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ABSTRACT 

This report serves as a manual for the users of the small-angle 

neutron scattering instrument located at beamport HB3 of the High-

Flux Reactor in Petten. The sain part of the text is devoted to the 

control of the facility and the data handling by means of a uVAX 

computer. Also, the various possibilities to access the facility 

across computer networks are discussed. A collection of menu-driven 

and command-driven programs, which utilize the flexibility of the VMS 

operating system without requiring detailed knowledge of the user 

about the computer environment, enables to control the instrument. 

For the convenience of the experienced user, who might wish to update 

or extend the software, a technical supplement is included. 
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1. INTRODUCTION 

This report serves as a manual for the small-angle neutron scattering 

(SANS) facility. The SANS instrument shares beamport HB3 of the 

High-Flux Reactor (HFR) in Petten with a triple-axis spectrometer. 

Small-angle scattering of neutrons arises from materials inhomogenei-

ties in the range of 10 - 10 A. The scattering usually is confined 

to within approximately 10 degrees of arc. The drop of the scattering 

for increasing scattering angle may furnish information concerning 

the size or size distribution of the inhomogeneities, their shape, 

density and interactions. Owing to the small energies of the neutrons 

involved, and to their large penetration depth in most materials, the 

SANS technique contributes significantly to nondestructive investiga

tions in materials science, colloid, polymer and catalyst research. 

Excellent introductions to small-angle scattering, including neutron 

SAS, are offered by Refs. 1 and 2. 

A comprehensive discussion of the ECN facility, its components and 

characteristics is given in a companion report [3]. With the aid of 

the present manual, an inexperienced user should be able to operate 

the instrument and perform the preliminary data analysis within a 

single day. 

The first part of the text is devoted to an introduction of the 

instrument with emphasis on the components which can be directly 

controlled with the uVAX II instrument computer. The next part pre

sents the various programs in the SANS software suite. These programs 

operate in the same fashion as the other programs running on the 

instrument computers in the HFR [4]. As such, the SANS programs aim 

at offering a high degree of user compatibility in a friendly and 

consistent environment. 

The final chapter of this manual discusses technical aspects of the 

software, mainly for the convenience of system programmers. This 

chapter may be skipped in a first reading. 
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For technical information concerning ancillary equipment, such as 

cryostats, magnets and furnaces, the user is referred to manuals for 

these specific components. 
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2. SHORT DESCRIPTION OF THE INSTRUMENT 

SANS is concerned with observing the diffuse scattering near zero 

angle which results from materials inhomogeneities in the range of 

10 - 10 A. For convenience, the inhomogeneities here are modelled as 

particles embedded in a homogeneous matrix material. This simplifying 

assumption does not constitute any restriction to the use of SANS, 

however. Usually, the wavelength A of the radiation is much smaller 

than the size of the particles. The scattering vector 

a • K - *r 

therefore is small (k. and k_ are the wavevectors of the incident and 

scattered neutrons, respectively). Consequently, the neutron normally 

does not transfer energy to the material, nor does it gain energy 

from the interaction. In the (quasi-)elastic approximation therefore, 

Q - | Ö | - J* sin (G/2) * f* 0. (1) 

with 8 the scattering angle. For a simple two-phase system the mac

roscopic crosssection for coherent elastic neutron scattering at 

small angles is 

dl (Q)=npVp (AP)2 <P{Q,>* (2) 

In this expression, n and V are the number density and the volume 
P P 2 

of the particles, respectively. (Ap) is the so-called scattering 

contrast between the particles and the matrix material. A suitable 

choice of an atomic isotopr? may optimize the contrast without affec

ting the chemical and physical properties of the system. <P(Q)>, 

finally, is related to the single-particle form factor, and contains 

the angular dependence. An accurate determination of this angular 

dependence is the principal objective of SANS investigations. 
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Fig. 1. Schematic diagram of the SANS facility, showing the principal 

components. h=200 cm is the distance between the monochroma

tic and white neutron beams; dg and dg are the entrance and 

sample diaphragms, respectively; dD is a detector element; 9 

is the scattering angle. The collimation length Lj * 400 cm 

is fixed. The distance L2 between the detector and the sample 

can be varied from 95 to 425 cm. 
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Table 2.1. Main characteristics of the ECN SANS facility 

Radial beam tube HB3b 

6 pairs of pyrolytic-graphite monochromator crystals; A = 4.75 A, 

hk/k = 2-10X 

15 cm Be filter at 45 K 

length first flight path: 4 m 

length second flight path: 0.95 - 4.25 m 

diameter of apertures: 5-20 mm 

scattering range: 5.10 - 0.4 A 

•3 

Two-dimensional JHe neutron detector with spatial resolution 8x8 mm' 

Multicolour ND76 multichannel analyzer with 128 x 128 channels 

Provision for a linear detector covering the range 0.7 - 1.4 A 

Ancillary equipment: 7~position sample changer, electromagnet, fur

nace, cryostat 

uVAX instrument computer, 9 Mb on-board memory, 159 Mb fixed-disk 

memory 

Fig. 1. presents a schematic diagram of the instrument. A number of 

instrument parameters is summarized in Table 2.1. Monochromatic neu

trons are obtained from series of pyrolytic graphite (PG) (002) re

flections. The first 6 PG crystals reflect the beam in the upward 

direction, splitting it into 6 slightly divergent beams. Six other 

crystals reflect the neutron beams a second time. The resultant mo-
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nochromatic beam (average A = 4.75 A, AA/A = B% at FWHM) is in the 

horizontal plane. The SANS facility itself is situated on a concrete 

platform. Each of the 12 crystals in the monochromator can be orien

ted in the neutron beam independently along two axis. This implies 

that no less than 24 motors need to be positioned. Section 5-15 dis

cusses the software which is available to accomplish this daunting 

task. Note that although the PG take-off angle can be varied in a 

limited angular range, the actual average A is fixed. 

At the focussing point of the monochromator crystal pairs a low-ef-
-4 ficiency (-10 ) neutron monitor is placed. This monitor serves two 

purposes. First, the lower 6 crystals can be accurately positioned by 

maximizing the neutron intensity in the monitor. Secondly, during 

routine operation of the instrument the monitor acts as a reference 

counter ensuring that a known number of neutrons hits the sample. In 

doing so, fluctuations in the reactor power are automatically taken 

care of. The instrument can be operated in two modes. In the first 

mode, a measurement takes place for a fixed time. The alternative 

mode enables to measure until a predefined number of counts is re

gistered in the monitor. The latter mode is recommended for measure

ment periods which exceed a few minutes. 

The specimen normally will be placed in an evacuated chamber in order 

to suppress air scattering and to minimize the number of Al windows 

in the neutron flight path. An automatic, computer-controlled se

ven-position sample changer allows for many hours of uninterrupted 

measurements. Presently, most of the ancillary equipment, i.e., a 1.5 

- 150 K cryostat, an electromagnet and a furnace, are controlled ma

nually. In the near future, however, these functions will also be 

automated. 

The two-dimensional neutron detector can be moved along the neutron 

flight path. At a position close to the sample, it covers a wide Q 

range at the expense, however, of angular resolution. At the farthest 

position, the angular resolution is optimal, and the smallest expe

rimental scattering angle is attained. Detector movement is control

led by the computer. 
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Fig. 2. The various computer-related components of the SANS facility. 
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Pulses in the detector electronics which result from neutron capture 

in the He detector gas are mapped to memory of a dual-parameter 

multichannel analyzer (MCA). The analyzer can be programmed with the 

attached keyboard. However, it then would be mandatory for the user 

to memorize quite a large number of rather terse commands. Therefore 

the measurement programs initialize the MCA themselves. Also, a 

simple utility is available at the instrument computer to easily 

program the essential features of the MCA. 

The MCA may be in either 32 x 32, 64 x 64 or 128 x 128 channel mode. 

A spectru.li can be transferred to the computer even during data 

acquisition; this transfer is completed within a few seconds even for 

the largest spectra. The quality of the measurement in progress is 

therefore rapidly assessed. 

Finally, the uVAX instrument computer is part of an ethernet local 

area network. At the physics laboratory a yVAX workstation may 

establish contact simultaneously with the instrument computer and a 

Cyber mainframe. The preliminary data analysis is performed at the 

first computer, but at any stage data may be quickly transferred to 

the Cyber for more elaborate processing. Multicolour contour map 

drawings of the spectra also may be made at the Cyber. Fig. 2. summa

rizes the main computer-related components of the instrument. 

http://spectru.li
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3. DATA ANALYSIS 

Before embarking upon a detailed presentation of the SANS programs, 

it is worthwhile here to discuss the general outline of the data 

analysis valid for most scattering problems. 

The first stage of the analysis is the determination of the genuine 

small-angle scattering resulting from the materials inhomogeneities 

(particles). Usually, the particles are embedded in a homogeneous 

matrix material vthe solvent), which in turn is placed inside a spe

cimen holder. Obviously, the contributions to the scattering of both 

the solvent and the holder should be eliminated. Further small, but 

not negligible contributions result from electronic noise and stray 

neutrons. Finally, the detector response frequently is not unii'orm 

across its surface, and any such irregularities are removed by 

establishing the (nearly flat) scattering pattern for a reference 

specimen. 

In summary, 5 spectra generally need to be measured. These are (1) 

the specimen scattering l „ , (2) the empty-cell scattering I„, (3) the 

reference scattering ID, (4) the reference-cell scattering I D U, and 

finally (5) background contributions I-,,. The latter spectrum often 

will be measured with a thermal-neutron absorbing Cd mask at the 

sample position. Also, the I„ and IR„ spectra may be the same. 

The number of neutrons passing the specimen position is monitored by 
-4 

a low-efficiency (* 10 ) fission chamber. Therefore, it is straight
forward to normalize all spectra in such a manner that they are re
lated to equal numbers of neutrons. The corrected specimen scattering 
I„ and reference scattering I_, for each detector cell, can be com
puted with [5]. 

JS = JS " JB " TS (IH " W ' 

h-h-h"1* ^RH-W- <3> 

In these equations, the specimen and reference sample transmissions 
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T e and T D should be inserted. The standard deviations for I„ and ID o n o n 
are computed similarly: 

6IS - 6IS • (1 - Ts) 6IB • T s 6IH. 

ÓIR = 6IR + (1 " V Ó IB • TR 6IRH- ^ 

Finally, the corrected specimen scattering is normalized with respect 

to the reference scattering, thereby eliminating the mentioned 

non-uniformity in the detector response, i.e.. 

l ' « I s / IR , with 

olji = [ (6 I R / I R ) 2 • (ölg / I g ) 2 ] * x I s / I R ' (5) 

Note that these formulae implicitly assume that any scattering from 

the sample cell arises from the part behind the sample. 

At this stage it is most challenging to try to determine the diffe-

rential scattering cross-section (per unit solid angle) -^ of the 

sample. This cross-section determination may prove essential when 

establishing whether particle aggregation has occurred in the sample 

[6]. The scattering cross-section is related to I_ according to 

eff 
dz . To dD dl * 
scat Tc _R _R re f ,,-v 

dö " 1S T g dg dQ
 (b' 

d_ and dc are the reference and specimen thickness, respectively. 

d Zref 

— T - Q — is the effective reference scattering cross-section. In cal

culating this quantity, the effects of extinction and the slab geo

metry of the reference should be taken into account [6]. For water, 
which is frequently used owing to it» large cross-section for incohe-

dS . . , . rent scattering, — is in principle known: 

water , .. n -,* -l ,-x 

— d o " * p °s ' 4n = °'21 Cm (7) 
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(p is the atom density; a is the mean bound-a to» cross section for 
s 

incoherent scattering). However, this expression neglects the effects 

of multiple and inelastic scattering. Particularly the latter effect 

proves to be inconvenient at the long wavelength employed. No ade

quate theory yet exists to treat these problems. Therefore, it is 

customary to resort to an heuristic approach [7] in which the scatte

ring in a detector cell becomes 

I fc = J AQ e (1 - T) g{A) A/4IT. (8) 

water o ' ° ' ' y ' 

I is the neutron flux at the sample position, c is the wave

length-dependent detector efficiency. A is the sample area, and AQ is 

the solid angle subtended by the detector cell. Finally, g(A) takes 

into account that the scattering is stronger in the forward direction 

owing to inelastic effects. Experimentally, the wavelength-dependence 

of g is determined to be [7]: 

g (A) = [1 - exp (-0.6 A*)]"1 {A in A). (9) 

These expressions are valid for thin (0.5 - 2 mm) light-water films; 

their accuracy is limited to 10 - 20 %. 

The count rate I . in a detector cell is related to the effective water ? 

scattering cross section according to (note: AQ = Aa / L ): 

dIefT I «. o (1 - Tu) 
water _ water 2 . T . W_l g M m 

^ 2 ^ " dTTT L ' C 1o Aa A " Tu STou (10) 

WW W W 
dw is the thickness of the water layer, and L is the distance between 

the sample and the detector cell (surface area Aa). For the ECN SANS 

instrument, a number of instrument parameters pertinent to the above 

equations are listed in Table 3-1-



- 18 -

Table 3.1. ECN SANS instrument parameters relevant for the determi

nation of absolute scattering cross-sections (Eqs. (6) . 

(10)) 

2 
Detector cell surface Aa 64 mm 

Wavelength A 4.75 A 

g (A = 4.75 A) 1.37 

Detector efficiency c (for A = 4 . 7 5 A ) * 0.9 

2 
Solid angle subtended by detector 64/L st 

2 
element AQ = Aa/L 

(L is the specimen-detector distance 

in units mm) 

So far, the discussion does not rely on any features in the scatte

ring itself. For isotropic scatterers it is very advantageous to 

observe the scattering with a two-dimensional detector. The scatte

ring can then be radially averaged with respect to the beam position. 

A simple algorithm which converts detector-cell coordinates (i, j) to 

a scattering vector Q = 4n sin (0/2)/A is by dividing the Q axis into 

bins of equal size, and then establishing to which bin the cell be

longs. The drop of the scattering with increasing scattering angle 0 

will be partly compensated by the increased number of detector cells 

which contribute to the large-Q bins. 

The general expression for the coherent small-angle scattering 

cross-section for a random, dilute two-phase system (i.e. particle-

matrix) is 

|| (Q) = n V2 (Ap)2 <P(Q)> (2) 

n and V are the particle number density and volume, respectively. 

(Ap) is the scattering contrast, which may be enhanced by suitable 
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isotopic substitution. The intensity prefactor n v (Ap) «ay be put 

on an absolute scale when the scattering is calibrated with respect 

to a reference scatterer. 

<P(Q)> contains the angle dependence of the scattering and is re

lated to the single-particle fora factor according to 

P(Q) = F^Q), with F(Q) = J dr ei ^ # r (11) 
V 
P 

< > denotes the average over all particle orientations. The discus

sion below does not aim at presenting a complete theory concerning 

scattering-law determinations. It merely sketches the general 

approach of the data analysis, and serves as a basis for understan

ding the programs in the SANS environment. 

The next stage of the analysis of isotropic scattering will concen

trate on determining the particle size utilizing various approxima

tions for <P(Q)>. The Guinier approximation, for instance, descri

bes the scattering at very small angles, 

I (Q) aexp (- R2 Q2/3). (12) 

Here, R« is the Guinier radius or radius-of-gyration. The approxima

tion is valid in a rather broad scattering range (Q • R-, * 1). Simi

larly, the Porod approximation describes the tail of the scattering 

(Q • R_ > 3) provided the particle-matrix interface is sharp: 

I (Q) a K / Q1* (13) 

In this expression, K is Porod's constant. Finally, the use of abso

lute cross-sections sometimes may be avoided by calculating the 

scattering invariant 

Q * I dQ Q2 I (Q) (14) 

Q and K are related to the particle specific surface according to 
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S / V - « K / Q. (15) 

Likewise, the forward scattering is 

v = 
I (Q = 0) = -B-f- (16) 

2n 

For comprehensive discussions concerning interparticle interferences, 

contrast variation, particle size distributions and their ramifica

tions the reader is referred to the literature [1,2], 
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4. GENERAL INTRODUCTION TO THE PROGRAMS 

This section will discuss features which are common to all programs 

in the SANS software environment. The environaent consists of four 

categories of prograas. The first category coaprises all prograas 

which display a aenu of options on the terminal screen. Nneaonic 

interpreters, i.e., prograas which interpret coaaands entered by the 

user at the keyboard, constitute the second category. Thirdly, a few 

programs display informative aessages concerning the progress of the 

current measurement, or general systea information. The final cate

gory includes only a single program: the measurement program itself 

which requires no user input and which continues even when the user 

logs out. Table 4.1 lists all programs available in the SANS environ

ment, and the category they belong to. Fig. 3 presents a diagram 

grouping the programs into related functional categories. 

The easiest method of accessing the systea is with the menus. The 

main menu will automatically appear upon login. It consists of 21 

fields displayed in inverse video (cf. Fig. 4) on the screen. Many of 

these fields contain short descriptions of what may be achieved when 

the option is selected. This selection is accomplished by pressing 

the appropriate cursor keys on the keyboard until the cursor on the 

screen points at the relevant field. Finally, the RETURN key should 

be pressed. The desired program will then, after a few seconds, 

start; this program will either offer another similar menu, or pre

sent the prompt of a command interpreter. Once the selected program 

terminates, the main menu will reappear automatically. The remaining 

blank fields in the menu contain options currently not available to 

the user. 

The menu approach, because of its ease of use, is mainly intended for 

inexperienced users. It presents just those options that are relevant 

at the current stage. Therefore, new fields may appear, or other 

fields may be removed from the menu during the user's progress. As a 

consequence it is virtually impossible to unintentionally corrupt a 

running measurement. The menu screen will be refreshed once every 

minute when no user input is detected. The user is urged to return to 

the main menu in case he leaves the terminal for a prolonged time. 



- 22 -

L«9>» * laitialitatian 

• 5 c. 
t>tcrpr*ur 

f K l i n r 

" m 

h l f * | i « 

St»(M 
lafaraatia 

Interact i x 

#ricriet ia» H i U r 

C«nf l a v i l i 
rtitar aialasit 

1 f~\ • J- f C**C j - -

Measurement related programs I n t e r p r e t e r s 

*«•>•! Caatan' 
• U u 

•aeaat 
calcalatar 

I Datt 
| infaraatf rJ 

Gener a I 

Fig. 3« Diagram of a l l programs in the SANS computer environment, 

grouped in ca tegor ies . 
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Table fr.l. Summary of the programs in the SANS environment 

program description co—and at the category 

VMS proapt* 

aeasureaent editor 

batch processor 

abort aeasureaent 

interactive aeasureaent 

interactive HCA 

status information 

radial average 

data analysis 

data information 

pocket calculator 

instrument configuration 

detector mask 

event-flag editor 

contour plots 

monochroaator 

EDITOR 

EXEC 

ABORT 

INTERactive 

INTERACnVE_aca 

STATUS_ON/OFF 

RADIAL 

ANALYSIS 

INFORaation 

POCKET 

CONFIGuration 

HASK 

EVENT 

CONTOUR 

-

I 

B 

-

M/I 

H 

D 

H 

I 

II 

I 

I 

I 

D 

M 

I 

* The program may be started by entering the command at the operating 

system proapt. The smallest abbreviation of the command is shown in 

capitals. 

•* I * mnemonic interpreter 

N * menu 

B * batch 

D » information display 

The alternative method for accessing the programs is quicker but also 

more liable to lead the erroneous results. Therefore, it is mainly 

intended for experienced users. Once the user selects the EXIT field 

in the main menu, the proapt (normally SANS>) of the VMS operating 

system will appear. Each of the options in the main aenu is ec30cia-
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ted with a co—and which may be entered at the system prompt. The 

Bemsureaent-description editor aay. for instance, be started by 

entering EDITOR. 

Co—and interpreters are added to the software environment because 

they enable to quickly aodify data structures with a varying nuaber 

of parameters. These facilities are difficult to eaulate with the 

aenu approach. The interpreters identify theaselves by a unique 

proapt. The data-analysis prograa, for example, presents 'ANALYSIS>' 

as its coaaand-line proapt. 

The various interpreters accept concise but clear coaaands such as 

SET, READ, DRIVE etc. Abbreviations of these coaaands are not allo

wed. The coaaands may require several parameters, which should be 

separated by coaaas. In aost instances, the sequence of parameters is 

free. Although the coaaands may be either in upper or lowercase, pa

rameters should be entered in uppercase only. 

In general, values are assigned to parameters in the format 

SET XX * value. ... 

with XX a paraaeter mnemonic, and 'value' a number. This nuaber aay 

be signed, and it aay be in exponential notation, i.e., SET XX «-1E+5 

is permitted. The interpreters verify both the command-line syntax 

and whether the paraaeter value is in the allowed range. An appro

priate informative message is displayed when an error occurs. The 

command line will be processed up to the offending part, but the re-

aainder of the line will be ignored. 

Each of the instrument variables which can be controlled with the 

computer is identified by a two-character mnemonic. This mnemonic is 

the same for all programs in the SANS environment (consult Table 4.2 

for a detailed list). Note that as the instrument configuration 

changes certain parameters will become inactive, and consequently no 

values can be assigned to these parameters anymore. Each change in 

the instrument configuration should be mirrored in software with the 

instrument-configuration editor (cf. Section 5-ID-
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Fig. *». The main menu display on a VT220-coBpatible terminal. 
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All of the interpreter progress provide on-line help. First, a single 

page of information concerning the active program only will be dis

played by entering the HELP coaaand. The VMS help utility is invoked 

by entering HELP PULL. The utility will present topics which cover 

essentially all the Material contained in this manual but in a con

densed font. The utility is left by pressing the CTRL and Z-keys si

multaneously. The help utility is also available as a separate option 

in the main menu. At the VMS proapt, the utility is invoked by ente

ring HELP SANS. 

Performing a measurement is accomplished in two stages. In the first 

stage, the user assigns values to all the active instrument parame

ters with the measurement-description editor. Series of such des

criptions may be prepared and saved to a disk file. Before leaving 

the editor, the user marks a selection of these descriptions for pro

cessing. The second stage then simply starts the batch measurement 

processor. This processor reads the relevant descriptions and per

forms these in the specified order, taking all necessary actions for 

a valid measureaent. The processor runs completely independent from 

the user. However, during a batch measurement access to most of the 

instrument parameters is denied in order not to corrupt the measure

ment. A measureaent in progress may be stopped prematurely by the 

user. The current data will then, i.i general, be lost. 

All information concerning a measurement, i.e., the measurement time, 

the number of monitor counts, the specimen-detector distance etc. is 

stored in a disk file immediately upon completion of the measurement. 

Each measurement is labelled with a unique key, which is assigned 

automatically by the batch processor. Keys are in ascending ordar. 

The measureaent information may be retrieved at any tine with a spe

cialised data-base program, which enables to compile lists and search 

profiles to identify all measurements which satisfy certain charac

teristics (cf. Section 5*9) • The user may, with the measurement-

description editor, tag each measurement with a title and comment 

line, and his own identification. The measurement data base is pro

tected against intrusion with the aid of this user identification, 

i.e., a user may only access information concerning measurements he 
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Table 4.2. Mnemonics for instrument parameters, their default value 

and permitted range (these may be changed with the 

instrument-configuration program). 

Memonic 

SR 
NN 
TI 
SN 
DD 
FD* 
SD* 
TM* 
PR* 
MF* 
SM* 
ST* 
WL* 
DW* 
BD* 
Al 

A2-A6 
BX** 
BY** 
SX** 

SY** 

DX** 
DY*» 
EX** 

EY** 

TX** 

TY** 

Instrument parameter 

sample number 
monitor counts 
measuring time 
spectrum size 
detector-sample distance 
diameter first diaphragm 
diameter second diaphragm 
temperature 
pressure 
magnetic field 
shear rate 
specimen thickness 
wavelength 
wavelength spread 
beamstop diameter 
distance between sample and the 
center of the vacuum chamber 
reserved parameters 
beamstop horizontal translation 
beamstop vertical translation 
sample table parallel 
translation 
sample tabel transverse 
translation 
detector horizontal translation 
detector vertical translation 
first diaphragm horizontal 
translation 
first diaphragm vertical 
translation 
second diaphragm horizontal 
translation 
second diaphragm vertical 
translation 

unit 

-

-

s 
-
mm 

mm 
mm 
K 
kPA 
T-l 
s 
mm 
A 
-

mm 
mm 

mm 
mm 
mm 
mm 

mm 

mm 
mm 
mm 

mm 

mm 

mm 

default 
value 

1 

128 
1000 
10 
10 
-
-
-
-

10 
4.75 
0.08 
65 
0 

-
-
— 

~ 

-
-
— 

— 

— 

range 

1-7 

32,64,128 
985-4250 
2-20 
2-20 
-
-
-
-

0.1-50 
4.75 
0.08 
50-150 
-100 - 100 

-
-
— 

.. 

-
-
~ 

" 

™ 

* These parameters can not be controlled by the computer; they are 

meant for documentary purposes only 

Currently not in use at the ECN facility 
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has performed himself, and consequently access is denied to all other 

information. Therefore, each user is urged to add a consistent and 

meaningful identification to his measurements. 

The uVAX operating system allows multiple users to work simulta

neously with the oame files and programs. In order to prevent confu

sion, access to the programs which may modify the instrument is only 

granted to a single user. Data analysis, however, may be performed 

simultaneously by several users. 

To conclude this section, it is briefly discussed which terminal 

types are required to be able to log into the SANS environment. The 

terminal should be DEC VT220 compatible, with 7 or 8 bit control. 

In principle it is possible to employ an emulator communication 

program on a personal computer, provided that it emulates all featu

res of the VT220 terminal, including the down-loadable character sets 

(Smarterm 240 from Persoft contains an excellent emulator). Most 

interactive programs of tne SANS environment enable to switch to 

so-called Ampex mode, thereby taking advantage of the 25th status 

line of an Ampex 220 terminal. 
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5. The SANS programs 

Below, all programs contained in the SANS environment will be dis

cussed in length. General information concerning the design philo

sophy of the programs, interpreter and menu input, help information 

etc. can be found in the preceding Section: these remarks will not be 

repeated in the separate program presentations. The interpreters 

accept commands, many of which require parameters. In the syntax 

descriptions, optional parameters to these commands are enclosed in 

brackets [ and ]. The ellipsis symbol ... indicates that additional 

parameters may be included. The sequence of optional parameters is, 

in general, free. 

5ili_Measurement_descriDtion_editor 

This interpreter plays a central role in the SANS environment, as it 

prepares the input for the batch processor which executes series of 

measurements without the need for user involvement. The editor con

tains tables of descriptions for 16 different measurements. A measu

rement in this context comprises the desired values for all active 

instrument variables which are listed in Table k.2. The editor 

interprets commands entered at the keyboard which manipulate the 

description tables. When the descriptions have been completed a se

lection of these should be made which will then be executed by the 

batch processor. Finally, before invoking the batch processor, the 

description should be stored in a disk file. 

Below, the interpreter commands are discussed. The program presents 

itself with the prompt *EDIT>". 

EXIT 

This command will leave the editor. The user is requested to confirm 

this. Descriptions which have been edited but not stored in a disk 

file will be lost. 
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Fig. 5' Data-entry table of the measurement editor 
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SAVE 

All 16 descriptions will be saved to a disk file identified by the 

integer n = 0...9- The current contents of the selected file will be 

lost. Since there are 10 files to store descriptions in, a number of 

users may maintain simultaneously measurement descriptions without 

interfering with each other. 

EDIT pa [,p2 ] 

This command presents a menu of all active variables in the specified 

description p=l..l6 (see Fig. 5)- By pressing the keyboard cursor 

keys, the pointer on the screen may be moved to the desired variable, 

whereupon its value may be changed. By moving the cursor to the EXIT 

field and pressing the RETURN key, the new values will be copied to 

the description table. Choosing the QUIT field, however, will retain 

the old values for all variables. 

LIST p. 

The values of all active variables in the specified description 

p=l..l6 will be displayed on the terminal. In addition, the title, 

user, and comment line will be displayed, as well as the currently 

selected descriptions, 

SELECT F=n, p : [,P2,...] 

Measurement descriptions p., p?, ... which have been edited may be 

marked for execution by entering the SELECT command. After having SA

VED the descriptions, the measurement will be executed in the speci

fied order p., p_, ... upon invocation of the batch processor. The 

descriptions are taken from file n, 

SET DS=p [,XX*value,...] 

The EDIT command enables to edit in a few keystrokes complete des

criptions. To facilitate a rapid change of a single variable in a 

particular description, the SET command has been added. For the spe

cified description p=l..l6, the instrument variable with mnemonic XX 

(consult Table 4.2) will be changed to the desired value. This value 

is verified to be within the lower and upper bounds as defined in the 

instrument-configurat-'ir. file. Note that the DS parameter is obliga

tory. 
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TEST [pj^...] 

Prior to invoking the batch processor, it is advised to test the 

descriptions for consistency. Variables whose desired values are 

outside the bounds imposed by the configuration table are reported 

on the terminal screen. 

CLEAR pl [,p2,...] 

This command will set all active variables to their default values 

as defined by the configuration table. 

TITLE [a relevant text] 

A title will be added to the descriptions. The text should not exceed 

70 characters. Note that although the title is the same for all 

descriptions, each description may have its own comment. This comment 

is added with the SET command, e.g., 

SET DS=1, CM=Increased D20 content 

will insert the text string following the CM parameter as comment to 

description 1. 

USER 

The USER command, which takes no parameter, will prompt the user for 

his name, address and home institute. Note that the name part of the 

user entry will determine the access to the data after the measure

ment has been completed. Therefore, it is advised to employ the same 

name for series of related measurements. 

COPYpr p2 

Descriptions may be easily copied by entering this command. The above 

command will copy description p1 to p.. 

The batch processor performs series of measurements automatically 

without user involvement. The descriptions for these measurements are 

prepared in advance wi«-h the aid of the measurement-description edi-
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tor (cf. Section $.1). The processor verifies the consistency of the 

descriptions and takes action in order that all currently active va

riables will be at the desired value. Pull reports concerning the 

initialization of the measurement, its progress, and appropriate 

error messages are sent to the line printer. Upon succesful comple

tion of a measurement the spectrum will be transferred to a computer 

disk file with its associated statistics. These data can later be 

retrieved and edited with the proper programs. The batch processor 

assigns a unique key to each measurement. This key is included in the 

printer reports. 

During the course of a measurement, access to most of the instrument 

parameters is prohibited. A measurement may be aborted prematurely 

with the ABORT command, or by selecting the appropriate entry in 

the main menu. Status information detailing the key, user, elapsed 

time, and number of monitor counts of the current measurement can be 

displayed on any terminal with the STATUS_0N command (consult Section 

5-6 for further information). 

A series of measurements in progress may be interrupted. Once the 

batch processor has been started, a new field in the main menu will 

appear, which accomplishes this task. Also, at the VMS prompt, the 

command ABORT will have the same effect. Note that the current spec

trum may be transferred from the multichannel analyzer to a computer 

disk file with the aid of the interactive-environment program (Sec

tion 5-̂ *) - However, this method is not recommended. 

A restart of the batch processor will continue the series of measu

rements with the one which was interrupted. The important proviso is 

that no description should have edited in between. 
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Fig. 6. Menu of the Interactive-measurement environment 
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^iJfi.Jnteractivemeasurement 

Contrary to batch measurements, the interactive-measurement environ

ment requires user attendance. In interactive mode, the instrument 

variables may be changed directly. Also, a single measurement may be 

started. Upon completion of the measurement, however, the user should 

initiate the storage of the data spectrum and its associated statis

tics in a computer file. Therefore, it is recommended to employ the 

batch processor in ordinary circumstances. Experienced users which 

need to quickly evaluate the influence of a particular instrument 

variable on the measurement will profit from the interactive mode. 

The upper layer of the interactive mode consists of the familiar menu 

with most options replaced by new ones (cf. Pig. 6). These entries 

enable to define the status of the multichannel analyzer (MCA), to 

prepare a description for a single measurement, and to start that 

measurement. 

Since the MCA condition can also be defined with a separate entry in 

the main menu, the discussion of this option is deferred to Section 

5.5- The description editor is similar to the EDIT facility in the 

general editor described in Section $.1. After completion of the 

measurement, the spectrum can be transferred to the computer disk 

file. Only at this instance, a key will be assigned to the measure

ment. The user is also prompted to identify himself, and to provide a 

meaningful title and comment for tlie measurement. When, prior to ha

ving transferred the spectrum to the computer, a new measurement is 

started, the spectrum will be irretrievably lost. The transfer of the 

spectrum, even for 128 x 128 channels, generally will be completed in 

a few seconds. 

The most salient feature of the interactive environment is its com

mand interpreter, which is available by means of a separate menu 

entry. Below, the powerful commands contained in this interpreter 

will be discussed. 
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FETCH 

This command will transfer the MCA spectrum to a program data buffer, 

even during a measurement. Note that the spectrum is not put in a 

disk file. Once available in the data buffer, the spectrum may be 

viewed and analysed to assess the measurement statistics. 

SAVE 

A previously FETCHed spectrum will now be stored in a disk file. The 

key of the measurement will be assigned automatically, and reported 

on the screen. The user is prompted to enter a relevant title and 

comment. 

SLICE X=n or Y=n 

Part of the two-dimensional spectrum may be viewed on the terminal 

screen. A slice is taken through the spectrum at constant X or Y 

channel. N is a channel number in the relevant range. 

RADIAL [x-center-channel, y-center-channel] 

A radial average will be performed to a previously fetched spectrum. 

The optional parameters supply the beam center. When these are omit

ted, the beam is supposed to be at the center of the detector. 

DISPLAY 

The radially-averaged spectrum will be displayed on the screen. The 

abscis axis will show the scattering-vector range. 

GUINIER 

A Guinier model will be fitted to the radially-averaged spectrum. For 

a succesful adjustment, the Guinier radius and the zero-angle scat

tering will be reported on the screen. Data points inside the beam-

stop may cause the fit to fail. To prevent this, always include in 

the command the smallest Q value, below which data points should be 

discarded. 

DRIVE XX«value 

Moves an active motor to the specified position. The motor is iden

tified by its mnemonic (cf. Table 4.2). A motor can not be positioned 
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outside the range as dictated by the instrument-configuration table. 

After having entered the command, the user will return to the 

interpreter immediately. When the motor arrives at the desired posi

tion a aessage will flash briefly in the botto» line of the screen. 

COUNT TI=duration 

The aonitor will be counted for a specified duration (in seconds). 

This coaaand facilitates the determination of the monitor count rate. 

SHOW 

The positions of all currently active motors, and the contents of the 

counting registers is displayed on the screen. Also, the current de

tector position and beamstop size are converted to indicate the 

scattering range. 

HONE XX 

For many motors, the positions are specified with respect to a home 

switch. In order to reach this position, the HOME command should be 

given (XX is the motor mnemonic). Note that a DRIVE to position zero 

will not have the same effect. 

X 

Entering a single 'X' will repeat the last command entered. 

The multi-channel analyzer (MCA) is a versatile data-acquisition 

instrument. Its operation and display can be programmed with the 

attached keyboard by entering numerous two-character commands. Nor

mally the MCA will be programmed automatically by the measurement 

program. However, in some circumstances it may be advantageous to 

study certain features in the scattering by selecting a different 

display. Instead of having to memorize the terse MCA commands, the 

SANS environment offers a menu with which it requires virtually no 

effort to program the MCA (Fig. 7). 
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Pig. 7- Multi-channel analyzer data-entry page. 
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Many of the fields in the menu are self-explanatory. Additional 

information can be obtained by pressing the '?* key at the relevant 

field. Values in data fields «ay be altered by pressing the RETURN 

key when the cursor points £*" that field. The displayed value then is 

incremented through the allowed range. Alternatively, the desired 

number Bay be entered directly. Invalid numbers are discarded and an 

audible signal will be given. 

The menu permits to initialize the MCA, to erase the current spec

trum, to change the size of the two-dimensional matrix etc. The menu 

selections are effectuated not until the moaent when either the EXIT 

or ACTIVE field is selected. The new values then are copied to the 

MCA; this normally takes less than 30 seconds. The QUIT field termi

nates the program without altering the MCA status. A particular 

choice of MCA parameters may be stored in a disk file, and retrieved 

at a later time. 

Below, a few notes pertaining to specific points are discussed: 

1. The MCA keyboard may be locked by selecting the OFF status for the 

KEYBOARD field. By locking the keyboard, chances are reduced that 

by accidentally pressing an MCA keyboard key the current spectrum 

will be lost. 

2. In threshold mode, the MCA displays 8 levels of intensities in 

different colours. Since only 3 colours are available, the colour 

scheme alternates. LEVEL specifies the highest intensity thres

hold. 

3- The spectrum is rotated along the Z axis in 10 second interval 

when the TWIRL field is ON. 

*l. A BASIC program may be transferred to the MCA. The program regu

larly adapts the intensity threshold levels in order to best uti

lize the colour feature. 

5. For obvious reasons, never INITIALIZE or ERASE the MCA during a 

measurement. 
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Si^^Statu^in^onnation 

During a measurement, information concerning its progress and the 

instrument variables can be displayed continuously on the terminal 

screen. The display is invoked with the STATUS entry in the main me

nu, or by entering the command STATUS at the VMS prompt. The upper 5 

rows of the screen will then be reserved for displaying the name of 

the current user, the key of the measurement, and the time at which 

the measurement was started. In addition, numeric fields showing the 

number of monitor counts and the elapsed time are refreshed at 1 se

cond intervals (Fig. 8). 

The status information will be removed automatically upon reselecting 

the menu entry (it acts as an on/off toggle), or by entering the 

command STATUS_OFF. In order not to confuse the user with a cluttered 

screen, this will also happen for any other menu selection. 

The same information will be displayed in AMPEX mode at the 25th row 

of the screen, however at a slower refresh rate. 

Note that each u er who is logged into the SANS environment may have 

activated his own copy of the status display. When a particular user 

decides to turn the status display off, this will trigger the disap

pearance of all status displays. Also note,that the high refresh rate 

of the information makes it mandatory that the terminal connection is 

at a transmission rate of at least 9600 bits per second. Slower con

nections will impede further access to the system once the status 

information is on the screen, as then a disproportionate amount of 

time will be spent on screen updating. 

For isotropic scatterers, the two-dimensional spectrum may be con

verted to a linear array of scattering intensities vs scattering 

angle by performing a radial averaging procedure with respect to the 

beam position. Simultaneously, the program will correct for scatte

ring contributions from the specimen holder, electronic noise etc. 

These corrections and the averaging procedure itself are discussed 

extensively in Section 3-
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adial-averaqinq entry table 
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Fig. 9- Data-entry page of the radial-average program. 
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Upon invocation of the program, the data-entry page shown in Fig. 9 

will be displayed. The user is urged to fill in this page as preci

sely as possible as most of the data is used either in the averaging 

procedure, or maintained as information concerning the conditions 

with which the spectrum has been calculated. If any of the spectra, 

except for the specimen spectrum itself of course, has not been mea

sured, the corresponding key field should remain zero. The type of 

calibrator, if any, can be specified in the last column of the entry 

table; here, also a final conversion factor which puts the scattering 

on an absolute scale, may be inserted. The size of the bins into 

which the Q axis will be divided can be adjusted. For most cases, the 

default value of 0.003 A will suffice, however. A too small value 

will result in an irregular pattern of the intensity statistics in 

the bins. Parts of the two-dimensional spectrum, which may contain 

defective data, will be omitted during the procedure when the mask 

field is set to 'y'. The mask which filters these parts of the spec

trum may be changed with the mask-editor program (Section 5-12). 

The averaging procedure will be started once the ENTER key has been 

pressed while the cursor is at the appropriate field. Even for 

spectra with 128 x 128 cells, the procedure will be completed in less 

than 30 seconds. During the averaging the center position of the beam 

may be adjusted with respect to the values which have been entered 

before with the aid of the measurement-description editor. 

A comprehensive report concerning the results of the procedure will 

be sent to the line printer automatically. Also, a low resolution 

plot of the radial spectrum will be shown on the terminal screen. 

The data-analysis package presently caters for radially-averaged 

spectra, i.e. for isotropic-scattering problems, only. Separate 

programs will treat the case of anisotropic scattering. The analysis 

program is a command interpreter which accepts commands entered at 

the keyboard. The interpreter presents itself with the prompt 'ANALY-

SIS>\ 
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Four data buffers of 1000 channels each constitute the central ele

ment of the analysis program. Radial spectra may be loaded into these 

buffers and subsequently manipulated. Since a single spectrum, after 

the radial-averaging procedure has been completed, does not exceed 

about 100 data channels, the buffers provide ample space to concate

nate or merge different spectra. In the unlikely event that buffer 

space has been exhausted, appropriate error messages are displayed on 

the screen. 

A number of parameter models, such as Guinier, Porod, power-law etc. 

can be adjusted to the data. With the powerful commands of the pro

gram, virtually any aspect of the data may be studied. As need ari

ses, it is straightforward to implement new features or parameter 

models. Note that the commands affect the contents of the data buf

fers only: data in the disk files will remain unchanged. 

To automate sequences of repeatedly entered commands, command files 

may be prepared with an ordinary Digital text editor. These command 

files then can be interpreted by the analysis program. Additional 

symbols such as '@', '!' and '#' are added to facilitate the use of 

command procedures (see below for a complete discussion). 

Finally, it is possible to execute valid VMS commands from within the 

analysis program with the '>' symbol. 

Below, all commands contained in the analysis program are discussed 

at length. Buffer numbers range from 1 to 4. 

EXIT 

This command will leave the analysis program. Since this action may 

cause the loss of data, it is requested for confirmation. 

READ buffer, key 

A spectrum may be loaded into a program data buffer. The spectrum is 

identified with its associated key. Once the spectrum resides in a 

data buffer, it may be analysed. Existing data in the buffer will be 

lost. 
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INCLUDE buffer, key 

Contrary to the previous command, the spectrum is merged with the 

data already present in the buffer. 

ADD buffer_l, buffer_2 [.constant] 

The contents of the second buffer are added to the first. Optionally, 

the data values of the first buffer are multiplied by a constant 

number. 

The procedure works on a point-by-point basis. Therefore, it is the 

user's responsibility to ensure that all Q values of the buffers 

coincide. This condition also applies for the SUBTRACT and DIVIDE 

commands discussed below. 

SUBTRACT buffer_l, buffer_2 [.constant] 

Subtracts the contents of the second buffer from the first. Optio

nally, the data values of the first buffer are multiplied by a cons

tant value. 

MULTIPLY buffer, constant 

The contents of the specified buffer are multiplied by a constant 

number. 

DIVIDE buffer_l, buffer_2 

Divides the contents of the first buffer by that of the second. The 

remaining data points will be skipped when division by zero is 

encountered. 

STRIP buffer, Q_min, Q_max 

Removes all data points from the buffer between and including the 

specified Q values. These points may, for instance, lie within the 

beam stop, or have too large uncertainty to be of value in the 

analysis. 

SHOW buffer 

Displays the contents of the specified buffer on the terminal screen. 
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SAVE buffer 

Saves the contents of the buffer to a sequential ASCII file. This 

file may be used to transport the data to another computer for fur

ther processing. 

HISTORY ON/OFF 

A log of all subsequently entered commands and their effects will be 

maintained in a disk file. In principle, all information displayed on 

the screen will also be written to this file. The log will be closed 

with the HISTORY OFF command, and the log report will be sent to the 

line printer. These commands typically will be used to obtain hard-

copy output of the fit results. Since it requires little effort to 

generate large amounts of paper, cautious use of these commands is 

recommended. 

GUINIER buffer [, Qmin, Qmax] 

A Guinier model will be adjusted to the data in the specified buffer. 

Unless the Q range is entered, the entire buffer will be used. The 

program prompts for start values for the adjustable parameters in the 

model. These values should be as close as possible to the optimal 

ones. The number of free parameters may be restricted with the FIXED 

command. Upon succesful completion of the fit, an extensive report is 

displayed on the screen. 

POROD buffer [, Q_min, Qjnax] 

Adjusts the Porod model to the data in the specified buffer. Consult 

the notes attached to the GUINIER command for further information. 

POWER buffer [, Q_min, Q_max] 

A power-law model will be adjusted to the data in the specified 

buffer. Consult the notes attached to the GUINIER command for further 

information. 

LAYER buffer [, Qjnin, Qjnax] 

A bilayer scattering law will be adjusted to the data in the speci

fied buffer. 
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FIXED Pi=value [,Pj=...] 

During any of the above mentioned fits, a number of parameters may be 

fixed at a constant value, i denotes the parameter number as explai

ned by Table 5-1 for the various models. 

FREE i [,j,...] 

A previously fixed parameter in a model adjustment will be free to 

vary in the subsequent fits. Note the absence of the character 'P' in 

front of the parameter number i. 

DISPLAY buffer [. Q_min, Q_max] 

This command will present a menu. By selecting the appropriate 

options, a number of different plots may be obtained. Among these are 

the linear, log-linear, and Guinier plots. The plot interval may be 

limited by specifying upper and lower values for Q. Note that this 

command displays rather coarse plots with a resolution of about 100 x 

100 pixels on an ordinary VT100 terminal screen. These plots are 

intended for a first visual inspection of the data only. High-quality 

plots may be obtained by other means (consult Section 5-14). 

INVARIANT buffer number [,R , K, I , B] 
Ll g o J 

The scattering invariant Q will be evaluated for the data in the 

specified buffer. The effects of termination errors in the integra

tion may be reduced by optionally including 4 additional parameters 

(Guinier radius R , Porod proportionality constant K, zero-angle 

scattering I , and the flat incoherent scattering contribution B). 

The scattering then will be extrapolated to both the very small and 

the wide angle range with the Guinier and Porod approximations res

pectively. These parameters may have been obtained beforehand with 

the appropriate fit models. 

X 

Will repeat the last command issued. 

@ file-name 

A command procedure will be invoked. The commands should reside in 

the specified file. Command procedures may be nested two levels deep. 
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Although violations of the command syntax are reported on the screen, 

the program will continue with the procedure. 

Command procedures typically will be employed in situations where se

ries of commands are repeatedly used. The procedure may be tempora

rily suspended to enable user input. For example, the procedure below 

will prompt the user to enter the keys of two measurements, then adds 

them, and strips the irrelevant parts. Finally, the resultant spec

trum will be displayed: 

! Example procedure 

#0 Enter the key of the first measurement: 

#1 Enter the key of the second measurement: 

READ 1, #0 

READ 2, #1 

ADD 1, 2 

STRIP 1, 0, 0.01 

STRIP 1, 0.15, 0.5 

DISPLAY 1 

! [text] 

Records in a command procedure starting with the '!' symbol will not 

be processed. Comments may thus be easily incorporated in the proce

dure body for documentary purposes. 

#n [text] 

Frequently, a procedure will prompt the user to enter a number. Ten 

variables, identified by #0...#9i are available to store such number 

in. The example shown above will clarify the use of the variables. 

> VMS command 

There is no need to leave the analysis program in order to execute 

VMS commands. A table of files with the extension .DAT in the current 

directory, for instance, is obtained with > DIR *.DAT. Similarly, a 

command procedure may be prepared with > EDIT PROCEDURE .COM. 
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Tabel 5.1. Free parameters and their sequence number of the model 

parameter fits in the analysis program (all length para

meter are in units A). B is a (flat) incoherent contribu

tion to the scattering; I is a scattering proportionality 

constant; R is the Guinier radius; K is Porod's constant; 
g 

n is the exponent in the power-law expression; d and D are 

the thickness of the bilayer, and the repetition length, 

respectively; N is the number of bilayers. Consult Section 

3 for further information. 

PI P2 P3 PA P5 

Guinier R I B 
g o 

Porod K B 

Power-law I n B 
o 

Bilayer I d D N B 

5i2i_Qa£§_ïn£2E!5a£i2ü 

During a sequence of measurements, a large number of spectra gene

rally will be accumulated. These spectra may have been obtained for 

various experimental conditions. The SANS environment offers a spe

cialized data-retrieval program to keep track of all these spectra, 

and to select spectra which meet certain requirements. The spectra 

and their associated information are contained in three large index 

files : 

1. A description file containing the title and comment of the measu

rement and the name of the user and his address. 

2. An NxN spectrum file. This file contains all parameter settings of 

the measurement, lik« wavelength, temperature etc., as well as the 

actual spectrum. 
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3. A radial spectrua file, containing the radially averaged spectra». 

It also contains information about the corrections applied to the 

spectrum. 

With the data-inforaation program, the user can obtain information 

concerning all measurements. However, to maintain privacy for all 

users, the user can only obtain information concerning measurements 

he has executed himself. 

Upon entering the program the user is asked to identify himself. This 

identification is used to determine to which measurement data the 

user has access. Then a menu is displayed offering 6 options. Below, 

these options will be discussed in detail. 

1. SHOW PILE WITH KEY XX 

With this option it is possible to inspect the data from an NxN 

spectrum. The actual spectrua can not be displayed, but the settings 

of all parameters during the measurement will be shown. The user is 

asked to enter the key of the measurement, and subsequently the 

information will appear. Pressing RETURN will return to the main me

nu. 
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2. PRDfT FILE WITH KEY XX 

This option is the same «s option 1, but the information will not be 

displayed on the screen, but will be sent to the systea printer. 

3. CREATE SEARCH FIELD 

This is the aost powerful option of the program. It allows a user to 

inspect data fro» both the NxN and the radial spectrumfile. The user 

can create a search profile to identify only the measurements that 

satisfy certain characteristics. 

Selecting option 3 will display 13 measurement parameters. With these 

parameters a search pattern can be composed. Note that it is possible 

to search in the NxN spectrum or in the radial spectrum file, but not 

in both at the same time. From here it is best to explain the program 

by means of an example. 

Suppose, the user wants to inspect all measurements he has executed 

after 16 January 1989. with a spectrum size of 128 or 32. In that 

case, three search fields should be given. (The maximum number of 

search fields is four). The user should enter: 

1. storage date (NxN spectrum) > 16-01-89 AND; 

2. spectrum size = 32 OR; 

3. spectrum size - 128; 

In this example, the program could interpret the given search fields 

in two ways : 

( 1 AND 2 ) OR 3 

1 AND ( 2 OR 3 ) 

The program will prompt the user to specify which of the two possibi

lities is desired. 

Now, a new screen will appear on which all measurement parameters are 

listed. The user is asked to activate the fields of the information 

he is interested in. Activating the "hardcopy" field will result in 

printed output of all information selected. Activating the "help" 

field will display a short explanation of the user action to be taken 

at this stage. It is possible to return to the menu by selecting the 

"quit" field. 



- 53 -

After selecting the "start" field, the program will start searching 

and display the first measurement satisfying all search characteris

tics (fig. 10). Pressing the "N" key continues the search and the 

next measurement will appear. Pressing "Q" stops the search and re

turns to the »enu. 

If the user is searching for radial spectra, the program offers more 

possibilities: 

"1" will display a plot of the radial spectrum. 

"2" will display a Guinier plot of the spectrum. 

"3" will plot the spectrum on the printer. 

"*l" will plot the Guinier plot on the printer. 

After all spectra satisfying the characteristics have been found, the 

hardcopy (if activated) will be sent to the printer and the program 

returns to the menu. 

4. HELP 

This menu option will display a short explanation of the program's 

possibilities. More detailed information can be obtained after a menu 

selection has been made. 

5- CHANGE NAME 

As the user name entered at the start of the program decides to which 

information the user has access, a mistake in typing the user name 

prohibits the user to access certain information. With this option 

the user is able to change the user name. 

6. EXIT 

This option returns to the main menu. 

51101_Pocket_calculator 

Although the VAX computer puts tremendous computing power at the 

disposal of the user, it is ill suited for simple arithmetic calcu

lations. Since often a pocket calculator is not immediately available 

in the reactor hall, a separate program has been developed for the 

VAX which emulates for a large part the popular HP series of pocket 

calculators. 
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Pocket Calculator UU/UU 

Input: 8,1328 

+ =PLÜS 
* = miLTIFLÏ 
S = SIM 
T --W 
c -mm 
E --W 
$ = smiT 
! :1/X 
> = STO 
1 = EXIT 
10 : 9.587E-5 

- = ttlNUS 
/ - NVDE 
C = COS 
s : m\t 
t = AKCTAH 
L = LM 
* : SPE 

= CHS 
< = KL 
PI : 3.14159 

-

Stack 

166.661 

166,66? 

,49.273 

toorn registers: 

Fig. 11. Display page of the pocket-calculator program. 
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The terminal screen (Fig. 11) shows the calculator display, the con

tents of the stack and the contents of 10 memory registers. Inside 

the square box the abbreviations for the calculator function keys 

are shown. By pressing '!', for instance, the number in the display 

will be reciprocated. The calculator performs calculations according 

to the Reverse Polish Notation (RPN), as is customary for HP calcu

lators. The addition of the number n and n_ thus is accomplished by 

successively entering n., n_, and the '+' character. Note that se

veral function keys are case sensitive (i.e. T perform the TAN func

tion, and t the ARCTAN funtion). Invalid operations on numbers are 

ignored and an audible signal will be given. 

The number in the display may be stored in a memory register by 

entering '>n' in which n=0.,.9 denotes the register. Similarly, the 

contents of a memory register may be retrieved and put on the stack 

by pressing '<n'. The HP series of calculators offers a limited 

possibility to program a sequence of arithmetic operations. The emu

lation program does not contain this capability. 

The pocket calculator mostly will be used during data analysis. The 

calculator may be invoked from within the analyser program itself by 

entering (cf. Section 5-8) > Pocket. There is no need to first leave 

the analysis program. 

The pocket calculator program will be left by entering the hash ('#') 

symbol. Upon a subsequent invocation of the program, the stack and 

memory register will be restored to their original values. 

51ll1_Instrument^configuration_editor 

For maximum flexibility, it is required that the software of the SANS 

facility is able to adjust itself to changes in the hardware configu

ration. For this purpose the configuration editor has been written. 

Upon selecting this menu option, the user enters an interpreter allo

wing him to activate or inactivate each variable of the instrument. 

If, for instance, a cryostat is placed on the instrument, the tempe

rature will become an important variable and will be set active by 

the user. 
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Moreover, for each variable a lower, upper and default value should 

be defined. These values are verified by the editor and measurement 

program to prevent instrument variables to be outside the software 

limits. As a further preoption, the instrument hardware imposes 

restrictions to the movement of all motors. Below, the interpreter 

commands will be discussed. The program presents itself with the 

prompt "Config >". 

SHOW 

Displays a second page (fig. 12) on which all variables are visible, 

together with their actual settings. The settings are updated with 

each interpreter command. 

READ 

Reads the most recently saved values from disk. These are the initial 

values of the program. Any changes you made will be lost after rea

ding the settings from disk. 

SAVE 

Writes the actual settings to disk. The previously saved settings 

will be lost. 

ACTIVE XX 

Activates the variable XX. The limits and the default value will be 

displayed in case the SHOW command has been entered before. 

INACTIVE XX 

Inactivates the variable XX. In case the SHOW command has been ente

red before, the limits and the default value disappear from screen. 

However, they are kept in memory. 

LOWER XX |=] value 

Changes the lower limit of variable XX to the entered value. 

UPPPER XX [=] value 

Changes the upper limit of variable XX to the entered value. 



- 57 -

VAD 

IX 
SX 
IX 
EX 
TX 
SI 
Tl 
11 
SI 
PI 
SU 
HL 
11 
Hl 
A3 
A5 

LOWER M l DEFAULT 

not ic t ive 
not ic t ive 
not ic t ive 
not ic t ive 
not ic t ive 
not ic t ive 

e.eaeeaBB imm 
mm mm 
imm lB.eaeee 

not ic t ive 
not ic t ive 

1759888 4,758888 
58.88888 188.8888 

-288.8898 B.BB69B6B 
not ict ive 
not ic t ive 

UPPE1 1HD 

1B8BB88, 
4250.888 
29,88888 

1758888 
2B8.888B 
268.0909 

W LOWER BMP DEFAULT 

H 
S¥ 
W 
EY 
TV 
UN 
SN 
; i 
Tti 
nr 
ST 
Ml 
01 
A2 
(A 
At 

not ict ive 
not ict ive 
not ic t ive 
not ic t ive 
not ict ive 

B.8888B88 fi.BBBBBflfl 
3Z.80BBB 128.9888 
2.8BBBB8 1B.B8BBB 

not ict ive 
not ict ive 

8.8888988 [ . m m 
8.828888 8.188898 

8,9888888 B.BB88BB8 
not ictive 
not ictive 
not ictive 

UPPER INI 

mm. 
mm 
ZB.BBBI 

19.98888 
8.128988 
18BB.BBB 

Ccn(ig) 
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Fig. 12. Configuration page of the instrument 
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DEFAULT XX [=] VALUE 

Changes the default value of variable XX to the entered value. 

PRINT 

Prints the actual settings on the system printer. 

TEST 

For each variable the following test is performed: 

1) The lower limit should be lower than or equal to the upper limit. 

2) The default value is within the bounds specified by the lower and 

upper limits. 

In case of any inconsistency, an error message is displayed. 

EXIT 

Leaves the program. 

5112i_Detector-mask_editor 

Owing to various reasons, part of the two-dimensional spectrum may 

contain defective data or data of too large experimental uncertainty. 

During the radial-averaging process (cf. Section 5-7) , these parts 

may be skipped by defining a software mask that can be placed over 

the spectrum. The mask-editor allows the user to prepare such a mask. 

The mask consists of 128x128, 64x64, or 32x32 cells, each of which 

can be either active or inactive. The cells of the experimental 

spectrum corresponding with an inactive mask cell will be excluded 

from the analysis. 

At the start of the program, all interpreter commands are displayed, 

as well as the name of the user who last changed the mask, and the 

date this has happened. The user is asked to identify himself, and to 

enter the size of the mask he would like to change ( 128x128, 64x64, 

or 32x32 ). The mask editor presents itself with the prompt "MaskV*. 

Below, all interpreter commands are discussed. 
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READ 

Reads the spectrum of the chosen size from disk. This is done automa

tically at the start of the program. 

SAVE 

Writes the mask in memory to disk. The old mask is replaced. 

PRINT 

Prints the mask in memory on the system printer. 

EXIT 

Leaves the program. The user is asked whether the data should be sa

ved or not. 

CLEAR 

Erases the mask in memory, i.e., the total mask is set ACTIVE. 

SHOW 

The mask is displayed on the screen. As it is impossible to display 

the complete mask, only part of it is visible, as if the user is 

looking through a window. With the cursor keys, it is possible to 

move the window in the up, down, left or right directions. On the 

edge of the window, numbers indicate what part of the mask is cur

rently visible. Pressing RETURN will take the user back to the edi

tor. 

[IN]ACTIVE X1;Y1 [;X2;Y2] 

Activates or inactivates the cells within the rectangle with the 

opposite corners X1;Y1 and X2;Y2 The coordinates (1;1) correspond 

with the left upper cell of the mask. 

[IN]ACTIVE CIRCLE X;Y;r 

Activates or inactivates all cells within the circle with center.cell 

X;Y and radius r, r is expressed in number of cells. 

MODE 128/64/32 

This command switches to a mask with a different resolution. The mask 

in memory is NOT saved, and consequently will be lost if it has not 

been saved beforehand. 
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NUMBER 

Displays the number of active cells in the mask. 

5_113i_Event-flag_editor 

Frequently it is mandatory that computer processes acknowledge the 

occurrence of certain events and take appropriate action. These 

events may comprise the start of a program, a motor reaching its tar

get position, the completion of a file transfer. The VMS computer 

operating system puts the event-flag mechanism at the disposal of the 

system programmer to establish this kind of interprocess communica

tion. 

With each program in the SANS environment is associated such an event 

flag. This flag is set at the start of the program, and reset upon 

its ordinary termination. The main SANS menu inhibits the selection 

of a program when the associated flag is set. Obviously, event-flag 

operations happen transparently to the user, and normally he should 

not interfere. 

The event-flag editor enables to observe the setting and resetting of 

the various flags, and even permits to alter the state of the flags. 

Therefore, it is strongly recommended not to start the program unless 

the user is completely sure regarding its proper functioning. Unju-

dicious use of the program may inadvertently result in a premature 

termination of the measurement. 

The program may be in either of two modes. In the first mode the 

status of all event flags is scanned continuously, and displayed on 

the terminal screen. The second mode permits to toggle the status of 

each flag. By pressing the keyboard cursor keys, the screen cursor is 

moved to the desired flag, the status of which can subsequently be 

altered by pressing the RETURN key. Display mode is invoked by pres

sing the 'D' key; likewise edit mode is entered by pressing 'E'. The 

program is left by pressing 'S'. 
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5.1*1. Contour plots 

Contrary to what the title of this section suggests, contour plots of 

the two-dimensional spectra will not be made directly with this 

program. Instead, the program retrieves from the data file a pre

viously stored spectrum, and prepares it for transfer to the central 

Cyber computer. On this mainframe computer, a versatile plotting pac

kage (UNIMAP) is available, which draws high-quality multicolour 

two-dimensional and three-dimensional contour plots. These plots may 

be obtained on paper and a transparancy, or may be viewed on a grap

hics terminal or workstation. 

The program presents a simple data-entry page (cf. Fig. 13). The 

title text will eventually appear on the hardcopy output of the plot

ting package; the key value of the measurement will be added to this 

text automatically. Three plot types are distinguished, depending on 

the value of the TYPE variable: 

TYPE PLOT 

1 Two-dimensional black and white plot, 

especially suited for XEROX reproduction 

2 Two-dimensional full-colour contour plot 

3 Three-dimensional full-colour contour plot 

The number of colours or contour lines is determined by the value of 

the COLOUR field. It is strongly recommended not to select more than 

10 colours, as the computing time will become prohibitively large. 

After selecting the EXIT field, the data will be retrieved from file 

and stored in an appropriate format in a separate file. This file 

contains in addition directives for the plotting package. 

In the next stage, the user should log into the Cyber computer, pre

ferably at a Tektroniks-compatible terminal or workstation and ini

tiate the transfer of the file. To automate the various tasks, com-
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•and procedures have been developed which operate transparantly to 

the user. A complete discussion of these procedures, however, is out

side the scope of this report and the reader is referred to the SANS 

instrument responsible for further information. 

A sample plot, demonstrating what may be achieved with the con

tour-plotting package, is presented in Fig. 14. 
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Fig. 13. Data-entry page of the contour-plot program 
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Fig. 1*1. Contour plot of a demonstration SANS spectrum. 
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The SANS monochromatic neutron beam is obtained by successive reflec

tions fro» 6 pairs of pyrolytic-graphite (PG) crystals. Neighbouring 

crystals are at an angle of about 1 degree of arc, thus causing the 

crystals to reflect different slices from the reactor neutron-energy 

spectrum [3]-

In order to optimize the neutron yield, each crystal can be oriented 

individually in the neutron beam along two orthogonal axes. Since the 

monochromator contains 6 crystal pairs, 2k motors can be adjusted. 

The motor numbers are related to the crystals according to the scheme 

shown in Fig. 15-

Adjustments to the monochromator crystals are needed only in rare 

circumstances and therefore the ordinary user is not permitted access 

to the program which enables to control the crystal motors. For 

completeness' sake, a brief discussion of the program is presented 

here. 

The monochromator program is a command interpreter; it presents 

itself with the prompt 'DMONV. Below the commands recognized by the 

program will be commented upon. 

SAVE 

The present position of all motors, and their status, will be stored 

in a computer disk file. The program will label the file with the 

date and time at which the positions were saved and the user's name. 

READ 

The position of all motors, and their status, as previously stored 

with the SAVE command, will be retrieved. When the user expects that 

the actual motor positions deviate from the values as stored in the 

file, the motors may be driven to the desired positions. The READ 

command normally will be the first command issued upon entry of the 

program. 
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ACTIVE An [....] 

This comand acts as a toggle to activate or deactivate a series of 

motors. The motor number n should be in the range 1..24. 

DEFINE An = value [....] 

The current motor position «ay deviate fro» the value in the software 

table. When the actual motor position is known, the software value 

•ay be updated with this command. This command therefore does not 

cause any aotor movement. 

DRIVE An = value [,...] 

The motor as specified by n will be moved to the desired position. 

The angle should be in the range 0...10 degrees of arc. 

SCAN An, START, STOP, STEP. TIME 

The motor as specified by n will be scanned, starting at position 

START, with angular step size STEP, until position STOP is reached 

(all variables in units degree of arc). At each position, the monitor 

count rate will be determined for TIME seconds. The position of a mo

tor in the lower part of the monochromator can, with the aid of this 

command, be optimized. After the scan is finished, a full report of 

it will be sent to the line printer. 

SET Un = value, Lm = value [,...] 

The angular range in which a motor is allowed to move can be further 

limited by defining upper and lower bounds. 

COUNT TI = value 

The monitor count rate will be determined for the specified time (in 

seconds). 

LIST 

Two pages of information will be displayed on the terminal screen. 

The first page contains the actual posiition of all motors and their 

status, the second page the upper and lower limits for each motor. By 

giving the appropriate response to the prompt, this information will 

be sent to the line printer. 

EXIT 

Will leave the monochromator program. 
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Fig. 15. Relation between motor number and crystal rotations for the 

double-crystal monochromator program. 
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6. ACCESS TO THE FACILITY ACROSS NETWORKS 

With the advent of computer networks in recent years, the possibili

ties to perform measurements and analyse the data at large distances 

hsve increased rapidly. Concurrently, the exchange of information and 

data has become considerably easier with electronic-mail facilities. 

The SANS instrument computer is equipped with an Ethernet controller 

and is part of the local-area network at the ECN site. With a 

Communication computer as an intermediary, the SANS computer can be 

accessed by dutch and foreign scientists for interactive usage. To 

this end, a special guest account has been created which enables to 

perform most of the functions discussed in Section 5t with the excep

tion of the functions which interfere with the instrument itself. A 

user who has performed a number of measurements in Petten, can now 

analyse the data at his home institute without the customary diffi

culties associated with the transfer of data to an incompatible com

puter environment. 

Further information concerning the guest account can be obtained by 

consulting the instrument responsible. Additional facilities can be 

provided to outside users on special request. Messages can be mailed 

to the SANS scientist at the electronic-mail addresses listed below: 

EARN: ESU0104@HPEENR51, or 

DECnet: ENRWVL::SANSMGR 
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7- TECHNICAL SUPPLEMENT 

2;li_Introduction 

This supplement is chiefly concerned with the technical implementa

tion of the software, and its interface with the hardware. Its 

intended audience is the system programmer who wants to maintain and 

update the software or who wishes to write new applications presently 

not catered for in the standard programs. The ordinary user who per

forms a measurement and analyses the data may safely skip this 

supplement. 

The multi-user environment of VMS permits the user to simultaneously 

perform a measurement, to analyse previously gathered data, and to 

communicate with another computer in order to prepare graphical out

put. To avoid conflicts between programs which need to access the 

same data, the RMS indexed-file services are employed. Also, the use 

of event flags prevents programs from running which potentially may 

damage a measurement. 

The majority of the program is written in standard Fortran 77. 

Exceptions are the programs which directly access hardware functions: 

these programs make extensive use of system services. Further, a 

small price has to be paid for the user-friendly environment. Pro

grams, such as the radial-averaging program, which offer a data-entry 

page often make use of the screen-management and advanced-input fa

cilities of VMS. 

2i2;l1-Hardware 

The principal computer-related hardware components are: 

In the HFR: 

- pVAX computer, with 9 Mb of main memory; 

- fixed disk, with 159 Mb capacity; 

- TK50 tape-cartridge unit; each tape can contain 95 Mb of informa

tion; 
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- Ampex VT220-compatible terminals; 

- Seikosha BP-5240 FA line printer; access to a NEC pinwriter printer-

and an HP laserjet printer, both at the physics laboratory, is pos

sible across a local-area network; 

- Ethernet controller; 

- Nuclear Data ND76 two-parameter colour multichannel analyser with 

serial and parallel interfaces. 

The computer and CAMAC power lines are protected against voltage 

spikes and surges with a line conditioner. 

At the physics laboratory: 

- pVAX monochrome Workstation, with 2 Mb of main memory; 

- fixed disk with 159 Mb capacity; 

- Ethernet controller. 

2i212i_Sxstem_and_measurement_software 

A programmer's development environment is available which enables to 

quickly and efficiently generate and debug code. The measurement and 

development environments are almost completely shielded in order that 

they do not interfere. A number of program libraries is maintained 

in the developer's environment: it automatically ensures that the 

correct libraries are linked with the programs, and that no unne

cessary accumulation of source texts and object codes occurs. Once a 

program has been debugged satisfactorily its executable image may be 

transferred to the measurement environment. All executable code and 

command files of the measurement environment are located in the di

rectory [SANS.TASKS]. For further details the user is referred to the 

instrument responsible. 
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Table 7.1. Summary of event flags associated with the SANS programs. 

Flags 65-69 are reserved for special purposes. 

program 

main menu 

measurement-description editor 

batch processor 

interactive MCA 

interactive measurements 

abort measurements 

status information 

radial averaging 

analyse spectra 

data information 

instrument-configuration editor 

detector-mask editor 

pocket calculator 

event-flag editor 

Event flag 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

107 

108 

109 

110 

Table 1.2. Data files in the SANS measurement environment 

file name contents Format 

SANSDATA.SPECTRA 

SANSDATA.RADIAL 

SANSCONF.DAT 

SANSKEY.DAT 

MEASUREMENT_DESCRIPTION.n 

MASK n.DAT 

2D spectra 

radially-averaged spectra 

instrument configuration 

current key and user 

measurement description 

(n = 0...9) 

detector mask 

(n * 32, 64, 128) 

unformatted/indexed 

unformatted/indexed 

unformatted 

formatted 

unformatted 

unformatted 
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Each program 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 program. Several programs, in particular those which 

perform the actual measurement, signal the completion of an activity 

or the occurrence of an event by setting a specific flag. This flag 

may be polled by other program to take appropriate action. Table 7.1-

gives details concerning the programs and the event flags they are 

associated with. The event-flag editor (cf. Section 5.13) enables to 

set or reset groups of flags. 

A considerable number of data files serves to store the accumulated 

spectra, and to keep important system information in non-volatile 

memory. These files, which reside in the directory [SANS.DATA], are 

suitably protected against accidental erasure. Most of the data files 

are unformatted, and the SANS environment offers special programs to 

edit and inspect these files. Table 7.2 lists the files and presents 

a short descriptions of their use. 

The contents and the format of the two-dimensional spectra file are: 

data type and byte offset 

(I = integer, R = real, C = character) 

1. 

2. 

3. 

4. 

5-

6. 

7. 

8. 

9-

10. 

li. 

Spectrum key 

Storage date 

Storage time 

First monitor counts 

Second monitor counts 

Measuring time (0.1s) 

Spectrum size N 

Detector distance (mm) 

Wavelength A (A) 

AA/A 

Beamstop diameter (mm) 

14 

C9 

C8 

14 

14 

14 

12 

14 

R4 

R4 

12 
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12. 

13-

l«*. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23-

24. 

Specimen number 

Horizontal-position beamstop (channels) 

Vertical-position beamstop (channels) 

Diameter first diaphragm (mm) 

Diameter second diaphragm i 

Temperature (k) 

Pressure (b) 

Magnetic field (T) 

Shear rate (s ) 

Free parameter 

Sample thickness (mm) 

Free space 

Spectrum 

(mm) 

12 

12 

12 

12 

12 

Rl 

R4 

m 
Rli 

Rl 

12 

C20 

m x N x N 

For the largest spectrum, a disk space of about 65 kbytes is required 

to store it. On the average, 20 to 40 Mb of disk space will be avai

lable to store spectra, implying that 300 to 600 spectra may be 

available simultaneously. When this space is exhausted the following 

procedure should be adopted: 

1. Make a backup (saveset) of the data file on a TK50 tape cartridge. 

2. Copy the file to the workstation disk; in doing so, the data will 

be available for a prolongued time at the Workstation. 

3. Delete the data file. 

4. Create a new, empty file (see below). 

5. Protect the file against accidental erasure and intrusion. 

Complete descriptions of the format and other attributes of the data 

files are available in the files SANSDATANTIMESN.FDL and SANSDATA-

RADIAL.FDL. These descriptions suffice to generate with a simple VMS 

command a new data file: 

CREATE/FDL=SANSDATANTIMESN SANSDATA.SPECTRA 

A further VMS utility serves to inspect the integrity of the data 

file; it even suggests improvements to the file's characterics. With 

the command 
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ANALYSE/RMS/STATIS/output = file name SANSDATA.SPECTRA 

a log of the file characteristics will be compiled. 

The contents and format of the radially-averaged spectra data are: 

data type and byte offset 

(I = integer. R = real, C = character) 

1. Spectrum key 14 

2. Storage date C9 

3- Storage time C8 

4. Number of Q bins N 12 

5. Size of Q bins (A"1) R4 

6. Keys of holder, etc. 4 x 14 

7. Calibration factor R4 

8. Status word 12 

9. Spectrum 2 x N x Rk 

For the largest spectra (N * 100), a disk space of about 900 bytes is 

required. The status word contains information concerning the condi

tions for which the radially-averaged spectrum has been computed. In 

decimal representation, the status word may look like: 

3 2 status-word = n- 10 + n~ 10 + n, 10 • n 3 2 1 o 

N = 1 implies that a background correction has been made to the 

sample spectrum. Similarly, n. = 1 means that a background correction 

has been made to the reference scattering. n_ contains the type of 

calibration: 

n2 

1 

2 

3 

4 

5 

Calibration 

Water film 

Vanadium 

Polymer 

Ceramic 

No calibration 
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Finally, n_ tells that the spectrum has been put to absolute units 

(cm"1). 

Each measurement is associated with a unique key. For radially-ave

raged spectra, this key is the same as the user key. For two-dimen

sional spectra, this correspondence is slightly different, as it re

quires up to three records to store a complete spectrum. For these 

spectra, the spectrum key is related to the user key according to: 

spectrum-key = 10.user-key • n, 

with n=0, 1, 2, depending on the record number. The maximum number of 
o 

spectra, after which all key values are exhausted, is about 4 • 10 . 

2i5i_Wulti;channel_analy2er_mailbox 

A special utility supplied by Nuclear Data [8], establishes communi

cation between the VMS operating system and the MCA across a serial 

data line. This utility implements some communication protocols in 

order that the communication is reliable and comparatively fast (9600 

bs ). The utility is invoked only once, at the first log in to the 

SANS environment. It then remains permanently active as an indepen

dent process. It accepts commands, which will subsequently be passed 

on to the MCA, via the VMS mailbox facility. The mailbox is asso

ciated with a channel; the channel number is stored in the file 

MCA_MAILBOX-CHANNEL.DATA. 

/s an intermediary between the low-level CAMAC driver routines and 

the high-level Fortran application program a number of functions have 

been programmed. Each function, of type INTEGER**), performs a CAMAC-

related task, such as counting for a specified time, transferring a 

spectrum, etc. The function return value should be SS$_N0RMAL, unless 

some error condition was met. In such cases, the return value often 

will be SSS-BADPARAM, or SSS-ABORT. Below, each function will be dis

cussed. 
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COUNTS (mode, preset, count, time) 

INTEGER*** mode, preset, count(2), time 

The function manages two dual timers/counters. The function will 

terminate either after a fixed time (preset < 0 in units 0.1 s), or 

when preset > 0 counts have been accumulated in the first monitor. On 

return count will contain the number of counts in the first and se

cond monitor, respectively. TIME will contain the elapsed time in 

units 0.1 s. MODE presently should be zero. This latter parameter is 

added for future expansion. 

CTR_iNPO (count, time) 

INTEGER**» count (2), time 

This function will read the current values of the timers and coun

ters. Upon return, count (1) will contain the number of monitor 

counts; count (2) will contain the scaler counts. TIME is the elapsed 

time in units 0.1 s. 

MANGLS (motor-number, target-position, actual-position) 

INTEGER*'» motor-number 

REAL*4 target-position, actual-position 

This command drives the specified motor to the target position. The 

position is in appropriate units (degrees of arc, mm etc). Depending 

on the sign of the target-position variable, two strategies may be 

adopted. For target-position < 0, the motor first will be moved to a 

reference point (the 'home switch'), and subsequently it will be 

moved to the desired position. For target-position > 0, the motor 

will bemoved to the desired position directly. Presently, the follow

ing are valid motor numbers: 

Motor number Motors Units and range 

1-24 monochromator 0* - 10° 

25 specimen position 0° - 360* 

in sample changer 

35 specimen - detector 0 - 4000 mm 

distance 
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READ-MOTOR-POSITION (motor-number, actual-position) 

INTEGER*1» motor-number 

REAL*4 actual-position 

This function returns the actual position of the specified motor in 

the appropriate units. Note that the value returned is the position 

as found in the motor-drive unit. In rare circumstances, for 

instance after a power failure, this value may deviate from the real 

position, as no motor digitizers are employed. If there is any sus

picion that this may have happened, the motor should be moved to the 

home position first. 

STARTUT (mailbox-channel) 

INTEGER*2 mailbox-channel 

A new mailbox to the MCA communication utility will be opened, and a 

channel to it returned. The function should be used with utmost care. 

ANAMAN (mailbox-channel, size, header, spectrum) 

INTEGER*2 mailbox-channel, header (256) 

INTEGER*^ size, spectrum (128, 128) 

This function will initiate the transfer of a spectrum from the 

analyser to the computer. The function may be invoked any time, even 

during data acquisition. When the size of the spectrum does not match 

its actual size, the function will return with an error code, and 

SIZE will contain the true size of the spectrum. The header array 

contains some further information concerning the spectrum [8]. 
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