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ABSTRACT

Pulsed neutron experiments will be performed on the Fort St. Vrain
reactor prior to startup to determine the subcritical reactivity of the core
with various comntrol rod configurations. The Fort St. Vrain Data Logger
computer will be used to record and process the data. This report documents

the computer program package which will be used in the conduct of these

experiments,
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1. INTRODUCTION

Pulsed neutron experiments will be performed on the Fort St. Vrain
reactor prior to startup to determine the suberitical reactivity of the
core with various control rod configurations. The reactivity obtained
from these experiments will be compared to previously calculated values as
a check on the nuclear design and will provide data for the subsequent

operation of the reactor.

In the pulsed neutron experiments, bursts of fast neutrons are repeti-
tively introduced into the subcritical assembly and thermal flux is monitored
as a function of time. The Fort St. Vrain Data Logger computer will be used
to record and process the data from each of three neutron detectors. By
including a computer in the procedure the requirement for multichannel
analyzer equipment is eliminated and the experimental reactivities and other
information will be available to the experimenters immediately after each
experiment without further effort. The raw data will also be recorded by

the computer on paper tape for more sophisticated analyses at a later time.



2. OVERVIEW OF THE PULSED NEUTRON MEASUREMENTS
COMPUTER PROGRAM PACKAGE

2.1, PURPOSE

The pulsed neutron experiment program package provides for the collec-
tion and storage of raw count data from three neutron detectors connected
as inputs to a computer, and for the determination of the prompt neutron
decay constant by the computer upon operator demand. No multichannel ana-
lyzer is required for the experiment. The raw data can be recorded on
punched paper tape for further analysis later. A print out of all raw count

data is also available.

2.2. EQUIPMENT USAGE

The experimenter controls the use of the program package through the

operators console located in the control room.

The equipment to be used for the pulsed source experiments consists of
a pulsed neutron source, an external timing device, and 3 neutron detectors
with associated electronics which are connected to 5 interrupt lines of a
Control Data 1700 computer (the Fort St. Vrain Data Logger). This equipment
and the associated computer peripheral devices of interest to the experi-

menter are shown in Fig. 1.

The external timer is required for generating interrupt signals to the
computer to divide the time period between neutron pulses into equal length
time channels. Both the external timer and the neutron pulse generator fre-
quencies may be set by the experimenter. Counts recorded by the detectors
also generate interrupt signals to the computer and interrupt processing
software then causes the counts and pulses to be recorded by the computer

and ultimately stored on a mass storage device. Programs as well as data
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are stored on mass storage. The programs are brought into computer memory
in response to signals from the operator console. Once the experiment has
been set up, the experimenter need only manipulate buttons and switches at

the operator console to take data and to process the data obtained.

Information display is by printed messages on a typewriter in the con-
trol room, After completion of an experiment, the raw data may be punched
on paper tape, using the paper tape punch on the teletype located in the

computer room.
2.3. PROGRAM USAGE

The program package for the pulsed source experiments consists of eight

tasks or functions, packaged into several physical programs:

Task 1 - Begin data collection - Initialize storage and begin re~
cording count data from pulsed
source experiment

Task 2 - Continue data collection - Add to data previously recorded

Task 3 - Print raw count data - Print raw count data by channel for
each detector

Task 4 ~ Calculate o - ranges — Perform o calculation using prompt

preset and background channel range data
from mass storage

Task 5 - Calculate o - determine - Perform o calculation using chan-

ranges nel ranges based on the count data
for a specified detector

Task 6 ~ Set "accept data” mode - Data will be accepted for storage .

by Task 8 ‘



Task 7 - Set "print' mode - Data in storage will be printed by
Task 8
Task 8 - Manual input function - Data will be accepted or printed

for designated item depending on

last mode set by Task 6 or 7

Selection of tasks is accomplished by the demand function switch posi-
tion., Tasks may be selected in any sequence and as often as required. In
the usual operation sequence, certain parameters would be entered using
Task 8. Then counts would be recorded for a period of time by Task 1 or 2.
Task 3 allows a flexible amount of print out to be taken and this would then
be run followed (perhaps) by Task 4 or 5 to obtain the prompt neutron decay
constant and reactivity. The experimenter can judge when and how often any

program should run from the information printed by the computer.



3. OPERATING INSTRUCTIONS FOR PULSED NEUTRON MEASUREMENTS
PROGRAM PACKAGE

3.1. OPERATOR CONSOLE

1. Demand Function Selector Switches - the setting of this pair of

rotary switches determines the program to be run.

2. "ENTER" Button - used to cause computer to begin rumnning a pro-
gram. (Tasks 1, 2 and 3 may also be terminated by depressing

this button.)

3. Thumbwheels - used to enter data into the computer. There are two
sets of eight rotary switches aligned horizontally. The left most
switch of each set permits the entry of a + or - sign. The right
most switch of each set is marked for use as a multiplier. Neither
of the sign nor multiplier switches are used by the tasks of the
pulsed neutron measurements package. The other six switches allow

the entry of numeric data values up to 32767.

3.2, COMPUTER ROCM

The computer room contains a teletypewriter, Control Data 1700 computer
and a mass storage unit. In order to punch data tapes it will be necessary
to have access to this equipment. The procedure for punching tapes is de-

tailed later.
3.3. OPERATING PROCEDURE

To begin an experiment, three neutron detectors, an external timer, and
a neutron pulse generator must be in position, be running, and have their
outputs connected to the computer. These inputs to the computer are re-
quired only for the duration of the experiments. Once the equipment is
operating, the tasks to be executed are selected by following the procedure .

in the next section. The results appear on a typewriter located in the v
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control room. After each experiment, a paper tape containing the data may be

punched for further analyses.

3.4, PULSED NEUTRON MEASUREMENTS TASK ACTIVATION

To run a program, select the demand function number of the task by
setting the rotating switches, manipulate the thumbwheel settings to enter
the desired parameters, then press the "ENTER" button. Tasks 1 and 2 (MCA)
do not terminate automatically (the others do). To stop MCA, depress
"ENTER" again. Task 3 (PRINT) may also be terminated this way. However
if it runs to completion then depressing "ENTER" will cause another task

to be run.

Thumbwheel Setting
Demand . Program
Task Activity Function No.| Name Left Right
1 | Begin data collection 51 MCA 0 -
2 Continue data 51 MCA 1
collection
3 | Print raw count data 52 PRINT Channel | Last channel
step to print
4 | Calculate o (ranges 56 ALCALC 0 -
preset)
5 | Calculate o (deter- 56 ALCALC N -
mine ranges from
detector N)
6 | Set "accept data" 53 MANIN 1 0
mode
7 | Set "print'" mode 53 MANIN 1 1
8 | Manual input func- 53 MANIN Data Data value
tion (see Table 1) Item No.! (no effect in
print mode)

3.5. TYPEWRITTEN MESSAGES

Task 1 - Begin data collection

BEGIN MCA
MCA OFF



TABLE 1
MANUAL INPUT DATA ITEMS FOR PULSED NEUTRON EXPERIMENTS

Item No. Data
1 Manual input program mode: O - accept data
1 - print data
2 First channel to be printed (Task 3)
3 Not used
4 First channel in prompt decay range
5 Last channel in prompt decay range
6 First background channel
7 Last background channel
8 Number of groups of prompt channels for alpha calculation (£8)
9 Dead time for detector (nanoseconds)
10 Channel width (microseconds)
11 First smoothing criterion x 103 (Try 690)
12 Second smoothing criterion x 103 (Try 0)
13 0 - Channel ranges preset (input items No, 4, 5, 6, & 7
1 - Determine channel ranges from data of detector 1
2 - Determine channel ranges from data of detector 2
3 - Determine channel ranges from data of detector 3
14
15
16 Not to be used
17
18
19 0 - skip data smoothing, 1 do data smoothing
20 Minimum count correction factor x 103 (Try 10)
21 Delayed neutron fraction x 100
22 Neutron generation time (microseconds)




Task 2 - Continue data collection

MORE MCA
MCA OFF

Task 3 - Print raw count data

CHANNEL COUNT. 1 COUNT.2 COUNT.3
1 0 0 0
etc. to channel 400
NO. OF PULSES =0
Task 4 - Calculate o - ranges preset
PROMPT CHANMELS GRP wl1DpTi Babe CHANKELS
19 120 17 140 200
DETECTOR i 2
ReGoeLOUNTS 2778
GRP ALFHA ERKOK ALP LA EMROR
i ~e316+02 e 29=01 . 500 « 00
2 s 374¢02 s 1 8~0 1 e « 00
3 =eldc9+02 e l=01] e JUU 20U
4 =e330¢+02 s40-01 L0 « 00
5 ~«355+(02 0 77=01 e QUL o 0L
& ‘ o 3G+ 2 w1 6+00 s 50 e JU
AVG s 326402 e 10=01 + [LO + 00
KHO =e7bL4=-02 + 000
% s 121+01} e UO
K 2« 99200 «0LG
LAMDA BETA DELTA TAy CCRREX
$490; 6500 1C0C 2000 10
= 4§ e £y = o £} -3

PUL.sgs

9999

ALPHA

w000
s 00U
» 00
«+ 000
s GUD
<000
« 000

«00¢
«+ 000
« 000

SHCO0Tihy
490
-3

sMCoTH2
]
-3



Task 5 ~ Calculate o —~ determined ranges
Similar to Task 4 except FLAG # O
Task 6 -~ Set accept data mode
ACCEPT DATA MODE
Task 7 - Set print mode
EDIT ONLY MODE
Task 8 - Manual input function
ITEM 3 VALUE = 7
ITEM 4 VALUE = 8
ITEM 5 VALUE = 82
ITEM 6 VALUE = 113
ITEM 7 VALUE = 321
ITEM 8 VALUE = 5
ITEM 9 VALUE = 2000
ITEM 10 VALUE = 330
ITEM 11 VALUE = 10
ITEM 12 VALUE = 3
ACCEPTED ITEM 17 VALUE = 99
ACCEPTED ITEM 18 VALUE = 99
ACCEPTED ITEM 19 VALUE = 99

Diagnostic Comments

TRY AGAIN

CHECK INPUT - TRY AGAIN

TOO MANY BAD CHANNELS
TOO MUCH BACKGROUND

CHECK THUMBWHEEL SETTING

BAD DATA

%%%% PUNCH PAPER TAPE IF FINISHED
CHECK THUMB WHEELS —--- TRY AGAIN
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3.5.1. Interpretation of the Typewritten Messages

Tasks 1 and 2

The first message appears when count data is being recorded and the

second message appears when data collection has been terminated.

Task 3

CHANNEL refers to the time intervals. COUNT.N refers to the Nth

detector and the data printed beneath each is the number of counts accumulated

by that detector,

Tasks 4 and 5

The table below indicates the meaning of the labels used in the

alpha calculation printout.

Label

PROMPT CHANNELS

GRP WIDTH

B.G. CHANNELS

PULSES

FLAG

DETECTOR
B.G. COUNTS

Meaning

First and last time channel considered in prompt
neutron range

Number of channels in a small group of channels
within the prompt neutron range for which o is
calculated (10 < GRP WIDTH < 25)

First and last time channels considered to deter-
mine background count level

Total number of neutron pulses recorded during
experiment

Value of 0 indicates prompt and background channel
ranges used in calculation were obtained from
stored data

Value of 1, 2 or 3 indicates data recorded by one
of the detectors was used to determine prompt and
background ranges

Each neutron detector is designated by a number
Average background count level over background

channel range

11



Label

GRP

ALPHA
ERROR
RHO

K
LAMDA
BETA
DELTA
TAU
CORREX
SMOOTH1
SMOOTH2

Task 6
Message indicates

stored on mass storage.

Task 7
Message indicates

a value on mass storage.

Task 8
The first form of

of the table item indicated.

Meaning

Number designating a small group of time channels
in the prompt neutron decay time range
Prompt neutron decay constant

A measure of the uncertainty in ALPHA
Subcritical reactivity

Reactivity as a multiple of delayed neutron
fraction

Effective multiplication factor

Neutron generation time (seconds)

Delayed neutron fraction

Width of a time channel in seconds

Detector dead time (seconds)

Minimum count corxrection factor

First data smoothing criterion

Second data smoothing criterion

that the use of task 8 will cause data to be

that use of task 8 will produce a printout of

the message indicates the value in mass memory

The second form of the message is preceded

by the word "ACCEPTED" and indicates that a value has been read from the

thumbwheel switches and has been stored into the table in mass memory. Nor-

mally the two forms of message cannot appear together because the mode must

be changed in between using

task 6 or 7.

12




Diagnostic Comments

However "TOO MUCH BACKGROUND" indicates that all channels appear to
be in the background range. ''BAD DATA" indicates that the prompt channel

range appears to contain less than 10 channels,

3.6, NOTES ON USE OF THE PROGRAMS

3.6.1, MCA (Tasks 1 and 2)

This program stores zeros in all channels when run in "initialize"
mode. Don't forget to set the left thumbwheels to 1 when in "continue"
mode. Program execution can be stopped at any time by depressing the

"ENTER" button. Do not press it twice in quick succession.

3.6.2. PRINT (Task 3)

This program will print counts for all channels from 1 to 400 after the
experiment but this takes 17 minutes. During the experiment it may be best
to print only data in the prompt decay range (say up to channel 100) in steps
of 5 or 10 time channels to keep print time to about 30 seconds. The first
channel to be printed should be preset by storing the channel number into
data item 2 of the manual input table with the use of Task 8. Printing of
the count data may be aborted by depressing the "ENTER" button while there

is still more printing to be completed.

3.6.3. ALCALC (Tasks 4 and 5)

The program requires that the values of certain parameters be available
on mass storage before any attempt is made to run the code (see Task 8 and
Table 1). Prompt and background ranges (in terms of time channels) may be
determined by the code using the data from one of the detectors, or these
ranges may be preset. It is expected that for the first few executions,
the ranges would be calculated, and thereafter arbitrarily fixed so that the
data can be compared directly with previous runs. The program requires

about 2 minutes of execution time,

13



3.6.4.

MANIN (Tasks 6, 7, and 8)

Task 8 operates in either the "print" or "accept data'" mode. The mode

is set by running Tasks 6 or 7 (that is by storing a zero or a one in item 1

of the data list). Either mode specified remains effective until changed

again.

Data is entered thru the use of the thumbwheels on the operator

console and is scaled internally where necessary. The manual input data

table for all pulsed source experiment programs is given in Table 1.

3.7. ©PUNCHING PAPER TAPE

A program to initiate paper tape punching from the operator console

will probably be available. If not, then to punch a paper tape containing

data from a pulsed source experiment, the following procedure may be fol-

lowed:

1.

Bring the "Olympus" utility program into the computer
a. Mass storage controller - place "TEST" switch UP

b. Computer console - move "CLEAR" switch (momentarily) and

return to center position
c. Mass/storage controller - depress "AUTOLOAD" button

d. Computer console - move "RUN/STEP" switch (momentarily) to

"RUN'" and return to center position
Bell rings on teletype and Olympus is in computer.
Get about one foot of leader on paper tape

a. Teletype unit - press "T" button (3/4" diam.)

14




b. Teletype unit ~ key simultaneously CNTR
SHIFT
P
REPT
until enough leader is present.
Label the tape leader using white or yellow pencil.
Read data from mass storage into core.

a. Mass storage controller - place "TEST" switch UP

b. Teletype unit - type: RDM, 100, 5B0, 7, ICR (CR is carriage

return)

Enter punch tape instructions

a. Teletype unit - press "K" button

b. Teletype unit - type: PPT, 100, 5B0 CR (CR is a carriage

return)

c. Teletype unit - press "TTR" button

d. Computer console -~ move "SKIP" switch down (momentarily) and

return to center position.

Tape begins punching.

After punching is finished

a. Teletype unit - press "K" button

b. Computer console - move '"SKIP" switch momentarily and return
p y

to center position.

Do not attempt to bring the operating system in until tape punch-
ing has been completed.

15



6. Bring operating system '"MSOS" in

a, Mass storage controller - place "TEST" switch DOWN

b. Computer console - move "CLEAR" momentarily and return to

center position.

c. Mass storage controller - depress "AUTOLOAD" button

d. Computer console - move "RUN/STEP" switch (momentarily) to

RUN and return to center position

e. Teletype unit - key in 6 digit date and CR (day, month, year- -

Nno spaces Or commas)

£. Teletype unit - key in 4 digit time and CR (hours, minutes-

no spaces or commas)

A typewriter in the control room will print a message verifying that

MSOS is in. Now programs can be run for the next experiment.

16



4, THE PROGRAMS
4.1, PROGRAM MCA
4,1,1., Function

The program records the counts from three neutron detectors and stores
the data on mass storage. Count data collection can be started, stopped,

and continued as the experimenter desires.
4,1,2, Method

The procedure followed in execution of the program is relatively un-

complicated and is shown in Fig. 2, Flow Diagram of the MCA Program.

During the pulsed neutron experiments, the interrupt system of the
computer is temporarily connected to the counter electronics of three
neutron detectors, an external timer, and a neutron pulse generator. All
other interrupts to the computer (except one from the operator console) are
inhibited by the program because any other computer activity would inter—
fere with the time critical nature of the data being taken. A signal from
the neutron pulse generator interrupts the computer at the beginning of
each pulse. A second signal generated by the external timer divides the
time between neutron pulses into a number of edual time intervals (channels)
into which the counts from the detectors are recorded. The program allows
for a maximum of 400 time channels. Therefore, the ratio of the frequency
of the external timer to the frequency of the neutron pulse generator should
be approximately 400. A higher frequency ratio will generate a larger
number of time channels and all counts in the additional channels would be
lost., A lower ratio will decrease the number and, of course, widen the

channels unnecessarily.

17



Although the computer can recognize relatively short interrupt signal

pulses (approximately 500 nanoseconds), the width of the interrupt signals

are required to be considerably longer.

to work, the following criteria must be satisfied:

1.

For this method of collecting data

All interrupt signals should be as long as possible to maximize

the possibility of recognition in competition with the other

signals.

All interrupt signals (hardware) should be shorter than their own

interrupt processor (software) execution times.

Violation of this

criterion would result in processing the interrupt more than once

for each signal.

Higher priority interrupt signals should be longer than lower

priority interrupt processors so that a high priority interrupt

will never be missed because the computer was processing a lower

priority interrupt at the time.

The required priority of interrupts from highest to lowest is:

pulsed source, external timer, neutron detectors.

Table 2 gives the extended interrupt signal widths required to meet the

above criteria.
TABLE 2
SPECIAL INTERRUPT SIGNALS
Interrupt Interrupt Processor Interrupt Signal
Line Signal Source Execution Time (U sec) wWidth (u sec)

11 Pulsed source 14.3 13.5 = 0.5

12 External timer 12.1 11.5 * 0.5

13 Detector 1 8.8 8.0 *

14 Detector 2 8.8 8.0 *

15 Detector 3 8.8 8.0 * 0.5

18




The experiment data is stored in the computer and on mass storage as
integer values in order to economize on storage and execution time., The
16 bit word length of the Control Data 1700 however limits the magnitude of
the data values to 32767, For any given pulse frequency then, the maximum
counting time can be determined in order not to overflow the value for the
number of pulses. It will also be necessary to check the number of counts
recorded per channel periodically so they do not overflow. The rate of count

accumulation can be checked using the print function (Task 3).

The MCA program normally spends most of its execution time looping thru
a series of instructions which do nothing at all (the "idle" loop). When an
interrupt signal appears, the computer automatically causes a jump to a
series of locations called an "interrupt trap" and processes the imnstructions
provided for the particular interrupt involved. Interrupts from the pulsed
source equipment cause the channel index to be reset to 1. Interrupts from
the external timer cause the channel index to be incremented. An interrupt
from a detector causes the count to be recorded (added) in the channel
determined by the value of the channel index. The computer then returns to

the "idle" loop and effectively does nothing more until it receives another

interrupt.

To terminate the count collection procedure, the experimenter need only
to press the "ENTER" button on the operators console. This generates an
interrupt on line 7 and the interrupt processor sets a flag which the program
recognizes as a signal to remove the program from the computer.

4,2, PROGRAM PRINT

4,2.1. Function

The program provides the capability to print out the count data which

has been recorded for each of the three detectors. By entry of data through

19



the thumbwheels on the operators console the experimenter may choose to
print every Nth channel from the first channel designated to the last
channel designated. A procedure to abort the printing by depressing the

"ENTER'" switch has been included.
4,2.2. Method

The execution sequence is indicated in Fig. 3, Flow Diagram of Program
PRINT. The program consists of the statements required to read the thumb-
wheel data, pick up the count data from drum, and print in the manner re-

quested,

4,.3. PROGRAM ALCALC
4.3.1. TFunction

The program processes the raw data taken during a pulsed neutron experi-
ment and prints the prompt neutron decay constant and subcritical reactivity
on a typewriter located in the control room. It does not change the raw
count data stored in the computer system. Therefore data collection can be

continued after this program has been run.
4.3.2. Method

Raw count data in integer form which has been collected and stored by
the MCA program is read into the computer and converted to floating point
form. After correcting for counting losses and computing weights for the
counts in every channel for each detector, data smoothing may optionally be
performed. The objective is to eliminate data produced by noise signals
which are obviously not valid data. The background amplitude, assumed to
be constant for all channels, is then obtained by averaging counts from the
last channel with counts recorded and working forward toward the prompt
decay range. Next, the prompt range is determined. The lower end of this
range is taken to be at the channel where the count is 3 times the back-

ground amplitude.

20
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Alpha, the prompt neutron decay constant, and alpha uncertainty is then
calculated from the results of a linear least squares fit of the log of the
corrected count data less the background. Alpha is computed for an arbitrary
number (1-8) of groups of channels in the prompt range and for the entire
prompt range. Reactivity is then computed using alpha from the entire
prompt neutron decay range. The calculation takes about 2 minutes. The

results are then printed.

Determination of the prompt and the background channel ranges is con-
trolled by options selected at the operators console. The program may use
data stored on mass storage (by previous calculation or by manual insertion
by the operator) for the channel ranges, or the ranges can be determined by

the program based on the count data collected from a designated detector.

Figure 4 shows the calculation sequence of the ALCALC program and Fig.

5 1is a flow diagram of the portion of the program which prints the results.

4.3.3. Details of the Calculation Procedure

1. Read input parameters from mass storage and thumbwheels.

Some data are always required to be input through the operator's
console before attempting to use the code. These are data iteﬁs
8, 9, and 10 of the manual input data table: number of channel
groups, dead time for the detectors, and the channel width respec-
tively. The left hand thumbwheels at time of activation of the
program contain the channel boundary option selection. Items 4,
5, 6, and 7 of the manual input data table, the prompt and back-
ground channel boundaries, may be determined by the code during
the run, data generated in the previous run may be used, or the

data may be entered by hand.

2. Compute nominal time position for each channel
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3.

4‘

where i = channel number

A = channel width (usec)

Correct raw count for dead time

where T = dead time during which a count cannot be recorded
(input)

C, = corrected counts

(@)
i

= raw count data

+d
i

total number of neutron pulses

Skip count correction if:

where ex = minimum count correction factor (fraction of raw

counts)

Compute weights for corrected counts

R
(o] =
i Ci
<:L )2
Y1 "\,
i
where w, = weight assigned when performing least square fit
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Take natural log of counts in each channel and smooth the data.
Set weight of bad channels to zero and the count data to the fit

value,

Data smoothing is optional and may not be needed. This procedure
fits the log of the corrected count data to a straight line (in

groups of 25 channels). The data is then tested to determine if:
|2n € - fn CFltl < g

where es is a smoothing criterion

Data meeting the test is assumed to be valid and data failing the

test is arbitrarily set to the fitted value and weighted by zero,

Two smoothing passes are made if two values are given for the
smoothing criterion. Very large deviations which affect the fit
can be eliminated on the first pass and then a tighter criterion

can be used on the second pass to complete the smoothing.

The calculation is aborted if more then 30% of the data is found

to be bad and a comment to that effect is printed.

Determine background range using data from specified detector.

Then average counts for 25 channels.

M1
C,
i
_ i=M2
By = =35
where BGN = average background count for Nth group of 25 channels
' M2 = last channel in group of 25 channels
Ml = first channel in a group of 25 channels
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Working in groups of 25 channels, towards the prompt range from
the last channel with data, obtain a running average of the back-
ground count over N channel groups.
BGN + (N—l)BGBASEN_l

N

BGBASEN =

Terminate the procedure when IBGN - BGBASEN_ll >v2 BGBASEN__l and
assume that the first channel of channel group N-1 is the first

channel of the background range.

Average the background count for each of the three detectors over
the range of background channels. If channel is determined to
have bad data, then the value assumed for background averaging is

the fit wvalue.

Determine prompt neutron decay range from data of the specified
detector. Beginning with channel 1, search for maximum count.

This is the first channel for prompt range.

To locate the last channel of the prompt range the count data is
fit to straight lines in groups of 20 channels. When the count
predicted by the fit is less than 3 times the background count

that channel is used as the last channel in the prompt range.

The prompt range is then divided into the designated number of

channel groups for purposes of the alpha calculation.
Subtract background from counts, take log and do least squares

first order fit to obtain o and o uncertainty for each channel

group in the prompt range.
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where J = number of channels in a channel group
CEIT = count value determined by fit
Zwi Zwi t, |
D = *
Sw, t, Yw, t,Z
i i i i

10. Compute o and o uncertainty over entire prompt range.

K
z: Wy Oy
N=1
o = —y total prompt neutron decay constant
2
N=1
1 \? |
W= [— weight of a channel group
N AuN

total prompt decay constant uncertainty

11. Compute p, $, Keff

0o =B + Ao
=L
V=3
_ 1
Keff = 1-o
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where p = reactivity
$ = reactivity in dollar units
Keff

effective multiplication factor

e
[

prompt neutron decay constant over entire range

B = delayed neutron fraction

A = neutron generation time
12. Print results:

o, Ao, p, $, Keff, background for each detector, prompt and back-

ground channel ranges, applicable input constants.
4.4, PROGRAM MANIN
4.4,1. Function

This program provides for the entry of data into a special table by the
use of the thumbwheels on the operator consocle. The data is stored in a
reserved area of mass storage. Other programs may read or write data from
or into this table. The user then has some freedom in controlling the oper-
ation of the programs since he can modify a large group of parameters in

this way.
4.4,2, Method

The first item in the table of data is a special item which controls the
execution mode. Data is read from storage and printed, one item at a time, or
new data is stored depending on the contents of item 1. Errors in manipu-

lating the thumbwheels are indicated when possible.

The execution sequence is shown in Fig. 6, Flow Diagram of Program
MANIN. A table of the data items applicable to the pulsed source experi-

ments program package is given in the operating instructions. -

26



APPENDIX A
FLOW DIAGRAMS
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Pubi 2354/4

START

READ:
THUMBWHEEL
DATA

CONTINUE
RECORDING

INPUT ERROR

START
RECORDING

PRINT: PRINT: “BEGIN PRINT: “MORE
“TRY AGAIN" MCA” MCA”

v '

READ: DATA FROM
MASS STORAGE,
SAVE PULSES

RECORD COUNTS,

BY TIME CHANNEL,
RECORD PULSES

INITIALIZE
STORAGE

PRINT “MCA OFF’

Fig. 2. TFlow diagram of the MCA Program
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TEST:
LINE 7 INTER.
RUPTED?

YES

PRINT:
COUNT DATA

PRINTING
FINISHED?

RESET
INTERRUPT
TRAP?

TEST
ALL CHANNELS
PRINTED?

PRINT: PUNCH PAPER
# TAPE IF FINISHED

}

START

READ:
THUMBWHEEL DATA

PRINT HEADING

y

READ: DATA
FROM MASS
STORAGE

¥

SETUP:
INTERRUPT
TRAPT

Pub12354/5

PRINT:
CHECK THUMBWHEELS. ..
TRY AGAIN

Fig. 3.
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Flow diagram of Program PRINT




NERROR=3

NERROR=4

YES

h 4
NERROR = §

READ: MASS
STORAGE MANUAL
INPUT TABLE

READ: THUMBWHEELS
Hw

COMPUTE:
W,
FiND: NLAST

FIT DATA QVER
ALL CHANNELS

oot
W=00
NBAD =

NBAD+

TEST
NBAD/NLAST >.30

NERROA =2

”

123
| e wr1 |

FiND: NPZBY
FITTING DATA
UNTIL
¢;<3BG

o

DIVIDE PROMPT
RANGE INTO

CHANNEL GROUP]

!

WRITE: NRNG
INTO MANUAL
INPUT TABLE OF
MASS STORAGE

Publ2354/6

4

COMPUTE:
a,8a,p, $, Kyt

—

WRITE: IDMP, NRNG
iNTO TEMPORARY
MASS STORAGE
LOCATIONS

4
SCHEDULE
PRINT PROGRAM

sToP

Fig. 4.
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Flow diagram of ALCALC Program



Pub12354/3

START

READ: 1DMP, NBNG
FROM TEMPORARY
MASS STORAGE
LOCATIONS

TEST
NERROR
0
PRINT: CHANNEL
RANGES, BACKGROUND

NERROR=5

< J
PRINT: a, Aa
BY GROUP AND
AVERAGE
PRINT: PRINT: p, 8, Kog
ERROR MESSAGE )\'B’T'GX' €gir €gp

Fig. 5. Flow diagram of ALCALC Print Program
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READ: THUMBWHEELS

WRITE: INTO
MASS STORAGE
MDAT(1)= R

LR
L<1,0R
< L > 500 EsT L L=1
Y
READ: FROM
MASS STORAGE
MDAT (1)
&
<G
WRITE: INTO READ: FROM
MASS STORAGE MASS STGRAGE
MDAT(L) MDATI(L)
PRINT PRINT
“CHECK INPUT “ACCEPT" :nl?)l:';(u
TRY AGAIN" MDAT(L)

!

PRINT
“ACCEPT DATA
MOOE”

v ¥

v

TEST
MOAT(1)

Publ23354°2

PRINT:
“EDIT ONLY
MODE"

!

Fig. 6.
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B.1.

APPENDIX B
SUBROUTINE LISTS

MCA SUBROUTINE LIST

1. BEGIN -~ Main program which controls the execution sequence pri-

marily by making calls to other subroutines.

2., STATUS - Prints comments concerning program status.

3. DRUMIO - Sets up sequence of operations to read or write count
data from or to mass storage.

4, MCAP - Loads interrupt traps, contains idle loop and special
interrupt processors.

5. TRAPX - Contains entry points for unneeded library subroutines.

6. CODUM - Reserves block of common storage and eliminates hand patch-

ing of addresses.

PRINT SUBROUTINE LIST

1. FINAL - Main program which controls execution sequence primarily
by making calls to other subroutines.

2. COMENT - Prints heading or comments.

3. TYPOUT -~ Prints count data.

4, DRUMIO ~ Reads data from drum.

5. TRAPX ~- Contains entry points for unneeded library subroutines,
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B.3.

B.4.

SET7

RSET7

TRAP7

CODUM

Sets up line 7 interrupt trap to cause jump to TRAP 7.
Restores line 7 interrupt trap.

Interrupt processor for line 7; stores indication that

ENTER button was depressed.

Reserves block of common storage and eliminates hand patch-

ing of addresses.

ALCALC SUBROUTINE LIST

1.

ALCALC

CWDATA

DRMDAT

FIT2

TCHAN

TEST

TRAPY

CODUM

Main program controls the execution sequence, smooths the
data, performs most of the calculations, and schedules

ALPRN.

Writes or reads counts or weights on/from drum for a

group of channels.,

Writes or reads blocks of data on/from mass storage.
Performs lst order least squares fit.

Computes nominal time position of each channel.

Used for tracing program execution during debugging.
Contains entry points for unneeded library subroutines.

Reserves block of common storage and eliminates hand patch-

ing of addresses.

ALRRN SUBROUTINE LIST

1.

2.

3.

ALPRN - Main program to control execution of print sequence.

DRMDAT - Reads blocks of data from mass storage.

TRAPZ

Contains entry points for unneeded subroutines.
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B.5. MANIN SUBROUTINE LIST

1. MANIN -~ Main program which controls the execution sequence pri-
marily by making calls to other subroutines.
2. REMARK - Prints mode or error comment.

3. DRUMA - Reads/writes data from/to table on mass storage.

4, TRAPX

Contains entry points for unneeded library subroutines.,

5. CODUM

i

Reserves block of common storage and eliminates hand patch-

ing of addresses.,
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APPENDIX C
SOURCE PROGRAM LISTINGS
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C.1. MCA SOURCE PROGRAM LISTING

PROGRAY BEGIN

C
c MULTICHANNEL ANALTIZER PROCRAM TO RECCRD COUNTS
C
c ICEL MUSTY LOCCATED AT $3FUQ
COMMON ICEL{(25%)
o
OIMENSION IB{1200)
C
RELATIVE MCASTATUSDRUMIC LINKeRELESE
C
c SET MASK TO ACCEPT INTERRUPTS ON LINES %95 ONLY
c
ASSEH $0500.3CON0, 0050230821 »50400
C
NCH = %00
TAOR - LINK{O)Y + ICELEL}
TLTW = ICELIIADRe13)
IF (ILTH.LET0} GO TO 1000
IF (ILTH.6T.13 GO TO 1000
IF (1LTW.EQ0 60 T0 100
IF (TLTW.EG.1} GO TO 200
c
C INITIALTIZE DETECTOR DATARECORD COUNTSWRITE DRUM
C

100 CONTINUE
CALL STATUS{1}
DO 1 T=1,1200
1 IBtIY = O

C
CALL MCACIB)
Is{an0) = O
Istsgo) = 0
CALL DRUMIO{IBs1oNCH}
CALL STATUS(3}
G0 TC %00
c
C READ COUNT DATA FROM DRUM+RECORD COUNTSsWRITE DRUM
c

200 CONTINUE
CALL STATUSI(2}
CALL DRUMIO(IB+2sNCH]
IAcCC = IB(1200)
CALL MCA{IB)
IBta0Qnr =
IB(3003 = O
IB(1200Y = IB(1200) + IACC
CALL DRUMIO{IBeloNCH)
CALL STATUS(3)

c
300 CONTINUE
C
c RESET MASK TO ACCEPT INTERRUPTS ON LINES € THRU 10
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ASSEM $0500+$CO00+$07FF+30821 +30400
CALL RELESE(BEGIN)

CONTINUE

CALL STATUS(%}

G0 7O 900

END
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180
200
300
400

i1

12

13

iy
20

500

OO0

SUBROUTINE STATUS(INN}
DIMENSION ITBLU3I«ITEMPIS)IBUFIE)

RELATIVE ENCCDE+FWERITESDISPAT
RELATIVE QB8PKUP.QBPREP

FORMAT {10HI1BEGIN MCA)
FORMAT (1CHIMORE HMCA
FORMAT (1DHIMCA OFF )
FORMAT (10HLITRY AGAIN)

LU = $19a8F

ASSIGN 500 T0 ICOMP

€O TO (11¢12+33+¢16) 9NN
ASSIGN 100 70 IFORM

60 TO 20

ASSIEGN 200 70 IFORM

G0 10 20

ASSIGN 300 TO IFORM

60 To 20

ASSIGN 400 Y0 IFORM
CONTINUE

CALL ENCODE{(IBUFIFORMsOD)
CALL FRRITE(LU«IBUF +5ICUMPsSuGs ITEMP)
CALL DISPAT

CONTINUE

LOOP UNTIL TYPEWRITER ROT BUSY

ASSEHM $C800+,34B7+5A000,320+%3312,%18F2
ASSEd $C400-,34B7 «SA0DN 32093101 9318FA
RETURN

END
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SUBROUTINE DRUMIO{IB+NDOSNCH}
READ OR WRITE COUNT DATA ON DRUM NDD=Z1-WRITE.2-READ

JIMENSION IB{(1200)
DIMENSION ITBLU3}ITEMP(S)

RELATIVE WRITE+READDISPAT
RELATIVE QBPKUPsQBPREP

LU = $911
ITeLE1} = NCH
ITBL{2Y = 7

ASSIGN 500 70 ICOWP

DO 500 K13

L = {(K-13+NCH ¢« 1

ITBLE3 - L

G0 TO (1¢23¢NDC

CALL WRITE(LUIBEL)»ITBL ICOMP oS 84+ITEMP]
G0 10 3

CALL READ (LUsIBEL}+ITBL, JCOMPSu4sITEMPY
CALL DISPATY

CORTINUE

RETURN

END
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XX

MCA

*

FXLOC

NAM
ENT
BZS
ApC

NMUM
IIN

ESTABLISH

LDax
STA=
ADDs=
STA=

ENG
LDA=
su8
S5Ta=*
ADD #
sug=»
ADD=
STA=
iNg
SEH
JUP

S3ET UP INTERRUPT TRAPS

LDA

STa+
STA+
STa«
LDA

SThA+
STA+
SThA+

LDA=
STA+
LDA=
STA+
LDA=
STA+
LDA
STAh+
LDA
STA+
LDA
STA+
LDA
STA+
£D4

MCAP
MCA

PULSE+TEST7«BACK«IBHMAX s IBADR«TEMP
QUePSesTHeD1+D2+sD39MCA

g

ADDRESSES AT EXECUTION TIME

MCA
TEMP
(TEHP}
IBADR

5

MCA
N1
TEHP
{TEMP)
XX+E
XXe@
XXe@
-1

1
FXLoC

TN$1C02
$131D
$12D
£131
=N$0600
$13E
$139
$13C

XX

$11F
AX+1
$12F
XX+2
$133
NS OGCO
$136
“N¢01i90
$13A
ZNs0320
$13E
NS OE 3y
$137
“N$OE 38

ABS LoC oF -DEL FROM ADC TO IB
A REG NOMW HAS ACR OF IB

ABS ADR OF DELTA
A REG NOW HAS TRUE ADR OF HMCA
A REGISTER NCW HAS ADDR CORRECTION

JMP = {+2)

FOR INTERRUPT 7 - ENTER

FOR INTERRUPT 11 - PULSES

FOR INTERRUPT 17 - CHANNEL
RAD+ X @

FOR INTERRUPT 12 - DETECTOR 1
FOR INTERRUPT 1% - DETECTOR 2
FOR IKNTERRUPT 15 - DETECTOR 3

LOC OF LINE 7 INTERRUPT PROCESSOR
LoC 11

LOC 12

LOC FOR D1 IBI(1)

LOC FOR D2 IB(aC1)

LOC FOR D3 1B(801)

EXI $34

EXI $38
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3

STA+

LDA
STha+

ESTABLISH
LDA=

ADD
STa=

MASKA LDA

™

D1

D2

D3

TRA
LDO=
FIN

IDLE LOOP

NOP
LOAx
SAN
JMP =
JMP &

INTERRUPT

ENA
STA=
LDa
INP
Lpa
INP
ING
INP
£XI

RAQ®
L.0e=
NOP
NOP
£XT

iNg
TRE
SUB=
SANM
ING
EXI

NUM
NUM

NUM

$138

TNSOE3SC EXI $3C
$13F

LIMIT FOR DETECTOR DATA
IBADR
ZN%00
TEMAX

=N$FBB0 MASK FOR INTERRUPTS 7¢11¢12:13+14¢15
“
TBADR

- EXECUTES HERE EXCEPT WHEN PROCESSING INTERRUPTS

TESTY

i

IDLE END OF IDLE LooP

TERM JMP TD PREPARE FOR TERMINATION
PROCESSORS

-1 ENTER SWITCH

TEST?

=N$%00

-1

=N$3000

PULSE PULSED SOURCE

i TIME SEG {CHANNEL}Y

g DUMMY - D1 INTERRUPT REMOVED
o DUMMY - D2 INTERRUPT REMOVED

; DUMMY - D3 INTERRUPT REMOVED ‘
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TERM
TRAP

MASKB

PULL

TERMINATION PROCEBDURE

IIN O
LDA
STA+
EDA
STA+
LDA
TRA
EIN

LDA
Lpe
STA+

LDA®
ADD
STh
JMP

35S
END

NS SgFE
$110
=N$ETS
$1i1F
=ZNS$SEU

#

PULSE
IBADR
11590

MCA
=H1
BACK
{BACK)

EXTRA{G)

RESET INTERRUPT TRAPT

MASK FOR LINES 5e&

STORE TOTAL PULSES FOR THIS RUN

INTC IBC1Z200)
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L A

TRAP

NAN

TRAPX

UNNEEDED ENTRY PTS PUT HERE

ENT
ENT
ENT
ENT

EQu
oy
EQU
EQU
Equ

NUM
JMP
JHP*
END

G8QFT«QBQFXeQBGFLsFOUTFLOAT
RFRMOT+ AFRMOTsFLOTINRFRMIN+AFRMINSsASCHX s BINARY
DCHX
EGUT

GBAFI{»08QFX{%s)sQBQFLE2«FOUT(2 o FLOAT (%)
RERMOTI*) s AFRMOT 2 o FLOTINI %) sRFRMIN =) ¢ AFRMIN ®) pASCHx{ ¢}
BINARY (=}
DCHX{=}
EQUTE#}

o

8
A
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* & & B

NAM

COoDUH

RESERVES BLOCK OF COMMON STORAGE ~ ELIMINATES HAND PATCHING $3F0OU
CORRELATES DUMMY PROGRAM NAMES WITH LOCATION IN SYSTEM DIRECTORY

COM

ENT
ENT

- EQU

£qy
EQU

END

DUM(255)

D1D2eD02eDBeDE«LCEeDTeDBeDI
D10.D11¢D12¢D13+D1%,D15:D156
DI{$S7EY¢D2{$85):D03(38C)+D%!$93),D5{$34) yD6I(SAL)

D7(SA8) ¢DB{SAF}sL3{(3BE)sDIC(SBD)sDI1{SCU}+DIZ2(SCE)
D13(3$D2)+D149($03)+D1513EQ)eDIGISET)
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OO0

(%

C.2. PRINT SOURCE PROGRAM LISTING

700

750

800

300

PROGRAM FINAL
READ COUNT DATA FROM DRUMCEDIT

ICEL MUST LOCATED AT $3FQC
COMMON TCEL{255)

DIMENSION IB{120U}
DIMENSION ITBL(3)ITEMP(G}

RELATIVE DRUMIOTYPOUTCOMENTRELESE 9L INK+READDISPAT

NCH = &04

IADR = LINK{O) & ICEL(1)
ILTW = ICEL(IADR+13)
IRTWH = ICEL{IADRs4}

IF (ILTH.GT.400) 60 TO 70C
IF (1L TH.LT.1) GO 7O 700
IF (IRTW.GT.800) GO YO TGO
IF (IRTW.LT.1) GO TO 700
G0 TO 7580

CALL COMENT(3)}

e TC san

CONTINUE

CALL COMENT(1}

CALL DRUMIO{IBe2eNCH)
ASSICN 80C TG TICOMP

IT3L{1Y = 1
ITeLe2y = 7
ITBL{3Y = 1502

CALL READ(3941+T2+ITBL+ICCHP+SUG+ITEMP}
CALYL DISPAY

CONTINUE
I2 = IL T
IZ2 = IRTW

CALL TYPOUT(IBeI1lsI2+sI3eNCH)

IF (I3.ME.NCH) GO TO 300
CALL COMENT(Z2Y

CALL RELESE{FINAL)}

€O TC 300

END
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100
200

200

i1
12

i3
20

600

SUBROUTINE COMENTINN]}

PRINTS HOLLERITH ---- 1-COUNT HEADINGs 2-PUNCH TAPEs 3-TRY AGAIN

DIMENSION ITBLL3}.ITEMP{3)2IBUF{23)

RELATIVE ENCODESFWRITESDISPAT
RELATIVE GB8FKUPQ8PREP

FORMATI(3SHOCHANNEL COUNT.I COUNT .2 COUNT 2/}
FORMAT{3I9HD #++x PUNCH PAPER TAPE IF FINISHED /7
FORMAT{39HD CHECK THUMB WHEELS --- TRY AGAIN /}
LU = $13&F

ASSICN B80OO 70 ICOoMP

GO TO (11+32+23) «NN

ASSIGN 100 TO0 IFORM

G0 T0 20

ASSIGN 200 TO IFORYM

€0 T0 20

ASSIGN 300 TO IFORM
CONTINUE

CALL ENCODE{IBUF+IFORM.D,0)
CALL FHRITEILUIBUF 220+ICOMP+388:ITENMP )
CALL OISPAT

CONTINUE

RETURN
CND
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OO O0

(9]

2

[N o)

€y IOy O

SUBROUTINE TYPOUT(IBeI1leXZeT3eNCH}

WRITES COUNTS ON LOGGING TYPEWRITER

I1 IRITIAL TIME SEG TO BE PRINTED
Iz PRINT EVERY I2 SEGMENTS
I3 LAST CHANKNEL 7O BE PRINTED

COMMON ICEL (285}
CQUIVALENCE (ICELIZ50)«ITISTT}

DIMENSION IB(1Z200}
DIMENSIOR ITBL{3}.ITEMPIZ)
DIMENSION TBUF(23Fe LISTCS)

RELATIVE FWRITE+ENCODE«DISPAT
RELATIVE Q8PHUPQ8PREP
RELATIVE SETT7eRSETT

101 FORMATIIS«2X.3110)} -
102 FORMATIIGH NO.OF PULSES = I8//})

ITsST?T = 0

SET UP LINE 7 INTERRUPT TRAP
CALL SETY

CUTPUT COUNT DATA

LU = $19%F
ASSICN 500 TO ICOMP
ASSIGN 101 7O IFORM

DC 500 I=-T1+I361I2
IF (ITST7.NE.OY 60 TO 600
LISTi1Y = 1
LIST(Z2Y = IB(I}
IX = I + NCH
LISTE(3) = I8IIX)
I¥Y = T + NCH=%2
LIST(®) = IB{IY?
CaLl ENCODEI(TBUF »IFORMeloLIST}
CALL FURITE(LUsIBUF919ICOMP oSG, ITEMP)
CALL DISPAT
500 CONTINUE

500 CONTINUE

RESTORE LINE 7 INTERRUPT TRAP
CALL RSET7
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s N eoNe

700

s0a

JUTPUT PULSES

ASSIGHN 700 TO ICOMP
ASSICN 102 7O IFORM
LIST{1) = IB(1204)

CALL ENCODE(IBUF+IFORMe1LIST)

CALL FHRITE(LUSIBUFs12+ICOMP+34BITEMP)
CALL DISPAT

CONTINUE

RETURHN
END
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NNl

500

SUBROUTINE DRUMIO(IBeNDOeNCH)
READ OR WRITE COUNT DATA ON DRUM NDOZ1-WRITE «2-READ

DIMENSION IB(1200)
DIMENSION ITBL(3}ITEMP(E)

RELATIVE WRITE+READSDISPAT
RELATIVE QBPKUPs28PREP

LU = $3%1
ITSL€1) = NCH
ITBL{2)Y = 7

ASSIGN 500 TO ICOMP

DO 500 K=1+¢3

L = (K-1)=NCH ¢ 1

ITBLI3Y = L

GO TO (123+NDO

CALL WRITE(LUsIBI(L)»ITBLsICOMPoS44sITEMP)
GO0 70 3

CALL READ (LUsIYIBULL}sTITBLy» ICCMPsS44«ITEMPY

-CALL DISPAT

CONTINUE
RETURYN
END
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NAM TRAPX

%

UNNEEDED EINTRY PTS PUT HERE

ENT Q8QFI+Q83AFXQ8QFLeFOUT»FLOAT
ENT RFRMOTeAFRMOTFLOTINSRFRMINSAFRMINSASCHEX ¢ BINARY
ENT DCHX
ENT EQUT
&
Equ GB8GFIC(+3s0BAFX{*)eQS3FL (2 s FOUT(2} s FLOAT (%}

FQU RFRMOT{*7vAFRMOTU=)oFLOTIN () sRFRMIN(2) s AFRMIN{%) jASCHx{*)
EQU EBINARY(=%}

EQU DCHX{=)

Eau  EQUT(=#)

TRAP NUM ]

A JMP = 8

B JUP % A
END

51



NAM SET7Y SETS UP LINE 7 INTERRUPT TRAP .

ENT SET?
™
XT TRAPT
]
LOCT JMP TRAPY
SET7 NUM g
IN
LDA ZN$1C02 JMP £E+21
STA+ $11D
DA LOC7+2 LOCATICN OF INTERRUPT PRQCESSOR 7
STA+ $11F
EIN
JMUP = {SET7}Y
END
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RSETT

NAM
ENT

NUM
IIN
LDA
STA+
LDA
STa+
EIN
JHP »
END

RSET7
RSET7

0
TNS54FE
$11D
=N$ET5
$11F

(RSET?})

RESETS INTERRUPT TRAP 7

ENTRY POINT
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TRAPT

NAM
coM
£Eau
ENT

NUM
ENA
STA
Loa
INP
Lpe
THP
INGg
INP
EXT
END

TRAPT INTERRUPT PROCESSOR FOR LINE 7
DUM{255}

ITSTT(DUM+243}

TRAPYT

a ENTRY POINT FOR LINE 7 PROCESSOR

-1 PUT -1 IN LOC TEST7? IF ENTER BUTTON DEPRESSED
I7s17?

INSH00

-1

=N$3000

-1

i

~31

$1C EXIT FROM INTERRUPY PROCESSOR
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% » & ¥

%

NAM

copum

RESERVES BLOCK OF COMMON STORAGE - ELIMINATES HAND PATCHING $2FQO
CORRELATES DUMMY PROGRAM NAMES WITH LOCATION IN SYSTEM DIRECTORY

COM

ENT
ENT

- EQU

Eau
EQU

END

DUM(255)

D1sD2sDZeDUeD5sDEsD79D8:D9
Di0e¢D11eD12+013:D14:015¢D156

D1(STE) +D2{$85)9¢D3($8C)+DU($33)+D5{$34) ¢DG(SAL)

D7($A8) +D8(SAFYsL3(SBEYyDICISBD)I»D21(SCYI+D12(SCB)
D13(3$D2)+D14%4(3$03)+D1518E0)»DIGISET)
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C.3. ALCALC SOURCE PROGRAM LISTING

PROGRAM ALCALC

CORRECTS FOR COUNTING LOSSESsOBTAINS BACKCOUND FROM PULSE SOQURCE
EXPERIMENT DATAe THEN COMPUTES PROWPT DECAY CONSTANT

ALPHA(TI«J} ALPHA FOR DETECTCR I<CHANNEL CGRP J
DELAL(I»J) ALPHA UNCERTAINTY FOR DETECTOR Is CHANNEL GRP J

ALPII}
DELITY
Tl
RHOtUJ)
COLLAREJ]
BETA
XLAM

DIMENSION
SIMENSION

DIMENSTION
DIMENSION

ALPHA FOR ALL COF PROMPT RANGE

ALPHA UNCERTAINTY FOR ALL OF PROMPT RANGE
TIME AFTER PULSE FOR CHARNNEL I (MID-CHANNELTY
REACTIVITY

DOLLARS OF REACTIVITY

DELAYED NEUTRON FRACTION

NEUTRON GENERATION TIME

c

c

c

c

c

c WIDTH CHANNEL WIDTH (MICROSECONDS)

¢ FREG PULSE RATE (PULSES/SEC)

c PULSES TOTAL PULSE RECORDED FOR EXPERIMENT

c TAU CHANNEL DEAD TIME

C ITAU CHANNEL DEAD TIME IN NAMNOSECONDS

C Ce1y COUNT DATA FOR A CHANNEL

c Iciny COUNT DATA (INTEGER) UNPROCESSED

C Wil WEIGHT APPLIED TO CCUNT DATA

c ILTH 0 - USE PREVIOUSLY OBTAINED CHANNEL RANGES

c I1s2¢3 ~ DETERMINE RANGE FROM THIS DETECTYORS DATA
c CRAM RAW COUNTS

c NP1s2 FIRST AND LAST PROMPT DECAY CHANNEL

c NFRST FIRST BACKGROUND CHANNEL

c NLAST LAST BACKGROUND CHANNEL

C NGPS NUMBER OF CROUPS OF CHANNELS FOR ALPHA CALCULATION
C NEPW NUMBER OF CHANNELS/CHANNEL CGROUP FGR ALPHA CALCULATION
C NERROR ERROR INDICATOR 0O - APPARENTLY OK.EDIT RESULTS
¢ 1 - TOO MANY BAD CATA CHANNELS
C 2 - T00 MARY BACKCROUND CHANNELS
C 3 - CHECK THUMBWHEFELS

c q -

c 5 -

c KBS NUMBER OF BACKGROUND CHANNEL GROUPS

c HEG1e2 FIRST ARD LAST CHANNEL IN BACKGROQUND GROUP

c 3G AVERAGL BeGs COUNT FOR A BACKGROUND GROUP

i BGBASE RUNNING AVERAGE BACKGROGUND COUNT

c BGBAR({J) AVERAGE BACKGROUND FOR JTH DETECTOR

c COEINS POLYNOMTIAL FIT COEFFICIENTS

c NDET NOT USED

C

C

c

c

c

c

c

c

c

c

c

C

Cl25)»TC(25) sW(25) o T(25Y s COECS)o ALPHAIBy 31 9BGBARE3)
DELALT{8+3)ALP{3)DEL(3}

NRNG(20U) «IDMP(134) LITEMPI4]) »ICNI(Z)
CNIE2)Y s RHO{3) eDOLLAR(3) - s XKEFF 13}

EQUIVALENCE (NRNG{1)}.NP1) s INRNG(BI +ITAU) s INRNGI113NCGPW?
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e e Ne]

ey O

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
FRUIVALENCE
EQUIVALENCE
TQUIVALENCE
EQUIVALENCE
EIUIVALENCE
EQUIVALENCE
CAUIVALENCE
EQUIVALENCE
FQUIVALENCE

{NRNG( 2) sNP2) o INRNGI(7) s IWIDTH) o+ INRNG{212)¢NERROR)
({NRNG (3) o NFRST) oUNRNGESBY.ICNUI)) o ¢NRNGE12Y ,ILTW!
{NRNGT4) oNLAST) o {NRNG(3)sICN{22) o {NRNGI14)IPULSE)
(NRNG(5)sNGPSY o (NRNGEINIsNDET) s (NRNG(15)+IRTK)
(NRNG{15) sNPASS) o {NRNG{17)+IMIN)
(NRNG{18) s IBETA} » (NRNG(1S)oLAMDA)

{IDMP{1) sALPHAL1+1))

(IDOMP(49) sDELAL (117}

(IDMPIS7)ALPI1))

(IDMP 102V «DELEL))

IDMP(107) ¢ BGBARI1))

{IDMP (1153 +WIDTH)

(ITDMP{11731sRHOI1Y)

(IDMP(122)+DOLLARI1}}

{IOMP({123) o XKEFFL1))

COMMON ICEL{253)

RELATIVE UINKsDRMDAT o TCHANsCWDATA o SCHEDLRELESESFIT2
RELATIVE ALOGEXPsABS+SQRT«FLOAT

RELATIVE FLOT-Q3QFLT.Q8GF2I

RELATIVE TEST

EXTERNAL D&

IADR = LINKIOF » TCELEL)

READ TABLE OF MANUAL INPUT ITEMS

CALL DRMDATINRNGs 791508202}

IRTHW
ILTW

ICEL{TADR+H)
ICEL{TADR+1 3}

£l = 1 + 16*(ILTWH-1]

t2 = 11 + 15

IF {(ILTW.CT.3} 60 TO 1002

NERROR = O

CaLt TEST(1»

READ NUMBER OF PULSES

CALL DRMDATIIPULSE¢7+1200s1e2¥
PULSESZ FLOAT{IPULSE)

TAU = FLOAT(ITAU)+«1.0E-3

HIDTH
CNLLY
CN(2}
BETA
XLAM

Yo B

FLOATE(NRNC(TY)}*1.0E~-S
FLOAT(ICNIL1) =1 .0E~3
FLOAT(ICNIZ2)I*1.0E~2
FLOAT(ISETA)*1.0E~-8
FLOAT(LAMDAY=*1.0E-€

CORRECT FCR CCUNTING LCSSES AND COMPUTE WEIGHTS

CORMIN = FLOATI(TMIN)=1.0E-3
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3

FACT = TAU/{PULSES*#{WIDTH+.5*TAUY
TESFAC = CORMIN/FACT

00 100 J=i.4%8
CALL TESTH(Z)
ILOC = 25+J ~ 2%
CALL DRMDATIICT7:ILOCs25+21}
IF {(J.EQ.48) IC(25)I=0

00 50 I=1+25

IF (IC(I?.LT.1} €0 7O 38
CRAW = FLOATIIC{I))

IF {(CRAM.LT.TESFACY G0 TO 27
C{I} = CRAW/{1.0-CRAWSFACT]
IF (Ctl¥eiT.10} CO TO 30
3I6 = SQERT(CRAWI/C(I)

W IF T 1.0/71SIG=22}

50 70 33

CONTINUE

C{Iy = CRAW

WI{I} = CRAWM

60 YO 33

CONTINUE

ci{I) = 0.0

e e Ny

33

40
g

1go

W(I} = Q.0
CONTINUE

FIND LAST CHANNEL WITH COUNTS RECORDED

IF (ILTW.EQ.O) GO TO uD

IF (J.LT.L1} 60 TO 8O

IF (J.G8T.L2} GO TO u0

IT = tJ-13#25 + T - u(C0s(ILTW-1}
IF {(II.EG.200) GO 7O 40

IF (IC(IV.NE-0O)F NLASTZII
CONTINUE

CONTINUE

ICLOC = Sh»J—-89 + 3000
IWLOC = 50«J-82 + 5400

CALL DRMDATIC7+ICLOCsE0v1}
CALL DRMDAT(WeT7»IWLOCeS5U1}
CONTINUE

IF (NLAST.LT.10) GO TO 2ULCH
IF (NPASS.EG.0) GO TO 207

THROW OUT O0BVIOUSLY BAD DATA POINTS

NBAD = O
00 2¢80 J=z1is48
CALL TESTI3)
ICLOC = 5C¢=J~-8% + 3000
INLOC = 50%J-%9 + 5%00
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CALL DRMDAT(C+7oICLOC+50+2)
. CALL DRUMDATIWs7T+«IWLOC B0 2)

N - O

IF (J.GTe18F Nza(l

IF {(J.GT.32) N=800

Nl - 285sJd - 28 ~ N

N2 = N1 + 2%

CALL TCHAN(TeN1sNZ+WIDTH]}

00 1320 IIz1e25
IF (C{IT1%.LT.1,0) GO T0 120
CeYII} = ALOGEICIIIY)
IF (C{IT).0T7.10.38) GO TO 120
G0 YO 130

120 C(II) = 0.0
WEIIY) =0.0

130 CONTINUE

£S = CHN{1}

J0 1ED Iz1e2

TYTY = €S

IF (CS.LE.Q.0) €0 TC 160
- M = 25

IF {J.EQ8.48) MM=Zy

CALL TIT2{(CoToWaMMeCOESD)

DO 150 IIZ1+25

ARG = COE(LI+COEL2)>THIT}

IF (ARG.6T.10.383% 50 10 135

IF (ARG.LT.0.0) G0 TC 135

IF (ABS{ARG-C{ITI})=LT.TTTT) GO TO 140
135 CONTINUE

¢
c WRITE EAD CHANNEL DATA ON DRUM - W=0.0eC=CFIT
c
K(II} = 0.0
CFIT = EXP{ARG)
TADD = 2+(II-1)
ICL = ICLOC + IADD
IWL = IWLOC + IADD
CALL ORMDAT(CFIToe7+ICL#2+1)
CALL DRMDAT(W(ITYs7oIWLoZo1}
c
¢ DETERMINE NUMBER OF CHANNELS WITH BAD DATA FOR SPECIFIED CETECTOR
c -~ SKIP DATA FOR OTHER DETSCTORS
c

IF (J.LT.L1) 60 TO 1u0
IF tJ.GT.L2} 60 TO 140
NT = N1 + II - 1
IF (NT.GT.NLAST) GO TO 14C
IF (I.EG.1) GO 70 140
- NBAD = NBAD =+ 1

140 CONTINUE
150 CONTINUE
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s eReNe!

160
200

»N
o3
~d

220

€S = CN(2})
CONTINUE .

CONTINUE
IF TCO MANY BAD DATA VALUES ARE FOUNDSSTOP CALCULATION

XBAD = FLOAT(WNBADI/FLOATENLASTY
IF (XBAD.GT.0.30) 60 70 1001

CONTINUE

OBTAIN B.G. RANGE FOR SPECIFIED DETECTOR
(AVERAGE B.BGs IN CROUPS OF 2% CHANNELS BACK TO PROMPT)

IF (ILTW.EQ.DF 60 TO 30O
BGBASE = 0.0
KBG = O

KBE = KBE + 1
CALL TESTI(4Y
NBG2 = NLAST ~ 2E=KEC
NBG1 = NBGZ - 2%
IF (KRG1.LT.1) GO TO 1002 i
CALL CWDATA{CoNBGLlsNBC2+ILTWe2)

o]

e RN e

2480

250

270

0o
330

370

8¢ - geg T
DO 280 I=1+25 -
28 = BG +C{I)*.08

IF {¥BB.EGQe1) GO0 10 250

IF tABS(BCG-EGBASE).CT.2.,U*SERT(BERBASE}} Cn TO 270

CONTINUE

XBG = FLOATIKEG)

BEBASE = {(8G+{XBG-1.0)1*BGBASEI/XBG

60 1o 220

NFRST = NBgl + 25
GO TO 330

USE B.G. CHANNEL RANBES FROM DRUM

CONTINUE
CONTINUE

AVERAGE BACKGROUND FOR ALL CHAKNELS - NFRSTe¢NLAST

DO 800 Ixzie3
CALL TEST{s}
BGBARI(IY = 0.0
00 380 KBG=NFRSTeNLAST 25
NEND = KBG + 24
IF (NEND.GE.NLAST) NENDZNLAST
CALL CHDATA{(C+KBCsNENDeI» 2}
MSTOP = NEND ~ XBG + 1 -

D0 270 J-1sNSTOP ’ ‘
BGBAR{I) = BGBAR{I) ¢+ CU
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C

. 180 CONTINUE
STV = NLAST - NFRST + 1

BCBARIIY = BGBAR(II/DIV
400 CONTINUE

C
C
C FIND FIRST CHANNEL FOR PROMPTY DECAY CURVE (FIND MAX COUNTS)
C
IF {ILTW.EQ.0F &0 TG €0O
NBIG = 1
CRIG = Q.0

00 #8() NP-1eNFRST«25
CALL TEST(E)
NEND = NP+2%
IF INEND.CT.NFRST)! NENDINFRST
CALL CWDATA(C NP+NEND2ILTW+2)
CALL CWDATA(WeNPRENDsTLTUH 8]
NSTOP = NEND-NP+1
DO 470 Jz1sNSTOP
IF {ClJILLE,CBIGY GO 10 470
IF (WilJl.LE<U.0) G0 TO 870
- NBIG = J + NP
CeIGC = CtJ}
470 CONTINUE

. 480 CONTINUE
NP1 = N3IG
c
c FIND LAST CHANNEL FOR PROMPT DECAY CURVE
c {LINEAR FIT - FIND VALUE LESS THAN Z.0 X BG}
c

DO 280 NP=NBIG+NFRSTe2ZO
CALL TESTIT)
NEND = NP=+1%S :
CALYL CWOATA(WNPNENDoTLTWe%)
CALL CWDATA(C+NPINENDsILTHsZ}
DO 580 J=1¢20
B4l CUJY = ALOGICtJ)}
CALL TCHAN{TsNPeNENDsWIDTHI}
CALL FITZ2(CeTsWe2UeCOELD)
00 550 J=1.20
NP2 = J#NP~1
ARG = COL{1)Y + COE(23=T{J
IF {ARC.CT.10.38) GO T0 55¢L
CFIT = EXPIARG)
IF (CFIT.LT.Z.0*BGBARCILTHI} GC TO &5IC
5500 CONTINUE
5811 CONTINUE
53903 CONTINUE
00 CONTINUE

DIVIDE RANGE INTO SMALLEF GCROUPS OF CHANNELS FOR ALPHA CALCULATION

' NPRNG = NP2-NPi+1

e e Xe)
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NEPW = NPRNG/NGPS
IF (NGPUW.CT.25) NGPUW=25
IF (MNGPUW.CE.1D} 60 Y0 €20
NGPW = 10
NGPS = NPRNG/NGPW
620 CONTINUE
IF {(NGPS.CT.8} NGPSZ=8
IF (NGPS*NCPW.LT,NPRNG) NPLIZNP2-NGPS*NGPWe1

c
c WRITE RANGES ETC, BACK INTO MANUAL INPUT TABLE ON DRuUM
¢
CALL DRMDAT{NRNGs7+15068+20,1)
c
c REMOVE BACKGROUND FROM COUNTS.TAKE LOG.AND FIT TO GET ALPHA
c

00 700 J=1.3
CALL TEST(8}

is = 4

DO €50 IZNP1sNPZ2+NGPU
I6 =16 + 1

IE = I+NGPK-1

CALL CWDATA(WsIsIE»Jdoet)

CALL CWDATA(CeIeIEeJe?}

SALL TCHAN{TsI»IEHIDTH)
—————— ——B0 560 II=1 +NEPY

IF {(C{IT).LE.BGBAR(JY} GO TO 633
60 TC 63%
633 W(II) = 0.0
C(II} = 0.0
G0 70 5%0
€35 CONTINUE
C(II) = ALOG{C{II}-B3BARI{J})
B4 CONTINUE

C
CALL FITZ2(CeTesWeNGPWeLOE D}
c
ALPHALIGeJY = COELZ)
c
C NOW CGET ALPHA UNCERTAINTY FOR EACH CHANNEL cROUP
c
XGPW = NGPW - 2
SUM = Q.0
SUMW = 0.0

NG 645 TI-1+NGPHU

SUMW = SUMH + WIITIY}

SUM = SUM ¢+ (COE{1)+COEL{2YeT{IT)-C{IT) ) x=2eW{IT}
€485 CONTINKUE

DELAL{IGJ) = 0.0

IF (D.EQ.U.0) GO TC €50

SUM = SUMsSUMU/IXCPU=D)

DELAL(IGs+J) = SGRTISUMI
650 CONTINUE

c cOMPUTE ALPHA AND UNCERTAINTY FOR ENTIRE RANGE
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€80

&9
700
200

OO

1000

1401

io0n2

10403

1004

DELS =

RHO (U

COLLARE
XKEFFLJ
ALPCJ

DELTJY

WTS = G.0

20 6800 I=1sNGPS

IF (DELAL(TI+J).EG.0.0) B0 YO £80
AT = (1.0/DELAL(T+J)d2x2

WTS = HWTS + WT

ALPLJY = ALPLJ) + WT=ALPHATI.J)

CONTIHUE

IF (WTS.EQ.U.0) GO TO 680

ALPCJ) ALP{JIZUHTS

DEL{J) SARTI1,.0/7WTS)

®
oo

it e

3

}

& 3
=

e

o1 o ¢, 1 3

[s= B R
e ke o]

b4

COMPUTE REACTIVITY IMPLIED BY ALPHAS

RHO{J} = BETA + XLAM=ALP{J)
DOLLARIJ) = RHOUJI/BETA
XKEFFI{J) = 1.0/11.,0-RHO(UY)
CONTINUE

CONTINUE

CONTINUE

WRITC DATA INTO TEMPCORARY DRUY STORAGCE READY FOR PRINTING
CONTINUE

CALL DRMDATIIDMP 7o7230L1e138.1)
CALL DRMDATINRNGe7927335+20-1)

D€ IS ALPRN
CALL SCHEDL(DS»$10%+0+ITEMP)
CALL RELESE(ALCALC)

30 TO 1000

NERROR = 1
€0 TO 1000
NERROR = 2
G0 TC 1000
NERROR = 3
€C TC 1000
NERROR = &
o0 T0 1000

END
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SUBROUTINE CWDATA{CoNCHI1 oNCH2sNDETINCHW) .

C
c WRITES OR READSCOUNTS OR WEIGHTS ON/FROM DRUM
C
c C DATA
c NCHI1 FIRST CHANNEL
c NCH2 LAST CHANNEL
C NDET DETECTGR
C NC W 1-WRITE COUNTSy 2-READ COUNNMTSs 3-WRITE WZISHTSe, 4-READ WEIGHTS
C
RELATIVE Q8PKUPG8PREPDRMDAT
c
G0 TO (100,100¢200,200) ¢NCW
c
i00 el - 3000

GO0 TC 300
200 ILOC = 5400
300 TLoC = TLOC + (NDET-1)s80C + NCHIs2Z - 1
IWORDS Z{(NCH2-NCHl+1}%2
OO = 1
80 T2 (5004005008000 +NCW
00 NDO = 2 -
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OO0 OO0

9]

bt

(= R N

SUBROUTINE ODRMDAT(IZ+IPGeILOCsIWCRDSNDC})

READS OR WRITES BLOCKS OF DATA FROM/TC DRUM STORAGE

1z DATA BLUCHK

IPG DRUM PAGE

ILoc DRUM POSITION OF FIRST WORD OF DATA BLOCK
IWORDS NUMBER OF WORDS 7O BE TRANSFERED

NOO 1-WRITE» Z-READ

DIMENSION TZ¢B5UF«ITBLUZ)»ITEMP(8)

RELATIVE WRITEREADCISPAT
RELATIVE QBPKUP238PREP

LU = $941
ITBL(1} = IWORDS
IT8L(2) = IPG
ITBLLZY = TLOC

ASSICN 500 TO ICONMP

G0 Y0 (1+2)eNDO

CALL WRITE(LUsIZsITBLoICOMP SR ITEMP)
o TC 3

CALL READILUTIZITBL+TCOMP s 8% ITEMP)
CALL DISPAT

CONTINUE

RETURN

END
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SUBROUTINE FIT2{YeXoWeN2COELD)

C
c PERFORM FIRST ORDER PoLYNOMIAL FIT
€
c COELTI) POLYNOMIAL FIT COQOEFF
DIMENSION YU(25)eX(ZE) e WIZ2B o XK{GIeXCIT)COE(E)
c
RELATIVE FLOT¢G8PKUPGBPREP88GF2I
c
DO 100 I=1+3
XK{I) = 0.0
XCtIY = .0
COE(I} = 0.0
100 CONTINUE
c
c
DO 200 Ic1leN
XKE(1E = XK1y + W(I}
XKE2) = XKI12) + WiXI)=X{I)
XKEZY = XK{E3) ¢ WII)=X{XT)i#=»2
XCU1) = XCU(1) + WLIY=YLI)
XCE2) = XCU2F + WEIY=X({Tk=Y(I}
200 CONTIMUE R
C
o IXK{1)#XK{3) - XKI2)=XK{2)
IF (D.EQ.U.TIF GO TO €00
COE(1) = (XCL1)=XK{3) - XK{2)«XC{2))/D
COEC2) ZO(XK(1)2XC{2) - XCE1¥*XK({2}}/C
COEI3) = d.0
600 CONTINUE
C
RETURN
END
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OO OO0 N

100

SUBROUTINE TCHAN{TN1sN2+,WIDTH)

T{I) CHANNEL POSITION IN TIME I{ygoMINAL}
N1 FIRST CHANNEL NUMBER

N2 LAST CHANNEL NUMBER

WIDTH CHANNEL WIDTH

COMPUTE TIME FOR SET OF CHANNELS
DIMENKSION T(Z25}
RELATIVE FLOT«Q8PKUP GBPREPSFLOAT

NEND = NZ-Ni+il

DO 107 I=1+NEND

K = N1+I-1

TLIY = (FLOAT{KI-.S5}¥*WIDTH
CONTINUE

RE TURY

END
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SUBROUTINE TEST{K)

RELATIVE QEPKUPsGB3PREP+DRMDAT
ILoC = 1535

CALL DRMDAT(KeTeILOCs2ol}¥

RE TURH

END
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NAH TRAPY

&
# UNNECOED ENTRY PTS PUT HERE
EY
ENT GBRFI+Q3QFXsQ8QAFL eFCQUT
ENT RFRMOTeAFRMOT+FLOTINORFRMINeAFRMINSASCEXoBINARY
ENT  DCHX
ENT EQUT
*®
Equ GBAFTIC(*) s QBAFX(+}sQARAFLE#) + FOUT (%]}
FOU RFRMOTI{*)»AFRMOTL* ) sFLOTINT =) sRFRMINI %) s AFRMIN{®} yASCHXI*)
EQU BINARY(=}
£aU DCHX{=)
EQU EOQUT(=*}
E
TRAP KUM a
A JMP = 8
B JMP2 A
JMP = A
END
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% wn W ®»

-

NAM CODUM ’ .

RESERVES BLOCK OF COMMON STORAGE - ELIMINATES HAND PATCHING $3FQC
CORRELATES DUMMY PROGRAM NAMES WITH LOCATION IN SYSTEM DIRECTORY

cCOoM DUM{255)

ENT D1eD2eD3ZeD%eD5sCEeD7:D8+D8

ENT Di0eD11012:sD13:D146D15¢D156

£EQU D1({S7E) +D2({$85)eD3(58C)eD4($93)+D5(534) yD5{SA1)
£Qu D7(3A8) ¢DSI(SAF)oL3{3BGIsDICISEDYeDIT(SCUYsD12(3CRY)
EQU D13(sD231+D141%09)¢D15(3E0)+016(3ET)

END
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C.4. ALPRN SOURCE PROGRAM LISTING

PROGRAM ALPRN

EDITS RESULTYS OF ALPHA CALCULATION

DIMENSION ITBLIT)eITEMPIZ)IBUFIH0)

CIMENSION LISTUGO)oFLISTCI0»CLISTIICIBCIZ)
DIMENSION ALPHA[3¢3)¢3CBARIZ)IDMPI174) ,NINGL2M)
DIMENSION DELAL{B:3)+ALP(2)eDEL2)

DIMENSION ICN{2)+sRHO{3)»D0LLARIZ) oXKIFF (3Z)

TOUIVALENCE
EQUIVALENCE
FEQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGQGUIVALENCE
CQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
TQUIVALENCE
EQUIVALENCE
EAUIVALENCE
CGUIVALERCE
EAUIVALENCE

RELATIVE ORM
RELATIVE FLO

(LISTI2) o FLISTII ) o0 ISTIL) »BLISTII N

(HRNGU1) NP1} e (NRNG(EF ITAU) ¢ {NRNG(11) e NCPK )
{NRNG{ 2}sNP2) vINRNG(T7)+THIDTH) o INRNG(12),NERRCR)
ENRNGE3) e NFRST) +(NRMGESIsICNTII] o INRNCIIZIsTLTW?Y
{NRNG{H) oNLAST) +INRNGISIsICNIZ)) o (NRNGI1%),TPULSE]
(NRNGEST+NGPS) (NRNGELIU)+NDET) s INRNC(IE)»IRTW)
{NRNG{15) +NPASSYINRNCU17)sIMIN)
(NRNGEIB) +IBETAY (NRNCG(I3)eLAMDA}

{IDMP{1) sALPHA(L 1))

(IDMP(50) +DELAL (1ol 1))

{IDMPL3T)ALPIL )

{IOMPEI0ZY«DELEL) S

{IDMPT109),BCGBARILI))

(IOMP (115 WIDTH)

{IDMP{117)+RHOTL)

(IOMP (12321 +DOLLARIL))

(IDMP{1293) o XKEFFIL1))

DATsEMCODE»FURITEWDISPAT.RELESE
TeIFIX

101 FORMATIZ2?2H T00 MAWY BAD CHANNELSY

102 FORMATEIZUH TOO MUCH BACKGROUND /13

iN3 FORMATI{26H CHECK THUMBUWHEEL SETTING /)

108 FORMAT(IUH BAD DATA //1})

105 FORMATI{1I0OH TROUBLE //}

106 FORMATIAIX///772H PROMPT CHANNELS GRP WIDTH BalGe CHANNELS
PULSES FLAG /)

107 FORMATIIE TG T10»T13:T8e11818//1)

103 FORMAT! 9H DETECTOR 10X e1HL1e22Xe1H2+22X91H3/)

109 FORVAT(IIH BoC.COUNTS eIl eX5XeIBel5XeI8/)

110 FORMAT(73H GRP AL PHA ERROR ALPHA EFRROR

1 ALPHA ERRGR /)

111 FORMATIT I wIXe3{ELT36¢E10.2)

112 FORMATIL uMH AVGe3{E12.3¢E1C2V//7/})

113 FORMAT( &H RHO»3{E13.3¢1i1X})

118 FORMATE 8H $ +3(E13.3.10X1EY

115 FORMAT( 4H K +3{E13.3+10%)}

FORMATC///5Xs SHLAMDA 6 Xs SHBET Ao SX o SHOELTA» TX o THTAUS 4X s EHCORREX 92 X e
17THSMOOTHI ¢ 3Xe THSMODOTH2)
117 FORMAT(7IION

< 11¢
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209

READ COMPUTED DATA FROM DRUM

CALL DRMDAT(IDMP+7+7301+13%+2)
CALL ORMDATENRNGe7e7335¢20s2}

LU = $194F

IF (NERROR.EG.U0} GO TC 50
IF (NERROR,GT.5) GO T0 1005
GO TC (1001,1002+2003¢100G+32005) +NERRCR

EQIT INTEGER DATA

CONTINUE

ASSICN 208 To ICOmMP

ASSIGN 106 TO IFORM

CALL ENCODE{IBUF «IFORMeO»03)

CALL FURITE(LUSIBUF +Z8sICOMP+SHYITEMP)
TALL DISPATY

CONTINUE

ASSIGN 207 TO ICOMP
ASSICN 107 T3 IFORM

LISTE1} = NP1
LIST(2) = NP2
LISTE3Y = MNGPH
LISTi{®#) = NFRST
LISTESY = NLAST
LIST{(5) = IPULSE
LIST(TY = ILTH

CALL ENCODE(IBUFvIFORMo?»LIST)

CALL FHURITECLUSIBUF +35,TCOKP+Suq.ITEMP)
CALL DISPATY

CONTIKNUE

EDIT BACKGRGUND COUNTS

ASSIGN 208 TO ICOMP

ASSIGN 108 TO IFCRM

CALL ENCODE(IBUF «IFORMeCs()

CALL FUHRITE(LUsIBUFs33+ICOMPes4%e ITEMP)
CALL DISPAT

CONTINUL

ASSIGN 209 TO ICOMP
ASSIEN 109 TO IFCRM

DO 303 I=1,3

IRG(IY = IFIX(BGBAR(I})

CALL ENCODE(IBUFsIFORMs3¢IBG)

CALL FHRITE(LUsIBUF+34sTCOMP+$48sITEMP)
CALL DISPAT

CONTINUE

EDTIT ALPHAERRQOR BY GRGUP FOR 3 DETECTCGRS
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ASSIGN 210 TO ICowuP
ASSIGN 110 TO IFGRM
CALL ENCODE(IBUF »IFORM+0,0)
CALL FWRITE(LUsIBUF +37+sICOKMP S84 TTEMP]
CALL DISPAT
210 CONTINUE

IF (NGPS.GT.8) 60 T0 1003
DO 311 TI=1¢NGPS
ASSIEN 211 TO ICOWMP
ASSIGN 111 70 IFORH
LISTE1Y = I
D0 811 K=1,3
N = 23K -~ 1
FLISTI{N) = ALPHA{IsK)?
FLISTIN+1) = DELAL(T K}
811 CONTINUE
CALEL EMNCODE(IBUF +IFORMs T LISTY
CALL FUWRITE(LU»IBUF +3T7+ICOMPs S8, ITEMP)
CALL DISPATY
211 CONTINUE
311 CONTINUE

EDIT ALPHAsERRCR {(AVERAGEY FOR 3 DETECTORS

ASSTIGN 212 70 ICOHMP
ASSICN 112 T0 IFORM
Do 312 Iz1+32
¥ = 2= -1
CLISTINY = ALPII}
GLIST(N+13= DELLTI)
312 CONTINUE
CALL TNCODE(IBUF eIFORMeB6LIST)
CALL FHRITE(LU+IBUFZ8+sICCHMP S84, TITEMF)
CALL DISPAT
212 CONTINUE

PRINT REACTIVITY.DOLLARSAND K~EFF IMPLIEC BY ALPHAS

D0 350 J=1.3
ASSIGHN 330 79 ICOMP
GO TO (2222282253 s
223 ASSIGN 113 T0 IFORM
GO T 230
22% ASSIGN 11% TO IFORHM
GC T0 230
225 ASSIGN 11% T0 IFORM
230 CONTINUE
DO 3210 Iz=i»2
GO TO (233236225 ) s J
233 GLISTIIY = RHO(ID
G0 TO 320
234% GLIST(TY = DOLLARLI}
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235
320

380
350

250

26E

253

270
280

300
1000

(e NeNe]

160z

igoz2

50 70 320

SLISTIIF = XKEFF(I)

CONTINUE

CALL ENCODE{(IBUFIFORMe3eCGLIST}

CALL FURITE(LUsIBUF+35¢ICOMP oS4 ITEMP)
CALL DISPAT

CONTINUE

CONTINUE

PRINT APPLICABLE DATA FROM MANUAL INPUT TRBLE

ASSICGN 260 TOC ICOWP

ASSIGN 116 T0 IFORM

Catl ENCODE(IBUF +IFCRMsO:+0}

CALL FUWRITE(LU+IBUF+35,ICOMP«34%s ITEMP)
CALL DISPAT

CONTINUE

ASSIGN 270 T0 ICoMP

ASSIGN 117 TC IFQORM

D0 280 Itie2

GO TO (25392661011

LIST(1} = LAMDA
LISTL(2) = IBETA
LIST(ZY = IWIDTH
LIST{%y = ITAU
LISTESY = IMIN
LIST{S) = ICN(1})
LISTE7: = ICKIZ}
g0 Y0 269
LIST(1) = -6
LISTi2) = -5
LISTH3Y = -6
LIST(®) = -3
LISTEEY = -3
LISTi5) = -3
LISTE7Y = -3
CONTINUE

CALL ENCGDE(IBUF «IFORMe7LISTI

SALL FHRITE(LUIBUF+35+ICOMPsS%4s ITEMP)
CALL DISPAT

TONTINUE

CONTINUE

CONTINUE
Calt RELESE(ALPRN}

EDIT ERROR COMMENT

ASSICN 201 TC IFCRHM
JJd = 11

G0 70 S0

ASSIGN 102 T0 IFORM
JJ = 11
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160%

1005

90

39

€0 TC 90

ASSIGN 103 TO IFORM
JJ = 18

Go T0 390

ASSIGN 108 TO IFORM
JJ = &

Go TO sO

ASSIGN 105 70 IFORM
JJ = &

CONTINUE

ASSICN 99 TC ICONMP

CaLl EMCODE(IBUF «IFORMeO0L)

CALL FURITE(LU«IBUF oJJsICOMP S8, ITEMP)
CALL DISPAT

CONTINUE

€o TC 1000

END
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SUBROUTIME ORMDAT(IZ«IPGs ILOC+IWCRDS»NDC)

READS OR WRITES BLOCKS OF DATA FROM/TO DRUM STORAGE

Iz DATA BLOCK

IpPG DRUM PAGE

ILoc DRUM POSITION OF FTIRST WORD OF CATA BLOCK
IWORDS NUMBER OF WCRDS TO 3E TRANSFERED

NDO 1-WRITE. 2Z2-READ

DIMENSION TZ(50)«ITBLU3)»ITEMP(8)

RELATIVE WRITEREADsCISPAT
RELATIVE Q8PKUP»28PREP

LU = $941
TIBL(1) = IWORDS

ITBL(?) = IPG

ITBL(2Y = TILCC

ASSICN 500 TO ICOMP

GO TC (1+2)shDC

CALL WRITE(LU+sIZsITOL »ICOMP 344 ITEMP)
€0 T0 2

CALL READ(LUSTIZITBLsICOMPesSuUITIMP)
CALL DISPAT

CONTINUE

RETURHN

END
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NAM TRAPZ

*

UNNEEDED ENTRY PTS PUT HERE

ENT FouT
ENT RFRMOTeAFRMOT»FLOTINSRFRMIN AFRMINSASCHXsBINARY
ENT DCHX
&
Equ FOUT(*}

FQU RFRMOT{#)sAFRMOTLx)sFLOTINT %) oRFRMIN %) s AFRMINI{®) pASCHXT %)
EQU BINARY(=*}
FQU  DCHX{=*)

TRAP NUM g

A JMP* B

8 JMP = A
END
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C.5. MANIN SOURCE PROGRAM LISTING

419
%23

100

206

220

2%0

260

%10

450

8560

PROGRAM MANIN

ACCEPTS DATA SUPPLIED AT THUMB WHEELS+EDITSSTORES IN TABLE ON
CRUMIPAGE 7.WORDS 15031.20LCO)

ILTW POSITICKN IN LISY (ENTERED OKN LEFT THUME WHEELS?}
IRTW DATA VALUE (ENTERED ON RIGHY THUMB WHEELS)

ICEL MUST LOCATED AT s3FOD
COMMON ICEL(2535)

DIMENSION IBUF (20 ITBLEZF«ITEMP (B LISTI2)
RELATIVE LIKKsDRUMASREMARKENCODE+FURITEDISFATeRELESE

FORMAT (14H ACCEPTED ITEM I%«8Xe8H VALUE
FORMAT {14H ITEM Ifs4Xe3H VALUE

Iel
63

[T

LINK{O) &« ICEL{1)
ICELEIADR+H}
ICEL{IADR¢13)

IADR
IRTH
ILTH

[N Y

CONTINUE

IF (ILTH.GT500) 60 TO &1C
IF (ILTH.LT.1} G0 70 %1iD
IF (ILTW.EG.1} G0 TO 21E

READ MDAT{(1} FROM DRUM

CONTINUE

CALL DRUMA(1,MMe2)

IF (MM.EQ.0) 60 TOC 220
IF (MM.EQ.1) GO 70 240
GO TO &1Q

CONTINUE

IF (IRTW.EQ.8) 60 T0 260
IF (IRTHW.EG.1})} GG TO Z6U
G0 TO0 &10

CALL DRUMA{ILTWs»IRTWs1)
60 TO 420

CALL DRUMA(ILTHW»IRTWs2)
Co TO 430

CALL DRUMA(1+IRTHel1)

IF (IRTW.EG.0) GO TO 450
IF (IRTW.EQ.1) GO TO 460

CALL REMARK({1}
¢o 7€ 600
CALL REMARK(2)
G6C 10 600
CALL REMARK({3)
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&30
BaQ

20 70 64040

ASSIGN #19 TO IFORHM

G0 TOC as0

ASSIGN 423 70 IFORM

CONTINUE

LU = $13%F

ASSIEGN 5060 TO ICOMP

LISTI1) = ILTH

LISTE2F = IRTW

CALL ENCODE({IBUF oIFORMe2sLIST)
CALL FWRITE(LU2IBUFs18¢sICCOMP+SB4:ITEMP]
CALL DISPAT

CONTINUE

CALL RELESE(MANIN}

GO TO0 800
END
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(]

100
200
lo0

11

i2

13

20

500

SUBROUTINE REMARK({N}
PRINTS A FEW REMARKS

N FORMAT SEQUENCE NUMBER
DIMENSION ITBL{3)»ITEMPI8)IBUF{23)

RELATIVE DISPATsENCODEFWRITE
RELATIVE G8PKUP»GBPREP

LU = $198F

FORMAT(Z24H CHECK INPUT «~ TRY AGAIN /¥
FORMAT{184 ACCEPT DATA MODE /)
FORMAT(16H EDIT ONLY MODE /¥

GO T0 (1332131

ASSIGN 100 TO IFORH

JJ = 13

G0 70 20

ASSICN 200 70 IFORM

JJ = 10

e 10 20

ASSTIGN 300 70 IFORH

JJ = 8

CONTINUE

ASSIGN 500 TO ICOMP

CALL ENCODE{IBUF«IFORMsD00)
CALL FURITE(LUsIBUF s JJeICOMP oSl +ITEMP)
CALL DISPAT

CONTINUE

RE TURN

END
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SUBROUTINE DRUMAINMHesNIC})

READ/WRITE CRUMIPAGE 7.WORDS 1501+20CC) DATA TABLE
‘ ONE WORD AT A TIME

N POSITION IN LIST
MM DATA VALUE
NIOD 1 ~-WRITE DRUMs 2 -READ ORUM

RELATIVE WRITE<READDISPAT
RELATIVE Q8PKUP.R8PREP

DIMENSION ITBL{3)sITEMPIAR)

LU = $941

ITBL{1) = 1
ITBL(2y = 7
ITBLI3Y = N ¢+ 1500

ASSIGN 500 70 ICOMP
GO TO (1221eNIO

CALL WRITEILU«MMsITBLICOMPs388ITEMP)
6c TO 3

CALL READ (LUsMMoITBLsICOMP oS4 ITEMP)
CALL DISPAT

CONTINUE

RETURN

END
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TRAP

NAM

TRAPX

UNNEECDED EINTRY PTS PUT HERE

ENT
ENT
ENT
ENY

EGU
£QU
EQU
EGU

gay

NUM
JMP=
JHP=%
END

Q8O¥ToBB3F XeQ8GFLsFOUTFLOAT
RFRMOTAFRMOT ¢« FLOCTINVRFRMIN AFRMINS ASCHX « BINARY
DCHX
EGUT

QBAFTI(# )} sGRBAFX(* ) Q8QFLE2)sFOUTI{*}sFLOAT(»}
RERVMOT{+) s AFRMOT  #) o FLOTIN (=) ¢ RFRMIN( %) s AFRMIN{®) ASCHX{ )
EINARY (=%}
DCHX{ =}
ECUT (=}

b

8
A
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#*

NAM

CoDUN

RESERVES BLOCK DOF COMMON STORAGE ~ ELIMINATES HAND PATCHING 3$3IFD0
CORRELATES DUMMY PROGRAM HNAMES WITH LOCATION IN SYSTEM DIRECTORY

COoM
ENT
ENT
EQu
£av
EGU

END

puUM{28sl

D1+D2sD3+:04sD5+D6+sD7eD3+D53
Di10«D131¢D12+D13eD14%D15%5D1¢

DI(STEY s D2(385) sDICS8CIeDBISSIIeDE (SR DEESALY

D7{$AB)+DB{$AF1+D9($B61,D10{sBD) sD111{$C%) «D121(3CB)
D13{(302)+018(SDSeDISI(SEDN) +DIGISET)
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