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CHAPTER I

INTRODUCTION

A conventional electronic laboratory bench typically consists of
several instruments and accessories such as power supplies, voltmeters,
signal generators, oscilloscopes, resistance substitution boxes,
capacitance substitution boxes etcetra. And a typical laboratory
experiment involves many manual operaticns like making/breaking inter-
connections, varying input signals, recording input/output signals,
processing and analysing the recorded data and so forth. These opera-
tions are extremely time consuming and highly prone to human errors.
Besides, once the principles of the experiment and the test set-up are
understood, very little useful experience results from manually collec-
ting and processing the data. It is therefore desirable to have an
automated test bench that can perform most of the functions of the
manual test bench but under program control. Towards realizing this
objective a relatively simple and inexpensive Automated Test System
has been developed for student use in the Electrical Engineering labo-
ratory at Kansas State University. _

This report provides brief descriptions of the major components
and various hardware modules made available on the system, and their
programming procedure. A block schematic of the system is shcwn in
fig. 1.1. The key component in the system is the HP HModel 6940B
Multiprogrammer which is a special purpose mainframe that provides

power supplies, interconnections, address and control logic, and phy-
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fig. 1.1 Block schematic of the automated test system



sical locations for a variety of input/output accessory modules. The
multiprogrammer is program controlled from the Microcomputer - North
Star Horizon II (using North Star BASIC), via a MC6802 based interface.
This interface serves to provide a conversion of ASCII coded serial
data (from the North Star) to Binary coded parallel data (required by
the Multiprogrammer), and vice versa. In addition, it also perf'orms
logic level translation from RS232 (at the Horizon end) to TTL/DTL
logic {at the Multiprogrammer). The Multiprogrammer and the MC6802
based interface are discussed in Chapter II and Chapter III respective-
ly. Two of the accessory cards (the V/F card, and the VCO card) were
designed and implemented by students. The hardware and the programming
for the V/F card are described in chapter IV and the VCO card in
chapter V. Three factory built cards; the Relay card, The High Speed
Analog to Digital Conversion card, and the Isolated digital input card,
have also been interfaced with the multiprogrammer system. A brief
descripticn and the programming procedure for these cards is given in
chapters VI, VII, and VIII respectively. &n Automated Diagnostic
feature is prcovided using a simple plug-in module. This will ensure
proper functioning of the various accessory cards, and is recommended
befcre starting any lengthy experiment. This feature is discussed in
chapter IX. System operation is cutlined in Chapter X. A typical
application of the svstem and the program logic required to control it
is shown in fig. 1.2. A plot of the frequency response for this
application is given in fig. 1.3.

2n intelligent use of this system will eliminate a lot of hardwork

and drudgery associated with the manual c¢ollection and processing of



data during an experiment. An attempt has been made to provide simple
and user friendly commands for the various accesscry cards available
on the system. The scope of using the system for more interesting and
innovative experiments is unlimited. It is hoped that this system will
make experimentation a more interesting and enjoyable experience for

the students.
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North Star !

OQONNECTOR BLOCK

V/F CARD F \'4

LS

VOO CARD GND?SIN oS0

RELAY CARD {1

A typical application proaram g;

Set Vl=Max Amplitude.
DEVICE UNDER TEST

Set Fl= 10 hz.

LOCP OQUTPUT Waveform of V1 volts, F1 hz.
CLOSE Relays 1 and 2, OPEN Relays 3 and 4.
READ Vine Fin, and Store these values.

MEASURE V¢, F and Store these values.

out
Increment F1 by 100.
If Fl is less than 1 Mhz then go back to LOOP.

PLOT frequency response.

fig. 1.2 A typical application of the system and the program logic.
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CHAPTER 1II
HP MULTTIPRCGRAMMER

The 6940B multiprogrammer is a master control unit for bidirectio-
nal {output data distribution/input data multiplexing) systems [2]. It
can be used in a single unit system or multi-unit system consisting of
one 6940B master unit and up to fifteen 6941B extender units. The
configuration used in this project is a single unit system which can
hold from one to fifteen plug-in input/output user accessory cards.

The function of the output cards is to develop an output quantity
proportional to programmed data and to deliver this quantity to the
user's system. The output cards are similar to one another in that
each contains address gate, data storage and output address conversion
circuits. The nature of the output conversion circuits determines the
card type. An input card receives data from the user's system and
makes it available to the computer. Any type of accessory card may be
used in any of the 15 card slots, but when a card is assigned to a
particular slot it assumes the address of that slot.

The system can be controlled by a digital computer via a 16 bit
parallel binary word. The various communication protocols are provided

by the following four types of words.

Lo CCITRCOL, WCRD,
This word establishes the mode of operation of the system (input-
/output, Timing/handshake etc). It is identified by all 1's in the

four most significant bits and the word format is as shown in fig. 2.1.



The decimal equivalent of the 4 least significant bits represent the
unit number of the unit being selected. In the case of a single unit
system it is 00 (ie the 6940B master control unit). Bits 4 to 8 are
mode control signals ( TME, SYS, DTE, ISL, and IEN) which select one or
more control modes ( SYS, DTE, or TME for data output transmissicn, or
ISL, IEN, or TME for data input reception). A brief explanation of the

control mode signals is given in Appendix 8.

15 14 13 12 11 09 08 07 06 05 04 03 02 01 0O

|  J 4

CONTRCL WORD MODE BITS UNIT
TAG ADDRESS

fig. 2.1 Control word format,

2. QUTPUT DATA WCRD.

This word identifies the slot specified by the decimal equivalent
of the 4 most significant bits and directs the data in the remaining 12
bits to the card housed in this slot. The output card then develops
an output gquantity proportional to the programmed data and delivers
this quantity to the user. This could functicn as logic levels, cr
contact closures, or D/A converter output etc, depending on the type of
the output card. Prior to sending a data word the system must ke
pregrammed for output mode by the control word. The data word format

is shown below in fig. 2.2.



15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 001

4] Y

SLOT CUTPUT DATA
ADDRESS

fig. 2.2 Data Word Format.

3. INFUT ADDRESS WORD,

This word selects a card that is to send data (a return data word)
back to the computer. The slot address of the input card is specified
by the 4 most significant bits as shown in fig. 2.3. The remaining 12
bits are not used. The selected input card makes the corresponding
user data available to the computer on bits 0-11 of the multiprogrammer
return data lineg. Before programming an address word the muiti-
programmer must be placed in the input mcde and the corresponding unit

selected by the previcus control word.

15 14 13 12 11 10 09 08 07 06 05 G4 03 02 01 0O

A L. A

SLOT NOT USED
ADDRESS

fig, 2.3 Adcdress Word Format.



4. RETURN DATA WORD

This word returns information from an input card previously selec-
ted by an address word. The most significant bit of this word is the
interrupt request bit. A "1" in this bit indicates that the card has
returned a flag and its input data is valid or that this card has
generated an interrupt. A "0" indicates that the card is still busy or
has interrupted and its data is not valid. Bits 12 through 14 are not
used and bits 0 through 11 contain the return data. If the input mede
is not selected then these bits are an echo back of bits 0 to 11
received from the computer and can be used to check for validity of

data transmitted to the multiprogrammér.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 C1 GO

F 41.

NOT INPUT DATA
USED

IRQ

fig. 2.4 Return Data Word Format.

The control words for various modes of operaticn are given in fig.
2.5, The timing diagram for the HP Multiprogrammer I/0 is shown in
Appendix 7. The plug-in input/output accesscry cards designed and
implemented inhouse, as well as the factory built cards made available
on the system, are discussed in chapters IV to VIII. A brief func-

tional description and the programming sequence asscciated with these

10



cards is provided with sample test programs.,

Multiprogrammer Operating modes

CONTROL

OUTPUT MODE INPUT MCDE WORD
(in HEX}

SYE off F000

SYE on F020

DTE, SYE on F060

DTE, SYE, TME on F070

ISL, SYE on FOAQ

ISL, SYE, TME on FOBO

IEN, SYE, TME on F130

fig. 2.5 Control words for various operating modes.



CHAPTER III

THE MC6802 BASED INTERFACE

3.1. HARDWARE DESCRIPTICN

The heart of the system is the MC6802 microprocessor with on-
board clock and 128 bytes of on-board RAM starting at location 0000H.
Additional 1K memory is provided beginning at location 6000H. The
monitor program, which decodes and executes user commands to control
communications between the North Star and the HP Multiprogrammer, is
stored in a 2716 EPROM (starting at location E000). A block diagram of
the system is shown in fig, 3.1 and the memory map of the various
modules in the system is illustrated in fig. 3.2. The schematic
diagram of the system is shown in Appendix 4 [3].

A 3.6864 Mhz crystal provides the time base.for the internal clock
of the MPU., A divide-by-four circuit, internal to the MPU, gives an
effective clock rate of 920.8 Khz. The RS232 to TTL conversion is
performed by the 1488 and 1489 (sender/receiver) quad line driver,
Parallel communication with the HP Multiprogrammer is handled by the 2
PIAs (PIAl and PIA2), The serial to parallel conversicn is accomplished
by the MC6850 ACIA, The transmit and receive clock signals are gene-
rated by the MC6840 programmable timer module (PTM). Switches Sl and S2
(refer schematic diagram in Appendix 4) provide a choice of four
different baud rates for the MC6840 PTM. These switches are read every
time the system is switched on or RESET, and the baud rate is decided

by the corresponding value in the baud-rate-table stored at the start

12
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$0000 -

L
//« on-board RAM (128 bytes)
SOO7F A !
$2000 T
/ PIA 1
$2003 —
$4000 7 ]
™
$4003 4 1
56000 = J
///‘ ADDED MEMORY (1K)
S63FF A -
$8000 =
L~ i
ACIA
$A000 | -
// -
SA007 /§ !
SE00O / p g
// J MONITOR EPROM (2K)
SFFEF

fig. 3.2 Memory map of the MC6802 system.
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of the EPROM. The table content for different baud rates is shown in

fig. 3.3.

S1 S2 Address in Memory Contents Baud rate
0 0 E000, E001 go, 5F 110
0 1 E002, EOO3 00, 17 300
1 0 E004, EQQ5 00, 05 4800
1 1 E006, EOQ7 00, 02 9600

fig. 3.3 Table of baud rates

For any other baud rate the value N to be stored in memory can be

calculated as follows.

System Clock Frequency

2 X {(desired baud rate)

N should be converted to Hexadecimal before storing it in memory.

The above system hardware provides the bidirecticnal, asynchro-
nous, serial to parallel data conversion appropriate for use with an HP
6840B Multiprogrammer. It can accept serial RS232 data from a mcdem or

a computer and convert it to parallel DTL/TTL compatible logic signals.

15



The ASCII to Binary and Binary to ASCII conversions are handled by the

software described in the following section.

3.2, SCFFIWARE DESCRIPTICN

The monitor program, written in MC6802 Assembly language, is
stored in the 2716 EPROM. It consists of a main driver routine which
decodes the command symbols ( &, ?, #, %, {, A ) from the user and
calls the appropriate routine to perform the required task for the
user. Flow-charts and detailed description of every routine is given in
Appendix 1. The program listing is shown in Appendix 2.

The "&" and "?" commands provide the basic (one word at a time)
communication from the North Star to the HP Multiprogrammer and from
the HP Multiprogrammer to the North Star respectively. The remaining
commands ( ¥, %, !, A ) are dedicated commands for use with a specific
card in a specific slot. The function performed by each one of these
commands can be alternately performed (in several steps) by the "&" and
""" commands. These command formats are explained and illustrated in
Appendix 11. Alternate procedure for programming the same card, using
the "&" and "?" commands, is given in Appexdix 12.

The monitor program is organized in a structured and modular
fashion so as to permit easy addition of new commands for additicnal
accessory cards. However, strict checks for illegal characters are not
prcvided and therefore it is important to adhere to the command formats

strictly.

16



CHAPTER IV
VCLTAGE/FREQUENCY MEASUREMENT CARD
4.1. V/F CARD DESCRIPTION.

The V/F card is an input card which provides for frequency
measurement (of a pulse train meeting TTL requirement) or voltage
measurements for voltages between -~15 to +15 volts peak to peak [8].
The V/F measurement circuit is built on the HP Multiprogrammer bread-
board input card 69480A. The circuit diagram for this V/F measurement
circuit is shown in fig. 4.1. The breadboard input card allows the
user to design and implement special input circuits., It includes basic
address and read back circuit. The block diagram of the 69480A bread-
board input card and its input connector are shown in fig. 4.2. The
gschematic diagram of the breadboard input card is shown in Appendix 3.

The heart of the V/F measurement circuit is the 7060 counter
(Z11). It also has a voltage to frequency converter AD 537 (212), and
a true RMS to DC converter AD 536 (Z13) to allow voltage measurements.
The input train of pulses from the frequency scurce c¢r the voltage
(converted to frequency) scurce are fed to the 7060 counter which must
first be reset. The counter is then permitted to count for a specific
period of time at the end of which counting is stopped and the 32 bit
counter read back by the coemputer a byte at a time. The B bit latch
(28,29) and the address gate (Z10) are similar to the circuitary on the
breadboard ocutput card and allow the V/F card to be used as an output
card from the pregrammer's point of view. The output functions re-

gquired to be performed by this card include resetting of the 7060

17
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counter, initializing it for counting and scanning the counter for read
back operation a byte at a time. The functions of the various cutput
data bits connected to the corresponding control pins of the 7060
counter are shown in fig. 4.3. The input data bits received from the
V/F card, by the HP Multiprogrammer, are explained in fig. 4.4. Three
control words are required to reset and initiate counting on the 7060
counter. The scanning and read back is achieved by 2 control words at
the end of the time out period. The programming of the V/F card is

explained in the following section.

4.2. V/F CARD PROGRAMMING.

The program to utilize the V/F card has to send 3 data words to
provide the required transitions on the control lines to set it up for
V/F measurements. A software time delay must then set up the period
during which the input will be measured. Finally the 7060 counter must
be scanned and its contents read back 8 bits at a time. The data read
back can then be used to determine the voltage or frequency of the
input. MC6802 has been programmed to recognize the symbol "#" as a
command to perform the voltage or frequency measurement on the V/F card
located in slot 413 (ie slot address = "1101" in binary) by following
the above sequence of resetting the counter, time delay and read back
operations. The command format and the code to read back the bytes
returned from the counter is shewn in appendix 11. The corresponding
MC6802 assembly routine which performs this operation is the TIMER
routine (see listing in Appendix 2 and flowchart in Appendix 1).

In case the V/F card is located in any other slot (other than slot

20



111098765423210

A AAL L L)

t-E:NABLE: 0 => output disabled
1 => output enabled.

This ties to the ENABLE pin on the counter.

t— SCAN: l->0advancescounter& disables output
0->1 enables output

This ties to the SCAN pin on the counter

SCAN RESET/LOAD: 0=>scan counter reset
1=>data latched from counter

This ties to SCAN RESET/LOAD pin on counter

RESET: 0=> counter is reset
1=> counted data may be recorded -

This ties to the RESET pin on the counter

TEST COUNT: Pulses applied to this pin are
counted into the last 16 bits of the counter.
It is set to 0 for normal operation.

Thistiesto the TEST COUNT pin oncounter.

V/F: 0=> Frequency input selected.
1=> Voltage input selected.

This ties to data bit 9 on the output.

NOT USED.

fig. 4.3 functions of the output data bits connected to the
various ccntrol pins of 7060 counter.
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413), then the "#" command cannot be used to perform voltage/frequency
measurements. This is so because the current monitor program assumes
the card to be housed in slot 413. Voltage or frequency measurements
can be made through the V/F card in any other slot by following the
steps shown in Appendix 12. This measurement will however take about 6
times longer than before because of the need for communicating each
control word serially over the ACIA. Alternately the timer routine can
be modified to accept the slot address where the V/F card is housed, in
which case the user will be required to be aware of the slot position
of the card.

The connections for the frequency or voltage source under test are

brought out to the connector block. These are shown in Appendix 10.

11109876543210

LJJL —

Data out from the counter

EMD OF SCAN: 1=> Scan not finished

0=> End of scan

V/F indicator: 0=> Frequency

1=> Voltage

NOT USED (tied low)

fig. 4.4 functions of the data bits read back from the V/F card
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CHAPTER V

VOLTAGE CONTROLLED OSCILLATOR CARD

5.1. VCO CARD DESCRIPTION.

The voltage controlled oscillator (VCO) card is an output card
which provides a digitally controlled function generator implemented on
the HP Multiprogrammer's breadboard output card - 69380A. The bread-
board output card allows the multiprogrammer user to design, build and
control special output circuits through the multiprogrammer system. It
includes the basic address storage and control signal buffer circuits.
The block diagram of the 69380A breadboard output card ahd its output
connector are shown in fig. 5.2. The schematic diagram of the bread-
board output card is given in Appendix 6.

The schematic blcck diagram of the circuitry added to the bread-
board output card to implement the VCO is shown in fig. 5.1 [7]. It
consists of mainly a XR2206 function generator and two Digital to
Analog Converters (DACs - for amplitude and frequency control) with
associ‘ated sub~-circuits, AMP voltage conditioning circuitry, output
buffering and DC level adjusting circuits. The data lines of the
AMPlitude control and FREQuency control DACs are connected to the
corresponding data lines (Bits 0 to 7) of the latch circuits on the
breadboard cutput card. The CS lines are connected to DTE from the
multiprogrammer. Data lines 8 and 9 (D8 and I9) drive the WR lines of
the AMP DAC and FREQ DAC respectively. The capacitor switching network

employs switching to provide minimum path resistance., Four
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frequency ranges are provided by controlling data bits 10 and 11.

These ranges are as shown in fig. 5.3.

BIT 10 | BIT 11 Frequency Range
0 0 .3 to 37 hz
0 1 37.0 to 1880 hz
1 0 1.09 to 48.5 Khz
1 1 .408 to 1.3 Mhz

fig. 5.3 Table of frequency ranges on the VCO

Both AMP and FREQ DAC outputs are brought out to the connector
block for external use. The square wave output is buffered to provide

additional drive current for the TTL cutput.

5.2. VOO CARD PROGRAMMING

The VCO output card receives control parameter data for voltage
and frequency control from the user program and it develops a TTL
compatible square wave in the frequency range of 1 Hz to 1.3 MHz. It
also develops a sine wave output of amplitude between 10 mV to 6 Volts
peak to peak, with a frequency range identical to the square wave
output. The program to use the VCO card therefore has to send a

control word to set up the programmer for output mede. The control
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word must then be followed by data words for frequency control (Bit 9 =
1) and amplitude control (Bit 8 = 1). The data words for amplitude
control and frequency control must each be followed by data words for
amplitude hold (Bits 8 and 9 = 0) and frequency hold (Bits 8 and 9 = Q)
respectively, in order to meet the DAC interface timing shown in Appen-
dix 9. All the data words need to be directed to the corresponding

slot which holds the VOO card.

The MC6802 monitor has been programmed to recognize the symbol "!"
as the command to control the VCO (if the VCO card is placed in slot
411 ie slot address = "1011" in binary). The command format to program
the VCO, through BASIC, for a waveform of desired amplitude and fre-
quency, is shown in Appendix 11. The assembly routine which recognizes
the VCO command "!" and provides the required control to produce the
desired waveform is the VCO routine (see listing in Appendix 2 and
flowcharts in Appendix 1). If the VCO card is placed in any other
slot other than slot 411 (K}, then the command symbol "!" cannot be
uged to control the VCO card. In this case the 5-Step procedure,
outlined in Appendix 12, will have to be followed in the program that

controls the VCO card.
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CHAFTER VI
RELAY OUTPUT CARD WITH READBACK, 69433A
6.1. RELAY CARD DESCRIPTION

The 69433A relay output card is a factory built card. It pro-
vides 12 independent, SPST, normally open, isolated relay contacts
controlled individually by the system user through a program. The
69433A relay output card also allows the user program to examine the
status of the relay coil drive circuits on the card before and/or after
the contacts are changed [10].

This card is placed in slot 401 (A) of the HP Multiprogrammer
system. A block diagram of the card and its output connector are shown
in fig. 6.1. Connections to either side of each contact point are
brought out to the connector block as shown in the terminal assignments
for the connector block in Appendix 10. Programming of this card is

explained in the following section.

6.2, RELAY CARD PROGRAMMING.

To program the Relay card for contact closure, the system must
first be confiqured for output mode by sending a control word with SYE,
DTE, and TME on. The control word must be followed by a data word
(output data word) containing the slot address and the output data.
The output data is a 12 bit binary number with a "1" in the corres-
ponding relay position which needs to be closed and a "0" in the relay
positien which needs to be kept cpen. The relay status may be examined

at any time by the user program. To examine the status the system must
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first be set up for an input mode by a control word with ISL and SYE
on. This control word must be followed by an Address Word addressing
the slot holding the relay card. The relay status bits are then avail-
able at the HP Multiprogrammer return data lines, and may be read back
by the user program to examine the status of the relays.

The MC6802 interface has been programmed to provide the user with
the "$W" command (in BASIC) to close the required contacts, and the
"3R" command to examine the status of the relays. The corresponding
Assembly routine which sends the required control and data words, upon
recognizing the above commands, is the RELAY routine (see Appendix 1
for flowcharts and Appendix 2 for listing ). The command formats are
explained with illustrations in Appendix 11. If the relay card is
placed in any other slot, other than slot 401 (A), then the user
program will be required to send the appropriate contrcl word followed
by the corresponding data word, as outlined in the procedure in

Appendix 12.
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CHAPTER VII
HIGH SPEED ANALOG TO DIGITAL CONVERTER CARD, 69422A
7.1. A/D CARD DESCRIPTION,

The 69422A card is also a factory built card. It monitors bipolar
dc levels in the £ 100 mv, + 1 v, + 10 v, or + 100 v range, and
returns a 12 bit 2's complement digital word to the MC6802 to indicate
the magnitude and sign of the measured veoltage [14]. Voltages in the
+ 100 V range are connected to a divide-by-ten attenuator network cn
the card. The required range can be selected by the range switches (4
individual OPEN/CLOSE type switches), on the card, to the applicable
input range. The range switches and the switch settings are shown in
fig. 7.1. A block diagram of the 65422A card is shown in fig. 7.2.

The input voltage is converted to an equivalent 12-Bit digital
word upcn selecting the HP multiprogrammer for the Input Select mode
(ie ISL on} and addressing the 694227 card with a gate signal. The
digital word is stored in the card and is available to the MC6802 via
the multiprcgrammer return data lines. This word remains on the return
data lines as long as the card is addressed and the input select mode
is programmed ON. It is alsc retained by the card until the next
conversion. The minimum conversion time through the'backplane of the
multiprogrammer is 50 micro seconds (ie 20 K conversions per second).
However, due to program controlled acquisition of the samples, the
actual conversicn rate is 9.12 K samples per zecond. The card can also

be used for conversion through an external triguer. Cutput data and
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control signals to synchronize data transfers with an external device
are available at the card's edge connector. The minimum conversion
time for external data output is 30 micro seconds { ie 33 K samples per
second). The programming of the 694223 card via the MC6802 and the
calculation of voltage values, from the digital word returned by the

multiprogrammer, is explained in the following section.

7.2. A/D CARD PROGRAMMING.

The program to sample voltage signals through the 69422A card must
first select the HP Multiprogrammer for an input mode by a control word
with ISL and TME on. This control word is then to be followed by an
address word with a gate signal. The gate signal initiates conversion,
and the end of conversion is indicated by the receipt of the flag from
the multiprogrammer. The 12 bit binary word corresponding to the
voltage is then available on the return data lines as long as the card
is addressed. This word can be converted to the corresponding voltage
value by multiplying it with the appropriate step value in volts (see
fig. 7.2 for step values for different ranges). If the data word is
negative (ie its value is greater than or equal to 2048), then the
two's complement of the number obtained must be taken (by subtracting
4096 from it) before converting it to volts.

The MC6802 is programmed to provide the command "A", to the BASIC
user, toc collect 512 samples via the 69422A card placed in slot 405
(B}, Upon recognizing this command "A" the monitor program passes
control to the ADC routine (see flowcharts in Appendix 1 and listing

in Appendiz 2)}. This routine cocllects 512 samples, by providing the
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required contreol and address word with the gate to the multiprogrammer,
and sends them to the North Star. The number of samples collected is
restricted to 512 by the limited memory currently available on the
MC6802. Also the number of samples collected on every command is fixed
at 512 in order to achieve faster sampling rate by saving on additional
instructions required to provide the user with the option of wvariable
samples. The user may ignore the extra samples in his BASIC program.
The command format and the code required to calculate the voltage value
from the binary word is illustrated in Appendixz 11.

If the 69422A card is placed in any other slot (other than slot
405), then the above command cannot be used to sample voltage signals
through the card. In this case the procedure outlined in Appendix 12
will have to be followed to sample the voltage signal. However, this
procedure would yield a very slow conversion rate owing to the serial
communication of each control and address word required for every
sample.

The 69422A card is a very sophisticated tool for use with digital
signal processing type application. A sinewave sampled at 2.12 K
samples per second is shown in fig. 7.3. The program for sampling and
analyzing a signal connected to the ADC card is listed in Appendix 14.
The spectrum of the above sinewave obtained from this program is shown

in fig. 7.4.
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CHAPTER VIII
ISCLATED DIGITAL INPUT CARD, 694302

8.1. ISO CARD DESCRIPTION

The Isclated digital input card allows the Nerth Star user to read
12 bits of logic level data that are isolated from ac earth ground. It
thus eliminates ground loop problems encountered in an automated tests
and control system [5]. The card is placed in slot 400 (A) (ie its
slot address = "0000" ). A block diagram of this card and its input
connector are shown in fig. 8.1. The negative and positive terminals
are brought out to the connector block as shown in the connector block

terminal assignment in Appendix 10.

8.2, IS0 CARD PROGRAMMINNG

To read the digitzal inputs, via the Isolated Digital Input card,
the BP Multiprogrammer must first be set up for irput. This is done by
a contrcl word with ISL and SYE on. The control word is followed by
address word addressing the slot holding the Isolated Digital Input
card. The 12 bit binary word, corresponding to the states of the
digital inputs at the input connector, is then returned by the Multi-
programmer on its return data lines. The ON state of an input is
indicated by a "1" in the corresponding bit position, while the OFF
state is indicated by a "0". No special command has been provided to
communicate with this card as it can be read by the simple 3 steps

procedure outlined in Appendix 11.
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CHAPTER IX
AUTOMATED DIAGNOSTICS

This automated diagnostics feature has been added to test for the
proper functioning of all the modules in the system. The wiring to
connect all the modules via the relays is provided on a single board
with spring loaded contacts. The schematic diagram of this feature is
shown in fig. 8.1.

The program controlling the tests first checks the V/F card. for
this purpose the 110 baud rate clock from the North Star is used as the
test input. The signal frequency measured by the V/F card should be
between 1.745 and 1.765 Khz and the measured RMS voltage should lie
between 3.6 and 3.7 volts. If the measured values fall outside these
expected ranges, then further tests camnot be conducted and the diag-
nostics program is aborted. After a successful test on the V/F card, a
86.6 Khz and 3.4 volts rms signal is output on the VCO. The frequency
and voltage of this signal are then measured via the V/F card. If the
measured values are not as expected, then the measured values are
printed cut along with a message indicating the errconeous oceraticn of
the VCO. The FREQ DAC and the AMP DAC outputs are tested next. These
outputs are then used as inputs to the Isolated Digital Input card and
the high speed Analog to Digital Conversion card. The required connec-
tion to test each of the modules is made through pre-assigned relays.
If a relay should malfunction, the test for the corresponding module
is skipped and a message printed out to that effect. The listing for

this program is given Appendix 13.
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To use the Diagnostics feature, the diagnostics board with spring
loaded contacts must first be mounted on the connector terminal blcck
and then the program "DIAG" loaded and executed. The program prints
out the descrepancies, if any, and stops at the end with the "END OF
DIAGNOSTICS" message. It is recommended that diagnostics be performed

before starting any lengthy experiment.
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CHAFTER X

OPERATING PROCEDURE

The procedure to conduct an automated test on this Automated

Laboratory-tests System is as outlined below.

AI

Connect the device under test to the required instruments (1/0
cards) available con the automated system. All the points for
connecting an external device to any I/0 card are brought out on
a connector block. The connector block terminal assignments are

shown in Appendix 10.

Start up the North Star Horizon as follows,

Turn on the silent 700.

(Push back the black switch on the upper right rear corner.)
Insert fleppy disk labeled SYSTEM PROGRAMS into left hand disk
drive (ie drive 1) of the Horizon.
Turn on the North Star Horizon: use black switch on the back side
of the Horizon, next to the fan.

The silent 700 will now print out:

NORTH STAR DOS 5.2 AT 100
+

The + sign is the DOS prompt for the next command. To get into
the BASIC programming mode, enter the GO BASIC command. ie.

+G0 RBASIC (hit return)
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The silent 700 will respond with READY on the next line.

Load the required test program from the system disk usingthe
10AD command. ie.
LOAD XXXXX (hit return)
XXXXX stands for the name of the test program.

Turn on the Multiprogrammer system, Use LINE ON switch on front
panel.

Turn on the MC6802 interface., Use switch with red LED on left
front,

At this point the system is set up and ready to go. Use theRUN

command to execute the [OADed program. The program will control the

experiment, print out the results, plot graphs etc. If the program to

control a particular experiment does not exist, then a new program may

be written using the commands explained in Appendices 11 and 12 to

control the different instruments used in the experiment.
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CHAPTER XI
CONCLUSIONS

The major components of the system and the various input/output
accessory cards available on the system have been discussed in suffi-
cient detail in chapters II to IX. To give a good understanding of the
system and its operation these chapters are fairly complete. Extensive
documentation is available on each one of the major components and the
input/output accessory cards. A bibliography of these references is
provided.

All the input/output accessory cards have been tested and found to
function accurately within their operating limits. A table of the
operating limits of the V/F card and the VCO card is provided in fig.
11.1. The high speed A/D is programmed to sample at the rate of 9120
samples per second. Therefore the maximum frequency of the signal
~ under study should not exceed 4560 Hz in order to be able to perform
any meaningful analysis of the signal. Also the number of samples is
fixed at 512. So, at the above rate sufficient resolution of a slow
signal cannot be obtained. The fregquency cf the signal under study
should be greater than 50 Hz. To study slower signals a software
delay will have to be introduced to decrease the sampling rate and thus

provide better resolution.

=
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veltage f requency

V/F CARD 11 Volts p-p (max)| 100 Khz (max)
YO SINE WAVE 6 Volts p-p (max) 1.3 Mhz (max)
VCO SQUARE WAVE 6 Volts p-p (max) 1.3 Mhz (max)

V/F CARD (COUNTER)| 5.5 Volts p-p (min)] 0.0 hz (min)

fig 11.1. A table of cperating limits for the V/F and the V(O cards.
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APPENDIX 1

Flowcharts and program description.

1. MATIN PROGRAM

This is the driver routine which accepts and decodes the command
symbols (&, 2, #, %, !, A). It then calls the appropriate routine
( ODAT, RDNSND, TIMER, RELAY, VCO, or ADC ) to receive the corres-
ponding command parameters and perform the required task.,. A typical
task performed by one of these routines involves - providing the
required control and data words to the HP Multiprogrammer, receiving
the return data from the corresponding slot in the Multiprogrammer,
converting the return data form Binary to ASCII, and sending it back to
the North Star, On completing a particular command control is passed
back to the start of the main program for receiving and decoding the
next command (when sent), It is important that the command format is
strictly adhered to since thorough checks for illegal characters etc

have not been implemented.
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Main program flowchart.

(STaRT )

INITIALIZE
PIA, ACIA,
and FPTM..

S

Call GETONE
to get one
char from NS

Call ODAT
subroutine

Call RDNSND
subroutine

Call TIMER
subroutine

Call RELAY

Subroutine
Call VOO
Subroutine yes
Call ADC
Subroutine
" 5
T

—i

0O
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2. CDAT ROUTINE

(CETER)

Call NSREAD to get
chars from NS until
"s" and convert it
to a Binary number

# of chars
ead=0 ?

yes

Call STCHP to send
the Binary number
to Mul tiprogrammer

|

RETURN X

ODRAT routine description.

This routine calls NSREAD routine to accept an ASCII coded decimal
number from the North Star, and converts it to a 16 bit Binary number.
It then calls STCHP routine which sends the Binary number (stored at
VALL & VALH by NSREAD) to the 16 bit input port of the HP Multiprogram-
mer. The ODAT routine is called from the Main Program by the command
symbol "&". This command symbcl provides a one way communication from
theNorth Star to the Multiprogrammer (via the MC6802) and can be used

along with the "?" command to simulate all other commands.
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3. NSREAD routine flowchart.

(@O

Digit-cnt =
Char—f25253;>

yes

Char-count = 0
VALL & VALH= 0
—]
Call GETCNE
to get one
char from NS
char;\\\\ ves
usn 3
yes
no
\
convert char
from ASCII to
Binary digit digit-cnt = 0
save digit on
stack. Get a digit
fram stack.
char-count =
char-ccunt +1 ves
Multiply digit by store digit
10, digit-cnt times. in VALL,
Add result to VALL
and VALH(high byte)
Digit-cnt =
Digit-cnt+l
no

T

{__EXIT )

E0




NSREAD routine description,

This routine is called from various other routines to accept ASCII
coded decimal number from the North Star and convert it to a 16 bit
Binary number. It is important that only decimal digits be sent from
the North Star and the last digit is followed by the character "$". On
receipt of the "$" symbol the digits received are converted to Binary
and control is passed back to the calling routine, The corresponding
16 bit binary number is passed back in memory locations VALH (High

byte) and VALL (Low byte). (See page 4 of listing in Appendix 2).
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4, STOHP routine flowchart.

(EVIER )

store the binary
number (from VALL
& VALH) on port A
& port B of PIA 2

set the gate

received
no flag ?

yes

reset gate

(_EXIT )

STCHP routine description.

This routine takes the binary number stored at VALH and VALL (by
NSREAD or any other routine) and outputs it to the PIA ports connected
to the HP Multiprogrammer input port. It then sets the gate and awaits
the flag from the multiprogrammer before resetting the gate and passing

control back to the calling routine.

i
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5. RONSND routine description.

(ENTER )

time—out to
let ACIA be

ready

call IDAT
subroutine
to read HP,
convert to
ASCII and
send to NS

s ACIA
no eady ?

ves

send "0D" (CR)
to NorthStar.

RDNSND rcutine description.

This routine is called from the main program cn the receipt of the
command symbcl "?". It then calls IDAT routine to read the return data
from the multiprogrammer, convert it to ASCII coded decimal digits, and
send each digit to the North Star. The last digit is terminated by a
carriage return character and control is passed back to the main prog-

ram.
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ICAT routine flowchart.
Read 12 bit data

from Multiprogrammer
into SUBLO & SUBHI

clear memory to store
ASCII coded digits.

= !

subtract 1000 (dec) increment the most
from the binary data significant digit
in SUBLO _and SUBHI

yes

add 1000 back to
the remainder in
SUBRLC and SUBHIT

-y

i
subtract 100 increment 2nd most
from the data significant digit

yes

add 100 back
to the data

~ 1

subtract 10 increment 3rd most

from the data significant digit.
A

add 10 back and
store in LSB(bvte)

convert BCD values to
ASCITI and send to NS

“EXLT




IDAT routine description.

This routine reads the return data from the HP multiprogrammer,
converts it to ASCII coded binary digits, and sends each digit to the
North Star. The return data may be from an input card (if the HP was
set up for an input mode} or it may be the echo back of the output data
sent to the HP., This routine may be called from the entry point WSEND
{see page 7 of listing), to send data from memory to the North Star.
The data from memory should be passed to this routine thrcugh locations
SURLO and SUBHI. It calls the routine SUBlé to perform the 16 bit

binary to ASCII conversion.



7.

TIMER routine flowchart.

(ENTER )

|

Call GETONE to
get the 1lst char,
and get the delay
from delay-table

Y

Call GETCNE to
get the 2nd code

(Voltage/frequency)

2

Call STOHP to send
control word FO060

to Multiprogrammer

k 4

Send data word "5"
ie D005 or DO15
to Multiprogrammer
(DO0S for Veltage,
D015 for Freguency)

Y

Send data word "17
ie D001 or D011
to Multiprogrammer

' 4

Send data word "9"
ie DOC9 or D019
to Multiprogrammer

k4

Call TIMECUT
for the reqguired

period of time

®
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Send data word "13"
ie DOOD or DO1D
to Multiprogrammer

Send data word "15"
ie DOOF or DO1F
to Multiprogrammer

csend control word
FOAQ for input mode

Call READ to address
slot 13, read 4P, and
send decimal nos to NS

COUNT = COUNT - 1

i, T

COUNT=07 no

(93]
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TIMER routine description.

This routine controls the communication between the North Star and
the V/F card in slot 413 (M) of the HP Multiprogrammer. It is called
by the main program on recognizing the command symbol "#". It accepts
two codes (one digit each) from the North Star user program. The first
code indicates the time duration for the measurement of voltage or
frequency. The second code indicates whether voltage or frequency is
to be measured. The routine provides the control and data words to
initiate counting on the counter and times out for the required period
of time, At the end of this period it reads back the 5 byte data from
the counter, converts it to decimal coded ASCII data, and sends it to
the North Star. The command format and the code required to follow

the command is explained and illustrated in Appendix 11,
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8.

RELAY routine Fflowchart.

Call GETONE to get
READ/WRITE  Code

ves

4

Call NSREAD to get the
number for new relay
positions, and convert
it to 16 bit binary no

Call STOHP to send the]

control word "F070" to
the HP Multiprogrammer

Call STCHP to send the
16 bhit data word to
slot 401 (address=0001)

™l

4

Call STCHP to send the
control word FOAD to
HP, for input mode

Call STCHP to send the
address word "1000" to
read from slot 401 (A)

Call RCNSND to read the
return data, convert to
ASCIT and send it to NS
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RELAY routine description.

This routine controls or examines the relay card in slct 401, for
the North Star user. It is called from the main program by the ccmmand
symbol "3". the command format for this "§" command is shown in Appen-
dix 11, The routine first accepts a one—character code for reading (R)
from, or writing (W) onto the relay card placed in slot 401, To read
the relay card it sends the required input control word to the HP
Multiprogrammer, reads the return data word, and sends the ASCII coded
decimal equivalent to the user program. To establish (write) new relay
positions it first accepts the decimal number correspeonding to the
binary pattern for the desired relay positions (a "1" for a closed
relay, and a "0" for a open relay). The multiprogrammer is then set up
for the output mode, and the required data word output to the relay

card,

€o0



VCO ROUTINE

(ENIER )

Call NSREAD to get
the VOO range for
the output waveform

Call NSREAD to get
the FREQUENCY data
of the o/p waveform

if null chars sent
for FREQ, set FLAG.
Call NSREAD to get
the AMPLITUDE data
of the o/p waveform

nothing

yes

sent?
no

Call SICHP to send the
control word "F06Q" to
the HP Multiprogrammer

Output data word for
AMPLITUDE, at slot 411
and a data word for
AMPL ITUDE Hold .eis4

L
)

no

Call STCHP to send the
contrecl word "FO60" to
the BP Multiprograrmer

|

Cutput data word for
FREQUENCY at slot 411
and a data word for
FREQUENCY hold .....

ves

¥




VD rcutine description.,

This routine accepts the Amplitude and frequency data from the
user, and outputs the correspeonding signal on the VCO card placed in
slot 411. The routine is called from the main program by the command
symbol "!"., The command format is shown in Appendix 11. The routine
first accepts the range in which the VCO is to cperate. Then it gets
the data for frequency and amplitude control and outputs the required
control and data words to get the desired signal on the VCO, If no
data is sent for frequency or amplitude control then the frequency or

amplitude is left unchanged from its earlier setting.
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10.

ADC routine flowchart.

ENTER

Call STCHP to send
control word "FORO"
for input mode of HP

[

{

POINTER = 6000 i

-

’q
Call STCHP to output
the address word for
slot 405 {addr=5000)

Get the return data
and store in memory
{2 bytes) at POINTER

POINTER + 2

yes

POINTER = 6000

-

get two bytes from
memory {at POINTER)
and store at 00 & Ol

Call IDAT (from the
entry rpoint WSEND)
to convert to binary
& send sample to NS

Send a "(R" to NS

POINTER + 2 ]

ves

no



ADC routine description.

This routine is called from the main program by the command symbol
"A". It configures the HP Multiprcgrammer for an input mode and col-
lects 512 samples of the signal at the ADC card placed in slot 405.
The samples, temporarily stored in memory, are then sent back to the
user program in the North Star. The command format and the code re-

quired to receive the samples is shown in Appendix 11.
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00001
Q0002
00003
00004
040005
0C006
oqoo7
04008
¢000%
00010
00011
ogore
00013
30014
0Q0L5
04016
00017
ogoira
o00l9
0Co20
00021
00022
06q23
00024
ocoz2s
Qo026
00027
00028
00029
00030
G003l
00032
040033
00034
00035
000356
00037
0C038
0039
00040
00041
00042
00043
00044
Q0045

APPENDIX 2

6802 Monitor Program Listing.

MOTOROLA M64SAM CROS5—-ASSMBLER PAGE 1

M&BSAM 1S THE PROPERTY OF MOTCOROLA 3PDs INC.
COPYRIGHT 1974 B8Y MOTOROLA INC

MOTOROLA Mé80Q CROSS ASSEMBLER, RELEASE 1.1l

€000
EQ00
E0O1
EQO2
EQO3
EQO%
E0O0S

0050
AQQO
A0D4
A001
q0409
Q0EQD
ooll
0012
2001
2003
2000
2002
4001
4003
4000
4002
8000
8000
8001
8001
aolQ
QQQE
0QOF
gooc
ooaD
gogs
000A
Q006
o007
006oa
2009
Qool
0000
0003
0002
0004
0005
Gol4
00ls
0017
0018
0019

Q0
SF
0a
17
el ¢
as

STAKPT
PTMC1
PTMB
PTMC2
INDL
INDH
MEM
MEM1
CRA1
CRB1
DDRAL
ODRB1
CRA2
CRB2
DDR A2
DDR B2
ACLAS
ACIACL
ACIARD
ACIAT
cp
VALL
VALH
THMPL
TMPH
KNT
MARK
L5D3
Lsbpa
LsD1
LsD
SUBH1
SUBLO
MINHI
MINLO
NEG
CARRY
TEMP
TYPE
TVALL
TVALH
FFLAG

NAM
EQU
EQu
EQu
EQU
EQU
EQU
EQU

Qu

Qu
EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

'ORG

FCB

MICRO1
$50
$A000
$A004
$A001L
$00
$EO
$11
$12
$2001
$2003
$2000
$2002
$4001
$4003
54000
$4002
$8000
ACIAS
$8001
ACIARD
310
$OE
$OF
$0C
$00
$08
$0A
$06
$07
$08
$09
$01
500
$03
$02
$04
$05
$l4
$16
$17
$18
$19
$E000
300, 35F 300, 517+ 500, 305+ 500, 302
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MICRC]

00046
- 00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
0C057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
00068
00069
00070
00071
0¢072
00073
00074
00075
00076
00077
00078
00079
00080
00as81
00082
00083
00084
00085
00086
00087
00088
00089
00090
00091
0€092
00093
00094
06095
0€a96
00097
0co98

EQQs&
EQOY

EQOB
EqQo8
ECOD
EOLO
EQ13
EOLS
Eols
EQLB
EOLD
E020
ED22
EQ2S
EQ27
EQ2A
EQ2D
EQ30
€033
EQ35
EQ38
E03A
EQ3D
EQ3F
EQa42
£044
EQ47
E04A
EQ4C
EQ4D
EQ4E
EQ4F
EO51
EQS3
EQs5
EOQ5T
E059
EQS8
EQSD
EQSF
E062
EOb4
EQ67
E06A
EC6C

Q0
02

BE
86
BY
87
86
BY
B7
86
BT
86
BT
86
87
B7
B7
87
86
BY
86
BY
86
87
86
BY
B6
B4
44
44
44
88
97
86
89
97
DE
EE
86
B7
86
87
FF
86
87

MOTOROLA M685AM CRDSS—ASSMBLER

0050
oc
2001
2003
FF
2000
2002
04
2003
ac
2001

4001
4003
4000
4002
04

4003
3C

4001

8000
01
8000
4002
30

¢o
12
EQ
+10]
11
11
00
93
AQ0l
oQ
AQQO
AQ04

AQO1

PAGE 2

4R BEFRHEP LR BB B R X R R P ASE SR F S E AR R FR S SFRE SRR R EE R T IR R EX R B R E RSB SR ESRS

"
]
*

. PLARACIA, AND PTM INITIALIZATION

EEBEEARARN SR SR EFEE NS SN B BAE RRER N RS SR SR SRR DRSS REEF RIS R R I T SRR R DS

LR 2 B =

LDS
LDA
STA
STA
LDA
STA
STA
LDA
STA
LDA
STA
LDA
STA
STA
STA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
AND
LSR
LSR
LSR
ADD
STA
LDA
ADC
STA
LDX
LDX
LDA
STA
LDA
STA
STX
LDA
STA

PP PR

r b

BSTAKPT
#$00
CRA1L
CRBL
#5FF
DDRA1
DORB1
4504
CRB1
#$3C
CRAL
¥$00
CRAZ
CrB2
DDRA2
DDRB2
#$04
CRB2
#53C
CRA2
#3503
ACIAC
#3501
ACIAS
DDRB2
#330

#INDL
MEML
#INDH
#3500
MEM
MEM
0rX
#3593
PTMC2
#3500
PTMCY
PTMB
#3583
PTMC 2
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MICRO1

00099
00100
o010l
00102
00103
00104
00105
00106
00107
golcsa
00109
Qcl1o
00111
00112
00113
00114
00115
00116
00117
ool1s8
00119
00120
00121
oo0lz22
00123
00124
00125
00126
Gol127
ool2s
00129
aci30
00131
0qQ132
00133
0C134
0C135
0601356
Q0137
0cl3s
00139
0Cl40
0Clal
00142
00143
00l44
00145
00146
00147
00148
00149
gol50
00151
00152
00153

EQ&6F
EQ72
EQ74
EO7&
EQT9
EO7B
EQTD
EOTF
E082
EOB4
E0B6
goQss
E08R
EQ8D
EQBF
E091
E094
EQ%6
EQ98
EQ9A
EQ9D
EQ9F
EQAL
EQA3
EQAL

ELQ0
E100
€103
ELO05
E107
EloA

BD
81
26
BD
20
81
2é6
BD
20
81
26

20
81
26
BD
20
a1l
26
BD
20
81

26
80
20

B0
96
27

39

MOTOROLA M6B5AM CROSS—ASSMBLER PAGE 3

E18F
268
Qs
E100
F4
3F

E200
EB
23
05
E400
E2
25
as
ES00
D9
21

E6O0Q
oo
%1
cc
El98
c?

ElOB
10
03
Els B

bt R PR 2R RE s SRR PSRRI ER RS R AR E 2 EA L RS EL 2 S 2 R SRRt a2 A2 R e LR E ST

* *
» MAIN ROUTINE TQ CHECK FOR VARIOUS COMMANDS E,2:#13: +'A" *
* *

IAEFAEEER S S LR BHEER S AR AR FR AR EREEE RS PSSR AR SRR BT AR R SRR AR ER R FE R RN N
LOOKCO JSR GETONE  GET THE NEXT CHAR FROM NS WHEN SENT

CMP A #1826
BNE CKQM
JSR QDAY

BRA LOOKCO
CKQM CMP A #S$3F
BNE CKLB IF NOT ? THEN CHECK IF IT 1S #
JSR RONSND READ HP AND SEND RESULT TO N.STAR
B8RA LOOKCO '
CKLB CHP A #$23 CHECK IF CHAR EQUALS #
BNE CKREL IF NOT ®#" THEN CHECK IF RELAY COM =gv
JSR TIMER INITIALIZE V/F CARD & TIME IT
BRA LOOKCO
CKREL CMP A #3$25 CHECK IF IT IS A RELAY COMMAND
BNE CKvCa IF NOT RELAY THEN CHECK IF [T IS VCO CUM
JSR RELAY
8RA LOOKCe

CKVCO CHP A #$2l CHECK IF VCO COMMAND [E ™ v
BNE CADC IF NOT vCO COMMAND THEN CHECK IF ADC COM
JSR veo
8RA LOOKCO

CADC CMP A #8541 CHECK 1F A/D CONVERTER COMMAND. IE "A"
BNE LOOKCO
JSR ADC

BRA LOOKCO
SEEPEFEE DR SRR RN RRFER KSR ARSI R RN RE PR AR RSB ST RE N RN AT E TR F R RN

» *
* END aF MAIN ROUTINE *
x ]

BEEEEERE RR RV R W W kg e R e ke o i ol e e R o R e ok %

-

tEE R AR ERLES SRR ESFERI AR S PR SRS R ARSI EESEE S ES LR E I ERE EE
N
ODAT SUBRDUTINE - TO ACCEPT CHARACTERS FRCOM NoSTAR UNTIL $ *
CONVERT TO BINARY, AND SEND RESULT TO HP *
*
tRI SRR S PR E LR R PR R EE R RS R E TSRS R AL PR RS E R R Y R XA Y
ORG $E100
CDAT JSR NSREAD GET CHARS FROM Ne STAR UNTIL ngv
LDA A CP IF MOTHING SENT THEN EXIT
BEQ X0DAT
JSR STOHP SEND VALUE IN VALL & VALH TQO HP
XODAT RTS

*
%
*
*
*
-
*
*:
x
x
*
E
*

67



MICRO1

00154
00155
00156
00157
ool58
Qgl59
00160
00161
00162
00163
00164
00ls65
00166
00167
0cCles
04169
0Cl70
00171
o00lL72
00173
00174
00175
0Cl176
00177
agl7s
00179
gol80
00181
ociaz
ools3
aals4
oolas
gQls8e6
Qo187
oalss
oclae
0190
00191
ogis2
00193
Q0194
040195
QQl9e6
00197
ocles
00199
00200
00201
00202
00203
00204
00205
00206
gaz207
0c208

E108
E1CD
ELCQF
Elll

EL13

E115
E11T
Ell9
ELIA
E1lC
ELllF
El2l
E123
E125
E126
EL29
E128
EL2D
E12F
E130
E132
El34
El36
El39
E138
E13D
E13F
El4l
El42
El43
El44
El45
El47
El49
El4A
El4B
El4aC
El4D
E14E
E150
El52
E155
E157
E159
E158
E15D
E15F
Ele2

MOTOROLA M6BSAM CROSS-ASSMBLER PAGE &

1]1]
10

CF
ac
0D
08

CA
ELl8F
24
c8
30

0Q1Q
Fl
14
3B

oB
oD
QE
GooB
i0
o
28
EE

ocC
¢o

aC

QooB
EB
0OE
GF
QE
QF
Q00A
CA

Ee PR RS2 22 RS2 R 2R 222 R E R oS At R L E SR R R 2 s R R R SRR

] L ]
* NSREAD - SUBROUTINE TO READ N.STAR E CONVERT TO BINARY »
% THIS ROUTINE WILL RECEIVE ASCII DIGITS FROM THE N.STAR UNTIL A%WshH 3
* CONVERT TQ 16 BIT BINARY & STORE RESULY IN VALL & VALH. *
] *
NEREERE * FXSERXEBBF LR B EE IR R FEE REBE XS EXBRFERRE EREX SR XX BER R RS
NSREAD LDA A #5300

STA A Cp

STA A VALL

STA A VALH

STA A THMPL

STA A THPH

§TA A KNT

I'NC A

STA A MARK
LOOKC2 JSR GETONE GET THE NEXT CHAR FROM NS WHEN SENT

CMP A #324

8EQ CHECK IF ms$® THEN GET OQUT

SUB A #%30

PSH A

INC cp

BRA LOOKC2
CHECK LCA A CP

BEQ XNSRD
NEXT PUL A

LDA B KNT

BNE KNTPOS

STA A VaALL

INC KNT

LDA & CP

CMP A KNT

BEQ XNSRD

BRA NEXT
KNTPOS CLR B
X10 cLC

ASL A

ROL B

STA A TNPL

STA 8 TMPH

ASL A

ROL B

ASL A

ROL B

CLC

ADO A TMPL

ADC B TMPH

DEC KNT

BNE X1l0

ADD A VALL

ADC B VALH

STA A VALL

S5TA B VALH

INC MARK

LDA A MARK
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MICRC1

Q0209
Qo210
oo211
ooz12
00213
00214
00215
00216
00217
00218
00219
00220
00221
oc222
00223
00224
00225
00226
00227
00228
00229
0C230
00231
00232
00233
00234
Q0235
00236
QQ237
00238
00239
3C240
00241
00242
00243
00244
00245
00246
00247
00248
00249
goaso
0Qz251
0agas2
0Q253
04254
00255
90256
Q0257
Q0258
00259
00260
00261
00262
00263

Elé4
Elés
Eléd
E16A

El68
E16D
E170
EL72
E175
EL176
E1T7
EL7A
ELTC
ELTF
E182
E184
E186
£189
E188
E18E

EL 8F
El92
£193
E195
E198

E198
E198
E19E
E1AQ
E1A3
£l As
F1A8
ElAB
EL1AE
ElBl
E1B83
ElB4
€187

97
91
26
39

Bé
47
24

39

CE
DF
8D
CE
DF
CE
BD
B6

o8
Bé
AT

MOTOROLA M68SAM CROSS-ASSMBLER PAGE 5

0B
10
Cs

OF
2000
QF
2002

8000

FA
8001

BOFQ

Ele B
0050
QE

6000
El68
4000
d]s

4002
0g

STA A KNT

CMP A CP

BNE NEXT
XNSRD RTS
CRSSERRP AR FE SR BN RSB AR RR R R E PSR EEEE SR RR R AR SR RIS LRSS SR I AR IR S SRR S
* STOHP - SEND TO HP SUBROUTINE o
* THIS SUBROUTINE WILL SEND 2 BYTES STORED IN VALL & VALH TO »

# THE 16 BIT IN PORT OF HP -~ VALH TO HIGHER BYTE & VALL TO LOWER:e. *
FEBTRAS TS RE R ERENBEEE SRR SNBSS EX BB A BT SRR R IR R AR ERERE DR AR R RN R R

STOHP LLCA A VALL

STA A DDRAL

LDA A VALH

STA A DORB!Y

NOP

NoP

LDA A CRA2

AND A #$F7

STA A CRA2Z
LOOKC3 LDA A DDRB2

AND A #340 CHECK FOR FLAG FROM MULTIPROGRAMMER

BEQ LOOKC3

LDA A CRA2

ORA A #308

STA A CRA2 WHEN FOUND, RESET THE GATE
XSTOHP RTS
LR~ iE 2 PR E 2 o2 R 2 i Rt PR R R E R TR L TS TS P I P A E T R T ]
» »
* GETONE - SUBROUTINE TO GET 1 CHAR (IN REG A) FROM NS, WHEN SENT =
x »

Lad B PR AR it et fd e il i b et s et Rt PR e R SRR T T T P T
GETONE LDA A ACIAS

ASR A

acc GETONE  WAIT UNTIL A CHRACTER IS SENT

LDA A ACIARD  READ IT INTO REG A WHEN SENT
XGETON RTS
HERBEBXBAAR IR FEAS TS SRR RR BB R RS IR IR S RSN ISR AR AR AE AR R RR I EE AR RSN D ®
* *
* ADC - SUBROUTINE TC COLLECT 512 (1/2 K } SAMPLES AND *
* SEND THEM YO THE NORTH STAR. THE ADC CARD IS ASSUMED TO ¥
* BE I[N SLOT 405 OF THE MULTIPROGRAMMER *
* *
* *

H XXX BEFEEREEFEBRAE IR N EEFE AR IR R IRT IR L RS R AR EEFE RS AR R R E IR R KR A RN
ORG $E198
ADC LDX #$B0OF0 SEND CONTROL WORD %1111 0000 1011 000O",
STX VALL
JSR STQHP
LDX #$0050 ADC CARD IS IN SLOT 405
STX VALL
LOX #56000

ANEXT JSR STOHP ADDRESS S5LOT 5 WITH GATE SIGNAL
LDA A DORA2 GET THE SAMPLE
STA A 0.X STORE IT AT LOCATIONS 6000 CONWARDS
INX
LDA A DDRB2 GET THE UPPER BYTE OF THE SAMPLE
STA A D.X
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MICROL

00264
00265
00266
00267
00268
00269
00270
00271
0qQ272
00273
00274
00275
00276
00277
00278
00279
00280
00281
00282
00283
00284
00285
Q0286
0Q287
00288
0G289
gozgo0
Qg291
Q0292
00293
00294
00295
00296
0cC297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00208
00309
Q0310
Q0311
0Q312
00313
00314
00315
00316
00317
00318

ELB9
E1BA
E1BD

EL1BF
ElC2
EiC4
EACS
EiC7?
ELCS
EICA
ElCB
ELCD
ELCF
E10Q
E£1D2
ELDS
ElD8
ELDB
EL1DE
ELEO
ELlE3
ELES
E200

£200
E203
E206
E£209
E20C
E20D
E20E
E210
E2i2
E215

E216
E219
E21A
E21C
E21F
£220

o8
8c
26

CE
Ab
43
97
g8
Aé
43
84
97
o8
DF
CE
BD
BD
ap
DE
8c
26

CE
BD
BO

46
46
24
86
87
39

MOTOROLA M6BSAM CROSS-ASSMBLER PAGE &
INX
6400 CPX #%$6%00 COLLECT 512 SAMPLES IN ALL. IE 1K BYTES
EC BNE ANEXT
-
»
*
6000 LDX ¥3$6000 GET READY TO SEND THE SAMPLES TO NORTH STAR
a0 AAGAIN LDA A 0,X GET THE SAMPLE STORED 1N MEMORY
COM A TAKE 1'S COMPLEMENT OF THE LOMWER BYTE
co STA A 00
INX
00 LDA A Q,X GET THE HIGHER BYTE OF THE SAMPLE
COM A
OF AND A #%0F MASK QFF THE HIGHER 4 BITS
01 STA A 01
INX
i5 STX $15 SAVE THE SAMPLE POINTER
Q03F LDX #$003F
E4TE JSR TIMOUT WAIT FOR ACIA TO GET READY
E224 JSR WSEND SEND THE SAMPLE
E209 JSR LOOKC1 SEND A CARRIAGE RETURN
15 LOX $15
6400 CPX #56400
Do BNE AAGAIN REPEAT UNTIL ALL 512 SAMPLES ARE SENT
XADC RTS
ORG $E200
Lo 2o B2 R ER RS P E R IR LR EREEEE SRR T YT P P T T VL L ]
* »
* RONSND -~ READ AND SEND TO N.STAR SUBROUTINE *
* THIS ROUTINE WILL READ HP ADDRESSED PORT AND SEND THE CORRESP »
* DECIMAL VALUE -{IN ASCII[)- TO THE NORTH STAR FOLLOWED B8Y w“CR"™ *
¥ : ]
et t I e bt 22 o PR R ER SRR P E RS AR ST R E RS IR E LS EELEE PRI TR S Y B
0024 RDNSND LDX #50034 GET A DELAY COUNT
E4TE JSR TINOUT GIVE N.STAR HANEICAP 0OF 1/10 SEC
E21 6 JSR IDAT READ HP AND SEND TO N.STAR
8000 LOOKCLI LDA A ACIAS
ROR A
ROR A
F& acc LOGOKC1
(4]4] LBA R #30D
8001 STA A ACIAT
XRONSN RTS
Lo R o b2 B S b PR RS PR EEE RS ER LRSS R Y DR TR B R R R MY S R e
» ]
* ROUTINE YO READ 16 BITS OF HPy CONVERT 12 BIT BINARY 70O BCD TO *
* ASCIIy AND SEND IT SERJALLY TOD NORTH STAR *
¥ )
N XX SR ZEXEEDEDRF RS R E RN RSB S RIS X S F SRR R R RN ER R R G SRR E TR B Sy
4000 IDAT LDA A DDRA2 READ LOWER BYTE OF MULTIPROGRAMMER
coM A 1'S COMPLEMENT OF LOW BYTE
00 STA A SuBLO LOW BYTE OQF SUBTRAHEND
4002 LDA A DDRB2 READ UPPER BYTE OF MULTIPROGRAMMER
CoM A 145 COMPLEMENT OF HIGH BYTE
OF AND A ¥$OF MASK OFF UPPER 4 BITS
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MICRO1

04319
0Q3z20
00321
00322
00323
00324
00325
00326
00327
003za
00329
04330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00347
00348
00349
00350
00351
00352
00353
20354
00355
0€356
00357
00358
00359
00360
G0361
00362
00363
00364
00365
003 ¢4
00367
00348
003469
Q0370
00371
0p3ve
00373

E222
E224
€227
E229
E228B
22D
E22E
E22F
E£231
E233
E235
E237
E239
E23C
E23E
E240
E242
E245
E247
E249
E248
E24D
E24F
E251
E253
E255
E257
E259
E258
E25E
E260
E282
E264
E267
£269
E26B
E26D
E26F
E2T7L
E2T3
E2T5
E277
E279
E27C
E2TF
g2el
E283
E285
E288
E2BA
E28C
E28E
E290
E292
£293

MOTOROLA M&B5SAM CROSS-ASSMBLER PAGE 7
Cl STA A SUBHI HIGH BYTE OF SUBTRAHEND
00046 WSEND LDX ¥LS503
03 LDA A #s02
00 LDA B #3500
14} INC STA B 0,X CLEAR CURRENT DIGIT
INX
DEC A
FA BPL INC
E8 LDA A #$ES8
az STA A MINLO
03 LDA A #3503
03 STA A MINH! LOAD 1000 INTO MINUEND
E300 POS1 JSR SuBles BRANCH TO 16 B1T SUBTRACTION ROUTINE
04 LgA A NEG CHECK TQ SEE IF SUBTRACTION RESULT IS NEGATIVE
oc CAP A #3500
Qs BNE NEGR1
0006 INC LSD3
F2 BRA POS1
04 NEGRL LDA A SUBLOD RESULY WAS NEGATIVE, ADD 1000 BACK
E8 ADD A W#$EBR
00 STA A SUBLO
a1 LDA A SUBH!
a3 ADC A #s03
o1 STA A SUBHI
&4 LDA A #%64
02 STA A MINLO
ggo LDA A #s00
03 STA A MINHI LOAD 100 INTO MINUEND
E300 POS2 JSR SUB1é6 BRANCH 7O 16 BIT SUBTRACT ROUTINE
Q4 LOA A NEG
0o CMP A #300
05 BNE NEGR2
0007 INC Lsp2
F2 BRA POS2 RESULT WAS POSITIVE, GO SUBTRACT ANOTHER 100
64 NEGRZ LDA A #3064 RESULT WAS NEGATIVE, ADD 100 BACK
090 ADD A 5UBLG
oc STA A SuUBLOD
ol LDA A SUBHI
oo} ADC A #300
ol STA A SUBHI
DA LDA A #30A LCAD 10 INTO MINUEND
02 STA A MINLO
0go3 CLR MINHE
E3Q0 POS3 J SR suBlé BRANCH TD 16 BIT SUBTRACT ROUTINE
04 LDA A NEG
00 CMP A #500 CHECK TQ SEE IF THE RESULT WAS NEGATIVE
05 BNE NEGR3
QQ08 INC LS01
F2 BRA POSs3 RESULT WAS POSITIVE, SUBTRACT ANOTHER 10
ago NEGR2 LDA A SUBLC
oA ADD A #30A RESULT WAS MNEGATIVE, ADD 10 BACK
L] STA A LSD RESULT IS5 LSO
04 LDA B #3504
ASCII DEX
30 LDA A #8330
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Q0374 E295 AB 00 ADD A 04X BCD TO ASCII

00375 E29T7 A7 00 STA A O X

00376 E299 5A DEC 8

00377 E29A 26 Fé BNE ASCI1I

00378 E29C CE 0006 LDX #L5D3 GEY READY TO SEND IT BACK

Q0379 E29F C& 04 LDA B #3504

00380 E2A1 D7 08 STA B KNT INITALIZE COUNTER KNT

00381 E2A3 Aé 0O NEXT1 LDA A 0+X COMPARE THE CHARACTER WITH mQn

00382 E2AS 81 30 CMP A #%30

00383 E2A7 27 11 BEQ ZERO

00384 E2A9 F6 8000 LOOKC4 LDA B ACIAS READ ACIA STATUS REG

00385 E2AC 56 ROR B

Q0386 E2AD 56 ROR B

00387 E2AE 24 FS B$F LOOKC 4

00388 E2BO BT 8001 STA A ACIAT WRITE CHARACTER TO ACIA

00389 E283 08 INX

00390 E2B4 TA 0Q0B DEC KNT

00391 E28T7 26 11 BNE PATCH NO MORE ZEROS CAN BE SUPPRESSED

00392 EZ2B9 39 XIDAT RTS

00393 E2BA D& OB IERQ LDA B KNT

00394 E2BC C1 01 CMP B #s01

00395 E28BE 26 Q4 BNE NOT

0C396 E2CO0 86 3¢ LDA A #3530

0039T E2C2 20 ES BRA LOOKC 4

00398 E2C4 TA 000B NOT DEC KNT

04399 E2CT 08 INX

30400 E£2C8 20 D9 BRA NEXT1 LEROS STILL BEING SUPPRESSED

00401 E2CA A6 00 PATCH LDA A 0,X NC FURTHER ZERO SUPPRESSION

00402 E2CC 20 DB BRA LOOKC 4

00403 E2300 ORG $E300

00404 TERXEXXXXEFIRERER RN REEREFEE R R SRR R AT FF SRR R B RS S R TR R SRR BT RE R RS
60405 * *
00406 ® 16 BIT SUBTRACTION SUBRCUTINE *
Q0407 * *
00408 ERRREEBNRDEDERF R R B EKNER AR ENENES ARG R ER P H AR RIR DR AR E R AR ERB RN RE R R DR R
0C409 E300 96 03 SUBl6 LDA A MINHI

00410 E302 36 PSH A

00411 E303 96 02 LDA A MINLQ

00412 E305 36 PSH A PUT HIGH AND LOW BYTE OF MINUEND ON THE STACK
00413 E306 TF 0005 CLR CARRY

00414 E309 TF QCO4 CLR NEG

0C415 E30C 43 CCM A

0C416 E30D OC CLC

00417 E30FE 8B 01 ADD A #3501 THOS'S COMPLIMENT OF MINLO

00418 E310 24 03 BCC Ll

00419 E312 TC 0005 INC CARRY

00420 EA15 D6 03 L1 LDA B MINHI

00421 E317 53 COM B

00422 E318 0B 05 ADD 8 CARRY TWO'S COCMPLIMENT CF MINHI

00423 E31A 97 Q2 STA A MINLD

00424 E31C DT 03 STA B MINHI

00425 E31E TF 0005 CLR CARRY

004286 E321 OC cLC

DO0427T E322 96 QO LDA A SuBLO

0Q428 E324 S8 02 ADD A MINLO SUBTRACT THE LOW BYTES
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00429 E326 24 03 8CcC L2

00430 E328 7C 0GOS INC CARRY

00431 E328 D6 01 L2 LDA B SUBHI

00432 E320 DB 03 ADD B MINHWI SUBTRACT THE HIGH BYTES

00433 E32F DB 05 ADD B CARRY

00434 E331 97 0OC STA A S5uUBLO

00435 E333 D7 01 STA B SuBHI STORE THE RESULT

00436 E335 2A 03 BPL L3

00437 E337 73 0004 coM NEG SET NEG TO FF |F THE RESULT IS NEGATIVE

00438 E3I3A 32 L3 PUL A

00439 E33B 97 02 STA A MINLO

00440 £330 32 PUL A

00441 E33E 97 03 STA A MINHI RETRIEVE THE ORIGINAL MINUEND

00442 E340 39 X5UBl& RS

00443 E400 QRG $E40D

Q0444 XU ERBFEERB DB XSRS R R RE R RN R IEREEEEN BB BB SRR SRR BR R BNER G LS LR 5P &
00445 » *
00446 » ROUTINE TO MONITOR V/F CARD FOR SPECIFIED TIME AND READ IT  »
00447 » BACK, AND SEND THE RESULT BACK TO THE NORTH STAR »
00448 * *
00449 FEEIXEXEEERFETEE R R A BEP ER R R X ERBPAREEEF EE IR R B R SR PR VR R R R E RSB h R T S
00450 E4Q0 7F QOLé& TIMER CLR TYPE

00451 E4Q3 BD E18F JSR GETGNE  GET THE NEXT CHAR FRCM NS WHEN SENT

00452 E406 80 30 SUB A #$30 GET THE HEX EQUIVALENT

00453 E408 48 ASL A AND MULTIPLY IT BY 2

0C454 E409 CE ESEE Lox #CADD=-2  GET INTO X ADDRESS TO 1ST COUNT MINUS 2

00455 E4OC DF 14 STX TEMP

00456 E4DE 98 15 ADD A TEMP+1

00457 E410 97 15 STA A TEMP+1

0C458 * '

00459 E412 BD E18F JSR GETONE  GET THE NEXT CHAR FRCM NS WHEN SENT

0C460 E415 81 30 CNP A #$30 CHECK IF IT EQUALS ZERD

00481 E417 27 G4 BEQ ARND

00462 E419 86 20 LOA A 4320

00463 E41B 97 16 STA A TYPE

00464 E41D CE &OFO ARND  LDX #360F0  GET THE CONTROL WORD

00465 E420 DF QF STX VALL

00466 E422 80 E168B JSR STOHP SEND VALUE IN VALL & VALH TOD HP

00467 *

00468 E425 86 DO LDA A #3500 0D = 13 = SLOT ADDRESS FOR V/F CARD

00469 E&27 97 OF STA A VALH

QC470 E429 86 05 LDA A #4305 SEND A Q05 T0 V/F CARD

00471 E428 BD E47é JSR SEND

00472 »

DC473 E42E 86 01 LDA A #3501 SEND A Ol TO V/F CARD

00474 E430 BD E476 JSR SEND

Q0475 *

00476 E433 86 0% LDA A %309 SEND A 09 TO V/F CARD

00477 E435 BD E476 JSR SEND

00478 *

00479 E438 DE 14 LDX TEMP GET THE PCINTER TO THE COUNT

0C480 E43A EE 00O LDX 04% GET THE CCRRESPCONDING COUNT IN X

00481 E43C BD E4TE Jse TIMQUT

00482 * ,

00483 E43F C6 05 LDA B ¥305 7060 COUNTER TO BE READ 5 TIMES



HICRCL

0C484%
00485
QG486
00487
00488
00489
QC490
0C491
00492
00493
00494
00495
0C496
QC497
00493
0C499
00500
0C501
00502
00503
00504
00505
0Qs0e
00507
0€508
005909
0os10
00511
00512
00513
00514
0asls
0QS1e6
00517
00518
Qas19
00520
00521
00522
00523
00524
00525
Q40526
00527
Qo528
0Q529
00530
00531
00532
00532
00534
0gs53s
00536
00537
0(538

E4sl

E443
E445

E448
E44n

E44D
E450
E452

E455
€458
E45A

E45D
E460
E463
£465

E466
E469
E46C
E46E
E4TL
E473
€475

E4T&
E4T8
E474
E4TD

E4TE
E48Q
E481
E483
E484
E4 86

A
a7
aD
39

86
4A
26
09
26
39

MOTOROLA M&63SAM CROSS-ASSMBLER PAGE 10

oL
E47T6

QF
E4TS

ACFQ
0E

EleB
Qapo
Ele B
E46 6

001 4
DE

18
QE
Eled

50
FO

Fa

STA B TEMP
*
AGAIN LDA A #s0D SENO A 13 TO V/F CARD
JSR SEND
»
LCA A #$0OF
JSR SEND

LDX #3A0F0 SEND ISL AND SYE FOR READING
STX VALL
JSR STOHP SEND VALUE IN VALL & VALH TQO HP

LDx #30000 TG TRIGGER INPUT FROM V/F CARD
57X VALL
JSR STOHP SEND A S TD THE V/F SLOT

JSR READ
OEC TEMP
BNE AGAIN

XTIMER RTS
FERAFEAEXXR AR ARB RS L KR S R X AR AR IR XS R RSB A XL TR RE SRR IR KRR B RN AR SR RS

* +
* ROUTINE USED BY TIMER TO READ A BYTE FROM V/F CARD & SEND TQ NS *
* *
FRAREFFEPBIBERAREX S EXD XD SRS XX DR REE FE R AR R AR SRR AR R R RN LK AR RS SRk
READ  JSR RONSND  TIMEQUT, READ HP AND SEND TD NSTAR

LDOX #$60FQ

S5TX VALL

JS5R STOHP SEND VALUE IN VALL & VALH TO wpP

LOA A #s300

STA A VALH
XREAD RTS
bt - R EE PSRRI EE PR PR T RS PR FE YT FRGEEFE IR R AT BE RSNk kR K AN RS ¥
* *
* ROUTINE USED BY TIMER TO ACDRESS THE V/F SLGT *
* *

FEFAXEEEEREBEAEREEE R B RE SRR A E IR R AR AR R H A AR IR R AR AR TR RN KRS R FF R I Ay
SEND ORA A TYPE

STA A vaAlLL

J5R STOHP SEND A 5 TO THE V/F SLOT
XSEND RTS
FERIE AR S ER RIS XA AT I RN TR NI IR ARSI R FA SR NSRRI AR ISR RN A SRR A BE R SR &
* TIMER SUBROUTINE TO TIMECUT FOR 1/10, U, OR 10 SEC DEPENDING =*
* ON THE CONTENTS CF REG X *
* *

e B R R E R L el B e Ty
TIMOUT LDA A #$5D
BACK  DEC A
BNE BACK
DEX
BNE TIMOUT
XTIMau RTS
x

*
*

74



MICROL

00539
00540
00541
QC542
00543
00544
00545
00546
00547
00548
0C549
Qo550
Q0551
00552
0g552
00554
00555
00556
0Q557
ggssa
Q0559
0C560
00561
00562
00563
00564
00565
00566
0Qs567
00568
0C569
Q0570
00571
040572
00573
Q0574
00575
Q0576
Q0577
00578
0Cs79
Q0580
0c581
0gs82
00583
00584
ogsas
0dsae
00587
pos8s
0c589
0gs5s0
0C591
00392
00593

E5S00
ESQ0
ESD3
ESOS
E5Q7
E50A
E50C

ESOQE
E511
ESL3

E516
E5l8
E51A
ESLC
ESLE
ES520
E522
E525

ES27
E52A
gsa2c

ES2F
g532
E534
ES37
E534A
E500

E600
E&Q3
E605
E60T
E&08
E6Q9
£608
E&0D
E610

B0
8l
26
BD

DF

CE
OF
BD

DE

1
84
8A
97

20

CE
DOF
8D

CE
DF
an
BD
39

MOTOROLA M&685AM CROSS-ASSMBLER PAGE 11

E1BF
57
20
El0B

17

T0F O
QE
EleB

17
Q€
OF
OF
10
oF
Elég
13

AQFQ
0E
ElsB

cal 0
CE

Elen
E200Q

E108B
GE
Q3

B0

cqor9
£los

¥
FEELRF X ER BB REFEE X EREARNBRF PR DR R E DB R R F AT SRR R R TR A R TR IR AR ST E

RELAY
THIS ROUTINE WILL ESTABLISHIWRITE)

SUBROUTINE

BINARY, AND SENDS IT OUT ON SLOT A ([0001) OF HP INPUT PORT

TO READ:— FETCHES CONTENTS OF SLOT A OF HP AND SENDS 1T TO NS

LR ES B2 AR LR LR St R ot RS R LR Rt e R LR LR SR L )

DRG
RELAY JSR
cMP
BNE
J5R
LDX
STX

LDX
STX
JSR

LDX
STX
LDA
AND
ORA
STA
JSR
BRA

*

RDREL LDX
STX
JSR

LDX
STX
45K
JSR
XREL  RTS
arG

b

$E500
GETANE
#4857
RDREL
NSREAD
VALL
TVALL

HSTOFO
VALL
STOHP

TVALL
VALL
VALH
ESOF
#3510
VALH
STOHP
XREL

¥$AOFO
VALL
STOHP

¥$0010
VALL
STOHP
RONSND

$E60Q0

*
*
*
*= TO WRITE :— IT ACCEPTS NEW POSITION FROM N.STAR ,CONVERTS TO
*
*
*
*

GET THE NEXT CHAR FRCM NS WHEN SENT
IF CHARACTER IS NOT "W" THEN READ RELAY

ELSE GET NEW RELAY PCSITIONS FROM NS
SAVE THE RELAY POSITIONS FOR LATER USE
IF NOTHING SENT THEN OPEN ALL RELAYS
SEND DTE SYE ANC TME TO HP

SEND VALUE IN VALL & VALH TQ HP

GET THE SAVED RELAY POSITIONS

ATTACH SLOT A ADDRESS TO DATA

SEND VALUE IN VALL & VALH TO HP
DONE - 50 EXIT FRCM HERE

SEND ISL AND SYE TO TRIGGER HP FOR INPUT
SEND VALUE IN VALL & VALH TD HP
READ SLCT A (00Q1-CONTROLD

SEND VALUE IN VALL & VALH TC HP
READ RELAY AND SEND RESULT TO Nl.STAR

-0f= READ BACK RELAY POSITIONS

Y
*
»*
*
*
»
|
*

PR RS R SR AR R SRR E R IR R PR R RS RS R IR E RS2 R T EE B L

*

veao SUBROUTINE
* THIS SUBROUTINE WILL GET THE RANGE.
* FROM THE NORTH STAR AND OUTPUT CONTROL TO THE VCO CARD IN SLOT X

FREQUENCY,» AND AMPLITUDE

t
»
»

bt o B AL R 2L ERE SIS E PRt P R PR S R R R LR XSRS RS S R RS L 22 L L

VCo JSR
LDA
AND
ASL
ASL
ORA
STA
CLR
GETFRQ JSR

>3 >

NSREAD
VALL
#$03

#$BO
TYPE
FFLAG
NSREAD

PERFORM GET CHARACTERS SUBRQAUT INE
IF RANGE NOT BETWEEN 0 AND 3
THEN RETAIN ONLY THE LEAST 2 BITS

PCSITION RANGE AND COMBINE 1T WITH SLOT ADOR

SAVE 1T FOR LATER USE
FLAG INDICATING NO CHANGE [N FREQUENCY
GET THE MAGNITUDE OF FREQ IN BANARY

T5
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00594 Esl3 96 10 LOA A CP
00595 €615 26 03 BNE ARCUN IF NOTHING SENT THEN ASSUME
00596 E617 7C QCl9 INC FFLAG NO CHANGE IN FREQUENCY OF vCO
0C597 E6LA 96 OE AROUN LDA A VALL
040598 Ee&lC 97 17 STA A TVALL SAVE [T FCR NOW AND
00599 E61E BD EL10B GETAMP JSR NSREAD GET THE AMPLITUDE FROM NORTH STAR
00600 E621 96 10 LDAa A CP IF NOTHING SENT THEN
00601 E623 27 1F BEQ NOCHNG DC NOT CHANGE THE AMPLITUDE OF VCD OUTPUTY
00602 E&25 D& OF LOA B VALL SAVE ONLY LAST 8 BITS OF AMPLITUDE
00603 E627 37 PSH B ON STACK
00604 E&28 CE 60CF0 LOX #360F0 SEND SYE AND DTE TO WP
00605 E&62B DF OE STX VALL
00606 E62D BD €168 JSR STOHP SEND VALUE IN VALL & VALH TO HP
00607 * .
V0608 E&630 33 PUL B GET AMPLITUDE IN VALL
00609 E&31 02 NOP MAY REQUIRE A COM B HERE
00610 E&32 D7 CE STA B VALL
00611 E634 96 16 LDA A TYPE GET SLOT ADDRESS wWITH RANGE
0C61l2 E&3s 8A 01 ORA A #3501 MAKE WRUAMP) LOW
00613 E&38 57 OF STA A VALH
Q0614 E63A BD El6B JSR STCOHP SEND VALUE IN VALL & VALH TG HP
QC6l5 *
00éle E&3D 96 L& LDA A TYPE
0Cé61T E63IF 97 QF STA A VALH HOLD AMPLITUDE DATA
00618 Eés1 BD Eled JSR STOHP SEND VALUE IN VALL & VALH 70 HP
0Gs19 *
0C620 Eé&44 56 LS NOCHNG LOA A& FFLAG
00621 E6&46 26 1D BNE XvCOo [F NO CHANGE IN FRQ THEN QUIT
QG622 E648 CE &GFO LDX #%60F0
00623 E64B OF GFE STX VALL
00624 E64D BD EL6B JSR STOHP SEND VALUE IN VALL & vALH TO HP
0C&e25 *
00626 E&B0 96 17 LDA A TVALL GET THE GREQUENCY MAGNITUDE
QC627 EH52 43 CaM™ A
00628 E653 S7 CE STA A VALL
Q0629 E&55 96 16 LDA A TYPE GET SLOT ADDRESS ABD RANGEE
00630 E&57 8A 02 ORA A #$02 MAKE WR{FRQ) LOW
00631 E659 97 OF STA A VALH
00632 E6S5B BD E16B JSR STOHP SEND VALUE IN VALL & VALH TO HP
QCs33 *
0C634 EG5E 36 16 LOA A TYPE
00635 E660 97 OF STA A VALH HOLD FREQUENCY [DATA
00636 E6b62 BD ElsB J3R STOHP SEND VALUE IN VALL & VALK TQO HP
00637 E665 39 XVCO RTS
00638 E6FD ARG $EGFO
00639 E&FO 0288 cApp FO8 $0288
0C640 E&F2 1958 FOB $1958
00641 ELF4 FDTD FC8B $FDTD
00642 ETFE ORG $ETFE
0C643 ETFE EO FC8 $E0, 300
ETFF Q0
uCo44 END

SYMBOL TABLE
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3193 dWVL39
31%3 INOWIL
oy£3 9TUNSX
6VZ3 #2307
gez3l JNI
896132 Jav
4213 IX3IN
%803 aTNd
%000 93N
vooo NIVW
0008 JVIJV
1002 vyl

V193
aLy3
VEE]
€eves
%223
8613
gz13
9203
2000
a000
0000
2102

NNOYY
aN3sX

TLIX3N
ON3SH
NOL39X
ADI3IHD
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DINIW
ANY
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aze3 [
2673 1108V
9123 1val
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Z00% Z®daa
1100 LEL]

0093
S1%3
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5123
3813
9013
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0000
2000
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€993 0IAX
98%3 NOWILX

atr+3 ONHY
voeZ3 od37
L%23 THIIN
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2513 0IX
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V1040 10uW
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08+3 v
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gaoa
Q10
020
034
)
(ikaly)
0&0
a0
G300
090
0RO
0B
acno
oo
JEQ
oFn
100
rra
20
120
I<40
IS0
50
o
180
190
TRQ
IEY
ICo
rho
1EN
1FQ

APPENDIX 3

Listing of the Machine Code in 2716 EPROM

SF
2N
ac
<410
an
a7
nr

- EF

o
EBL
o2&
FF
FF
FF
FF
FF
El
e
¥
NE
SF
aD
/e
OF
nz
on
Erl
A7
oo
15
&4
FF

0on
n3
E7
oz
o8
12
b 2
|3 1.
210
ES
e
FF
FF
FF
FF
FF
GE
0F
na
Pl
g
A
S
BY
S
47
cE
an
He
CE
]
FF

17
86
20
26
01
S
o0
2€
EE
an
ED
FF
FF
FF
FF
FF
9P
i1
oD
48
0
R
=0
41
24
CE
05
By
0on
26
FF

an
FF
or
04
E7
EN
E?
6
21
&n
El
FF
FF
FF
FF
FF
g
g
S0
SP
59
XD
o7
Qg
er
FA
na
B&
+32

-l

DD
FF

09
B?
=] ]
E7
20
ag
R
as
:-_'
D=
SE
FF
FF
FF
FF
FF
=
=
25
NE
or
28
nE
0z
Fa
b
an
41
-
EL
39

FF

DN
2
an
%1
0o
gy
an
BL
o
=1
g I
FF
FF
FF
FF
FF
02
i
s
e
o
EE
=2y
nz
Ex
=0
nF
ng
]
E4
FF
FF

ng .

]
EP
[
Eri
a7
FF
El
ns
&y
ce
FF
FF
FF
FF
FF
EL
l_l‘j
0
0
one
YEB
1
E&

<1
or
HE
AP
R
FF
FF

2E
B’
1)
b ]
0
1. 1.
H
on
ED
FF
FF
FF
FF
FF
FF
El
uE
Tn
B
no
I:!E
40
nt
G
CE
0
a1
ED
FF
FF

78

0o
2n
ot
s
0E
IE
o
210
E4
05
FF
FF
FF
FF
FF
FF
G
40
20
36
48
o
S
ni
S
FF
&0
ng
o
E
FF
FF

J0
e
BV

C EVF

24
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F4
0o
ED
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FF
FF
a9
97
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0
)]
oF
29

S
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L 3
=
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0
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=0
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S
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€
S
ED
FF
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e
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41
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e
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o
o
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F
&R
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o
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SE
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=33
F
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EC
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ILLEGIBLE

THE FOLLOWING
DOCUMENT (S) IS
ILLEGIBLE DUE
TO THE
PRINTING ON
THE ORIGINAL
BEING CUT OFF

ILLEGIBLE



20
210
zen
230
240
2350
6l
2e0
280
290
=an
2B0
cCo
2ho
2ED
eFo
300
3ty
220
330
340

350

360
370
380
320
3AN
3BD
3CO
300
3EOQ

3F0

CE

=123

8¢
FA
26
03
a1
ot
D4
Ce
04
E?
86
FF
FF
PP
96
24
0s
s
39
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF

0o
oD
0F
86
s
57
o0
89
ar
0
D?
20
G0
FF
FF
FF
03
03
oc
57
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FP

s
E7
a7
Eg
o
or
=%
o
a1y
0
ne
or
20
FF
FF
FF
36
C
=1
on
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

ED
20
or
g

nn
85
a3
oy
cE
=58
HE
as
ES
FF
FF
FF
1
g
on
e
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF

E4
ar
CE
(P
s
&4
°C
at
s
30
o
R
7R
FF
FF
FF

R

0s
SE
ot
FF
FF
FF
FF
FF
FF
FF
FF
FF
PP
FF
FF

rE
a9
111
=1
20

oo
=1
i
HE
ar
0
on

FF.

FF
FF
Is
oz
=5
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

ED
E&
[z
b
Fz
nz
oy
A
o
]
Z0
(D=
DE
FF
FF
FF
b | o]
03
o
(1]
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

PO PO T o 0 RO OD e D 00 e T
=J T =N

i1 0 <

m
mm

a1
52
I
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

b R T Y O B M N B U

79

LI'es
(i}
0=
a3
oo
|
Fz
nz
=
an
Ir
1t
an
FF
FF
FF
us
IE
e
1]
FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF

bis
473
Ce
ED
2B
o
S
7F
Fg
aH
F&
a9
oo
FF
FF
FF
=

ns
an
<
PP
FF
FF
FF
FF
FFP
FF
FF
FP
FF
FF
FF

=JU)
a7
0
E3
ES
03
E4
an
9
26
g1
D&

HE

FF
FF
FF
o
o7

03

FF
FF
FF
FF
FF
FF

FF_

FF
FF
FF
FF
FF

oo
an
E?
g
=
ED
SE
az
o
FiE
on
0E
Qo
FF
FF
FF
i<t
ng
n&
oy
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

E1-]
E&
o
Qe
]
E3
nn
ED
&E
CE
S9&
cr
=41
FF
FF
FF
&3
oy
(B
nz
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FFP
FE

35
41
ne
N

His
1
27
ED
oR
an
bal
0y
IE
FF
FF
FF
ac
oz

LE

a2

FF
FF
PR
FF
FF
FF
FF
FF
FF
FF
FF
FF

o
ne
+H

or
Qe
oo
on
L&
o4
b=y =
FF
FF
FF
FF
=33
R
=
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

i}
an
DE
[
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF
FF
FF



400
410
420
430
$41)
4350
4&0
470
431
330
<A D
4R0
420
401
4EQ
4F 0
500
St0
520
S30
540
350
56&40
570
380
590
SAN
SEBO
SCQo
500
SEQ

SEQ.

ao
15

E

E
i
nE
ng
26
26
FF
FF
FF
FF
FF
FF
FF

DF
oF
10
FF
FF
FF
FF
FF
FE
FF
FF
PP
FF

FF

-]
EL
ED
la-]
14
ED
1«4
nnm
FI
FF
FF
FF
FF
FF
FF
FF

- P

nE
ED
LF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF_F

0 m
0w

- &E

0
)
=R
IE
QF
FF
FF
FF
FF
FF
FF
FF
a7
EYl
ED
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

" FF

a0
= T

DT 1 e B B0

[ G O ) bl b 00 G0

[hy)

oo

m
T

MmMumuUuTmm™
mTumTmmmT

2
&E
20
ET
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF

- =0

=0
iy
E+
E
£
EL
=H

FF
FF
FF
FF
FF
FF
FF
=1
LE
12
&
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

80

4
<
nF
DE
56
IF
(R
ch
FF
FF
FF
FF
FF
FF
FF
FF
Et
IF
HI
EZ
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

CE
=1
&5
r4
OF
nE
CE
g
FF
FF

FF

FF
FF
FF
FF
FF
i):
IE
Fu
o
FF
FF
FF
FF
FF
FF
FF
FFP
FF
FF
FF
FP

E&
20
e
EE
BED
ED
Ll
ED
FF
FF
FF
FF
FF
FF
FF
FF
IE
DF
a9
FF
FF
FF
FF
FF
FE
FF
FF
FF
FF
FF
FF

EE
a7
BI
(i
E<#
El
Fi
El
FF
FF
FF
FF
FF
FF
FF
FF
nE
oF
e
FF
FF
FF
FF
FF
FF

FF

FF
FF
FF
FF
FF
FF

DF
16
Ed
ED
P&
:
DF
&E
FF
FF
FF
FF
FF
FFP
FF
FF
UF
S
EID
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

14
CE
P&
E4
CE
ED
GE
29
FF
FF
FF
FF
FF
FF
FF
FF

<
nF
Et
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

SE
=0
=1~
rE
AD
E$
ETLl
SE
FF
FF
FF
FF
FF
FF
FF
FF

- CE

&
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

135
Fn
or
Ce
Fi
Et
aD
FF
FF
FF
FF
FF
FF
FF
FF
7
n
—E
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF



600

610
620
&30
640
6350
&80
570
&80
590
&R0
B0
&C0o
&D0
GBED
sF0
700
710
2o
730
P40
7S50
s0
770
720
720
7RO
7B0O

7C0o-

7D0
vEQ

7F0

BD

BD
0B
33

S
o7
FF

FF
FF
FF
PF
FF
FF
FF
D2
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
PP

Et
Et
96
D2
ED
17
oF
FF
FF
FF
FF
FF
FF
FF
FF
£a
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FFP
PP
FF

)3
OE
10
e
El
43
ED
FF
FF
FF
FF
FF
FP
FF
FP
15
19
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

e
e
27
0E
&6
37
El
FF
FF
FF
FF
FF
FF
FF
FF
S
58
FF
FF
FF
FF
FF
FF
PP
FF
FF
FF
FF
FF
FF
FF
FF

E

10
1P
I
28
e
GE
FF

FF
FF
FF
FP
FF
FF
FI
FD
FF
FF
FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF
FF

=1
pod
L&
s
s
39
FF
FF
FF
FF
FF
FF
FF
FF
it
D
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

03
03
DE
EF
1&
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF
FF

48
e
7
ot
1D
=
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
PP
FF
FF
FF
FF
FF

48
oo
CE
297
CE
oz
FF
FF
FF
FF
FFP
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FFP
FF
FF
FF

81

Sf
)
&0
P
=31
a7
FF
FF

FF
FF
FF
FP
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

E0
96
Fil
EI
Fo
nF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF
FP

o7
DE
IF
El
DF
ED
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF

FF

e
Sy
=
e
El
FF
FF

Fe
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF

FF
FF
FF
FF
FF
FF
FF
FF
FF

°F
17
ED
2
ED
=k
FF

FF
FF
FF
FF
FF
FF
FF
FP
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

oo
ED
EL
15
Et
S&
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
=

1S
El
&B
a7
]
1

FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
o



EECEEEE Ny

vl 2114 —mg_\u

EEEECE]
- tE

4

k

APPENDIX 4

AR

P

il

Schematic diagram of the M6802 Based Interface

e

L3 e : \Ww
L8] of ool 2 A
ML DEWIY BT ISR D -uum 5]
Mc6850 (8000) 3] | & 34l of of o falofulef | A3 .. e
v DLW L2 [ o 4 93887 LW R BN NN BTN L MMMM Mﬂr
T} r
£ #m mmmm_&am_ Mce821 (2000) eael 5O e !
13 l— uanpAM-w ¥ I 23 45 L 7B 9B RZIBHE LT BY o ..m_.ro L3, 40
ai=alive IEEEEERRLUCKERLG i
£e i _wﬂmeﬁ
L— L1 I 2 Ve in o -5 ﬁ: n.- s [ 7 m

2 e {8 e AL T || ) R e

+N4_nu..,|._|no.m.|l WP WKW NRN B2 M B 2y 1.%“ e |_||th &

o : .HB_&.“ :,. MC 6802 nwﬁ x e |
A2 o [Eions 3 A4S LIBORHEAMRE R TAD L :

218 uu.brl s n“. qau - ul =] 5 m....-c
Tl oy N EEEHEEEREERECREGECEN Sl P e
\Wnnt Gﬁ j 5 5 S el Dey

" "

\.-Hﬂ..u -..IBIJ ] IMWIHO \os
T8 ..—..-h”..“wr ~I — mmoﬂ . vmw.ﬂh! 0“
T daide ] [t
- Ll PR T B A - B BB o B

" B ol !Fi_ M3 L | PAS | 05 4
.uwwmmmhm.mh@nm,_wm s MCE3821 (4000) e
AL |38 Dol o
gabmsgooou 123434 F B9 0 Faaa.?auiak. e [0 oo,
CERECRCERES! et
TG | 1

™ 2 b At ; . [y

() .R:

82

i



APPENDIX 6

Schematic diagram of the Breadboard Cutput Card 69380CA
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APPENDIX 5

rd Input Card 69480A

-

Schematic diagram of the Brea
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APPENDIX 7

Timing diagram of the HP Multiprcgrammer I/0
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APPENDIX 8

Control Mode Signals of the HP Multiprogrammer

This SYSTEM ENABLE signal controls the output of the output
cards. It is used as a part of an initial turn-on procedure.
When the Multiprogrammer is first turned on (and before SYE is
programmed on) the output circuits of all output cards are dis-
abled, resistance output shorted, voltage outputs held at zero,
and digital outputs held in the open or zero state. This feature
protects the external system from potentially damaging outputs
from random states at system turn on. So, while the output
circuits are still disabled, each output card can be addressed
and loaded with data representing a set of initial conditions
before turning SYE on.

This DATA TRANSFER ENABLE mode applies to cards having either
external gate/flag capability or dual rank storage. It serves to
strobe data into external devices and is used for simultaneous
transfer of data from all cutput cards to the external system.
Data is gated only when DTE is turned on.

This TIMING MODE signal specifies whether or not the computer
data output will wait for the addressed output card to signal
ready for more data. This is done by controlling the Multi-
programmer flag.

This INPUT SELECT mode signal, when programmed on, enables the
Multiprogrammer return data lines (15 and 0 to 11} to carry

subsequently addressed input card data and card input request
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identification - IRQ (if applicable) - on bit 15. Also, for the
input cards that interface data from an external device to the
computer, ISL is used to individually activate a card for data
input operations with its external device.

This INTERRUPT ENABLE mode signal establishes the interrupt
search mode of operation, in which several input cards (having
interrupt capability) can interface asynchronously with the com-
puter. It can also be used to activate a group of input cards
(if a hardware option is installed on the card), thereby elimina-
ting the need for individually addressing input cards in the ISL

mode to activate them.

87



APPENDIX 9

VCO-DAC Interface Timing Diagram.
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APPENDIX 10

Connector Block Terminal Assigrments
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Command f

APPENDIX 11

ormats for the V/F, VCO, RELAY, A/D, and ISO cards

List of commands available to control communications with V/F,
VCO, RELAY, A/D and ISO cards are explained and illustrated here in
Appendix 11. Alternate procedure for programming these cards using only
"s" and "?" commands is given in Appendix 12.

A. V/E CARD COMMAND,

command

where

note

I1lustration 1:

PRINT#1 "#sV"

FOR L=0 TO 4

INPUT#1 DS

D(L)= (VAL(D$)-256-512*V)
NEXT L

s = 1, 2, or 3 corresponding to a time periocd of 1/10th
of a sec, 1 sec, or 10 seconds respectively, for
which the voltage or frequency (as determined by V)
will be monitored for measurement.

1 for Voltage measurement. (voltage source must be
connected between the correct pins on the
terminal block)

0 for Frequency measurement., (freq source must be
connected between the correct pins on the
terminal block)

<
it

The code following the command is essential as the 6802
will read back the counter on the V/F card and send the
5 bytes to the North Star at the end of the specified
period. Therefore if the code to accept these bytes does
not immediately follow this command then the count bytes
sent by the 6802 may be missed by the North Star.

100 PRINTH#1 "321"

200 FOR L=0 TO 3

250 INPUT#1, DS

300 D(L)=(VAL(DS$)-256-512)

4060 NEXT L

500 (C3=4025

600 V=(D(0)+D(1) *256+D(2) *256*256+D(3) *256 *256*256) /C3
700 V=INT((W.0005)*1000)/1000

800 PRINT "VOLTAGE =",V," VOLTS."

900 END

This program will measure voltage of the source at the
V/F voltage input terminals on terminal block, after
monitoring the voltage for 1 sec (s=2), and print out
the measured voltage. C3 1is the calibration factor
corresponding to voltage measurement for 1 second.
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Illustration 2:

1@
1l
122
124
193
43R
449
450
48
4713
483
481
58
493
435
433
Saa
Sl
SE
S4
S
86
Sa7
i@
el
S2m
D40
STa
S
ST
629
&40
£S5
&6
=yl
B35
848
a5
a6
B7@A
&om
232
293
532
By

ZE
|_‘j r

-]
SV

&

REM 90030 4036 0 M 2330 3 3530 T 36 e R S I 0 606 06396 R 30 3696 36 6 6 96 3 T I JE K9
REM * V/F PROGRAM TO MZMABURE VOL  OR FRERQUENCY ON ThHE V/F CF
REM # VERSION 3.2 WRITTEN EY N.FEZRMANDES.

REM #* DATE WRITTEN 1-26-83

REM 3359630698096 3 96 I 26036 K369 3 396 96066 T I 000 06 36 06636 6 362 36369 063 36 6 0 0
REM

DIM D(4)

INPUT "VOLTRBGE (V) 0OR FREGQUENCY (F) ",I%

IF RASC{(E%) =86 THEN (O=1! ELSE (O=@

GOsUE Sia

IF O=@ THEN PRINT " FREGQUENCY = ", ELSE PRINT "VOLTAGBE =
PRINT INT ((F+.@0a3) +1@@a) / 12ada,

IF D=2 THEN PRINT " KHZ. 8 ELBE PRINT M VOLTE.

INRUT "MORE MEQSUREMENTE?-VOLTAGE (VI ~FREGUENCY {F) ~MNONE (NI . "y
IF ASC(B%) =86 0OR ABC{E%)=7h THEM a4BA

EnD

RS 1] e e 3 6 3 36 T 3 6 e e 56 e e e B T O 26 T 3B e 06 2 R
Eides READ SUBROUTINE 7O READ THEZ MULTIPRROLGRMAMMER

AEMx¥  O=1 FOR VOLTAGE & D=0 FOR FRER-IS THE PARAMETER TO BE
Rz ot PASSED TO THE SUBRROUTINE.

REvex  VOLTAGE QR FREGUENCY I8 PASSED BACH THROULGH F...

RIS 1Y) 36 3 3 4 9 3 A 3 96 3630 T 3 HE U I I e 6 R JE 0 6 5 0 96 3 S I B I R e e e T SR I e K

RiZift
INFUT "1/71@TH OF A BEC (1) OR 1 S8EC (2) OR 1@ 8EC (3) ? ",RAd

IF RBC{(A%E) (49 OR ABCAF) 51 TRHEN 514

iF G=0 THEN A$=0&+"3" N Ca=399.21

I O=1 TricN Ad=A%+"1Y N C3=4E

IF ASC{A%I=49 THEN I[F 0=@ THEN C3=393.:21 =L8E CE=4@2
IF RBC(RE) =52 THEN IF 0O=@ THEN C3=33%3&.35 ELSE C3=4Ua5
IF ASCiA%)=51 THEN IF O=@ THEN C3=339325 ELBE CI=42250
REM

PRINT#1, "#", A%
FOR L= TO 4

INPUT#1, DS

D (L) =VAL (D$)

NEXT L

REM *%%% CHECK FOR FORMAT AND SEQUENCE ERARDRS  #x#
IF D{(4))=2"8+2"5%0 THEN PRINT "##SEQUENCE SHRGR#%"
FOR [=0 TO 3

IF DI AE"3+2"3+0 THEN PRINT "+ DATA FORMAT ZRSCR ==°
NEXT I

D@y = D) —(20p+S12d)

D(1) = D{1)—{2T6+312#0)

D) = D(2)—-{206+31=+#0)

RPOEY = DI = (256+31E*0)

FE{{D{@)+D (1) #236+D(2) #2T6#2T6+D{3) #2TE*ZTH #2358 /03D
RETURN
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o, YCO COMMAND FORMAT
command PRINT#1 "!rSEffSaaas”™

where

a number from 0 to 3 for ranges 0,1,2,3 respective-
ly. If r is any other value, then only the 2 least
significant bits of the resulting binary numper will
decide the range.,

fff= ASCII coded decimal number from 0 to 255, corres-

ponding to the relative frequency within the
selected range. fff = 0 is the lower end and fff =
255 is the upper end frequency of the range
selected by r. If £ff is outside the range then the
resulting binary number will be truncated to 8
bits, and used for relative frequency within that
range.

aaa= ASCII coded decimal number from 0 to 255 for the

Illustration:

100
110
120
130
140
150
160
170

relative amplitude of the VCO output (aaa=0 for min
and aaa=255 for max amplitude). The 8 bit truncated
result will be used if aaa is outside the range.

Delimiter for r, £ff, and aaa. The delimiters are
mandatory but r, £ff, and aaa are opticnal and if
omitted then that parameter will not be changed
from its previous wvalue.

The following program will output a waveform conti-
nuously varying in frequency from 0 to max. Try it
out and observe the wave form on the oscilloscope.

FOR R=0 TO 3

FOR F=0 TG 255

R$ = BIRS(R) \  R$=RS(2)+"$"
F$ = STR$(F) \ F3=F35(2)+"$"
PRINT#1, "!",RS,F$,"2555"

NEXT F

NEXT R

END
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Cs RELAY CARD CCMMAND,
command 1 PRINTE]1 "¢wdddds®

This command will clcse (W for write) the relays whose
positions are represented by 1's in the binary equiva-
lent of the decimal number dddd, and it must be in the
range 0 to 4095, If dddd is outside the range then the
12 bit truncated result will be used to represent the
relay positions.

command 2 PRINT#1 "$R*,DS$

This command will read (R for read) the current relay
settings. The result is obtained in D§ as an ASCII
coded decimal number whose binary equivalent indicates
the corresponding relay settings (l=closed, 0O=open).

illustration 1:

100 INPUT "GIVE THE DECIMAL NO TO CLOSE DESIRED RELAYS",N
200 NS=STRS$(N) \ NS=NS(2)+"s"

300 PRINT#1 "¢W", NS

400 END

This program will close the relays whose positions are
determined by the 1's in the binary equivalent of the
number N, and open the remaining relays. For eg if N=3
the the first 2 relays will be closed. This is con-
firmed by the first 2 bits on the HP multiprogrammer
panel being turned on. The fellowing program will il-
lustrate the command to read back the existing relay
settings. Therefore if executed immediately after exe-
cuting the above program then it should print out the
game number that was input to the first program.

Ililustration 2:
500 INPUT#L "3R",DS

600 PRINT " RELAY POSITIONS IN DECIMAL = ",D$
700 END
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Illustration 3:

1 2@
17@
18@
198
c@a

REM#*#% TITLE OF PROGRAM ~=-- RELAY1

REM %595 39 33 4 5096 96 336 0 0 e o 330 30 3 2 96 3 T 1 o 3 0 36 9 3 e B 336 3 I IS b % W W
REM #THIS PROGRAM WILL CONTROL THE RELAY OUTPUT/READEBACK CARD. =
REM #THE CQUTPUT RELAYS KifRl,K2AZ,...,.H12RA12 MAY BE TURNED ON IN®
REM +ANY QORDER. THE USER MAY SBET TRE OUTPUT PATTERN IN A BINARYH

212 REM *0R BASE 12 FORMAT. THE OUTRUT DATA WILL ALSO BE READ BACK. *

ez
230

PRI 30 0 e e 96 36 36 3 3 3096 H6 96 B b 63636 36 36 36 J0 6 96 36 36 96 36 9 96 96 36 6 5 9 0 20 A 9 B 6 e 36 3696 36 96 6 3 06 6
REM

432 DIM B(13)

20 INPUT "GIVE RELAY POSITIONS. IF IN BINARY, PRECEDE IT WITH %", H$
£4@ IF B$(1, 1)="%" THEN GOSUE &@0@ \REM *%CHECK FOR BINARY & FIX IT
£6@ IF VAL (B$))4Q035 OR VAL (B$) (3 THEN ARINT "DATA OUT OF RANGE."

665 IF VAL (E$))4@95 OR VAL (B$) (@ THEN 62@

£60 AS=STRS (VAL (B$))

6B@ AS=A$ (2) \REM #*REMOVE LEADING SPACE

702 PRINTH1, "#W", A%, "$"

71@ INPUTHL, "%R™, B$

820 D$=E$

832 PRINT "RELAY POSITION IN BASE TEN. = ", E$

840 GOSUE 6500 \REM *%CONVERT EF TO BINARY

870 FRINT “RELAY POSITION IN EINARY. = WV, B4

882 INPUT  “DO YOU WANT TO PLAY AROUND MORE (Y/N)*,D$

881 IF ASC(D%)=89 THEN B&z@

P2 END \REM ##END OF RROGRRAM**

BRATHA REM 35 5 e 33 4639 3336 3 b B 6 303 30 36 30 36 36 S 6 03 6 3 0 B 3 39 e 636 I S o U
62 REM = ROUTINE TO CONVERT BINARY STRING T3 A DECIMAL NUMBER =
EAIA REM W5 H6H J 533596 T 3P S B 6 B 2 T 96 56 S O B
BASY Re=RHB{2)\ T=Q \NREM *#REMOVE % MARKER

A6 FOR I=@0 TO LEN(E#)-1

ea7a IF BSLEN(RE) =T, LEN(BS) ~1)="1" THEN T=T+2"I

ENBE NEXT 1

B394 BH=5TR$ (T}

El12 BH=BE () \REM #*REMOVE LEADIME SPACE

alalt RETURN

otV ey T T TR R R R L X R Y R X X R AU
652 REM * ROUTINE TO CONVERT DECIMAL NUMBER TO A BHINARY STRING *
EEITE REM 53559 969 3 9 56 583 3 36 0 36 3 203 3 96 96 96 96 3 3606 2 06 30 B 46 96 36 36 3N I B 0 e e 96 366 3 B0 R NN
541 T=VAL (B%)

&£545 Be=""

6388 FOR I=11 TG 2 STEP -1

BT IF (2I) (=T THEN EB®=R&+"1"

5584 IF (&*I))T THEN &618

6392 =T 2]

&60D BOTO eE62G

gl Eg=R%+"H"

&o2a NEXT 1

£632 RSTURN
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D. COMMAND FORMAT FOR THE A/D CARD

Command  PRINTH#1,"A"
DIM D(512)
FOR L=1 TO 512
INPUT#1,DS
D(L)=VAL(DS)
NEXT L

This command will cause the M6802 to collect 512 samples of the
signal at the high speed Analog to Digital conversion card. These
samples are then sent to the North Star, in form of 12 bit binary
words. The code following the command receives the samples and stores
them in the array D.

illustration:

100 DIM D(512)

110 PRINT#1,"A"

120 FOR L=1 TO 512

130 INPUT#1,DS

140 D{L)=VAL(DS)

150 NEXT L

160 FOR I=1 TO 512

170 IF D{L) < 2048 THEN 180

180 D(L)=D(L)-4096 -

190 D(L)=D(L)*.005 \ REM ASSUME A RENGE OF + 10 VOLTS
200 PRINT L,"TH SAMPLE = ",D(L)," ",
210 NEXT L

220 END

The above program illustrates the use of the command to collect
512 samples through the fast A/D card, and the calculation of the
voltage value from the 12 bit binary word returned for each sample.
The sampling rate is 9120 samples per second. The user may choose to
receive only the required number of signals and ignore the rest. In
this case a dummy loop will be required to clear up the input port, as
shown below.

300 FOR L=l TO 10

310 INPUT#1,D$
320 NEXT L
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E. IS0 Card Programming

The Isolated Digital Input card can be read following the 3-step
procedure outlined below.

STEP 1.

100

STEP 2.
200

STEP 3.

300
310

Output a control word with ISL and SYE on. This configures
the Multiprogrammer for input mode.

PRINT#1, "&", "61600", "s$" \ REM CONTROL WORD "FOAQ" IN HEX

Address the slot holding the Isolated Digital input card.

PRINT#1, "&", "0", "§" \ REM CARD IS IN SLOT 400

Read back the data on the return data lines.

INPUT#1, "?",D$
D=VAL(DS)

D is now the equivalent decimal number which can be con-
verted to binary to give the state of the digital inputs.
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APPENDIX 12

Alternate Programming for the V/F, VCO, RELAY and A/D cards

A. ALTERNATE PROGRAMMING FOR V/F CARD

The V/F card can alternately be programmed for frequency measurement by
the following 8 step procedure. For Voltage measurement "32" has to be
added to all the output contrecl words. Here the card is assumed to be
in slot 413 (the slot address = "1101" in binary, "53248" in decimal).

STEP 1.

100
150

STEP 2.

200
250

STEP 3.

300
350

STEP 4.

400

450

STEP 5.

500
550

send a "5" (decimal 53248+5) to the card using the following

code, This enables the scan counter and sets the counter
50 it can be cleared with the next set of data.

PRINT#1,"&","61536","$" \REM SEND CONTROL WORD<"F060" (HEX)
PRINT#1, "&","53253","$" \REMSEND5 TOSLOT413(IE 53248+5)

Send a "1" (decimal 53248+1) to the card.
This resets the scan counter.

PRINT#1,"&","61536","$" \REM SEND CONTROL WORD-"F060" (HEX)
PRINT#1, "&","53249","$" \REMSEND1 TOSLOT413 (IE 53248+1)

Send a "9" (decimal 53248+9) to the card.

This lets the pulses be counted at the freguency input.
PRINT#1,"s","61536","$" \REM SEND CONTROL WORD="F060" (HEX)
PRINT#1, "&","53257","$" \REMSEND 9TOSLOT413{IE 53248+9)
Wait for a specified period of time for the counter-to count.
FOR L=0 TO 1000

NEXT L

Send a "13" (decimal 53248+13) to the card.

This latches the data from the counter so it may be read out.

PRINT#1,"&","61536","$" \REM SEND CONTROL WORD="F060" (HEX)
PRINT#1,"s","53261","$" \REMSEND13 TOSLOT 413 (53248+13)
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STEP 6.

600

650

STEP 7.

700

710
720

STEP 8.

Send a "15" (decimal 53248+15) to the card.
This enables the counter output so chat the data may be read.

PRINT#1,"&","61536","s" \REM SEND CONTROL WORD="F060" (HEX)
PRINT#1,"&","53263","S" \REM SEND 15 TO SLOT 413 (53248+15)

Send contrcl word for input to the V/F card. Gate the input
card and read data. Bit 8 will be "1", indicating scan not
finished. Bit 9 will be "0", indicating frequency input is
onBits 10 & 11 tied low. Subtract 256 from this value to
getthe 8 bit value. If voltage input is on then 512 also
needs to be subtracted.

PRINT#1,"&","61600","S" \REM SEND INPUT CONTROL WORD'FOAQ"

INPUT#1, "?",D$
D(I} = VAL(DS) - 256

Fepeat steps 5 through 7, 5 times. At the fifth time Bit 8
will be zero indicating that the scan is over.
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B. ALTERNATE PROGRAMMING FOR THE VCO CARD,

The VCO card can alternately be programmed to produce a desired wave-
form by following the 5 Step procedure outlined below. Here the VCO
card is assumed to be placed in slot 411 (K) (ie the slot address =
"1011" in binary, "45056" in decimal).

STEP 1. Set bits 10 and 12 depending on the range selected.

100 INPUT "RANGE ? (0,1,2, or 3) ",R

150 R=INT(R)

160 IF R=1 THEN R=1024 \ REM Set Bit 10 =1 Bit 11 =0
170 IF R=2 THEN R=2048 \ REM Set Bit 10 = 0 Bit 11 = 1
180 IF R=3 THEN R=3072 \ REM Set Bit 10 = 1 Bit 11 =1

STEP 2. Accept the AMPLITUDE from the user and send it to the HP,
200 INPCT "GIVE AMPLITUDE ? (0 TO 256) ",A
210 A=INT(A)
220 PRINT#1,"&","61536","S" \REM Output Control word "F0s0"
250 PRINT#1,"&",STRS(45056+256+R+A) ," 8"

STEP 3. Hold the AMPLITUDE data.
300 PRINT#1,"&","61536","S" \REM Output Control word "F060Q"
350 PRINT#1,"&",STRS(45056+R+A),"S"

STEP 4. Accept the FREQUENCY from the user and send it to the HP,

400 INPUT "GIVE FREQUENCY ? (0 TO 256) ",F
410 F=INT(F)
420 PRINT41,"s","61536","S" \REM Cutput Control word "F060"

450 PRINT#1,"&",STRS(45056+256+R+F)
STEP 5. Hold the FREQUENCY aqata.

500 PRINT#1,"&","61536","$" \REM Cutput Control word "F060"
550 PRINT#1,"&",STRS(=5056+F+4) 5"
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C. ALIERMNATE PROGRAMMING F'OR THE RELAY CARD

If the relay card is placed in any other slot, other than slot 401
(A), then the commands "¢W" and "$R" cannot be used to control the
relay card. In this case the user is required to follow the procedure
outlined below.

TO CLOSE THE REQUIRED RELAYS,

STEP 1. Accept the user data - a decimal number corresponding to the
required 12 bit Binary pattern (with a "1" for a closed
relay, and a "0" for an open relay).

100 INPUT#1, R
120 R=INT(R)

The user may be permitted to enter the binary pattern
itself, in which case, the program will have to convert the
binary number to a decimal number to be sent to the M6802,

STEP 2, Send the control word with DTE, SYE, and TME on, followed by
the corresponding data word with slot address.

200 PRINT#1,"&","61552","§"
210 PRINT#1,"&",STRS(R+4096) \REMRELAY CARDINSLOT 401, (4096)

TO EXAMINE THE RELAY STATUS.

STEP 1l. set the multiprogrammer for input mode by sending a control
word with ISL, and SYE on.

100 PRINT#1,"&","61600","S"
STEP 2. Trigger the multiprogrammer for input from slot 401 (A) by

an address word, and read the corresponding return data
word and examine it.

200 PRINT#1,"&","4096","$" \REM SLCT ADDRESS = 4096 (slot 401)
210 INPUT#1,"2?",D$
220 D=VAL(DS)

D is the decimal value of the corresponding Binary number
represinting the relay status ( "1" for a closed, and "0"
for a open relay.
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D. ALTERNATE PROGRAMMING FOR THE A/D CARD

If the A/D card is not placed in slot 405, then the command "A",
described in Appendix 11, cannot be used to measure voltage signals
through the A/D card, In this case the card will have to be addressed
directly, through BASIC, and the samples collected by following the
procedure outlined below, However, the rate of sampling, using this
procedure, will be very slow,

STEP 1. Send a control werd with 1SL, SYE, and TME on.

100 PRINT#1,"&","61616","S$" \ REM CONTROL WORD "FOBO" IN HEX

STEP 2. Serd the address word corresponding to the slct holding the
A/D card.

200 PRINT#1,"&","20480","$" \ REM ASSUME CARD IS IN SLOT 405

STEP 3. Read back the return data and convert the binary word to the
corresponding voltage value.

300 INPUT#1,"2",DS

310 D=VAL(DS)

320 IF D < 2048 THEN 340

330 D=D-40%6

340 D=D*.005 \REM ASSUMING THE RANGE SEITING IS +10V

D now represents the value of the signal, present at the A/D
card input at the time of sampling, in volts.
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APPENDIX 13

Automated Diagnostics Program Listing.

REM 3036 36 2 2 26506 36 363 20 36 3 9630 3 36 96 3 36 0 6 3 6 2 e e e e B 336 e B B e B e o
REM #*DIAGNOSTICE PROGRAM TO TEST FOR THE FROPER FUNCTIONING OFs=
REM *-THE RELAY CARD, THz V/F CARD, THE VCO CARD, 7T+E ADC CARD#=
REM *#AND THE IS0LATED DIGITAL INRUT CARD -. HEFORE EXNECUTING®*
REM #PROGRAM, THE DIAGNOSTIC MODULE mUST BE MCUNTZD ON THE *
REM #COMNECTOR BLOCH . s e nanssunmvoreancsunasannancnnacosnasnnnn®
RRESIE 3303 3 e ol 6 oM 3o e 0 00 3 e e e e e e 30 3 T 3 e e 0 B 0 0 O 06 6 36 36 0 e B
=248 Y DIM BH{13)
GOSUR 12¢a \ REM CLOSE RELAY 11
IF E =@ THEN Q@
PRINT "#%*%%% ARORTING DIAGNDSTICE ¥ 49
GOTO 3@
Q=1
GOSUER 2@ A REM MEASURE FREQUENCY FROM NOETH STAR
IF FY1.743 AND F(LL.765 THEN G07TC &5a
PRINT "FRER MEASURED BY V/F CRRD ",F, " KHZI I8 NOT OK"
PRINT "IT SHOULD HAVE BEEN BETWEEN 1.745 QMD 1,755 KHI®
GOT0 ie@
N=1224
GOSUER 1297
IF Er@ THEN GOTD 1&4
0=1
BOSUR S@@ad
iF FY3.6 AND F{(3.7 THEN Za&
PRINT "VOLTAGE MEASURED BY V/F CARD ", &, " WILTE I8 NOT OQu©
PRINT "IT SROLLD ~AVE BEEN BETREEN 3.6 AND 3.7 woLTme
G070 1Eem
RIS 6 B 0 26 3 636 56 96 36 9 96 J6 0 I 96 06 I e B 7 e e 3636 ST 6 0 T B e 6T B U 9 e K
REM # TESTING VCO - BINE (FREG & VOLLTS) AND 8O (FRED & VOLTE)*

PRI 0 e e e 3 B 0 6 8 O o e 0 36 6 e e e T B O e e e 3 e N e B A e 3
PRINTHL, " !Z24Z30%25T4¢ NOREM DUTIUT A WAVEFGRM Ix VIO
N=Z12 N REM CLEOSE R[RELAY 2
GOSUE 189
IF E=@ THEN 33@

PRINT "SHIPRING VYOI SINEWAVE FREQUENTY TEZoTY
GOTO 35@
Q=0 ‘ N REM VCO SIiNEWAYE FRECR TEST
GUSUBR 2@
IF Fy86.4 AND F{3&6.8 THEN 3312
RRINT "VYOO SIME WRAVE FREGUENCY IS5 bNOT 0K
PRINT "SHOULD BE ZCTWEZN B&.6 AND 86.8 KMZ FOR TWI8 TESTH
FRINT "IT QETUALLY I8 ", F, " Hezn
PRINT "CHECK DINAGNDSTIOCS COMNECTIONS OR THE VCI SARDM
RRINT "ekexe PROCEEDING WITH DIaGnOsTICS TR
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350
351
352
353
o4
260
361
37
372
274
376
78
G
421
Gz
AR4
426
43@
431
4417
G4
444
443
G446
548
v
451
452
453
454
G5
461
4T3
472
47n
476
478

N=2T6 NOREM REZLAY ~T 8 FOR Bing VOLTREER
GOSUR 102

IF E=@ THEN 38@
PRINT "SKIPRING VYCO SINEWAVE VOLTAGE T=sT
GOTQ 42@
O=1 N OREM VO SINEWAVE VOLTARGEEZ TESY
BOSUE @@
IF F>3.3 BRD F{3.6 THEN 42@
PRINT "VCO SlIniz WAVE VOLTAGE NOT OK*
PRINT "SHOULD Bz B=TWEEN 3.1 & 3.4 V. 1T 18 »,F, " wolLyg"
PRINT "CHECK DIAGMOSTICS COMNZCTIONS OR THz VOO CARDY

PRINT "#%xs%#% PROCEEDING WITH DIAGNOSTICS Rt
N=1z28 NOREM RELAY £ FOR BO waVE VOLTAGE
B0sUR 1280@

IF E=0 THEN 43@
PRINT "SKIPPING VCO EQUARLEWAVE FREGUZANDY TEST®
5070 43@
O=a NOREM VOO SCRUARE WRVE FRER TEST
EOSUR 2@
IF Fr86.4 AND F(86.9 THEN 43#
PRINT "VCD SOUARE WAVE FRIGUENCY I5 NOT OK"
PRINT "SHOULD BE BETWEEN Bo.b RND B86.8 HKRZI FOR THIs TEET!
PRINT "THE RCTUAL FREQUENCY I8 ", F, "  #HZ"
PRINT "CHECK DIAGNOSTICS CONNELTIONS OGR TkE VCO CARD®

BRINT "wexx® AROCEED (NE WITH DISGANDBTICSE XK R
N=E4 NOREM RELAY 7 OFOR SGUARE VGLTREE

GOSUB 1288

IF E=@ TREN 460
FRINT "SXIPPING VOO SOUARE WAVE VOLTARRGD 1EsT o
s0TO S

=1 N ORE®M VCO S0

COSUB =99@

IF FYa.3 AND FLE.5 THEN S@d
SRINT "VCO SGUARE WAVE VOLLTHGE NOT oK
PRINT “SHOULD EBE BETWEEN 2.3 & 2.3 V. IT IS ", &, " VOLTE"
PRINT "CHECK DIAGNOSTICS CONNECTICNS (R THE VCO CARD®
PRINT “weekx PROCEEDING WITH DIAGBNOBTICS ETRTE
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SZD RSN 050 e 3 3o g N T 6 B WS U 3 T I I IR 0 U B 3 B 6 P 06 00 36NN

S@l1 REM = TEST THE FREQ DAC AND AM2 DAC QUTRUTS ¥
SRIE REM 4650305 36090 W 236 3050336 03 W0 3626096 36 36 9 30 20 2636 6 e e 0 e 26 0 B B e 230 6
Se2@ N=3Z
221 GOSUE 1294
Sz2z IF E=2 THEN S2@
S=4 PRINT "SKIPPING FREQG=-DACZ-~-QUTRUT TESTH
oRe GOTO 34
S53@ =1
531 GOSUB 223
S48 IF F*4.9 @anND F{GS.1 THEN SDa
S4& PRENT FREG-DAC QUTRUT IS NOT OMn
544 FRINT "SHOULD =2E BETWEZN 4.9 AND 5.1 ¥ FOR THIS TE8TH
S46 RRINT "CHECK DIAGNOSTICS CONNECTIONS OR THE VCO CARD®
S48 PRINT "eexEs PROCEEDING WiTH DIAGNOSTICE L 28 A
S5a N=i&
=51 GOSUE 109@
552 IF =@ THZN SE@
oZ=4 PRINT "QHIRRING AMP-DRAC-QUTPUT TESTY
305 EO7Ta 6D
S&R ECH
361 GOSUR Zpdad
o7a IF FY4.% AND F<S.1 THEN &R@
S7e PRINT M AMp-DAC SUTRUT IS NOT OR™
374 PRINT "SHOULD BE BETWEEM 4.9 AND 5.1 ¥V FOR THIZ TEsT"
576 PRINT "CHECH DIAGNOSTICS CONMNECTIONS OR THE VCO CARD®
578 BRINT "%%#%x AROCEEDING WITH DIAGBNOETICS e
G REN 345 3 e 30 33 336 e B o 36 36 6 T T B T I e e 3 9 T e 3 e e e 2 e O R
6@l REM * TEST ALL THE 12 ISCLATED DIGITAL INPUT RORTS *
S REM 5 505 365 263 06 236 6 et o 3066 B JE M H e M 36 e e 2 O I 36 6 e B e N B e e e N e oo e
&1a N=8
&5li GOSUR 1@g]
iz IF E=@ THEN &&82
6514 PRINT "WILL TRY AGAIN. IF IT FAILS I80 TEST TO BE SKIPPEDRY
&9 Nemdy
Bl BOsSUE 13Hd
BER IF E=0 TrHEIN &30
B4 PRINT "lWILL TRY AGRIN. IF I7T FRILS I80 TEBT 74 BE BHIRszDH
&3 N=1iZ
£31 GCSUER Qg
B3Z IF E=@ THEN 641
634 PRINT Y"IGNDRE TrHE ABOVE MESSAGZ. ... [T CNLY MEANS THAT
836 PRINT " RELAYS 3 AND/OR 2 HAVE FATLED. SMIPRING Ish TEzsTH
638 PRINT '"®xx% OND PROCEEDING WITH FURTHER DIAGNOSTIOS %#xx!
633 BOTO T _
£54@ PRINT#1, "&elclis"
&41 PRINT®L, " &Qs"
4 INPUTH1, "2V, B
=$ac]ry B=VAl (B%)
51 IF B=4@35 THEN 7R
EER PRINT "ONE OR MORE OF ThE IS0 INPUTS INDICATED BY ZEROM: Y
e&e PRINT YIN THE FOLLOWING BIMARY WDORD, DO ONGT WORK ... =
&7 GOSUR IZ2aR
&EG PBRINT "#fwwdsnw ", HE, F AN 1
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TAD REM 3355 3905 5 3 33 H6 2 A6 9 3 03090 B 06 4636 T 16 5 3 0 160 e 3006 36 70 0 36 T P 6 90 4 26 36 96 3 96 20 00 36 6 6 36
721 REM * TEST THE ADC CARD BY MEASUREING 3 ¥ FROM AMP DAC QUTRUT +
TEE RENM %5550 5 350 5 5 3363 26 0 B 130 260 6 3 63 0 3636 0 96 36 36 96 3696 36 0036 6 6 3 0 6 5 6 0 6 B
7i@ N== ‘
711 FOSUE 19@a

712 IF E=@0 THziN 72

714 PRINT "SHIPPING THE DL TEST AND PROCEEDING"

716 BOTO 8w

7z PRINT#1, "&61584%"

721 PRINTH1, "&2Q4818% "

7= INPUTHL, "2, D%

73 D=YDi_ (DS} *, 2GS

74 I DY4.8 AND D{(5. 1 THEN D

735@ PRINMT " ADC CARD DOES mNOT MzAbBURE ACCURATELY M

76 PRINT " IT MEASURED ",D," VCGLTH FROM A SVOLTS INPUTY
77a FRINT "#%%%s® PROCEEDING WITH DIAGNOBTICS *
g3 REM

a1 N= 1

811 FOBUR 1aa
a1z IF E=@0 THEN 9082

Bz PRINT "RELAY @ . IS. THE 18T RELAY 1§ NOT OKY
830 PRINT Y s PROCZEDING WITH DIABNOSTICS fA
92@ REM

1 PRINT "(x##utk®e*END OF DIABONISTICS*X%#Exaxedn’

TABD REM  $X %530 R0 H R Tt Rt 6 A6 3 3 e M 56 0
1212 REM « ROUTINE TO TEST FOR THE PROFER FUNCTICMING OF R RELAY *
i22@ REM = AND TO CLOBE IT & OPEN ALL TTHER RELAYS *
LRTA REM 655536365 55036 3309646 906 1 K20 030 96 o 0 0 3656 369006 36 06 26 5 00 6 SR 3600 26
1240 £=a

1E5S N$=8TRS(N) N N% = N&(Z)

1d6@ PRINT#I,  "wW", Ns$, "s"

1@7@ INPUT#1, "4R",ES

1288 B=VAL (%)

122@ IF B=nN THEN 1170

Ligad PRINT "RzlLAY NO ", LOGI(NY/LCGB(z), " I8 NOT OA.

i1ia E=i

1178 REM

1188 RETLURN
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1i35@
Fedrdntr
c@diil
2@1E
£z
2R3
231
2R3
2234
2036
2038
=24
2a52
SReR
2ara
28R
2099
=12
S
X1 1R
302
IQ1d
3215
A2
2R3
324
S
Jae
378
S8
3A9a

REM
REM 3030 H e B -t ol e b 3 36 9696 3 W b B T e 2 T F U U e e A K
REM * THIS RDUTINE MEASURER VOLTAGBE (VOLT) OR FRIZIGUENCY (HMHZ)=x
REM * BORAMETER RASSED I5 O.. RESULT 15 PASSED BACK IN F %
REM 353500036 9530 36 3000 5 50 3 2030 3 e F 056 360 0 6 S 6 00696 36 36 2 P e
REM
C$= H #EIZI H
C3i=3992.5
IF 0= THEN 2842
Ce= "H21LM
Ci3= 425
FRINT®1,C%
FOR L= 70O 4

INPUTHL, D¢

DU = VAL D) - 256 - Ox51l2

NEXT L
F o= ({D@)+D (1) #2TE+D (2 #236X206+D (3) #25E#2TE#2EE) /03
RETURN

REM 2903365 963059065 3636 3006966 36 2 R 36K K006 S0 206 2 0 W0 X 3 026 N

REM + ROUTINE TO CONVERT A& DECIMAL NUMBER T4 A BINGORY BTRING =

REM 20300340 36363696 90K I T 16 3630 J646 36 606K J6 36 23 R R R
T=VAL. (B%)

BE=Ls+0 @Y
NMEXT 1
RETURM
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12

Zd

B@

el

B

&3

64

&6

7

123
132
143
150
182
192
b7
205
213
212
213
ElH
215
ey

225
230
2412
=T
o 24,
27a
8@
28T
341
345
39
355
262
37R
379
8¢
381
2399
LA
41
H213
L3Q
448
4350
H&1D

APPENDIX 14

Program listing for sampling and analyzing a signal.

RESM 2096305646 36 360U T 0 636 08 536 96 I 6T 0 0 36 06 3 T T 96 36 9696 9696 06 96 96 99696 96 9 96 I 6 96 36 46 96 96 6 0 %
REM = FREQUENCY ANALYIER *
REM # THIS PROGRAM COLLECTS SAMPLLES OF DATA FROM #*
REM # THE SIGNAL COMNECTED TO THE FAST A/D INPUT *
REM % AND TRANSFORMS IT INTO FREQUENCY SPACE.... ®
REM #* FOURIER TRANSFORM IS TAKENM 3@ POINTS OM EITHER SIDE *
REM * OF THE INPUT FREQUENCY.. WHICH MUST BE INPUT.svweas #
REM 495383 0 5 e e e e e T 0 36 T 3636 9 36 3 0 e T 06 6 0 36 360 3
PRINT "4 #FQURIER SPRECTRUM ANALYZER%*%!

PRINT "THE USER INPUTE THE NUMEER OF DATA POINTS TO BE TAHKEN"
BRINT "THE PROGRAM WILL THEN PLOT THE DATA AND ITS SRECTRUM ©
FRINT

INPUT "BIVE THE FREQUENCY OF THE INPUT SIGNALY,F1
INPUT "INPUT TERMINAL WIDTH: ",L

INPUT "NUMBER GF DATA POINTE: ", N
INPUT "INPUT SCALE FRCTOR: ", 1
iIF T {1 THEN 22@

Xi=2 \ X28=(N-1)/9128 N\ D=(X&=-Xi)/{(N-1}

REM 2363636 3 96 396 36 96 36 2 5k 3 96 J0 36 230 T 95 96 96 06 T N 3 B 35 96 96 36 96 36 36 B 36 0 6 3636 96 A M 0 16 RN NN
REM % CLEAR THE INPUT PORT IF REQUIRED, RBRY A DUMMY REZEAD *
RIEM #9636 253696 3 320335 36 3 6 216 36 3696 36 36 96 96 0 B 9 3 6 96 F6-96 S6 363 3696 96 J6 96 36 366 5 96 3 6 36 96 96 6 6 36
FOR I=1 70 12

INPUTHL, D%

NEXT I

PRINT "GRING TO COLLECT SAMPLES"

DiM DN

PRI

NT#:‘L, u[qn

FOR I=1 TO N
INPUTH#1,D%
D{I)=VAL{(DE}
NEXT I

FOR I=1 TQ N

IF

D(I) ¢{ 2@48 THEM 385

D) =D(1)-4@36

D(I}=D(I)#.0@05

NEXT I

B=0

REM 4698309020303 0 360 3606 3630 M 36 R0 A0 R KM H TR H R KR KR E KR HRHEREF
REM * SHIFT DATA VALUES TO NON NEGATIVE *
REM 3096963646 546 30 203 2 30 50 9636 304 0 3036 306 03660 60 76 36 5636 96 063696 90 06 36 46 36 36 36 36 36 00 606 06 00 3 38 56

FOR I=1 TGO N

IF ByD(I)y THEN B=D(I)
NEXT 1

FOR I=1 TO N
D(Iy=D{I)-B

NEXT 1

B=ARS (K
PRINTAPRINT\ERINT
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4€9
471
471
488
43@
S
S1e
a19
oR@
=fot
542
bt
o6
g7
oS80
=99
Bi@
ela
e2@
631
648
65312
EEQ
&7
E8a
&893
&30
891
72
722
7i@
7z
730
T4
758
7&@
770
7812
728
saa
az@
834
8e@
87a
g8
892
el
318
=@

REM R R s ol e S SRR Rttt s Ll L]
REM = FIND THE MAX. DATA VALUE *
REM 5 546953 2636 3 96 36 39 36 0 336 3 30 30 36 96 36 96 26 90 36 36 36 3 206 36 0 300 B 4 o B 6 56 36 6 9 36 56 HH 30 R
T=@

FOR I=1 TO N

IF T(D{I) THEN T=D(I)

NEXT 1

REM *

REM PLOT DATA

S=L/T

E=S+#E

PRINTAPRINT

PRINT " DATA PLOT (NORMARLIZED) "
PRINTAPRINT

PRINT "X1= " X1

GOSUB 119@

FOR I=1 TO N

IF S#D(1) {1 THEN GOTO A&

IF S#D(I) {1 THEN PRINT "%

IF S#D(I)y=1 THEN PRINT TRAB(S#*D{I)),"s"

IF S*B(1 THEN BOTO &&@

REM PRINT TAB(E),":"

NEXT I :

GOSUR 1201

PRINT "X2= ", X2 !

REM A e e R e e o e B e B e o o W e 3 e B S N e e e e N e 3 e 23 3 A e e e

REM * START FOURIER TRANSFORM *
REN 50050 5604 30 36 9650 3696 3006 5 3 006 R0 26066 6 6 0 30 0 e 0626 3360 36 360 06 2 2 2 M R S
DIm F{lae)

Wl=E%3. 14159%F 1-500Q0 \W2=2%3., 14139%F | +3022 \W3=1
FOR I=1 TOC 122 .
We=lWli+(I-1)%10@

Cl=2\El=u

FOR M=% TO N

X=X 1+ (M~1)%*D

G=i#X

Ci1=C1+D (M) *COE (G

S1=81+D (M) *5IN(B)

NEXT M

F{I)=SGRT(51#51+C1i%C1)*D

NEXT I

REM TRANSFORM DATA TABLE

PRINT " FREQH(RAD) mopuLugs”

PRINT " e —mmemee #

FOR I=1 TO 1&@

PRINT ™ Ty INTO(1R@@*W1+, 3) /1B@2+ (I-1)=1d@y, "
PRINT * Py INT(12@@F (1) +, 5) /1280,

NEXT I

PRINTARPRINT
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29

D

9351

94

358

g0

574

98@

330

1aie
taed
1832
124@
1252
1269
1279
128a
1a22
i@
1112
liza
113a
1148
1158
{ic@
117@
1180
119@
lz@d
1212
lzze
lza
124@

REM 300030 3 5 A5 0 0 13303696 B e e o 3 o 2 e e 96 6 1 9 3 6 96 36 36 3 S 9 5 b 6B 3 e

REM +* TRANSFORM RPLOT *
SN e 906 T 3 2 3 06 4 3 396 366 3 06 9 S 36 I 36 S 36 90 296 3 6 369 0 I 96 0 9 o I 2
PRINT " FREQUENCY PLOT (NORMALIZED)™

PRINTANPRINT

PRINT INT(l2R@xlki+,.3) /1028,

PRINT " RADIANS/SECOND ¥,
PRINT INT(SQ@#*W1/3. 141535+, 5) /102,
PRINT " HERTZ (CYCLES/SECOND)"
GOSUE 1200

T=@

FOR I={ TO 101

IF T(F(I) THEN T=F(I)

NEXT I

S=iL/T

FOR I=1 TO 1@2

IF S#F (1) (I THEN GOTQ 129@

IF S#F{1) {1 THEN PRINT "

IF S¥F(I)>=1 THEN PRINT TAB(S#F(I)~-.5), %"
REM PRINT ™. ", TAB{(L=1),"."

NEXT I

BOSUB 120

PRINT INT(1C@@%Wa+. 5) /1002,

PRINT " RADIANS/SECOND ™,

PRINT INT(SQO*WE/3. 141535+, 5) /1098,
PRINT " HERTZ (CYCLES/SECOND) ™

END

REM EORDER LINE PLOT

FOR I=1 7O L

BRINT "#v,

NEXT I

PRINT

RETURN
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ABSTRACT

A typical electronic laboratory experiment involves many manual
operations such as making/breaking interconnections, varying input
signals, recording input/output signals, processing and analyzing the
recorded data and so forth. These operations are extremely time con-
suming, highly prone to human error, and do not add to any useful
experience after the initial principles and the experimental set-up are
understood. To help overcome this problem an Automated Laboratory Test
System has been designed and built.

Each system consists of a HP Multiprogrammer model 6940B, a North
Star Horizon microcomputer, and an MC6802 based interface. The micro-
computer follows the RS232 standard for its I/O which is ASCII coded.
It is connected to the MC6802 based interface via a serial port. This
interface converts the ASCII coded serial data to Binary coded parallel
data required by the HP Multiprogrammer. The level translation, from
RS5232 to TTL and vice versa, is handled by MC1488 and MC1489 (sender-
/receiver) quad line drivers. Various input/output accessory cards are
provided on the HP Multiprogrammer to control the device under test.
The Voltage/Frequency measurement card and the Voltage Controlled
Oscillator card were designed and built by students. The remaining
three cards, the Relay card, the High Speed Analog to Digital Conver-
sion card and the Isolated Digital Inputs card, are factory built cards
for use with the HP Multiprogrammer system.

The MC6802 monitor progrém controls the communications between the

North Star and the HP Multiprogrammer. It has been designed to provide



simple and user friendly commands. to interact with each of the HP
Multiprogrammer cards directly from the user program in BASIC. It also
performs the ASCII to BCD and BCD to ASCII conversions.

This project involved the efforts of several students under the
quidance of Professor M. S. P. Lucas. The Author is responsible for
the new software, The High Speed A/D Converter card, and the Automated

Diagnostics feature,



