
f 

MICROCOMPUTER-BASED PNEUMATIC 
CONTROLLER FOR NEUTRON ACTIVATION 
ANALYSIS 

J. S. BYRD and R. J. SAND 

([[JPOtID 
•• ~ ~,po"'" 

SAVANNAH RIVER LABORATORY 
AIKEN, SOUTH CAROLINA 29801 

PREPARED FOR THE U,S. ENERGV RESEARCH AND DEVELOPMENT ADMINISTRATION UNDER CONTRACT AT{07 21-1 



DISTRIBUTION 

Copy No. 

1-3. 

4-46. 

47-226. 

T. B. Niland, ERDA-SR 

TIS File, SRL 

ERDA-TIC 
(for distribution under TID-4500, Category UC-32) 

NOTICE ----------, 

This report was prepared as an account of work sponsored by the United 
States Government. Neither the United States nor the United States 
Energy Research and Development Administration, nor any of their 
contractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness or usefulness of any information, apparatus, 
product or process disclosed, or represents that its use would not infringe 
privately owned rights. 

Printed in the United States of America 

Available from 
National Technical Information Service 

U. S. Department of Commerce 
5285 Port Royal Road 

Springfield, Virginia 22161 

Price: Printed Copy $6.00; Microfiche $3.00 



DP~~;Zh;21 
Distribution, Category: UC-32 

MICROCOMPUTER-BASED PNEUMATIC 
CONTROllER FOR NEUTRON ACTIVATION 
ANALYSIS 

by 

J. S. Byrd and R. J. Sand 

Approved by 

D. Baker, Manager 
Laboratory Operations and Services 

Publication Date: October 1976 

E. I. DU PONT DE NEMOURS AND COMPANY 

SAVANNAH RIVER LABORATORY 

AIKEN. SOUTH CAROLINA 29801 

PREPARED FOR THE U. S. ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION UNDER CONTRACT AT!07·2H 



ABSTRACT 

A microcomputer-based pneumatic controller for neutron acti
vation analysis was designed and built at the Savannah River 
Laboratory. In this system, commercially available microcomputer 
logic modules are used to transport sample capsules through a 
network of pressurized air lines. The logic modules are inter
faced to pneumatic valves, solenoids, and photo-optical detectors. 
The system operates from programs stored in firmware (permanent 
software). It also commands a minicomputer and a hard-wired 
pulse height analyzer for data collection and bookkeeping tasks. 
The advantage of the system is that major system changes can be 
implemented in the firmware with no hardware changes. This re
port describes the hardware, firmware, and software for the elec
tronics system. 
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MICROCOMPUTER·BASED PNEUMATIC CONTROLLER 
FOR NEUTRON ACTIVATION ANALYSIS 

INTRODUCTION 

The National Uranium Resource Evaluation (NURE) is a program 
by the United States Energy Research and Development Administra
tion to locate potential supplies of uranium ore to supply the 
future needs of the country. Under this program, large numbers 
of geologic samples are acquired from the entire country, and the 
samples subsequently are analyzed by radiochemical spectral tech
niques. The Savannah River Laboratory is responsible for the 
NURE program in the eastern United States. 

A pilot-scale neutron activation facility has been developed 
by Savannah River Laboratory to analyze the NURE samples with 
minimal manual operations. The NURE Activation Facility! con
sists of a control center module (CCM) trailer, a pneumatic trans
port system, and a reactor irradiation chamber (RIC). The CCM 
houses the pneumatic control system, detectors and spectra aqui
sition equipment, and half of the pneumatic system valving. The 
reactor irradiation chamber is mounted against the moderator 
tank wall of a production reactor at the Savannah River Plant. 
The other half of the pneumatic system valving is in the reactor 
tank service area near the RIC. The CCM is located immediately 
outside the reactor building and is connected to RIC pneumatic 
piping. The transport time of sample rabbits (or between the 
CCM and RIC) is approximately 1-1/2 seconds. Samples are con
tained in devices called rabbits for rapid movement into and out 
of an irradiation field. 

An electronic control system was required to control the trans
portation of sample rabbits from a loading port, through a series 
of irradiation cycles in several reactor tubes, through counting 
intervals at one of two counting ports (Dl and D2), and to an un
loading port at the end of the tests (Figure 1). Four activation 
regimes are defined in Table 1. Figure 2 shows a photograph of 
the controller. Design criteria for the controller were: 

• The system could operate all necessary control valves to trans
port the rabbits through a schedule of radiation-count cycles 
defined in Table 1. The regime schedule of any given sample 
rabbit could be modified based on analysis results of some 
previous cycle. 
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• The system could trace a rabbit through various cycles, iden
tify its location at any time, inform the operator if a rabbit 
fails to reach a programmed destination, and identify the pres
ent location. 

• Two analyzer systems, a 
berra 8100 multichannel 
shaking techniques. 

PDP-9 minicomputer system and a Can
analyzer, could be controlled by hand-

I Loader 

t 
I 01 
I 

~ 
I 01 

1 
I 01 

TABLE 1 

Definition of Regimes 

Regime Desaription 

A 

B 

c 

D 

I 

I 

One short irradiation and one short gross 
activity measurement. When gross activity 
exceeds limits, the sample is prevented 
from receiving further analysis. 

Several cycles of short irradiation and 
short counts. 

One long irradiation and one intermediate
length count. 

No irradiation, but one intermediate-length 
count for each rabbit not rejected in 
Regime A. Counting is done in off hours 
separately from analyses of Regimes A. B. 
and C. 

Loader 

Regime D 

"" R.oim. A 

I 
~ 

RIC .~ 
~ 01 ~ 
~ 

Regime B is 
" ~ 

I ~ 

RIC ~ 
u 
~ 
.~ . 
~ 

Unloader 

Regime C 
I RIC I 

02 

FIGURE 1. NURE Regimes 
L I I Unloader I I 02 
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A dig:ital system incorporating stnte-of-the-art technology 
was desi.gned for the electronic control system, called the NURE 
Rabbi t Cont!:o 110', The' base for the programmable electronic 
controller is a commercially available modular microcomputer 
system,' These modl!lcs include a second-generation microprocessor, 
the lntd SOBO,' as its central processor. This central processor 
is a Iarge-scalc··.lntl'gration integrated-circuit component that 
c.ontains the central proc("'<ssing circui.try found in a small, 8'-bit 
parallel L,nmputer, A digital interface connects the microcomputer 
to various input and output devices associated with the NlJRE 
pneumatic and analysis equipHlent. Operating programs for the NURE 
Rabbit Cont1'oJi.,,1' are stored in erasable programmable read-only 
memories (EPROMs) that l,-onsti tute the system fi.rmware. 

/! 

U
ii ' 

.•
.... ' ... :.. ..r·~·~"-
0)- • 

to;~ 

FIGURE 2, NURE Rabbit Controller 
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SYSTEM DESCRIPTION 

Hardware 

A block diagram of the major hardware components for the 
NURE Rabbit Controller is shown in Figure 3. M-Series logic 
modules from Control Logic, Inc. (plug-in, printed circuit cards) 
were used in designing the microcomputer (Table 2). The basic 
commercial system was modified to provide additional signals at 
the input/output (I/O) connector. The I/O terminal is an ASR-33 
Teletype (Registered trademark of Teletype Corp.) used for input 
commands and output messages to the operator. A 256 x 8-bit 
random access memory (RAM) provides temporary storage for the 
systems programs. A 3.5K x 8-bit EPROM contains the firmware for 
the NURE Rabbit Controller. 

A digital interface was designed to connect the microcomputer 
to process peripherals of the NURE pneumatic rabbit system. Sig
nals from the I/O connector (Table 3) were connected to binary hexi
decimal-to-decimal decoder modules to produce 16 system input sig
nals, IN 2~-IN37, and 32 system output signals, OUT 4~-OUT 57 and 
OUT l~~-OUT 117 (Figure 4). These I/O signals are used for the, 
various operations required by the pneumatic rabbit controller, 
the PDP-9 computer, and the Canberra 8100 analyzer (Table 4). 

/--- I MICROCOMPUTER SYSTEM MEI()RV 

Teletype Corp. M-Series System 256 ~ 8-bit RAM 

ASR-J3 
Control Logic, Inc. 3.8K ~ 8-bit EPROM 

• ~ 

POP-9 COMPUTER DIGITAL INTERFACE 

-~"'i Digital Equip. Corp. Savannah River Laboratory 

! 
PANEL 

Mag- PULSE ANALYZER 
netic 
Tape 

PNEUMATIC RABBIT SYSTEM 
Canberra 8100 

NURE _ SRL . 

15 Pllotodetectors 
11 l imi t Sw; tches .~ 
J2 Solenoid Valves netic 

Tape 

FIGURE 3. Block Diagram of Major Hardware for the 
NURE Rabbit Controller 

- 10 -



TABLE 2 

M-$eries Logic Modules in Hardware for the NURE Rabbit Controller 

Quantity 

1 

1 

1 

1 

1 

2 

1 

1 

1 

8 

Sa 

1 

Model 

MCP-893 

MIM-894 

MDM-89s 

MPI-8l0 

MCC-8l4 

LDD-s03 

LTI-s13 

LRC-S3l 

LRM-s97 

LRM-s96 

LRM-s98 

CGI-s40 

Descl'iption 

Central processing unit 

Memory and input/output control 

Data bus - multiplexer 

Priority interrupt control 

Console control 

Device decoder 

Teletypewriter interface 

Real time clock 

256-byte RAM 

s12-byte EPROM 

lK-byte RAM 

System instrument cage (powered) 

a. Used only during system development. Not permanently 
installed. 

TABLE 3 

Microcomputer Signals 

Signal Name 

All., - Als 

DIll - DI7 

roll - 1017 

OUTS 

DIl - D7 

DescPiption 

Address bus, 15 bits, 64K address 

Input data bus, 8 bits 

I/O select lines, 16 bits, each line 
to select a group of 16 I/O pulses 

Low pulse when output instruction 
is being executed 

Low pulse when input instruction is 
being executed 

Output data bus, 8 bits 
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I/O A 
MJ-A3 

I~4 

ddress 

4:16 

Decoder > 
r 

4: 16 

Decoder 

4: 16 

~ 

Decoder 

FIGURE 4. Input/Output Decoders 
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System Input 
Signals 

IN20-IN37 

System Output 
Signals 

OUT 40 - OUT 57 

System Output 
Signals 

OUT 100 - OUT 117 



TABLE 4 

Input/Output Commands 

Signat Name 

IN 20 

IN 21 

IN 22 

IN 23 

IN 24 

IN 25 

IN 26 

IN 27 

IN 30 - IN 37 

OUT 40 

OUT 41 

OUT 42 

OUT 43 

OUT 44 

OUT 45 - OUT 46 

l'l'ogl'am 
Instrauotion 
Mnemonic 

IN 20 

IN 21 

IN 22 

IN 23 

IN 24 

IN 25 

IN 26 

IN 27 

OUT 4~ 

OUT 41 

OUT 42 

OUT 43 

OUT 44 

OUT 47 OUT 47 

OUT 50 

OUT 51 

OUT 52 

OUT 53 

OUT 54 

OUT 55 - OUT 56 

OUT 57 

OUT 100 

OUT 101 

OUT 102 

OUT 103 

OUT 1M 

OUT 1~5 

OUT 5~ 

OUT 51 

OUT 52 

OUT 53 

OUT 54 

OUT 57 

OUT 1~~ 

OUT 1~1 

OUT 1~2 

OUT 1~3 

OUT 1~4 

OUT 1~5 

DesoPi.ption 

Inputs a-bit word POI (photodetector status) 

Inputs a-bit word P02 (photodetector status) 

Inputs 8-bit status word, LS3 (status of 
limit switches for diverter valves) 

Inputs 8-bit status word, LS4 (status of 
limit switches for loader and unloader) 

Inputs 8-bit word STW5 (POP-9 Canberra status) 

Inputs 8-bit word POTI from PLA (photodetector 
test) 

Inputs 8-bit word POT2 from PLA (photodetector 
test) 

Inputs a-bit word TBL (abort status) 

Spare input pulses 

Outputs pulse CLPDI to clear PDI status word 

Outputs pulse CLP02 to clear P02 status word 

Outputs pulse CLTBL to clear TBL status word 

Outputs starting address to PLA register 

Outputs pulses to solenoid driver latches 

Spare output pulses 

Outputs PI (program interrupt) at 01 to POP-9; 
PIDI pulse 

Outputs PI at irradiation chamber to PDP-9; 
PI RIC pulse 

Outputs PI to PDP-9 at the beginning of Regime C; 
PIC pulse 

Outputs PI to POP-9. Chamber full - PIF pulse 

Auxiliary PI to POP-9 

Outputs pulse to panel light 

Spare output pulses 

Outputs clear pulse to POP-9 interrupt flags 

Sets real time clock frequency 

Outputs pulse S02e to start D2 counter to collect 

Outputs clear pulse CLD2 to 02 memory 

Outputs pulse to panel wait indicator lamp 

Outputs pulse 50210 to start 02 I/O mode 

Outputs 50205 to start D2 display mode 
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Transporting rabbits to various locations in the system re
quired the activation of 32 pneumatic valves controlled by elec
trical solenoids. The firing order of the valves had to be easily 
programmable in the prototype system. Six 256 x B-bit EPROMs were 
connected in a programmable logic array (PLA). The address input 
to the PLA is latched into an B-bit register when the output in
struction OUT 43 is executed by the microcomputer program (Fig-
ure 5). Output data from four EPROMs in the PLA provide central 
signals to 32 flip-flops that drive the solenoids. The solenoids 
are activated by an OUT 44 instruction in the program (Figure 6). 
The remaining two EPROMs of the PLA provide two B-bit status words, 
PDTI and PDT2, that are input to the microcomputer during the IN 25 
and IN 26 instructions (Figure 7). These status words constitute 
a testing sequence to trace the rabbits through the system with 
photodetectors. 

Output 
Data Bu 
011-07 

OUT 43 

~ 

32 0 Sig 

from PlA 

8-Bit EPROMs 
~ latch Intel 8702 

1 
FIGURE 5. Programmable Logic Array 

nal s ~ Flip-Flops 
Type D 

-v with Solenoid 
Dri vers 

" 32 bits 
v 

OU T 44 elK 

Signals from 
Manual Control 
Panel 

FIGURE 6. Output from Solenoid Drivers 
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32-Bits; 
Sol enoi d 
Drivers 

8-Bits; 
PDTl 

8-Bits; 
PDT2 

32 24-vo 1t 
Drive Signals 
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pon 

POT2 

-" 
INPUT GATES . (8 bits) 

IN 25 , 
l 

-" 
INPUT GATES 

• (8 bits) 

IN 26 

FIGURE 7. Input for the Photodetector Test 

I/O Input Bus 
OI~ - OIl 

Two additional 8-bit input status words LS3 and LS4 are read 
by the microcomputer during instructions IN 22 and IN 23; they indi
cate the positions of pneumatic switches in two diverter boxes 
(Figure 8). As the rabbit is transported through the tubes, photo
detectors transmit pulses that are latched in two 8-bit flip-flop 
registers (Figure 9). The photodetector status words POI and P02 
are read by IN 2~ and IN 21 instructions; the registers may be 
cleared by OUT 4~ and OUT 41 instructions. 

Several conditions in the process - low air pressure, loss of 
power, high temperature, etc. - call for an abort operation. An 
8-bit status word TBL is read by the program with IN 27 instruc
tions. The TBL latches may be cleared with OUT 42 instructions 
(Figure 10). 

The NURE Rabbit Controller was interfaced to the POP-9 com
puter that functions primarily as an analyzer at detector position 
01 in the pneumatic process. Also, control signals were connected 
to a Canberra 8100 analyzer at detector position 02. An 8-bit 
status work STW5 is read by IN 24 and cleared by OUT 57 (Figure 11). 
The microcomputer sends four program interrupt requests to the 
POP-9; these must be acknowledged by the POP-9 before the controller 
can continue its logical sequence (Figure 12). Four output signals 
command the modes of the Canberra analyzer (Figure 13); its status 
is tested by the microcomputer in STW5. 
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A manual control panel overrides the automatic functions in 
the NURE Rabbit Controller (Figure 14). Status indicator lamps 
aid in troubleshooting faults in the system. 

Signals 
'co. 
Lfmlt 
Switches 

-
Signals 
from 
Manual 
Control P anel 

Signals 
'co. 
Limit 
Switches 

Input 
Pulses 
from 8 
Photo
detecto 

OUT 

Mal'lual 
from 
Control 

OUT 

" 
,. ClR 

Swi~ 

Panel 

41 ClR 

. fLIpMFLOPS 
INPUT 

DC LATCHES 
-v GATES 

8 bfts e---
(lSJ) 

..-
IN 22 • 

L-

FLIP-fLOPS . INPUT 
DC LATCHES GATES ~ 

-v 
-V 8 bits 

(lS4 ) 

IN 23 • 
FIGURE 8. Input for Limit Switches 

FLIP-FLOPS . 
Type 0 

-V 8 bits INPUT 

GATES ~ 

(POl) 

..-
IN 2.f) f 

~ FLIP-FLOPS 

-v Type 0 

INPUT ~ 
8 bits GATES 

(POZ) 

IN 21 I 

FIGURE 9. Input for Photodetectors 
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Abort Signals 
from Process 

OUT 42 

Signals from 
Manual Control 
Panel 

4 Status 
Signals 
from POP-

2 Status 
Signals 
from Can~ 
berra 810 

OUT 57 

IN 24 

Signals from 
Manual Contr 
Panel 

a 

0' 

ClR 

ClR 

ClK 

• FLIP-FLOPS 
'\ DC lATCHES 
v 

8 bits 
~ INPUT 

(TBl) v GATES 

IN 27 + 
FIGURE 10. Input for Abort Status 

. 

" 'I FLIP-FLOPS 
v TYPE 0 

INPUT 
" 6 bits GATES 
v (STW5) v 

f 

IN 24 

• 
v 

• I /0 Input 
Bus 

v 010 - 017 

I/O Input 
Bus 
010 - 017 

FIGURE 11. Status Input from PDP-9 Computer and Canberra 
8100 Analyzer 

~ 

OUT 47 PIDI 

OUT 50 PIRIC lATCH PDP-9 
V> 
=> 

5 bits ~ '" Computer PIC ~ OUT 51 ... 
v '" I 

PIF ... 
co OUT 52 
"-

OUT 53 AUX 

< ,. 

Clear PI 

FIGURE 12. Program Interrupt Connections to PDP-9 Computer 
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OUT 101 

OUT 102 

OUT 104 

OUT 105 

son 
CLD2 

SD2IO 

S020S 

CANBERRA 
8100 

ANALYZER 

Status 
bits to 
STW5 

FIGURE 13. Connections to Canberra 8100 Analyzer 

FIGURE 14. Control and Indicator Panels on NURE Rabbit 
Controller 
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Firmware 

The M-series microprocessor that forms the hardware of the 
NURE Rabbit Controller operates from programmed instructions in 
the form of either software or firmware. For full operation, 
the controller must operate from firmware to prevent power fail
ure or unintentional operator commands from inadvertently alter
ing instructions. 

In the controller firmware program (Appendices A and B), sub
routines perform basic operations such as checking photodetectors 
for sample rabbit passage or accelerating or decelerating a rab
bit. These basic operations are called by more specific subrou
tines (such as moving a rabbit from one location to another). 
These subroutines are ultimately called by the main program, 
which provides for a particular type of analysis. 

Because the mechanical and pneumatic aspects of the system 
require much more operating time than do the electronics of the 
controller, program tests of limit switches and photodetectors 
acknowledge that mechanical motions have been completed. How
ever, if some operation should fail to complete within a certain 
time, the action is assumed to be incomplete. Timing sequences 
in the program provide for malfunction messages, status regis
ters, and pointers if the system should fail. 

The time base in the system is changed under program control 
to be compatible with the use, whether the program is tImIng a 
mechanical motion or waiting for irradiation times to elapse. 

The NURE Rabbit Controller, when started, identifies itself 
and enters a Wait routine which identifies itself as shown below: 

NURE RABBIT CONTROLLER 

WAITING 

004 012 

The numbers on the third line show the location within the 
program from which the Wait subroutine was called. With a program 
listing, the operator can determine the location of the next in
struction to be executed if the Wait subroutine should execute a 
normal return instruction. In this case, the instruction would be 
page 48 location 128. These numbers are obtained by a stack dump 
subroutine (SPD) which extracts the information from the processor 
pointer stack. Because the pointer SPD is also a subroutine, it 
must go back two subroutine pointers in the stack to obtain useful 
information. It uses global TeZetype handlers to output the in
formation. 
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The message routine which types the word messages on the 
TeZetype is a general-purpose routine which requires only the 
location in memory where the message is stored. As the routine 
types the message, it searches for an end character to terminate 
the operation. 

The Wait routine is a general-purpose routine which forms 
the operating system of the NURE Rabbit Controller. With it, 
parameters for system operation are set, working registers are 
zeroed, and the various operating modes of the controller are 
executed. Parameters, such as number of samples and cycles in 
an analysis sequence, are entered as decimal numbers after the 
parameter to be entered is identified with a one or two character 
command. 

One function of the Wait routine is to specify which irradi
ation tubes are being used. The reactor irradiation chamber has 
six'irradiation tubes. The control center module is designed to 
be connected to any four of these tubes. The NURE rabbit con
troller program also permits the use of any number of the four 
tubes to which it is connected; therefore, the system can con
tinue operation if some of the tubes are not functioning. 

The subroutine BCD (binary coded decimal) converts decimal 
numbers entered as parameters to binary numbers as used in the 
controller. BCD will convert any decimal integer up to 9999 to 
a 2-byte binary number (8 bits/byte). Once entered, this sub
routine will attempt to load a decimal number until a valid number 
is loaded. That is, if an illegal character, such as a letter, 
or too many numbers such as 5 digits, are entered, that load is 
aborted. A question mark is typed, and the subroutine starts over 
to await the correct number. 

The main subprograms of the NURE Rabbit Controller are: 

Regimes A, B, and C 

Regime D 

Examine Tubes 

Examine Counters 

Single Sample Irradiation and Count 

Regime A generally controls the movement of the sample, in
cluding loading a sample from the loader tube, moving it to the 
reactor for a short irradiation, and returning it from the reac
tor to determine the presence of an undesirable high radioactivity 
level (Figure 1). The PDP-9 MOSES system (Monitoring Online Sys
tem for Elemental Separations) determines radioactive content of 
samples. The PDP-9 then notifies the NURE Rabbit Controller to 
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either reject the sample as too radioactive or continue the 
analysis with Regime B. A radioactive sample is immediately dis
charged to the unloader where it is shielded from operating 
personnel. 

Regime B consists of longer irradiation times and shorter 
count times repeated for a number of cycles. The PDP-9 computer 
determines radioactive content of samples. At the end of Regime 
B, the sample rabbit is returned to the reactor for a prolonged 
irradiation of Regime C. The irradiation time is governed by 
operating parameters such as number of cycles in Regime Band 
the number of tubes in use. This results from the rabbit being 
left in the reactor until all tubes have been used, a rabbit 
has been deposited in each, and the need to use the tube again 
arises. Regime C is terminated by moving the rabbit to a Can
berra 8100 multichannel analyzer and leaving the rabbit there to 
be counted while the next new rabbit is started through its analy
sis. When the Canberra is again needed, the rabbit is unloaded, 
and the next one is placed in the Canberra analyzer. 

After Regimes A, B, and C, Regime 0 is separately executed 
for long counts on the previously analyzed rabbits. The radio
active samples from Regime A are in the unloader tube with the 
other rabbits, and the operator does not sort the samples. 

Regime 0 is capable of operating either or both detector 
stations. Before this regime can begin, information is required 
concerning which detectors will be used and how many samples 
will be analyzed. The regime then operates with the PDP-9 to 
transport rabbits and operate the Canberra analyzer, as programmed. 
The Canberra must have the appropriate count time preset before 
Regime 0 can begin. If a sample was too radioactive to complete 
Regimes A, B, and C, the PDP-9 notifies the NURE Rabbit Controller 
to immediately unload the sample rabbit. 

The program to examine the tubes is designed to test all 
parts of the system by moving a rabbit to and from all points 
in the system. The NURE Rabbit Controller completely controls 
this operation. 

During the program to examine the counters, a known source 
rabbit is moved from the loader to the PDP-9; it is counted and 
then moved to the Canberra analyzer. The Canberra analyzer de
termines the radioactive level in the standard source, and the 
rabbit is unloaded. 

The single sample irradiation and count program is structured 
to determine irradiation capabilities of the system. Known rabbit 
samples are irradiated for operator-determined intervals and 
counted by either the PDP-9 or the Canberra analyzer. These rab
bits are then unloaded. 
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At the end of each of the main programs, control is returned 
to the operating system WAIT of the NURE Rabbit Controller from 
which any program can be excecuted or any parameter can be changed. 

The octal debugging technique program supplied by Control 
Logic, Inc., also resides in the firmware. Some of its general 
handlers are used by the NURE Rabbit Controller, and the octal 
debugging technique itself is used to troubleshoot any program 
changes and some hardware problems. 

Basie Operating PrineipZes 

The following basic criteria were used in designating the 
NURE Rabbit Controller: all valves will, in their normal posi
tion, provide for proper cooling of the system without undue ex
penditures of compressed air. Dual photodetectors are used in 
the transport of rabbits to and from the reactor to ensure de
tection and to allow operation after the failure of one of the 
pair. The actual transport of the rabbit consists of a primary 
firing action to move the rabbit from its origin to the photo
detectors at its destination. The photodetectors are positioned 
a short distance from the end of the tubes. When the rabbit 
passes these photodetectors, a braking action slows the rabbit 
to cushion its impact at the end of the tube. After a preset 
time, all transport valves are returned to their normal position 
to complete the four-step transport cycle. This cycle includes 
a step to position diverter paths. 

Photodetector check points are used to determine rabbit po
sition. At the reactor irradiation chamber and at the POP-9 de
tector station 01, photodetectors are dual assemblies. All other 
points are single assemblies. The routines POKI (reactor irradi
ation chamber) and POK2 (central control module) use the pro
grammed logic array to determine the proper detectors to be checked. 
The routine then checks the photodetector register for a nonzero 
condition which shows whether a rabbit has passed a photodetector. 
If this does not occur within 5 seconds after the routine is 
entered, the system assumes a failure, dumps all photodetectors 
and limit switch registers. 

If the nonzero condition does occur within 5 seconds, the 
routines must determine whether the proper photodetectors were 
triggered. Because the photodetectors are constructed in line with 
the transit tubes, the rabbit takes a period of time between pass
ing the first and second one. The detector routines must allow for 
this time lapse befor~ determining whether the rabbit position is 
correct. If the photodetectors are not all correct, the condition 
of the photodetector at the time of departure from the routine is 
stored to be dumped at the end of the rabbit transit. 



Transport subroutines are used to handle the actual movement 
of the rabbits by the NURE Rabbit Controller. The system has two 
basic areas: the RIC and the CCM. Three basic paths exist for 
rabbit movement: 

CCM + RIC T2l 

RIC + CCM Tl2 

CCM + CCM ' T22 

The CCM + CCM path is handled by Subroutine T22. This sub
routine is used for loading rabbits, moving rabbits to counters, 
or unloading rabbits. A transport sequence consists of four steps 
for valve actuation: position, start, cushion, and stop. The 
transport routine obtains sequence address locations, clears the 
photodetector register, and activates the first valve sequence. 
The first sequence positions the diverter path and verifies the 
diverter positions. The second sequence moves the rabbit. The 
routine then verifies departure of the rabbit by calling the 
appropriate photodetector routine. After departure is verified, 
the routine must allow the trailing end of the rabbit to clear 
the photodetector assembly before further action is taken. Then, 
the photodetector register is cleared to await arrival of another 
rabbit, the transport sequence address is incremented to set 
valves to be actuated for braking, and the photodetector routine 
is called to watch for the rabbit. When the rabbit arrives, the 
braking is initiated, and the rest of the sequencing is concluded. 
After the rabbit is halted, the transport routine checks the 
photodetector error registers and, if an error has occurred, dumps 
error information in the following form: 

OPI 

xxx 

P021 

XXX 

P02 2 

XXX 
where xxx is the octal representation of the 8-bit photodetector 
register. 

POI is the photodetector register made up'of,photodetectors 
in the RIC. P02 is made up of photodetectors in the CCM. PD21 indicates the first time in the CCM, and PD22 indicates the second. 
For example, with Subroutine T22, P02l is the departure and P022 
is the arrival. 

Transport Subroutine T2l is used to transport rabbits from 
the CCM to the RIC. In this case, POI is arrival and P021 is de
parture. Likewise, in Subroutine Tl2 (RIC + CCM) , POI is departure 
and P021 is arrival. Any register which was correct for the trip 
is indicated by a zero register. 
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The T12 and T2l subroutine in the reactor irradiation chamber 
automatically notify the PDP-9 of a rabbit entering or leaving the 
RIC. The program interrupt PIRIC is issued after the rabbit passes 
the RIC photodetectors. 

TabZes fop ~etePmining State of NURE Rabbit ContpoZlep 

The following tables are useful for determining the state of 
NURE Rabbit Controller from the front panel. 

Table 5: Opepation Table. STAD, the mnemonic for the PLA 
address register, identifies the operation being attempted or 
most recently completed. STAD numbers in the table are the octal 
representation of the 8-bit register on the controller panel. 
The format of the table and PLA is such that for a given address 
the state of all solenoids is defined. Usually in blocks of four 
states each, the table can be interpreted as follows: STAD 27. 
Address 27 provides information to position the diverters for a 
path from reactor irradiation chamber tube W to GeLi detector Dl. 
EA is the path for diverter one as specified in the vendor docu
mentation; EC is the path for diverter two. The state of the 
di verter limit switches is identified by PLA word S. STAD 30 ' 
identifies which solenoids must be activated so that the rabbit 
can be moved. PLA word 5 now identifies the photodetectors which 
should actuate. STAD 31 identifies solenoids to operate for 
cushioning' after the photodetectors formatted in PLA 6 are acti
vated. STAD 32 returns all solenoids to their normal positions 
to stop the rabbit propulsion. 

Table 6: PLA Bit States. Table 6 is the actual bit speci
fications to achieve the proper solenoid operation. Table 6C 
also determines whether PLA words 5 and 6 are to be used as test 
words with limit switches or photodetectors. Table 6D specifies 
(in octal) the coding for the internal PLA EPROMs. 

Table 7: Status Wopd Bit Descpiptions. The status word bit 
descriptions are listed in Table 7. PD is an acronym for photo
detectors, LS is for limit switches, and PS is for pressure switches. 

TabZe 8: Status Wopds and Pr>ogpam Interrupts in ExtePnal 
EZectponias. Table 8 lists the input signals from the PDP-9 and 
Canberra analyzers which are input with STWS. The program inter
rupts to the PDP-9 are also listed. 

Table 9: Canbeppa Communications. The microprocessor sig
nals to and from the Canberra are listed in Table 9. 

Table 10: Input/Output Commands. Input/output commands, as 
added to Control Logic M-Series processor, are listed in Table 10. 
Acronyms used in the program listing comments are identified. 
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Table 11: L596 Card Jumpers. Table 11 identifies firmware 
PROM cards as to where pages are located. 

Table 12: Reactor Irradiation Chamber Cross Reference. 
Table 12 is a cross reference between the 6 reactor tubes and 
the 4 tubes that the NURE Rabbit Controller handles. Anyone of 
the reactor tubes can be used for anyone of the 4 controller 
tubes. This permits spare tubes to be connected to the needed 
positions. 

Table 12 allows correlation between identification W, X, Y, 
and Z from the NURE Rabbit Controller to the reactor irradiation 
chamber and identification of RTl, RT2, RT4, RT5, and RT6 from 
the actual hardware tube. 

Table 13: Manual Operations. Table 13 is a chart to permit 
manual operation of the pneumatic system. Each four-way diverter 
has two solenoids. In this table, the solenoid states for a 
desired path are shown, the function of necessary valves are 
defined, and the necessary valve states to move a sample rabbit 
along the chosen path are given. Figure 15 is a layout diagram 
which will aid in selecting the proper sequences. 

TABLE 5 

Operation Table 

STAD Operation 

0 Normal position of all 

Load loader 

2 Unused 

3 Position diverters 

4 Send 

5 Cushion 

6 Stop 

7 Position 

10 Send 

II Cushion 

12 Stop 

13 Posi tion 

14 Send 

15 Cushion 

16 Stop 

17 Posi tion 

20 Send 

solenoids 
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Path 

L -+ 01 

L -+ 01 

L -+ 01 

L .. DI 

D1 -+ RICW 

DI .. RICW 

Dl -+ RICW 

D1 -+ RICW 

DI .. RICX 

DI .. RICX 

DI .. RICX 

01 -+ RICX 

DI .. RICY 

DI .. RICY 

Path foY' Path foY' 
Divel'tel' Divel'tel' 
One fuo 

X X 

X ED 

X X 

X ED 

X ED 

X ED 

X ED 

EA EC 

EA EC 

EA EC 

EA EC 

EB EC 

EB EC 

EB EC 

EB EC 

EC EC 

EC EC 
(continued) 



TABLE ~, continued 

Path foY' Path foT' 
Diverter> Divel"te1" 

STAD Operation Path One Two 

21 Cushion 01 .. RICY EC EC 

22 Stop 01 -+ RICY EC EC 

23 Position 01 -+ RIeZ ED EC 

24 Send 01 -+ RIeZ ED EC 

25 Cushion 01 .. RIeZ ED EC 

26 Stop 01 -+ RIeZ ED EC 

27 Position ' RICW .. 01 EA EC 

30 Send RICW -+ 01 EA EC 

31 Cushion RICW .. 01 EA EC 

32· Stop RICW -+ D1 EA EC 

33 Position RICX .. 01 EB EC 

34 Send RIC~ .. 01 EB EC 

35 Cushion RICX -+ 01 EB EC 

36 Stop RICX .. 01 EB EC 

37 Position RICY -+ 01 EC EC 

40 Send RICY .. 01 EC EC 

41 Cushion RICY .. 01 EC EC 

42 Stop RICY -+ 01 EC EC 

43 Position RICZ .. 01 ED EC 

44 Send RICZ .. 01 EO EC 

45 Cushion RIez .. 01 EO EC 

46 Stop RICZ .. 01 EO EC 

47 Position 01 .. 02 X EA 

50 Send Dl .. 02 X EA 

51 Cushion 01 .. 02 X EA 

52 Stop Dl .. 02 X EA 

53 Position 02 .. 01 X EA 

54 Send 02 .. 01 X EA 

55 Cushion 02 "Dl X EA 

56 Stop 02 .. 01 X EA 

57 Position 01 .. u X EB 

60 Send 01 .. U X EB 

61 Cushion 01 .. U X EB 

62 Stop 01 .. U X EB 

63 Open UNLOADER X EB 

64 Close UN LOADER X EB 
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TABLE 6A 

PLA 81 t States 

PLA 1 PLA , 
STAD " " " " " " " " ii, .. we J/V XA X. xc xb 

0 

0 

0 

0 

10 1 . 

11 1 0 

12 0 

13 

14 

15 0 

16 0 

17 

20 

2I 

12 

23 

l4 

25 0 

26 0 

17 

30 

31 

" 
" 34 

35 

36 

37 

40 

41 

42 

4J 

44 0 

45 

46 

" SD 0 

51 0 

" 
" 54 

55 

56 

" 60 

61 

62 

" 64 
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TABLE 68 

PLA 8it States 

PLA , PLA 4 
STAD fA Y8 Yo YO " ZB zo ZO U L DIA DIB D2A MB SPRl SRPE 

0 

0 

0 

0 0 

0 

" 0 

II 

12 

13 

14 

15 

I. 0 

11 

20 

21 

22 

" 24 

" 26 

21 

30 

" 
" 33 

34 0 

35 

36 

37 

" 0 

41 

42 

43 

44 0 

45 

46 0 

41 0 0 

so 
51 ·0 

" 53 

54 

55 

" 0 

51 0 0 

60 

01 

" 63 

64 
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TABLE 6C 

PLA Bit States 

STAD 

10 

II 

Il 

Il 

I4 

IS 

16 

I7 

20 

21 

22 

23 

24 

25 

26 

" 30 

31 

32 

33 

34 

3' 
36 

37 

40 

41 

4Z 

43 

44 

45 

46 

47 

SO 

51 

52 

33 

34 

55 

36 

" 60 

61 

62 

63 

64 

PLA , 

Teat Word One 
? , , 

o 
o 

C01IIp(D'6d With 
P .. Photodsteotol' 
L ... Limi t StJi tah 
X .. Not Used 

... XL'" 
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PLA 8 
Test WOl'd TIJo 
;> 6 s 



T_E 6D 

PI"OIII Coding 

PL/I 
STAD 1 

II' 

II' 132 

41 116 20 

40 II' 
14 

7 0 152 I, 200 100 
II ZOO 

" 13 44 151 I. '00 44 

IS ZOO 44 I. 
16 44 

17 24 146 

20 200 100 24 

21 2,0 24 60 

22 24 

" " 145 

24 200 " 2S '00 64 300 
26 " 
" I52 

30 40 200 

31 40 

" " 44 151 

34 40 10 44 I. 
35 40 44 

J6 44 

37 24 146 

40 40 200 24 60 

" 40 24 

42 24 

" 0 " '" 
" 40 jO 64 300 

45 40 0 64 

46 " 47 252 

SO 202 

51 

52 

53 252 

" S4 

55 40 

56 

57 !O m 
60 20' " 6I !O 10 

" !O 

63 210 

64 " 100 

370 

371 

'" 373 17 l7 

37. " " 
37, n n 
376 I77 I77 

377 '" on 
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TABLE 7 

Status Word Bit Descriptions 

WON 
StatUB Bit 
Woz>d Te8t WOl'd Nwnbel' Description 

POI POWI 0 Reactor irradiation chamber photodetector tube W 
PDW2 Reactor irradiation chamber photodetector tube W 

POXI 2 Reactor irradiation chamber photodetector tube X 
POX2 3 Reactor irradiation chamber photodetector tube X 
OPYI 4 Reactor irradiation chamber photodetector tube Y 
POY2 S Reactor irradiation chamber photodetector tube Y 
POZI 6 Reactor irradiation chamber photodetector tube Z 
POZ2 7 Reactor irradiation chamber photodetector tube Z 

P02 2 P013 0 GeLi 01 photodetector 

PD14 GeLi 01 photodetElctor 

POlS 2 GeLi 02 photodetector 

POl6 3 Unloader entrance photodetector 

POl7 4 Loader exit photodetector 

POlS - 5 Loader entrance photodetector 

POl9 6 Unloader exit photodetector 

7 Unused 

LS3 LSI 0 CeM Diverter limit switch DLSI 

LS2 ceM Diverter limit switch OLS2 

LS3 2 GGM Diverter limit switch DLS3 

LS4 3 CCM Diverter limit switch DLS4 

LSS 4 Reactor Diverter 2 limit switch OLSI 

LS6 S Reactor Diverter 2 limit switch OLS2 

LS7 6 Reactor Diverter 2 limit switch OLS3 

LSS 7 Reactor Diverter 2 limit switch OLS4 

LS4 2 LS9 0 Loader limit switch LI 

LSIO Loader limit switch L2 

PSll 2 Un loader pressure switch Ul 

3 Unused 

4 Unused 

S Unused 

6 Unused 

7 Unused 
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TABLE 8 

Status Words and Program Interrupts in External Electronics 

Status 
Word 

STW5 

PI 

Bit 
Aaronyms 

STl 

ST2 

ST3 

ST4 

CSA 

CSB 

Aal'onyms 

PIDI 

PIRIC 

PIC 

PIP 

TABLE 9 

Word Bit 
Number 

o 

2 

3 

4 

5 

6 

7 

HarduJar>e 
Pulse 

OUT 47 

OUT 5~ 

OUT 51 

OUT 52 

Canberra Communications 

Canberra Signal 

Start CoUect JI03 Pin 

Start Input/Output JI03 Pin 

Start Display J103 Pin 

Clear Memory JI03 Pin 

Sense A JI03 Pin 

Sense B JI03 Pin 

Ground JI03 Pin 

I 

2 

3 

4 

7 

8 

Desanption 

Start Regime 8 

Reject sample. Start new Regime A. 

Continue Regime B subcycles 

Magtape OK 

Canberra Mode, Sense A 

Canberra Mode, Sense B 

Unused 

Unused 

PI to POp-g. Rabbit at GeLi. 

PI to POp-g. Rabbit passing RIC 
photodetectors. 

PI to POp-g. Regime Bending, 
Regime C starting. 

PI to POp-g. All tubes have Regime 
e rabbits in. 

Microprocessor SignaZ 

SD2C OUT 101 

SOZIO OUT 104 

S020S OUT lOS 

CLD2 OUT 102 

STWS Bit 4 IN 24 

STW5 Bit 5 IN 24 

5, 6 
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TABLE 10 

Input/Output Commands 

I/O 
Numbe'1' 

20 

21 

22 

23 

24 

25 

26 

27 

40 

41 

42 

43 

44 

47 

50 

51 

52 

53 

54 

57 

100 

101 

102 

103 

104 

105 

A01'Onym 

POI 

P02 

LS3 

LS4 

STW5 

POT! 

POT2 

TBL 

CLPOI 

CLPD2 

CLIBL 

STAD 

ACTV 

PIDI 

PIRIC 

PIC 

PIF 

AUX 

SD2 

CLIP 

FRQSL 
S02C 

CLD2 

S0210 

SD2DS 

De8cription 

Photodetector status word one 

Photodetector status word two 

Diverter limit switch status 

Loader limit switch, unloader pressure switch 

PDP-9 status word 5 

Photodetector test word one 

Photodetector test word two 

Trouble abort status 

Clear photodetectors one 

Clear photodetectors two 

Clear trouble word 

PLA starting address 

Activate values 

Program internlpt at Dl to PDP~9 

Program interrupt reactor irradiation 
chamber to PDP··9 

Program interrupt begin Regime C to PDP-9 

Program interrupt full to PDP-9 

NRC front panel light for detector 02 

Clear interrupt flags to PDP-9 

Frequency select real time clock 

Start D2 counter collect 

Clear D2 memory 

Wait light 

Start 02 I/O 

Start 02 display 

- 33 -

I/O 
Function 

IN 

IN 

IN 

IN 

IN 

IN 

OUT 

OUT 

OUT 

OUT 

alIT 
OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 



TAIiLE 11 

L596 Card Jumpers 

L596 ca:rd8 Jumpe1"s Page Number 

#1 A-C 
D-F 
G-O 0 
H-4 4 

#2 A-C 
D-F 
G-S 5 
H-6 6 

83 A-C 
D-F 
G-7 7 
H-I0 10 

'4 A-C 
D-F 
G-ll 11 
H-12 12 

#5 A-C 
D-F 
G-13 13 
H-14 14 

#6 A-C 
D-F 
G-15 15 
H-16 16 

n A-8 
D-E 
G-I0 70 
H-14 74 
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TABLE 12 

Reactor Irradiation Chamber Cross Reference 

Contro Uer 
Tube Reactor Tubes 
Corrrponentsa RTl RT2 RTJ RT4 RT5 RT6 

A VI V2 V3 V4 VS V6 

B Vl3 Vl4 VIS Vl6 Vl7 VIS 

C V7 VB V9 VIO Vll Vl2 

0 Vl9 V20 V21. V22 V23 V24 

OP I POI P03 POS P07 P09 POll 

OP 2 P02 P04 P06 POB POlO POl2 

a. Where = either W, X, Y, or Z, and any letter W, XJ Y, or 
Z may represent any number RTI, RT2, RT3, RT4, RTS, or RT6. 

RTx Physical reactor tube number 
Vx Valve number 
POx Photodetector number 
xA Controller fire valve 
xB Controller exhaust valve 
xC Controller cushion valve 
xo Controller bleed valve 
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TABLE 13 

Manual Operations 

FOup-way No. 1 Solenoid State 
Path SDlA SD1B 

w 
X 
Y 
Z 

o 
1 
o 
1 

FoU1'-way No. 2 

o 
o 
1 
1 

SD2A SD2B 

D-2 0 
4-Way 1 0 
Un10ader 1 
Loader 1 

o 
1 
o 
1 

V-35 D-2 Fire Valve 
V-36 D-2 Exhaust 
V-37 Un10ader Exhaust 
V-38 Loader Fire Valve 
A Fire Valve 
B Exhaust 
C Cushion 
D Bleed 

Cont1'ol Cente1' Module: Valve States 
V-31 V-32 V-33 
Fipe Cushion Exhaust 

SEND 0>1 1 0 
STANDBY 0 0 0 
RECEIVE 0 0 1 

Reaoto1' I1'1'adiation Chambe1' Valve States 
A B C 
Fi1'e Exhaust Custion 

SEND 0>1 0 1 
STANDBY 0 0 0 
RECEIVE 0 1 0 
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0 
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FIGURE 15. Layout Diagram of Rabbit System 
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NURE Commands 

The commands used for the NURE Rabbit Controller are entered 
during the waiting portion of the program. However, the I command 
is used to signal the program, while it is running, that the oper
ator wishes to gain control. The I, when typed, is not echoed. 

All other commands are entered after the TeZetype types 
WAITING and an address. Commands are either operation commands 
or number-entering commands. 

Operation Commands 

The operation command may be either one, 
acters; it requires no terminating character. 
include; 

two, or three char
Operating commands 

A Abort. Remove any rabbits in reactor to 01. 

C Continue at address from which the program exited. 

010 Detector 01 out of use for Regime D. 

011 Detector 01 in use for Regime O. 

020 Detector 02 out of use for Regime D. 

021 Detector 02 in use for Regime D. 

G Begin Regimes A, B; and C. 

o Jump to octal debugging techniques. 

o Zero all random access variables. 

ET Examine tubes. Run rabbit through all paths. 

EC Examine counters. Place standard in each counter. 

ERI Examine irradiation with 01. Irradiate standard 
and count. 

ER2 Examine irradiation with 02. Irradiate standard 
and count. 

R Run Regime D. 

WI Set tube W in use. 

W0 Set tube W out of use. 

Xl Set tube X in use. 

X0 Set tube X out of use. 

YI Set tube Y in use. 

Y0 Set tube Y out of use. 
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21 Set tube 2 in use. 

20 Set tube 2 out of use. 

Number Entry Commands' 

The number-entering command can be either one or two characters 
followed by up to 4 decimal digits (999910) and by a terminating car
riage return (CR). Number entry commands include: 

Number of cycles in Regime B 

Number of samples to be run 

Bnnnn(CR) 

Snnnn (CR) 

TAnnnn(CR) Number of seconds multiplied by 10 for Regime A 
irradiation** 

TBnnnn(CR) Number of seconds multiplied by 5 for Regime B 
irradiation** 

TCnnnn(CR) Number of seconds divided by 10 for Regime C 
final irradiation** 

TDnnnn(CR) Number of seconds multiplied by 1 for 
count time in D2 

TSnnnn(CR) Number of seconds multiplied by 1 for ERl 
and ER2 irradiation 

Information Required by Programs 

• Single Sample Irradiation and Count 

Number of seconds to be irradiated 
To execute program count in Dl 
To execute program count in D2 

• Regime D 
Number of samples to be analyzed 
Detectors in use 

To execute program 

• Examine Counters 

None 
To execute program 

* Where n = Decimal Digit. 

** Where nnnn - 25510 max. 
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(TS) 
ERl 
ER2 

(5) 
(Dl) 
(D2) 
R 

EC 



• Examine Tubes 

Tubes in use 
To execute program 

• Regimes A, B, and C 

Number of samples to 
Number of seconds to 
Number of seconds to 
Number of seconds to 

final time 
Number of cycles in 
Tubes in use 
To execute program 

be analyzed 
be irradiated 
be irradiated 
be irradiated 

Regime B 

in Regime A 
in Regime B 
for Regime C 

(W-Z) 
ET 

(S) 
(TA) 
(TB) 

(TC) 
(B) 
(W-Z) 
G 

Numbev Messages fvom the NURE Rabbit ControZZev' 

Page Location Meaning of Message 

XXX XXX Address to which program 
will return if continued 

PDl PD21 PD22 

XXX XXX XXX Photodetector errors. 
Displays actual response 
which did not match 
desired response. 

PDl PD2 LS3 LS4 STAD 

XXX XXX XXX XXX XXX Photodetector, limit 
switch, and PLA address 
status at time of failure 
to complete operation 
within specified time 

* Where XXX is the octal value for the implied register. 
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System Pointers 

Program 
Statusa 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

Program Pointer 
Page Looation 

4 12 

4 

4 

7 

7 

7 

10 

10 

10 

11 

13 

13 

13 

14 

14 

15 

15 

15 

16 

16 

112 

265 

154 

210 

237 

20 

130 

160 

o 

50 

230 

336 

202 

303 

13 

270 

325 

210 

277 

Pointer Meaning 

System has been started from processor 
console card. 

Processor has received invalid status 
flag from PDP-9. 

Regimes A, B, and C have been completed. 

Photodetectors in the reactor have not 
actuated within the allotted time. 

An operation has exceeded the time 
limit set for it. 

A diverter has not actuated within the 
allotted time. 

The loader has not actuated within the 
all otted time. 

Photodetectors in the CCM have not actu
ated within the allotted time. 

The loader is empty for Regime A. 

Processor has received an invalid status 
flag from PDP-9. 

Operator has requested control. 

Loader is empty for Regime D. 

Processor has received an invalid status 
flag from PDP- 9. 

Loader is empty for examining counters. 

Counters have been examined. 

Loader is empty for examining tubes. 

Pressure in line to unloader has not 
dropped to safe level for opening within 
the allotted time. 

Rabbit has not exited unloader within 
the allotted time. 

Irradiation and count for a single 
sample have been completed. 

Program requiring reactor tubes was 
started with no tubes specified. 

a. The letter "C" indicates that the program can be continued after 
the problem is corrected. 
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Software 

Four programs are supplied by Control Logic, Inc., for pro
gram development on the M-Series logic system: editor, 3-pass 
assembler, EPROM programmer, and octal debugging techniques. 
The octal debugging techniques are supplied on three EPROMs and 
contain utility routines to read binary paper tape from the 
Teletype, punch paper tapes on Teletype, input/output Teletype 
characters, and modify memory locations. Many of these routines 
are called and executed from system firmware. The other three 
control logic programs may be executed by replacing system firm
ware modules with random access memory modules and operating the 
M-Series system via Teletype. 

The only Control Logic software used for the development of 
system firmware was the EPROM programmer. Final object tapes 
for firmware programs were automatically transferred to EPROMs 
using the M-Series system. 

The firmware programs were developed offline on a PDP-8E 
minicomputer with disk from an OS/8 operating system.' A Control 
Logic L-Series cross-assembler for PDP-8, modified for OS/8 
operation, was obtained from the University of South Carolina. 
It was modified at SRL to use the M-Series machine language 
codes. 

ASCII (American Standard Code for Information Interchange) 
source disk files were generated by the OS/8 editor program. 
The source files were assembled as object (binary) disk files. 
Paper tapes of the object files were punched on a high-speed 
punch; these tapes were used to operate the M-Series logic 
microcomputer system. 

ADVANTAGES DF THE SYSTEM 

This system demonstrates the flexibility that can be attained 
in a complex digital system with_a microcomputer. An effective 
hardware-software tradeoff reduces design effort and overall sys
tem cost. However, the flexibility of the programmed system could 
not be duplicated with a hardware-only system at any reasonable 
cost. Interfaces for peripherals can be designed and tested in
dividually without a complicated hardware timing circuit. The 
microcomputer is programmed to handle the timing. To make minor 
changes in the system operation or to configure the system for 
an entirely different test, the firmware is altered with no major 
changes in the hardware. During this development, several major 
system changes were implemented by minimal firmware changes. 
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The firmware contains simple machine-language programs. 
That type of programming is generally done best by the design 
engineer who thoroughly understands the hardware. He must write 
simple input/output subroutines to test the hardware. Those sub
routines can be called from a main program to generate the final 
software. After all, the programs essentially implement logical 
commands that the designer would normally realize with hardware. 
Very simple Teletype commands and responses were designed into 
the operating programs to reduce programming effort and memory 
requirements. 

Microcomputers can be programmed to analyze results as well 
as collect data. This programming would involve a larger effort 
that normally would not be done by the design engineer. Higher
order programming languages and cross-assemblers for larger com
puters are available for some microcomputers. However, the system 
described in this report uses the microcomputer in its most cost
effective mode; that is, digital system timing and data-byte 
manipulations. With the microcomputer and with a mass storage 
output peripheral, such as the magnetic tape, the data can be 
analyzed efficiently offline with software on a large computer. 
In this system, magnetic tape outputs were generated by the Can
berra analyzer and PDP-9 computer. The speed of low-cost micro
computers also limits their ability to perform all but simple 
real-time computations. 

The hardware interface was built from standard transistor
transistor logic, integrated circuit modUles plugged into a wire
wrapped sock array. We have proven that wire wrapping (Figure 16) 
provides the lowest cost in terms of components, fabrication, 
modification, and maintenance. 

The 
months. 
apply to 

system described has operated trouble-free for over six 
The microcomputer , techniques described in this report 
many other instruments for chemical controls and analysis. s 
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FIGURE 16. Wire Wrapping in Hardware for NURE Rabbit 
Controller 
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APPENDIX A 

LOGIC OF THE PROGRAM FIRMWARE FOR THE NURE RABBIT CONTROllER 

The following flowcharts show the logic of the program 
firmware for the NlJRE Rabbit Controller. The flowcharts are 
arranged in the order that the routines appear in the program 
listing (Appendix B). 

ROUTINE SYSTEM STARTUP 

INITIALIZE SYSTEM 

Start 

All Solenoids 
to Normal 
Positions 

Clear Input 

Registers 

Set and 
Enable 
Time Clock 

Jump To 
ain Program 
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ROUTINE TIMER INTERRUPT 

UPDATES TIME CLOCK REGISTERS 

Start 

Save 
System 
Registers 

Increment 
Time Clock 
One Count 

Restore 
System 
Registers 

( Return 
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SUBROUTINE TTYI 

INPUTS CHARACTER FROM TELETYPE 

Start 

Check for 
Trouble 

..-_.:-_~~ in System 
~ While 

N 

Waiting 

Flash Wait 
Light on 
Front Panel 

Character 
Available 
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Echo 
It 

Yes 

Return 



SUBROUTINE TTYO 

PRINT ACCUMULATOR AS ASCII CHARACTER 
(Resident in ODT) 

Start ) 

Print 
Accumulator 
As ASCII 
Character 

. 

Return ) 
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SUBROUTINE OCTO 

PRINT ACCUMULATOR AS 3 DIGIT OCTAL NUMBER 
(Resident in ODT) 

Start 

Print 
Accumulator 
As 3 Digit 
Octa 1 Number 

SUBROUTINE CRLF 

PRINT CARRIAGE RETURN LINE FEED 
(Resident in ODT) 

( Start 

Print 
Carriage 
Return 
line Feed 

Return 
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/ ..... ". __ ... _'. 
( 'jtMt) 

"'-. [_. 
I
,' S.t Up , "l, 

Message 

L ___ ._.""'_ ..J 

MAIN FROGRM-\ 

/' Ace < There Tubes 

"" to Use 
? 

No 

~l~"b~ng~l~ter I ~l o-_____ ..J 

l]t~ .. NIT~""l 

GOl ~/ ........... 

~ ,7Ar. '''~ r; ~ There Any "- -", L / ',Rabbit:: J 
" "'-""-,, l~ft /'" 

/', ) 
\ A / 

'" .. .-' 
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11f1{n ITogY'o:m (CDfll:{YiUcrJ:{on) 

STl Which 
ST 

Set Number 
of Samples 

Left to Zero 

Run 
Regime 

A 
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sn 
ST4 

GRX3 
,-,------,-...., 

111ega 1 
ST 



I 
Wa i t fo'" ········i·--.

I
· 

;£ Ganbe-rT~ I 
!'-) Display Mode . I 
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SUf3ROUT INL tiCf) 

Input Up to Four Digit Decimal Number and Convert to Binary from BCD 

r 
! 

Add New 
Digit to 
Reg"; ster 

!~ ........ : .. 

.... , 
! 

···-1 
J 
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MA 
Is It 

roper Power 
......----_c of 10 to Add to 

Number 
? 

Yes 
MIT 

Add To 
Binary 
Number 

Was 
That the 

Last Digit 

? 

No 

Shift 2 Byte 
Register Right 
Four Bits 

... -~ Retrieve 
IILSD!! 
BCD 

--- -_.,,-

No 

Yes 

- SS -

MlO 

Multiply 

By 10" 

Return 



SUBROUTINE MSG 

Print Message Beginning at Location Specified 
by HL and End; ng When "<" is Reached 

Start 

Start 
New 
line 

Get 

Character? 

Yes 

Return 

- S6 -

Print 
Character 



SUBROUTINE WliIT 

Act a;, Operating System of NRC. Enter or Clear ¥ariilbl<:l Parameter's 
and Determine Operations to be Executed. 
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Subrou t;Ine M'1i -t' (Con tinua t;-ion) 

/""\ 
, l I 

): 
"W" ~5 

~ 1// 
/ 

No 

W3 

"X" Yes 

[ // 

No 

W4 

</:'> y.s 

1 w 
/~ "2" ~'-.. Yes 
~ , / 

, "> /'~ 

1;: 
'9 '.., 

Yes </ "({H ',> 

"j:/ 
W// 

./ "C" "', Yes , l/ 
No 

/ 

! 

i 
Set Up 
"In Use" 

StdtU'S Herd 
X 

1 
)'es 

o / 
'I f.X1t to r, 

)~..!.!"-__ -{ ~ .. , oar for . \ , 81 Trou~le 1 ) bOr-?/ \--. Shoo~ ~ 

No 

r-"[ ,/ 
/'/' "A" ~ Yes 

"" ! 
>--""'-......, ~ I 

Ll ····· ........... ~ .... Lj 

r 2 /:)' 
\,' 
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'I I -LJ 

No 



Subroutine Wait (Continuation) 

"0" 

"£" 

"I''' 

----

Run 
Regime 0 

"C" Yes 

No 

<J:":" />---I'§ 

...... Input "R" ~ 

./ "2" 
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No 
BO 

3 

Run Single 
G Sample Jrradlw 
V; atlQfl and 
if> Count in tn 

Run 
Examine 
Counters 

Run 
Examine 

Tub€s 

Walt 



Bu!))."ou'c"£ne W(l1:t (Continuation) 

IRT 

IRTl 

Input 
Next 

Character 

"An 

No 

"S" 
? 

No 

HeH 
? 

No 

"S" 
? 

No 

HUH 

No 

SDC 

3 

Yes 

Yes 

Yes 

Yes 

Ves 

Enter and 
a Store "A" 
u Irradiation 
'" Time 

Enter and 
a Store US" 
'" '" Irradiation 

Time 

-----Enter and 
Store "tH 

Irradiation 
Time 

Enter and 
Store Single 
Sample Irradi-
ation Time 

Enter and 
Store Single 
Sample 02 
Count Time 

- 60 -



SUBROUTINE TM5 

Start Time Clock and Set Up Time ChecK for Five Seconds 

( Start 

Set Up 50" 
Counts in 
Match Word 

Set Clock 
Frequency 

10 HZ 

Zero LS Byte 
of Time . 

( Return 
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SU8ROUTl NE STOM 

Dump Photodetector and limit Switch Status Words 

Start 

Input 
PDl 

Print 
Register 
POl 

Input 
POZ 

Print 
Register 
PD2 
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Input 
LS3 

Print 
Regi ster 
LS3 

Input 
LS4 



SubrouUne STVM (ConUnuation) 

1 

Print 0 Register f-< 
u LS4 0 

Print 
1-L. Carriage 
...:I Return <>:: Line Feed u 

( Return 
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(_Star~J 

lnput 
Photodetector 
Test WOt'd 

SUBROUTINE P[)K1 

- 64 -

~/ Does 
/1'es.t Word Match 

Status Word 

No 

Has 
R(lbbit hil 

iffi€ to get to 2n~ 
?hotoce 11 

Store Status 
Word as 
Failure 



SUBROUTINE TMCK 

Compares Time Clock to a Match Word. If Time Has Not Expired, 
Routine Returns to Calling Routine. If Time Has Expired, Dumps 
Registers and CaUs Wait. When Timed Out Operation Has Been 
Corrected the Program May Be Continued. 

Start 

Get 
Match 
Word 

Get 
Time 
LSByte 

Has 
Time 

[xpi red 
? 

Yes 

Set Up 
"Time Out>! 
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'" "-
</> 

>-

i 

Print 
Time 
Out 

Dump 
PO & LS 
Status 

c~~7~ng] 
Routine 

Wait For 
Operator 
Acti on 

C~eturn 



SUBROUTINE OIVP 

Posi. tion Di verters 

DVPl 

Start 

Load 
Diverters 
Posit; on 

Activate 
Diverters 

Input 
Limit Switch 
Test Word 

Input 
Limit 
Switches 

Is 
Diverter 

In Position 
Yet 
? 

Yes 

Return 

No 

- 66 -

Check Time 



ROUTINE A.BRl 

.(.f 
i 
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SUBROUTINE LOR 

Set Up Loader to Put Rabbit in System 

Start 

Check 
For Any 
Prob1ems 

Activate 
Loader 

Input 
Loader 
Limit Switch 

Is 
Loader In 

Position 
? 

Yes 

Return 

'>--...JoooI t3 Check Time 
~ 
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SUBROUTINE ?OK2 

Check Photodetector's in CCM foy Correct Ac:tuathHl 

- "\ 
( Start ) _ '-- I 

Initialize 
Registf'y'$ 
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Store 
St.atus \>JaM 
As Failure 

L-_ .. _ .... _. __ ............. ~ 



SUBROUTINE: lRRD 

Move Rabbit fn>m Loader jnto Reilctor 
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Subroutine IRRD (Cont;inuation) 

Set Up 
to 

Move Rabbit 

Move Rabbit 
01 + RIC 

Return 
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SUBROUTINE RCA 

Regime A for Production Run. Give Sample Short Irradiation. Allow PDP9 
to Count. If Activity too High. Reject Sample, Other'wise Continue With 
Analysis. 

(~.~) 

'" Put Rabbi t 
& in 
...... Redctor ~ 

-~T-

~··l Set Up 
Time Clock 

for lrrddiat~ 

RGAI 

I~ I Check f~-;-r~~ 
i;:: I Problems .•. f-o----, 
LL~......_ 

Has ", 
Time No 

"" [1 apsed 
~ ? 

~_J:~ 
i Prepare to 

Move 

'-....... __ Rd ... b ... bTi~ •. ~ 
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;::: 
Move 

Rabbit 
RIC"()1 

.1_ ..... 

! PIDl to-lJ 
?: PDP9 " fs Sample in 

01 Counter 
~.--. 

I
f-Check 
0.:: For 
r:::l Problems 
L~. 



sUbp) ·t· (u 'tnt::! RrJA ( Cont·i:nuat~· ... ,on) 

Returr~ 

Set Up 
fviessJge 
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GOl 
Start With 

Next 
Rabblt 



R631 __ 

r:J """ Rabbit . 

to 01 J' 
~=r:':,:C-L 

SUBROUTINE RHO 

Regime B for Production Run. Cycle- Sample Rabbit Through 
Specified Number of Irrarji<lti"ons and Count'S., 
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Check 
for 

Problems 

Input 
POP9 

Status 
Word 

Is 
POP9 No 

Fi ni shed >--:"--:"---1 

Counting 
? 

Yes 
RG 
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SUBROUTINE rRGC 

Initiate Regime C for Production Run. 
Leave Rabbit in Reactor Before Starting New Sample. 

( Start 

r 

Set Up 
To Move 
Rabbit 

Move 
~ Rabbit 
'" to I-

Reactor 

I-
Check 

0:: for ~ 

"" Problems E 
l-

e Return 
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I 

(start 

Set Up Valve 
~)e.qtJenci ng 

Address 

Position 
l1ivertets 

r--........... ...J.._---------, 
, Prepare 

To Move 
Rabbit 

Move Rabbi t 
D2 ., D1 

SUBROUTINE UND2 

Un load GEll D2 
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f- Check For 
CL 

~ Prob 1 ems 

Un10ad 
Rabbit 

,...-...... ---'-----, 
Set 02 

Status to 
Empty 

( Return 
_../ 



SliBROUTINE TRGe 

Remove Rabbit from React.or After LonS) lrradiot"iorl and f-1ovp to D2 
Counter for long Count on Canberra. 

Start 

Move ·l "- OJ verters > 
~ 

J '" RIC ., D1 

, """"----

Set Up 
To Move 

Rabbit 

Move 
Rabbit 
To D1 

I 

,........_ ...... J 
Set Up 

To Move l. Di verters 

................ -. ·····IJ 
~1ove 

l1ivcrters , 

~~. 
.... S(> t Up '-·1 

To >'love ! 

J 

:Set D2 
. Status 

~ __ ~F~~l~~l ____ ~ 
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SUBROUTINE T22 

Transport Rabbit Between Points Within the CeM 

Start 

t 
Set Up Va he ,I Clear ~/ Sequencing ~ Photodetectors f. Address 

Clear Photo 1 Prepare To ..., Detectors Cushion ;, Send Rabbit Rabbit 

.. -.-
Set Up Register f::! Verify 
For Photo 0 Arrival 
Detector Routine n. 

~ 
....... - --"-""'--

Allow Rabbit Verify 
"'- to Pass Departure '" "- Detectors 

Allow Full 
Cushion 

1- Stop Rabbit "- Length of '" '" 1- Dump Error n. Rabbit to Registers 
Pass Detecto 

Return 
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SUBROUT! NE TRT 

Terminate Transport Routines. Cushion and Stop Rabbit. Dump Error Registers if Photodetector fails. 

f[ CUShion 
',; Rabbit 

'" 

-.I_ 
Set Clock 
For Delta T 
To Stop 

Did Any 
PhotoJetectors 

rail 
? 

Yes 
TRTl 

Print -'] ~ Three ;2 
15 Registers w 

~ 
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No 
Return 



SUBROUTINE T12 

Transport Rabbit From Reactor to ceM 

Start 

r 

Valve 
ndog 

Set Up 
Seque 

Add ress 

Clea 
Det 

Send ""'''71 ectors "? 

Rabbi t ;;; 
"<t-

Ver 
Depar 

Hy 
ture 

C to PDP9 V 
it Out Of '" 
actor fI "" Ii Rabb 

Re 
.. 

Tube 
atu, 
pty 

. L....._ .......• __ 

ow Full 
gth of 
bit to 
ass .... -

Clear Ii ...., 
<5 Photodetectors "<t-

Prepare to 
Cushion 
Rabbit 

'" Verify 
"" Cl Arrival cc 

Allow 
0. Rabbit to 
"" "- Pass 

Detectors 

Cushion 
.... Stop Rabbi t 
'" Dump Error I-

Registers 

Return 
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SUBROUTINE T2l 

Transport Rabbit to Reactor From CeM 

;;z 

Start 

Set Up Va he 
Sequencing 

Address 

Clear Photo 
Detectors 

Send Rabbit 

Verify 
§: Departure 

Allow Full 
Length of 
Rabbi t to 

Pass 

Clear 

;;: 
a 
"-

!~ c5 

I-
</) 
u 

'" 

~ 
I-

'" I-

Verify 
Arrival 

e!RIC '" ''''j} Rabbit Into a 

Reactor '" 

Set Tube 
Status 
Full 

------,-

----,-
Allow Full 
Length of 
Rabbit to 

I Pass 

Cushion I 
Stop Rabbi t 
Dump Error 

Registers 

Prepare to 
Cushion 
Rabbit ( Return 
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SUBROUTINE MI 

Monitor Teletype for Signal That Operator Wishes to Gain Control 

Start 

r:~nput 
/ ,:;j Anyth i 09 

From TTY 

Is it 
ASCII Ill!! 

? 

No 

Return 
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Yes Ad now 1 edge 



RICP '" Pointer 

W " 0 
X " 1 
Y " 2 
l "" 3 

SUBROllTlNE RICT 

DETERMINES WHICH TUBE TO USC NEXT 

.~ 
/ Last 

r----~_" Tube 

No 

"''':fused 
W~ X, y 

RCT] 

Increment 
Pointer to 
Next Tube 

Set Up 
St~rtin9 Addres 
For Gorl"ect Tub 
(Multiply 
Pointer by 4) 
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ROUTINE RGD 

Regime i) of Production Run 

Move Samples to Dl and/or 02 for lonG Counts, Then Unload 

0~';~~) 
r-

/ De~~~~~)'S 
~ Be Used 

I 

L 
Start 

__ Regime 

RGD 
f\ , 2 ;-___ -.-______ < 
L~ 

Any 
More 

Rabb'i ts 

No 

? 

STS • CV 
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RGD8 
Is 
D2 

in Operation 
? 

Yes 

Is 
D2 

Full 
? 

No 

Put Rabbit 
in D2 

and Start Counter 

rIF 
to PDP 9 

Is 
01 

in Operation 
? 

No 

o 

No 

Yes Any 
More 2 

Rabbits 
? 
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Routine RGD (Continuation) 

Unload D1 

RGDZ 

No 

Yes 

Unload D2 
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SUBROUTINE OW 

Unload Rabbit From 01 

Start 

Set Up 
Valve 

Sequencing 
Address 

"- Position 
:.- Oiverters ~ 

CI 

Prepare to 
Move Rabbit 

Move 
N Rabbit 
N to .... 

Unloader 

....I 
Unload 

'" Rabbit '" 

Return 
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ROUTINE EXNC 

Move Rabbit from Loader to D1. Welt fOl" POPS to Finish Counting. Nove 
R<lbbit to D2. W~H for Canber-f'{l to Ftnfsh Counting. Ur110ad Rdbblt. 

Pn~O<lre t,) 
MOV0 

Plved:el''S 
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Routine EXMC (Cont;inuat/on) 

Input 
STW5 

Has 
PDPS No 

Replied 

? 

Yes 

Prepare to 
Move 

Diverters 

Posi tion 
Di verters 

DJ .• D2 

Prepare to 
Move 

Rabbit 

.. 90 .. 

- ---
Move 

N Rabbit N r-
01 + 02 

. ....1._ 

N 
Start D2 

ex Counters l-
V> 

pi 
Turn On I 

SDl I", 
Light jl..0 

I 
I 

r·..,---'-----,.---r 

tL
Turn Off I 

!:; I 502 '" I 
I Light i / -r-L-< 

8 



Rcutlne E:XMC (Cont:{nuat-ton) 

2 

N 
Unload 

Cl Rabbit 
"" ;::, D2 ... Unloader 

Set Up 
Message 

Print 
'" "Run V) 

lE: Complete" 

~ 
Wait for 
Operator 
Response 
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Rou"ti.ne EXMT (Continuation) 
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RoutIne EXf·f]1 (Conf;-tnuatIon) 

XMT4 

O'reoare to 
PosHion 
Diverters 

----",,'~ 

Position 
g; Oi verters 
:::; 01 .'," D2 

C 
~

rep~re to l 
Move 

._~.~]~bb~_t __ J 

[
_ ....... ~·---IJ Move 

~ Rabbit 
>-- 01·> 02 

-~".-,,-... 

~
- ... -

N Unload 
§l Rabbit 

'" D2_.:~ Unloader 
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SUBROUTINE SPD 

PRINTS ADDRESS TO WHICH ROUTINE CALLING 
SPD WILL RETURN 

( Start 

Put Address 
in Hl Register 
From Stack 

Print Page 
g Location "-

...J 
U Carriage Return '" 0 u 

Line Feed 

Restore 
Stack to 
Original 
Condition 

• 
Return 
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Is 
Pressure 

Down to Safe 
Level 

1 

Operate 

SUBROuTINE l1Nt 

to Un 1 oild Rabbi t Un loader , 
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SUBROUTINE RICU 

COUNTS TOTAL NUMBER OF TUBES IN USE 

( Start 

Count Tubes In Use. 
Leave Answer in 
Accumulator, 

( Return 

SUBROUTINE ReST 

CALCULATES ADDRESS OF TUBE CONTENTS REGISTER 

Start 

Add POinter to 
Tube W 
Register Address. 
Leave in HL 

Return 
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SUBROUTINE RICF 

DETERMINES IF ALL TUBES IN USE CURRENTLY 
HAVE RABBITS IN THEM 

Start ) 

Calculate 

"" Number of u Tubes in ..... 
a:: Use 

Subtract Number 
of Tubes Which 
are Full. 
Leave in Accumulator. 

Return 
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SUBROUTINE STR2 

Perform Operations Required to Start Canberra Count at D2 

STR2 

~ 
u 

Start 

Wait for 
Canberra 

Display Mode 

Zero 
Memory 

Set Up 
Time Clock 

TTT Has 
Canberra 

Had Time To 
Zero Memor 

? 

Yes 

Start Canberra 
Co 11 ect Mode 

Return 
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No 



SUBROUTINE PRP 

Allow Approximately 100 msec for Rabbit End 
to Clear Photodetector Assembly. 

Start 

Set 
Time Clock 

PRPl Has 
Time 

Expired 
? 

Yes 

Return 
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No 



SUBROUTI N£ SS 

Irradiate Rabbit and Move to D1 

", ... -

::> Count # Set Up w 
~ of Tubes '" 

Time Clock 

" 
, , 

Does Print No. Wait Until 

Number Yes Tubes 
u 1 rrad i a t i on .... 

of Tubes Wait for 
c;. Has £1 apsed 
'" 

= 0'1 Operator 

No 

Prepare to 

Get Fi rst Move Rabbi t -Tube 

"" .. "~"",, 

Move 

~ 
Put '" Rabbit 

Rabbit in 
;::: 

RIC"' 01 
Reactor 

( Return 
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SSIC 

ROUTINE SSIC 

Single Sample Irradiation and Count 
Count in 01 or 02 

( Start D2 

Irradiate N 

Rabbit 
'" <n 

Bring to l-V') 
if> 

01 

i Prepare to is Position 
Oiverters 

Position 
....J 

"- Oiverters :3 
co ". 

01 .... D2 u ~ 

a 

'ft/ Prepare to 
Move 

Rabbit 

Move 

I£. Rabbit 
01 + 02 
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t 
Start 

02 counter 

T,,, ,. fJ 
SD 2 il': 

Light 

Wait for 
Canberra 
To Finish 

Turn Off J j 
SO 2 t;:; 

Light 
1) 

1 



Routine S8IC (Confinu/xf;-£on) 

sss 
Set Up 

Message 

[ '~:' 
.. Camp1 eto 

Wa it For 
Operator 
Response 
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SSIClr-r-j-rr-a-Ld-i a~e 
::::; Rabbit 

Bring to 01 

f!J~I~7J PID] to POPS 
gg Rabbit in 

01 Counter 

SSSS - -1-
f[5-

Has 
POP9 No 

Rep1 ied? 

Yes 

'" Unload -a 01 Counter 



SUBROUTINE ePTC 

Double Precision Time Clock 
Return When Time Expires 

Start 

Set Up 
Negative 

Time 

Check 
for 

Problems 

Has 
Time 

Expired 
? 

Yes 

Return 
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No 



SUBROUTINE NOTB 

Notify Operator that Program Was Started but no Tubes 
Were Specified. Gives Option to Correct and Continue. 

<!1 

Start 

Store A 
Register 

Set Up Message 

Print 
~ "No Tubes" 

Wait For 
Response 

Return 
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SUBROHTlNE TMST 

If # of Tubes is More Than # of Samples at Start_ Force Ii of 

rubes [qua 1 to 1# of Silmp 1 es . 

TMST 
. ...,--.--,. . ., 

I
' Get Ii 

~. of Tubes 
::..::: in Use 

Ves 

TM$I 

Get Last 

Tube Status 

Is It 
~ In Use'~ 

I ''£, 
Remove it i 

From se~:~ 

Yes 

TMS2 r Get Next 
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No 



SUBROUTINE TBRT 

Monitor TroUble Word to Test for Conditions Warranting an Abort 

Start 

Input 
Trouble 

Word 

Is 
Anything 

Wrong 
? 

Yes 

Has 
System 

Already Aborted 
? 

No 

Proceed 
With 

Rabbit 
Removal 

No 
Return 

Yes 
Halt 





APPENDIX 8 
!,RO§R~M LISTING FOR fiRMWARE IN THE NURE RABBIT CONTROLLER 

The fi rmwar0 program list ing for the NURE Habbit Controller 
is shown in this appendix, The program was written from Control 
Log.i.c-M Series assembly language for Intel's SOSO microprocessor,2" 

---------~.m.m.rne~?~.----~on,~\,~.~.~r~t~~~U::RE RABerr CONTROLLER RJS i6 ~rAN 76 

g2l 87? CRlF~~?7 21 
Z:;-:C--977 rn'v= '77 --Z":n 
157 377 QCTO~'77 157 

?< S\'SiE"l'! "STRRT UP 16 ,TAN 76 
flee 030 *'~ e: e-

---~e \.1'61 
B8 08:? 36] 

110 075 un "5'P-r /5 .;'/0 --~~,,"' t"0"1""'1",,""t'"1 '''It,,-,so:-,nA''C'':R"'-''p''OTt """I E"'R.----~ 
Dr /~rsABLE !NTE~RUPT 

... ~, t'R1'-- fHr4 "]lr'J HHf" sue JMP "0 iiJb /S'TFHtf UF" 
010 B&B ,.. a IB 

"'''-'-- .. '130' --tn:l~" :!~"1" 2"B0 t'rifij JMP rTf "2iHf /'TH1EP 
__ ~_ .~_...:0::.;;;:;:t.) €lee *-' (i 20-

lf0"··g.d!! ,;·0'T lHH3 0114 elnt ':q "U----~71'!ffrrn ... ~tttikHl'! 
01& 000 ~/0 10 

0'e {J1~ :nn free- 0{.s' Jf1P ~ 7t e lOOT f'UI1'" 
tr4~ Ih.1'0 t'" e '0 

Nj ~H0 -:?B3 :1 if -07£ ~rf"ip ?f, iit: , 'DDT 

.-~----, "~-----nrrfnn:r- 't"} tt fUB .-' ~,! Rf<~ 1 ~.-. ,,-------
OB 100 (1ft: 000 U11 B 
00: 1'82 12:; 041 OU: 4'::: :'NOf."'NRL S"OlftWfr' P·OS! nON'::; 
00 184 ]21 044 our 44 /ACT!vRTE 
uri OUT 5;< ,'CLIP' ,,·tiP? 1 tj( ~-')""t l21':i? .~.,. .> 

')ii ;:IiH 4<-) /(~_r-Dl 1 j {~ :_2:; t14;) 
/10 t'lJ 1 '4 r~T1'r,~~- "~_.m"~_'_'_,,,,~ __ m._~~." "'--_._---------1.17' . 0'Xi .,<'. -
00 OU! 42 ,'(tTBl 1 j 4 .-,"" ~H;' - .;.,. 

e8 !NF 24 /(LsrW5 l:t{ ..,~"< eZ4 -''''> ;:, 
\~~, LRi 1. LH~ 0?6 ;)' ~) , 
0& 00! lee .'F~OSFl e 1 HZ i -.~,,, :2? Hiti ';;.;. 

,)0' :Li'4 ~?6 :i::":"1 UU ]75 ,,'I1Asr- nHE.'RRupr~, FO~ IP(' 
--_ ...... · .... ·'-tf:r-r:n'··TI7"'UTI .. -· t) iJ T 1 ;2 ,,""'--" .-~-. , ... - .. - ... ~'--... -~--

80 119 )7: Ef !ENABlE (Lott 
0'(1~-r:1 :::a:- $11-,0 664 JM~ i,* (1 

*/ e 2i'lfj /'TIME't· 
TIMfR !NrERRUPI SUSR'OUr!Nf 

MM 2@' jt~ PSUX PSW ;SRVt iEG!~jEPt 
et 281 liS P5H~ Be 
;3-* .?02 J';Z~, t'$I-C{ Df 
e. 28J J45 P5H% HL 
",1.13 ''?'fi4 052 044 $7~j LbHL nnt 
~-:rB 2(i! 64) I I'n~ /'iL 

_. "'1'f(f'''~TI\l-4'if~''''5n:;I''-1'Tllr''--''-
0~ 21J J41 por% Hl I ~ESTORE REGrSTE~~ 
0' 214 111 POP% DE 
',)0 215 ?Bl r'Or-,r; £~C 
\)0 216 1(:1 F<Of'~~ PS/./ 

:HH'! ~0B' 

___ ;:;0;:;0....;,;0:;.:;.0 115 117' 
t-m (1.. "'962 @5!;, 
\1$ 0,f :?1.~ 21'1 
80 i1. (j72 ,!15.1; 

;c,' 0 :HHl .' 1"f 'it 
.88 rrvf.CRL tEOT 
0l5-~-~--m .. _m ___ .. - "~"_" ____ m .... ________ .. __ 

@77 CAL TH'(f 
i37S l (\11 NL f 
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99 314 146 177 N~l 177 ·······-.......,.:rrenI··Rrr·-· ... _.-.. . ......... _ .. 
9S 317 115 250 07e REDT,CRL TSRT ITROUBLE? 
00 322 311 091 INP i 
00 IN e17 RAR 

--........ e .. er,;m-··:rz:r···ns- ····-···oor·llJ:r7~mTr[T~···· 

00 127 322 217 000 JFC RED! 
·~:n:.".·= .... Xp-·l'f· 

00 313 323 011 our 11 
be jjj 333 800 IN? e 
00 337 111 RET 

-_ ..• -.... ·····mnr····91T4 
,/ Mil [N PROGRAM 16 JAN 76 

a. ··lJ9T~····llfl 
04 ell. 846 070 

Tu···!r· 
LHI 70 

"4 be .. sits 241 
i!4 007 Ji5 265 

80S CRl "S6 ?llitE 
005 CAL itA IT ,'ltR IT fOR COMMAND 

.......... '-'~~"'7"" 

04 012 ]15 357 015 GO. CAL lIeu 
-~~"'41!rr57n··tT911·-cprg· 

/CHECK FOR rUBES 

a. 017 314 264 016 eTZ NOTB iNO rUBES 
04 022 Jl~ 351 3il CRt RICI 
04 025 052 014 075 G01.LDHL SPL 

?ftND lOBE 
?LOM t SAMPLES 

···~··lnB:t74 . ····UrR 
04 031 376 001 cpr. ~CHECK FOP RABBITS GONE 

··~J'Ta·2·R"n4JFZl>or 

04 036 175 LA L 
04 aJ? Jlt 999 Cpt e 
04 141 112 175 •• 4 JTZ RGN / RABBITS DONE 

...... _.... ... J l')"Ducrllllt:I(I\!)Sn 
04 , •• 026 ]77 DOR.LDI 377 'MINUS ONE 

...... 1r'l" ··g-'I"G···0·TGTr7~- crr··l77··· 
e4 050 031 DADX DE 
04 0S1 042 014 075 StRL SP( 

/ 

/ 
·················U<r\YS6 :w:r 01(, (jl~' GRXLCRL ]in IOF'·nI'lTm! ~ 

0. .61 :?1S 250 070 CRL TEtRT iTROUBLE~ 

04 664 JJJ 024 iNP 24 )iNPUt sOJs FROM f5DP9 
04 0£6 146 0'17 NOI 17 
·\Yo ··B7·0 "776" aaa CJ>Te· 
@4 elZ 112 156 .,04 ..TTZ 8R;:, 

···liI4· "ff7"!5 Tn:e-e-I .Tl'T. T ···········15.,..£ ·CIlNnIJUr 
e4 877 312 120 01. HZ GRX2 
04 f02 1.'t. 00:1 CPt 2 /51 !C, ~'E t ':;.RMPlE~, 10 tl 
04 104 312 112 01. ,;TZ GRX3 ........ -.'14 ':nr;r JT5 <:65 IlIl!;) CRl JOfi'ilT / $",.-'1";- S r 4 - oRRDp 

/ 

". U2 041 000 100 GRn. L:,! flL • 0 0 /6£T TO 0 
04 11S 042 014 075 STHL SF'L /5TORE SAMPLES , 
t't4 120 H5 266 e1e ORX2.CAl ROil /CALL REG lHE A 
04 f21 ,[5 0::;:0 Oil. CAL ROt: /RlrGT/fE B 
(1"4- 126 ?is 212 ~fl1 CAL r ~:GC /PHT!RTE REGIME 

··············¥<·Tn· :t:t"5 ·77S llTS CRL . ''RTCF ··/RTC FULL " 
04 114 37€, eel cpr e 
134 IJe- 101 aid 004 .JFl 1 ... U /N01 FaLL 
04 141 ~~21 0S2 our 52 l"SEND F'rF TO PDP9 

......... ~--" .. 
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84 1.41 t~?2 B?? 0'75 02, LDIl C<2ST l r£. D2 FULL 

"""" n, "17!! OW!! "'CPT'''Jr' ......... ---... ....... -. __ .. ,-.. _-
.."-'~'-""'~ ........ ~ ... -.. -... ~-

04 150 };12 164 0iH HZ rc !(MPT;' 

'''''1114' 1'S-:? ?f5-
04 15( .7'1 '5 

. :r2~ liIiH 
262 eu 

CAt "CBlJl 
eFiL 1)1'<1>2 
CFll'TI'!'5 /5 SEC 
Ye., CIlL R I CT 
t.RL rK'tiL 

""7lJRT'lTDW'CRNI1U'J1}fi5T!rF'UWfl()rr'" 
iFlILL,UNlOAD 

'IH fSi. 11'" ~l]O iHJ7'" 
04 164 11'5 051 t,1:; 7 FIND NEXT rveE 
04 16? ::I:i~ in1 ! tERHtNAiE REGinE C 
04 :t 72 .$03 825 004 Jl"tP G01 

! 
! RABBITS BONE 

",. 175 1'172 '1!']2075 WUN,Tl)IfRIc'.r" 
04 200 37G 00@ CPI 0 
04 2a2'~2ra 004 JFl HBD2 
94 20' 872 ell e~5 LDR RICX 

"""'1'14 2I!! 3n 01H) CP r Il 
84 212 182 278 884 JFZ ABD2 
042£5 1172 ll'H @75 LDIl RIC>' 
04 228 376 Bee cpr e 
04 222 132 270 9B4 JF? .RSDZ 
.4 815 175 LOA Rlez 225 072 

·········,,!l4 W00 "'(I"T 0 11$ 17/;' 
04 210 804 JFZ ABD2 232 ]02 
". i!l]? 075'TDI! l'i2ST 27''') g"!!"""F" 

" >:::.-

14 ••• CPI 8 240 ??G 

/FULL 

" 
/ 
ns 1);2 rUlL 

242 Hz B4 25J 884 Jri bONt /Ef'lf"f~r-------------

245 .3:15 04 ?25 ee4 CAL CBWL 
150 H'i ,,4 1{2 FH CALl!ND2 

,/ F'F?OG~:RM 

H¥ 251 !lS6 M;2 bONE", LLI 62' 
04 255 846 BIB LH I 70 

/WAIT FOP CRNBERRR 
//!'OLL..< tlNl tiRe. 
CDMf'lfT£ 

--,.;; 2'37 :liS :47 ellS tAL "50 ?MofIFY COMPLETE 

f'ISPLM MOOE 

lH 262 H5 265 ,,8S CAL WAIT /WRIT FOR IN5TIUCTIDNS 
i14 2~<) 1~1 26~ !leS Jl'Il'wMT 

/ 
(14- :.<~g 8:'6 errl RIDt, Lill 1 ( T'N£ our ro~ RB62 TIME 
Cj4 2:2 ';.'" <-

,>L~ leB our 1 •• (FROSEL ITt. 1 HZ 
04 274 Bl6 l\i.)o LA! 1! 
134 276 0€2 044 0:"5 STA TIME I ZERO RIDZ IIMEr 
1;4 1(11' B~6 tt;:(2 ILl (IRT /SET UPC FIRAL TIME 
(t4 la} 046 @75 tNl 'crH 

,/ 

04 305 115 250 878 AS, GAL TeRT ;'T'OUBLE~ 
--~04 "TIl[' nT'lITTm1ff:"m~T""" /OPE~l\foP ''''''----~-""'" ____ m ___ ~ 

04 ]11 072 844 B?5 LDR TIME 
04 116 226 Sll " 
84 31~ 172 185 984 JTS AS 

04 122 183 143 004 J"P 02 
'-"-- ---""~=~-,,""'--- .... ">~-"""--

I CANIERRA STATUS 11 SEPf 7' 
04 sl~ :!is Ii( an UiilL, CAL it! 
04 EO 31·5 ~5e 070 CAL rBliT 

1 NI' N drNSECi'lNalt~IM /'lODE 
NDI 60 

----;"~i+_.;;.;7m'"r--"a'! ~0 75 !£rliil' AM!': 
04 117 ~"'''J 0?4 
04 '!;3~ 'H6 060 
~j4 11? 576 6;6 
04 Hi 2:02 225 00< ,JE2 CIIIL 
(14 244 711 RET 
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I 
/ 
/ SUBROUTINE eCI> RJS S JULY 75 
l SCD 10 BtNRIt'? CoNvERsl tm 

--"-'-'~'4"SIrl:"5:rn'~ .. ' l!1;!f;-(cr·:tn7!lIITTTMnr·"-S--
04 147 046 000 LHI 0 

·····--J;f.f··T5I-·W5·€ 1iJl~W" [LTe 
04 351 026 000 lDr 0 
64 155 016 999 L£1 a 
04 157 042 010 075 STHL DEC 

~'-3'€Z IH<'ln:r-e7S5THl erN' 
•• 115 ]15 lea e01 8CDI. CRL TTV! 

. -~J'nJ'7"e'72'-"'(~'I"T 7'2?Cm:C'Kl'O!r'1)TlnrOJrl:'R" .... ...-.... 
04 ]72 362 062 005 JFS INVC 
"" Jt5 J/t 01~ CPI 15 
I. 177 312 241 005 JTZ LNFD 

-.-~ 'es-'",-,J'<'oe~SlTre0 

95 ea. 372 012 90S Jrs INVC 
'''m>1lll7eH'~''''-TN'C' ........ 7TI'ICr;'EfftNr l5I(lncmrNrn 
95 810 362 862 90S JFS INVC 
05 ell le7 La R tSHIFt LEFt 4 pLRcES 
05 014 175 LA L 
-eser!:l lre7 . . ,tTl': 
05 016 077 CMt 

..... ··-.;sIHIl27 ....... "'l/.l1L 

0S ela 157 II A 
0!5 021 1/4 
05 a22 027 
lOrs 1l'27 H1 
05 024 175 

· ..... ws-WZ5 '067 
05 026 0n 
0''5 027 1127 
05 IIle 157 

.... us 'gn: 11. 
0S @s2 027 

-use:n 147 
e5 014 .1 7 '5-
,,~ tOs 0tt 
05 036 077 
US"UT Tf2-7 
@5 04e 15? 
ll5 en 17'4 
05 042 027 
0'5 041 14/ 
1Il5 004 175 

·"U5J;f.fS 0Ci' 
05 046 iii" , .. 

ll5 047 -0'27 
05 sse iS7 
9'5 051 1'>4"-
05 0'52 0'27 
0'5 llS? 147 
"5 054 1'?8 ......... ,,'5 1iJSS 265 
"5 056 15? 
05 est ::nn 

W5 '\lg2 esc 

365 

011 

LR H 
RAl 
tH---A / 
LA L 
srTe 
CMe 
RAt 
LL A 
LA H 
RAl 
UIA / 
LA l 
5ETt 
eMe 
!lilL 
LL A 
LAW 
RAL 
LA R 
Lil L 
S"E"T"t:
CI'!C 
VIR 
II A 

Tl'f'H" 
Rill 
Uf A 
LA B 
UR L .. ?ffIJD flrWlHll1T 
LL A 

aaOl ,jMP tICO! IOEf NExt DIOti 
/ INVALID CHARACTER 

....... TNVr:, LLTST ... 
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05 064 046 070 LHt 70 
..... t'f511f"" :rPr247I11Jl)~l::l'!l:··IrS'!r 

05 371 30J 345 004 JMP BCD 
? CURvERi fO BINARY 

05 074 04; 010 075 CONV,$THL DtC 
·······~,;S rrn 175 ............ ··nrT~··71'f"'5'rl)TIITT-

05 100 J46 01? ND! 17 
... <15 Hl2 'B7Ttl! 

05 10] 026 eee LOI 0 
05 105 iIi LA C 
05 lee 10( 004 RDI 4 

... !f5 Ti1l iT? ........ TC·l1 
05 iil 006 000 LeI a 

······lTSrB 1176 8" ·Tl!r0······~·· 

i 
05 11' J/6 000 "R.cpr e 
05 117 312 140 005 JfZ RDlf iGO TO ADD. 

I~ MorTIPL "eVIl'! 
05 122 046 ell0 

····I!fS··r;H0SF n0 
05 126 eJ! 

MUI, lHI a 
urI! 
I>I!t>x OE ,0'*1 

135 121 115l 
@5 130 051 
O~TnlfJi· 

05 132 051 

bribR At 1*2 
[)I!t»( Nt /"4 

···DA"l5XDl'7"·!) 
I>ADX NL /"'10 

·····115n':IS] 
05 1]4 075 

.... ···l)HYffC7mlAP ~ 
DCIl 

0S 115 3aj 115 095 JMP AM 
/ ADD BINARY 

···~i.il 0·52 012 07!5IICTT:[Dfll!)T/i 
05 145 $J1 DMX DE 

·····U51H !l4:! o U 075S'TffC inN 
0S 147 170 LA e ILAsr DIGIT? 
!l!5 HI!! 221 SOc 
05 :l51 110 RTZ 
05 f!)~ 051 010 675 [NfL !5tc !LOI!0 DeetHi'lL· 
05 135 :174 LA H /5HIPT RIGHT 4 PLRCES 

···F5 ISO 
05 157 
(45 15@ 
05 161. 
··~··n:2 

e07 
iii 77 
ell 
147 
itS 

,ne 
eMC 
tiM 
LH A 
UiL 

05 16J 037 RAil' 
lTSiC.j 157 LL ~fi 

85 165 174 LA N -- -us···Trr·...-c:r-~·- _ .. - st i t 
05 167 077 ene 
<l'5 1 TO 017 PM:' 
05 171. 147 L.H Ii 

···0'1' in i75 LA L 
05 ill ell PAR 
05 r ?4···-nr;r~·----···~ .--'/~-
0~ 175 174 LA H 

"BS· I?t: t%t:? 5c'rc 
.05 .1 '1<', 077 fMC 
",,; 200 037 1l'I!R 
05 2al 147 LH A 
illS 2m2 175 LR L 
os Z€l3 077 PH" 
0~ <,,)4 1'57 LLi! , r 
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95 1115 i 74 ...... --~ne:,!f7 
05 21l? 077 

LA H 
·····SfTC .. 

CHe 
W 2ii $lt Rkk 
es 2:11 141 lH A 

~·--·~·u··!nr·TR-r- ........................... -
05 21l .37 RRR 
115 2n···T~·········1::t·" ? 
0S 2:1:1 02:6 060 U)! II ,'STORE SHIFT£(> PEe 
WI li' fl' bee tti • 
liS 22:1 l~l PE()HL 
It.:! 222 vn ···1)~·I1E·· 

liS 221 8.2 010 075 STHl DEC 
--';';:!~2 21>·TT5·······urr············ ,.71/1"'II ... s"K"'Il"'r.".G rr· 

0S 227 146 017 NO! 17 
e5 231 ill tE R 
115 212 1126 .8. LO! e 
-.~'f .. 1l1r.f- ·········TNS-· 

0$ 215 He LA B 
-··-·~···:z:n;-··-n:rTI5 .. IYlr5" .. J >IF I'IR· 

I' 
.5 241 Ji~ 821 ef? ["FO.tRl tRLF 
05 244 J0J 074 005 JMP CONY 

... . ........ ······/··'···lfES!>l'!llr·KourTNE 
I 13 JUNE 75 ·;r ....... ~ ..... . 

Ii 252 1/6 MSGf,[R M 
05 25l 376 074 cpr 74 ICHECk FOR END Of STR!NG( 

·····~S53T·if ··li!TZ .... 71(f!;T(fKT>rTr···rn!5- .... ... ~. 
05 25£ 115 231 077 CRL TTYO 

--··~·2nor47 ····TNlCHL /lfIlTRlIlN£1rr~IU:Tn' ... 
05 262 303 252 005 JMP "SOt 

! 
/ SUBROUTINE WAIT 29 OCT 

····-n··~-nl>a·~a ····W!1TT;LLT -:ll! .... 
05 267 $46 076 LHI 70 

···IY5·-;ur·n-:l7'f7 1Y1Y5<.:1lll'fSG I 
65 214 115 258 070 CAL TeRT 
65 iii li5 it .. tflS CRt SPb ? 

/ 
········-~:1'··:rrs··S!J!JlmllCl!l TTVr 

TI'PtllRTTTIlll 
I TEST FO~ TROUBLE 

iDENtifY tRtLiNG RbDtiNE 

05 1$5 176 1e7 cpr "0 I 0, GO 
--~····:nrr···n2= lJaE ··;rnr··clOOU-

e5 312 176 123 CPl"$ I $, NO. OF SRI'IPlES 
05 514 10z 1J3 095 JFl Nl 
05 117 liS 545 004 CAL BCD 
1Y51221152lY1211-nrumCBTIl 
05 125 842 &14 075 STHl SPL 
1J5:r~--nI:r265 !!!I!!J1fP WRIT 

I 
@ttl JjJ :t16 124 wL CPl 
05 ns li2 245 99£ JT2 lilT 

7 
05 H0 376 127 1012, CPI 

·IJS N:/ 702 :rS4 1!1Y5 ·;WZ·lIT 
0S 145 !ISS 026 Ul WSf 
05 14/ 046 aiS LHI 'Usf 
05 151 lin tH5 ell!; JI'IP Sf 

• 1 I' 1., tInE 

"W WH I CH TU8ES I II liSE 
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as 
!IS 
05 
05 
05 

iil5 
1!5 
65 
05 
06 

06 
'06 
il6 
iilf 

... _----.......... 
!!6 
06 

'01; 
@6 

OS 
06 

€Ie; 
"'\lS 

i% 
as 
06 

Of 
06 
06 
06 

06 
~3'6 

8( 
u.:;: 
06 
06 

354 .176 130 113, cpr "X I X 
J5E J1l<37!! a!f5 "J'n l<~-'" ....... »-~--> ... "'" .. _" .. 

36:1 €L56 027 Lll XST 
163 !!~ a/"5 un , )(SI 
165 301 015 006 JI'IP Sf 

T 
370 .$ 76 111 1014, cpr 'y ! Y 
J7Z 182 U!l4 1!1!6 SF?: 115 
1:75 056 930 LLl VST 
J,'/"'"0'46 0/:5 un , ySI 
0~i 10] 0i5 BeG JMf S1 

...... /"" 

00. :~ 76 :1"'>""' •• .f., W5, cpr "2 
" 

z 
WM ,1'0"2 W6t1 B!l6' ~1TZ '1I6~ 

ell 1)56 e?:i Ll! 251 
0'1..:. 0~lS 13/:5 un • ZS 1 

( 

Ins ].p~ 100 '&1"1 sr~' CIICTTI'I 
020 3'76 060 CPI "0 i 0, NOT IN USE 
-0'22' T(l2 rr:rr 0;;6 .1FZ· UNE 
025 ,076 aBO LAI e i miKE ZERO 
@2r 161 LM " ll30 301 265 ,illS Ji'!P WAlT , 
e::1 17£ 0t:J ONE. CPI "1 / 1- IN 
075 3ez 1l.5 lie6 JFZ B1lC7 'lmO eHI'ffil'Ten::~ 
@4@ 1316 001 LA! i , MAKE ONE 
047m f£? [1'1 R 
llH 303 26.~ 00S <.mp WAlT 

! 
046 056 113i SDC, LLl 11 
050 046 070 un 70 
0'5;;(' 3:1.'3 247 005 CAL MSG 
*'55 .ltD 16!5'l!1\'5'" 31'i1' WRn 

B60 17"!;' 1B2 
£'i£:/ 1$2 Hli 
06:5 11') 145 
076 652 012 
tFJ 642 051 
0i'€: 10: 2£5 

H@i; 
004 
0~5 
!ItS 
@05 

/ 
'we, en "0 
,xfZ W? 
Oil 8[0 
LPHl 81111 
STHL SCI' 
,iMP WAlT 
/ 

...... ~.--" 

......... ---~ .... 

USE 

06 a:: ]'is i03 II?, CPI "C " C CONTINUE 
06 101 510 ~f? 
06 104 J!G 117 CPI "0 i () JUMP TO ODr 

"Wi1"IlE .. n:1 !l M"'ll":'r"J ! I. 00 T ' ........ _--, ..... 
I' iii 176 101 CPI "R / A RBORT 
Ie lil 112 142 ,.7 JT2 AliT 
., 116 J76 114 CPI"D SET OffECIOIS IN USE 
., 121 112 175 096 JTZ bTl' 
0' i2J 316 Hl5 CP I "E " EXRMINE 51'STEII 

........... ,,~,,-.. .. . ...... _ .... -

.. "."" .............. - .... ---. 

... ........ ~- ....... -.-- ._ .... ---

...... 1.1& lzS .... 1T11<rs .. M£ .nz ~-.. - ... ~-"""'''--. 
I' ill J7£ 1'8 CPI "I 
1!J6 TT? 112 ::12 eM HZ: ZEf(D 
ul D5 376 122 CPI "I /SMP TO R(GIIIE D 
!l( 11'1' 1i2 IS4 lin .lT2 PhD 

;' !NSf.T NEil COMi'!RNDS BEFORE NEXT LINE 
'r---

I' 142 311 146 .e, WI·]IIP BCC 
wer.5 :ns rl!Jll~M n~H,C'AL 'TTV! 

" INVALID CHRRACTERS 
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06 150 17€ 101 CPI'C / EXAMINE 
·····W··I57-···11~··ISSl!H·Jrr·VfflC~··-··----

06 155 175 124 CPI"r t' EXAI'IINE 
05 15? li2 361 614 Jrt E*Ht 
06 162 376 122 cpr 'R IEXAI'!INE 

-----a-& --roT n.. rn·IlIfEJ"17-.. m:r·· .... ----
06 167 103 046 a06 Jl'lr SDC 

DE I ) CRl !! Y i 

C0l!I.i_TER!i 

TUllES 

IRRFU>lATrON 

06 112 li5 389 eee 
06 175 J76 061 

·········--l!C-T7Tn-:z "-zn-;n6 
CPt "1 /CDUNT IN D1 
;T17>sTCl 

06 202 376 962 
a-52",~--:a-z- T5'0,IT5 
06 207 101 046 006 

CPI '2 leGUM' IN 02 
JTZ S-STC"--"-'-'" ....-. 
JI'lP eDC 
7 
i 

;.T-zr~·crl<1!1f . 
06 212 056 010 ZERO, LLI 10 

.......... ----WO· ZHll''OrlJ--rs- .... - - UIT75 
06 216 1/166 080 Z, lit! II 
06 220 054 tNt 
06 221 175 LA L 

.... ··-nn2 T71; 'llC4'- ····Cl"rt.. -
06 224 li2 265 005 JTl ~AIT 

---··--·········-~-lJe····-727 '1a? 2"1 €:--"l'tfE o

• J"Mfr ---2 -. 

" / Ut1!tRltZE RtCP ARvob 
06 2?2 1'176 eel GOOD, LA I J 

·--0-€:"2:S' (i!,;2 IlSC 07~ 
1% 237 ]15 J01 01£ 

5TIl lUCI" 
CAL TMST 
Jl'fI'GO 

ICORRECT FOR MORE TUBES THAN SAMPLES 
"'m:;--zn 3a1 012 0<14 

/ 
? 

06 24~ 115 3'00 e00 IRT. CAL TTV! ITlIIE ....... ,,""-
!!i5-Z~re '3"76 101 c-p---r --on ri /11" rnrrZS5Un:r I'll\[. Mill/;--
06 252 302 271 006 JFl H'H 
llC "2!i!i 7T5 n" lJe. CRI'Bel) 
e6 260 052 012 0?5 LDHL elN 
@t iel ~~2 016 015 s rHt Al R1 
e6 266 303 265 e0S JMP WRlT 

7' 
06 271 171S 10k r RTL en "S /E: nnE 255 DEC! MAL MAX 
WO 27T TeL ·1":["Z 00!,; rrz·····I~TZ---··· 

1% 276 Ji5 H5 004 CAL BCD 
66 :$ln: 952 012 0(5 [!)f!l II!N 
0£ 304 042 020 075 STHL BIRT 
!!it. 1117 T01 U;S-- !HYS;TI'fl"14Mr 

/ 
!!i6 :n2 376 103 1l<T2.CPI n-t /e Hi'll': ~5S til':Cl HAL MAX 
136 314 302 112 €l06 JF2 lRD 
06 sl/' 3D 345 lH,4 CRt BCD 
06 322 aS2 012 075 LDHL BIN 
!!i6 T2Y Il41 022 I!7S S'THLCTI<'r 
,:;6 310 501 265 e0S .JMP WArT 

- .- .. 
"r" 

06 3:n }?6 123 lRTJ,tPI 'S <'55fC TIME 
06 :os 3kf:z 154 006 )Pi t~t4 
€16 HE J:!5 345 ee4 CIlL SCD 
WO 141 052 ·lrI2 an L1mLB!lI 
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as 154 116 104 t*"~tPI ·0 !Ot COUNt II nit 
06 356 302 0.6 006 JFZ eoc 

....... m; .. sns.ITTnl!l!'rCl!c,rC1)~ 
06 164 052 012 075 lDHl SIN 
<1<; .. TP04211;~TIl7S SrFll:·D2CT 
06 J?2 J@s 265 ells JMP WRIT 

? 
06 175 315 Joe 000 DT1,CAL TTYI 

·······1r70IH!Tnnr TPl'f71H··i:rPrllJrTTllll 
07 002 J02 014 e07 JFl PT2 

.. .l!7l!~ wself4r ........ -UTDll:r' ................... ~ ... . 

07 007 046 075 LHI '{)to 
Vi ai1. :n:o' inti 9'06 JMP sf 1St, optRAtlOR 

i 
~I!I7ijH 176 ij/;:/ .. ~·()r:!';CI'1~·:r··71)2f1"£lIllrltnr 

07 €l16 1@2 046 e06 JFZ soc ,SRD CHARACTER 
117021 liS 6 11'12 . L [[1)211 

07 023 046 if75 UI! '1>20 
0t 0'25 .UB 815 0a6 J1itp 51 (SEt OPERA' ION 

/ 
·······7 , 

~K5!;IfrTll'In . 

" 062 tMiS, UH 62 ?SEt T OlE II 
041 1l7S STi! HI/( ell ........ .. fill 4· ····?UHl 
tife 
01!t\ 
044 S?5 

OUT ill" 
TAT 0 
HR 
RET 
" ., , 
!' 
l 

TInE 

"FI<QSn RYC 

IZERO CLOCK 

5 sltc 

STDIl, INP 2:0 / INPUT PDW1-·Z2. I'D1 
'1 @st ]15 IS! 01' 
07 1154 11.1 021 

..... W"!&se 11S 1S7 err 
07 %1 131 an 

cAt OCTO 
lNI' 21 I' INPUT I'D13-19, I'f);? 
CRL DEn) 
!lIP 22 "L H! iT SOl ITCHES 1-·8, lS:;: 
till ocro 

29 OCT 75 

~·7·· ~f6? liS 1"57 07'1 
07 066 U) en 

-~~'{1f7irTI:rrrr7,177 

II @?l 072 155 .75 
070'7$ Hi!! 15? B?7 
if? 101 siS 1il2! 071 

11'11' 23 , UMlT SIHTCHES 9-11, LS. 
CRt oCt 0 --=-'---------

07 in HI 

LDIl STAt> 
CAL (ltrt) 
CAL Cl<'tf 
Hf 

"PLA i!f)!>Rf5S 

61 nn~ 1116 mHI 
..' 511IlROUTrNE PHOTOt>ETfCTOR CHECI( ONE 16 « JUL'! 75 

---, ..... .,.",.--1r'F:r-l..",,,---_ .. !'DRI, LAI I)" ! ZERO TIllER 
@1 107 062 0611 
07Tf~ (162 l!44 
fil7 115 ]3] 325 
l!71!7 i~" 

II' ! 211 In 1!211 
07 122 176 <I!Nl 

e15 STI\ P!)f!. llERO FAILURE 
~7S nil HI'!E 

INP 25 "INPUT TEST WORD I'DTi 
LB !l 

fSH. nlr 20 ? ttll'llT sTAtIls WORI5 pH 
Cf'l " 

. !!7r;(~ n::tJSi ~l!7 :,fTrl'M CiltCK r! ME (JUT 
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07 127 220 
·1'i7Dec !HI 

0? 111 026 
07 in :Bl 

···lil7 H~72E!· 
07 H6 3103 ..... ,l7 Y77ilZ5 
07 140 102 
01 1,,] Hi 
07 145 8£2 ... II? ... T5E! 3H 

....... '" T51: ::1l5 
07 15. 3\n 

377 
020 

131 111)7 
lfZ6 
060 075 

~. 

!.~? "7 
l21l &&7 

i 
LOI 277 IPO pAI~ 
PKiL INP 20 
SUIl . 
1HZ 
DC!) 
JI'Z PKii 
OIP til 
STR pon 
R£T 
I 

/80TH OK 

nAt cONstANt 

!STORE FfllLURE 

. Tl'!;CIlLTHCI(· ···7<:1{rClrTfllr 
JMP ! SH I RECHECK STAWS WORD 
I SU8ROutINE 11M£ CRECt 
! 

·······ilTl~?il~Sl!nnrtK;·1:n·Tl'fK7TOAl)····rnfE:TilTDiVF!C 

07 161 046 075 LHI 'TMK 
·1I7T5T.,.r211He~ [!If!TTi'rE 

17 1" 226 SU M i 
et It, 3?0 RTs 
07 170 056 150 LLI 150 I NOTIFY TrME OUT 
If?Tn0.6 1J70 . nIT 71i! 
07 174 315 247 805 CAL MSG 

.. loW rrT:n~ lf47 IHITCRL ·STOM 
07 2e2 115 2Z4 015 CRL SPD 
31 lIS 115 2£5 995 CRL wRIt 
07 210 311 RET 

" SUtlROunN£ IYIV£l!Tt,,·r-oS1HON-

-·-·~e7 ZH lin lf55 
07 214 323 en 
3l dig J23 044 
Or 220 e?G 000 

···········""07 227 B62 0H 

--""07 225 ]:$"3 1i!25 
07 227 107 
in 21e liJ 022 
07 212 220 

·····\17213 710 
07 234 115 i5? 

~l3T-· '2J7 TlifJ ··zzs 

075 

075 

/ 
DIIlP; LOA 
OUT 41 / 
[lU ""1 U .> 
LAt {I / 
STIr TII'fl': 
/ 

STR!) "LOI'!D!) ! \lr~fnr-O!:riT()N~~ 
SET DIVERTER POSITION 
Illtrl'RTE D!VERttll VALVEs 
RESET TIMER 

DVPL TIll' 25 / I NPUT Port 
LB A / STORE IN B 
INP 22 ? INPUt [S1 
su e 
Ifrz . ? RHURN I ~ IN POS I r Hm 

ee? CRL 'MCI I CHECK FOR ELAPSED TInE 
a·lf? .J1'lPDVl'l 

-_ ... _-------________ /:,..... ___ SUBRI)UTlIIIE ABORT 8 .~S:::E:-.f'.:..T~?:c5 _____ _ 

~3 7' 242 076 177 ABRL LA! 377 
(17 244 062 047 9rS sr~ RSTr 
07 247 056 110 III 110 
137 251 046 970 LRr 70 
0',0 251 115 247 005 CAL M5G IANNOUNCE "eORT 
0( 2'56 elF." tnU t. R 1 J ..-'INtfIRllzE RIfF' 
137 260 062 036 075 5TA RICP 
"B7 Z67 J15 157 0f5 CRLRICLI /t rUE'.!': IN USE: 
lill 266 176 e00 cpr 0 
W27e 314 264 @lC CTZ··.,.Ors- lNO TUlles 
07 271 117 LE A /STORE • ? 
07 274 siS 0S1 013 RBI. CAL RICT 
B7 277 -$1"5" 33's 0'15 CHC--RCST 

/CALCULRTE UNLOAD ADDRESS 
/CALCULATE TUBE STI'!TlI~ Al)OI1'CS'S' 
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07 102 176 LR M 
···wr~:r···~··!lII1··· ........ 1:l'T.~ ........ - ..... - ....... ---...... -- ... __ .. _ •..... --•.... - ...... . 

07 le~ J12 J24 8117 JTZ Rill IHAS RAIIIT 
I 

07 31$ 173 Ae2.LR £ ILOftO. TueES 
··wr:rU12fi·VU···· ···1rul·r-··-;!.I£I)()t T OR lufE ... _ ..... _ ..... - ........... _ .... __ .-

07 311 iJ7 l£ A ISTORE • TUIES . ·v::n-.v··:rronr ·····T1'1··1r .............. . 

$7 116 312 255 095 JYl WAIT IALL rUlES CHECKED 
~t 121 ]wl 214 .*' JMP Aii INU' ftW1SNtb YEt 

I' ...... --wr ... :r2;f; ··$n···1II~·~lr:Fl:l"'If··~····-···7SlT···mo-UliltllW··"!)!)1t£55 ..... _ ....... _ ....... - ..... . 
$7 127 J96 .27 API 27 

···-··1I7·nr···~····~·~rA·STmr·· 

07 334 3£5 83* eel CRL T"5 15 SEC 
8? jit liS iii .,? CRt DIY' 
07 342 072 e55 $75 LPA STAp 

·····W·l~1l7" ·····lRN· 
117 346 e62 e55 e75 SfR STAO 

........ ···I!?'Er····lln··:tnoI7lr·Llllln:n·· 

?PtiSlTIOW plvERt'. Rte5bi 

97 J54 $62 046 875 STR OELT /DELTA r 
ijt lSI iIS 2J' 112 cHt li2 ?NUit RABBit wtt)vl 
@? 362 3@J 118 687 J"F A82 1- ....... . 

/ 
........ r·-··SUJ;lfOUTTmrCOlll>n5ETUP 

I 
01 165 115 is. eli CDk.CAL tlkt ?tkOUStE1 
07 370 115 elf 011 CAL HI IOPERRTOR? 
·v'r'i'r'f7€"f~U~rT 
07 J75 123 943 OUT 41 I SET UP LOAPER 

···WT:rn:r:trn,f·· ··ourn 7l1Cr fVlf!'rL!lIII>£1!· 
10 001 076 980 LAI a 

? tERd ttREk' 

n ilil. 
u 010 

lnVJ 
146 002 

U:;U; .. H,l':a ·/I/ilPUr L!>4 L Off f!>IlJnHT61!!'f£J! 
NDl ;< 

HI U4' yr."" 
HI ,,10 He 

en :r 
RTZ I CONTI/IIUE If IN POSITrON 

lI! lW'l 113 111 ill!? tilL 
JI'tP 
! 

tl'1!':k I tRlttk tI ME 
HI 820 Jill IHI6 010 LDIU 

I 
I SU!1I<OOflll£ ~HOril'!jn£cT6l\'tHr:cK .. ;1 

1I.! 1l~1 T~···· PI5k2. LA t 
10 !l24 376 000 crr 0 
IlfllU ]!j:< IHi !HI! JI"ZPRU 
i~ ~)1 076 090 LAI e 
nll:lJ fie. lliHIl75 Silll'lll"2 
10 $}6 38} 046 0t0 JHP PK24 
111 04! @/S 0~~ PK23, CAl e 
Hl 043 0SZ $02 015 STfl PDFJ 
HIll •• 0$2 044 075 PKN, SiR T1Mt 
ill 051 J51 0126 HIP 26 " INPUT TEST 1I0RD P!H2 
Hr 051HrrUrA . 

10 054 ils 021 
10 05$ 146 B7 
HI liE 0 1?'li !!!l0 

I' 
IStz, til" 21 l tIlPOf stllws wM!) Fiti;:: 
ND1 .H7 ,'I'I/lSI( olJr LOADER IlIT 5 
CPT., 

- 119 -



19 062 112 125 019 JTZ TM1 r CHECK TIME OUT Til ·~2211 ... ····SU·T .............. -. 

10 066 319 RTZ I BOTH PD OK 
IS? 626 3l? COl srt Ira PRI¥« 1 tHE CUNStANT 

···n'17T7U871- ·····1"K7F·~·2T-····- .................. _ .... -
10 871 146 337 NDI 3J7 IMASK OUT LOADER eIr 5 ····n···wn 721t ·SU1>··· .... ........~ .... 
10 07. 119 RTl I&OTH OK 
18 81t 62' ceo 
10 tee 102 871 810 JFZ PK21 

····n·YU·-r7:r······ ·····-··nr'r··-······~ ....... ----.. - ..... . 
19 184 176 see cpr e 

····-uy·,.n 102 HT1!T8···;n:"Z-P"'k .... """Z ... 
10 l1i ll] 921 !~P 21 
18 ill 662 0S1 'r~ SIR POFi 'StOWE FIRst FRttOPE 
10 116 :r11 RET .... - ..... ~ ...... ~ .............. ······_····r ....... - ...... ~ .. 
10 117 11] 021 PK22,INP 21 

··~···:rirr.rl ···ItQ2···1I1i2····It75····ST/r··1"tIrs·· 
10 124 III RET 

? 
19 125 115 157 987 1M1, CAL TMCK r CHECK TIME 

.... n!:nlt:ro:r~4 ·lffirJ'l'lrTSTZ~7 ··rrC1'l£l:K~l\ruswl'YH 
I' 

····················~··T 

/' SUBROUTINE IRRP i4 AUGUST 75 
? 

10 133 121 '41 IRRD,OUT 41 ICLPD2 
··iIJT75-n71J:zr ·······TWZl 7({ffilrP'l1r 

10 Il? '4' e4e ~D! 40 , PD IS BIT 5 
···U·n1.T75~· ·t:!'1··a .. 
1. 14] 312 160 BiB JTZ IRDI 
i' 146 e56 1(0 ttl ita? SEt UP triP,Y Wt5SRdf 
10 150 046 ere LHI 79 

_···-··TrlS2 J 1'52"f7111'!.5C·FILI!!>G 
Ie 155 115 2&5 .15 CAL WAIT 

T··· 

a 160 en 003 IIID1- UH 1 
16 192 ij62 ijgS erS SIR SfA~ 
18 165 315 ell 097 CAL 7M5 /5 SEC 

I SET Uf' L-)Dl 

·····-·U1711 ·:rr52Tr"!lT CI'lL1HVI' .... . ... ?PllS! r rOil lnVEftrlfS·· 
U 173 115 839 Ill!? CAL TM5 /5 SEC 
·1lr-rn>3T5 :r~·lI'1J7·cm; TW1··IT1:n:nrTol\l:lt:R 
10 281 872 055 875 LDA STAI> 
1e 2¥. Sr. iNA 
HI 285 86:1 955 875 STR STRLl / SET UP F'Ul RDDRESS 

..........• ····u··Zn·IJ72··Z71187lrLIl·/f·l)tC! ...................... ~ .... . 

16 211 812 946 875 STR DELT r SETUP DELTR T 
. .l1J7H;-:U5·9T& en-em:· T22rl!OV£ ..... ITIJIHTI: ")0£ 
10 221 315 250 979 CRL T8RT ITtOU'tE? 
18 224 J15 ~lb 811 tRL"I ?OPlRHfb'? 
is 227 072 059 1175 LNI PlAR ,. FIND TUBE 

·10··nz-:ro19ll7·····~Ilr7 .. .........-........... . 

11 214 el2 055 975 STR IrRD I POSITION D!VERTERS DI -) RIC 
···n7J'r-:t!.,...e:re1l1J7r:m:·~·75""SEc-······-······-

10 242 115 211 .87 CRl oryp 
19 245 e!i 955 .,S LOR StAb 
13 250 874 INA 
.l!!··75l:···1r6:t··1J55·~-sTl'f··!>TR1')···· 
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10 2~' 9?2 271 .78 LOA OEL2 
· ...... ··rr---157-···\f62" -1,"4ft--'T'nf' Sf" 'l>tLT ~'''JlLTlf'T'----''-''''-'~'---''-

18 262 31~ 326 e12 CAL T21 / NOVE .AttIT D1 -) RIC 
'10 26S 311 ill 

/ ············'··'·-7- ...... " ..... __ •. , .. __ ... __ .•. , •• ---

/ SUtROUrlMr '(61"£ A 12 SEPT 7S .... _. T"'''' . , ...... , .. _-, .. __ ....... , ... ,'", .... _-, ..... _' .. _ .. 

10 266 315 ill .re RGA, CAL !RRD 
10 ill '36 816 eel AiRt ISE f UP' f tM 
10 271 840 975 LH! 'RIRY 

.... TI! .. ~·1I7rn4'-T·I!T4-·'7Tt·"HT 
102ft 12J iea our 109 !F'QSEL RfC 

''T!l''THII76TiJ11'-··'TlIT·.·-
10 301 862 a44 875 STR TI"£ /ZERO TlI'IER 

I 
10 186 315 016 .il RGA1,CAL I'll IOPERRTO~O 

'''-'''I1r'f!I':ITS250117110ICYIfI<i ir1<OU!1[ r~ .. 
10 114 8?2 044 075 LDA TII'I£ 

"IlI'!fT775"l:l"'I'r-'" . 
18 129 1?2 leo .1. JTS ROA! 
18 121 'f2 855 0f' CD" stAb 
10 326 306 916 AD! 16 

'-nl ":nl!"&62'll'S5"1J75'~'S1"lrO ? ... 
10 33J e72 272 070 L~A ~EL! 

·····nr:H5 H7!i .• t: l'J75STlftil':nl 
II 341 315 236 012 CRL T12 / MOVE RABBIT ~IC ,) DI 
f0 344 j21 '47 bUf 41 7 5£1 UP PIP! TO PDP9 

/ 
... T0'14bnS~!!0i'ifR'rrll'2;tI'fCrSJn 7i"I:l(iI'iL~" 

10 351 315 016 013 CRL I'll /DPERRTDR? 
l1r':15.:r:nIJN ·....lNI'::141IfJltII'lG· Hi Wil!!tiSTl./5 
10 ]56 346 017 NDI 17 
Ie 160 3rt 000 Cpt e 
II 362 112 ]45 010 JTZ RGA2 
Jll::nrs !7!;Ul.CI'IT "T'!!rTll!!N I~ sri 
10 367 310 RTZ 
nll111 1n 002 . en 2 7 R'rJfC fFAIfl'U rr 5'1"2 
10 372 liZ 103 011 JTZ RDA] 
19 115 11~ 2£5 085 tAL QRff 
II 000 101 265 005 IMP WRIT 

/ 
11 lin 055 210 RGRl, lL! 
iillll~ 1l'U iJ7iJ [HI 7i! 

21e 

11 lie? 315 247 e85 CAL lisa ! ANNOUNCE HOT SAMPLE 
n 8n 11' 111 1114 
11 iH5 lin 925 084 

cf!t 
JMf' 
; 
I' 
I' 

bill 
G01 

/uNLoRb RRBBIT t)OO 

11 I?D 9$2 951 DtS ~OB, [pRL SeY / SET UP e CYCLE COURTER 
i1 821 842 853 875 STHL SCVW 

/ 
11 826 174 RU8I1, LA H 

'Ilew 77~'lrel1 '<:1'111--
11 ell J82 851 81i JFZ RGS2 
11 ,14 175 LA t 
11 8J5 375 eee CPl e 

""'liIlTi'llI'Z lISll1Ir-;TnJ!'ll'S:I 
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11 042 12] &51 OUT 51 r PIC TO POP9 "'7' ...... ~ .......... - .. 
11 044 H:; 250 070 CAL TeRT ITROUSLE? 
Ii. 04" 1t5 en 013 CRl MI !UPERRTOW? 
11 052 111 RET .......... --~-- .... -. 

11 051 072 055 075 ROBZ, LOR STRD 
······~T056 sZo··-nZ2 "··'!,-ur72· 

11 060 062 0S5 975 STR srAD , SET UP PtA R~DRESS 
11 eSl 9fi 271 618 lOR 6EL2 
11 066 062 046 075 STR OflT ~ SET UP DELTA 

·",'1· '\17'1 :ns' ·::rz1;·lnZ ·eRr·Ttl 7"'Iovr~T·N)·lnt·· ~ ... ,~ ....... - ......... - ........... - .. 
11 074 076 00e LR! e 

······ .. n -nn eeZ'~6V7'5' ·!;TR·1lrf···"· 

1i 19i '56 926 RS36.LLt gl~l 1St t OP t tnE 
11 103 046 075 LHI 'SIRT 
iT 1~1J76·n4"· ·····T1U·r·7IVRZ 
11 107 32J 100 our lee /FIQSEl RTC 

·····11n1 . en; IIn·····TRT"·· 
11 11J 062 844 075 STR TIME /ZERO TIllER 

11 H6 >15 e1£ 
'li '121 JfS zsn 

11 124 872 044 
'·'1'1 127 276 

11 130 272 ii6 
1i 113 ~?2 956 
11 136 Y?6 ace 

·····'fTTU !n2 15T 
11 14J 8?6 081 

"TfT451162 e56 
11 150 leI lei 

11 15J 072 055 
·-·n· .. ·15I;·JII'. llifJ 

11 16e 1162 055 
···· .. TrT!>TOl!7z·· 272 

11 I;;;; 962 046 
i1 i tf ji5 23t 
11 174 321 847 

........ · .. 1'1· 176 '952 as? 
11 2il1 053 

........ '11711'2 '114'2" "0$1 

il 2e5 315 25" 
11 210 115 016 
if aT :r:n '!IN 
11 215 346 lit? 
11 217 TU; 9114 
11 221 102 295 
11 224 052 0::B 
11 22? J01 626 

11 232 el2 055 
i1 235 12£> 022 
11 2]7 062 055 

·······2:1 2T2 en 271 

1 
01J ROBl.CAL I'll /OPERArOR? 
!!7IICIlrTllI1T 7T1('Olrm:n 
015 LDA TIME 

...... "1:1""1'['" 

011 JTS RUB] 
075 LDR HLI 

cpr '" 
eH JrZ",gH 

LAI 1 /DO IT TWICE 
0755TA1Ri 
011 JI'IP R8J0 

) 

075 RBJl,LDA STilI> 
mHl;;'" 

015 srll STIl/) 
117lrCrmrrEC, 
075 srR DELT 
0£2 tRL t12 ? AoV£ RRBBlt Rlc5b! 

OUT 47 / PIDl TO PDP' 
IPS TDHLBCVJ4 

DCX Hl 
117SSTHLlifCVW 

ate RG84JCRt leRt 71'oU8LE~ 
91] CAL HI /DPEIATOR? 

TNI' 24 / CHECI< rOll Sf! 
NDI 17 

'cpr 4 
011 JFZ IWB4 
9'/, tOAL BeYN 
811 JMP RSBR / CDNTINUE 

1 
SUBROUTINE INITIATE REGIME C 4 SEPT 1975 

! 
075 fRGt. LOA STAD 

sut 22 
075 STR S HlO 
!f711 L Dl'!PU 2 
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11 245 062 •• , .75 STA OElT 
"l:115'lI:rrrn'K--.n-··Cl!r·· Tn 1 l!l.W£"·!1""1 t"lrOlHr--'~-"--'-'-"-" 

11 251 31~ 25 • • r. CAL TBRT /TROUltE? 
11 2~6 115 It' iil tftt HI IOf£WHfOW? 
11 21it 111 RET , 

."m"~T"····--·"··"'WIJII'Oi'forrrf"'ln."""TIU"IIILntl .. " ... p"1J£Lrllo"':z----.... ""'s ... t ... P"T......,,7w-' 
/ 

"U':?,5Z"'II7. e~J"mw:!';l:1Irn ····T"SrT"W·1rrIlUrU POSiTION 
11 264 &62 855 975 5Tft STftD 
i1 Zt7 11~ a18 eel CRL iM' 7' SEt 
11 272 315 211 eel CAL DIVP 

."'m"_-"n .. 'V'5"'Tn·~···~····t1rfr·~"· 
11 lee 874 INA 

'''n:'''UT''lfnll~1l75'''STI\' 'STITh 
11 le. 072 274 070 LDA DEL5 
1i jl? .62 846 0t5 SiR blCi I SEI UP ~£[tR t 
11 312 115 016 e12 CAL T22 r MOYE RA •• IT TO D1 

""-"1T"".'fI5'''··.n:'Z,.......97'8 CllI'TIWT" ... 7Tf'OUILn 
11 128 115 016 013 CAL MI /OPERATOR? 
irl'2:r~ nraH . CAllY'!'U""/llT"'Tll""UlifUllO . 
11 126 876 eee L~l e 
11 Jjij 862 @ir et5 STR 62$f 
11 111 111 RET 

, , 
I 

XI J'34 072 IfSS '75 , RtiL tuff 5 t Rt> 
11 117 3e6 e2l AOI 27 
TfJTfil!:2 T!f!f~S'TIl<;rM~ 
11 ]44 115 .J. eel CRL TM5 /5 SEC 

.. ir:H7 .. ·1B2U ..... Ul'EALl>!Vl' ..... 
11 352 072 055 875 LOR SIRO 
il 335 574 INR 
11 356 862 055 875 5TH STRP 
l:fl.I&nrr~·If?l! U'iA 0 tL J 
11 164 062 .46 075 5TH DfLT 
·:rf"l'C7TI5'2J· ... ll!H rAe Ti ~ " 
11 172 076 .47 LRI 47 
11 ]74 etz 4S§ 875 SiR !tRb 
11 1{7 liS 0Je ear CAL TI'!5 "5 5(C 

. n&ezns 'lnllll? ElK 15/ vI' 
~2 08S 072 055 075 lDA $TRD 
f2llTlf 074TNA 
12 011 062 6S5 875 5TH SlAP 

? CLEW. btl STRTUS 

12 314 972 271 078 [DR DEl4 
12 817 062 .46 875 5TH DELT 
:uez;;: Hsen012Clll iZ~ / 
12 025 115 014 016 CAL 5TR2 

Movt RA/lHf roN! 
ISTRRT D2 COUNTER 

12 IH0 enilU OiTl 
12 812 962 IJ7 075 STA D251 ! SET D2 STRTUS TO FULL 
12 inS 1H RET 

/ 
I 

12 016 672 eSS 875 122, LDR STAD 
12 041 123 9H OUT 41 " gTRD SET UP I'll! STARTING ADDRESS 

. 12 lin "1"041 ....... OOT'H TCCEA~ F'flOrOl5rrrCHllfS"l! 
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12 045 115 030 007 CAL TM~ ~5 SEC 
rrnal:n 04'1 ···OUT·.4TAcnVArrVI!LVr~ l'ft'I'V-' 
i2 052 876 6es LAI e 
12 954 162 eGG 075 StH PDF! 
12 0S7 016 eee LEI 0 IFIRST PDK2 

'''l:' en:nSIfZJ1fr0Cl'lL1"DYT ... 7·l'tl<rrl"DEl'll'RTlWF'· 
12 064 li5 055 016 CAL PRP IPAlISE FOR RABBIT PASSAGE 

.... '17 067:rzrnr "',(JUT n /CLEl'lI1"F'ffOTON'TE C'l OR S 2'" 
12 07i la! ale ear CAL TM5 /5 SEC 
12 0?4 ijt2 055 9(5 lOR Stab 
12 elr 074 INA <' INCREMENT RODRESS 

'1.Z:l:lIr0e;r-lIlS'S"1!7oSTlfSTllJ) ......... ..~.. 
12 1eJ l2l 841 OUT 41 

'1'2'f\¥lS"II:r!>\¥1!r'''TrrI'7rrCmW'I'J)j(~'' .. ... . ............ . 
la le7 115 eal ete CAL POK2 I VERIFV ARR1VAL 
12' 112 115 855 "15 tRl p~p /PAUS£ FOR RABBIt PRsSRGE 

<' 
········~·····I~ 

12 115 115 121 012 CAL TRr ~TER"rNArE TRRNSPORT ...... ·I:r17ilnr.... ...... '~!T··~· ...................... . 
t' 
7 
I TERMINRTE TRRNSPORT SUBROUTINES 16.2 JULY 75 

........ ·1::< .. J:nJ2:1 If'!( ·····TRT;OUY« ... .. ····/l\CnVlfrr .. llilLITS .......... . ............. . 
12123076010 LAl'10 lise HZ 

"·1Z"·R~=1011···~OtJT· rn7F'RUSEL 'RTC 
12 127 076 8ee LA! e 
12 i31 '62 &44 0?5 
12 114 4156 046 
'UHlill'46!l73 

SIR \IM£ 
HI bELT 

"'nn'lYFcr 

" 

.-' !tESET flnER 
" LOAD DELTA T ..................... . ............. ~ .. 

....:f2RII .. ·W?2 044075 ·TI'!.;T1TATlm:-· .. 7 LOAD' TnfE ... 
12 141 226 SU M 
12 144 1?2 143 012 JIS tHE? lESt LOOP 
12 147 072 055 075 CDR STAl) 

'TZTS2 tl74TI'fR' TTNCRFI'fFflTl"Urlffj!\~E~ 
12 151 862 055 075 SiR STAD 

...... l'TT5!>"J2:l'tl41 ···OUT.J'" SET UP1W~I'fR["'Vro::VE l"tf'H TTm/ 
12 16e J23 044 our 44 / RCTIVATE VRLVES 
i2 162 072 9gB 375 t~R PDF! ?pv ~AttURE REGIS1ER 
12 165 376 0@e CPI 9 

.... ·:l:21'673a2 21 a OJ2J1"Zn'U 
12 172 072 061 OJ5 LDA POF2 

.... ···Tl·T?~ 1'?6(!!l1l -r'PTlJ 
12 117 102 210 e12 JFl TRTI 
12 202 6!2 062 e!s LOR PDf] 
12 205 J?6 000 CPI e 
n 2a7 nll' 1HZ 

12 all an 06 e 
12 2U 115 15? 
i2 :H:f> 0!2 at,X 
1Z 221 liS 15? 

"'1222'1" 0?2 862 
U 227 115 i5! 
12 z:n:n ~11I2I 
12 215 Hi 

/ 
075 TRTf, L DAPD'n 
ei'? CAL ocro 
015 LM pt,F2" 
f)?7 CAL ()CTO 
tl75 CDR PD'F.'I 
on CIlL OCTO 
377 CRL CRLF 

.:n 
/ 

11)U"" PD2 FIRST 

IOUMP 1'1)2 SECOND 

/CROSICDUNTIY TRANSPORT SUBROUTINE • SEP' 75 
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12 215 872 055 075 T12, l~A STR~ 
·rr:r4:rTnlJ4s···--.0Ur-n-T·"'sr'"n .. I>.-.S ... '''''r-,IJ'Ii'....--.,.".("II STUn NO RIlI5I!£SS 

12 243 121 948 OUT 4. I CLEAR PHOTOOCT[CTOtS 1 
12 245 Ji~ &3& .if eMC iWS 15 sEC 
12 25& 121 844 OUT 44 I ACTIV"TE ¥ALVES Acrv 
·!·r'Z~71·S1~1Wi'··-c1'It~1·_··- ? W/ftl'Y I>t""ItTOlft 
12 255 323 sse OUT 5. I PIRIC TO ~, 

--r.l25T7Is··:rner5l:l'rl····n'$T······- ····7ttl. fl/ltSTllroS--····-·······_-
12 262 866 eee L"l e 
i2 264 115 "'tl 616 ewe fitF 'PRUSE F Of ,,, •• t t '"SSMbt 
12 267 323 841 OUT 41 I CLEAR PHOTOOCTECTORS 2 

···········n·<'7r-:rn·-0:r.Q7··ClIt...w.r··~c· ..... __ ._ ... -..... :::......-
12 274 en 855 e75 LM sm'ID 

··-·-';ZT17lfIT- ............ ···TNlr---···-·TTlIrROI£1(T·~S';-- ........... --. ... -.-... ----.-
12 lee 862 e55 0?5 5TA STAD 
12 1'3 l21 .43 00' 41 
12 105 .76 888 LAI • 

····T77ll7-.U··t671175 .$ 1 A "1)F's 
12 112 836 i.e lEI e 

....r.ll'l'f 715 tneuClIt-·l'1.\1r:! .. /Vl'ltrnrllltlt!VAL ... .....--......... --. ..... -... ---... . 
12 117 315 855 816 CAL PItP IPAUSE FOR RA •• lf PASSAGE 
12 lit $15 It! 'i2 CMl iif ?l£RMINfli£ 'WHNS'blt 
12 325 311 RET 

·7·· 
?CROSS COUNTRY TRANSPORT SUBROUTINE. SEPT 7~ .. -~......... ... .7 ...... -.--.-...... -... .......... .......... - .. -.-.....-..................... -.... . 

12 326 e72 eS5 075 T21, LOA STAD 
i2 j31 321 9.1 oUT ~~ ? stMb SET U, pCR !TRkrrNC RPbRE55 
12 313 121 841 OUT 41 ? CLERR PHOTOPETEcrOR5 2 

.............. -llr:r:rf>15···nlfn7····t1![··11I5·~-sr·C 
12 14e 12J 844 OUT 44 I ACTIVATE VALVES AeTV 

·······rr:rnW76t!U TFlT·lr --.. 
12 144 862 e62 075 STR PPF3 
12 141 '16 ,., lEt. 
12 351 315 e2l 01e CAL P~K2 / VERIFY OEPARTURE 

·-~2·Jn-n5l!~eT6CI'!C PltP7"lIUS'rF'O~ RlIlfIfrr·l'lfSSFltl£ 
12 357 323 949 OUT 40 I CLERR PHOTODETECTORS 2 

··TZYl>r:nS-T:l0' ·01117 C:"Lnf57~SlrC 
12 3f4 672 855 075 LDA STAO 
12 1tt i14 1 NR ) INclEMENT f!DDkE5S 
12 37e .52 055 075 STR ,TRD 

..... ··--n'lrr~'rnJnOUT ~n 
12 175 115 1a5 eel CAL PPKi / VERIFV RRRIVAl 

······-~n0n-Jn lISlI Of)T~i!/HIHEftil'til'§·· 

11 eS2 li5 133 e15 CAL RCST /SEr rUSE STATUS 
11 '8'5 ,1St; .. ,! un I 
11 eer li5 055 e16 CAL PRP ?PAUS£ fOR RA881T PASSAGE 

. ·····T.'fIlUTf5' UI IlTl'CI'K UTlTlrlfl'fHIAT£ TIliAN$I'ollf 
13 015 111 RET 

,

" I 
? 
/ 

MANUAL INTERRUPT SU8ROUTINE 

13016111 eee "I,INP e (INPUT ANYTHING FROM 
TJe2Ir-rnnrr"IJn7rn£nCF'!)~ r r IITtllrnrn--
11 e22 312 026 911 JTZ Mli 
{j 025 111 RtT 
13026 1.1 MI1,POPX HL 

" -- ... ······>~27"·I74· -- ... '''-TJf''"fr" . -- --"",,-","'-' ... ---
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1J &10 346 077 ND! 77 
'l:rl!3·2·7 n nell7), tAClJt TIJ .. ..... ~-. .....-~~ 
lJ 9J5 175 LR L 
1J 916 315 157 et? tRt uCto 
1J 1141 145 PSHX HL 

............. .. '1·:rlt<f2 ·u:s- en ·1177 Cfflcm:F· 

lJ 045 315 265 &&5 CAL ~Alr 
··············n····1!I~1I ·urNIT 

( 

- ......•.. ,,~ •• ,!. 

IN'£X! RIt IU8£ tESfER sUSRtJUI tNE 
/ 

_······_·n····Ir51· ·l!77···lfl·6·ll7!f···RTCT;n\·Ir··J1r·~· ·····;:rCIDllr···l'lJrnrrlr·· ............... __ . 
13 354 J7C eel cpr 1 /CHECK FOR TUBE Z 

--···-·rr·1r56 7\Y:r lin ·ST:l·JTZ·J1Cn 
13 061 0? 377 LRI 377 ,. 
13 953 074 ReTl, INA 

-·_··IT··"<f ··lrf;71J: .. 61l75····s:TJr~·rcl'· 
13 e67 376 eee CPI e 'TUBE W9 
··r.r1!I7I····::!'r,(··17Z-.rD ···J17···w~rc 
13 874 176 001 CPI 1 ( 
is vrS 312 i4' '13 Jil xRIC 
13 101 176 ee2 CPI 2 / 

······ ..... H'nn'n fUlln;rnV1HC 
13 10£ 072 ell 175 LDR ZST / 

I· 
13 111 376 
11 111 112 
n 116 072 

········~·T?T2:! :nl7 
11 122 207 

······'r:rTZ? 1162 
11 126 062 
11 131 :nl 

ncrT2 072 
11 05 30:: 

··················T1140 a72 
H 143 sal 
11 14t 9/2 
13 151 101 

e00 
9!H 
IH6 

055 
051 

926 
111 
0"'j"'$' <> 

Hi 
Slb 
1ii 

ReT2,CPt 0 
lin J rz Iller 
075 LM RICP 

R!)A I 
AD A / 

lr75 s:nrSTfW 
075 STIl PLAR 

R£t 
/ 

IIes-wrne L D Ii un 
en JIll' RCT2 
075XFrC,TDR ){ST 
en JMP RCT2 
1115 \iRlC, CDR I'Sf 
0i3 Jl1P RCTZ 

;. 

i 

(NEXT TUBE 

Z' 

illO 
IVES *t 
.;c 
*4 

1J iS4 05.[ 014 !! i5 kO!), tUAL. 5P[ ?(ORD • 5Rl"lpL£5· 
13 157 174 LA H 
TJ nm J7£ 000 enu ICfI!;CK n1<Ii1RSIH T$ GONE 
H 162 1@2 i (.; 013 ,lf2 RODi iDE DUCT ONE RABen 
H us 175 lAL 
1.3 166 116 0e0 CPI e 
1_( 110 lid {44 gtl J t 2 Rem? ._ .... 7mX !lMt 

/ 
····lTrn "92£ '177 ROUL LDI :! 7'-1 /MTNU$ ONE 

13 175 036 J?? LEI 377 
B "177 gn 1)110)( ~" .. 
n JaB 042 014 e7'~ STHL SF'L 
13 20J 122 on vul 41 It[PDZ 
'1"$ 205 T,n: 821 INf Z1 /lOAD F'D2 
fJ 'ZR? 146 040 'lOrn 7PP' 18 ETT 5 
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1] 211 376 0~0 cpr •• 
···········ll7D···n:z··711r0'n ... JT7lrul12. 

11 216 e~f 17e LLI 17e 
11 lle •• 6 if8 tHl t' 
il 222 Jl~ 247 80S CAL ~SG /["prv "ESSAG£ 

·····Tr=··n5'·~···"1f·~·lil'rlr-···· 

/ 
......... ""'ZJ1I'II7611U . ··~"1lD2;nrr] ............ ·7SET· OPt. ::>['1 

11 212 ttl 8S5 8?5 STA STAP 
11 235 315 118 ei? CRt ,"5 7' SEC 
IJ 240 315 211 007 CAL DZVP /POSITION DIVERTER 

····· .. r:r:<·.T··n·!5··tn1IlIlI7·l;IlC . Tl'f!l"··1!5·~···· ......................• ~ .. - ... --~ ........... __ .... . 

13 246 115 3'~ as? CAL LDR /LOAD LORDER 
.. ······•·· .. ·n··zsrlJ72~W7!r·Tl)If·5TIl1l ................... . 

IJ 254 874 INA 
11 255 .62 i55 it' SiR 5fRO ?Stl UP ptR RDvRESS 
11 26. 872 270 ele LDR DELI 
T7···a-:r·Tlr.!RrWns····S-TI'f·ll£CT7!>ITUI' . (m::TAT ...........- •. - ........• --...•..... 
11 26' li~ eJ6 012 CRl T22 ,"OVE RABBIT L>Dl 

·····lr:zn···e7'·!J·er···D!TT ........................ . 

11 271 962 840 075 STR OiST /SET PI TO FULL 
11 itS jiJ' ':WI UUt 47 "'tOt to 'bP , 
11 lee 315 016 811 RGD~.CRL "I IOPERRTO~? 

···············..r:rn7-:r:r:ruif··TIlPzr· lIIIl"1JT·Hw!'rrItOli . rt)r9" 
13 305 346 017 NOl 17 

··11 11IT·77F··wn . ········CI"IT 
13 311 312 lee 013 JTZ RODS 
13 }14 176 8i2 CPt 2 7$12 REJECt REMdVE R'FfSStT 
11 liS 112 136 e13 JTl ROOt 

·H3:r:tJ7'tlI C"PTf 15Tl Ci)UliiTTHB klililHf 
13 123 312 37£ 913 JTZ RODS 
Tl··,·u-:rn··n4~"rl'r4·· 7S"TJ COVIlTCOI'ff'lEH:II£K(lVtItAlIl!1l"S 
lJ 310 312 855 014 STZ RGD9 
11 111 315 25~ 18! CRL RRtl 

! 
·····T:rnelI5 rn n4·R·G~6;CAL lao 

11 341 183 154 ell JMP ROD 

.11 3 •• 072 875 RGD7.LDA DZ5T 
n 147 :17£ 
13 lSi 312 
n lS4 115 
11 ]57 323 
ngjTiS 
11 364 056 

lllIe 
364 011 
n~n4 
057 
2K2 iHi 
862 

n 166 i!4t !lill 
13 17e J15 247 ee5 

··11 Jn lill 2~"5n!5" 

cp! i1 
HZ /lGDD 
CIlL CSWL·· ..... 
our 57 /TURN 
CRL lJliii)2 
RaDD. LL I 62 
LAI 78 
CAL I'ISO 
JIiIl' wiln 
I 

11 ::rn en U2e7!5"I!G~g. [?>I!MO 
14 eet 376 ea. CPI e 
14 11111 112 iel! ell Jft RGD5 
1. 8es 872 017 075 LDR Dzsr 

.......... 14 911116 ee i 1:1'1 l. 
14 ell 112 3ee ell JTZ RGD5 
H0len!! Jif. eHtAr [SD2 

ICHECK If D2 FULL 

102 NOT FULL 
.... /wi1lf FOR CRNIiEIi'RA 
OFF SD2 LIGHT 

IIJIILMJ) 02 
"RUN CO"PLETE 

/IS (>2 FULL 

11110 

14 e21 322 052 OUT 52 IP!F TO PDP' 
14 eZl 072 941 975 tDR 010 Its bl IN dp~RAt!ON 
14 826 376 e0e CPI e 
·14~T! 2neU::r JTZlm155·· .... 

....................... _ ....... . 
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14 ell &52 014 a75 lDHL SPL 
lif'!ITI>T74 . 'Tl1n~ 
14 837 376 Bee CPl e 
14 041 lei It] ell JFt RGb! 
14 &H 175 lA L 

14'845776 IJIJIJ TrIll 
14 847 l12 380 013 JTZ RGD5 

. ~H'W5"Z slY:r f7:r,iUl J1'II'RtlD i 
i 

INa IIORE 
'nfORf: 

14 ij55 $(2 ~~~ ~ro RUv9~[DR Cl~t lIS 61 FOll 
14 968 376 888 CPI 8 

-'-"""'1' '1J62 n 2 1J7lf'01l ,TTZ"ImP;>: ... ····?liar-ro'll 
1. 065 315 III 814 CRL DiU IFULL UNLORD PI 

"r"~""""'~"""'-' 

14 870 Ill:? 837 075 R(lDZ, Ll)A D25f /IS f)2 FULL 
14 etl J/S e@e CPt 0 
1. 075 liZ 154 811 JTl RGD INOT FULL 

··~H'0W$T~:rZ5'a!!'f an:UHoIC' . 711I1TTFOR C1'!llllrnll!5Ts!'CAVir65r····· 
14 183 l23 857 OUi 57 liURN orF SD2 L!GHT 
'iif'TW5"n5'2G1111H .. t:rlLUNDz~/UNu:rlft\ N' 
i4 110 103 154 011 JM' RGD 

7 
I 

" I 
.... -1Of"111'<l7&1'15'7·········· .. D'lU;THT 57 ~7S£TUFbl'l) 

l' 115 062 855 075 srI! SIAD 
t4 129 :t15 UJe thi'? CAL f"5 ;, stt 
14 121 JI5 211 907 CAL Dlvr /DIVEITERS 

"~:lA T2. 1Y72l!'~e7S1DA ST@ 
14 III 074 INA 
Tif"'nZ0G2 1155"l'175' STR HAD 
14 IJ5 072 275 078 LDA DELS 
14 146 862 646 e?5 SfR b£ll 
14 ifl ]i5 e36 012 CAL T22 (MOVE RAllrT Dl>U 

"'-"'14-nG :n5 'lI1II 1f!!7 eRL TH5 /ssrc 
14 151 315 254 815 CAL UNL 

.... ni54nl ····l<fT 

"-"141'55 Y2J llH .. 
14 157 HJ 021 
'lorn S4'C'1l;nr 
14 161 376 040 
14 16S 312 20t 
14 170 956 179 

'TiI' 172 84G 87-~J 

14 174 ]15 
141.71 :11'5 

247 
2GS 

" 
/ ROUTINE EXAMINE 

-E1fflC, OUT H'" 7CCl"l5i ." 
I Nt' 21 /LOAD F'DZ 
1W14'11/p'r:>Ir!!T'f'~5 

CP I 40 
014 J'll tRMI 

80S 
1i!1I5 

LLI 171 /EMPTV MESSRBE 
un 70 
CAL M5G 
Cm.WRlT 

COUNTERS 

:3:4 202 $1£ 
14 204 062 

. HZ'!!? :ns 
14 212 H5 

·'1."·7Tsn5 
14 220 liS 

e€u EXMi.LR! J Is!r UP ()Di 
0S5 075 STR STAD 
InB a'117 CRl H!S 15 $E't 
211 eel CAL DIV? ,POSITION PIVE~rERS 
1i!:?1! lilT?' THe" Tl'r5"15 ;;rc 
365 0al CAL LOR ILOIlD LORDER 

14 221 072 tpA sTAP '55 itt'S 
14 226 074 INfl 

.... 1'4· .. 2:2706Z 1155'075 STA snm 
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14 2J2 el2 2?0 078 LOA PEL! 
Tif·2JS·l!S20~~"'l!7!f··"'ST;";A~!)';;;En··· 
14 248 315 Ol6 812 CAL T22 IMOVE 

IStll1!>"'I>£<'rC"'TII""T-- ... ---.. --
RABIn l)t>l 

14 243 J2J 041 Uuf 4t !rtDi 
I 

······-···i·'f2.~ ·JJ1····lIZif···· ····E)()'f2;T!W··2.···· 
14 247 346 817 NOI 17 
n2~r17rnlr ...... ·CJ>!0 
14 253 112 245 914 JTZ fXM2 
14 25E 115 J06 914 CHL 

I' 
[S02 

i ti ,w, 

?LOMP RNO SfHki 02 

··Tif2 6r-:r151'~~·iJllifl:1lLtm1L· Ilifl r TTcnr· CIftllE ItlfllJYrm1l1' "DOE 
14 264 323 857 OUT 57 ;TURN OFF S02 LIGHT 

... ··········H266 11526Z 8I~ UNlY2 ...... ··/UNU)JfI)Ilr--·· ............................. __ ............•. _. 

14 271 &56 862 ll! 62 
14 213 046 ele tAl 79 
14 275 315 247 ee5 CAL Msa IRUN COMPLETE 

.............. ·r'1~ n52~n5·1:;If[ lfATI ......... . ...... . 
14 J03 383 265 885 JM? WRIT 

............ ······7················· 

rlORP RNO START 02 
? 
I 

. TifT06e76niJ ··TS!)2;U!r·e 

3f OCT 75 

14 310 062 84e 975 STR D1ST ?SET 01 TO ["PTY 
·14TH!f7/i·84(- lilT...,.. . 

14 315 062 855 075 STR STAO IPOSITION DIVERTER D1)D2 
14 lZ8 J15 81@ 00t tRt tM~ 15 SEC 
14 123 31~ 211 eel CAL DIVP 
14sZiien 0551l75Tl'f1iSflW 
14 J31 074 INA 

···1.· HZ ··1T62115S ll·75 snIS.,.·IlI> 
14 135 072 271 879 LOA DEL4 
14 140 952 84g SIS Sf" bEll 
14 343 115 036 e12 CAL T22 ?MOVE RRBBIT D1)02 

·····n :T4~ n 5 eHllntIiL~2ISTl\n· 02CIiUNrUS 
14 151 121 0S4 OUT 54 /TURN ON SD2 LIGHT 

········14 :J 5:J ·117S ellr TAT T 
14 355 062 017 075 .TA 02ST 15ET D2 TO FULL 
14 169 l1i REf 

? 
T 
/ 
? IfOUTlN£ £xAwTNrrueEs 2'1 ocr 75 JrJS 
/ 

'(4'nr !In 81H £)IMf, nil :l 
14 J6J 062 ilJ6 075 srI! RICP /INITlALlZE POINTER 
H!S.rl1] ~H /fur H /CLPD2 
14 J?0 333 821 HI? 21 /LOIlP PD2 
14 HZ Nt 04e Nt>! 4 .. ,PD 18 err 5 
14 374 Jr6 040 cpr 40 
14 !76 Hz lin IH$ 3ft xMTi 
15 001 05$ 170 LLl 178 
15 001 64. 67e Lm 711 
15 005 H5 247 !105 CAL "sa /(I1F'T\O' I'IESSAGE ......... ,-~~-" -
H 9 HI' lIS 205 lies CAL IflilT 

~ 

13 eD il16 1161 >I"TI, tRI • > ?SEt UP Obi 
15 015 il62 055 075 STIl HRI> 
1~ 820TI5il0 ·ilIl7l:1'rCl'lrn /5 SIte 
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115 923 315 211 eel CRL l)!YI' II'OS I Tl ON D VERTERS 
.... ··----u:·U'.H'S'lIJil lIer CAL fIl5'7!rS" t ........ '-',,~ ... '" - .... ,,--........... ~ ....... 

15 811 115 :>65 !!lll CI'IL Lt." ..'LOA!> LORDER 
15 834 372 855 o "el lPR sOlD 
15 &17 tl74 INA 
:r~ !l4 (r'liI02 e5~1!7l5 STA STAl> .. lS'£T" ·UI' .. CAlI!>6~-r$s· 
15 1H1 872 270 870 LOR DEli 

··~····UOI·n···1I·;-2· 0'fOlJnr 'STl! DT(r'" .. 7SET'Wl>ECnr T 
15 0S1 315 01. 012 CAL T22 t'MOVE RAIi'!H T DDt 

7 
15854 115 357 015 XMT2,CRL RICU 
15 1!5?UT'''rlCA , 

/COUNT TuaES IN USE .... - .-...... ,,".~---.. . 

--··~·1I;-e .. ']7!rinlffln,CI'T .. ~ ······7srr .. ·l'1[CTuerr·'Cllrnm) 
15 .62 l12 154 015 JTZ Xi'tT4 
1$ "5 315 851 811 tRL RlCt 
15 878 072 855 075 LDA STAl) 

--· .. ·nll7J"·:rn-··/li7 RlH 7 ...... - ...... . 

15 875 &62 855 875 srA STAll 
'n-IlI1r'J151111rl!l!7 CRT T~7l5'SET 
15 lel 315 211 ee? CRL Drvp 
1.5 !eE> '" rOL "5 0!5 CVR 5 f FlO 
15 111 874 INA 

"1"51T2inlJ55D7l5l>T1I . SiRD 
15 115 872 271 078 LDA DEL2 
=fZlr1fnlfif&'lJ75STl1DELi 

lUff iUSE RDvRESS 
/LORD PLR ADDRESS 

/POSITrON DIVERTERS Dl)RIC 

IS 1ll 115 ~26 812 CAL T21 ,MOVE RRB81T Dl)RIC 
i' 12& et2 '55 SiS [vA slRv 
IS 131 306 916 ADI 16 
"1l5''!7:r~/ll5l5'l!755'TR HAD . 
15 116 872 272 8i'e LOR DELl 

"'~"'nT"<;2'!JnIf7i5Snl DrLT 
15 144 115 216 012 CRL H2 /MOVE RABBIT RIC) 01 
15 141 tff!5 Ott 7VEtREPfERt CUuRIER 
15 159 171 lR C 
=Il5'1:rnenll!l5 Jill' )lilT] 

/ 
"-r"154an;~U47)(1lf" ,un 4 7 . 

15 156 862 0S5 075 5TH 5THO 
i, i6! 1i5 ijjij as? tRl IMS ;5 sEt 
15 114 315 211 ee7 CAL OIVP 
fT'I6T1f7:2 . U~975T1)R STAb 
15 172 8i'4 !NR 

···· .. ·~I·5Tn i621J5~970STFr5Tllll 
15 176 &72 273 87& LPR DfL4 
f' 281 662 e46 075 StH VErT 
15 204 lIS 036 012 CAL T22 IMOV. RABBIT Dl)D2 
J:"5'20TTfS2neHC'RltmllZ !URCUM b2)U 
15 212 056 062 LL! 62 

····~21,f en' 0n Dun 
15 216 115 247 aas CAL MSG (RUN COMPLETE 
15 221 le3 265 ass JMF wRII :~~----------------------

I 

I 

/ 
15 22. 141 srD, purR Rt 
15 225 042 856 075 STHL Hll 

- ..... -···I~nl! :H l. "'l'UI'>:HL7Grr llIlD~£,5'ST'U WftR CAL ClIW' 
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15 231 
15 2'"!Z 
15 214 
i5 :nr 
1S ;(41) 

···········15 :14·7 
i5 244 
i~ "247 
15 250 
1~ 251 

·-15 75. 
25 256 
1'5 260 
is 262 
15 265 
15 270 

15 27'1 
15 z?!5 
15 277 
15 :nn 
i5 303 
15 Jliiil 

174 
Hlilln 
315 157 
i 75 
HS iS7 
··n!!r~··· 

052 056 
n~ 
315 1121 
JH 

Tn In 
146 IHI4 

LA H IROUTINE WOULD HAVE RETURNED 
N!H7r·······-~····-·-····· ..... ~ .. - ... - .. ~ ......... -~-.. -.. -~ .. 

077 CAL OCTO 
LA t 

017 CAL OCTO 
l"Sf{)(ffi ... 

075 LDHL HLi 
r5H~ H( 

077 CAL CRLF 
REI 
I 
"""" , 

IWlrrE PAGE, LOCATrON 

" UHlOAOER SUBROUTINE 10 JULY ?~ 
····UNl.; nwn .. If1WU1'l'l!t!;!;lfiU: TN UlILUIlf5U·· 

Nf)! 4 
3th 90'4 CPt '4 
l12 21] 115 JTZ UNLi 
:n~ T!57'!le7CI'IL nrtr 
313 25. 0i5 JMP UNL 

,'UNLOIlI> RABSIT IF PliES SURE 1$ DOWN 
lCHl:CKJ!' iJ~£Clfl>SEj)n~ ........ . .............. ~ ...... . 

...... ~ T 

UNLi,OUT 41 !ClEAR EXIT PHOTO DETECTOR 
075 5'61 LR! ,'Sf! ur 1I111ltJHDU' fils IIWCtrtJll 
321 1141 our 
]?3: 04. ··ovr 
eN INA 
12T !I'll our 43 7SH UP FOil CLOST!lfa 
315 01l) 007 CAL 

" 
15 306 __ .-:::.. :-==-==~::.:::....::..:c;......;;.:,::::....;:rI15 

is Hi 
IS if! 
15 3i5 
IS 117 
15 122 
15 325 

'1.5 $10 
1~ 112 

UNL2, INP 21 
frorU&, 

n3 92i 
T:O.TIHi . 
176 100 
112 BlI 

CP! illS 
lIfS-nZUfIL C 
007 CAL ,/'ICK 3.15 157 

191 Hi ers JI'lP UNCI 

" )21 044 UIILt, our 44 
?11 RET 

/ 
? 

(INPUT PHDTDDETECTDR UNLOADER ENIT 

iCLOse lI' our 

/CLo~t 

. / I<1C f!JeE STATUS SlleROUtINEHIsEl't7!i 
15 ?lJ 171 RCST,LA C 
is n. 061 $S€ il?5 Sfl'! IIU ___ ~f:~~m -~ i ~ mil <'L ORO R! C rue.~E_f~.O:::N.:-T:..:E::N:.;T:..:S:....... __ .~ __ 

1S J4l 172 IJ6 815 LDR IICP 
tS H(; J.J 7' LC A 
15 J4? 186 ••• LBI • 
IS lSs III DADk It ICALCULAfE ADDRESS OF 
IS J52 172 156 175 LDA HLI 
i5 J~5 n:r---·-~:~---· 
15 ]56 111 RET leURIENT IIC STRTUS 

/ 

" 
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i5 3£5 206 
"'151"'041 

15 J67 206 
i5 lIe tt43 
15 171 206 

····1517Z·UJ 
15 J7J 2116 

':!5$7'~:nl 

AD II 
rN>rHC IX IN U5E
At> II 
INX At IV IN OSE 
AD 1'1 

.... "TJiIlirm::-7Z T,rvsr 
AD 1'1 
IIt:T-~' 

/ 
? 
/ 

····-7- .~mIlT~ro(t SUBROurrnr' ···rr"Ullr....,..s 
15 175 115 357 015 RICf,CAl RICU I. TuaES IN USE 
'TIrflW'nfilnz ·····TLrlITnr·- ........... ·~llr·rocL ....... ~ .............. - .. - ... ---~.-
16 882 046 075 LH! 'RICW 

SO l'f 
INX HL /X fULL 

16 69'4 226 
10 118S 041 

··roeeG··T.!·. 
16 097 84J 

"'T6wnr72fi 
16 911 843 

. ......•• -SU')if~' ... ········~..·· •• ___ ._ .. ·m_.. .... . .- "',' .... ~ .. -., ... -

i6 e12' 226 
:!6 1l1l J11 

I NX HL IV fULL 
·SU".~······· .. ····-· .. ··~-

I NX HL /z FULL 
'SU !*f 
RET 

······7-:: 
/ ,. 
i 

?ZERO rOtl 

STRRT /)2 COUNTER 

+ /lot rULL 

19 SEPT 75 

16014 315 325 eS4 STR2, CAL caWl /WAIT FOR CANBERRR DI5PLA¥ MODE 
'16'1117 '1I7!;!HIII Tin e 

........... -... ~. 

16 821 062 044 075 STA TI/'IE 
....... ,. U0?ifTn ·rwz···· ....... oUT T0?7ZUtl!ll!.'lfl»!V--

II 921 171 915 LAI 15 1118 /'ISEC 
i6 0J. 852 '4$ 075 SlR Ink 
1£ ell 076 81& LA! 10 /100 HZ 
T6l!nr:r2:rllflr nUT TIIII /I'Rl.lSECl1rt 
16 017 056 843 LLI TMK 
T6Ul'B4'6'1I75 - un 'TIlK 
16 043 872 e •• e7~ TTT, LDA TI"E 
16 046 226 sO " 
16 347 372 043 016 JIS TTT 

. "T6 lI'SZl2JTlfl' ··tlUT·· fllf 7STl'!Ht>l' 
16 0S4 si1 RET 

.-~..... ··········-7·············_-

I 
? 
IPAUSE FOR RAse rr TO PASS DETECTOR 14 AUGUST 75 
'7 
/ 

.. H; 9~ en ete '1"I1P',TRT HI 711HI HZ 
16 057 323 100 ollr lee ISH RIC 
16 tt61~166 un 16£ 1-189 f1sEC 
16 06] 1162 iH4 075 STIl TIME 
T& lIfilii <172 044 875'I'·Iitl"1, CPA HIfE 
16 1111 37. allil cpr 0 

'1.6 B7J3l!Z lI6eIlH "!"ZP!'Wi . 
16 117. 111 RET 

7 
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~~IIl$lE 5A"'f'LE.-.!.'!!I.~c:t.~IroN .~III~l?UIIT.39 O£! .. 75.__ 

" i6 ert 115 35/815 S$.CRL RICu ?tHECt FO' IU8£S 
lG 1&2 376 0ee CPI II 
nn~::rH26~-nrCTZ'm:mr 
16 107 s15 051 8i3 CAL Rlcr 

"-;'W"Tl1!J£S"- ..... _ .... _ .......... - ......... ~ ....... . 

..... ·······T6 n:r n:; nTI!I1!CIlL'TRRD 
IGfT ACTIVE TUBE 

·········7l"!IIIIUflJ!rr'T'f·nRCTCIR ....-...... 

16 i15 
to 117 

·-T6 r:ti 
:!.6 1n 

··x-o "T:i'<f 
16 125 
i6 136 
16 ill 

16 136 
"'-'n; 'l4! 

16 10 

/ 
arb e02 tAt t ,1 HZ 
12J lee OUT 10e 15fT RTC 
!P6 ·I!rWI! ···T1'!r·~ 
14? LH 11 
rsr ·····TTH·-·· 
042 e44 075 STHL TI"E 
852 824 at' (vAL SIRI 
115 217 016 CAL OPfC 

"7" 
072 '55 8?5 SS2,l~A STA~ 

··1'116tnlr ··········/U).n····· ... 

e62 055 073 SiA STRD 
1$ 146 ,,2 212 ere tUN CELY 
16 151 062 846 075 SiR DElT 
16T5'41' f5:>J6illZ1:'I'IC·iiZ IIITCYI51·· 
is 157 J11 RET 

I 

II .6& liS 0" 911 SSlt.CAL s5 
16 163 115 306 014 CRL L5P2 .......... _........ I ILOAD AND START D2 

1G 16e 31S 325 004 CAL caNL 
.. / IWAIT FOR CANBERRA DISPLAV HODE 

it itl 115 tel 011 CAL ON62 
16 176 056 062 SSS,LLI 62 

·It:''illlll 4 £ 070THln 
Ie 232 li5 247 095 CAL MSB !RUN 

'iltZ!lS-:lf5 265: (Ie! till WInT 
if 211 J*l 265 •• 5 JMP WRIT 

/ 
/ 

.... ········rt: 2H lJ,S BT? !HS 5~!cL eRL -~~ 

1.6 2U J23 84? OUT 47 IPIDl 

" 16 :<:<!l JJJ eN $%$. HIP 24 
U :Z:Z2 :m:; IHi' fl!)! !7 
16 224 376 000 cpr II 
u 22e-·.,U :<2 IlIH '" Jf2 S-$~~ 

16 211 It! :til 014 CAL ow 
it 214 101 1761li6 JMP 55'S 

/TURII OFF SD2 LIGHT 
IORCdN" P2 

COMPLETE 

TO P(W9 

/51W5 FIIOM I'(IP9 

; 
--"---'-'-'-~""';,r! --~---------

162:17174 
16 ,,4" 857 
u::rnU1 
16 Z4Z 175 
ni 241 !1st 
16 2:44 117 
U:1'45'lYn 

" I>I'TC.LA H 
CI'lA 
U'll 
LA L 
eM 
LC R ..................... 'NXl1C 
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16 246 115 816 813 TeSt.CRL "I 
........ ~I) .• ~ ''In'''2'Sll'''ll7W'-cm:''JIlIT 

16 254 952 844 87~ lOHL TI"£ 
is i~t .fl bNbX we 
16 268 122 246 e16 Jrc TeSt · .. ·..,..·-n7,U ....... ~nr--.. 

r 
····T·· 

/ 
7 
r 

NO fUelS "t55MBE 
--.... ··rr·7RT87 ····Wnr,1J/' ·"····~7~·" 

16 263 .56 813 LL! 15 
-~"---rr'-u7",",,'ll7W ·······Tl;!T·...-·~ 

16 271 115 247 885 CRL "SO tNO rUBES 
it 214 115 265 005 CRt MAii 
16 277 1?8 LR e (RESTDRE R 

.. _ ... 16 lee-:rU'1<Irr 
/ 

·······r-·····~·TUlIt:·'Plrm:rs-·~.I£S'Tl!:R 

" HPT :OS 

16 181 315 15? 915 T"ST,CAl RICU /GET. TUBES IN USE 
16 )1. 851 eNk 
16 185 87. INR /GET NEGRTIVE • TUBES 

"'n"'6"'U7 ··········-lC:··/f-
16 187 876 e0e LRI e 

····n··:nr·.57 .. -c""' .. 
16 312 107 LB R (tDRO Be WITH -i TUBES 
16 111 852 814 875 tDRt Spl ICaRD R[ WIrH • OF sRMpLES 
16 316 011 DADX Be /FIND DlrFERENCE 

····-11>117:17111 "I1Tt'7S'IIIJIWl£S'-:;iirUII£$ 
16 120 353 DE(}HL /STORE ~IFFERENCE IN ~£ 

_ ...... ·-:tg··J7r"l!5'&nf .... . ... ··CLT?n··········· .. 
16 J23 046 075 LHI 'lST 
it 125 "G Iwe CRI , 

/ 
····· .. UTV;176 ........... · .. ···nf!>I, Cl' If-···· . 7gLl!n'l'UllFTiiln~ ............... ... 

16 lJe J12 !17 916 JTZ TM52 INO GrT NEXT LAST TUBE 
i;; -:r:n .. n1llll!TlfI "11 
16 135 01. INE IRNV "ORE EXTRA rUBES? 
16 llt lie Rfz? Nd HtiRt 

/ 
.. ········-15··TJ7-· .. 711···1I150···· 

16 Hi 057 
~1"n:ll'" 

16 141 til 

TI!S-;r,UHII .. 
em, 
urr;" 
LC R 

16 S~4 ~11 CRUx Be ?GET AE )0 t USE 
16 145 19J 327 016 J"P T"Si 

l!jt0 117e 
"n .. n f16 

79 1l0i 115 
···~·7V .. lr.? T22 

70 88J iIl5 
Ii 004 e"g 
1'0 005 1n 

..... ·~····n1>··-Il!·r 

1 
/ 

" / 
IH£sSRU£ e sEPf 75 
.'70 11 
TrXrnRUlE ~mllnrtOiilTl!oLl£1 
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70 007 1112 
'i'Wll'Ill'IVlt 
76 011 111 
l0 612 12" 
70 eu 040 

''?W'THTII:1 
741 1H5 117 

·············~··'?Wu6'ru 

70 017 124 
,>6 Wie 122 
70 021 117 

~~'711 1fZ2 ~IH ~~ 
70 021 1H 

-7IlIf2'f 'U~ 
70 025 122 
!\1 626 '13 
711 827 4112 
~'?W~W:lIlIln' ... 
70 it11 817 
711 lIJZ'4IB 
79 ell 012 
?'e &14 074 
741 illS us 
7'il neil7 . 
71l 037 040 

····nnw ria 
70 941 125 
79 !Hi 182 
70 04J las 
7'l1~aHT:n 

70 045 015 
'7110461112 

79 04? 874 
9311 570 

7<1 050 127 
·············7~·0~n lel 

70 0S2 H1 
7iTW51 124 
70 054 Hi 
70 !lt~ in; 
70 056 HI? 
?0e~r1\H5 
70 ,Mil 012 
7i!0~ia74 
70 1162: 122 
78 
70 
7e 
70 
7e 
711 
70 
70 .......... --,,-, "'70' 

70 
78 

!!61 
064 
ee!> 
066 
067 
070 
071 
072 
lin 
0?4 
1f75 

125 
116 
040 
103 
H7 
115 
Hi) 
114 
HIS 
124 
Tes 

IEMf 13 ZUO TUBES 

TEXT :( <: 
.'le 58 
TEXT 11 IIAI rr NG 

015 
----~~~-e~ir2r~--------------------------------

70 016 
/e ~77 
70 1e0 eN 

Hller!r 
TEXT 1 ( 

'''''78 ne 
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78 ue 1Il1 
- .... · .. ··~71J'"lT!1lI2·· 

78 112 117 .. 
tW 111 122 
78 114 124 .. ..... 7T.~.~~ 
711 116 812', 

TEXT? ABORT 
, .. ",--... -~--.----.,,-.... _.-----_ .. _ ... -._-_. 

·7lI·n7···V7'{·····TTf)IT .. TT··_· ..... ~--...... --... -.-...... --~.- ... -.-'" 

130 870 *'7' 158 
!. 150 124 IEXt 12 ttHE our 
?8 151 111 

·····7T··J:52-·n~-

78 151 185 
?I. 15''-o.rq?, 
78 1~~ 117;:; 
16 154 li5,) 
70 1'7 124; 

---'71116' us ~ 
7'.161 8U 

...... _ ....... - .... _ ... __ ....... ~ .. ------......... --

·······-······nr···H,2··lrI'r····--·-~·TV!T···I<:'··· 

17e 87'e .'7' 17. 
II it' ii4 flxt 1& (bRvER [RPfy 
78 171 117 

······-··7\J-P2>n····-
7. 173 Hl4 

····7TlT<rn!> 
71l 175 122 
ta 1tt .,,' 
78 117 11115 

···71rZ.tlTn-····· .. _··· 
71l 281 12e 

····--rI!····2Il2·Uc• 
7.21113 131 
?ill 21114 11115 
78 21115 912 

"'7lJ2H074' 
211) 0711 

·nr .. 7f.··TU····· 
711 211 117 
ti ii2 124 
79 211 040 

···7T··Zl.ru-··· 
7<1 215 181 

··TTf)ITr?······· 
0- 711 210 

........ ·TEXlU"HlIT·"!;!OO'I.Jr· ............. --

······ .. cU···2Iir···n:!)' .................. . 

70 217 128 
(ij 226 114 
HI 221 11115 
'nr222'ln:~r 

78 221 1112 
70' 2241174 

2'51 eli 

TEXTTr 

" .... Ie 25. 
I SU8ROUTINE TEST A80RT 19 SEPT 73 

. .".- ....... _ ............. - .. . .. -. 
70 259 lJl 827 TeRT, IMP 27 ITEST FOR T8l ABORT CONPlrlON 

·······n··7~r:r·:r7~"i!IJ·C1'T···lr .. ·· .. ··-········-·--····~ ........ - ......... - ............. --_ ...... -

79 254 lie RTZ 
lttJ :255 etz ij'4( ','3 CDA "elF 
70 26111 376 377 CPI 177 

····-711· .. 1I02:nn·· NT"IJllr'J1"Z"'1!lfflT"'~" 
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Ie :nt In:! 
70 272 e12 

·····70 .. :znlnJlf-
III 274 11:1.2 

.......... ·7n 2~1!·1I-

! 
; 
I 

···7 
I 

······-7 

DELL 11<1 12 
tJEGL.1 12 
DEll,.11 12 
·!)"[[4;IffI!·· 

DEL5, iii 12 
····1Y£I:":-Wl:ll·· 

" -----------~9T1Wij'e~r~5r----.~·~?~5~1~ij-/~Y~R~Rnl~H~SrL~rlR""~NmD~UWn'"mt~e~E~S~S-~~'~OwC~T~75~----------
75 010 ell8 eea PEC,82 ;nlNARV COOED DECIMRL STORAGE 

........ 7!;ilT2elH,ifillfHTFI,-W::r lB'HlI!RY5'T!)JlI!1l£~······~ ....... ~ ... . 
75 014 000000 SPL,f2 /. Of SA"PLES 
75 0:l6 lin eel! . Aln;IIiZ I'll IWRIIPTA'THfflHllt· 
75 020 IHje Ilea illRT, 112 III IRRADIATION f!I1E 
.'5 012 ife. lee tBn, 12 Jc IRRA'IRftON 'tOft 
75 024 000 eee S!R;,il2 ISSie IRRADIATION TIME 

·······75 112£ !rIll! ~··l>lso;ll liU~;TlWllST Hi (fS£!fllUforurr-
75 027 G00 XST,ti 

.......... _ .... ~ nil nil . .... VST;n 

750$1 eea lST,tl 
75 lui Inut 
?~ en Sill! 
7~BHU00 
75 035 eee 

..... 7~l!lH llill! 
15 a17 aea 
/5 949 lHHJ 
n 0n tltIl! 

············7~""2 Ull 
75 eO] 000 

·75 044 Wntlfl! 
75 046 000 
'3 1)47 iH!il 
75 0".. 000 

......... ~ 7S 051 000-illll 
75 05J 11<HI tile 
75 IIS5 t0t 
75 SSE eee eell 
75 Ill\'! illiG 
75 1161 0€10 
75 U62 eM 
15 B6.? ellll !liM 

RltQ"i ITU~t CONTENTS I FotL il EMpjY 
IHex, IH 

.... liTe y;t'l. 
IneZ,IH 

·lHC!'; nlTUliE NllNTEI1 
!)2SL IH /t>2 STATUS i fU'cL:::;l;:-;0;.,.,;:E.;:I'!::;.,,;.-n,' "..,""" ______ _ 
6isl,l! !Dl sTA1U~- 1 rULl e tMPTV 
D10,il1 /1>2 OPE~RTION i IN USE e OUT Of USE 
j)~tl,n· /!)~ ClJ'n'lfTlOfI f !l'J1.I!>£i! CluftlrrTlSr
H!K,6'1 /HrlE CHeCK TIllE INTERI'AL 
1'TIII,,-12 InS-Hfmn::£ rr fof£j,rrce£S'SE'II!!V rwrrRl!Ul'T· 
PELT,ili IPElTR f FOR fRRNS!T SEQUENCING 
~eTF j'1 IRloR1 FlAn J (' 'y#HtfPRTtp 
PLAR,'1 ,PLR ADDRESS 
Bev, .-;:?l!ftVt[CHIIES 
8CYW,il2 18 CVCLE COUNTER 
STIlt:>;n /I'Ui$TIlII't! Nil RPl>kltS$ 
HLi,'2 /rE~" 2 BVTE STORRGE 
PDri,,! IFbi rAtLURE STORRGE 
PDr2,.1 /1'1>2 FIRST FAILURE STORAGE 
P1)F:S, IH /1'1'!ZS£tOllD FA! LURe: srolt#oE 
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