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ABSTRACT

A time-of-flight spectrometer for neutron in-
elastic scattering research has been interfaced to
a PDP-15/30 computer, using a library of programs
developed for collecting and analyzing a variety
of experimental data., This report includes brief
descriptions of the spectrometer_and interface hard-
ware and provides a discussion of the programming
involved.

INTRODUCTION

A versatile time-of—flight spectrometer, which utilizes a mag-
netically pulsed neutron beam, has been developed for inelastic neutron
scattering investigations of liquids and solids., The beam is pulsed
by changing the direction of the atomic magnetic moments in é ferrite
crystal with an applied magnetic field. The single crystal serves as
both the monochromator and pulser, and any type of pulse shape or length
can bé readily obtained because the pulsing is accomplished electron-
ically. The pulse repetition rate can also be varied continuously so
that the magnetic pulser can operate in any type of auto-correlation
mode.

This magnetically pulsed time-of-flight spectrometer, developed
by the Solid State Division, has been installed at the High Flux Iso-
tope Reactor at The Oak Ridge National Labdratory.l It has been linked
to a Digital Equipment Corporation PDP-l5/30 computer by an interface
which was designed and built by the Instrumentation and Controls Division.2
The computer is used for on-line control of the experimental apparatus
and data acquisition devices, - A series of programs has been written

tc position accurately the monchromator, sample, and detectors by means



of pulsed motors; to perform data collections in a scan mode,-3 to
operate the magnetic puléef in fﬁe optimum manner for an experiment

of chosen durationg ﬁo.pulse the crystal according to a desired sequence;
to collect and cross-correlate time-of-flight data; and to display,

plot, and analyze these data.

In Section 2 éf this report, the‘computer pfogramﬁing effoft
associated with this project is described in some.detail with emphasis
on instructing the reader in the use of the programs.* To provide
gackground,'this discussion is prééedéd by an:abbrgviatéd suﬁmary'of

the experimental apparﬁtus.

*ihe programs for driving all positioning equipment andyfor collecting
data in the scan mode were written by L. W. Gilley of the Mathematics
Division. A very brief description of fhese programs is presented in
Section 2 of this report. Howe#er, for a thoroughvdiscussion of the
motor drive and scan programs and the motor drive hardware, the reader

should consult reference % of this report.



SECTION 1
INSTALTATTION HARDWARE

1.1 gpectrometer

Since the time-of-flight spectrometer makes use of the one remaining
beam tube at the High Flux Isotope Reactor, it waé designed with maximum
flexibility. The necessity of a versatile neutron-scattering facility has
resulted in an elaborate spectrometer with continuously variable incident

wave-length and more efficient counting apparatus than other systems in use.

1.1.1 Magnetic Pulser

The primary feature distinguishing this spectrometer from others
at the HFIR is the incorporation of the magnetic pulsing device4 which
was mentioned earlier. The method of magnetically pulsing a neutron
beam obviates high-speed rotating equipment. This method utilizes
the magnetic intensity in a Bragg reflection, which depends on the
orientation of the atomic magnetic moments relative to the scattering
vector and becomes zero when the moments are directed along the scatter-
ing vector. The direction of magnetization in ferrite crystals can be
switched rapidly with an external magnetic field so that these crystals
can serve both as a neutron monochromator and pulser. Furthermore,
the neutron pulse width and repetition rate can easily be varied by
changing the current pulse that prbduces the external field., For most
applications, such a continuously modulated beam makes ﬁhe magnetic
chopper much more efficient than a conventional rotating chopper. A
complete discussion of the physical principles ihvolved in the pulsed
neutron beam can be found elsewhere in the article entitled "A Mag-
netically Pulsed Time-of-Flight Spectrometer for Inelastic Neutron

Scattering."l



1.1.2 Counting Equipment

Another difference between‘thié spectrometer and other commonly used
is the higher counting rate made possible by the inclusion of multiple
detectors. Sixteen banks of high pressure 5He neutron detectors can be
used to provide as many Separate data channels. o

1.1.3 Spectrometer Hardware

A schematic drawing of the spectrometer appears in Fig. 1. The
monoéhromator-puléér ferrite crystal is mounted at the.center of a
massive radiation shield which weighs‘84,000 pounds and has a diameter
Qf 92»incheé. The saﬁple and therflight-path‘assembl& are attached to
the. monochromator. shield so that the crystal séattering anglé can
vary between zero and ninety degrees. The flight-path assembly,
weighing 3,650 pounds, is carried over the floor on three air bearings.
The sixteen detectors are mounted on a track within the assembly and
allow scatteriﬁg aﬁgles from the sample of 10 to - 140 degfees. |

1.1.4 Positioning Equipment

ATl pocitioning of the apparatus is accomplished by means of
pulsed motors which are controlled by the computer,. There are at
present five Slo-Syn stepping motors2 which rotate the following com-
ponents to the desired angular settings: thefpuléing crystal, the
sample, and each of the three detector mounts., A motor makes 200
steps per motor shaft revolution, resulting in a one degree movement
of the accompanying spectrometer component about its axis; fhus, one
motor step is equal to 1/200 of one degree of spectrometer axis motion,

which is equivalent to a positioning accuracy of .005°. ZEach motor
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has two unique Input/Output Transfer (IOT) instructions for stepping the
motor .005o backward or forward. A computer program (see Section 2.2),
given the actual and desired motor shaft positions, drives the motor in
the appropriate direction until the desired angular setting has been
achieved. The program also periodically checks for positioning errors
by monitoring a photoelectric marker device and initiates corrections
1L necessary.

1.2 Computer

A DEC PDP—l5/30 system was chosen to complete the triangular con-
figuration of spectrometer, interface, and computer because of its
adaptability to a real-time environment. It can accommodate real-
time tasks which require recurrent, instantaneous response from the
computer but do not use one hundred percent of its capacity. The
simultaneity of data transfer and CPU computing allows a real-timc
program, which has immediate call on the syétem's resources via
interrupts, to operate in the foreground while less immediate tasks
execute in the background.

1l.2.1 Peripheral Devices

The PDP-15/3O is equipped with 16, 384 eighleen-bit words of core
memory having an 800 nanosecond cycle time. The peripheral devices in-
clude two Teletypes, three DECtape transports, a DECdisk, a high speed
paper tape reader and punch, a Hewlett-Packard oscilloscope display
unit, and a Complot incremental plotter. The configuration also con-
tains a rcal-time clock and an elaborate interrupt system., Since these
last two components are necessary parts of any real-time system, per-

haps a brief explanation of their hardware is appropriate,



1,2.2 Real-Time Clock

When enabled, the clock counts, in a dedicated memory location,
the number of cycles completed by the line voltage (60 Hz) until the
location overflows. At this time an interrupt request is generated, .
informing the monitor that the preset interval is over. The monitor
must either disable the clock or reinitialize the location to the 2's

complement of the number of counts it needs to tally.

1.2.3 Interrupt Facilities

The priority of servicing interrupts is of great importance in
a real-time system since frequently there are simultaneous requests
for transferring information and the validity of the experiments depends
on the order in which the interrupts are serviced. The Input/Output (I/O)
processor always has priority over the CPU in accessing memory and the
use of the common I/O bus is determined by the following order: block
data transfers, real-time clock, Automatic Priority Interrupt, and
Program Interrupt.

Block Data Transfers

Normally, three data channels are used for multi-cycle block
trahsfers. The three devices to which these channels are assigned
will be discussed in detail in the Interface section (Section-l.B).
Fach channel has two words reserved in core for storing the number
of words tc be moved and the current address, The data transfer is
initiated by an IOT instruction after the two core locations have .
been set, The I/O Processor continues to transfer information until

the word count register overflows causing an interrupt at a preassigned



API level. Because these multi-cycle block transfers are completely
automatic in nature and do not require any CPU attention except the
IOT initialization, the CPU is free for computation. while they are
taking place,

Automatic Priority Interrupt (API)

The API facility provides for servicing all devices except the
primary Teletype and the Complot plotter, which are tied to the Pro-
gram Interrupt. The Automatic Priority Interrupt system has eight
priority levels, the lower four (4-7) béing allocated to software and
the higher four (0-3) to hardware. Each level, -in turn; can have up
to eight independent interrgpts. Four of these ﬁre committed to ser-
vicing programmed requests leaving the remainder for I/O devices,

The four software levels are used to establish a priority queue for
data processing without inhibiting the hardware interrupts.

The API hardware guarantees that simultaneous.requests by multiple
devices are handled in the proper order. Higher priority interrupt
requests are handled first, while holding lower priority requests
off-line until tﬁey can be serviced., .A typical seguence is as follows:
an I/0 device requests service by transmitting an interrupt reguest
signal to the processor on a line corresponding to its unique, pre-
assigned priority level, If this level is higher than that of the
device which requested the currently active program, an interrupt is
granted the new device, Upon receipt of the grant signal, the device '
transmits its channel address back to the CPU. The address serves as

the entry point (trap address) to the device's service routine, After



debreaking from the service program, the API hardware returns control

to the previously executing program unless, meanwhile, a higher device
has raised its flag. If two or more requests are made concurrently on
the same level, the device controller nearest the processor is given
priority.

Proper use of the API coftware levels allows necessary calcula-
tions to be made without disturbing the flow of data. The software
levels, in the case of this parﬁicular installation, are used for
system monitor communication (such as user commands and error messages),
sorting of incoming time-of~-flight data, and displaying the data,
Since these functions are secondary to the collection of data and re-
initialization of interface and other devices, the programs performing
these functions are normally allowed to remain at their preset soft-
ware levels, However, under program control, a priority request can
be raised to a higher level than the one to which it was assigned in
order to complete necessary computations without interruptign from I/O
devices,

Program Interrupt

The Program Interrupt facility relieves the user program of the
need for repeated checks of I/O device flags by allowing the ready
status of device flags to cause automatically a program interrupt..

The CPU continues execution of a program until a device flag is raised.
At that time, the program-is interrupted and control is transferred
to an I/b service routine for IOT instructions. All vital information

for returning CPU operation to pre-interrupt status .is automatically
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stored in location O, The service routine must dctecrmine which periph-
eral device requested service, perform the appropriate service function,
and restore control to the interrupted program segment.

A complete description of the priority systems for the PDP-15 is

found in The PDP-15 Systems Reference Manual.5

1.3 Interface

In addition to the standard devices which are interfaced to the
PDP-IS/BO, there are several special devices designed and built by the
Instrumentation and Controls Division. Only the devices designed
specifically for this installation will be discussed here. This discus-
sion will be limited to the programming aspects and the reader should
see "Control System Description Neutron Time-of-Flight Spectrometer"2
for more extensive information on the hardware design. All other devices
are described completely in the PDP-15 systems literature.

Figure 2 is a éimplified schematic of the interface structure
showing the interaction of the five primary deviceeg: thc Programmed
Pulse Generator, Time-of-Flight Scaler, Interrupt Register, Prescaler,

and Motor Drive Assembly.

L.3.1 Programmed Pulse Generator (PPG)

The PPG is responsible for pulsing the neutron beam according to
a specified pseudorandom binary code, The code, fitting the specifica-
tions of the experiment, is chosen from a series of files stored on
DECtape and read into a buffer in memory. While the experiment is in
progress, the PPG gets the coded esequence (one word at a time via-
multicycle data channel) from memory and operates the pulsing crystal

according to that sequence.
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To ensure proper data collection, the PPG must be serviced immedi-
ately when an interrupt reqﬁest occurs. Therefore, it has been assigned
to API level O and has a priority status second only to that of the
vPower Fail facility. As a part of the initialization procedure before
an experiment begins, the computer program places the word count (WC)
and the current address (CA) of the coded sequence into locations 268
and 278 respectively. (See Table 1 in Appendix A.) It also stores
a JMS (Jump to Subroutine instruction) to the PPG service routine in
location 65g, which is the preset trap address, = Coded data is trans-
mitted between memory and pulsing apparatus through the data channel
(without hindering the CPU) until the WC register overflows, raising the
PPG interrupt flag. This causes an automatic "trap" to location 658
and therefore a Jjump to the serviée program, The PPG service routine
immediately reinitializes the WC and CA, clears the overflow flag, and
debreaks to the next highest priority where a device has requested
service,

The PPG assembly includes three hardware registers called the
Status Register, A Register, and B Register, -

Etatus Register

A status word is transferred by IOT instruction to the Status
Register in the PPG before an experiment is begun and resides in the
PPG for the duration of the experiment. The status word consists of
several input parameters which are packed as follows: bits 6-17 con-
tain the 2's complement of the number of elements in the binary sequence.

Bit 5, when set to "1", signalsbthat the PPG is not enabled and that
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the Time-of-Flight Scaler will operate in the scan mode, In many

cases this scan will be along a symmetry éxis of the sample crystal.

In this mode no time information is transferred to the computer with
'the detector events - only the detector identification. (See Section
2.2.) When bit 4 is set, the PPG is informed that the number of bits

in the sequence is less than or equal to 36. Setting this bit ensures
that ohly one PPG data channel cycle need be executed during the experi-
ment because the entire sequence is stored in the PPG hardware registers
(A and B). This action aliows for more efficient data collection since
the PPG is not constantly requesting service on API level O and, hence,
shutting out the TOF Scaler which interrupts at a lower priority. Bit

3 is set equal to the last sequence bit for error detection purposes
during an experimental run. Bits 1 and 2 establish the number of time-

of -flight channels per element of pseudorandom code.

Bit 1 Bit 2 Channels /Element
—_—

0 0 1

0 1 2

1 0 4

Bit O, when initialized to "1", places the PPG in a single step Qlug-
nostic mode, The PPG can be stepped through the sequence one element
at a time by a special IOT instruction. The contents of the hardware
registers can bé truuslerred to the Accimilator so that a comparison
can be made with corresponding bits in memory. Artificial detector

pulses are generated, giving an apparent event per channel for each
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Scaler. In this way, PPG and TOF Scaler data are trancfcrred via data
channel as in normal operaﬁion, but at a rate comménsurate‘with the
rate of execution of the diagnostic IOT,
A Register

The A Register holds the first eighteen elements of the sequence and
is set as a part of the pre-experiment initialization process. This word
need never he addressed by the data channel since it resides in the PPG
and, therefore, the PPG current address is always initialized to the
second word in the sequence. The reason for having the AARegisLer is to
allow the PPG and TOF sefvice routines sufficient time to execute even if
there happens to be only one bit of sequence information in the last word.
D;t 17 ol the A Hegister contains the first bit of the sequence and bit
0 contains the eighteenth bit of the sequence.
B Register

The remaining elements of the sequcnce (eighteen Pits at aAtime
upun request rrom the data channel) pass through the B rcgister in a
continuous cycle until the experiment is terminated.

1.3.2 Time-of-Flight (TOF) 'Scaler

The TOF Scaler module collects the uncorrelated time=cl=Lllight
data and identifies them for subsequent sorting, The TOF unit is con-
trolled by and synchronized with the PPC by three coaxial cables on
the tronl panel of the interface cabinet. These are a "RUN" enable
signal which activates the Scaler when the PPG is enabled; a "SYNC"
signal which resets the Scaler to zero at thc beginning of each
sequence; and a "CLOCK" signal which advances the Scaler.2

There are sixteen 12-bit registers and flags, one of each being

dedicated to a neutron detector. When a pulse arrives from a detector,
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the time (within the sequence) is stored in the corresponding register.
A scanner examines the flags sequentially at the rate of one every
forty microseconds. When it locates a detector having a raised

flag, a data channel transfer of the time channel (twelve bits) and
detector identification (four bits) is requested. This information

is gated through the output multiplexer to the computer where the

data sorting program expects to find one word of information for each
event, Bits 14-17 contain the detector identification, bits 2-13 the
time channel, and bits O and 1 are unused at this time. The maximum
allowable number of time channels (and, hence elements in the sequence)
is 4096, A switch on the interface panel allows the user to select
all sixteen detectors or a smaller grouping (2, 4, or 8). Since the
maximum total count rate is a constant (25,000 counts per second),
higher rates per detector can be attained by choosing a smaller group.

These data are temporarily stored in one of two 4008 word buffers
in cofe. While one region is being filled, a low priority (API level 4)
segment is sorting and storing the other.

The TOF Scaler has the third highest priority in the system,
following the Power Fail Optioh and PPG., Its API level is O and the
WC and CA registers are 34g and 358. When one of the two data buffers
is filled, location 348 overflows causing an automatic entry to the
TOF service routine (trap address is 768). This program switches data
buffers so that the full buffer can be sorted while the second buffer
receives data, After clearing the TOF flag, a debreak to software

level 4 is executed, initiating the sort program. The sorting, of
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course, does not inhibit PPG and TOF functions since they are being
performed at a higher level, The sorting program must Ee efficient
enough to handle one detector at the maximum rate of 25,000 counts per
second, so that the time required for sorting 400 words of data is not
greater than that required to collect 400 words. The time left after
sorting one buffer and before sorting the other is used for displaying
the raw TOF data. This monitoring of the data allows operator awareness
of the progress of the experiment and on-linefcorrections where needed.‘

1.3.3 Interrupt Register (IR)

The IR module provides an interrupt capability for up to sixteen
devices, It is assigned to API level 2 and its service routine trap
address is location 778. Each of the sixteen bits of the IR is identi-
fied with a given device by attaching BNC cables2 to - the appropriate
input connector of the front panel of the interface cabinet. When one
or more bits are set in the IR, an interrupt request is initiated on
level 2, The service program, after transferring the contents of the
IR to the Accumulator, executes a. shift and test procedure for identify-
ing the individual interrupt flag., (See Table 3 in Appendii A for
corresponding device and Accumulator position.)

Only three of these flags have any significance in the normal
data collection mode. The others, including six motor degree marker
signals and motor clock intefrupt signal, are of importance only in
the motor drive and scan mode operations and will not be discussed
here,

Two of the three flags to be considered in normal data collection

are PPG error signals. A "Sequence" error occurs when the final bit
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in the sequence does not agree with bit 3 of the PPG Status Register.
The Sequence error causes bit 16 in the iR to be set. No action is
taken until ten succéssive errors have occurred. A "Lag" error
(causing bit 15 in the IR to be set) indicates .that data has not been
loaded into the B register at a fast enough rate. Bit 1 is.used to
specify interrupt requests from the incident beam Prescaler which will
be discussed in the following section, After fhe IR service routine
has détermined which bit(s) was set and has taken appropriate steps,
the IR flag is cleared and the experiment continues.

1.3.4 Monitor Prescaler

The Monitor Prescaler is part of a system which determines the
length of an experiment as a function of the intensity of the incident
neutron beam, If the Prescaler is enabled, the incident beam is ﬁon-
itored by a detector and a scaling factor of 64 to 8192 is selected.
Pulses from the Prescaler cause API interrupts (via the IR) at a rate
proportional to the beam intensiﬁy. After a preset number of Prescaler

interrupts have occurred, the counting period is terminated. .

1.3.5 Motor Drive Assembly

The Motor Drive module provides the capability of driving eight
motors for equipment positioning, Computer control of‘the motors is
accomplished through special IOT instructions and the IR, Each time
a motor eiecutes one shaft revolution, a degree photomarker signal ié
cabled to the IR, where a given bit is set. (See‘Table 3, Appendix A.)
By monitoring interrupt requeéts generatedlin this way, the computer

keeps track of all movements of the motors,
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Timing for stepping the motors is provided by a 300 Hz motor
clock., This clock interrupts the computer 300 times per second by
posting a flag in the IR, thus supplying a uniform time base for

motor activity.



SECTiON 2
COMPUTER SOFTWARE

Programs for controlling the spectrometer are written predominately
in MACRO-15 (the PDP-15 assembly language) with a few FORTRAN IV
subroutines. The standard object code produced fy the MACRO-15 assembler
and the FORTRAN IV compiler is in a relocatable format acceptable to the
PDP-15/5O Linking Loader. 'The separately assembled subroutines, which may
have common parameters called global symbols, are linked with system and
user library programs into an executable object task.

The operating system currently in use is the ADVANCED Monitor
Software System V5A.6 Operating in conjunction with the Input/Output
Programming System (IOPS), the Monitor provides an interface between
user programs and peripheral hardware. The IOPS supplies device handlers
and error routines for all standard peripherals. Through teleprinter
commands, the Monitor allows'programs to be created, stored, loaded,
and executed, as well as dynamic modification of I/O device assigmments.

The programming effort has produced to date seven programs which
are in continuous use. FEach of these, excluding the motor drive pro-
gram which has been documented elsewhere and therefore‘will receive
only cursory attention in this report, will be discussed in the follow-
ing sections, Examples of output from the programs are reproduced in
Appendix B.

2.1 Angle Calculation

The angle calculation program, ANGL, determines the positions to
which each of the five stepping motors will be set, The angular

settlngs from ANCL are input to the motor drive program which positions
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the monochromator, sample, and three detector mounts accordingly.
l'able 4 in Appendix A shows which motor is used for situating each
component.

2.1.1 Keyboard Monitor Commands

After loading a program, the user communicates with the system
through a Keyboard Service Routine wﬁich is entered by typing a
CONTROL S. (A CONTROL S is printed on the Tclctype as follows: tS.)
Each of the seven user programs has its own Keyboard Monitor Routine'
which consists of a Monitér Command Decoder and g repertoire of Keyboard
Commands. After typing the CONTRQL 8, the user types a two-character
command followed by a carriage return. A jump to the appropriate
subroutine (whose name is identical to the two-character Keyboard
Command) is executed, initiating the required function.

The Advanced Monitor Software System resérves a register (1068)
t'or the starting address of the user's program. In this instance, of
course, the starting address of ANGI. will he deposgited in location
106 by the Linking Loader. A CONTROL S causes a juﬁp to the address
in 106 and, hence, the execution of ANGL. As a part of its initiali-
zation, ANGL places the starting address of the Keyboard Monitor
Routine in 106 so that any subsequent. typing of the CONTROL 3 causes

"an entry into the service routine which waits for a Keyboard Command.
After the Keyboard Command is acted upon, control is returned to a
waiting loop in ANGL until further commands are typed. A list of the
Keyboard Commands available in ANGL is given in Table I.

2.1.2 Loading ANGL

The linking Loader is brought into core by the System Loader in

response to a user request to the Resident Monitor. It is ready to

accept a user command string after outputting a ">" to the teleprinter.



TABLE I

ANGL KEYBOARD COMMANDS

Command Function

CB T | Read Lattice Parameters
DS Read Monochromator Spacing
X0 Choose Psi or Omega

M1 Mode 1 Input

M2 | Mode 2 Input

M3 Mode 3 Input

M4 | Mode 4 Input

CA : Calculate Angles

PA Print Angles

RZ Read Angle Corrections
Pz Print Angle Corrections
Space Space ’ Stop and Reinitiélize

All Keyboard Commands must be preceded by a CONTROL S and followed

by a carriage return.
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The loader input device is expected to be assigned to Device Assignment
Table Slot minus 4 (DAT slot -4). After loading unconditionally all the
programs which appear in the command string, the loader loads and links
all requested and unresolved library programs. It first scans the user
library (DAT slot -5) and then the system library (DAT slot -1).
The loading sequence for ANGL is as follows:
LOADER

> — ANGL (ALT MODE)

TS

The CONTROL S output by the loader signals a successful load and

execution can begin when the user responds with a second CONTROL S.

2.1.3 ANGL Description

Figure 3 is a schematic of the system showing the angles computed
by ANGL, The beam diffracted. from the monochromator has a wavelength,
Ags determined by‘26M and the spacing, dy, of the diffracting planes,
''nese neutrons have a momentum which is proportional to KO (|ZO] = 21/Ag)
and an energy Eq |Eb|2. The direction of Eb relative to some reference
direction in the sample is specified by the éngle y. Some of the neu-
trons are scattered through an angle ¢l with a corresponding change in
momentum, energy, and wavelength (ﬁ', E', A'). These neﬁtrons are

diffracted into a detector.

#The user response is underlined,
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Fig. 3. Angular Representation of Spectrometer Components
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At this time, ANGL caiculates only the angles used to collect
data in the scan mode (20M, ¢, and ¢l). ANGL operates in one of four
modes (Keyboard Command M1, M2, M3, or Mi) depending on predetermined
restrictions on the values of EO’ Eb, E', and K'. Each of these modes
as well as the other commands are described in the following sections.

T

CB ', Read Lattice Parameters

The command CB is'a prerequisite for the CA (calculate angles)
command in ANGL. Teletype input to CB consists of the lattice parameters
(|5H|; [Eél, |55|) of the sample in angstroms and vy, the angle hetween
ay and ay-

DST, Read Monochromator Spacing

DS, also a prerequisite call for CA, requests as input the mono-

chromator spacing, dM.

XOT, Choose Psi or Omega

X0 allows the experimenter to calculate either angle | or w. At
presenl, @ 1s not used and { ié determined by default. This subroutine
was ineorporated tor later use when the experimental system is expanded
and need not be called at this time. |

Before calling CA to determine the angles, the exberimenter calls
either M1, M2, M3, or M4. Each of these modes requests differcnt input
values depending on the nature of the experiment. CA then calculates
angles and other parameters accordingly.

MlT, Mode 1 Input

Mode one calls for the following input values:

1. ¢ and 23, which are components of Q - E')

l’ lg)

TThe items designated by the "+" represent Keyboard Commands which,
when typed by the user, result in a transfer to subroutines of the same
name. These subroutines, in turn, perform the functions described for
their respective Keyboard Commands.
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2. h, k, and £, which represent the direction of k'. =0 in
mode one,
3. v, which is the frequency.
After calling DS, CB, and ML the experimenter calls CA, which.
calculates 28, ¥, @, and !Kbl. CA also calls PA for printing the
computed pérameters.

MQT, Mode 2 Input

The following values are input in mode two:
2. V.
e d
3. |xpl.
In this instance, in addition to finding the angles, CA computes
k,' and ky' and |E'

MBT, Mode 3 Input

Input values for mode three are:

1. 2 £

l) zz)
2. V.

30

3. h, k, £, £ # 0 in mode three,
CA returns 28, |, #,, and Iﬁol.

Mh*, Mode 4 Input

Input values are:

l. z

17 £2, £3.
2. V.
3. &gl

-
Output values are 26, {, ¢1, K, 'y k,'s and k' 1.
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cat

, Calculate Angles

The CA Keyﬁoard Command, uses the input values from DS, CB, and
ML (or M2, M3, or M4) to compute the three angles needed for a scanning
operation. These angles determine-the relative orientations of mono-
chromator, sample, and detector so that neutron distribution about the
samplé‘can be ascertained before a data collection period is begun.

CA calls PA which outputs all angular settings.

PA+, Print Angles

PA, the print angles command, may be called explicitly at any time
to verify angular values, This program is normally used after a RZ
call (see below) so that the corrected values of the angles may be
examined, |

At present, angles ¢2, ¢3, and @ are not used for scanning'purposes
and are not computed by ANGL. PA simply list{s these as having a value

of zero.

r

R;f, Read Angle Corrections

This Keyboard Command reads an angle correction for each of the

six angles, makes the adjustment, and stores the correrted values,

PZ*, Print Angle Corrections

PZ prints the angle correction factors upon request.

Space SpaceT, Stop and Reinitialize

Typing two successive spaces results in an interruption of the
executing program segment and a reinitialization of ANGL, This command
allows the experimenter to stop calculations at any time and reset all

parameters for a new start.
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2.2 Equipment Positioning Program

Prior to the collection of time-of-flight data, the experimenter
must determine the positions the monochromator, sample, and detectors
will assuﬁe for the duration of the experiment and then position them
accordingly. One program, MAINM, performs both of these functions.

MAINM arrives at the optimum settings for the spectrometer components
by collecting sample data in the scan mode. The scan is performed by
alternately counting diffracted neutrons and repositioning the motors.
The counting period may be either a function of fime or of a number of
Prescaler Monitor counts during which the diffracted neutrons are col-
lected by -only one detectqr. In this mode, the Time-of-Flight- Scaler
only counts neutron events versus scattering angles and, therefore,
no time channel information is transferred in contrast to the normal
data collection. (See Section 1.3.2). The PPG is not enabled and no
clock pulses are sent to the Scaler, causing only the detector identifi-
cation to be gated to the computer.} A profile of counting rate versus
angle is typed on the teleprinter as the scan progresses.

MAINM, given the current shaft position for each motor, can drive
the motors to the desired settings. This positioning is accomplished
by é series of Keyboard Commands that allow user communication with the
system in the same manner as was described for ANGL (Section 2.1.1).

For a more complete.understanding of the motor Drive Assembly and
its companion software, the reader is again referred to Setup and

Control Routines for a Pulsed Neutron Time-of-Flight Spectrometer.3
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2.3 Data Cecllection Program

The data collection program, COLL, accumulates, sorts, displays,

and stores the time-of -flight data, In this mode of operation, the
PPG modulates the incident neutron beam and events are counted in any
desirgd combination of the sixteen detectors, COLL consists of a main
program which initializes all parameters and sets up the various device
interrupt service routines; the input/output programs for thé Teletype
an& DECtape; the interrupt service programs; the data collection and
display programs; and the sorting program, The duties performed by
these programs are implemented by Keyboard Commaﬁds by way of the Key-
board Service Routine, KBSR. As in ANGL, the commands are preceded
ty a CONTROL S and followed by a carriage return. A list of the COLL
user commands is found in Table II.

The loading procedure fof COLL is similar to that of ANGL:
T.OATIER

>+ COLL (ALT MODE)

T8

Before executing the collection program, the experimenter must
join cables to the chosen detector input connectors on the front panel
of the interface cabinet. He must also set a switch determining the
number of detectors to be scanned, thus allowing a proportionally higher
count rate per detector (see Section 1.3.2). Since the sorted TOF data
are stored on DECtape at the conclusion of an experiment, he must mount
a tape on logical unit one, Also stored on this DECtape are the PPG
sequence files, one of which is stored in memory before a data-taking

pcriod begins.
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TABLE II

COLL KEYBOARD COMMANDS

Command Function

Ip Input Experiment Parameters

OP Output Data at End of Expe riment
CD Collect and Display Data

ip . Interrupt Data Collection

RD Resume Data Collection

DP Select Detector to be Displayed
iT ' Input Time

Space Space Stop and Reinitialize
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2.3;1 Initialization Subprograms

When the user responds to the loader's CONTROL S, execution of the
main program begins, COLL first clears all device flags and disables
the API to avoid any spurious interrupts before the service programs
have been initiated. It then calls initialization subroutines for the
following six devices: the real-time clock, Interrupt Register, Power
Fail recovery facility, Time-of-Flight Scaler, Programmed Pulse Genera-
tor, and the Hewlett-Packard display unit, Each of these subroutines
gets up a jump to the device service program in the appropriate trap
register and preseté default values for certain parameters which are
essentially invariant during a given experiment.

After enabling the API, COLL prepares the teleprinter to accept
Keyboard Commands by loading the starting address of KBSR in location
106. A message is then typed to inform the user that the initia1{za;
tion procedure is complete and that the system is "READY FOR COMMANDS",
A ">" signals that the program is in a waiting loop pending a command
from the user, After a command has been acted upon and completed, con-
trol is always returned to this loop after the ">" ready signal has
been typed.

2.3.2 TInput/Output Subprograms

Teletype I/O Program, IN

The I/O program for the Teletype, IN, has the following calling

sequence:
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JMSH* N -
JMP 5
.DSA TYPE
.DSA NUMEBER
.DSA ARRAY
.DSA 0

The first calling parameter, TYPE, is set to "O" for floating
point data or "1" for integer data. ARRAY represents the address of
the data bléck and NUMBER is the number of array elements.: IOlequals
"Q" for input or "1" for output,

A physical data record is terminated by a carriage return and mis-
takes are corrected by striking the rubout key once for each incorrect
character.

1-
IP , Input Experiment Parameters

The IP command is usually the first one used after loading COLL
and its purpose is to allow the experimenter to input parameters for
the coming data collecting period. IP requests the number of detectors.
to be used and their identification (1-16) labels, It then asks for
the six parameters whichlcomprise the PPG status word, packs the stalus
word, and transfers it to the Status Register. (The six parameters
are listed in Section 1.3.1.)

The user selects a pseudorandom seéuence which has been stored on
the DECtape mounted on unit one, The sequence file names are SEQFL
BIN, SEQF2 BIN, etc. and in response to "SEQUENCE FILE IS", the user

types a "l" or whatever sequence he desires. After reading the sequence



32

into a buffer area, IP reverses each word of the sequence because the
PPG B Register takes the least significant bit first. An IOT is used
to transfer the first word of the code to the A Register and the WC
and CA of the code are loaded into locations 268 and 278.

An input value is then requested to signal whether the experimental
run period will be a function of time or of the intensity of the neutron
beam as determined by the Prescaler, If the experiment 1is to run for a
given time, the user inputs the time in minutes and fhe real-time clock
is prepared to run for that time., If the period is to be determincd
by the Prescaler, the number of monitor pulses is input.,

OPT, OQutput Data at End of Experiment

OP io the DECLape output program. At the end of a data collection
period, a jump to OP is automatically executed. If the user wishes to
terminate an experiment prematurely, he can output the data takenlto
that point by using the Keyboard Command, OP, The program creates an
output file name and writés out three preliminary words containing the
number of deteclors used in the ekperiment, the total number of channels
used, and the number of channels per sequence bit, After this a block
of data consisting of the sequential histograms for the detectors ie
written., After the file is closed, a message giving the [lle nane is
typed and control is returned to the main program where all devices and
parameters are reinitialized for the next experiment.

Alternate OQutput Program, HELP

HELP is a backup output program in the event of an unrecovcrasble

DECtape failure or some types of system failure. This program allows
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the user to dump data collected up to the time of the malfunction onto
paper tape. The program resides in core throughout a collection period
and, if needed, can be started manually from the console by setting
switches to the starting address of HELP which is obtained from the
load map.¥*

2.3.3 Interrupt Service Subprograms

FEach of the interrupt service routines except the Keyboard Service
Routine, KBSR, is entered by way of the API trap address to which the
device is assigned. When the WC (which is initially set in COLL)
overflows, a device flag is raised causing an interrupt on the appro-
priate API level and a subsequent jump to the device service routine,

Keyboard Service Routine, KBSR

Entry to the Keyboard Service Routine is gained by typing a CONTROL
8. This interrupts the program in progress (unless, of course, the exe-
cuting program is on a higher APT level than the Teletype, which
operates at level 3) and puts the computer in a wait state pending a
Keyboard Command. KBSR disables the PPG and TOF if they are active
to eliminate unwanted interrupts. It then stores the contents of the
Accumulator, Link, Limit and Index Registers, and the Program Counter
so that the execution of a program can be resumed later at the exact

point of interruption. This register storage is necessary because it is

*Actually, the address must be HELP+1l since the first word of every
subroutine is reserved for information needed to return control to the
calling program.
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sometimes desirable to interrupt the data taking routines, make changes,

and then resume the data collection. (See the commands, ID and RD.)

When the two-character command is typed, KBSR calls the appropriate
subroutine if the command was valid. After the subroutine has executed,
control is again returned to the COLL wait loop.

TOF Scaler Service Routine, TOFSR

The Time=cf-Fllght Scaler Service Routine is entered automatically
via APT trap address 764 When one of the data buffers is full. TOFSR
resets the WC tO_'4OO8 and switches data bhuffers so that the empty one
will receive data after the debreak from TOFSR. A software level in-
terrupt 1s initiated on API level 4 so that the sorting program will
operate at a higher priority than other programs having less important
functions, such as displaying the data. The sort program does not, of
course, shut out interrupts from the IR, clock, and PPG.

TOFSR clears the TOF overflow flag, clearing the way for future
TOF interrupts, and debreaks to the sort progrem unless u higher level
has meanwhile requested service., In this case, the higher device is
serviced before the sorting routine is entered.

LR Service Routine, TRSR

The Interrupt Register Service Routine is entered when one or
more bits are set in the IR, IRSR determines whether the interruptA
was caused by a Lag Error, a Sequence Error, or a Prescaler pulse.
(See Section 1.3.3.) If the Prescaler bit was set, a check is made to
see if the maximum number of pulses has been reached. If so, a flag
is set indicating the end of the experimcnt, all Interface modules

are disabled, and the data are stored on DECtape by progrem OP,
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IRSR counts Lag and Sequence Errors and takes no action unless
ten or more have occurred. In this case, it types an error message so
that the experimenter can decide whether to continue the data collection

or abort the experiment.

PPG Service Routine, PPGSR

The PPG Service Routine is entered when all of the pseudorandom
sequencé has passed through the B Register. The sequence is reinitial-
ized by resetting the WC and the CA of the sequence bgffer. After
clearing the flag, a debreak to the next highest device requesting
service is executed., If nonc has raised a flag, control returns to
the program running when the PPG signalled.

Real-time Clock Service Routine, RTCSR

The Real-Time Clock is set to interrupt every minute and the
number of interrupts is compared to the preset experimental run time,
At ﬁhe end of this period, RTCSR sets a flag indicating the end of
the experiment, disables the clock and all interface devices, and
debreaks to OP for data storage.

If the experiment is not finished, RTCSR resets location 7,
enables the clock again, and debreaks,

Power Fail Service Routine, PFSR

The Power Fail Service Routine stores the contents of active
registers which will be lost when the system loses power, It is
entered when the power low flag is sct, indicating a drop in the

system line voltage. Before the system stops, PFSR prepares for a
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restart and subsequent restoration of the registers b& storing a jump
to a recovery routine in location O. When power is restored, program
execution resumes in location O,

2.3.4 Data Collection and Display Programs

CD*, Collect and Display Data

CD is the subprogram which has control for virtually all the time
during an experimental run. It is a background routine which periorms
Lhe lowest priority chore - that of dieplaying the incoming TOF data -
and.hence operates at a lower level than the API and PI.

CD is entered by way of a Keyboard Command after IP has been
called to set up all experimental parameters., CD activates the clock
or Prescaler, the IR, PPG, and TOF. A loop is then entered which dis-
plays the time channels versus count rate for a chosen detector. (See
Command DP.) Also included in the loop is a check of the experiment
finished flag which is set by RTCSR or IRSR. When the flag is raised,
a Jump to OP results in the storage of all data talken during Lhe rmn,

ID*, Interrupl pata Collection

The ID Keyboard Command causes the data collection process to be
suspended without disturbing any of the experimental conditions., ID
disables all interface devices and stores registero which will be
needed for a restart of the experiment at the point of interruption.
The user may muke adjustments in the apparatus or may change computer
parameters by using the Keyboard Commands. Commands normally used here
are IP, OP, IT, or DP. If the user decides to halt the experiment at
this time, he can call OP if he wishes to save the data or use the

i

double space command if not.
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.1-

RD ', Resume Data Collection

After making the desired adjustments, the user can resume data
collection by typing the RD command. RD restores the appropriate
registers, enables devices, and Jumps to the location interrupted by

the ID command.

T

DP', Select Detector to be Displayed

DP 1s one subroutine commonly called after the data collection
has been suspended by the ID command. DP allows the user to select
the detector which is being displayed on the oscilloscope. Detector 1

is always shown by default if the DP Keyboard Command has not been used.

-‘-

IT , Input Time

After noting the progress of the experiment, the user may wish to
change the length of the data taking period. 1IT is the Keyboard Command
used to input the time factor, which replaces the value input to IP
and determines how much longer the experiment will continue after RD
is typed.

2.3.5 Sorting Subprogram

The sorting program operates on API level 4 and takes precedence
over all others except the device service programs, SORT examines
each of the 400 words and uses the detector identification (bits 14-17)
and time channel information (bits 2-13) to increment the appropriate
location in a large buffer area. This portion of core is now limited
to 42308 locations. A larger numbcr of detectors, of course, dictates

correspondingly fewer time channels since the array size is constant.
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2.4 Correlation Program

Modulation of the incident neutron beam by the pseudorandom function
completely changes the characteristics of the spectrum that is recorded
by the TOF Scaler, Therefore, the modulating function must have charac-
teristics which allow the data as it would normally be measured to be
recovered from the smeared TOF spectrum, There 1s a class of pseudo-
random sequences (called pseudorandom because their time distribution
approximates that of a random process) which satisfies this condition.
Before a proper evaluation of an experiment can be made, a cruss corre-
lation of the raw TOF data and thec sequence must be computed to retrieve
the desired spectrum.

Program CORR performs this cross correlation and displays the
corrected data, The program is made up of a main program, which initial-
izes both the display parameters and the Keyboard Service Routine
(KBCORR) ; input/output subroutines; display subroutines; and the corre-
lation subroutine. These subprograms are described in the following

paragraphs.

2.4.1 Input/Output Subprograms

DECTAPE I/0 Program, RWFILE

RWFILE is a DECtape T/0 program which hae the follewing callluy

sequence:
JMs¥ RWFILE
JMP .+3
.DSA ADDRESS /Array Address
-.DSA 10 /O for Inmput, 1 for Qutput

This subroutine expects to read a file written in the format described
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in the section on OP when IO equals zero. Output files from RWFILE
are in the same format.
Subroutine IN, described earlier, is used for Teletype I/0.

RET; Read Data Files from DECtape

The Keyboard Command, RE, is used to input the raw TOF data file
and .a corresponding sequence file in preparation for a cross correlation
of the two. RE is a prerequisite command for all others in COLL.

WRT, Write Data on Teletype

WR outputs on the Teletype aﬁy elements of the raw data array,
the sequence array, or the correlated data array that the experimenter
wishes to see., It is called from RE before the correlation process so
that the user may scale the raw data if necessary to prevent an overflow
during correlaticn., If the user indicates that he wishes fo examine
part of one of the arrays, the program requests the detector number and
channel number to determine the range of elements to print. WR will

also print the identification data stored in the file (see OP) if needed.

2.4.2 Display Subprograms

DPT, Select Display Parameters

Subroutine DP sets up the display parameters unless the user choosec
to accept the default values established by the main program., DP re-
quests the detector to be displayed, upper and lower channels of that
detector, and vertical and horizontal scale factors,

1-

SC ', Display Spectrum on (Qscilloscope

SC is the correlated spectrum display program and is called after
RE, CO, and DP. The spectrum is shown continuously until the user in-

terrupts SC with another command.

*Recall that "4" indicates a keyboard command.
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TABLE III

CORR KEYBOARD COMMANDS

Command Function

RE Read Nata Files

WR ntpt Data on Telctype

DP Select Display Parameters

SC Display Spectrum

FO Change Display Scale Factors

PI " Choose Displayed Points Increment

Cco Correlate Raw TOF Data With Sequence

Space Space Stop and Reinitialize
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FOT, Change Display Scale Factors

The user may wish to change certain display parameters without
calling DP (which requires several values), The ones most frequently
changed are the scale factors, so a command, FO, was included for this
purpose,

PIT, Choose Displayed Points Increment

The PI command allows the user to limit the number of points on
the scope for clarity. For example, he may choose to display every
third point in the spectrum.

2.4.3 Correlation Subprogram
1-

CO', Correlate Raw TOF Data with Sequence

As pointed out earlier, the spectrum recorded by program COLL
bears no resemblaﬁce to the desired spectrum. However, it can be re-
covered bylcross correlating the measured spectrum, Z(t), with the
pseudorandom sequence, S(t), when S(t) is randomly distributed in time,
The function F(t) for time channel I is computed from the following
expression: N

F(I) =D 8(J)-2(J+I),
J=1

where N = the number of sequence bits,
A call to subroutine CO produces the correlated function, F,
after RE has been used to input S and Z. The correlated data is

stored on DECtape.
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2.5 TFile Manipulation Program

Program CALC performs simple manipulations of the data filés con-
taining the 7Z or F functions. It also incorporates the display and
output commands described for program CORR. Table IV is a summary of
the Keyboard Commands available in CALC.

1-

AD ', Add Arrays from Two Files

One function of CALC is the consolidation of two or more data
files. This is useful when the experimenter has colleéted data for
several short periods under the same experimental conditions and wiashes
to treat it as if it were a set representative of a longer experiment.
AD requires two file names as input. After reading the files from
DECtape, control is returned to the wait loop so that the user ﬁay
examine the files before they are added. The addition is performed
by the Keyboard Command, GO. That is, the F(t) (or z(t), aé the case
may be) value for each time channel of each detector is added to the
corresponding Fl(t) in the second file. The resulting array replaces
the original I'(t) array in core and then can be examined by using the
commands SC and WR. The consoélidated array is written on DECtape
wlilh a file name ot the user's choice. By repeated use of AD and GO,
the user can add as many files as necessary.

AVT, Average Values Within a File

The AV command is used in conjunction with the GO command to
average Fl(t) values for selected time channels for each detector.
The purpose is to produce better resolution of the spectrum for view-
ing on the oscilloscope and for performing statistical analyses.

AV requests a file name and the number of time channels over which the
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averaging will be done. The command, GO, initiates transfer to a
subroutine which computes and outputs the array of averaged points. The
expression used to average is:

NP+J-1

F(J) = >, F(I)/NP.
I=J

ACT, Add Values Within a TFile

The AC command is used to add corresponding Fl(t) values for two
or more detectors within the same file, AC requests a file name and
‘the detectors (by ID number) to be added. GO is then called to perform
the calculations and output the resulting array, F(t).

SUT, Subtract a Constant

Before calling GO, the experimenter may wish to subtract a constant
from each Fl(t) (and F(t), also, in the case where two files are read)
to prevent an overflow in the event of high counting rates.

DVT, Scale Array

DV may be used before GO to scale the data by a constant.
1-

GO ', Execute Above Functions

The Keyhoard Command, GO, initiates the appropriate computations after
the arrays have been set up by AD, AV, AC, SU, and DV. GO then calls
RWFILE which stores the new file on DECtape.

DP, SC, FO, PIT, Display Commands

The functions of the display Keyboard Commands are identical to
those described for CORR. The double space command 1s also avallable,

WRT, Write Data on Teletype

The WR command is similar to the WR command in CORR. WR may be

1used to print selected portlous of the F(t) and Fl(t) arrays.
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TABLE IV

CALC KEYBOARD COMMANDS

Command Function

AD | Add F(t) Arrays From Two Files
AV Average F(t) Values Within a File
AC Add F(t) Values Within g File
1) Subtract Constant From F(t)
DV '~ Scale F(t) Array

GO Execute Above Functions

DP Same as Table III

SC . Same as Table III

FO Same as Table IIT

PI Same as Tahle III

WR Write F(t) and Fl(t) Arrays

IN _ Vutput Additional Information

Space Opace Stop and Relnitlalize
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INT, Output Additional Information

Typing IN produces additional information written on the input and
outbut files which is useful in identifying thelexperimental data
recorded in that file. The values listed are the number of detectors
used, the total number of time channels, and the number‘of channe}s per
pseuéarandom sequence bit.

2.6 Plotting Program I

The plotting programs were written to provide a permanent record
of the cross correlated time-of-flight data. The first program, XY15,
produces either graphs on the Complot incremental plotter or histograms
on the Teletype. The plots record the scattered neutron counts versus
the change in energy of the neutrons for each detector used during
an experiment. XY15 also supplies Keyboard Commands DP, SC, FO, PI,
and WR for displaying the data or printing 1t on the Teletype. It is
frequently desirable to view the entire spectrum on the scope before
choosing the areas to be plotted. Since the plotter is a relatively
slow output device, unncecessary portions of the spectrum ma& be
selectively omitted.

.r

RF', Read on a Dulua File

A correlated data file produced by CORR or CALC is read from DEC-
tape by program RF. The corresponding command, RF, is the first one
used after XY1l5 is loaded.

WDT, Select Plot Width

The WD command is optional and need only be called if the user

wants the graphs to be something other than ten inches wide. The
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TABLE V

XY15 KEYBOARD COMMANDS

Command Function

RF Read a Data File

WD . Select Plot Width (Inches)
HS - Output Plots

HC Restart HS After Interrupt
WR Write F(t) Array

Dp Bame as Table IIIT

SC Same as Table IIT

FO Same as Table III

PI Same as Table III

Space Space Stop and Relnltialize
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length of each plot is ten inches and a four inch space separates
successive graphs,

HST, Qutput Plots

The HS command produces the éxecution of subroutine HSFTN1 which
makes the ﬁecessary computations, scales the data points, and calls
the plotting subprograms.

HS requests as input the channel width, the elastic channel, and
lattice vectors in order to compute the incident wavelength, the in-
cident wavevector, and the incident energy, After these values are
listed, the user selects the channels he wishes to plot, the background
factor (if any) he wishes to subtract, and whether he wants Teletype
histograms, Complot graphs, or both., The energy changes of the neutrons
are calculated for the corresponding range of time channels and are
plotted versus the neutron counts. A plot or histogram (or both) is
drawn for each detector before control is returned to the waiting loop,

pending further commands.

HCT, Restart HS After Interrupt

The user may interrupt HS if he wishes to use any other command
and resume the plotting at a later time on the current detector without
having to start over with detector cmne. For ihstance, after HS draws
the plot for detector one, the user may wish to change the plot width
by calling WD or he may wish to view the spectrum by using the display
commands bef'ore plotting detector th. Alfler calling WD or EC, hc moy
call HC to restart the plotting at the point of interruption.

If the user chooses to skip a detector, he should input zeros when

HS requests the "Minimum and Moximum Histogram Limits".
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2.7 Plotting Program II

The second plotting program, CONV, converts the scattered neutron
counts to an energy scale and plots the scaled data versus the change in
energy, as in program XY15., No histogram plots are producéd by CONV
but in many other respects, it is similar to XY15. Once again, the dis-
- playing and printing commands are available, Also present are the WD
and RF commands. The chief purpose of CONV is to smooth portions of
the converted data and plot the smoothed curve, An option is included

"for producing plots showing constant steps in energy.

En', Output Plots

Command‘EN follows the call to RF, EN can produce up to three
‘plots per detector and requires much of the same input called for by HS.
‘The first'of the three sections of EN computes the changes in energy
for selected time channels and converts the matching scattered neutron
count to an energy scale. The user has the option of having the
data outputted to the plotter or having it listed in table form an the‘
teleprinter (or both). Output from this section (as well as sections
two and three) can be suppressed, if desired. Section two is concerned
with smoothing a chosen segment of the curve computed in segment one,
Again, the results may be either plotted or printed. The final section
provides for finding constant steps of energy and plotting these values
versus the correSponding'interpolafed con&erted data, Any of the three
sections can be skipped by typing "zero" (or a carriage return) for the
ihput parameter requested at the beginning of the section. As in XY15,
all calculations and plots for a single detector can he omitted by setting

the "Minimum and Maximum Histogram Limits" to zero.
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TABLE VI

. CONV KEYBOARD COMMANDS

Command Function

RF Same as Table V
WD Same as Table V
WR Same as Table V
EN Output Plots

HC Restart EN

EC Restart EN

WF Write a Data File
DP Same as Table III
SC Same as Table IIT
FO Same as Table III
PI Same as Table III
Space Space Same as Table III
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EN calls subroutine WF if the user indicates he wishes to save
the smoothed data points on a DECtape file,

WFf, Write a Data File on DECTAPE

The WF command writes a file on DECtape with a file name of the
user's choice,

HCT, Restart EN’

The HC command is available for both plotting programs, XY15 and
CONV, and was described in Section 2.6. HC restarts program EN after

an interruption.

-1-

EC ', Restart EN

Command EC allows the user to select a different segment of the
curve to be smoothed, If, during the execution of segmént two of pro-
gram EN, the user notes from the output that the range of smoothed data
points should be altered he may call EC, EC will restart EN at the
point where the resolution Gaussian width, WO’ is requested and the

gmoothing calculations will be repeated.
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APPENDIX A

Table 1

API CHANNEL/PRIORITY ASSIGNMENTS

Channel Trap ‘Device Priority
(Octal)  Address Level
0 40 Software Channel O 4
1 41 Software Channel 1 5
2 42 Software Channel 2 6
3 43 Software Channel 3 7
4 44, DECtape 1
5 45 Megtape 1
6 46 Reserved
7 47 Reserved
10 50 Paper Tape Reader 2
11 51 Clock Overflow 3
12 52 Power Fail 0
13 53 Parity 0
14 54 Display 2
15 55 Card Reader 2
16 56 Line Printer 2
17 57 A/D 0
20 60 Interprocessor Buffer 3
21 61 Data Link to System 360 3
22 62 Data [hone 2
23 63 DECdisk 1
24 64 DECtape 1
25 65 PPG Overflow 0
32 72 Multi-Station TTY Control 2
33 73 Multi-Station TTY Control 2
34 74 Dackground Tcleprinter 3
35 75 Background Keyboard -3
36 76 TOF Overflow 0
37 77 IR 2
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APPENDIX A
Table 2

IOT LIST FOR SPECIAL DEVICES

705001
705002
705004
705021
705022
705024
705041
705042
705044
705061
| 705062
| 705064

705101
705102
705104

705121
705122
705124
705141
709142
705144
705161
705162
705164

Programmed Pulse Generator

Clear PPG Overflow Flag

Spare

Clear PPG

Spare

PPG Output té Accumulator Bit 17 (Diagnostic)
Transfer Bits 0-17 of Sequence to A Register
Spare

Enable PPG

Transfer Status Word to PPG

Spare

Disable PPG ‘

Single-step PPG Through Sequence (Diagnostic)

Time-of -Flight Scaler
Clear TOF Overflow Flag

Sopare
Spare

Interrupt Register (16 Bits)
Clear IR Flag

Enable IR

Dlsable IR

Spare

Transfer IR Contents to Acoumulator 2-17

Clear IR Bits as Specified by Accumulator 2-17
Spare '

Spare

Set All IR Bits (Diagnostic)
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Table 2 (Cont'd.)

Prescaler
705241 Spare
705242 Clear Prescaler
705244 Enable Prescaler
705246 - Clear and Enable Prescaler
705262 Disable Prescaler (Does Not Clear)

Motor Clock Generator

705302 Enable Motor Clock

705304 Disable Motor Clock
Solenoid

705401 Activate Solenoid

705402 Deactivate Solenoid
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APPENDIX A

Table 3

INTERRUPT REGISTER BiT ASSIGNMENTS

IR Bit Accumulator Bit Interrupt -
16 2 PPG Sequenqe Error
15 3 PPG Lag Error
14 4 Spare
13 5 Spare
12 6 | Spare
11 7 Spare
10 8 Spare
9 9 Spare
8 10 PHI 3 Degree Marker
7 11 PHI 2 Degree Marker
6. 12 PHI 1 Degree Marker
5 13 POI Degree Marker
‘4 14 UMBUA Dégree Marker
3 15 2-THETA-M Degree Marker
2 16 Motor Clock
1 » 17 Monitor Prescaler
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APPENDIX A

Table L

Motor/Spectrometer Assignments

Motor Spectrometer Part
2-Theta-M | Monochromator.
Omega Not Used

Pasi ‘ ngple |

Phi 1 | Detector Mount 1

(Ad jacent to
exit beam)

Phi 2 Detector Mount 2

Phi 3 Detector Mount 3
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APPENDIX B
SAMPLE RUN

PROGRAIM ANGL

KMlS V5A
$LOAD
LOADER VSA
>ANGL

155 _
READY FOR COMMANDS

LATTICE PARAMETERS(AL,AZ,A3) =

GAMMA =

92.

>

tS
oS

GONUCHROMATOR SPACING (D) =

ll

>

1S
113

[f0DL 3. @& CCGORDINATES(L.1,LZ2,L3) =

ll



l.

NU =

516.
DIRECTION OF K. COORDINATES(H,K,L) =

>

s
CA
TIH, PHIl, PHI2, PHI3, PSI, OMNG =
7.350 -4,395 0Q.004 3,200 59,0840 Ued90
‘ AP =

7.325

>
ts
114

AODE 4. Q COORDIWATESCLI,L#,L3) =

i
l.
1.

WU =

>
1S
A
.0T3 35



ITH, PAIl, PHIZ, PHI3, PSI, OHG =

7.855 =32.321 0.009 3.020
K' =

5.216
KX AND KY =

-1.159 5.68

>
L
K15 VSA

5

65

19.482

8.340
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APPENDIX B
SAMPLE RUN

PROGRAM COLL

KiMlS V5A

$L.0AD

LUADER V9A

> COLL

515

RZADY FOR COMIMANDS

15
IP

NO. OF DZTECTORS =
3
DETZCTORS - ARE

-1

2

3

NO., IN DELTA T SEQUENCE =
682 ‘
LAST DELTA T IN SEQUZNCE =
2

NO. OF CHANNELS/DELTA T =

1
SEJUENCE FILE IS
3

INPUT 3 FOKR COUNT Vs. TIWE. | FOR COUNT Vs,

N

¥

ZXPEZRIMENT RUNNING TIME MING) =

6d

1S
co

1D

HONITOR.
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>

1S
be

DETECTOR TO BE DISPLAYED

3

LOWEST., CHANNEL IS

l

HIGHEST CHANNEL IS

682

VERTICAL ADJUSTMENT FACTOR
l

HORIZONTAL AND VERTICAL SCALE FACTORS ARE
1 .

l

v

INPUI © FOR COUNT VS. TINME. ! FOR COUNT VS. MONITOK.
2

EXPERIMENT RUNNING TIME WMIN.) =

Z

>
ts
RD

THE HISTOGRAM OUTPUT FILE IS HDT!-L
READY FOR COMMANDS

>
1C
Kil5 V5A

$
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APPENDIX b
SAMPLE RUN

PROGRAM CORK

KMLS V5A
$LOAD

LOADER V3A

>~COKR

o5 ’ .
READY FOR COMFANDS

v

= X

£

FILZ NAME IS
HDT1-J

CALL WR?
Y

QUTPUT F?
N
ADDITIONAL INFORVATION?

Y .
W), OF DETECTORSG, TOTAL NO, OUF CHANNELS, AND KG.CHANNELS/DELTIA T =

3 2046 1

Kad DATA?T

¢ ,

DETZCTOR, CHANNZILS ARE

1

I

5

2767 2791 2743 2854 3199

SEQUENCE?

N

CURRESPONDING SEQUENCE IS
3



Z SCALE FACTUR IS
Ip]

>

s
o

FILE NAME IS
CORRZJ

utPutT F?2

J

Y .
DETZCTOR, CTHANNELS ARE
l

1

5

69632 6959 6956 §941
ADDITIONAL INFORMATION?
N

>

?s
DP

DZITECTOR TO BE DISPLAYED

1

LOWEST CHANWeL LS

129

HIGHZST CHANNEL IS

239

VERTICAL ADJUSTMENT FACTOR
§940

HORIZONTAL AND VERTICAL SCALc FACTURS ARE

1
1

Kvl5 VoA

69

6948
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APPENDIX B
SAMPLE RUN

PROGRA#M

Ki1l5 V5A
3LOAD

LOADER VA

>~ CALC,RWFILE

s ) )
RedDY FOR CUONMMANDS

()
AD

FILE NAME IS
FDTIXG

FILE NAME IS
FOTLIXHA

‘>

1S
SU

SUBTRACT

-599

>

4s
- @0

FILE NAME IS
CORREJ

CALC



>

s
AC

FILE NAME IS
FDTIXH

NO. OF DETECTORS TO BE ADDED =
2
DZTECTORS ARE

1
3

>

s
GO

FILE NAME IS

CORRCEJ

>

s

WR

QUTPUT F? ‘

Y .
DETZCTOR, CHAWNELS ARE

l

l

§

137438 13729 13733 13745 13734

F1? '

Y

DETECTOR, CHANNELS ARE

1

1

g

7843 7532 1808 7143¢ 7839

>
1C

K15 VoA

13735

7824
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APPENDIX b

SAMPLE RUN

PROGRAIT  XYI15

Kill5 VSA

- 3LOAYD
LOADCER VoA
>XY15

135 ) :
READY FOR LOMMANDS

>
15

Af .

" FILE NAME IS
ADFG12 :

CAANNEL MIDTH=

11,765 . _ - -
ELASTIC CHANNCL:

136.6

LATTICE VECTORS=

4.83 4.83

ALl AND ALZ=

193.9 152,3°

INCIDENT WAVELENGTH J.25152e+31 Al
INCIDENT WAVEVECTOR D.39759+5d (A=
INCIDENT ENERGY Je12938E+ 35 HEV
CHANNELS "AhD CHANNEL GROUPING(ODD)

N

LOu HIGH GROLP

234 PR B 1
- BASKGAOUND CHANNELS=
1 28

INPUT & FOR PLOTS, 1 FUR TT GUTPUT, 2 FOR bOTH



bACKGUROUND=
Ml RIEGUM AND
17578
MINIKUM AND
17578

CRYSTAL AND
209 17671,
231 17739,
202 17766,
203 17793,
2oa 17831,
205 17849,
208 17370,
207 17265,
208 178E2.
209 17911,
213 17862,
211 17828.
elz 17859,
213 17837,
214 17771
215 17779,
216 17784,
217 17697,
218 17578,
219 17613,
228 17638,
1

Kiil5 V5A

17569.
MAXIMUM

175911

()

*%%DETECTOR [k

COUNTS =

AXIMUM HISTOGRAM LIMITS =

17980

SCATTERING ANGLES=

3e37
3.56
S.75
3494
4,12
4.29
4.46
4,63
4,79
4.94
5.89
5.24
5.38
5.52
5.65
5.78
5.91
6.83
6.16
6.27
- 6439

1920020200019202

12020002091 0000000021020032
100000200013232032301080000022
10000830203102060030010200000001822
10662222001222200302120008000010200003020
18023203001 233209300]1 20000002001 22200002012
190000080031 05200002010000020261330200000122382
100300020812323820322]1200000000120000000010030
12000030261 23200600301200060050100208400001080000 .
V00000001020 20000210DC0OL0LD! BOOVIVLIDIVBRVBBAGY]..
106202000418306450221 3200020031323008026121200
19002222021024000220010200000VE130B208D2 i
1202222020122000000010600000081082006230301002
10028202001 222080020100020000010008608040
1000060 20D100VDVDOVRU] BBVBVLVDG

186630920610 0800I00012P0B0BBLGLD

1000002480 12200020VB1 42300000913

10VYB8 3580100060020

1

1862204

1020vLbB0d
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APPENDIX b

SAMPLE RUW

PROGRA#1

Kmis VSA

$A DID2 =4,-5
SLOAD

LOADER V9A

S+ CUNY

5 )
READY FOR COMMANDS

>
L
RF

FILE NAWE IS

ADFGl2

3>

88

ch

vHAaNNIL WIDTH=

11,785
ALASTLC CHANNEL=
138.6
vd AND DI=
1vs.8 152.3 .
CHANNELS
LOw HIGH
233 . 224
ODACKGROUND CHANNELS=
. ' 1 22

. *¥xDETICTUR

BACKEROUND= 17568,

CMINIMUM AND mAXIviUM COUNTS:
17581 17913

CONV

IET L



(&)

MINIUUM AND MAXIMUM HISTOGRAM LIMITS:

4 - PLOT,

l

T
249
231
2a2
223
294
285
246
281
228
285
212
211
212
213
2l4
215
216
217
z18
219
229

Wa:=

1

5

1753¢

S(3,E)
17673
17740
17768
17795
17833
17851
17372
17867
17885
17913
17364
17831
17861
17839
17774
17782
17787
17702
17581
17616
17641

1

79500

l - TT OoUTPUT, 2 - BOTH,

E
3.37
3.56
3.75
3.94
4,12
4,29
4,46
4,63
4,79
4,94
5.9
5.24
5.38
5,52
5.65
5.78
5,91
6,93
6.16
6.27
6.39

MINIMUN AND MAXIMU{G COUNTS=

N

1

17617 17881
HINI UG AND MAXINMUM LIWITS=
17617 17881
T SP(3,E) £
203 17737 3,37
2231 17736 3.56
202 17763 3,75
283 17798 3.94
294 17326 4.1z
235 17342 4,29
226 17863 4,46
237 17874 4,63
233 1788l 4,79
- 239 17379 4,94
219 17367 5.29
211 17852 5.24
212 17337 5,38
213 17818 5.52
214 17795 5,65
215 17767 5,78
216 17732 5.91
217 17651 6,593
212 17658 §.16
219 17632 6.27
229 17817 6.39
DELTA € AND Ea:z
25 .
WRITE FILE
2 - PLOT, 1 - TT OUTPUT, 2 - 50TH,

3 - NEITHER

9 - PLOT, | - TT OUTPUT, 2 - BOTH, 3 - NEITHER

3 = NEITHER



SP

(d,E)
17797
17744
17786

17825

17854
17873
17379
17364
173838
17329
17743

17667

>

1C

K15 VSA

3

17619

6§.37

76
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