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Abstract

- - e . o s

An on-line grapnhic display facility has been employed for the
determination o2f the phonon frequency spectrum from inelastic
coherent or incoherent scattering data of polycrystalline
samples. Une of the present interactive graphic programs is based
on tgelstaff's method allowing to analyze the experimentally
observed scattering law S(a,8). An interactive version of the
LEAP computer code is used to 1improve the frequency SsSpectrum
iteratively. A second program is described which may be applied
to analyze the inelastic coherent scattering data from polycrys-
talline samples using Bredov's method of averaging. Corrections
for wmulti-phonon contributions are calculated, using the conven-
tional phonon expansion in the incoherent approximation. A
detailed description of the program operations 1is given. The
programs are written in FURTRAN IV and use an IBM/2250-1 graphic
display unit,.

Résumé

Naus avons intr>duit dzs mé&thodes interactives graphiques pour
détzrminer la densité d*'états des phonons obtenue des spectres de
tenps de vol de neutrons diffusés inélastiquement par des échan-
tillons polycristallins. Dans le cas de diffusion dominante inco—
hérznte le programme rapporté premier2ment wutilise 1la méthode
d'zxtrapolation proposée par Egelstaff pour analyser des données
de la loi de diffusion S(@,P ) Une version modifiée du programme
LEAP est wutilisée pour arriver a une solution prouvée apres des
extrapolations reiterées. Dans le cas de aiffusion conérente un
deuxiéme programnme applique la méthode de Bredove. La contribution
de la diffusion par des phonons multiples est traitée dans
1'approximation incohérznte. Nous présentons une description
détaiiléde du dialogue entre l'ordinateur et ltutilisateur. Les
programmes sont programmés en FURTRAN IV et se servent d'un
IBM/2250-1.
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£s wird die Ansendung eines Computer-Display Systems zur Bestim-
munj des Phononznfrequenzspektrums aus Messdaten der kohaerenten
oder inkohaerenten inelastischen Streuung von Neutronen an poly-
kristallinen Proben beschrieben. Ausgehend von dem experimentell
ermittelten 3treugesetz S(a,8) wird ein interaktives graphisches
Programm zur Bestimmung der Phononenfrequenzverteilungy nach der
Egelstaff'schen Extrapslationsmethode beschrieben. Zur iterativen
Verbesserung des Frequenzspektrums wird eine interaktive Version
423 Programms LEAP verwendet., Die zweite ©beschriebene Methcde
beruht auf der Analyse der kohaerenten inelastischen Streudaten
polykristalliner Proben mit Hilfe des Bredov®schen Mittelungs-
verfahrens. Vielphononenkorrekturen werden in inkohaerenter
Naenerung beruecksichtigt,. Der Dialog zwischen dem Benutzer und
den Rechner wird ausfuehrlich dargestellt. Die Prograume sind in
FORTRAN IV programmiert und benutzen die graphische bildschirm—
einheit IBM/2203-1.
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le Introduction

The inelastic scattering of slow neutrons by condensed matter 1is

a useful tool to provide detailed information about the lattice
dynamics of solids such as the vibrational frequency spectrunm,
the phonon dispersion curves and the polarization vectors, by
analysing incoherent or coherent scattering. In order to calcu-
late the frequency spectrum from experimental data on polycrys-
tals, some aspects of an investigation of coherent and incoherent
scattering are ocsutlined first,.

Information about the phonon dispersion relations and polariza-
tion wvectors has been obtained from measurements of inelastic
coherent neutron cross sections of single crystal samples. From
thase dispersion relations one <can, 1in principley, deduce the
fraquency distribution by use of the sampling method, if (i) a
thzoretical wmodel of the lattice vibrations is available, and
(ii) the dispersion curves are measured for a sufficiently large
number of dirzctions in the crystal. Establishing the frequency
spectrum from experimental dispersion relations, in general,
requires very complicated measurements and laborious calcula-
tions. Additionally, there are many cases where no single crys-
tals are available or the single crystals are not ilarge encugh to
yield reasonablez counting rates.

dn the other handy; the frequency spectrum can be directly ob-
tained for cubiz crystals from completely incoherent scatteringe.
Unfortunately, these direct measurements can only be made on few
so>lids because in most cases the basic contribution to scattering
is due to coherznt scattering and no isolation of the incoherent

conaonent is possible by preparing the targets or by developing



special methods of measurement and analysis of scattering data,

as mentioned belowe.

Since for a numbeb of problems arising in solid state pnysics,
only knowledge of the frequency spectrum of the normal modes or
tha positions of its singular points is of interest, one can
avoid the diffizulties indicated by determination of +the fre-
quency distribution from inelastic scattering experiments on
polycrystals, which are not completely incoherent scatterers and
for which coherent scattering predominates, respectively. The
frejuency distribution can, generally, be calculated from experi-
mental data on inelastic coherent one-phonon scattering, if the
measurements are performed over quite a wide range of momentum
transfers where incoherent approximation is valid, so that an
extrapolation >f the scattering law data of S{as3)/a will be
applied, using ungelstaff's method /1/. If this region of momentum
transfers is not reached in the experiment, the frequency
spectrumn can bz deducz2d from inelastic coherent scattering data

of polycrystalline samples, using Bredov's method /2/- By

averaging over a&a sufficiently 1large region of the momentum
transfers and polarization vectors the frequency distribution 1is
then, under certain experimental conditions, directly related to
the (average) coherent one-phonon cross sectione.

The measurements are conveniently carried out in TUF-spectrome-—
ters to determine the energy distributions of the scattered
neutrons for a series of different scattering angles. The
analysis of the time-of-flight data and <conversion to the
scattering law is easily achieved, using the TIFLiS <code /139/.

However, the amount of data produced is quite considerable and



could be extremzly cumbersomey, also requiring complicated and

laborious calculations, unless a rapid and efficient method of
analysis is used. Accordingly, there is a continuing interest in
the development of on-line interactive graphic computer programs
which provide an immediate and interactive access to the data. In
sections 3, 4 of this report two interactive graphic computer
programs are describedy; which are based on the methods mentiocned
aboves. They serve for the direct determination of the frequency
spectrum by analysis of coherent inelastic scattering /3/ and
incoherent (predominantly incoherent) inelastic scattering /4/,
respectively; and have been used extensively at our Institute for
some yearss The problem is to investigate how some experimental
unczrtainties, bpackground, multiple scattering or multi-phoncon
contributions are reflected in the calculated frequency distri-
butions Evidently, compared to the conventional vbatch processing
methods the przsentation on the screen of the computed results
and the interactive control of the evaluation steps enable +the
user to arrivz at a most acceptable solution by observing the
changes In wvarious parameters of the physical system and,
therefore, to avoid as much as possiblie an inadeguate analysis of
the scattering data. On the other hand, the implementation cf
these facilities can also play a contiributory role in the experi-
mental planning of inelastic scattering experiments, because the
tine for solving particular problems has been considerably re-
duced.,

To process the graphical information, an IBM/2250-1 display unit
is used. The programs are written in FORTRAN 1V and use the

Graphic subroutine Package (GSP) of IBM/5/. More details about



the features of the display unit are given in /6/. However, the

user should be familiar with the cursor, light pen and keyboard
features of the display unit, which are provided and allow the
user to communizate with the proyram during execution. A simple
calling procedure has been written to facilitate the using of the
proyrams in one session. The user may easily select the prograrn
which is most suitable for analysing his datas A descripticn of
the <calling sezquence is given in section 5. In section 6 scme
renarks are given on the current computer implementation of the

interactive graphic computer codes.



The interaction of a slow neutron with the crystal lattice can

convenlently be described by processes involving the creaticn c¢r
annihilation of one or more phonons. In the harmonic approxima=-
tion the latticz vibrations can always be considered to give a
non-interacting phonon system. Therefore, the scattering cross
section may be represented by a superposition of the cross
sections of the different phonon processes, the so-called phcnon
expansion of the differential scattering cross section. It one
calculates the estimates of the relative probabilities of phonon
processes, for example one~phonon and two-phonon incoherent
proczsses (in the Debye approximation), it can be demonstrated
/7/ that for moderate specimen temperatures and 1low Iincident
neutron energies the main contribution to inelastic scattering is
due to one-phonon scattering.

For multi-phonon processes, coherent as well as incoherent, the
relation between neutron scattering and dynamic properties of the
crystal is much more compiicated. However, in the analiysis of
inelastic scattering experiments high—order processes may often
be considered as background scattering. Multi-phonon scattering
tends to be a smoothly varying function of the incident energy
and scattering angle , and to wove very similar to Gaussian
functions, 8o that the more interesting parit of the scattering
process can be isolated. Therefore, it should be possibie to
deduce the multi-phonon terms without detailed information about

the crystal properties by direct numerical _computation. Accor-

dinglyy the conventional multi—-phonon expansion will be applied

to correct the differential cross section in the incobherent



approximation. Note that higher—order processes become more and

morz significant with increasing incident neutron energy or
increasing temperatures., Multi-phonon processes in slow neutron

gscattering are discussed in more detail in /8/.
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T> analyze thz experimental data on inelastic incoherent

scattering from polycrystals, an approach based on the scattering
law will be described. This method was originally introduced ¢ty
Egelstaff for investigation of the dynamics of liquids. Since for
a ligquid phonons are not so well defined as in the solid state,
it is convenient to use the basic correlation functions so that
in a more yenzral way the differential cross section can be
expressed in terms of the self-correlation functions of wvan
Hove/3/y ie.es the van Hove correlation function formalism is used
to establish a direct relationship between the differential
scattering cross section and the symmeirized scattering law c¢f
tha target and the space—-time correlation functionsy; respecti-
vzlye The scattering law depends only on the properties of the
scatterer and dzscribes the structure and the dynamical behaviour
of many particle systems, such as simple liquidsy; molecular
systems or solidse An important quantity {3 +the generalized
frequency distribution p(B) which {is closely related to the
physical nature of the system and which can be directly deduced
fron experimental data on neutron inelastic scattering. The
incoherent approximation is always used in the analysis. It will
be briefly outlined in the next section that it is sufficient
within the framework of the Gaussian approximation/10/ 1o find
the limit of 35(«yf)/2 for a fixed B and different values of a,
extrapolated to zero a, where a and B are related to the momentunm

and energy transfers of the neutron, respectively, to give the



frequency 3spectrun p(B)e. In the third part of this secticn a

detafled description will be given of the modes of interaction

between the computer and the user.

Jn  the basis of van Hove!s formalism the intermediate scattering

function F(ayt ), which is the space transform of the self-corre-
lation function G(ryt), can be written for monatomic systems as

an exponential /11/ :
Flapt) = exp [ £ (-a)w (t) )

where the functions w,{t) are related to the velocity—velocity

correlation functions. The first term in the series gyives the
Gaussian approxination mentioned above. Using this approximation
it is possible to evaluate exactly incoherent scattering for a
perfect (monatonic) gas, a diffusing atom, and a harmonic
oscillator. In liquids, on the other hand, the interpretation of
scattering requires more or less drastic approximations to obtain
sinple expressions for the <c¢ross section for scattering with
energy and momzntum transfers. Although this approximation is not
in general wvalid for very large values of ay one can expect the
corrections to be very small if anharmonic effects are not too
large. On the other hand, the Gaussian approximation is better
for small a, because the first non—-Gaussian term which «can te
simoly derived from the above expression is of the order of aZ2.
In practice, assuming a Gaussian for the intermediate scattering

function applicable to any scattering system , one should cvbtain



a good first approximation.

The scattering law S{uyB) is the Fourier transform of the inter-

mediate scattering function F(axet)s hence with w(t)=w,(t)
S(asB) = (2m)~t [ exp[-a w(t) + iat] dt

wh2re t i{s a diunensionless time variable and is measured in units

of h/kT. The dimensionless quantities a and P are related to the
squared momentun transfer Q2 and the energy transfer fHhw <¢f the

neutron by the following expressions:

h2Q2

X = =——————
2 M kT
fw

g = =-
kT

M is the mass of thz atom, T is the temperature of the system.

The conventional phonon expansion can be obtained from the
expregsion above for S{a,B) by first isolating the Debye-waller
factor and then expanding in powers of a. The function w(t) 1is
pronortional t2 the mean square displacement of the atom after
the time t and vy an analytical expression it is directly related
to the required p(P)s In practice, the scattering law <can te
measured over a limited range of energy and momentum transfers in
one experiment onlye. Then the determination of w(t) frcm the
measured data lzads to the mathematical difficulty of «carrying
out accurately the Fourier transform. To avold these uncertain-
ties Egelstaff®s method of extrapolation is wused. Without the
Fourier transform the jgeneralized frequency distribution p(p) can

bz obtained from the expression above for the scattering law



S(xyB) if orne integrates twice by parts and divides by we ftor the

limit @« + 0 one gets

p(B) = B2 1im a-1 S(a@yB8)

a+0

The so defined function p(p) is in the case of a harmonic solid

diractly related to the phonon density of states p(B) by

sinh(Bp/2)
o(B) = 2 p(B) ========-

On the other hand, having obtained p(f) experimentally, one can

recalculate the scattering law S(ayf) in the harmonic approxima-
tion from w(t) for all values of a and 5 which involves simple
intzgrals of about p(p) onlye. Using the methods proposed by
Egelstaff and Schofield/13/ a modified wversion of the LEAP
caode/12/ is incarporated in the interactive program so that a
norz accurate jeneralized frequency distribution can be obtained
when a method of successive approximations is applied by com=
parison of the calculated results with the experimental data.

As already mentioned earlier, the extrapolation can be made when,
in favorable cases, scattering may be treated by the incoberent
approximation 2ven if there is a 1large coherent component in
scattering. Cohegrent scattering is important for small valilues cf
@ and B and decreases rapidly when a increases and becomes large
compared to thez inverse square of the interatomic distances. The
same result holds in general for large values of . Thusy, the
frejuency distribution can be determined quite accurately , if a

is still small znough, so that In S;a,ﬁ)/a remains a linear




funztion in a«. However, the main problem arises from the fact
that for large nomentum transfers, where the incoherent approxi-
mation should be valid, multi-phonon contributions must be care-
fully taken into account. Moreover, in the interpretation of the
expzsrimental scattering data the method described here offers the
advantage that the graphical representation of the data con the
scrzen allows the user to observe immediately how the rise c¢f
data for small 2 is affected by increased coherent contributions,
by an imperfect prinary or secondary energy resolution of the
experimental equipment, or by multiple scattering effects, if
somnz are suggested at all. In addition, due to the poorer resolu-
tion for large P, care must be taken to obtain improved data in

the high—-frequency range.
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This section describes the use of the interactive graphic compu-

ter program PBoTAZ50 aliowing to evaluate the frequency spectrum
from experimental scattering law data, as has been mentioned
previously. Before discussinyg the program operation in detail,
the basic facilities provided should be briefly indicated. First,
to get a rough estimation of the frequency spectrum, the experi-
mental data are extrapolated by fitting these data to a straight
line. By stepwise wvariation of the line parameters by functicn
key attentions a better match of the straight line to the experi-
mental data should be acnieved. Second, an improved freguency
spectrum may be established using the LEAP codes Each calculation
is associated with a succeeding extrapolation which can be per=-
formed in different ways. After an extrapolation run has been
completed, the resulting frequency spectrum can be examined by
its correction at several points, as will be explained later.
With respect to the evaluation steps the user is abley, at various
points during processing, to direct the mode of operation by a
choice of several options; one of them must be selected by e
light pen detect, or by entering particular information to be
supplied in response to a displayed request from the alphameric
keyboard. A survey of the function keys used here {s given in
Table 1. Sevaral messages inform the 2250 user about the next
action taken by the program. Thus, the experimenter is prcvided
with the means that place him inside the processing ioop by

givinyg him a 'conversational® mode of operation.

The program may be called by using the calling sequence described



TABLo 1
Key No. Functiont
1 NO for questions
2 YES for questions or continue processing
4 Correction of the extrapolation by moving the line

(92}

No correction of the displayed line

(6]

Take the old frequency value

7 Repeat the extrapclation with an another normalization
10 Parallel displacement of the line in upward direction
11 Parallel displacement of the line in downward direction
13 Keyboard entry of thé shift increment, if desired
14 Increase shift increment by factor 2
15 Decrzase shift increment by factor 2
16 Ciockwise rotation of the straight line
17 Anti-zlockwise rotation of the straight line
13 Keyboard entry of the increment for rotation steps
20 Increase rotation increment
21 Decrease rotation increment
22 Display of the frequency spectrum extrapolated before
28 Equivalent to the cND key for keybocard input
30 : EXIT or end of program

+ Notice that these keys are not always active though the 1lights
are switched on. To wuse these keys correcily, the user is
referred to the description given below.
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below In section 5. After selection a title frame identifying the

procedure is displayeds The user is requested to select the input

mode of the scattering law data (Figel).

PHONON DENS1TY OF STATES

EXTRAPOLATION OF S(ALPHA,BETA)/ALPHA

L1GHT PEN DETECT ON DATA TYPE

SUALPHAL@ETAY/ALPHA ALREADY EXISTS

THE SCATTERING LAW MUST BE SORTED O

Fige 1: Title frame and selection of input mode of 3{a,p)/a

The user must now identify his data set to be evaluated by

entering the first name in the qualified data set name frcm the
keyboards After completing the user must perform the END function
with depressing of key 28 or the END key on the keyboard. Through
it, the user indicates, in every input request, that he has
finished entering information. This name 1is then used by a
special program to locate the data set and make it available for
processings If the data set cannot be found on a specific vclume,

the wuser may reenter a new name or cancel the run by depressing

key 30 resulting in a return to the calling program:

DATA SET TOF.IAK352 NUOT FOUND

ENTER NEW NAME 3JR CANCEL

DATA NAME _



If no errors have been dztected, a title now appears on the

screens The cursor 1indicates that the user may accomplish, if
desired, the title with any information identifying his prcblem.
During the 1input operation the message READ INPUT SPECTERA is
displayed on thez lower part of tne screen. The input whose for-
matting must be identical to that of the TIFLIS program/1S/ may
contain efther the scattering law data arranged for several 8
values and a series of a values cor the scattering law data for
2ach detector. In the latter case the user is requested to enter
the one-phonon limit and the enerygy interval from the keyboard.
These data are used to calculate the appropriate p-mesh for the
sort program wnich is then called to interpolate the scattering
law for constant energy transfer. However, a sufficient range of
energy transfers should be given in the input data set allowing
the user to evaluate his data for energy gain or eneryy loss, |if
desired. It is to be -emphasized that this facility provided
additionally is a time~-consuming process. The response time to
this operation may amount to 5 minutes or more. With respect to
the LEAP code tae B values must be positive, equally spaced, and
arranged in a decreasing order. The maximum number cf the
x-values is limited to 50, whereas the energy scale may ccnsist
of up to 80 PB-values. Thusy, the data must be rearranged to te
retrieved as they are needed for an evaluation of the data ob-
tained from spectra either for energy gain or energy loss. Hence,
a subprogram 1is included to establish properiy the relaticnshig
betseen the experimental data and the recalculated data wusing a
dirzct addressing technique before passing to the LEAP code or

returning to the user. After the input operation has been com-
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pleted, the message above is removed from the screens At this

point, before starting the extrapolation loop, the user must
decide whether a hard copy plot of the experimental scattering
law data together with the *#fitted? extrapolation line s
required or not. If yes, a plot titie will be expected to be
entered from the alphameric Kkeyboard, The beginning of the
textual information {is indicated by the initially positioned
cursory the lenjth of the text is limited by a displayed asterisk
at the right of this 1line where the incident energy of the
neutrons and the temnperature of the evaluated sample are dis-
played simultanz2ousiys. Typing errors can be easily corrected by
repositioning the cursor using the BACKSPACE key and retyping the

new character.

DISPLACEMENT 7 |
EXTRAPOLATION NO. 1

Figs 2: The display shows an extrapolation for one B

Wwhen displayingy the scattering law data for the first g, the

message RANGE OF EXTRAPOLATION indicates that two points are to

be selected by light pen detects to perform a first extrapcla-




tion. In this case and alsc in many other situations, the

supplemental message (BY) LIGHT PEN DETECT is displayed cn the
screen to help the user to answer the request. In the following
processing the slope determined initially of the straiyht line
will be taken as constant as long as possible, because the slope
of the 1line is a sensitive parameter in the interpretation of
data /l4/. After the selection of the end points of the interval
has been compl2ted, the program asks the user whether the pcints
are determined accurately or not. By answering RANGE UK. and
depression of kzy 1 the region can be chosen again. Depression of
key 2 results in the display of the extrapclation line whose
parameters are calculated by a least—squares method. In all cther
casesy CURVE THRJOUGH PJINT mentions that a reference point must
be determined through which the line will then be drawn. However,
the parameters of the straight line may be changed by answering
DISPLACEMENT with depressing key 4 (Figs2)e To obtain a
reasonable good *"fit' of the line drawn to the experimental data,
the wuser may move the straight line over the screen in suitable
constant steps, using the function keys given in Table 1. Using
key 5 or key 2 does not result in corrections and gives rise tc
the calculation of the required frequency value and the disglay

of the scattering law data for the next B8, and S0 oOne.

Wwhen ail extrapolations have been completed, the frequency
spectrum g(ﬁ) will be displayed on the screen (FigsJd)e In the
lower part of the screen the message CURRLECTIUN UF RHU(BET#)
indicates that the frequency spectrum can be inspected by testing
several extrapolations with light pen detects on any point which

is verifjied by the display of an 'X* symbol at this location.



Dzpressing key 2 results in the display of the experimental

scattering law data together with the extrapolation line so that

an examination of the appropriate extrapolation will be possible.

RHO(BETAY

CORRECTION OF RHO(BETA) 7

EXTRAPOLATION NO. 1

BY LIGHT PEN DETECT

Fige 3: Frequency spectrum ¢(p) which may be examined

On the other hand, using key 7 enables the user to correct the

fregquency spectrum directly without beiny forced to repeat
completely the zxtrapolation for the distinct pf. To do this, the
new point must be selected on a vertical line which is displayed
at this position by relating the correlation value of the line
element detected to the number of the scaled segments of the
vertical line, This procedure can be repeated as often as desired
because the request SELECT NEW PUINT is automatically recalled.
The <correction loop can be 1terminated when this request is
answered by depressing key 1. At this point, the frequency
sp2ctrum will be put out as a printer plot and in a tabular form.
Additionally, a card output or a hard copy plot can be prcduced

by pointing either at the PUNCH or PLOT options. If no such output



{s needed, depressing key 2 removes the frequency spectrum frcm

the screen and continues processings

If no further refinement of the first estimation of the frequency
spectrum will be required, the END option causes a return to the
calling procedure. After touching RESTART with the 1ight pen, the
user may repeat the same loop again. Jtherwise, a light pen
detect on CUNTINUE means that the extrapolation will now be
performed using the recalculated data with a slightly modified
version of thz LEAP code. A list of self-explanatory option
messages displayed simultaneously allows the user to direct the
input to the LEAP program by touching one or more of the
information requests with the light pen in any order. The end of
a selection must be signaled by depression of key 2 or through

touching any portion of the last line of Fig.4.

RECALCULATION OF THE SCATTERING LAW
FROM P{BETA)

ROCBETA) T0 PIBETA)

NEW TEMPERATURE 7
DIFFUSION 7

SMOOTHING OF P(BETA) 7
SCT-APPROXIMATION 7

PRINT DUT PHONON TERMS
PRINT QUT S{A,B)} A=CONST,
PRINT OUT S(A,B)/A B=CONST.

END OF INPUT OR CHANGINGOC

Fige 4: Input to the LEAP code by selection of options

Next,y, the user is requested to type in from the alphameric

keyboard the PNORM normalization constant of the frequency



spectrum and thz number of MAXT phonon terms wused in the

calculation, Depending on the stage of calculationy, the messages

PHONUON EXPANSION
and

SCATTERING LAW S{ALPHA,BETA)/ALPHA

are displayed one after the other. The manner by which LEAP
reproduces the scattering law is not described here. For further
details see Ref./13/. When recalculation of the scattering law is
completed, the program returns to a similar extrapolation loop as

described abovz., To facilitate the extrapolation using the model

calculation, the user has three possibilities; one of which is to

be chosen by light pen detects or by depressing key 2 (Fige.b5).

POINT ON Y AXIS

EXTRAPQLATION NO. 20

FIT FROW REGION

Fige 5: The user is requested to select the extrapolation mode

First, a direct determination of the extrapowlated frequency value

on the y axis is possible in response to the requests PUINT ON

Y-A4XI1Ss, CURVE THROUGH POINT and the repeated request POINT ON



Y-AXIS5s On the other hand, if the recalculated data are linear

enough for large xzy, after touching FIT FROM REGIuN, the user is
rejuested to enter via light pen detects the region he wants to
usz in fitting of the data to a straight line. The range selected
can be redefined after depressing key 1, if necessary. Third, if
all data show a sufficiently ygood linear ©behaviocur, depressing
key 2 causes a fit through all experimental points. Note that the
slope of the fitted curve may, in this case, strongly differ frcm
that of +the iaput data, even if only few points are outside the
statistics so tnat the last feature does not seem to be wvery
suitable to arrive at an acceptable extrapolation. During the
DISPLACEMENT phase only the constant parameter of the straiyght
linz may be altered, i.es. the computed slope will be taken as
constant.

If the process already converges quite well for distinct wvalues
of B, depressing key 6 enables the user to accept the value cf
the frequency spectrum extrapolated before without changing. In
order to repeat the same calculation with another normalization,
one must depress key 1.

At the end of this extrapolation run the wuser may examine the
frzaquency spectrum in the same way as described above. Moreover,
depressing key 22 allows the wuser to inspect the previously
extrapolated frequency specirum at the same time. This display
must be removed from the screen by a second depression of the
same function key. If a correction of the frequency spectrum at
sevaral points is needed, the curve originally computed by LEAP
will be shown so that the whole extrapolation must be repeated

for these points.



If no such corrections are desiredy, the user may use the options,

which are displayed on the lower part of the screen(Fig.56), to
choose the next program action. The run may be canceled by
touching the END option with the light pen. At this point, the
NEXTDD option also allows the user to define another data set he
wants to process, if desired, In order to repeat the
extrapolation run with the same data set, the user must select
the RESTART option with the 1ight pen, On the other hand, to
improve the frequency spectrum, the extrapolation loop <can |in

turn be continued using the CUNTINUE option.

RHO(BETA)

RESTART NEXTOD

EXTRAPOLATION NO. 2

CONTINUE  END

Fige 6: Frequency spectrum with program options
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In a wide range of solid crystals coherent inelastic scattering

of slow neutrons on single-crystal samples is used 1to determine
the dispersion relations w=w;(g) ( for a wave vector g and the
jth branch or polarization index of the normal mode) by measuring
the angular and energy distributions of the scattered neutrons
with respect to the orientation of the crystal. Evidently, the
frequency distribution of the normal modes wmay be directly
deduced from the experimental dispersion curves using the
sampling method, but this procedure requires the measurement cf
the dispersion relations for a large number of phonon wave-vector
directions. Therefore, the dispersion relations, which are
measured for a few number of highly symmetric directions in the
reciprocal lattice only, are conveniently analyzed in terms of a
suftable model of (harmonic) lattice dynamics by fitting the
model parameters to the experimental datae. For example, the
dispersion curves are used to verify the Born=von Kdrmdn model
using a nearest=-neighbour approximation for the atomn—~atcm
interaction. The frequencies are then obtained by diagonalizing
the dynamical @natrixe. In order to determine the over-—all
frequency distribution by reasonable good sampling, a large
number of matrix diagonalijzations must be performed 1in the
irrzaducible part of the Brillouin zone for as many independent
wave vectors as possible. Moreover, the intefpolation cf the
correct frequencies in the off-symmetry directions depends cn the

validity of the theoretical model to describe the dynamical



properties of the «crystal. Another way of calculating the

frequency distribution is the 'extrapolation method? introduced
by Gilat and Dollinyg/15/. This method offers the advantaye that
the number of diayonalizations can be significantly reduced, alsc
requiring less computing time, even in cases where there 18 more
than one atom in the wunit <celle Altnouyh the resolution in
frequency is renarkably improved, care must be taken to consider
possible degenzracies in the eigenfrequencies. However, if no
single crystals of the matter beiny studied are available, the
determination »o>f the dispersion relations from measurements cf
the coherent scattering of poiycrystalline samples will be hardly
successful, as the measured distrjbution represents an average
ovar distributions ot the neutrons scattered on a large numter cf
single-crystal gyrains. Then the coherent peaks cverlap each other
and are broadened so that it should be possible to determine with
a sufficiently good accuracy the dispersion reilations for
distinct wvalues of the wave vector. Many imprcvements have been
made on the sampling method, but investigations showed that
uncertainties in the fit of model parameters to the experimental
data may lead to appreciable errors in the frequency spectrur,
le2e the position, size and shape of the peaks in the frequency
distribution dzpend sensibly upon the lattice model employed. fFor
this reason and from the point of view of a rapid and efficient
data analysis, Bredov's method of analyzing the 1nelastic
coherent scattering cross section from polycrystalline samples,
which corresponds to an 'experimental sampling', has been found

to ve a suitable procedure/16/.
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It is well known that the eneryy distributions measured on a

polycrystalline sample in an ordinary TUF-experiment contains but
partial information about the frequencies of the lattice
vibrations, if 1inelastic scattering is completely governed by
coharent effects. To obtain the complete fréquency spectrum,
inglastic scattering experiments must be performed in these cases
under distinct experimental conditions jimplying averaging of the
coherent one-phonon scattering cross section over a sufficiently
large region of momentum transfer, so that for an arbitrary wave
vector and any polarization the measured distribution of the
neutrons scattered into a solid angle depends only on the energy
transfer. These conditions can be ensured, if the scattering
vectors fill almost uniformly and completely the Brillouin zone.
A detailed investigation of the wvalidity and applicability of
this method is given, for example, in /17/. Lstablishment of the
dirzct relationship between the average one—phonon coherent cross
section and the freguency spectrum requires some iumpcrtant
assumptions which will now be summarized. First, the Debye—waller
factor for a given energy transfer is assumed in most cases to te
not much dependent on the momentum transfer. Second, the factive?
sampling wvolumz <contributing to the average should be large
compared to the volumne of the Brillouin zone, I.e. the success of
this average process dzpends strongly on the uniform distribution
of the ends of scattering vectors inside a spherical regyion which
is determined by the minimum and wmaximum scatterinyg angles given
in the experimaznt., Third, the average value of the inner product

bet4een the momentum transfer and the polarization vector, iees



<l;-q|2>, required in the coherent one—phonon cross secticn can

be replaced for a cubic crystal by Q2/3 where (2 has the sare

mzaning as in section 3.2, To obtain an estimation cf the
fragquency spectrum, the so~-called ‘experimentall averayging
mentioned above can be realized in the experiment, using the

finner® or fouter® method of averagings The interactive procedure
described uses ‘fouter' averaging in which for a fixed direction
of the incident neutrons the scattered neutrons are observed for
a set of equaliy spaced scattering angles, i.e. the sum is taken
over the TOF-spz2ctra measured at different scattering angles and
weighted by the sine of the scattering angle. This reflects the
fact that the Q-steps are not equally spaced in the experiment.
Thz computational part of +the 1interactive graphic program is

based on a computer program written by Reichardt et al./16/.

As already mentioned, the interactive graphic program MUFHG250

is, basically, an ovutgrowth of the program MUPHUCU®, oriyinally
written by Reichardt et al./18/, The manner by whicn the p[program
derives the frz2quency spectrum frow the experimental TOF-cata is
not described in detail here. It is sufficient to state tnat the
projram {38 versatile to allow for a variety of consiraints to be
applied to the zvaluation processs. By inclusion of the graphical
representation >f the computed results the experimenter arrives
at a most acceptable solution when he observes the consequences
of changes in relevant variable parameters he wants to adjust,

which are summarized belowe.
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l. Determination of the range of evaluation in the TOF-spectra.

2+ Choice of thez range of detectors for integration
over the region of the scattering angles.

3. Correction for time-dependent background.

4, Correction for constant background.

5. Variation of the mass of the scattering system.

6. Two iteration methods can be used alternatively.

7. Variation of the upper limit of the frequency spectrum.
8. Correction for experimental resolution.

9, Iteration of the Debye-Waller factor.

After initiation of the program by a 1light pen detect on the
appropriate line of the SELECT frame, a title is displayed
{Figse7)s There are two possibilities of evaluating the TUF—~data.

Therefore, this frame asks the user of which type are the given

input data.

PHONON DENSITY OF STATES

BY BREDOV'S METHID

LIGHT PEN DETEST ON TYPE OF INPUT

THE DETECTOR SPECTRA ARE GIVEN

THE T0F-SUM ALREADY EXISTSO

Fige 7: Title frame and selection of TOF-data input mode

After selection the screen goes blank and the program begins

processing. If the detector spectra have been saved by the TIFLIS
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program, the wuser is now requested to identify his data set by

entering the data name from the keyboard.

DATA NAME

If the data set does not exist, the user is then requested to

type in the name of another data set being evaluated or to cancel
the session by depressing key 30,

On the other hand, if THE TUF-3UM ALREADY EXISTS, the data must
be supplied from cards. For processing more than one TOF=-sum of
several sample measurements the card sets may follow each other.
In both cases, the session may be canceled using key 30, whereas
depressing key 2 starts processing.

Depending on the selected input mode, the data are read in from a
system device (tape or disk) or from cards as described below. If
the detector spzctra are given, the message READ INPUT SPECTEA is
displayed on the lower area of the screen while the
time—of-flight data are transferred. Formatting of this input
must be identical to that of +the TIFLIS program/19/. if the
T3fF~data reside on cards, the user is first requested to define
the length of the sum-spectrum by a 1light pen detect on the
appropriate option message in the next frame. If ALL CHANNELS are
given, the number of channels must be entered from the alphameric
keyboard as indicated by the cursor. In this case, a variation of
the range of channels will be possible in order to adjust the sunm
spectrum. A light pen detect on FIXED REGION invokes the requests
of +the FIRST CHANNEL and LAST CHANNEL. Then the messayge READ
INPUT TODF-SUM appears on the screen during input operation. Next,

sone experimental parameters are expected to be entered frecm the



alphameric keyboard together with additional parameters for the

sum specirum as specified from external programs generating the
sum-spectrum.

After the input of the TUF-data has been completed, a list of
somz relevant experimental parameters wiill be displayed (Fig.8).
In the lower area of the screen the cursor indicates that the
user is requestzd to accompiish a title, identifying the particu-
lar run with relevant details. The length of this additicnal
information 1is also restricted by an asterisk displayed to avoid

an overwriting of the subsequent information in the same line.

EXPERIMENTAL CONSTANTS

INCIDENT NEUTRON ENERGY
FLIGHT PATH (SECONDARY)
CHANNEL WIDTH

MASS OF THE SCATTERER
TEMPERATURE

TITLE: VANADIUM * EO=45.6 Tz 11.660

Fige. 8: Display of experimental constants; a title is requested.

The next frame (Fig.9), which may be recalled as often as
necessary duringy an evaluation run, contains a cumulative list of
the wvariable parameters involved 1in the calculation of the

multi-phonon contributions and the in averaging over the
TOF-data. As explained later, a choice of a symbolic textual

element allows the user to change one or more of these parameters



he wants to adjust. To specify an initial choice of the

parameters, the appropriate line will be displayed at the ©btotton

of the screen, regquesting the user ito enter the data from the

keyboard.

UPPER LIMIT OF PHONON DENSITY OF STATES

NASS OF THE SCATTERING SYSTEM
NUMBER OF POINTS FOR EQ. ENERGY SCALE

NUMBER OF PHONON TERMS (MAX. 10)

DEBYE-WALLER COEFFICIENT

FIRST DETECTOR USCATIERING ANGLE)
LAST DETECTOR (SCATTERING ANGLE)
ELASTIC LINE POSITION {CHANNEL)

LAST DETECTOR {SCATTERING ANGLE)Y

Fige 9: Parameter frame during input request

LIGHT PEN DETECT ON ANY OPTION IF REQUIRED

CORRECTION FOR EFFICIENCY

CORRECTION FGR RESOLUTION

HOW MANY 1TERATIONS? (AUT)

ITERATION OF THE D-W COEF

CHANGE OF THE WEIGHT OF ANY DETECTOR ?
CHANNEL SHIFT REQUIRED

Figs 10: Program options to be selected

The input values will then be displayed in a column at the right

of the actual parameter line. When the list has been completed,
depressing key 1 enables the user to change an incorrect value by

a light pen detect on the appropriate text as indicated by the
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heading information message LIGHT PEN DETECT ON THE REQUIRED
ELEMENT. Finaily, key 2 must be depressed to proceed with the
evaluation, Next, the user is requested to select some of the
program options with the light pen (Fig.10), if desired. The
number of iterations automatically performed is initialized by 5
and can be altered after selection by subsequent read-in from the
alphameric keyboard; after the iterations have been processed,
the program stops and displays the frequency spectrum as
described belows The end of a choice must be signaled by

depressing key 2.

10

ANY WEIGHT CAN BE CHANGED BY LIGHT PEN OETECT
ON THE APPROPRIATE DETECTOR (LINE ELEMENT)

DETECTOR 13
WEIGHT . 1.0008

Fige 11: Changing the weight of any detector

If the last option in Fig«.l0 has been selected, the user 1is now

able to change the weight of several detectors. After selecticn
of a line element representing the number of the detector, the
user 1is requested to0 enter the new value from the keyboard
(Figsll) and a redisplay of this 'histogram®! is initiated, To
terminate this procedure and to continue processing, the user

must depress thz function key 2. If the sum spectrum exists for



all channels, the user can now inspect the whole spéctrum cn the
ser2ens Scaling of the vertical axis is performed by depressing
key 26 or key 27 to expand or coniract vertically (suppression of
the elastic line)s The request SLLECT END POINTS OF ENEKGY RANGE
indicates that two points must be touched with the 1light pen.
After selection the channel numbers and the related energy
transfers are displayed in the lower area of the screen (Fig.12).
AnswWering RANGE De.K. with key 1, a new range can be determined.,
After depressing key 2 an enlarged display of the selected range
of the TOF-spezctrum is invokeds A hard copy plot of the whole
TOF-spectrum similar to the actual display will then be produced

automatically.

INPUT TOF DISTRIBUTION

45 1.57 RANGE OK. 7
1o 41.18

Fige 12: TOF-spzctrum with the selected range of evaluation

The next stage of evaluation 1is the correction for the

background, tine-dependent as well as constant. If no correction
whatsoever is desired processing continues by depressing key 2
and will be carried on with the resolution run, if selected

earlier, or the iteration run. Otherwise, the user is requested



to select either of the options given below:

LIGHT PEN DETECT ON THE TYPE OF BACKGRUOUND

TIME-DEPENDENT CONSTANT

In the case of a time~dependent background, a correction for the

constant background is initiated automatically. However, o¢nly a
short description of this procedure will be given here.
Nevertheless, there are few operations which are applicable. The
data for the time-dependent background must be supplied from
cards or can, in principley, be generated using the correction
option (key 19)s The time factor can be entered from the ke)yboard
after depressing key 21. Smoothing by polynomials is included
optionally and will be processed after depressing key 20,

In many cases, the most important <correction which must be

applied to the data is the correction for constant background.

CORRECTION FOR CONSTANT BACKGROUND

LIGHT PEN DETECT ON TYPE OF INPUT
L16HT PEN DETECT ON POINT
READ IN FROM KEYBOARD?

Figs 13: Initial correction for constant background

During this correction a title is displayed on the top of the

serzen which is removed at the end of this procedures. A constant
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background can be defined initially by a 1light pen detect o¢on

either of the options 1listed in the lower area of Fig.l3.
Howaver, without answering one of +the requests in Fig.1lZ the
constant background may be directly determined by touching with
the light pen a representative point in the spectrua. Theny, a
line is drawn according to the selection. Depressing key 1 causes
the removal of this line, indicating that the selection may be
repzated. It is not necessary to do this, because the initial
value can be changed by function key attentions as described
below. Depressing key 2 causes display of the corrected spectrum
on the screen as a first estimation.

At this point, the user has several function key options at his
disposal, to adjust the correction for consfant backgyround. They

are given in Table 2.

TABLE 2
Key Noe Function
1 Repeat the correction

2 End of correction, continue the evaluation run

14 Change the TJF-sum by parameter variation

15 Smoothing of the spectrum will be initiated

25 Entzar the keyboard factor {(initially specified by 10%)
25 Decrease constant background

27 Increase constant background
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As shown in Table 2 repeated depression of key 26 or key 27

increases or decreases by 10% of the initial value the wvalue of



the constant background and results in the redisplay of the

corrected spectrum. Also an jinformation message is issued which
contains the current value of the constant background.

Howzver, correction or *smoothing® of the spectrum may sometimes
be desirable. Thus, depressing key 15 invokes a display of two
further options. First, by pointing at PUINTS, individual channel
contents can be replaced by new values after the selection of a
relevant point in response to LIGHT PEN DETECT CN PUINT. The new
value can be entered by light pen selections as already described
earlier. Since the request is repeated automatically, the user
must stop this loop by depressing key 1, whenever desired. 1f, cn
the other hand, the over-all display should be <changed, the
selzction of SMOUTHING BY LINE ELEMENTS invokes the request of a
starting point where smoothing would begine By indicating thke END
POINT OF NEW LINE ELEMENT on the vertical line displayed at the
identified position, several line elements will be created to
rzpresent the nazw curve., Depressing key 8 allows to the user
backward erasion, element by element; of line elements just
gjenerated. Since wore than one channel usually fall into a line
elenent, those channels are interpolated linearly., This loop must
also be terminated by depressing key 1.

In both cases, if no further corrections or graphical smocthiny
are needed, depressing key 9 results in the termination of this
operation.

Thz end of the data reduction run as described above must te

signaled by deprzssing key 2. At the next stage of evaluaticn one

could attempt to correct the spectrum for experimental



resolutiony, if the appropriate option had been detected earlier,
To indicate this, the message CURRECTION FOR RESULUTION will be
issued at the top of the screen followed by a requesti to the user
to snter initial specifications of the parameters which are

involved in the resolution run. This is shown in the lower part

of Figs.l4,

PRIMARY ENERGY RESOLUTION (MILLI-EV)  3.eees
FLIGHT TIME UNCERTAINTY (MICRO SEC)  22.6000
FLIGHT PATH UNCERTAINTY (CH) 5.0008 CANCEL
EXPERIMENTAL BACKGROUND (COUNTS) 1606. 00 e

CONTINUE

Figs 14: Correction for experimental resolution

Further parameters which must be typed in are the number of

convolutions performed automatically and the number of smocthing
processes, if desired. The last request invokes the input of the
range of channels beinyg smoothed. After the 1list has been
completed the corrected spectrum will be displayed following the
number of convolutions defined above. In the lower area right of
the screen three options are displayed which enable the user to
perform another iteration, CUNTINUE, or to terminate the
resolution runy END, if it was successful. The CANCEL option can
be used to finish this correction, if the process dces not

converges Then, the no resolution corrected spectrum is wused in
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the subsequent evaluation process. Many attempts can ve made tc

arrive at a most acceptable result by changing one or more of the
relavant parameters by 1light pen detects on the approgriate
parameter lines. Theny, the cursor appears in the entry area at
the right, indicating that a new value can be typed in frcm the
keyboard. The CONTINUE option must be used to signify the

completion of a parameter choice for a new rune.

In cases where no correction for resolution would be applied to

the data, the next main task 1in program operation is the
evaluation of the frequency spectrum. Now, a first estimaticn <cf
the frequency spectrum is calculated from the corrected TCF-data
converted to the double differential cross section. In addition
to this, the Debye-Wwaller factor is assumed to be small and then
may be taken into account iteratively. For the smallest energy
transfers the values of the frequency spectrum will be inserted
using the Debye approximation as extrapolated from +the first
three points »>f the experimental distribution function. Ekefore
starting the iteration loop, the wuser is requested to decide
whether the DIFFLRZNCE method or the QUUTIENT wethod is used to
examine how good the calculated frequency spectrum matches the
input distribution after a distinct number of iterations,
supposing the samne normalizatione Upon subtracting the calculated
multi-phonon contributions and normalization 1in +this way,y, a
better guess of the frequency spectrum is obtained. Jdnce the
iteration Joop has been complietedy the frequency spectirum is
displayed on the screen. At this point, the user is faced with a

choice o°f many options as shown in Fig.15. He may change, for



exanple, one or more parameiers reiated to the averayging prccess

of the TDF—dafa, chanye the parameters involved in the phonen
expansion, initiate & display of numerical informatiocn, or
produce hard copy output of the frequency spectrum. The functions
of these options are explained in more detail in Table 3. The
selection of one of the options invokes redisplay of the
fréquency spectrum after the proygram operation specified has been
completed. To decide whether the new run led to an improved
result, depressing key 4 causes the frequency spectrum as
determined with +the previous set of parameters to be disglayed
simultaneously on the screen. In the case of & cowmbined
evaluation of the eneryy gain and enzryy loss spectira the energy

gain spectrum will then be issued to allow direct compariscon.

s¢

ITERATION NO. 50 RESTART ONE-PHONON LIMIT TOF-SUM BACKGRD

MASS CONTINUE OISPLAY TEST MODE

PLOT  PUNCH PRINT NEXT| END
NEW MASS _S0.1560 w

Fige. 15: Display of the frequency spectrum after 5 iterationse.
The MAS55 option has been selected in order to change
the reference mass of the scattering system.



TABLE 3
Option Function
RESTART At this point the user has the option to return to a

read-in of the problem parameters and of the Iinput
spectra. RESTART is also useful when a user wants tc
run & job again that has just been finished, with or
without alteration. After selection the user is able
to perform an evaiuation of the spectrum either for
energy gain and energy loss in the same run. Addi-
tionally, the user is requested to decide whether he
wants to analyze the spectrum for energy loss using
the energy gain spectrum, if just evaluated, for
normalizations and multi-phonon corrections.

PHONON-LIMIT This alters the related parameters describing the
enzrgy scale and the one-phonon 1imit representing
the upper tail of the acoustic part of the frequency
spectrum in order to calculate a new estimaticn of
the frequency spectrum without changing the TO0OF-sum
specirum.

TOF-SUM This option allows tne user to change the sum spec—
trum and to repeat the data reduction.

END £€nd of thes current run.

NEXTDD The user may designate a new data set for evalu-
ation,

MASS The reference mass of the scattering system may be

altereds If the Debye—-Waller coefficient were not
iterated;, this factor would be displayed and the new
value corresponding to the new mass can be entered
from the keyboard.

CONTINUL Execute the next iteration without changing any
parameters

DISPLAY Herey the user has a lot of information at his dis-
posal which may be called in any order by depressing
several function keys:

Key 16 input distribution of G{w) from TJF-data
Key 17 &pput distribution from multi-phonon terms
Key 18 [ G(w) dw (TOF=3sum from iterated G(w))
Key_22 &onvergence test (multi-phonon correcticn)
Key 23 Debye temperature vs w (renormalized G(w))
Key 24 - moments from -3 to +7

To return to the calling program, the wuser must
depress key 1. The quantities written in brackets
ars displayed whenever a combined evaluation of the



TABLE 3 (continued)
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energy spectra for energy gain and energy 1loss bhas
been performede.

TEST~MODE This option allows the wuser to repeat the sarne
iteration loop with the other convergence test mode.

PLJT The PLOT option is used to produce a hard copy plct
of the frzquency spectrume.

PUNCTH This option is used to produce a punching output of
the fregquency spectrum.

PRINT The PRINT option produces a print-out of the
frequency spectrum in tables and as a printer ploct
poth for the equidistant energy scale and for the
time-constant scale.

BACKGRD This option may be usz2d to repeat the courrecticn for
constant backyround.
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9s Description of the Calling Procedure

———— . ——

With respect to an efficient application of the +two <computer

codes an interactive graphic main routine has been developed
which directs the loading of the major links represented by the
programs. At the beginning of the session an overall title
{(Figel6) is displayed on the screen, which must be removed fraom
the screen by depressing key 2 to start processings tirst, a
SELECT frame appears on the screen and asks the user which cne of
the programs is suitable to be used for processing his data

(Fig.l?)t

PHONON. DENSITY. OF STATES
FROM INELASTIC SCATTERING DATA
OF POLYCRYSTALSO

SELECT :
EXTRAPOLATION BF S{A/B3/A
EVALUATION OF THE TOF-DATAO

Figs 16: Title after job start Fige 17: SELECT frame

When a program has completed processing as indicated by the user

having selected the END option at the 2nd of a particular run,
another select frame is displayed together with a history of the
current ' job' just run as a reminder (Figs»18). Since the user had
only one job to process, he selects CANCEL JUB. If he wants to
perform further s2valuations with or without different data sets,

tha user must select the RECALL operation from the select frame



to continue the sessions. A recall frame now appears on the screen

(Figs.19). After touching the MUDIFY option the new procedure may
be selected from the redisplayed select frame. Selecting of the
program just run resulis in the same operation as initiated ty
the NEXTDD program option. If the user has been selected the
ACCEPT operation, the same job may be called againe. At this

level, the last operation is equivalent to the RESTART opticn.

« HISTORY OF CURRENT ITEM ® * HISTORY OF CURRENT ITEM &

+ PROGRAM NAME : MUPHO250 « PROGRAM NAME : MUPHO258
* DATA SET : TOFV, 1AK352 * DATA SET : TOFV. 1AK352
¢ J0B COMPLETED * JOB COMPLETED

SELECT : RECALL
RECALL HODIFY OR ACCEPT THIS JOB HADIFY  ACCEPTO
CANCEL JOBO

Fig. 18: SELECT frame, when a run Figes 19: RECALL frame for
has completed processing defining another run



Computer Implementations
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The program system is currently implemented on the IBM/370-1€8

configuration at the Karsruhe Nuclear Research Center (GfK ). The
projgrams are written in FURTRAN IV and the IBM GSP package is
used for all display management functions. The limit on the array
size for formatting the displays 1is primarily imposed by the
display capabilities of the 2250 unit, but also by the wish to
minimize the c:fa store requirement. Especially, a substantial
fraction of the core requirement is caused by GSP and amounts to
abaut ©&0K bytess Therefore, the programs are oryganized into an
overlay structure. However, the size of the <complete executable
load module (largest path + buffer areas) amounts to around 200K
bytes. The CPU time depends upon the number of extrapolaticns
(LEAP <calculations) or tne number of {terations and multi—-phoncn
terms, respectively. A solution 1is obtained in 1less than 2
minutes of CPlJ time at the most, whilst the total session tire is
typically no more than 30 minutes. Under normal operating
conditions in a multiprogramming environment the response tire to
nost actions initiated by the user is of the order of 1 seccnde.
Although large-scale calculations, such as multi~phonon cailcula~-
tions, are included, the on-line participation ensures an effiji-
cient performance of such calculations for which the computing
timz is not too large compared with the normal human ccnversa-
tional times ©because of the irmplementation of the progranrs on g

high-speed computer.
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Appendix 1 Jverlay Tree for the graphic_progra

syslem

INCLUDE LJAU( INGRID)
INCLUDE SYSLIB(IHCG3P0J)

INCLUDE LJAD(PRINTP$,GDR250,INITDA,CRDD250)
OVERLAY ALPHA

INSERT MAIN1

INSERT 3CALS,PARMyWERTE, IKENNyPRINT , FREQe INPUT ,S2TGU1
OVERLAY BZTA

INSERT SORTSG

INSERT 3URTPC,SORTA,WTDISK,3UCH,SELECT,SCAySUKTIN
INSERT C51,CDAT,SIRTy SKIP 9DSINT

OVERLAY BEZTA

INSERT PBGX,FITG

OVERLAY BETA

INSEZRT LEAP

INSTET LP,CONVOL,F,SEDGE, SUM

OVERLAY GAMMA

INSERT LPO

OVERLAY GAMMA

INSERT LP1,RONAPE,TAEND

OVERLAY GrAMMA

INSEKT LP2,LUGE

OVERLAY GAMMA

INSERT LP3,BESK1,SBFILL,SCT,SERIES,SPOUK

OVERLAY GAMMA

IN3EXT 5URTB

UVERLAY ALPHA

INSERT MAINZ

INSERT SETGD2

INSERT MUPHC,MUPHV, dUOPT, MUPHLyMUPH2,MUPH3,DiSPV,FNLAST ,WGH
INSERT RDVAR,CHVAR, PRVAR, CHUPT,DISP4,DISPE,DISP6, CHGF Ky DISE
INSERT DISP3,BNESC,BLQ3C, FPXB,P1DIS

OVERLAY BZTA

INSERT READIN

JVERLAY BeTh

INSERT CHFZ3

INSLRT WELGHT,CHNSH

OVERLAY BETA

INSERT RESIL

OVERLAY B=TaA

INSZRT PO

INSERT BEJSC

UVERLAY 52TA

INSERT P1,40MENT,DISPP1,VIPHU

INSERT MULTI

OVERLAY BETA

INSERT P2,DISPP2,P2DIS

ENTRY MAIN



Appandix 2 : JCL _reguirements for_the program_sysiem_call

//IAK352GU JOB (0352,143,P0A5A ),ABEL,REGIGN=290K,CLASS=G,

// TIME=3

/%FIRMAT PJ,DDNAME=FTO8F001,FORMS=STANZ

// EXEC FGLG,LIB=IAK,PARMsL="LIST,0VLY4MAP,SIZE=(272K,100K)"
//L.SYSLIB DD DSN=SYSleFURTLIB,DISP=SHR

// DD DSN=GFK.FORTLIB,DISP=SHK
/7 DD DSN=LUAD.GSP,DISP=SHR
/7 DD DSN=LUAD.CALCOMP,DISP=SHR

//L«SYSIN DD DSN=TS0352.GJOVL.DATA ,DISP=SHFR
//Ge.FT10F001 DD UNIT=2250-1

//G+FTOLF0J1 DD DSN=&4B1,SPACE=(2048,(99)yyCUNTIG ),

// DCB=BUFNJ=1,UNIT=3YSDA

//G.FT02F0J1 DD DSN= g¢B2,3PACE=(2048,(99),,CANTIG),

// DCB=BUFNJ=1,UNIT=SYSDA

//G.FTO3F031 DD DSN=4&B3,SPACE=(2048,(99),,CUNTIG),

// DCB=BUFNJ=1,UNIT=SYSDA

//G.FT20F001 DD DSN= £4T35,SPACE=(2048,(99),,CONTIG),

// DCB=BUFNJ=1,UNIT=SYSDA

//G.FT21F001 DD DSN=&8S1,SPACE=(400,(80),,CGNTIG),

// DCB=BUFNJ)=1,UNIT=SYSDA

//GeFT22F001 DD DSN=&452,5PACE=(400,(80),,CCNTiG),

// DCB=BUFNJ1=1,UNIT=5YSDA

//G.FT25F001 DD UNIT=SYSDA,D5N=&&MPHT ,DISP=( NEw,DELETE ),
// DCB=(RECFM=VBS,BLKSIZE=3520 ), SPACE=( TRK,50 )
//GeFT30F001 LD UNIT=3330,VOL=SER=T3TLIB,DISP=(ULL,KEEP)
//GeFT40F001 DD DSN=&%4SAB,UNIT=SYSDA,DISP=(NEW,DELETE ),
// DCB=(RECFM=VBS,BLKSIZE=3520),SPACE=( TRK,10 )
//G.FTO7F001 DD SYSOUT=P

//G.FTO08F001 DD SYSUUT=3,DCB=BLKSIZE=80

//GeSYSIN DD *

<TUF=-sum 1 >
<Time—dependent background>
<TOF=sum 2 >
<Time—dependent background)>
<TOF=sum 3 >

//





