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A DATA REDUCTION PROGRAM FOR THE LINAC TOTAL-SCATTERING
AMORPHOUS MATERIALS SPECTROMETER (LINDA)

J.H. Clarke*

ABSTRACT

A computer program has been written to reduce the data collected on the A.E.R.E., Harwell linac
total-scattering spectrometer (TSS) to the differential scattering cross-section. This instrument, used for
studying the structure of amorphous materials such as liquids and glasses, has been described in
* detail [1]. Time-of-flight spectra are recorded by several arrays of detectors at different angles using a
pulsed incident neutron beam with a continuous distribution of wavelengths.

The program performs all necessary background and container subtractions and also absorption
corrections using the method of Paalman and Pings [2]. The incident neutron energy distribution is
obtained from the intensity recorded from a standard vanadium sample, enabling the observed differential
scattering cross-section g—‘é (6,)) and the structure factor S(Q) to be obtained.

Various sample and vanadium geometries can be analysed by the program and facilities exist for
the summation of data sets, smoothing of data, application of Placzek corrections [3] and the output of
processed data onto magnetic tape or punched cards.

A set of example data is provided and some structure factors are shown with absorption corrections.

*Physics Laboratories, University of Kent at Canterbury.
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1. Introduction

A schematic diagram of the spectrometer is shown in Fig. 1. A more detailed description of the

apparatus is given by Sinclair et al [1].

Pulsed neutrons, at a repetition rate of 192 Hz, are incident on the sample‘from the moderator. The
energy distribution of these neutrons is shown in Fig. 2. The time taken for each neutron after emission
from the moderator to travel the 4.75m to the detector is called its time-of-flight. Between each burst it
is possible to record the arrival of these neutrons and to sort them into 2048 channels of width 2 us. An
initial timing delay of a few hundred pseconds is used in the system to select neutrons with the shortest
wavelength of interest.

After some hours a time-of-flight distribution will have been recorded for each detector. In general,
each experiment would consist of several samples, e.g. sample, container, vanadium and ba;:i(ground.

The samples may be changed automatically after a preset monitor count, usually taking some
minutes, so that several time-of-flight distributions can be recorded for different samples and detectors.
These distributions can be written onto magnetic tape for subsequent analysis using the computer program
described in this r‘eport. The collection of the time-of-fliight data and the transfer to magnetic tape is
described in the program DATIN and TAPRIT, Johnson [2].

2.  Calculations used in this program
(a) The Q-value
If it is assumed that the scattering process was elastic with no recoil of the scattering molecule

the velocity of the neutron is given by:

Lo+ Lg

D+ (o %) At - (@)

V =
ID is the initial timing delay or the time period after the firing of the electron pulse at which the counting
began, n is the number and At is the width of the time channel, L, and Lg are the lengths of the initial

and secondary flight paths. The Q-value for this event is given by:

4rsin(6/2)(Lg + Lg)252.7

D + (n- %At -2




Where 6 is the angle of the detector (scattering angle). If L, and Lg are in metres, ID and At are in
microseconds then Q will be in reciprocal lingstrc'ims.

If in the model adopted for the data analysis the nucleus of effective mass number M is allowed to
4

recoil then:

2n(Ly, + LS)252.7<LS ' Lg > / -
Q= D @wagx\L, | 1L, [/ 1+*7 - 2xcosd . (3

2M . -1 (sinﬁj]} (4)
= /1~ 1-cos| 6+ sin " ——
" j M+ 1)2 : [ M

x is the ratio of the neutron velocity after being scattered to its initial velocity.

and

One of the three options can be requested for the form of the output data. These are Q-value, time-
of-flight or wavelength. The recoil correction can be requested but the default option in the program will
calculate the Q-scale from equation (2).

(b) The scattered intensity IS (Q)

If time-of-flight distributions are recorded for a sample and container IS*€(Q) and for an empty

container I€(Q), then the sample intensity IS(Q) is:

IS(Q) - IS+C(Q) _ IC(Q) Acs
MS+C Ass  MC Ass Acc

.. (5)
MS*C and MC are the monitor counts for the two experiments. Ass, Acc and Acs are correction terms for
absorption effects, calculated for cylindrical samples by the technique of Paalman and Pings [3].

For flat plates a similar calculation is performed. If A1 is the attenuation factor for one window

of the container of thickness ty where;

tw = (tc - tg)/2

with t. and tg the inner and outer widths of the can, and if Aj is the attenuation factor for the sample
then it can be shown that;

In transmission (6 < 7/2)

5@ - B@_rQ

2 2
AfA, Al

.. (6)
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cosdcos(d - &) [ peoctw i _P_cic_fg_T

Where Ay = Petwoc [cose - cos(d- ¢)] {CXP n cos¢] - ©xp |~ cos(6-¢) |
cos¢cos(d - &) [ psosts r PsIsts |

- and Ay = pststs Lcose - cos(d- ¢)] {CXP - cos¢:’ - ep _- cos(6-¢)_

In reflection (0 > 7/2)

Q1 +AZA2)

157 (Q
5Q -
a%a,  (1+ADAJA,
cosécos(d + &) B 1 1
Where Ay = Petulc Lcosp — cos(@+p)l | E*P | ~ twPec| cosg ~coslf+ gl ) |~
cosgcos(f+ ¢) i 11 -
and Ay = pstsos [cose - cos(6+ )] exP __ tSPSaS(co&ﬁ cos[6+¢]>] 1}

.. (N

.. (8)

C))

(10)

(11)

¢ is the angle between the incident beam and a vector drawn normal to the can surface. 6 is the scatter-

ing angle and og and o are the sample and can removal cross-sections (absorption + scattering).

Equations (7) and (8) above describing the attenuation of a plate in transmission geometry have a

singularity when the scattering process is symmetric i.e. when 2¢ =-6. This is overcome in the program

by setting the attenuation factor equal to the value obtained at § =-0° as for symmetric scattering the

neutron path lengths are identical. So that

-
PcOctc
Ay = exp [— 050 (26 =-0)
and A - Psasts_
2= |- g (26 =)

The calculated value of this attenuation factor should be compared with the experimentally

(7a)

(8a)

observed transmission ratio on the downstream fission chamber which is evaluated in the program when

6 =-0° as,



/i

16+8 (1) MC [ tg pso(sabs+scatter)]
Rs() = ——g = 1-exp| - coSo

IC (t) MC+S

for both sample and vanadium. The calculated value of this ratio is also plotted as a continuous line.

The sub-routine ABSORP evaluates these terms. As the incident neutrons have an energy distri-

bution, the absorption cross-section is computed for each time channel and the program requires the

value of the absorption cross-sections at 1.88A4 as provided in BNL-325 [4].

The total cross-section may also be used in the Paalman and Pings routine to give a correction for
self-shielding i.e. the reduction of the intensity of the incident beam by the scattering of the sample.
The effect of this correction on any subsequent multiple scattering correction must be considered. The

scattering cross-section is read by the program through the sub-routine, READ1. It requires the cross-

section as a two dimensional array of energy versus cross-section of up to 40 values.

The function BARN1 interpolates this array to produce a scattering cross-section for ABSORP if
required and for the calculation of $(Q), the structure factor. The default state of the program does not
apply a self-shielding correction.

If the energy variation of the scattering cross-section is not used in the program, then the provision
of one cross-section value at any energy will cover the whole spectrum.

(¢) The spectrum shape I (Q)

A standard s‘ample of vanadium is studied together with the background. Because vanadium is an
almost isotropic, incoherent neutron scatterer, the measured time-of—ﬂigﬁt distribution, after background
subtraction and absorption correction, represents the energy distribution of the incident neutron beam as
shown in Fig. 2.

The measured sample intensity IS(Q) can then be divided by the appropriate component of the inci-
dent energy spectrum IV(Q). The vanadium standard, which may be a cylinder, an annular sleeve (to
reduce absorption) or a flat plate, is corrected for self-absorption and the normalized counting ratio

R(Q) is obtained if the parameter CRYOST=T is coded in the data list &CONTRL.

I5t¢(Q) 1°(Q) Acs
 MS*CAss " MCAss Acc
I ()
MV*bAVss  MPAVss

R(Q = .. (12)




The absorption corrections are simpler for the vanadium standard because there is negliginie
absorption of neutrons by the background. MD and MV+) are the background and vanadiuw i »itor
counts and AVss is the self absorption of the vanadium sample.

An additional correction may be made for the absorptionkof fhe background intensity by thé sample.
In equation (5) Section 2(b) the Paalman and Pings absorption correctioﬁ procedure reduces the intensity
of the empty container I€(Q) by the factor Acs. This represents the absorption of neutrons which are
scattered by the container andvabsorbed by the sample. However, a proportion of these neutrons b Q
aré not from the container but are due to external background sources such as air scattering in the
counter aperture and in the incident collimator.

If these neutrons ére assumed to have passed through the sample en route to the detec_:tor, too
largé a background contribution will be suybtracted, particularly in the case of strongly absorbing samples
such as bromine or carbon tetrachloride. This is best corrected experimentally by evacuating the sample
area as in a cryostat or furnace.

if a vacuum enclosure has been used the ratio R(Q) is calculated according to equation (12). How-
ever, if air scattering was present, an option exists in the program to calculate R(Q), i.e. if CRYOST=F

in the list & CONTRL.

[IS‘“C(Q) Ib(] l:IC(Q) Ib(Q)] Acs
MS+C Ass ~ AssAcc
... (13)

b 1P| 1
MV+D Mb | AVss

(d) The observed differential scattering cross- sectlon ) @,)) at each angle

eff
The differential scattering cross-section do can be calculated at each detector angle b,
ETY) gle by

R(Q) -
N

using the known scattering cross-section of the vanadium standard so that if the parameter EXPO=T is

coded in the input list &CONTRL,

do eff R(QAy [1- exp(-pyoyuty)] UZ

a0 T A4n [1 - exp(- pgogty)] e (14)

R(Q) is the ratio (12,13), py and ps are the number of atoms and molecules per cubic /gn'gstr(')'m in the

vanadium and sample respectively, t, and tg are the effective plate thicknesses of the vanadium and



sample in centimetres, A, and Ag are the effective areas, a;r is the total scattering cross-section of the
sample and oy, is the scattering cross-section of vanadium.

For a cylinder radius r, the effective plate thickness is

it = 771‘2
t = ”—; ... (15)

and A = 2r is the area/unit height presented to the beam.

This function is tabulated and plotted for each counter. If EXPO=F is coded in the input list

&CONTRL, a simpler formalism is used.

off  R(Qrpyoy

do SR 45/ if VROD=T & SROD=T ... (16)
d@ rgps

& 1ot RQy %= 1.2)p .0,

@l - > if VCOIL=T & SROD-T ... (17)
IsPs ' ‘
; do | eff  R(Qtypyoycosiy '
and B = Tt cosdy if VPLATE-T & SPLATE-T .. (18)

where rg, 1y, r", and ry’ are the radii of the sample and vanadium and 05, Oy are the angles of the normals
of the plates to the beam.
(e) The structure factor S (Q) at each angle

The structure factor S(Q) can be calculated at each angle by the expression

T
4 do | ST s | P3
SQ) = 1+ ~coh d0 - “eoh 1+ P1+P2+ Q2 ... (19)
: S s

agOh is the sample coherent scattering cross-section, P1, P2 and P3 are Placzek correction tefms [5-7].

These are

[NS][S)

P1+P2 = ... (20)

K41\

[1 _ f(1-2n)-J sin2 g . fi[l _f(1-20)(1 + 2nf) sin2 %] sin2



5 'sin2 |
and P3 -. 1.9366E sin“ 6 Eose - 2f(1+2n)(1 - 2f[1+n] sin? %z]
3MQ2 2

Where E is the mean kinetic energy of the molecule in meV and M is the effective molecular mass in

amu. fis the fractional flight path;

. (21)

and n is the spectrum index (= .83) [71.
S(Q) is listed and plotted for each counter. In addition if specified in the input options, S(Q) or

eff off
do will be punched to cards as Q,S(Q) or [ Q, (dl_;f_2 .

dQ
Due to the complexity of Placzek corrections [6,7,10] for a linac experiment, it is suggested that
a user wishing to apply his own form of corrections should use this program to evaluate the observed

eff
I . These data may be then obtained on cards for subsequent

differential scattering cross-section 0
Placzek correction. |
(f) The deadtime correction
The mathematical formalism used to correct for the effect of a deadtime in the counting system

has been described by Egelstaff [8]. If there are ng dead channels after each recorded count and there

are a total of N machine cycles, then the true count in channel n is given by

1 Gl
G = —— e (22)
N- S G
m=n—nd

In the PDP-11 computer used to record data on the Linac total-scattering spectrometer, each
detector has a separate input buffer store so that the deadtime corrections are not cross-linked between
different counters.

(g) Egqual Q-steps option

In the study of liquids and glasses most forms of data analysis, Fourier transforms in particular,
require the data to be in equal Q-value increments.

As the data are collected as time-of-flight spectra the data increments as a function of Q-value

are inversely proportional to the time-of-flight and are non-linear.



The option of equal Q-value steps is specified by

EQUALQ-T in &LINAC  Section 3(b)  (Default is T)

eff
" ““'The routine QBIN first reads the stored S(Q) or ?T&% from a scratch disc. A set of data points

are then produced at .0024°1 intervals by linear interpolation using a cubic spline. This distribution is
then smoothed by a rectangular smoothing function, Section 2h). The width of this function is the frac-
tional Q-value resolution for each detector. Default values are used in the program but can be over-
wntten l‘);at-al points are theﬂ obtained from every 0.054°1 Q-value point in the spectrum. These values
are lféted, plotted and, if required, punched to cards. The nameliét &QEQUAL is described in Section 3(j).
(ﬁ) Dﬁfa srﬁobthing options
Two options exist for smoothing data in the program and can both be specified in the & CONTRL
list described in Section 3(f).
(i) SMOOTH=T, will smooth the vanadium and background pattems.
(ii) CAN=T, will smooth the container pattern.
The routine SMTH removes the.peak due to the Linac Cell I neutron booster. This is observed in
Cell II between 2550 and 2750 psecs, after the firing of the electron pulse. The routine linearly inter-
polates the pattern between the two intensities at 2550 psecs and 2750 psecs.
. A rectangular smoothing function is then convoluted with the data. The width of this function is

equal to the incident neutron pulse width and is thus proportional to the time-of-flight channel number.

The smoothed intensity I (t) is given by

L)
S 1A
I,® - S e S . (23)
tz—tl t2 = t+ wt

t1 and ty are the lower and upper time limits and w is the fractional pulse width. The default value for
w is 0.1, this can be overwritten in the name list, &CONTRL. SMTH plots graphs of each pattern after
smoothing which are compared with the'input data.

The use of the smoothing option is not advisable if there are Bragg peaks present in the data.

11



3. The format of the input data

(a) Use of the NAMELIST statement

The IBM function NAMELIST is used to input the majority of the program control data. Thig
function is described in greater detail in [9]. Briefly, a list of variables is specified in the program

and read into the program in a simple format, e.g. the list called LINAC is read as follows
&LINAC NRUN=1,ID=390, TFP=4.615,.....,&END

The first column of each card must be blank and the keywords LINAC and END must be preceded

by Ampersands. The variables can be listed in any order. If a variable is not listed the program uses a
default option. Logical variables such as ABSORB can be assigned values by the statements

ABSORB=.TRUE. or ABSORB=T.

Multiple values may be input in two ways, e.g.

NC =-0,0,0,0,1,0,0,0,

or NC 4*0,1,3%0,

All data relevant to the recorded data will be written onto the header block of the magnetic tape,
e.g. monitors, counter angles etc. These data can 'also be overwritten by the input list described in this
section. A minimum default input case is shown in section 4 together with a maximum input case.

All namelist parameters are printed on channel 13 immediately after they have been read.

(b) The calling routine &LINAC

&LINAC has the following variables of which the majority are default values written on the control

block of the magnetic tape.

Program-supplied

Variable Description value
VOLUME ‘Name of magnetic tape’ in apostrophes e.g.
‘A3CMPH’ No default
NC(8) Number of counters at each angle (8*1)
TRANS(8) If .TRUE. sample was studied in transmission
: If .FALSE. sample was studied in reflection .TRUE.

(Applies to flat-plate experiments only)

Unless there is a special reason, from this point the remaining variables need not be coded.

-12 -



Program-supplied

Variable Description ST .~ value
NRUN No. of sets of data to be analysed ' TN |
iD Initial timing delay in microseconds o Read from tape
TFP Total flight path in metres Read from tape
SFP Second flight path in metres ' Read from tape
CA(B) Counter angles in degrees ‘ Read from tape
ITAPE 7 or 9-track input tape , 9
EQUALQ If .TRUE. the routine QBIN is called and the data .

will be placed in equal Q-steps .TRUE.
MON If . TRUE. monitors will be read from tape

If .FALSE. monitors will be read from cards .TRUE.
DEAD If .TRUE. deadtime corrections are applied .TRUE.
NDEAD No. of dead channels in TOF scaler Read from tape
CHAN Width of TOF channels in microseconds (integer) Read from tape
NCTRS No. of counters written on tape Read from tape

The program then reads a list of runs required which must be on the magnetic tape. The list is in
free format so that the last run number must be followed by a slash. These runs are read from the
magnetic tape and then stored on a disk for random access. The magnetic tape input channel is 10 and

the disk channel is 1. There are ITMAX (<80) runs.

e.g. &LINAC VOLUME=‘A3CMPH’ ,NC=3*1,5%0,& END
2101 2102 2103 2104 2105 2109 2107 2108 2200
2250 2760/

or if the control record on the tape is incorrect;

&LINAC VOLUME=‘A3CMPH’ ,NC=3*1,5%0,MON=F,CA=15.,25.,38.,
5%0., ID=236,&END '
2101 2102 2103 2104/

(c¢) The title and run numbers
The program from this point onwards is called NRUN times with the following variables.
TITLE 72 characters describing the experiment (18A4)

Run Number, Run type (1 to 4), Monitors for each counter if MON=F (Free Format Input)

- 13-



" If the monitors are to be read from the magnetic tape then input;

- Run Number, Run type

The last run must have a negative number on input, e.g.

2110 1
2111 2
2113 3
-2114 4

The program will use this as a sentinel and then reset it positively to its true value.

The run types are:

1.  Sample +:Can

Can

2
3.  Vanadium + Background
4 Background

All runs of the same type will be added together including their monitors.

There are JMAX < 80 runs acceptable

e.g. 24610 1 Three sample runs
24620 1 One can run -
24630 1 One vanadium run
24611 2 Three background runs
24612 3
24613 4
24623 4

-24633 4

(d) The scattering cross-sections via the routine READ1

READL is called three times to input the scattering cross-section versus energy mesh for the

sample, container and vanadium.

e.g. Energy, Cross-section, Sentinel (2F10.0,I1)

Sentinel =-1 for the final card, up to a maximum of 40 cards. The program sets the integers IMAX1,
IMAX2 and IMAX3 as the sizes of the arrays. The energy is in eV and the Cross-section is in barns/

molecule.

e.g. 0. 5.13 1 If only one card is provided for each type
the program will execute more quickly.

-14 -



(e) The absorption cross-sections &SIGMA

The three absorption cross-sections are read into the program via the namelist &SIGMA.

1]

&SIGMA  SABS = Sample Absorption Cross-section

CABS = Can Absorption Cross-section
VABS =- Vanadium Absorption Cross-section
SCOH = Sample Coherent Scattering Cross-section

Absorption cross-sections are in barns/molecule at 2200 m/sec and are usually taken from BNL 325 [4].
e.g. &SIGMA SABS=3.9, CABS=4.98, VABS=4.98, SCOH=22.8, &END

() The control statement, &KCONTRL

The namelist & CONTRL specifies all the options used by the program. Default values are speci-

fied for all variables.

. Variable ‘ Description Default Value
PRINT List all input data ' F
PLOT Plot graphs T
PUNCH " Punch output data F
SCATTR | Use scattering cross-section in ABSORP F
ABSORB ~ Apply absorption corrections T
Q Compute Q-scale A1 F
TOF Compute Time-of-flight scale usec F
LAMBDA Compute Wavelength scale z& F
CRYOST : I's sample in vacuum enclosure? F
SMOOTH Smooths vanadium and background | F
CAN Smooths contaiﬁer | | F
W Pulse width for smoothing option 0. < W < 1.0 1
EXPO Uses exponential scattering formalism : F
SMQ ' Punches S;, (Q) to cards and puts Sy, (Q) into

equal Q.steps ‘ . T
eff

If .FALSE. does these operations for %

e.g. &CONTRL PRINT=T, Q=T, SMOOTH=T, &END.

- 15 -



(g) Control data for graphs &SCALE

The scale of the graphs of S(Q) can be specified at this stage if dé_sired. '

&SCALE SQMAX=8 Values, SQMIN=8 Values, XMAX=8 Values,
XMIN=8 Values, &END

SQMAX(1)=YMAX for counter 1
SQMIN(2) =YMIN for counter 2
XMAX(3) =XMAX for counter 3 etc.

The graphs are scaled automatically if these values are zero.
e.g. &SCALE  SQMIN=8*0., SQMAX=2.,2.5,6*3., &END

(h) The sizes and geometry of the sample and vanadium &SIZES, &DENSTY
The namelist &SIZES specifies all the shapes and dimensions of the sample, can and vanadium.
RADIUS defines the dimensions of either a cylinder or plate depending on the variables SROD,

SPLATE, VROD, VCOIL and VPLATE

SROD = Sample is a cylinder F)
SPLATE = Sample is a plate (B
VROD = Vanadium is a cylinder (F)
VCOIL = Vanadium is an annular coil (F)
VPLATE = Vanadium is a plate F)

If the sample is a cylinder, i.e. SROD=T, then;

RADIUS(1)=Sample radius in cm.
RADIUS(2)=Can radius (external) in cm.

RADIUS(3)=Increment in radius for absorption integral in cm.

RADIUS(1) RADIUS(2) 2
[:R—__ADIUSG;' and RADIUS(3) must be integers <20

If the sample is a plate, i.e. SPLATE=T, then;

RADIUS(1)=Thickness of sample in cm.
RADIUS(2)=Outer thickness of can in cm. [RADIUS(2) > RADIUS(1)]
RADIUS(3)=Angle of normal to plate with the incident beam in degrees.

In transmission RADIUS(3)=0. and in general 0 < RADIUS(3) < 90.



e.g.

or

If the Vanadium is a cylinder, i.e. VROD=T, then;

RADIUS(4)=Vanadium rod radius in cm.
RADIUS(5)=Not used.

RADIUS(6)=Increment in radius for absorption correction in cm.

RADIUS(4) _ ]
I:R ADIUS(6)] must be an integer < 20

If the Vanadium is an annular coil, i.e. VCOIL=T, then;

RADIUS(4)=Inner radius of vanadium coil in cm.
RADIUS(5)=0uter radius of vanadium coil in cm.

RADIUS(6)=Increment in radius for absorption correction in cm.
RADIUS(4) RADIUS(5) .
[RADIUS(6)] and l:RADIUS((S) must be integers < 20.

If the Vanadium is.a plate, i.e. VPLATE=T, then;

RADIUS(4)=Thickness of vanadium plate in cm.

RADIUS(5)=Not used.
RADIUS(6)=Angle of normal to plate with the incident beam in degrees.

0 < RADIUS(6) < 90.

WIDTH=Beam width in cm.
HEIGHT=Beam height in cm.

A second namelist &DENSTY specifies the densities of the sample, can and vanadium.

SDENS = Sample density (gm.cm™3)

CDENS = Can density (gm.cm™3)

VDENS = Vanadium density (gm.cm™3)

SMW = Sample Molecular Weight

CMW = Can Molecular Weight

VMW = Vanadium Molecular Weight (50.942)

&SIZES RADIUS = .5,.55,.05,.6,.7,.05, WIDTH = 2.5, HEIGHT = 2.5, VROD=T
SROD = T, &END |

&SIZES RADIUS = .5,.55,30.,.1,.2,30., WIDTH = 2.5, HEIGHT = 2.5,
SPLATE = T, VPLATE = T, &END

&DENSTY SDENS = 6.15., CDENS = 6.1, VDENS =-6.1,

SMW = 69., CMW = 50.9, VMW = 50.9, &END

-17 -
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(i) Placzek corrections &PLZCK

The namelist &PLZCK provides input of the mean kinetic energy of the molecule and the effective

mass. If these are both zero no corrections are applied.

&PLZCK
EBAR = Kinetic energy in meV ~ (0.)
ANU = Effective mass in A.M.U. (1.0E + 3)

(i) Equal Q-step calculation &QEQUAL

Variable Description

YMIN(8) Minimum value of y-axis in graph ‘ )
YMAX(8) Maximum y-axis value 3
SCALE Scale factor i.e. S(Q) =-SCALE*S(Q)

PUNCH Punches S, (Q) or g-gl o (depends on SMQ in & CONTRL)
QSTEP Increment in Q-value

Default value

0. provides automatic
scaling

1

F

0.054°1

In all the data input sections the program attempts to check the form of the data and will print

messages if the data is unsuitable, e.g. if [RADIUS(1)/RADIUS(3)] is >20 or if a flat plate sample is

parallel to the beam. At this stage the program may now recycle starting with Section 3(c) again.

4. How to run the program (including a sample set of input data as used for liquid nitrogen)

The first example shows the minimum default input data required for a 9-track tape data set with

all the control information correctly typed onto the header block. Counter angles, flight paths, initial

delay and all information for & LINAC is read from the header of the first run. The monitors are read from

each header. The second example shows the maximum default with every parameter input via the

NAMELIST statements.
Default case

//G.SYSIN DD *

&LINAC NC=1,1,1,0, TRANS=4*T, &END

24779 24699 25128 25127 /

LIQUID NITROGEN 77K JHCLARKE UNIVERSITY OF KENT
24779 1

24699 2

25128 3

-25127 4

- 18 -



.001 22.8 1 SAMPLE SCATTERING X-SECTION

.001 5.13 1 CAN SCATTERING X-SECTION

.001 5.13 1 VANADIUM SCATTERING X-SECTION
&SIGMA SABS=3.7,CABS=4.98,VABS=4.98,SCOH=22.206,&END
&CONTRL Q=T,CRYOST=T,&END

&SCALE &END

&SIZES RADIUS=.55,.6,.05,.675,.72,.045, WIDTH=2. 5, HEIGHT=2. 5,
SROD=T,VCOIL-T,&END

&DENSTY SDENS-.81,CDENS=6.1,VDENS=6.81,SMW=28.,CMW=50.9, VMW=50.,
&END

&PLZCK ANU=17.,&END

&QEQUAL SCALE-=.5,&END

/¥

No default case

//G.SYSIN DD *
&LINAC NRUN=1,ID=390,TFP=4.615,SFP=0.4,ITAPE=9,CA=14.,28.,58.,
150., 150.,58.,28.,14.,NC=1,1,1,1,1,1,1,1,EQUALQ=T,CHAN=2,
NCTRS=8,VOLUME=‘BG7MPH’ ,MON=F, TRANS=8*T,&END
24779 24699 25128 25127 /
LIQUID NITROGEN 77K JHCLARKE UNIVERSITY OF KENT
24779 1 32861 32861 32861 32861 32861 32861 32861 32861
24699 2 98290 98290 98290 98290 98290 98290 98290 98290
25128 3 70305 70305 70305 70305 70305 70305 70305 70305
-25127 4 68271 68271 68271 68271 68271 68271 68271 68271

.001 22.8
1.00 22.8 1
.001 5.13
1.00 5.13

. 2.00 5.13 1
0.001 5.13
1.000 5.13

2.000 5.13 1

&SIGMA SABS-=3.7,CABS=4.98,VABS=4.98,SCOH=22.206,&END

&CONTRL PRINT=F,PLOT=T,PUNCH=F,SCATTR=F,ABSORB=T,Q-T, TOF=F,
LAMBDA=F,RECOIL=F,CRYOST=T,SMOOTH=T,CAN=T,W=.1,
EXPO=F,SMQ=T,&END

- 10 -



&SCALE SQMAX=2.,2.,2.,2.,2.,2.,2.,2.,SQMIN=0.,0.,0.,0.,0.,0.,0.,
0., XMAX=5.,10.,20.,35.,0.,0.,0.,0., XMIN=8*0.,&END

&SIZES RADIUS=.55,.6,.05,.675,.72,.045, WIDTH=2.5, HEIGHT=2. 5;
SROD-T, VCOIL-T,SPLATE-F,VPLATE=F, VROD=F,&END
&DENSTY SDENS-=.81,CDENS=6. 1, VDENS=6.81,SMW-28.,CMW=50.9,
VMW=50.9,&END

&PLZCK ANU=14.,EBAR-0.,&END

&QEQUAL YMIN=0.,0.,0.,0.,0.,0.,0.,0.,. YMAX=2.,2.,2.,2.,2., 2.,
2.,2.,PUNCH=F,SCALE-.5,&END

Vi

On the Harwell computer the program can be executed as follows:

//UIDxxx JOB (,HMPH, 2,360,,7,1,,2000,1,,0, 5),NAME
/*SETUP 31UMPH

//**MAGTAPE A3CMPH FP/...READ ONLY../FP
// EXEC LINDA, TAPE=A3CMPH,SEQ-1,

// PARM=%P=¢5" *L-“YES” *T=“TITLE”’

//SYSIN DD *

(DATA)

/%

The procedure is an in-line catalogued procedure and is listed in Section 7. The parameters are as
follows;

(1) UID =-User identifier code on the Harwell computer.

(2) 31UMPH = Demountable Disk containing the program LINDA.

(3) A3CMPH = Archive magnetic tape.

(4) TAPE = A3CMPH, this expands into the full IBM tape control cards.

(5 SEQ 1,2 etc., this expands into the file on the magnetic tape e.g. LABEL=(SEQ,SL).

(6) PARM = *P=%5" etc is the input for the Harwell Ghost System [10].
5. An Explanation of the Form of the Output Data

An initial output page lists the information provided in & LINAC and also lists each run ana its
disposition on disk as it is found.

For each set of data the title is printed in a box at the top of the first page. The list of runs

with their identifiers, monitors, etc. is printed, followed by the absorption cross-sections. The options

an



specified in & CONTRL are then printed followed by the sample, can and vanadium dimensions. Number
densities and Placzek correction constants follow with the scattering cross-section versus energy
meshes.

As each run is read off disk, a log is written on channel 12 specifying its control numbers and
locations. For each sample and counter, mean and total values of counts per monitor are listed. The
Paalman and Pings correction terms are tabulated for every 10th channel followed by the size of the

Placzek correction terms Py, P, and P3.

Q and S(Q) are printed in two columns followed by Q and g% eff' This sequence is repeated
for each counter. A running log of the computing time and the state of the graph plotter is also printed.
Figures 3-5 show the input spectra for the program, the computed Paalman and Pings correction terms

eff
and g—g as plotted by the program for liquid nitrogen [11]. The form of the prepared data control

block is given below.

LINAC Liquids Machine - Magnetic tape header block as prepared by DATIN

Position Contents Origin

1 No. of blocks for present sample Calculated

2 No. of time channels per detector Type in (default 2048)
3 Run namber | Type in

4 Day )

)

3 Month ; (%?3{ ]g;?esrating system)
6 Year )

7 Sample No. Calculated from interface
8 Total number of samples Type in (default 1)

9 No. of counters Type in (default 8)

10 " Channel width in 1/10 ps (default 20)

11 Initial delay in 1/10 us Type in
12 Total flight path in mm (default 4750)
13 Second flight path in mm (default 460)

14 Dead time in 1/10 us (default 30)

15

16



.Position 7
17-24
25-32
33-40
41-48
49-56
57-64
6572
73-80

81-100
128 -

For Each Counter
Position
1

2

Contents

Monitors etc. for Ctr 1

Users name

General text

Contents

" 2

" 3

Angle (1/100 degree)

Time (1/50 sec)

prf

mon 1
mon 2
mon 3
mon 4

mon 5

=77 -

Origin

Origin
Type in (default values)
Calculated
Calculated
Calculated
Calculated

Calculated



6. Glossary of variable names

A(2048)
AB(60,20)
ABSORB
ABSORP
ACC1(54)
ACS1(54)
ACS2(54)
ADUM
ANU,ANO,AN#
AS(60,20)
ASS1(54)
ASS2(54)
B(2048)

BARN1

B2CON
B2C1
B2S1
B2V1
C(2048)
CA(8)
CABS
CAN
CDENS
CHAN
CMW
CONTRL
CRYOST

CSUM(4)

Sample + Can run and finally g—% array = SA.

a,m +Bpm in Paalman and Pings [3] = IARR.

If true, applies absorption corrections.

Subroutine to calculate Paalman and Pings correction terms [3].

A . array in Paalman and Pings [3] for sample and can.

CcC

A

cs array in Paalman and Pings [3] for sample and can.

A_g array in Paalman and Pings [3] for vanadium.
Unity.

Atomic Mass.
@ym + Bum - Onm in Paalman and Pings [3] = IARR.
A, array in Paalman and Pings [3] for sample and can.

A array in Paalman and Pings [3] for vanadium.

ss
Can data array = SB.

Function to generate cross-section for time channel IT from E,
SIGMA arrays.

Absorption cross-section constant = .0022/TFP(ys.m'1).
Absorption constant for can.

Absorption constant for sample.

Absorption constant for vanadium.

Vanadium +:background run = SC.

Counter angle in degrees, then changed to half-angle in radians.

- Can absorption cross-section at 2200 ms™! (barns).

If true, smooths can scattering.
Can density (g cm™3).
Channel width in microseconds.
Can molecular weight.
Control data input list.

If true, computes cryostat-configuration absorption corrections.

Counts per monitor, etc. (working array).

9



D(2048)
DASH

DATEL1 * 1(12)

DATE2 * 1(12)
DAY

DEAD

DEADT
DENSTY

DISC

DRAW
DUMR
EBAR
ENU(60,20)

EQUALQ

EXPO
EOCON1
E1(40)
E2(40)
E3(40)
FORM(20)
FPI

FPIS
HCHAN

HEIGHT

Background data array = SD.

Date in control record (ASCII)
DATE1(1-12) = JAY1(13-24)

Date in control record (EBCDIC).

Day of month.

If true, applies deadtime corrections.

Subroutine to apply deadtime corrections to data.
Number-density input list.

Routine to retrieve run from archive disk and sum monitors and machine
pulses.

Graph plotting subroutine.

Dummy radius for vanadium rod.

Mean energy of molecule.

fam + Vnm i0 Paalman and Pings [3] = IARR.

If true, computes equal Q-value data for S, (Q) or g—g depending on the
value of SMQ.

If true, uses exponential scattering formalism.
Energy constant.

Energy array for SIGMAL.

Energy array for SIGMA2.

Energy array for SIGMA3.

Free format input array ONO2A.

(4m) 4 x3.14159.

(472) 4 x3.141592.

Half-channel width (us).

Height of neutron beam (cm).
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IARR(16384) Data record on magnetic tape.

IARR(1-16384) = JAY3 * 1(1-65536)
IARR(1-1200) = AB(1,1)
IARR(1-6144) = WK(1-6144)

IARR(1201-2400) = SI(1,1)

IARR(2401-3600) = AS(1,1)
IARR(3601-4800) = ENU(1,1)

IARR(4801-6000) = NU(1,1)

IARR(6001-8192) = R(1-2192)
ICHNL No. of time-channels per counter.
ICON(256) Control record of magnetic tape.

ICON(1-128) = JAY1 * 1(1-512)
ICON(129-512) = JAY2 * 1(1-512)

ID Initial delay in microseconds.
IDUM Dummy.

IMAX1 Size of E1 and SIGMAL.

IMAX2 Size of E2 and SIGMA2.

IMAX3 Size of E3 and SIGMA3.

INC ' Counter number in DO loops.
ITAPE Number of input tape 7, 8, 9.
ITIND Working integer.

ITMAX Number of runs archived to disk.
JAY1 *1(512) Control record = ICON(256).

JAY2 * 1(512)

JAY3 * 1(65536) | Data = IARR(16384).

JCY, JJJ Run counters.

JMAX Number of runs to be processed in this cycle.
JOBNAM * 8 Alphanumeric text-name of computer job.
JSHIFT Working array shift.
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LAMBDA
LINAC
M(8,80)

MON

MONTH
MPRF(8,80)
NBLKS
NC(8)
NCPK
NCTRS
NDEAD
NM(8,80)
NMPRF(8,80)
NRMAX
NRUN
'NTRN(80)
NU(60,20)
OJOHNA

PI

PLOT
PLZCK
PRINT
PUNCH
P1,P2,P3,P4
Q

QK(1200)
R(2192)

RADIUS(6)

If true, computes wavelength scale.
Spectrometer data input list.
Monitor count for counter (1-8) run (1-80).

If true, monitors are read from magnetic tape control record. If false,
from cards.

Month of year.

Machine pulses for counter (1-8) run (1-80).

Number of blocks on tape.

On-off switch for (1-8) counters.

Number of tof channels per array element of ASSI etc.
Number of detectors on the magnetic tape file.
Number of dead channels.

Monitor count array as read from archive.

Machine pulse array as read from archive.

Maximum number of archive runs.

Number of cycles of data.

List of input run numbers for archive disk.

Vg in Paalman and Pings [3] = IARR.

Modified Harwell routine to give tabular lineprinter output.
(m) 3.14159.

If true, plot all graphs.

Placzek input list.

If true, print raw summed data. .

If true, punches Sy, (Q) or (dT% to cards depending on value of SMQ.
Placzek correction terms.

If true, computes Q-scale.

Q-scale in QBIN routine.

Radius array in ABSORP (working array) = IARR.

Dimensions of sample, can and vanadium.



RADIUS(1) Radius of sample or thickness of sample.

RADIUS(2) Outer radius of can or outer thickness of sample.

RADIUS(3) Increment for integral or angle of normal to beam.

RADIUS(4) Radius of vanadium rod or thickness of vanadium plate, or inner radius

of coil.

RADIUS(5) | Outer radius of coil. Not used.

RADIUS(6) Incfement in integral or angle of normal to beam.

RATIO(2048) Working array and finally, S(Q) array.

RD Initial delay ps.

READI Reads E1,2,3 and SIGMAI1, 2 and 3.

SA,SB,SC,SD Single elements of arrays A,B,C,D.

SABS Sample absorption cross-section at 2200 ms™! (barns).
. SCALE Graph scale input list.

SCATTR If true, uses scattering cross-sections (SIGMA1-3) in ABSORP.

SCOH Sample coherent cross-section (bafns).

SDENS Samble density (g.cm'3).

SFP Second flight path in metres.

SI(60,20) &nm in Paalmén and Pings [3] = IARR.

SIGMA Absorption cross-section input list.

SIGMA1(40) Scattering cross-section of sample array.

.SIGMA2(40) Scattering cross-section of container array.

SIGMA3(40) Scéttering cross-section of vanadium array.

SIZES . Sample dimensions etc. data inp_ut list.

SMOOTH If true, smooths vanadium and background.

SMTH Subroutine to smooth an array of data.

SMW Sample molecular weight.

SMQ If true, punches S, (Q), if false, g‘é.

SPLATE If true, sample is a plate.

SQMAX(8) Maximum value of S(Q) for counter (1-8) for graph.

SQMIN(8) Minimum value of S(Q) for counier (1-8) for graph.
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SROD

SST

STAR
SUM(4,8,80)
T(2048)
TAPE7
TAPES

TAPE9

TBEG,TEND, TDIFF

TEXT * 1(192)
TEXT(1-192) =
TFP
TITLE(18)
TOF

TXT * 1(80)
TYPE(80)
VABS

VCOIL
VDENS

VMW

VOLUME * 8
VOLSP
VOLSR
VOLVC
VOLVP
VOLVR
VPLATE
VROD

w

If true, sample is a cylinder.

sin (CA)%.

*

No. of couhts for sample type (1-4), counter (1-8) and run sequence (1-80).
Working array and Q, time-of-flight or wavelength array.
If true, data is input on PDP-4 magnetic tape.

If true, data is input from PDP-4 archive tape.

If true, data is input from PDP-11 archive tape.
Elapsed time-constants.

Alphanumeric text in control record (ASCII).
JAY1(321-512).

Total flight path in metres.

72 character title.

If true, computes time-of-flight scale.

Alphanumeric text in control record (EBCDIC).

(1-4) run-type of run t;umbét RUN.

Vanadium absorption cross-section at 2200 ms™1 (barns).
If true, vanadium is an annulus.

Vanadium density (g em™).

Vanadium molecular weight.

Alphanumeric text and name of magnetic tape volume.
Volume term for sample plate.

Volume term for sample cylinder.

Volume term for vanadium coil.

Volume term for vanadium plate.

Volume term for vanadium rod.

If true, vanadium is a plate.

If true, vanadium is a cylinder.

Smoothing width.
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WIDTH
WK(6144)
X
XMAX(8)
XMIN(8)
YEAR

V4

Width of neutron beam (cm).

Working array in QBIN routine.

( scattered neutron velocity)
( incident neutron velocity )’

Ratio used in recoil correction
Maximum and minimum values for X-axes in graphs.

Year.

Zero.
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1.

PAGE NUMBER

LISTING OF CATALOGUED FARWELL PRCCFCURE LINCA

- - - D - D D TS D D D D D D D W e w

//LINDA PROC TAPE=A3CMPK.TAPET=TJRELA.FCS1="CUMMY,*,SEQ=1,PCS2=
/7 EXEC PGN=DISKPGMCUND=EVEN,REGICA=390K

//%===== L TNDA PROGRA¥ CN DISC MPHR =s=====zz=zs=s==sz=s=s==s=====z====
//STEPLIR 0D DSN=LCAD.MFH. JHCLINCAVCL=REF=NMFFE, CISF=SHR
//%k===== CARD PUNCH ==============S=S==S=SSSI=SSITIIITITITIII===
//SYSPCH CD SYSOLT=8,DCE=BLKSIZE=8C

//k===== SCRATCE DISC FILES FCR IAFLY CATPR =====ss========z====

//FTOLIFCO1 DD DISP={NEWDELETE)sDSN=82DATASVCL=REF=SCRATCFo.
// SPACE={CYL+(5+1) sRLSE) s TCB=(RECFN¥=VES,LRECL=102EsBLKSI2E=1234C)

//%k===== CARD READER =========-==S=S=SSI=S====I=STISZTI===T======
//FTOSFCC1 DD DCNANE=SYSIN

J/%k===== {INEPRIATER ===========S======S=S==s=S=TISITIT===32323=
//7FTCAFCCI OC SYSCUT=A,LCCB={RECFN¥=FA.BLKSIZE=133)

//k===== (CARD PUNCH ==========3===3SSS=S3=3I=S=SITITTT==SS0T==
//FTCT7FO001 €D SYSCULT=8B

J/%===== FILE FCR SULMMET COUNTERS ===ss==s=ssss=====s===========

//FTCRFCOL DD VCL=REF=SCRATCHLl SPACE=({8192:22)+RLSE+CONT IC}+DSN=24SUM
J/e===== ARCHIVE TAPF AICMPH ===z============SS===ITITIT=IT==S
//FTOLFCCY CC APCSZ.DISF={0OLCKEEF)sVIL=SER=8TAPE,

7/ LARFL=(8SECsSLI«ULNTT={ TAPEGssCFFER) oCSA=CATAMFF.JHCLRCF»

/7 CCB=(RECFM=VS,LRECL=16388,RLKSTZE=16392.CEN=3})

J/xk===== CUTPUT PRINT CHANNELS FCR LINEPRINTEFR ==szs===========
//FTLIFCOLl TD SYSOLT=A.DCB={RECFV¥=FA,ELKSIZE=133)

//FT12FCO1 CO SYSCULI=RA-CCR=(RECF¥=FALELKSIZE=133})

J/FT1I3FC01 CD SYSCULT=A.CCB=(RECFN=FALELKSTZE=133)

//%k===== SCRATCH DISC FILE FOR EQUAL C-STEP =====ss===s===T====
//FT14FC01 CD VCL=REF=SCRATCH1+SPACE={(8164s8)sRLSE-CONTIC) s CSA=R8GRIN
//k===== INPUT CHANNEL FCR 7-TRACK PCF-4 TAPE ==s======sss=====

J/F1 DD &POSL.UNIT={TAPET++DEFER) sVCL=SER=ATAPETLISF={DLL-KEEP)>

1/ DCR={RECFF=FoBLKSTZE=T€E,CEN=0-LSCRC=FSIoLAEEL=(2,NL)
J/e===== CHOST GRAPHPLOTTING JCL ===========S=SSTSSST=ZI=IIT==
//GRIDINCX CD DISP=SHR,LCEN=HAR,GRIDINCX

//GRID DD VCL=REF=GRIC.SFACE={76€.(2CCC+2C)-FLSE}
//SYSIN DC *

//M EXEC FGM=PPLP. REGICA=140K+ACCT=GFLSTLF
//STEPLIB CD DSN=HAR GHCSTLIBHDI SP=SHE
//FTC6FCC1 DD SYSCLT=A

//SYSUDUMF CD SYSCLI=A

//FT49FQ01 CO SYSCLT=A

//GRICINCX CC DSN=HAR GRIDINDX,DISF=SFF

//PRINT DC SYSOLT=A

//D0SPOOL1 CO VOL=SER=SFCOLL,,CISF=CLC.UNIT=3230
//D0SPCOLZ CC VOL=SER=SFOOL1.DISF=CLC,UAIT=3330
//DD31RCO¥ DD VOL=SER=318COM DISP=rLD-LA1T7=3330
//0D0315SYS OC VCL=SER=31SSYS,CISF=CLL,LANIT=2330
//PROC PEND



Co=== SPI(TROMETER JaTa ANALYSIS PROGRAM (LINDA) - - ic
o==== MARIK XL1V ETr JARNUARY 1976 —=——=e—zz=z=s=sz==i==2S==I== =T === 20
¢ ' : 30
C T gk o e RN KR FEOPR R R K B % Km0k ¥Rk o ol ol ook dof ok i ok Rk ok &,
C * N1= NUMBER OF TIML—-UF-FLLIGHT CHANNELS PEXR COUNTER % =AW
C * NZ= NUMBER JF CUUNTERS * <3
C * Nv3= TOTAL NUMZck UF RUNS * T
C * Ng= NUMobg OF TOTAL CRUSS-SECTION VALULS * 8y
c * N5= NUMBIK Or INCREMENTS IN ABSUKPTION INTEGRAL * 90
C * No= NUMJSLR OF INTERPOLATION STEPS IN * JRE]V
C * AxSORPTION CURRelTION TuRMS * tic
c * NT7= NUM3zR OF J=-5TEeS IN fQUAL G=VALJUE ROUTinNG % il
C Rk 3k % N0 3R ROK K R e de A kR ol ko ek ool R oo e e 3ok 30k ool Bk g el ook 130
[ i40¢
C % Qe e o e S 3 i RO R B e e 0 ok o R R R Ok 3 e ok e ool ok ol ok Rk el kiR oRoR ok R R Rk Rk 130
o * RATIOINLY  adinl) d{nNl) CINL} vinLl) TUNL) * log
C * SUMAX (N2} Sumlingnz) XMAX (N2 ) KMIN{NZ) = 176
C * KMOUINZe4 ) CALNZ)Y RPULSEINZea) * 8o
C B MINZoNZ) HMPRFludoN3) NMINZIN3 ) NMPRFENZg¥3)  SUM{& N2 N3} * 19¢
C * NTRR(N2) TrP:INs) RUN(N3) NSEGWIN3) * 26
< * SieMal(Na)  SIGMAZING) SIGMABUING) i(N4) £2¢u4a) E3(N&) . % PR e
< * ABL3I®NSyNS ) Si{3sN5 NS) AS(3®N5 NS ) NUEIRNS NS ) INJ(IENI,NS) * Frae
C * ASS1{Ne) ACCIING) ACTSLING) ASSZ(NS) ALS2¢N6) * 23,
¢ * QKINT) KSK(n7) * 24¢
C e s g o oo K 3 o ek ok IR N K ek S oo ol ok o ol o sk i 3 o ok K s ook e e i e i ok 0Okl o Rkl o ke sk ook 254
C 260
REAL RTP*2(4)/ SAMPLE®y "CAN®y *VANADIUM® 3 *SACKGRND® /7, ) P

* RATRO(204n),A02043),3(2048)3C(2048)90(2048) 3T(2848), 8%

* SUM{49B 93 M 250 %Fue/ gRMCIB 94 M/ 32% o/ yRPULSELS95)/32% 00/, 9w

* SIGMAL( =T} 3 STGMAZ2(I40 s SIGMAS(4L) sELL40) gE2LaLY gES(4U), Sdu

* SUMARES I/ o« [o SUMIN(B)/ 8% 0 /o XMAX (B /8T of sXMINIB)/8%L o/, 31¢

* ABE{6. 92 )9SI o792 Do AS(D .32 i D oENU(OL20) o NUL6G20) g 324

* ASS1(5%4)/h4%1alyAlCLIS54)/54% L/ sACS1(58)/54%1 e/ 33w

* ASSZ2U54) /b axle /9 ALS2 (54) /54%1a/, 340

* VOLUMEFE /T UNKNIWAE /o JUBNAMSZ/® &/ 3b¢

* CALEN/3%u el yCOUMEG ) sRADIUSIO ) o TATLELLB) o FURMIZCU I RU21L 92}, 360

* WKB1a4) UKL LI00) g ASKULZOD )y DONSFE(3)/3%® e/ 3Ty

C 380
LWTEGER ICUNLZ256) g 1ARRI 153834) $DAY, YEARyCHAN/L/ 5 39¢

* NTRNES 375 . /9uUNIB.)/5. % /o TYPELS /3% /oNSEGIBL)/8L%L/, UG

* M(»ti'S"..)lbn»ﬁ;/,m‘RF(S,Bul/(:‘r‘.:*i/,NM(B,b;")/6‘0»*&/. 4l

¥ NMPRF (B 80 MWoslxu/ yNC{B)FB*L/ : 424

C “30
LUGICAL BRINT/F /g PLUT/T /3y PUNCH/F/ 9 SCATTRIF/ g 83 SORBIT /9 ERRURS/F/ 5 440

* WIFLsTUF/FL g LAMBOASFY oKECULL/F/ o SMUUTHIF /s CANIF/ 454

* CRYUST/ v/ g 2PT/FS oSMO/T /o ENABLE/F/ 4EQUALQI T/ yDEAD/F/, 460

® SKUD/F/ SPLATE/F/ oVROD/F/ oVPLATE/F/ o VLUIL/F/ Y £+

* MINST/ s TAPET/FL g TAPLG/F/ s TAPEG /T /s TRARS (8) 78%T/ 5 TIRANSM/F/ LY-1¢

* JAYLI*L UL )9 JAY2* (51 ¢) s JAY3 %1 (065530), 49

* TEXTHLCI9I )y TXTALIUB LDy DATEL R L L Do DATE2®L{1Z)/12%% 8y bol

< 51¢
EQUIVALERCE (A (leld owkKEl) QK {1 lARK(L s JAY3(1) ), 524

* CLCONIEL B JAYL (LD ) ot ICUNCL29) s JAYZ(1) ), 53¢

* (TR ATCL) »JAYL (321 )) o (CATEL( L) JAYLELR3) )y el

* INCHe IUNLZ Y g (CHANSITHNLW ) o INBLKS¢NBL ) o 550

* (REKELDsSI(Lodl) o InRRELZ. 1)) lAST 219 TARRE24L1) ), 56l

* (ENU(L 91 ) o FARRI 301D ) g {NULL L) s iARR( 481D ) 576

® (R L) el kR (6LTL D) 1. e

C 59L
JATA N&MAXyNKuN1thAUvJCY,JJJ,IJUM,ID,W.TF”,SFP/&D.}.S*“'.1,2*$.I. bu

* t  CONLyZy aUM/ 7 et P 0y "eslaly 6i0

* PIvFPI,?Pl&/3s14155112¢5bb,39-%76/' [2y29

* EnhRgLiAR g RKEAX g &ANU ANO g AN.-*/3*;'.73*1-E 3/ 633

* ITiINDgi VAP gNCTRSZ 15997 /7« &4 o

* STAngDASH /U8 8 8y [-31¥]

< bo U
NAMELIST ZUINACY/ ARuNglOe TRPy SFP g UNASLE o ITAPE g CAgNU EQUALY 67TC

* NCTRKE g CHAN VOLUME o kP UL SE 9 DEAD gNUE AT 9MON g TRANS [1:19

* /S1GMAS SABSCA3S,VALS 3 SCUR 69v

* F5LLE5 S RACIUS oW IDTH oHEI G T SRUDy SPLATE s VRUL o VCOI L VPLATE Tow

x /DENGTY/SOUNSy SMWy CDENS s CMid 9 VDINS s VMR T1¢

* JPLZCN/ t:‘.‘:”i"()CBAR'RKﬁAR7ANJ1ANG,AN‘: T2

* JSCALE/ STMAXSOMIN g XMAX 9 XMIN 738

* JCONTRUL/PRINTy PLOT s PUNCHy SCATTRyABSOR By TFs LAMBDA, 744G

* EKRQKS,RECUIL'CRYUSTySMUOTH1CAV'H’§XPOQSMQ 5

< 160
=== Keal IN LINAL CUNTROL PARAMETERS /LINAC/ 174
ReAl (5,Li%AC) 8o

WRITL(13.L1INAL) . T
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{==== {nECK LUUNTIR CGHTIONSG =
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40
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----- FILE FUR SUMMED COUNTeRS AND =4

# o9 % %

*

*
*

¥
*

%
*

READ ¢DP11l »=TRACR TAPE

IF(ITAPE oEQe T)TAPET=e TRUE,
IF‘(ITAPL QEOOQ)TADE‘;’=Q1RUE ®
IF(ITAPE oN a9 ) TAPEG=oFALSE,

DEFIND FiLE d(;ﬁ;,z\éﬁ,U;IVSh 14(8'2(49’U’IV1‘¢,

COMPUTE HLADER nFUOKMATION & GRAPH PLUTTER HEADER
CALL ZAL AS(DAY MUNTHeYLEAR)

CALL ZAL8AS{TINMG)

CALL ZAL7AS{JUcNAM)

CALL ZV<1AD(1.sVOLUMEDSNY

CAaLL FILM (1)

CALL GHFROR(1)

CALL CSPaCEl esletlagieslal

CALL PSPACE(elsle359elge95)

CALL PLACE (2us20)

CALL TYPICS(®LanAC LIGUIDS SPECTRUOMETER DATA®,31)
CALL PLaACE (27 455)

CaliL TYPLCS(*PKUGRAM HUN AT ¥,15)
CALL TYPECSHTLiIMEsE)

CAaLL TYPECS(®,0MN ®4e4)

CALL TYPENI(DAY?

CALL TYPECS(® ®,1)

CALL TYPECS(MONTH,4)

CaLiL TYPECS(® t,1)

CALL TYPLMNLI(YuAR)

CALL CTRMAGI(L.)

WAlTel 69 LUl CAY s MUNTHo YFAR o T IME 9 JUBNAM g VOLUME 5D SN

FORMAT(/oTL o VOTAL LUATTERING LIQUIDS SPECTHRIMETERy %y
fatl SUINGINGsALL DANCING DATA ANALYSES PROGRAM, %,

B U Uiw¥gl3g91XsAbeIng® AT "ASQ//Q
Tl o "JIBNAMEL IS ",A84//
Tl 9 *MaGTAPE VOLUME IS *9ABe//»
T10, "LaTA LIT NAML IS ®35R09//,

Ti o *PHOGRAM %K XLIV S5TrH JANUARY 1976 (JeHoeCLARKE)®)

IFINCEL)ebUol « ANDeNUEZ) eEQo e AND e
NC{3) efniec e AND el (4) e ENo ve AND.
NCEYdetile. e AND e {0 ) 0EQe v e iNDe
NCUTVeEQel s ANDGNC (2 ) eEQev) GOTICLO3::

IF(TAPEYIREWINDL,

REAU LIST UF SUnS KeQULRED FOK PRUCESSING
READ (5 ¢ * INTRN

DO 30 I=lgNxMaX

ITF(nTRN{Idel e YGUTUS

CONTINUE

SET MAXIMUM NJe UF GUNS FOK MPODLING (1 TMAX) =—-—
ITMAX=1i-1

AKITE(6 ¢S JLTAPL, 1TMaX
WRITE(LIZ90 PUNTRN(I o=l I1TMAX)

IF(MUNIWRLITE Oy 7. )

IFl eUToMONIWRITL (69D )

FORMAT( /s TLiy ONUMEEK DF RUNS SPOOLED FRUM®,1I2, 8—TKALK TAPE

TIu SCRATCH DISK 18%,159//
Tl o®%5c . CHaNNibL 12 FOR TAPL READING LOG®)

FORMAT(/ 3Tl e 21 APE SPUULING LOG QUTPUT CHANNEL 12%9.//,

T1 g CRUN NUMBERS (IN URDER CGF ASKING)®,.//,
B{Tioelultie/))

FORMAT(/,Tlue ®MONITORS WILL Bt READ FROM MAGTAPE CONTROL RECURD®/)

FORMAT(/ 9 T10, *MUNITURS WILL BEe KEAD FRUGM INPUT CARDS®y /)

'y

READ FIRST CUNTROL RKETURD ===

REALD pubs T-TRACK MAUGNETIC TAPE
IF(TAPETICALL RPUPGT{Lyly ICUNgGgu sl )

IF(TAPEY IREaDU L obND=290) ICON

NBLKS=LLUNL 1)
IF(TAPEY)ICUN(Z D=NBLR ST 128

CHECK END OF TA#E - -

COMPUTL ULATE —-

IF(ICUNTIS) el Re9999eLR eJId oG T ITMAX) GOTOILU

IF(TAPESICALL 2ZA SAS(OATELsDATE2, E2L00ONc 15 TERRY)

ARITEALZ o LLC)ICINL3),3C0ON(2) 3 DATEZ

FORMATULIAORUN NOe %9l 9® OF"906, % CHANNELS ON ®,12A41)

860
&l0
B2C
83¢(
84L
85¢
86¢
876
880
8% L
9L0
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171

16¢
190

LR

2058
;%
1y

HUNT FOR RUN InN RUN LIST
DO 110 K2=1¢1TMaX
IF(ICON(3)erNeNTRN(RZ)DIGD TO 32.
CONTINUL

MUOVE ON T3 REXT RECuUKD -
IF(TAPLETICALL RPUPGT eloUpiiotioi)
IF(TAPED)IREAD (1 END=29C)

GUTC9L

RUN FOUND -
WRITE(LZ 14 DILINLS)

COMPUTE TeXT STRING FROUM CONTROL RECOGRD
IF(TAPEGICALL ZACSASITEXTTXT g8 05 LUUNE s Lo IEKRY)

IF(TAPEY PWRITE( 11,130 )ICONL3) oDATEZ o TRT

FORMAT{ 2K PRUN e Tollie2XoliAlpdRg8LAL)

FORMAT(IH"’,TFJI"B',llk," +OUND® )

IF 7 TRACK TAPL SKIP THIS SECTION —- -
IF(oNOT<TAPE®R)GUICLTT

DU lew K=lga -
RCAD OFF ANY RiMAINING RUN PARAMETcKS FKOM FIRST KRUN ON TAPc
IF(JJdelzTe: )G0TOLS

COUNTER aNGLEZS FIKST
IF(CA(K) ocl el ) LAIK I =FLOAT(ICUON(D+8%K ] ) %01

NOW THE MUNITURS ANG PRF PULSES IF MUN HAS NOT BEEN SET TO FALSE -
IF(MONINMIK K2 D =ICUN{LS#5%K)
IFIMONINMPRF(K 82 )=TCON( 11 28%K)

; CUNTINUE

IF(JJJetTe0)GOTUL230

CHARNNEL WIDTHInITIaL ObLAYDEADTIMUSNCTRS & FLIGHT PATHS
IF(CHANGEWew ) UHAN =1CON(LT)/1S

IF(IDeEQax) 1L =iCON(LL} /10

IF(NDEAU «EQOINDEAL=TICONI14) /ICONLLC)
IFINCTRS EW e INLTRS=1CON(T)

IF{TFP e davel TFP =FLOATLICON(1Z2))*e 4L

IF(SFPecCer o) S¥P  =FLOATLICON(LI3))*e L1

IF ThHIS IS THR FIRST RUN READ OFF THEN PRINT OUT THE CONTROL DATA-

OTHERWLILE GOTu ¢330 aNL KEAD IN RUN

IF(JJIdeUTel JGDTOCAL

F=SFP/TFE

HOHAN= D*FLECAT( LHAND

RD=1u

RI=RD-HCHAR

ARITE(69 190 INAUNGIL s TFP s SFPeNLEAD

D3 1é% K=loNCTRE :

IF¢ TRANSIRIIWRITL (65 2LC )X NC (K ) gCA(K)

IF{ e NOTe TRANSTIK M) WkiTL 6920 PKgNC UK} g CALKY)

CONT INUE

FURMAT( /e T10sTHERE ARE ®3I34% SETS F DATA TU 3£ ANALYSED®,//,
Tl o ®Trt INLTIAL TIMING DELAY §5%,145¢ MICKUSECONDS®.//,
Tloeg®THE FLIGHT PATA LENGTH IS%F6e3p® MLTKES®g//,
FL.9%THe SECUND FLIGHT PATH 1S®*3F6e39% METRES®$//,
Tl.e'ThERLE ARE ¥,12, 9% DFAD CHARNNELS®4/)

FORMAT(/ 9 Ty PCUUNTER POSITION NUMBER®,I2,8 HAS®gi3,

S LOUNTEKRS AT®,Fte3y® UEGREES 1% REFLECTION®)
FORMAT(/ T g *COUNTER POSITION NUMBER 9912, ¢ HAL® 13,

*  CUUNTERS AT®gFHe349 % UEGREZS IN TRANSMISSION® )

L4y

{ =—————

o

[Nl

LONVERT TO RKADIANS ¢ HaLF COWNTEKR ANGLE
D0 &2 K=lgNCTHS

CAIK)I=CALK) ®o LU BT £604

Jdd=Jddd+i

REAU RUN INTQ CRE --
DO 24 K=leibloy
TARR{K )=y

T-TKkACK POP—4 TaPt
IF(TAPETICALL RPOPLGT( colo IARRSICON(Z) 9 gNER)
IF(eNOTe TAPCYIGUTUZG

9-TKALK PLP-11 TAPE —
NCHNL=ICON(L) *1 28
REAUILUEND=290 JUTAKREK L) gR1=1y NTHNL )

FUDGe FUNANY CHARACLTIRG -
TARREICUN(Z2))=FaRRUICUN(2 -1}



[aNe}

251
269

P

—-== CORRECLT FOR 000 HIGH ORDER PART OF «URD CREATED WITH OLD JAVIN

00 25w J=1leNBLKS
JSHIFT={J-1)*31.

JAYS(1+Jd5niFT I=JaYI(S+JSHIFT)
JAYZ(Z2+JSHIFTI=JAY3(5+JSHIFT)
WRITE(LZ427.)
FORMAT(1H+,T63,y *y KEAD FROM TAPE®)

———= WRITE RuUN ONTD QS0 1 ="

WARITe (1 aChNeIARK
WRITE(LL923  IR2ICw0L 3)
FORMAT(iH+,To3, ®owkKITTEN TO OISC AS FEILE®;13,% RUN®SILIL)

INCRLEAS: AUN NUMUER #Y L
JLY=Jdeyel

C=—== SEQUENCE nNUMock OF AKuN NTRNUIKZ) ON SCRATCH O1SC

NSEQIXKZI=JCY

IF(UCY e Qol e AN «cNUT TAPEY) ICNLZ=ICON(2)
IF(JCYei el e AND ¢ liiliTea TAPEP)ICHNL=ICORLZ ) /NCTRE
IF(JCYeraele AND<TAPEY JICNLZ2=ICON(1)*128
IFtJCYelWel s ANDTAPESIICHNL =T CNL2 /NCT RS
ICHNLW=CHAN

Cm=== SUT UP ARRAY DM ANSiCnS FOR DUMMY ARGCUMENTS UF SU3PHOGRAMS —————=-

CHECK axRayY OVEAFLO€ G END OF RUN LIST ——
IF(ICYebToNRAAR UK aJU Vel L TMAX DPGUTLI LY

READ kn NeXT RUN
SO TO 9.

£ND UF TAPe O DATAa ST
WRITElbg 39 )
WRITE(LZ9320)
ARLITE(O 530 )
FORMAT(TL ;g *999%9 FOUNUT)
FORMAT{TO9e Ok Frrgisnne )
FOKMAVIT LGy PEOF MARK FOUND % MAGNETLIC Tabee)

v

enDFILE 1

ZYCLE TOVER »uTs OF ikwwu¥ DATA —--
IFINRUNet e b X FUP

D1 162. KRUN=1,NRUN
READ(Se 320} MITL G

ARITE(O 30 M {nTadel =183 e TITLES(STARI=1,83)
ARITE(S5937. Ml 0ASHL=1449)

FURMAT L L:3a4)

35
36, FUORMAT i1 e T3 ot  A1e /e T 3sAle Tl 998 e /e TiiegaleT 5‘0'15A4'T1:9'A1'Iy

27
c

¢ e

A8
39

*T3,ea1leT1iuY9eALe /sy T:ﬁ»‘,del,’./,T‘D g PADENTIFIER T2 U RUN=NDe 9133

FOAINLO g TG3o P MIINI® g TO A " MUNS %, T635 *MUNAG® 3173, BMUNS® TR, *MONG6® 3 T93,

XOMONTo ST, 3 MG ?)
FORMAT(LHT g TE gL AlelT il o 7ALyT33,8(4AL96X))

INITIALLIZE VAXLAMLES
DG 400 Kiz=lgexMax
RUN(KL)=-
TYPE(KLE=

D2 39. KZ=ig¢3
M{KegKrlld=
MPRE(R ZgR LY =0

OU 280 B3=14:4
SUM(K34KZeK1b =0 e
CONTINGE

CunTINUL

DC 4. K=lea
CSUMEK I=u e

00 41l L=lea
RAC (L ¢ ) =0e
KPULSE(LeR)=1 o
CUNTINUE

CONTINUE

{NPUT RUN Wde MUITUR COUNT ———-=-
D5 490 K=1eNX4AX

CaLL Onaf{FrORM)

IFl «NUTeMUNIRCAL (D FURMIRUNIK Do TYPE(K D o UMLK} 3L =1 oNCTRS)
IF( eNOTeMONISUTU46.

IFIMUNIKEAD (S g FURMIKUNIK) o TYPE(K )

FIND POSITIUN UF RUNEK) IN ARCHIVE LISY NTRN

240G
241
242¢
243G
2 440
245G
246
2647
2480
249
2
251
2520
253¢
2540
255 .
2565
257
258¢
2590
26L0
261
262«
263
264w
265
2660
2677
268¢
2694
2766
2791C
27cs
2732
274¢
275.
2764
PN
230
279.
28:0
2381
282¢
2833
2840
285
2863
237«
2883
2090
2900
2914
292 .
2934
294
2950
296
29T
298
299
306
3410
3l2:
330
34
3ude
3vou
3870
3080
3.9
38T
3ile
3124
315G
3140
3i53
3163
317
3i8v
319



Cm=== DON®T FORGET THAT LAST RUN IN LIST RUN(ITMAX) IS NEGATIVE ——————-

DO 450 K1l=1l,I1TMAX
IF(1ABSERUNIK)) NENTRNEK1D IGUT D44 L

¢ .
C—=-= SET MONITOR OF KUN(XK) TO VALUE NM IN ARCHIVE LIST ==———-———————=r=
DO 430 L=1,NCTRS
ML oK I=NM{L,K1)
MPRF{LgK)=NMPRF (L oKL)
43, CONTINUE
440 ITF(IABSIRUNIK) ) EGNTINI(KL) IGOTOGOL
455 CONTINUE

{==== LIST RUN NUMBERS AND MONITOKS

464

47

WRITE(O 94T IRIPATYPUIK) Do RUNIK) s (MILsK) 9 L=1, NCTRS)
IF(TYPE(K ) elT ol aURe TYPE(K}GT o4 PWRITE (69483 JRUNIK)D
IF(TYPE K ) el TeveDReTYPE(K) GT o4 )60TULOZL
FORMAT(T59sA89TLOs 110U T27,8I10)

48( FORMAT(TLU,®RUN NUMBER® (11U, ® HAS AnN INVALIO RUN TYPE INDICATOR?®)

IF(RUN(K}eLTeO ) JMAX=K

C——== CHECK FOKR LAST RKUN IN LIST AND RESET TO POSITIVE VALUE ————————-—

43y
Hul

C——== INITIALIZE T -

51L

C——=— READ IN SCATTERING CKUSS SECTION ARRAYS 1<IMAX<4(Q

A

o —

530

49
550
S6L
57¢
584
59U
600
61
628
635
640
65C
660
6FS

IF(RUNEK ) oL Te i D GOTUSLL
CONTINUL
RUN (JMAX I ==RUN{ JMAX}

DU 510 KZ2=lgluad
TK2)=Ce

CALL KEADLISIGMALytiplMAXL])
CALL READI(SIGMA2E49IMAXZ)
CALL READI{SIGHMA3,E3,IMaX3)

READ ABSORPFION CRUSS SECTIUNS AND CORERENT CROSS StCTION /SIGMA/

READ (55 SIGMA)

ARITE(13,S1GMAY

WRI TEQ63520 ) SAE Sy CARS 5 VABS s SCOH ,

FORMATH /s TLU ¢ *ARSORPTION CKROSS SECTIUN OF SAMPLE IS %9T65:F8e3y
%% ZARNS Y /eT10e PARSUAPTION (RUSS SECTION OF CAw 1S oy T655F84e39
#9 3ARNS® /¢ T1l. ¢ PAchOIRPTION CRUSS SECTION OF VANADIUM [59,T654F8e3y
*€ SARNS®,/oTLl.p "CUHCRINT SCATTERING CRUSS SECTION OF MOLECULE IS®
* 1T65'F5¢39' AARNS ¥, /)

INPUT CONTROL Caki —
KEAD { 2oU0NTRL )
WRITECL3,CONTR L)
IF(«NOTPLOTICALL GHPIN(S)
WRITELbe53x)

IF(PRINT} WRITEt6e540)
IF(PLOT) Wi Te{oeB50)
IF{ eNOTePLGT) WalTe(oy560)
IF( PUNCH) WRITE(E 5T <)
IF(SCATTIRY WRITE(69530)
IF(ABSOKE) WRITE(Oe598)
[F(CRYIST) WRITE( 6y 6(3)
IF(RECTIL) WRiT¥L(696L0)
IF{ERRORS) WRITE( 69 620)
IF(SMOOTHI WiiTel{6s630)
IF(Can) WRITclbhedal)
IF(EXPO) WRITE(O, 6T )

IF{ SMOUTHURCANIWRITE(Hp 6500w
Ir{WeblEfalelReWai:EalelW=al
IFiWellieleORaedalbi «l« yRRITE( b’bbo)

FORMATETL .o *PRAULKAM WiLt COMPUTE D(LIOMARI/D(OXEGA) AND S(Q) WITH P
FLAZCEK LORRECTIUWS®)

FORMAT(TLIU, *RAW COUWNTY wlii 8% LISTED®)

FURMAT(TLO ®cATIOLS ETCe AILL 8E PLLYITEDS®)

FORMAT(T1.y *GRAPHS WiLL NOT 8t PLOTTED®)

FURMATIT1.,®*RATIUOES WILL BE PUNCHED TO CARDS®)

FURMAT(T1.o ®*SCATTERING CROSS SECTION USEL [N ABSURPTION STEPE)
FORMAT(TiGp ASSURPTIUN CORRECTIONS wWItL BE APPLIED®)
FURMAT(T Lo "AlK SACKGROUND WOT SUBTRACTED FROM SAMPLE AND CAn®)
FORMAT(T1 s *RECUIL CORRECTION: APPLIED®)

FORMATUT1.: *STANDARD ERRORS WiILL BE COMPUTED®)

FORMAT(TLLy *SMUUTHING WILL 3E PERFORMED ON VANADIUM & 3ACKGROUND®)
FORMAT(TL1Ue *SMOUTHING WILL BE PERFORMED ON CaAN?®) . )
FORMAT(Ti e "SMUUTHING WiOTH W IS ®3F6e3)

FORMAT(TLO, '% RiSET TO o05%)

FORMAT{T LUy PEXPONENTIAL SCATTERING FORMALISM USED®) -



Cm———=—READ MAXIMUM AND MInIMUM SCALE VALUES FUR GRAPH PLUTTING /SCALE/
READE(S5,50ALCc)
ARITE(13,SCAL:)
00 600 I=lenNCTKY
TFCSUMAXLI) ot e . o JWRITE(H 369 . ISIMAX(T )y SIMIN(L )]
IF(AMaX{f)enlar « )WRIVE(O TUT ) AMAX LD o XKMINC L) oI
687 CUONTINUE
WRITE(6e 7T1CGICHAK
69 FORMATITILs "YMAX = ®oF4e39% YMIN = ®,F8e3,°® FORK COUNTER®,12)
T FORMAT(TLICs®XMAX = ¥,F5e3,% XMIN = ®,F3e39% FUR COUNTER®,I2)
Tlu FORMAT(TL  o®CHARNLL WiDTH IS ®,16,°% MICROSECONDS®)
C

(m=—===REbAU SAMPLE ANU VANAUIUM GEOMETRIES /SIZES/ -
READES ¢ SLZES)
WRITE(13,30LES)
IF( .NUT¢$PLATZ);§3 =Z. ¢9%RADIUS(3)
IF{ NOTaVPLATZ ) 5a=2 ¢ S*RADIUS (4)
TFCCERALIUS LS ) T (Rt e UNeRADIUS(5 ) e GTeRe ) oAl e { VROD « URe VCOIL) ) eOR e
% ((RADIUS(1)elTeK3eUiRe RADIUS (2 )abTeR3) e ANDsSROD)IGOTUB 3¢
IF(SPLATL sAND e { KALLIUSLZ Yo LToRADIUSE LD ) IGOTOB TG
IF(SROD ) HALTE 6,70 LRADIUS (K gK=143)
IF(SPLATLIWRIT (6973 JERADIUS (K) g K=1g3)
IF(VKGD) @RITE (6720 RADIUSI4) s RADIUSI6)
IE(VCUIL) WRITEL6 75 DIRADIUS (K] 9K=t461)
IF(VPLATEIWRITE (65 76. IRADIUS (4) yRAUIUSL 0)
WRITE(697TuUIHRELGHT pwilTH
IF(RADIUS(3) ot I s URe RADIUS(6) e EQe9Ue ) GUTTES T

{==== CUMPUTC PLATE AfNGLLS IN RADIANS
IF(SPLATEIRAD IUSES)=KADIUSI3) *PI /18,
IF(VPLATE)RADIUS(oI=RADIUS(6)*PL/1EC e

C
72. FORMAT(TLO, ¥RAUIUS TF SAMPLE 1S P T5CeFTebe® UMa®p/y
* T1 9 "RATIUS JF CAN (DUTERD ES%,T15.9FTe49?® CMa®y/y
* Tl.e PLNCKEMINT v ASSORPTLION INTEGRAL [5%T5.0 F T ek
* T1l-9 *CYLINURICAL SAMPLE GEDOMELTRY?Y)
i3 FORMAT(Tlus *THILKNESS OF SAMPLE PLATE IS'.TES,F7.4,‘ CMa®y /s
= Tivs °THICKAESS UF SAMPLE +CAN 1S 93T5GeF7e4s? TMo®s/y
* Tlie *ANGLE UOF SAMPLE NORMAL TO BEaM IS"TbO Fletts® DEGLee/
* o Tl g ®FLAT PLATE SA&PLE GZUMETKY?)
T FIRMAT(TL y"‘(Au‘ldb UF VANADIUM RUOu IS 'T5;¢|F7¢‘t’. CMe®
* e Tl PINCHEEMINT IN ABSORPTION INTEGRAL I8%:75:oFTe4s? TMo®y
* JeTioe ®VANADIUM STANDARD HAS CYLINDRICAL GEOMETRY®)
T50 FORMAT(T10, *KADIUS OF VANADIUM COIL (INNEK) iS%¥50¢F7e4s® CMa®y/y
* Tii9®RALIUS F VANADIUM COIL (OUTER) IS99 T5:sFTe%s® (re®y/ s
* TLIC P IMCREMENT IN ASSORPTION INTEGRAL IS®yT5. 3FT ke ® CHe®
* /e TLlig BVANAIIUM STANDARD IS IN FURM OF COIL®)
760 FURMAT(YiCs *THICKNESS OF VANADIUM PLATE IS5%,T50sF6a3s% CMe®y/y
* TiG e PANGLE OF vaANADOLUM NORMAL TO 3%AM 188 ,THUeF6e3,% DEGSS®
X o/ 9Tl g 8Vanas iU STaNDARD IS In FURM OF A FLAY PLATE®)
T7. FURMAT(TL ;e "HZIGHT UF HBCAM 1S % F6a3e® LMa®9 /s
* Vi 9%l TH  UOF BEAM I59:FHe3,% CMa®)
C
L===— [NPUT NUMIER diwgliltﬂ OF SAMPLE CAN AND VANADIUM

READLD IENSTY S
WAITE( 15, DENSTY)
RHOS=e 4. 238SDENSS SMA
00z 6. 3FLDENSS UMw
RHDVZ ¢ 6. 2 3%V0 15 L/ VMW
ARITE(Hs T3 ISOENS y SHHg KHOSy COENS 9 CMid g KHUC, VOENS o VMK 9 KHU YV
TAC FURMATETLIC, "S5AMILE DENSITY IS U T309FBe¢39® LMo/ Celely
SMOLLCULAR WEIGHMT 15.'168'F9'31
Tdwg ONUMuERK LoisITY (3 P TGEeFB3e59/ 9
Tl.e ®*CAN OJENSETY IS 83T 9FB8e35% GMa/Calely
IMGLELULAR WEIGAT 18°,TEugFYe3y
Tdue INUMBER DLE%SETY &S 8y T969FBebe/y
TiDe'VaNADlUA DENSITY IS"T5L'F6.3' Mefl el oy
SMaLE CUL&K WEIGHY 1S°%, TodeF9e3y
To 9 *NUMRE DENSITY 1S 2o TQlgFBeSe/ )

LR K B JE K BF

[
{===—= READ PARAMETEXKS FUR PLACZEK CURRECTIONS —
REAU (59 PLZCK)
WRITe(L34PLLCK)
AF{ANCeNEelelE4S JANU=AND
IF(ANCeNFolo UE+ 3 )ANU=ANG
WRITE(H69TICIESARSCBARRRKBAR gANU

790 FORMAT(T1IG, *4can KINcT1C ENERGY OF MUOLECULE IS%,F10e%9% MILLI EV ®

* 8/ 9T1lug "MEAN VALUL OF CBAR IS%4F17e549°¢ b9/ 9
* Tlosg®Mc AN VALUEL OF KSAR IS®,Fiile5e® EV $9/v
* Y19 *EFFECTIVE MOLECULAR MASS IS®9E12.3,4° ActMela®)

4G00
4ule
420
4(3¢
4040
45¢

4T



C-=== PRINT SCATTHRING CKUSS SECTION/ENERGY MESHES

WRITE(64300)
CaLL GJUHNA(EI'SIGMAI'IMAXI’lh'b'b,'&F"' SIGMA S®e0)
ARITE(5,81¢)
CablL CJURNAIEZ ;SIGMAZ,IMAX291i96965%EF®® SIGMA CP%50)
WRITEL698212)
CALL QJGHNA(EﬁyhlGHA311MKX311L1bgb.'EF',‘ SIGMA VEe6)

8. FORMATU//sT1 s8%aMPLE SCATTERING CROSS SECTION/ZENERGY MESH®)

815 FURMAT(//sT1l.s*CAN SCATTERING CROSS SECTION/ENLKRGY MESH ® )

82 FORMATU/Z/7:T1lie®VAnADLUM SCATTIRING CKOSS SECTIGN/ENERGY MESH®)
GOT0s9T

(e X%

——=~= CYLINCRICAL SAMVFLEL LRRUR
837 WRITE(O6s84.)
84, FORMAT(Y *%9,° QADIL OF SAaMPLES/LELTAR IS GREATER THAN 20 °9)
WRITE (65 S12ES)
GOTCls24

(@]

———— PLAT: SAMPLE =RAKOR
§5¢ WRITE(6,86.JRADIUSE3),RADIUS( ) ]
865 FURMAT(TL .p®#*%x%x SAMPLe IS PARALLEL TU bEAM THETAISMAMPLE)=%4F 663
* ¢ THE TA(VANAD LUMI=%4F5.3)
WRITE(o0sSiZES]
GO0TC1622
670 WRITE(G6.880IRALIUSEZ) o RADIUS(L])
£80 FORMAT(TI gt*as% (SAMPLC+CAN) WIDTH 18 GREATER THAN SAMPLE WiDTH®)
WRITE( 6y SL1ZES) )
GUTOLsZ2L

[a]

Com—=— COMPUT: SECANTS OF PLATE ANGLES COSS AND COSY
90 IE(SPLATEICUSS=1a/LDS (RADIUSIES))
IF(VPLATEICUSY= 1. /COSIRADIUS(6))

(=== CHECK FOR FURM OF OATA OUTPUT -
IF{Q) WKITE(6,9u0)
IF(TGF) WRITE(OYE0 )
IF(LAMBLAIRRITE{O220)

9, FIRMATU/ZsTL. o *OATA 13 PRESENTED IN FORM OF Q-VALUES®»/)
91 FORMAT(/,Tl0,%0aTA 1S PRESENTED IN TIME UOF FLIGHT VALUES®y/)
Yoo FURMAT(/¢TLLug®'LATA IS PRESENTID IN WAVELENGTH VALUES®/)

~

C==—== SET UP UDD VARIASLES _

Ri=RaD fusS(1l)

K2=KAGLUS(2})

RI=KADLIUS (3}

Ra=RADIUS(4)

RO=KADIUS(S)

o= kADIUS(6)

IF(VROD) LU M=K 4+ R 6
IF{VPLATE) CUMR=R&® 1o 1
IF( oiNUTe ARSORBIGOTUI 3!

Co——== B2CON=TiMe IN MICKO SECONDS EUR ABSURFT LUN X-SECTION ————————e——=-
B2CUN=oulZ2/TFP
525 1=5AS#B2Z2LON
B2C1=CAuBS*B2CON
A2V I=VARS*B 200N

C
C—=== LOOP OVER ALL COUNTzAS wRITING THEM FU DISC 8
930 U 1lle IHC=LNLTRS
IFINCUINC ) eFQel JGUTINLLLE
DU 94, K=1lg92046Y
AK)=.e
al{K)=t e
CIK J=ue
94 DIKI=ve
C
L=—== READ OFF RUNS FROM 3CRATCH DISC ANU SUM TOGETHOR

C===— ACCURDING TO TYPE K=14243 IR &
J=1
95¢ K=TYPL(J)
NR=RUN{J)
GDTO(965197G,QEQ199Q)|K
It
C==== READ UFF SAMPLL AND CAN RUNGRETUKNS WITH RUN AUDED IN TO ARRAY A -
Cm=—== SMONIT{WS F20# & INTO RMT AND PRF PULSES FRUM MPRF INTO RPULSE ——-
960 CALL DISU(ASIAKKgNRyICHNL o INCoICON SUMpKgJoRML g 495U ALLUD9NTRNg My
* MPXF oA PULSL gy JMAX o NSEQ)
97 CALL DIBC(B|lﬁRR,NK'ICHNL1INC,ICUN'SUMQKyJ’KMCQG?SO'510001NTNN'M’
* MPRF sRPULSLEy JMAXoNSEQD

4830
4ELG
4820
483C
LR LA
4850
L4500
43876
488y
489
490G
491
492§
493G
4940
495 ¢
4906¢
497
4980
4499¢
5G00
ST
Su2 i
5L3%
504G
5u50
5660
SGTé
548¢
509 ¢
5100
5ile
512L
513G
514c
5154
5160
517G
518
519¢
524k
521L
$2: ¢
5230
52675 .
525¢
5264
527u

C 528U

5490
5306
531¢
53w
533¢
5340
5350
536
537¢
538w
539¢
5400
5413
542¢
S430
544
5454
546U
5470
S4B
5494
55k
5514
5852¢
5530
5544
5556
5564
597¢
5580
5597



987

CALL DISQ(C,XAKR,NR,(CHNL,INC,ICDN,SUM’KrJ,RMCg&?S&,&l&%G'NTRNgH'

* MPRF gRFULSE9 JMAXoNSEQ)

993

Cabl DISC(DyLARRyNKeICHNLsINC,I CONy SUMsK 3J 9 RMC 32950 ALOGOs NTRN M,

* APF g PUL SE 9 JMAX gNSEQ)

C
C=m—=
1.k

(o

PUT AenglyeD TS lsC &8
RRKITE(s¥4*xINC-3)A

WARI TEQ G TaXINC—2 )1
WRITECB P 4xINC~-1)C
WRITE(8®axINC)D
CONTINJE

cNDFiLE d

DO 16u0 INC=1gNCTKE
TREG=LAC ZAS (DUMMY)
IFINC{LIRC)etWe. JOLUTULELC
FINUD(Z®4a*INC-3)

IF(QY GUTOLv6M
IFLTUF) GOT01i 2«
IF(LAMEOAIGOTOL VAL

PRODUCE TIM: CiAaNNELE
00 1037 1=l ICHNL
TCL)=K1I+FLOAT( LCHiNLW*L)
GUTU1lu.

PROUUCE WAVCLENWUTH YALUES
CONZ=TFP%*252e 7

DU 1u5. 121, ICHNL
TOL)=(RI+FLOAT(LCHaLW*L ) /L UNZ
G0TG11 .

PRODUCE & VALUES -

- TF( oNOTeRECOILICUTUL TS

ReCUIL CURREULTIUN —
X=le=CUSICALINCI® e+ ARSINISINICA(INC) *2.)/ANUD)
X=SURTlIe=2*ANUS X/ (ANU 1 ) *%Z)

APPLY CuinTRE OF MALS TRANSFOKMATION —
C3=156Fe TOLRTFP¥( (1= FI¥X+F )2 SURTUIXEX 41 e =2 o ¥XXLUSICALINC)®* 26 ) )/ X
DCA=CALINCI*1laebYll

IF( onNOT e RECIILICU3231T5e0218%SIN(CALINC) JRTFP

2-SCALE .

DO ludi K=l ICHBNL
IF(KebQeleANDRECULLIWRITE (62080 )X,UCA

178 FORMATITL.,®KATIU OF vZ2 TU V1 ISt sFbeds® AT® 3Fbede® DEGKEES®)
1.9, TUKI=C3/(RI+FLUAT{CHANSK))
-
(== SET UP AN ARRAY UF 54 PAALMAN AND PINGS TERMS -
C=m—== CHECK 10 SEE iF &b Have DOWNSTREAM MUNITUR
110C IF(CA(iﬁﬂ‘of&oﬁc)?KANSM=oTKUEo
IF{CA(IN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>