . T T . -—.1
® 3 Output ports (8-bit} { o DO I W 20 TR B
\»0!_}'0—!' M " | oute s
INSTRUCTION EXECUTION CAPABILITY ouTo-2* 1] ] oures
ouTg ) . - "} ouvo -
e Executes alt of the B085 Processor instructions ourTs e RS . outo s
* 032 mcroseconds ime state cycle =0 05% at 25°C =0 1% 0-55°C oUTI 1- Butr s .
s Instructions require from 4 to 8 hime states Mourie ouTr e .
[ ouris — T Tourr
MEMORY ToutieT T [ I eune
H T 171 - 128
* Maximum Access Time 0 450 microseconds g:::; ol 1 g:,:_:: .
® PROM 2716 or equivalent outry o el bt oure -
* RAM 2114 or equivalent [ ourz.as” oY 1o T outz e .
INTA - In | meo
INPUTS (Active low except where noted. loading 1 LSTTL load} [V . 1 T1mov ]
& 16 Data Lines (2 Input Ports) A S N N :;:
e Port Expansion Data Bus (J1. active high) "::)Z" . A o

« 5 interrupt Requests {J3 three at card edge) -
1 Serial tnput Line (active high} 1 O PORT EXPANSION SOCKETS

.
e 1 Reset Control Lire J1 DATA
® 1 RDY tactive high)

OUTPUTS (Active low except where noted, drive 5 TTL loads)
& 24 t atched Qutput Data Lines (3 output portst -
e Port Expansion Data Bus 1J1, active high)
e 2 System Reset (J2 and card edge) .
= 1 Clock ~ignal .
* 1 Serna) Qutput Data (J3. active high) .t
* § input Port Strobes (J2) N
* 5 Output Port Strobes (J2! -
POWER REQUIREMENTS 22 CONTROL AND POWER

-VCC 5 volts =5% at 12 A max tully loaded (100 mA per ROM L MEO plen vy -t

100 mA per RAM) RS TGNAL FLVe
GND 0 volts B SN, - -

OPERATING TEMPERATURE RANGE: 0-55C

CONNECTOR REQUIREMENTS:
36 pin 28 posihon duai-readout on 01250 10 318 cm) centers

Gt
O

JI INTERRUPTS - -
. Wy o) Pty RMRE R
NS AL Lo
GleAd - e
$0 1] ars
$1 N . - :
INTA . * .
NTAL R N R :
B S 0 LN . -,
S . .
$00 -1 .
50 " DI TR T o
as SR
4 “Desegrates ACtve Low Level L0giC A
102694 3 78 -

D PRO-LOG Twx 2103607082 -
d S

CORPOHRATION 2411 Garden Road Monterey Calitornia 93940 Telephone (408) 372-4593 R

FIGURE A-~2. One Card System Specifications. ;

B0
. . B
" T S O VY Y il PR A




“p1e) 3ITNDIT) 10589901dOIdTW §$8-ST1d FO weilerd ‘€-vV NI

. el - - - H. .
- T o AP IR CA It S A P TIE fre
C
TeahoT VR itk A NN LY ::.A\
4 [Ty R IR TIARE TR V)
r ,u,LO\...L;
P
r. . N
avisy oy e
I -G - r N/
-..
3
.
G
5 | _weeuie sy
. EASSEICNE S il L TLUNED
3 ool e e | s o Bmieed
IO 18 14
. Loes e Y
a ~ loaslhass
~ i sasve
. A 0o _wn_
N- D e
B s Tea -
2 W.. ) f...: M o~
: PR N
&) 1 , e
x = FEACION. piaeaanTl g
. =4 ; S8V _ YA 7 ﬁ P
t- 3 on A . " "
.. g PR Moot .
. .oﬁl«p.p?t‘ e anas.
i saase ¢ IFosasw
! ﬁ m €
3“114 T I e o
. X {5 e A a3 H A PPN
. i m 323317 J " Toresane
. P N wn
. r LEE R AR
. - R
. ovesing AA.
X w .:b.:
Sromnoame o
. crEaa Aty
_‘, ° . ‘ 00s 19
s
r4. ,fj.a.aLCA C o 3_,
. o

-

N G
c - LT e
B : _ @ e MG v con 01 1S 0oNe
4 db A0 LN FUREIL WO D £2

Sueitiniy

ooy - p—




I M ' R S - — 1: iy M T
AT s Cot T 4 '

ﬁ... ' .‘.ﬂ’ ' (- A [T TN R S T T Y URNPEPRPCI P ! |

w

g

§

g

w. "PABD 3ITNOIT) 10852001dOIdTH 8G8-SId JO OTIBWRYDS ‘4-V TUNOIL

g

. 1 1 11 ! 1 v _ $ t 1 ' s
,.. RS ,nw.‘ u...l.].@ \ N e

X ol e e A ox w oy e sewn

- | s e SGUEEEE)

R 'NOILVY04Y¥0D D01-0Nd |

1 v [ owensio i [T woiaukie il

g

b

———

NWC TP 6577

I

i

77
|3
|

Aol

e ,l"’:_'EF
e[::

#1713 3 f
[etxials

efofsf

o]
sizlelels

a

25




A

ARy

N

AL RN A s el

T

WY

A

~
~
n
¥e]
]
[
O
S

@S \sun,\k
777195 TFOW

[ aqa 2. ¢

! Y

-U1:\¢uxw\ > X

EC YL AT ETR

5 HNQRMU\ .
X\\QL\ NR @,

*xojduwel[oy [eIrsrqg ‘weideyq Surary s

+
oY
i S
% s
- 4 w,
rg 133 [
!
]
|
Y,
\A !
! e
R
Mﬂ\,‘i_b(
_CI‘I
< e
{ C
[ i -
15 H ' Co
o 43

ISsey)

. . . Lo
-d. ' ‘. ! -l ’ L
G-V d¥I014
x| 4
e { _
_ + o 2y 79
. Hﬂs op—8 pr _ ova grv
.
ST 3
e vy
. Ja T any
. LS PR e
] ' 5¢ —~13¢ vﬂjw_’m o
* S-he  [PWYM
- M _qun
| ﬁ 3 qunyy
i c e
-—- o —v.. laig
o H ) 1 449 o
- , 0 7 2 LN
IRy
LT nsﬁr e Tam > &
w‘w\n\uﬂn'.lﬂu‘u‘m = 9 |N.|
o _weanens3 ayes R
ES5E -STa

AT A

LW




NWC TP 6577

|ehis x

Joubs

‘walsAg i1d3aumel (oA [EITSIQ ‘OTiewaydg pae) SoTeuy -g-y H¥NOLA

(e
o s~
oy > h.u_q&t ey © —h_n '
‘Ipousrae (xmy) anquned a2y @ ﬂw..% ¢ T
'
“opoy 7 AN ey G x5 [ S 14
A Vo ag. 3y _— =
bir e asre Yoo/ _. J*
8N W A7 20 Lhty™ Lew oLsavl | __
e EXs [
o wﬂ. p
. ¥ ny ol
si- £ - '
21sav o LA —>
¥ - Z P £ »
- n [ Sy
st 7 < o
shoesn s ar] e N L4 -z f "
of z e | gl
sosm| | \..HT -4 2 A aﬁl.
! 7 £ !,_! J
- -

~
o~

50+ Jwtv_m‘. W0 -M«!- ¢ e A
i A
L P . g -
. on , 95¢1 i
myn_u
geo "L
sy
t
H

2

|3

@

k2

>ot

(34 v ‘a5537

[S——

L Te et
Bl e

IRV N EPEL A P AN
- n'-'-"'-'.'.'-'
NP, PP PP




T Yoo | — J - T v —y — A
PN M DA N e T Ta T TR RS R T e R W PR e e G R e e e e, . - g Cilide a2

NWC TP 6577

T T Y VY YeEmm— Y« w cw Wi

4

WYY Y

3 .
2 .
b

e o am un

Analog Card Component Side, Digital Voltammeter.

FIGURE A-7.
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NWC TP 6577
NEUT/7UTRPUT CONMMECTIONS .
OPP-Q7 PRINTER PINOUT
Refer to the drawings on the bottom of page 6.
Connrcter Pinouts Are Shown A Viewed From Rear Of Printer
CONNECTER C1 E CONNECTER-C2 ’ ”1
Q & ; 8 .
1. Dec Pt 0000 Swn v 1. 8CD 8,000 8CD 800.000 1.
' 2. Ciig. Buay Polarity Decc Pt 00000 2. BCD 80,000 2.
3. | NoPrint Advance Dee Pt 000000 3. 3.
4. Logic & Pvir. Gnd. Leading Zero Suppress 4. End of Paper 4,
5. | Sign"t” 5. L ogic & Pwr. Gnd. 5.
6. ] DecP1.0 Dec P1 .000 6. Enabile Punt Test 6.
7. | DecPr .00 Chaq. Print Polarity 7. BCD 800 7.
8. | ECD 400,000 C0 80 8. BCO 200,000 BCD 20,000 8.
9. | BCO 20 8cD 8 9. 9.
’ 10. |8co2 BCD 40,000 10. B8CD 2,000 10.
1. 8CD 100,000 Chg. Data Polarity 11. BCD 200 11.
: 12. | BCD 10.0¢0 12. Busy 12
) 13 8CD 40 +5Y Logic Power 13. B8CD 1,000 +5V Logic Power 13.
. 314. | BCD 400 Print Command 14. 8CD 10 14,
- 15. | BCD 4,000 8cD 4 15. BCD 100 BCD 1 185.
NOTES ! spikes | th, LOm\f k-pk] Th 2V
ogic spil ess than O !, pk-o cie +5
1. *SV contacts (C1-813 & C2-B13) are internaily 10gic power contacts may be connected 1o the hign
connected current 45V spade 1erminal of 2xtesndl reguiation
2. Ground comtacrs (C1-A4 & C2.-85) are internalty wiil ho'd +5 = 25VCC at the printer while print-
. connecred mng. {Current 8 Amps max)
3. On D pAnciels, *SV Larecis (C1E13 & C2813Y 4 On AC Modes, +5V contacts {C1-813 & C2-B13}
' a’e usec for 10g:c Dower imout 15V 2% @ JA, wili provige +5V power out at (00mA max,
GRCUND C1-811 AND C1i-B7 FCR POSITIVE TRUE INPUTS.
- BCD I1PUTS Brnary Codied Cemmai inputs are shown cross-referenced 10 thewr corresponding connectors and pins.
! ' 100,000y 10,000 l 1000's wow | 0 l "
BGIT 6 OiGITS oIt 4 0Ty DGIT D MGIT +
+or orrer pront 1ormats (eee ordering < g 21211 8la'2in fiiuzw g 4121 a'a.2 1 a4 2 e
quide, pe. 12) tlanked coturng wal E—_"’""I A far AT Al | Y | Bia-a, @813 &l !¢ 8
DT Ltiween O'Q1s shown g Pligl tn twor iz v s ' N L8113 9 sishe | ;,
&) 3. |8: v CRiA - B 8 A 8 7 [) 3
%CIE'. .E 3| i" :T! 110,13 1 7= it 181 Py KL ' :vs{fzé
;.‘.p Oated Pere nn 1 06 2 Lot o

FIGURE A-11. [nput/uutput Connections for Printer.
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Appendix B

PRINTOUT OF SOFTWARE PROGRAM
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Tektraniz ©0€3/8035 4SH V3.3

Lonil

80593

¢gi04

08963 2000
80924 2637 0061
80057 2501 0091
99803 2302 0192
000069 2294 "301
80610 2045 0481
60011 206 0041

86012 dGﬂ7 03¢t
60013 2043 0001
80014 2949 0CQ1
00015 2004 0092
80016 200C 9402
00017 200E 0001

40018 0009

80019 0200 F3
00020 0001 31FF23
00621 0004 JER4
60022 £405 D301
80023 0008 3E1R
00024 000A 30
06025 000B CDOOO
80026 CGOE 3E0O
00027 0010 720420
80028 08171 aC
00027 8015 320520
60030 0018 CDINOY
40031 0015 DRO1
80932 001D E5Q4
80033 001F CA1ROO
$0034 6022 1638
00935 0024 1ERD
02036 0026 1D
80037 €027 C22690
60033 0c2a 15
60839 0023 €22440
£0G40 0026 DR{t
00041 (030 E604
00042 0032 CA1R08
00543 0035 C33D30
10044 803C
00845 603C E9
00046 023D 3E00
00947 003F 120420
§0948 0042 34C
80049 9044 327520
08850 0047 C0pga9
00651 0044 210909
00052 034D 0500
$0053 004F FB

e
ro

)
)

NWC TP 6577

Page |

SFCTION KAIN AREQLUTE

6! 0L

GLEES

GLEEAL

I
TRLANK FLOCK
JEAL BLILK
ITEST pLOCK
LEDIGT BLOCY
LEDLTS RLOEK
€S BLCCY
CCS RiOOY
DECTAY BLOTY
D7 CATH BLOCK
PFIELD BLOCK
TEMP  BLOCK
COUNT BLOCK

ORG

2
X1

RUNTE  MVI
RUNT2  DCR

REGIN MV

WLOOP! EI

BSFLLE FSTAN PAUSE SSCAY LED TUKUKL PONTL URITS
LEDEET, [EDLY'S DERCS 0= CLit P (MTH PFLELL FECD
LUIA16 . TEE? COUNT

]

[P Y X SOy N TP Y

L
=4
<
=g
x

SP.23F1
A.0B4H

1
A, 1BH

BSFLNE INITIALIZE ANALOS DRIVE VOLTAGE
A, MHT (INITIALIZE LED DISPLAYS

SFT KUX ADDPESS

A.00H  RESET LED DISPLAYS

H,WATTS ;5T walT VECTOR
sWAIT 5 SECONDS

TR e Sive e W Aee i &0 24 B ar g -

----------

)

. Sy H
bt aboa caad o 4L
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N Tektronis 8080/8085 ASK V3.3 Page ) )
l ponca 450 24 RIN S
0g955 0251 E5C4 I T N
00§55 50°3 TAAFDD n LO0P1
0057 G095 JE1H w1 A, 154 -4
60053 (059 30 3 1
80059 0259 210000 ) LXI H,FSCAN :SET FAST SCAN VECTOR
50060 055C 01003B LXI B, 3RI0H .
80061 DOSF FB FLODPY EI sFIRST FAST SCAN _
5 eode2 0960 20 RIN :
TIRIBRLL ] 0 4H o
- 00064 6063 cwao 2 FLOOPY
0645 (0&h CDUI0D D CALL  BEELME
800£6 0969 LR KVl 4.80H  «TURN OM LED 8
D067 D06 320520 5Ta  LEDLIS
00068 9065 CLI0HD CALL  LEY
80069 0071 JEIB HV] A, 1EH
86078 0073 30 SIA
» g0y71 0074 210000 ) LXI H,WAITS ;SET WAIT VECTOR
: 50072 0077 0600 I B,00H
- 99073 €279 FB 4.00P2 E! WAIT 5 SECONDS
06974 0074 20 RIK
00075 007K £604 NI 144
_ 0076 407D CA7900 J1 VL0oP2
: 90077 0029 3E1D 1 A, 1EH
- 90078 0082 30 SIM
] 80079 0083 210000 LXI H FSCAN :SET FAST SCAN VECTOR
00680 0735 019038 L1 B.3EOOH
: 002§ 0069 FR FLOOP? EI JSECOND FAST SCAN
00082 0G2A 20 14
- 90783 0050 E£D ANI 14
: 00084 024D mevoo J2 FLOOP2
. 02085 0090 CDHGOD ) {ALL  BSFLME
. 80085 0093 JECC Hvl A.0CCH ;TURN ON LED #2
d 0087 9095 321520 577 LERLTS
. 09068 0098 CDADIE ) CALL  LED
) 80099 009 JEIR v A, 18H
. 20099 809D 30 SIK
, 40491 009F 210000 ) X1 H NAITS :SET WAIT VECTOR
- 80092 3001 0420 w1 B.ODH
$0093 0003 FB wLOGP3 €7 JWAIT § SECCADS
‘ 03094 £lad 20 RIN
» 06095 £335 E604 il A4
10095 0947 C4A300 31 W 00P3
00097 £a4 3E1E HVI A tEH
00898 60AC 30 SN
20099 435D 210080 X1 H.FSCAN jSET FAST SCAN VECTOR .
$0109 00k 01003B il B,IROCH S
90161 0923 £ FLOOPI E] s THIRD FAST SCAN R
$0102 0654 20 RIN
< 00103 0755 E404 ANI $aM e
’ 80104 3357 CALIA0 by FLOCOY -
§0105 0iEA £20000 ) CALL  FSELME -
. 40166 dopp 3EEC il A GECH TURN ON LED 43 -
)
- 4
: 15
) i
) e
--ﬁ-.';.-'-f.'-."-' ':".'l"--; ''''' » ',:c""..’.\"_'_;: --------- .-.' ---- .'.“ ..... .. AT S UL AR e c -".‘- ....-4._. . .- IR :t ::
amiy L, APV AN e ‘L'.J:;_-._‘ et e :‘_"-. ':- - "‘-“‘_. .t 'A’:h.':- ': ~‘:‘-\:-.“t;
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Tektroniy B8080/8085 ASH V3.3 B
3 00107 00%F 32052 LEDLTS - ﬂ
06108 63C CIN3N0 LED ool
l 06149 BICS F10000 ) (Y. H.PALSE :SET PAUSF VECTOR ’
¢6110 ¢3C3 010450 L] B0000H
60111 D97E 3EIK WUT  AIEM ]
| 00412 085D 39 STk 1
00113 06%F FE pLOOF ET
1 00114 007F 20 RIM
3 03115 D0PD Es04 ENT Q4H 5
86116 0702 CACEQD i PLOCP ;
| 00117 0005 3EFC M1 ALOFCH (TURN ON LED #4 »
00118 0757 320526 5T LEDLTS
: 00149 €30 CLAD3E ) CALL  LED
40120 00D 210000 ) LXIT H.SSCAN :SET SLOW SCAN VECTOR
00121 COF0 010028 LXI B, 3kOOH
00122 00€3 110973 LxI  D.7300H
{ 70123 10%s E1B W  ARH
00122 0GE3 3 SIK
; 00125 08EQ FB SLO0P EI
90126 00EA 20 RIN °
00127 09EK E604 AT O4H :
80123 0OFD CAE900 1 5L00P
00129 0°F0 CDOOOY ) CALL  BSELNE
00130 00F3 F3 DI
00137 09F4 3E1B WI AR A
00152 01E6 30 SIN -
80133 0657 DAL N 1 \TEST FOR OFF MODE R
00134 00F9 2F CHA p
69135 NO0FA E608 ANI 08K
90135 00FC CA1ROO 17 RUNT
00137 BOFF DEO N 1 (TEST FOR BLANK MODE
$0138 0101 2F CHA
08177 0162 £620 Ml 204
03140 0104 CAADY i BLANK
00141 4107 DRO N 1 .TEST FOR CALIERATE MODE el
60142 G109 2F CHA
60143 8104 £540 ML AN
63144 9160 CA7E0 7 £aL »
60145 0145 (32204 W TEST
00146 0112 OF1FIF2F  FR BYTE  OFW,1FH,1FH.2FH L
00147 0116 IFIF4FAT BYTE  3FH.IFH.AFM 4FN o
00148 0114 SFGF&FTF BYTE  SFH.AFH.6FH.7FH
40149 C11E BFBEIFIF BYTE  BFH,8FH.9FH.9FH S
45150 0123 78 TEST MOV ALE ®
80151 0123 210020 LX] . IBLANK LA
60152 0126 95 SUR M o
90153 8137 99 NOP :WAS DILUTION FACTOR (DF)
00154 0128 7 WU DA SOl
00155 0329 1£09 KT E.00K  :DIVIDEND IS READY
00155 0128 210120 LY H.ICAL
00157 012€ 4F Ky .M
00158 D1ZF (510 WI  B.004 :DIVISOR IS READY - ICAL (B BIT) °
80159 6131 CD0080 ) CALL  DVibib L
|
36
]

.\.‘ -

- <, G, e . . - B g
. 3 - . . - - - - - . - ~ B - q. . . . - . . DY - . . . - . ot v . TRl - -t . .
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Lt ine ans 4
. ]

3

v
.

e
A

1 AT

Tektrenia BRBI/8285 43K V3.3 Page )
gL1&D 0135 7R nny N3
10161 10320 STA ITEST+] ;STGRES HEX FRACTRL VALUF
80162 0175 74 N f.b
BOtTed 017 300220 STA ITEST  ;SI0OES INTERFR VALLE
0164 013 CPEdd0 ) CALL DFC (CONVERTS IMTEGER IMTD BCD
S 13 00 NOP
J2n420 STA LEDEGY
JiFD [ A, NFOH
120528 STh LERLTS
149 006030 ) CALL LED
IKiang M1 &.OFFH
D I2RA2D STA PEIFLD
25 320R2Y STA PFIELDH
36 NOP
Cranee ) CALL PRNTL  (ADVANCE PAFER
I 0420 LDA LEDDGT
00176 (1% FEOA cPl L
08177 013C L2610t INC TESTt
06178 015F FoFQ ORI QF QM
00179 0163 328428 TEST1 STA PFICLD INTECER IS READY
09180 0164 240320 LDA 1TEST+1 (REGIN FRCTNL PRCSSG
BO1EY 0147 OF RRC
00162 0143 OF RRC
£0183 0169 ¢F fRC
00184 0164 0F RRC
00135 014K EEOF AN] 0FH
00125 Q16D 1660 KU1 D.00H
00187 §14F SF rov £.h
20128 €170 211201 Lxt H.FR
P08 173 19 DAD D
00199 G174 7% Hav R
80191 0175 320020 STA PFIELD41 1£4D FRETNL PROCSSS
9192 3172 CDGAY0 CALL PRNTL  +PRINT RESULTY
80173 0172 C31R00 P RUNT
00194 Q17E 78 CAL MOV AE
80195 817F 219020 Ll H, TELANK
£0196 0122 95 SUR N
00197 B1a3 &F LY C.A
00192 0194 (40 HVI ¥.00H
00195 0125 213730 LA H.DECCS -DECCS EEING WSED
80200 0129 SE MoV EX 105 = SETTIMG GN FROMT PANEL
§0231 Svra CPOOGS ) CAlL DIV
00262 0187 7C nov AH
80203 6107 32m N STA 1CAL
$0204 9193 CHOOOG ) CALL peC
06205 0194 12142 STA LEGT
§0206 0397 377 w1 A.0FGH
00207 0199 222520 STA LEDLYS
fg2ete 0197 CT990 ) Catt Led
8609 £157 (31500 ne kT
Qe21l 6142 7k BLAN MOV AL
80211 D1ad 320020 S1A THUANY
00212 01As L2060 CALL DEC
37
- ol el LY NOADADAORL VRS S A

.......
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A Tektroniz BNB0/8085 ASH V3.3 Page ]
- 00213 019 370420 STA  LEDDGT PR
00714 D1AC 77F6 W1 AL 0PI w0
00795 D1AE 22520 STA  LEDLTS
00216 01ET CEOCAD ) CALL  LED
§0217 01F4 CDAAND ) CALL  THMWHL A
40218 0187 340920 {DA  DECATH ,
» 00219 (1RA 320420 §TA  PFIELD o
- 00220 015D 3huE20 (DA DECDAY :
00221 0100 320820 STA  PFIELDH )
g0222 01€3 CoONED ) CALL  PRNTL
09223 01C6 C31B00 W RNT
00224 ;
: $0225 SECTION UL
3 10226 JMULTIPLIER TNTO REG -
3 06227 {MULTIPLICAN 1810 REG C v
< 40228 IPRODUCT 15 RETURXED IN RECS D AND E o
3 08229 000 1600 Wi~ D00 .
> 00230 0092 1ED0 Wl 00N o
: 00231 0004 7K W2 KW AL
£0232 015 81 A C
40233 9006 D20ABD ) e KLt
00234 0059 1A M D
00235 D00A 5F Wt Wy EA
0023 000K 05 MR B
10237 000C £20400 ) ng Wi
80238 D0OF C? RET
06239 ;
00240 SECTION DIV
00241 ;DIVIDEND INTD REGS B AND C
00242 :DIVISTR_INTO PES E
40243 {QUDTIENT IS RETURNED IN REC H
80244 0600 2600 W1 N0
60245 9192 78 KV A
00246 1003 ¥ CHA
§0247 0004 SF Ky EA
80248 0505 16FF W1 D.UFFH
00249 007 13 D
00250 0008 79 PIVE KV AL jADD LORW BYTES
00251 009 83 A E
00252 500A D2OELD ) e
00257 150D 1 R K
00254 OGO AF DIVt MOV L.A  ;ADD HIGH BYTES
$0255 000F 7 WY AB
00256 0910 82 D
§0257 0011 FATFOL ) T4 DBIv2  TEST FOR SIGN CHANGE
40258 (014 47 Ky RA
00259 8015 24 O
10260 0016 7C KU A TEST FOR DIVIDEND OVERRUK
00261 0017 FEL3 Pl bW .
60262 0619 CAIFD ) o aw
00253 091 C29800 ) LA ) O :
00261 GDIF C9 DIV RET R
00265 ; RN
. {
]
o
o
]
+9
38
- -~

T e T e " T T AT A e e . .

PRAP O T e T e T T T T T
uk b nZen l e ot o = . I RN A . . .. oo N - . i

A TP WAL I T A A A A S A OO -,‘-'._'.~'_-‘ TN T T e Tt e
PPN T T A N L T e A PO N I Y

R S A A O ORI R
RV AT T e .

PR WARE IR S AP

PR A

o
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Tektronix 803078085 A3H V3.3 Page b
B9265 SECII%N BEC
pi267 {UALUE IN §EC A IS CONVERTED FRON HEXADECIMAL TO DECIMAL
00268 010 FEH3 (3 BR ]
00269 BEP2 DOIRIY ) i DECY
00270 0009 2:99 WL A9
0271 0007 €9 RET
00272 003 FEOA DFC3  CPI AW
06273 029A D2OEDD ) I pEc?
86274 (000 €7 RET
90275 G0AE 1ECD B2 MVl E.004
00276 6910 D594 DiCT  SUI  GAH
00277 (112 1L IR £
00278 (013 FFOA Pl M
40279 0015 D21400 I DECH
80280 9018 57 WV DA
9028t 0119 70 WV AE
80282 0014 07 RLC
90283 001y 37 RLC
00234 ¢11C 07 fLC
00285 00 D7 RLC
00286 001E 82 D D
00287 GUIF C9 RET
00288
»
» .
»
',j 39
)
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Tektrenis  9089/3085 ASH ¥3.3 Svmbel Table Page ?
Scalars

A ----— 0007 B -~ 1098 € —— f

H o------ 8064 L -~ 3005 N —— Q86
DEC Sectron (23420)

DECY --- 0010 DEC2 — (00E DECI -— 008
DIV Sectasm (0020)

PIVI -— G0SE pIv2 — W01F IV — o198
NAIM Sectien Absslute (201F)

FEGIN -- 003D BLANK — 81A2 CAL — M7

DECDAY - 2008 C DECHTH ~ 2009 6

FLOOP3 - 9GE3 FR — 0112 TBLANK - 2000
LEDDGT - 2004 €

LEDLTS - 2005 & PFIELD ~ 2904 €
PUNTS — 0024 RUNT2 — 8§02 SLOOP — 629
TEST1 -- 9161 NLOCPY ~ 004F Woge2 ~ 6079
MUL Sectien (0010)
KULT — §60A M2 -— 9064

BSELNE Unbeand Global
V1616 Unbeund Glebal
FSCAN Unbeand Gledal
FSCD Unbeund Global
LED Unbownd Gledal
PAUSE Unbeund Gledal
PRNTL Unbeand Llebal
SCAN Unboond Glabal
ThKwA Unbawnd Glabal
VAITS Unbeund Global

208 Sevrce Lines 288 Assembled Lines 14347 Bytes availadle
1)) No assembly errors detected (((

FRCAR A A et

D ~—— 1602
PSH —— 8086
COUNT — 200F ©
FLOOP1 - BO5F
1CAL — 20n
PLOOP — QOCE
TENP — 200C €
WLO0P3 - $0A3

| SRt 9003
§p —— G006

2006
FLOOP2 - 0939
ITEST ~ 2002
RUNT --- 0218
TEST — 122

REIPRENE
TR R

LRI N
"_'."..‘.“.'.." v ' s
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Tektroniz 8380/8185 ASH V3.3 Pace 1
00091 STCTION BESLAE

06412 (SETS ARALCC LUTPUT 10 .3 VOLTS

00063 0000 3EDF MUT A.ODFK

Q0034 9912 B3D T 0

06305 004 3LFF K1 A.OFFH

40Gcs 0096 DI our o

00097 P08 3ELF MV ADFH

93063 0004 D300 T !

90009 900C 3E94 W1 A9

00019 099€ D350 T 8

00011 0010 384 W1 AVE4H

06012 0012 300 owr b

00013 0914 3E94 R

80014 6015 D390 ur )

00015 0018 3E5C Wl ASCH

00016 001A D308 our 8

00017 601C JE7C W1 AJCH

90018 QDME DING our ¢

00019 0029 3E5C W1 A.SCH

00020 0022 D309 ur 8

00071 0024 3EIF W1 AJIFH

80622 0026 D3N our 8

90053 0928 3EIF W1 AJFR

00024 902A D300 our

20025 002C C9 RET

40026 :

00027 SECTION FSTAN

90028 GLOKAL  FSCD

20029 (GENERATES Ra¥P DUTPUT FROM STARTIHG VALUE IN REGS B AND C
28030 'RANP UP T 20 SECONDS, LGN IN 20 SECCNDS

60631 0000 F5 pUSH  PSM

06032 0001 JEDF W1 A.ODFH

60033 (003 1320 w9

00034 0905 79 WOV AL :INCREMENT COUNTER

00935 9006 CE7E AT TEH

00036 0068 DASCa0 we 07 l
00037 0008 04 W B {
00038 . J7 KILLF TESTFOREND V3 .
90039 000C 4F 07 KV C l
2040 4400 7 WV AB

60041 09GE FEEC (P1 OECH  HS

00042 0010 79 Wy AC 1
00943 011 DA1700 ) 1

00044 9614 (35700 )

00045 0017 4F FOUT
20045 0018 IF

80047 0019 1F

Q6048 004 IF

00049 OC1R 1F

06058 901C ESCF

80£51 OC1E ZF

86052 021F 304

80033 0021 E6IF

FOUT
WP KILLF  :PEAY AT 1.20 (EC3D)
ol C,A  ;OUTPUT LOER

N1 0FH

0
A1 0DFH
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Tektronix 8080/8085 ASR V3.3 Page 2
05654 0023 D300 w0 :
06055 0025 JE9F W1 A97H e
) 00055 0627 L2060 w9 _
f 16057 0229 78 ®V  AB :0UTPUT KIDDLE -
[ 00053 0024 EADF KNT  OFH e
i 00959 022C Fo4l 0R]  AH
3 00060 042C 2F CHA
00051 092F D300 1T} S | :
‘ 06052 6031 ESUF ANl ODFH
03063 9633 D309 wr 0 :
1 00064 0035 JESF WI  ASFH -
4 49055 0637 D300 ot 9
! 00066 0049 78 WV AB  :OUTPUT UPPER
s 00867 0934 1F RAR -
{ 40066 003 1IF RAR
] $0069 003C 1F RAR
. 09070 0030 IF RAR S
00071 003E ESOF ANI  OFH e
g 00072 0040 F&80 RI  B0M LR
& 08073 0042 2F CHA .o
- 08074 0043 D300 our 9 L
00075 0045 EADF AN ODFH R
. 00976 0947 D300 owr 0 e
00077 0049 3EIF WI A IFH
00078 0043 D300 w0
90079 004D JEXF K1 AJ3FH  ;LATCH OUTPUT IR
00580 DG4F D300 oy 8 —
00081 0051 F3 DI tRESET INTERRUPT
00082 (652 3E10 WI  AOH -
00083 0054 30 SIN :CLEAR THE RST 7.5 LATCH
00284 QuS5 Fi PP PSW R
90985 0056 C9 RET .
00085 0057 JE1B KILLF MVI  A,IBM .
$0087 0059 30 SIN :RESET THF RST 7.5 LATCH AR
00068 0054 216300 ) LXI  MW.FSCD ;SET FAST SCAN RETURN VECTOR R
00029 120 SEC kAP BACK TO INITIAL V. A
00690 805D 0130EC LXI  B.OECIOH iPEAK AT 1.2V ) -t
02071 0040 C38430 ) P FSCOI RIS
00092 0063 F5 FSCD  PUSH PS4
00093 0064 79 FSCO1 MOV A.C e
00994 0065 D67E SUI  O7EH
00095 0067 D2bKID ) INC HERR  (SURTRACT Q7E CHUNKS
00096 0064 05 DR & 1FFOM PEG B=C URTIL
00097 006B 4F HERR NOV  C,A  :RFG B EQUALS 3B
00098 004C 78 KV AR -
00059 00D Da00 SUI  OOM »
00150 06 47 B B.A
00101 0070 FEIB I O3
80162 0672 DATRON ) I KILL2
00103 0075 79 My AL o
00164 0075 L3700 e FOUT
00165 0079 JECF KILL2 VT A.OFH  ;SET EKD INDICATO? A
90106 0078 30 SIN :DISABLE RST 7.5 INTERRUPY - .
AN
3 -
- 42 R
&
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Tektronix 808073085 ASK V3.3 Page 3 S
00107 B47C F1 POP  PSW -
00108 007D C3 RET o
00199 H
toiie SECTION WAITS .

tin 13 SECOND WAIT ROUTINE
00112 0000 5 PUS PSd

40113 0091 78 w0y A.B s INCREMENT COUNTER

00114 Q042 CEO2 ACl 024

86115 0204 FECS ] OC8H  ;TEST FOR DONE

00115 0006 CAYBOD ) I KILLW

00117 0009 47 NOV B.A - =
00118 000A F3 D1 t{RESET INTERRUPY .
80119 (00R JE10 #I A 10H

00120 0950 30 SIM

80121 #0E F1 PP PSH

00122 000F C9 RET

06123 €010 3E0F KILLY #VI A,0FH  :SET END INDICATOR

$0124 4012 30 Sin

05125 (13 Fi PP PSW

§6126 0014 €9 REY

0127 H

00128 SECTION PAUSE
09129 169 SECGND unxr RUUTTNE
20130 8000 FS pSH
80131 0001 79 nuu A.C s INCREMENT COUNTER
90132 0002 CEI7 ACI 37"
80133 004 D20ROG INC PCONT
00134 0007 04 m B
$0135 0098 CA1200 ]2 KILLP  :TEST FOR END
06136 000B 4F PCONT NOV C.A
00137 000C £3 7] iRFSET INTERRUPT
00139 003D 3E10 K1 .10
80139 000F 30 SIN
09140 ti1h P pOP PSY
: 00141 0011 €9 RET
. 00142 0012 JEOF KILLP VI A,0FK  ;SET END INDICATOR
- 04143 0014 30 SIM
- 80144 €815 Fi PP 3]
- 80145 6816 C9 RET
b 80144 ;
' 80147 SECTION SSCAN
) 00148 1CENERATES RAPP OUTPUY FROM STARTING VALUE IN REGS B AND €
: $0149 {COMPLETE IN 109 SECOMS
#6150 tBEGIKSING OF WEXSUREMENT WINDOW IS IN REGS D AND €
115 IPEAK ¥EASURED VALUE 1S RETURNED INRAGE
, 00152 0008 £S PuSH SH
; 00153 0001 3EDF ¥l A,CDFH
: 80154 0003 D300 ot
: 60155 6005 3€50 M1 A.00H  :READ OUTPUTED VALUE
) . 80156 0007 0372 PUT ?
$6157 0069 316 i A.J0H IS
40158 000p D302 oY 2 T
90159 006D 3ERC Ki A OKCH  CHANGE MUX ADIRESS FOR MEASUREMENT -

- .
RPN R .-,-,A_‘.. T, . NEEN
PN y ‘.- ..-"-. '_ “_-" AN o' e -'. . ”. O -‘:.'.‘.' QCIANCIL KIMTEACA R », . P
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30160 9007 D301
46161 0011 DROY
80162 013 ZF
00163 U014 EA1D
Q164 0016 C21100
00165 0019 DRIQ
80164 0018 2F
00167 C01€ DS
60168 {015 BA
80169 001E DI
80170 001F D23ED
06171 0522 FECC
40172 0024 DA3O0
40173 0527 JER4
40174 0029 D301
08175 028 3EOF
20175 002D 30
40177 012E F1
$0178 002F C9
00179 0930 3EB4
00183 8032 D301
8018] 0034 79
§0182 0835 CEOC
#9183 0037 L2780
40184 0034 04
40185 0078 €378%0
80136 003¢ FERG
10137 0040 DA4FO0
19188 0043 167D
10189 0245 79
#0396 0045 CEDC
08191 0947 D27800
§0192 0045 04
§0193 004C C37308
40194 004F 74
19195 0059 C6v2
0019 0052 57
06197 0553 3E00
80193 0055 D302
40199 0057 3E1D
10200 0059 D3s2
00201 0055 3EBA
#6202 0650 D301
#0283 005F Dbd1
00204 0631 2F
80205 0062 £610
00285 0068 C25F)
4027 0067 DRB0
§1203 069 ZF
40209 006 D5
96210 036F BB
00211 0565 D1
#9212 606D LA7100

)
INGATE KOV

T
SLOCPY IN
CHA

0TPT M1

HSHT  CPI

NWC TP 6577

Page A ) ,
10K T
§L00P1 ]
b R
Y -
b TEST FOR WEASURENENT TIHE %
HSHT I
GCCH  (TEST FOR END
01p1 4
4,0B4H RESET NUX ADDRESS ]
8,0FH  ;SET END INDICATOR ]
PV p
?,oa4u {RESET HUX ADDRESS
AL  ;INCREMENT COLNTER
06K
soUT
B
SOUT
8A6H _ 1TEST FOR SAMPLE PERIOD END
INGATE
D, 0FDH
AL ;INCRENENT COUNTER
otH
souT
B
SOUT
3@3 ;INCREMENT SANPLE TEST POINT
DA ;SAVE IMCREMENTED SAPLE TEST POINT
AGGH  :READ DATA
10K
?.sn4u {RESET MUX ADDRESS
{
10K :
SLOOP2 ;-;_;f
0 I
) S
% \TEST FOR NEW PEAK DATA VALUE e
BKSDE R
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MR AR DS
O A
M A

. & ¥

M AN

KA

LA S
LA )
e v

s

.

i -.. ‘\ --.' ...'
SR

----------
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Qg1 #0720 OF
90214 1671 79
§9215 0072 [ERC

60215 0074 D27800 )

60217 077 8
40319 GE78 4F
00219 (179 1F
£0220 0074 1F
69331 2078 1F
0672 097 1F
65233 007D £4OF
G074 0077 oF
50705 5330 1219
§6226 0122 FbIF
00727 0084 D300
00228 0086 3(9F
00229 0988 D300
00230 60cA 78
00231 00CR E&DF
(0232 153D Fo40
80233 00aF 2F
80338 0699 0300
90235 0092 EEDF
80335 0074 D309
00237 0096 IFSF
£0239 0993 £319
03237 0994 78
00240 009% {F
00241 65T 1F
09242 099D 1F
00243 Q09€ 17
90244 0I9F EOF
00245 00A1 F680
00245 (843 &
49247 0544 D303
02243 046 EADF
§0243 0038 D0
00250 1084 3F1F
Q025 §%at 135
06252 GikE 3E3F
80353 0083 D3E9
00254 00F2 F3
60255 0413 E10
60356 0DES 30
00257 G384 FI
00258 StE7 €9
08259

A NI
AP AR I LI

HKSDE

Souy

el
.&_11"\,'; Gl

NWC TP 6577

0FH
B0H

4
¢DFH
8
f,1FH
!
A.3FH

PSW

Page

1 INCREXENT COUNTER

;OUTPUT LOWER

tOUTPUT KIDDLE

;DUTPLT LIPPER

;LATCH DUTPUT

iRESET INTERRUPT

45
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Tektrenzz 8084/6085 ASH V3.3 Svabel Tadle Page b
Scalirs
TR 1Y) R 111} £ ——- 13m | T 12 £ —— 0003
H ~—--- 0004 L —-— 009 B~ 0fdb PSH --— 8006 SP -~ 0008
BSELNE Section (002D)
FSCAN Sectien (Q07E)
FOUT --- 0017 FSED — 0063 G FSCDY - 0064 HERR --- 806B (ILL2 — 4079
KILLF -~ 2057 0T ——- 908C
PAUSE Sectien (¥017)
KILLP -- 8012 PCONT — Q08
SSCAN Section (13BS)
BKSDE — 071 INGATE - 004F NSHT -— $03E QTP -— 0030 SLODPL - 0011
SLO0P2 - $05F SOUT —- 1078
VAITS Sectian (015)
KRLN ~ 0
268 Seurce Lines 260 Asseabled Lines 14710 Bytes available
) 1)) Ne assenbly errors detected (({
|

46
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Tettronix B8080/8)83 ASH V3.3 o Page 1
00093 SECTION QMTSHF
09992 sQUTPLTS Ua'LE GF CARRY BIT TO SERIAL OUTPUT WITH NECESSARY CLOCK
0003 LTRANSITIONS '
£ea%e 0009 DAOCOD ) JC ount :
0P (25 £p03 JEND KL A,00H o
02978 605 30 SIN L
00297 0006 JEAR M1 A, 400 o
0609 0093 39 STA :
00055 9609 CI1208 ) e Ut .
00210 0DOC 380 17 ST ) S %% ' - 1
£0011 09CE 30 51N 1
00012 000F 3€CH I A, 0CH R
05013 0011 30 SIA R
42914 0312 3EA4 QUT2  MVI A, 0AH ;CLOCK HIGH L
09315 0414 D301 1Y) SR R
02016 0216 JEBA W1 A,0RAH ;CLOCK LOV L
06057 4013 D301 ot e
02018 0014 C9 RET 4 -l
80019 1 . -
09026 SECTION LED :
00021 sQUTPLTS LED INDICATOR INFORMATION CONTAINED IN CONTROL BYTES LEDDST R
00022 1OND LEDLTS sl
00023 GLOBAL LEDDGT,LEDLYS R
08034 0000 0500 B.OOH  :ZEP0 COUNT FIELD S
09675 0002 3A0000 ) LDh LEDLTS ;QUTPUT BLANKING AND LIGHTS : N
80025 0005 #F AR i
00037 0094 1F RAR .
01033 (857 W LED2 RAR -~
§0929 0008 04 M 3 e
06430 109 & o C.A R
02031 0004 CDOOOS ) CALL  OUTSHF SR
40032 0390 78 KV A, SO
00133 08iE FEOS c? i .
30910 D2180 ) e LED e
on«sf 03 47 Y  BA
02735 4314 79 o : .
67537 9015 C30780 ) P LED2 o
06373 9018 P00 LEDI  MVI  B.OOW ;7690 COUNT FIELD
62239 (914 3a0000 ) LDA  LEDDST ;OUTPUT DIGITS S
00349 091D 1F LEDA  RAR R
03941 201E 04 IR B —_
00042 WIF # v C.A ]
08743 0220 CDOSD) ) CALL  QUTSHF ' i
R5344 5023 78 OV AB —
06345 0224 FELS (.3 ST
{1745 £925 DI2E0D ) e LED3
03947 0027 47 KOV a A
05523 0024 79 MY AL S
05345 0278 C31000 ) P LEN T
06350 £03% FCRs LED3 MV1  A,0BEH ;STROEE LED LATCH co
(0551 6378 D301 ot
(3752 5032 JERA ML AOb4N -
43933 0034 D301 our .
47 me]
23
..‘ ":3
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. Tektronix 8080/8083 ASH V3.3 Page 2
| 00§54 9036 09 rET
. 00055 : .
00056 SECTION INSHF
00057 :SERTAL IN DATA IS PLACED IN THE SR POSITION OF REG B
00053 0099 78 Y
60059 0001 {F RAR
. 00050 0002 47 W B,A
. 00051 0033 20 RIN
1 10062 0904 £680 Ml BOH
00085 0005 B gRA B
00043 1007 47 WV B.A .
90065 0003 JEA4 W1 ABAH ;CLOCK HIGH
00065 000A D301 Tt
00G57 000C JEBA W1 A,OB4H ;CLOCK LOW
00058 0006 D3OI our 1
: D09 0014 €9 RET ,
’ 20071 P oECTION THMWL =
0972 (READ THUREAHEEL SHITCH INFORMATION INTO DATA BYTES DECCS, DECDAY, AND
00074 P 0L0BAL  DECCS, DECDAY  DECKTH
00075 0000 JEFA 0L  A.OFAH ;STROBE THUMBWHEEL LATCHES
00475 0002 D301 wur 1
. 00077 0004 IERB KUI 4,08
1 05073 0006 D301 our
00979 0008 0608 W B.00H  ;READ BOD CS WALUE
: 00680 0004 CDISOD ) CALL  TNSHF
£e0o1 0050 CoLo0d ) CElL  INSHF
9082 0610 CDOOI ) CALL  INSHF
00823 0013 £09060 ) CALL  INGHF
pOrER DR1b COOND ) CALL  INSHF
: 00655 0019 C0O030 ) CALL  INSHE
i 06E34 GOIC COLODD ) CALL  INSHF
; 00737 091F CDOOOD ) CRLL  INSHF
66623 €127 316668 ) XI H.DECCS
06050 9025 79 KU KB
26090 0025 0600 VI B.00H READ BCD DAY
80851 0033 £DACRD ) CALL  INSWF
26052 (078 €DI00D ) CWL  TNSHF
07593 DLZE (DCIDD ) CALL  INSHF
| 00054 0031 CDODOD ) CALL  INGHF
83795 0174 C0ON0 ) CALL  INSHF
00555 €:37 CORAGY ) EALL  INCHF
00097 0033 (DO800 ) CALL  INSHF
(3653 2079 52200 ) CALL  INSHF
00249 G925 210038 ) DX H,LECDAY
06129 (543 70 Ny %
20151 P744 2600 0T BLOfH  ;READ KCD NONTH
G012 1326 CD3000 ) CALL i
0015 0249 C6000 ) CALL  INCHE
GE164 8340 C0E200 ) CALL  INGHE
00165 834F Cotie0 ) Gl INSHF
00166 6052 COCO8N ) INSHF
48
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BT RN

Tektronia

on1e7
(0103
G107

. ——— - — — ey,
~O DT A il

SOOI DI O DD MOD
FORR IS CTDI I DI D D D DO

rtovwrorurotry

N e b P D

goss Croend
a5t Coe0g0
¢ Chea00
009z 210008
9961 70
062 C§

Q000 DROY
0002 £601
pon4 CA000
0007 0500
2019 3A0109
0ocs IF
0000 14

HGE &
96CF CDOOON
0032 78
9013 FEO8

'3 1815 021000

0018 47
0019 79
3014 C30C00
ac1p §s0d
3017 JA0008
6022 if
0923 04

5 24

4
025 CPOBED
78

3 0023

(0229 FES

8 (028 D23360
47

b
2330 £32200

80147 0039 D30L
00143 0038 C9
03149

)
)
)
)

8086/8035 ASH V3.3

CALL
CALL
CAlL
Lxl
KoV
RET

.
4

NWC TP 6577

Page 3

SECTION PRNTL
:TRANSH%TS_2 BYTE FIELD IN PFIELD TO PRINTER AND INITIATES PRINTING

LOAL

PRNTLE IN
AN

11
KVl

LDA
PRNTL3 RAR
NR

HP
PRNTL2 VI
DA
PRNTLY RAR
INR

oV
CALL
NGV
cPl

.
'

PFIELD
1 sTEST FOR BUSY
01H

PRNTLY
B.00H  ;ZERD COUNT FIELD

PFIELDM [GET FIRST BYTE
clh

odTsHF :

A3

ofH \\\\\

PRNTL2

AL

PRNTL3

ROOH  ;2ER0 COUMT FIELD
PFIELD iGET SECOND BYTE

C,A
gtirsw

A,94H  ;STROBE PRINT COMNAND

1
b

CECTION DV1A1E
s DOYRLE FRECISION DIviDE
¢ DIMIZEND: REG D-E
¢ DIVIETEr REG 8-C

j I T

GLLEAL
LXl
e
13
(Y

LiNED [N REG D-E

Ten? , COUNT
H, TEWP

H

H,8
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Tektronit §080/8085 ASH V3.3 Page 4 .
00160 1006 3 nx H .
g0161 0207 3611 W1 M.11H jSET COUNT=(7DECINAL -
D014 (A9 010000 oWl E.CYO0H PO
th1e3 00oC 210000 ) NXhIT LXE H.COUNT 3 INITIALLY IS 170ECIPAL
0e1e4 0u0F 7B KV AE
00165 0018 12 RAL
00155 0011 SF Ky E.A
00167 0012 74 MV A,D
00163 6013 17 RAL
00169 0014 57 KV DA
00176 0015 35 R M :
00171 001b C8 R1
40172 0017 79 Moy AL ced
00173 0018 17 AL e
00173 0019 &F sy CA Y
00175 1A 7B K A8 T
00176 0018 12 AL s
o177 001C 47 KV BA o
00178 0010 28 cx H ' S
¢ 09179 001E 28 X H .REC H-L NCH POINTS T0 ‘
A 10199 :DIVISOR IN MENORY b
- 00131 901F 79 v AL
- G0122 0029 98 sgp M e
- 00183 021 ¥ wv C,A
go134 0022 23 we M T
e i 2 n .
: P10 VUL N - ~
- 03137 0025 7 XV RA
- 00423 0026 023109 TG NOADD  sIF CY=0 [0 T ADD pIVISOR -4
Y 00139 170 RESULT OF PRVS SBTRCTN
00190 8029 28 0 S | -y
00191 0024 79 KWW AL -1
30192 0028 86 ADD M -0
41193 133C ¥ K CA ]
05174 0029 23 M W v onid
1155 0378 79 ¥y AB
$0195 Q02F 8E AlC M -~
06197 030 & NV B,A S
05193 0031 3F NOADD CHC B
06179 (632 C3C00 ) I WXTBIT D]
00249 §
o 4
- 4
> " 9
. RRERRK
: RS
. - _.1
! - "1
N - 1
50 .
) et
e N T T T T T Ll O TR }
e e e L L L A - i




Tektroniz 8033/8035 ASK V3. Symbel Table

Scalus

A e 0007
H —-a-- 00

DV1sts Sectiwn (8935)
NOADD -- 803)
INSHF Sectien (1011)
LED Section (9037)
LEDL -— 018
QUTSHF Section (801B)
ouTs — #06¢€
PRNTL Sectien (933C)
PRNTLY - 3680
THMWHL Sectien (0863)
COUNT Unbasnd Glebal
DECCS Unbaund Clebal
BECDAY Unbaond Glibal
DECKTH Unbound Glebal
LEDDGT Unbesnd Lledal
LEGLTS Unbound Glebal
MIELY Unbeend Gladal
TEXP Undeond Gledal

209 Saurce Lines

1)) No assenbly errors detected ({{

B -——-— 8000
L === §003

NXTBIT - #8¢C

LED2 —— 0047

e — 112

PRNTLZ ~ 201D

200 Assenbdled Lines

NWC TP 6577

Page )

€ -—— to0t
N -—— 1006

LEDY -— Q82F

PRNTLY - #08C

14622 Bvtes availadle

B —— 802
PSH —— 0004

LED4 -— BM1D

PRNTLA - HOT3

£ --—— 2003
§P ~—— §006

PRNTLS - ¢122

R R
PR
LY I

LR
2 e e e

RS
et
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