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ABSTRACT

A computer-controlled neutron diffractometer is described for the collection of Bragg
intensities from a single crystal. The computer is a PDP-8 with a store of 4096 12-bit words.
The diffractometer is a *‘4-circle’’ instrument with the axes driven by pulsed stepping-motors,
while axis movement is checked by light-beam markers. The programs include procedures for
centring reflections, rotating about the scattering vector, calculating the setting angles in the
“'bisecting’’ and '‘parallel’’ positions, scanning over diffraction peaks, measuring backgrounds
and generating ranges of Miller indices. Two similar diffractometers may be operated simul-
taneously.
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1. INTRODUCTION

The study of crystal structures by neutron diffraction has been well-established at Lucas
Heights for several years, Semi-automatic equipment has been developed and used for numerous
projects, In this report we describe the development of computer-controlled instruments which will
enable advance in this field of research to continue in a2 way which will be worthy of the sound basis
previously established.

‘The guiding principle in this project has been economy. We wanted to enable the researchers
to collect as much data as possible with a minimum investment of effort. We wanted to minimise the
labour of data-handling and the computer-time invelved in data-processing. Above all we wanted to
maximise the usage of the neutron beams: to ensure that, whenever the reactor was on, the instruments
were collecting data in the most efficient way possible. And we wanted to do this as cheaply as we
could. A PDP-8 computer was available as the basis of the system. We tried to make the drive systems
as cheaply as they could be made, and to economise as much as possxble in writing the programs so as
to get maximum value from th& conttollmg ability of the computer,

To follow the details of this report it will be necessary for the reader to have some familiarity
with the programming system and operating system of the PDP-8 computer.

2. GENERAL DESCRIPTION

2.1 Diffraction from a Crystal

A diffractometer is an instrument for observing the intensity of beams diffracted from a crystal
bathed in radiatign of some definite wavelength, A . (In our case neutrons, with a wavelength in the
range 0.8 to 2.0 A). These intensities are commonly observed for somewhere between 100 and 2000
different diffracted beams, and the object of the whole experiment is to determine the disposition of
atoms in the unit cell of the crystal. However we are concerned here only with the observation of the
intensities, not with their purpose.

A crystal is described by its unir cell, defined by three vectors, a1, ag, az. The theory is
conveniently formulated in terms of the reciprocal cell, defined by vectors, by, b, by such that

a; bl' = Sij

‘Let h be a general vectot in the lattice of reciprocal cells,

that is,
h=h1b1+h2b2+h3b3.

Then if we define kg as a vector of magnitude 2_;? in the direction of the incident beam, and

2

k' as a vector of magnitude —,;"\-'-'r in the direction of the diffracted beam, and if we define the scattering

vector @ = ko— k', then Bragg's law for diffraction may be conveniently formulated:
Q@=h. (1)

This defines the necessary condition for the observation of a diffracted beam. The various
diffracted beams are traditionally labelled by the components hy ho hg of h. (These are the same as
the Miller indices, usually symbolised by hkl, of the reflecting plane in the crystal).

Equation 1 shows that three conditions must be satisfied for diffraction to occur. The crystal
must be correctly oriented so that @ and h are collinear. This requires two angular rotations which
will depend only on the unit cell of the crystal and the Miller indices. Then the angle of reflection &
must be chosen so that |Q| = Ih| . Note that |Q | = 47 sin O/X. The intensity of the diffracted beam
is observed by rotating the crystal through a small angular range about the correct G.
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2.2 The Four-Circle Diffractometer and the Procedures in Measurement

In neutron diffraction, 3-dimensional intensity data are collected on a 4-circle diffractometer,
in which the counter is set at an angle of 26, in the horizontal plane, and the crystal is oriented in
three Eulerian angles @, X, ¢ . These angles are defined schematically in Figure 1, It is essential
that the reader of this report be able to envisage clearly the mechanical arrangement and geometrical
definitions of the four angles. (When the angle w is independent of 20, as it is in the instrument we
are describing, then the instrument is described as a 4-circle diffractometer. When the angle w is
mechanically constrained to be half the counter angle then the instrument is called a 3-circle diffracto-
meter).

Since four degrees of freedom exist {the angles 20, w X, $) o satisfy the three diffraction
conditions summarised by Equation 1, there is one excess degree of freedom. This permits rotation
of the crystal about the scattering vector Q@ by an angle |/, referred to as the azimuth angle. Note
that there is no mechanical shaft for this \-rotation; it is achieved by complicated simultaneous
adjustments to @ , ¥ and ¢, (Rotation of the azimuth angle is not possible in a 3-circle diffractometer
in which @ = &. Four-circle diffractometers are quite often used in this way, known as the bisecting
condition because the X-frame bisects the angle between kg and k ' so much so, that many authors,
particularly Busing and Levy (1967), define « as the rotation from the bisecting position, that is, our
w = Busing and Levy’s @ + &. In this we have followed normal English practice, cf. Arndt and Willis
(1966). We also use the notation w = 8 + v .

In the past the method of working with the A.A.E.C. neutron diffraction equipment has been
this: the crystal is mounted on small goniometer arcs and aligned so that some simple and convenient
crystal axis is coincident with the ¢ axis. The zero of the angle of ¢, with respect to some co-ordinate
:axis in the crystal, is determined by finding and observing a few reflections. With this information about
the orientation of the crystal, and knowing the dimensions of the unit cell, one can calculate the four
angles 20, w, X, ¢ for the reflections, and the values of the azimuth angle ¢4, which are to be observed.
This computation is done on the site computer (currently an IBM 360—-50H). To collect data the four
angles are set by hand, using the optical scales on the instrument, setting @ and 28 a degree or two
before the peak ready for the scan. The scan to determine the integrated intensity of the diffracted
peak is then statted. The scan is controlled by the Series 150 control equipment. For each step,
counts are received while the monitor scale fills up, the accumulated count is punched on paper tape,
and the values of 28 and @ are incremented. The total time taken to observe one peak is usually some-
where between 15 and 100 minutes. The paper tapes are then ptocessed on the site computer to edit
out obvious errors, estimate background level, and finally produce a figure for the integrated intensity.

In the computer-controlled instrument described here, the procedure is: the crystal is mounted
on a stalk, not on goniometer arcs, with its alignment known to within a few degrees. Using the
scanning and searching routines a few selected reflections of known indices are found and then,
under machine control, they are accurately centred in the counter. This angle data is then refined
on the site computer to provide a convenient specification of the exact orientation and of the unit
cell of the crystal. This information, in the form of a single 3 x 3 matrix, is fed back into the con-
trolling computer which can then proceed, without further attention, to select reflections, calculate
and set the four angles, and measure reflection intensities.

3. METHODS OF ANGLE CALCULATION
3.1 General

We have followed closely the methods of Busing and Levy (1967) to which reference should be
made for the explanation and development of the formulae. Here we merely define names and list
formulae. The procedures are based on a description of the scattering vector in different co-ordinate
systems related to one another by transformation matrices.

(i) Reciprocal Lattice of the Crystal

The scattering vector is first expressed in terms of the reciprocal lattice, In this system it is
called h and has components hy hy hg (Miller indices).

(ii) Cartesian System

The scattering vector may also be expressed in terms of Cartesjan axes in the crystal. For
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this system it is called h. = B h and has components h, h., h.; . B is the Cartesian transformation
matrix and ‘

by baocos Bs bgcos Bo
B = o b, sin B3 —bs sin B, cos 0y

o o 1/ g

where the a’s and ®’s and the b’s and ['s, are the direct and reciprocal lattice parameters, respectively,
This expression for B is evaluated not in the PDP-8 computer but in the site computer.

(1if) ¢-System

Vectors may also be expressed in terms of a set of Cartesian axes attached to the ¢-shaft of
the diffractometer, When all shafts are at zero the y-axis of this system lies along the incident beam,
the z-axis is vertical and the x-axis completes a right-handed system. In this system our vector is
called by = U hc and has components hy; hegy hgs . The matrix U is called the orientation matrix.
It describes the orientation of the crystal on its mounting and involves 3 independent parameters. It
is determined by centring identifiable reflections and refining the angle observations on the site com-
puter.

Note, as a general proposition, that in the calculation of setting angles, there are nine
unknowns to be specified, One could think of these as: the three sides and the three angles of
the unit cell, plus three angles specifying the orientation of the crystal. But we want to reduce
the amount of calculation to be done on the PDP-8 computer as much as possible so the nine
quantities fed in are the elements of the UB matrix, which contain the information in a pre-digested
form, permitting its assimilation with as little arithmetic as possible. The major arithmetic steps
are to evaluate hy = UB h and to calculate the angles from the elements of hg .

3.2 Calculation of @

For all systems of working we have:
L
sin & = -%"- (her + héa + heg)?, (2)
Since the U-transformation is unitary one may use the components of hg in this calculation.

3.3 The Bisecting Position

L

Let us say that the expression atan (y,x) defines an angle arctan (y/x) in the quadrant where
the signs of the sin and cos are those of y and x respectively. Then the formulae for the bisecting
position are:

n

w € (that is, v = Q)
atan Lhm, (hqul + h:bz )“}] ) (3)
atan I:h¢2, h¢1]

3.4 The Parallel Position

8]

X

¢

In this position X is fixed at 90 ° and the value of the azimuth angle is 90 ° from that of

the bisecting position. If X and ¢, are the angles for the bisecting position, then, for the parallel
position, '

w = 6+ Xg—90
= ¢g +90 ) (4)
X =90
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3.5 Calculations for a Specified Value of Azimuth ()

It is necessary first to define a zero for the angle /. Many authors (cf. Arndt and Willis 1966)
adopt the convention that \y = 0 at the bisecting position. Busing and Levy (1967) object to this because
"it makes the definition of Ydepend on the orientation of the crystal on its mount, They therefore introduce
a zero reflection hy which is to lie in the horizontal plane, on the same side as the diffracted beam, when
Y=0. Lethy = UBh, and hogb = UB hy, and construct a matrix Ty with columns, t,4, t,4, t34 . The
t's are a right-handed set of unit vectors such that t, 4 is parallel to by, ty is in the plane of hgand hyy ,
and t34 completes a right-handed orthogonal set.

o

Consider now the matrix which will transfer from the laboratory system (that is, the ¢-system
with all axes at zero) to the v-system, that is, will apply the ¢, X, v rotations about the appropriate
axes. An azimuth rotarion is simply a rotation by \ about the x-axis of the v-system. Suppose the
matrix incorporating the three rotations ¢, X, v is K. Its terms are:

Ry, = cos vcos X cos ¢ —sin ¥ sin ¢ 3
Ryn = cos ¥ cos X sin ¢+ sin v cos ¢
Ri5; = cos v sin X
Ry1 = —sin v¥cos Xcos ¢ — cos vsin ¢
Ros = = sin ¥cos X sin ¢ + cos vsin ¢ > (5)
Rog = — sin vsin X
Rg: = - sin X cos ¢
Rsp = = sin X sin ¢
"
Ris = cos X J
Let ¥ be the matrix which rotates by Y about an x-axis. Then o
R = ¥ Ty ,

and, from the above expressions for R one can select the following equations as the most appropriate
for the calculation of v, X, ¢:

[H

v atan (Rig, —R23)

X
¢

atan [(Ri:[ + Riiz).%‘: Rﬂﬂ:l . ‘ (6)

atan (—Rs2, —Rja1) .

3.6 Azimuth Rotation when UB is Unknown

An alternative procedure is to forget that there is a crystal at all, and to consider simply the
problem of rotating the sample about the scattering vector, starting from a given position (in practice
this starting position may have been found by centring some reflection),

The calculations for this case ate simple in principle. From the given v, X, ¢ the matrix R
is calculated (Equations 35), it is rotated by pre-multiplication by ¥, and from this new R-matrix the

new angles v, X, ¢ are obtained by the inverse formulae (Equations G).

A brief set of formulae may be derived for an infinitesimal rotation, 5y, These are:



§y = —.Cos Vcos X 5 3
sin X
§X= —sinv. sy > . (7)
§p = L05 ¥ 5y
sin ¥ -

3.7 The Programs for Angle Calculations

Before starting angle calculations it is necessary to feed in the wavelength, by the instruc-
tion /RW (Read Wavelength), and the nine components of the UB matrix, by the instruction /UB.

Calculations in the bisecting position are handled by the subroutine BIANG. First BIANG
calls the routine COMTH to calculate 8. COMTH calls the routine HPHI to do the calculation:

hy = UBh

and to evaluate the length of hg from which & is calculated {Equation 2). The subroutine BIANG
then puts @ = Gand 260 = 2.6 and the calculation of X and ¢ is completed in accordance with
Equaticns 3,

- The instruction /CA (Calculate Angles), followed by a set of indices, causes the angles
for that reflection to be calculated for the bisecting position and typed. If one then wishes to drive
to that position one must type /DA (Drive to Angles) to call the motor routines.

For the parallel position, subroutine BIANG is called and is followed by statements incorp-
orating Equations 4.

For general azimuth positions the possibilities depend on what can be fitted into the computer.
The calculations for a specified \J, described above in Section 3.5 were completely programmed for
the PDP-8. They required 150 locations, plus about 60 locations for accepting and storing data, and
for managing the details of Y-scans and data-collection runs at specified Y's. They can be loaded
any time they are required, but they are pot included in the programs attached to this report,

When two diffractometers are being operated from the computer there is not sufficient room
in-core for these programs, and they have been replaced by a simple azimuth-rotation program based
on Equations 7. The program is entered by an azimuth scan instruction /AS which increments the
azimuth, counts and prints. Errors will accumulate as the scan proceeds (see Table 1Y¥. This table
was calculated on the IBM 360—50H using the procedures outlined in Section 3.6. Note that this
incremental procedure is more accurate if one starts with a fairly high value of X, and near the
bisecting position. To increase accuracy, the calculation is done in steps of 0.1 degree, the
increment 8y being specified as an integral number of these steps + ve or — ve, If the errors
become excessive the reflection can be recentred. If a complete data-collection scan is required
one would stop the scan by typing /OF and measure the reflection intensity by typing /MR. The
program is brief and permits most operations of interest, If the UB matrix is known then a FORTR AN
program exists which will accept the experimental values of », X and ¢ (obtained by /P A) and compute
the value of ¢, if some zero reflection h, is specified.

4. PROCEDURES FOR DETERMINING THE CRYSTAL ORIENTATION

4.1 Overall System

As explained in Section 1 the calculation of angles is based on the concept of a general
orientation, defined by an orientation matrix. . One finds, and accurately centres in the counter,
several reflections of known indices, These data are then refined, externally, to provide the orienta-
tion matrix, We are concerned here with the programs which search for, and then centre, the reflec-
tions, and with the FORTRAN programs which refine these observations.



4,2 Searching Routines

We assume that one knows: (i) the unit cell of the crystal, (ii} its orientation on the mounting
pin to within a few degrees, and (iii) enough about the structure to be able to select a few moderately
strong reflections.

A small inctement, or step, in the position of an axis is achieved by the subroutine STEP
which requires two integers, NANG, which specifies the axis, and XANG, which specifies the number
of two-hundredths of a degree.

NANG =1 for 2 8

= 2 for w

=3 for X
= 4 for ¢
= 0 for a step of XANG in « and of 2.XANG in 2 6.

Subroutine STEP calls subroutine ADNANG to sort out the actual address from NANG. It then
floats XANG, multiplies it by 1/200, adds it to the angle stored, and calls MOTST (Motor Start).

To get to the neighbourhood to start searching, the /DM (Drive Motor) instruction is used. This
requires input of NANG to find the axis address in ADNANG and then the desired angle. (In this case
NANG =0 will be equivalent to NANG =4). :

To increment angles the /IM (Increment Motor) instruction is used. Input of NANG and XANG
is requested and STEP is called. For example, JIM 2: — 100: would move w back 0.5 degree. When
moving manually in this fashion one may make spot observations of intensity by the /TC (Take Count)
instruction, which calls subroutine TKCNT (cf. Section 5) to take a single count, and types it,

To search automatically one uses the instruction /SS (Start Scan) followed by NANG and XANG.
This initiates a repetitive call of STEP and TKCNT. If /TN (Typewriter On) is typed the counts are :
typed in lines of 8; with /TF (typewriter Off) the counts are not typed, and one would have to lock at
the ratemeter dial to see if there is anything of interest going on. Counting and stepping proceeds
until the scan is cancelled by the instruction /OF (Off), or until a limiting angle is reached.

4.3 Centring Routines

When a diffracted beam is entering the detector, in some fashion, then the command /CR
(Centre Reflection) will adjust the orienting angles and the counter angle so as to maximize the
reflection in the centre of the detector aperture. The program requests a single integer to specify
whether the X-axis or the ¢-axis is to be varied in order to centre the reflection vertically in the
detector aperture (3 for X, 4 for @). The choice is made by a common-sense estimate of which
motion will be most effective, for example, if w is near the bisecting position then one would
choose X. '

The steps in the centring procedure are:

(i) Move w back 0.5° and then scan @ in 10 steps of 0.1 . drive to the maximum and
evaluate LIMIT = half the maximum count, ' ‘

(ii) Call subroutine CONV (see below) to trim X or ¢ so as to centre the beam accurately
in the detector aperture in the vertical direction.

(iii)- Call CONV to maximize w accurately,

(iv) Call CONYV to trim 28 so as to cenire the beam accurately in the detector-aperture in
the horizontal ditection.
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CONV is a general centring subroutine which seeks the half-maximum (evaluated in step (i)
above, and stored in LIMIT) on either side, and then drives midway between. It starts stepping the
axis, in steps of 32/200 degree, taking counts. When the count becomes less than LIMIT it takes
one step back and the step interval is reduced to 16/200 degree before proceeding. This process
continues until the step-interval is 2/200 degree.

The axis then stéps off to converge on the other half-maximum, and finally drives midway,

As in the scanning program with /TN the counts are typed in lines of 8, starting a fresh
line for each of the above procedures. With /TF this does not happen, and the four final angles
only are typed. These observations then provide the Input to the FORTRAN program CCD/2 which

refines them to produce the matrix UB on which the angle calculations are based.

4.4 The FORTRAN Refinement Program CCD/2

4,4,1 Theory

The orientation matrix U, is a 3 x 3 orthogonal unitary macrix which specifies the orientation
of the crystal, that is, it transforms from the Cartesian axes of the crystal to a Cartesian system
attached to the ¢-shaft. If the cell parameters of the crystal are known, then the matrix U can be
obtained from a knowledge of the angles w, X, ¢ which will centre two reflections of known indices
in the coufter aperture, From the three angles w, X, ¢ one can define vy , the description in the
¢-axis system of a unit vector in the direction of the scattering vector, by the equation:

cos @ cos X cos ¢—sin @ sin ¢
ug = ¢os @ cos X sin ¢+ sin @ cos P » .
cos & sin X

Let us call the two reflections which we use to define U the Primary Orienting Reflection, h,,
and the Secondary Orienting Reflection, ho. These two reflections contain between them six parameters,
while there are only three parameters concealed in U. Problems involved in the accuracy and consist-
ency of experimental measurement intrude on our definition, Tao avoid this difficulty we decide that
the Primary Orienting Reflection is to determine the direction of a vector in the crystal, with respect
to the ¢-axis, while the Secondary Orienting Reflection is to determine a rotation about this vector.

In terms of our definitions we say that w4 and h; are to be parallel, while h, is to lie in the plane of

u g and Uy .
The actual calculation of U proceeds as follows:

Define a right-handed, orthogonal, unit-vector triple, tic»t,cy tye » such that t o is parallel to h,_,
and tyc lies in theplane of h;c and h,c . Define another such triple, in the ¢-axis system, based

on ;¢ and vz . Suppose that 3 x 3 matrices T, and Ty are formed using these two sets as columns.
Then U must satisfy the equation T¢=U T , that is,

u :T¢¥c

From two reflections, U can be determined if the Cartesian Transformation Matrix, B, is
known. The determination is unique: there are no free parameters. One would prefer, for certainty,
to over-determine the problem, by observing more than the bare two reflections, and to refine the data.

Quite commonly the cell parameters of the crystal are not accurately known, or, perhaps the
wavelength, A, may not be accurately known, and, to check the instrument, one may wish to refine
observations to determine the instrumental zeros of the 26, @ and X shafts. Therefore the program
CCD/2 will accept the angular information on up to 10 centred reflections and refine it. This program
finally produces values of the instrument zeros and of the matrix UB, which can be fed back into the
PDP computer so that data collection can proceed.
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The input data consists of the values of 26, w, X and ¢ for several centred reflections of
known indices. Each reflection contributes 3 pieces of information: 20, w, and either X or ¢
depending on whether X or ¢ was used to centre the reflection vertically.

The possible free parameters are: (i) the wavelength; (ii) the instrument zeros of 28, w and
X ; (iii) the cell parameters; (iv) three of the six angles, w,, X, ¢, and w,, X,, ¢, of the Primary <
and Secondary Orienting Reflections. Of course one cannot refine for A and cell parameters simul-
taneously. Note that the orientation matrix, U, is not dealt with as itself; it is approached by means
of the two orienting reflections.

The procedures for calculating the angles in the refinement program are:

Calculation of 28 : This is the simplest calculation and uses the formula of Section 3.2,
Equation 2. This is referred to by Busing and Levy as a "‘“Type 1'’ observation.

Calculation of @: The theory of this calculation is given by Busing and Levy as a "‘Type 5"’
observation.

Calculation of X or ¢»: The theory of the ¥ calculation is given by Busing and Levy as a
““T'ype 3’ observation, and that of ¢, as a “Type 4'" observation.

4,4.2 The program

When procedures for calculating the observed quantities are laid down, starting from trial
parameters, the procedure for refining the parameters is well established. We employ the method
of full-matrix-least-mean-squares. The derivatives of the observations with respect to the parameters
are calculated numerically.

The details of the input and output to CCD/2 are given in Appendix 2, together with a complete
program listing. Operational experience has shown that the major problems are: first, to name the “
reflections correctly; second, to obtain accurate values of X, particularly at low 8’s. We have some-
times found it convenient to observe a couple of low angle reflections and derive an approximate UB,
and then to leave the machine running unattended to centre, slowly, 5 to 10 high angle reflections
(that is, type a feed tape with /CA hi: ho: hg: /DA /JCR 3: , repeated). A number of high angle
reflections like this are usually capable of providing = UB matrix which will bring up the reflections
within $0.1° of the calculated position in w .

The instrument zeros have been determined, and adjusted out, by centring a number of
reflections at positive and negative values of 20 .

4,4,3 General note

The procedures for calculating the diffractometer angles starting from the matrix UB, which
are described in Section 3, are elegant and brief. And the experimental advantages of working in a
general orientation, without goniometer arcs, are considerable, Nor is it difficult to centre reflections
accurately, The major difficulty in doing things this way in any diffractometer, computer-controlled ot
not, is the computational problem of deriving the orientation matrix from the observations of centred
reflections. Without the solution of this problem by Busing and Levy this whole procedure for calcula-
ting angles and mounting crystals could not be used. One could say that the program CCD/2 is the
key to the whole system.

5. PROCEDURES FOR DATA COLLECTION

5.1 The Subroutine STCT (Start Count)

Counts from the detector counting channel and the monitor counting channel are recorded in
external scalers in the interface, the detector scaler having a capacity of 2** and the monitor scaler 2%,

The subroutine STCT sets the hardware gates required for counting and then sets a program
count flag. The subroutine then waits until the program count flag is reset, whereupon the external
detector scaler is transferred to the Floating-Point Accumulator, normalised, and stored in the floating
location COUNT.
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The type and duration of one preset count is established by the instruction /SM (Set Monitor)
given before any counting instruction. /SM requires two integers as data, the first is 1 for real time
pulses of 1000 hertz, and 0 for monitor channel pulses; the second is the multiplying factor CT. The
factor CT is the number of times the monitor overflow will be recorded to give cne preset count cycle,
The monitor overflow initiates an interrupt which is recorded and serviced in the MONDET routine.
During DCOLL, CT is multiplied by the G-factor when the peak is scanned (cf. Section 5,3).

5.2 The Subroutine TKCNT (Take Count)

The procedure for taking a count is designed to avoid spurious counts due to unwanted interfer-
ence. The interference we ate concerned with here is the odd burst of electrical interference which
may inject, say, 10 — 100 spurious pulses during a count. Fortunately it is rare, but precautions are
taken because it could cause confusion in a routine like CENTER which is searching for certain
intensity levels; and, in an intensity scan, we have, by our adopted procedures, discarded any possi-
bility of even suspecting its presence.

Four separate preset counts are taken and intercompared to detect interference. The program
is satisfied only when it has received four statistically consistent counts, within *+4 standard deviations.
If one of the preset counts is significantly different from the accumulated average, then four new counts

are taken. The factor of 4 is included in the setting of the monitor: when CT =1 then 1024 monitor
counts, or apptoximately 1 second if the real time clock is selected, is the duration of the count,

5.3 Measuring the Intensity of a Reflection

The subroutine to measure intensity is OBSCUR. This is entered by a JMS in the mainline
programs which collect data, immediately after the angle calculations. Most of the subroutine is
taken up with checking whether the angie settings would make the reflection '‘obscure’’, The proced-
ure is described in detail in Section 5.4. If the reflection is obscure the subroutine types OBSCURE,
the indices, and the calculated angles, and immediately returns,

If the reflection is visible then the subroutine OBSCUR calls the measuring routine DCOLL
which drives to the calculated angles and types and punches the quantities: b, k, 1, 20, o, X, ¢
before any actual counting, (Note that data from DCOLL is the only data recorded on perforated
paper tape.)

Having driven to the calculated angles the peak intensity for that reflection is being received.
This may be quite high {several hundred counts per second) or, if the reflection is accidentally weak
ot absent, it may only be background level (say 0.5 — 5.0 counts/second).

The total time to be spent in scanning the peak is preset by two instructions: /SM, which
sets the time for a count (see above), and /NS (Number of Steps), which is used to feed in an integer,
NSTP, setting the number of two-hundredths of a degree of @ in the scan over the peak. The computer
scans, in an w—=28 mode, over the calculated peak position, and it is essential to determine the half-
height positions in this scan as accurately as possible in the allotted time. One can then check later
that the scan was symmetric, and of sufficient amplitude to include the peak completely. If the peak
is strong the half-heights can be located accurately; if it is weak, less accurately; and if it is very
weak or absent, not at all. The program is designed to determine them as well as possible in the
allowed time.

At the caleulated peak position, single counts are received until a total of greater than 200
has been received. Say it takes G single counts to do this, If the peak is strong G may be 1 only,
but if it is weak G could be quite large. It is, however, constrained to be no more than 32. The idea
of the quantity 200 is that it is high enough to make moderately good sense, statistically, when it
comes to judging half-heights. Henceforth in the scan, the steps inw are G/200 degree, and the time
spent at each is G times the ‘‘single count’’ time, (This is achieved by increasing the monitor scale
factor, CT, described in Section 5.1).

The next task, having sampled the peak intensity and set the scale, is to measure background.
This is measured, half at 3° of w on either side of the peak, First we move +3° of w and +6° of 20
and take one G-count. On the basis of this we decide the background counting time, on the statistical
basis that: '
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.

Time spent on background = Time spent on signal/ £2 s
where r = pea‘k signal rate/ background rate.
In detail, the number of G-steps in the scan, is:
GS = NSTPR/G (truncated to an integer),
and the number of G-counts in background
= 2(GB + 1),
1

where GB = GS/2r? (truncated to an integet),

So, if r =1 (that is, absent or very weak signal) the time spent on background equals the time spent
on signal, but, for strong signals, it is very much less. On the basis of the first background count we
also calculate the half maximum height,

Having counted the background, and adjusted it in the ratio of the times, we proceed at last
to scan over the peak and accumulate the signal counts, The subroutines TKCNT and STEP (with
NANG =0 and XANG = G) are called GS times. STEP is also used to achieve the shifts for back-
ground counting described above, In the course of the scan the step number at which the count goes

above the half maximum height for the first time, and at which the count goes below the half maximum
height for the last time, are recorded, '

In the course of the scan over the peak the instruction /TN (Typewriter On) will cause the
individual counts to be typed in lines of eight, Remember however that if, say, NSTP = 400 (that is,
a 2° sweep in @) and it was an intense peak, so that G = 1, there would be 400 numbers typed. The
instruction /TF (Typewriter Off) cancels the typing of these individual counts but not the type-out of
the final data described next,

At the end of the scan we print and punch:

G — the number of two-hundredths of a degree per step
GS - the number of G-steps in the scan
NH ;- the position of the first half-height
NH -~ the position of the second half-height
ACCNT - the total count over the peak
BGC - the adjusted background.

These quantities are processed in the FORTRAN program CCD/4 described in Appendix 3.

5.4 "“Obscure’’ Checks

There are three ways in which the reflection can be inaccessible, or obscure:

(i) The value of 260 may be higher than the maximum allowed. On the diffractometer 26 max =140°
so, to allow for the procedure of subroutine DCOLL, there is an ‘‘obscure’’ return if 28 calc > 134°,

(ii) The incoming or outgoing beam may be obstructed by the X -frame (that is, the fixed circ-
ular frame carrying the track for the X motion). These conditions are:

163 > w > 77

=77 > w ~268 > -103 .
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(iii) Even if the X-frame does not obstruct the beams, if the value of X is outside £15° it is
possible that the ¢-frame (that is, the squarish frame which carries the bearings and motors for the
¢ motion) may interfere. These conditions are:

if X > 15 then 148 > w —-26 > 32
and =32 > > =148
if X< —15 then 148 > > 32

and =32 > w20 > 148

If conditions (i) or (ii) occur there is nothing to be done; the reflection is inaccessible (at that
value of the azimuth yr, in any case)} and an ‘“‘obscure’ return results, If condition (iii) occurs then the
program generates the alternate setting (~h, —k, —1) at angles 28, w, -=X, ¢ + 7, and proceeds to test
them. Note that, for the bisecting position, obscuring should never occur, except, of course, for

260> 134°.

In the OBSCUR program the angles of interest, 26, w, X and & (= @ —~28) are first ‘‘fixed”
and reduced to the 180 range, and then checked in a special subroutine CHEKK.

5.5 Overall Procedures

Thete are three ways of working:

(i) Individual sets of Miller indices may be fed in, either by tape or at the keyboard, and the
diffractometer will then proceed to calculate the angles, for the bisecting position, and measure the
intensities. This mode of operation is initiated by the instruction /IR (Individual Reflections). This
enters the routine IRR where the routines to read the indices, calculate the angles, and measure the
intensities, are called. If /IP (Individual Parallel} is typed, the action is the same except that the
angles are calculated for the parallel position.

(ii) The program can also generate its own sets of indices, and then proceed to calculate the
angles, for the bisecting position, and measure intensities, This mode is initiated by /CD (Collect
Data) which enters the program at address CDR. This routine first requests 8 integers: H min, H max,

K min, K max, L min, L max, Nsymm and Limit. The program then proceeds to generate sets of Miller
indices subject to the requirements that:

Hmax 2 H 2 H min
Kmax 2 K 2 K min
Lmax 2 L 2 L min

H® + K* +L.? = LIMIT.

The usual purpose of H min, H max, etc., is to specify the quadrants in which data are to be
taken. They should be considered usually as having one of three values: — large number, o, + large
aumber. But the time taken to work out the selecting arithmetic is quite appreciable so the large number

shouldn’t be larger than needed, for example 10 or 20 would be reasonable, One could, of course, collect
data in slabs of reciprocal space if desired. '

The indices are selected moving outwards in reciprocal space to successively higher values of
LIMIT = H* + X* + L*, starting from the value of LIMIT which is fed in.

The value of Nsymm specifies certain classes of systematic absences, not an extensive set
because there was not room to do that, but a few simple ones (those which suit binary arithmetic):
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Nsymm =1 Primitive

=2 K +L even

=3 H +L even

=4 H + K even

=3 FCC, all even or all odd

= G BCC,H +«+ K+ L even

=7 L even.

The program, after selecting the sets of indices, calls the angle calculation and measuring

routines, When the value of LIMIT has been incremented so high that no accessible reflection can
be found, the program ends in the waiting loop.,

(iii) The third way of collecting data is to centre some reflection and then type /MR (Measure
Reflection}, This is used in setting up and for measuring the intensity after a \y-rotation.

5.6 Insertion of Standards

The first two of the above methods of gathering data insert a standard reflection at intervals,
The preliminary read-in of the data specifying the standard is initiated by /IS (Insert Standard) which
enters the program to read in 5 integers; the indices of the standard reflection the frequency at which
it is to be inserted, and the initial value of the counter, that is, if the Nth reflection after starting is
to be a standard, this fifth number is —N, and after that. standard reflections will be inserted at the
specified frequency.

The actual insertion of the standard is achieved by a statement in each of the three data-
collection sub-programs described above: JMS I LSTD. This calls the subroutine STD which incre-
ments and tests the counter. If no standard is needed it returns immediately; if it is time for a
standard, the standard indices are copied into the normal location for the indices, the axis positions
are checked, and the angle calculation and intensity-measuring routines are called; the counter is
then reset. The standard is always measured in the bisecting position.

6. OPERATING PROCEDURES

6.1 General

This section gives an account of operations that are to be performed by the experimenter or
operator. A more detailed description of what occurs when these procedures are followed is given
in the main sections of this report,

Before the diffractometer can be operated from the teletype (ASR33) console the program
must first be loaded into the computer. To do this we use an initial loader which can load an RIM
tape (see Appendix 4) containing a BINARY format loader. Once the binary loader is in core the
rest of the program is loaded using binary format. For details of these formats see the PDP-8
Programmer’s Guide and Handbook. The binary format tape contains the complete main program
with error checking in the form of computed checksums, etc.

Usual operation of the PDP-8 computer requitres loading of two tapes, one RIM and the other
BINARY. For this installation the loading programs have been rewritten so that one tape only is
necessary, the fitst phase being the loading of the binary Joader in RIM format which, when complete,
transfers control to the start of the binary loader which proceeds to load the rest of the tape in
binary format. On completion of a correct binary loading, control is passed to the start of the main
progtam sequence, whereupon the computer waits for the next instruction.
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When instructions ate typed in at the teleprinter console (or read in vsing the keyboard
reader) the computer will respond only to valid commands that have been accepted within 15 seconds.
(See Section 6.2). No erroneous command will be printed. Likewise only valid characters will be
accepted and printed on the typewritten copy when data is expected. Leader-trailer code, carriage-
return-line-feed, and space, are invalid characters in an instruction field, or in a data field, and
will be ignored. When a paper tape is being prepared off-line for use as a control tape these
symbols can be used to give a more readable copy without affecting the resulting operation from
the tape. :

The detailed procedures for loading the program are given in Appendix 4. If for some reason
the computer has been halted by the operator, or by an error halt in the main program, the cause or
causes should be rectified and the program re-started at address 200, that is, set 0200 in the Switch
Register; press LOAD ADDRESS key; press START key.

6.2 Instruction Format and Operation

Instructions and data may be entered in two ways: manually, at the keyboard of the ABR33
teletype; or at the associated tape reader, When a program is running it can only be interrupted
(of course!) from the keyboard. When the computer returns to waiting loop it will immediately
start reading tape, if the reader is switched on, looking for a valid instruction. The two input
media are indistinguishable to the computer, Instructions begin with a slash (/) so when a slash
is received the computer will try to read two characters off tape to complete the instruction format,
whether the slash was initiated from the keyboard or from the reader. Be careful if a data tape is
in the reader and an instruction such as /TN or /OF is required; the keyboard reader must be switched
off before typing the slash.

All instructions are composed of three characters: a slash, which denotes a command, followed
by two characters. These two characters must be available within fifteen seconds of the receipt of
the slash character, otherwise the command will be treated as invalid. After the command is checked
against the current table of instructions it will be printed out, if valid, and ignored if not, When a
valid instruction is received, the program, after setting and resetting the program flags required, will
pass control to the address specified in the instruction table. The particular program sequence will
be performed and, eventually, the computer will end up in the waiting loop, waiting for the next instruc-
tion, unless another instruction has caused the original instruction sequence to be terminated.

There are two main types of instructions, main program instructions and interrupt program
instructions. Both are confirmed by being typed but only the main program instruction terminates
the existing program. The interrupt instructions /TN, /TF and /OF, are used to set and reset flags
which are examined by the main program to control particular operations.

6.3 Data Formats

Various main program loops require data input before performing particular steps. This data
may be integer (fixed-point} or real (floating-point).

Integer data must be between —2048 and 2047, and if this limit is exceeded, a number within
this range will be taken, which, in most cases, will not resemble the intended input.

Real numbers ate typed in as a normal floating-point number with a decimal point, The
number of digits in the number cannot exceed the significance available with 23 binary places, that
is, if the number 1234.5678 were to be typed in, the last digit (8) would not be accepted because the
input, disregarding the decimal point, exceeded 8,000,000. Numbers cannot be entered in E format.

All ndmbers, when typed and checked, must be terminated before being accepted by the
computer as valid, An integer can be terminated with a colen (:) (or a decimal point () ); a real
number must be terminated with a colon (:), Note that real numbers do not need to have a decimal
point.

If a number is incorrectly entered on the keyboard the entire number field (back to the last
delimiter) is cleared if the “‘Rubout” key is pressed before typing the terminating character. Once a
terminator is typed in, the only method of correcting the number is to retype the main program instruction.
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7. INTERRUPT PROCEDURES

7.1 Philosophy

In an On-line application such as this, the interrupt procedures are vital since they provide
the asynchronous control of all interactions between the computer and the external devices. The
interrupt mechanism controls input-output, motor movement and checking, detector and menitor
counting, and various timing requirements of the experiment,

A complete description of the method of handling a particular interrupt will be found in the
PDP-8 Handbook. A brief description follows:

When a device requests attention a device-flag is set in the instrument /PDP-8 interface.
This flag causes a program interrupt which transfers control of the computer program to location
0001; the contents of the program counter are stored in location 0000. By use of the instructions
skip-if-device-busy (or alternatively skip-if-device-not-busy) the actual device causing the interrupt
can be determined, the appropriate handling routine can be called, and the interrupt dismissed using
the ION and JMP I 0 instructions. Note that the device flag must be cleared in the appropriate handling
routine before dismissing the interrupt.

The computer cannot be interrupted while the interrupt is off. Interrupts are enabled by issuing
an Interrupt On (ION) instruction; the interrupt remains on until cleared by an interrupt from a device,
or by an Interrupt Off (IOF) instruction. The interrupt must be turned on just before leaving the interrupt
routine.

If it is intended that the main program should remain unmodified when an interrupt is called,
then none of the working locations used by the interrupt routines can be common to those used in
the main programs. This includes subroutine entry points which contain the return peint for the main
line, which would be lost if the subroutine was called under interrupt. Likewise, loop counters, etc.,
cannot be modified by the interrupt routines unless this modification is required as a valid part of the
mainline operation,

There are three main types of interrupt resulting in different methods of interrupt handling:

1. Input/Output operations which include operation of the keyboard (and keyboard reader), the
teleptinter and:the paper tape perforator.

2. Status-In operations which include operation of the monitor-detector preset count, the
motor markers and the axis zero markers.

3. Real Time Clock operations consisting of input timing, and motor drive operation.

7.2 Interrupt Requests

On receiving a program interrupt, program control is transferred to routine INTER, which after
storing the contents of the accumulator and link in SVAC and SVLK, tests the various device flags
using skip (I0T) instructions, If a flag is set, control passes to the device service routine where
the interrupt is dealt with. When the device has been serviced and the appropriate flag has been
feset, the interrupt is dismissed via the routine TERINT which restores the contents of the accumu-
lator and link, turns the interrupt on, and jumps indirectly via location zero in which is stored the
address of the next instruction to be executed in the interrupted program.

7.3 Interrupt Service Routines

7. 3.1 Clock interrupts

The clock interrupt routine (CL.OCK) is used to time the operation of motors at a submultiple
of the clock frequency (either 333 hertz or 250 hertz). If the overall motor flag is set, the motor drive
interrupt routine MDRCI is called. The operation of this routine will be dealt with later, The routine
SGTM is then called which times the input of characters for the keyboard instruction routine and for
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the input character routine for data input. This is achieved by incrementing two counters SGTK
(keyboard instruction) and IPCNTR (character input) until they reach zero, (N.B, The clock routines
do not have any control over the preset counting time in data collection). The clock routine is dis-
missed via routine TERINT.

7.3.2 Teleprinter interrupts

The teleprinter interrupt service routine (TELSER) is concerned with printing characters on
the teleprinter. The number of characters to be printed (NO) is examined. If this is non-zero the
next character in the output buffer is printed and NO is decremented by one. If there are noc more
characters to be printed a program flag RDY is set which indicates that the teleprinter is available
next time output is required by the main program. For more detailed operation see the section on
input-output routines, '

7.3.3 Paper-tape perforator interrupts

These are dealt with in exactly the same fashion as for teleprinter interrupts.

7.3.4 Keyboatd and keyboard reader interrupes

The keyboard interrupt service routine (KEYSER) is concerned with sorting input characters by
examining the character and also by checking program flags.

If the input character is a slash, then control passes to the SENT routine which sets the signal
expected timer {(SGTK}, initializes the command routine and dismisses the interrupt.

If the input character was not a slash then the signal expected flag is examined and, if it is
set, control passes to the SGNL routine which picks up command characters and sorts them.

If the signal expected flag is not set, the input flag is tested and, if set, the flag is replaced
by the character and the interrupt is dismissed. Likewise if the input flag is not set the type flag is
examined and, if set, is replaced by the character and the interrupt dismissed, If the character is not
a slash, and the appropriate flags have not been set, the keyboard interrupt is ignored and the interrupt
dismissed without acknowledgement,

7.3.5 Status-in interrupts

The status-in interrupts are a group of interrupts associated with the hardware counting circuitry
and with the motor and axis zeros, The actual interrupts are recorded in a 12 bit register which can be
read into the contents of the accumulator (RSI = Read Status-In). There is one common skip-line for
the status-in register, the independent intetrupts being determined by reading the register and sorting
out which bit is set, clearing the appropriate bit, and then servicing the request. The interrupt is dis-
missed in the normal manner (JMP I DISMIS). The routine STATUS is used to sort the interrupt, the
routine CLST is used to clear the interrupt flag and exit to the appropriate service routine, the addresses
of which are found in the status table STAB.

The MONDET routine, which is associated with the hardware counting and is entered by the
monitor overflow interrupt, keeps- a tally of the number of overflows required for one preset count, If
the number of overflows is insufficient then the count gates are reopened for another monitor count.
If the correct number of overflows has been recorded then the program count flag is reset.

The MOTTZ, MOTOZ, MOTCZ, MOTPZ routines are associated with the zero-checking of the
motors two-theta, omega, chi and phi respectively. These routines call the MARK routine to check
for errors and adjust appropriately if efrors are found, For further details see the motor routines,

The MOVETZ, MOVEOZ, MOVECZ, MOVEPZ routines are associated with the zero-checking
of the axis movements of 28, w, X and ¢ respectively. They call the MOVCHK routines which check
the zero and make appropriate modifications if the zeros are incorrect, For further details see the
motor foutines, : |

7
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8. MOTOR DRIVE PROCEDURES

8.1 Overall Operation

The four axes 20, w, X and ¢ are each driven by a **Slo Syn’’ stepping motor through 360:1
worm gears. The motors require 200 steps per revoluticn so one pulse will move the axis 1/200 degree,
The actual positions of the axes are only accurate to about 0.05 degree because of looseness and back-
lash in the bearings and gears.

To ensure that a motor is moving correctly, and that the axis is actually at the position held
by the computer in the current-position location, a pointer is attached to the motor shaft, This pointer
intersects a light beam, directed at a photo-sensitive diode. The resultant signal from the diode
causes a computer interrupt every time the motor shaft passes through zero, and, during this interrupt,
the current position location is checked, and if necessary, adjusted.

The same system is used to detect the zeros of the axes, each pointer being set to signal the
computer when the axis is between zero degrees and one degree., The precise axis zero is obtained
using the motor zero check as well as the axis zero check.

The backlash of each axis is minimised by always moving the axis in a positive direction
before coming to rest in the final desired position. For motor excursions in a negative direction the
desired position is decremented by exactly one degree and, when this position has been reached, the
motor is advanced one degree in the positive direction.

To allow for the inertia of the axes the motors are started using a slow start procedure. When
a motor has to be moved, two slow start counters are set up to the values of —50 and —10. These
counters are incremented and examined at each motor pulse cycle; 50 motor steps are ignored before
movement of the motor and the motor is given a slow start of the form: one motor pulse, nine motor
cycles ignored, one motor pulse, eight cycles ignored, one motor pulse, seven cycles ignored, etc,
down to continuous running of the axis. The larger motions 26 and @ always have the slow start
indicator set to —2, which means that these two axes are moved on a pulse-ignore-pulse-ignore basis,
their final continuous speed being half that of X and ¢. The long wait before moving the axes is to
allow for any oscillation to die down before moving the motors in the opposite direction, and it was
introduced in an attempt to improve the motion of the 26 axis which, because of its large inertia and
loose gearing, is particularly troublesome,

The slow start constants and motor speed (nominally =50, =10 and 250 hertz) may easily be
altered to obtain the maximum motor accuracy and efficiency.

8.2 Motor Data

Each motor has associated with it a block of data. This data block contains all the information
required by the various routines that concern the motor movement (see below). The data block is com-
posed of 13 constants and variables;. a description of these follows, in the actual order used in the
block:

(a) A constant which is the address of the floating point location which holds the motor
angle. This floating point number contains the desired position of the axis when
movement is requested and contains the actual position of the axis when the print
angles instruction is used.

(b) A flag which is set to =1 for negative movement and 0 for positive movement., This
flag also serves as a reminder that the negative movement will have to allow for the
final one degree positive motion mentioned above.

(c) and (d) Two locations which contain the values of the two slow start constants,

(e} The current degrees position,

(f) The current two-hundredths position,
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The numbers stored in (e) and (f) are always calculated in the form fdegrees + two-hundredths
where the degrees may be negative but the two hundredths is always positive and in the range

0 - 199, For example the angle —0.1 degrees is represented as -1 degree plus 180 two-hundredths,
This same system is used for all fixed-point angle locations,

{g) and (h) The desired degrees and two-hundredths positions respectively.

(i) A flag which indicates whether the motor is to be moved or not. This flag will be

one for movement and zero for stationary.

(i) A constant which has to be preset as the contents of the accumulator when the motor
forward or motor reverse pulses are initiated by the computer. Different bits are set

or reset for particular motors, A more detailed description is available under interface
hardware.

(k) and () Two constants which contain the two’s complement of the software limits of
the motor movements.

{m) A constant which is the address of the motor name as used to print out errors etc,

8.3 Motor Routines

Motor operation is controlled by the computer in three phases:

Requests for Movement: When an axis is required to be moved, the MOTST routine is called.
This routine is a mainline program and as such has no direct control over motor operation. It changes
the desired position locations and sets the motor indicator (program flag).

Motor Movement: Motor movement is controlled by the interrupt routine MDRCI which is entered
by the real-time clock routine. This routine initiates all pulses to change the respective states of the
motor registers in the hardware interface,

Motor and Axis Checking: The checking of the motor and axis positions is executed under
interrupt control using the MARK and MOVCHK routines. These are entered from the status-in routine
and check for motor errors and make appropriate modifications to the actual degree and two-hundredths
locations.

Other routines concerned with motor movement and position are the initialization routine INIM,
zero check routine ZERGOQ, and the error checking routines contained in the supervisor,

8.4 MOTST Sub-routine

This routine is used to call the motor moving procedures. The desired angles must be in the
floating locations of the respective motors. The return address will be incremented unless an error
is detected, that is,

JMS I LMOTST
ERROR RETURN
NORMAL RETURN

The MOTST routine calls the MOTOR routine. This routine must have four arguments, the
addresses of the motor flags for 20, w, X and ¢ respectively., The MOTOR routine operates on each
motor in succession petforming the following steps: the motor flag is reset to prevent interrupts to )
the motor, which thus preserves the data-block from changes occurring under interrupt; the address of
the data block is computed from the address of the motor flag and the data block is copied into the
working locations. Using the SETUP routine, the floating angle is then normalized to between ~180
and +180 degrees and converted to fixed point. These fixed point angles are deposited in the address
specified following the calling of SETUP, in this case the desired degree and desired two hundredths
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working locations. The desired degree settings are compared with the motor limits (software) and if
no error is detected, the desired and actual settings are compared to determine motor direction and
the overshoot indicator is set accordingly. Finally the slow start constants are set up, the motor
flag is set, and the data-block copied back to its original location, If no limit errors have occurred
this procedure is carried out for the four angles, the overall motor indicator is set, and the wait-for-
motors routine is called. When the motors have reached these final positions, control passes to the
calling program at the normal return address.

If an error is detected the message LIMIT, followed by the axis name, is typed out on the
keyboard, no motor indicators are set, the wait-for-motors routine is not called, and control passes
to the calling program at the error return address.

8.5 MDRCI Sub-routine

This subroutine is called under interrupt from the clock routine, the motor frequency being a
submultiple of the clock frequency (normally one quarter). The subroutine is called with four arguments
following the call. These are the addresses of the motor flags.

The subroutine handles each motor in succession and goes through the following procedure,
The moter flag is tested and if not set then the following steps are bypassed, The slow statt flag
is incremented and tested and if it is non-zero, the following steps are again bypassed. The address
of the data block is computed and the block transferred to the working locations using the TRANS
subroutine. The slow start variables are adjusted and the desired and cuirent motor positions com-
pared. If these are unequal, then a forward or reverse motor pulse is initiated and the current motor
locations adjusted accordingly. If the current and desired positions are equal then the overshoot
indicator is tested and if set, the initial slow start is set up and the overshot degree is allowed for.
If the desired position was reached without overshoot then the motor flag is cleared. In each case
the data block is transferred back to its original location and the next motor is checked.

The subroutine returns with the number of motors still in motion in the accumulator; this
information is depesited in the motor indicator,

8.6 MARK Sub-routine

This subroutine is called by the motor-zero interrupts. Three arguments, the current degree
address, the error flag, and the serious error flag, follow directly after the calling statement,

The subroutine MARK rransfers the relevant motor data to its working locations using TRANS
and then proceeds as follows: if a slow start is in progress, the interrupt is dismissed. If the two-
hundredths position (HTT) is within one pulse of the expected zero the error flag is set for check
and the interrupt is dismissed. If the.two-hundredths location is within ten pulses of the expected
zero then the error flag is incremented. If the number of pulses from the expected zero is greater
than ten then the serious error flag is set to one.

For both the error and serious error cases the following changes are made according to
whether the present two-hundredths is > 100 and according to direction of motor travel,

(1) If FORWARD and HTT > 100 thea DTT =DTT + I, HTT -~ Q.
(2) If FORWARD and HTT € 100 then DTT = DTT ;, HTT =0.
(3) If REVERSE and HTT > 100 then DTT =DTT , HTT =199,
(4) If REVERSE and HTT < 100 then DTT =DTT -1, HTT = 199.

The resulting data is then transferred back to the original locations and the interrupt is dis-
missed.

The convention for the error flags is —1 for check and no errors, 0 for no check and no errors,
and a positive number is the total accumulated errors since the last supervisor acknowledgement,
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8.7 MOVCHK Sub-routine

This subroutine is called as a result of an axis-zero interrupt. It requires the same arguments
as MARK and the MOVCHK call must immediately precede the MARK call.

The subroutine MQVCHK sets the serious error flag to one if the current degree location is
non-zero and resets the current degree location. If the current degree location is correctly zero then
the flag is set to —1 for check, as described above. The interrupt is then dismissed. It should be
noted that the axis zero is approximately at +3 degrees so that the current degree position should
be zero regardless of direction of motor travel, and the two-hundredths should remain unaltered.

8.8 Other Motor Routines

The subroutine INIM resets all motor flags and thus stops all motor travel. This routine is
only called at the start of the program or by the Re-initialize instruction, It is the one instruction
which will always stop the motors,

The subroutine ZERGO drives all motors to —10 degrees and then to +10 degrees. This
ptocedure is used to ensure that the zero-marker for each axis is crossed. This routine is called
by/ZA (Zero Angles). The approximate (that is £9°) axis positions are required as input. This
procedure is essential when core has been reloaded in order to “‘lock in’’ the axes, As ZERGO
may be called by errors noted by the supervisor routine (SUP ER) the desired angles (floating loca-
tions) are preserved and restored before the zero sweep.

The supervisor subroutine examines the error and serious error locations for each motor,
and prints the following messages:

{a) ERROR (NAME). This is printed after twenty errors have been noted.

{b) SERIOUS ERROR (NAME), This is printed after any serious errors have been noted.
The supervisor will then initiate a zero-sweep after preserving locations necessary
to recontinue the program.

The subroutine ANGPRT which calls the subroutine WHERE converts the current degree
and current two-hundredths into a floating-point angle which is put into the floating angle location
{Subroutine SUB). When the four axis positions have been converted, the positions are typed out.
ANGPRT can be called as a main program instruction /PA (Print Angles).

9. INPUT-QUTPUT PROCEDURES

9.1 Philosophy

The input-output procedures control all data transfer between the user and the computer via
the keyboard, keyboard reader, teleprinter, and paper tape perforator. Input to the computer consists
of data to the floating point package in either integer or real (floating point) format, characters for
the /PH (Punch Heading) instruction, and actual commands to request separate instruction procedures.
Qutput from the computer consists of acknowledgement of instructions, printing of separate results for
scans, etc., on the teleprinter, and recording of heading characters and data collection results on the
teleprinter and the paper tape perforator.

All input-output is controlled by two distinct phases, a mainline program that sets appropriate
flags and an interrupt program that behaves in the pattern govemed by the flag settings. The only
input data not concerned with a mainline request are the instruction codes for each command; the
request for this case is initiated by the typing of the slash of the instruction format.

9.2 Keyboard and Keyboard Reader Operation

The keyboard and the keyboard reader of the ASR 33 Send-Receive teleprinter which is used
for computer communication, both use the same input channel, the only difference being that the key-
board reader requires an instruction (KCC Fetch Keyboard Character) to advance the tape through the
reader.
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When data is expected on either the keyboard or keyboard reader the Input Character sub-
routine (IPCH) is called. This subroutine issues a fetch-character instruction and sets a flag to
~2048, the negative number indicating that a character is expected, When a character is received
the flag is set to the code of the input character, (note that this is always +ve) and the return is
to the calling subroutine.

When data is expected by the command sequence (initiated by typing a slash) the two
characters are required to complete the required instruction format (/ch ch). When a slash is
typed a flag is set to —4095, to indicate characters expected, and a fetch-character instruction
is issued (that is, they may be entered on the reader). The flag is incremented under interrupt
(250 Hz) until the flag reaches zero or two characters are received, If the flag reaches zero,
program control jumps to the waiting loop. If two characters are received before the instruction
is counted out, they are sorted in the instruction-sorting routine; otherwise the instruction is
ignored,

9.3 Teleprinter Operation

Teleprinter operation is controlled using a buffer of 16 characters. When a request to print
a character is initiated by the output-character subroutine (OPCHH), the character is loaded into the
next sequential {(modulo 16) location in the print buffer, and the number-of-characters location is
incremented by one. If the buffer is full then the routine waits until room in the buffer becomes
available. The buffer is printed out sequentially (modulo 16) by the interrupt routine servicing the
teleprinter, until the number of characters in the buffer is zero,

9.4 Perforated Paper Tape Punch Operation

Perforated paper tape punch operation is exactly the same as for the teleprinter and uses the
same basic routine. The punch is used solely by the data-collection routine (DCOLL) and has been
introduced into the whole system solely to provide a clean data record free from the interspersed
comments and instructions which appear on the typed record. The programs which process this data
record on the site computer are described in Appendix 3,

9.5 Input Routines

IPCH Input a Character Routine: This routine issues the fetch keyboard instruction 6032
and waits for a character. The character is masked to the low order 7 bits and the most significant
bit (AC4) is set to 1,

Calling Sequence JMS I LIPCH (pointer on page 0)
Returns with character in C(AC).

9.6 Output Routines

OPCHH  Qutput a Character Routine: This routine prints the low order 8 bits of the
accumulator as an ASCII character, If the software punch flag (PFLAG) does not equal zero the
character is also punched on the paper tape perforator.

Calling Sequence IMS 1 LOPCH (pointer on page 0)
Character in C{AC)
If PFLAG #0 then punch low order 8 bits
Returns with C(AC) = 0.
TY2 Output Two Characters in Trimmed Code: This routine prints the two characters con-

tained in the C(AC) in 6 bit trimmed code. (That is all ASCII codes between 240 and 337 with the
two most significant bits trimmed off).
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Calling Sequence Characters in C(AC)
JTMS TY?2
0‘

Returns with C(AC) = 0.

CRLF  Print Carriage Return Line-feed: Self-explanatory

Calling Sequence JMS I LCRLF (pointer on page 0)

STRING  Print Message as String of Characters: This routine prints the contents of a
specified location in trimmed code using TY2 and keeps stringing characters together from
sequential locations until a zetro is found.

Calling Sequence JMS LSTRING {pointer on page 0)
Address of first two characters.
A typical message (for example, LIMIT) would appear as
LIMIT, 1411 /LI
1511 /M1
2440 /T S'pace
0000 / Finish of Table.

The messages for STRING are stored in odd dispersed locations and are commonly used
to fill up pages of core storage.

10, SOFTWARE PROCEDURES

10.1 General

This section describes routines not specifically referred to before. They are listed to provide
future programmers with a rough idea of the procedures involved and of the particular conventions that
are adhered to in most cases. Many of the routines used in the program are not mentjoned at all, and
when this is the case, calling sequences are given as comments in the program listing in Appendix 1,
Comments in the ptogram listing can also be used as a guide to the operation of particular routines.

Many routines are more complex than required at present. This complexity was introduced
because, eventually, two ot mote diffractometers will be controlled from the PDP-8. This means
that a lot of indirect addressing has been used, which is pointless for a single diffractometer,
Similarly there are gaps in core.to hold the data for future diffractometers These gaps can be filled
with extra running programs if required. Further development or alteration to the basic programs for
counting and motor driving, however, seems unnecessary and inadvisable.

10,2 Floating-Point Arithmetic

These programs incorporate much of standard package supplied by the manufacturer, Digital
Equipment Corp, (DEC), Floating-point numbers are stored in the standard DEC three word floating
format, The three words are consecutive and consist of the binary exponent (first word) and mantissa
(2nd and 3rd words). The mantissa is a signed two’s complement fraction which when normalized is
between 4 and 1 disregarding sign, The accuracy of the numbers is of the order of six decimal places.

Operations on floating-point numbers are done using the floating-point accumulator as the main
working register. This is situated in locations 44 — 46 on page zero. Other working locations and
temporaries for the floating-point package cover all locations between 40 and 60 on page zero.
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The floating-point package consists of three basic blocks; the floating-point interpreter,
the floating-point extended functions, and the floating-point input-output routines. The floating-
point interpreter in this installation has been copied from the standard PDP-8 floating-point
interpreter, the original package being modified to perform sequential data modifications without
exiting from the package. The floating-point extended functions and the floating-point input-output
have been developed apart from the DEC programs although some of the main algorithms are the
same,

Floating Interpreter

The usable instructions are:

Floating Exit FEXT

Floating Add FADD address
Floating Subtract FSUB address
Floating Multiply FMPY address
Floating Divide FDIV address
Floating Put FPUT address
Floating Get FGET address
Floating Increment FINC address.

The reader should refer to the PDP-8 Floating Point Package for a description of the first
seven instructions. The floating normalize instruction FNOR of the PDP-8 package has been

replaced by the floating increment instruction. The FINC instruction increments the contents of

the location specified in the address field by three and is used to increment a pointer to the next
floating location. The FNOR instruction is now called using the extended function breakdown of

the FEXT group, and care must be taken to prevent calling FNOR from any other extended function,
In most cases the floating normalize routine is called external to the package using a JMS instruction.

10.3 Floating Point Extended Functions

The possible extended functions are:
Floating Square FSQR
Floating Square-root  FSQRT
Floating Sine FSIN
Floating Cosine FCOS
Floating Arctangent FATN

Floating Normalize FNOR

Floating Negate FNEG
Floating Absclute FABS
Floating Input FINPUT
Floating Output FOUTPU

Floating Output FDPOUT
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The FSQR and FSQRT routines are identical to the standard PDP-8 package. FSIN, FCOS
return with the sin, cos of the floating accumulator (before the instruction) in the floating accumu-
lator. To call FATN the cosine of the angle must be in floating location B and the sine must be
in the floating accumulator. The floating arctan routine returns with the result adjusted for quadrant
in the floating accumulator. Note that all the angles specified above are in degrees not radians.
FNOR, FNEG, and FABS modify the contents of the floating accumulator. FINPUT, FOUTPU,
and FDPOUT will be dealt with under floating input-output. Note that the content of the floating
accumulator is Jost for the two output instructions, Many of the above are called as separate sub-
routines using a JMS instruction.

10.4 Floating Point Input-Cutput Routines

These routines are concerned with the input-output of either floating point or fixed point
numbers and are called by most of the main programs when any number or string of numbers is
required to be printed or required as data.

(a) Input Routines

All floating-input routines call the actual input routine DECONV. This routine calls the
input routine JPCH and forms a double precision fixed-point number. All input characters are
ignored that are out of context or would cause an overflow of the double precision registers. If
the input is a rubout the routine is re-initialized and a new number has to be typed in. The DECONV
routine can only be exited by a colon (:) or by a decimal point (,), the colon or decimal point being
regarded as a delimiter for integer input, and the colon only being regarded as a delimiter for floating
point. Any extrancous decimal points are ignored for floating input. When the delimiter is found
the number is scaled to allow for the number of places after the decimal point in FINP,

INTIN Integer Input Routine: This routine reads a single precision number entered from
the keyboard or keyboard reader. The number must be in the range — 2048 to + 2047. The number
should be terminated by a colon (i) although a decimal point also acts as a terminator. If a rubout
is typed before the terminating character, the routine will restart the entire number, No invalid
character will be printed on the typewritten copy.

Calling Sequence JMS I LINTIN (pointer on page 0)
Returns with number between — 2048 and 2047 in C(ACQC).

FIXIN Mulciple Integer Input Routine: This routine reads N integer numbers and deposits
them in sequential core locations starting at a specified address. The routine calls INTIN N times.

Calling Sequence JMS I LFIXIN (pointer on page 0)
- N
Pointer to address of first core location,
FLINT Floatipg Input Routine: This routine reads a floating point number with decimal
point up to about 7 significant digits. The number must be terminated by a colon (:). The rubout

character has the same function as for INTIN. No invalid character will be printed on the type-
written copy.

Calling Sequence (1) JMS 1 4
Returns with the number in the C (FAC)

(2) JMS 1 7
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FINP Multiple Floating Input Routine: This routine calls FLINT N times depositing
the numbers in sequential floating locations,

Calling Sequence JMS I LFNP (pointer on page ()
- N
Pointer to address of first floating location.

(b) Output Routines

The main floating output routine is the VFOUT routine, This routine has two arguments
following the call, these being the number of decimal places before and after the decimal point.
A typical example is the routine FOUT which calls VFOUT as follows:

FOUT, 0 / ENTRY
JMS VFOUT
4
3
JMP I FOUT / EXIT

Here 4 is the number of digits before the decimal point and 3 is the number of digits after
the decimal point (F4.3), The subroutine VFOUT, after scalingthe contents of the floating accumu-
lator and testing whether the required format is possible, transfers the resultant double precision
word and calls the basic double precision output routine DROP which does the actual printing of
the number. The routine FOUT has output format F4.3, the routine DPOUT has output format F7,0,
and routine IQUT (integer output) has an output format of F4.0. All numbers that cannot meet format

specifications are replaced by an asterisk, and all numbers have a colon delimiter ptinted following
the number.

IQUT Integer Qutput: This routine prints the contents of the accumulator as a single

ptecision signed integer. Leading zeros are suppressed and the number has a colon (:) delimiter
directly following it.

Calling Sequence — Number in C (AC)
JMS I LIOUT (pointer on page 0)

Retumns with C(AC)= 0 .

FOUT Fioating Output: This routine prints a signed floating point number with four digits

before and three digits following the decimal point. Leading zeros are suppressed and the number
has a colon delimiter,

Calling Sequence - (1) Number in C {FAC)

JMS I 6 {pointer on page 0)

Returns with C(F AC) lost,
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FOPT Multiple Floating Qutput: This routine calls FOUT N times, the numbers being
obtained from the sequential floating locations specified.

Calling Sequence JMS I LFOP (pointer on page 0)
- N
Pointer to address of first floating location.
. DPOUT Double Precision Qutput: This routine prints a signed floating point number as a

double precision integesr (7 places before the decimal point). Leading zeros are suppressed and the
number is delimited with a colon (3).

Calling Sequence — (1) Number in C (FAC)
JMS DPOUT

(2) JMS I 7

Returns with C(F AC) lost,

10.5 Calling Subroutines with Arguments

In this chapter some programming procedures are described which are unobvious extensions
of standard procedures described in the manuals.

{a) Simple Subroutine

As explained in the Programmer’s Guide, a subroutine is called by the JMS instruction, for
example:

Mainline Program Subroutine
0405 4270 JMS SUB 0470 0000 SUB, O
0406 — ——-—-—=—=—= = === === — -
0490 5670 JMP I SUB.

The JMS instruction stores the return point (0406) at the location SUB { = 0470) and the statement
JMP I SUB returns the program as desired. If the subroutine is on another page then it is addressed
indirectly — quite a simple extension.

The calling of subroutines is, however, almost never so easy as this simple account would
suggest, because, nearly always, the subroutines have to manipulate actual numbers (which we
refer to generally as arguments) which have been generated in the calling program or are stored,
or must be stored, elsewhere in the memory.

(b) Subreutines with Arguments

In the simplest case, where the calling program, the subroutine, and the arguments are all on
the same page, there are no problems; see, for example, the subroutine ROWCOL, which performs the
theee row-by-column multiplications in the matrix-vector multiplication routine HPHI.
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In other cases, where-pnly a single argument is involved, it is possible to move it into the
C(AC) before calling the subroutine and so to have it accessible to manipulation by the subroutine
even when on another page. Subroutines CONV, CHEKK, and others, rely on this procedure,

At the next stage of complication one can carry the arguments (N.B. the actual arguments not
their addresses) in the locations immediately following the JMS czll. For example, the subroutine
ABMBA does this, It is called by JMS ABMBA and the next two locations carry arguments, The
calling statements are:

4515 4332 JMS ABMBA

4516 3 /first argument
4517 6 /second argument
4518 Continue

and the routine is:

ABMBA, 0© /storing, initially, 4516

TAD 1 ABMBA /to obtain the lst argument

TAD 1 ABMBA /to obtain the 2nd argument

ISZ ABMBA /to obtain the return address

JMP I ABMBA /to return to 4518 .
This procedure is used quite often (for example, CHEKK) .

The final stage of complication is to write subroutines which may be called from anywhere in
core to manipulate arguments which are stored anywhere. This is then the true equivalent of the
FORTRAN statement CALL SUB (A, B, etc.). The procedure is to set aside locations immediately
after the JMS calling instruction to store the addresses of the arguments involved.

Consider the subroutine UNIT which is used to normalize a vector to unity., It is called:
0405 4777 JMS 1 PUNIT
0406 0166 LHF

0407 Continue,

where LHF is an address (anywhere in core) which contains the address of the first of nine locations
which hold the floating-point 3 x 1 vector. Now consider the problem of writing the subroutine UNIT,
The first requirement is to transfer the contents of 0406 (containing the address of the address of the
vector) to an address within the subroutine UNIT. This is done by a special address-transferring
routine ADR which is called: JMS I LADR, followed by a location containing —N, where N is the
number of arguments in question, followed next by N locations into which the addresses of the arguments
are transferred. So the subroutine has the form:
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4271 0006 UNIT, 0
4272 4422 JMS I LADR
4273 7777 . -1 /one atgument

4274 0000 UNA, 0

ADR has transferred the contents of address 0406 into 4274 (= UNA). The statement TAD I UNA
fetches the address of the vector, which is stored back in UNA, Arithmetic statements such as

FGET I UNA will now fetch the first element of the vector itself., The subroutine ADR does one
more thing; it increments the address stored in UNIT by N so that JMP I UNIT will return control

to the proper point in the calling program. This general procedure is used in all the major arithmetic
subroutines.

In the motor drive routines and the collect data routines, the arguments of the subroutine are
in a fixed block, for example, motor data for a particular motor. An argument is generally transferred
with the subroutine, the block address being obtainable from this by addition or subtraction of a con-
stant. Once the block address is obtained,the subroutine COPY is used to transfer the block of data
to another block which can be referred to directly by the program., . After manipulation, the data
block is copied back to its original position to preserve changes made to the data, The above
procedure is used extensively in the interrupt routines, which call the routine TRANS cto transfer
arguments from block locations to working areas. TRANS is used in this case because COPY cannot
be called under interrupt since the return address for the mainline could be lost,

The main routines involved are:
COPY Copy a Block of Core to Another Block: This routine is a mainline program and is

used to copy data blocks to a working area and then later to copy them back. The block consists
of N words of core.

Calling Sequence JMS I LCOP (pointer on page zero)
- N
address to copy from (first word)
address to copy to _ (first word).

ADR  Set Arguments for a Subroutine: This routine stores the arguments following a sub-
toutine call in temporaries within the subroutine. The return location of the subroutine is also set.

Calling Sequence SUB, 0 /calling routine
JMS I LADR (pointer on page 0)
- N /N arguments in SUB
ARG, 0
ARGN, 0.

Returns with C(AC)* = 0 following last atgument.,

* By C{AC) we mean ‘contents of the accumulator’ - 12 bits, labelled individually AC0—11.

3
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TRANS Transfer a Block of Core to Another Block: This routine is an interrupt program
and duplicates the COPY routine.

Calling Sequence M8 TRANS
- N
{Address -1} to copy first from

(Address —1) to copy first to
Returns with C(AC) = 0.

10.6 Addressing Procedures

(a) Data Block Addresses

The addressing procedures used in the program have been adopted because of the possibility
of operating two or more diffractometers from the one main program. For this reason procedures are
slightly more complex than necessary for operating one single diffractometer.

If a-data block is required by some routine, then two stages of indirect addressing are used,
the first indirect is used to pick up the address of the block of data; this address is then stored in a
temporary location. The data is then indirectly addressed using the temporary location which may be
incremented up the block by either the ISZ or FINC instructions depending on whether fixed-point or
floating-point datais being used. When more than one diffractometer is to be operated it is envisaged
that a group of pointers will be updated by rhe diffractometer gaining control, and thus the data
addresses can be altered more easily by the above procedure.

An example of this procedure is the floating input routine FINP which has a pointer to an
address as one of its arguments. The first instructions of the routine are to get the address of the
block indirectly before working up the block.

FINP, 0 / ENTRY

JMS I LADR /GET ARGUMENTS

FADR, 0 /POINTER TO BLOCK ADDRESS
TAD 1 FADR

DCA FADR /BLOCK ADDRESS

FINC FADR /MOVE UP DATA-BLOCK

{b) Preservation of the Return Address

If there is only one diffractometer being operated by the computer then the addressing proced-
ures described above would suffice, However, if two diffractometers are being controlled then another
ptoblem arises. On certain occasions (when waiting for counts to accumulate, when waiting for motors
to move to new locations, when waiting for fresh instructions, when waiting for I/O devices to operate)
the current program . dealing with one diffractometer may pass control to programs for the other diffrac-
tometers, Note that control cannot be passed while calculations are in progress: in this case the
other diffractometer must wait until the calculations are over and the program enters one of the four
waiting modes listed above.

If a subroutine invelves calculations only, then no special precautions are necessary beyond
those mentioned above. But if a subroutine is to be re-entrant then one must take precautions to
preserve the return point, A typical example of a subroutine which involves this difficulry is the
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subroutine CONV. It is basically a simple subroutine: one argument is carried into it in the C(AC)
while others are on the same page. But it does, in its course, call routines which involve motor
movements and are therefore, liable to transfer of control. Consequently it must be written:

TAD CONV

IMP I CONVPT .

The return address, stored in CONV by the original calling instruction, is preserved in CONVPT near
the beginning and retrieved at the end. Note that, through the body of the subroutine, CONV is now
available as a temporary working store and is so used. Note also that one desires to use as few
such preserved locations as possible because they have to be stored somewhere and summoned up

in a block when required. They constitute the “‘working file’’ of the diffractometer. Consequently
they are made to serve common duties whenever possible, for example CONVPT, preserving the return
pointer for CONV, is commoned with LOBSPT, preserving the return point for OBSCUR, because, for
the one diffractometer, CONV and OBSCUR are entirely clear of one another.

10.7 Rules for Mainline Programs

This section contains general rules for all programs in case modification is necessary to
existing routines. .

(1) The contents of the accumulator C(AC) must remain cleared unless it is being used.
(2) When calling a subroutine, the C(AC) should be cleared unless an argument is being passed.

(3) When a subroutine is returning, the C(AC) should be clear unless an argument is being
passed.

(4) The state of the link is not assumed to be known unless set to a particular state,

{(5) Temporaries cannot be assumed to have a known value and should be set up by the
toutine using them, Care should be taken that the same temporary is not used by
two programs at the same time. Subroutine entries are commonly used as temporaries.

(6) Temporaries used by the interrupt program must not be used by the mainline (or vice-
versa) unless data is to be passed by this method.

(7) Waiting loops should not be used unless the supervisor routine is called from within
the loop. A main program jump (keyboard instruction) is set up by the interrupt but
is executed by the main program.

10.8 Rules for Interrupt Programs
(1) Contents of the accumulator and link are saved by the interrupt handler (INTER).

(2) Contents of the accumulator and link are restored by the interrupt dismiss routine

(TERINT), called by JMP I DISMIS,

(3) If an interrupt routine is to exit to a mainline program the TERINT routine should be
called. If not ION must be executed and, in this case, the previous mainline return
will be lost on the next interrupt,



(4) The device flag causing the interrupt must be cleared by the service routine.

(5) The interrupt program can communicate to the mainline by setting particular
indicators {program flags or variables), which can be examined by the main-
line or vice-versa.

(6) 1f several variables are to be set together by the mainline, without interruption
occurring, the JOF instruction should be executed before modifying the instruc-
tions and ION executed just after the modification. Note that a pseudo-interrupt
can be generated by IOF, setting location 0 to the return address, clearing the
save-AC location and jumping to the terminate-interrupt routine when the task
required is performed. {See OPCHH).

11. INTERFACE HARDWARE

11.1 General

Copies of the interface drawings are available in Appendix 5, These should be referred to
if a more detailed knowledge of operation is required, {for maintenance purposes, however, a set
of current drawings should be obtained to avoid confusion).

By interface we mean the connection between the external devices and the computer. These
devices are:

1. Paper Tape Reader

2. Paper Tape Perforator

3. Real Time Clock

4. Motor Drives

5. Motor Checks and Limits

6. Counting Hardware.

Most of these use program interrupt for their operation. When standard DEC programs are run
on the computer only those not using interrupt will work unless the above interrupts are blanked off.
The program required for use was the DEC high speed macro-assembler (before compiling programs
on the IBM 360/50) which requires the paper tape reader and perforator to operate under interrupt.
The remainder of the interrupts are disabled by a flip-flop unless enabled by an IOT pulse at program
commencement. The flip-flop is disabled by power-clear pulses at computer turn-on.

6302 ENABLE, Enable Interrupts

(all except Devices 01, 02, 03, 04 which are permanently enabled).

11,2 Real Time Clock

A real time clock of 1000 Hz has been included in the interface to provide basic timing needs
for experiment operation. The timing pulses are used directly when the monitor has been selected to
count for a preset time (see Section 11,5 Counting Hardware) and are also fed into the computer
using program interrupt. The interrupts are divided down in the programs to provide motor timing and
instruction timing.

The clock is controlled by a 1000 Hz microfork which has a stability well in excess of that
required for this experiment. Clock pulses set a clock flag which causes a program interrupt, the
corresponding input-output transfer commands being:

6301 SNC Skip if Clock Flag is Not Set
6304 CCF Clear Clock Flag.
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11.3 Motor Drive Hardware

The four axes are driven using Slo-Syn stepping motors. -These are driven by a conventional
two-stage twisted ring counter, with driver amplifiers to handle the load of motor windings.

The motors for two-theta and omega are 50 oz, in.types (S550~1008) and the motors for chi
and phi are 20 oz. in.types (§825-1002). All motor windings are driven by ~15 volts through an
appropriate dropping resistor, the current being 0.9 amp.

The motors two-theta, omega, chi and phi are all driven by the one instruction, each motor
being selected by resetting a particular bit of the accumulator before executing the pulse-motor-
forward instruction PMF., The same accumulator settings are used when motors are required to be
moved in the reverse direction with the pulse-motor-reverse instruction PMR. The commands are:

6341 PMF Pulse Motor Forward

6321 PMR Pulse Motor Reverse
and the AC Settings are:

3777 Select Two-theta
5777 Select Omega
6777 Select Chi

7377 Select Phi .,

Also associated with the motor drives are the motor limit switches, These consist of a bank
of two microswitches set to operate about % degree apart. The first switch to be operated is wired
to set a bit in the status register, and the second switch is wired ro disable the motor drive ampli-
fiers. The first switch would normally return the computer program to the initialize and wait sequence
(INWT), which would reset the motor flags, which in turn stop the motors. If the computer program has
lost control, the motors are stopped by the second switch. The torque of the motors is not great enough
to cause any damage if they did run against mechanical limits; they are easily stalled.

11.4 Motor and Axis Checking Hardware

Each motor and axis has a small vane attached which jntersects a light beam when the motor
or axis passes through the zero check position. Chopping the light beam produces a current change
in the photo-duo-dicde detector which is a,c. amplified and sets a flip-flop in the status register,

The zero check position is between zero degrees and one degree for each axis and between
zero and one pulse (reverse) for each of the motors. Because the motors are driven through flexible
couplings the motor pulses and the motor zero detector will be out of alignment during a slow-start,
and interrupts caused during the slow start sequence are ignored by the MARK subroutine.

The flexible couplings are cemented rubber pads. They turn about 5 degrees at rated motor
torque and were incorporated in order to avoid wear on the worm gears due to the jumping motion of

the motors.

‘11.5 Counting Hardware

Experiment counting is performed in two external scalers: a monitor scaler of 8 bits (+ 256)
and a 23 bit detector scaler. The detector scaler can be 'OR’-ed into the contents of the accumulator
using two IOT dinstructions, the second generally being combined with the reset IOT.

6331 RDH Read Detector High  (high order 11 bits)
6332 RDL Read Detector Low  {low order 12 bits)

6334 CDS Clear Detector Scaler.
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The most significant bit (AC0) of the accumulator remains unchanged for the RDH instruction. As
the C(AC) are normally reset before executing this instruction, a positive number results which, with
the low order bits (RDL), and the appropriate exponent, is already in floating format (but is seldom
normalized). Note that the above IOT’s assume that the C(AC) are cleared.

The monitor scaler cannot be read into the computer but it causes a program interrupt on
overflow by setting the appropriate bit of the status register. The monitor scaler can be cleared
using the CMS instruction.

6302 CMS Clear Monitor Scaler.

Counting is controlled by two flip-flops set from the computer, The first is set to 1 if the
monitor scaler is desired to count real time clock pulses (1000 Hz) and set to 0 if the desired count
is to be from the counter which monitors the incident beam intensity, The second flip-flop is set
to one if a count is required. This opens the counting gates, etc, This flip-flop will be reset when
the monitor has received one preset count; further flexibility of count is obtained using software.

Both flip-flops are set using settings of the accumulator, bit 11 being set for real time, bit
10 being set for count. To set these external flip-flops the following IOT’s are required.

6342 CSO Clear Status OQut
6344 SS80 Set Status Out (from C(AC)),
11,6 Status-In
The status-in register is a set of 12 flip-flops that can be set by external events so that the
computer program will have a knowledge of the state of external devices., Any flip-flop in the status

register will cause a program interrupt if set, The various inputs to the status-in register are,

Bit 0. Monitor Count Overflow

1. Two-theta Motor Zero Check

" " 4

2. Omega
3. Chi H " i
4. l Phi [ 1 "

5. Two-theta Axis

H " "

6. Omega
7. Chi ! " "
8. Phi
9, , Forward Motor Limit
10. Reverse Motor Limit

11. Spare,

When a flip flop in the status register is set and causes an interrupt, the interrupt is sorted
by using the SNS instruction (Skip it no status bit is set) and then the particular bit is determined by
software after reading the statys word into :he C(AC). This sorting of status bits is done in the
routine STAB., When a parti¢cular bit is found to be set it is then reset and the appropriate routine
is called.

A bit in the status register is reset by setting the like bit of the accumulator and executing
the CSI (Clear Status In) instruction. If all other bits of the accumulator are cleared then there will
be no change to the correspondmg b1ts of the status register, If others of these had been set then
they would cause another interrupt after the first has been cleared and the interrupt turned ‘ON’ again.
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The IOT’s used with the status register are:
6311 SNS  Skip if No Status bits are set,
6312 RSI  'OR’ Contents of Status In Register into C(AC).

6314 CSI  Clear Status In Register (only those bits for which the appropriate
accumulator bit is set},

i1.7 Paper Tape Reader

Reader operation is identical, as regards software, to the standard PDP-8 High Speed Reader
Option. The following I0T’s are used:

6011 RSF  Skip on Reader Flag

6012 RRB Read Reader Buffer. The contents of the reader buffer are transferred
into AC4-AC11 and the reader flag is cleared.

6014 RFC Reader Fetch Character. The reader flag is cleared, the reader buffer

is cleared, a character is loaded into the reader buffer from tape, and,
when loading is complete, the reader flag is set.

The paper tape reader motor is turned on by the RFC instruction if not alteady on, the motor
remaining on until approximately 5 seconds after the last fetch instruction.

11.8 Paper Tape Perforator

Punch operation is identical, as regards software, to the standard PDP-8 High Speed Paper
Tape Perforation option, The following [OT’s are used.

6021 PSF  Skip on Punch Flag. That is, skip if punch is ready for the next characrer.
6022 PCF Clear Punch Flag and Punch Buffer.

6024 PPC Punch Character, An 8 bit character is transferred from AC4-AC11 into
the punch buffer and the character is punched.

6026 PLS Punch Load Sequence — Clears Flags and Buffer, loads buffer with
character and punches it.

The paper tape perforator motor is turned on by the PPC instruction if not already on, the motor remain-
ing on until approximately 5 seconds after the last PPC instruction,

11.9 Keyboard Reader Modification

The keyboard reader as supplied with the PDP-B is activated by the clear keyboard flag instruc-
tion KCC (6032). This means that when a programis to be operated with the interrupt ‘on’ the keyboard
flag cannot be cleared without fetching a new character from the keyboard reader. For our system we
require that the program can be run with the interrupt on but we also require that data for a future peak,
scan, etc. remain in the keyboard reader until required, whereupon an appropriate instruction can be
executed to get the required information.

For this purpose the unused processor I0T 6004 (A.D.C. cenwvetsion) has been rerouted so that
it resets the keyboard flag without activating the keyboard paper-tape reader., Thus when a keyboard
interrupt occurs the 6004 instruction is used to clear the flag and when data is required at some later
time the normal clear keyboard flag instruction is executed. This re-clears the flag and activates the
keyboard reader.

Normal operation with the keyboard reader and interrupt ‘off’, as is used for many PDP-8 library
routines, is unaffected by the above modification, and maintenance programs, etc. can be used without
erroneous operation occurring,
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APPENDIX 1

PDP-8 PROGRAM

The Symbolic Language program, and the assembled Machine Language
program, are given as at May 1968. The program is continually being modified
and developed in minor ways and, in some cases, is slightly ahead of the des-
cription given in the text. The overall procedures are unchanged, but some of
the working subroutines are slightly different,
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3156



HT1

INCRCT-

INSERT
1CUT
1PPIL
JMPE

K

KEXP
KC1
KT1
KZ2
LACCNT
L ANGAC
LARG
LELK
LOFOP
LFIXC
LENP
LFF90
LEF2
LETEMP
CLIMN
LIPCH
LLTEMP
LM]
CLMIT
LNEG
LGESPT
LONLY
LEPCH
LPRSH
LSTART
LSTS
LTEN
LTY2
LX
MARK
MASK3
MLCRB
KDR2
MERROR
MIF
MINUS2
¥IC
KKOOTT
KGO
MCTCR
MCTST2

L NGT4

MCVECZ
¥P2
KES

ESCOTT

¥10
. #180
_¥30
M5
t NANG
CNECIT
KL IST

G150
5664
1364
1452
4621
2454
€136

4612

0722
0106
2154
0120
3456
2564
€430
1471

- 0346

0024
4623
0124
137z
2012
0107
13732
2361
0404
G020
cl157
5134
cl06
1074
£201
7416
1251
1051

- 5504

3050
5660
2337
2302
0540
€544
6400

Q131

1672
5213

0416

0ls62

0504

3012
€411
€465
1357
0074
3641

- 725%
0658
0142

£6512
125¢

KTZ
INIM
INT
1PCE
IER
JMED
KCL
KEY
KGZ
KTz
KSC
LACMIN
LARGL
LeeC
LCMA
LEPSt
LFIXIN
LFNS
LF2CC
LEF3
Ly
LINIT
LKEY
LMANEG
LM1IC
LNMLTLO
LNG
LGCSGL
Lccap
LGRD
LPUN
LSTCTY
LSTSG
LTKCONY
LUB
LXSER
MARKZ
MASKS
MORCE
MER3
MEZOC
B IND
MIN14
mip
MKC1TT
MOLT
MGTOZ
MECTTL
KCTS
MOVED?Z
up2PT
MPEPT
MULT
M1CO
MzC
M21C
ME
NARR
NEG2
L1E

0151

0410
00G0o
1058
4551
1025
¢i4a0
1233
G724
G707
5217
53C7

- 0522

0121
41C4

0124

G031

Q122

331eé

0127

0125
2011
2425
535
04Cé
12371
g1é6
13E6
0421
GL4aé
2426
0110
12¢0C
0C64
0111
5585
31258
5661
2334
2304
0250
05322
2412

Q1863

5662
ooes
3006
3001

0507

3005
6356
£387
5767
3563
1852
0GGe
2357

- G108

25C%
162¢

-HT3

INITY

“INTER

IPCHL
ITERL
JuMp
KLZ
KEYSER
KPL

K1

L
LADNAN
LANGLE
LBIANG
LCOP
LF
LFLADZ
LFOP
LGO
LHKL -
LIMIT
LINTY
LKEYS
LMAPOS
LMIN

L MOTST

LNOHOP

CLOMG

LOOPO1
LCGRDER
LSAC
LSTD

L SUPER-

L TRANS

LVFOUT.

LZER
MARK3
MASKT
MDRC1
MDR 4
MI
MINS
MIN4C
MIT
MKL1T7
MONDET
MoTP2
MOT1
MOYé6
MOVEPZ
MP3
MRBOUT
HMUELTIO
M1l
M24
M3eC
Mée2

- NCP

NEX
NBGO

G145

14GC
2400
1011
6156
$5£83
C741
1060
5123
2346
6137
0614
€3¢
5164
€023
1721
6338

- €025

c0é3

4573

o4t
00602
1GC4
068534
C044
0027
1£5¢

6721

5627
CC4t
15C1
o012
ce3z
2356
1475
2720
3136
51C17
222G
2322
0521
6373
3562
Cl14
13¢€1
4654
3020

- 0434

0510
3617
6467
7073
1104
4550
2121

0244
-055C

0147
c153
6125

—72—

HUN
INITA
INTIN
IPFLAG
JEPAD
JUKP1
KEEP -
KMAX
KPl
K11

LA
LADR
LANGLD
18P
LCRLF
LFG
LFLT
LFOT
LHF
LHKLOT
LIMITS
LINTIN
LKSO
LMARK
LMIC
LMCVE
LO
LORGA
LtOGPL
LOT
LSET
LSTEP
LTEL
LTTH
LWHERE
LZERGO
MARK%
MCH
MDRC X
MDRS
MIA
MiINsS2Z
MINT
MilL

MKT757

MOTC
MOTST
M0T2
MoT7
MOVETZ
MP 4

MSGNPT-

MULTZ
M12
M257
M4

M8
NCT2
NH1
NOHERE

0527
1411
7000
14620
1354
5106
6370
0043
0155
3153
2344
ag22
0343
4535
0n3s
0123
0033
a006
0123
4162
3664
€030
5353
3nzs
0405
3024
3056
3034
2635

0131

0537
0065
24271
0704
6173
1373
3140
1170
2340
2333
2354
6371
7360
2364
1546
0461
0400
0471
0514
3000
6437
7450
7124
5075
1360
0n73
0074
4147
0150
6137

HUND
INPX
INKT
IPP
JMPC
JUME2Z
KEEPLIT
KMI N
Kp2

K2
LABS
LALIG
LANGPT
i.CHI
LDBLAD
LFIX
LFNK
LFPT
LHEL
LHEIN
LIMITL
LI GUT
LLLTERN
LMAX
LELP
LMSIGN
LOB8SCY
LGME
LGP
LPHI
L5GTM
LSTRNG
LTENP
LTYPOT
LWVL
LZERD
MASK
MORA
#DR1
ME ASUR
MIC
MINUS
MI NS
Mi2
MNANE
MOTCZ
MOTST1
#0T3
MOVCHK
NP1
MP4PY
MSIGN
MZERD
Ml4ag
M276
M40
NANE
NEG
NHZ
NOHECP

N531
1347
2000
4600
2455
5654
0615
D042
0756
2347
0021
7261
p071
0736
7370
0026
0004
0007
0123
0112
0120
0062
4375
0045
Q407
1367
0036
71366
6622

- 0753

2362
Q067
7123
Q066
0126
0070
7101
2247
2256
5140
0746
7075
7076
2365
1353
3013
g1lé61
0476
3026
64566
6355
T147
70717
3161
3160
1670
0536
5303
G151
2631



NGPUN
KSuB
Gel
CMEGA
CPCHE
CTEER
CVR
CVRY
FCET -
FH
PHIN
PICH
PLS
FNGRM
PCSN
PF200
PRISGN
PTRANS
Fl0
P307
RAL
RELCES
REST
RG10
RCUND
SAVE
SECCND
SE4115
SELY
SET8
SGML
SITEN
SIKLIM
SMACLR
SGE3
SPACLA.
SQEND]
S8K2
$%1
START
STEP
STRY
SUBFY
SUFER
SKT1
TABLEG
TELES
TENPY
TE¥S
TERMIN
TEST2
THR
TRENS
TVl
TYCF
¥l
UNCGRM
WHERE
XENG
XTTH

1431
G154
3102
3360
1430
2461
2345
G708
011¢
5153
3364
5241
1583
371
€261
1363
7307
32151
2111
236¢
536¢&
6336
£36¢
41086

Q103

1441
1311
5074
5077

0333
- 1277

Cos6e
3661
€342
2600
6362
€151

0078
0824

2000
3262
1020

0052
- 102¢

2444
6545

1537

2660
3147
1337
6143

0104
- 15560

4711

- 106%
- 1660

£171
061¢
0143
0051

NCRM
£

g8z

g 4
CPCER
CUTCC
CVRC
P
PONEW
PHA
PHEKLOTY
FI1CT
FMF
PNTR
PGSENL

“PRCE
- PRSY

FTTH
P1C0
FIEC
RAR1

-REY

RETN1
RN
RCWCOL
SAVFAC
SECX
SELZ
SELS

SETTIM.

SETK
SIGNL
SLASH
SN
S
SPARE
SGROOT
$SC
582
STATUS
STEPNG

STRIGP.

SUBK
SUPPT
SKT2

TACNT

TELSER
- TEMPL1

TERS
TEST
TEST3
TIKE
TRANSP
TVe
TYCN
¥YZ
VARY
wVL
XCi
L0k

5718
00co
3722
ceiz
1441
€118

- QT3

1516
C1e7
1372
2&1¢
5334
6341
5311

G20

1314
1452
Cli4
1671
3¢&40
65712

. 1623
36le
0347

4536
4706

- 1273
-5011

5C71
4732
1G17
£E54
1652
63¢€1
4163
6000
6656
£344

0525

2431
7172
1016
6165

160

2444
13&7
1243
1722
3047

7041

6144
0133
1362
4114
1Ce4

1674

3617
2103
GC53
1362

NORMF
GBLCURE
0B%
CMCA
CPMINS
CVER
VRO
PAGEND
PER
PHALF
PHMH
PLEAD
PMOT
POBSCR
PGSN2Z
PRDY
PRTANG
PUNSER
P2CC
P4
RAR2
RECHEK
RETN?Z
RN1

-RSI

SCAL
SELL
SEL3
SENTY
SETTTH
S5GTH
SIGTBL
SL1
SNS
SORT
SPCH
SQUARE
SSR
STAB
S1CH
STEPPT
S§1SG

" SUBTHM
SUPPTY

SWT13
TAGL
TEMMPY
TEM1
TEN
TESTK
TEST4
TINC
TSGNL

- TV3

TYP
UB
VFOUT
x

¥F 1
1ERGO

6360
5372
3754
2os
5741
3162
g2
5653
1444
437¢
0124
1723
2355
0036
c264
163C
6763
1547
1733
1371
6372
3674
6151
0356
6312
7216
5005
€022

» 1276

pecl
1053
2541
5041
6311
1322
7171
6163
4271
2456
7312
C156
7162
0662
C165
2444
6147
1243
2360
6174
7315

- 6145

3162
¢010
4717
0152
2013
7266
532¢
0654
C27¢

NSHIFTY
OBERR
CBé6
ONE
0sCl
CVER1
CVRP
PARG
PFLAG
PHB
PHTY
PLLSH
PMR
PGBSCU
PPHI
PREY
PSTDC -
PLERGC
P24
P4
RDH
RELOOP
RETURN
ROND
SAY
SCALE
SELLO
SEL4
SERIUS
SETUP
SHIFTY
SIGX
Stz
SNSKIT
SORT1
SQCONL
SRB
SSk1
STAK
STCY
5TP6
571
SUB1L
SVAC
SYMM
TAGZ
TENP
TENMZ
TENPT
TESTSY
TESTS
TINIY
TTH
TR}
TYPE
UBR
WAVEL
XA
X0M
ZERGOL

4151
3611
37517
4aie
3421
03443
0754
Degn
o132
4574
004G
3176
6321
0036
317
7377

1223

2717
3560
3561
6331
2224
6364
1223
5657
1435
5101
5633
4701
gz202
6076
1346
5046
6347
1333

6161

6324
4304
2473
4626
3313
3262
0626
24174
0046
6150
105
2344
1445
2436
651446
0254
0670
0101
10860
4673
6573
3634
Gos2
0163

NSTP
BSCUR
CFFPRG
CPCH
05Cz2
OVERZ
GVRS
PBIANG
PFSTD
PHI

Pl
PL3CY

: PNG

PORG
FPK

- PRINY

PTEN
Pl
P240
QuGL
ROL

RE PEAT
RG I
RCCTGO
SAVA
SCVi
SEL13
SEL6
SETA
SGN
SIGH
SINE

- 513

sG82
SPACE
SQENG
S5kl
5SR2
STAND
5TD
STRING
sug
SUM
SVLK
TABLE

-TELE

TE MPRY
TE M3
TERINT
TESTU
THIR
TKCNT
TTHETA
TWCPI
TYPOPT
UNB
WDK-
XAF
XSGR
2ERG

0l41
3670
1067
1554
3432
0047
0523
1374
0113
0701
5331
3157
1625
115
4021
1632
0345
1542
1672
0051
6332
3473
43120
6745
1430
0140
5135
5065
0052
6365
6336
5200
5054
3670
7361
6154
Quns
4325
0164
1200
1706

- 0623

5105
2475
56565
1502
1275
3060
2476
7277
6470
3200
3354
5326
3333
0120
0l44
0050
5323
7175



goGo
0001
0002
0003
G004

0005

0CC6
0Go17

0010

0011
0012

Q013

0014
G015
0016

o1
0020
0021

Qo022
0023

0024

/NDEC2-2UTOMATIC DIFFRACTOME TER-PDPE

7 INPUT-CUTPUT TRANSFER PULSE' INSTRUCTIONS

2000
5602
2400
2476
7400
1000
147¢
5600
0000
0000
0000
0000
0000
0000
0000
0000
5303
5570
2520

2502

15CC

¥

/SKIP IF NOT CLOCK
/CLEAR MCNITOR SCALER

" /CLEAR CLOCK FLAG
" /SKIP. IF NOGT STATUS-IN

/READ STATUS REGISTER
JCLEAR STATUS-IN FRCOM C(AC)
/PULSE MOTOR REVERSE

JCLEAR RECCRDER BUFFER

" /SET RECORDER BUFFER
" /JREAD DETECTOR HIiGH

/READ DETECTOR LOW

JCLEAR DEYECTOR SCALER
JROL CD5S

/PULSE MOTOR FCORWARD
/CLEAR STATUS CUTY

/SET STATUS ©BUT FRCM C(AC)
/CS0 S5O

/SERVICE: INTERRUPT -

- /POINTER

/FLOATING INPUT
/MODT ENTRY
JFLOATING OUTPUTY

C/FLOATING INYTERPRETER

JAUTC-INDEX REGISTERS

/LOCATIONS OF SUBROUTINES

- CUMMY= NGP
FSCR= Goct
FSGQRT= - 0002
FSIn=" S goe3
FCGS= CCoC4
FATN= goes
FREG= QOCE
FINPUT= 0013
FABS= 6o
FNOR= célo
FOUTPRT= Go14
FOPCUT=  CC15
SNC= 6301
CNS= £302
CCF= £304
SNS= &311
RSI= €312
-LS1= 6214
"PMR= £321

- LRB= €322
SRE= £324
ROH= £33
RCL= 6332
CBs= 62324
RELLES= €33¢

: PMF= 6341
CS0= €342
5506= &344
CSOSSG= 634¢
ENABLE= £307
C= ¢
SPARE=- C

" /NDEGZ-AUTOMATIC DIFFRACTOMETER-POPS
JPAGE -G

g
INT, STARTY
JMP 1 LINT
LINT, - INTER
CISKIS, TERINT
LFNK, 7400
MGDT, - 1060
LFOT, FOUT
LFPT, S€00
AUTUf @
AUT 1, g
AUTZ, i
AUT 2, 6
AUT 4, - 0
éUT‘)r &
AUT G, -G
AUT T, -0
LNEG NEG

LABS, ABS
LACR, ACR
LCOF, COPY
LFNP, FINP

L'y



0025
gnze
Gg27
0030
3031

03¢
2033

5034%

3035

0036
0037

0040
0041

0042

0C43

0044

J045
UG4é

04T

4050
0651
0052
0053
G054
0055
Q056

0057

ey
0cél
Gcé2

00863

00¢&4

0065

oGesb

6061
go7G-
0071

007z

Q073
Q074
ugds
076
Go97
100
5101
£102
3103
3104

G105

G106
01¢7

0116

0111
0112
0113
2114

1517
5547
G400
70G0
1536
1026
£384
2005
1832
367C
¢0sC

G000
€000
coCo

CO0G0o

gy
co0¢C
000C
0000
8000
0000
C6o0
0000
GOG0
00CC
Gooe
€000
cooce
0000
74532
0662

3200

3262
3333

170¢.

7178
67¢62

1200

7774

770

766

¢oo1

2000
COCO
cooZ
<060
0000
0003

00eo.

1430
100%
4626
20132
2073
0363

cs78:

JOPERAND

JELOATING ACCUMULATCR

/TEMPORARY FLOATING LCCATION

LFCF, FOPT
LtFIX, FIx
LMET ST, FOTSY
LINTIN, INTIN
LEIXIN, FIXIN
LSUPER, SUPER
LFLY, FLOAY
LGRGE, GMCA
LCRLF, CRLF
LEBSCU, QBSCUR
SPARE
FLOCATICNS USED BY FLUATING PGINT INTERPRETER
EX1, ¢
ACLE, G
£CIL, C
CVER, o
EXP, 0
HGRLT, ¢
LGRE, G
CGVERZ, G
EXP1, C
guCL, G
FPACL, ¢
G
1, C
LG, 0
CHAR, G
SIGN, ¢
FLAG, 0
LIGUTY, IGUT
LGC, GG
LTKLNT, TKONT
LSTEPR, STEP
LTYPCT, TYPOPT
LSTRING, STRING
LZERCL, ZERC
LANGRT, PRTANG
LSTL, ST
E:tfv "4
¥10, -1C
¥12, -1Z
CNE, 1
2600
G
TG, Z
ZGC0
RCUNE, ¢
TER, 2
TEME, G
N310-= LFCT
S5K1= M0
S8Ke= Mlez
LCELH, CPCHE
LIPCH, IPLE
LSTCY, STCT
LUB, ug
LEMIN, -EMINI
PFSTLC, FSTD
FTTH, TTE



U115 C&732 PUMG, GMG

G116 Q676 ECHI, CHl
0117 €701 FPHI, PHl
012G 2C46 LACCONT, ACONTY
0121 2054 LECGC, EGC
0122 2057 LENS, ENS
0122 2062 LFC, FG
Ulzé ZU€S FRME, HME
U1t 2051 COUNT, (LUNT
aded ZUEE LWV, WV,
DLed7 2CHC FUNEW, CivEn
Cl3¢ 4706 CRLL, SAVFAC

0121 000G LCT,
G132 COUC PFLACG,
G133 0002 TIME,
G124 GOUG (T,
D138 OG0 EH,
0136 COOG K,

0137 COCC L,

014C 000C CGSTF,
0141 COOO NSTH#,
0142 G000 NANG,
3142 0000 XANG,
0144 COGO KEK,
Glas GOGC €,

Glae GOOO AUTL,
G147 COCC MCT 2y
015C 0000 NEl,
G151 COOU NEZ,
3152 GO0C TYP,
0153 0000 KEX,
C1%4: CO0C ANSUE,
0155 COOGG CGEBG,
C18& CCUO STEFPT,
G187 G000 LCGBSPY,
(160 GOUO SUPPT,
Olél GOGU MOISTIL,
0162 G000 FLTSTZ,
01¢3 C00C Z2ERGC1.,
01€4 0000 STAND,
0165 COGC SUPPYT, O
D166 1620 LNGC, NG

DN Y

LOPS 1= P
INDECZ-PUTONATIC DIFFRACTOMETER-PDPR
JPAGE 1

* ZGC

001 2000 LSTART, START
/SEPARATE ANCLE INTO CDEGREES AND ZUCGTHS
JROUTINE TC BRING ANGLE TO BETREEN ~180 ANEG 189 DeEGoREES
JCALLING SEQUENCE

7 ANCGLE IN C(FAC)

/ JMS SETUP

/ ACDRESS CF DEGREES PART
€202 0000 SETUP, G JSUBROUTINE ENTRY
G203 1602 TAL 1 SETUP /GET DEGREL ADDRESS
0204 32307 CCa ADDEG
0205 2202 157 SETUP FEET RETURN
D206 4407 JES | 7

b



02¢7
0210

0211
gz12

0213
0214
021%
g21é

02171

0220
0221

0222

0223
G224

0225

g22¢
0227

0230

0231
0232
G232
C234
023¢
0236
0237
0240
G2al
0242
243
C244
3245
0246
(3247
6250
3251
G252
0253

0254

0255
6256

€257
N2et
5261
0262
0263

02¢4

02é5
g266
G267
0270
0271
0212
0213

D274

0275

0276
Q277

0300
0361

6052
£24%
16512
1245
1746
2746
6006
1245
3245
1052
1245
1103
€052
0000
4426
3333
1333
1244
37017
1333
£4313
4407
2052
3250
G0
L4726
2307
3TCT
5602
T230
0011
2640
Q0G0
0010
4700
0000
36558

4261
¢710
(725
CT4¢
C157

CO00 -

1073
2276
1661
3270
4404
4202
0000
2261
2276
5264
4276
S434
0000
1276
3163
1114

FRPUT
FE1v
FADD
FALD
FApD
Fsug
FNEG
FACD
FMPY
FADD
FABD
FADD
FPUT
FEXY
JMS
ECA
TAD
TAC
DA
TAD
dMS
JMS
Fsus
FMPY
FEXT
JMS
Isi
0Ca
JMp
B340, ~550
FPIEC, 11
ZE40
&
EF200 GOl
47C0
03Gn
EALFPT, HALF

SETA
FP36C
HALFPT
FP3eC
LFIXC
LFIXC

FP36C
FR3eéc
SETA
FP3€U
ROUND
SETA

LFIX
SETB
SETE
M2&C
ACDEG
SeTB
LFLY
7
SETA
ME2CC

LFIX

ADREG
ADDEG
SETUP

FSET CURRENT PGSITIGNS OF

TINIT, JMS
31
Co
EC
op
FESN, C
TAD
ECA
FOSNZ, TAD
LCa
JMS
JMS
POSN, G
152
152
JMP
JMS
GNP
2ERGC, G
TAD
BCA
TAC

POSN

M4
ZERGO
PG SN
POSN1
4
SETUP

PCSN

ZERGO
POSNZ
ZERGD
LOMGA

LEREGD
ZERGOL
PTTH

JADD 2%%22
/5UB 2%%22

FTRUNCATE TO INTEGER

/PUT INTO LOCATION FOR DEGREES

/FLOAT CONTENTS OF ACCUMULATCR

/=200 FLOATING

JTRUNCATE TO INTEGER
/SET ADDRESS CF 200THS
/PUT 200THS INTC LCCATICN

" /RETURN

SHAFTS BY TYPING IN DIAL SETTINGS

JINPUT. ONE NUMBER

FENTRY



G202
0303
0304
0365
03G¢¢
03017
0316
¢211
03212
0213
0314
0315
0216
0317
2320
Q321
03z2
0323
0324
0325
032¢
0327
0330
0321
0232
¢332
0334
0335
0336
6237
0340
0341
0342z
0343
0344

0345

0344

0347
0350
0351
0352
0383
0384
0355
D356
035%
0360
0361
U3¢2
t3&e3
0364
(3365
3366
0367

3307
11320
331¢
4423
1764
Co70
4706
4407
5745
000¢€
6514
€515
6516
€517
0000
4427
7060
4407
5745
6514
£515
6516
6517
€00GC
4427
0000
1130
3342
1114
3343
4423
77€4
4706
0670
5563

&1 T4

55¢5

4430
3142
45430
2142
7040
3144
2146
4465
4464
4466
4463
£35¢
60060

0000

0000
G000
co00

CCa
TAE
LCA
JMS 1
~14
LANGLE, TTH
SAVFAC
JMS 1
FCET 1
FNEG
FRPUT
FPUT
FPUT
FRPUT
FEXT
JMs
NOP
JMS
FGET
FPUT
FRPUT
FeuT
FPUT
FEXT
JMS 1
SEYR, G
TAD
Gca
TAD
gca
JMS 1
~-14
SAVFAC
LANGLG, ITH
JMP I
FTEN, TEN
LFIXC, FIXC
SETA= Fpacl
ACDEC= LANGLE
/PRCCRAM FOR MANUAL
RN,y JMS 1
DCA
JMS I
CCA
CHA
CCca
| ¥4
RN1, JMS .
IMS
JMS
JME
JMP

L] et Jm| e gty

it et ol et ot

Il i) e Neief

FSTC,

[0 Bow B Rl an]

LANGLE
CALC
LANGLE+]
LCOP

7
PTEN

PTTH
POME
PCHI
PPHI

LMOTST

-1

PTEN
PTTH
PGME
PCHI1
PPHI

LMOTSTY

CALC
LANGLO-1
PTTH
LANGLG
LCGP

ZERGOL

SCAN
LINTIN
NANG
LINTIN
XANG

WEK
AUTO
LSTEP
LTKCNT
LTYPOY
LGO
N1

/ RETURN

JCOUNT

/CHELK FLAG

INDECZ~AUTCMATIL DIFFRACTOMETER-POPE

/PACE Z

—_8—



* 40¢
JMOTGR STARTING ROUTINE

0400 0000 MOTST, O JENTRY
04G1 1200 TAG MOTST
04C2 2161 DCA MCTSTL
0403 4216 JKS MOTOR
0404 G714 LMIT, MIT
04C5 €731 LMIG, . KIC
0406 0746 LMIC, MIC
0407 €763 LNIE, MIP
JINITIALISE MOTORS
C41C 00CC INIF, 0 JENTRY
0411 3604 CCA 1 LMIT JRESET MOTOR FLAGS
C412 3605 cca 1 LMIO
0413 3606 CCA I LMIC
0414 3607 CcaA 1 LMIP
0415 5610 JMP 1 INIM " /RETURN
JMGTOR CRIVE SUBROUTINE
G416 0000 FCOTCR, G
0417 1073 TAD M4
0420 2210 £Ca INIM
0421 1616 LOCCP, TAD 1 MO TOR
6422 3234 CCA MCT1
0423 3634 CCa 1 MOT1 JRESET MOTOR FLAG
G424 1234 TAD MOT JSET UP COPY ROUTINE
G425 1074 TAD M1G /-8
0426 3234 CCA MGT1
0427 1234 TAD MOT1
0430 2307 GCA MG TS
0431 2216 1S2 MOTOR /SET RETURN
0422 4423 JMS 1. LCOP /COPY ARGUMENTS
02232 7763 -15 JEROM
0434 Q0G0 MOT1, 0 /NARTABLE
0435 G522 LANGL /10 LANGL
' JSEPARATE ANGLE  INTO DEGREES AND TWO~HUNDREDTHS
0436 4407 IMS I 7
C437 5722 FGET 1 LANGL JPUT ANGLE INTG F.A.
0440 0000 FEXT
0441 4737 JMS 1 LSET * /GET DEGREES AND 200THS
0442 0530 DEGD
0442 1330 TAL DEGD
D444 1334 TAD LMAPCS
D645 TT00 SMA  CLA
044¢. 5340 NP MERROR
0447 1330 TAD DEGD
$450 1335 TAD LMANEG
0451 7710 SPA  CLA
0452 534( JMP MERRGR .
0453 1330 TAD CEGD JCOMPLEMENT DESIRED POSITIGN
0454 7041 CMA  1AC
0455 3330 DCA DEGD
0456 1331 TAD HUNT
04%7 7041 CMA  1AC
046C 3321 CCA HUND
- JCCMPARE CURRENT AND CESIRED POSITICNS
0461 1326 MLTC, TAD DEGR :
04&2 1330 TAD DEGD
0463. 1440 SZA
0464 5271 JMP MOT2
04t5 1327 TAD HUN



0466
0467

0470
0471
0472
0473
0474
G475
0476
0477
0560
05C1
G5Cz
O08G2
C5C4
G565

0506

057
£510
U511
€512
0513

0514

G515
G516

6517
0220

0521
0522
g523
C524
525
G526

gs21

0530
0521
0532
0533
(534

9535

053¢
05317
0540
0541
0542
GE43
0544
0545

054¢

¢s547
3550

06CG
€601
06G2
06L3
06G4

1331
1450
5304
7710
E276
2330
7000
7240
3323
1350
3324
1075
3325
2332
4423
7163
c522
CO00
2210
£221
2321
2161
1221
765C
5561
4432
5314
0000
000¢
co00
6060
£0CO

C00C -

co00
¢go0

g004g -

0000
Co0C
¢000
0000
8000
6202
1236
3345
4467
36E4
4467
00CC
443%
5561
7116

3170
4600
2347
4614
3215

MOT 2,y

¥OT 3,

EGT 4,

MLT S,
ROT &,

MCT 7,

¥
LANGL,
GVRS,
551,
8§52
CECR,
HUN,
EECO,
HEUNEG
FINC,

LRBAPLS,
LMANECG,
NANE,
LSET,
KERRCR,

k&2,

TAD
ShA
JNP
SPA
JMp
152
NGP
CLA
CCa
TAD
GCA
TAC
ECa
152
Jus
..1:_

LANGL

157
JMP
I52
152
TAD
SNA -
JMP
JEE
JMP

¢
SETUP
TAC
CCA
JMS
LIMET
JMS

0

JMS
JMP
62

CLA

S CMA

CLA

1
S
1

1
1

HUND
MOT4

MoT2
DEGD

OVRS
ME2
33!
SSK2
$52
MING
LCOP

INTHM
LOCCP
Mi
MCGTSTL
mi

MOTST1
L SUPER
MG17

NAME
« 4
L ETRNG

L STRNG

LCRLF
MOTSTL

/CURRENT AND DESIRED AGREE

/PULSE FORWARD,QVERSHEOGT = O
/PULSE REVERSE AND OVERSHOGT

/SET OVERSHOOT INDICATCR

/SET SLOW START

/SET MOTOR INDICATCR
/CGPY ARGUMENTS
/FROM

/LANGL

/T0: VARTABLE

/SET GVERALL MOTUOR INDICATGR

/NDECZ-AUTOMATIC DIFFRACTOMETER-POPS

JPAGE
%
PARG,

SETTTH,

2

EGC
ARG
JMS
cCa
JM3
LCa

PARG
NANG
LADCNAN
KEEPIY
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Cels
Decé
geti
0614
0611
4612
0613
0614

0615
0616
0617
0620
Dé6zl
0622
0623
0624
0625
0626
0627
0630
0621
06322
0633
0634
0635
G636
C637
0640
0641
0642
0643
0644
0845
Ce46
G647
0650
0651
£652
€653
Cé54
0E55
0656
0657
0660
0661
0662
0663
0664
D665
0666
06¢7

C670
0671

4404
4407
6615
0000
4427
7000
£434
3317

00Go
42232
C710
ciz8
0142
ci157
coao
1073
3105
1623
3262
1467
4433
4401
6052
00co
2262
1662
44332
1262
1256
3262
1662
3262
44G1
4257
1082
c662
00060
2223
2105
£22¢
5615
1113
00106
2100
000c0
00cC0
1146
1450
5434
3146
5662

0000
0000

LAGNAN,

JMS 1
JMS 1
FPUT 1
G

J#s i
NOP
Jugp i
AONANG

LFNK

7
KEEPIT
LM¥CTSY

LOMGA

JROUTINE TG SET FLGATING POINT ANGLES TO CURRENT: POSITIONS
WITH CURRENT ANGLES IN FLOATING LOCATIONS

JRETURNS
KHERE,

SUE,

Sugi,

ESy
F200C,

SUBK=
SUBTHN=
KEEF IT=
SUBFT=
TTk,

¢

JMS

b1

oo

Le

e

¢

TAD
-bCaA
TAD 1
GCA
- TAL 1
CJMS 1
JES 1
FPUT
FEXY
isz
TAD |
JMS I
TAD
TAD
- CCA
TAC 1
CCA

- JRS 1

FD1v
FACD
FPUT I
FEXT
152
15z
JMP
JEP 1

-t
-+

0C10

3100

00Ce

ﬁ .

TAD

SKA

NP1
 BCA

JMP

TENMP
GG
WEHERE
FPAC]
G

C;

3

sUB

Mg
SUBK
suB
SUBTH
SUBTHM
LFLT

1

SUBFT

SUBTH
SUBTH
LFLT
SUBTHM
mE-
SUBTH
SUBTHM
SUBTHM

F200
SUBFT
SUBTM

sua
SUBK
sugl
WHERE

ALTC
LOMGA

AUTC
GO

—~11—

JENTRY

/ADBRESS OF CURRENT DEGREE

JGET CURRENT DEGREE PCSITICH
JFLOAT DEGREES

/FLUAT 2007THS

FADDRESS OF FLUCATING ANGLE

JOIVIDE BY 200

" /ADD DEGREES

JRESULT INTD FLOATING ANGLE

C/NEXT ANGLE

/TEST COUNTER

- JRETURN

JENTRY

/TEST PROGRAM FLAG
/RETURN TO WAITING LGCP

JRETURN TG PROGRAM



0612
0613
CoTa
Cei5
co616
Cevv
CiCC
0iIcl
G702
Ci03:
0704
G165
cice
c7C¢?

¢712
0713
CT714
0715
0716
0717
0720
0721
0722
0723
0724

c127
¢730
6731

0732

0733,
C734
€735
¢736
0737
G140
C141

CT44
C745
C146
747
G150
€181
0752
0753
C7154
- (755
¢756

161

0000
Go00
coa0
¢oGe
0000
GCoo
€000

(HUOVE

€000
CO00

G676

00CC
060G C
o000

600G
0000
00C0

37717

15¢4
C137
3354
G613
£oGo
0000
000¢

0000
CoCo

G000

5141
T47C
€310
336¢
Ce76
0000
Q000
00Ce

coo0
coce
LU
6777
1641
Q137
5575
€701
GoCo
COGo
0000

gooo

CRGy
CEI,
FEIL,

LITE,
CVRT,
KT1,
KTZ,
LT=
Y=

£s7T,
EST,
#MIT,

LOMG,
CVRE,
KGl,
KGa,
L=
Hi=

ESCy
ESG,
MI1G,

LCHI,
CVR{,
KC1,
KCego

FC=
B

LSC
ESCy
rIC,

LPHI1,
CVRE,
KPl,
KP2,

pP=

KP=

DSP,

TYE

-214

-

TTEETA
GMG

-0
‘¢

KOz+1
KGz+2

. ‘.1.2

5377
-210
310
OMEGA
CHI

C:
KC2+1
KCz+2

otz

o
€117
- 137

1327

CHIN
PEI
G

e

KPz+l
KPZ2+2

otz

" /OATA FOR THOTHETA

" JDATA FOR CMEGA

/DATA FOR CHI

‘/DATA FCR PHI

—12—~



€762 0000 ESP, - Q

0763- CO00 KIP, 0
Ci€a 7377 737
Cie5 7470 -31C
(166 €310 31¢
(767 32364 PHIN
/NDECZ-AUTONATIC DIFFRACTUOMETER-PDPS
/PACE -4
* 16CC
1000 6004 KEYSER, KCF " /CLEAR, U0 NGT FETCH
1001 €034 KRS /READ DG NCT FETCH
1002 4604 JMS 1 LKEYS
10G3- 1016 BLCK-1
1004 1233 LKEYS, KEY
1C0% 0000 IPCH, ]
10C6 7120 CLL CML . RaR
1G0T 3220 CCA - IPFLAG
1010 €032 KCC /FETCH CHARACTER
1611 1220 1PCE]D, TAC IPFLAG
1012 7540 SMA  SZA
1013- 5605 JMP ] IPCH
1014 73C0 CLlL (LA
1015 4432 JES 1 L SUPER
1016 5211 JMP IPCHL
1017 G000 ELCK, 0 /SIGNAL EXPECTED
1G24 Q000 1PFLACG, Y FINPUY FLAG
iGz1l 00CC ¢ /COMMAND
1022 CO0C GETFLG,y c /GET FLAG
1023 €032 KLC JFETCH CHARALTER
1024 00C0 CCMG, G FCOMMAND { SCRTED)
1625 0000 JEPEG, a /JUMP{SCRTED)
SETK= BLCK
1026 0000 SUPER, G /SUPERVISOGR ROUTINE
1627 122¢ TAG SUPER
1030 2160 pca SUPPT
1031 1224 TAC COMO
1032 3651 oCaA - 1 LTYyz
1033 3224 LlaA LoMo
1034 1651 TAD 1 LTYZ
1035. 7650 SNA - (LA
1036 5650 - JMP 1 LNOHOP
1037 4435 JMS 1 LCRLF
1040 3132 £Ca PFLAG
1041 1285¢ TAC SLASH
1042 4506 JES 1 LCPCH
- 10%3 1651 TAD I LTy2
104644651 JMS 1 LiYZ
- 1045 4435 JMS 1 LCRLEF
1646 2163 CCA ZERGG]
1047 5625 CJdMP JMPO
1050 2631 LNOKGE, NOEQP
1051 1674 LTYZ, TYZ
1082 C257 SLASE, 287
: JRCUTINE TC LIMIT. TIME FOR COMMANDS
1053 1217 SCT¥, TAC S6TK
1084 7640 SZA . CLA
1055 2217 152 SeTK
1056 7000 NGp
1087 £4032 JMP ] . DISMIS
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10¢eC
10€1
10¢2
10£3
i0¢4a
1G¢5
1066
1067
1c70

12¢0
1201
12G2
1263
1204
12¢5
12Cé
12¢7
1210
1211
1212
1213

1214

1215
1216
1217
1220
i2z1

1222
- 12%3
1224

1225
1226

1227

123¢
1221

1222

1223

1234
1235

12326
1227
1246
iz41
1242
1243
1244
1245

1246
- 1247
1250

1251
1252

1283,
1254

1285

212z

4205
45G6
5261
7001
31%¢
5650
314¢
5650

0000
12C0
2164
1112
3222
1222
1371
3223
2622
5600
1622
1041
3623
2222
1372
323
4473
7775
coGo
0000
4772

3162

4770
7610
4436
4463
8564

co00
c361
1363
2244
1633
3243
4762
7771
0000
1345
1344
1360
7650
5270
1346
T&E40
5277
1347
7700

TYPLE,

TYCN,
TYCF,

CFFPRG,

152
JES
JMS I
JMP
1aC
gCa
Jrp 1
DCa
JEP 1

PFLAG
IPCH
LCPCH
TYPE+1

TYP
LNOHEP
AUTE
LNOKOP

INDECZ-AUTOMATIL DIFFRACTOMETER-POPE

FPAGE
%

STC,

BELOK,
FSTLC,

- DCa

5
1200

0

TAD
CCA
TALD
LCa
TAC
TAD
GCa
isi
JMP
TAD
CMg

Bt B s e gy

152
TAD
LCA
NS

-

G

]
JMs 1

- GCa

Jus 1
SKP

JMS 1
JMS 1
JMP 1

JINPUT ROUTINES

KEY

TEMMEY,

0

ANE

TAD

GCA

TAD 1
£ea

JMS
-1

0

S1Gx-1
TAD

TAD

SNA - CLA
JMP

TAD

$ZA  CLA
JMp

TAD

SMA (LA

STk

STAND

PEIID JFETR
BELGW

BELOW

P4

BSTCC /CCUNTER
PSTCLC

310

BELOW

PESTOC
BELOW
PHA
PSTDC
LCGP

LZERGO
ZERGOL
PEIANG

PCBSCU
LGG
STAND

MK177
PP
CHARAC
KEY
o+3

TRANSEP

CHARAL F1EST FOR SLASH
MZ57

SENT
S1G6X /SIGNAL EXPECTED?

SCNL
INPX JTEST INPUT EXPECTED

— 14—



125¢-

1257
124G
1261
1262
1263
1284
12¢5
1266
1267
1270
1271
1272
1273
1274
1275
127¢&
1277
1366
1301
1302
1303
1304
13G5%
1366
1307
1310
1311
1312
1313
1214
i31%
12186

1317

i3a2¢

1221

1322
1323
1324

- 1325

1326
1327
1330

1331
1332

1333
1334
133¢
1336
- 1337
1340
1241
1342
1343
1344

1345

1346
1347
135¢"
1351

£26¢
1344
3347
£337
1351
1700
5337
1344
3351
5337
001

3346

3350
1352
329%
0000
5337
1350
1640
£311
1344
(357
1106
7006
7006
3350
5272
1344
0357
1350
3350
334¢
1355
3243
1356
2010
1410
7041
1350
7650
£333
Z010
2243
£322
5337
1410
3354
135¢
3352
1633
3344
4762
7771
1345
¢000
5403
00Co
GOCo
000
eLelele

SENT,

SECX,
TEMFRY,

SCGNLy

SECONG,

SGRY,

SCRT 1,
EACK,

TERMIN,

CHARAL,

51CX,
INPX,
oMM,
GCET X,

SMA  CLA

SZIA CLA

CLL RTL

CMA  TAL

SNA  CLA

g
CHARAC
INP X
TERMIN
GETX

TERMIN
CHARAC
GETX

TERMIN

SIGX
CCMM
FETCH
TEMPRY

TERMIN
cempy

SECOND
CHARAC
MECCTIT

COMN
SECX
CHARAC
ME0CTT7
CCMM
CCMM
SIGX
NLIST
TEMMPY
LGCSGL
TSGNL
TSGNL

COMM

SORT1
TSGNL -
TEMMPY
SORT
TERMIN
TSGNL
JMPAD
COMM
MNAME
KEY
ot4
TRANSP

BISMIS

—-15—

/TEST CHARACTER EXPECTED

" /SET SIGNAL EXPECTED



1382
13%3
1254

1355

1356

1387
1360

i3¢l
1362
1363

L34
13&5
13686
1367
137C

1371
1372

1373

14CGC
1401
14G2
1403
1404
14C%
14Cé6
1407
14£1C
1411
1412
1413

1414

1415
1416

1417
1420

1421
1422
1423
1424
1425
1428
i421
1430
1431

1422
1433
1434

1435

1436
1437
1440
1441
1442

GGoC
0000

00Go-

7742
2540
¢o77

TEZz1

G177,

1560
G200

4431
T773
0112
5434
4400

004

¢13s
0z1¢

0000

116¢€

3241
4211
2241
13582
1352
4211
560C
00CO
1227
3230
3641
2241
1230
3641
1641
2241
3641
2241
2641
2241
5611

1640

0000
3211
1132
7650
5237
1353
4241

4241

563G

¢000:

116¢

FETCH, G
MNANME, G
JMPLL, i
NLIST, =38
LECSEL, SIGTHL-1
FSOQO0T1, 17
K257, ~2%7
K177, 177
TRANKSEF, TRANS
FP2GT, 260
TSENL= it
INSERT, JMS 1
-E
FFSTD
JME 1
FBIANG, BEI1ANG
PCGBSCR= LGBSCY
P‘t; 4
FRA, HE
LZERGCC, LERGO
INDEC - MUTOMATIL
/PACE 6
¥ 14GC
JCUTPUT RCUT INES
iNIT, G
TAD
LA
dMS
152
TAL
TaAL
JMS
REL1 - |
INIT A, ]
TAL
pDCaA
a1
182
TAD
ocr 1
Tae 1
182
oCcar 1
152
152 1
15¢%
JMP
BUFFST, BUFFC
CPCHH, 0
DCA
TAD
SNA - CLA
JMP
TAD
JMS
NCPUN, JMS
JMP ]
EPCEER, g
TAD

LFIXIN

LOMGA

LND
SAVE
INITA
SAVE
meC
Mzce
INITA
INTY

BUFF3Y
SAVA
SAVE
SAVE
SAVA
SAVE
SAVE
SAVE
SAVE
SAVE
SAVE
SAVE
INITA

CHARA
PFLAG

NOPUN
PLS

OPCHR
OPCHR
gPCHH

LNG
~16—

DIFFRACIOMETER-PDPSB

INO=C
JBUFF=BUFFER

/BUF=BUFF ST

JRDY=1

START



1443
1444
1445
144¢&
1447
1450
1451
1452
1453
l4%4
145%
1456
1457
14606
1461
1462
143
1464
1465
14&é
1467
1470
1471
1472
143
1474
1475
147¢&
1437
15¢0
1501
i5¢2
18¢3
1504
1505
15066
1507
1516
1511
1512
1513
1514

1515

1516
1517
1520
1521
1522
1523
1524
1525
152¢
1527
153¢
1521
1532
i533
1534
1525
153¢

3354
1754
1352
7650
5244
€002
2754
2354
1754
3200
1211
3600
1754
7001
G346
3764
2354
2354
1754
7650
5277

Tl4€
1354

3302
3701
1241
30060
£31¢é
6001
Sé41
2474
¢000
170¢
3302
176¢<
1640
£316
2302
2302
€302
1001
3102
5403
1240
1702
31702

2302

2302
1702
3342
17CG2
7001
G246
3702
2302
3702
2302
1702
2337
1742

LSAC,
TELE,

Py

DCA

TAC

TAD
SNA
JMP
IGF
152
1sZ
TAD
ECa
TAD
BCaA

TAE

1AC
AND
CCA
152
ISZ
AL
SNA
JMP
CLty
TAD
CCa
BCA
TAD
cCa
JNP
16N
JMp
SVAC

TAD
ECA
TAD
SZA
JMP
152
182
152
1AC
0Ca
JMp

LA -

TAD
CCa
152
182
TAD
CCA
TALC
I1acC
ANC
DCA
154
CCa
is2
TAD
CCA
TAD

CLA

-CLA

CMA

- CLA

OPCH /NG

«—3 JWAIT FOR BUFFER NCT FULL

CPCH ING
GPCH
GFCH /PCSITIGN IN BUFFER

INIT

CEARA
INTY
OPEH FINCREMENT BUFF {MEDULC 16)

MK7781

OPCH

OPCH

gPCHE

OPCH /RDY

RTL
OPCH
TELE
LSAC
gPCHR
8

P

OPCHR

TELE
TELE
TELE /NG

P
TELE
TELE
TELE

TELE
DISMIS /NO=0

TELE

TELE /NGO=NO~-1
TELE

TELE

TELE /B UF

P1

TELE

MKTT51
TELE JBUF=BUF+1 (NRODULO 16}
TELE
TELE /ROY=0
TELE
TELE
TELES
Pl JEHARACTER
~17—



1537
1540
1541
1542
1543
1544
1545
1546.
1547
1550
1551
1552

1583
15£4

1620
1621
1622
- 1623
1624
1625
1626
1627
- 1630
1631

1632
1633
- 1634
1635
1636
1637

1660
1661
16€£2
1663
1664

- 16€5:

1666
1667
1670
1671
1672
1673

1674
1678
167¢&

6046
7300
5403
0000
6042
4302
162C

1151,
6022

4302
1625
7760

Coos
G0Go

0000
0000
0000
0000
6046

G000

€000
0000

goce

6026

0000

13z¢
45086
13241
4506
5622

GoQo
0273
1270

1510

1271
1272
450
5660
7740
0100
0240
0077

0000
3322
1322

TELEES, - TLS
, cLA  CLL
JMp i - DISKIS
Fls 6]
TELSER, TCF
JMS TELE
NG
FBKTTET, 11857
PUNSER, PLF
JM¥S TELE
PNG
K20, -20
SAVA= GPCHH
SAVE= GPCHR
PLS, &
CPChy ¢
CHAR A= INITA
INDEGZ-AUTOMATIC DIFFRACTOMETER-PDPS
/PACGE 1
* 16¢C
EUFF1= .
% 20
NG, ¢
EUFF, o
EUF, 0
REY ¢
TLS
FNGs L
' G
o
FREY, ¢
PLS
"JCARRIAGE~-RETURN LINEFEED SUBROUTINE
{RLF, ) JENTRY
- TAD CR
JMS | LCPCH
TAD LF
JMS 1 LOPCH
JMP ] CRLF
* - 1£4¢
EUFE(= .
% « 420
JTYPE CNE CHARACTER FROM AC BITS 6-11
T¥ 1y 0
AND MKCGHT
TAD M40
SPa
TAG P1CO
TAD P24l
-JMs 1 LOPCH
JMP 1 TY1
M40, 1740
F100, 140G
F24G, 24C
FKOGT Ty 11
JTYPE TWC CHARAUTERS FROM AC BITS G-5 AND 6-11 RESPECTIVELY
1Y 2, "G :
oCa TEMP11
TAD TEMP11

—18—
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1697 7012 RIR

17¢C¢ 7012 RTR
1701 7012 RTR
1702 4260 JMS -TY1
1703 1322 TAD TEMPIL
1704 4260 JMS ¥l

- 1705 5674 JMp 1 TYZ2

JROUTINE STRING TYPES A TABLE: IN TRIMMED COGDE
FTABLE MUST FINISH WITH GOCC
JCALLING SEQUENCE

/ JES STRING
/ ADCRESS GF START OF TABLE
7 RETURN
17C6 0000 STRING, o JENTRY
17C7 1706 TAC 1 STRING /GET ADDRESS 0F TABLE
171C 2306 152 STRING /SET RETURN
1711 3232 . DCA PRINT /USED AS TEMPCRARY
1712 1632 JAC 1 PRINT /GET NEXT. TWO CHARALTERS
1713 7450 SNA /TEST FGR ZERG
1714 5706 JMP I STIRING /RETURN
1715 4274 JMs TY2 JTYPE TwWD CHARACTERS
1716 2232 187 PRINT C/NEXT TWO CHARACTERS
- 17175312 JMP =5
172G G215 CR, Z1%
1721 €212 iF, 212
1722 0000. TEMPL L, G
1723 1006 FLEALD, TAD M31ig¢
1724 3322 oCA TEMPI1L
1725 z13:2 152 PFLAG
1726 1332 TAD P2CC
- 1727 4508 JMs 1 LBPCH
1730 2222 157 TEMP11
17315326 JMP  «=3
1732 5434 JMP 1 L CMGA
1733 G200 BF200, 200
PRINT= CRLF
INCEGZ-AUTOMATIC DIFFRACTOMETER-PDPS
/PACE 8
% 2060
JINITIAL ISE AND WAIT FOR KEYBOARD SIGNAL
2000 6002 START; . I0F
: CINWT= START
2001 4612 JMS 1 LINIM
2002 4611 JMs I EINIT JINITIALISE TELEPRINTER
2003 €302 ENABLE
2004 6001 - 1GN
2005 4435 CMG2, JMS I LCRLF
2006 6032 KCC /GET PAPER TAPE READER CHAR
2007 4422 JMS 1 L SUPER
2010 5206 J¥p OMGA+1
2011 1400 LINIT, CINIT
2012 G410 LINTN, INIM
88= -
ELCNT= .
COUNTC= ACCNT+2
EGC= COUNTC+2
FNS= BGC+3
FG= BGC+é
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FME= FC4Z

CNEW= HEME3
EMIN]= CNEW+Z
KL= - HMIN1+10
INDEGZ-AUTOMATIC DIFFRACIOMETER~-PDPS
/PAGE g
¥ 2260
/CLUGCK INTERRUPT ROUTINE
2200 £304 CLGCK, CCF JCLEAR: CLOCK FLAG
2201 2363 151 CLOK " /TEST COUNTER
2202 8402 JMP 1 DISMIS
2203 16732 TAD M4 FMCTORS STEP AT 250C/S
2204 3363 GCA CLOK
22¢5 1761 TAD 1 LMI " /TEST MUOTOR FLAG
2206 1650 SNA  CLA
22C7 5162 Jup | LSGTHM
2210 3761 .pca 1 M1 " /CLEAR MOTOR FLAG IF SET
/MOTCR CRIVE: INTERRUPT
2211 4220 KL MDRCI
2212 €114 MI1Y
2213 0131 RIC
2214 0746 MIC
2215 €163 mIP
2216 27861 pca 1 LEI
2217 5762 JMP I LEGTM

JCLLCK INTERRUPT MOTOR CDRIVE ROUTINE
/CALLING SEQUENCE '
! J8s MERCI

! MOTOR FLAG TTHETA
/ MOTCR FLAG GMEGA
/ MOTOR FLAG CHI
/ MOTOR FLAG PHI
/ C{AC) RETURNS WITH SETTING FOR MOTOR INDICATOR
2220 00G0 MLRCI, C FJENTRY
2221 1072 TAD M4
2222 32360 oCA TEM1
2223 3344 CCA TEMZ
2224 1620 RELCGCP, TAL 1 MCRCI
2225 3247 LCA MCRA
2226 z22¢ 152 MORCI
2227 1647 TAD 1 MERA /TEST MOTOR FLAG
2230 7650 SNA - CLA :
2221- 5340 JMP MCRCX /FLAG NBT SET
2232 2344 152 TEMZ
2233 1247 TAD MORA
2234 1357 TAD ME
2235 2247 CCca MERA
2236 26417 isz 1 MCR A i?ESJ SLOW START
2237 £340 JMP MERCX
224G 1144 Cil CMA RAL
2241 1247 TAL MEDRA
2242 3247 gca MDRA
2243 1241 TAD MCRA
2244 3337 CCA MCRB
2245 4756 JmMs 1 LTRANS /COPY ARGUMENTS
2246 17671 -11 - /FROM
2247 Q000 ¥LREZ, G " /VBARIABLE
2250 2344 CVR-1 /1C BVR
2251 2347 157 K2
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2283
2253
2254
2255
2256
2257
2260
2261
2262
2263
2264

22¢5
2266

2267
2270
2271
2272
2273
2274
2275
2276
2277
2300
2301
2302
2303
2304
23¢5
2306
2307
2210
2311
2312
2313
2314
2315
2316
2317
2320
2221

2322

23323
23724
2325

2326

2321

2330

23231
2232
2333
2334
2335
2336
2337
2340
2241
2342
2343
2344
2345

5256
136¢C
1130
3347
1347
3346
135¢

1352

7440
5304
1351
1353
1440
€304
2345
5302
7240
1352
3152
10Cé
31346
1075
3347
$334
1354
5334
7700
€332
1355
€341
7200
2351
1351
10G6
7710
l:,‘.l‘&t}

235¢
7000
31351
£334
135%
6321
1240
1351
7500
€333
135¢C
3360
1346
3351
4756

1767

2344
¢oocC
2360
£224
1344
562C
cooc
GOGE

JMP
TAD
CLL
CCa
¥CR1, TAD
Cea
TAD
TAD
54
IMp
TAD
TAD
572
JMP
- IS8
JMP
CLA
TAD
cca
TAD
CCA
TAD
CCA
JMP
MERZ 5 GCa
JME
MER3, SMA
JIMP
TAD
PMF
LA
152
TAD
TAC
SPA
JEp
152
NOP
DCA
JMP
¥LOR 4, TAD
PMR
CLA
TAD
SMA
JNP
TAD
oCaA
TAD
KLRE, £CA
NLRCE, JMS
=11
CVR-1
MECRE, ¢
MCRCX, 152
JMP
TAD
JMP
LA, 0
CVR, C

cML .

CMA

CLA

CLA

- CMA

H

I

MCR 1
TEM]
RAR
Ke
Ké
K1
b
DS

MOR 2
H
HS

MDR 2
OVR
MECR 2

03

63
SSK1
K1
SSKZ
K2
MERCE
MIA
MERCE

MDR 4
PMCT

M31¢C

MCGRCE

MERCE
PMGY

H

MER 5

D

D

P307

H
LTRANS

TEM1

- RELCOP

TEMZ
MBRCT

-21o

/K2 = =2 FUR Z2-THETA,CMEGA
/K2 = -1 FOR CHI,PHI
/K1 = K2

J/CCMPARE CURRENT,DESIRED POSN

/GVERSHDOOT,LRESET DESIRED POGSN

/3L0W START CONST 1

F810%® STARY CCONST 2

/PULSE MOTCR FORWARD

" /INCREMENT CURRENT Z00THS

/1§ IT LESS THAR 200D
/-24C

/NG INCREMENT CURRENT DEGREE

JRESET 200THS POSITION

/PULSE MOTCR REVERSE
JDECREMENT CURRENT 290THS

" /LESS THAN O 2

/YES DECREMENT CURRENT DEG
/SET -:CURRENT 2007HS TC 199

JCOPY ARGUMENTS
/FROM

/0VR

/10 MOTOR

" FRETURN

FSTOGRAGE FOR CDATA
/FROM PARTICULAR



2346
2347
2350
2351
2382
2353
23584
2385
2356

2387
2360
2361
2362
23¢3
23¢4
2365
23¢E

24UG
2401
2402
2403
24C4
2405
24C6
24C7
24710
2411
2412
2413
2414
24135
2416
2417
2420
2421
2422
2423
2424
242%
2426
2427
2430

2421
2432
2433
2434
2435
2436
2437
2440
2441
2442
2443
2444

goic
¢o0cC

GoOcC.

0000
6000
000 e
6000
0000
7560

7772

goeco

€521
1052
6000

Qooo.

cOce
0307

2274
1204
2275
6301
5630
€311
5231
6041
i410
5627
€031
741G
5625
6021
1410
5626
6011
402
6012
7200
5403
1060
1547
1543
2200

1272
22732
1255
2254
£312
7004
7430
£245
2254
2273
5236
1402

/HMBTOR BLOCK

INCECZ-PUTOMATIC DIFFRACTOMETER-PDPE

SVAC
SVLK
LELK

STATUS

LTEL

LKEY

LPLUN

BISMIS

/SAVE CACH

/SAVE CI(L)

FSKIP IF NOT CLOGCK
JCLGCK

/SKIP IF NGT STATUS

F3KIP IF¥ TELEPRINTER

FTELSER
FSKIP 1F KEYBOARD

JKEYSER
/SKIP IF PUNCH

/SKIP IF READER
FJEXTRANEOQUS INTERRUPT
JIGNGRE READER

FEINDIRECT ADDRESSES

JROUTINE TESTS STATUS IN FOR. INTERRUPTS

Kil, G

Key i

Cy ¢

Ky e

LSy ¢

£S5, G

Kia, G

FMNGT, -C

LTRANS, TRANS

TENZ= LA

R‘é, -6

TEM], 3

LMI, M1

LSGTHN, SGTHM

CLOK, c

K1l G

iz, G

P301, 267

/PAGE - 10

* 24C0

INTER, LCa
CL& RAL
[ OF
SNC
JMP I
5NS
JMP
TSF
SKP
Jep I
KSF
SKP
JMP 1
" PSF
SKP
JMP 01
RSF
KLY
RRB
CLA
JMP i

LKEY, KEYSER

LPUN, PUNSER

LTEL, ‘TELSER

LCLK, CLOCK

STATUS, TAD
BCA
TAL
CCa
fS51]

TESTST, RAL
SZL
JMP
182
152
JMP

SHT3,

HLT

MIN14
STAK
JMPC
JMPE

CL37
JMPE
$TAK
TESTST
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/SET COUNTER
JINITIALISE JUMP CCMMAND

JREAD STATUS REGISTER
JTEST STATUS

" JGNE FOURD

/INCORRECT STATUS INTERRUPT



2445

2446

2447

2450 -

2451
24%2
2453,
2454
2455
2456
2457
2460
2461
24&£2
24€3
2464
2465
24¢€6
2467
2470
2471
2412

2473
2474
247%

2476
2471,
25C0
2501
2502

2503
254
2505
25C6
2507
2510
2511
2512
£513
2514
2515
2516
2517

2526
2521
2522
2523
2524
252%

720C
7004
22732
246
T04¢C
t314
1200
co00
5656
4654
3001
3006
3013
3020
32000
30C5
201z
3017
2444
2444
2h44
1764

Gouc
cooo
0QGo

1275
7110
1274
6001
54040

Cooe
44272

7715

0000
Cooe
GouC

1707

3710
2307
231G
22C¢6
£311
5703

¢ooge
17z¢
3016
fla4
132G
3105

L3587,

JMPE,
JEFCy
STAR,

¥INIE,
SWTz=
Swlls
STAK,
SVAC,
SVLKE,

/SUBRGUT INE TO

TERINT,

RAL
152
NP
CMA
Cs1i
CcLA

g

JMP 1
MONBET
ROYTZ
MEBTDZ
MCICZ
MUTPZ
MOVETL
MCVEGZ
MOGVEC?Z
MCVEPZ
SWTl
SWTZ
SWT3
-14&
SHWI2
SwT3

3
[

i

¢

TAD

CLL RAR
TAD

10N

JMp I

STAK
2

STAE

SVLK
SVAC

c

"/RGUTINE CLEARS CNE STATUS BIY
-CLA

JCLEAR STATUS-IN

/VARTABLE JUMP COMMAND

/MCGNITOR-DETECLTCR PRESETY
/2THETA ¥OTOR ZERD

JGMEGA

/EHT

/PHI

JZTHETA TABLE
/OMEGA

/CHI

/PRI

ZERG

/STATUS COUNTER

/CLAC)
/C{L}

TERMINATE INTERRUPTS

/RESTORE C{L}

JINTERRUPT ON

/CGFY FROM ONE AREA OF MEMORY 1O ANDTHER
/CALLING SEQUENCE

7

/
FFRON
/10
CCPYy

KEGZ,
LGPK,
{Cra,
(GPE,
CCPS,

JMS

COPY

NG OF ARGUMENTS
ACORESS GF TABLE
PDCRESS CGF YABLE

& CLACH

JADVANCE ADDRESSES

JTEST COUNTER

" /RETURN

JSET BRRGUMENTS FCR A SUBROUTINE

ECR

Y

c

JMS I LADR
-3

¢

¢

G

TAC 1 COPA
gca 1 CGPE
152 LGP
NS copPg
152 CGPK
JMP CGPS
JMP 1 cory
TAD 1 ACR
CCA ADRK
CLL COMA  RAL
TAD ADR
oce ACRA
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JSET COUNTER

/LCCATIGN COF

SUBROUTINE CALL



2526

2527

2530
25321
2522
2533
2534
2583%

2536

2537
2540

2541

2542
2543
2544
2545

2546
2547

2550

28¢1"

25¢2
25853
2584
2585
25586

2551

256C
2561

2562

25¢€3

2564
2565

2566
2567
257¢

2571

2572
2573
2574
2518
2576
2571
2600
2601
2602
2603
2604
2605

26066

26C7

2610
2611
2612

1040
1508
3015
2505
2326
1415
3720
Z01¢
£331
2320
5720

1177
2000
2416
1064
2406
1063
1706
1067
c3ze
2008
2001
6173
1115
2162
0415

0601
2010
1060
2014
1723
¢322
3400
12¢1
6254
¢4l
£175
2403
3367
2315
4732
2322
€347
2227
6573
1623
7172
2502
4672
1123
1364

1120

4600

ADRS,

EDRA=
ADRE=
ADORK=

/TWC-CHARACTER

SIGTEL,

CMa
TAD 1
cCa

-I87 1

182
TAD 1
oA 1
182
JMe
is2
JMP ]
TEMP
AUTS
AUTE

71
INWT
2416
TYCN
24Ge
TYCE

- 1706

OFFPRG
0320
oMGA
20661
ANGPRT
1118
T INC
0415

INDEGZ2-LUTOMATIC

/PAGE

11

ACGRA
ADRB
ACRA
ABR
ACRB
ALR
. ADRK
ADRS
ADR
ADR

JLOCATICN CF -ARGUMENTS

JSET EXIT FOR CALLING 5UB
/SET ARGUMENT STORE LCCATICN
JGET ARGUMENTS

/STORE ARGUMENT

JSET EXxil

JRETURN TO CALLING SUBRGUTINE
/ LOCATION OF SUBRGUTINE

/ LOCATICN OF ARGUMENT -]

KEYBOARD SIGNAL . TABLE

/7? REINITIALISE KILL CURRENT
/TN TYPEWRITER ON

JIF TYPWRITER GFF

JOF SET PRCGRAM END FLAG

JCP GG TGO WAITIRG LGCF

/PA PRINT ALL CURRENT ﬁNGLES
/1 INCREMENT MOTGRS

/0M DRIVE MOTCRS

DIFFRACIOMETER~PDPS

SETTTE

FIVE LY
TYPE
2014
PLEAD

0222

CENYER
3zC1
TINIT
G401
CRIVE
2403
TACNT
221%
SETTINM
£223
RN
222
WAVEL
1e23
STEPNG
2502
UBR -
1123
INSERT
1120
ipP
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/PH PUNCH HEADING

/PL PUNCH LEADER-TRAILER

“/CR CENTRE REFLECTICN

JZA READ INITIAL ANGLES

JOA DRIVE TC CALCULATED ANGLES

S /TC TAKE COURT AND- PRINT

/S¥ SET MONITCR STATUS
/8% START SCAN
JRW READ WAVELENGTH

/NS READ NG CF STEPS FCR SCAN

“/UB READ UBIRCW-WISE)

/1% INSERT STANDARDS

7 1P INDIVIDUAL PARALLEL



2613
2614
2615
2616
2617
2620
2621
26Z¢
26243

2624

2625
26286
2621
ZE3G
2631
2632

2633

2634
2635
2636
2637
2640
2641
2642
2643
2E44
2645
2646
2647
2850
Z651
2652
2653
2654
2655
2658

2657

266G
2661
2662
2663
2664
2665
2666

2667

2670
2671
2672
2673
26114
2675
26176
2677
2760
2701
2702
2703
2704
2705
27C¢

c122
4277
0304
5000
1122
4551
€301
4561
1522
4677
Co0cC
2005
¢00C
2005
1316
3105
1673
3432
304G
Z105
2105
1505
1311
3267
1667
2267
2165
1321
1505
7710
5255
3505
2108
5264
2105
1505
7750
5272
3505
4467
4701
4467
3374
4461
0000
4435
2040
2105
2432
5236
104C
7650
5560
1163
764
5720
1161
2162
1160
2165

NCHCP,

LGCP ],

FINy

L1,

EXITE,

Cle:z
S$3R
03c4
CCR
1122
IR
G301

CALCUL

1522

G
OMGA
¢
CMGA
TAD
Lea
TAD
DCA
cca
isi
Is2
TAD
TAD
CCA
TAG
cca
isZ
TAD
TAC
SPA
JMP
CCA
182
JMP
152
TAG
SPA
JMP
BCA
JMS

COCoLL

CLA

SNA

1
I

SERTUS

JNS

I

ERRORZ

IMS
¢
JMS
isZ
152
182
JMp
TAD
SNA
JMP
TAD
SZA
JMP
TAD
BCaA
TAD
CCA

I
I

- CLA
I

CLA
I

CE1
TEMP
M4
LSUPER
ERRCNT
TEMP
TEMP
TEMP
P11

Al

Al

Al
TEMP
Mz4
TEMP

oté
TEMP
TEMP
FIN
TENP
TEMP
CLA
EX1715
TEMP
L STRNG

LETRNG
L STRNG

LCRLF
ERRONT
TEMP
LSUPER
LCCP1
ERRCNT

SuPPT
ZERGO1

LZER
MOTST1
METS12
SUPPT
SUPPTT

-25—

FAS AZINMUTH SCAN

/CD COLLECT DATA

/IR INDIVIDUAL REFLECTICNS
/CA CALCULATE ANGLES

/MR MEASURE REFLECTION

/ DEGREE ADDRESS

/ NAME ADDRESS

" ERRORS

/ RESET FOR N0 ERRGRS N0 CHECK

/ SERIGUS ERRCR
7/ ALC>07

/ RESET FOR NO ERRORS NG CHECK.

/NG ERRLRS

JZERGING IN PROGRESS PRESERVE RETURN
/ SAVE MOTST RETURN



2707 4711 JMS I PZERCO

2710 4427 JMs I LMOTST
2711 C01C P10, 1¢
2712 3163 oCA IERGOD1]
2713 1162 TAD MOTST2
2714 3161 DCA MOTST1 /RESTORE RETURN
2715 5565 JMP SUPPTT
2716 3000 C(hkl, MOVET
2717 €276 FZERGD, ZERGO
2720 0311 LIZIER, LANGLE+Z
2721 1754 M24, ~-24
FRRONT = 4G
/NDECZ-AUTOMATIC DIFFRACTCOMETER-PDPE
/PACGE 12
% 20¢0
300G 4624 VOVETZ, JMS 1 LMOVE
2001 4625 POTTZ, JMS 1 LMARK
3002 (71C o7
3003 000C ¢
3004 0000 ¢
3005 4624 MOVECZ, 3MS I LMOVE
30606 4625 FOTLZ, JMus 1 L MARK
3047 €725 no
301C GOG0 e
3¢11 COCC ¢
3012 4624 MOVELZ, JMs 1 LMOVE
3013 4625 MGTL, JMs 1 LMARK
3014 742 GC
3015 0000 0
I31¢ 00CC 4
01T 4624 NMOVEPRZ, JMs 1 LMOVE
3020 4625 ROTPRIZ, Jms 1 LMARK
3021 (757 e
3022 000C L0
3023 0000 ¢
3024 3026 LNOVE, MOVCHK
3025 3050 LMARK, MARK
3026 0000 MOVCEK, 0
S 3027 2226 is2 MOVCHK
303¢ 1626 TAD 1 MOVCEK
3031 3247 oCA TEMS
3032 2226 isz MOCVCHK
3033 2226 152 MOVCHK
3024 1626 TAD 1 MOVCHK
303%. 7550 SPA SNA
3036 1240 CLA - CMA
2037 3626 pca 1 MOVCHK "/ =1 FOR CHECK
3040 1647 TAG I TEME '
0Ll T65¢ SNA CLA
3047 5403 Jep 1 DISMIS
3043 7001 IAC
3044 3626 DcaA 1 MOVLHK "/ +1 FCR ERRQOR
3045 3641 pCA i TEME
23C46 5403 JMP 1 DISMIS
3047 G000 TEMS, o)
ACEE G000 MARK, 4}
3051 165¢C TAD R MARK
3082 1073 TAD V4
3053 3260 LCA TEM2
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3054
3055
3056
3057
306C
3061
3062
3063
3064
3065
3066
3067

3076

3071
3072
3073
3074
3075
3076
3077
3160
31¢C1
3102
3103
3104
3105
31Cé
3107
3110

3111

3113
3114

3115

3116
3117

3126
3121

3122
3122
2124
3125
3126
3127
3120
3131
3132

3133

3134

3135

3136
3137
3140
3141

3142

3143
3144

3145
3146

3147

1260
3347
47151
1773
0000 TENMZ,
2151
13532
1104
7710
5403
2250
1650
7450
7240
365¢
1356
2260
1352
7700
5304
1260
7041
1357
32260
7040 FGRW,
1260
7750
54072
2650
741C
2650
2250
1260
1361
770¢C
53125
1260C
1075
775C
E34(
5336
1352 MARKZ,
7500
7201
1355

3355

126¢
136C
7740
5340
7001 FMARKZ,
36590
1352 MARK4,
7710
1351
3356
4151

173

3151
CO0Q0. TEM4,

TAG
CCA
JMS

CVER-
TAD
TAD
SPA
JHP
152
TAD
SNA
CLA

-GCA

TAG
CCA
TAD
SMA
JMP
TAD
CMaA
TAG
LCA
CMA
TAD
S5pa
JNP
157
SKP
i527
152
TAC
TAD
SMA
JMP
TAD
TAD
SPA
JMP
JMP
TAD
SMA
LA

- TAD

CCA
TAD
TAD
SMA
JMp
IAC
oCa
TAC
SPA

- TAD

gca
JNS
-5
GVER~-
o

-y e S

I

i

CLA

CMA

-CLA

iAC

CLA

- SNA

Iac

Sia

-CLA

TEMZ
TEM4
PTRANS

K11
THR

DISMIS
MARK
MARK

MARK
BTY

TEMZ
GVER

FORW
TEM2

PL3CT
TEMZ

TEM3

-CLA

DISNIS
MARK

MARK
MARK
TEM3
M1l44

MARKZ

TEM3

M12 -

-CLA

MARK4
MARK3
OVER

PR
DIT
TEMZ
Meié
Cia
MARK4

MARK
OVER
PLECT

HTY
PIRANS

27—~

/SL0W START PULSE TOO CLOSE

/FORWARD yHTIT=HTT
JREVERSE yHTT=1G89-HTT

- /OK

/-1GC

/SERIOUS ERROR

JD¥T=DTT-1 REVERSE

/DIT=DTT+1 FCRWARD

/4169



215C 5403 JHMP 1 DISMIS
3151. 7560  PTRANS,  TRANS

3152 000G OVER, 0 :
3163 C000 K11, 0 )
3154 0000 K22, ¢
3185 000C.LTT, 0
3156 GO0C +TT, 0
3157 0307 PL3GT, 107 /415%
3160 7502 M276, -216 /-160
3161. 7634 M144, -144 /-160
3162 4370 VINC, NS ARG
3163 3142 DCA NANG
3164 4430 JMS 1 LINTIN
3165 2143 oCA XANG
3166 4465 IMS 1 LSTEP
3167 5434 NPT LOMGA
317C 0000 ARG, 0
3171 4430 JMs 1 LINTIN
3172 0104 AND THR
3172 7450 SNA
3174 1376 TAD PLUS4
3175 5770 JMP 1 ARG
3176 0004 PLUS4y &
/ND6C2-AUTOMATIC DIFFRACTOMETER-POPS
/PAGE 12
* 2200
/SUERCUTINE FOR RECEIVING COUNT
32006 GODO TKCNT, 0
3261 1200 TAD CTKCNT
3202 3156 CCA STEPPT
3203 4510 CCl, ams 1 LSTCT
3204 4407 aMs 1 7
3205 6527 FPUT 1 PCNEW
3206 0000 FEXT
32¢7 7061 1AC
3210 3154 oCA NSUB
3211 4510 €02, JMS I LSICT
3212 4407 Ms 17
3212 1101 FADD O
3214 0002 FSCRT
3215 3351 FMPY FOUR
3216 6052 FPUY DANG JTEMP USE
3217 0006 FNEG
3220 1525 FADD I COUNT JLOWER LIMIT
3221 2527 FSUB' 1 PCNEW
3222 000C FEXT
1223 1045 TAD HORD
3224 7700 SMA  CLA
3225 5203 Jmp col JCOUNT. TOO HIGH, START AGAIN
3226 4401 JMs 17
3227 5525 CFGET 1 COUNT
3230 1052 FADD DANG JUPPER LIMIT
3231 2527 FSUB I PCNEW
3232 0000 FEXT
3233 1045 TAD HORC
3234 T710 SPA CLA
32355203 - IMP co1 /PREVIOUS COUNTS TGO HIGH
3236 2154 157 NSUB |
3237 1154 TAD NSUB

— 28~



3240 44372 JMS 1 LFLT
3241 4407 JMS 1 7

3242 6052 EPUT DANG " /TEMP USE

3243 £525 FGET 1 COUNT JCALCULATE NEW AVERAGE

3244 2527 FSUB 1 PCNEK

324% 4052 FD1v DANG

3246 1527 FAGD 1 PUNEW

2247 6527 FPUT 1 PONEW

325G Q00C FEXT

3251 1154 TAD NSUB

3252 10673 TAL M4 .

3253 T71¢C SPA CLA

3284 5711 JMP . C02

3255 4407 JMS 1 7

3286 3351 FMPY FCUR

3287 £52%8 FPUT 1 CCUNT

326C GO0D FEXT

3261 5556 NP STEPPT

3262 000C STEP, ¢

3263 1267 TAD STEP

32€4 3156 o STEPPT

3265 1142 L03, TAD XANG " /NG OF THO-HUNDREDTHS PER STEP
3266 4432 dMs 1 LFLT

2267 4407 JMs 1 7

3270 4716 FoIv 1 LF2CC

3271 6052 FPUT GANG

3272 00GC FEXY

3272 4317 JMS ADNANG /GET PCINTER TL ANGLE

3274 3262 CCA ANGADR JPCINTER TO ANGLE

3275 4407 JMs 1 7

3276 5662 FGET 1 ANGALR " JINCREMENT ANGLE

3277 105z FACC CANG

3300 &662 FPUT I ANGADR
- 3301 00060 FEXT

3302 114z 1AL NANG

3303 7640 SZA CLA

3304 52132 Jrp S$TP&

3305 4407 JMS 1 -7 /NANG=0,STEP 2-THETA TWICE
3306 5052 FGET DANG

3307 1052 FAGD DANG

3310 1514 FACD 1 PTTR

3311 6514 FPUT I - PTTH

3312 000C FEXT

3313 4427 STP6, JMS 1 LMOTST /MOVE TO NEXT PGSITION
3314 700C ' NGP

3315 5556 JEP STEPPT

331& 0657 LF20C, Fz00

3317 000G ARCNANG, O

3320 1142 TAD NANG

3321 74%0 SNA

33222 1101 TAD T¥0 /OMEGA = 0 OR 2

3323 1041 CMA  IAC

3324 22862 cCA $T1

3325 7146 CLL CMA RTL- /-3

3326 1104 TAC THR

3327 2262 isz $T1

3330 €326 JNP =2

3331 tli4 TAD PTTH

1332. 8717 JMP 1 ADNANG

JSUBRCUTINE FOR TYPING L INES
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3333
3334
3328
333¢
3327
3340
3341
3342
3343
3344
3345
3346
3347
335¢
3351
3382
33%3
3354
3355
3356
33587
3360
33¢1
3362
3363
3364
33&5
3366

3347
3370
3371
3372
3373
3374
3375
3376
3377

3440
3401

3402
3403
3404
3405

2406

3407

3410°

3411
3412
34413
3414

Co0C.

1182
765C
5723
Z144
£344
1074
3144
4435
4407
5525
0018
to0o
8733
0003
200¢
000¢C
£224
1605
2401
co0o
1715
0507
€140
0000
201¢C
114¢C
¢0ocC

4464
4407
0015
0000
£434
0522
2211
2240
0000

4764
3147

1101
3142
1362
3143
4465
1360
2143
4407
5470
£52C
60GO

TYPCPT, C
TAD TYP
SNA  CLA
JME 1 TYPGR 1 /RETURN IF FLAG=0
151 WOK
JuPp A
TAD M10 /
DCA WDK
JMS 1 LCRLF
JMS 1 7
FGET I COUNT
FDPGUT
FEXT
JMP 1 TYPOPT
FOUR, 0002
2060
ogce
TTHETA, 6224
1ces
241
¢
CMEG2, 1715
0507
0128
0
PHIN, 2616
1140
0
ENGACR=  STEP
$T1= ANGADR
CANC= FPACI
TACNT, JMS 1 LTKCNT
JMs 1 7
FOPOUT
FEXT
JMP 1 LOMGA
ERRGRZ, 0522
217
2240
¢

]
0

/NDEG2Z-2UTOMATIC DIFFRACTOMETER~-PROPS

/PAGE - 14

* 2400

JPRGGRAV ELCCK FCR CENTERING A REFLECTION

CENTER, JMs 1 LARC "/ 3 FOR CHI, 4 FOR PHI
cca NCP

JROUTINE TC PERFGRM CODARSE GMEGA SCAN 7O LOGCATE PEAK

JSTEPS1ZE FOR COARSE SCAN = C.1 DEG

TAC TwO

CCA NANG

TAD M1CG

GCA XANG

JMS 1 LSTEP

TAD P24 126
- DCA XANG

JMS 1 T

FGET 1 LZERD

FPUT 1 LIMITE

FEXT
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3415
3416
3417

3420

3421
3422

3423
3424
3425

3426

3427

3430

3431

3432

3423

3434-

3435

3436

3437

3440
3441

3442
3443
3444
3445

3446

3447

3450
3451
3452

3453
3454
3455

3456

3457
3460

3461

3462
34¢€3
3464
3465
3466
3467
3470

3471

3412
3473
3474
3495
3476
3477

104C
3144
1678
314¢C
4464
43473
5232
4407
5515
6523
552%
€820
G00¢

h465

21440
£221
4407
5520
335¢
6520
§523
£515
G006
4427
T00¢
1147
4257
1101
4257
71001
42517
4471
£434

2317

0000
2148
1257
3151
1362
3143
7040
3140
4656
3257
104
3144
4465
4484
4656
3257
4343

cMa
CCA WDK
TAD M12 /~10
DCA SCV1
0S5C1, JMS I LTKCNT /STEP
JMS COMP AR /TYPOPT, COUNT = LIMIT ?
Jmp 0sC2 JCOUNT < LINMIT
NS I 7 JCOUNT > LIMIT
FGET 1 POMG
FPUT T ANGMA X
FEET 1 COUNT
FPUT 1 LIMITL
FEXT
CSCz, MS 1 LSTEP
is2 SCVl
Mp 0SC1
JMS 1 7
FGET 1 LIMITL
FMPY HALF
FPUT 1 LIMITI
FGET 1 ANGMAX
FPUT 1 POMG
FEXT
JMS 1 LMOTST JMCVE TO MAX
NGP
TAD NCP
IMS CONV JIRIM CHI OR PHI
TAD THO
JMS CONV /TRIM OMEGA USING CCNVERGE
1AC
JMS CONV JTRIM 2 THETA USING CONVERGE
JMS I LANGPT /PRINT ANGLES
JMP 1 LCMGA
NCP= NCT2
SCV1= GSTP

LIMIT]= LACCNT

ENGN A = LFG

LANCGALD, ACNANG

JCONY TRIMS ANGLE TO BISECTION UF HALF-MAXIMUM HEIGHTS
JCALLING SEQUENCE

/ JMS - CCNY
/ VALUE FOR NANG IN C{AC)
/ VALUE FOR HALF-MAXIMUM IN LIMIT
CONV, 6
CCA NANG
TAD CCNV
DCA CONVPT
TAD MIN4C /32
GCA XANG
CMA
oA SCV1
CYHER, JMS 1 LANGAD
CCA ANGAD1
CHA
TCA WOK
REPEAT, JMS 1 LSTEP
JMS 1 LTKCNT JRESTORE POINTER TO ANGLE
JMS % LANGAD
CCA ANGAG]
JMS CCMPAR fTYPOPT, COUNT = LINIT ?
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35G0
3501
3502
3503
3504
2505
35C6
3507

3510

3511
3512

3513

3514
3515

3516

3517
3520
35Z1
3522
3523
3524
3525

352¢

3521

35306

3531

3832

3533
3534
3635
3536
2537
3540
354]
35472

3543
3644
3545
3546
3547
3550
3551

3852

3583
3854
3555
3556
3551
3560

3561
3562
36563

3564

T41C
52713
1143
041
3143
4465
1143
1141
T51¢C
TC2C
701C
3142
1143
G1C4
1650
5273
214¢
5331
4407
5657
6523
000G
1361
3143
5267
4407
8657
1523
33565
6657
0oo¢
4435
4421
£434
5557

000¢
4466
4407
5528
2520
0eoce
1045
7700
2343
5742
006C
200¢
0000
0024
£04¢
1740
7634
3170

SKP
P
TAD
CMA
CCA
IMS
TAD
cLL
SPA
CML
RAR
DCA
TAD
AND
SNA
JMP
152
JMP
NS
FGET
FPUT
FEXT
TAD
DCA
JMe
El, JMS
FGET
FACD
FMPY
FPUT

FEXT

IMS
- JMS
JpP
Jmp

CCNVPT= LGgse

INGACL= CONYV

/RCUTINE TC TYPE DUT

1AC

CMA

CLA

1

i
I
1
1
T

JCALLING SEQUENLE

/ JMS CONMPAR
CCMPAR, (¢}
JMSs 1
JMs 1
FGET 1
FSUB 1
FEXT
TAD
Sma  CLA
154
SJamMp 1
EALF, -0
© 2000
¢
P2i,y 24
P40, 40
NIN4GD, =40
MIOG, -144
LARG, ARG

REPEAT
XANG

XANG
LSYEP
XANG
12C

XANG
XANG
THER

REPEAT
vl
B1

1
ANGAL1
ANGMAX

pag
XANG
OTHER
T
ANGADL
ANGMAX
HALF
ANGAL1

LCRLF
LMOTST
L CMGA
CONVPT

/COUNT LESS THAN LIMIT
/COUNT GREATER THAN LIMIY

I XANG=-XANG/2

/2ND
/1ST,FIND 2ND

/SAVE 15T HALF-HEIGHT ANGLE

/432

/PEAK = {ANGLE + ANGMAX)/2

JMOVE T0O. PEAK

AND COMPARE COUNT AND LIMIT

LTYPGTY
1
COUNT
LIMETL

4%

CCGMPAR
CCMP AR

/HORD

/NCEC2-2UTOMATIC. DIFFRACTOMETER-PDPS
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3600
3601
36062

3603

3604

3605

3606
3607
3610
3611
3612
3613
3614

36135

3616
3617

3620
3621

3622

3623

3624
3625

3626

3627
3630
3831
3632

3633-
3634

3&35
3636

3637
3640
A&4].

3642

3643

3644

3645

3646

3647

3650
3651

3652
3653
3654,

3655
3656
3657
366C
3661

00G0C
i510
7041
4242

01158

0147
5211
560C
4722
4435

4467

£372

461G

4471
5587
1105
7640
5711
2105
4401
5516
0006
6516
5235
1517
£517
0000
5274
0051
c0i0
2640
0000

0550

7514

0000
7041
3260
1642
2242
1260
770¢
5255
1642
126C
7710
2242
2242
5642
000C
4023

/PACGE

EX,

PHKLET,
CBERR,

RETN1,
VARY,

XA,
£184,

F360,
Mi8C,

15
2600

¢

SPA
CMA  1AC
JMs
11%
147
JMp
JMP I
HKLOUT
JMS 1
JMs 1
CBCURE

~JMS o

JMS 1
JMp I
TAD
SZA CLA
RE T
152
JMS 1
FGET 1
FNEG
FPUT I
FGET
FADC 1
FPUT 1
FEXT
NP
XTTH
0610
2640
000C
S5
~264

CHEKK

/17

/+103
OBERR /ONEGA BETWEEN 103 AND 77
EX

LCRLF
LSTRNG

PEKLET
LANGPT
LOBSPY
NARR

OBERR
NARR
1 /TRY OMG,~CHI PHI+PT -
PCHI

PCHI
F18C
PPHI
PPHI

RECHEK

44360
/-18C

/JROUTINE TO CHECK RANGE OF ANGLE
/CALLING SEQUENCE

/

/
/
/
/
/
C

HEKK

TERPY,
SINL Ik,

IMS

CHEKEK

ANGLE: IN. C{AC)

MINIMUM VALUE FOR -THE ANGLE
MAXIMUM: VALGE FOR THE ANGLE
RETURN WITHIN RANGE

0
CMA - TAC

. DCA

TAS 1

152

TAD

SMA . CLA
JNP

TAD 1 -
TAD

5PA CLA
182

152

JMP

G

40232

RETURN OUT GF RANGE

TEMPY
CHEKK
CHEKK
TENMPY

oth
CHEKK
TEMPY

CEEKK

CHEKK
CHEKK
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36£2 1116 111¢

3663 0540 540
3664 1411 LIMITS, 1411
3665 1511 1511
3666 2440 2440
3667 0000 ¢

JROUTINE TO CHECK WHETHER CALCULATED ANGLES ARE OBSCURE
JIF ENGLES CK THEN MEASURE REFLECTICN
3670 0000 CGBSCURy G

3671 12706 TALD GBSCUR

3e72 2157 DCA LOBSPT

36173 2105 gla NARR

3674 16732 RECKHEK, TAD M&

3675 305C LCA XAF

3676 1234 TAD XA

3677 327C LA sGgBz

376G 1114 TALD PTTH /ADDRESS OF CALC ANGLES
37C1 3200 pCa S0B3 JFIX CALC ANGLES
37C2 4407 CBl, JMs 1 T

37C¢3 S5¢60C FGETY | SCez

37C4 7200 FINC SCB3

3705 GOOO FEXT

37C6- 4426 amMs 1 LFIX

37CT 267C pca 1 sGBe

3710 2270 182 3082

3711 205¢ 1s2 XAF

3712 E202 JNMP oel

3713 1061 TAD XYTH /CHECK 2-THETA
3714 4242 JMS CHEKK

3715 1654 ~124

3716 €20¢ 206

3717 1410 SKP

3720 Bz11 JHp CBERR ©/2=-THRETA O>TTH>149
3721 1051 TAC XTTH JEVALUATE ALFA=COM-2TH AND
3722 1041 CB2, CMA  1AC /BRING INTO RANGE +180 TGO -180
3723 1052 TACD XGM

3724 1241 TAD Migc

3725 1500 SMA

3726 5332 JMP T ath

3727 1240 TAC P26C

3730 751C SPA

3731 1240 TACD P2€0 JLESS THAN 180,A0D 3560
3732 1241 TAD M1E8C

3733 30S8¢ DCA XAF

3734 105C TAD XAF

3735 420¢C ImMs EX

3736 10%t2 TAD XCM

3737 4200 JMS EX

3740 1053 TAD XC1

IF41 4242 M5 CHEKK

3742 1761 -17 /=15

3743 €017 17 WADS

3744 2372 JMP DCOLL C/-15<CHIL1S

3745 1G53 TAD xCY

3746 1710 SPA (LA

3747 £354 - JIMP ggs JOHT <-15

3750 1052 TAD XOM /CkI > 18

3751 320¢C CCA SOB32

3782 16S¢C TAD XAF

373 £357 JMP ogé
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3754

3755
3756
3157
3760
37€1
3162

3763

37€4
3765
3766

31867
37170
3771

3772
3773,
3774

3775
3776
3777
4000
4001

- 4002

4003

4004

4005
4G06
4007
4010
4011
4012
4013
4014
4015
4016

4017

4020

4021

4022
4023

4024

4025
4026
40217
4030
4021

1050
3200
1052
3270
1200
4242
0040
c224
5217
1270
42632
1554
1746
5217

4427
7000
1134
3131
315¢
2147
2132

1363

4506
£435
4162
4471
3132
1141
4432
4407
£522
547¢C
6520
£521
000¢C
3148

Z1lad
1150
1134
2150
4464
4407

520
€520
27471
€000

CB5,

Ge6,

SGBz=
5GRz=
NARR=
XAF=
XTTE=
XCK=
X{1=
XFi=

TAD
gCa
TAD
GCa
TAL
JMS
4G

224
JMP .
TAD
JMS

=224

-4&(
NP

GBSCUR

EX
TENP
80
21
ATTES
ACM+1
XCI+]

1

XAF
SCB3
XOM
3082
SGB3
CHEEKK

VARY
SCB2
CHEKK

VARY

/+32
C/+148
/TRY ALTERNATIVE ARRANGEMENT

- /~148
/=32

/NGECZ-AUTOMATIC OIFFRACTOMETER-PDPS

/FAGE 16

/RCUTINE DCOLL SCANS A PEAK

CCCLL, IMs 1 LMOTSTY
NOP
TAD c1
o LEeT
DCA NKE1
- GCA NANG
182 PFLAG
TAD SOM-
JMs 1 LOPCH
JMS 1 LCRLF
JMS 1 LEKLGTY
JMS 1 LANGPT
ToF . S PFLAG
TAD NSTP
JMS 1 LFLT
JMS 1 7
FPUT 1 LFNS
FGET: 1 LZERC
FPUT 1 LACENT
FPUT I - L8BGC
FEXY - :
DCA G

/FING NC

PPK, 152 G
TAD NH1
TAD o |
DCA NH1
M5 LTKCNT
JMS 1 kj
FADD 1 LACCNT
FPUT I LACCNT
FsuB 1 F200PT
FEXT

/FIXED NSTEP

“ /CLEAR ACCNT

{G) CF COUNTS ON PEAK REQUIRED 7O REACH 200
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4032 114¢% TAD G

4033 €304 AND LCMA

4034, T440 Sz

4035- 5242 JMp DCOLLA

4036 1045 TAD 4%

4037 7710 SPA  CLA

4040 5220 JMP PPK

4041 1145 TAD G

4042 4433 GCOLLA, JMS I LFLY

4043 1150 TAD NH1

4044 3134 DCA cT JSET MONITOR SCALE-FACTOR
JCALCULATE NO OF GROUPS DF G IN NSTP AND FIX. RESULT IN GSTP

4045 4407 JMS T 7

4046 €523 FPUT 1 LFG

4047 5522 FGET I LFNS

4050 4523 FOIV I LFG

4051 0000 FEXT

4052 4426 JMS 1 LFIX

4053 3140 OCA GSTP

4054 1350 TAC ASHIFT

4055 3143 CCA XANG

4056 4465 NS 1 LSTEP JSRIFT TGO BACKGROUND

4057 4464 JMs 1 LTKCNT

4060 1140 TAD GSTP

4061 4433 JMS T LFLT

4062 4407 JMS I 7

4063 6522 FPUT 1 LFNS /GSTP NOW FLOATED

4064 5520 FGET 1 LACCNT

4065 1528 FADD. I COUNT

4066 4101 FDIV TWO

4067 6524 FPUT I PEME JHALF MAXIMUM HEIGHT

4070 5525 FGET 1 COUNT JCONTAINING G BG COUNTS

4071 1101 FADD TWO

4072 4520 FDIV 1 LACCNT  * /GROUP COUNT ON PEAK

4073 0002 FSGRT - JUBG/PEAK) *%1 /2

4074 35232 FMPY I LENS

4075 4101 FOIV TWO

4076 0000 FEXY

4077 4426 JMS 1 LEIX JESTIMATE OF 1/2 BKGND GROUPS

4160 3155 GCA GBG

41C1 1165 TAC 6BG

4102 7041 CMA  IAC

4163 2147 DCA NCT2

4104 7040 LCMA, CMA

4105 2144 LCA WCK

4106 4464 RG10, CIMS 1 LTKCNT

41C7 4352 JMS BACKED

4110 2147 1S2 NCTZ

4111 5306 InP RG1C

4112 1351 TAD NSHIFT

4113 3143 DCA XANG

4114 4465 IMS 1 LSTEP /SHIFT TO CTHER SIDE

4115 1155 TAD GBG

4116 7041 CMA  1AC

4117 2147 CCA NCT2

4120 4464 RGIy IMS 1 LTKCNT

4121 4352 dMS BACKGD

4122 2147 1S2 NET2

4123 5320 JMP RGI

4124 1155 TAD GBG
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4125
4126
4121
4130

4131

4122
4133
4134

4135
4136

4137
4140

4141.

4142
4142
4144
4145

4146
4147

4150
41851
4157
4152
4154
415%
4156
4197
4160
4161
4162
4163
4164
4165
4166
4167
4170
4171
4172

4173
4174
4175
4176
4177
4200

4201

4202
4203
4204
4205
42C¢6
4207
4210
4211
4212

4213

4214
4215

44372
4407
2101
€525
55271
2522

4525

€521
5470
6520
¢ooc
1141
7ll1C
041
135¢
3143
4465
5373
G651
il30
55240
GGGG
4466
4407
5528
1521
£521
VS
5152
4722
6201
4366
5434
0000
4431
1718
£i52

5766

3150
2147
114%
2143
7040
3144
4464
4465
4466
2147
1158
7640
tézz
4401
5525
2524
Goog
1045
EREYY

FZ2COFT,
ASEIFT,
NSEIL1FT,
EACK L,

LEKLET,
SCMy
HEKL IkE,

KL,

INGEEZz-2UTOMATIC

/PAGE
LATR,

AEVAN,

JMS 1 LFLT
JMS T 1

FMPY T¥0
FPUT I CCUNT
FGET 1 LBGC
FMPY 1 LFNS
FOIV 1 COUNT
FPUT 1 LBGC
FGET | LZERD
FPUT 1 LACCNT
FEXT

TAD NSTP
CLL RAR

CHMA  IAC

TAC ASHIFT
DCA XANG
JMS I LSTEP
JMP DATA
F2CC

1130

5620

e

JMS 1 LTYPOT
JMS 1 7

FGET COUNT
FADD 1 LBGC
FPUT 1 LBGC
FEXT

P BACKCD
HKLOUT

201

JMS FKL
dMP T LOMGA
0

JMS 1 LFIXIN
-3

PH

JEP 1 HKL

17

oCA NH1
DCA NCT2
TAD G

DCA XANG
CrMA

pCa wDK
JMS 1 LTKCNT
JMS 1 LSTEP
JMS I LIYPOT
152 NCT2
TAD N1
SIa  CLA

JMP 012
MS 1 7
FGET. 1 COUNT
FSUB 1 PEMH
FEXT

TAD 45

SPA  CLA

—37—

FTOTAL BACKGRCGUND GRTUPS

FADJUSTED BACKGRCUD COUNT

" /6CG0 STEPS T.£. 3 DEGREES

/-1200 1.E. -6 DEGREES

/READ H,K,L

/RETURN

DIFFRACTIOMETER~-PDPS

/FOUND IST HALF HEIGHTY
/YES,LGOK FCGR SECOND

JHORD
/IS THIS FIRSY HALF HEIGHT?



4216
4217

4220
4221

H222

4223
4224
4225

4226
4227
4230-

4231
4232

4233

4234
4235

4236
4237
4240

4241
4242

4243,

4244
4245
4246
4247
4250
4251
4252
4253

L 4254
4255

4256
4257
426G

4261-

4262

4263

4264
4265
4266

4267

4270
4271
4272
4213
42714
42715
4276

4231
4300
43201
4302
4303
4304
43C5
4306
4307

€235
1147
2150
£235
4407
5524
2525
0000
1045
7710
5234
1151
7450
1147
2151
4407
5520
1525
6520
¢000
1140
1641
1147
7710
£201
213z
1145
4462
1140
4462
1150
4462
1151
4462
4435
4407
5520
0015
5521
0015
0000
4435
127¢
4506
2132
1131
3134
5557
0203

2146
4430
1150
7040
3144
4427
5434
4464
4466

£72,

LT4,
- CT3,

EOM,

JMp
TAD
BCA
JMp
JMS ]
FGET 1
FS5UB- 1
FEXY
TAD
sPa (LA
JMP

- TAD

SNA
TAC
DCA
IMS
FGET
FADD
FPUT
FEXT
TAD
CMA  IAC
TAD

SPA  CLA
JMp

1S

TAC

JKS 1
TAD

JMs 1
TAD

JMs 1
TAD

NS 1
JMS 1
JMS ]
FGET 1
FOPOUT
FGET 1
FOPBUT
FEXT

JMS ]
TAD

JMS 1
oCA

TAD

DCA

JMP 1
202

L b el e ot

073
NCT2
NH1

D73

3
PHMH
COUNT

45

DT4
NH2

NCT2
NHZ

7
LACCNT
COUNT
LACONT

~GITP

NCT2

ADVAN
PFLAG
¢
Liocuy
GETP
LI1GuT
NH1
LI0OUT
NH2
LIocUY
LCRLF
1
LACCNT

LBGC

LCRLF
EoM
LOPCH
PFLAG
LEY

cr
LCBSPT

- /NO

/HORD

/18 THIS SECOND HALF HEIGHT?
/NG

INO

JAZIFUTE SCAN ROUTINE CALLED BY /AS
/NG CF TENTH-CEGREE STEPS REQUIRED

SSR,

35R1,

152
JMS 1
cca
CHMA
cCA
JM3
Jup
JMS
JMS

L B B )

AUTO
LINTIN
NH1

WEK
LMOTST
LOMGA
LIKCNY
LYYPLT
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4310
4311
4312
4313
43214
431%
4316
4317
4320

43z1

4322
4323
4324

4325

4326
4327
4330
4331

4332

4333

4334

4335
4336
4337
4340

4341

4342
4343

4344

4345
4346
4347
4350
4351
43E2
4353
4354
4355
4386
4357
43860
43¢&1
4362

4363
4364

43€5

43é¢

4367
437C
4371
4372
4373
4374
4375
4376

1150
T710
1144
7001
4433
44G7
4775
6524
0000
1150
7500
7041
3151
4407
5514
3776
6521
000é
1515
€515
£51¢
00032
£52%
5515
0004
652¢
4528
2524
1517
6ELT
E51é&
cot4
452%
3gz0
3524
€525
1515
£515
£525
377¢
1515
0002
3524
1518
€516
551%
1521
€515
06000
2151
£32%5
4463
2304
&174
3555

TAD NH 1
SPA  CLA
CLL CMA RAL
1aC
NS 1 LFLT
Jus 1 7
FOIV 1 LLLTEN
FPUT 1 LOPST
FEXT
TAD NE1
SMA
CMA  1AC
DCA NH2
SSR2, JMS 1 7
FGET 1 PTTH
FMPY. | PHALF
FPUT I LBGC
FNEG
FADD 1 POMG
FPUT 1 POMC
FGET 1 PCHI
FSIN '
FPUT 1 COUNT
FGET I POMG
£COS
FPUT 1 LACCNT
FOIV 1 COUNT
FMPY 1 LOPSI
FADD 1 PPHI
FPUT 1 PPHI - /PHI=PHI+{COS(W)*DPSI/SINIC))
FGET 1 PCHI
FCOS :
FOIV 1 COUNT C/SIN CHI
FMPY 1 LACCNT /COS OMEGA
FMPY 1 LOPSI
FPUT 1 CCUNT /~DELTA OMG
FABD 1 POMG
FPUT 1 PGMG - JOMEGA=CMEGA+DELTA CMEGA
FGET 1 COUNT ' /DELTA OMEGA
FMPY I PRALF
FADD I POMG
FSIN
FMPY I LOPSI
FADD 1 PCHI
FPUT 1 PCHI JCHI=CHI+DELTA CHI
FGET 1 POMG
FADD 1 LBGC
FPUT 1 POMG
FEXT
1512 NH2
JMP SSR2
JMS 1 LEO
JMP SSR1
LLLTEN,  TEN
PHAL F, FALF
INC6G2-AUTOMATIC DIFFRACTOMETER-PDPS
JPAGE 18 |
% 4400

JRCGUTINE 7O CALCULATE ANGLES FCR BISECTING: POSITIOCN
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44CC

4401
L4402

4403

4404
4405
4406
447
4410
4411
4412
4413
4414
4415
4416
4417
4420
4421
4422
4423
4424
4425

4426

4427
4430

4431

4432

4433
4434
4435

4436
4437
4440
4441
4442
4443
4444
4445

4446

4441
4450

4451

4452
4453
4454
4455
4456

4457

4460
4461
4462
4463
4464
4465

¢ooo

Tl4¢
2151
112%
3140
11406
3145
1374
3150
155¢C

4433

4407
6545
7145
000G
215¢
2151
£211
1123
2150
1111
3151
7146
3145
4407
5470
€520
0000
4407
5470
€550
0000
4336
433¢
433¢
4407
00¢1
1520
£520
7150
0000
135C
1140
3140
2145
5234
4407
0602
3526
4101
6515
0001
0006
1016

/VALUES FGR FsK,L AND UB MUST BE SE7T PRICR TG CALL
/CALLING SEQUENCE

/
/
/

EI1ANG,
JRCUTINE TO FLOAT HyK,L;3CALCULATE HF=UB

i,

JMS

BIANG

ERRCR RETURN TeEe SIN{THETA)DL

0

CiLi CwMA
GCa

TAD

pCA

TAD

pCA

TAD

oCA

TAD I
JMs 1
NS 1
FPUT 1
FINC
FEXT
152

152

amp

TAD

oCA

TAD

-GCA
CLt .CMa

DCA
IMS 1
FGET 1
FPUT 1
FEXT
IMS 1
FGET 1
FRUT I
FEXT
IMS -
JMS -
NS
IMS T
FSOR
FALD I
FPUT 1
FINC
FEXT
TAD
TAD

- BCA-

152
JMP
JMS 1
FSQRT
FMPY I
FOIV
FRUT I
FSOR
FNEG
FADD

|

NORMAL RETURN

RTL
HT2
LHY
AX

AX

HT3
PEB
HT11

*H AND STORE HF

HT1 /FLOAT AND STORE HK,L

LFLT

HT3
HT2

K11
H12
Fl
LHF
HT1
LUB
K12
RTL -
HT3
7‘
LZERG
UNB

W

7
LZIERC
HT1

ROWCOL
ROWKCOL
ROWCOL
.’7 .

UNB
UNB
HT1

M11 /=5
AX

AX

H13

ke

7

/LENGTH OF VECTOR

LWVL
TRO
POMG

ORE
— 40—

JWAVELENGTH

/SINCTHETA) ,CMG USED AS TENP



4466
4467
4470
4471
4472
4473

4474

4475
4476
4471
4500
4501
4502
4503
4504
45085
4506
4507
4510

4511

4512
4513
4514
4515
4516
4517
4570
4521
4522
4523
4524
4525
4526
4521

4530

4531
4532

4533
#2324
4535
45326
4537
4540

4541
4542
4543

4544
4545
454¢
4547

4550

4551
4552
4583
4584
4555
4556

0G0
1045
1700
€218
L4677
3661
7410
2200
4407
0002
6735
5516
0005
€515
2101
6514
£Oo0go
1123
1104
3124
4407
5523
£735
£524
0005
€517
5523
0001
6516
£524
001
1514
0002
£73%
5527
0005
6516

0000
5600
5511
0000
4407
6551
3540
1550
6550
7151
1140
c000
5736

1671,

214&

4472
4772
4200
7410
4436

LBP,
ROGWCCL

¥ll,

FEXY

.c‘

/CALLEL BY 71IR

IRR,

TAD 45
SMA . CLA
JMp T .+4
JMS 1 L STRNG
SINL IM
SKP
1512 BIANG
JMS 1 7
FSQRT
FPUT 1 Lap /PGINTER TO COS (SEE ATAN)
FGET 1 POMG -
FATN
FPUT I POMG
FMPY THO
FPUT 1 PTTH
FEXT
TAD LEF
TAG THR
DCA LHFZ
NS 1 7
FGET 1 LEF1 JPOINTER TG HF1
FPUT I LBP JPCINTER TG B
FGET: | LEF2 JPCINTER TC HF2
FATN -
FPUT 1 PPHI /PHI=ATAN(HF2,HF1)
FGET I LEF1 JPOINTER TO HF1
FSQR E
FPUT I PCHI
FGET: 1 LEF2 /POINTER 10 HF2
FSQR
FAGD: 1 PCHI
FSQRT
FPUT 1 LEBP /PCINTER TG 8
FGET -1 LHF3 JPGINTER TO HF3
FATN -
FPUT 1 PCHI
JCHI=ATANUHEFS,; { FFLEHE1#EF 2kHF2) %%- . 5)
FEXT
gMp 1 B IANG  /RETURN
B
NS 1 1
FGET 1 HY2
FMPY 1 AX
FADD 1 HT1
FPUT 1 HT1
FINC - HT2
FINC Ax:
FEXT
JMP - 1 ROWCOL
-11 /-9
JCCLLECT GATA FOR INDIVILDUAL REFLECTIONS
152 AUTO
MSs 1 LSTD
JMS 1 LHKL
JmMs BIANG
SKP
NS 1 PCRSCR
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4557 44¢€3 JMS 1 LGO

4560 £35} JMP IRR
4561 4773 CALCUL, JMS -1 LHKL
45£2 4200 JMS BIANG
4563 6434 JMP 1 LOMGA
4564 4425 JMs 1 LFOP
4565 7174 -4
4566 0114 PTTH
4567 4772 J¥S HKLOPTY
4570 4435 JMS i LCRLF
4871 5434 JMP I LOMGA
48572 4722 FXLEGET, BKLOUT
48573 4166 LEKL, EKL
4574 0135 FHR, EH

FT1= NH1

+T2= NHZ

FT2= G

EX= CSTP

{KF= LFG

LEF1= LFG

LEF2= PHEMH

LEFI= PCNEW

LEV= COUNT

UNEB= LACCNTY

INCEC2~2UTOMATIC DIFFRACTOMETER-PDPS

/PAGE 1¢

% - &46GC

FINCIVIDUAL PARALLEL POSITIONS
JCALLED BY /1P

46C0 2146 1PP, 152 AUTG
4601 4472 JMs 1 LSTD
4602 4624 JMS 1 AHKL
4603 4625 IMS 1 ABIANG
4604 5221 JMP PPl
4665 4407 JMS 1 1
4606 5517 FGET I PPHI
4607 1623 FADD 1 LEPSO
4610 6517 FPUT | PPHI
4611 5623 FGET 1 LFPSO
4612 2516 FSUB 1 PCHI
4613 1515 FADD 1 POMG
4614 6515 FPUT 1 POME
4615 5623 FGET 1 LFPSC
4616 6516 FPUT I PCHI
4617 00600 FEXT -

4620 4436 - IMNS 1 LOBSCU
4621 4462 1PP1, dMS 1 LGO
4622 5201 JMp 1PP+1
4623 5517 LFPSO, K90

4624 4166 AHKL, HKL

4625 4400 £LEBIANG, BIANG
JROUTINE TO START. CATA COUNT
/CALLINGC SEQUENCE

7 dMS STCTY
4626 Q000 STCT, -0
4627 1134 TAD c1 /GET NG. UF MONITOR
4630 2270 bCa C1C #TRANSFER TG COUNTER
4631 1133 TAD TIME
4632 €346 £S0SSse /START DATA CCUNT
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4633

4634
4635
4636-
4637
4640
464]-
4642
4643
4644
4E45
4E46
4647
4650
4€51
4652
4£53

4654
4655
4656
4657
4660
4661
4682
4663
4664
4465,
4666
4667
4670
4671
4672
4673
4674
4675
4676
4677
4760
4701
4702
4703
4704
4705
4706
47067
4710
4711
4712
4713
4714
4715
4716
4717
4720
4721
4722
4723
4724

3271

1271
1650
5241
443 7
2234
€331
3045
€334
3046
1272
3044
4407
G010
£525
Go00
5626

€302
3211
227¢C
1270
1710
5264
3270

5403

1133
£346
3271
5403
0000
coCQ
coz27
4424
1767
g:i11
8434

4436 .

5434
2305
2211
1725
2340
0000
0000
0000
000

0000

0000
0000

Cono.

0000
0000C
000
0000
0000

0000 -

1135
4462

gCa CFLAG

JWBIT FGR DATA COGUNT
TAR CFLAG
SNA (LA
J%P ) 1*3
SMs 1 LSUPER
JMp a4
ROE
oCa 4%
ROLCDS
pCca 46
TAD KEXP
DCA 44
JMS 1 1
FNOR
FPUT I COUNT
FEXT
IMP T - STCT
/MGNITCR CVERFLCW ROUTINE
KGNCET, CMsS
CCaA CFLAG
182 CIC
TAD CTC
SPA . CLA
Jup .43
BCA cicC
JMP 1 BISMIS
TAD TIME
€50S850 -
£CA CFLAG
JMP 1 BISMIS
CTC, G
(FLAC, 0
KEXP, 27
UBR, JMS 1 LFNP
-11
LUB -
Jup 1 LOMGA
LCCcoLL, dMS 1 LOBSCY
JMP I LOMGA
SERIUS, 230% :
2211
1725
2340
0
SAVFAC, 0
' 0
0
V1, 0
¢
o]
TVZ, C
0
¢
TV3, ¢
¢
0
BEKLOUT, 0
TAD HE
JMs 1 L ICLTY

—43—

JGET DETECTYOR HIGH

/HI1GH ORDER C{FAC)

JREAD DETECTOR LOW,AND RESEY
/LCW ORDER Ci{FAQ)

/21

JEXPONENT. CUFAC)

/RETURN

" /CLEAR MONITGR SCALER

JCLEAR CCUNT FLAG

C/YEST LCOP COUNTER



4725 1136 TAD K

4126 4467 JMS 1 LIOUTY
4727 1137 TAD L
4730 4462 JMs 1 LIoul
4721 6722 SJdmMp ] HKLOUT
4732 443C SETTIN, JMS 1 LINTIN
47323 QGTe AND ONE
4734 1101 TAD Thi
4735 2133 -BCA TIME
4736 4430 IMS - 1 LINTIN
4737 7041 {Ma - TAC
4740 2134 DCA T
4741 5434 JMp I LENGA
INDECZ-4UTOMATIC DIFFRACIOMETER-PDPB
/PAGE 20
% 5000
/JROUTINE TO GENERATE HoK,L'S CALLED BY /(D
5000 4431 (ER, JMS 1 LEIXIN
5001 7710 ~-10 /-8
5602 €112 LEMIN
5003 4354 JMS GETARG
5004 2146 HY 4 AUTC
5005 3153 SEL, CCA NEX
5006 1040 cMa
50CT 1044 TAD LMIN
5010 3137 BCA L
5C¢11 2137 SELZ, 152 L
5012 1137 TAD L
50132 7041 Crva TAC
5014 1043 TAD LMAX /L > LMAX?
8015 7710 SPA  CLA
5C16 5274 JIMP SEL1E 7YES
5017 7040 CHA
5020 1047 TAD KMIN “/NO
- 5021 313¢ BCa K
5022 2136 SELZ, Is2 K
5023 1136 TAD K
5024 7041 CMA : TAC
5025 1043 TAC KMAX K > KMAX?
5026 1710 SPA - CLA
5027 5211 JMP SELZ? /NES
5030 7040 CMA
5031 1040 TAD HMIN ~ /NG
5032 3135 CCA HH fH=HMIN
5033 Z135 SEL4, 152 FE
5034 1135 TAD HH
5035 7041 -CMA  TAC
5036 1041 TAD HMA X “/H > HMAX?Y
5037 7710 spra  CLA
2040 £22¢ JMP SELZ /YES
5041 7146 SL1, CLt CMA RTL /=3
504¢ 334 CCA Csi1
5043 3305 GCA SUM
5044 1353 _ TAD PH
5045 3050 BCA PHY
5046 1450 SL2, TAaD 1 PET
5047 7500 ' SMA o
5050 7041 CMa - TAC
5021 3051 cCa ABSGL /-{H)



50%2
5063
5054
50%%
S0%€
5Q57
5060
5061
5062
5063
50&4
5065
5066
5G67
5CT0
5071
S472
SCi13
004
5075
5076
5077
5100
5101
51C2
£103
5104
5105
5106
51C7
5110
5111
5112
5113
5114
511%
5116
5117

5120

5121
5122
5123
5124
515
5126
5127
5130
51321
5132
51232
5134
5135
5136
5137

5140
5141

5142
5143
5144
£14%

1081
3361
1305
1651
2305
2361
5254
2054
2384
5248
1305
1047
7450
5301
7110
2153
4662
£232
1182
T656
5434
2047
5205
1046
0307
1306
3302
5307
£307
CoCT

5340

£333
5321
5317
£32¢&
£324
£334

1136

1410
1137
113%
£33%
1135
£333
113¢%
1132¢
T110
1630
5271
1136
1137
1110
7630
5271
1lilz

1307

3305
16047
2705
447¢

SL3,

SELE,

SELT

SELLC,

SUM,
JUMP 1,
MASK T,

HPK,

FPL,

ECCy

FCC,

KFL,
LONLY,
SEL1Z,

FEASUR,

TAL
oca
TAD
TAD
CCA
¥4
JMP
is2
157
JNP
TAD
TALD
SNA
JMP
Spa
ISZ
JMS
JMP
Ta0
SNA
JMp
182
JMP
FAD
AND
TAD
CCA
JMp
JMp

JMP
JMp
JMP
JMP
JMp
JMP
JME
TALD
SKP
TAD
TAD
JMP
TAD
JMp
TAD
TAL
CLL
S2L
JMP
TAC
TAD
CLL
SZL
JMP
TAD
TAC
GCA
TAD
Cca
JMS

~LLA

CLA

RAR
CLA

RAR
CLA

ABSOL
£se
SUM
ABSOL
SUM
cs2
sL2
PHT
Cs1
SL2
SuMm
EIMIT

SEL1C

NEX
LGO
SEL4
NEX

LOMGA
LIMITY
SEL]
SYMM
MASKTY
JUME]

“ el

MASKT
MASKT

MEA SLR
KPL
HPL

- HPK

FCC
8CC
LONLY
K

L
HE
SEL13

SELS
LEMIN
MASKY
SUM
LIMITY
SUM
LSTE

—45—

/-{H)

JSTIGMA HF%2 >= LIMIT

ANDTHING IN RANGES > LIMIT

/NCW PERFCRM SYMMETRY CHECKS

/1,PRIMITIVE
/2 K+l EVEN
/34H+L EVEN
f4HEK EVEN
/5.F.C.Cs ALL EVEN GR ALL CDD

"6!BOC.C0 H+K+L EVEN

/7.HEX. L EVEWN



5146 4764 JMS 1 LBIANG

5147 5434 MP 1 LGMGA
5150 4436 IMs 1 LOBSCU
5151 4354 IMS GETARG
5162 5271 JMP SELS JRETURN EREM MEASUREMENT
5153 0135 Pk, FH
5164 0000 CETARG, -0
5155 1112 TAD LHEMIN
5156 2361 BCA L42
5157 4423 dMS 1 LCOP
5160 7770 ~10
5161 C00C (529 ¢
5162 0040 FM IN
5163 5754 JMP 1 GETARG

cS1= GETARG

EMIN= 40

HMAX= 41

KMEN= 42

KMAX= 42

LMIN= 44

LMAX= 4%

SYMN= 4¢

LIMIT= 47

FHT=- £0

FBSGL= 1

POBSCU=  LOBSCU
5164 4400 LBIANG,  EBIANG

INDECZ-AUTOMATIC CIFFRACICMETER-PDPS

/PACE z1

* 260

JSUBRCUTINE SINE RETURNS SINCANGLE IN DEGREES)
52G0 G000 SINE, 0 JENTRY
5201 7200 - . CLA
5202 323317 DCA PNTR
5203 1045 TAD 4% /1S X NEGATIVE
5204 7740 SMA  SZA Cia
5205 5213 JMp MOD
5206 1045 TAD 4%
52€7 1700 SMA - CLA
5210 5600 JMP 1 SINF /RETURN X=0
5211 4303 JMS NEG
5212 23117 182 PNTR
5213 4407 ¥CO0, JMS 1 7
5214 32366 FMPY RAD
5215 &32¢ FDIV TWOPI
5216 £323 FPUT XSQR
5217 0000 FEXT
5220 4426 JMS 1 LFIX
5221 4354 S JMS FLOATY
5222 %407 JMs I T
5223 320 FPUT X
5224 %323 FGET XSQR
5225 2320 FSuB X
5226 3326 FHPY TWCPI
5227 €320 FPUT X
5230 2331 FSUB Pl
5221 0000 FEXT
£232 104°% TAD 4% /1S X LESS THAN PI

b



5233
5234
5235
523¢
5237
5240
5241
5242
52473
5244
5245
524¢£
5247
5250
5251
5252
5283
5284
5285
525¢&
5257,
5260
5261
52¢€2
52¢3
5264
B2€5
52¢6
5267
5210
5271
5212
5273
5274
5275
52776
5297
53C0
2301
5302
53¢3
5304
5308
5306
53C7

5310
5211
521¢
5313
£314
5315
£21é6
5317
5320
5321
5222
5323
5324
5325

116
224l
4407
£320
CaoGc
2317
4407
£32¢
2334
0occe
1048
7710
L2855
4407
£321
2320
€226
€000
4407
53206
£334
£32(
332¢
£323
5337
3323
1342
3323
1345
3323
1350
2323
1334
3320
coe0
1317
1010
1630
4303
560C
Co00
1047
47907
5703
&G00

0000
44C7
173
GO0G
1210
32C0
5201
co00
0000
0000
cooce
0000
co00
0000

SPA (LA

JMP PICH JYES

JMS 1 7 INDG

FPUT X FX=X-P1

FEXT

is7 PNTR
CPICH, JMS I 7 /18 X LESS THAN Pl/2

FGET X

FSUB PIOY

FEXT

TAD 4%

SPA (LA

Jpp ALG /YES

JMS 1 7 " ING

FGET PI I X=P1-X

FSUB X

FoUT X

FEXT
ELG, T | 7 /MAIN ALGCRITHM FOR SINE

FGEY X

FOIv PICT

FRUT X

FMPY X

FPUT XSQR

FGETY ce

FMPY XSQR

FAGD C7

EMPY XSQR

FARD £s

FMPY XSGR

FADD c2

FMPY XSQR

FAGD PICT

FMPY X

FEXT

TAD PNTR

RAR

SZL  CLa

dMS NEEG
ENG, JMP 1 SINE
NEG, 0 JENTRY

CCA CVERZ

JMS 1 LACMIN

IMP 1 NEG T /RETURN
LACMIN, ACMINS
JSUEBRGUT INE COS ADDS SC DEGREES AND CALLS SINE
LGS, o JENTRY

JMS 1 7

FADD I LKSC

FEXT

TAL cos /SET RETURN

oCa SINE

JMp SINE+1 JEXIT TQ SINE
FNTR, o /SYMBOLS AND CONSTANTS
X, ¢

¢

¢
XSGR, g

¢

0
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532¢ (003 TWGPRI, ¢o02

5327 2110 2110
5330 3755 3758
5331 0002 Pl 0002
5332 3110 3110
5333 3755 3755
5334 G001 PICT, gcel
5335 2110 2110
5336 3755 3755
5337 7764 €9, 1164
5340 2366 2366
5341 5735 €735
5342 7771 (T4 7171
5343 6466 E4€6
5344 6317 6217
5345 7775 (5, 7115
5346 2431 2431
5347 5053 5g52
5350 0000 C3, 0C00
5351 5325 5325
5352 0420 0420
5353 5517 LK9C, KO
5364 0000 FLGAT, C JENTRY
5355 3364 BCA FLT+1 /FLOATS CONTENTS
5356 4407 JMS 1 T /GF ACCUMULATOR
5357 5363 FGET FLT
5360 0000 FEXT
5361 4771 JMS 1 PNORM
5362 5754 aMP 1 FLOAT /RETURN
5363 0012 FLT, 0013
53¢4 COOO ¢oCo
53¢5 00GO coes
5366 7773 RAD, 7712
5367 2167 Z1€7
5370 £433 6433
5371 6600 PNCR¥, DNORM
5372 1702 CBCURE, 1702
5373 2303 23032
5374 2522 2522
5375 0540 054C
5376 0000 R
/NDEC2-AUTOMATIC DIFFRACTOMETER-PDPE
/PAGE 2z
* 5400

JFLCATING ARUTANGENT
JCALLING SEQUENCE

/ SINE- IN C{FAC)H

/ €8S IN C{B,B+1,B+2)

7 AT AN '
- 54CC 0000 ARTN, ¢ '
5401 3303 CCA FLAGZ /CLEAR INDICATOR
5402 1312 TAD B+1 /SEE IF CO0S=0
5403 764C SZA -CLA
5404 5215 JMP ART1
5405 44C7 Jms -1 T
5406 630¢ FPUT A JSAVE SINE
54C7 B317 FGET K9S0 TIF.A = S0
5410 000C FEXT
S411: 1307 ARTZ, - TAD A+l
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5412
5413
5414
5415
5416
5417
5420
5421
5422
5423
424
5425
5426
5421
5430-
5431
5432
5433
5434
5435
5436
5437
5440
5441
£442
5443
5444
5445
5446
5447
5450
5451
5452
5453
£454
5455.
5456
5457
5460
5461
5462
5463
5464
5465
5466
5467
5470
5471
5472
5473
5474
5475
5476
5477
5500
5501
5502
5503
5504
5505

7716
4420

8600

44C7 FRT1,
£306

43211

£000

4421

4407

6704

207e

0000

1045

7710

5240C

£607

507¢&

4704

6704

000¢

7240

33032

4407 ARTZ,
§704

3704

£705

33%1

133¢

270%

1333

6314

£33Q0

3705

132¢

a7ps

1322

3704

4314

3344

£314

600G

23032

£27:2

4407

8317

2314

£314

0000

1312 2RV4,
7700

£z11

4407

5317

1317

2314

000¢C

£z11

0000 fLAGZ,
5320 1LX,
5322 LXSCR,

SPA
JMS
Jup
JMS
FPUT
BTV
FEXT
aMs-
JMS -

FPUT:

FSUB
FEXT
TAD
SPA
JMP
JMS
FGET
FDIV

FPUT.

FEXT
CLA

£CA

JMS

FGET
FMPY
FPUT
FMPY
FACE
FMPY
FACB
FPUT
FGET
FMPY

FACD

FMPY
FARE
FMPY
FO1vV
ENMPY
FPUT
FEXT
1§
IMP -
JMS
FGET
FSu8
FPUT
FEXT
TAD
SHA
JIMP
JME
FGET
FAGD
Fsug
FEXY
JMP

XSQR

CLa

] - oot

{La

Rl ]

CMA

i B )

CLA

LNEG
ARTN

B
LABES

LXx
ONE

ART3Z

ONE
LXx
LX

FLAGZ

LX

LX
LXSGR
BETZ
BET1
L XSQR
BETZ
BEN
ALF2Z
LXSQR
ALF]
L XSQR
ALFZ
Lx
DEN
DEG
GEN

FLAGZ
ART4

KSC
DEN
DEN
B+1
ART2
KSG
Ko
DEN

ARTZ
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/1F SINE NEGATIVE NEGATE C(FAC)
/RETURN

/SAVE SINE
JCALCULATE TANGERNT

/TAKE ABSOLUTE: VALUE ©F TANGENT

/TEST IF TAN GREATER THAN 1

/NG
JCALCULATE RECIPROCAL

/SET INDICATCR =-1

JCCNPUTE ARCTANGENT

/RESULT IN RADIANS

- JCONVERT TG DEGREES

“/TEST INDICATCR

/ADJLST WITHIN QUADRANT

/ADJUST TO CORRECT QUADRANT

" /VARTABLES



5506

55CT
5510

5511
5512
5513
5514
5515
5516

SB1T

5220
5521
- 5522
6523
5524
5525
5526
BEZT
5530
5531

5532

5533
5534
5535
5536
5537
5540

5541

5542

E543.

5544
5545
5546

5547
5550

5551
8582

55853
5554
55E%
5556
5557
5560
55€1
-55¢€2
5863
55&4

5545
5566
55&7

557%¢

5571

5572
5573
5574

5575

5576

000C
0000
0000
0000
co00
Gouo
Co0C
0000
c00¢
0007
264C
0000
0000
2437
1643
1777
3304
4434
77732
3306

B484

€000
2437
1646
00040
2427
2322
T115
3421
1052

g0Gce:”

3451
3560

00CC
1C4¢
1710
1040
3303
4370
44C7
1365
2000
1046
2303
5747
1041
5747

eozT
2000
coco

COO0
164¢
1710
4420
5770
310
1140

By

B,

K90,

ALF 1,

ELF1,

LLFZ,

EETZ,

EET1,

EETZ,

LEG,

JRCUTINE TO TRUNCATE C{FAC)

FIX,

FIX1l=
FIXC,

[ 3 v B I v B e e S oo o

ooov
2640
£OGo
coee
2437
16432
1377
3304
4434
IENE
3206
5454
CeGo
2437
1646
00eGe
2427
2323
R
3421
1652
GCGé
3481
25¢0

C
TAD
SPA
CMA
L
JM3
JMS
FAGD
FEXT
TAD

- 1517

JMP
CMA
JMP

CLA

I

I
1AC
i

FLAGZ

0027
206C
0oeeC

4%

FIX1
ABS

FIXC
4¢
FIX1
FIX

FIX

JCCNSTANTS

10 AN INTEGER

“JSET INDICATOR =-1 IF NEGATIVE

" /ADD Z2%%22

JINTEGER BELOW 4096 IN CLAC)

/ROUTINE ABS CALLS LNEG IF NEGATIVE

EBS,y

CEIN,

0

TAC
SPA
JMS
JMP

0316

1140

-CLA
i
1

4%

LNEG
ABS
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5547

5600
5601
56C2
5€032
5604
5€065
5606
5607
5610

5611

5612
5613

5614

5615
5616
5617
5620
5621
5622
5623
5624
56¢%
5¢26
5627
5430
5631
5622
5633
5634
£€35
5636
5637
be4(
5641
5647
5643
5&44
5645
5646
5647
5650
5651
5682
5683
5684
5655
5656
5657
5660
5661
5662
5663
béE4
56¢%

GO0Go

0000
7300
2043
2047
16G0
32532
1253
€263
7650
£214
1261
0200
3256
1262
0253
1256
3256
1264
02532
7650
52217
1656
3256
2200
1656
3040
1256
3257
2257
1657
3041
2251
1657
3042
1253
7106
006
C2el
1265
3254
1654
3254
654
0000
00G0
000¢
6000
000¢
0017
7600
0177
0200
0400
5666

¢

INCECZ- MITERATIC DIFFRACTOMETER-PDPSB

FBRCE
*
FFLGATING

FPNT,

LECFC 1y

23

56GC

PO INT INTERPRETER
0

LA
LCa
CCa
TAD
DCA
TAD
AND
SNA
JMp
TAD
AND
BCA
TAD
AND
TAD
BCA
TAD
AND
SNA
JMp
TAD
OCA
152
TAD
gCA
TAD
LCA
isz
TALC
GCa

- 1582

JUNE,
JUMFEZ,
Gz,
ACLDR,
SAV,
MASKZ,
MASKE,
FKO 177,
FAGENL,
INGRC(T,
TABLE,

TAD
pCA
TAD
Ll
RTL
ANL
TAD
CCa
TAD
BCA
JMP
C

G

0

G .
G117

- 166G

0177
C2C6
G4CO

) l"'l

CLL

- CLA

RTL

OVER1
OVERZ
FPENT
JumMp
JUMP
PAGENG

'*2
MASKS
FPNT
ADDR
MKC197
JUMP
ADOR
ADDR
INDRCT
Jump

LGGPCL
ALRDR
ALDR
FPNT
ADDR
EX1
ALCDR
SAV
SAV
SAvV
ACI1E
SAYV
SAV
AC1L
JUMP

MASK3
TABLE
JuMP2Z
JumMp2
JUMPZ
JUMP2
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/GET NEXT INSTRUCTION

/GET PAGE BIT

/PAGE ZERC?

/YES

ING

/CIFPNTIO-4 CONTAINS PAGE BITS

/GET-7 BIT ADDRESS
JINDIRECT BIT=17
/NG-GE OGN

/YES DEFER

JEXPONENT

" /HIGH OGRDER MANTISSA

" /JLGW ORBER MANTISSA

JGET BITS 0-2, IE CPCGDE
/LCOGKUP IN TABLE

/GO THERE



5666
5667

267G

5671
5672
5673
5674
5675
5676
5677
57¢C
57G1

5702

57C3
5704
5705
57C8
57C7
5716
5711
5712
5713
5714
571%
57116
5711

5720
5721

572
5723
5724

5725
5726
5727

5730
5721
5732
5733
5734
5735
5736
5737
5740

5741

5742
5743
5744
5745
5746
5747
5750
5751
5752
5753
5754
5155
5756
5757
5760
5761

5742
5716
5737
5761
£30°F
5676
5705

-B172

104C FLGT,
3044

1041

3045

1042

3046

5201

1044 FLPT,
2656

2256

1045

3656

225¢&

1046

3656

201

4£77C FLAL,
5201

4771

7100

1043

1047

3047

7004

1042

1046

3046

7004

1041

1045

3045

4776

£201

4741 FLSL,
E31&

6400 CBMINS,
1253 EX1IT,
g260

7450

5600

1360

2254

1654

3254

1206

2268

4654

1258

3200

5201

6544 ACONG,
1201 FLEY,

EXIT
FLAD
FLSU
FLMY
FLDV
FLGT
FLPT

F INK
TAD
e
TAL
BCA
TAD
DCA
JMp
TAD
gca 1
1S
TAD
Lo S
152
TAC
DCA 1
Jme
NS 1
IMP
Jms 1
cLi
TAD
TAD

- LCA

RAL
TAD
TAD
CCA
RAL
TAD
TAD
DCA
Jus 1
JMP
JMs 1
JMP
MINUSZ
TAD
AND
SNA
JMp
TAD
DeA
TAD 1
DCA
TAD
DCA
JMs 1
TAD
DCA
JMP
YABLEE-1

LA 1AC

EXxi
EXP
AC1H
HGRD
ACIL
LGRD
FPNT+1
EXpP
ADRR
ACDR
BORE
ACDR
ACDR
LCRED
ACDR
FPNT+1
ALGN
FPNT+1
UKDRM

OVER1
OVERZ
OVERZ

ACAL
LCRD
LORD

ACLE
EGRE
HORD
NCRM
FPNT+1
gPMINS
FLAD

JUMP
MASKZ

FPNTY
ACONE
JUMP 2
JUMPZ
JUMPZ
FPNT
cG2-
JumMp2

- 602

FENT
FPNT41
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CJTABLE USED IN INTERPRETING

/BITS G-2 OF PSEUDC

" FINSTRUCTICN

/1F CPCCDE=(, GC TC EXIT
JAND INTERPRET BITS B8-11

JEGET=5

CIFPUI=6

/FLAD=1-FIRST ALIGN EXPONENTS
/NG ALIGNNMENT IS PGSSIBLE
JLARGER ©F THE TWO IS IN F.A.

JTRIPLE PRECISICN ADDITION
/SINCE BITS ARE SHIFTED

CIRIGHT

/NCRMALIZE THE RESULT

C/FSUB=2 — NEGATE THE CPERAND

/ABD

/GPCODE=D
JARE BITS 8-11-0

/YESSFEXT

“ /LOCKUP CN TABLE

" /CALL AS A SUBROUTINE

/RESTORE F.P. PGINTER

JGEYT NEXT PSEUDGC INSTRUCTION

JCALLING 70O A DEPTH OF. ONE
JFMPY=3



576z
57¢€3
5764
5765
57¢6¢
5767
53770
5771
57712
5773
6714
5715
5776

60600
6001
6002
6003
46004

60C5

60C6
6607

6010.
6011
6012

6013
6014
6015
6016
6017
6020
6021

6022

6023
6024
6025
6026
6027
6030

6031
6032

6033
6034
6035
6036
6037
6040
6041
6042
6043
6044
5045
6046
6047
6050
6051

1040
1044
044
4767
£201
6221
€020
£5¢64
2656
265¢&
265¢&
£201
6600

0000
7300
1047
7041
3047
1046
7040
7430
7101
3046
1045
7040
7430
7101
31045
5600
0000
1045
7640
5221
1046
7650
5337
1041
T64C
£23%
1042
7650
5620
1040
7041
1044
7450
8314
7500
7041
3342
1342
13432
7760
5256
4316

TAD Ex1
TAD EXpP JABD EXPONEKTS TOGETHER
pCa EXP
JMs i MULTY JRULTIPLY
JMP FPNT+1
EULT BMULY
FLGN, AL IGN
UNDORF, GUNGRNM
FINK, is2 1 ADDR
ISZ 1 ACDR
152 1 ACDOR
JMp FENT+1
NCRE, CNCGRM '
INGECZ-AUTOMATIC DIFFRACIOMETER-POPE
/PACE 24 '
% €C0C
/FLGATING PCINT INTERPRETER
ACMINS, 0 /RCUTINE TG PERFCORM
CLL  CLaA
TAD GVERZ /TRIPLE PRECISION NEGATION
{MA 1AC /0F FLCATING AC
GCA GVERZ
TAD LCRD
CMA
YA
CiL  IAC
CCA LCRD
TAD HORE
CMa
SZIL
cLL 1AL
CCaA HORD
I 1 ACMINS
ALIGHN, G /SUBRGUTINE TG ALIGH
TAD HCRD FBINARY POINTS FOR
SZAa - CLA ' /ADD~SUBTRCY
JMP 4
TAD LERE /15 MANTISSA ZERQ
SNA CLA g :
IMP NCHERE /YES
TAD AC1H /I8 OPERAND ZERC
S57A  CLA
JMP o +4
TAD ACIL
SNA . CLA
MR 1 ALIGN /BGTH ARE ZERCG-EXIT
TAD Ex1
CMA  TAC
TAL Exp
SNA _ /ARE EXPUONENTS EQUAL?
JMP DONE /YES
SMA
CMa 1A
oCA AMOUNT
TAD AMGUNT
TAD JESTZ
SMA - CLA JCAN EXPONENTS BE ALIGNED?
JMP o +E /YES
JMS BLTGO - ING
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6052
6053
6054
6055
6056
6057
6060
6061
6062
6063
6064
60€5
6066
6067
6070
6071
6072
6073
6074
6075
6076
6077
6160
6101
6102
6103
61C4
6105
6106
61C7
6110
6111
6112
6113
6114
6115
6116
6117
6120
6121
6122
6123
5124
6125
6126
6127
6130
6131
6132
6133
6134
6135
6136
6137
6140
6141
6142
6143
6144
6145

1430
1356
1347
5325
431¢&
T420
1350

1347

2344
1342
7041
1744
3744
2344
1344

3345

234%
1345
3346
2346
7100
1744
1510
702¢
7010
3744
1745
7016
3745
1746
7010
3746
2342
527¢
2220
5620
¢00cC .
1040
7041
1044
7004
7200
5716
2344
1744
2044
2344
1744
3045
2344
1744
3046
5620
1040
3044
5314
0000
0030
g00s
o000

SHIFT,

LONE,

CUTGC,

NGGC,

NOHERE,

AMUUNT,
TESTZ,
JESTZ,
TEST4,

SZL
TAD

- TAD

JMP
JMS
SNL
TAD
TAD
oCa
TAD
CHMA
TAC
GCA
IS
TAD
DCA
Is2
TAD
oCa
152
CLt
TAD
SPA
ML
RAR
cCa
YAD
RAR
£Ca
TAD
RAR
cCa
15
JMP
152
JM
G.-.
TAD
CMA
TAD
RAL
CLA
JMP
CCA
TAD
GCa
is7
TAD
cca
152
TAD
CCA
JMP
TAC
oCaA
JM
o

Q03¢
G
-G

14C

" IAC

TAGZ
TAG]
NOGO
ouTen

_ "~ /JSET UP ADDRESSES
TAG2 :
TAG]
TEST3
AMDUNT

TEST3
TEST32
TEST3
TEST2
TEST4
TEST4
TEST4
TESTS
TESTS
/THIS RCUTINE DGES
TEST3 /THE ACTUAL SHIFTING

TESTE
TEST4

TEST4
TESTE

TESTE
AMBUNT
SHIFT
AL IGN
AL IGN
JOETERNMINE WHICH TG SHIFT
EX1

EXP

gui6o

TESTZ C/CANT'T BE ALIGNED
TEST2 “JLARGESTYT GCES INTO FAL
EXp

TEST3

TJESTZ

HGRD

TEST3

TEST3

LORD

AL IGN

EX1 /MANTISSA=C

EXP

DONE
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6146
6147
6150
6151
6152
6153
6154,
6155
6156
£157
616C
6161
6162
6163
6164
6165
6166
6167
6170
6171
6172
€173
6174
6175
6176
6177

6206
6201
6202
6203
6204
6205
6206
62C7
6210
6211
6212
6213
6214
6215
6216
6217
6220
6221
6222
6223
6224
6225
6226
£271
6230
6231
£232.
6233
6234

§0oog
Go44
7174
5601
1362
2044
1362
2045
7C40
3G4¢
2061
5151
2177
cQ00
4407
6052
3052
cono
5763
GO0C
5771
4471
5434
44279
700¢
E434

0000
7300
1045
1510
7120
TOLO
3045
104¢€
7010
3C4E
1047
7010
3047
7160
2044
7000
5600
Co0¢C
7300
1342
3347
4336
1642
2756
1046
475
7200
1787
047

TESTE,
TAGI,
TAGZq
RETNZ,
ERRCEL,

GGLF,y
SCQUARE,

EXTITE,
ANGPRT,

LRIVE,

G

EXP

-4
FENT+1
TAD
DCA
TAD
cea
CHMA
DCA
152
JMp 1
37717

G

JES 1
FPUT
FMPY
FEXT
JMp
¢
JMP
JES
JMp
IMS
NOP
JER ]

[ ]

GCOF
EXP

GOCF
HORE

LORE
FLAG
RETNZ

Coot
FPACL
FPACI

SQUARE
EX1Te
LANGPRT
LGKGA
LMOTET

LONGA

JEX1-EXP

/DIVISIGN BY ZERC
FSET TC LARGEST + vatyf

FSET FLAG

JDUMMY SUBROUTINE

INBECZ-AUTCMATIC DIFFRACTOMETER-PDPE

/PACE
%

JRLGET ING.

LIvi,

LrEuLT,

25
tzCO

PGINT INTERPRETER

g

CLA
TAD
SPA
CLL
RAR
CCA
TALG
RAR
LCA
TAL
RAR
ECA
€LL
152
NGP
JMp 1
0

CLA
TAD
GCA
JM5
TAD
cca 1
TAD

Jrs i
CLA

TAE 1
LCa

(RN

ChML

CLL

HCRD

HORD
LOCRD

LORD
OVERZ

OVERZ
EXpP

Divl

SRACLA
SNEWIT
SIGH
AC1IL
MPZPT
LERD
MP4PY

MPEPT
OVERZ
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FSHIFT FAL RIGHT

JGCUBLE PRECISICN MULTIPLY
/SAVE PRODUCT TRIPLE PRECISICGN

/CALLS A SINGLE PRECISION
FRULTIPLY 3 TIMES



6235
6236
62321
6240
6241
6242
624732
HZ44
6245
6246
6247
6250
£251
&£252
6243
6254
6285
6256

6257

6260
6261
6262
6263
6284
5265
6286

6267
6270

£271
6272
6273
62794
6275
£276
6277
6300
6361
6302
£303
63064
6305
6306
6307

6310

£3211
6312
6313
&3 14
6315
6316
63117
€320
6321
$322
€323

6324

£325
6326

6327

6330

1045
3756
1042
47585
1047
3047
7004
1787
2367
7604
3370
1041
375¢&
1046
4755
1047
3047
7004
1757
1367
3367
7004
137¢
3370
1045
275¢&
1041
4755
1367
3044
1004
1757
137C
304%
4760
2047
2365
58621
47732
5621
1041
7640
§313
1042
7650
5774
1040
7041
1044
7001
3044
1362
2347
4336
4761
1757
15341
7630
7001
2042

TAD
cCa
TAD
JM3S
TAD
BCA
RAL
TAD
GCa
RAL
tCa
TAD
cCa
TAD
JMS
TAD
pea
RAL
TAD
TAD
CCaA
RAL
TAD
BCA
TAD
cca
TAD
JES
TAD
CCA
RAL
TAD
TAL
cCa
JMS
CCa
182
JMP
JMS
JMP
TAD
$1A
JMPp
TAD
SNA
Jmp
TAD
CMa
TAD
1AL
ECA
TAD
cCA
JMS
JMS
TAD
TAD
SIL
IAC
cea

i

-CLA

CLA

1AC

CLA

HORD
MP2PT
ACIL
MP4PT
OVERZ
OVERZ

MPEPT
330

KEEP

AC1hH

MP2PT
LORE -
MP &P T
OVERZ
OVERZ

MPEPT
oh
BEG

KEEP -
KEEP
HORD
MPZPT
ACLH
MP&PT
by

LERE

KPEPT
KEEP
HCORE
NORMF
CVERZ
SEN
preuLy
MINS

TDMULTY

AC1H

¥4
ACIL

ERRGR
Ex1
EXP
EXxP
SPACLA
SNSWIT
SIGE
piIvIDE

MPEPT
AC1H

AC1L
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/DIVISICGN BY ZERC

JSUBTRACT EXPCONENTS

JSET UP SIGNS

- /DIVIDE

- /ROUND OFF IN 23RD BIT



6331
63322

£333.

6334

6335
€336

&337
6340
6341
6342

6343

6344
6345
6346
6347
6350
6351
£3%2

6353

6354
6355
6354
6357
63460
€361
6362

5363

6364
6BES
63866
8367
6390
6371
6372
6373
6374
6375
6376
6377

6400
64G1

6402

6403
6404

6405
6406
6407
6416
6411

6412

6413,

&4 14
6415

6416

H417

1041
2365
537%
5735
5720
0600
1366
3365
1045
700
5346
4772
2365
1041
7700
871386
4771
2365
7060
5736
6437
471
6468
6600
6472
1110
Co0C

5601

0000

1776
0000

0060
6400
&420
&€00C
6152

4771

4773
5735

0000
7300
10473
7041
3043
1042
7040
7430
7101
3042
1041
7040
7430
7101
3041
5600

cca
152
JMP
JEup
LFLAC,, FLAEG+Z
SIGE, 0
TAD
cea
TAD
SMA
JMP
M35 I
152
TAD
SMA - CLA
-dMP 1
JMS 1
182
NOP
JNP 1
®P4
MpPz
Mp &
DNGRM
CUED1V
SPa - CLA
SPARE
FPNT+1

SMACLE, CLA

SKSKIT,

FP4PT,
FPZFT,
¥PEPT,
NCRMFE,
CIVIGE,
SPACLE,

RETURN,

-3 £ o ¢

REST, T77¢€
5 G
KEEFP, G
FINSZy MEINUSZ
RARZ Givz
KINS, ACMINS
ERRCR, - ERROR]
CLMP, JBNS T -
IMS T
Jup - ]

AL 1B
3GN
CoMp
o+ ]

REST
SGN
RCRD

o432
MINS
SGN
ACIH

SIGH
MINS2
SGN -

SIGH

MINS2
MINS
LFLAD2

JTEST SIGHN
FADD ROUNDING

/TEST SIGN CF RESULT
"/SET UP BY MULTIPLY ARD

- /BIVIDE

fGR SPA - CLA

/-AClH,AC 1L
/ACLIH,ACIL /2

/NEGATE

/NDEC-EUTOMATIC DIFFRACTOMETER-PBPE

JPAGE
*
JELCATING PC
MINUSZ, O
CLA
TAD
CMA
nCA
TAD
CMA
S7L
CLL -
CCA
TAD
CHA
SZL
cLL
DCA
dMp

26
6400

- CLL

1AC

iag

iAC

POINT INTERPRETER

OVER1

OVER1
ACIL

AC1L
AC1H

AC1H
MINUSZ
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- /NEGATE OPERAND
FTRIPLE: PRECISIGN



6420

6421
6422

6423
6424
6425
6426
6421

643G

6431
64327
433
6434
6435
&436
6437
G4 40
&E44]
€442
6443

6444

6445
6446
6441
6450

6451

6452
6453

6454

6455
6456
6457
6460
6461
6462
6443
E4e4
6465
6466
6467
6470
6471

6412

6473
6474
6475
6476
6477
65G0
65C1
65C2

6563

6804
65C5

6506

6507
6510
€511
6512
£513

coGo

7300
1041
I51¢
T1z¢
7010
3041
1042
TG16
2042
1043
016
30472
T10¢
862
Oeo
2266
326%
127¢C
32¢7
T10¢
126¢
701¢
3266
126%
7420
£2%%
T100
1271
T010
22¢%
22671
EZ4E
1268
101¢
7100
5£37
0OCco
C0u0
0Qoe

Ti64:

0000
000C
7300
3051
1344
32¢€7
£3C¢6

1046

7004
2046
104¢
7004
3045
1042
1046
3271
TC04
1645
1041

EIVZ,

¥P4,

F¥FE,
FPLly
FP3,
TEIR,
KP2Z,

LVXs

-CLL

CaL

CLL

AC1HE

ACLH
ACIL

ACIL
OVER1

CVER1

-Diva

MP1
MP5
THIR
MP3

MP1

L1 |
MPE

.43
MP2

MPE
MP3
MP4EE
MP 1

MP4

QuoL
MIF
MP3
GvX
LEGRO

LCRD
HORE

KGRE
AC1L
LORE
MP2

HORD
AC1H
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/SHIFT CPERAND RIGHT
JIRIPLE PRECISION

" JSINGLE PRECISICN MULTIPLY
/12 BITS BY 12 BITS

/DOUBLE PRECISICN DIVIBDE



€514 742¢C SNL

6515 5321 JMP pva-1
6516’ 3045 . DCA HORD
6517 1271 TAG . MP2
€520 2046 DCA LORD
6521 7200 CLA
6522 1051 Cv2, TAD QuCL
6523 7004 RAL
6524 3051 DCA QUoL
6525 1047 TAD CVER2
6526 1004 RAL -
6527 3047 DCA OVER2Z
6530 2267 152 NP3
- 6531- 5300 IMP pV3
6532 1051 TAD QueL
6533 3046 GCA LORD
6534 1045 TAD #ORD
6535 7106 CLL RTL
6536 3265 oea MPS
6537 1047 TAD OVER2
6540 3045 BCA HORD
6541 3047 DCA BVERZ
5542 1265 - TAD MPS
6543 5672 JMP 1 DUBDIV
6544 7751 MIF, 7751
6545 6163 TABLE6,  SGQUARE /TABLE FOR INTERPRETATION
6546 6656 SQROCT JOF BITS 8-11
6547 5200 SINE - JCONTAINS ABSCLUTE ADDRESSES
6550- 5310 cos /OF PROGRAMS CALLED AS
6551 5400 ARTN  /SUBROUTINES
6552 5303 NEG /EXITE=A DUMMY OR NCP
6553 5570 ABS
6554 660C DNORM
6555 €171 EXITE
6556 6171 EXITE
6557 7400 1400
6560 1470 FOUT
6561. 7553 DPOUT
6562 6171 EXIT6
6563 £171 EXIT6
6564 G000 CUNCRM, 0
6565 4220 JMS DIV2 /SHIFY GPERAND RIGHT
6566 4772 IMS - 1 RAR 1
6567 2040 152 EX1
6570 7000 NOP
6571 5764 P 1 DUNCRM
6572 6200 RAR1, DiV1
6573 4404 WAVEL, JMS 1 L FNK
6574 4407 JMS 1 7
6575 6526 FPUT 1 L¥VL
6576 0000 FEXT
6577 5434 JMP 1 LOMGA
/ND6G2-2UTOMATIC DIFFRACIOME TER-PDPE
/PAGE 27
* 6600
/FLOCATING POINT: INTERPRETER
6600 0000 LCNORE, O : /SUBROUTINE TO NORMALISE
66C1 7300 CLA * CLL /FLOATING ACCUMULATCR
66062 2255 GCA AMT]
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6603,
6604

6605
5606
6607
6610
6611
5617
6613

& 14
6615

661é
6617
HEZC

6621
6622

6623
be24
6625
GLZ2E
6627
6630
6631
6632
66373
H634
6635
EE36
6€37

6640

6641
beaz
6643
6644

6645,

6646
6647
665C
6651
6652
6653
6654
6655

6656

6657
6660
6661
LG ED

6662

6&64

6HES-
6666

6667
6670
6671
6£72
£673

6674

6615
6676

3254
1045
7510
2254
1640
£217
1046
7640
5217
1047
7650
§251
1254
1640
4653
1045
7104
7710
5241
1047
1104
2047
1046
7004
3046
1045
7004
3045
2255
£222
1255
7041
1044
2044
1254
7640
4652
5600
3C44
5600
€000
0o0e
0000
0000
3362
4407
€052
oo
1045
7710
5351
1044
7100
7510
7020
7610
3356
7430
2356
7000

L06y

Lee,

EXITI,

EXITZ,

NEGIT,
SICN1,
AKT 1,

SCRLECT

CCA
TAD
SPA
1s2
SZA
JMP
TAD
51IA
JMP
TAD
SNA
JRp
TAD
SZA
JMS
TAD
RAL
SPA
JMP
TALD
CLl
Cca
TAD
RAL
CCa
TAL
RAL
ECA
152
JMP
TAD
cLMA
TAC
gca
TAD
SZA
JMS
JMP
pCA
Jpp

CLA
LLA
CLA
CLA

CLL

-CLA

RAL

12C€

CLaA
i
1

i

ACMINS

O .

¢

¢
GCA
JMS
FPuY
FEXT
TAD
Spa
JMP

- TAD

cLi
SPA
Cwp
RAR
GCA
Y4 B
ISz
NGP

1

-CLA

SIGN1
HORD

SIGNI

GOée
LCRD

Goé
QVERZ

EXIT2
SIGN1

NEGIT
HORL

EXITH
OVERZ

OVERZ
LCRE

LORD
HORD

HCRED
AMT]
LGP

AMT1

EXP
EXP
SIGN1

NEGIT
DNORM
EXP

DNGRN

FLAGL
cCY
FPACT
HCRD

SQEND]
EXP

- ITER1

ITERY
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/1S MANTISSA NEGATIVE
- /YES

/1S MANTISSA=0
/NC

/YES
/NGO
INEGATIVE?

C/YES

JWILL SHIFT BE 70O FAR?

/YES

C/NG OSHIFT MANTISSA LEFY

JCOUNT NG. CF TIMES SHIFTED

JCCRRECT EXPUNENT

INEGATIVE?
/YES

JSET TC ZERG

JFLOATING SQUARE RGCT
JTAKES ROCT CF ABSGLUTE

FVALLE
/NEWTON'S METHGD 5 USED

/NUMBER IS NEGATIVE

/MAKE FIRST APPROXIMATICN



6677
670¢
6701
6702
6703
57C4
6705
6706
67C7
6710
6711
6712
6713
6714
6715
6716

6717

6726

6721

6122
6723
6724
6125
6126
61727
6730

6731

6732
6733
6734
6735
6736
6737
6740
6741
6142
6743
6744
6745

6746
6747
6750

6781
6752
6753
6754
E755
6756
6757
6760
6761
6762
6763
6764
6765
6766
6767
6770
6771
6772

1361
3357
2360
10632
7640
£310
1054
765C
5354
4407
5052
4356
135¢
0000
7240
1044
3044
1044
7041
1356
1640
€345
1045
7041
1357
7640
5345
104¢
7041
1360
7500
7041
7001
7710
£34%
1362
3061
5656
4407
€356
6e0C
5310
4653
2362
526C
3044
565¢
0000
000G
0000
3015
0000
0000
4772
4435
4425
7774
0114
4435
5763

LLCL,

RGGTEC,

SGENDI,

SQENE,
1ITER],
SQCEGND,

FLAGT,
PRTANG,

TOPO OO

TAD
DCA
Bpea
TAD
SZA
Jnp
TAD
SNA
JMp
IMs
FGET
FO1v
FADD
FEXT
LA
TAD
pCca
TAD
CHMA
TAD
574
JMP
TAD
Cka
TAD
SZA
JMP
TAD
™A
TAG
SMA
LMA
IAC
SPA
JmMp
TAD
0
Jup
JMS

FPUT.

FEXT
JMP
JMS
187
JMP
GCA
JMP

JMs
JM3S
JMS

PTTH
JM3
JMP

Cia

-CLA

CMa

14C

-CLA

IAC

- CLA

1aC

IAC

-CLA

el

[ ]

SQCCNL

ITERI+]
ITER1+2
FPACL+1

cLey
FPACYI+2

SQEND
¢cev

FrPaCl
ITERL
ITER1

EXxP
EXxp
EXP

ITER]

ROOTEO
HORD

“TTER1+1

ROGTGO
LCRD

ITER1+2

RCOTGO
FLAG]
FLAG
SQREGT
CCCT
ITERL

CLCU
NEGIT
FLAG]
SQROGT+2
Exp
SQRGCT

LWHRERE
LCRLF
LFOP

LLRLF
PRIANG
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/RUMBER =0

JARE EXPONENTS EQUAL?

T ING

/HIGH-CRDER MANTISSAS EQUAL?

ING

/00 LOW-ORDER MANTISSAS AGREE

JRITHIN GNE BIT?

/NG

INEGATE FAC

/ENTRY

/RETURN



6773
6714
&5
6776

7000
7061
7062
7003
7004
70¢5
7006

FeC7
7010
7011

7012

7013

7014

7015

1016

7017

7020

7021

7022

7023
7024
1025
T02&

7027

7030
7031
7032
7033

7034

7035
1636
[AHCK
104G
7041
7042
70473
TO4a4
1045
1046
1047

1050
7051

7052

Céls
C004
2400
c000

0060
G207
1060
TE4C
43471
1056
5600

0O00
3055
305¢
3060
3303
3674
5220
1057
4506
4507
3057
1057
1273
7650
£210
1057
127¢é
7450
£270
7500
5247
1277
1510
£247
3302
1055
1301
1710
5226
23072
&304
£21¢
72600
1674
764C
5220

LWHERE, WHERE

TEN, 0G04
24CC
0CG0

/FLCATING POINT PACKAGE
FINPLT-LUTPUT ROUTINES
JNDECZ-LUTOMATIC DIFFRACTOMETER-PDPE

/PACE 28

¥ TCCG

EX1C= 40

EXPONT = 44

HCREER= 45

LCREER= 46

JSINCLE PRECISION INTEGER INPUT

INTIN, ¢ : JENTRY
JMS DECCNYV /READ AND CONVERT
TAD SIGN FIEST SIGN
SIA  CLA
JMS MS1GN
TAD LG JRESULT IN AC
Jup 1 INTIN JRETURN

JDCUBLE PRECISION DECIMAL-BINARY
FINPUT #NC CCONVERSION
CECCRY, G '

BCa Hi
gea LG
ECA SIGN
pLa BNUMBR
cca -1 LPRSK
JME STRT
STRICFP, T&D CHAR
JMS 1 LOPCH
STRT, Jms i LIPCH "~/ INPUT NEXT CHARACTER
oCa CHAR
TaD CHAR JTIEST FOR RUBCUT
TAD MRBOUT '
SNA - CLa
JMP DECOGNV+1 /RUBCUT START AGAILN
CGTST, TAC CHAR /18 IT A DIGIT
TAD MINS - /=272=—-COLCN
SNA JTERMINATOR?
JMP UECON IYES
SMA :
Imp TEST - #NO
TAC MZERDG
SPA
JMP TEST INC
cea LIGET S /YES
TAG 31
TAC MASK
SPA (LA
JHEP SIRT /YES IGNQORE
I1si DNUMBR JINDEX NUMBER OF DIGITS
JMS MULY1C
JHp STRAGP FCONTINUL
TEST LA
TAD 1 L PR SR
S22 CLA
JMP STRTY
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1053 1303 TAC DNUMBR

7054 7640 SZA . CLA
7055 5264 Jmp DECTSTY

7056 1057 TAD CHAR /NG TEST FCR RKINUS SIGN
70587 127% TAD MINUS

T0e0 7640 SIA CLA

7061 5264 JEP . t2

7062 206C 157 SIGN /MINUS SET INDICATOR
7063 5216 JMP STRYGP

7064 1057 LECTYSTY, TAG CHAR

7065 130C TAD DEC /1S 1T A DECIMAL POINT
1066 1640 SZa CLA -

7067 6220 JMp STRT

TOT0 1057 CECCN, TAD CEAR

7071 4506 JMS 1 LOPCE

7072 5607 JMp 1 DECONVY " /RETURN

7073 7401 MRECUT, -377

7074 7452 LPRSH, PRSW

7075 7523 ¥INUS, 2585 " /TEST FOR SIGN

7076 1506 . KINS, -2%2 /TEST FOR DIGIT

7C77 0012 M2ERG, 272-2¢¢

7100 7522 CEC, - 256

71G1 3465 FASK, 24¢%

7102 GOOO. CIGIT, 0 ' /STORAGE FOR DIGIT
7103 0000 CNUMER, & /NUMBER OF DIGITS
- 7104 0000 FULTI1C, o FROUTINE TO MULTIPLY
71¢5% 1056 TAD LO JDCUBLE PRECISIGN WGRD
71¢6 3323 CCA LTENP /BY TEN (DECINMALI

71C7T 1055 TAD HI- I

7110 2322 CCA HTEMP

7111 4324 JNS MULT2 /CALL -SUBROUTINE TG
7112 4324 JMs MUL T2 /MULTIPLY BY THC

7113 4335 IMS DUBLAD JCALL DOUBLE PRECISICN ADD
7114 4324 JMS MUL T2

7115 1302 TAD BIGIT JADD LAST DIGIT RECEIVED
7116 3323 CCA L TEMP

7117 3222 oA HTEMP

7120 4335 JMS DUBRLAD

7121 5704 JMP I MUL TG

1122 Q000 FTENF, 0 /DOUBLE RECISICN WORD
712% 0000 LYEMF, G

7124 0000 FULTZ, 0 /MULTIPLY LG, HI BY 2
7125 7200 CLA - CLL

7126 105¢& TAD LG

7127 7004 RAL -

7130 205¢ .bEa Lo

7131 1085 TAD Hi

7122 7004 RAL

7133 305% LCA Ki

7134 5724 JMP 1 MULTY2

7135 0000. CURL AL, o - /DCUBLE PRECISIGN ADDITION
7136 7300 CLA - CLL

7137 1056 TAL LD

7140 1323 TAC LTEMP

7141 2056 BCA LD

7142 7004 RAL

7143- 1055 TAD H1

Tiag 1322 TAD HTEMP

T145 3055 DCA K1

7146 5735 R TR | DUBLAD
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7147

7150

7151

T1%2

7153
7154

7185
7156
7157

71€0
7161

T1e2
71632
T1é4
71658
7166
7167
7170
7171

1172
7173
7174
7175
7176
7177

- 12CC
72C1
1202
1203

7204

72C5
7206
72C7
7210
7211

21

7213
1214

121%
1216

1217
7220
1221
7222
1223

1224

- 7225
1226

1221

7230
- 1221

7232
7233

oGCe
7300
105¢
7041
205%¢
105%
7040
1430
7001
2058
5741

Cooe
7710
1370
1371
3066
5762
CO15
€240

4430
2141
€424
¢0Co
¢00¢
0600

coo0
1600
3251
2200
1600
32%%2
2200
1645
4660
1252
1450
5223
7041
3057
4407
2657
CCQo
2057
£21¢
4421
4407
1684
0o00
1044
1255
7710
€240
125¢

FSICN, ¢ JRGUTINE. TC FORM
CLA CiL 725 COMPLEFMENT
TAG LG
Ma 1AL
CCA L
TAD Hi
ChA
SiL
IAC
pca K]
JMP 1 MSIGN
JSET SICN CHARACTER FCR CUTPUTY
£T5¢C, g - '
SPA (LA
TAD MCH T INEGATIVE
TAD SPCH JBOSITIVE
DCA S51GN
JMP 1 STSG C/RETURN
MCE, 285-24C ' /BINUS-SPACE
SPCE, 240 FSPACE
JREAC NC GF STEPS FOR. DATA LOLLECTION
SYEPNG, JMs 1 LINTIN
CCA NEITP
IMp I LOMGA
LERC, ¢
L
INCECZ-ALUTOMATIC. DIFFRACTOMETER-PDPE
/PRLE z5 :
% 72608
JVARTABLE-FORMAT FLOATING OUTPLUT
VFOUT, G :
TAC 1 VFOUT JMOVE ARGUNENTS
CCA AAb
Is2 VFOLY
TAL 1 VEOUTY
- pCA BEB
1sZ VEQUT JSET EXITY
TAD _ HERDER /SET SIGN CHARACTER
Jus i LETSEG
TAD BBB 718 SCALING NEEDED
SNA
JMP ROND At
cma - TAC JYES SET CCOUNTER
oCa CHAR
SCAL, JMS § T JMULTIPLY BY TEN
FMPY 1 LJTEN
FEXT
151 CHAR CFTEST CLUNTER
JMP SCAL
RCNE 4 SJdMSs 1 LABS
JMs 1 T
FApD 1 HALVE
FEXT
TAL - EXPONY JIS NUMBER TG LARGE
TAD M3
SPA - CLA
JMP FIX1y ©/ND
TAD AST FYES PUT CUT *
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1234
122%

- 450¢
13&4

7236 4506

1237
1240
1241

1242
7243

1244
1245
1246
7247

7250,

i2E1

7282

7253
7254
7255
7256
7257
7260
7261

71262
7263
7264
7265
7266
1267
1270
7271
. 7272
7273
1274
7275
7276
7277

71360

73¢1
7302
7303
7304
7305
1306
7307
7310
7311
7312
7313

1314

7315

7316

1317

7320

7321
1322
7323
7324
7325

1326

- 5600
1243
3040
46671
coz1
1045
308¢%
1C46
305¢
4262
Qo006
0000
5600

3555 .
715G

¢252
174
1162
6620

oooe
1074
3374
1074
1662
2262
1662
3375
1360
1662
3376
3057
3377
1376
7650
£307
1375
7710
5315
1361
5314

1660

4506
2377
1057
1362
4506
2374
£322
13é4
4506
5662
1376
1640
5327
1363
4506

FIXIT,

tEZ27,

PRA,
EEE,

HALVE,
¥33,
AST,
LTEN,
L57s8¢,
LALIG,

/BASIC CCUBL

CRGFE,

TESTU,

FRSEN,

STCH,

PR{H,
TESTK,

]

TAD
IMS
JMP
TAD
DCA
JMS
21
TAD
cea
TAD
LCa
JMS
0

0
JMP
KALF

=3¢

52
TEN
STSC
AL EGN

o
TAD
GC R
TAL
TAD
152
TAC
DCA
TAD

- TAC

oCA
DeA
pCA
TAD
SNA
JNP
TAD
SPA

S JNMP

TAC
JMp
TAD
IMS
157
TAD
TAC
JMs
152
IMP
TAD

- JES

JMP
TAD
Sin
JMP
TAD
JMS

CLA

CLLA

-CLA

LEPCH
CCLON
LOPCH
VFOUT
E27
EX1C
LALIG

HERDER
HI
LCREER
LG
DROP

VFOUT

E-PRECISION OUTPUT

ME
CHRK
ME

DRCP
DROP
CROP
FLDK
MINT
OROP
DP TK
CHAR
PREV
DPTK

PRSGN
FLDK

TESTK
SPACE
PRLH
STEN
LOPCE
PREV
CHAR
iCH-
LGPCH
LCHRK
o 44
COLON
LOGPCH
DROP
GPIK

ALY

CCH

LOPLE
~65—

/RETURN

JCBTAIN DOUBLE PRECSN INTEGER
FUPREVIGUS FEXT LEAVES

/  AC1H NCN-ZERCH

JCONSTANY, UNUSED ERRCR RETURKN
/MOVE ARGUMENT

JOUTPLT

/NUMBER OF DIGITS BEFUCRE
/ AND AFTER POINT
/RETURN

FASTERI SK

/SET COUNTERS

- /CHRK=-8

/FLDK=-8+A+8

FOPTK=-T7+B

/CLEAR: CHARACTER

/CLEAR PREVIBUS NON-SPACE IND
JTEST FOR UNITS POSITIEN
/TEST FIELD COUNTER

/NG OQUTPUT
JCUTPUT SPACE

/PRINT SIGN

/SET:-PREVIGUS NON-SPACE IND
/SET UP CHARACTER

/PRINT CHARACTER OR SPACE
/T1EST CHARACTER COUNTER

/RETURN
J1EST FCR DECIMAL PCINT

C/PRINT DECIMAL POINT



7327
7330
7331
7332
7333
7334
7335
7336
7337
1340
1341
71342
7343
7344
7345
1346

1347

7350
1351
7352
7353
1354

7385

135¢€
7387

T3¢0

73el

7362
7383

T13¢€4:

7365

1366
- 13671
7390

7371
1372
71373

1374
1335

1376

1357

714060

74C1

1402

7403
1404

14G5
7406
1407
7410
L1411

1412

7413
7414

2316
7000
2318
7660
3057
136¢
3712
1366
2773
4770
1420
£345
2057
£34¢

4761

47740
47671
4971
1377
7640
831z
1057
7640
5307
52771

c2al
C260
025¢
g272

413

6700

T147.

7135

7104

7122
7123

0000

0060

cooC:

G000

a06e
L4 €&
1057
1244
7640
5211
3651
2252
5647
1252
1640
1651
1041

. E8=
1771

ALV,

GEN,

ALy

MINT,
SPACE,
LCH,
ECEy
LCLCNy
EiMH,'
LOMM,
LS IGN,
LGBLAG,
LELTG,
LETENP,
LLTENP,
CHRK
FLEK,
CPTK,
FREV,

- JIMS

152
NGP
152
NOP
BCA
TAD
ota 1
TAD
£ca 1
JMS 1
SNL
JuP
152
JMP

JMS
IMS
JMS
TAD
S78 CLA
Jep
TAD

S7A  CLA
JMP

IMP

o el e ok

. M16

-?

240
260
25¢
i1z

S 7412

67CGC
M5IGN
QUBLAD
MULTIC

. HTEMP

LTEMP

0
D

0
4

DPIK
FLDK

CHAR
HIMM
LETEMP
LOMR
LLTENMP
LOBLAD

ACS
CHAR
GEN-

- LMSIGN

LCBLAD
LMSIGN
LMLTIC
PREV

S$TCH
CHAR

PRSGN
TESTU

FADVANCE COUNTERS

FCLEAR CHARACTER
JSET TEMP AT MINUS ONE MILLION

" JGENERATE CHARACTER

/HAS TOUG MUCH BEEN SUBTRACTED

- ING

JYES ADD IT BACK

/MULTIPLY BY TEN

~JTEST FOR PREV NON-SPACE OUT

JIEST FOR ZERG

INCN-ZERD
JZERQG

/MINUS GNE MILLION

JOOUBLE. PRECISION

/CHARACTER COUNTER

JFIELD COUNTER

/DECIMAL POINT COUNTER
JPREVIGUS NON-SPACE INDICATOGR

INDECZ-AUTOMATIC. DIFFRACTOMETER-PDPB

/PAGE
A .
JFLGATIRG:
FLINTP,

30
740

RE |
TAD

TAD

SZA - CLA
SMP

~gca 1

FIGC1,

FIGCEZ,

152

JMp 1
TAL
SZAa CLA
TAC - 1
CMa 1A

POINT  INPUT
B c -

pPCVPY
CHAR
PER

FiGel
DPN -
PRSH
DPCSPY
PRSH

DPN
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/SET NGO OF DIGITS T4 4
/SET PERICD SWITCH
JCONVERT - REST CF -STRING
/PERIGD READ IN PREVIOUSLY

/YES, GET - NC OF DIGITS
/NG



1415 2057 pCa CHAR

7416 1060 TAD STGN /TEST SIGN

7417 7840 SZA CLA

7420 465G JMs 1 MSGNP T

7421 1243 FI1G03,  TAC cz1

7422 3044 DCA EXPONT

7423 1055 TAD HI

7424 3045 DCA FGRDER

7425 1056 TAD LG

7426 2046 CCA LCRDER

7427 4407 Ms 17 /NCRMALIZE F.P. NUMBER
7420 0010 FNOR

7421 00060 FEXT

7432 1057 TAD CHAR

7433 765¢ SN2 CLA

7434 5600 aMp 1 FLINTP

71435 4407 SCALE, JMs 1 7 /DECIMAL PCINT IS TO THE LEFT
7436 4645 FOIV I TENPT / DIVIDE BY TEN
7437 00CO FEXT

7440 2057 sz - CHAR

7441 5235 JMP SCALE

7442 560C JMP ] FLINTP

7443 0027 (27, 6627

T444 7522 FER, -25¢

7445 6774 TENPT, TEN

1446 1007 LPLVPT, CECONY
7447 7020 TPCSPY, STRY
T45C- 7147 FSCENFT, MSIGN

7451 T103 OPN, DNUMBR
7452 CO0C: FRSW, 153
JINTECER CUTPUT
7453 COCC 10UT, 0
T454 Z205¢ DCA Lg FSTORE ARGUMENT
1485 3055 0L A K1
7456 10546 TAD LG " /SEY SIGN CHARACTER
7457 4€76 JME 1 LETS
7460 1056 - TAD LG /¥AKE POSITINE
1461 7510 SPA
T4€2 7041 CMAa  IAC
T4€3 3056 oca LG
1484 48677 M3 1 LIPCGP /GUTPUT
1485 0004 4
7466 COCC G
T4E7 B£E3 JMP 1 1cuY /RETURN
JEIXEL-FCRMAT FLCATINC GUTPUT T
T47C 00060 FCUT, o
- T471 4675 JMS 1 LVFOUTY
1472 0004 4 : JNUMBER OF DIGITS BEFCRE
1473 0003 3 /AND AFTER POINT
- 1474 567C anep 1 FouT " /RETURN
7475 7200 LVFCUTY, . VFOUT
7476 13162 L5785, STSG
T471- 71262 LEFCE, BROP

JELCATING POINT - INPUT AND OUTPUT OF A STRING OF NUMBERS
JCALLING SEQUENCE

/ JMS FINP
/ NUMBER OF NUMBERS IN STRING
/PCINTER 7O ADDRESS FOR FIRST NUMBER
15C0 CO00C FINP, ¢
1501 44227 JMS 1 LAGR
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1802
7503
15C4
15C5
7506
15C7
7510
7511

1512,

7513
7514
75815
1516

517

1520

7521
i522
7523
TE24
1525

TE26

75217
7530

521
15z
1533

1534

- 1835

i52¢&
1537
1540
15¢1
1547
TEL2
TELH4
T84y
T8 486
7547
7550
7881
TFEE2
FL3c
1554
7555

556"

7557

TT17¢&
0000
cooo
1704
3304
4404
#4071
£7C4
T304
coo0o
2303
5307
5700

G000
4422
FENE-
00060
GOGo
1722
2323
4407
5723
7222
oood
4406
£3cé
532¢
B717

cooc
4422
T176
CoGe
¢o0c
1742
2347¢
4430
3742
234¢z
2341
£345
5136

ceoce.

4675
COC7T
cool
5753

JCOUNTER
JADDRESS FOR STORING INPUT

/GET NG INTG F.A
/STORE IN DESIRED LCCATION

JTEST COUNTER

JRETURN

/CBUNTER
/ADDRESS OF NUMBER

JPUT NB IN F.A

/PRINT NUMBER
JTEST COUNTER

-2
£Ky 0
FAGR, 0
TAD FADR
CCA FABR
FINS, JMS T 4
JeS 1 7
FPUT I FADR
FINC FADR
FEXT
152 FK
IMP FINS
NP1 FINP
JCALL INC SEQUENCE
/ IMS FOPY
/ NUMBER OF NUMBERS
JPGINTER TO ADDRESS OF STARTING LOCATION
FGPT g
NS 1 LADR
-"Z
FOPK, 0
FLGC, c
TAG ] FLGC
CCA FLOC
FCPS, ams 1 7
FGET 1 FLOC
FINC FLOC
FEXT
NS 1 ¢
157 FCPK
JMP FGPS
JMP T FGPT

/SUBRGUT INE TO REAL
JCALLING SEQUENCE

7 JMS FIXIN
/ -NG OF INTEGERS
JPCINTER TR ACCRESS 10
FIXidy -0
JMS I LADR
-2
FIAy 0
FIE, G
TAD 1 Fig
CCA FIB
F1C€y JMS 1 LINTIN
cCca 1 FIB
152 FIB
157 FIA
JMP FIC
JMP 1 FIXIN
CPLUT, Q
JES i LVFCUT
¥
0
JME - 1 cPoUT

/RETURN

IN'A STRING OF INTEGERS

STORE FIRSY

/MOVE ARGUMENTS

JTEST COUNTER

JRETURN

JCOPY FRCM ONE AREA (F MEMORY 10 ANOTHER UNDER INTERRUPT

JCALLING SEQUENLE -

/ JMS TRANS
/ NO OF ARGUMENTS
/FREN ADDRESS CF TABLE-1
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/TE ACCRESS CF TABLE-1

7560 0000 TRANS, 0 JENTRY
7561 176C TAD 1 TRANS
T5€2 3371 GCA COUNTA
1563 2360 152 TRANKS
1564 1760 TAG 1 TRANS
1565 3010 cCa AUTC
71566 2360 152 TRANS
1567 1760 TAD - 1 TRANS
75%0 3011 gCa AUT1
1571 1410 TAL 1 AUTC
7572 3411 BCA 1 AUT1
1872 2377% 1§87 COUNTA
1894 5371 JEP =3
1575 2360 152 TRANS
- 1576 5760 JMP 1 TRANS

1877 COOC CCUNTA, O

INDECZ-AUTOMATIC DIFFRACICMETER-PDPE

/PACE 31

¥ 1600

JBINARY LOCADER, RIM LOACER
2000 i START
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{(a) The Input

Card 1

Card 2

Card 3

Card 4

Card 5

Card 6

Card 7

Card 8

APPENDIX 2
THE REFINEMENT PROGRAM CCD/2

KW, WAV (Formart {1, F9.4)

WAV =wavelength in A, KW = 0 if it not to be refined (that is,fixed) and =1
if it is to be refined (that is, free}.

KTTHZ, TTHZ, KOMZ, OMZ, KCIZ, CIZ (Format 3 (11, F9.4)).
TTHZ, OMZ, CIZ are zeros of 20, w, X

KTTHZ, KOMZ, KCIZ are 0 or 1 depending on whether these parameters are
fixed or free.

KAl, Al, KAZ, A2, KA3, A3, KANG1, ANGI1, KANG2, ANG2, KANG3, ANG3
(Format 6 (11, F9.4)).

Al,2,3 are the sides, and ANG1,2,3 the angles, of the unit cell. The K’s are 0
for fixed parameters, 1 for free parameters, and 2 if the parameter is free but con-
straimed to equal the previous parameter.

NOL (Format 12)

= the number of reflections, of which the first is raken as the primary orienting
reflection and the second is the secondary orienting reflection,

NTYP, H, K, L, 28, ®, X, ¢ (Format 11, 313, 4F10.4)

NTYP =1 if X was used to centre vertically and = 2 if Ppwas used,
The angles are in degrees and decimals,

This first reflection is the First Orienting‘Reflection.

KORA(I) (I =1to 3} Format 3I1).

These three numbers are 1 or 0 to specify which two of the three angles w, X, P
of the First Orienting Reflection are to be the free parameters which will define U.

Similar to Card 5 and specifying the Second Orienting Reflection.

Similar to Card 6 and specifying which one of the three angles @, ¥, ¢ of the
Second Orienting Reflection is to be a free parameter defining U.

Cards 9, etc. Similar to Card 5 and describing the remaining reflections.

In preparing the input data the most difficult task is to name the reflections consistently and
correctly, A stereographic net is most useful here. One must then choose three angles from two
reflections to act as the vehicle for the Orientation Matrix. The following table should be used in
making this choice. '

(continued)



APPENDIX 2 (continued)

CHOICE OF PARAMETERS TO DEFINE ORIENTATION

NOTES: (i) 0 means 0° 145°
(i) 90 means 90° t45°
7iii} NS. means ‘‘Not Suitable’’, the reflections are near parallel and others should be chosen,
(iv) v = w— @, that is, in the "“Bisecting Position’’ v = 0,

(v) When v =90 and X = 0 there is no axis which can centre the reflection vertically so
this arrangement should not be used.

If the Observations are: Choose the foilowing as Free Parameters:
First Reflection Second Reflection First Reflection Second Reflection
vy X1 &) Xa by — Py
0 0 0 0 0 N.S.
0 0 90 w; and X, or X,
0 90 0 X, and ¢, Wy
0 90 90 Xz
920 90 0 w,
90 90 90 N.S.
0 90 0 0 any w,and X, , w, or ¢,
0 90 any N.S.
90 920 any q52
90 90 0 0 0 @ and g‘bl X,
0 0 90 N.S.
0 90 0 X4
0 90 90 Wy
920 920 0 N.S.
90 90 90 Wy

(b} The OGutput from CCD/2

The output is self-explanatory. The input data is printed and the free parameters sorted
out and listed. At each cycle of refinement the observed and calculated values of all angles
are listed. These should be checked, particularly for the first cycle. If there is a large error
in one or two angles, due, say, to mis-reading or, quite likely, to a mis- -naming of the indices,
this will ruin everything. After four cycles of refinement the standard deviations of the final
values of the parameters, and the correlation matrix are printed. Finally the UB matrix is
printed out, ready to be fed back into the computer-controlled diffractometer, in rows.

{continued)



(c)

/7
//
C
C

Program Listing

EXEC FORTSCLG,PARM.FORT='DECK,OPT=2"
FORT.SYSIN 0np o=
PROGRAMME CODRUB FOR THE REFINEMENT OF DATA ON < 11 CENTRED REFLNS
TO PRODUCE UB-MATRIX
DIMENSION DIALC4,18) ,KANG(3),ANG(3),H(3),H(3,18),HA(3),HB(3),KORA
1(3),KORB(3) ,NTYP(18),A(3),HZ(3),UF(3),B(3,3),UB(3,3),Y0(3,18),YC(3
1,18),YC2(3,10),VVEC(12),AMAT(12,12),VAR(12),RHO(12,12),KA(3),P(12)
1,HFI(3),PHIM(3,3),UCI(3),CHIM(3,3),U0M(3),FDP(12),DELP(12),S51G(12)
1,DYC(12,3,18),HAR(3),HBB(3),5UMS(4),X(12,13),RDIFF(3,18),DIFF (3,10
1), AVDEV(4)
ILOGICAL SET,AGAIN,FIN
1 READ(1,981)KW, WAV
991 FORMAT(IL1,F9.4)
WRITE(3,B801)KW, WAV
801 FORMAT('@WAVELENGTH',I3,F12.4, "ANGSTROMS ")
READ(L,9B2)KTTHZ, TTHZ,KOMZ,0MZ,KCI%,C1#%
902 FORMAT(3(I1,F%.4))
WRITE(3,802)KTTHZ, TTHZ,KOMZ,0M2,KC1Z,C1#
8032 FORMAT('BZERD ANGLE SETTINGS KTTHZ=',I2,"' TTHZ=',F9.4," KOMZ="',12,
1' OMZ=',F9,4,' KCIZ=',12,"' CIZ=',F9.4,2X,'ALL ANGLES IN DEGREES')
READ(1,983)Y(KAC1),A(L),1=1,3),(KANGUI),ANGCED), [=1,3)
983 FORMAT(6(I3,F9.4))
WRITE(3,803)(KA(T),ACIY, I1=1,3), (KANG(I),ANG(I),]1=1,3)
883 FORMAT('@CELI. DIMS',2X,3(13,F8.4),5X, 'ANGLES',2X,3([3,F9.4))
READ(1,984)NOL
9@4 FORMAT(I2)
WRITE(3,804)NOL
804 FORMAT('@',13,2X,'LINES OF WHICH FIRST TWO ARE ORIENTING LINES. AND
1ALL ANGLES IN DEGREES'//)
WRITE(3,6631)

6331 FORMATC(! H K L TTH oM CHI

1 PHI'//)
EPS=@G.285
00 2 M=1,NOL
READ(1,985)NTYP(M), (TH{([),1=1,3),(DIAL(N,M),N=1,4)
905 FORMAT(11,313,4F18.4)
IF(MJEQ.1)READ(L1,966) (KORA(I),I=1,3)
IF(M.EQ.2)READ(1,906) (KORB(I),I=1,3)
9@6 FORMAT(3I11)
WRITE(Z,8@5)NTYP(M), (IH(I),I1=1,3), (DIAL{(N;M),N=1,4)
805 FORMAT(1X,11,313,8X,4F12.4)
Do 3 I=1,3
3 H(I,M)=TH(D)
Do 333 1=1.,4
333 BIALCLI,M)=DIALCI,MI/57.2957795
YO(1,M)=-DIAL(1,M)
YO(2,M)=-DIAL(2,M)
IFANTYP(M).EQ.1L)YO(3,M)=DIAL{3,M)
IFANTYP(M).EQ.2)Y0{(3,M)=0TAL{4,M)
CONTINUE
DO 4 I=1,3
HACI)=H(I,1)
4 HB(I)=H(I,2)
SET=.FALSE.
FIN=.FALSE,
DO 2900 1=1,4
AVDEV(I)=.0

™

20088 SUMS(I1)=.8



B@6
19
11

867
12
13

898
14
15

889
16
17

8110
18

191
i9

811
2@

211
21

ICYC=0

ICYC=1CYC+1

[C=0

NP=9

IF(KW.EQ.B)GO TO 11
NP=NP+1

IF(SET)IGO TO 14
PONP)=WAV
WRITE(3,86B6)INP, WAV

FORMAT('"WPARAMETER ', 12, "=WAVELENGTH

WAV=P (NP)
IF(KTTHZ.EQ.2)G0 TO 13
NP=NP+1

[F(SETIGO TO 12
PINP)=TTHZ
WRITE(3,887)NP,TTHZ

FORMAT(' PARAMETER ',12,%=2THETA ZERO

TTHZ=P (NP)

IF (KOMZ.EQ.8)G0 TO 15
NP=NP+1

IF(SET)IGO TO 14
P(NP)=0OMZ
WRITE(3,808)NP, OMZ

FORMAT(* PARAMETER *,12,'=0MEGA ZERO

OMZ=P (NP)
IF{KCIZ#.EQ.8)YG0 TO 17
NP=NP+1

IF{(SET)GO TO 16
PINP)=CIZ

WRITE(S3,809INP,CIZ2

FORMAT(' PARAMETER *',12,"=CHI"’

CIlZ=P(NP)

DO 19 [=1,3
IF(KACIY.EQ.83G0 TO 19
IF(KA(T)Y ,EQ.2)G0 TO 191
NP=NP+1

IF(SET)GO TO 18
PINPY=A(D)
WRITE(3,819)NP, I,AC])

FORMAT(' PARAMETER ',12,'=CELL EDGE',11,2X,F8.4,2X, 'ANGSTROMS

ACT) =P {NP)

GO TO 19

ACL)=A(D)

CONTINUE

DO 21 1=1.,3

IFCKANG(I) .EQ.8)G0 TO 21

IF(KANG(]).EQ.2)G0 TO 211

NP=NP+1

IF(SETIGO TO 29
P(NP)=ANG ()

WRITE (3,811)NP, 1,ANG(I)

FORMAT(' PARAMETER *,12,'=CELL ANG',11,2X,F8.4,2X, 'DEGREES

ANG(I)=P(NP)

GO ToO 21

ANG(T)=ANG(1)

CONTINUE

Do 23 1=1,3

IF(KORACT) .EQ.Z)GO TO 23

ZERO

';FB.4,2X, 'ANGSTROMS ')

'5F8.4,2X,'DEGREES ")

',F8.4,2X,'DEGREES")

'5F8.4,'DEGREES")

')

'



812
22
23

813

24
25

1841

50

iege

53

52

6628

27

NP=NP+1

[1=1+1

IF(SETYGO Ta 22
PINP)=DIAL(TL, 1)
WRITE(3,812)NP,11,DFAL(I1,1)

FORMAT(' PARAMETER ',12,'=PRI.ORIENT.REFI..DIAL',I1,2X,F8.4,"'RAD

DIAL(I1,1)=P{NP)

CONTINUE

po 25 I1=1,3
IF(KORB(1).EQ.8)C0 TO 25
NP=NP+1

[1=1+1

IFCSETYGO TO 24
PINP)=DIAL(]IL,2)
WRITE(3,813)INP,11,DIALCIL,2)

FORMAT(' PARAMETER ',12,'=5EC.ORIENT.REFL.DIAL',I1.,2X,F8.4,'RAD

DIALCIL1,2)=P{NP)
CONTINUE

SET=.TRUE.
IF(IC.,GE.1)GO T0 50
IF(FIN)GO 'TO 58
WRITE(3,18081)YICYC
FORMAT('UCYCLE ',12)

WE NOW ENTER THE CALCULATE SECTION TO COMPUTE YE'S FROM THE P'S

CALL GENB(A,;ANG,B)
CALL GMPRD(B,HA,HAB,3,3,1)
CALL GMPRD(B,HB,HBB,3,3,1)
AHAB=SORT(HAB(1)#HAB(1)+HAB(2)#HAB(2)+HAB(3)Y*HAB(3))
AHBB=SQGRT(HBB(1)+HBB(1)+HBB(2)#HBB{(2)+HBB(3) #HBB(3))
THA=ARSIN(AHAB=*WAV/2.)
THB=ARSIN(AHBB*WAV/2.)
ROMZ=0M2/57.2957795
RCIZ=CIL2/57.2957795
RTTHZ=TTHZ/57 ,2957795
OMB=-BDIAL(2,2)+THB~ROMZ
OMA=-DTAL(2,1)+THA-ROMZ
ZIALA=DIAL(3,1)-RCT#
ZIALZ2=DIAL(3,2)~RCIZ
IF{IC.GE.1)G0Q 70 53
WRITE(3,1002)0MA,0MB
FORMAT(18X,' OMA=',1PE12.5,2X,'0OMB=",1PE12.5,2X, "RADIANS ")
CALL GENUB(HA,OMA,ZI1AL1,DIAL(4,1),HB,OMB,ZT1AL2,DIAL(4,2),B-UB)
IFCIC.EQ.BIWRITE(3,52)UB
FORMAT(*@BUBMAT ',1P9E13.4,//)
IFCFINIGO TO 51
IFCIC.EQ.@)YWRITE(3,6828)
FORMAT(9X,3¢3X,'Y0OBS ',7X,'YCALCS ',5X)//)
DO 26 M=1,NOL
Bo 27 1=1,3
HZCDY=H(I, M)
CALL GMPRD(UB,HZ,HFI,3,3,1)
AMHE T=HF [ (1) #HF T (L) +HF I (2)#HF I (2)Y+HF I (3)*HF I (3)
AMHF I=SQRT (AMHF 1)
STHC=AMHF I #WAV/2
THC=ARSIN(STHC)
TTHC1=2 ., #THC+RTTHZ
TTHC2=-2.#THC+RTTHZ
CALL SLECT(TTHCL,TTHC2,YO0(1,M),YC(1,M))
—5—
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28

29

38

892

6026

69027

26

32

31

34

33

35

36

DO 28 1=1,3

UF(I)=HF I (I )}/AMHF ]

IF(NTYP(M).EQ.L)GO TO 29
ACHI=DIAL(3,M)

TQL=SINCACHIY#UF (1)
TQ2=SIN(ACHI)#UF(2)
TR3=COS(ACHI)#UF (3)

CALL TREQ(TQR1,FQ2,TQ3,FICL,FIC2)

CALL SLECT(FIC1,FIC2,Y0(3,M},YC(3,M))
CALL ZROT(PHIM,DIAL(4,M))

CALL GMPRD(PHIM,UF:UCI,3,3,1)
IF(NTYP(M).EQ.2)G0D TO 30

CALL RTANCUCI(3),UCI(1),CIRT)
CIC1=CIRT+RCIZ -
C1C2=CIRT+3.141592+RCIZ

CALL SLECT(CIC1,CIC2,Y0(3,M),YC(3,M))
ZAL=DIAL(3,M)-RCIZ

CALL YROT(CHIM, ZAL)

CALL GMPRD(CHIM,UCI,UOM,3,3,1)
0STHC=~STHC

CALL TREQ(-UOM(2),U0M(1),0STHC,GNU1,GNU2)
OMC1=GNU1+ROMZ

OMCZ2=GNUZ2+ROMZ

CALL SLECT(OMC1,0MC2,Y0(2,M),YC(2,M))
IF(IC.GE.1)GO TO 26

WRITE(3,892) (YO(N,M),YC(N,M),N=1,3)

FORMAT(5X,3(3X,1PE11.4,2X,1PE11.4))

DO 6026 N=1,3
RDIFF(N,M)=YD(N,M)-YC{N,M)

DIFF(N,M)=RDIFF(N,M}*57,.2957795

WRITE(3,6027)(DIFF(N,M),N=1:3)
FORMAT(SX,3(6X, 'DIFF= *,F6.3,1X, *DEGREES ')//)
CONT INUE
IFCIC.NE.@)GO TO 31
DO 32 1=1,3
DO 32 M=1,NOL
YCZLIM)=YC(IM)
GO TO 33
DO 34 [=1,3
DO 34 M=1.NOL
DYC(IC,1,M)=(YC(I,M)-YCZ(I,M))}/EPS
IF(IC.GE.NP)GO TO 35
IC=1C+1
PLICI=P(ICY+EPS
ICM=1C~1
IFCIC.GT.L)PCICMI=P(ICM}~-EPS
GO TO 6
P(ICY=P(IC)-EPS
DO 36 I=1:NP
VVEC(I)=.0
DO 36 J=1,NP
AMAT(1,.,J)=.9
DO 37 N=1,3
D0 37 M=1,NOL
SUMS(ICYC)Y=SUMS(ICYC)+(YO(N,M)-YCZ(N,M)) #n2
DO 37 I=1,NP
VVECCI)=VVECCI)+DYC(I N, M)#*{YO(N,M)=YCZ(N,M))
DO 37 J=1,NP
-G



37 AMAT(I,JI=AMAT(I,J}+DYC(I,N,M)%DYC(J,N,M)
AVDEV(ICYC)=SQRT(SUMS(ICYC)/(3#NOL))I*57.296

WRITE(3,1088)SUMS

1000 FORMAT(1@8X,*' 'SUMS *,1P4E14.5.//)
WRITE(3,700@8)AVDEY

7089 FORMAT(180X,°* AVDEV *,1P4E12.3.//)
NP1=NP+1

DO 3885 I=1,NP
XCTNPLY=VVEC(D)
DO 3885 -J=1,NP
3085 X(1-J)Y=AMATC(I:4)
CALL SID(X,=1,12:NP,NPL1,DET)

WRITE(3,100)DET
180 FORMAT (12X, *DET=?,1PE15.6,//)
'PDELP=.8

00 3087 I=1,NP
DELP(I)=X(I,NP1}
3687 PDELP=PDELP+DELP(I}#VVEC(D)
AGAIN=.FALSE.
DO 38 I=1,NP
P{IY=P{I)+DELP(])
FOP(I)=ABS(DELP(I))
IF(FDP(I) . GT.1.BE~4)AGAIN=. TRUE.
38- CONTINUE

IFCICYC.GT.3YAGAIN=.FALSE.
WRITE(3,815)(DELP(I),I=15NP)

815 FORMAT(' DELPS ',1P12E12.3)
WRITE(3,814)(P(I),1=1,NP)

814 FORMAT('@NEWPARMS ',1P12E12.3,//)
IFCAGAINIGO TO 5
DO 808@ I=1,NP
DO 8@BA J=1,NP

8@80 AMAT(I.J)=X(1,J)
FT=3#NOL~NP
WRITE(3,60830)

6@306. FORMAT(8X, *SIGMAS *,12X, "CORRELATIONS *})-
DO 39 I=1,NP
VARCII=AMAT(I, 1) *(SUMSCICYC)-PDELP)Y/FT
SIG(IY=SQRT(VAR(1))

DO 49 J=1:NP
49 RHOCI,J)=AMAT(L, )/ (SQRT(AMAT(I, 1) *AMAT(J.d)))
-39 WRITE(3,816)1,SIG(1), (RHOCI,;J},J=1,NP)
816 FORMAT('@',13,1PEL13.3,0P12F6.2)
FIN=,TRUE.
GO TO 6
51 WRITE(3,9603)
‘9@@B3 FORMAT('BUBMAT FINAL ')
‘D0 99421 I=1,3
9081 WRITE(3,96082)(UB(1,J),J=1,3)
9@@2 FORMAT(3F12.5,//)
WAVY=WAV+D . 308085
WRITE(2,10285@) ((UB(I,J),J=1,3),1=1,3),HAV
WAV=WAV-0.008085
10850 FORMAT('UB',2X,2(3(F8.5,3X)/4X),3(F8.5,3X), "WAV=',F6.4)
CALL BANG{UB,H,NOL.WAV,TTHZ,0MZ,CI#)
‘CALL CELCAL(UB)
GO TO 1
END



]

SUBROUTINE GENB(A,;D,B)

CALCULATION OF CARTESIAN XFORMATION MATRIX B(REFER B.AND L.EQN.3)
DIMENSION AC3),0(3),B(3,3)-ANG(3),G(3),CANG(3),CANG2(3),SANG(3)}
Do 3 I=1,3

IF(D(IY.EQ.9@.8)G0 TGO 5

DNG=D(1)/57.2957795

CANG(I)=COS(DNG)

CANG2(I)=CANGCI)Y#CANG(])

SANG(I)=SIN(DNG)

Go Ta0 3
CANG(1)=0.0
CANG2(1)=B.0
SANG(I)=1.0
CONTINUE
ALPH=SGRT(1wCANG2(1}-CANG2(2)~CANG2(3)+2*(CANG(l)*CANG(2)*CANG(3))

o

Q

1)

DO 6 K=1,3
G{K)=SANG(K}Y/(A(K)*ALPH)}
CONTINUE
CSTA2=CANG(3)*CANG(1)=CANG(2)/(SANG(S)*SANG(l))
CSTA3=CANG(1)*CANG(2}"CANG(3)/(SANG(l)*SANG(Z))
SSTA2=SQRT(L1-CSTAZ*%2)
SSTA3=SQART(1-CSTA3*=%2)
B(1,1)=6(1)
B(1,2)=G(2)#CSTA3
B(1,3)=G(3)#CSTAZ
B(2,2)=G(2)#SSTA3
B(2,3)=-(G(3)#SSTAZ#CANG(1))
B(3,3)=1./A(3)
B(2,1)=0.
B(3,13)=0.
B(3,2)=8.
RETURN
END
SUBROUTINE GENUB(HA,OM1,CI1,FI1,HB,0M2,C12,F12,B,UB)
GIVEN THE MATRIX B AND THE INDICES AND ANGLES OF THE TWO ORIENTING
REFLECTIONS COMPUTE THE MATRIX UB
DIMENSION HA(3)pHB(S)pB(343)JUB(3;3),H1CRYS(3)rH2CRYS(3)pUlFI(3)pU
12FI(3),TR190(3;3)vTR1PF(3p3)pTTRIPC(3,3);COANG(3);SIANG(3);SIAND(3
1),CO0AND(3),U(3,3)
CALL GMPRD(B,HA,H1CRYS,3,3.,1)
CALL GMPRD(B,HB,H2CRYS,3,3,1)
COANG(1)=CO0S(0M1)
STANG(1)=SIN(OM1)
COANG(2)=C0S(CI1)
SIANG(2)=SIN(CI1)
COANG(3)=COS(FI1)
SIANG{(3)=SIN(FIL1)
COAND(1)=C0S(0OM2)
STAND(1)=SIN(OM2)
COAND(2)=C0S(CI2)
STAND(2)=SIN(CIZ2)
'COAND(3)=C0S(FI12)
STAND(3)=SIN(FI2)
CALL UFI(COANG,STANG,ULFT)
CALL UFI(COAND,SIAND,UZFI)
CALL TR1P(HLiCRYS,H2CRYS,TR1PC)
CALL GMTRA(TRLPC,TTR1PC,3,3)
—8—
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‘CALL TRAP(ULFI,UZFI1,TR1PF?

CALL GMPRD(TR1IPF,TTRIPC,;U:3,3+3)

CALL GMPRD(U,B,UB,3,3.3)

RETURN

END

SUBROUTINE TR1P(X,Y,#)

SETS UP MATRIX #2 WHOSE COLUMNS ARE A R.H. SET OF. UNIT ORTHOG YECS.
DIMENSION X(3),Y(3),2(3,3),7(32,U(3),V(3)
XSESOQRTIX (L) ##2+X(2) #42+X(3)un2)

pbo 7 I=1,3

TCEY=X(I)/XS

CONT INUE

U1 ={X(2)=Y(3))-{(X(3)#Y(2))
UC2)=(X(3)=Y (1) )-(X (1))=Y (3))
UC3)={X(L)=Y (2 )-{X(2)*Y (1))
US=SORTIU(L)##2+U(2)##2+U(3)#%2)

npo 8 I=1,3

UCiy=u(I1r»/7us

V)= (U(2)=T(3))=-(U(3)%T(2))
V2¥=(U(3)=T(L) ) ~(U(1)*T(3))

V3 = (UL #T(2))-(U(2)#T(1))

2(1,17=T(1)

2(1,2)=V(1)

2(1,3)=U(1)

£(2,1)=T(2)

2(2,2)=V(2)

£(2,3)=U(2)

2(3,1)=T(3)

2(3,2)=V{(3)

2(3,3)=U(3)

RETURN

END

SUBROUTINE RTAN(Y,X,RT)

RETURNS RT IN THE QUADRANT WHERE. THE. SIGNS SIN(RT)YAND COSCRT) ARE
THOSE ‘OF Y AND X
IF((X.EQ..B)Y.AND.(Y.EQ..8))G0. TO: 1
IF(X.EQ..8)GO TO 4
IFCABS(Y).LT.ABS(X))GO 7O 2

RT=1.57081-ATAN{ABS(X/Y))

G0 70 3

RT=ATAN(CABS(Y/X))
IF(X.LT..0)RT=3.1415926~RT

GO TO 5

RT=1.57081

IF(Y.LT,.8)RT=-RT

RETURN

RT=.0

RETURN

END

SUBROUTINE TREQG(A,B,C»CALL.,CAL2)
ANGLES CAL1 AND CALZ ARE THE ROOTS OF THE EQN.A®#COS(X)+B#SIN(X)=06
CALL RTAN(B,A,ETA)
BSS=ABS(A#A+B#B-CxC)
IF(BSS.LT.1.PE~-5)B55=4.
BS=SQRT(BSS)

CALL RTAN(BS,C,GAM)

CALLI=ETA+GAM

CAL2=ETA~GAM



518

5909

RETURN

END

SUBROUTINE SLECT(C1,C2.Y,SEL)
ANGLE SEL=WHICHEVER OF CL1AND C2 IS CLOSEST TO THE OBSERVED ANG. Y
DIMENSION C(2)

C(1)y=C1

C(2)=0C2

DMIN=3.1415926

NC=-3

DO 1 M=1.5

DO 1 I=1.,2

FC=NC+M

CIR=F(#6.28325
AB=ABS(C(I)+CIR~Y)
IF(AB.GT,.DMINIGO. TO 1

DMIN=AB

SEL=C(I)+CIR

CONTINUE

RE TURN

END

SUBROUTINE YROT(R,B)

R IS THE MATRIX WHICH ROTATES BY B ABOUT Y-AXIS

DIMENSION R(3,3)

R(1,1)=COS(B)

R(1,2)=.@

R(1,3)=SIN(B)

R(2,1)=.0

R(2,2)=1.

R(2,3)=.0

R(3,1)=-SIN(B) “
R(3,2)=.0

R(3,3)=C0S(B)

RETURN :
END

SUBROUTINE ZROT(R,B)

R IS. THE MATRIX WHICH ROTATES BY B ABOUT Z~AXIS

DIMENSION R(3,3)

R(1,1)=C0S(B)

R(1,2)=SIN(B)

R(1,3)=.,0

R(2,1)==SIN(B)

R{2,2)=C0S(B)

R(2,3)=.0

R(3,1)=.0

R(3,2)=.0

R(3,3)=1,

RETURN

END

SUBROUTINE BANG(UB,H,NOL, WAV, TTHZ,0MZ,C12) .

CALCULATES ANGLES FOR BISECTING POSITION ‘
DIMENSION UB(3,3),H(3,10),HA(3),H(3),HFI1(3)

WRITE(3,518) _

'FORMAT('@ ANGLES FOR BISECTING POSITION ON CENTRED REFLNS.'//) ,
WRITE(3,509)

FORMAT(' H K L TTH OMG CHI - FI'//)

DO 3 M=1.,NOL
DO 2 I=1,3
HACT)=H(I, M}
—10~
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IHCIY=H(I,M)

CONTINUE

CALL -GMPRD(UB,HA,HF],3,3,1)

TTH=2#(57.2958% (ARSIN(WAV#SGRT(HF I (1) #HF I (1) +HF I (2)#HFI(2)+HFI(3) %

1IHFI¢3))/2,)))+TTHZ

506

9820

OMG=TTH/2.+0M2Z

CALL RTANCHFI(2),HFI(1),RFI}

FI=RFI%57.2958 :
DSESQRT(HF I (1 )#HF I (1) +HFI(2)=HF I (2))

CALL RTANCHFI(3),DS,RCHI)
CHI=RCHI#57.2958+C1Z

WRITE(3,506)TH(L), IH(2),TH(3),TTH:OMG,CHI,F1
FORMAT(314,4F12.3)

- CONTINUE

RETURN

'END

SUBROUTINE CELCAL(UB)
CALCULATE AND PRINT CELL PARMS. FROM UB-MATRIX
DIMENSION UB(3,3),UBT(3,3),6{(3,3),SG{(3,4),ACAL{(3),ANGCAL(3)

‘CALL GMTRA(UB,UBT,3,3)

CALL GMPRD{(UBT:UB,G.3,3,3)
DO 1.1I=1,3

S6(I,4)=1,

DO 1 J=1,3

SG(I»J)=G(1,4)

CALL SID(SG,-1.3,3:4,DET)
Do 2 I=1,3

po2 J=1.,3

G{I.J¥=8G(I,.))

Do 3. 1=1.,3
ACAL{I)=SART(G(I,I))

DO 4 I=1.3

JN=MOD(I:3)+1

KN=MOD(JUN, 3)+1
ANGCALCI)Y=ARCOS(G(JIN,KN)Y/CACALCJNI*ACAL(KN)))I#B7,2958

~CONTINUE

WRITE(3,9880)ACAL,ANGCAL
FORMAT('@CELL DIMS CALCULATED',3F8.4+5X,3F9.4,//)
RETURN

‘END

SUBROUTINE UFICA,B.C)
REFER EQUATION 22 B.AND L.
DIMENSTON A(3),B(3),C(3)

CA1Y=A(L)=A(2)2A(3)+B(1)*B(3)
C(2Y=A{L)#A(2)#B(3)-B(1)%AL3)"
C(3y=A(1)%B(2)

RETURN

‘END
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APPENDIX 3

THE DATA-HANDLING PROGRAM CODOEP

This program accepts the paper tape output from a data-collection run
and edits it, The input consists of the tape plus two cards containing the
wavelength and the UB matrix. These two cards are punched by the program
CCD/2 (since re-named CODRUB) when it refines the UB matrix for the run
in question.

The program edits the tape, checks that the angles calculated and set
by the PDP-8 were correct, checks and comments on various points connected
with the placement of the scan, and finally punches cards containing the Miller
indices, the net intensity, the background and sin 20: These cards are then
processed in further programs. to analyze for physical parameters.






C

CODOEP
INTEGER BUFFER,SM,EM,CR,DATA,G,GSTP,COUNT,BGR,LITS,BEG,END,RH,
1RING,REZERO,ONE,H
DIMENSION BUFFER(256),RING(4096),DATA(283),LITS5(4096)
LOGICAL TYPE
COMMON KOBS,NOL,TYPE,LINES,NOP, IHEADL1, IHEAD2, IHEAD3,NSTD,KSTD,LSTD
1,NOS,ITAG
85@ FORMAT{(4X,A4,1X,2A4,1%X,A4/8%X,3(1X,13))
e@@ FORMAT('1 COD '",A4,T36,2A4.T73,'PAGE',13)
901 FORMAT('1 COD *,A4,736,2A4,T73, 'PAGE",13//" H K { INTEN BGR
1 2THETA ERROR G GES GSTP NSTP, NH1 NH2 FWHMH CORR'/)
999 FORMAT('@NUMBER OF LINES',15)
DATA SM,EM,CR,;BEG,END,RH,LH,REZERO,ONE/Z81,283.,28D,0,@,0,08,2049
1,2108088/
TYPE=.TRUE.,
‘NQL=4
NOP=g
NOS=¢
READ(1,858) IHEADL, IHEAD2, IHEADZ, ITAG,NSTD>KSTD,LSTD
WRITE(3,9@@)IHEADL, IHEAD2, IHEAD3Z, NOP
CALL CALCAS(@.B,8,0,0,9)
1 CALL FILL(BUFFER:;256,&2)
DO 3 INDEX=1,256
I=zBUFFER(CINDEX)
IF{1)4,3,5
4 I==f~-1
JEI/16777216
[=]-J#16777216
[==1+16777215
JE=J+255
GO TO 6
5 J=1/16777216
I=1-J#16777216
6 IF(J.,EQ.8.0R.J.EQ.128)G0 TQ 7
END=END+QONE
RING(END/ONE+REZERO )= J
7 J=1/65536
[=]-J#65536
IF(J.EQ.B.0R.J.EQ.128)G0  TD 8
END=END+ONE
RING(END/ONE+REZERO)=J
B J=1/256
I=1~J#256
IF(J.EQ.P.OR.J.EQ.128)YG0 TO ¢
END=END+ONE
RING(END/ONE+REZERO}=J
9 IF(I.EQ.8.0R.I.EQ.128)G0 TO 3
END=END+ONE
‘RING(END/ONE+REZERO)=1]
3 CONTINUE
19 IF{BEG.EQ.END.OR.RH.EQ.END)GO TO 1
IF(CTYPEIGD TO 18
DATA
12 RH=RH+ONE
IF(RING(RH/ONE+REZERO).EQ.EMYGO TO 11
IF(RH.EQ.ENDIGO TO 1
GO TO 12
11 | H=RH



13

15

16

14

17

18

10

20

22

21

23
24

LINES=LINES+1

IF (NOL+NDS.NE.@.AND. (LINES.LT.50 ., 0OR.NOL/5#5-NOL . NE.B))GO TO 13
WRITE(3,999)NOL

NOP=NOP+1

LINES=S

WRITE(3,981) [HEADL, IHEAD2, IHEADS, NOP

LH=LH-0NE

I=RH/ONE~LH/ONE-1

IF(I LT.~1)1=1+40%6
IF(I.LT.201.AND.RING(LH/ONE+REZERO) . NE.SMIGO TO 13
IF(1.GT.20@.0R.1.LT.26)G0 TO 14

DO 15 J=1,1

LH=LH+ONE
DATA(I)=RING(LH/ONE+REZEROD)

IL=1

IR=1

CALL SIGN(DATA,ILsIR, H, R,&14)
CALL SIGN(DATA,IL,IR, K, R,&14)
CALL SIGN(DATA,IL,IR, L, R,8&14)
CALL SIGN(DATA,IL,IR, I[,7TH,&14)
CALL SIGN(DATA,IL,IR, [, OM,&14)
CALL SIGN(DATA,IL, IR, [,CHI,&14)
CALL SIGN(DATA,IL,IR, [,PHI,&14)
CALL SIGN(DATA,IL,IR. G, R,814)

CALL SIGN{DATA,IL,IR, GSTP, R,&14)
CALL SIGN(DATA,IL,IR, NHi, R,&14)
CALL SIGN(DATA,IL.IR. NHZ » R,&14)
CALL SIGN(DATA,IL,IR,COUNT, R,&14)
CALL SIGN(DATA,IL,IR, BGR, R,&14)
IF(H.EQ.NSTD.AND.K.EQ.KSTD.AND.L.EQ.LSTD)GO TO 17
CALL LIST(H,K,L,TTH,OM,CHI,PHI,G,GSTP,NH1,NH2,COUNT,BGR)
GO TO 18

CONTINUE

CALL LIST(®,0,9,0,9,0,8,08,9,8,8,8,1)
GO T0 18

CALL STAND(H,K,L,TTH,OM,CHI,PHI,G,GSTP,NH1,NH2,COUNT.,BGR)
TYPE=.TRUE.

LH=RH

GO TO 19

LITS

RH=RH+ONE
[F(RING(RH/ONE+REZERO0)Y.EQ.SM)GO TO 29
IF(RH.EQ.END)GD TO 1

GO TO 1#

I[z@

LH=LH+0ONE

IF(LH.EQ.RH)GO T0 21

I=1+1

LITS¢I)=RING(LH/ONE+REZEROD)

GO TO 22

l.=1

Do 23 J=1.:1

IF(LITS(J) .NE.CR)GO TO 23

CALL PRINT(LITS,L.J=1)

L=J+2

CONTINUE

TYPE=,FALSE.

GO TO 19



2 WRITE(3,999)NOL
CALL STAND(@,Q0,0.6,8,0,9,8,8-8,8,08,8)
STOP
END
SUBROUTINE SIGN(DATA,LH,RH,I,.R,#)
INTEGER DATA,RH,COLON,POINT,PONER
DIMENSION DATA(28@)
DATA COLON,MINUS,LT,POINT/ZBA,ZAD,;#BC,ZAE/
IF(LH.LE.@)RETURN 1
IF(RH=-LH.LT.1)RETURN 1
D0 1 J=_H,RH
1 - IF(DATAC(J).EQ.COLON)GO TO 2
RETURN 1
2 POWER=@
TEMP=#
M=J+1
Jed-1
IF(J.LT.LHYRETURN 1
D0 3 KQ=tLH,J
LsLH+J-KQ
KeDATALL)
IF(K.EQ.MINUSIGO TO 4
IF(K.EQ.LT)GO TO 5
IF(K.EQ.POINTIGO TO 7
IF(K.LT.176.0R.K.GT.185)G0 TO 6
TEMP=TEMP+{(K-176)#1G+%P0OWER
POWER=POWER+1
GO TO 3
7 TEMP=TEMP/1P#+*POWER
POWER=8
3 CONTINUE
GO TO 6
TEMP=@.0
TEMP=TEMP#(-1.0)
R=TEMP
I=TEMP
{ H=M
RETURN
END
SUBROUTINE PRINT(LITS,I,J)
INTEGER PRIB,PRIX,BLANK,LITS
DIMENSION PRIB(132),PRIX(64),LITS(4096)
COMMON KOBS,NOL,TYPE,LINES,NOP,IHEADL, IHEAD2, IHEAD3,NSTD»KSTD,LSTD
Q@@ FORMAT(132A1)

o b\

DATA PRIX(@1)/ 240000000/
DATA PRIX(@2)/ 200000000/
DATA PRIX(B3)/ Z7Fpaneos/
DATA PRIX(@4)/ 2780000808/
DATA PRIX(B5)/ Z5BpoE0Ba/
DATA PRIX(B6)/ Z6CQ00000/
DATA PRIX(#47)/ 250000006/
DATA PRIX(89)/ 240000060/
DATA PRIX(B8)/ 2700080080/
DATA PRIX(18)/ 25008080009/
DATA PRIX(11)/ £25CP00000/
DATA PRIX(12)/ 240080008/
DATA PRIX(13)/ 26B@o0BBAa/
DATA PRIX(14)/ 260000000/
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DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

Do 1
PRIBY
Do 2
‘Nz=zK-1]

IF(N.GT.132)N=132

L=k-1

PRIX(15)/
PRIX(16}/
PRIX(17)/
PRIX(18)/
PRIX(19)/
PRIX(28)/
PRIX(21}/
PRIX(22)/
PRIX(23)/
PRIX{(24)/
PRIX(25)/
PRIX(26)/
PRIX(27)/
PRIX(28)/
PRIX(29)/
PRIX(38)/
PRIX(31)/
PRIX(32)/
PRIX(33)/
PRIX(34)/
PRIX(35)/
PRIX{(36)/
PRIX(37}/
PRIX(38)/
PRIX(39)/
PRIX(48)/
PRIX(41)/
PRIX(42)/
PRIX(43)/
PRIX(44)/
PRIX(45)/
PRIX(46)/
PRIX(47)/
PRIX(48)/
PRIX(49)/
PRIX(58)/
PRIX(51)/
PRIX(52)/
PRIX(53)/
PRIX(54)/
PRIX(55)/
PRIX(56)/
PRIX(57)/
PRIX(58)/
PRIX(59)/
PRIX(6@)/
PRIX{61)/
PRIX{(62)/
PRIX(63)/
PRIX(64)/

BLANK,PRIB/Z40000009, 2400000006/
IF(J,LE.I.OR.[.LE.B.OR.J.GT. 4896 YRETURN

K=2,132
K)=BLANK
K=l,J

+2

+1

24Bp0E0RS/
261000080/
ZF0pB0000/
2F 1000000/
2F 20000080/
ZF 3000000/
ZF 4030000/
ZF5p00000/
ZF 6000000/
ZF 7000000/
ZF 8000009/
ZF 90000800/
27A000000/
25E(00000/
24C000200/
Z7E0G0DB0/
265000000/
Z6F 00000/
27Cp00000/
ZC1000000/
202000000/
203000008/
2C4p00000/
ZC5000000/
2C6000000/
207000000/
ZCBpOBIOn/
2C9p0E000/
201000000/
202000999/
203000000/
ZD4¢pe0e0/
205008888/
2060080000/
207000000/
2D8pB0P00/
ZD9Pe0eee/
ZE2000000/
ZE3000900/
ZE4000B000/
ZESPQ0000/
ZE6P0B000/
2E7 000000/
ZE8p00000 /
ZE9p0008a/
24Dp0OO00D0/
26D@E20000 /
2500000/
24A000000 /
Z5Fgpa0on/

—fi



M=LITS(K)-159

IF(M,EQ.95)RETURN

IF(M.,GT.64.0R.M.LT.1)M=1
2 PRIB(N)=PRIX(M)

WRITE(3,908)PRIB

LINES=LINES+1

RETURN

END

SUBROUTINE LIST{(H,K,L,TTH,OM,CHI,PHI,G,GSTP,NH1,NH2,COUNT,BGR)
INTEGER BGR,COUNT,FLAG,G,GEST,GSTP,H,REV
COMMON KOBS,NOL,TYPE,LINES,NOP, HEADL, IHEAD2, JHEAD3,NSTD,KSTDsLSTD
1,NQQ, ITAG
LOGICAL BIT,TYPE,STD
901 FORMAT(' ',313,17,16,F9.3:6X,13,4X,415,15X,A1)
9082 FORMAT('+',T33,F6,3,3X,14,20X,2F7.3)
903 FORMAT('+7,T82,13)
91@ FORMAT('+',T35,'X"',9X, "X",23X,'X X')
911 FORMATC('+',T783, 'HKL>2@8:")
914 FORMAT('+',T9@,'S/NK@B.7:")
915 FORMAT('+',T9@,'INT LOW:')
916 FORMAT('+',T98,'TTH ERROR>B.2:')
917 FORMAT('+',T98, 'NO NH1:')
918 FORMAT('+',T105, 'NO NH2:')
928 FORMAT('+',T83,'DATA FORMAT ERROR'")
931 FORMATC('+',T83, 'NARROW 'SCAN: ")
932 FORMAT('+',T796,'G ERROR>1QG%: ")
941 FORMAT('+',T83,'T'",F5.2,':")
942 FORMAT('+',T98,'0',F5.2,':")
943 FORMAT(*+*,T97,'C',F5.2,':")
944 FORMAT(*+',T104,'P',F5.2;"'t")
952 FORMAT(3[5,218,2X,F8.5,20X,14+6X,A4)
951 FORMAT(315,218,2X:,F8.5,15X,14,11X,A4)
BITIN)=FLAG#2/2##N-FLAG/2##N#*2 ,NE.D
DATA NOS/8/
3 STD=,.FALSE..
IF(H.EQ.NSTD. AND.K.EQ.KSTD.AND.L.EQ.LSTD)STD=-TRUE.
IF(STDINOS=NOS+1
IFC.NOT.STDINOL=NOL+1
CALL ANGLES(H,K:sL,TTH,OM,CHI,PHI,REV,ET,EM,EC,EP)
NSTP=G#*GSTP
INT=COUNT~BGR
CEN=(GSTP~-NH1-NH2)%*G/400 .8
WRITE(3,981)H,K, L, INT,BGR, TTH»G+»GSTP,NSTP, NH1,NH2,REY
IF(G+GSTP+NHL1+NH2+COUNT . EQ.@)G0 TO 4
IF{STDIWRITE(3,983)NOS
R=SIN(TTH/57.2958)
IF(STDIWRITE(2,951)H.KsL» INT,BGR, R, NOS, ITAG .
IFC.NOT.STDIWRITE(2,95@)H,K,oL» INT,BGR,»R,NOL, ITAG:
FLAG=#
IFCITABS(H) .GT.28) FLAGSFLAG+1
IFCIABS(K).GT.28) FLAG=FLAG*2
IFCIABS(LY.GT.28) FLAG:FLAG+4
IFCL@*INT/BGR.LT.7)FLAG=FLAG+8
IFCCOUNT.LT.10880) FLAG=EFLAG+16
IF (ABS(CEN) .GT.8.2)FLAG=FLAG+32
[FINH1.LE.2) FLAG=FLAG#+64
IF(NH2 . LE.GSTP/2~2)FLAG=FLAG+128
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IF(FLAG.NE.B)GO TO 18
FWHMHzG# ¢NH2~NH1) /280 .0
IF (FWHMH . NE . @YCORR=1.B/ERF (NSTP##.00416/FWHMH)
GEST=42400 .@%F WHMH/ INT
[F(GEST.EQ.B)GEST=1
WRITE(3,982)CEN,GEST, FWHMH, CORR
[F{KOBS.EQ.8)GO TO 2
FLAG=KOBS
IF(BITCLIIWRITE(3,94L)ET
IF(BIT(2)IWRITE(3,942)EM
IF(BIT(3)IWRITE(3,943)EC
IF(BIT(4Y)WRITE(3,944)EP
GO TO 1

2 IF(CORR.GT.1.2)WRITE(3,931)
IF(IABS(GEST~G)/MINB(G,GEST).CT.1IWRITE(3,932)
GO 70 1

10 WRITE(3,910)
IF(BIT(1).0R.BIT(2).,0R.BIT(3YIWRITE(S,911)
IF(BIT(5))¥G0 TO 11
IF(BIT(4)IWRITE(3,914)

11 IF(BIT(B))IWRITE(3,915)

IF(BIT(7).0R.BIT(8))GO TO 12
IF(BIT(E)IWRITE(3,916)
12 IF(BIT(7)IWRITE(3,917)
IF(BIT(B8))WRITE(3,918)
GO TO0 1
WRITE(3,928)
TYPE=.TRUE.
RETURN
END
SUBROUTINE STAND(H,KsL,TTH,OM,CHI,PHI,G,GSTR,NHL,NH2, INT,BGR)
COMMON KOBS,NOL,TYPE,LINES,NOP, IHEAD1, IHEAD2, IHEAD3,NSTO,KSTD,LSTD
1,NOS
INTEGER H,G,6STP,BGR
DIMENSION INTEST(9,208),REALST(4,2480)

90% FORMAT('1 COD ',A4,T36,2A4,T73, 'PAGE",13//" STANDARDS'//' H K
1 L INTEN BGR 2THETA ERROR G GES GSTP NSTP NH1™ NHZ2 FWHMH
2CORR'/)

991 FORMAT(' ##% STANDARD',[3,' ##%?)
IF(H+K+L+TTH+*OM+CHI+PHI+G+GSTP+NHL+NH2+INT+BGR.EQ. 0G0 TO 1
NOS=NOS+1
WRITE(3,981)NOS
INTEST(1,NOS)=H
INTEST(2,NOS) =K
INTEST(3.NOS) =L
REALST(1,NOS)Y=TTH
REALST(2,NOS)=0M
REALST(3,NOS)Y=CHI
REALST(4,NOS)=PHI
INTEST(4,NOS)Y=G
INTEST(5,N0S)=GSTP
INTEST(6,NOS)=NH1
INTEST(7,NOS)=NH2
INTEST(8,NOS)=INT
INTEST(9,NOS)=BGR
RETURN

1 JF{NOS.LE.@)RETURN
po 2 I1=1,NOS

[l



IL=INTEST(L:1)

[2=INTEST(2,1)

I3=INTEST(3,1)

R1=REALST(1.,1)

RZ2=REALST(2,1)

RI=REALST(3,1)

R4=REALST(4,1)

[4=INTEST(4,1)

[I5=INTEST{(5,1)

I6=INTEST(6,1)

I7=INTEST(7:1)

I8=INTEST(8,1)

[9=INTEST(9, 1)

IF{I~-1/5@#5@.NE,1)G0 TO 2

NOP=NOP+1
WRITE(3,98@)IHEADL, IHEADZ, IHEAD3,; NOP
CALL LIST(I1,12,13,R1,R2,R3,R4,14,15,16,17,18,1%)
RETURN

END

SUBROUTINE ANGLES(H,Ks;L,TTH,OMyCHI+PHIREV,ET,EM,.ECHEP)
INTEGER BLANK,H,REV,STAR

COMMON KOBS

DATA BLANK,STAR/® '",*#*/

REV=BLANK

KOBS=@

CALL CALCAS{(H,K;L.CAT,CAC,CAP)
ET=CAT=TTH

EM=CAT/2-0M

EC=CAC~CHI

EP=CAP-PHI
ER=ABS(ET)+ABS{EM)+ABS(EC}+ABS(EP)
IF(ER.LT.B.85)YRETURN

CALL CALCAS{(-H,«K,~L;CAT,CAC4sCAP)}
RET=CAT-~TTH

REM=CAT/2-0M

REC=CAC=CHI

REP=CAP-PHI
RER=ABS(RET)+ABS(REM)+ABS(REC)+ABS(REP)
IF{RER.GE.ERJGO TO 1

REV=STAR

H=-=H

K==K

L=~L

ET=RET

EM=REM

EC=REC

EP=REP
[FCABS(ET) . GT.A.05)KOBS=K0BS+1
IFCABS(EM) . GT.0.05)K0BS=K0OBS*2
IF(ABS(EC).GT.@3.05)K0BS=K0BS+4
IFCABS(EP) . GT-.AMAX1(B.85,ABS{CHI/200.0-9.2)))KOBS=KOBS+8
RETURN

END

SUBROUTINE CALCAS(N,K,L,TTH,CHI,PHI)
DIMENSION H{3),HPHI(3),UB(3,3)
LOGICAL GETUB

DATA GETUB/.TRUE./

CFORMAT(2X, A1, 1X,2(3(F8.5,3X)/4%),3(F8.5,3X}),4X%,F6.4)

7=



901 FORMAT('@OUB',A1,2(3(5X,FB8.5)/4X),3(5X,F8.5)/ "BUAV' 4X,F6.4/)

IFC.NOT.GETUBYGO TO 1
GETUB=-FALSE,
READ(1,801,END=2)1UB, ((UB(I,J)»J=1:3),1=1:3),HAV
WRITE(3,991) IUB, ((UB(I,J),Jd=1,3),1=1,3),WAV
HWAV=WAV/2.0

2 RETURN

1 H{1)=N
H(2)=K
H(3)=L
CALL GMPRD(UB,H,HPHI,3,3,1)
X=HPHI(2)
Y=HPHI (1)
PHI=zARCT(X-Y)
X=HPHI(3)
Y=SART(HPHI (1) #HPHI(1)+HPHI(2)#HPHI(2))
CHI=ARCT(X,Y)
TEMP=HWAV#SQRT(HPHI (1) #*HPHI (1) +HPHI (2)#HPHI(2)+HPHI(3)*HPHI(3))}
TTH=0@
IF(TEMP.LE.1.8)TTH=114.5916%#ARSIN(TEMP)
RETURN
END
SUBROUTINE FILL(BUFFER,N,*)
INTEGER BUFFER,BASE,STORE
DIMENSION BUFFER(256),STORE(512)
l.OGICAL END
DATA BASE,END/@, .FALSE./
IF(ENDIRETURN 1
IF{BASE.NE.B)GO TO 3
Do 1 1=1,512

1 STORE(I)=@
CALL TREAD(STORE,SSI,LENGTH,&82,82)
GO TO 3

2 END=.TRUE.

3 DO 4 I=1,N
J=1+BASE

4 BUFFER(I)=STORE(J)
BASE=BASE+N
IF(BASE.GE.512)BASE=4
RETURN
END









APPENDIX 4
PROGRAM LOADING

The computer program is loaded using the paper tape reader but before this an initial loader
must be toggled into the computer by using the Load-Address, Deposit, and Address switches at the
console, This initial loader is called the Read-in Mode Loader (RIM Loader) and once it is toggled
into the computer it should not be necessary to toggle it in again unless it is destroyed by errors
occurring in the main program,

The complete RIM loader is as follows:

Read-in Mode Loader High Speed Reader

7752 7300 TEST, CLA CLL

7753 1376 TAD TEMP /Test for exit

7754 7640 SZA CLA

7755 5776 IMP I TEMP  /Exit to loaded program
7756 G014 BEG, RFC ’ /Fetch character

7757 6011 RSF /S8kip if flag set

7760 5357 JMP —1 /Wait for flag

7761 6016 RRB RFC /Read Char,, get next
7762 7106 CLL RTL

7763 7006 RTL

7764 7510 SPA /Column 8 in sign
7765 5352 JMP TEST / Leader?

7766 7006 RTL /Column 7 in link
7767 6011 RSF

7770 5367 JMP -1

7771 6012 RRB

7772 7420 SNL /Address or contents?
7773 3776 DCA I TEMP /Store contents

7774 3376 START, DCA TEMP /Store address

7775 5356 JMP BEG /Get next char.

7776 0000 TEMP, 0

The RIM loader is toggled into core memory using the console keys as follows:

1. Set the first address (7752) in the switch register (SR).
(N.B. SR switches are UP for 1, DOWN for 0).

2. Press LOAD ADDRESS key.
3. Set the first instruction (7300) in the SR.

4, Press DEPOSIT key. (continued)
o



APPENDIX 4 (continued)
5. Set the next instruction (1376) in the SR.
6. Press DEPOSIT key.
7. Repeat 5 and 6 until complete loader is toggled in.

To check that the RIM loader is in core memory and has not been destroyed the following steps
should be followed:

1. Set the first address (7752) in the SR.
2. Press LOAD ADDRESS key.

3. Press EXAMINE key. The memory buffer (and accumulator) lights will display the
instruction (which for the first examine should be 7300).

4., Repeat 3 until all instructions have been checked.

Once the RIM loader is in core, the main program tape can now be loaded as follows:

1. Place the main program tape into the reader head ensuring that the leader code at the
start of the tape is over the head.

2. Set the RIM loader starting address (7774} into the switch register.
3. Press LOAD ADDRESS key.

4. Press START key.

The main program tape will now load and once loaded will commence operating. If the loading program
detects an error the computer will halt with the error difference in the accumulator. If this oecurs the
loading sequence should be repeated and if the fault persists the RIM loader should be checked. If
the fault still persists, the duplicate paper tape should be used and a note to this effect recorded in
the log.









APPENDIX 5

INTERFACE CIRCUITS

These schematic circuits of the interface hardware are included here as an aid
to understanding the system. For detailed maintenance, up-to-date complete circuits
should be obtained from the Instrumentation.and:Control Section.
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TABLE 1

CUMULATIVE ERRORS IN ANGLES DURING AZIMUTH ROTATION

WHEN USING THE APPROXIMATE METHQDS OF SECTION 3.7 EQUATION 7

PSI

-89.,993
~79.994
-69.995
-59.996
-49.997
~-39.,998
-29.999
~20.0200
-10.008
B.0
10.2040
20.000
29.999
39.998
49.997
59,996
69.995
79.994
89.993

-89,993
~79.994
-69.995
~59,.996
~49.997
-39.998
~29.999
~20.000
~10.000
.0
19,909
20 . 909
29.999
39.998
49,997
59,996
69,995
79.994
89.993

OMEGA

45 .900
44.561
43,218
40.892
37.452
32,731
26.564
18.881

9.851

6.0
=9.851
~18.881
~26.564
-32.731
-37.452
-40.892
~-43,218
~44.561
~45.000

54,738
57.446
59.162
59.895
59.915
59.163
57.557
54.919
50.897
45 . 390
36.473
24,514
9.832
“‘"80 134
~23.772
-35,928
~44,619
~50.635
~54.733

OMEGA
ERROR

~@.090
~0.680
~B.0872
~3.063
_g-g53
-@.041
~0.828
”0915
-0.004
g.000
b.064
2.815
2,028
g.041
@.853
D063
2.972
B.089
G.090

"g * 92
-~3.872
-8.858
~-@,048
-2.240
~B.033
-@.827
0,020
-@.011
g.000
-P.013
-2.024
~8.0816
@.020
8.069
° 1”6
@.125
ﬂ'e 133
B.136

CHI

8§9.995
82.943
76.0081
69,292
62.964
57.2081
52.238
48.359
45,864
45 .0008
45,864
48,359
52,238
57.281
62.964
69,292
76.001
82.943
89.995

119.9%4
111.687
183.175
94.554
85.897
77,272
68.753
6p.432
52.444
45 . 000
38.447
33.335
30.416
36.337
33,117
38.132
44,624
52.829
59.994

CHI
ERROR

g.852
9.951
B.049
2.247
2.043
B.637
B.231
g.g22
a.812
7.009
0.912
g.822
2.831
2.837
h.043
B.047
Z.249
7.851
@.052

a.877
B.074
G.068
@.062
B.048
2.240
B.832
0.922
P.812
@.000
@.01L3
P.828
@.045
3.857
B.064
g.861
B.859
2.855
@.852

PHI

~89.995
~82.889
~75.563
~67.789
-59.315
<49,877
-39.230
~27.236
~14.002
2.0
14,002
27,236
39,230
49.877
59,315
67,789
75.563
82.889
89.995

~54.731
~48.538
~43.032
~37.900
~32,891
=27,771
-22.,292
~16.144
~8.910
B.o

11.389
26.1829
44,292
64.138
82,475
97.388
198.934
117.954
125.260

PHI
ERROR

B.116
B.113
B.109
D.101
0.489
B.874
@.855
B.835
B.215
a.8008
B.008
@.811
B.213
@.817
B.925
B.036
B.851
B.069
$.0889

2.058
B.068
B.972
0.871
B.067
9.060
B.850
g.a237
0.820
b.000
g.827
@.851
2.059
$.039
B.087

~@.089

-0.0887
B.8@9
B.031
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FIGURE 1. DEFINITION OF ANGLES FOR 4-CIRCLE DIFFRACTOMETER






