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ABSTRACT 

This report serves as a manual for the users of the triple-axis spec

trometer installed at beamport HB 3 of the High Flux Reactor in Petten. 

The main part of the text is devoted to the control of the spectrometer 

operation and the data handling by means of a PDP 11/23 computer. The 

various options are implemented in a collection of menu-driven and 

command-driven programs which utilise the flexibility of the RSX-llM 

operating system without requiring detailed knowledge of the user about 

this system. For the convenience of the experienced user, who might 

wish to update or extend the software, a technical supplement is in

cluded. 
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1. INTRODUCTION 

This report is intenord to se;ve as i manual for the users of the neu
tron spectrometer installer» at beairport HB 3 cf the High Flux Reactor 
in Petten. For technical i'sformatior> and user instructions concerning 
anxiliiary equipment, such as .ryostrts and magnets, the user is refer
red to manuals for these specific components. 

Although a few technical details of tha experimental set-up are men
tioned in section 2, the main pai r of tbe text is devoted to the con
trol of the spectrometer operation ai с the data handling by means of a 
POP 11/23 computer. In order to facilitate the control of the experi
ment !>y inexperienced users, the interactive communication with the 
computer software is organized in the form of a menu of several op
tions • 

A detailed description of these options and the required input of in-
foriM'ij'i i? given in section 3. Users with sufficient experience in 
prograi!..r-ng in the RSX-llM multi-task framework might wish to extend 
the nutibor оГ standard options with new ones. For their convenience the 
necessarv technical information is summarized in section 5. 

The expeii-ranial scanning procedares implemented in the present collec
tion of programs ^re based on a previously developed program set for 
the cortre 1 o{ the tripls-axis spectrometers at HB 1 and HB 3 by means 
of a P 920b computer. In the new set, the measuring procedures are 
generaИ лес tc the ess» of a single-crystal sample with arbitrary crys
tal syar'etry. Parts of the new extended program collection, including 
the additional menu options, may be transferred to the triple-axis 
instrument -Л HB I. 

User giides tor tripi^-axis spectrometers at other institutions in 
Europe ?re, for comparison, given in the list of references. 
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Pig. 2.1 Triple-axis/time-of-flight spectrometer at HB3 
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2. SPECTROMETER DESIGN AND OPERATION 

In general, inelastic neutron scattering processes are governed by the 
conservation laws for energy and nomenСurn. In the particular case of 
coherent inelastic scattering by collective excitations in a single-
crystal sample, the conservation laws read: 

q = kt - kf = T ± q 

2 "n 2 2 * 
^ = 2m~ (ki " kf } " t b ' W n 

The above scattering conditions apply to a process in which a single 
elementary excitation with wavevector q and energy Ti.j(q) is created or 
annihilated. The wavevectors of the incident and scattered neutrons are 
denoted by к and к , respectively, while т represents a reciprocal-

> lattice vector. The dispersion relation Ttj(q) of the excitations 
(phonons or magnons) is derived from the wavevectors к and к for 
which the scattered intensity reaches a maximum. ?4easurements with a 
triple-axis spectrometer are usually performed as constant-Q or 
constant-S (• Tioj) scans, in which respectively the energy transfer or 
momentum transfer is varied stepwise. 

As indicated schematically in figure 2.1, the experimental set-up may 
be used either as triple-axis spectrometer (TAS) or time-of-flight 
spectrometer (TOF). To change from the former mode of operation to the 
latter one, the single-crystal analyser system has to be replaced by 
the shielded flight path and the chopper has to be adjusted into the 
incident beam. In both configurations the monochromatic beam is select
ed from the spectrum of reactor neutrons by means of Bragg diffraction 
from a monochromator crystal (\, * 2ir/k. • 2dw sin Э,,). 

i l M 'A 

Since the middle one of three vertically stacked shielding blocks pro
vides only two take-off angles 20 » 20° and 35°, the wavelength X 
cannot be varied continuously. However, various discrete values X can 
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be selected by employing different monochromator crystals in combina
tion with either of the take-off angles» Auxilliary equipment to con
trol the orientation and direct environment of the sample (e.g. large-
size goniometer, electromagnet, cryostat, furnace) may be mounted on 
the sample table (maximum load 1000 kg). A summary of the technical 
data of the separate spectrometer components is given below. 

Moeochroaators (20 - 20* or 35*) 

Cu(200), X - 0.0628 nm or 0.1087 nm; 
Cu(lll), \ m 0.0725 nm or 0.1255 nm; 
Zn(002), A - 0.0859 nm or 0.1486 nm; 
Pyrolytic graphite (002), X - 0.1164 nm or 0.2015 na. 

Seller collimators 

Standard collimators are mounted at positions indicated in figure 2.1: 

- CI: horizontal, length 40 cm (10', 15', 20', 30' or 40'); 

- C2: horizontal or vertical, length 20 cm (10', 15', 30* or 60'); 
- C3: horizontal, length 20 cm (10', 15', 30' or 60'); 
- C4: horizontal or vertical, length 15 cm (30', 60' or 120'). 

Position encoders 

Stegmann type AG-65KM (2 • 65536 coded positions): 

• 2 coded revolutions; 
9 

- 2 positions per revolution. 

Angular positions Al, A2 and A3, corresponding to ф (sample orienta
tion), ф (scattering angle at the sample) and 20 (scattering angle at 
the analyser), respectively, are indicated in Binary Units (BU's): 
65336 BU - 360°. In the adjustment of zero positions the adopted con
vention is that ф * 0° and 29 - 0° correspond to encoded positions A2 
- 32768 and A3 * 32768, whereas Al - 0 corresponds to antiparallel 
orientation of a selected reciprocal lattice vector V with respect to 
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the wavevector к. of the incident neutrons (see Appendix A, figure 
Al). 

Electromotors 

Slo-Syn stepping motors, type S3 250, operated with 200 pulses/ 
revolution. This results In the following minimum step sizes for the 
three variable angles. 

4» : reductions 13:3 between motor and worm and 100:1 between worm and 
worm wheel; 1 pulse = 0.249' = 0.756 BU. 

Ф : reductions 1:2 between motor and worm, 40:1 between worm and worm 
wheel, 25:1 related to the ratio of the radii of the rail 
(R = 1400 mm) and the running wheel (r - 56 mm); 1 pulse « 0.216' 
= 0.655 BU. 

29 : reductions 13:3 between motor and worm, and 100:1 between worm and 
worm wheel; 1 pulse = 0.249' = 0.756 3U. 

Detectors 

3 TAS: 2 He detectors, type LND 253, dlametar 5 cm, active length 10 era, 
3 

Al cathode and front window, filling pressure 4 atm ( He + 
admixture), operating voltage 1400 V. 
The axes of the two detectors are directed to the centre of the 
analyser drum, making an angle of 10°. One of the detectors is 
used as background detector in inelastic scattering experiments, 
to identify spurious maxima in the main detector due to elastic 
Bragg scattering from the sample Into the analyser drum. 
3 T0F: 9 He detectors, type LND 262, square cross section 2.5 x 2.5 cm, 

3 active height 10 cm, filling pressure 6 atm ( He + admixtures), 
different operating voltages as a consequence of different gas 
admixtures: 
- Nos. 7955, 7956, 7957 (1968) 1500 V; 



- 10 -

- Nos. 03430, 03431 (1970) 975 V; 
- Nos. 37444, 37445, 37446, 37447 (1973) 1750 V. 
The detectors may be mounted vertically at 23 alternative posi
tions, at a distance of a 190 cm from the sample. In TOF geometry 
there are no Seller collimators between sample and detectors. 

Beam shutter 

Within a cubicle in the concrete reactor shield a beam shutter is lo
cated which can be operated either in the vicinity of the spectrometer 
sample table or on top of the upper shielding block. Closed and open 
positions of the shutter are indicated by red and green signal lights 
through microswitches. An additional Y-monitor mounted in the vicinity 
of collimator CI is used to warn the user that a neutron beam is ac
tually impinging on the monochromator. 

Spectrometer operation 

The experiments are controlled by means of a PDP 11/23 computer, commu
nicating with the spectrometer electronics through the intermediate 
CAMAC system. The CAMAC operations involve: 

- setting of the angles ф, ф and 29 to specified positions; 
- adjustment of 2 goniometer arcs to specified positions; 
- read-out of actual setpoints for spectrometer angles and goniometer 
arcs; 

- starring and terminating intensity measurement; 
- setting or resetting relays; 
- read-out of actual relay condition; 
- adjusting the current through a superconducting magnet to a specified 
value; 

- adjusting the setpoint of a cryogenic temperature controller to a 
specified value; 

- read-out of the actual voltage over a germanium or diode thermome
ter; 

- adjusting the setpoint of a furnace temperature controller to a spe
cified value. 
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At present only the TAS mode of operation is fully computer controlled, 

because the CAMAC routines for communication with the multichannel 

(TOF) analyzer have not been defined as yet. The existing CAMAC rou

tines are described briefly in section 5.7. 

In practice, the user has no direct access to the CAMAC system, except 

for the reading of the 6 CAMAC variables Al, ..., A6 (cf. section 

3.8.). All the information needed to perform a particular scattering 

experiment is stored in table format by means of FORTRAN 77 editor 

programs, which are described in detail in section 3. The CAMAC rou

tines are called from a data-acquisition program DAT, which must be 

selected and installed by the user according to the requirements for 

the experiment (see section 5.8.). 

Date processing 

TAS: The output of experimental results by the printer and the data 

storage on disc is specified in sections 3.3.2. and 3.3.4. 

TOF: Since this mode of operation is only partly controlled by CAMAC 

routines, the accumulated intensities are not easily retrieved 

from the 4 x 256 channel memory of the LABEN correlatron. At 

present, data output is only possible on punched tape. 
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Diagram 3.1 Interconnections between the main MENU program, the con
trol tasks, the data acquisition task, and the CAMAC 
system 
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3. COMPUTER SOFTWARE 

3.1. Introduction 

The triple-axis spectrometer is controlled by a POP 11/23 computer with 

the required interface and peripheral components. The operating system 

RSX-11M allows a flexible and efficient performance, since it is a 

multi-task, multi-user system. For a detailed description of the system 

hardware and software the reader is referred to the Technical Supple

ment (section 5). The present section is devoted to a restricted part 

of the computer software, accessible for the user after the start-up 

and initialization of the system, and which is indicated schematically 

within the dashed rectangle in diagram 3.1. Various control tasks can 

be selected by the user from a menu of options, which will henceforth 

be referred to as the "main menu". The following description is intend

ed as a guide for the communication between the user and this restrict

ed part of the software. 

3.2. The main ienu 

The selection of a control task from the main menu is made by entering 

the corresponding integer (cf. Table 3.1 below), an action that will 

not be echoed to the screen. As a result, either a submenu, or a prompt 

from a command-driven program will appear. In case option 2 or 4 is 

selected (execution of a set of measurements), the main menu will re

appear immediately, offering the user the capability to control a large 

part of the system in parallel with the execution of spectrometer 

scans. The main menu program tests the validity of a particular choice, 

and reports when it is in conflict with a previous selection. As the 

main menu plays a central role in the software system, the user is 

urged to return to thin menu when the terminal is left alone for a 

prolonged time. This both facilitates the system to leave messages on 

the screen, and allows access to the system from another terminal. To 

show the latest change in the spectrometer operation, the screen is 

refreshed with ten-minutes intervals when no input is entered. 

A summary of the menu options is given in Table 3.1, Including the type 
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of program initiated (i.e. submenu-driven, command-driven or executing 
measurements), and the compatibility of the various options. A detailed 
description of the options «ill be given in the following paragraphs. 

Table 3.1 Options of the main menu 

Option 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Description 

Edit angle scans 
Execute angle scans 
Edit Q/E scans 
Execute Q/E scans 
Plot scans on the display unit 
Manipulate data files 
Display system report 
Abort measurement 
Draw spectrometer lay-out 
CAMAC read-out 
Wavelength determination 
Operating system commands 

Type 

С 
E 
С 
E 
S 
S 
-
-
s 
-
s 
s 

Prohibited with 
option 

2,4 
4 
2,4 
2 
-
-
-
-
-
-
2,4 
— 

* 
С - command-driven 
E * execution of measurement 
S • submenu 

3i31ii_Editing_of_angle_9cans (MENU option 1) 

Before angle scans can be executed, these must be defined by entering 
parameter values in an editor table. The commands, to be chosen from 
the list below, are entered at the keyboard. At most 16 different scans 
may be specified by means of the SET command. 

Next, the number of scans to be performed and the desired sequence, are 
defined by means of the SELECT command. The maximum number of 
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executable scans is 32, which allows a repetition of scans. It is advi

sable to test the consistency and feasibility of the defined scans by 

means of the TEST command. When no error messages are given, the com

mand SAVE should be entered in order to copy the contents of the editor 

table and the desired execution sequence to disc files, that are read 

during the execution (section 3.3.2.). 

Return to the main menu is accomplished by entering EXIT. As a remind

er, the user is offered to SAVE the editor table. From within the main 

menu the measurements can be initiated by selecting option 2. 

Command mnemonics should be separated from parameters, if any, by at 

least one space. In particular for the SET, PRINT, and SELECT mnemonics 

the number of parameters and their sequence is free. Parameters should 

be separated by a comma. When the program detects a syntax error or an 

invalid parameter value, the command line will be processed and redis

played up to the offending part. The remainder of the command line will 

not be effectuated. Command lines may be entered in any sequence, but 

should not exceed 80 characters. 

Available commands (to be entered after the prompt "NS * ..":) 

CLEAR n, .., .., m resets parameters in the defined scan 

numbers to default values. 

CONFIG text accepts a text string of at most 74 cha

racters to describe the experimental set

up. 

COUNT TI • .. (or MN * ..) executes immediately a measurement at the 

actual diffractometer setting. 

DRIVE Al • .., A2 • .. sets angular variables of the spectrometer 

to specified values immediately. 

EXIT return to main MENU. 
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HELP displays lists of available commands and 

of variab that can be set. 

LIST displays the contents of the editor table: 

- text introduced by TITLE and CONFIG; 

- parameter values for 16 scans; 

- scan numbers selected for execution. 

PRINT XX, YY, .., ZZ displays the values of the specified para

meters for the scan defined by the prompt 

(NS * . . : ) . To obtain parameter values for 

another scan number, NS first lias to be 

changed by the command SET NS * n. 

READ copies the scan information from disc, as 

stored by the latest SAVE, to the editor 

table, and displays this information. 

SAVE copies the scan information from the edi

tor table to disc files. 

SELECT n, .., .., m selects at most 32 scans, to be executed 

successively. 

SET XX - .., YY » .., assigns values to selected parameters. The 

complete list of available parameters and 

their default values is given in 

Table 3.2. Assignments are made in the 

editor table for the scan indicated by the 

prompt. When the parameter NS is included 

in the SET command line, all parameter 

values following the assignment NS a n are 

assigned to the n-th scan. 

TEST performs a test on the feasibility of the 

16 scans with the actual parameter values 

in the editor table. 
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TITLE text accepts a text string of at most 75 cha
racters to describe the experiment. 

Available parameters 

The parameters appearing in the display created by the commands LIST, 
PRINT and READ, and to be used in the commands COUNT, DRIVE, PRINT and 
SET, are given in the following list. At present, only three angles are 
defined: 

- Al: sample angle (ф); 
- A2: scattering angle (ф); 
- A3: analyser angle (20 ). 

All angular positions are given in Binary Units (BU's): 
360° - 2 1 6 BU = 65536 BU. 

A1-A3 angular positions, to be used in the DRIVE command for measure
ments at constant positions; 

C1-C3 centres of the scan for three angles (Li < Ci < Ui); 
S1-S3 step lengths (with sign) (-65535 < Si < +65535); 
L1-L3 lower limit values (0 < Li < 65535); 
U1-U3 upper limit values (0 < Ui < 65535); 
Z1-Z3 corrections in zero positions (-660 < Zi < 660); 
NS scan number (1 < NS < 16); 
NP number of points in the scan (0 < NP < 99); 
TI preset time in units 0.1 s (0 <. TI < 32767); 

2 4 MN preset monitor in units chosen manually (10, 10 , 10 ) on the 
controller panel (0 < MN < 32767); 

PL printer plot directive (PL - 0: OFF; PL - 1: ON). 

Three additional parameter sets (Ai, Ci, Si, Li, Ui, Zi) for i - 4, 5, 
6 are available for other control options, e.g. setting magnetic field 
or temperature, tilting goniometer head. The default values for the 
complete set of parameters are given in Table 3.2. 
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Table 3.2 Variables which can be SET, and their default values 

Angle scans 

Variable 

NP 

NS 

CI 

C2, C3 

C4-C6 

S1-S6 

Tl 

до 
PL 

LI 

L2, L3 

L4-L6 

Ü1 

U2, J3 

U4-U6 

Z1-Z6 

Default 

10 

1 

0 

3276Й 

0 

0 

1 

0 

1 

0 

32767 

0 

1 

32769 

1 

0 

Variable 

NP 

NS 

AS, BS, CS 

AA, BB, CC 

DM 

DA 

01 , 03 

VX 

VY, VZ 

wx, wz 
WY 

TI 

MN 

PL 

WV 

FX 

Q/E scans 

Default 

10 

1 

5 

90 

2.4735 

3.3505 

- 1 

1 

0 

0 

1 

1 

0 

1 

4.2 

1 

Variable 

QX 

QY, QZ 

EN 

DX, DY, OZ 

DE 

C4-C6 

S4-S6 

LI 

L2, L3 

L4-L6 

Ul 

U2, U3 

U4-U6 

Z1-Z6 

Default 

1 

0 

0 

0 

0 

0 

0 

0 

32767 

0 

1 

32768 

1 

0 

S^^Execution^ofangle^scans (MENU option 2) 

The execution program for angle scans should be activated only if exe
cutable scans are edited and SAVEd by means of the editor for angle 
scans. Execution will proceed according to the list of scans defined in 
the angle scan editor, unless it is interrupted by choosing the abort 
option 8 of the MENU. As indicated in diagram 3.1, the program acts as 
a link between the MENU and the data acquisition program that controls 
the CAMAC operations. During execution it performs the following ac
tions: 

- reads scan information and updates measuring sequence on disc; 
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- assrg.s identifiers (V«y values) to scans, 

- calculates angular settings and checks with respect to limits; 

- controls the output to the printer and the disc data file reserved 

foi -in̂ le scans; 

- performs p ocessing i.f error messages. 

Activity of the execution program is indicated in the MENU display by 

the symb-\ (*.). After -*n interruption the scan under execution will be 

continue.! at the next point after choosing again option 2, provided 

that the scan information on disc has not been changed by SET and SAVE 

commands in the editor program for angle scans. The course of the mea

surements may oe observed by means of the system-report display (MENU 

option 7) or the display of angular settings (MENU option 10). 

An example of printer output is given on page 20. The text strings 

introduced by the commands CONFIG and TITLE are printed as heading. The 

parameters 01 and 03, defining right-hand or left-hand scattering con

figurations, are irrelevant in this case, as the angular ranges are 

defined by the parameters Ci and Si. The integrated Intensity repre

sents the summed intensities for detector A, while the position and 

width of the peak are computed from the moments of the intensity pro

file. 

The data output to disc file consists of 10 integers for each measure

ment: 

- key to the measurement; 

- 3 angular settings Al, A2, A3 (BU); 

- 3 additional settings A4, A5, A6; 

- 2 recorded intensities; 

- measuring time (0.1 s units). 

The execution program allows simultaneous step scanning for three an

gles, which gives the possibility to perform a variety of scans (both 

for elastic and inelastic scattering) in reciprocal space. For well-

defined constant-E and constant-Q triple-axis spectrometer scans the 
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appropriate editing and execution facilities (HENU options 3 and 4, 

respectively) should be used. The execution of single-count or 

single-set operations may be initiated directly from the angle-scan 

editor by means of the commands COUNT or DRIVE, respectively. 

3zii2i_5Ëi£iS6-2£_2/Ë_5S*!15 №-т °P t i o n 3> 
Triple-axis scans in reciprocal space, to be carried out vith constant 
steps in Q and/or E, may be defined in this editing program. Three 
additional variables are available to control the temper-' ture of a 
furnace or cryostat, the current through a superconducting magnet, or 
the setting of goniometer arcs. Scan information and desired sequence 
of execution is defined in an editor table and stored on disc in the 
same way as in the angle-scan editor, i.e. by means of SET, TEST, 
SELECT and SAVE commands (cf. section З.З.1.). 

Available commands (to be entered at the keyboard after the prompt 

"MS - ..":) 

CLEAR n, , m resets parameters in the defined scan num
bers to default values. 

CONFIG text accepts a text string of up to 74 characters 

to describe the experimental set-up. 

EXIT return to main MENU. 

HELP displays lists of available commands and of 
variables that can be set. 

LIST displays the contents of the editor table: 
- text introduced by TITLE and CONFIG; 
- parameter values for 16 scans; 
- scan numbers selected for execution. 
The number of parameters for a single scan 
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is so large, that the 136 column raodc of the 
terminal is invoked for the display of the 
table. In this mode, only 14 lines of text 
can be displayed* To prevent relevant lines 
to scroll off the display area, the no-
scroll key should be pressed* 

PR14T XX, YY, .., ZZ displays the values of the specified oarame-
ters for the scan defined by the prompt 
(MS ж . . : ) . To obtain parameter values for 
another scan number, NS has first to be 
changed by the command SET NS * n. 

READ copies the scan information from disc, as 
stored by the latest SAVE, to the editor 
table, and displays this information. 

SAVE copies the scan information from the editor 
table to disc files. 

SELECT n, .., .., m selects at most 32 scans to be executed 
successively. 

SET XX".., Y Y * assigns values to the selected parameters. 
Гпе complete list of available parameters 
and there default values is given in 
Table 3.2. .Assignments are made in the edi
tor table for the scan indicated by the 
prompt. When the parameter NS is included in 
the SET command line, all parameter values 
following the assignment NS - n are assigned 
to the n-th scan. 

TEST performs a test on the feasibility of the 
16 scans with the actual pararoeter values in 
the editor table. In view of the complexity 
of Q/E scans it is particularly important to 
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test the scans before initiating a measure
ment. 

TITLE text accepts a text string of at most 75 charac
ters to describe the experiment. 

Available parameters 

In accordance with the larger variety of possible scans, the number of 
scan parameters is considerably larger than that needed in the angle-
scan editor. A summary of the parameters and their default values is 
given in Table 3.2. Four sets of parameters may be distinguished. 

(1) Parameters common to all scans 

AS, BS, CS lattice parameters a, b, с of the sample (in A); 
AA, BB, CC lattice parameters a, 3, У of the sample (in e ) ; 

monochromator lattice spacingd,,1 (in A); DM 
DA analyser lattice spacing d (in A); 
03 scattering direction at the analyser: 

- 03 = -1: left-hand scattering; 
- 03 = +1: right-hand scattering; 

L1-L6 lower limits for A1-A6 (0 < Li < 65535); 
UI-U6 upper limits for A1-A6 (0 < Ui < 65535); 
Z1-Z6 corrections in zero positions for A1-A6 (-660 < Zi < 

+660) 
VX, VY, VZ components of first reference vector in the horizontal 

scattering plane (in reciprocal lattice units 2тт/а, 2n/b, 
2tt/c); 

vfX, WY, WX components of second reference vector in the horizontal 
plane (in r.l.u.). 

The definition of the two reference vectors V and W in the reciprocal 
lattice serves to indicate the plane of scattering and the cartesian 

+ (x,y) frame in that plane (see Figure 3.1): V is pointing along the 
positive х-ах1з, and W is located in the half-plane with у > 0. In the 

* * parameter input, V and U are introduced by the Miller indices of the 
• ** ** ** corresponding Bragg reflections, e.g. V « VX • a + VY • b + VZ • с . 
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Fig. 3.1 Correspondence between the scattering configuration, the 

cartesian (x,y) frame in the scattering plane, and the refer-
> +• 

ence vectors V and W 

(2) Parameters specific for a single scan 

NS 

NP 

QX, 

EN 

DX, 

DE 

QY, QZ 

DY, DZ 

FX 

WV 

Tl 

MN 

PL 

01 

scan number (1 < NS < 16); 

number of points in the scan (I < NP < 99); 

components of the scattering vector Q 'in r.l.u.) at the 

centre of the scan; 

neutron-energy loss (in THz) at the centre of the scan; 

step length (in r.l.u.) in QX, QY, QZ, respectively; 

step (in THz) in EN; 

fixed wavevector: 

- FX = 0: k. fixed; 

- FX - 1: k. f ixed; 
1 -1 

value of the fixed wavevector (in A ) ; 
preset time in uni ts 0 .1 s (0 < I I < 32767); 

2 k 
preset monitor in uni ts chosen manually (10, 10 , 10 ) on 

the contro l ler panel (0 < MM < 32767); 

pr in ter plot d i rec t ive (PL - 0: OFF; PL » 1: ON); 

sca t te r ing di rec t ion a t the sample (01 * - 1 : left-hand 

sca t t e r ing ; 01 • +1: right-hand s c a t t e r i n g ) . 
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(3) Parameters controlling auxilliary equipment (temperature, magnetic 

field, position goniometer arcs) 

C4, C5, C6 values of A4, A5, A6 at the centre oï the scan; 

S4, S5, S6 step length in A4, A5, A6 (-65535 < Si < +65535). 

In general the setting will be constant during a Q or E scan. On the 

other hand, the above additional parameters offer the possibility to 

vary external conditions at a fixed Q and E. 

* * * 
(4) Parameters defining scans perpendicular to a , b or с 

ТА, ТВ, ТС by assigning a step length (In A ) to one of the three 
parameters, a Q scan perpendicular to one of the three 
basic reciprocal-lattice vectors is selected. The corre
sponding step lengths DX, DY and DZ (in r.l.u.) are com
puted and entered in the editor table. 

This facility may be useful in non-orthogonal crystal lattices. In the 
computation of UX, UY and DZ it is assumed that the vector with respect 

* * * to which the orthogonal scan is made (a , b or с ), is situated in the 
scattering plane. 

Test facilities 

During the SET operations the input values (VAL) are tested with res
pect to the following limit values. 

AS, BS, CS 0 < VAL < 50 (A); 
AA, BB, CC 0 < VAL <. 180 (°); 
DM, DA 0 < VAL < 100,000 (A) (when the spectrometer is operated 

in two-axis mode, the program can be forced to calculate 
the appropriate angle 9 • 0 by assigning VAL > 65536/WV 
to the parameter DA); 

01, 03 VAL - -1 or +1; 
L1-L6 0 < VAL <• 65535; 
U1-U6 0 < VAL < 65535; 
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Z1-Z6 

VX, VY, 

WX, WY, 

QX, QY, 

DX, DY, 

EN, DE 

T I , MN 

PL, FX 

WV 

C4-C6 

S4-S6 

VZ| 

wZ ( 

QZ 

DZ 

-660 < VAL < +660; 

| 

- 2 0 < VAL < 20 ( r . l . u . 

| 
1 

- 2 0 < VAL < 20 (THz); 

0 < VAL < 32767; 

VAL = 0 or 1; 

0 < VAL < 12 ( A " 1 ) ; 

Li < Ci < Ui; 

-65535 < VAL < + 6 5 5 3 5 . 

After the TEST command, all 16 scans In the editor table are tested 
with respect to feasibility of the scattering configuration. The algo
rithms used for the necessary computations are given in Appendix A. 
Error messages are given in case that: 

- jvj or Щ = 0; 
•*• > 

- V almost para l l e l to W; 
> > + + 

- Q or 5Q not situated in the (V,W) plane; 
- neutron-energy loss > Incident-neutron energy; 
- momentum transfer impossible; 
- angular setting outside software limits (Li,Ui). 

ЗЛ^4^_Ехеси£1оп_о£_^/Е_зсапэ (/1ENU option 4) 

The execution program for Q/E scans should be activated only if execu
table scans are edited and SAVEd by means of the editor for Q/E scans. 
Execution will proceed according to the list of scans defined in the 
Q/E scan editor, unless it Is interrupted by choosing the abort 
option 8 of the MENU. As indicated in diagram 3.1, the program acts as 
a link between the MENU and the data acquisition program that controls 
the CAMAC operations. During execution it performs the following ac
tions: 

- reads scan information and updates measuring sequence on disc; 
- assigns identifiers (key values) to scans; 
- calculates angular settings and checks with respect to limits; 
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- controls the output to the printer and the disc data file reserved 
for Q/E scans; 

- performs processing of error messages. 

Activity of the execution program is indicated in the MENU display by 
the symbol (A). After an interruption the scan under execution will be 
continued at the next point after choosing again option 4, provided 
that the scan information on disc has not been changed by SET and SAVE 
commands In the editor program for Q/E scans. The course of the mea
surements may be observed by means of the system-report display (MENU 
option 7) or the display of angular settings (MENU option 10). 

A printed output example is given on page 28. If text strings have been 
introduced by the commands CONFIG and TITLE, these will be printed as 
heading. The data output to disc consists of 11 numbers for each mea
surement: 

- key to the measurement; 
- QX, QY, QZ (r.l.u.); 
- energy transfer (THz); 
- settings Л4, A5, A6 (BU); 
- 2 recorded intensities; 
- measuring time (units 0.1 s). 

3.3.5. Termination °r_interrugtion_of a .measurement (MENU option 8) 

By choosing option 8 of the main MENU, the scan under execution will be 
stopped after completion of the preset measuring time. The same scan 
may be continued at the next point by choosing MENU option 2 or 4, 
provided that the scan information on disc has not been changed by SET 
and SAVE commands in MENU options I or 3. 

3.4. Plotting scans on the terminal display (MENU option 5) 

Besides the printed plots produced during execution of angle scans or 
Q/E scans, it is often desirable to compare results of different scans 
or to construct sum or difference plots. The available options are 
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given in a sub-menu. 

1. Return to main MENU. 

2. Plot scan(s): 

Up to three scans can be displayed simultaneously. The scaling in 

the horizontal (x) direction is adapted to the number of scans. 

3. Plot sum of scans: 

The sum of at most 10 scans is determined and plotted. 

4. Plot difference of two scans. 

5. Define plot parameters: 

The origin and dimensions of the plot area, and the plot symbol are 

changed from their default values. 

Motes 

The scans are selected from existing disc files by their key numbers. 

Preceding inspection or manipulation of the contents in these files raay 

be performed by means of option 6 in the main MENU (see section 3.5.). 

The variable to be chosen as x-coordinate should indeed vary from point 

to point in the scan. For angle scans there is a choice between the six 

parameters Al, .., A6, whereas for Q/E scans QX(1), QY(2), QZ(3) or 

EN(4) may be chosen. Scans to be added or subtracted should cover the 

same range for the chosen variable. 

An audible signal will mark the completion of the plot, after which any 

key stroke (except W) will clear the screen and effectuate return to 

the sub-menu. Part of a displayed plot, containing at least 4 data 

points, may be selected for enlargement in the x-direction by entering 

the character W and specifying the lower and upper value of the x-axis 

variable for the desired window. The window facility is not available 

when more than one scan is plotted by means of plot option 2. 

3.5. Data file manipulations (MENU option 6) 

As this option contains unlimited possibilities to delete accumulated 

results, it should be used with utmost care. The available choices are 

given in a sub-menu. 
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1. Return to main MENU. 

2. Tabulate key values: 

A list is given of the key values and the number of points for all 

scans stored in the disc file. 

3. Delete scans: 

All scans with key values between the entered lower and upper limit 

are deleted. Deletion of a single scan is performed by entering its 

key value both as lower and upper limit. 

4. Inspect scan/delete points in a scan: 

The scan with the specified key value is displayed. A single point 

in this scan can be selected for deletion. 

5. Create a sequential file: 

Scans Jith key values between specified lower and upper limits are 

copied to a sequential file as a preparation for data transport. 

For transfer to floppy disc, the file name should be DY^:[250,250] 

NAME.DTA (see section 3.10 for mounting procedure). 

Notes 

Before entry of the above sub-menu the user has to choose between mani-

pulation of either the angle-scan or the Q/E-scan data file. Once with

in the sub-menu it is not possible to switch to the other file. 

3.6. Display or system report (MENU option 7) 

Information is supplied to the user by a dynamically updated display of 

event-flag settings and common block contents. The display consists of; 

- The settings of the global event flags 33-56 (see also Table 5.1). 

Tasks corresponding to the MENU options are indicated in the display 

as being inactive (flag setting 0) or active (flag setting 2). 

- Common block: 

. Status: integer indicating t ~ors during execution of the scan and 

access restrictions between tasks and common block (see technical 

supplement, section 5). 

. Count A, count B: contents of counting registers for preceding 

measurement. 
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•Al, .., A8: setting of angular or auxilliary variables for preced

ing measurement (for display of angular settings for the running 

measurement MENU option 10 may be used). 

• Monitor/time flag: 1: time, 0: monitor. 

• Measuring time: for preceding measurement in units 0.1 s. 

. R1-R9: setting of auxilliary relays. 

Notes 

Return to the main MENU is achieved by pressing the RETURN key. 

3.7. Display of spectrometer configuration (MENU option 9) 

The TEST facility available in the editor program for Q/E scans will 

call the user's attention to impossible Q/E transfer and angular set

tings outside software boundaries. Even if a scan has passed this test 

succesfully, the combination of angular settings may be impossible as a 

result of space limitation, or unfavourable because the detector 

shielding gets into the monochromatic beam. In case of doubt, MENU 

option 9 gives the possibility to display the spectrometer configura-

tion. The scan information is read from the disc file assigned to Q/E 

scans. Available choices are given in a sub-menu. 

1. Return to main MENU. 

2. Draw spectrometer lay-out (cf. figure 3.2): 

For a selected number of spectrometer settings for one of the 

16 scans defined by the Q/E scan editor a schematic drawing is made 

of the scattering configuration and the neutron path. The scan is 

selected by its number in the editor table. In addition, the number 

(n) of points is specified for which the scattering configuration is 

to be drawn. For n = 1, the spectrometer geometry for the central 

point in the scan is shown, whereas for n > 1 the procedure is car

ried out for n successive points constituting the central part of 

the scan. During the computation of the angular settings, the re

sults are checked again with respect to the boundary conditions, as 

done previously with the TEST facility of the Q/E scan editor. 

3. Display scan parameters: 
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Preceding the drawing option 2, the scan parameters ли у be inspected 
by selecting the scan number (1-16). Alternatively, the same Infor
mation шау be obtained by switching to main MENU option 3 and using 
the READ command (cf. section 3.3.3.). 

4. Change plot parameters: 
The default plot parameters are chosen to avoid overlap of informa
tion on the screen. To compare the changes in the scattering confi
guration f.>r successive spectrometer settings, the "screen refresh" 
parameter should be changed to NO. 

Scan : 
Point: 

Q 
Psi Phi 

EN - .. THz; 
Theta * . . 

Fig. 3.2 Sketch of spectrometer lay-out as drawn in MENU option 9. The 
drawn lines denote the neutron path, wile the dashed segments 
indicate the accessible ranges for > and 23 , separately. 
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3.8. Display of CAMAC variables (MENU option 10) 

To observe angular movements of the spectrometer, the system report 
cannot be used. In this MENU option the positions A1-A6 are read from 
the corresponding CAMAC modules and displayed with a refresh interval 
to be selected by the user. An interval of 5 s is recommended. Return 
to the main MENU is achieved by pressing the RETURN key. 

3.9. Wavelength calibration (MENU option 11) 

This option offers the possibility to calibrate simultaneously the 
wavelength of the monochromatic beam and the zero offset Z2 of the 
scattering angle ф (variable A2). First estimates of both parameters 
within 1% of their true values must already be available. A good ap
proximation of the zero offset (Z2 = ф - 32768) can be obtained by 
scanning through the monochromatic beam (use a 2 cm thick PVC attenua
tor to protect the detector against too intense radiaton). 

The program prepares a set of angle scans conforming to the form.it of 
the angle scan editor. A choice between a nickel or a-quartz powder 
sample can be made. For the first specimen, the three reflections 
(111), (200) and (220) and their X/2 counterparts will be scanned. For 
quartz, the five reflections (100), (101), (110), (102) and (111) will 
be measured. Nickel should be used for wavelengths X < 2 A, SiO for 
X > 2 A. Below the sub-menu options are outlined. 

1. Return to main MENU. 
2. Select specimen, etc.: 

This option prepares the scan descriptions and writes them to disc 
file. Estimates for the wavelength (0.5 < X < 5 A) and the zero 
offset (-100 < Z2 < 100 BU) must be supplied as precisp as possible. 
For each reflection 20 joints will be measured with a step length of 
30 BU in A2. Variable Al (specimen angle iji) will be fixed to a con
stant value. The scan descriptions can be inspected by leaving the 
sub-menu, and choosing the angle-scan editor in the main MENU 
(option 1). The scan descriptions are assigned to the scan numbers 
16+11 (for Ni) or 16+12 (for SiO,). Evidently, any previous scan 

http://form.it
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descriptions in this part of the editor table will be lost. 
3> Initiate measurement: 

Starts the measurement of previously prepared scans. This option is 
equivalent to option 2 in the main MENU. 

4. Determine wavelength: 
A fit procedure is invoked which should result in calibrated values 
for X and Z2. The user must supply the key value assigned to the 
first scan. The procedure assumes that the scans are consecutive and 
complete. In the first stage, the position of each reflection peak, 
along with its width, the background and the intensity is determined 
by fitting gaussian envelopes to the peaks. These positions ф are 
then used to determine X and ф , by minimizing the expression: 

N 2 
I .V - 2 arcsin (X/2d ) - ф Г . 
i=l 

with N the number of measured peaks, and X and Фп the adjustable para
meters. When in any stage the fit fails, a message is printed and the 
procedure is aborted. This may be the case when the initial values of X 
and Ф-. are of too low precision, or when the statistics is poor because 
of a low value of the measuring time. In case of success, the calibrat
ed values of X and Z2 = ф - 32768 will be displayed on the screen, 

2 along with their standard errors and the reduced x • 

3.10. Operating system commands (MENU option 12) 

For the convenience of the non-privileged user, this option offers the 
possibility to execute several system commands that are normally 
reserved to the privileged user. To circumvent the need to memorize the 
relevant commands, and to remain in the MENU framework, a number of 
selected system commands are incorporated in the following sub-menu. 

1. Return to main MENU. 
2. Show system memory: 

Creates a schematic display showing (i) all running tasks and the 
memory space allocated to them, (11) the free space (in 512-byte 
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blocks) on the mass storage devices, and (iii) the partitions in the 

system. By pressing either of the keys A or T the 

status of all running tasks, or one-second snapshots of a single 

task can be viewed. Return to the main MENU is accomplished by 

pressing CTRL/Z. 

3. Show directory files: 

All files in the user directory and their size (in blocks) are 

tabulated. With this option the size of the data files (with 

extension .DTA), some of which will increase dynamically, can be 

monitored. 

4. Mount floppy disk: 

In order to transfer data to the floppy disk back-up medium (with 

the aid of main MENU option 6) it is required that the disk is 

mounted. 

5. Dismount floppy disk: 

After the data transfer the floppy disk first must be dismounted 

before it can be removed from the drive. 

6. Format floppy: 

A floppy disk needs to be formatted before data can be transferred 

to it. Because valuable data may be lost, this option should be 

exercised with utmost care. 

7. Set system time: 

The correct time can be entered in the format HH:MM:SS. The seconds 

are optional. 

8. Set system date: 

The correct date can be entered in the format DD-MON-YY, e.g., 

October 5, 1986 will be entered as 5-OCT-86. 



- 3& -

4. SYSTEM INITIALIZATION AND TROUBLE SHOOTING 

After applying power to the computer and pressing the INIT switch on 
the frontpanel upwards, the boot-up procedure is initiated from termi
nal TTrf: in the reactor hall. The system will perform some book-keeping 
duties and eventually prompts for the current time and day. The user 
should respond with typing HH:MM DD-MM-YY. The procedure will terminate 
with an invitation to log in on the system with LOG ьХР/.ШЗ. Normally, 
the main MENU will appear, after which the measurement software is 
ready to receive input. However, when a measurement was in progress 
before the system boot up, the MENU program will detect this, and in
quire whether or not this measurement should be restarted. The user can 
now respond in either of two ways. 

1. After a power failure or system shut-down it is safe to restart an 
interrupted measurement. 

2. After a software error it is to be preferred not to restart the 
measurement, but to check from within the main MENU that really no 
measurement is being carried out. Then, a restart can be invoked 
from the MENU by selecting option 2 or 4. 

One of the aims of the software is to leave relevant messages en the 
screen or the printer in case of an error, be it a system or user er
ror. In most instances, therefore, it will be clear how to react to 
such errors. It may be possible that a severe system error occurs, 
which will always result in a request to apply for help from the system 
manager. 

In the unlikely event that the origin of the error resides in the pro
gram itself (the program will abort) the main i-tüNU may be restarted, 
carefully, with MCR MEN. In case of malfunctioning of the printer, the 

measurement лиу be continued by temporarily redirecting the printer 
output to a disc file (see section 5.2.2.). 

Almost all system facilities are available when the MENU program also 
runs on another terminal, which may be physicalLy located in another 
building. Care should be exercised, however, to avoid conflicts when л 
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second user wants to use the MENU. In alL events the user should return 

Co Che aain MENU before leaving Che terminal for a prolonged tine. 
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5 . TECHNICAL SUPPLEMENT 

5.1. Introduction 

This supplement is chiefly concerned with the technical implementation 

of the software and its interface with the hardware. Its intended au

dience is the RSX programmer who wants to maintain and update the soft

ware or who wishes to write specific extensions not catered for in the 

standard programs. 

An important goal of the implementation is to utilize the resources of 

the RSX operating system in an optimum way. In particular the Multi

tasking or concurrency capability of RSX is fully exploited. This of

fers the user the possibility to simultaneously analyze data, to con

trol hardware devices, and to carry out a measurement. At the system 

software level this poses the problem of keeping track of the many 

tasks which may be active, and to avoid conflicts between tasks that 

need to access the same data. A high level of security is achieved by 

the combined use of event flags, a resident common data block, and the 

RMS indexed-file services. 

The majority of the programs is written in Fortran 77, with a few 

exceptions in assembler. Care has been taken to maintain a high level 

of compatibility with Fortran implementations on other computers. 

Programs which use Executive Calls to access system services are few 

and easily recognized. At appropriate places in the text, a reference 

to a relevant voluue of the RSX-llM documentation is included. 

5.2. System description 

5.2.1. Hardware 

The hardware components are: 

- PDP 11/23 computer with 384 kW of main memory. 

- Data Systems Design Winchester/floppy storage system DSD 880/20, with 

20 MB formatted hard disc, and 0.5 MB double-density floppy drive. 
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- DEC VT101 terminal equipped with a Aetro-Graphics DQ 650S graphics 

board. 

- Epson RX80 printer with a s e r i a l i n t e r f a c e . 

- Tape u n i t . 

The Winchester disc is logically divided into two parts, with device 
mnemonics DLrf: and DL1:. The operating system resides on DL4:, whereas 
the measurement software and the data files are located on DL1:. The 
floppy drive has device mnemonic DY^:, the tape unit MS^:, and the 
printer TT1:. 

5^2.2. System software 

The operating system is RSX-llM, version 4.1. For convenience, it 1з 
henceforth assumed that DCL is the active command line interpreter. 
Both the FCS and RMS filing system services are provided. Use of RMS is 
exclusively limited to tasks that need to share (indexed) files (RMS-11 
User's Guide, Vol. 7). In all other instances FC5 is to be preferred, 
since (i) tasks are generally built more quickly, (ii) task space is 
smaller, and (iii) tasks execute slightly faster. 

Two versions of the Fortran object-time system (OTS) are available, one 
of which should be selected during task building: 

FCS: LINK/.. file(s), LB:[1,1]F77FCS/LIB, LB:[l,l]SYSLIB/LIB 
or 
RMS: LINK/üVERLAY/.. file.ODL 

Presently, due to task space limitations, a disc-overlay version of RMS 

is in use. An overlay description for a task linking into RMS typically 

would look like (Fortran 77 User's Guide, paragraph 2.6.5.): 

.ROOT File-F-RMSROT,RMSALL 

File: .FCTK file name(s) 

F: .FCTR LB:[l,l]F77RMS/LB 

êLB:[l,l)RMSllX.ODL 

.END 
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CONTROL FLOW DATA EXCHANGE 

EVENT FLAGS 

,_ 

TASK TABLE 

...MEN 

SCAN 

ANGLE 

SCANO 

QEXE 

GRAPH 

FILE 

SYSDIS 

SPCTRO 

CREAD 

WVL 

DCLCOM 

DAT 
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l~ 

' 
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DATA FILES 

ACTIVE 
MEASUREMENT 

INDEXED 
SCAN DATA 

SCAN DESCRIPTION 

SCAN EXECUTION 

RESIDENT COMMON 

Diagram 5.1 Scheme of c o n t r o l and data flow between t a sks and da ta 

f i l e s 
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The printer is the slaved terminal TT1:. The measurement programs liave 

exclusive access to the printer. No other information can be printed as 

this would clutter the measurement information. The queue manager con

sequently is inactive. 

A priviliged user may redirect output meant for the printer to a disc 

file by issuing: 

ASSIGN/TASK:QEXE (or ANGLE) DLl: 2 

However, in doing so disc space will be quickly exhausted. 

5.2.3L Measurement software 

All programs of the measurement software have the User Identification 

Code (UIC) DLl:[250,250]. The source and object code of the programs 

can be found in the libraries HB3.ÜLB and HB3.0LB, respectively. Addi

tional plot software is found in the libraries PLOTLIB and GIN0.0LB. 

The relevant tasks are installed in the system during the system boot 

procedure. The main MENU program is installed as ...MEH to allow multi

user access (Command-Language Manual, Vol. 2B, paragraph 7.1.1.). Asso

ciated with each task is a system global event flag, in the range from 

33 to 46. The event flag mechanism controls intertask communication 

(Executive Reference Guide, Vol. 4B, paragraph 2.2.). Tasks exchange 

data either through a resident common data block, or via files. To 

allow tasks shared access to the main data files, the latter have an 

index (or key) structure. In diagram 5.1 the main control and data 

flows have been sketched. Table 5.1 lists the task names, the main MENU 

option with which they are associated, their event flag and priority, 

and the filing system they access. 

In principle, all requests to CAMAC are routed through the Data Acqui

sition Task (DAT). Similarly, data from CAMAC are returned via DAT to a 

task operating at a higher level. This latter task translates the phy-

sirs problem (e.g. a Q/E ccan or a simple angle scan) to setpoints for 

the spectrometer arms, and soforth. Diagram 5.2 shows a simplified 
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DIAGRAM 5.2 INTERTASK COMMUNICATION 

CSIMPLIFIED DIAGRAM) 

MEASUREMENT TASK CAMAC TASK 
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MEASUREMENT TASK 

Diagram 5.2 Simpl i f ied flow scheme of I n t e r t a s k communications 
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diagram of the communi cation between the DAT and the higher-level mea

surement task. Note that time-consuming activities like disc input/ 

output, printing and the calculation of the next setpoints are perform

ed concurrently with CAMAC operations. This reduces the system over

head, particularly at high counting rates. 

The DAT is activated with event flag 52; it (re)activates the measure

ment task with flag 51. The latter task signals that the measurement is 

finished by setting flag 53. 

Table 5.1 Task information 

Task 

iiame 

...MEN 

SCAN 

ANGLE 

SCANQ 

QEXE 

GRAPH 

FILE 

SYSDIS 

SPCTRO 

CREAD 

WVL 

DCLCOM 

DAT 

Description 

Main MENU 

Angle scan editor 

Angle scan execution 
+ . 

Q/E scan editor 
> 
Q/E scan execution 
Plot scans 

Manipulate data 

System display 

Draw spectrometer 

CAMAC read-out 

Wavelength calibration 

System commands 

Data acquisition 

Menu 

options 

-

1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

-

Flag 

-

33 

34 

35 

36 

37 

38 

39 

41 

42 

43 

44 

-

File 

services 

FCS 

FCS 

RMS 

FCS 

RMS 

RMS 

RMS 

FCS 

FCS 

FCS 

RMS 

FCS 

FCS 

Priority 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 
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5.3. System initialization 

The system start-up is performed in two stages. First, the system it

self is booted from a command file DL^:[l,2l 3TARTUP.CMD. This file can 

be edited to tailor specific needs. In the second stage the main MENU 

task is started after login to DL1:[250,250;. 

Presently, three partitions are created to accomodate data fields and 

task images. The first, RESCOtl, contains the resident common data 

block. The second partition, RMSRES, is created for the future benefit 

of memory-resident RMS overlays. Finally, the third partition CACOil is 

used in interfacing to CAMAC. Table 5.2 summarizes the partitions, 

their base addresses and their sizes. All tasks listed in Table 5.1 and 

the resident common block are subsequently installed. 

The minimum requirement for a successful system start-up is tha all 

task images, the resident common RESCOtl.TSK and RESCXM.STiJ files, and 

the data files be present. 

Table 5.2 Partitions created during sysytem initialization 

Partition 

RESCOM 

RMSRES 

CACOM 

(GEN) 

Base address 

27700 

26300 

177600 

3240 

Size 

100 

1400 

100 

21440 

Comment 

Resident common block 

Reserved for future use 

-

Main system partitions 

Notes 

- 384 kW main memory is assumed; 

- addresses and sizes in 100 (octal) bytes. 
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5.4. Event flags 

Each task in the measurement software is associated with an event flag. 

The main MENU program checks this flag when it is requested to start a 

specific task. The status of this flag, combined in some cases with 

that of other flags, determines whether or not the task is allowed to 

run. 

Several tasks, in particular those which perform the actual measure

ment, signal the completion of an activity, or the occurrence of an 

event by setting a specific flag. This flag may be polled by other 

tasks to take appropriate action. 

All flags are located in a block of system-global flags, numbered from 

33 to 57. Tnese flags are common to all tasks in the RSX system 

(Executive Reference Guide, Vol. 4B, paragraph 2.2.). A low-level layer 

of software interfacing with CAUAC, accesses group-global flags in the 

range 65 to B8. Table 5.3 summarizes the flags and their use. 

Table 5.3 Event flags 

Flag 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

Task/use 

SCAN 

ANGLE 

SCANQ 

QEXE 

GRAPH 

FILE 

SYSDIS 

Unused 

SPCTKO 

CREAD 

WVL 

DCLOOM 

Flag 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

Task/use 

Unused 

Unused 

Unused 

(CREAD) 

(SYSDIS) 

Activate MENU 

Activate ANGLE/QEXE 

Activate DAT 

Stop DAT 

Unused 

ABORT 

Unused 
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5.5. Resident common data block 

The measurement and data-acquisition Casks exchange data through a 
resident common block. Its format is (Fortran 77 Language Reference 
Guide, paragraph 5.13.; Command Language Reference, Vol. 2B, para
graph 6.4.2.): 

COMMON /RESCOM/ STATUS, ANGLE, MFLAG, PRESET, RELAIS, COUNT 

INTEGER*4 ANGLE(8), COUNT(2), PRESET 
INTEGER*2 STATUS, MFLAG, RELAIS(20) 

On entry of the DAT, ANGLE contains Che secpoints for the spectrometer 
variables as calculated by the measurement task, PRESET is either in 
units 0.1 s or the number of monitor counts depending on TIFLAG being 1 
or 0, respectively, and RELAIS is 1 or 0 according to Che particular 
relay to be set or not. Presently, for the triple-axis spectrometer, 
the last two ANGLE variables and the RELAIS variables are superfluous. 
They are included in order to retain compatibility with software for 
other spectrcmeters. On return to the measurement task, ANGLE contains 
the actual setpoints, PRESET che counting time in units 0.1 s, and 
COUNT the accumulated counCs in each detector. 

Since several tasks can access or monitor the contents of the data 
block simultaneously, it is imperative to obey a protocol which regu
lates the writing to and reading from the block. The STATUS word In the 
block serves this purpose. Depending on Che value of STATUS, tasks are 
allowed to write to the block, or can determine the validity of the 
data. STATUS can contain the following values. 

Status Interpretation 

0 No activity in the common block. Tasks are free to claim the 
block. The contents of the bLock is probably not .ueaningf ul. 

1 the common block has been defined by the measuremenC cask. The 
DAT is free to read the block. 
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2 The measurement task is in the process of writing to the 

block. No read/write permission for other tasks. 

3 Successful completion of the DAT. Read/write permission for 

the measurement task. 

4 DAT is in the process of writing to the block. No read/write 

permission for other tasks. 

For STATUS codes above 9 some error condition occured during a CAMAC 

operation. These codes, which are listed below, are translated by the 

measurement task to meaningful error or diagnostic messages. When the 

same type of error occurred for more than one variable Ai, the error 

message is restricted to the variable with the smallest index. 

Status CAMAC error 

10-17 CAMAC unable to set variable Ai (i=l, .., 8). 

20-27 Lower limit reached for variable Ai. 

30-37 Upper limit reached for variable Ai. 

50 CAMAC interrupted before time-out. 

60 Unspecified CAMAC error. 

The installation of the resident common block is performed during the 

system start-up. For reference, the procedure will be outlined here. A 

block-data dummy Fortran program must be written, which declares and 

initializes the data fields. The task-build instruction is: 

LINK/SHAREABLE:COMMON 

/SYMBOL-TABLE 

/OPTIONS 

/NOHEADER 

/CODE:PIC 
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RESCOM, LB:[l, l]F77FCS/LIii , LB: [1 ,1 JSYoHB/LIB 

with options: 

STACK = О 
PAR = RESCOM. 

This creates, among other things, a symbol table file RESCOM.STB, need
ed by other tasks which will link into the common block. The block 
amounts to 88 bytes. It suffices therefore to claim 200 (octal) bytes 
for the partition RESCOM. The installation is completed with: 

INSTALL RESCOM. 

5.6. Data files 

A considerable number of data files serves to store the accumulated 
scans, and to keep important system information in non-volatile memory. 
Table 5.4 lists the files and presents a short description of their 
use. 

Table 5.4 Data files (all in directory DL1:[250,250]) 

File 

DATA.DTA 
DATAQ.DTA 
KEY.DTA 
KEYQ.DTA 
SCAN.DTA 

SCANQ.DTA 

SCAN.MES 
SCAN!}. MES 
ACTIVE.DTA 

Contents 

Angle-scan data 
Q/E scan data 
Key for the angle scans 
' sy for the Q/E scans 
Scan descriptions for angle 
scans 
Scan descriptions for Q/E 
scans 
Scan list for angle scans 

* 
Scan list for Q/E scans 
Active-measurement fla§ 

Format 

Unformatted/indexed 
Unformatted/indexed 
Formatted/sequential 
Formatted/sequential 
Unformatted/sequential 

Unformatted/sequential 

Unformatted/sequential 
Unformatted/sequential 
Formatied/sequential 
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In f i l e ACTIVE.DTA a s ing l e integer i n d i c a t e s whether a measurement i s 

running. Zero implies that no measurement i s running, I that an angle 

scan i s being executed, 2 i n d i c a t e s a Q/E scan . This f i l e i s opened 

during the s tart -up of the main MENU program to check i f a measurement 

should be re s tar ted . The f i l e can be e d i t e d . In KüY.ÜTA and KEYQ.DTA 

the key values of the next angle scan and Q/E scan are s tored , respec

t i v e l y . With each scan a unique key i s a s s o c i a t e d , which i s updated by 

the measurement programs. These keys can be e d i t e d , but c o n f l i c t s with 

the indexed f i l e key structure should be avoided. 

The descr ipt ions of angle scans and Q/E scans are contained in SCAN.DTA 

and SCANQ.DTA, r e s p e c t i v e l y . These f i l e s cannot be edi ted d i r e c t l y . 

Instead, the ir contents can be inspected and a l t ered by the respect ive 

edi tor programs in the main MENU. In the f i l e s SCAN.MES and SCANQ.MES 

l i s t s are maintained of the angle scans and Q/E scans to be executed. 

These f i l e s a l s o can only be edi ted by the e d i t o r programs in the main 

MENU (SELECT mnemonic). 

F ina l l y , a l l measurement data i s kept in the f i l e s DATA.DTA and 

DATAQ.DTA. To allow several tasks to share these f i l e s , they have an 

index s t ruc ture . Lach record in the f i l e corresponds to a data point in 

a scan, and ought to have an unique key ass igned to i t . Tnis key i s 

re lated to the key value of the scan i t s e l f in the fol lowing manner: 

key (record) • 100.key (scan) + data-point number 

For t h i s reason, the number of data points in a scan i s l imited to 99 . 

The maximum number of scans , a f ter which alL key values are exhausted, 

i s 32767. The records in the f i l e s are of f ixed l eng th . Each record 

conta ins , in the case of angle scans , ( i ) the key value (4 b y t e s ) , ( i i ) 

the values of the s i x spectrometer var iab le s (24 b y t e s ) , ( i i i ) the 

accumulated number of counts in two d e t e c t o r s (8 b y t e s ) , and ( i v ) the 

counting time in 0.1 s un i t s (4 b y t e s ) , for Q/E scans , apart froia the 

key value, the number of counts , and the counting time, the values of Q 

* (Q » Q » Q ) ( i n r . l . u . ) and the energy transfer ( in uni t s THz) are 

s t o r e d . This implies that each data point requires 4U or 44 bytes for 

angle or Q/E scans , r e s p e c t i v e l y . 



- 50 -

The files are organized on disc in blocks of 512 bytes. Upon creation 
of the two files, for each one 1,500 blocks are initially allocated. Л 
rough estimate yields that 900 angle scans and 800 Q/E scans can be 
stored before this space is exhausted. These values are based on an 
average of 20 data points in each scan. When the file is completely 
filled, it is dynamically expanded in 500 block units, as many times as 
disc space permits. 

The files are most easily created with the RMS utility RMSDEF (RMS-ll 
User's Guide, Vol. 7, paragraph 9.3.). The Fortran keywords (Fortran 77 
User's Guide, paragraph 7.) for the OPEN statement would look like: 

- organization » 'indexed'; 
- access » 'keyed'; 
- block size * 1 (unit of 512 bytes); 
- extend size = 500; 
- initial size » 1500; 
- form = 'unformatted'; 
- reel » 10 or 11 (a storage unit is 4 bytes); 
- record type = 'fixed'; 
- key - (1:4:integer). 

File attributes (e.g. the filling percentage) can be inspected with the 
RMS utility RMSDSP. To transfer the file contents to another medium 
(e.g. magnetic tape) or across a network, it is necessary to convert it 
to a sequential file. This may be achieved with the DCL utility 
CONVERT, or with option 5 in the file manipulation sub-menu. 

5.7. CAMAC routine descriptions 

The data-acquisition task (DAT) requests CAMAC to perform several ac
tions. Below follows a list of Fortran calls to the routines which 
manage these tasks, and the data types of the parameters they require. 
In the event of a call to a routine which is still active, the current 
call is aborted in favour of the new one. This is not an error situa
tion. 
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5_.7.1. CALLANGLE3 (ANGLE, ERROR) 

INTEGER*̂  ANGLE(5) 

INTEGER*2 ERROR 

I n i t i a t e s the movement of the spectrometer arms to the s e t p o i n t s s p e c i 

f ied by the array ANGLE. Present ly , the f i r s t three var iables c o r r e 

spond to the specimen angle y, the s c a t t e r i n g angle ф, and the analyzer 

s c a t t e r i n g angle 29 . In the future , the remaining two var iab les w i l l 
A 

correspond to two independent tilt angles of the specimen goniometer 
head. 

Upon return from CAMAC, the array ANGLE will contain the setpoints 
actually realized. The parameter ERROR, when not being equal to zero, 
will signify the occurrence of an error condition according to the 
formula: 

ERROR = r 2 3 ( l _ 1 ) s., 
i=l 

in which с equals either 1 (lower limit reached), 2 (upper limit 
reached), or 4 (time-out). The sequence number i refers to the variable 
for which the error condition occurred. All angle positions are in 
binary units (BU). ihe DAT accepts the spectrometer setting when i|/, <\>, 

and 2Э are within a range of 3, 6 and 3 BU of their respective target 
positions. 

ËiZi^CALL^mSAS (ANGLE) 

INTEGER*4 ANGLE(5) 

Returns the actual setpoints of the spectrometer arms. A semi-

continuous display of Lhese setpoints with the aid of this routine is 

realized in option 10 of the main MENU. 
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liIi2i_9*tk_S9ï!fï§ (PRESET, COUNT, TIME, ERROR) 

INTEGER*4 COUNT(2), PRESET 

INTEGER*2 ERROR, TIME 

This routine starts the accumulation of counts at the current setpoints 

of the spectrometer. The measurement «ill take a fixed time (PRESET 

times 0.1 s in case relay one is set), or will terminate after PRESET 

counts have been accumulated in the beam monitor (in case relay one is 

reset). After return from the routine, COUNT will contain the accumu

lated counts from both detectors. The true measuring time is represent

ed by TIME in 0.1 s units. A negative value of ERROR signifies that the 

measurement has been interrupted manually. In that case, the absolute 

value of EP.R0R indicates the remaining number of preset units. 

5.7.4.CALLRELAY3 (RELAY, VALUE, ERROR) 

INTEGER*2 RELAY, VALUE, ERROR 

This routine sets or resets the RELAY depending on VALUE being equal to 

1 or 0. ERROR will equal 4 upon return when the final setting of the 

relay is not realized within 30 s. The DAT decides to set or reset the 

first relay to measure for a fixed time or for a fixed number of counts 

in the beam monitor. 

5j:Zl5i_I_-_NREL3 (RELAY) 

INTEGER*2 NREL3, RELAY 

This function assigns a value i or 0 according to the relay being set 

or reset. 

5iZiÉ!_9èLL_STMAG (SETPNT, ERROR) 

INTEGER*2 SETPNT, ERROR 

This routine enables to control the output current of the Oxford 

Instruments superconducting magnet power supply. The setpoint has 

12 bit resolution, so SETPNT should not exceed 4095. ERROR will equal 1 

when the target setpoint has not been reached within 60 min. 
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5i7_-7r_CALL_STCR3 (SETPNT, ERROR) 

INTEGER*2 ERROR 

INTEGËR*4 SETPNT 

The setpoint of the cryogenic temperature controller DTC-500A can be 

set with this routine. One unit of SETPNT corresponds with 0.0001 Volt. 

Upon return, a time-out after 60 min will be marked by ERROR being 

equal to 1. 

5.7^8. CALL RDCR3 (SETPNT, ERROR) 

INTEGER*4 SETPNT 

INTEGER*2 ERROR 

On return from this routine, SETPNT will contain information about the 

actual temperature at the position of a diode cryogenic thermometer, 

obtained as output of the DTC-500A controller. One unit in SETPNT cor

responds with 0.00005 Volt. 

5iZ:il_CALL_STFUR3 (SETPNT, ERROR) 

INTEGER*4 SETPNT 

1NTEGER*2 ERROR 

The setpoint of the Viscount furnace controller can be defined with 

this routine. It has 12 bit resolution. 

^ZiI2r_Sèbb_Ë5Iè2ï (ACTIVE) 

INTEGER*2 ACTIVE 

This routine defines which axis will be active. For an axis to be in 

that condition, the corresponding bit in ACTIVE should be set. 

5.7.11. CALL RDVS3 (SETPNT, ERROR) 

INTEGER*2 ERROR 

REAL SETPNT 
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The current value of the automatic resistance bridge VS-3 is returned 

in SETPNT. 

5.8. Data-acquisition task 

In this concluding section of the technical supplement several details 

concerning the data-acquisition task (DAT) will be outlined. Ideally, 

the DAT is the only part of the software which needs to be amended in 

case of hardware changes to the spectrometer or CAMAC. The removal of a 

CAMAC module, for instance, is easily coped with by making an appropri

ate change in the DAT. From the user's point of view, the software 

remains the same, except for the loss of the particular CAMAC func

tion. 

Several different versions of the DAT are available. Each one caters 

for a specific experimental condition, e.g. the presence of a cryostat, 

a superconducting magnet or a furnace during the experiment. So, when 

for instance a cryostat is mounted on the sample table, the appropriate 

CAMAC module is Inserted in the electronics rack, and the corresponding 

DAT Is installed in the system. This construction also allows the im

plementation of different measurement strategies, especially for magne

tic field scans. 

Each version of the DAT establishes a correspondence between the still-

undefined variables A4 to A6, and the added CAMAC function. Below, a 

list of the available versions of the DAT is presented. In general, 

combinations of funtions are possible. 
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1. Standard version DATSTD variables 

a. Angle setting (ANGLE3) A1-A3 
b. Count accumulation (C0UNT3) 
c. Relay definition (RELAY3) 

2. Specimen tilt angle DATJKP 

a. Angle setting (ANGLE3) A1-A3 
b. Tilt angle setting (ANGLE3) A4.A5 
с Count accumulation (C0UNT3) 
d. Relay definition (RELAY3) 

3. Cryogenic controller 1 DATSCl 

a. Angle setting (ANGLE3) A1-A3 
b. Setpoint read-out (RDCR3) A6 
c. Count accumulation (C0UNT3) 
d. Relay definition (RELAY3) 

4. Cryogenic controller 2 DATSC2 

a. Angle setting (ANGLE3) A1-A3 
b. Setpoint definition (STCR3) A6 
c. Setpoint read-out (RDCR3) A6 
d. Count accumulation (C0UNT3) 
e. Relay definition (RELAY3) 

5. Furnace controller DATFUR 

a. Angle setting (ANGLE3) A1-A3 
b. Furnace setpoint definition (STFUR3) A6 
с Count accumulation (C0UNT3) 
d. Relay definition (RELAY3) 
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6. Superconducting magnet DATMAG variables 

a. Angle setting (ANGLE3) A1-A3 

b. Magnet setpoint definition (STMAG3) A6 

c. Count accumulation (C0UNT3) 

d. Relay definition (RELAY3) 

The current DAT can be removed with: 

REMOVE DAT. 

The new DAT can be installed in the system with: 

INSTALL/TASK:DAT DATnnn, 

with nnn taken from the list above. 
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Appendix A Algorithms used in the Q/E scan editor 

Ii_5S5£EiSc.i22s._f2E_H!ïe-_E£Ëe.ren£e ïecE2E^ v 5nl_w in tne reciprocal 

lattice 

The two reference vectors V and W may be written as: 

+ >•* >* >* 

V = Vx a + V2 b + V3 с 

> >* >* >* W = W a + W b + W с . 

In the cartesian (x,y) frame (cf. Figure Al, page 61) V is parallel to 
the x-axis, while iV is situated in the half-plane with у > 0. Error 
messages are given in the following cases: 

3 3 
V = 0 or W = 0: У V? < 0.001 or У W? < 0.001 l i i=l i=l 

V//W : |wt(V2 + V ) - V (W + W )| < 0.001 . 

>• 

2. Restrictions_for_the_scattering_vector Q 
> + •*• 

The vector Q must be situated in the plane defined by V and W, i.e.: 

•* - > * > * • * -^ > -** * Q = £ a + n b + £ с = л V + 3 W . 

As a result of the definition of W in the у > 0 half-plane, Q will be 
situated in the у > 0 half-plane if 3 > 0 and in the у < 0 half-plane 
if {$ < 0. For the calculation of a and 3 (and the error message in case 
no solution is found) two cases are considered: 

(l) д - v w2 - v2w1 * о 

a - (5 W 2 - n W1)/& 
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3 » (ч ï j - 5 V2)/& 

If a V. + И . - ï > 0.0001 an e r r o r message i s g i v e n . 

(2) Д = 0 . For n o n - p a r a l l e l v e c t o r s V and W one then has: 

Л' = V W - V W * 0 

a = (i W3 - ; W1)/A' 

e » (; vt - 5 V3 ) /A* 

If a V- + 3 W? - n > 0.0001 an e r r o r message i s g iven . 

3 . C a l c u l a t i o n of r e c i g r o c a l - l a t t i c e pa ramete rs and convers ion 

a a t r i x Ц fw.R. dusing and n.A. Levy, Acta C r y s t . 22 (1967) , 4571 

V - 2abc / ( s i n s • s i n ( s - a ) • s i n ( s - 3 ) • s i n ( S - Y ) } , 

with 2s = 3 + 3 + Y. 

* 2ff be s i n a * 2тт са s i n 3 * 2n ab s i n Y 
3 = . b = . c = 

* cos Y cos a - cos 3 * _ cos a cos 3 - cos Y 
c o s 3 = s i n Y s in a ; c o s y sin a sin 8 

* 2 * 1/2 * 2 * 1 / 2 
s in S - (1 - cos 3 ) ' ; s i n Y - (1 - cos Y ) 

* * * * * 
a b cos Y с cos 3 

* * * * 
В = ( 0 b s i n Y - c s in 3 cos a 

0 2* /c 

The matrix В is used to convert vector components defined in the 
* * * 

(a ,b ,c ) coordinate frame to components in the cartesian, 
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> + * > * * + 
right-handed frame (X.Y.Z) with X//a , Y in the (a ,b ) p lane , and 2 

* * 
perpendicular to the (a ,b ) p lane. After conversion the vectors are 

* * , - 1 
denoted as Q ,V and the length ( in A ) may be coaiputed: 

К 
= й •> ) ; <L - l i l • ( I 1 , ) и г 

i - i c i 

V 3 
• . - '2 ' V l ' J - l W • 

V 

2 , l « 
i=l 

For the HB3 diffractoraeter the ui 

the neutrons is expressed in THz: 
For the HB3 diffractoraeter the wave vector к is fixed. Die energy of 

E £ = E . - v » C k . - v ; C = 0.501028 THz A 
f l l ' 

kf - (Ef/C)
1/2. 

The components of Q and V are converted by the matrix В to cartesian 
components, which allows 

> • > 

angle e between Q and V: 
components, which allows calculation of the length of Q in A and the 

Q c - ( 1 < 4 ) 1 / 2 . V c - ( [ V 2 ) l / 2 
i=l i=l 

q • v 
Q V с с 

arccos A e 0 , for 3 * 0 

с = it + s ign (3) • {arccos A - n} , for 3 Ф 0 
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where 3 is calculated as described in 2. Finally, the angle 5 between 
+ > 
Q and -k. is determined (cf. Figure Al): 

2 2 2 
k[ + <f - kf 

6 = arccos ( 2 k Q ) 
i 

The scattering angle ф between к and к is found from: 

2 2 2 kT + k* - q 
, \ f 4 

ф = arccos [ о к к > ' 

As shown in Figure Al the angle ij/ defining the orientation of -k with 
respect to the reference vector V is measured anti-clockwise from the 
positive x-direction (which coincides with V): 

ф = e + 5 , for left-hand scattering 

ф • e - 6 , for right-hand scattering 

Fig. Al Left-hand scattering configuration for Q » о V + 3 W with I > 0 



- 62 -

4. Transformation of scattering configuration to instrumental 

setgoints 

Tne defaul t zero s e t t i n g s of PS1, PHI and THETA are 0, 32768 and 32768, 

r e s p e c t i v e l y . Deviat ions from these values may be corrected by a s s i g n 

ing z e r o - o f f s e t values to Zl, Z2 and Z3. Setpoints for the three angles 

Al, A2 and *i3 are derived as fo l l ows : 

32 7ftH 
PS1 - Al = U • Ü1S2. + z l ) mod 65536 

FI = A2 = 32766 ( l + i • 01) + 12 

2 Э А 
TrtETA = A3 = 32768 ' l + • 03) + Z3 . 

Left-hand and right-hand s c a t t e r i n g conf igurat ions are s p e c i f i e d by 

01 = -1 and +1, respectively, and Э is given by: 
A 

9Д = arcsin {ir / (dA • к )} . 

5^_Uef ignitions _of ̂ scans^e^ejadicular^to^ Ab or_c_ 

For cubic, tetragonal and orthorhombic crystal structures it is rela
tively easy to determinic И , 5 i and 5 с in such a way that: 

-* -** -** -** 
5 Q = 5 5 • a + 5 n • b + 5 ; • с 

is perpendicular to an arbitrary reciprocal lattice vector in the plane 
defined by the reference vectors V and W. To facilitate the definition 
of perpendicular scans in non-orthogonal lattices, a few specific op-
tions have been included in the Q/E scan editor. йу assigning a step 
length 5 Q j in units A to one of the parameters ТА, ТВ or TC a scan 
perpendicular to, respectively, a , b or с is selected. It is assumed 
that the selected reciprocal-lattice vector is situated in the scatter-
ing plane. The components of 5 Q in the reciprocal-lattice frame 
(5 F,, 5 n, 5 5) are determined by means of the following algorithm. 
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(1) Test on scan feasibility, e.g. ТА * О is not allowed if both 
V = 0 and W - 0. 

> > * • * ->•* 
(2) Transform the selected vector S = S a + S_ b + S_ с to the 

• • cartesian xy-frame in which V//x (see Figure A2). 

Fig. A2 orientation of 5 Q in scan perpendicular to S = a , b or 

* • .-1 
As a preliminary step, the lengths of V and W (in A ) and the angl 
are calculated in the cartesian XYZ frame (see section 3): 

V = В V ; V = V 
С С ' С I 

*• * I * 
W * В W ; W - W 
С С ' С 

cos x 3 v • W / (V • W ) ; sin x " (l-cos x) С С С С 

The values a and 3 in the express ion: 

S = a V + 3 W 
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are ca lcu la ted as in s e c t i o n 2 : 

a = ( э ^ - S ^ J / A 

, i f A * \^2 - V2W1 Ф 0 

e - cs2v1 - s ^ )/л 

or 

a « (StW3 - Syj ) / Д ' 

0 = (S3V1 - S l V 3 ) /&' 

, i f 4» = V ^ 3 - V ^ * 

For the components S and S one has: 
x у 

S * a V + 3 W cos x x с с 

S = В W sin x У с 

The vector perpendicular to 3 aay be written as: 

5 0 = -AS x у 

5 0 * AS у x 

where A is defined by Che normalization: 

|«5C| - k « v 2 + H ) 2 l W " ^ s ! ^ 
Next, the car tes ian components are transformed to 

and W: 

5 Q = y V + 5 W 
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5 = б Q l(A s i n x) у с 

Tf = (5 Qx - 6 Q * cos x / s i n X ) /V c . 

F i n a l l y , the components of 5 ^ in the r e c i p r o c a l - l a t t i c e frame 
* * * 

(a ,b ,c ) a r e ob t a ined : 

5 5 - Y Vt + 6 ïlj 

5 n - Y V2 + 5 W2 

5 С - Y V 3 + б W3 

VL-86/1174ew 


