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SUMMARY

 

When BR's new Twin Otter aircraft was being fitted out for

geophysical surveying, an integrated system for acquisition of digital

data was developed. The system records information from one magnetic

channel, four gamma—ray spectrometer channels, and two Doppler navigation

channels in addition to altitude and fiducial numbers. Sampling rate is

one second except for magnetic data, which are sampled every 0.2 seconds.

The integrated system is built around a Hewlett—Packard 2114B

general—purpose digital computer, interfaced to a 16—channel digital

input multiplexer and magnetic tape recorder. A visible and permanent

analogue record of the input data is maintained by chart recorders, to

'enable the operator to monitor data quality and to assist later in

interpretation of the data. The chart drive motors can be run at five

fixed speeds or coupled to the Doppler signal so that chart speed is

proportional to ground speed. The Doppler signals Are also coupled to a

display unit which assists the pilot to follow the planned flight path.

-The system is extremely reliable, and error—free flights are

 

oommon .
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1. INTRODUCTION 

Towards the end of 1970 the Bureau of Mineral ReBol~ces (BMR) 

took delivery of a new geophysical survey aircraft, a twin Otter, VH-BMG. 

The aircraft replaced a DC} that had been used for regional aeromagnetic 

and radiometric surveys throughout Australia since 1954. One of the 

tasks in preparine the new aircraft for survey work was the installation 

of an integrated digital data acquisition system. This Record gives a 

brief description of the system and the results obtained in two years' 

use. 

Since 1960 the DC) had operated with digital data acquisition 

equipment that recorded magnetometer readings and fiducial timing 

information on punched paper tape. This equipment had evolved through 

several stages in t~e succeeding ye~s and had established a good record 

of reliability. The functions of the data acquisition system were 

controlled by a hardwired sequencer designeq and constructed by BMR and 

b~ilt into the aircraft timer unit. 

In the Twin Otter it was intended to reoord, in digital form, 

the geophysical and Doppler navigational data using one central acquisition 

system. As the Twin Otter was to carry more equipment than its predecessor, 

and also sample the magnetometer more frequently, a tenfold increase in 

d~ta output had to be accommodated. It was decided to build the system 

around a compact, but powerful, general-purpose digital computer, suitably 

interfaced to a digital input multiplexer and magnetic tape recorder, 

rather than use a hardwire controller. This choice allows the acquisition, 

checking, and recording of data to be controlled by a computer program, 

Which should be easy to produce and modif,y. It was expected that a 

computer-based system would prove more adaptable in the case of future 

addit~ons to the geophysical equipment carried. Also, if needed, different 

types of airborne survey qperation with different sets of equipment oould 

be accommodated merel~ by lo~ding a new computer program. Moreover, when 

not b~ing used in this role the computer could be used on other data 

processing or computational work. 

The initial intention was to have the necessary computer program 

written by a professional programming organization, working under contract 

to the BMR. While this arrangement was being organized a simple preliminary 

program was written in B~ to test some of the broad principles of system 

operation. By April 1971 it was apparent that the BMR program could be 

modified to meet t~e specification required by the proposed contract. 
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Consequently, the external,00ntract proposal was abandoned, and by May

1971 the upgraded BMB data acquisition program was ready for airborne

testing. This flight testing revealed no serious deficiencies, and the

BMR program has come through the two succeeding years of survey use with

only minor modification and additions.

A block diagram of the data acquisition system is displayed in

Plate 1. A simplified flowchart, showing the main decisions and actions

taken by the computer program, is displayed in Plate 2.

^2.^DATA INPUT

In the present configuration of the system the geophysical and

navigational data channels and their respective sampling rates are as

tabulated below:^•

Data channel^Sample rate^Data format 

Magnetometer (2 channels)^0.2 sec^5 BCD* digits

Gamma—ray spectrometer

Channel 1 (Total)^1 see^4 "
Channel 2 (K)^1 sec^4 "^“

Channel 3 (U)^ 1 sec^4 "^tt

Channel 4 (Th)^1 sec^4 "
Altitude^ 1 sec^3 tt^it

Doppler along track^1 sec^14 bit binary

Doppler cross track^1 sec^14 "^“

Fiducial number^1 sec^4 BCD digits
Flight number^1 per flight^3 "^H

*BCD — Binary Coded Decimal

All the above data channels are attached to the computer via

a 16—channel digital input multiplexer. Five of the 16 channels are not

required at present and are available for future growth.

As well as geophysical data the computer program requires certain

timing and control information. Every 0.2 seconds a signal from the timer

unit instructs the computer to take the readings required at that instant.

. Another timing signal, synchronized with the start of the 10—second

fiducial interval, allows data acquisition to start and stop in step with
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the fiducial system. A command to start of stop recording data on magnetic

tape is generated when the equipment operator presses a button at the start

or end of a survey line. Two additional logic signals control the

operation of the pilot's Doppler position indicators as described in detail

in section 4.

These auxiliary data inputs enter the computer via a 16 —bit

input—output interface.

The timing of the 'read' commands is arranged so that the

digital outputs from the instruments have settled to a steady state when

the computer takes 4 reading. The computer responds to a 'read' command,

which has the highest internal priority, in less than 10 microseconds.

This fast response eliminates any possiblity of 'parallax errors' between

geophysical roadings and the fidueial timing system.

ANALOGUE CHART RECORDER OUTPUT

incoming readings on all geophysical data channels are passed by

the computer to the digital—to—analogue multiplexer. The resultant d.c.

voltage analogues of the data are recorded on chart recorders, giving a

visible and permanent record of the information input to the system. The

charts are used to evaluate data quality during and after the survey flight

and also for later interpretation of the geophysical information.

On a survey mission the chart records are the only monitor of

data quality. The operator has to maintain a watch on the charts and, in

the event of serious degradation of data quality, decide whether to

abandon the flight. This procedure is simple and flexible and, provided

the operator makes an intelligent assessment of the situation, works well.

It in unlikely that any attempt will be made in the future to involve the
computer in a significant real—time data validation role.

Zero and full—span outputs are displayed on the chart reoorders

automatically at the end of a survey line to allow the checking of
recorder calibration. Reoorder calibration outputs can be manually

initiated by the operator, during intervals when data are not being

recorded, by setting bit 1 on the computer switch register.

The paper drive on the chart recorders has two modes of operation.

In TIME mode five fixed speed ranges from 0.6 cm/min to 12 cm/min are

available. In DOPPLER mode the chart drive stepper motors are driven at a

rate proportional to aircraft ground speed. Five switchable ranges
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provide chart scales from 1:500 000 to 1:25 000. For DOPPLE~ mode 

operation the computer produces a control voltage on one channel of the 

digital-to-analogue multiplexer. This voltage, derived from along-track 

velocity, regulates the frequency of a voltage-controlled oscillator, 

which in turn governs the speed of the chart drive. 

DOPPLER NAVIGATION 

The Marconi AD560 Doppler navigation system installed in VH-HMG 

is essentially an analogue device. The standard equipment provides a 

digital readout of distances along and across track, in nautical miles, 

I 
I 
I 
I 
II 
I 
I using a system of mechanical oounters. Survey use requires a method of 

converting the Doppler co-ordinates to electronic digital form, with a 

much higher resolution. This is ~chieved by coupling a pair of commeroiallyll 

avail~ble synchro-to-digital converters, having a re~ing acouracy 

equivalent to a Doppler distanoe of approximately 3 cm, to the electrical 

signal lines that drive the standard Doppler displ~ counters. 

Tpe computer simultaneously maintains two Doppler co-ordinate 

systems. The Doppler data recorded on magnetic tape are referred to one 

fixed origin for the duration qf the survey flight. This origin can be 

set by the operator by flying the aircraft over some known reference point 

before starting the first survey line. If this procedure is not adopted 

and arbitrary origin is used, located at the point of commencement of the 

first survey line. Doppler position is recorded on magnetic tape every 

10 seconds, the least significant digit being equivalent to a distance of 

10 metres. 

The other Doppler co-ordinate system provides the aircraft 

pilot with accurate navigational data for aircraft guidance along the 

required survey path. This system which is entirely controlled by the 

pilot from the flight compartment, produces a readout of distance across 

track (in the format 00.00 km) and along track (in the format 000.0 km) 

on a display, which is updated every second. An across-track analogue 

voltage is also produced on one digital-to-analo~e converter channel. 

This signal is used to deflect the needle of a steering indicator on the 

pilot's instrument panel. Full-scale deflection of the needle to the left 

or right is equivalent to an acroBs-track erroro! approximately 1 km. 

Two switches situated next to the Doppler display allow the pilot to tell 

the computer when to reset the Doppler distanoes to zero and when to 
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reverse the indication of left and right. The latter facility is

required to maintain the correct sense of the steering data irrespective

of whether the aircraft track is towards or away from the Doppler origin.

5.^MAGNETIC TAPE RECORDING

Data are accumulated in the memory of the computer to form

10—second blocks for recording on magnetic tape. This block size was

chosen mainly for compatibility with the 10—second fiducial timing system.

With blocks of this size, the total loss of a block in the event of

irrecoverable recording errors can be tolerated.

To simplify later processing of the field data tapes in a large—

scale computer system (currently CSIRO's CDC 3600 and CYBER 76 computers),

and also to lessen the dependence on a particular computer system, a

simple binary format was chosen for the field tape. All data are recorded

in the form of 2$-bit binary words, with 116 words per record. A checksum

word, being the arithmetic sum of all the data words in the block, is

appended to the record and is usedas a validity check when the record is

read by the field data processing programs. Records having oheoksum

errors are ignored. As error rates are very low it is generally not

necessary to manually recover data contained in bad blocks.

A ten—second data record occupies approximately 7.5 cm of tape.
A 1200—foot reel of tape would allow 13 hours of recording — double the

maximum flight endurance.

One of the prime advantages of the computer—controlled

acquisition system is the considerable amount of checking incorporated in

the magnetic tape recording phase of the operations. Two levels of

checking have been implemented. Firstly the Kennedy tape transport has

a read—after—write facility ('flux check') that allows certain types of

writing errors to be detected as writing takes place. On completion of

a write operation the 'flux check' will indioate if any errors were

detected in the recording Of that block of data.

When a 'flux check' error occurs, the computer rewrites the

data record on a new section of tape, leaving the incorrect record in situ.

Three such attempts are allowed before a data block is abandoned. The

computer notifies the operator of 'flux check errors by incrementing a

counter on the timer unit.

The second level of checking is done on a small sample of data

blocks, After a record has been written, with no 'flux check' error, the
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tape transport backspaces over the data record and reads the recorded

information back into the computer memory, where it is checked bit by bit

against the original version, still retained in the computer. If errors

are detected the record is rewritten as in the case of a 'flux check'

error. The check reading process is invoked from time to time by operator

action (Betting bit 0 of the computer switch register) but an option

allows for autowatic check reading at a predetermined sample rate.

6.^RESULTS AND CONCLUSIONS

Two serious problems appeared in the first few months of operation.

Both occur at infrequent intervals and affect the computer input/output

system. The more common trouble produced a condition where all computer-

controlled data transfers ceased. The other problem, almost as serious,

prevented the recording of data onto magnetic tape because the tape recorder

returned 'busy' status indefinitely to the computer. Small modifications

to the computer program allow the computer to recognize the symptoms of

both these problems and automatically re-initiate input/output with little

or no loss of data.

After these problems were cleared up the operation of the system

has been completely satisfactory. The reliability of individual system

sub-units has been exceptionally high. Magnetic tape has proved to be a

very reliable recording medium. A sample check on system performance

showed that only 12 records out of 27 000 contained timing or recording

errors. As this sample size is equivalent to the data produced in 75 hours
of survey flying, error-free flights are common.

A number of small improvements to the acquisition system are

currently planned. A light-weight thermal printer and keyboard has been

acquired and will be interfaced to the computer. This will provide greatly

increased communication and interaction between the system and the operator

during flight and also allow better checking and playback of recorded data

after a survey flight. It is also planned to increase the resolution of the

recorded Doppler co-ordinates by a factor of. 10 to give distances in metres.

This may improve the accuracy of line/tie cross-over positions extracted

from the Doppler data in the, course of data reduction.

It is expected that further changes will be made from time to

time as the system evolves and further experience accumulates.
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The choice of employing a software-controlled data acquisition 

system, based on a digital computer, has been vindicated by the results 

obtained. The major advantages this system offers over a hardware­

controlled system are: 

(a) The comprehensive checking of recorded data, making use 

of the 'flux oheok' facility and the backspace-and-read 

option. 

(b) The oonversion of data to fixed-length binary worda, and 

the inolusion of a oheoksum word when reoording on 

magnetio tape. 

(c) The availability of the oomputer for Doppler navigation 

oalculations. 

(d) The relative ease of making ohanges to the oontrolling 

software. 

The ourrent workload on the oomputer is very low; probably only 

one to two per cent of the available oomputer time is usefully spent. 

This unused oomputer time oould be used for background tasks, but at 

present there does not appear to be much scope for this line of development 

in the airoraft environment. 

Some disadvantages of this system are also apparent, mainly the 

h,igher initial cost and the large physical size and weight of the oomputer. 

~oth these disadvantages are likely to disappear in the future, as mini­

computers are rapidly becoming smaller and oheaper. 



APPENDIX 1 

TECHNICAL SPECIFICATIONS - DATA ACQUISITION EQUIPMENT

Digital computer

Make & model: Hewlett-Packard 2114B

Memory size:^8192 words

Word size:^16 bits

Cycle time:^2 microseconds

Digital input multiplexer

Make & model:^Hewlett-Packard 12566A

Number of channels: 16

Word size:^16 bits

Digital-to-analogue multiplexer

Make & model^Hewlett-Packard 12555

Number of channels: 16

Word size:^10 bits including sign bit

Output voltage:^-10 to +10 volts

Magnetic tape recorder

Make & model: Kennedy 1600, RH 7-track incremental

reoorder with 'flux check' option.

Recording:^NRZI mode at 200 bpi, even or odd

parity.

Writing rate: 500 characters per second.

Reading rate: 1000 characters per second.



APPENDIX

DATA ACQUISITION PROGRAM

ASSEMBLY LANGUAGE LISTING



PAGE 0002 01 *** AIREIORNE DATA ACQUISITION PROGRAM 22/6/73 ***

0002 00000^ NAM 8mGV2
0003***
0004* GEOPHYSICAL DATA ACQUISITION PROGRAM FOR HEWLETT-PACKARD 2114E3
0005* DIGITAL COMPUTER INSTALLED IN SURVEY AIRCRAFT vH-UmG
0006*
0007* SYSTE1 HARDWARE CONFIGURATION -
0008*
0009*^HP 2114B DIGITAL COMPUTER wITH E5K MEHORY
0010*^qMR AIRCRAFT TIMER NZA1
0011*. NP 16 CHANNEL DIGITAL INPUT MULTIPLEXER
0012*^MP 16 CHANNEL DIGITAL TO ANALOGUE OUTPUT MULTIPLEXER
0013*^KENNEDY 1,600 READ/WRITE INCREMENTAL^GNE-Tic TAPE RECORDER
0014*^LP 40 pIT OUTPUT. REGISTER
0015*^lb DIT INPUT/OUTPUT INTERFACE
0016*
0017* SIMPLE OUTLINE OF PROGRAM OPERATION
001 8 *
0019* THE MAIN PRoRGAm cONSISTS OF A LOOP THAT CONTINUALLY MONITORS THE
0020* CURRENT STATUS OF DATA ACQUISITION AND DATA OUTPUT ONTO MAGNETIC
0021* TAPE, IF THE AVAILI9ILITY OF DATA MEANS THAT WORK CAN BE DONE IN
0022* ONE OF THESE AREAS THAT JOB IS DONE, OTHERWISE CONTROL PASSES ON
0023* AROUND THE LOOP, NORMALLY THIS LOOP IS COMPLETED THOUSANDS OE
0024* TImES PER SECOND - THAT IS THE COMPUTER SPENDS A LARGE PART OF ITS
0025 0 TIME WAITING FOP WORK,
0026*
0027* THE TIMER INTERRUPTS THE MAIN PROGRAM EVERY 0,2 SECONDS. A SPECIAL
0028* SURROUTINE SEIZES CONTROL OF THE COMPUTER AND READS ALL REQUIRED
0029* DATA CHANNEL STORING THE READINGS IN THE INPUT 'OFFER, THE
0030* MAGNETOMETER IS ROAD 5 TIMES PER SECOND BUT ALL OTHER CHANNELS ARE
0031* SAmPLED ONCE PER SECOND. A SPECIAL COUNTER IS INCREMENTED
0032* INDICATING TO THE MAIN PROGRAM THAT READINGS ARE AVAILABLE,
0033* CONTROL THEN RETURNS TO THE MAIN PROGRAM AT THE POINT OF INTERRUPT
0034*
003 5 * A SHORT TIME AFTER A TIMER INTERRUPT HAS OCCURED THE MAIN PROGRAM
0036* WILL DETECT THAT MORE READINGS ARE WAITING. THE READINGS ARE
0037 0 TRANSFERRED TO A CYCLIC HOLDING BUFFER. THE PROGRAM HAS FOUR OF
0038* THESE BUFFERS WHICH ARE USED ON A CYCLIC, BASIS. EACH BUFFER HOLDS
00390 DATA ACQUIRED OVER A 10 SECOND FIDuCIAL PERIOD,
0040*
0041* AT THE SAME TIME MAGNETOmETER, GAMMA-RAY SPECTROMETER AND
0042* ALTIMETER READINGS ARE OUTPUT TO THE D/A CONVERTER PRODUCING
0043* VOLTAGE ANALOGUES OF THE GEOPHYSICAL DATA WHICH IS DISPLAYED ON
0044* CHART RECORDERS PROVIDING A USEFUL REcoRD AS WELL AS BEING A
0045* VISUAL MONITOR OF SYSTEM OPERATION. DOPPLER ALONG, AND CROSS TRACK
0046* COORDINATES ARE CALCULATED AND THE PILOTS DOPPLER DISPLAY IS
0047* UPDATED. DOPPLER POSITION AT THE START OF THE FIDuCUAL PERIOD IS
0048* STORED FOR INCLUSION ON THE MAGNETIC TAPE.
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0087* compuTER I/U SLOT ASSIGNMENTS
0088*
0089*
0090*
0091*
0092*
0093*
0094*
0095*

10^MICROCIRCUIT INTERFACE
11^INPUT MULTIPLEXER * NON INTERRUPT DEVICE
12^D/A MULTIPLEXER - NON INTERRUPT DEVICE
13^TELEPRIMTLR, UNIT REFERENCE 7
14^KENNEDY RECORDER, UNIT REFERENCE 10
15^PAPER TARE READER, UNIT REFFREMCE 11
16^40 BIT REOISTER - NON INTERRUPT DEVICE

PAGE 0003 01 *** AIRBORNE DATA ACQUISITION PROGRAM 22/6/73 ***

0051*
0052*
0053*
0054*
0055*
0056*
0057*
0058*
0059*
0060*
0061*
0062*
0063*
0064*
0065*
0066*
0067*
0068*

AT THE END OF A FIDUCIAL INTERVAL THE CURRENT CYCLIC BUFFER Is
FULL up AND IS FLAGGED FOR OUTPUT ONTO mAGNTIc TAPE. THE FLOW OF
INPUT DATA IS SWITCHED TO START FILLING THE NEXT BUFFER. THE
lAGNETIC TAPE OUTPUT ROUTINE NOTICES WHEN A FULL GYCLIC BUFFER IS
AvAILASLE AND COMMENCES THE PROCESS OF OUTPuTING THAT BLOCK OF
DATA (INTO TAPE, DATA SToRt D IN BCD FORmAT Is CONVERTED To 24 BIT
BINARY FORMAT AND TRANSFERRED TO THE MAGNETIC TARE OUTPUT BUFFER,
A CHECKSUM WORD USED FOR CHECKING ORIN° PROCESSING IN CANBERRA
IS ADDED An THE HLOCK OF DATA IS WRITTEN ONTO TAPE AS ONE RECORD,
ALL MT RECORDER OPERATIONS USE THE INTERRUPT SYSTEM,
ALLOWING PROCESSING To OVERLAP WITH INPUT/OUTPUT, WHEN THE WRITE
OPERATION IS COMPLETE THE STATUS OF THE KENNEDY RECORDER
FLUX-CHECK FACILITY IS USED To DETECT IF ANY ERRORS WERE MADE IN
WRITING THAT BLOCK, IF AN ERROR IS DETECTED ANOTHER ATTEMPT IS
MADE AT RECORDING THE BLOCK, THREE ATTEMPTS ARE ALLOWED BEFORE
THE BLOCK IS ABANDONNED, AS A FURTHER CHECK A RECORD CAN BE READ
[JACK INTO THE COMPUTER AND COMPARE D WITH THE ORIGINAL DATA,

MULTIPLEXER CHANNEL ASSIGNMENTS AND CHART RECORDER SENSITIVITIES0070*
0071*
0072*
0073*
0074*
0075*
0076*
0077*
0078*
0079*
008u*
0081'
0082*
0083'
0084*

CHANNEL^INPUT MULTIPLEXER

1 MOST SIGNIFICANT MAO DIGIT
2^LovqtR 4 MAG DIGITS
3^RADIO ALTIMETER
4^FIDUCIAL NUMBER
5^TOTAL COUNT
6^POTASSIUM COUNT
7^URANIUM COUNT
8^THORIUM COUNT
9^DOPPLER ALONG TRACK

10^DOPPLER CROSS TRACK
11^FLIGHT NUMBER

D/A MULTIPLEXER

MAG 250 GAMMAS FSD
MAO 500 GAMMAS FS[]
MAO 1000 GAMMAS FsD

ALTITUDE 500 METRES FSD
TOTAL COUNT 1000 FSD

K 250 COUNTS FSD
U 100 COUNTS FSD

TH 100 COUNTS FSD
- DOPPLER cRoSS TRACK DC
CHART SPEED CONTROL



PAGE 0004 01 *** AIRBORNE DATA ACOUIsIT1 0N PRoGRAm 22/6/73 ***

0098***** MAGNETIC TAPE FORMAT *****
0099*
0100* ALL RECoRDINu IS IN ODD PARITY, THE FIRST INFORMATION ON THE TAPE
Ot01* IS THE FLIGHT HEADER, THIS RECORD IS 80 CHARACTERS IN LENGTH AND
0102* CONTAINS THE FLIGHT NUMBER, SURVEY DATA IS RECORDED IN 460
0103* CHARACTER RECORDS, ONE RECORD IS PRODUCED EVERY 10 SECONDS, SURVEY
0104* LINES ARE SEPARATED BY END-OF-FILE REcoRDS aND THE FLIGHT IS
0105* CoNcLuDED BY 2 CONSECUTIVE EOF RECORDS
0106*
01.07* DATA RECORDS HAVE A SIMPLE BINARY FORMAT WITH ALL INFoRmATION
0108* CONTAINED IN 24 BIT BINARY WORDS, THE ORDER OF INO-DRmATIoN
01_09* A REC0R0 IS SET OUT BELOW,

011u*
OW*^WORD 1^BLOCK NUMBER
0112*^2^ATTEMPT NUMBER
0113*^3^DOPPLER ALONG TRACK
0114*^4^DOPPLER CROSS TRACK
0115 0

0116*^DATA FOR FIRST sEcoNn OF FIDUDIAL PERIOD
013.7*
0118*^5^ALTITUDE
0119*^6^FIDuCIAL NUMBER

0120*^7^TOTAL COUNT
0121*^8^POTASSIUM COUNT

0122*^9^URANIUM COUNT
0123*^10^THORIUM COUNT
0124*^11^MAGNETOMETER READING AT 0,0 SEc

Ot25*^12^MAGNETOMETER READING AT 0,2 SEC,
0126*^13^MAGNETOMETER READING AT 0,4 SEc

0127*^14^MAGNETOMETER READING AT 0,6 SEC
0128*^15^MAGNETOMETER READING AT 0,8 SEC

012 9 *
0130*^DATA FOR NEXT 9 SECONDS IN WoPDS 16-114 REPETITION OF
0131 0^SEMUENCE FOR FIRST SECOND
0132*
0133*^115^CHECKSUM WORD
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0136
^

ENT BmG1
0137
^

EXT ,10C,,DINIT,DoP00
0138
^

CON EuFIN(.200),RuFA(170),BUF8(170),BUFC(170)

0139
^

CON SUF0(170),EuFY(235),BUEZ(235)
01.40 00000 000000 8MG1 NOP
0141m
0142* RESET PROGRAM STARTING CONDITIONS
.0143*#*

1

1

0144 00001 107710 CLC McRIC CLEAR^micRociRculT^INTERFACE

0145 00002 102100 STF^0 TURN^ON^INTERRUPT^SYSTEM
0146 00003 016001x use^.loc, CLEAR SYSTEM
0147 90004 000000 OCT^0
0148***
0149*^SET^INPUT^ANu^OUTPUT^POINTERS^TO^THE^FIRST^CYCLIC BUFFER
0150*^SAD()^AND^GADD^CONTAIN^BUFFER^STARTING^ADDRESS,^P^AND^R

001* CONTAIN^ADDRESS oF^BUFFER STATUS^WORD,^P1^POINTS^To

0152*^STATUS^WORD OF THE^NEXT CYCLIC^BUFFER
0153***
0154 00005 0600148 LDA^POINT INITIALISE^CYCLIC^HOLDING^BuFEEp
0155 00006 0700268 STA GADD SET^INPUT BUFFER ADDRESS
0156 00007 0700278 STA SADO SET OUTPUT^BUJ-FIR^ADDRESS

0157 00010 002004 INA
0158 00011 0700208 sTA^P SET PuFFFP STATUS WORD^ADDRESS
0159 00012 0700228 STA^R•
0160 00013 042023R ADA^=D3
0161 00014 0700218 STA P1
0162 00015 002400 CLA
0i63 00016 0700028 STA^TAE*1 CLEAR BUFFER STATUS WORDS

0164 00017 0700058 STA^TAB*.4
0165 00020 0700108 STA^TAB*7

0166 00121 0700130 STA^1A8 4, 10
0167 00022 0700538. STA^LINE LINE ON FLAG
0168 00023 0700548 STA 04 LINE END^CHART^CAL IPPATE^FLAG
0169 00024 0700628 sTA^StLAG SHORT BLOCK^FLAG

0170 00025 0700638 STA^TOTAL INTERRUPT^DATA^INPUT^COUNTER

0171 00026 0700508 sTA CALI

01_72 00027 0700528 sTA CAL3
01 7 3 00030 0700668 STA^CALS..
0174 00031 002004 INA
0175 000$2 0700618 STA BEGIN
0176 00033 0700738 STA BouT1

0177 00034 0700718 STA BLOUT
0178 00035 063166R LDA^WRITA CLEAR MT^OUTPUT^ROUTINE
0179 00036 073164R STA^MIEN
000 00037 002400 CLA
0181 00040 0701038 STA mTFLG

0182 00041 0700748 STA mTFN2

0183 00042 063274R LDA READC
0184 000.43 003004 CmA,INA

11.85 00044 0700728 STA RONTR
0186 00045 016002X 4$8^DINIT INITIALISE^DOPPLER^ROUTINE
0187 00046 000053R DEE^•+5
0188 00047 0000328 DEF^K3

018 9 00050 0000538 DEF^.LINF •

0190 00051 0000358 DEE^INPUT
0191 00352 0017 4 6R DISPA DEF^DoATA
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PAGE 0006 01 .** AIRHORNE DATA ACQUISITlnN PROGRAM 22/6/73 .** 

0194*.* 
n195* EXAMI.NE SWrT~H PEUlSTER, IF ZERO, TAPE IS REWOU~D TO LOAD POINT 
0196* ~~AIJER RECOIW IS ~JRITTE:" .. THIS IS NORMAL STARTli~G PROCEDURE. 
o 1 9 7 • I F 13 I T 15 ISS E T TAP E: 1 S I'~ 0 T R E W 0 U N [) A "ll) N () H [ A I) E: t~ I S r~ r:= COR D ED. 
·H 98* rlol IS PRI)CEDlIRf 15 USED rOR REST ART I NG PROGRAM DlJR 1 NG II SURVEY 
019Q* F~IG.1T WITHOUT OVERWRITING PREVIOUS~V nECOROED oATA 
020U··* 
0201 OU053 10?501 
O?02 00054 006400 
0203 00055 106601 
0204 00056 052024~ 
O~OS 00057 026142R 
0206 00060 002003 
0207 _OOOb1 026064H 
0?08 00062 102000 
~209 OOQ~3 02¢053R 
0210 OOOh4 016001X 
021l 00065 O~D410 
0212 00066 102033 
0213 00067 OOOQOO 
O?14 00070 000000 
0215 00071 016001x 
0?16 00072 040010 
0217 00073 002020 
O~18 00014 026071 R 
0219 00075 103711 
022u 00016 062025R 
0221 00077 102611 
O~22 00100 102511 
0223 00101 001727 
0224 00102 070001 
0225 001Q3 012026H 
O?26 00104 0320~7R 
0227 00105 042030R 
0228 00106 073756R 
0229 Q~lg7 060001 
0230 00110 001700 
0231 00111 07QQ01 
0232 00112 0120~6R 
0233 00113 001727 
0?34 00114 070041~ 
023~ 00115 060001 
0236 OU116 001700 
0231 00117. 012u26H 
0238 00120 OJ0041~ 
O?39 00121 042031R 
0240 00122 073757R 

SWREll l..IA 1 
Cl,B 
OTB 1 
CPA =t~100000 

.• H1P AAl 
SZA,RSS 
JMP *+3 
HLT 0 
Jt1P SWREG 

REWMT JSB .IOC. 
OCT O~~041Q 
HLT 33B 
NOP 
NOP 
JSB .IOC. 
OCT 040!110 
SSA 
J~1P ... 3 
STC MPX,C 
LlJA ::l~2000 
OTA MPX 
LIA MPX 
AL.F,AL.F 
STA 1 
AND :U17 
lOR :ti26400 
ADA :H33 
5TA Flo-NO 
LoDA 1 
AI.F 
STA 1 
AtW :d17 
ALF,Al,.F 
STA TTl 
L.DA 1 
ALF 
AND :tj17 
lOR TTl 
ADA :Hl!;i433 
STA Fl.NO+1 

CLf.AR SW I'l'CH fiEG I SH:R 
IS RIT 15 O~ SwITCH PEG SET? 
YES CONTINUE R~CORDING 

I Ll.EGAL S~i ITCH fH::G r STER - SET 
CORRECTLv AND TOUCH RUN TO G( 

R E ~1 I ' J D M TAN 0 LOA D r 0 R WAR 0 T 0 
BEGINNING OF TAPE HARKER 

REQUEST RFJECTEU 

GET STATUS 

RFADV? 
NO - KEEP LOOPING 
STROPE DATA INTO MPX INPUTS 
SFLErT CHANNEL 11 

REAn rLIG~T NO. FROM THUMOWHFF 

ISOLATE fIRST DlGIT 
MERGF IN CHARACTER T 

ISOLATE T~IRU UIGIT 

ISOLATE SECOND UIGIT 

STORr~ IN LA[jt::L 



PA3E u0u7 01. *** ApitioRNE DATA AGOLJISITInN PRoGRAv 22/6/73 ***

0243***
0244* ELIUHT NUMBER
1245. CDC^7600^RCD,
1246* oF^THE REcORD
0247***

IS
THE
IS

PART^OF 60^CHARACTER HEADER^RECORD -^CODE^IS
FIRST^10^CHARACTERS^APE^rLIGHT^123.^THE^REST

BLANK^CHARACTERS,

024M 00123 016001X JSB wRITE^HEADER^RECORD^ON MT
0249 00124 020110 OCT^20110
0250 00125 102UC7 HLT^70 REQUEST^REJECTE0^Y^,IOC.

0251 00126 001753R BEE LABEL SOULC^NOT OCCUR
0252 00127 177660 0E0^-60
02 53 0 0 130 016001x JSB^,10C. GET^5.1TATU3
0254 00131 040019 OCT^040910
0255 00132 002020 SSA READY?^•
0256 00133 026130H JI1P^*-3 NO^- KEEP LOOPING
0257 00134 001323 PAR,RAR POSITION^'4RilE^ENABLE^NIT

0258 00135 000010 SLA TEST

0259 00136 102011 HLT^11p wRITr7,^ENALE^RING^tilSSING
0260 00117 091200 HAL POSITION^FLUX^CHECK^NIT

0261 00140 000010 SLA TEST
0262 00141 060.64R JriP^RF:WI1T WRITE ERROR^-^KEEP^TRYING
0263 00142 063745R AA1 LOA^AJSHI ESTOLISH^INTERRUPT^LINK

0264 00143 070010 STA^V,UR
0265 00144 103713 STC SET^CnNTRnt_^ON^UPIO^INTERFAcE

0266 00145 0262 77 R••^• AAA• THEN^ENTFd^HAIN^F'POHPAH^LOOP



1

PAlE 0008^91 *** ;iiHdciRNE DATA ACCWISITIrm PPT:CiPP 22/6/73 ***

0270***

1271! NOGESSrm FpR Tt R INTFRROPTS - TI FR SET FLAci 0 ,s1 MCP INTERFAC
1272* EVERY 0.2 SEC CAUsIHG InTwRuPT ROUT PIE TO PFAu 4No sTOPF DATA
0273***

0274^0 0 146 000000^IHTRR NoP^I.HTERUPT PRoCiS0R
0275 00147 0700 4 5H^STA sA•A
9276^09150'0740468^STE SAN,H1

ERA/ALS^
'2AvF REGISTERS

1277 00151 001520
0278 00152 102201SoC   0
9279 00153 002004 . IHA
128u 00154 070047U^.STA sAvLo
0281^0 0 155 1:J3711^SIC mrx,C^0UTPHT RFAU cOmmAND TO INPUT H
0282^09156 062276^LOA TIMF4^pE7)F- INTFHRuPT 1-AIL COUNTER
028,5 00157 072275R^sTA TIME
028 4 00160 102516L IA HcR^GFT M, STEY CoNTRrL iiATA
0265 00101 0013c0
02^ STA IPNT

^

86 00162 0 700351i^ sAvF
9287^01163092u2O^ Is THE 11 sECND^0H?
9288^00164 02-627.0^!Jt;15 STARE-4^yPS

^

.028 9 001.05 0600718^LA BLOOT
0290 00166 00203^SZA,RSS^APE PAD7; , OS To hE ACcEPTED?
0291 0016^ 4HF RLAD7 026224R^ YES

+0292^00170 06007ii:4^LoA FuliT1^1,1 SFC SNAL^UFFH HISSED
0293^00171 00"40^SZA IS MIIS
1294 001^ jmP Ri7TRN72 026261R^ NO - WAIT FOR 10 SEC SIGNAL

INA^YES - PP7 NO TTFHIS IS A 10 sEc
g:: 1. 70; 26E4^sTA 01)011^ITTFPRUPT ANP OuNTIHJE ON UT
0297 00175 0A9035H^LoA INPUT^WILY ONCE, NO FuFTHER rLOCKS
02 9 8^00176 032024R^IoR =t 1 10000u^UNTIL in SD, FOLSE'; SEEN
9299^00177 070035.H^STA I iPOT
030000200 092400^CLA

1030^0.0293. _0?6212^JMP BLCK+2
0102 00202 060071H STAREi LOA bLOOT^LAST 10 Sr-C PLOCI( COMPLETE
0303^09203 00200',^SL,
030 4^00204 026211R.^JfiP HLCK^YES
1105, 00205 002400^CLA^NO - SET sH0i-T tiLDCK FLAG
0106^00706 07006313^STA TuTAL
0307^00207 002094^INA
0308 00210 070062H^STA SFLAU

010 9^0 0 211 002400^[73LOP^CLA

^

-0310 00712 070073o^sTA HOUT1
1311^00^ sTA FLOUT213 07007,tH

)112 01214 060015b^LDA IPWFF^SET ADDRESS POIJ1ER T 0 STW"
0313^007;15 C7C01 6 H

^

11.11:4

^1;1F INTr.PPUFT i3uFFEr,
0114 00216 f262032H^LUA
0115^00117 '-, 700108^ SET 10 SEc TV INN CuUNTFR
0316 00220 003470^CCA
0317 0021 1 7 CU118^STA K2^SET 1 SEC TI N I NH COUNTER
0318^00222 clf003,5,^.L.DA^ Al START GE
0319^00223 .070064'c 1^STA STAT^10 SE^BLUCK Ai;L) SAVE



1

PAGE^0009^.01^*** AIRBORNE^DATA^ACOUIsITIoN PROGRAM^22/6/73^***

0322 0024034o. REAL)^ISZ^K2 IS^IT^A^1^SEC^INTERRUPT?
0323 00225^026242H jmp TsEC
0324 .00226^066033R LDB =H4 vF. S
0325 00227^062034H LOA^=0.8
0326 00230^070076d sTA ALOOP
0327 00231 106611 NCHAN 018 mPx SELECT MP x CHANNEL
0328 00232^0052n0 ROL ROTATE BIT^TO NEXT CHANNEL
0329 00233 102511 LIA^mPX READ SELECTED CHANNEL
0330 01234^17001(05 STA^INBLIF s i STORE^IN^INPUT^BUFFER
0331 00235^034016d ISZ^INBUF BUMP BUFFER ADDRESS
1332 00236 034076B ISZ^ALOOP
0333 00237^026231.4 jmP NCHAN BACK FOR AEXT^cHAN
0334 00240 06203513 LDA ;D-5
0335 00241^0700318 sTA^K2 RESET 1 SEC COUNTER
0336 00242^006404 TsEc^cLB,INB
0337
3380

00243 106611
00244^005200

°TB mpx
RBL

SELECT CHANNEL^1

0339 00245^112511 LIA^mPx READ MAGNETOMETER CHAN^1
0340 00246^17 .0016H sTA^INB0F 1 I STORE
0341 00247^03401('u IsZ^INBUF BumP ADDRESS
0342 00250^106611 OTB^mPx SELECT CHANNEL^2
0343 00251^102511 LIA^mPx READ mAG CHANNEL 2
0•44 .00252^17 .0010d STA^INBUF,I STORE
0345 00253 034016B IsZ^INBUF BUMP ADDRFSS
0346 00254^0340633 ISZ^TOTAL IqCREmENT DATA^INPUT^COUNTER
0347 00255^034030B ISZ^K1 50TH^INTE R RUPT^SINCE^10^SEC?
0348 00256 026261H JMP RETRN NO -^TAKE READINGS
0349 00257^002404 CLA,INA YES - SET FLAG^To^INDICATE^10
035U 00200^070071d STA ELM SEC^SIGNAL^EXPECTED^NEXT^TIME..
0351 00261 060036d RETHN LDA oTPUT GPIo svsTpm CONTROL OUTPUT
0352 00262.1)2410 OTA^MGR.
0353 00263^002400 cLA
0354 00264^070036H sTA^0TPUT
0355 00265^060047d LDA^sAvEu
0356 00266^10311. cLo
0357 00267^000036 SLADELA
0358 00270^10211. 514- .1 ^ 0^RESTORE^REGISTERS
0359 00271^060045u L0A• SAVA ^ A
0360 00272^0640468 LDB sAvB
0361 00273 103710 3Tc^mCR,C RESET CONTROL^ON GP^INTERFACE
1362 00274 126146R jmP^INTRH,1 RETURN^TO^INTERRUPTED PROGRAM
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o :5 6 5 .. T Fl F. F I S A V A R I A B L c \oJ H I r; H MUS T 8 cAD JUS TED \.! HEN d.H'·A}~-G 6s M~E t-" A n E 
o~r66*-E'F F'fC-r rim iAt: ff(s'lt;"loo~rYRE-QUfNcYbf-"THE--MA It~' PFWG'RAM. 
0367 00275 OOOO~O TIMtC NOP , 
a36a 00276 16000U TI~~F ~cf 160b~o 
0;:'69*** 
1~70* THE FOLLOWING SECTIUN OF THE PHOG~AM CHECKS IF DATA IS 
0371* WAITING IN THf INPUT BUFFtR. IF SO THE DATA IS TRANSFERRED 
031'2* l'-O"A C'YcCTc -HOLJ"fr~G"B·tJFFE·H··AN·n 'i\Csci -6ijTPUT10' Dii.· rOR CHART -
0373* RECORDER 
0314*** 
0375 00277 036275R AAA ISZ TIHEC 
0376 00300 026315H JMP INTQK 
0377 00301 10310Q C~F: .0 
0378 00302 016Q01X JSB .10C. 
0379 00303 000000 OCT 0 
0380 00304.002404 CLA,l~A 
0381 00305 0701018 STA GAPHf 
0382 00366 b63i66H LOA WHITA 
0383 00307 073164R STA MTFN 
0384"-0031006b036ff 'LOA OTP,(Tf 
0385 00311 032036H lOR :U2 
0386 00312'~'~63~~ ~TA btPUT 
0387 00313 102100 STF 0 
0388 00314 103710 'STC'MeR,c 
0389 00315 060062~ INTUK ~DA SFLAG 

JNTERRUPT FAIL COUNTER RUN DOWN? 
NO 
vE_S - T I HER I NT~RRUPT OVERDUE 
TURN ofF 'INTERRUPT SYSTEM ANn 

CL.EAR. IOc, 

R~S_ET . MT . OUTPUT ROUT 1 NE 
TO RE-WRiTE ANY PARiLV 

_ ,COJ1~L.ET.E.D. RECORD 

8~H~ ~RROR CQUNT~R 

TURN ON JNT~RRUPT SYSTEM 
A~rOSET CnNTROL ON MCR 

I ., .. g~:~ ~~~if '~~~'~~~H' .. - ...... ~~~ .. SHORT SHORT BLOCK? 
yES - PROcESS SHORT BLOCK 
NE~'hAtA-wAtiINd I~ IN~8T BUFFER -D392 . 00320 ~6]fi638' LDA TbTAL'--

I 0393 00321 0.02003 SZA,RSS 
. -. 0394 "00322---oi7i20Ff - . 'jMP Mfo NO -CONTtNlJE AROUND LOOP 

... -~ ~.;~ · .. ·Kb·~~~·--~·;~~i~~- .. -,,' , .... -~~~. ~ ~t!L:-··- .. · -'···~-3~·us i-OA fA ""'l N'pur-"'couN-r'ER 

I·· ~ ~:~ ~ ~~~~ .. ~,~~.~~~~ .... ",,-- -- ~'~:.,-~~~ IN, .... -,,--.. -S T A-RT OF to' SEC BL.OCK? 
0:599 00327 026425R JMP 8L.K2i NO, __ .. , ... I' ... 0"41 0 000 33 0 16'tYo'26H' .. _-.- 'CifA- Q'Aop';T-'" "y'ES' '';;'"GE''' "ADOR ESS OF NEXT 

'. ___ .... _ .. 0 ~ Q t .. Q.n ~ ~s 1. O,? 9.9. g ~ 8 __ . ___ .. __ .. _ . .§l~.J~ .. _ ........ ____ . _. __ ~_y'CJ.H; .. B.uff_E_R ______ . __ ...... _." ._ .. 
0402 00332 C72675H STA DOPAD SAVE DOPPLER STORAGE ADDRESS 

I~:~~. -6~~~'~~' ~;~,~~.~~ "- .. _.~,~~._.~~4 --.... -,' ..... ~K.I~ __ 9Y.~'£LP~tPEJ-.~R . $TQ~A_Ge 
0405 00335 070.0258 STA Q2 
0406 00.336 '003400" 'ceA" -- .. 

I 0" 0 '7 0. 0. 337 0. 7 0. 0:5 3 tJ S T A K4 .....s.El 1_ s..e..c._ .C.o..U.N .. l.t;.R. _ .. __ " ___ .. ' ....... . ... 
..... -... 0 -'0'8' · .. -tro·3·4 0 "-U6"21J~ O'R" .... -._ ... --··ClfA--;i·u .. ;r··-----·· - -- -

0409 0.0341 07o.056~ STA R~S6T SCINTO RE~ET COUNTER 
041'0' '003i42"'062032R I,;D'A . :;u~'O ....... -,-- ........ -., -- .. '-

I ... ~:gm:~ ~~}~ij~ . -m K3. _______ .§.§T. 19_ .~!=G _CO~~.TER 
I' -.. --- .. }:-f! ~'d~:~" ~ .. ~~ ~.~;~-.----.-- ... t6t-- ~~a~·~·, . __ ._~§..!._~.~.oglLJ .. ~ .e.~Q.GR.e~S J~AG." 

O~15 00347 0700178 STA !NBP2 INPUT BUFFER ADDRESS 
0416 -. 0035·0·-0·6(jt)'6-48· .. '-------i.]fA-S'~rffT ... - ".----.... ,,---- .' ---.- -- .. 

I 
I 



1

. r
PAGE^0011^01^. 41'4

0419^00351^000010
0420 -^00352^( 2 6407'
0421. _0003.06.003b

AIRuuRNE^DATA^ACQuISITInN^PROGRAM^22/6/73^*et'

SLA^IS^A^LINE^BEING^FLOWN?
JmP SLINE^YES
LDA^LINE^No^HAS LINE^JUST^ENDED?

.9422^00354^002002 SzA

. 0423 00355 026367R op ENDLI YES
-0424 00356 A-02501 LIA^1 GET SWITCH^REGISTER CONTENTS
0425 00357 . 0520378 CPA^=u.1 ALL^DITs^3ET?
0426 00360^002001 RSS

.0427 . 00361 . 026425R JmP NO
0428 00362 160022b LOA^R,I yES^-^END^THE^FLIGHT
9429 00363^002002 SZA WAIT^FOR^MT^OUTPUT^TO^END
0430 00364 026425R jmP BLK1 TWIN

•43.1 Q03(.15.102601_ CIA 1 CLEAR^SWITCH REGISTER
0432 00366^027373R JmP^ENDIT TERMINATE

-0433 00367^002404 EMDLI GLA,INA
0434 00370^0700548 'STA^LC SET^LINE END^CALIBRATE^FLAG

_0435 00371 003400 CcA SET OuFFE0^STATUS^TO^-1
0436 00372 •700208 STA^PoI To^WRITE-^EoF^AT^END^OF^LINE
AAP_ 00.37.3^.4020k1 15Z^P. MOVE POINTERS To NEXT BUFFER
0438 00374 1600208 LOA^PoI
043 9 00375 0700201 STA 0ADD
0440 00376^002004 INA
0441 00377^0700208 STA P
.0442 00400^0340218 ISZ^P1
0443 00401_1690210 P1o1
0444 00402^002004 INA
0445 00403^0700218 STA^B1
0446 00404^002410 CLA
0447 004 .05^0700538 STA^LINE REHOYE^LIRE ON FLAG
,0448 00406 026425R oP BLK1
A449 00407^160021H S LINe LOA^P1,I
0450 00410^002003 . SZA,RsS NEXT CYCLIC^BUFFER^FREE?
0451 00411 0264138 OP *+, 2
0452 00412^002404 CLA,INA No,^SET^A8oRT^FLAG
0453 00413^070040H STA owoRT
0454 00414^060053H LoA^LINE
.0455 00415 002002 SLA HAS^LINE^:JUST^STARTED?
0456 00416^026425R jmp 8LK1 NO
0457 00417^002404 CLA,INA
0458 00420^0700538 STA^LINE

1
1

0459*
0460* KENNEDY Is PRONE TO ERRORS ON FIRST WRITE AFTER A LONG PAUSE -
0461* THIS PROBLEM IS 0vERComE oy WRITING A OAP Tr7FORE STARTING LINE
0462*

^

,1 463 00421 0701018^STA GAPMT^SET NT GAP FLAG

^

-0464 00422 0600368^LDA OTPUT^MAGNETOMETER CALIBRATE AT START

^

0,465 . 00423.0320338^IoR =H4^•^OF LINE

^

0'1466 00424 070036H^•^STA OTPUT
0467 00425 . 0340338 84K1^ISZ K4^ONE ECON;) READING?

^0468 00426 02645OR^JMP t 2MAG^NO
^. 0469 00427 0620418^LDA =0=6
^0470 00430 0700348^STA K5



PAGE AIR8uRNE DATA ACQUISITION PROGRAM 22/6/73 ***

FFER

IsZ Q1

STA XSYN CROSS TRACK

0493 00455_1600178_ .^_OA INBF2.11.
0494 00456 003000^CMA

0495 _00.457_1700248^_ST4_01,1
111^0496 00460 0340178^Isz INBF2

II^04_97_0046.1 03.020^_IS? q_l____.

PAGE 0Di2 01 *** AIR8uRNE DATA ACQUISITION PROGRAM 22/6/73 ***0Di2 01^***

ll^
0476^00434^0340248
0477^0n435^0340348^ISZ K5
0478^00436^026431H^jmp oNE,0

li^0480^00440^0340178^1SZ^INBF2

I^

0482^00442 1600178
0483^00443^0340178^ISZ^INBF2
0484^00444^0701008^

LOA^INBF2,I

0485^00445^062035R^_LoA^.7.1).^.

0487^00447^0700658 _^.^STA^ONES

I

0489_00451_00300_0^_. _^_^SmA^. .^_

.0491^00453 0340178^IsLINBER

—0-44-2-^00454 0340248^ISZ 01
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P A Q E 00 l, 3 02 .. ... A I Ii" I) R I-J E D A T A A C ~ U I S IT I ~ H P R Ci G HAM 22/6/ 73 * .... 

oaDi."* 
0002.- FOLLOwliH.~ Sl:GTll1N c.;()rHROL~ nATA ULJTP!!T TO CI~ART REcuRDF.RS, THE 3 
1)t'I03. LEAST SIG~JlrlCArH .!JIGITS of EACrl nATA CHANNEL ARE CONVERTED TO 
OE'J04. BI'IARY Mm OUTPUT TO 11/1'1 CONVEkTb~. CHART Rr-CORDEI-(S ARF. ADJUSTED 
oeD 5 • T n 4. a 9 v !1 L T S F r. R f 1I L I. SPA N, CAll bRA T F. r A C I LIT Y I S PRO V to E D 
0006. ~1~ERE8Y ZERO AND FULL SCALE 1 S OUTPUT To AL.L RECOHDERS TO ALLOW 
Q El 0 ". A D ,J II S T PEN T S T n II E MAD E \., H l:. N !:i 1 T 1 0 F S W .1 T C H REG 1ST E HIS SET. A T 
oaoe* EN~ OF Li~t ZERO IS O~TPUT FOP 5 SEC rVLL SCALE FOR 5 SEC. 
OEl09 ••• 
0010 00462 
06111 00463 
oe12 00464 
OE)l:3 00465 
ae14 On4~6 
JEl15 ()0467 
Otl16 On470 
OEll? 00 4 71 
11018 00472 
;]019 Q047~ 

06120 00474 
0021 O()475 
OEl22 00476 
0623 00477 
(1624 00500 
a925 00501 
0026 00502 
!)027 00503 
r:U'28 005U4 
0029 00505 
oe30 On506 
Q~31 00507 
oe32 005:1.0 
OEl33 1)0511 

_ (Hl34 00512 
0035 005:1,3 
OEl3fl 00514 
O£l37 OO?15 
Otl38 00516 
1J~39 00517 
:)040 00520 
0041 00521 
JEl42 OOr;22 
0043 00523 
OEl44 005?4 
OEl45 :)0525 
om-46 00526 
0047 00527 
0048 00530 
rH149 00';31 
·)050 00532 
0051 00533 
0852 00534 

060053t3 
002002 
026556R 
O()0054~ 
0020C3 
O,~6477H 
OiJ24CO 
07(105 4 13 
~7(,050t:l 
0700528 
002004 
07(10~6U 

0265141-( 
0600661:1. 
0020;.J? 
026514H 
06003?~ 
O~203cH 
OJ2uCl 
026556;,( 
102'; 0 j, 
OIj~03~~ 
002001 
0265561-1 
0(124:)4 
070i)66t1 
O()Oo52H 
Oi)20~;'.' 
026535H 
0600SUIj 
002002 
O?65?6R 
0024:4 
070050!:i 
C62U4?H 
C70 u511::j 
034f)51tl 
C26533H 
002404 
C'70u521::j 
026?3~rl 
006400 
0265531-< 

CUCti 

CflCHO 

LDA Ll NE 
SZA 
JtlP L 1 Nl 
L.~A LtC _ 
SZA,PSS 
JIIP CdCll 
CLA 
STA 
STA 
STA 
INA 
STA 
JMP 
I .. [) A 
SZA 

Lt:C 
C IILl 
C/iL3 

CAL.S 
CHCHO 
CALS 

.J~lP CUCHO 
LIlA K·) 
CPA =iJ c 50 
RSS 
JrlP 
!. I A 
CPA 
RSS 

LIN1 
1 
=JJ2 

.Jr1p L L Nl 
r;LA, I r~A 
STA CALS 
LOA GAL3 
~ l. A" 
JHP CHCrt'; 
LLlA CAL" 
SZA 
J~1'" * +5 
r;l.A, I riA 
STA CAL1 
LnA =U .. 25 
STA C~L2 

ISZ t:AL? 
J~lp CdCHl 
CLA,I'~A 

;iTA Cl\L3 
.)rlP *+3 
CL.b 
JllP r. ALCH 

LI~E IN PROGRESS? 

yES 

L I '~F. um r A L I f:H? AT [; ? 

YFS 

SFT CALIA~ATE FLAG 

CAL P1 RAT F. IN PRO G f~ E S S? 

yES 

START OF 10 SEC 8LOCK? 

NO 
GET ~~JITC~~ RF.GISTER 
IS CALIOR~TE 81T SET? 

NQ 

S~T CALIBRAT~ FLAG 

o n F U L L SeA. L F PAR T ~l 0 W 
STAR? OF ~ALJGHATE CYCL~? 

NO 

SET :, SEc()~n CUUNTEH 
5 SFC UP? 

yES - START FULL SCALE CAL 

OUTPUT ZEfW ON ALL CHANNELS 



I 
II 
-I 
I 
I 
I 
I 
I 
I 
I ... 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAGF 0014 U2 ~.* AIRHORIJE DATA ACQUISITInN PROGRAM 22/6/73 *~~ 

O~55 - 00535 060032~ 
0656 00536 ~52032R 
Oe5? 00537 C0?oQl 
O~5B 00540 C26551~ 
~m59 00541 OU6400 
O~60 00 54 2 Q74050~ 
OD61 00543"C74052~ 
Oa62 00544 102501 
0063 00545 05203bH 
ae64 00546 026514K 
0065 00547 074066~ 
OQ66 00550 O~6556H 
0067 00551 C66043R 
na6A 00552 026553H 
O~69 00553 0620J7H CALCH 
0670 005~4 0167~4H 
oe71 00555 026665H 
0072**­

RSS 
JHP CllCHy 
CI.P. 
STb CALl 
SH3 CAL~~ 
LIA 1 
CPA =u2 
JMP C~CHU 
STS CALS 
JI1P LlNl 
L"llA =lJlOOO 
Jt1P CAL r, H 
LilA =iJ~l, 

JSB ,UTA 
JI-1P 8L,KFl 

START OF 10 SEC ALOCK? 

NO - CONTINUE CALIBRATE 
vrs - RES[T CALIBRATF ZERO 

IS CALIBRATE BIT STILL ON? 

yES - CONTINUE 
NO - CLEAR CALIBRATE FLAG 

OUTPUT FULL SCALE ON ALL PENS 

o El 73" (1 EO P H Y SIC A L U A T.\ (1 U T P l J T 1 UGH II H T f~ E en R 11 E R S :t * II- * 
0674*** 
0075 00556 060u65H LINl LilA Ot-ltS 

SZA,RSS 
."H1P MCHAR 
LilA Lf~D 

0076 00557 C0200J 
~077 00560 026643H 
O~7B· 00561 06275~H 
0079 00562 ~727?7H 
:') e 8 u 0 0 56 3 0 :54 05 /) b 
J081 00564 02657?H 
')08? (10565 C'D('4C'O 
0083 00566 072760R 
O~84 Ou567 ~72761H 
0085 00570 0727~2H 
008~ 0057i 07~763H 
0087 OO~7? 16CU25U 
J 0 8/j C 0573 O::i 4 IJ 2 r:; ti 
1ID8Q 00574 017011H 
109u 00575 G17U 4 2H 
0091 00576 OU70~4 
08 9 2 00577 046u 4 3H 
n093 00600 06?u?3H 
0894 00601 Qlb764H 
0095 0060? a~4025~ 
:)096 006IJ3 160u2:>1:1 
(1 0 9 7 'J r) 6 (l 4 0 ;; 4 I) 2 ? tl 
;J09A 00605 C1 7 0U.H 
0099 On606 ~1~7t5H 
o 1 0 0 0 " fl 0 7 ~ 46 0 4 4 !~ 
0101 60610 046045H 
:)10~ 00611 00602[1 
J103 on6l2 J46U 46H 
0104 00613 O~2u30K 
0105 00614 D16764H 

S T A LHAIJ 
IS Z Rf:: S I: T 
JllP i~()SET 

Cl. A 
STA L.I"I 
STA LH+l 
STA LH+2 
STA Lt(+~S 

N (1St T L n A Q ~ , I 
ISl Q2 
JSI3 8CDH 
";SH FS5no 
CI"18,!Nb 
ADR =111000 
LDA =U3 
JSB ,IJT A 
lSZ (J~ 
LIlA rJ~,I 

ISl Q~ 
JSB 8CDB 
,JSR DlSCL 
ADA =D100 
A lJ l~ ; Ll ;; l, (J () U 0 
SSt:! 
AJJB ;lll(JOOO 
LlJA = 114 
JSH ,LlTA 

ONE ~ECONr INTEHVAL? 

I\ID 

S r; J, L E f~ S H ~ SET I H M [ D I ATE L Y AFT E F 
in SfC 5n CLEAR LAST READINGS 

PICK uP RA READING 
HUf1p ADDRFSS 
cw!vr:rn T"l HINAHV 
500 !1f;TRES FULL SCALE AND 

. I~VErT A~TITUDE PROFILE 

OilTPl.lT Tn CHAFn THROUGH D/A 
SKIP uv~p FInUCIAl NUMBER 
S~FCTROMETER CHANNEL 1 
A I I' , PAD n r. ~: S S 
en:' vF: R T T (' R I ~~ A fn 
TAKE DIFFH~ENCt 
A[1;) 100 COUNTS TO SHIFT BASELI~ 

T F S T I r r,; i i W E: X C t: Ens 1 0 0 0 

TOTAL COUJT 1000 FSD 
(1 "J J 1 A C HAN N E L ? 



I 
·1 
I 
I 
-I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAQI: 00,-5 

0108 00615 
- 0 1 0 9-" 0 0 "61. (, 

011U 00617 
0111 00620 
0112 00621 
0113 01)622 
0114 00623· 
0115 00624 
0116 00625 
0117 006~6 

0118 00627 
0119 00630 
o.1.~ 0 0063l . 
0121 O06~~2 

0122 006.33 
0123 00634 
0124 00635 
0125 00636 
0126 00637 
0127 00640 
0128 00641 
0129 00642 
0130 00643 
0131 00644 
0132 00645 
0133 00646 
0134 00647 
IH.35 00650 
0136 006:;1 
0137 00652 
0138 00653 
0139 00654 
0140 00655 
0141 006;6 
0142 00657 
0143 00660 
0144 00661 
0145 00662 
Ol46 1]0663 
0147 00664 

02 •••• 

160Q25t:i 
'OJ4025t:i 
017011H 
01674,R 
!J17050r< 
O(~2047R 
016764R 
160025tj 
OJ4025fj 
017011R 
(1l.674~~ 
04605DR 
. 01.7. 0 5 ~R 
C62051R 
C16764R 
1600~5H 
03402~ij 

0170j.lf-l 
P1~745R. 
Q17057~ 
:J620~2K 
016764R 
16 00251:l 
070057~ 
C~~4025H 
160025t3 
070060" 
O:~4025d 

C17011~ 
077072R 
06203fd~ 

016764H 
06707~~ 
1117042H 
C024iJ4 
016764R 
067072~ 
017050R 
002400 
C16764H 

A I ~HJ lJ R r'J E DATA 

l,.DA Qt! I - ,. 
ISZ 02 
JSB BCDH 
JSB Dt::SCL 
JS8 FS250 
LDA =w5 
JS8 ,UTA 
L.DA Q2,I 
lsz Q2 
JSS S(.;DH 
,",S8 [JtSCL, 
ADA =1l10 
JS8 F~lQO 
LflA :iJ6 

..ISS ,UT~ 
LDA (JC-, I 
lSZ (~~ 

JS8 B(;DB 
JSB lH.:SCL 
JSB rSl00 
L.,IJA = 117 
J5A • I.JT A 

MCHAR L.IlA Q~, t 
STA TPO 
ISZ (J ~ 
lilA (jr"l 
STA TPO.! 
lSI 02 
JS8 seDti 
STH , ~ ST. 
L,UA :iJ2 
JS8 .UTA 
LIJ8 8 ~ ST. 
JSH FS~OO 

Cl.A, lilA' 
JSB ,lJ T A 
LDB , ~ S T , 
JSB F~250 
CL,A 
JSB ,UTA 

AC flUrSITION PROGRAH 22/6/73 •• * 

SPECTROMETER CHANNEL 2 

COrW[RT TO lHNMn 

K COUNT 2&:;0 FSO 
ON 

D/A CHANN~\., b 

S P F. r: T r~ 0 MET E R CHANNEl, 3 

cO'··jvr:RT Tn BINARY 

ADD 10 COUNTS TO SHIFT BASELIN 
lJ COUNT lnO FSD 

Or) n/A CHANNl:L 7 
SP[C"I'P'OMErER CHANt'JEL 4 

cotJVrRT Tn BINARY 

TH Cr,UNT ~OO FSD 
rHI n/A C~lANNEL 8 

GET :105T SIGNIFICANT MAG DIGIT 
AND SAVF 

Blj!~P AnLHH~ S5 
GET 4 LEA:;T SIGNIFICANT MAG 

llIGTT5 A ~ D SAVt: 
8U!!P ADDRr-SS 
CO':V~RT 

j 000 GAMHAS ON u/A CHANNEL 3 

50r. GAHMAr.: ON D/A CHM,INE:L ? 

2:;1:) GAMMAs ON O/A CHM~~IEL 1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAnE 0016 ;]2 '*iIo* ,\II!tHlRtJE iJ"TA ACrjuISJTJl'\1-/ PR~)GRAi~ 22/6/7'0 *** 

015u 
0151 
0152 
0153 
0154 
0155 
0156 
0157 
0158 
0159 
0160 
0161 
(}16? 

00665 060o~5t! bLl-ir:l l.UA Oi'Jl:S 
00666 0020CJ SlA,RSS 
00667 02n70!JR JtiP NUDOP 
0067~ 0024~O CLA 
00671 07006~d STA OH~S 
00672 Q60077~ LDA LSYN 
00673 0641~Qd LUB XSYN 
00674 ~160a3X JSR DUPOO 
00675 OOOUOO UOP~U NOP 
00676 066U52~ LD~ DlSPA 
00677 017073H JSB RtG40 
00700 03403c~H NrlOI)P ISZ t<3 
00701 O(!71~~O" .HlP MlO 

016.3*** 

I::; I '!' A () j ESE C I fH E R V A L ? 

PIC~ UP DOPPLER RfADI~GS AND 
GO Tn nOPpLER ROUTINE 
AonRFSS OF DOPPLEP IN BUFFER 

OUTPUT TO 40 AIT REGISTER 
E:i,J;l nr 1~ sr:c HLOCK? 
NO 

0164 *' END 0 ~ :J. 0 S t: l,; P L RIO 1.1 t P ~ L Y If! u LIN E R F.l- E A S r: ~- U L. LeY C l. I C 1-3 U fT E R 
0165* F 0 ~ ~'1 A G i J t: T ! eTA r E lL I T PUT ANn /1 0 V t: I i·J P U '!' PO r d F.: R S TON L Y T 0 U F r F: P 

0167 
0168 
0169 
017U 
0171 
0172 
0173 
0174 
0175 
0176 
0177 
017A 
0179 
018u 
0181 
(J1 8 2 
0183 

00702 06005.3H 
00703 :J02C~.3 
007114 O?6720H 
00705 002424 
00706 170U?D~ 
o 0 7 0 7 C 3 4 0 ? 0 ti 
00710 16002r)d 
00711 070026tl 
00712 00201'14 
00713 07002G~ 
00714 0340?lH 
o 0 7 1 5 1 MOO ~? 1 !j 
00716 002084 
00717 r:1]OO?j,H 
00720 OO?4C4 
00 721 070061ti 
00722 O?'7120~ 

LOA LINE 
SlA,RSS 
JliP dLKt:? 

b L K t 2 C LA, I 1'1 A 
STA P,I 
ISZ P 
l.UA P,I 
STA GAllP 
INA 
STA P 
ISL Pi 
l...lJA Pi,I 
IrJA 
STA Pi 

b l. K L: ~ C LA, I 1\1 A 

STA 8tGIN 
JMP MTD 

FLY I ~!li L! \ E. ? 

NO 
Vb;; - FLAG HUFH:R FOR OUTPUT 

MOVE INPUT POINT~RS Tn NEXT 
r. veL I C H lH F E H 

G (1 T n ~1T ,'1 U T PUT co I\JT POL S E r:: T! ~ 



I 
-I 
-I 
~I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

P AGE I) 0 1 7 'U 2 ..... .,. A 1 t? I:HJ R ('-I E: D A T A A (; l,H) I SIT I (1 N P R (') G H A 11 2 ? I 6 I 7 3 *' ... it 

Ot86*** . ' 
O-i87*--SHOR'T"8Lo'C~ PROCESS'OR, IF' LESS THAN FlrrV 0:2 SEC INTERRUPTS 
0188* f:3EnJEE:~~ 10 s~c PUL.,5l::S Ut!USED PART or CYCLIC BUFFFR IS F"ILLED WIT 
0189.' tE~riS ~~b ~~CE~~EJ ~OH CUi~UT, 
019U*** 
0191 00723 
0192 00724 
01930'07?5 
O~94 007~6 
0195 00727 
0196 iJ07~iO 

0197 00731 
0198 00732. 
0199 00733 
lJ20u O()7~~4 

0201 00735 
Q202 00736 
0203 00737 
0204 00740 
0205 00741 
0206 ~0742 
0207 00743 
0208 00744 

002400 
0700628 
OlJOOS;Hi 
C:J20C'-S 
026720H 
1600~1!:1 
0.02002 
O?6720H 
0-6-00-238 
~f030 ~ 4; 

040U24tj 
042053H 
0064(,0 
174024fj 
034024t:1 
0.34000 
C26740H 
2'267(') 5H 

SHORT 

i:H' r l. L 

CL..A 
STA SFLAG 
LDA LINE 
SLA,RSS 
JtiP 8LK/::5 
LDA Fl,I 
SZA 
J/:P 81,.1<,E!; 
Ll1A Q 
Ct,l A, l r~ A 
ADA Q1 
ADA =U ... ~64 
CLB 
STI3 QlfI 
ISl Q1 
rsz 
.,JMP 
..)tiP 

o 
(:H I L. L. 
RI-KE2 

CL[AR 

IGNOPE rr LINE orr 

IG~IOrl: IF HlJFFERS FULL 

CALCULATE NUM8ER OF UNUSED 
waRnS IN R!::CQRD 

F IL.L UNUSE;D PAfH W IT~ ZEROS 



I 
I 
1 
I 
I 
I 
_I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAGE 0018 02 *** AIRHORrJE DATA A~QUISITrON PROGRAM 22/6/73 **. 

0211·*· 
o 212 <It * • * * * .. it VA R I L1 i,J S S U H IHi UTI ~.; E S * • it * .. * 110 * * * it it * * 
0213*** 
0214*** 
Q215*** JESCl CALCULATES 1 SECOND COUNT HATES BY TAKING SUCCESSIVE 
0216*tH. DIFFEf~Er~("~~ or SCAllR RtAlJH1GS 
0217**. 
0218 00745 000000 VEsel Nap 
0219 00746 074000 ST8 0 
0220 00747 146757~ ADB L~AD,I 
0221 00750 003004 ellA, INA 
0222 00751172757H STA LHAD,I 
0223 00 752 ~36757H ISZ ~HAD 
0224 00753 006020 SSH 
0225 00754 Q46043H ADH =1J1000 
0226 00755 12674~H .)IIP OtSGL, I 
0227 00756 C0076QH LPD D~F LK 
0228 00757 O:JOOOO LRAiJ ASS 1 
0229 00760 OOOOf'lO LP BSS 4 
0230*** 
o 231 * * * . UTA ,~ U R K S T H £: L11 II rl U L Tl P 1..1:: X t: R! a ~~ F fIT R Y tl co fn A I r'J S T H r:: 0 U T P U 1 
D 2 3 2 * * * J A T A A tW A C 0 I.J T A I fJ:5 THE C ~1 ANN E L, r r:- A IS! i EGA T I V E n lJ T PUT I S 
11233*** PRODUCED ON CHMmf:LS 1"0 
1234*** 
J235 00764 000000 
0236 00765 002020 
0237 007h6 026775~ 
D238 On767 001727 
0239 00770 001700 
024U 00771 03CU~1 
O~41 00772 102612 
J242 00773 103712 
0243 00774 126764~ 

J245 00775 G6?o34H 
J24f. 00776 073ulOH 
0247 00777 106612 
Q248 01000 103712 
J24Q 01nol c05700 
025u 01002 006u04 
0251 OtDU3 OU5727 
1252 01004 Qn57~O 
0253 01005 037010H 
0254 01a06 o26777H 
0255 01107 126764~ 
0256 01a10 000000 

"'. • ~'J • ", 

,DT;', j~OP 

1('13 

Lrs 

SSA 
jr1P I U3 
Al..f,ALf 
Al,F 
lOR 1 
UTA DASC 
STC IJA.SC,C 
JMP ,UTA. I 

LDA =D~~ 
STA eel 
OTB DASC 
STe DAsr~, C 
I3LF 
I ~ JH 
BLF,fH .. F 
8lF 
~Sl eel 
.JtW U)8 
J ~1 P ,Ll T A • I 

C r; 1 r~ UP 

OUT PUT 0 ~.J ALL CHAt'.! N E L S ? 
yES 

POSITION CHANNEL NO, 
MERGF IN DATA 

o lJT P I .IT 0 N C HAN SOT 0 7 

N F. )( T CHAt: . E L 



PAGE^0019^02^-***^AIRBORNE^DATA^AcoulsrrInN^PROGRAM^22/6/73

0 .25 c...**
0260*** RUH CONVERTS A^THREE^DIGIT BCD QUANTITY^TO BINARY
0261***
0262 01011 000000 BCDB NOP
0263 01012 001727 ALF,ALF POSITION^FIRST^CHAR
0264 01013 073040R STA^TxX
0265 01014 012026H AND^:o17
0266 01215 c640oo LOB^0
0267 01016 017032H USB MuL
0268 01017 063040R LDA TXX
0269 01120 001710 ALF POSITION^SECOND^CHAR
0270 01021 073040H STA^TXX
Q..? 71 ___Q102.?_..P12a2
0272^01023^044000

.
= VII

- 0273^01124^017032R 4s8 MuL
0274^01025^063040R LOA^Txx
0275^.0126^001700 ALF POSITION^THIRD^CHAR
1276^01027^012026H AND^:t.117
0277^.0.1130^044010 ADO^0
0278^01031^127011H
0279^01032^000000 mUL

jmp^BCDU. I
NOP

RETURN^WITH^BINARY^IN^n

0280^01033 005r0 BLS
0281^_01.034^077041H STF3^TXY
0282^01035^005020 BLS,BLS
0283^013 6^047041R ADB^TXY
0284^01037^127032H op muL,I
0285^01040^000000 TXX BSS^1
0286^01041^00001C TXY 8ss 1

***



PAGE 0020 02 .*~* AIRBoRNE DATA ACQUISITION PROGRAM 22/6/73 *** 

0289*** ___ ... 
0290*** THE r Ol. L. NJI N G GIWliP or s U U R 0 UTI ,\J E S pp()vrOr- 500,250 Ar~n 100 UN I ' 
0291~** PULl SCALf: nUTplJ1 ON THt: CHAkT REcorH1ERS. 
0292*** 
0293 01042 000000 F S5 f) (I NOP 500 IJN ITS FULL. SCALE OJ94 01043 046054K AD8 :U .. 500 
0295 01044 OU6(J~~(' SS8 
O~96 01045 O·460~5H AUH =LJ500 
0297 01046 005000 B~. S 
0298 01047 127042H J~1P FS500,1 

0300 01050 000000 FS250 NOP 250 UNITS FULL SCALF 
030.~ Ot.OPl, 0~6Q5~R ADS =!J .. ~50 
0302 01052 006021 SS~,RSS 
0303 01053 02705j,H Jt1P * .. 2 
0304 01054 046057~ ADB :iJ250 
0305 0:1.055 005020 B[..S,BI,.S 
O:J06 01056 127050R JMP Ft>250,1 

0308 01057 000000 r;,100 NOP 100 UNITS FULL. SCALF 0309 01060 046060~ ADS =0"100 
0310 010(>1 C06()21 SSS,RSS 
0311 01062 O?7Q60H ,.H1P *"2 
0312 01063 O.46U44R ADB =U100 
0313 01064 005000 8k,S 
0314 01065 077071R STb.! , f S TM 
Q315 01066 005020 ElL. S, BLS 
0316 01067 04707:t.H ADll I ~ STM 
0311 01070 1270?7H .,)NP FS10Q,! 
031 8 01071 000000 ,rSTM NOP 
0819 01072 COCO')!) tf'ST. [\l(JP 

· , 
... ~. 



PAGE^0021^02.^***^ApqboRNE^DATA^ACQUISITION PRoGRAm 22/6/73 41.43.*

0322 4.073 000000^RFG40 mOP an^DIT OUTPUT^REGISTER DRIVER
0323
0324

01074 106716
. plo75^oo24 . 0 . 0.

CLC RtcSc
cLA

PRESET^INTERFACE^LOGIC

0325 01076 102616 0TA REGSo OUTPUT CONTROL^WORD
0326 01077^16.0001 LoA^1,1
0327 01.100^102616 oTA^IRGSc OUTPUT 1ST^8^BITS

• 0328 01101^0 . 06004 INH
0329 01102^160001 LDA^1,1
0330 01103_102616 oTA^RE. GSC OUTPUT 2ND^8^pirs
0331 01104^006004 INH
0332 01195 160001 LDA 10

• 0333 01106 102616 OTA RLGSC oHTpuT 3Rm^GROUP
0334 01107^00600a
0 335

•

. biiff .TE;OVOI - - LOA^1,1
0336 _0011102616 oTA REpsc OUTPUT 4TH^QROUP
033 7 01112^006004 IN8
0338 01113 160001 OA 10
0339 01114 102616 OTA^PEGSC OUTPUT FINAL^8^BITS
0340 0111. 5 10.716 S TLJihG_SCI.P_ GIVE^ENCOD.^GQmmANO
0341 01116 1270 7 3R JMP^Rk7G40,I
0642 •01117^000poo^REGCW OCT^0

I.



I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAG!:: 0022 03 .tI* AP<bORt~E DATA AC~tJISITInt'l PROGRAM 22/6/73 ••• 

oe01*·" 
a El 0 2" .1 A G NET leT A P ~ 0 tJ H' U 1 CO \1 THO L PO IJ T ! N E * IH~ ..... -It it .. -It iI 
0603**· 
0004 
OElOS 
OEl06 
OElC7 
0008 
O~09 
OellO 
aall 
Ofl12 
OEJ13 
OEl14 
Oel15 
0616 
O«l17 

- 0'-118 
OQ19 
oe20 
06121 
()6122 
UtJ23 
0624 
O€J25 
0926 
OtJ27 
OID21:l 
OEl29 
O€l30 
OtJ31 
0032 
Ot)33 
OEl34 
OEl35 
Oel36 
0«137 
0638 
OE)39 
n~40 
OEl41 

01.120 160022tl MTO 
Ot121 ()020~3 
01122 026277H 
01123 016~(Jlx 
01124 040010 
01125 fJ02021 
01126 C271571'? 
Ot127 0601"3H 
01130 002022 
01131 02714?H 
01132 002084 
OlJ.33 (170193d 
01134 06003?d 
01135 04206l,H 
01136 002021 
01137 042032H 
01140 070102H 
01141 O?6277R 
01142 0601~2H MTOl 
01143 05003?1:.i 
01144 002001 
01145 (1?6277H 
01146 016001X 
01147 00001c 
01150 C024CO 
01151 C70103H 
01152 070074tj 
0.1153 00200 4 
01154 C70101ti 
01155 027167rl 
01156 C271611-< 
01157 ~70067tj MTOc 
01160 074070Cl 
01~61 002400 
01162 0701C3~ 
01163 1?7164R 
01164 000000 MTFN 
01165 177775 ATNliM 

LDA R, I 
SZA,RSS 
Jt-tP AA A 
JSI:1 • t OC. 
OCT 040U10 
SSA,RSS 
JllP MT02 
~nA "1TFL,G 
SlA 
,,)t1P MTOl 
l1JA 
STA MTFL,G 
LilA K-S 
ADA =/)16 
SSA,RSS 
ALJA =1).50 
STA MTJME 
.,)~IP -AAA 
LDA MTIMI: 
cr' A KJ 
~SS 

JI'1P AAA 
JSB ,IOC, 
OCT 000010 
CLA 
STA MTFLG 
STA MTFN2 
P~A 
STA GAPWr 
.)11P WHITA",l 
J~1P * +3 
STA t1TSTF 
STH XLOQ 
Cl..A 
STA MTFL,G 
JI1P *+1, I 
NOP 
Drc ~.s 

VllLL CYCLfC 8UFFtH WAITING IN 
o U .,. PUT ~) 1I f: U E ? 

NO 
GFT I'T RECORLJER STATUS 

MT BUSY? 
NO 
yr:S 
J lJ S T S TAR T I 1-1 (1 N t~ WOP F RAT I 0 r'J? 
/Iv 0 
YES - SET FLAG AND CnU~.!TER TO 
~LL~W APPRUX 3 SECONDS FOR 

OPFRATtnN TO 8E COMPLETED 

HAS THE 3 SLCONlJ TIME LIMIT 
EXPIRED? 

NQ - GO BACK TO START or LOOP 
yES ~ CLEAR TAP~ RECORDER AND 

PESTART THE OPI::RATIO~! 

SI\VE tiT STATUS 
ANn TRA: SM J 55 I 01\1 U'\(j 

JLH4P TO APPROPR 1 A TE ~:T ROUT I NE 
ADDRESS STOR~D HERF 
NU1-'8F:P or: ,JR I TE A TTF.HPTS ALLOW 



1

PAQE^0123^03^***^AIR80RNE^DATA^AGGUIsITION^PRoGRAM^22/6/73^***

0044***
0045*^INITIATE^WRITE^OPERATION^AND^SET^Jump^ADDRESS^TO^CHECK^ROUTINE
0646***
0047 01166^001167R wpITA DEF^* 4 1
0048 01167^1600228 LOA^R,1
0049 01170^092070 SSA DATA RECOA) oR^E-o-F?
0050 01171^027242R JHP ENDF WRITE^FfIn-or-FILE
0051 01172^0601018 LDA^GAPmT Flpsy^RE(.7?1RD^OF^LINE?
1052 01173^002003 SZA,RsS
0053 01174^027200R JNP^*4.4 No
0054
0055
005 .6
0057

01175^002400
01176^0701018
01177^10261 4
01200^063165R

CLA
STA^GAP MT
DTA^mTRSo
LDA^ATNum

CLEAR WRITE^SELECT^BIT^ON MT
INTERFACE':^wILL^CAUSE^A^GAP
AUTOATICALLY^UN^NEXT^WRITE

0058
0059
0060

01,201^0700378
01.202^1600278
01203^067235R

STA^ATTNO
LOA^SADO,'
LOB 80F F0

ALLOW THREE^WRITE^ATTEMPTS
GET ADDREsS OF^CYCLIC PUFFER
ADDRESS^OF^OUTPUT BUFFER

0061
0062
0063
0064
0065

01204^617423R
01205^063274R
01206^002020
01207^027231H
01210^092003

JS8^BUFFI
LDA
SSA
jmP RETRY
SZA I RSS

CONVERT^•fl^BINARY,^ADD^CHECKSL
GET READBACK CONTROL^WORD
NEGATIVE?
yES - NO^READBACK^POSSIBLE
ZERO?

0066
0067
0068
0069

01211^0 27222R
01212^0340728
01213^027222R
01214^063274R

jrip^wRIT2
IsZ^RCNTR
..)MP^wi4;7?
LOA^READC

YES^- NO AUTO^CHECK^READ
IS^IT^THE^NTH^RECORD?
No
yES?

0070
0071

01215^0030 1 4
01216^0700728

CMADINA
STA^RCNTR

RESET RECORD COUNTER?

0072
0073

01217^002404
01220^0700748

wp1T1 0LA,10A
STA^mTEN2

SET CHECK READ FLAG

0074 01221^027231H JIIP^RETRY .
0075
0076
0077

01222 102501
01.223^052062H
01224^002001

WRII2 LIA^1
- CPA^:01
RSS

HAVE^A^LOcK^AT^SWITCH^REGISTER
IF^HIT^0^sET^READ^BACK^AND
CHECK^THIS^RECORD

0078 01225^027231R JmP^RETRY
0079 01226^002410 CLA
0080 01 7 27^102601 OTA
0081 01230^027217R jmp^wRIT1
1082
0083

01231^036136C
01.232^016001x

RETRY 1SZ^8uFZ4.3
JS8^1 10C,

INSERT ATTEmPT^NUMBER
INITIATE^, , RITE

0084 01233^020110 0cT^020110
0085
0086

01234^102033
01235^002133C buF-

HLT^338
OFF^buEZ

REQUEST^REJECTED?

0087 0,236^177064 DEC^-460
0088
0089

01237^063252R
01 . 240^073164k

LOA^mTCHK
sTA^mTFN

SET^JUMP^ADDRESS^To^NEXT
MT^PROCESSOR^ROUTINE

0090 01241^026277R jmp^AAA
0091
0092

01242^016001x
91743^030110

Eno JSH^,IOC,
OCT^030110

WRITE^END,0E-FILE

0093
0094

01744^102033
01245^000000

HLT^338
NOR

REQUEST^REJECTED^PY^11000?

0095 01246^PJ0000 Nop
0096 01 7 47^063252R LoA^mIcuK
0 697 91750^973164R STA^mTFN
)098 01251^026277H Jmp^AAA



PAGE^0024^03^***^1,jR8rJRNE^DATA

0101***
0102*^CHECK^WR TIE^UN^comPi.,ETION^OF
0103*^REQUIRED^INITIATE^8ACKSPACE
1104 ***

ACOUIsITION PPaGRAm^22/6/73^***

oPERATIoN^THEN^IF^READING^BACK

0105 01252 001253R mTCHK OFF^*1.1
0106 01253 1600228 LDA^R,I
0107 01254 002020 SSA DATA^RECOPD^OR^E0F?
0108 01255 027311R jmP OKAY EOF
0109
0110

01256
01257

060067o
012063H

LOA^NTSTF
AN0^:u40

GET^STATUS
TEST^END-0E-TAPE^BIT

0111 01260 002002 SZA
0112 01261 102055 HLT^558 *****-END.OF-TARE^*****
0113 01262 06006/8 LOA^mTsTF
0114 01263 001323 RAR,RAR POSITION^:MITE^ENABLE^BIT
0115 91264 000010 SLA TEST
0116
0117

01265
01266

1020 ,1 4
001200

HLT^448
RAL

wRITF^ENA0LE^RING^MISSING
POSITION^PARITY^ERROR^Eli

0118 01267 002011 SLA,RsS TEST
01.19 01270 0600748 LOA^mTEN2
0120 01271 002002 SZA
0121 01.272 027.324R JNP^CHECR
0122 01273 027311R jmp^OKAY
0123 01274 0000?0 REA0O OCT^0
0124 01275 0600368 NxTRY LOA^OTPUT RUHP ERROR COUNTERS
0125 01276 032062H 10R.^L-B1
0126 01277 0700368 sTA^OTPUT
0127 01300 0340378 ISZ^ATTNO ANOTHER^ATTEMPT?
0128 01301 002001 RSS
0129 01302 027306R 00P^QuIT GIVE^UP
0130 0131)3 0600408 LDA^AHORT
0131 01304 002003 SZA,RSS ALL^PUFFERS^FULL?
0132 01305 027231R RtTRY NO^-•TIME^FOR^ANOTHER^TRY
0133
0134

01306
01307

0600368
032036H

OuIT LOA^0TPUT
IOR^=o2

YES^- FORGO FURTHER ATTEMPTS
AND BUMP ERROR COUNTER 2

0135 01310 0700368 STA^OTPUT
0136 01311 0024C0 OKAY CLA
0137 01312 0700408 STA^ABORT CLEAR POSSIBLE^ABORT^FLAG
0138 01313 1700228 STA^Rol RELEASE PUFFER
0139 01314 0340228 ISZ^R MOVE^POINTERS^TO^NEXT DUFFER
0140 01315 1600228 LOA^RI
0141 01316 0700278 STA^SADO
0142 01317 002004 INA
0143 01320 0700228 STA^R
0144 01321 063166R LOA^WRITA SET^JUMP^ADDRESS
0145 01322 073164R STA^mTFN
0146 01323 026277H jmp^AAA



0025 03^*** AlLiuRNE DATA ACQUISITION^PRoGRAM^22/6/73

4^0700748^STA^HTFN2
0158^01335^026277R^jMP^AAA

PAGE ***

3178^01352^056064R^CP8^=0460

0181^._01355^062065
0182^01356 073737H^V)3°
0183^01357^063342R^BINY
0184^01360^073740R^STA^INX2

0187 01363 150001
0188 01364 002001
0189 01365 027275K
0190 01366 006004.
0191 01367 03774O
0192 01370 037737R
0193 01371 027362R
0194 01372 027311R

0187 01363 150001
0188 01364 002001

0189 01365 027275K
0190 01366 006004.
0191 01367 03774O

0192 01370 037737R
0193 01371 027362R
0194 01372 027311R

CPA 1,I
RSS
jMP NxTRY^ERROR
IM8
ISZ
137 INX1
JMP CmPAR
JMP OKAY^0 ERRORS

CPA 1,I
RSS
jMP NxTRY^ERROR
IM8
ISZ

137 INX1
JMP CmPAR
JMP OKAY^0 ERRORS

0189e**

0160* INITIATE REAu On comPLET1oN OF BAcKSPACE
461*** .
0162 01336 001337R REA:JR DEF *+1
0163 01337 016001X^JS8 ,IOC,^READ BACK THE RECORD
0164 01340 010010^OCT 10010
0165 01341 102033HLT 38^REQUEST REJECTED?3
01.66^01342.001560C BINY^DEE BuFY
0167 01343_177064^DEC -460
0168 01344 064347R^LUA VORFY^SET JUMP ADDRESS
0169 01345 073164R^STA mTFN
0170 01346 026277K^JMP AAA
0171***

0172* CHECK READ oRERATION AND cOMPARE DATA READ likCK WITH DATA IN
0173* OUTPUT DUFFR
0174 ***

0175 0047.001350R VERFY DEF *4,1

RS5^
CHECK FOR CORRECT LENGTH

0179 01353.002011

474, 

0185. _4361_06723_5R^.^BUFFO_.
0186 01362 16374OR CMPAR LDA INX2,I

CPA 1,I
RSS
jMP NxTRY^ERROR
IM8
ISZ

137 INX1
JMP CmPAR
JMP OKAY^0 ERRORS



pAIE 0026 03 aaa AIH8oRNE DATA ACQUISITION PPouRAm 22/6/73 aaa

0197***

01984 AT END OF FLIGHT wRITE 3 tOFS THEN REWIND AND UNLOAD TAPE
0199***

0200 01373 062066H EmDIT LDA :o03
0201^01374 073737R^STA INX1
0202 01375 0160%x EoFs JSE ,IOC,^wPITP Eor
0203 01376 03 0110^ocT 30110
0204 01377 102033^KJ 338^REQUEST RFJEcTED?
0205 01400 0000n0^Nop
0206 01401 000000^NOP
0207^01402 01607.1x^JSB 1 1 0C,
n208 01403 040010^OT 40010
0209 01404 0)2020^SSA
0210 01405 027402H^OP a-3
0211^01406 037737H^ISZ INX1
0212 01407 027375k^jmP FOFS
0213 01410 016001x^jsE 1 10C,^UNLOAD TAPE
0214 01 4 11 030510^OCT 30510
1215 01412 102033^HLT 33B^REQUEST REJECTED?
0216^01.413 C00000^NOP
0217 01414 000000^NOP
0218^01.415 016001x^JSE ,IOC,
0219 01416 040010^OCT 40010
0220 01417 00202n^SSA
0221 01420 027415R^OP *-3
0222 01421 102077^HLT 778^THE END
0223 01422 027421k^jmp 0-1

1



I 
-I 
--I 

I 
I 
I 
I 
I, 

I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
I 

PAGE O1l27 03 *** fdt?I:iClR~Jc OA'fA ACQUIsJTlnr'J PROGRAt~ 22/6/73.** 

0226*·* 
0227 * T R Al'J S FER nAT A ~ r? 0 ti eye L I C 8 U F Fe HAN DAr T ERe 0 rJ V E R S ION T () 24 A IT 
0228* BI'JARY ST()OE IN ouTPUT HU~Ff.R, CAl..Cl.Il.ATE 24 BIT CHECKSUM AND 
0229* STORE WIT~ DATA 
023U*** 
0231 
0232 
0233 
0234 
0235 
0236 
r)237 
0238 
0239 
024U 
0241 
0242 
024.3 
0244 
024'5 
(J246 
0247 
0248 
0249 
0250 
0251 
11252 
0253 
0254 
0255 
025(' 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
tJ265 
0266 
0267 
0268 
0269 
0270 
0271 
0272 
0273 
(J274 
0275 
0276 
0277 
\) 2 7 H 
0279 
-'281) 

01.423 1)000':'0 t:H'FF 1 
01424 073731H 
01.425 01773~)R 
03.426 0637361-( 
01427 C020~4 
01430 07373bH 
014~H 0120A.7~ 

0143,2 001700 
Ot433 1700~1 
01434 0061]-'4 
01435 0637~61-( 

01436 O~2070H 
01437 1700Jl 
01 4 400')<>OQ4 
Ot441 0024QO 
I)t442 17000J. 
01443 (lD6ll~4 

01444 1790:)1 
01445 006004 
01446 077}32R 
01447 062071~ 
01450 073737H 
ot451 163731H Dnp~u 
01452 1700'):1. 
Ot4~3 037731~ 
01454 0060'14 
014~5 :)377371-0( 
014~6 (1274511-< 
01457 077734H 
01400 062072~ 
01461' 0737371-( 
01 46 2 062041H FIOl 
01463 Q73740H 
01464 163731H NXT 
01405 (1;1.75 7 61-( 
01466 0176641-( 
01407 037731R 
014 70 037740.11 
01471 0274641-( 
01472 062035H 
01473 0737401-( 
01474 163731H MAGl 
01475 0700418 
01476 o:~ 7733,. R 
01477 i63731R 
01500 (11757~H 
01,501 8J24~O 
01S0? G7C04?H 
C 1 :-; 03 IJ I) 0 ~J4 1. ti 
fJt t;(l42176;54H 

NOP 
STA BUFRx 
ST8 BUFAD 
LDA 8L.NiJM 
HIA 
STA Bl..NUM 
MJ 0 = li 110 n l) 0 
Ak,F 
STA 1,1 
I f\lH 
LDA 8L.NUM 
AND =H7777 
STA 1, I 
lNB 
ClA 
STA 1,1 
INS 
STA 1, I 
INB 
STB 8uFRl 
L [)A = j] ... 4 
STA P,IXl 
LOA BUFRX,I 
STA 1, l 
IS Z Bl)F R)( 
pJ!:~ 

ISZ INX1 
JI'1P OUP50 
5TH BUFRu 
L,UA =U-l0 
STA {i'~Xl 

~PA =/J .. ~ 
STA INX2 
I"DA BUFRx,l 
JSB BCD It 
JSB BPACK 
ISZ BUFRX 
ISl INX~ 
JMP NXT 
LOA =jJ .. 5 
STA INX2 
LDA BUFRX, I 
STA TTl 
ISl Bl,lFHX 
LIJA 8uFRX,1 
';S8 8C011 
Ct.-A 
STA TT2 
lDA TTl 
JSH tlCDI2 

CnrlVF.fH AGO TO 8 P·jARV AND 
I ! 1 r H E r~ r 0 U T PUT Bur r E R 

I~CRF.MENT THE BLOCK NUMBER 

STORF UPP~R ~OUR RITS 

STORE LOW~R 12 HITS 

CLEAQ ATTEMPT NUM8ER 

SAVE START ADDRESS Of CKSUM 

TRANSFER nOPPLER COORDS 
A~RFADY iN BINARV 

GF.:T A BCD WORP 
CONVERT To BINARY 
STORF IN OUTPUT BUFFER 
8W~P ADDRESS 

SAVE MOS~ SIGNIFICANT DIGIT 

C(WVr-RT 4 LSD TO BIN,ARV 

J 



I 
I 

PA::;E 0028 03 ~** t., I r~t1(JRNE DATA fICQUISITrrH-J PRt:GRAM 22/6/73 *** 

I 
0283 015~15 O~7664~ ~SH BPACI'( 

I 
0284 01506 D37701R ISZ 8UFf~X 

0285 01507 037740f./ ISZ INX~ 
0286 Ot510 C27474f./ .,JtW MAGZ 
n287 0151.1 G377~~7R ISZ II'JXl FJ!IISHfD l' LOCK? -I 0288 01.512 02746t-~H J~1P Fl D1 
0289 01.5l,3 06373?H CHEn; l.lJA SurRl C 1\ l. C U L A T F 24 En T CHECKSUM 
029u 01514 2020,)4 INA 

I 
0291 01515 G73733R STA Bl,JFR2 
0292 01516 002400 GLA 
0293 0151 7 073741~ STA SUM 

I 
0294 01.520 O1.7~44H JS8 CKSUM ADD PITS 1-11 
029~ 0152:1, 06373?H L.PA Bl)FRl 
0296 01522 073733R STA 8UFF?2 
0297 01523 D6374?R t,.DA SUMl 

I 0298 01r.;~~4 07374.1H STA SUM ADD CARRV F f~Ui~ PREVIOUS ADD 
0299 01525 O.17544R JS8 CKSLJ/'i ADD 8ITS l2-23 
o~oo 01526 (1f,2065R l.DA =1),,230 

I 
0301 0:t5?7 073737R STA I I'~ X 1 
!)302 01530 1637351-< P ~\?:~ 2 LDA BUFAu,l UrJPACK 12 AIT wORDS TO FOR~1 

0303 01'531 O;1,2Q73H AND =ts77U(l Twn 6 8 IT BYTES FOR ~;T 

0304 01532 001222 RAL,RAL 

I 0305 01533 070Q4j,H STA TTl 
030tl o 15 ~s 4 1{j373~.ifo( LLJA 8UFAD,l 
1)307 01535 O12074fo( AND :H77 

I 030H ,Jt 5;56 ~JOu4H~ lOR T11 
UJ09 015:H 173735R STA BUFA)).l 
0310 01540 O;)7735fo( ISZ BUFAU 

I 
0311 01541 O:H737H ISZ II~X1 
0312 01542 O?,7C;30H JtlP pK232 
0313 01543 127423H J~lP au F f I , .1 

I 0315 01544 000000 (;I<SUM NUP 
0316 01545 0024(,0 CLA 
0317 ?t546 073743R STA CARRY 

I 
O~1A 01547 062a 7 5H LLJA =U·112 SFT ~t()RD COUNTER 
J319 01550 0737~4H STA S'\IUM 
032U 01.551 163733H LOOPS I..DA 8LJFR2,1 
0321 01.552 OJOO40 CLE 

I O~22 01553 1)43741H ADA SUM 
0323 01554 OP2040 SEZ CARRV FRO:1 HIT 151 
0324 01555 037743H ISZ CARRY YE~ BUMP CARRY COUNTEP 

I 
I' 
I 
I 
I 



I 
1,1 

I 
---I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

P A 0 E 0 0 29 J ,3 .;. .. * A. I H tj CJ R 1\1 E 0 A T II A C QUI 5 IT I N J P R ~i G r~ AM 2. 2 16 / 7 3 * * * 

0327 01556 'J73741H STA SUM 
0328 'J1.S57 C J7733H-- ISZ BLJFR2 1 fJCRFMEr'JT A IHJR E: 5S BY 2 
0329 01560 o >~ 7 73JH lSZ RllFR2 
0330 01561 '):i7744H ISZ SNU~1 FI\JISHED'? 
0331 01 5 62 0275 5 1R Jnp LOOPS ~o 

Q332 01563 :163741H LDA SUM 
0333 01.564 :112U67H ArJO :H170000 ISOLATE: CARRIES FRm1 flIT 
0334 01565 -C()17~O AU POSI"'ION TN Lowl::R WORD 
0335 01566 067743H LOB CARRY GET ArJ Y CARin ES FPO~1 f3IT 
n336 01567 005700 BlF MULTrPLY liY if) 
0337 01570 040U(11 ADA 1 FORt'-I TOTAL CARRY rROn 12 
0338 01571 073742H STA SUM1 A. D U I T I 0 i'J 
033Q 01572 063741R LDA SUM 
0340 --6i 573- b-12 0 7 0 R AND :tj]777 
0341 01,574 17373SR STA 8UFH2,1 
0342 01575 127544R Jr1P CKSUM,l 

0344*** 
o ~ 4 5 * S U 3 ROll TIN E SUs t: n I N D A T A con v E fo( S 1 (I N FOP. M T '! U T pUT 
0346*** -
0347 01576 ooouco rH':OIl NOP cOr';VrFHS 1\ n r G IT nCD TO 
0348 01577 001700 AL,F POS!"'ION FIRST CH~RACTrR 
0349 01600 C'700 4 ;W STA TT2 
\1~5u Ot601 012U?6~ MH) :d17 
0351 01.602 ('64000 LnB 0 
0352 01603 c~. 7626H JS8 BY10 
0353 01.604 D60Q4?1:l LDA TT2 

11 

15 

8IT 

BII\ARV 

0354 01605 C0170Q Al.F POSITION SECOND CHARACTER 
0355 01.606 !J70Q42H STA TT2 
0356 01607 r120261-< AND :t117 
0357 01610 044000 AD8 0 
fJ358 01611 Ot76?6H JS8 EH10 
0359 (11612 060Q42t; L,DA TT2 
036U 01.613 C017QO ALF POSITION THIRD CHARACTFR 
0361 01614 0700421;; STA TT2 
0362 (11615 012026H MW =H17 
0363 01616 044080 AD8 0 
0364 oi6i7 017626H JS8 BY10 
:)365 01620 0000 421;; LllA TT2 
0366 OHi21 001700 ALF POSI"Ior~ .') TH CHARACTEH 
D367 ~1622 01202M< Ar,ID : ti17 
036A 01.623 044000 AUH 0 
036~ 01624 002400 CL-A 
137u 01525 L~7576H Jr1P 8C011,1 FH:TUPrJ WITH HINARY I N All 
n371 01626 onoOOo 8Y 1 'l NOP 
0372 ')1627 005000 8LS 
03 7:~ Ot?~~O 074u 4 41:3 5T8 TT4 
0374 OH<H 005020 8LSdH.S 
iJ375 01632 :;440441j ADH T T4 
0376 :)1633 1?76?6R JMP 8Y'10, I 



I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PA:JE 0030 

0379 01634 
0380 01635 
0381 016.36 
Q382 ()1637 
0383 01640 
0384 Ot641 
fJ:385 01642 
0386 01643 
!J387 01644 
0388 01645 
0389 01646 
OJ90 01647 
0391 0_16~O 
0392 t)1651 
0393 01652 
()~94 01.653 
039, 01654 
0396 01655 
0397 01656 
0398 01657 
0399 Ot660 
040(1 01661 
1)401 01662 
0402 01663 

0404 01664 
0405 01665 
0406 01566 
0407 01667 
0408 01670 
0409 01671 
0410 01672 
0411 01673 
0412 01674 
0413 01675 
0414 01676 
0415 01677 
0416 01700 
0417 D1701 
0418 01702 
0419 017(J3 

:.13 ...... A I fH~nRNE 0,'\ TA A C (~U I SIT I mJ rR;]Ghl,H c.2/6/73 *** 

OOOOOV tiGOt2 NQP -
Cl 12026H AND :tl17 
('70043~ STA TT3 
:)4207211 ADA =U-l0 
(11)2021 SSA~R::;S CHARACTER L!:: CJ 

O?.7061R JflP EHR~.3 Nn 
060U43t;1 I.,LlA TT3 
001000 Al,.S 
0437Q4~ AVA SS4 r r) r~ M ADDRt=SS OF BINARY EQUIV, 
C70043t! STA TT3 
0000 4 (1 ClE 
1440ClO ADa o , I ADD 16 LE/I. ST SIGNIF PITS 
002040 S[Z OVERFLOW? 
0340 428 ISZ TT2 yES 
074Q 41t:1 STB TTl 
060043H LDA TT3 
002004 INA 
160080 ~OA Od GET t-!QST sIGI\;IF BITS 
040042~ ADA TT2 
064U41t:l LOB TTl 
127634H JMP 8(;012,1 RETURN WITH BINARY IN AS 
0,)24(')0 l:f1RA3 CLA 
006400 CL~ 
12763411 JMP eCDI2,1 ERHOR - SFT RESULT TO ZERO 

000000 bP.ACK NOP UiJPACK A8 REGISTER A~!O STORE 
074041~ STB TTl , AS TWO l' Fq T WORDS 
012076H AND =1.3777 
001700 AI,.F 
070042~ STA TT2 
060001 LOA 1 
O12067R AND = t117 0 0 Q 0 
001700 ALF 
G3004~H lOR T T2 
173734R STA BurRo,l 
Q37734R ISZ BUFRO 
06C041~ LDA TTl 
012070R AND :l-17777 
173734R STA 8UFRO,l 
037734R ISZ BUFRO 
127664R Jr1P 8PACK,~ 



I 
-I 
-- I 
~-I 

I 
I 
I 
-I 
,I 
-I 
'I 
- , 
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:1 
I 
'I 
-I 
:1 
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I 

PAGE 0031 03 *** AIRHORt~E DATA ACQUISITlnN PROGRAM 22/6/73 *** 

0422·*· 
o 4 2 :3 .. L 0 ~ K UP -tAB L. !:: FOR CON V E R TIN G T!:: N S 0 r THO USA ;\,i D S T 0 8 I N A R Y 
0424.*. 
0425 
0426 

0421 

0428 
011129 
0 .. 30 
0431 
0432 
0433 
0"34 
01435 
0436 
0 .. 31 
0438 
0439 

01704 
01705 
01706 
01707 
017~O 
01711 
01712 
01713 
017j,4 
01715 
01716 
01717 
01720 
01721 
01722 
01723 
01724 
01725 
01126 
01727 
01130 
01731 
01732 
01733 
01734 
01735 
01736 
01737 
01740 
01741 
01742 
01743 
01744 

001705R SS4 
000000 
000000 
023420 
000000 
047040 
000000 
072460 
000000 
116100 
000000 • 
141520 
0000:10 
165140 
000000 
010560 
OOO"bOl 
034200 
000001 
057620 
000001 
000000 
000000 
000000 
000000 
000000 
000000 
ooooeo 
000000 
000000 
000000 
000000 
000000 

BUF"RX 
tlUF"R1 
I:3UF"R2 
BUF"RO 
!:lUF"AU 
BLNIJM 
1 '-IX 1 
INX2 
~UM 
SllMl 
CARRY 
sr-JUM 

DEF" ."'1 
OCT 0,0,23420,0,47040,0.72460.0,116100,0 

NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 



I 
I 
"I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

PAGE 0032 03 0** AIRUORNE DATA ACQUISITION PROGRAH 22/6/'13 ••• 

OAt42 00010 
0443 00011 
0444 0001.2 
0445 00014 
0446 000;).6 

Mr.R . t;QU 
MPX . EOU 
DASC ; EQU 
MTRSC!EQU 

0447 01745 114000H 
REG5C '. EQU 
AJSf3I JS8 

0448 00000 
0449 00000 
0450·*· 

ORB 
000146R LINK DEF 

108 
11B 
128 
148 
168 
LINK ,r 

II\JTRR 

16 BIT lin INTERFACE SELECT CO 
INPUT HPX SELECT CODE 
DIA HPX SELECT CODE 
KENNEDY SELECT CODE 
4J eIT REGISTER SELECT CODE 

I ~JTERRUPT LI NK 

0451* CYCLIC 8UFr~H AJ'DHESS TABLE AND ~UFFER STATUS WORUS *** 
0452* NU~8EH OF 8U~F~RS CAN SF INCREASED 8Y EXPANDING THE BUfFER TABLE 
0453*·· 
0454 00001 000310C 
0455 00002 000000 
0456 00003 000004~ 
0457 00nU4 000562C 
0458 00005 000000 
0459 00006 000007~ 
0460 00007 OOl034C 
0461 C0010 000000 
046? 00011 0000128 
J463 00012 001306C 
0464 00013 000000 
0465 00014 00000lH 
0466 OOOl5 OOOOOOC 
0467 00016 000000 
0468 00017 000000 
0469 OOO?,O OvOOOO 
0470 00021 000000 
0471 00022 000000 
0472 00023 000000 
1473 00024 OOOO~O 
0474 00025 CDOOOO 
J~75 OOn26 000000 
0~76 00027 000000 
0477 00030 000000 
0478 OO~31 000000 
0479 00032 000000 
048U OnOJ3 000000 
0481 00034 000000 
0482 00035 000000 
0483 00036 000000 
0484 OOOJ7 000000 
0485 00040 000000 
O~86 00041 000000 
0487 00042 oaoOoo 
0488 00043 000000 
0489 00044 000000 
0490 00045 000000 
0491 00046 000000 
0492 00047 QOQOSO 
U493 ooo~n 000000 
iJ494 O(J]~>l OOQQClO 
n49~ 00052 9JCOOO 
0496 OOO~3 DOOO~n 

O~97 ~n~54 ~OOOQO 
rJ4ge 00:155 ~':JOO'JO 

TAB DEF· Bl.JF A 
NOP 

POINT 
1 nUF ~ 
I ~J8UF 
1 r'JBF" 2 
f' 
Pl 
R 
Q 
Q1 
(')2 
QADlJ 
~ADP 

Kl 
K2 
K3 
K4 
K5 
I rlPuT 
UTPuT 
ATTf\lO 
ABORT 
TTl 
TT2 
TT3 
TT4 
5AVA 
SAVH 
SAVt:U 
CALt 
CAL;' 
~" L.5 
L J ilj~ 
LLC 

DEF *+1 
DEF BUFR 
NOP 
DEF 
DEF 
NOP 
OEF 
OE:F 
NOP 
OEF 
DEF 
NOP 
NOP 
NOP 
~OP 

NUP 
Nap 

. NOP 
NOP 
NUP 
NOP 
NOP 
NOP 
f\JOP 
NOP 
NOP 
NOP 
NOP 
NOP 
Nap 
Nap 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
f\JOP 
NOP 

TA8 
8UFlN 

ADDRESS or BUFFER 1 
STATUS WORD FOR BUFFER 1 
POINTER To BUFFER 2 
ADnRF,SS O~ HUFFER 2 

AND SO Of'>J 

POINTER BhCK TO BUFFER 1 
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PAGE 0033 03 .*. h, I mWRNE DATA ACQU I s IT I ar·J PRnGRAr~ 22/6/73 *** 

I \. 

0499 00056 ooooao ""[5£::T Nap 

I 
0500 00057 000000 TPO BSS 2 
050t 00061 OOOOj(l beGIN NOP 
0502 00162 ~ooooo 5rLAG Nap 
0503 00063 oooooe TOTAL NOP 

.. 1 0504 00064 ooooeo SSTAT NOP 
1]505 00065 800000 Ot!E!') NOP 
0-SO-6 -0 (ft'l66 --000 b 'J 0 GALS Nap 

I 0507 00067 t)iJOLlJO 1", TS TF NOP 
0508 00070 0OOljQO Xl-Oll NOP 
0509 00071 ,)JOO~O til,OUT NOP 

I 
0510 00072 000080 HC1\iTR !'lOP 
0511 00073 coooao dOUT1 NOP 
0512 00074 !J I) 0000 MTFt·J2 NOP 
051.3 00\)75 000000 HLE !'~u NOF 

'1 0514 00076 000000 ALOUP NOP 
0515 00077 O;)OO~O LSVN NOP 
0516 00100 coooC'o XSvtl NOP 

'I 0517 001U1 000000 GAPilT NOP 
0518 00102 000000 M T 1 r1 t: NOP 
0519 00103 010000 MH"Lu Nap 
0520 Oj746 ORR 

I 0521 01746 O,JOO"O UDATA ass 5 
0522 01753 (1 l)3Q 14 LAtH:1.. OCT 3014,440 7 ,4024 

01754 C1U44"J7 

I 01755 O')4U24 
0523 01756 0(01)00 f ~:-.j II NOP fLIGHT NO I i'JSERH:D HERr 
0524 01.757 000000 NOP 

I 
;)525 01760 026455 OCT 26455,~6455,26455,2A455,26455 

01761 026455 
01702 :'26455 
01763 ('26455 -

I 01764 '::26455 
052£1 01.765 O~6455 OCT 26455,264~5,?6455,?~455,264~5 

01766 1)26455 

I 01 767 G2645 1, 

01770 026455 
01.771 02645:; 

I 
0527 01772 '.:'26455 OCT 2h45:;,2645~,26455.2~455,264~5 

01773 026455 
01 7 74 ~~~6455 
OJ 775 026455 

I 01776 026455 
0')28 01 177 ":26455 OCT 2b.~?,~6455,2~455.2~4~5,26455 

:J2}OO 826455 

I 
02,Jll1 02645? 
02002 C26455 
J2~03 02.6455 

0529 0:::'004 1)26455 OCT 2b4S5.~64~5.2~455.2A455,2h455 

I 020()5 ':'?64'5~ 
02006 026455 
O?107 :j;~6455 

I O~:'l:1 C' ? c'4 ~!) 
0530 C?Jl1 : ,ltj Ij~:;? (jeT 2b45~,~~4~~,2~455.2~4~~.2b455 

~:?., 12 : _?n4~;'r.) 

I 
O/~13 8?645'.J 
:J21.1 4, C>~f?~r--;~i 



I 
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"I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0201.5 026455 
0531 02016 026455 

020,"7 O~~b455 
02020 0264:'5 
02Ll21 026455 
O~022 01'.6455 
02023 OOOoj3 
02!1?41~)OOQO 

02:125 (1;')2[)~O 

021260l1(l;)17 
02027 O?64C'G 
02'JO ~OOtJ3J 
020J1- Ol~433 
Cl2;J~i2 177716 
02()~n OUOUl:'4 
020~H 177770 
32135 17777~ 
a 2 a ,~ 6 0 0 0 0 C 2 
o 2 1)3 7." 1 7 7 7 7 7 
O?040 177776 
02041 177772 
02')42 177747 
02043 C'D1,750 
0?044 ~n0144 
02:14.5 15436(; 
02746 023420 
02047 QUOuQ5 
02J~O 000012 
O~J510!,)QOC6 

)2Q~2 ~OOoC7 
~2J53 1775~4 

02054 177014 
O?~~? 000764 
02'1?6 1774'J6 
02057 01J03 7 2 
02060 17'76,)4 

0532 

Ot'!'1~l 000022 
02:'162 ~t100!Jl 

02;63 COl'U4D 
J 2 ') (, 4 : 'J C .714 
C'2l6'5 1}1432 
'J21t"l6 17777':; 
02067 17('0::::0 
02;170 O(l/777 
02,,11 j 77774 
02,J72 177766 
:) ·2 a 73 a a 7 7 C () 

. 020 74·(' () 6 07 7 
02:'175 177620 
82:)76 aO,)777 



PAGE (J~02 ;11 *****~ u()PPLf.:R SlJHPOllT I NF 1:t/5/7:~ **·HiI·* 

0802*** 
0003* THE nOPPLF~ SUI:1HQUTINl: ',IAS TwO fNTkV POINTS: DINIT rs CALLED O~lcl 
190 4 * TO sEt oJP rrJlTI/~L CONDITIONS, DOIolI)O IS tALL[U EVE:~Y SECOND TO 
O€lO';* CO'lrJ UTE THE F-'fH:SEf·~T. DOPPLt:R COORDINATES ANn TO YPDATE THE P ILOrS 
oeo~* DISPLAY, AnDITIONALLY AT THG STAHTOr rACH FIDUCIAL DOPPLER A~ONt 
0007* A~~ CHOSS TRACK CWORDINATLS An~ R~TIJ~NFD To THE MAIN PROGRAM FOR 
0008* I NCl,.l)S I Ot\J OIl THL (lA(iNETIC TAPE, 
06109*** 
oalu OOQOO 
oelt 
iH112 .. 00000 
OEl13 000(11 
0614 .00:)02 
OE115· 00003 
;) ~ 16. 0 0 0 0 4 
1J017 001)05 
OEllS OOLJ06 
tH)1900107 

000000 
O!.i20~O~ 
1640'J~ 

076000~ 
Clll2 0 ~ 4 
11',4000 
074 0 ~~ 0 ~ 
:J(J20(!4 

0020 00010 1~4000 
O~21 . ooOli 074026~ 
0022 00012 0020~4 
oe23 ~0013 164000 
oe24 00014 014027H 
0025 . 00015 b02004 
oe26 OO~16 164000 
OEl27 - 00)17 074040fl 
3028 OO~20 032400 
OV29· 00021 0700~1~ 
OV30 00'22 D70016d 
J031 ··jOO~3 070U17H 
OEl3~ 0007.4 0700148 
o a3 3 . 0 ci~ 2 5 0 7 0 0 15 1:1 

oa34 00026 070021H 
~. 0035·000270700228 

0036 00030 07002J~ 
OE>3? ·oori~S1 
:lEl38 00DJ2 
Ofl39 .00033 
0640 OOJ34 
1)6)41.,.00035 
0042 OO~36 
Oel43 ' .. ,00037 
0844 0004·0 
·0045 . (i0041 
0046 00042 

07{l024~ 
C70000H 
0700428 
070036~ 
OlOU2nt::f 
O?Q01Q/j . 
0700118 
070012!:i 
07001Jd 
1?'60~O~ 

U Ii'J IT 

· NAM DlJPOU 
I:NT DuPCJIJ,lJlf\/IT 
NOP 
LOA 

.\,;.lltl 
ST8 
It~A 

DINIT 
0,1 
DIN IT 

· LIH3 0, I 
SHl DI'\3 
PIA 
LllB 0,1 
STB LIN!:; 

· lI~A 
·LDl1 0,1 
ST8 INPUT 
IrJA 
LDH 0,1 
ST8 RI:G40 
ChA 
STA 01<1 UN 
S r A LPKMO· 
STA U Kt10 
S TA XfJKIJiO 
ST A Xf KI~ 0 
STA LPK~11 
STA U K~11 
ST A. XPKI11 ... 
STA XFKM1· 
STA I~TI,W 

STA ISTRS 
STA DSPR~ 
STA ISTL.N 
STA.I..PART 
STA LFUL.L 
STAXfJART 
STA XFUL.L 

GET RETUFL AUDHESS 
AND STOnE 

PICK uP PARAMETER ADDRFSSES 
Min STORt: L.OCALL v 

CLEAR ALL INTERNAL COUNTERS AND 
,h.AG~ 

JMP DINIT,I . RETURN TO MAIN ~ROGRAH 



I 
1 
I 
:1 
I, 
,I 

I 
'I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

'" 

PAGF. 0103 n1 **~ ... * ... ufl?I'U::R SlJ8f1ULJTlt\iE 11/5/7:~ ........... . 

004Q .... * 
O'05u* T~E DOPPLER !Jf(O(iRAM INPUT DATA IS TAKEr! rRO I 14 8IT SYNCHRO TO 
Je5t* DIIJITAL C(')~,'Vt:fH[~~S THAT LOOt<; AT THE 3 LINE OUTPUT FRO~1 SYNCHRO 
0052* 'CO'!TROL TRAf-.!S~11 rTi::RS ON tril~: ALONI;; A~lD CROSS TRACt< OUTPUTS or THE 
0853* JOPPLERCO'lPIJTl::li l u~F. PEVOLUTIOi-J or T!!ESEJUTPUTS, EQUIVALENT TO 
o a 5 4 .. A C ti A d G I:: I ~! S V N C; H H U R F. A i) I N G 0 r 1638 4 , ! SEQ U A L T 0 1 n /3 N AUT 1 CAL 
o a 55 * 11 I U: 5 • THE PH [) (j i'~ 1\ ' 1 ~\ E f. PST RAe K 0 F FI E: T (1 TAL C HAN G t: 1 N S nJ C H R 0 

c-'OfJS6* PQSlTI('I'J,'STURItJG THE RESULT IN Two PARTS;:' li'JTEGRAL I<ILOHETRES 
iH157* cQ,lAL TJ M'Pf-<OX ?~~no SYNCHRO UNITS A,f-l!l A Fr;ACTIONAl.. PART IN 
iH158* SV>I(:;'·H~C l,ltJ r T~ . 
005Q*** 
0060 OO~43 ~10080 UOPPO 
OC61 00044 07QQ8?b 
Je62 ti~045 074003~ 
ne63 00046 ~600ac~ 
0864 ooa47 002002 
0065 oon~J O~6062~ 
~e66 00051 0020~4 
J067 00052 070Q~O~ 
0068 00153 060002~ 
0069 O~J~4 0030~4 
no7u JO~55 070u04~ 
0671 00056 06Q003~ 
0072 00057 0030~4 
Oe73 3q060 ~700Q5H 
Qa74 00061 0264~2H 

: ... 

NOP 
STA 
5TH 
LOA 
SZA 
Jt1P 
INA 

~sYr-J 
XSYN 
I~TDP 

DUPOJ, 

5TA I!:lTrJP 
LiJA L~Yi\j 

CMA,INA 
S TAL S Y :'li) 
LDA XSYN 
Ct1A,It,A 
STA X~YNO 
Jt1P D()P31 

STORE ALONG TRACK 
CROSS TRAC~ H~AnINGS 

F IRSTREAnING or FLIGHT? 

~o 

yES - SAVF INITIALSY~CHRO 
REAnINGS rH~N RETUR~ 

TAKE ALONG TRACK DoPPLFR 
REAnING AND STORE 

SYNCHRO 

TAKE CROSs TRACK DOPPLER SYNCHRO 
REAnlNG AND STORE 



I 
'I 
-I 

I 
I 
'I 
I 
-I 
I 
I 
I 
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I 

_I 

I 
I 
I 
I 
I 
I 

O£J7l*tHlo 
OEl7A* INH:qrJAL D"f'Pu:r~ ,ILIlNG ANU GROSS TRACK COOR:-:li'JATES ARF-: BASED ON 
J07Y* AR8ITRt·,i~Y Dr-lOll,; LUCATbl AT POINT or ST/\RTI ,IU DATA AC()UISITION 
JEl8u* PR':'GRM~. 

(leat**· 
0082***** PFlC'(;C;S ALOi iG THACK S YNCHfW LJIITI\ ***** 
J8B.3**· 
fJ084 On!"Il2 JfJOO"2H UClP\,l LDA L S Y ~j T AJ<E ALO~U; TRACt\ SVNCHPO READtr 
0085 00\)63 Ch4IJ':12ti LIJ~ L~YN 

a086 00)64 :401J04ti ADA LSyrw SUflTRACT PHEVIOUS Rl A n P'!G 
0037 00865 C<J 71):' 4 CI1R, II'l8 
oe03~ OU006 074U':'40 STH L ~yrJU SAVF: CURRfNT flEAIJIW; 
008~ 00J67 0700~M; STA L~yr'Jl SAVE DlrrFRF:NCE 
0091) 00,)70 J::J2U?O SSA TEST S I G!'J O~ SVNCHRO CHANGE 
O€l91 OOQ71 0261'J1R Jt-',P DUP02 NEGATIVE 
O£J92 00072 042702H AnA =u ... ~ooo 
OV9.3 00073 o t) 2U 20 SSA IS CHANG[ GT aouo? 
0094 00074 0261G7H JrlP Oopo..s NO 
on95 !JO'75 C600~M; L.UA LSYNl vfS - SYt)r,HRO Cf.lO~';SED ZERO PO Ir 
0096 00[176 ~42703K ADA =Lh'163ti4 ... SUBTRACT 16384 TO GIVE 
:H197 00077 Q70U[1()H STA LSy~a .. SMALL NEGATIV~ CHANGE 
009R 00100 C26:1.~7K J~1P DlJPOJ 
0099 onl01 C'42784H UOPile? ADA =iJ800Q IS CHANGE LT "80001 
'HOU 00102 002021 SSA,RSS 
J 101 00103 02blC7~ JI'lP DUPO,s NO 
0102 00104 060QI"6tj LOA LSyrH V[S .. SYNCHRO HAS CROSSED ZERO 
010.3 00105 0427~?~ , ADA =U16364 - ADD 16384 TO GFT SMALL 
0104 OfJllJ6 (1700000 STA LSYNl .. POSITIvE CHMJGF. 
0105 00107 C ,)00 G 6d UOF'1 13 LIlA LSYi\ll 
0106 00110 0011:10 AHS DIVIlJt RV 2 
IH07 00111 04(H)lOtj ADA LPART II n~) rn Ff:PrNCt: TO PARr K~ COl.JNTE 
0108 00112 8(14u1.1b Lfllj U ULL 
0109 00113 01662';~ JS~ U~ISl.JM NN'IHd .. I S[ ~ ULL AND PART K ~1 
Otl0 On114 07001Utj STA LPART rOLlrHERs AND SAVE 
(Jill 00115 074011d STi3 U ULL 

,." 



I 
I 
I 
"I 
I 
I 
I 
I 
, 

I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 

U114o** 
0115**.** ~ROCESS CROSS TRACK SYN(;HRO 
'.1116*** 
(.1 117 00116 (l600~3ti LilA X5ViJ 
0118 00117 064u2Jij LDH xs Yi~ 
;) 119 00120 IJ<'iGO:'~ti ADA X S Yr-JU 
IH20 00121 01)7J::4 Cf18. I i\J8 
0121 'Jot?? C74;)~5H STB XSViW 
0122 Onl~:3 C700J7t; STA X:-iVNl 
0123 OOL~4 Qi120~O SSA 
J124 0Ol?5 C?613?H J~'1P DOPLJ4 
0125 OrJ126 :427C?R ADA =LJQi'lOOO 
0126 001?7 OJ2U2r: SSA 
0127 o () 1.5 0 C ;:'61 4 .)f./ JI1P DUPO!;) 
0128 00131 C160QCl7ti LDA X:) Y fa 
0129 00:1,32 Q427'3r< ADA :U o lo3tj4 
013U QfJ1;S3 ']71)007[;; STA X S Y IJ l 
0131 001:)4 'J2614:1H JI1P DUPO!; 
:)132 OO1.3~ J427J4r< UJ)Pu 4 ADA =iJHOO(j 
01 3 ~~ 00136 !) :) 2 fJ ?1 SSA,RSS 
0134 O1J1~7 G?61 4 JH .)tl P D()PO~ 
Q135 00140 06CQ07b LIlA XSYNl 
J136 00141 (1'l27 ,:" R ADA :LJ16,S/14 
0137 00142 Q70u: 7H STA X~Y;'Jl 
'J13/j 00143 06Cl()!J7i:l Ll [> P ,15 l,. iJ A XSYiH 
0139 00144 ~'111~O APS 
:)140 00145 04'JJl1.H A); A Xt-'ART 
Q141 00146 ~(41)LH3 LIJH X~ULL 
:)142 :J01'l7 G16624H J~;A Vr'SUrvl 
0143 0015() 0700l2H STA X P A f~ T 
0144 001:)1 07401..H:J STH XFULL 

UATI\ ***** 

T Af" F CROSS TRACK syr'lCHPO READIN 

SlJhHIACT :JREVIOUS R£:ADING 

SAVE CURnr:NT I~ E:: A 0 r NC; 
S AVF DIFrH~~':NCE 
T~ST SIGN or CHANGE 
N E(; A T I VF. 

I S CHANlit: (1 T 80{JO? 
NO 
yES - S Y ~i c: H R 0 HAS Cr~OSSED ZERO - SU8rRACT 16384 TO GET - SMALL POSITIVE CHANGE 

IS CHMlOE LT -8(JOO? 

NO 
yr:s - SY~Ji'HRO HAS CROSSED ZEPO 

- ADD ln384 TO GET 
- St~Al_L P(JSITIVt: CHANGF 

DIVInE BV 2 
A !l:J "0 PA f~ T K t1 COlHJTH~ 

I\r D f' 11 A 1- I S F. Rf:SULT A r~n SAVE 
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·1 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAGE 0006 01 ****** l)(jPf'Li:::R SUBROUTINE:: 1:;/5/7;) **lHHit 

0147*** 
0148**-*** DOPPLER CHAfn SPt:lU CONTfo<GLLI::H****i: 
Jt49*** 
0150* VOLTAi.1E= C(l'ITHOLl.E,J USGIl.LATD~ kEULJIRF.S +10V FOR 21::10(() srEED 
0151* ANi! +7,'3V rOK 2no K,JOTS 
0152*** 
)153 
0154 
0155 
0156 
0157 

O~58 
01:>9 
') 160 
(Hal 
)162 
016.3 
0164 
0165 
0166 
0167 
016P 
0169 
017U 
0171 
0172 
Q173 
0174 
0175 
a17~ 

IJil7 

OO~52 ](lQO:-'IJI:i 

00153 O,J2020 
00l?4 (H:~O:,4 

0(1 1 ~ 5 0 ,J 6 4 :' 0 
Of)1~6 O:J.60C:1,X 
00157 0007C6r? 
o 0 16 0 0.0 -? 0 ~ 4 
00161 0427C'7R 
J016? (l70u31l3 
00163 003004 
00164 04004 .. St! 
00165 OU20?O 
00166 0261 71H 
001.67 060Q 4 3/j 
00170 0262~:l.foI 
001710(,CI)311j 
Of'l172 003014 
00173 04COl4t.l 
00174 Gd2021 
00175 0262COH 
00176 0000440 
00177 0262~lR 
Oo20D C'\>C031/j 
00201 0700~1 
(LQ202 0627j,OH 
'JO?03 'J1667:.H< 

~ 0 A l,. S Yf'1 " 
SSA 
C fH, I ,'J A 
CL8 
DIV :u6 

C f'1 A, I N A 
ADA =ll2047 
STA DlMPl 
C f"i A, I riA 
ADA MAXSP 
S~) A 
JrlP *+3 
lDA MAXSP 
JMP DOPOH ... 1 
LOA OTMPl 
CHA. Ij~A 
AlIA ~'INSfJ 

.S;>A,RSS 
.,H1P DOPOt; 
LDA MINSP 
J~lP f)UP08+1 

OC"Piitl l,.),JA !)TMPl 
STA 1 
L,DA :U9 
JS8 ,llTA 

GET ALONG TRAC~ SYNCHRQ CHANGE 
- APPRO( l~OO AT 100 KNOTS 

GET ARSOLuTl VALUE 

uIVIDl 8V 6 AND COMPLEMENT 

TO GET V~-25J AT 100 KNOT 
CALr::ULATE X=2047+'J 
A'JD SAVE :JtSU~ T 

CilECK IF :;P[ED Ton GREAT 

Of< 
U S [ r , A X A i- LOW E D S P E [ D 

CH[C'" IF ::;prEC LESS THM! 
40 1< ~lO T:) 

A [\J !J PUT I fJ !l fH: G r S T E R 

OUTPUT TO VCO CH nIt. CHANNEL 10 



I' 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 

I 

P AGE: 0" 0 7 () 2 *' * *' .. * * U r.' P P L H~ SUb R 0 UTI N E 11/5/ 7:~ * * '* .. ia 

0001.·*~ 

D002***** PIL0T S DOPf'LLrI DISFLAY PfWCI::Ssnp ***** 
01:10,3*** 
OfJ04 
0805 
GOOt) 
0007 
Oe08 
OOoq 
ilfll0 
J011 
J01? 
:) V L~ 
061 4 
iJ(H5 
0fl16 
vel7 
') 0 1M 
OEllQ 
lJel20 
OfJ21 
0022 
0023 
0024 
0025 
O£J26 
OEl27 
0028 
O£J29 
0030 
OfJ31 
,JEl3? 
0033 
0034 
0035 
0036 
1,10:3 7 
003'1 
L) 0 J <I 
QtJ4u 
Ofl41 
:1042 
0043 
0044 
0045 
0)046 
004'7 
O£J4H 
.)E14<i 

00204 G6004rH D0Pl,1 
on21l5 C'/C0411::1 
002D6 160G27d 
01)?07 ('127111-1 
00210 0 J 2!) :: ~~ 
00211. C?,6;:>~~)H 
')0212 a60()L~tj 
00213 O)3()"'4 
00214 07C014d 
OO?15 ,}6()ol,~B 

00 216 O'J30~4 
00217 07C0151::1 
002?O 0('0042d 
OO?21 0020':2 
002?2 026??61-1 
')0223 OJ2GC}4 
J 0 2 2 4 0 7 C' iJ .':. 2 [j 
00225 0262371-1 
00226 OtiOIJ3otj 
00?27 0:)20[2 
00230 0262 3?H 
00231 OJ20~4 
00,232 07CU36tl 
00:'::'306?712f-1 
00234 07Q037d 
00235 O~4037d unp12 
00236 0262-171-( 
00 ? 37 060 01. [] tl 
00240 OtJ3Q"l4 
00241 G70016t~ 
00242060iJ1.lii 
OO?43 C:)0J~4 

00244870iJ17ti 
OO?45 r024~O unplJ 
011246 070u3Mi 
01)::47 ':'6Q:Jj.\1i:l 
Or)2~O 040iJ16H 
00251 Q64011t"i 
OO??2 044!)i7d 
00253 016624H 
OO?54 070r)31.o 
00255 0140::;~rl 

002~6 CUr,4S0 
002')7 SO?fJ2(1 
QO?60 GJ7J:O 
00261 016JG1X 
on? 6 2 Q i) 0 0 4 ~ t3 

LOA RI::G40 
S T A L)U A T A 
L U A I 1'1 P lJ T , 1 
AtHl :u2 
SZA,RSS 
.,Hl P !J 0 P :1. .3 
LI1A XPAfH 
C!"1A,INA 
S T A XPKtlO 
LOA x~ Vl,L 
C ri A, II J A 
STA x~ Kf'IO 
~UA I~TRS 

SZA 
JtlP *+4 
I rj A 
STA I~,TRS 

J tiP D [) P :l. ~ + C! 
LLJA DSPRS 
SlA 
J~1P DO P 12 
I r J A 
STA nSPRS 
LUA =U=5 
STA DGNTR 
ISZ lJCNT~ 
JHP DJP13.2 
~LlA LPAHT 
C 1'1 A • I;~ A 
STA UIKMO 
LJ1A LFULL 
CrlA,IhA 
STA LFKHO 
Cl,A 
STA DSPf~S 

LDA LPART 
ADA LPK~10 

LIJ8 LF ULL 
AD8 U K!'10 
JSli DI-"SLlM 
STA llTMPl 
STb jJrMP2 
CL (3 
SSA 
C I~ t1 
DIV SCLOl 

GFT AnnRFsS OF PILTOTS DISPLAY 
GIJfFER 

GET 168fT INPUT REGISTER 
ISOLATE DOPPLER H~SET BIT 
IS IT O~·j? 
Nr) 

yES - SAVr INITIAL COORDINATFS 
IF RESr:T CROSS TRACK DISPhAY 

F U';ST RE:SFT? 

cHFrv IF nESET ON FOR r;' SEC 

I:JITTLISE COUNTER 

RESET ON FOR 5 SEC SO 
PFS[T ALONG T~ACK DISPLAY 

RFSET cnu JTt:H FLA(J 

sunH'ACT I NIT r AL t.LOr-.!G TRACK 
POSITION FROM PRESENT POSITION 

N orn1A LI SF THE: RE SUL T 
THIS IS AlONG TRACK DISTANCE 

TO HE DYSPLAYED 

DIVIn~ TO GET 0.1 S or KM 



I 
I 

PAGE 0008 U2 **lI*** UuPI-'Lt:R SiJeRuUT II\lE 11/5/ 7 ~{ II *':f *** 

I 0052 002f13 :)70031,[; STA DTMP~ 
0053 00264 060032i:1 LDA [lTMP2 

I 0054 00265 'JU1O,"O ALS HlIl,.TTPLY ';M 8Y 1(J 
0055 002f16 070U21 STA 1 
!,)05fl OO?67 8r)1.)~l] ALS,/ILS 

I 8057 00270 C40f):-::' ADA 1 
Of158 00271 04003113 ,\f)A fJ TMPl !\ [I q n: 1 O.t S 
005Q 00'72 C")20~n SSA I V i\lrtlATI''!t ADD 10000 

I 
0060 ')0273 0427t:~H AlJA =iJ1UOQu 
0061 D0274 C16'560 R JSB El'~COU ~iICO~)F R f. '; U l 1 TO 1-2-4-8 RCO 
0062 OO?75 174 lJ4l,r3 STA jJtJATA,l I~ t'.ID STO~~ I N 4U HIT BUFFER 
O!!l63 00276 Q:~ 4 0 41, U ISZ DljAT A 

I 0064 )0277 ). 7 4 ~I 4 ~ ~ Sit; DUATA, ! 
OEJ6'5 00:, () 0 a:54041u I ~; Z DtJATA 
0066 J03D1 :)60Ul?l:l ~/JA XfJ AFn S Uf-iTr~A C T I N In AL CROSS TRACK 

'I 
0067 00302 QIlOO148 ADA XPiO'10 rr?~~1 PRf:SENT PO SIT I O~J 
!)(!168 00303 064,JLirl L,IlB )U UL.L 
OEl69 003[)4 0440E',t3 ADd XrKMO 
OEl70 00305 C~b92t,~ "lSI3 I)~'SL)M N()Piltd .. I Sf RESIJLT 

I Ofl71 )0:)06 07!lo:Hb STA DTMPl TdIS I S r. ;,10 s S Tf~A CK PESULT 
o €In alJ"~n7 07403?H 5T8 Dr 1'1P2 rnp 11ISPI.AY OUTPUT 
J fJ 7;3 ooHO QOA4(,fJ ClH 

I 0874 00:H1 002U?(i S::"A 
0075 ao312 :J J 7 0 ~ [; C I~ H 
Ofl76 00313 'J16ij:'lX UIV :..iLL 02 DTVI;)E TO GET 0.01 S or KM 

I 
00314 O~OC:~f)~ 

00'17 00315 07Go:Htl STA ii T M f> 1 
,lfl7R D0316 a6011:~;!H LDA DTMP~ MiILT!PLY nlOSS KM HY 100 
:) 879 on317 'JJ1()~~) AlS.ALS 

I 008Ll 00320 0700~1 STA 1 
OEl81 00321 O:J102C, A (. S, A LS 
0082 00322 J0108fl ALS 

I OEl83 00)23 ')44Q'}(1 AD8 (l 

a084 00324 Of}10~O ALS 
0085 00.325 04400(: Anti (1 

I 
J086 001?6 }44(J~ld A LJ t~ [)lMPl A ~) ;.1 I"ltJ O. :; 1 S t< t-I 
n087 00027 1(10 02 ll::i 1.,IlA IIJPdT,l Cf![,S~: ON POSITIUN Of FORWARDI 
(If)8e ::11)3.30 01,27141-1' ArJU =i!8 f?t:V EP:) E SWITCH 
0089 80331 C02G':2 SLA I r otl C 0 11 r L f: MEN T RESULT 

I O(J9() 00:3:5 2 r.d7ur4 C 11 H , I ,'I tl 
0091 00333 O'iO():'l Ll.1A 1 
oe'J2 OO~34 n70U~lt1 STA D1MPl SAVE rOR :'tH:R UUTPlJT 

I o 0 9;~ Df)3~55 CUt,4" Il Ct,H 
!.)094 OO~36 0')20:'1 SSA~f~SS ! r.; IT POS IT I vEl 
J095 00:5:57 026:34:?R J~IP *+3 V F:~:i 
J896 OO~40 O():;CI~L) C Ii A , I ;'J A MAf\F.: POS!![V!: ANO CHAr-WE 

I 0097 00341 Q :1 7 [I ':' (~ CliH OVf:'R THE L~r1/RrGIIT LIGHT 
Of.l9tl OrJ342 C 7 4 Ll .? ;.~ tj S T t1 [lIMfll-
(')(l9Q 00343 S:j.n56C'R JS8 r: !'JGa u GfT 4 DECIMAL DIGITS 

I (101) On344 1·70041H STA [1!JATA,l A IliD S T 0 RF. Ir'~ 40 8IT (-iUFFER 
010t ')0345 O:54Q41!::i ISZ DiJA T A 

Gi0? On146 174ll41d 5TH DiJATA,I 

I 
:J 10,3 00:':47 G ';4 ''J HlJ rSl DlJATA 
0104 iJ0350 r; f; C' OJ ;-' d LUA [JrMP~ 

. (1:1. 0 "i O'l~'~)l 1 J Co j":,l !j ~~ T A [)UATA, I 

I 



I 
,-1 
--I 
--I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PAGE O~i) 02 ****** U0PPLlR SUBROUTINE 11/5/7~ •• ~ •• * , 

t. , 
.; Ul0B~HHI' 

0109 ... " 
011U*~H. 

0111*** 
0112·*** 

JUT~UT CROSS TRACK A~ALUGU~ VOLTAGE rOR LGFT-RIGHT 
INJltATOR IN F"RONT OF PILOT -10V TO +10V ~QUIV 
TO APPPOX 1 KILOM~T~R 

:111.3 00352 
0114 00353 
011? 00 354 
U116 ()03~-;5 

0117 f103~6 
011d O(l3~7 

0119 00360 
0120 00361 
0121 003-62 
0122 ao363 
0123 00364 
0124 00365 
0125 0(')366 
0126 90367 
0127 00370 
012g 00371 
0129 OO.H2 
0130 On373 
[)131 iJ0374 
r)132 00375 
0133 00376 
0134 00377 
0135 00400 
O!36 004Ul 

06U03l,t1 
OiJlO'J(J 
C7 00::'1 
ODltJ?(; 
C400:11 
r,Sli)':10 
C70031~ 
002020 
,]?'6~7CR 

0427151-< 
}J20?O 
O?6:p~j~ 

'J6?7':IH 
:);!6:Pf,H 
042716R 
002021 
026375H 
062715~ 
026376 r{ 
'J6003lH 
81.2717H 
0700'H 
C62714H 
1166 7 ~~H 

LilA DTM?l 
ALS 
STA 1 
ALS,ALS 
AIJA 1 
AI-S 
STA DTMPl 
SSA 
.,HIP [)UP21 
AllA =0 ... 2U48 
SSA 
JliP 
LJJA 
JtiP 

!JOP~l. AUA 

DUP22 
=iJ 2()4I7 
DOP22+1 
=U2048 

SSA,R!:>S 
Jf-IP iJCJP22 
LJJA =u .. 2048 
JPP Dup22+1 

jjDP~2 ~DA orMPl 
Ai~U =t37777 
STA 1 
LIlA :LJ8 
JSB ,UTA 

PICK UP CROSS TRACK DISTANCE 
.M U L TIP LV;) y 20 TOG I "E A P P P OX 

1 KM FULL SCALE DEFLECTION 
o;~ TilE MF"EF~ 

TE::)T IF Gr 2048 

y r= s - SF. T I:: QUA L T (1 ~1 A X PO S S I 8 LE 

TEST IF L r -;?D4b 

vES - SfT EQUAL TO MIN POSSIRLE 

OliTP!JT CR,'SS TRACK Tn INDICATOf 
t'lF.Tf:H 

a " ~ C I-I ANN Ft. 9 0 F 
D/A MP">( 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

! I 

01-.SYI"~ 
0140*** 'HJPPll::P ';JUfWji,Ji·1t·S FfiR QiJTPlJT fHJ :'!l\nl'I[TI~ TAr~. (JRIGHl FOP 
014.1**. FL.I;;HT CA:: H: f:::.,T'\H.Ll~iHI 0 I3Y Si:TTT::r; HIT " O~ S"'JITCH HEGISTER 
0142*** ~f:rY~~ T"i.: CUi1M!:I~r:trtt;n' or Rt:COKnI!!r.;. OTHFRl·JJSf: ORIGIN IS SET 
a 1 4 .3 0 •• A T STAin () F .. 1 R~) 1 Ll i\J l 
0144 0 ,0 

(141) :J04{J2 1600:_~(lt~ J.H'PJl 
0146 004()3 0:;27;?Gk 
0147 !)041i4 ~d2i)jl 

0148 ~n405 ~ :~6 47 ?,~ 
014Q 00406 1(/20 4;S:-< 
0150 Cln407 SIOl)2~ti 

0151 0114:1.0 O~')Of)?nt~ 

015'~ 0!1411 a02J('~ 
O~5.3 00 412 ')('6447>< 

0154 0[')413 160Q,~t'H 

J15"i I) () 414 G~;~O:);' 

015f1 ;)0415 0264~7~ 
!J157 00 4 1. 6 10~5Jl 
~H5i:l ')0417 O:>27?1r1 
0159 00420 "):J?J''l1. 
J160 1)0421 0264471'( 
3161 (\0422 ()f)241"1[1 

J162 'Jf)423 1.!)26:~1 

'116.3 00424 DJ?u:l 4 

0164 00425 S70UJ:J.U 
0165 00426 0264 \) ~~ h' 

0166 Otl427 ') 7 (1 o? (1 d 
0167 1)0430 'J~~,OJ;j,t1 

0168 00431 Q ')2J::'~ 
0169 0()4:~2 'J~6447~ 

1)170 -)04J3 o (, 0 ~.11 {l i~ 
o ~ 71. a [}4"H OO;~J~4 

rH7~ (lfJ4~~5 0700?lH 
0173 0(1436 C:oCullt1 
Q174 0n4;~7 G 1,1 ~3 d (J '"' 
0175 00 4 40 r; 7 0 I) ? ;:~ t~ 
0176 Q0441 O!)~vL.!d 
0177 ClOt,42 C')301')4 
iJ1 78 QlJ443 :' 7 0;] 2:s H 

0179 r)0444 Q60(Jl;)~ 

0180 01)445 803J~4 
0181 on446 J l!J O?4 t.i 

LilA OK 3. 1 
CPA :IJ .. !;)U 

r~ss 
J~lp EX. OOP 
LflA OUP~JO.l 
STA D']PAU 
I,..lJA I::.iTLN 
SIA 
JI';P D()p;54 

lilA UNh! 
SIA 
JI'lP [JljP32 
~ 1 A 1 
cr'A =iJ4 
H ~'.; S 
JflP UtlP,$4 
Cl.A 
orA 1 
IfJ A 

:5 T A 0,< 1 ON 
JilP D () P :):~ 
STA I ~') T Uj 
L.ll A Ch( I GI\I 
SZA 
Jf1P iJuP;54 
l,. Li A U' Afn 
cr:A, I :JA 
STA L~'Kr11 

L1'A V Ul.L 
cr':A,II\!A 
S TAU Kil1 
L jj A x~) A rH 
C 1'\ A , 11' j A 

STA X~''''iil 
LIlA xt ULL 
eIlA,I,JA 
STA in Kill 

I r; I 'T' S T f.:?T (l r lOS E C 8 \.. 0 C K ? 

r-. CJ 
plr.K UP A::OFFSS or HT nurFER 

1\'11) ST;,I-?f-: 
H 1\ S ;~ E COR ~~ [ r·j e:; F UHF L I G H T S TAR TED 

yF:S 
N1 - IS rrRST LINF STARTING NOW? 

yES 
~n - GET s~ITCH R~GISTER 
IS onprLE~ OkIGIN AIT O~? 

1\10 
yFS 
CLr-M' SWT'T'CH HEGIsrr:p 

SFT nRIGT:. rLAU 

o rn r, TIl A l.;~ t: A D Y S I:: T 7 

y E~; 
S t-: T n H I G I ;. F 0 r~ rH DO P F' L E R 



1

PA9E 0112^42^**it***^unPPLhR^SUHPuuTINE^11/5/71^* 4,16 ***

0184 10447 160010B Unpi4 LDA LPART sukTPACT^TNIIIAL^ALONG^TRACK
1185 0040 741V1B ADA^LPKill vPnN PPSENT^DISTANCE
1136 00451 164011B LAB OULL
0187 90452 0440220 ADB OKM1
0188 00453 016624R 4SR Dpsom NOPNALISE^RESULT^-
3189 00454 016474R JSH DuPXY GET^24.RIT^BINARY^RESULT
0190 o0455 170025B STA^DuPAU,1 AN1 STORE^IN buVFER
9191 00456^034025t4 ISZ^DOPAD
3192 00457 1740256 SIB^DuPAU,I
0193 00460^0340250 ISZ DUPAU
0194 00461^06•0120 LA^)(PART SORTPACT^INITIAL^CROSS^TRACK
1195 00462 0400230 ADA^XPK191 FRon PRFSENT DISTOCE
0196 00463 - T64014R LDR^OU.1,4
0197 00464^0446248 ADA^xfKM1
019e nn4h5 016624R JSB DPSUm NORMALISE^RESULT
0199 00466 016474R JSB DoPXY GET^24^BIT^HINARY^RFSULT
1200 00467 1700750 STA^D0P4D^I AND^STOP.^IN BUFFER
0201 00470^0340250 ISZ^D0PAD
0202 00471 174025B SIB^D1)PA0,1
0203 00472^136043H ExpoP isz Dono BUMP^RETUt?N^ADDRESS
0204 00473 126043R JmP^DuPOU,I

• 1
1

• 1



I 
I 
'1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0001**11-
I) 0 0 ? it * .. it IH" T P f.~ F C~!.. Ul WIN' 1 :', U fl R r.: UTI N t ~~ A ~ L d SEn n y 'r H r: :J U P P L H~ p r; n r; R A t'\ H 

000.3*** 
;)004*** ;10PXY F~}r.t!ATS TI!t [)CPf.JLtR COURlJS r(lR liT 0 ;H'UT. THE RESUL T IS A 
OfJ05*** 24 !)IT ilJr,JAfH NiIMHE:fi ;)1 fH HITS f)-1? rORr1f iG A SIGtlEIl CllJHJT!TY I 
0006" *.. H! 0 S :: n 1·1 r U: tit r ~ T M U [J I·. !3 ITS ? U - c.3 A r F. A LW.iI V S Z £: R (J. W H F. t-) 
() 0 0 7 .. ... PRO C E S S I :! Cl I N L II R h t C r W PUT E P ~ t (l A T I V [ N lH~ :I E R S A I-< f: F. X T RAe T E J) 
1 0 0 a .. * * 'J S FJ G T 1/ [ ~ F L 1\ T I (j I·, I F ( i\J • G T • 5 2 42 H 7 ) H = :'1 .. 1 0 4 n " 7 6 
CH109**· 
oelu 0,.,474 
Jel1l ~0475 

OEl12 00476 

~ono"'n 
07 Cl 0 31 (1 

271 J :~~) Ll 
Q'J64'JG 
C!:;Za?D 
0070::0 
Q;1.60C1X 
QOOQ4 1:,t) 

07003H,i 
G064()O 
Q:'J?l.J?[! 

OEl13 00477 
0014 00500 
0015 00501 
:)V16 on502 

0017 
(lelA 
0019 
OEl2n 
0021 
0022 
002.3 
iH)24 
Of)2r; 
0026 
0027 
0628 
Ofl2Q 
fH131J 
()f) 31 
0032 
003.3 
O·f) 3 4 
!)el35 
Q€l36 
rJf)37 
O€J3'l 
0039 
004u· 
Qel41 
fHJ42 
,H)4.~ 

0044 
004'1 

.' . 

Cl0503 
00504 
00505 
linC;06 
Q n 5 (l 7 :).J 7 J Q l'; 

00510 J740~?i:' 
o (1 5 11 U 6 :) 0 3 3 L: 

00512 O\164~O 
0(5).30:)207;.] 
on514 C(l70r'lO 
00515 OJ.65<11k 
:)0516 OJ.6';41R 
(H) 51 7 . :);J 0 U 4 ,I 
00520040u3;1,.H 
on5?1 0(12040 
00:;22 !J06004 
00'523 ;44032H 
00524 0700310 
C 052'5 0127111-1 
')0526 070032t:J 
:1 11527. )60031ti 
00530 001700 
Jn531 Cl12722r{ 
nfl5:~2 C 70 0 ~,~ t:l 
)0533 r) /) ?7 &2 .S k 

.' J !)534 r; J5 7) D 
80535 \.l100,~ 1 
on 5 ~~ 6 CUOo3Mi 
o 05 :~7 'J64 LJ:.~ (;11 
')(154) 1,:64741-< 

. - .- ... " "., 

,I 
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